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Chapter 1

SPECIFICATIONS

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

DIGITAL OSCILLOSCOPE
300 MHz BANDWIDTH, 400 Ms/s

leCro

MODEL 9450A PORTABLE
DUAL-CHANNEL OSCILLOSCOPE

The 9450A is shown executing a PASS/FAIL test against a tolerance mask. Failing waveforms .
can be transferred to the optional memory card.

9450A

50K Memory per Channel

Automatic PASS/FAIL Testing
on Templates and Parameters

Segmentable Memories
with Trigger Point Time Stamps

FASTGLITCH Trigger Mode
Signal Processing and FFT
Analysis

Optional High Speed
Memory Card

Unmatched Display Quality

TH E U LTl MATE The LeCroy 9450A Dual-channel Digital Oscilloscope is a powerful high—
resolution instrument for waveform recording and sophisticated analysis.

I NSTR U M E NT FO R The LeCroy 9450A provides a bandwidth of 300 MHz, and sampling rates
D ESIG N AN D TEST of up to 400 megasamples/sec for transients and 10 gigasamples/sec for

repetitive waveforms. The instrument features high—fidelity 8—bit ADCs,
50K of non—volatile acquisition memory per channel, 200K of additional
waveform storage memory, extensive pulse parameter analysis, and a
highly sophisticated trigger system to capture the most complex signals,
including spikes and glitches. It is fully programmable over GPIB or
RS—232—C interfaces. Hard copies are made at the touch of a buttonon a
wide range of digital plotters and printers.
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FEATURES

High bandwidth — The 9450A portable digital os-
cilloscope provides 300 MHz bandwidth on two
channels. Combined with many other features, this en-
ables you to keep pace with current and future test and
measurement requirements.

Automatic PASS/FAIL testing — With this new fea-
ture, the oscilloscope can automatically compare a
source trace with a tolerance mask, while simulta-
neously testing a set of parameters against reference
values. If the test fails, the oscilloscope can perform
up to six actions (hardcopy, storage to memory card,
TTL pulse, etc...).

PC Standard Memory Card — A memory card reader
can be added to the 9450A for applications requiring
high—speed data logging and non—volatile waveform
storage. Waveforms and setups can be stored at rates
unmatched in the industry onto 128— or 512—Kbyte
cards.

High sampling rates — High—resolution 8-bit Flash
ADCs provide sampling rates up to 400 megasamples/
sec simultaneously over two channels. Repetitive
signals are digitized at equivalent rates up to 10 giga-
samples/sec in random interleaved sampling mode.

Long non-volatile memories — Two non—volatile 50K
acquisition memories, one per channel, store signals.
By segmenting the two acquisition memories, non-
volatile waveform storage of 1 to 200 waveforms is
available. An additional 200K of RAM is available for
waveform processing, storage and display.

Comprehensive triggering — Capabilities include
pre— and post—triggering, trigger hold—off by time or
number of events, delay by time or number of
events, TV trigger, logic trigger, state qualified trigger,

time/events qualified trigger and width—based triggers
including FASTGLITCH and interval width trigger.

FASTGLITCH triggering — The 9450A features
LeCroy’s innovative FASTGLITCH trigger method
which enables it to trigger even on non-recurrent
glitches less than 2.5 nsec wide, independently of the
time—base speed.

Signal processing — The 9450A’s built—in waveform
processing includes mathematics (add, subtract and
invert) and summation averaging (up to 1000 sweeps).
Modular architecture allows easy installation of
extended signal processing packages such as Fast
Fourier Analysis.

Pulse parameters — Up to twenty signal characteris-
tics (risetime, falltime, RMS voltage, etc.) can be
automatically calculated on displayed, stored, expan-
ded and processed waveforms. Exceptional
processing power means these values are instanta-
neously updated with each acquisition.

Waveform expansion — Fine signal details are re-
vealed using LeCroy’s exclusive DUAL-ZOOM
expansion which can magnify waveforms by as much
as 1000 times. Expanded waveforms have improved
timing resolution (up to + 0.001% of full scale) and can
be analyzed further using the 9450A’s signal process-
ing and pulse parameters.

Ease of use, auto-setup — Extensive processing
power and familiar analog controls make the 9450A ex-
ceptionally responsive and easy to use. Repetitive
waveforms are acquired in approximately two seconds
with the convenient auto—setup facility. Recurring
front—panel setups can be stored and recalled via
simple pushbutton controls.

FUNCTIONAL DESCRIPTION

The LeCroy 9450A combines high bandwidth, fast sam-
pling rates, high fidelity, extensive trigger capabilities and
signal processing. Aimed at meeting the demands of re-
searchers and engineers working in fields as diverse as
telecommunications, electronic design and test, lasers,
computers, NDT, physics and defense, the 9450A will
rapidly become an indispensable measurement tool in
any laboratory.

Like all LeCroy oscilloscopes, the 9450A is designed to
serve as a range of different instruments: oscilloscope,
transient recorder, counter/timer, frequency meter, sig-
nal averager, data logger and digital voltmeter. It offers
the highest performing data acquisition and processing
system available in any portable instrument.

ANALOG FEEL, DIGITAL PRECISION

The 9450A employs Flash technology in its two high—
resolution, 8—bit ADCs (one per channel) which digitize

waveforms with speed and precision. By combining this
technology with ease of use, LeCroy’s portable instru-
mentprovides the best features of both analog and digital
oscilloscopes.

The front—panel controls of the 9450A have been laid out
in the style of an analog oscilloscope, making it easy to
use from the very first moment. The analog feel is en-
hanced by the rapid instrument response and the fact
that waveforms are presented instantly on a bright high—
resolution screen. Forautomated test applications all the
front—panel controls, including cursor positions and inter-
nal functions, are fully programmable over RS—232—C or
GPIB interfaces.

Capturing and measuring signals has never been easier.
For repetitive signals an auto—setup facility finds and dis-
plays signals in less than 2 seconds. For one—time
phenomena the 9450A’s long 50K memories and exten-
sive triggering capabilities enable signals to be captured
the very first time, even when signal speed and duration
are uncertain.
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LONG NON-VOLATILE MEMORIES

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

TRIGGER

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

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

SMART triggering offers a solution to even the most intri-
cate triggering problems. For example, FASTGLITCH
trigger can be used to locate and reveal glitches and
spikes less than 2.5 nsec wide. Time—qualified trigger is
ideal for ranging applications and can be used to ignore

SPECIFICATIONS

unwanted signal reflections. Other trigger features in-
clude hold—off (by time or number of events), gated
triggering and conditional triggering, qualified trigger,
and trigger delayed by time or number of events.

PASS/FAIL

The PASS/FAIL routine enables the oscilloscope to
compare a source trace against a tolerance mask while
simultaneously testing a set of extracted parameters.

For instance, the oscilloscope can be set up to PASS if:

1. The waveformin Channel 1 is contained in the mask in
Memory C (all points inside the mask).

2. The frequency in Channel 2 is less than10 kHz.
3. The maximum value of Function F is more than 1.45 V.
4. The RMS value in Channel 1 is less than 850 mV.

If any of these four conditions is not satisfied, the test will
FAIL

Whether the test PASSes or FAILs, the oscilloscope can,
if the user wishes, perform any or all of the following ac-
tions:

— Stop the acquisition.

— Make a screen dump.

— Store a trace to Memory D.

— Store the selected traces to the memory card.

— Emit a “beep”.

— Send a pulse from the rear—panel accessory port.
The mask envelope can also be generated inside the
oscilloscope.

VERTICAL ANALOG SECTION
Bandwidth (- 3 dB):

@ 50 Q: DC to 300 MHz.

@ 1 MQ: DC to 250 MHz typical at the probe tip.
Input impedance: 1 MQ // 15 pFand 50 Q £ 1% .
Channels: Two independent channels; standard BNC
connector inputs.

Sensitivity range: 5 mV/div to 2 V/div; continuously
variable from 1 to 2.5 times the fixed setting. Fixed
settings range from 5 mV/div to 2 V/div (ina 1, 2, 5
sequence).

Vertical expansion: up to 5 times (with averaging, up
to 50 times or 100 uV/div sensitivity).

Scale factors: Probe attenuation factors of x1, x10,
x100, x1000, 10000 may be selected and are remotely
programmable.

Offset: +12 times the fixed sensitivity setting in 0.02
division increments up to +10 V max.; + 24 div @

10 mV/div; £ 48 div @ 5 mV/div.

DC accuracy: < + 2% full scale.

Bandwidth limiter: 80 MHz (- 3 dB) typical.

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

VERTICAL DIGITAL SECTION
ADCs: One per channel, 8-bit flash.

Conversion rate: Up to 400 megasamples/sec for
transients, up to 10 gigasamples/sec for repetitive
signals, simultaneously on both channels.

Aperture uncertainty: + 10 psec.

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

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

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

Peak and glitch detection

Minimum and maximum peaks, as fast as 0.002% of the
record length (minimum 2.5 nsec), are captured and dis-
played with 100% probability.

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

Time Base

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

Clock accuracy: < + 0.002%.

Interpolator resolution: 5 psec.

Interpolator accuracy: 20 psec RMS.

Sampling clock output: BNC connector on rear panel.
External clock in: BNC connector on rear panel.

Acquisition Modes

Random Interleaved Sampling (RIS) for repetitive sig-
nals from 1 nsec/div to 5 usec/div;

Single shot for transient signals and repetitive signals
from 10 nsec/div to 200 msec/div;

Roll for slowly—changing signals from 500 msec/div to
5000 sec/div.

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

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

Trigger

Pretrigger recording: Adjustable in 0.2% increments to
100% of full scale (grid width).

Post-trigger delay: Adjustable in 0.02 division incre-
ments up to 10,000 divisions.

External trigger input: 1 MQ, < 20 pF, 250 V max.
(DC + peak AC < 10 kHz) .

External trigger range: + 2 V in EXT, £20 V in EXT/10.
Rate: Up to 500 MHz using HF trigger coupling.

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

Trigger output: BNC connector on rear panel.
Trigger veto: BNC connector on rear panel.

Standard Trigger

Sources: CHAN1, CHAN2, LINE, EXT, EXT/10.
CHAN1, CHAN2 and EXT have independent trigger
circuits allowing slope, coupling and level to be set
individually for each source.

Slope: Positive, negative.

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

Modes:

Auto: Automatically re—arms after each sweep.
If no trigger occurs, one is generated at an
appropriate rate.

Normal: Re—arms after each sweep. If no
trigger occurs after a reasonable length of time,
the warning message “NO or SLOW TRIGGER”
is displayed.

Single (hold): Holds display after a trigger
occurs. Re—arms only when the “single” button
is pressed again.

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

SMART Trigger
Single—source trigger operational modes:

Hold-off by time: 25 nsec to 20 sec.
Hold—off by events: 0 to 10° events.

Width-based trigger modes:

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

Pulse width >: Triggers on opposite slopes of
pulses wider than avalue inthe range 2.5 nsec
to 20 sec.

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

Interval width >: Triggers on similar slopes of
signals wider than a value in the range 25 nsec
to 20 sec.

Multi-source trigger operational modes:

Pattern: Triggers on the logic AND of the three
sources CHAN1, CHAN2 and EXT, where each
source can be defined as high (H), low (L) or
don'tcare (X). The trigger can be selected at the
beginning (entered) or the end (exited) of the
specified pattern.

Bi-level: This is a special condition of pattern
trigger which allows the 9450A to trigger on any
signal that exceeds a certain preset high or low
trigger level. The signal must be connected:si-
multaneously to two channels. The third trigger
channel must be set to don't care (X).

State qualified: Allows the 9450A to trigger on
any source (CHAN1, CHAN2 or EXT), while re-
quiring that a certain pattern of the other two
channelsis present or absent. Adelay by time or
by number of events can be selected from the
moment the pattern is valid.

Time/Event qualified: Allows the 9450A to trig-
geron any source (CHAN1, CHAN2 or EXT), as
soon as a certain pattern of the three channels is
entered or exited. From the moment of validity, a
delay can be defined in terms of time or number
of events.

TV: Allows stable triggering on TV signals that
comply with PAL, SECAM or NTSC standards.
Selection of both line (up to 1500) and field
number (up to 8) is possible. Active on EXT only.

DISPLAY

CRT: 12.5x17.5 cm (5 x 7 inches); magnetic deflection;
vector type.

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

Grid: Internally generated; separate intensity control for
grid and waveforms. Single, dual and pulse parameter
measurement grid mode.
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Persistence mode: Plots consecutively acquired traces
of up to four sources (CHAN1, CHAN2, MEMORY C or D,
FUNCTION E or F and EXPAND A or B) on top of each
other, allowing waveform trends and history to be ex-
amined. The number of sweeps is selectable from: 1, 2,
5,10, 20, 50, 100, 200 or I NFINITE. Time and voltage
cursor measurements are supported in persistence
mode.

XY mode: Plots any two sources (CHAN1 and 2,
EXPAND A and B, Memories C and D and Functions E
and F) against one another. Operates on live waveforms
with full cursor readout.

Hard copy: Single or multi—-pen digital plotters as well as
printers can be used to make hard copies of the display.
Screendumps are activated by a front—panel pushbutton
or via remote control. Plotters supported are: the
HP 7400 and 7500 series, Philips PM 8151, Graphtek
FP 5301, and compatible models. Printers supported
are: EPSON and the HP ThinkJet, QuietJet and Laser-
Jet. Plotting can be done in parallel with normal 9450A
operation.

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

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

Cursors

Relative time: Two cursors provide time measurements
with a resolution of £ 0.05% of full scale for unexpanded
traces; up to 10% of the sampling interval for expanded
traces. The corresponding frequency information is also
provided.

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

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

Absolute voltage: A reference bar measures absolute
voltage with respect to ground.

Pulse parameters: Two cross—hair cursors are used to
define aregion of interest for which pulse parameters will
be calculated automatically.

AUTO-SETUP

Pressing the auto—setup button automatically scales the
time base, trigger and sensitivity settings to provide a
stable display for a wide range of repetitive input signals.
Type of signals detected: Repetitive signals with ampli-
tudes between 2 mV and 8 V, frequency above 50 Hz
and a duty cycle greater than 0.1%.

Auto-setup time: Approximately 2 sec.
WAVEFORM PROCESSING

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

Automatic measurements determine:

Amplitude Frequency Period

Area Maximum PulseWidth

Base Mean Risetime

Cycles Minimum RMS

Delay Overshoot Negative Standard Deviation
Duty Cycle Overshoot Positive Top

Falltime Peak—Peak

Sources: CHAN1, CHAN2, MEMORY C or D, FUNC-
TION E or F, EXPANSION A or B. Cursors define the
measurement zone. With more than 1 pulse present in
the measurement zone, averaged results for period,
frequency, duty cycle, width, risetime and falltime are
presented.

REMOTE CONTROL

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

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

GPIB port: (IEEE—488). Configured as talker/listener for
computer control and fast data transfer.

PROBES

Model: Two P9020 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 specified DC and time
accuracy .
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GENERAL Battery backup: Lithium batteries maintain front-panel
Temperature: 5 to 40° C (41 to 104° F) rated: sgttlngs _and waveform data for 2 years.

0to50° C (32 to 122° F) Operaﬁng. DImenSlonS: (HWD) 21x37 x50 cm,, (8 1/2 x141/2 x

Humidity: < 80%. 20 inches).

Power required: 110 or 220 V AC, 45 to 440 Hz, 275 W. Weight: 15 kg (33 Ibs) net, 20 kg (44 Ib) shipping.

Shock and vibration: Meets requirements of Warranty: 2 years. }

MIL-STD—810C modified to LeCroy design specifica-
tions, and MIL-T-28800C.

ORDERING INFORMATION Oscilloscope Accessories (cont’d) /
CA9001 Camera (using Polaroid film) and Hood (f
Osci”oscope and Options CA9002 Camera Adapter (35 mm) with Hood <
_— D9010 10:1 High Impedance Divider
Code Description
9450A Digital Oscilloscope DC/GPIB~2 2fl’1"1€'[el’ GPIB Cable )
9450AWPO1 Waveform Processing Option DP9001 Digital Plgtter, 8-pen A4 size
9450AWP02 FFT Processing Option DPS003 Epson Pnntelr
9450AMATE CIIL/MATE Option P9011 10:1/1:1 Oscilloscope Probe
9450A—MCO1  Card Reader P9020 10:1 Oscilloscope Probe (300 MHz)
9450A-MC02 128K Memory Card P9100 100:1 Oscilloscope Probe
9450A-MC04 512K Memory Card e L
. - SG9001 High Voltage Protector
Oscilloscope Accessories TC9001 Transit Case
OMO9450A Operator’s Manual TC9002 Carrying Bag |
94XX-FC Front Cover 94XX-CS01 CALSOFT Automatic Calibration Package
US SALES OFFICES
800-5-LeCroy (1-800-553-2769): ltaly: LeCroy S.r.I., Roma (06) 327 02 02 or 33 13 146 ':
; : Milano (02) 2940-5634 p
automatically connects you to your local sales office. Japan: LeCroy Japan, Tokyo (03) 3376 9400 i
Osaka (06) 330-0961 “
WOBLDWIDE Korea: Samduk Science & Ind., Ltd., (02) 468 0491 i
Argentina: Search SA, (01) 394 5882 Mexico: Nucleoelectronica SA, (05) 5593 6043
Australia: Scientific Devices Pty. Ltd., (03) 579 3622 New Zealand: E.C. Gough Ltd., (03) 798 740
Austria: Dewetron GmbH, (0316) 391804 Norway: Avantec AS (02) 630520
Benelux: LeCroy B.V. (0031) 4902-89285 Pakistan: Electro Tech Corp, (021) 418087
Braail: A Sanios, (021) 253 55090 Portugal: M.T. Brandao, Lta., (02) 815 680
Canada: Rayonics, W. Ontario, (416) 736—1600 Singapore: Sing. Electr. and Eng. Ltd (65) 481-8888

Denmark: Lutronic, (42) 459764
Eastern Europe: Elsinco GmbH, Vienna, 222 812 1751
Finland: Labtronic OY, (80) 847144

South Africa: Westplex Test & Meas., (011) 787 0473
Spain: Tempel SA, (03) 323.4278

France: LeCI’Oy Sarl (1) 69073897 Switzerland: LeCrOy S.A. (022) 71921 11
Germany: LeCroy GmbH, (06221) 81001 Sweden: MSS AB, (0764) 68100

Greece: Hellenic S/R Ltd., (01) 721 1140 Taiwan: Topward El.Inst., Ltd., (02) 601 8801
India: Electronic Enterprises, (022) 4137096 Thailand: Measuretronix Ltd., (02) 374 2516
Israel: Ammo, (03) 453157 United Kingdom: LeCroy Ltd.,(0235) 33 114

LeCROY CORPORATE HEADQUARTERS LeCROY EUROPEAN HEADQUARTERS

700 Chestnut Ridge Road 2, rue Pré—de—la—Fontaine

Chestnut Ridge, NY 109776499 P.O.Box 341 .
- n_u 119e * 1217 Meyrin 1 — Geneva, Switzerland
Phone: (914) 425-2000 ;s
: Telephone: (022) 719-21-11
[ e e s e e s TWX: (710) 577-2832 Telex: 41 90 58
Innovators in Instrumentation Fax: (914) 425-8967 Fax: (022) 782-39-15

Copyright © November 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.
TDS 080/002
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WAVEFORM PROCESSING PACKAGE
AVERAGING, MATHEMATICS, HIGH RESOLUTION

leCroy

WP01 WAVEFORM PROCESSING FIRMWARE
FOR MODELS 9420/24/50 DIGITAL OSCILLOSCOPES

Added as a factory option or retrofitted in the field, the WP01 Waveform Processing Package adds
high-speed averaging, filtering and mathematical capabilities to the Models 9420, 9424 or 9450
digital oscilloscopes.

Averaging — Summation
and Continuous

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

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

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

controllers. High—speed microproces-

AND ANALYSIS need for external computers and
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.
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FEATURES

Extensive Signal Averaging — Two operation modes:

® Summationaveragingupto 1,000,000 waveforms.

® Continuous averaging with weighting factors up to
128.

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

Offset Dithering — Improves the vertical resolution for
low-noise measurements by several bits in sum-
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.

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

Powerful Arithmetic — Processes 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.

Mathematical Functions — Computes integration, dif-
ferentiation, square, square root, absolute value,
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 Operations — Automatically 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 front—panel
settings, as well as all waveform processing options
via either GPIB or RS-232—C interfaces.

Color Archiving — Copies screenin color using a wide
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 waveform.

All processing occurs in function memories E and F (C,
D, E and F for the Model 9424) which may be displayed
onthe screen by simply 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 pV/division.

Summed Averaging consists of the repeated addition
(with equal weight) of recurrences of the selected source
waveform. The number of acquisitions averaged can be
selected between 2 and 1,000,000 sweeps with the 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.
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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. The method is particularly useful for monitoring
noisy signals which may change slowly over a period of
time.

HIGH RESOLUTION

The WP01 package provides a selective filtering tech-
nique 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 glitches or monitoring signals drifting in
time and amplitude is made easy with EXTREMA mode.
EXTREMA 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 a 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 pV/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 uV/div after vertical expan-
sion.

ARITHMETIC

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

Number of input points: 50 to 50,000.
Multiplicative constant on first input: from 0.001 x
1073310 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 uV/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.
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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

At 8.40us
W 119.0 kHz T/div 10 ps

Whether it's sophisticated functions (like integration, differen-
tiation orlogarithm) or simple mathematics (like addition, sub-
taction and multiplication), the WPO01 package can calculate
the results with just a touch of a button. Above, a ramp (top
trace) and a square wave (lower trace) are multiplied togeth-
er. The resultis shown in the middle trace complete with cur-
sor readout.
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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.

==
EE

el T
E=!‘
==

The WPO01 package performs digital filtering techniques 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 (middle
trace). The lower trace shows the same expansion but with
9-bit resolution. The second and third oscillations are now
clearly visible.

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
ro Chestnut Ridge, NY 10977-6499
Telephone: (914) 578 6097
2 —. TWX:(710) 577-2832
Innovators in Instrumentation Fax: (914) 425-8967

Other sales and service representatives throughout the world.

Copyright © October 1989. 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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FAST FOURIER PROCESSING PACKAGE

50,000 POINT TRANSFORMS, SPECTRAL AVERAGING m‘ ro

WP02 SPECTRUM ANALYSIS FIRMWARE FOR
MODELS 9420/24/50 DIGITAL OSCILLOSCOPES

0/24/50 WP02

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

B Frequency Range from
DC to > 350 MHz

B Frequency Resolution from
20 uHz to 100 MHz

B Upto 10 Gs/sec
Sampling Rates

B Time and Frequency Domain
Averaging

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).

FREQUENCY DOMA'N The WP02 Spectrum Analysis Package extends the range of measure-

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 ANALYSIS 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 package is fully programmable

over GPIB and RS-232-C interfaces. Hard copies can be directly made

on awide 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.
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FEATURES

Long record transforms — Extremely 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 allow comparison of inde-
pendent signals for common frequency—domain
characteristics.

Versatile display formats — Frequency—domain data
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—Upt0 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.

Frequency cursors — Cursors give up to 0.004% fre-
guency 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 statusin 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-
neously.

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.

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 values.
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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 (110 4
inthe 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

SPECIFICATIONS

(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 single 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
amplitude (power) measurements or strong suppression
of side lobes respectively.

MEMORIES

Acquisition memory: 50K, 8—bit word memories 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 as ref-
erence or as function memories.

FREQUENCY

Frequency range: DC to > 350 MHz.

Frequency resolution: 20 pHz 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 overflow: a warning is provided at the top of the
display when the input signal exceeds the ADC range.
DC suppression: selected via the menu (ON/OFF). It 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 complex
spectrum, in V/div, zero base line at 0 div (center of
screen).

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

Power spectral density (PSD) in dBm.

Phase display: linear.

Magnitude display: linear.

Power and PSD spectra displays have 80 dB range
(10 dB/div), expandable to 5, 2 or 1 dB/div.

Frequency Domain Power Averaging

Up to 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

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

FILTER PASS BAND AND RESOLUTION
Filter - ‘ Noise

, bandwidth Highest Scallop band-
Window at -6 dB side lobe loss width
type [freq. bins]  [dB] [dB] [freq.bins]
Rect- ~
angular 1.21 -13 3.92 1.0
von Hann 2.00 -32 1.42 1.5
Hamming 1.81 —43 178 1.36
Flattop 1.78 —44 0.01 2.96
Blackman—
Harris 1.81 -67 1.13 1.71
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Definitions

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

Highest side lobe indicates the reduction in leakage of
signal components into neighboring frequency bins.
Scallop loss is the maximum loss of amplitude accuracy
of the magnitude spectrum.

Noise bandwidth is the bandwidth of an equivalent 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 amplitude,
and power and power density 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, including
window calculations. Same top and bottom trace definition as in
the previous graph.

REMOTE CONTROL

AllWPO02 processing functions are fully programmable via
the GPIB and RS—232-C interfaces. Simple English—like
commands are used.

Remote read and write

All waveform formats including complex can be read by
computer for storage or further processing.

Externally generated waveforms can be written into Me-
mories C and D for FFT or other processing.

STORED FRONT PANELS

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

WP02 INSTALLATION

A WP02 package may be retrofited to a LeCroy
9420/24/50 Digital Oscilloscope.
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Flattop
ORDERING INFORMATION
===F-- = 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
I~ |
ﬁ-- 9450 2_channel, 350 MHz Oscilloscope, 400 Ms/s

9400AWP01 Waveform Processing for 9400A
9420WPO1 Waveform Processing for 9420
9424WP01  Waveform Processing for 9424
9450WPO1 Waveform Processing for 9450
9400AWP02 FFT Firmware for 9400A
9420WP02  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 Digital 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)
Baloo 100:1 Oscilloscope Probe
RM9400 Rackmount for portable oscilloscopes
The sum of two sinusoids of 500 kHz and 527.5 kHz is digi- SG9001 High Voltage Protector
tized over 200 points and transformed to the frequency do- TC9001 Transit Case
main. Four different window functions are applied to indicate TC9002 Protective Cover

their effect on leakage suppression and spectral resolution.
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A 2 MHz signal is frequency modulated with a 99 kHz sine A frequency coded radar signal has been captured in single
wave. To improve the signal-to—noise ratio on the phase—in- shot (upper trace). Two time windows have been applied (not
coherent FM signal, 66 spectra are averaged (bottom trace). visible on the screen) to isolate different portions of the signal,
The part of the spectrum at the right—hand side is the 2nd har- and the respective FFTs have been calculated. The middle
monic of the carrier with side bands. and the lower trace show the two amplitude spectra. A fre-

quency shift of 30 MHz is clearly visible.

Definition of Function E

Previous Class:

Fieo ®

et Type: Power Spectrum
S e ! Max number of points: 50000

Fourier Transform

Previous
VALUE '@ Source: Channel 1
Next Multiplication Factor: 1.000 »°

Additive constant: +0.000 wo°V
Window Type: Rectongular|
Zero Suppression: ON

Rectangular
S Von Hann
FE =PS(FFT(C1)) Hamming

for 50000 points Nyquist = 50.0 kHz Flot Top

Blackman-Ha
AF = 2.00Hz

The FFT menu documents all the relevant parameters.

LeCROY CORPORATE HEADQUARTERS LeCROY EUROPEAN HEADQUARTERS

700 Chestnut Ridge Road 2, rue Pré—de—la—Fontaine
ro Chestnut Ridge, NY 10977-6499, USA P.O. Box 341
Telephone: (914) 425-2000 1217 Meyrin 1-Geneva, Switzerland
S — TWX:(710) 577—2832 Telephone: (022) 719 21 11 Telex: 41 90 58
Innovators in Instrumentation Fax: (914) 425-8967 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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MEMORY CARD SYSTEM
FOR MODELS 9410, 9414, 9424, 9430
- DIGITAL OSCILLOSCOPES

FEATURES

Versatility — The memory card is mainly used
to save and retrieve either waveforms (ac-
quired or processed) or instrument settings.

Autostore — Waveforms can be automati-
cally 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 traceson 4—channel scopes) to

leCroy

B Ultra—fast Throughput Rates
B Automatic Waveform Storage

® New PCMCIA Standard
(DOS—-compatible)

B 128K Byte — or 512K Byte —
cards available

B |deal for automatic
PASS/FAIL Testing

save with just one keystroke. This feature is
also available in "Autostore” configurations.

User—friendliness — A convenient "Replay”
function helps the user to visualize the wave-
forms stored on the card.

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

Standard PCMCIA/JEIDA Format — PCMCIA
is the memory card standard agreed upon by all
the 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 Transfer Time

1000 22 msec
10000 82 msec
50000 322 msec

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-MC04 for the 512K Memory Card.

800-5-LeCroy (1-800-553—-2769):

automatically connects you to your local sales office.

Search SA, (01) 394-5882
Scientific Devices Pty. Ltd., (03) 579-3622

Dewetron Elek.Messgerate GmbH
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2.1

9450A Sub-assemblies

F9424-1

F9451-1

F9424-2

F9450-2

F9450A-3

F9450-4

F9450A-5

F9420-6

F9450A-7

F9450-8

F9450A-9

M9424

Base board

Power supply

Support for Memory card
Display

Single 400 Ms/s ADC
Time base

Front panel

Processor

Dual channel 300 MHz Front end
Clock bus

Rear panel

Mechanical for 9450A
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2.2

2.2.1

F9450-2 Display Board
General Description

This board is designed to display a monochrome 10" CRT image. The image
is composed of instructions downloaded from the processor board 9420-6
into the resident memory via the internal 9450A 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 while 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/W
accessed via the internal 9450A bus, or read only by the MDS403.

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

In order to generate a constant spot velocity (intensity) over the
screen, there are two 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

2.2.2.2

Input Interface and Display Memory

All data and instructions are written into the resident memory by the
main processor via the internal bus. The 9450A 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 9450A 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 F9420-6 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 W controls the direction of data: ’'l’ to read from memory
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 W and DSACK are to control the R/W timing
between the external bus and the memory.

The line SDIS is generated on the F9424-1 base board by decoding the
address lines BA19 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

a. The memory is available. This is the fastest access:

For a read cycle, the line WE256 will remain high for the entire cycle.
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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 lov 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
will 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 AQ, 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 alvays two BCK periods, and the state A7 is
always one.

The sigal RDRDY goes high at the beginning of state A6 and returns low
at the end of state A7. This signal is synchronized in the MDS403 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.
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2.2.2.4

2.2.3

2.2.4

b. The memory is in use:

All signals 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 impedance 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 linear 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 which 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 kind 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

where U is the applied voltage and L the yoke inductance.
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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 new 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
two-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
wide.

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 for 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.
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2.2.6 Vector by MDS403

When 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, ZON, 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 new XY position.

2.2.7 Spot Intensity Control and Timing Principle

0f the 12 bits available for the spot intensity (ZCO to ZCl1l), only 8
are used. The ZC register, internal to the MDS403, is not reloaded with”
a nevw 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 hardware feature of the F9450-2 diaplay 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.

2.2.8 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, Al3 and Al4. The VX and
VY outputs of the two rate EPROMs are converted to analog current by
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 positions
are connected to the positive input of the X or Y ramp generator. The
analog rate signal XINT and YINT are connected to the current control
of the respective ramp generator.
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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 which enables the MDS403 processor to load the
next X, Y position or intensity value, and, after a seperate delay,
turns OFF the intensity (ZCTR). EOV is further delayed if the draw mode
"pointed vector" is enabled.

Vector Timing

After the display processor has loaded a new 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 (A8) which is reset to O at
each start of a new vector. The rate enable is OFF from state O 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 O to 3. The
signal ZON goes low at the same time. It returns high when 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.
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2.2.9.2

2.2.9.3

2.2.10

2.2.11

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 way 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 d0, 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
which follow the intensity bits out of the display processor.

For each raster instruction 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 Amalog Correspondence

For all move vectors, the X and Y rates are maximum and equal 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 angle is proportional to the deflection coil
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.
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2.2.12

2.2.13

2.2.14

X/Y Povwer Transconductance Amplifier

These amplifiers provide the current for the deflection 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 9450A box is used as the heat sink.

High Voltage Power Supply

The switching fly-back regulator generates 3 voltages: 2.2Kv which 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 frequency 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 power 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 KOhm 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.
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2.2.15

2.2.16

2.2.17

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 power 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

Cathode Ray Tube

It is a "10", 90 deg rectangular CRT with a 20 mm neck diimeter. The
The ON/OFF state of the power amplifier, HV power 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 C1, C131. The input to the comparator, pin 6 of A22, is low at -15
V while the reset is low.
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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 power amplifier exceeds 85
degree centigrade.

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

- signal SHUT: pulls down ZAMPOFF if low.

If one of these lines is low (-15 V), ZAMPOFF is low. If all three are
high (about -10 V), ZAMPOFF is high (about -10 V).
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2.4,

2.4.1

2.4.2

F9450A-3 ADC board description
Introduction
The board is divided in two parts:

- analog
- digital

Few definitions:

Time base: F9450-4: clocks and trigger

Front-end: F9450A-7: outside signal receiver

Analog signal: Signal coming from the front-end .
Analog part

The analog signal enters through the SMB connectcor (J3) into the sample
and hold hybrid HMS403A, a differential pair receives a calibration
signal (12.403MHz square wave) that can be enable from the timebase.

The analog part is clocked by signals coming from the timebase through
the edge connector (J2).

The HMS403A hybrid is a combination of four sample and hold, (numbered
1 to 4) which divide the signal in four branches. Each sample and hold
is clocked by a differential signal (SHCKx), the sampling bridge
current is calibrated by a potentiometer (P3 to P6), the timing and the
offset are voltage controlled by software, using octal 8 bits DACs
(BT110), the current outputs are converted to voltage by operational
amplifiers (LM324). The HMS403A outputs have external current sources
to drive the capacitive inputs of the flash ADC (HADC77200).

Flash ADC references are also controlled by software using another
octal 8 bits DAC with operational amplifier to set the gain of the four
branches. They are differentially clocked (ACKx).

The four branches (numbered 4, 1, 2 and 3 starting from the top of the
board) are 100 Mhz clocked with a delay of 2.5ns between each of them
so that we have a 400Ms single-shot ADC. When in RIS only one branch is
used (the top one, number 4).

ADC Numbering scheme

Hard Soft (Internal Diag)
Reference == 4 3
First in time ==D 1 0

2 1

3 2

The reference ADC in Single-ADC sampling mode.

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

2.4.3

Digital part

Acquisition fast memory

The digital output of the flashes is inverted, two’s complement coded,
this feature of the flashes is enable by two control lines (MINV &
LINV). Data must be inverted because the front-end does invert the DSO
input signal at some gain setting.

Digital data go to multiplexer (10H158) which switch from four to one
branches, control is done with ASEL signal from timebase. This option
is used for lower timebase setting.

A connector is available for test purpose (J4A, J4B and J5), jumpers
from J4A to J4B should be removed and a flat cable (from 4968-2 tester)
connected to J4B and J5 (ground). The tester produces a digital ramp in
order to test the fast digital section.

The data then flows through ECL to TTL converter (10125) into the
memory demultiplexer (MDX407) where four clocks (DMXCKx) latch them to
4Kx4 SRAM (MHS HMT-65768H-5 or IDT 61685A-2550).

Address comes from the timebase during acquisition, directly through
high drive buffers (AMD2965) and from the internal bus during read or
write test through 3-state buffer (74HCT244). ACQ signal from timebase
is on during acquisition, and selects MCE as the write pulse and forces
write enable of the SRAMs. When ACQ is off, write pulse is ACE and
write enable is R W. The DCK signal 1is the last demultiplexer clock
delayed and shaped (C78), it is used by the timebase to count address
and stop acquisition.

The data can also be read on the fly, for roll mode purpose, the
timebase gives the right timing.

Reading memories can be done with the 68020 or the TMS320C25 processors
through buffers (74HCT244), using the four lower bits of address
(74ALS138 and 74F32) to select data from the demultiplexer.

Fast memory data is connected to the internal ADC data bus (ABD),
likewise the address is connected to an internal ADC bus (ABA). The
internal busses are buffered (74HC245 and 74HCT244) to 68020 main
busses).

Computation buffer memory

A coprocessor (TMS320C25) does the computation and transfer of data
from fast memory to a 63Kx16 buffer memory (four HM62256LP-12). The
coprocessor has its own clock signal (F1100-40MHz) and furnishes strobe
to a Minmax gate array (MNX401). The minimax can be set to run on read
or written data by the TMS320C25.
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The coprocessor can only access the internal busses. The 68020 can
access the internal busses when the coprocessor is in hold. The
coprocessor can be stopped either by the 68020 or by itself.

DACs are directly set by the 68020 and the 8 bits data bus is buffered
(74HCT244). DACs are not on the internal busses.

Control 1lines are decoded by PALs (C16L8L) named ADCSEL for selection,
ADCCMD for command, ADCPER for peripherals.

SAMPLING CLK TIMING

LU oS

80 /100 /200 MHz

_
S R s S
—

]
——
—
S
—merd
L

M LT S/HH # 1

I ADC # 1
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2.4.4

Address

All addresses are in hexadecimal.

note on TMS320C25: PS is program space.

note on Minmax MNX40l: register

DS is data space.

IS 1is interface space, the address is not decoded
and this is the way for the TMS to set itself in
hold mode.

It is possible to read the 64K of buffer memory but
only 60K of fast memory.

CFND  is "configure block as data memory"
instruction.

CFNP is "configure block as program memory"

instruction.
0 status

register 1 minimum value
register 2 minimum rank
register 3 maximum value
register 4 maximum rank
register 5 rank counter
register 6 ram address (unused)
register 7 ram value (unused)

ADC address + 20 0000= Minmax enable (should
only be used for read test).

TMS320C25 external flag:
XF Minmax enable during
high write cycle
low read cycle
TMS320C25 command:
bit set description
0 high pulse _INTO
1 high sets BIO low
1 low sets _BIO high
7 high free TMS320C25
7 low holds TMS320C25
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TMS320C25 status:

bit 7 high when TMS320C25 works
bit 7 low when TMS320C25 in hold

Peripherals addresses:

Data are low byte and only write mode is used.
description ADC1 address ADC2 address
S&H 1 coarse offset 0188 0000 0190 0000
S&H 2 coarse offset 0188 0002 0190 0002
S&H 3 coarse offset 0188 0004 0190 0004
S&H 4 coarse offset 0188 0006 0190 0006
S&H 1 clock delay 0188 0008 0190 0008
S&H 2 clock delay 0188 000A 0190 000A
S&H 3 clock delay 0188 000C 0190 000C
S&H 4 clock delay 0188 OO0OCE 0190 OOOE
flash 1 gain 0188 0010 0190 0010
flash 2 gain 0188 0012 0190 0012
flash 3 gain 0188 0014 0190 0014
flash 4 gain 0188 0016 0190 0016
S&H 1 fine offset 0188 0018 0190 0018
S&H 2 fine offset 0188 001A 0190 001A
S&H 3 fine offset 0188 001C 0190 001C
S&H 4 fine offset 0188 001E 0190 001E
TMS status & command 0188 0020 0190 0020
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Memories addresses:

Data are 16 bits word, which means that addresses will not use bit O.
ADC2 address = ADC1 address + 0080 0000

description TMS note ADC1 address TMS address
fast memory 0200 0000 to |  -=-=--
0200 1FFE and|  -----
0200 2000 to PS 1000 to
0201 FDFE and| PS FEFF and
CNFD mode 0201 FEOO to PS FF00 to
0201 FFFE PS FFFF or
TMS block BO CNFP mode |  —-=--- PS FF00 to
PS FFFF
buffer memory BCE1l interrupts 0202 0000 to PS 0000 to
0202 O03E and| PS 001F and
program 0202 0040 to PS 0020 to
0202 1FFE and| PS OFFF and
data 0202 2000 to DS 1000 to
0202 FFFE DS 7FFF
" " BCE?2 0203 0000 to DS 8000 to
0203 FFFE DS FFFF
Minmax register 0 0204 0000 DS 0800
Minmax register 1 0204 0002 DS 0801
Minmax register 2 0204 0004 DS 0802
Minmax register 3 0204 0006 DS 0803
Minmax register 4 0204 0008 DS 0804
Minmax register 5 0204 000a DS 0805
Minmax register 6 0204 000c DS 0806
Minmax register 7 0204 000e DS 0807
TMS registers | | ——=-- DS 0000 to
DS 0005
TMS reserved | | ——=== DS 0006 to
DS 005F
T™S block B2 | | ——ee= DS 0060 to
DS 007F
T™MS reserved | | ———=- DS 0080 to
DS 01FF
TMS block B0 CNFD mode |  -==--- DS 0200 to
DS 02FF
TS block B1 | | e-ee- DS 0300 to
DS O3FF
unused ! | ———-- DS 0400 to
DS O7FF

Scan by Paladinmicro - paladin@paladinmicro.com



https://www.manualsplus.com/

H | 3 | C | 7 -
9U50A-3 ADC BOARD DESCRIPTION
4
BUFFER MINMAX
MEMORY
i ! -« BRANCHY
FAST < BRANCH]1
MEMORY - BRANCH?2
™S - BRANCH3
i
DELRY
PALs OFFSET
BUFFER DRCs  P— 1) 3
68020 » 1 I
TIMEBASE V¥CLOCK5 |
Y < ANALOG INPUT
M e )
BRANCHY <———<DEMUX | o U Ty
- FLASH 4
X 3 ] ) 2
M | - |5
BRANCH] -=——<DEMUX L - U :
X FLASH 1
1 H
M e 7 |0
BRANCH? <——<{ DEMUX L U ! i
X FLASH 2
i [}
M e 7 |4
BRANCH3 <-———< DEMUX L U :
X FLASH 3
! Ll
1
Le rOy CORPORATION
:::(I].UISI( -8 ;ﬁ"gb ng“_"“a"
51008050 YOMG_NO: BLK-DIAGRAN
15-0CT-81 ‘le oF 1 [ecome --—-

Scan by Paladinmicro - paladin@paladinmicro.com



https://www.manualsplus.com/

4

MA S-16
jtheened ADR
OMXCK | e A0
OMXCKS st e WE
AN IN 8 DATINI | MDX + ACO MEM. |t RO ouy ABA 5-16
S/H FAOC SEL Aoc 1 [ RCC DAY
' DMXCK D et E— <
nuccm"'nmv N (<8 =
SHCK1 LINV SOFT =0 <@t DATA z i
n ACa
|t AR <]
T Y ——" & o
DMXCKE sy 13 NCE
8 DATIN2 MOX + ACQ MEM, [e=—<tAD —
S/H FADC SEL AoC 2 [e——=RC0 ADA <=t 158 ACE
. CE ~atmemd I seL b=
DMXCK 1§ et — WE <
ADCCK2 MINV TS S — DR £
SHCK2 Liny | SOFT =1 0 DME
Aco 32P ABAY
et AR A
DMXCK3 et —— OF o (2P RABA3
OMXCK 7 g g E A" s
8 DRTIN3 MDX + ACO MEM. ===t AD DRTAR
et  S/H FRDC SEL Aoc 3 j g L0 ROC1
HSEL—‘ DMXCHK 1] er—ped g RDC2 138 RABAR2
nuccnat 'nmv DMXCK1S mmemmed [o——x8 ADC3
SHOK3 CINy SOFT «2 DATA — DEC ABA1
DRV
8 DATINY g DR
b 5/H FADC SEL a— EE
REFERENCE AOC * OHMXCKS =1 wox + ACO MEM. = AD
' ' DMXCKB et  —— 700 0IR R_W
ADCCKY MINV  goor Lo OMXCK ] 2 et AoC U
SHCKY LINV OMXCK 1 6 s DE—— DRV
ocK DELAY ek ] BD (6-15)
[ DATA I 2us ABD B-15
ABD (0:15) DAV
ABR -
88 _(1-16) BA (1-21]
40 MHz —
et BATT e BATT l DAY rr—e A
8 8
15 32K 15 32K DRY
CLK —— I -
16 — . ABD B-7
™S — DRY
BUFFER MEMORY 8 ——
32ecas DCTAL CORRSE
[ BATT e BATT ORC FINE
8 8 3 e OFFSET
P & | 8-BIT
15 | 32 15 | 3K o
16 -—— ——] LINV pr—
MNX 3 MINV
MIN/MAX anc
(NO HIST) s} t { 2 8] ocin GAIN g
oae P—— 5/t R TR B i
b DELAY
ADCSEL ADCCHD AOCPER 3 8-BIT Prommmt 0 CORPORRTION
P e— SCHEMRTIC ODIRGRAM
| ) | — Ju56A-3
BC (8-5) DWG NO: BLK-DIAGRAN
15-0CT-91 SH 1 OF 2 |eccom  —-—-

L

L

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

AOC 1

MDX + ACQ MEMORY

MDX + ACQ MEMORY

MD1 MD2
r"m MEMORY UKx8 -—m MEMDRY UKxB Ll
- —-— emw = e et - e = ——
1 MDS | MD5
N seL MEMORY UKx8 SEL MEMORY UKxB
32 - - e w— - LA—I 32 -— e em -
4xB881T MD9 4xBBIT MD10
MEMORY UKx8 MEMORY UKxB
2701 2701
-1 -— emm — — —-— e e o
MD13 MD1Y
MEMORY UKxB MEMORY U4KxB
T\ - ’ WE CE A L - |} WE CE A
-
SEL BBIT SEL 8BIT
uTo 1 uT0 1
DATINI OMXCKS OMXCK13 l l l DATIN2 OMXCKG DMXCK 14 l 1 1 3
OMXCK!1 OMXCK3 OATA ACQ OME AOC! B A WE CE ADR DMXCK2 DMXCK10 DATA ACO DME  ADC2 B A WE CE RORA
ADC 3 MDX + ACQ MEMORY ADC U MOX + ACQ MEMORY
MD3 MDY -
MEMORY UKx8 p—m MEMORY UKxB
—— -— e - et — e — —
| | MD7 o | ND8
N seL MEMORY UKx8 sEL MEMORY UXx8
32 — - — ——— L[\J 32 s -— eaw = oww
4xBBIT MD11 Yx8BIT MD12
MEMORY UKxB MEMORY 4Kx8
2701 2101
anat —— — — Pt — o o= o=
MO15 MD16 2
A I MEMORY UKxB A I MEMORY UKxB
WE CE A - WE CE A
SEL 8BIT SEL BBIT
uTo 1 4Tl
DATIN3 DMXCK? MXCK15 OATINY DMXCKB XCK16
DMXCK3 DMXCK11 OATA ACQ OME ADC3 B8 A WE CE AOR DMXCKY DMXCK12 OATR ACO DME  ADCY B A WE CE AOR

WOTICE: TNI3 DEIIGH 13 THE SOLE PAOPEATY OF LECAOT CONP.
1T conintum

WITH THE GNOERS TAK
CLOSED DN

INFORMATION MG 13 FUANITHED
WG THAT 11 [8 XOT 1D BE USLO, OIS~
AEPRODUCED 1N ANT WANNER WITHOUT THE APPROVAL

PAGPRIETART
01

LeCroy coAroRaTION
SCHEMATIC OIAGAAN

guS0A-3

OWG NO: BLK-DIRGRAN IHCHI
SH 2 OF 2 ]mn -——— I

15-0CT-81

E

dcan 5J’ JLZZ&Z&Z”}?ZZ”‘O -- iEdaﬁmt@ﬁaZamezrm.m;ﬁ


https://www.manualsplus.com/

B

| L

B

DNLY S9YSBR-3 CH1

\ =

DMXCK16 ocK
T N O g D C 9 q 5 D H - 3 OELAY J 9yS8A-3 CHl 9YSBR-3 CH2 CALCK
EXT CK
L 4
?— ASEL SHCK1-4  ADCCK1-Y OMXCK1-16 RCO  _MCE  DICK MAL 5"5112 12 fun2 5-16
= A [ | CUTPUT ENABLE MEMORIES
ADDRESS
/2 DIVIDER [SYNCHROL /16 K16 | REGISTER
/2 1 AND DIVIDER ™
DIVIDER DECODER /\
. |
CKF Stx ou 1z| [recoro § 12 } l
SAF
FREQUENCY DIVIDER MEF MEMORIES LENGHT MEMORIES ADDRESS NEMORIES LENGHT AoC
OSCILLATOR =
80 L'Iumu T FO 32 BIT COUNTER COUNTER MEMORIES RODRESS CALIBAATOR
i ’ 72 AND FO| REGISTER V LM LREE5115STBEIRT am :DEE‘[S”BE;T REGISTER DSCILLATOR
200MHz A A /2 OELAY LS end MA 12.403MHz
DIVIDER ons L L A o o
0 w * (=3 -
el 8 8 n BUSY t g
FS1-4 A gl @ S 5]
. SC
o«
@ [> sTAMP
COUNTER
PROCESSOR REGISTER
9426-6 A _:]5H SR
VIR SU2u-1 FUNCTION f 32 8IT
ASA REGISTER
, A cko st EGISTE
DAIVER AN
80(8: 151 00-15 LORD
= 16
= CKL
EN DIR z
g o ~| = ) o P
f * « = ef = = = el _wpoo_§ POD
peser —sfcoerion] ® g « c| « ne wee1sTen
BA_HN —» Wl E E 5 ] | £ _WPOD
_5TH8 —s=§ DECODER | gc e =5 X = Gl " Oy
_B0S —>
al 5 5 5 2| = 5 8 & PO
BR(1:6) NS © %= -| v =) ] N >
—» gl 3T o ® ol o = = sl s POST-
wl ol o a —_ S TRIGGER
i o 8 ul o o :{I o =l COUNTER
x 3 X = o ! g =
I ] 1] S
VvV V ! ACO g o
aco . BUSY 4 "
_iTHe INTERRUPT UISITION o
LOGIC o >
_ITT = :)—\ §
VvV Vv stoPl \/ V STOP ™7 ‘ l
\ \Y TC 32 BIT VIV eeo V1o _— 16 BIT 32 81T
REGISTER 16 BIT 16 BIT T1 TCH LATCH
recisTer]  fRecisten — PE | Recisten REGISTER Sl e | " RT
mscea muc;czn COUNTER PRETAIGGER PROGRAMMABLE INTERPOLRTOR  oraey "E“TLDC”"E
C COUNTER DELRY oc -
o o) E__DM MR R HA
5 1 - 5 888 o - 3
o MR o| i — - I
I MOTICE: THIS DESIGN IS THE SOLE PROPEATY OF LECAOT COAP.
TR R g A
Lk T e TS, kT 1Y 13 ST 1o BE' daths a1
J CLOSED DN REPRODUCED 1N ANT NAMMER WITHOUT THE RPPROYRL
I TRICGER LocIC LeCroy CoRPORATION
2 2 SCHEMATIC OIRGRRAM
TRIGGER VETO NTRIG OUT HIEC el T TCy qy50-4
™ Tve
= N = = =

v 4

REAR PANEL 9458RA-9

FAONT ENC SU5B8A-7

15-0CT-81

DWG NO: BLK-DIAGRAM

SH 1 OF 2 |ecom

H

B

| L

U

a

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

8A1
T10:31 T10:31)
SEL) pre:1s)
ost 32 BIT COUNTER
gus50-4 TRIGGER 408 MHz ILl
STARTABLE I
D(0:15)
lnm:an COMMANDS
A
—=—====—=—=—===7q VALIOATION | 7(g:31) HOLDOFF - A JEN _WRB
CIACUIT CIRCUIT B/C _WAC
| ouT  RESET OuT  START ]
VALID
SUSBA-7 FRONT-END lI . I
I [
CHl It SYNC FLIP FLOP TRIG FLIP FLOP
ChHe { T10:31) R _
l, 0 —1¢ TIME BASE 3
EXT } 0 > 0
EXT Il > —— )}
‘ I 5 A
VERT SYNC I| TRIG ’
e SEL
V10EQ 1 | CLEAR
SYNC v vi |
EXTR HOR SYNC I TRIG ENABLE mmmmmmge] TRIG out TRIG VETO CURRENT TRIG OUT
2 | ENABLE SOURCE -
I I cIRcurT IN/OUT ‘—?
e | T =
1 L
MUX ] CKR ===s=f> REG HCT+TRANSL TTL/ECL | pip:15)
| 10 11 12 13 14 IS IM ZMI
LSTNC ' II
MR MB I| __J L_ 2
— e —— ———— — — J ,——— D(0:15)
55 o1 52 | —=n DY 05 IRLDN
- fp—
o 3 BIDTO D]NTDEEH M Da3 ﬂDIuT EEUNTEH REG © + REC 1 | ———— el
cc > cov —1> I — -
00 G0 01 @1 62 @2 0303 04 QY 05 @5 MCTUE2
vy | 32 BIT COUNTER
(ONLY 26 BITS USED) =
ECX CLon TN
00 GO a1 g2 03 JAN
oy
TEAM o
™L0R0 count Losic
M
WQTICE: THIS DEIIGN 19 THE SOLE PROPEATY OF LECPOY COMP.
— OUICE: TaL3, SO, 13 e LS, T TR
i 7 CE e oo EL0%D D ‘AePROUCED” I T RRMKER NI THOUT. 1HE RPPROTRL
i INTERFACE TCLD LeCroy coaPoRaTION
c 0 0 ECL COUNT/MCT SCHEMATIC OIRGAAM
S :::uwssu-a qus5E-U
i_..__ SEICNDBOSC-C 5,46 NOs BLK-DIAGAAN
RPPVD
15-0CT-81 SH 2 OF 2 [ecom —-—-

L |

E

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

9450A SAMPLING CLOCK RATES vs TIME/DIV

Single-shot:

INT 0SC Sampl Rate Sample Intvl S/H CLK # ADC Time/div
MHz Ms/sec nsec MHz
200 400 2.5 100 4 10 nsec
100 200 5.0 50 4 20 usec
200 100 10.0 100 1 50 usec
80 40 25 40 1 .1 msec
80 20 50 40 1 .2 msec
80 10 100 40 1 .5 msec
80 4 250 40 1 1 msec
80 2 500 40 1 2 msec
80 1 1000 40 1 5 msec
80 1 Hz 1 sec 40 1 5 ksec
RIS:
INT 0SC Sampl Rate Equiv Rate Sampl Intvl S/H CLK # ADC Time/div
MHz Ms/sec Gs/sec MHz
200 100 10 100 psec 100 1 1 nsec
200 100 4 250 psec 100 1 1 upsec
200 100 2 500 psec 100 1 2 usec
200 100 1 1 nsec 100 1 5 usec
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TIME BASE

TIME/DIV
1 nsec
2 nsec
S nsec
10 nsec
20 nsec
50 nsec
0.1 psec
0.2 psec
0.5 psec
1 Msec
2 usec
5 psec
10 psec
20  psec
50 psec
0.1 msec
0.2 msec
0.5 msec
1  msec
2  msec
5  msec
10 msec
20  msec
50 msec
0.1 sec
0.2 sec
0.5 sec
1 sec
2  sec
5 sec
10 sec
20 sec
50 sec
100 sec
200 sec
500 sec
1 ksec
2  ksec
S  ksec

TIME/POINT
RiS
100 psec ——-
100 psec —_—
100 psec -—
100 psec
100 psec
100 psec
100 psec
100 psec
100 psec
250 psec
500 psec
1 nsec
- 10
- 25
- 50
- 0.
--= 1
- 2
- 50
RO
- 0.
== 0.
--- 0.
-—- ]
- 10
——- 2S
-—- 50
- 0.
- 0.
- 0.
- 1

SAMPLING RATE

wn O ) e OO

SS

W o thh tn th thh iy b v

DISPLAYED RECORD

LENGTH (Points)
Ris

100
200
500

1000
2000
5000
10000
20000
50000
40000
40000
50000

LIST of SAMPLING MODES, SAMPLING RATE,
and DISPLAYED RECORD LENGTH for each TIME-BASE SETTING
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MODEL 9451-1 POWER SUPPLY

Input voltage:

Input frequency:

Inrush current:

Operating temperature range:
Hold-up time:

Conducting EMI:

Isolation:

Input over-voltage protection:

Outputs:

Output voltage:

Output voltage adjustment:

Output over-voltage protection:

Line regulation:

Output voltage regulation:

Transient response (100 Hz):

Specifications

90 to 132 V 180 to 264 VA

AC’

selected by the user

C’

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 v 4000 VD

AC? C

input lines to ground leakage current

<5 mA,, 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 ARMS

out 3, +5 V: +5.07 V +1%, nom. 8.6 ARM

S
out 4, -5 V: -5.16 V +1%, nom. 10.8 ARMS
min. +5%
no

max. 0.1% at any load

+15 V and -15 V: +1% 1.5 A to 4.5 A load
+5 V: +1%7 6 A to 11 A load

-5 V: +1%7 9 A to 13 A load

+15 V and -15 V: <0.5 V, 500 psec: 2 A to

+ 5 V: 0.2 V, 500 usec: 6 A to 11 A
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OQutput ripple and noise: +15 V and -15 V: max. 100 mVpp (100 MHz)

+5 V and -5 V: max. 80 mVpp (100 MHz)

50 Hz output ripple: max. 5 mV
Maximum output current:
P +15Vand- 15V: I max. = 5A70
+5Vor-15V nom I max.
]
| |
] |
| i
! |
| |
“Ground” | !
] ]
T 35 ARMS S5A
+ 35V : 1 max. = 11A2°
Y I nom I max.
]
] |
! |
| |
] |
| |
“Ground” l I
8.6 A RMS 11A
+5V : 1 max. = 14A7°
sy I nom I max.
L
i |
| |
“Ground” : :
| |
i |

10.8 A RMS 14A
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Max. output current adjustment: min. +20%

Soft-start: input 90 VAC’ 45 Hz: outputs Inominal

start-up

Input capacitors
loading time

max. 600 msec ' -15V
max. 30 msec
Power output: nominal 204 W
maximum 240 W
Line sync output: square signal, duty cycle 50%, 45 to 440 Hz

levels: 0 = O V , 1 = 45V

rise and fall time <100 nsec

isolation: line-line sync output 2.5 kvAC

Fan power supply output: 15 VDC’ max. 0.15 A

Safety: designed to meet the following international
safety requirements:

VDE 0411/0730/0804/0806, IEC 348/380/435

Line input connector: CEE 22/VI (XIV), ASE type 113
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X2 Base card connector: header 10 pins 94V0 material
AMP
pin assignment
1: positive line sync
2: common return
3 to5: 45V
7 to 8: -5V

4 to 6: common return

9: +15 V
10: -15V
X3 display cord connector: header 3 pins, 94V0 material

AMP 350789-1

pin assignment
1: -15 V, with fuse slow 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: +415 V
Probe power connector: two, located on the switchboard
LEMO RA 0304 N
pin assignment
1: 45V
2: ground, common return
3: -15V

4: +15 V
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Chapter 3

BASIC PERFORMANCE TEST PROCEDURE
AND

INTERNAL DIAGNOSTICS AND CALIBRATION
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Section
3.1 Basic Performance Test Procedure
3.1.1 Turn ON
3.1.2 Noise on the inputs
3.1.3 Test of ADC's
3.1.4 OFFSET
3.1.5 Input impedance
3.1.6 Front-end
3.1.7 Bandwidth at 50MQ Input impedance
3.1.8 Bandwidth at 1MQ Input impedance .
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3.2.1 Calibration Error Log

3.2.1.1 Vertical calibration

3.2.2 ADC/TMS state

3.2.3 Trigger calibration
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Section

3.2.4 TDC calibration

3.2.5 Non linearity

3.2.6 Internal TDC calibration
3.2.7 ADC’s calibration
3.2.7.1 Leveling calibration
3.2.7.2 Phase calibration
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3.1

3.1.1

3.1.2

Basic Performance Test Procedure
for the 9450A digital oscilloscope

Turn-0On

Before switching on the digital oscilloscope (DSO), check that the
correct line voltage is set at the rear-panel power 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

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

Noise on the Inputs .
This is to verify the proper operation of all frdnt—end components.
With no signal connected to the inputs, set the DSO as follows:

- turn on traces CHl1 and CH2

- Grid: single

- Input couplings CH1 and CH2: 1 MQ DC
- Input gain: 5 mV/div

-~ Trigger:
SMART Trigger: OFF
Source: LINE
Coupling: AC
Mode: ~ NORM
- Time/div: 10 msec/div
- BWL: OFF
Check:

- displayed waveforms should have a constant band of less than 1 minor
division
- there is no discernible periodic structure

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

27-Sep-91
13:68:22

1

J

Il
T

I
T

Main Menu

AR DR

b—dodt.

Figure 1

1t
T

i1
T T

TCTITTTT1TTT° 7 Chan 1
10ms Smv

Chan 2
10ms BSmVv

1111
T T

Line Trigger CH1T &mv
o _ s R CH2 SmV
T/div 10 ms

3.1.3 Test of the ADCs

This is to verify proper operation of the ADCs at the four nominal
sampling frequencies: 400, 200, 100 and 40 Ms/sec.

With both Channel 1 and Channel 2 inputs open, set the DSO as follows:

- turn on the CH1 trace

- Grid normal

- Input couplings CH1 and CH2: 1 MQ DC
- Input gain 50 mV/div, offset zero

- Trigger:
SMART Trigger: OFF
Source: LINE
Coupling: AC
Mode: NORM

Time/div = 10, 20, 50, 100 usec/div

For each of the four time bases above, check for CH1 and CH2:

- displayed waveform should lie within a band of less than 1 minor
division.

- using the offset control, move the trace for CH1 and CH2 slowly

through the entire range and check that there is no significant
change in the displayed trace. Repeat for channel 2.
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3.1.4

3.1.5

3.1.6

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 Trigger: OFF
Source: LINE
Coupling: AC
Mode: NORM

- Time/div = 50 usec/div
BWL OFF

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

- the trace should not move more than a minor division or 1 mV

Repeat the same test for CH2.

Input Impedance

Set the DSO CH1 input to 1 MQ DC 50mV/div with any time base.
Check with an ohmmeter:

- input impedance must be 1 MQ & 1%

- repeat 1Mohm test for 200mV/div

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

- input impedance must be 50 Q + 1%

Repeat all impedance checks for CH2.

Front-End
Set the DSO as follows:

- turn on the trace for CH1

- Grid normal

Input 50 @, gain 100 mV/div, offset zero
Trigger:

1
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SMART Trigger: OFF

Source: CH1
Coupling: DC
Mode: NORM
Delay: 50%
Level: zZero

- Time/div = .1 usec/div
- BVWL 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 CHl1 input. Press
the Interleaved Sampling button on the oscilloscope to turn on the RIS
mode.

- Turn on the pulse parameters, with parameters source on Channel 1
Press PASS/FAIL mode

Press Setup PASS/FAIL

set Channel 1 and Channel 2 parameters on show, over + and rise

30-Sep-81
15:37:54
PASS / FAIL TEST AND EXTENDED PARAMETERS
e w®] ™ |
Next Chomnel 1]: over+
Chanrel 1 : rise
Previous
VALUE f:? Channel 2 : over+
Next Channel 2 : rise
Define Mask
VALUES
Expand A
Expand B
concel Memory D
L FunctionE
Return Overshoot positive Funot ion F
Channel 1
Channel 2
Figure 2
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Check:

- There should be no large overshoot at the rising and falling edge:

50 Q: 4% overshoot

30-5Sep-91
15:39:33

Main Menu

Setup
PASS / FAIL
of'f

T'H"'

Ll e

ol

bl

d

TTTT [T T[T T

Sl

444
T

Chan 1 over+ ‘ 3.9%
Chan 1 rise 1.07 ns
Chan 2 over+ 0.0%

Chan 2 rise - - -

-8mv  DC 1

Figure 3
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- Check the same at 200 mV/div, input 1.2V p-p

-~ Typical overshoot: less than 8%

4-0ct-91
16:36: 11
E -
Main Menu g:
., Chan 1
Set Chan 1 over+ 6.3%
PA;g/FAIL Chan 1 rise , 1.08 ns lus .2V
Chan 2 over+ 3.4
of £ ) Chan 2 rise - - -
CHT .2 v g
]
CH1 Oomv DC I CH2 .2 v §
T/div .1 us
Figure 4

- Repeat the above for CH2, trigger source CH2
3.1.7 Bandwidth at 502 input impedance
The purpose of this test is to ensure that the entire 9450A system has
a bandwidth of at least 300 MHz at 509 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.

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

Set the trigger:

SMART Trigger: = OFF
Source: CH1
Coupl: DC
Mode: NORM
Delay: ‘ zero
Level: zero

Set input CH1:

Coupl: 50 @

Gain: 0.1V/div
Var Gain: 1
Offset: zero

Set the time base:

-Time/div o .5 usec/div

-Interleaved _ ON
Bandwidth limit: OFF

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

30-Sep-91
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Figure 5
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Set the Trigger coupling: HF

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 300 MHz

30-Sep-91
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At 2.890ns L CH2 2 v %
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Figure 6

Repeat the above for CH1 and CH2 for input Volts/div = .5V, .2 V, .1V,
50 mv, 20mV, 10 mV, 5 mV.
Set the bandwidth limiter ON.

Repeat the same test as for the bandwidth limiter OFF.
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3.1.8

Check:

- the frequency of the generator at the 3 dB point must be 80 MHz &+ 20%
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Figure 7

Bandwidth at 1 MQ Input Impedance (at Probe Tip)

The purpose of this test is to ensure that the entire 9450A system has
a bandwidth of at least 250 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 Q feedthrough and connect
it to the CH1 input through a 10 MQ /10 probe using the probe tip - BNC
jack. Make sure the probe is perfectly adjusted, low frequency and high
frequency (see brochure enclosed with probe).
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Turn off all the traces except CHI1.

Trigger:
SMART Trigger: OFF
Source: CH1
Coupl: DC
Mode: NORM
Delay: zero
Level: zZero

Set the input of CHI1:

- Coupl: 1 MQ AC

- Gain: .1 V/div

- Var: Gain 1

- Offset:

Set the time base:

- Time/div

- Interleaved

zero

.5 usec/div
ON

Bandwidth limit OFF

Adjust the SG 503 output amplitude and the CH1 offset to provide a 5
divisions p-p sine wave. '

30-Sep-91
17:46:37

Main Menu

T

T
'

-~
™~

o
e
]

4]

-
-+
-+

]
\\u
/A

'

,

[

1]

L]

1]

L]

L]

L ¢ 4 1.1 1 3 2 1 5 1.4 1 11

4]

-+

<+
<4
-+
<+
<+
—+

IIYI-_N

Il

i

Chan 1

T 7T

|
[ \
T
S~

Spus .1 V

gl
L3 2

CH1 Omv DC CH1 .1 V «~
I CH2 .1 vV
T/div .5 us

~

Figure 8

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

Set the Trigger coupling: HF

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 250 MHz
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Pigure 9

Repeat the above for CHl1 and CH2 for input Volts/div = .5V, .2V, .1V,
50mV, 20mV, 10mV and 5mV.

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 80 MHz + 20%
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3.1.9

3.1.10

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

In absence of the computer automated calibration system based on
CALSOFT2 for the 9450A 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 CALSOFT2.

Manual linearity Test Procedure
Set scope to:

Single Grid ON
CH to be tested ON, offset O

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 should be within 2% of full scale of the scope.

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 EXT input and to CHl1 via a
coaxial T-connector. The cable length from EXT to CH1 must be short, at
most 2 nsec.

Set up the DSO:

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

SMART Trigger: OFF
Source: CH1
Coupl: DC
Mode: NORM _
Delay: 50% Pretrigger
Level zZero

Set the input CHI1:

- Coupl: 1 MQ, DC

- Gain: .5 V/div

- Var: Gain 1

- Offset: zero

Set the time base:

- Time/div: v .2 msec/div

Adjust the sine wave generator’s output amplitude to 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. Later, the test on the EXT trigger level
requires that the signal has an absolute range of + 2 V.

Check:

- the sine wave must pass through the horizontal center of the screen
(50% pretrigger line) at the vertical position zero (vertical center)
within + 2 minor divisions
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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
+ 2 minor divisions
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Figure 11

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.
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Check:

- the sine wave must pass the horizontal center at - 3 divisions within
+ 2 minor divisions
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Pigure 12

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 Me, DC
- Gain: .5 V/div
- Var: Gain 1

- Offset: zero
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Set the trigger source to CH2.

Repeat the above check procedure for CH2.

Leave the input connected to CH2, leave the trace of CH2 on.

Set trigger source to EXT.

Repeat the above check procedure for EXT trigger, but observing the

effect on CH2. The tolerance for the level crossing is + 2 minor
divisions for the EXT trigger level.
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3.1.11 Bandwidth for EXT Trigger
Set up a sine wave generator (for example Marconi 2019A):

- Frequency 300 MHz
~ Amplitude 2.8 V p-p (maximum for Marconi)

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

Connect the output of the generator to EXT input and to CHl using a
coaxial T-connector. The cable length between EXT and CHl1 must be short
(at most 2 nsec).

Set up the DSO:

Turn off all the traces, except CH1.

Set the trigger:

SMART Trigger: OFF

Source: EXT
Coupl: DC
Mode: NORM
Delay 50%
Level , zero

Set input CH1:

- Coupl 50 Q

- Gain .5 V/div
- Var Gain 1

- Offset zero

Set time base:

- Time/div . 5 nsec/div
- Interleaved ON

Check:

- The scope must keep triggering in a stable way (i.e., a smooth
300 MHz sine wave must be visible on the display).
- By using HF trigger coupling the scope must trigger up to 500 MHZ.
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3.1.12

3.1.12.1

Smart Trigger
Trigger on Pulse Width >, <

Set up the DSO:

Turn off all the traces except CH1.

Set the trigger:

Smart Trigger:
Trigger Type:
Vidth Type:
Source:

Coupl:

Slope:

Level:

Delay:

Set the input of CH1:

- Coupl:
- Gain:
- Var:
Offset:

Set the time base:

ON

SINGLE SQURCE
PULSE WIDTH
CH1

AC

+

zZero

20% Pretrigger

50 @

.5 V/div
Gain 1
zZero

20 nsec/div
ON

Single Source

Pulse Width

== S~

- Time/div:
— Interleaved:
1-0ct-91
10:06:17
SMART TRIGGER
. Trigger Type
Previous LN
FIELD R Width Type
Next
Previous .
VALLE (D)
Next
Summary
Trigger on CHAN1
Cancel if Pulse Width < 7.5ns
Return

Pre-trigger Delay 20.07
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Apply a sine wave signal 2.8 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 scope should NOT trigger
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Figure 16

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.
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3.1.12.2 Trigger on Interval Vidth <

Set up the DSO:

Turn off all the traces except CHI1.

Set trigger:

- Smart Trigger
- Trigger Type
- Width Type

- Source
- Coupl
- Slope
- Level
- Delay
Set the input of CHI:
Coupl

Gain

Var

Offset

Set the time base:

- Time/div
- Interleaved ON

ON

SINGLE SOURCE
INTERVAL WIDTH
CH1

AC

+

zero

20% Pretrigger

50 @

.5 V/div
Gain 1
zero

2 nsec/div

1-0ct-91
10:16:37
SMART TRIGGER
Previous . Trigger Type Single Source
FIELD (R Width Type [Interval Width)
Next
Previous o
vaLlE (D)
Next
I e S oo IR
Summary
Trigger on CHAN1
Cancel if Interval Width < 10.0ns
VALUES
Return
Pre-trigger Delay 20.07 Interval Wi
Pulse Width
Pigure 17
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Apply a sine wave signal 2.8 V p-p of 200 MHz to CH1. Turn to INTERVAL
Width < and adjust width to 10 nsec.

Check:

- 200 MHz: Width < 10 nsec, scope should trigger

-~ 110 MHz: Width < 10 nsec, scope should trigger

- 91 MHz: Width < 10 nsec, scope should NOT trigger
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Figure 18

Set frequency to 74 MHz and INTERVAL Width to < 15 nsec.
Check:
- 74 MHz: Width < 15 nsec, scope should trigger

- 61 MHz: Width < 15 nsec, scope should NOT trigger
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3.1.12.3 Trigger on Interval Width >
Set up the DSO: F _ !
Turn off all the traces except CH1.

Set the trigger:

- Smart Trigger ON

- Trigger Type SINGLE SOURCE

- Width Type INTERVAL WIDTH

- Source ~ CH1

-~ Coupl AC

- Slope +

- Level zero ; |
- Delay 20% Pretrigger i

Set the input of CHI1:

- Coupl 50 Q

- Gain .5 V/div \
- Var Gain 1

- Offset ' zero 1

Set the time base:

- Time/div 5 nsec/div
- Interleaved ON

Apply sine wave signal 2.8 V p-p of 100 MHz to CHl. Turn to INTERVAL
Width > and adjust width to 25 nsec.

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

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

See figure 19.
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Set the frequency to 40 MHz and INTERVAL Width to > 27.5 nseé.
Check:

- 40 MHz: Vidth > 17.5 nsec, scope should NOT trigger

- 33 MHz: Width > 27.5 nsec, scope should trigger

Repeat the above test for CH2.

3.1.13 Time Base Accuracy
In order to verify the time base, use a sine wave generator of 1 MHz
with a frequency accuracy of better than 10 ppm (for example
Marconi 20194).
Set up the DSO:

Turn off all the traces except CHIL.
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Set the trigger:

- SMART Trigger
- Source

- Coupl

- Mode

- Slope

- Delay

- Level

Set the input of CH1:

- Coupl

- Gain

- Var

- Offset

Set the time base:

- Time/div
- Interleaved

Set the sine wave generator to 1 MHz and put a signal on to CH1. Adjust

OFF
CH1
DC
NORM

0%
zero

50 @

.5 v/div
Gain 1
zero

2 usec/div
ON

amplitude to get about a 6 divisions p-p signal.

Select trigger mode SINGLE (HOLD).

Turn DUAL GRID ON.

Turn ON EXPAND A with CH1 as the source.

Adjust TIME MAGNIFIER to .1 usec/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 20.
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1-0ct-91
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Figure 20: 3rd Period Expanded

Turn ON EXPAND B with CH1 as the source.

Adjust TIME MAGNIFIER to .l usec/div.

Turn the horizontal POSITION on DISPLAY CONTROL to select the 13th
period.
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Overlay the 2 expanded traces on the lower grid using vertical and
horizontal POSITION knobs on DISPLAY CONTROL, see Figure 21.
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r/ \\
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ChH1 0.00 v DC CH1 .5 v %
I CH2 .5 Vv =
T/div 2 us

Figure 21: 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 22.
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1-0ct-91
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Figure 22: Aligned cursors
Turn DUAL ZOOM ON.

Turn TIME MAGNIFIER (DISPLAY CONTROL) to select the maximum expansion.
Refine adjustment of the two cursors, see Figure 23.
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1-0Oct-91
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Figure 23: Alignment of cursors with maximum expansion.

Check:

The difference time reading must be within 9.998 and 10.002 usec

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

3.2

Internal Diagnostics and Calibration

The 9450A 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, select the secret menu,

press the "Calibration Constants" button and press "Full Recalibration"
then enter "Calibration Error Log" and check that all the error status

codes are zero.

It is advisable to perform this type of check vhen the scope is in a
stable condition, after 20 minutes of warm up.

If you find error codes different from zero, you can find more
information on the problem in the interpretation of the Calibration
Error Log.

1-0ct-91
11:18:43  CALIBRATION ERROR LOG

Vertical Calibration

4 nibbles=(curves) (verify) (high gain) (unused)

Chan 1+2 (8=0ffset Range, 4=0ffset Conv, 2=Gain Range, 1=Gain Conv)
Calib Const

CHAN1 CHANZ

5mv 0 o)

10 mV 0 0
Chan 1+2 gglnx- 8 8

m
Full Test 1V 0 0 !

Full Re-
calibration | ADC/TMS State Working  Working
Calibration . _
Error Log 4 nibbles = (400Ms) (200Ms) (100Ms) (40Ms)
Manual FE Trigger Cal. 0 0 (2=No BWL, 1=BWL)

DAC Control

Leveling Cal. 0 0 (2=0ffset, 1=6Gain Conv.) !
More Consts | o ce Cal. 0 0 (4=Limits, 2=Fit, 1=Conv)
Return TDC Calibration 0

Figure 1 : Calibration Error Log
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3.2.1

3.2.1.1

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 gain and offset results displayed for CH1 and CH2 are 1ndependent
of the following conditions :

- 50 Ohm or 1 MOhm input impedance
- BWL ON or OFF

- Variable gain

- Trigger mode and coupling

- Offset

The calibration results depends of the acquisition settings :

- Sampling rate : 40 Ms/s, 100 Ms/s, 200 Ms/s or 400 Ms/s

- Sensitivity : 5mvV, 10mV, 20mvV, 50mV, 0.1V
Ms/sec 400 200 100 40
usec/div _10 20 50 |_100
Int. osc. MHz 200 100 200 80
Number of ADC’s used 4 4 1 1

The four ranges 0.2V, 0.5V, 1V, 2V are not calibrated because they use
an attenuator by 10, which has an accuracy of 1/1000.

Vertical calibration

The error conditions are coded into binary bits, each bit set
represents a certain error. The error status is represented in a
hexadecimal number, for each acquisition condition.

The 4 error bits have the following meaning:

1 = Gain Convergence ¢ One or more points of the gain curve can not
be measured. The gain curve is the
dependence of the front end variable gain
on the 16 bit DAC.

The 16 bit DAC controls the variable gain.
During 5 minutes after the power on or after
a full recalibration, the second variable
gain IVgain2 use for the 1mV and 2mV range
is verified.

If one error occurs, the error status gives
0010.
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2 = Gain Range

-
]

o}
n

Offset Range

The control of the variable gain is checked

Offset Convergence

by software to be between < 0.95 and >2.75.
see Figure 2 : Calibration constants

DAC O

0.9
DAC 9 2.7

: < 5

> 5

Push "CH1+2 Calib Const" to see the errors.
The result displayed depends of the Sampling

Rate selected 40 Ms/s, 100, 200 or 400 Ms/s.

The offset curve cannot be measured.

The dependence of the offset as seen by
the user on the offset control voltage is
described by three parameters.

One or all parameters cannot be determined.

The maximum offset is + 1.2V and the minimum
is - 1.2 V.

The calibration verify that the DAC can
reach +/- 1.2 V offset.

The 4 nibbles or columns, where the error status are displayed
correspond to the following conditions:

curves | verify | high gain | unused
I | I
X000 | 0X00 | 00x0 | 000X
| I I
| b N
1= Gain Convergence | Fail gain verify | Find high gain
I I
2= Gain range | Fail offset verify |
| |
I I
| |
| |

4= Offset convergence
8= Offset Range
Examples:

error code 8000
error code 2000
error code 0010

I

|

I

IVgain2 |
o |

|

|

I

Offset range problem

Gain range problem

Calibration problem on the second variable gain
(IVgain2) use for the 1mV and 2mV sensitivity
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1-0ct-91

14:48:13
Calibration Constants 400Ms/s 10 us/div
variable gain C1 (1 vy C2(1 V)
Chan 1+2 dac O (FFFF= 0.8488mA) 0.7336 0.7245
Calib Const| dac 1 (F332= 0.8000mA) 0.7515 0.7400
dac 2 (d8F4= O.7000mA) 0.8006 0.7876
dac 3 (beb?= 0.6000mA) 0.8676 0.8502
dac 4 (a47a= 0.5000mA) 0.9605 0.9397
Chan 1+2 dac 5 (8a3c= 0.4000mA) 1.0884 1.0664
Full Test| dac B (BFFF= 0.3000mA) 1.2835 1.2567
dac 7 (55c¢2= 0.2000mA) 1.5937 1.5640
dac 8 (3b84= 0.1000mA) 2.1461 2.1074
dac 3 (2148= 0.0000mA) 3.1112 3.0755
Full Re-
calibration OfFfFset

Cl1 (.1 V) 00:-1.9558 of: 0.623 o2: 6.10e-05 [ 0.1038% 1.99/3]

EOlibrOtion C2 (.1 V) o0:-1.936 of- 0.631 o2 5.8%05 [ 0.0507+ 1.9232]
rror Log

Manual FE C1 current dac settings (.1 V% 1.00, 0.00e+00; 400Ms/s)
DAC Control high gain 0000 = -0.1576 mA

gain adjust 9b5c = 0.4B53 mA

offset 79038 = 9.8B1e-02 V

More Consts

C2 current dac settings (.1 Vx 1.00, 0.00e+00; 400Ms/s)

Return high gain 0000 = -0.1576 mA
gain adjust 96fF5 = 0.4485 mA
offset /cf6 =

4.75e-02 V

Figure 2 : Calibration Constants

The variable gain or "Calibration Constants" should be for all
sensitivities (V/div):

Dac 0: < 0.95 and Dac 9: > 2.75

See F9450A-7 calibration procedure for the variable gain adjustment.

3.2.2 ADC/TMS STATE

The status must be "working", no memory is indicated in the column if
the ADC F9450A-3 is not present.
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3.2.3

Trigger calibration

The tests report problems for each of the 4 possible sampling rates,

40 Ms/s, 100, 200 and 400. With BWL ON or BWL OFF, selected by the

user.

1

2

BVL ON

BWL OFF

If the error code is not equal zero, the Hyst of the F9450A-7 front end
is not within the correct range 0.15/ 0.30 div, or the board has a
complete failure.

See "More Consts" and "Trig Calibr Constants".
trigger level is described in the test and calibration procedure of the
F9450A-7 front end.

Examples :

Code 20 : Trigger Calibration problem, BWL OFF, at 100 Ms/s

Code 1 : Trigger Calibration problem at 40 Ms/s, BWL ON

1-Oct-91
15:06:27

Trig Calibr
Constants
TDC Calibr

Phase
Constants

Recalibrate
Trig Counter

Chan 1+2
Gain Test

SS-FIR Corr
ON/OFF

RIS-FIR Corr
ON/OFF

Return

Calibration Constants

C1 trigger threshold level
HF

t2:-3.91e-04 t1: 12.98

AC t2:-3.91e-04 t1: 12.98
LF REJ  t£2:-3.7%-04 t1: 12.60
HF REJ  £2: 3.82-04 t1:-11.53
DC t2:-3.77e-04 t1: 13.67

C2 trigger threshold level

HF t2:-4.01e-04 t1: 13.29
AC t2:-4.01e-04 t1: 12.29
LF REJ  t2:-3.%e-04 t1: 13.06
HF REJ  t2: 3.90e-04 t1:-11.89
oC £2:-4.00e-04 t1: 14.24

trigger counter interval

Figure 3 : Trigger Calibration Constants
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200Ms/s

hyst. -0.23
hyst. -0.23
hyst. -0.22
hyst. 0.22
hyst. -0.22
hyst. -0.23
hyst. -0.23
hyst. -0.23
hyst. 0.22
hyst. -0.23

2.569 ns

N an K Ras Rae )
= O0O00

[ R W W W]
OO0 00O

The adjustment of the

20 us/div

.159%-12.
.158+-12.
.163+-12.
.898% 12.
.326%x-12

.151%1-13
.151%-13.
.1189%-12.
.806t 12.
.1441-13.

82]
821
43]
53]

.341]

.14]

14]
841
/91
031
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3.2.4

TDC calibration

The TDC interpolator is calibrated at 40 Ms/s, 100 Ms/s and 200 Ms/s.
If it is OK, the TDC calibration error code is zero into the
calibration error log menu.

Enter "More Consts" and press "TDC Calibr".

Check calibration "OK" at the three sampling frequencies.

1-0Oct-91
16:12:52

Trig Calibr
Constants
TDC Calibr

Phase
Constants

Recalibrate
Trig Counter

Chan 1+2
Gain Test

SS-FIR Corr
ON/OFF

RIS-FIR Corr
ON/OFF

Return

TDC CALIBRATION ANALYSIS

Sampl. Frequency 40 Ms/s 100Ms/s
TDC offset in ns -13.220 -5.899
TDC gain in ps/LSB 12.86 5.17
# in lower peak 543 220
# in upper peak 457 279
# outside histo 0 ' 1
1st lower edge 1021 1137
2nd lower edge 1036 1148
Final lower edge 1028 1142
Final upper edge 2000 2110
Calibration » OK | oK
RIS FIR Correction Factors

CHAN1 CHANZ

-1.00% 0.00%

Figure 4: TDC Calibration Constants
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200Ms/s
-10.880
10.35
240
260
0

1051
1052
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2017

OK
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3.2.5

Non linearity

The DC non-linearity is analyzed for the sampling rate, BWL ON, BWL OFF
50 Ohm or 1 MOhm input, the user has set.

The test should be done for the 4 possible sampling rates 40 Ms/s,
100 Ms/s, 200 Ms/s or 400 Ms/s.

In order to change the sampling rate one has to leave the menu and set
the time/div appropriate to the required sampling rate.

One vertical division represent 1/2 % of the full scale.

At present the variations should stay within +/- 2% or 4 vertical

divisions.

2-0ct-91
11:30:13

Non-linearity curve for C1, C2 at 100Ms/s

Chan 1+2
Gain curves

LELBLLI

Chan 1+2
Gain vs Time

11

Chan 1+2
Nonlinearity

141
LB

-+

I

T T

=+

111
LI

Internal
TDC-Calibr

More Curves

FI I |
LELBAAR
]

]

t
'

[

[

'

[

1}

4
LERSLER]

Return

CH1 4 mv
S R

DoC

Figure 5 : Non Linearity Curve at 100 Ms/s
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3.2.6

Internal TDC calibrati&n

This test allows the user to check the calibration of the time base

board F9450-4.

Press "Curves Calibration", and "Internal TDC-Calibr".

Check that the distribution contains two peaks.

The amplitude and the width of the two peaks are not important.

The test should be done for the 4 possible sampling rates.

1-0Oct-91
15:16:43

clk 400Ms/s outside O 1lo-e 1142 hi-e 2109

Chan 1+2
Gain curves

11
T

il
LI

Chan 1+2
Gain vs Time

1 1 11
LELELER

I |
LA

=+
-+

Chan 1+2
Nonlinearity

L1 1
LA

I |
L L

Internal
TDC-Calibr

More Curves

'
'
.
'
'
)
'
|- ———
[
b |
,
'
'
'
T
I 1.1 1
LELBR AR
'
'

|

LI L]

Return

CH1 4mv. DC

Figure 6 : Internal TDC Calibration at 400Ms/s
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- 1-0Oct-91

clk 40 Ms/s outside 0 lo-e 1028 hi-e 1995

15:18:50
+ X Mem C
Chan 1+2 T 2ps 1V
Gain curves | ___ L __ LN Lo b F oo boocbo ool
Chan 1+2 T
Gain vs Time ¥
Chan 1+2 +
Nonlinearity E
Internal 1T '\" kr“’ SR = S A ‘M" o
TDC-Calibr T
More Curves +
Return CH1 4mv DC SH% .g ¥ §
T/div .1 ms
Figure 7 : Internal TDC Calibration at 40 Ms/s
1-0ct-91
15:12:52 TDC CALIBRATION ANALYSIS
. ) Sampl. Frequency 40 Ms/s 100Ms/s 200Ms/s
Trig Calibr
Constants| TDC offset in ns -13.220 -5.899 -10.880
ToC Calibr | 1nc gin in ps/LSB  12.86 5.17 10.35
Phase .
# in lower peak 543 220 240
Constants # in upper peak 457 279 260
Recalibrate | # outside histo , 0] 1 0
Trig Counter :
1st lower edge 1021 1137 1051
Chan 1+2 2nd lower edge 1036 1148 1052
Gain Test|Final lower edge 1028 1142 1051
Final upper edge 2000 2110 2017
SS-FIR Corr | Calibration OK OK oK
ON/OFF
RIS-FIR Corr| RIS FIR Correction Factors -
ON/OFF
CHAN1 CHANZ2
Return
-1.007% 0.00%

Figure 8 : TDC Calibration Analysis
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3.2.7

3.2.7.1

Internal ADC’s Calibration

When sampling at either 40 Ms/s or 100 Ms/s, only the reference ADC

03 by soft (numbered O, 1, 2, 3 for software or 1, 2, 3, 4 for
hardware) is used.

Vhen sampling at either 200 Ms/s or 400 Ms/s the fgur ADC’s are used.
RIS mode runs always at 100 Ms/s with 1 ADC (ADC n

Leveling Calibration

The internal calibration levels all ADC’s (0, 1, 2) to the reference
3 (which is alwvays set at 80).
It adjusts the offsets and gains associated to each Sample and Hold,

ADC’s n°

and ADC respectively.

Press "More Consts" and "Phase Constants" button. The "Coars off",
"Fine off" values, for both CH1 and CH2, are always 80 for
3 (reference), and should be between 10 and FO for the ADC’s

"Gain Corg",
the ADC n

n° 0, 1 and 2. See figure 9

1-0Oct-91
15:21:01

Trig Calibr
Constants
TDC Calibr

Phase
Constants

Recalibrate
Trig Counter

Chan 142
Gain Test

SS-FIR Corr
ON/OFF

RIS-FIR Corr
ON/OFF

Return

LEVELING + PHASE + DYNAMIC ANALYSIS

Time/div 10 us Corr NONE
Leveling + Phase DACs

CHAN 1

Coars Off 88 8b 8d 80
Delays 5d 88 a2 72
Gain Corr 8939 895 8fF 80
Fine Off Bb 72 Bf 80
Phase Fit & Code CHAN 1 0

0 1 2 3
mean 10.5 g.7 10.0 10.1
rms 86.2 86.9 9/.7 0956.4
dgain 1.007 0.998 0.990 1.004
d offs -0.5 0.4 0.2 -0.1
d phase -3.7 3.2 4.3 -3.8
Mean Phase 21.94
Slope 2.5e+04
D-Period -1.5e-03
# Points 351
Dyn Corr
Phase ps

Figure 9
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3).

S-Freq 400Ms/s

CHAN 2
85 85 81 80
4f 83 b0 53
g2 8d S8fF 80
Be /77 be 80

CHANZ2
1 2

3.7 2.9 4.7
8.7 ©¢’.9 9.7 9
1.003 1.001 1.003 O.
-0.2 0.6
-0.0 4.1 3.5

19.32
2.7e+04
-1.5e-03

318

-1.3

g

\.IOLO(I)I'\)(.OO
O'J(D(D\.IO')
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Into the "Calibration Error Log" the "Leveling cal" error code should be zero.

1-0ct-91
11:18:43 CALIBRATION ERROR LOG
Vertical Calibration
4 nibbles= (curves)(verle)(hlgkﬁgOan(unused)
Chan 1+2 (B=Of fset Range, 4=0ffset Conv, 2=Gain Range, 1=Gain Conv)
Calib Const
CHAN1 CHANZ2
Smv 0 0
10 mV 0] 0]
Chan 142 églﬂx 8 8
m
Full Test 1V 0 0
Full Re-
calibration | ADC/TMS State Working  Working
colibration 4 nibbles = (400Ms) (200Ms) (100Ms) (40Ms)
rror Log
Manual FE Trigger Cal. 0 0 (2=No BWL, 1=BWL)
DAC Control
Leveling Cal. 0] 0 (2=0ffset, 1=Gain Conv.)
More Consts | o ose Cal. 0 0 (4=Limits, 2=Fit, 1=Conv)
Return TDC Calibration 0
figure 10

for more information on the gain and offset calibration:

mean: dc offset, 0.0 + 20.0

rms: amplitude, adc code = 96 + 10
d gain: gain variation, 1 ¢ 0.01

d offs: offset variation, 0 ¢+ 2
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3.2.7.2 Phase Calibration
This part of the calibration aligns the timing of the 4 Sample and
Hold’s, to be better than 20 psec, by using an interactive computing
procedure.

The "Delays" for the four ADC’s should be between 10 and FO.

The "d phase represents the timing deviation and should be maximum
+ 10 psec.

The "phase Cal" error code should be zero.
See figure 9 and 10.

That’s all that is required for a quick but complete internal check of
the 9450A scope.
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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.

*%* Y ARNTING k%

Before removing any parts from the LeCroy 9450A 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)
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ASSEMBLAGE SEQUENCE OF PARTS SCREWS WASHERS NUTS
POS DESCRIPTION PART NUMBER | QTY | PART NUMBER | QTY [ PART NUMBER | QTY | PART NUMBER| QTY
! | SIDE PANEL 709 424 021 2
2 REAR SUPPORT 709 424 041 1 550 440 108 4 551 440 300 4
3 DISPLAY SUPPORT 709 424 031 ! 550 440 108 4 551 440 300 4
4 CARD GUIDE 530 410 00! 5 550 430 104 | 10 551 430 300 | 10
5 MOTHER CARD SUPPORT 709 424 Q051 1 550 440 108 4 551 440 300 4
6 CRT ORANGE 321 220 009 1 550 440 416 4 554 440 202 4 552 440 100 4
708 450 071 4
7 | SPRING EXT TYPE 190mm | 554 310 001 | 1
8 DEFLECT{ON YOKE 300 090 Q01
9 | REAR PANEL FOR 9450A F9450A-9 1 | 550 440 406 | 6
10 SPACER INSERT GUIDE 709 424 098 1 550 440 120 1 551 440 300 ! 709 424 011
11 | SUPPORT FOR MC F9424-2
12 HANDLE 530 301 005 1 550 440 120 2 709 424 011 2
13 94XX-1 WITH MC LOGIC Fg424-1 1 550 430 106 4 551 430 300 4
14 DUAL CHANNEL FRONTEND F9450A-7 1 550 430 106 2 551 430 300 5
550 430 108 | 3
) DISPLAY CARD FOR 94XX F9450-2 1 550 430 106 4 551 430 300 4
18 INSERTION GUIDE MC 709 424 (098 !
17 DUAL CHANNEL FP CARD F9450A-5 1 550 440 406 6
18 POWER SUPPLY 9451-1 315 040 015 | 550 440 105 4 551 440 300 4
550 440 506 2
19 LABEL 'DANGER---ONLY® | 377 051 005 !
20 | DISPLAY POWER CABLE 780 210 030 | 1
21 | CRT CABLE 780 299 025 | 1
22 | FRONTEND BASE CABLE 780 231 120 1
23 | BASE CARD POWER CABLE | 780 220 015 | !
24 | MEMORY CARD CABLE 780 231 131
25 GROUND CABLE 780 544 512
26 | LABEL GROUND SYMBOL 377 131 001 | 1
27 TIMEBASE CARD Fg9450-4
28 SINGLE CHANNEL ADC F9450A-3 2
29 PROCESSOR CARD F9420-6 !
30 FRONT PANEL CABLE 780 411 236 1
31 CABLE CLIP AD BACK 594 230 002 1
32 CLOCK-BUS F9450-8 ! 550 430 106 2 551 430 300 2
33 | PONER SUPPLY SUPPORT | 709 424 061 | 1 |550 430 106 | 2 |[S51 430 300 2
34 CARD RETAINER 709 424 095 ! 550 440 108 2 551 440 300 2
35 | FooT 530 010 024 | 4 | 550 440 110 | 4 |551 440 300 4 |552 440 100| 4
36 | LOWER COVER 709 424 081 1 |550 440 708 [ 4 |551 440 501 | 4
37 | UPPER COVER 709 424 071 | 1 | 550 440 708 | 4 |[551 440 501 4
Figure 4.3
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4.1.1

Disassembly and Assembly Diagram

Disassembly: any board can be removed only if any items higher in the
diagram and connected by a line are already out.

Assembly: the reassembly procedure is the inverse of the
procedure.

Scan by Paladinmicro - paladin@paladinmicro.com

TOP COVER (37) BOTTOM COVER (36)
4.1.2 4.1.2
F9450-8 CARD POWER F9450A-5 F9450A-9
CLOCKBUS RETAINER SSUI{P]:’ZLRYT FRONT PANEL REAR PANEL
32 (34) 33 an [¢)]
4.1.4 413 413 415 416
| |1 '
Y L ] [ 2R |
F9420-6 F9451-1 CRT F9450-2
PROCESSOR POWER SUPPLY WITH YOKE DISPLAY
(29) (18) (6 (15)
4.1.11 4.1.10 418 417
¥ v
F9450A-3 DEFLECTION
ADC YOKE
(28) ®
4112 41.9
¥
F9450-4
¢
2N
4113
I
y - Y
F9424-2 F9450A-7 194241
SUPPORT FOR FRONT END BASE
MEMORY CARD
(11) (14) (13)
4.1.15 4.1.14 4.1.15

disassembly
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4.1.2

Removal of Upper and Lower 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

27 - F9450-4 Time Base

28 - F9450A-3 Single ADC

29 - F9420-6 Processor

32 - F9450-8 Clock Bus

while removal of the bottom cover (36) gives access to:
13 - F9424-1 Base
14 - F9450A-7 Front End

when working on the DSO it is useful to remove both covers, also to !
access to:

9 - F9450A-9 Rear Panel
17 - F9450A-5 Front Panel

Scan by Paladinmicro - paladin@paladinmicro.com
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4.1.3

4.1.4

Removal of the Power Supply Support and Card Retainer

The power supply support (33) and the card retainer (34) hold the
F9450-2 (15), F9420-6 (29), F9450A-3 (28) F9450-4 (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 F9450-8 Clock Bus

This is the little board (32) at the front right of the DSO across the
top of the two ADC’s boards (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.
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4.1.5

4.1.6

Removal of the F9450A-5 Front Panel

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 F9420-6
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 DOS. if any parts
need to be changed on the board F9450A-5, the plastic front panel must
be separated from the board. All the rotary knobs must be removed,
vhich 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 9430-52 by removing
the four screws and washers.
Removal of the F9450A-9 Rear Panel

Remove the 6 screws at the top, bottom, left and right of the plastic
rear panel (9), two screws to the F9451-1 power supply.

Disconnect the fan cable from the F9451-1 power supply (18) and the

four SMD cables from the TDC board (see 4.1.13 and figure 4.4). the
rear panel assembly can be removed from the DSO.
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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
deflection
Remove the
Remove the
Remove the

two cables which lead to the
yoke.

display power cable (20)

CRT cable (21)

EHT plug from the receptable

at the right side of the CRT (6)

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 which 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.
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** WARNTING %

The remaining electric field around the HV cable to the CRT can damage
components on the F9420-6 (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.
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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

- F9450A-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 bulk
- 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 9450A 4.1.2

- Powver supply support 4.1.3

- Two screws from the F9450A-9 rear panel (9)

- Two screws, washers from the rear support (2)
- One screw, washer, 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.
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4.1.11

4.1.12

4.1.12.1

4.1.12.2

4.1.13

Removal of the F9420-6 Processor Board
Remove the following:

- Top cover 4.1.2

Power supply support 4.1.3
Card Retainer 4.1.3
F9450-8 clock Bus 4.1.4

Disconnect the flat ribbon cable (30) from the F9420-6 processor (29)
The board can now be removed vertically from the F9424-1 base
board (13).

Removal of the F9450A-3 Dual ADC Boards
Remove the following:

- Top cover 4.1.2

-~ Power supply support 4.1.3
- Card retainer 4.1.3

- F9450-8 clock Bus 4.1.4

- F9420-6 Processor 4.1.11

Channel one ADC Board

Disconnect the signal input cable from the ADC Board (28). The F9450A-3
can be removed vertically from the F9424-1 Base Board (13)

Channel Two ADC Board

Remove the TDC Board (see 4.1.13). Disconnect the signal input cable.
The second ADC can be removed vertically from the base board.

Removal of the F9450-4 TDC Board
Remove the following:

- Top cover 4.1.2

- Power Supply support 4.1.3

- Card retainer 4.1.3

- F9450-8 clock bus 4.1.4

- F9420-6 Processor 4.1.11

- F9450A-3 ADC’s 4.1.12.1 and 4.1.12.2

The 9450A is equipped with the trigger out, trigger VETO, clock IN and
clock OUT options. Disconnect the four SMD cables from the TDC Board,
connectors J2, J3, J6, J9 (see figure 4.4: cabling Diagram). Now the
F9450-4 can be removed vertically from the F9424-1 base Board (13), and
the F9450A-7 Front END (14).
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9450-4 CABLING DIAGRAM

N

EXT CLKIN

CLK OUT

TRIG OUT

TRIG VETO

\

Figure 4.4
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4.1.14 Removal of the F9450A-7 Front End

Remove

the following:

Top and bottom covers 4.1.2
Power supply support 4.1.3
Card retainer 4.1.3
F9450-8 clock bus 4.1.4
F9420-6 Processor 4.1.11
F9450A-3 ADC's 4.1.12
F9450-4 TDC 4.1.13
F9450A-5 Front panel 4.1.5

Two screws and washers from the Mother Card Support (5)

One screw and washer which secure the F9450A-7 to the right
panel

Front End Base Cable (22)

Now the Front End can be removed forward.

4.1.15 vReloval of the F9424-1 Base Board

Remove following:

At this stage the F9424-1 base board can be removed forward from the

9450A.

Top bottom covers 4.1.2
Pover supply support 4.1.3
Card retainer 4.1.3
F9450-8 clock bus 4.1.4
F9420-6 processor 4.1.11
F9450A-3 ADC’s 4.1.12
F9450-4 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)
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4.1.16 Removal of the F9424-2 support for Memory Card

4.2

4.2.1

4.2.2

Remove the following:

- Top cover , 4.1.2
- Power supply support 4.1.3
- Card retainer 4.1.3
- F9450-8 clock bus 4.1.4
- F9420-6 processor 4.1.11
- F9450A-3 ADC’s 4,1.12
- F9450-4 TDC 4.1.13

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 F9450A-5 front panel.

Softwvare Upgrade Procedure
Changing EPROMs

These six Eproms are on the F9420-6 processor (29) board, and access is
possible only by removing the board.

Follow 4.1.11 procedure: removal of the F9420-6 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.

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.

Changing software selection PAL

The software option selection PAL is located on the F9420-6 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.
Vatch out to match the orientation notch.

Reassemble the boards and check that the scope boots correctly.

Scan by Paladinmicro - paladin@paladinmicro.com


https://www.manualsplus.com/

*[A24

A43A2£ AS TASONEHATS A]S 82
- =33 i (5] 93] * -
A4 ) A25] o [A26] [A22][ATO] L, =L
& Lo (SR N e v [4E]
A5O AQ%I;&LQ 5” A3E][AD
C:E\j'[gj A@Oqu\QGQA:SBE Al / //\\ /! //\\ /I
o8 (A6 1 HAS7HAZOhAD ?
@jé? AG2HASBHA1 Ok A EL| A\ 5L A
HASSN A A B ATSH A S A B
ra [

(-
L)
< |

94XX 6 Rev:A

Scan by Paladinmicro - paladin@paladinmicro.com

“Figure 4.5.



https://www.manualsplus.com/

1

N - B %) I TS (TorR=STPC)
020 17-PS iy LC 16rRaL T Y @l%lb_llJJL ----- | 1ok |[CT6L8L
56410 CIBLBLIE| [CT6RL] [CTERIL | [Z5](CTeLBL
T = PICI6LBL | o [T g (9130 (707205 CTGLEL
b2bf- QE iUWL 1 Mimwjlﬁ][mn(vd“) HICIMS CIbLBL

3| §§<* )| <— foul hepiyfl A-£<) @)
=1 CGLBL B ) i i 0 il [T 20}
—t ~||= ;_;,_ o o -
— EN gg_ij 142560 lMCM;MA;bA ﬂw;Mg_MzgeA- JICT245)
e R e e (A T T
=| | = poe=memlig, JM)‘GAHM(MJI SO INS 256K s [57mo7
E] % 5816//\ T Lid) 74”“24\)
R » C
o ! _J68/\ TS g

(]

DS 2Z2—RA—M

B eEa

RERREE

|

i

94XX 6 Rev:A

Figure 4.6.

Scan by Paladinmicro - paladin@paladinmicro

.o :



https://www.manualsplus.com/

4.3

Softvare option selection PAL

The available software option selection PAL

0000:
0001:
0002:
0004

0008:
0100:
0200:

standard:

WPO1
WP0O2
WPO3

VP04
MATE
CARD

Pal not necessary

Basic function package
Basic FFT package
Extented pulse parameter
and histograms.

ATE support

MATE remote control
Memory card

See figure 4.7
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| PAL Description |

OPTIONS

| MATE | CARD | WPO4 | VP03 | VP02 | VPO1 |

Figure 4.7

Standard PAL not necessary
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4.4

4.4.1

4.4.2

Board exchange procedure
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

VARNING: The replacement board is supplied without this PAL.

Therefore you have to transfer the existing PAL from the faulty board
to the new board.
F9420-6 processor board

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

see figure 4.4 and 4.5
PAL PG XXXX R

XXXX
R

software option.
release

see figure 4.7

The Eproms and PAL can be removed using an IC extractor. The usual
precautions against static electricity are required.

VARNING: 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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4.5

F9451-1 Power Supply Adjustment Procedure

The +/- 5V, +/- 15 V can be adjusted to the nominal values in the
following way. The reference for the measurements are the pins
on connector J7 on the F9424-1 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 prdcedure 4.1.10.

The adjustment potentiometers are situated on the small pover
supply PCB next to the F9450-2 display board.

In order to get access for adjustment, put the scope on its rear
feet and pivot the power supply unit slightly avay 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 adjustments with a very small screwdriver.
The four potentiometers are arranged on the PCB in the following
order:

rear

+
W
<
|
w
<
+
—
w
<
|
(A
w
<3

Note the nominal voltages with their tolerances given in the
specifications.

+ 15.00 V +/- 1%
- 15.04 V +/- 1%
+ 5.07V +/- 1%
- 5.16 V 4+/- 12

Unplug the mains cable from the outlet. Reassemble the power supply
unit to the scope.
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4.6

4.6.1

4.6.2

4.6.3

F9450A-7 Front End Test and Calibration Procedure

Power Supplies

Check with a voltmeter on Test Point TP1 ( 12 pins ), the following
voltages :

TP1 Pin 1 - 2 (-) : +12 V +/- 0.35V
" Pin 3 -4 (-) : + 8 V +/- 0.35V
" Pin 5 -6 (-) : + 5.1V +/- 0.15V from Connector J10
" Pin 7 -8 (-) : ~-51V +/- 0.15vV " " "
" Pin 9 -10(-) : - 8 V +/- 0.35V
"  Pin 11 - 12(-) : -12 VvV +/- 0.35vV
Typical Currents :
+15V : I typ = 350 mA
+ 5V : I typ= 350 ma
- 5V : I typ= 300 mA
-15V : I typ= 250 mA

Input Impedance

Set DSO CHl input to 50 Ohm, 200mV/div, DC, with any Time Base
Check with an ohmmeter:

- input impedance must be 50 Ohm +/- 1%

Set DSO CH1 input to 1 mOhm, DC Coupling, 100 mV/div ( divider by 1 ),
with any Time Base. Check:

- input impedance must be 1 mOhm +/- 1%
Repeat 1 mOhm test for 200 mV/div ( divider by 10 )

- input impedance must be 1 mOhm +/- 1%
Repeat all impedance checks for CH2 : +/- 1%

Repeat 1 mOhm test for External Trigger, and External/10 : +/-1%

Leakage Currents

Vith a high precision DMM, type PM2525 ( > 10 Mohm ) measure the
leakage currents in 50 Ohm, 1 mOhm (100mv/div), 1 mOhm (200mv/div),
on channel 1 and channel 2. Check also the External Trigger.

Set DSO to DC coupling, connect the DMM in DC mode to the input,

- reading should not be larger than +/- 200 uV
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4.6.4

Variable Gain Adjustment

The following adjustments have to be made after the F9450A-7
Front-End has been mounted into the 9450A oscilloscope.

In the secret menu select " CALIBRATION CONSTANTS ", enter
CALIBRATION ERROR LOG, and check that all the error status are zero.

14-0ct-91
14:26:42

Chan 1+2
Calib Const

Chan 1+2
Full Test

Full Re-
calibration

Calibration
Error Log

Manual FE
DAC Control

More Consts

Return

CALIBRATION ERROR LOG

Vertical Calibration
4 nibbles=(curves) (verify) thigh gain) (Uunused)
(8=0Of fset Range, 4=0ffset Conv, 2=6Gain Range, 1=Gain Conv)

CHAN1 CHANZ2
5mv 0 0
10 mv 0 0
20 mV 0 0
50 mV Q 0
1V 0 C

ADC/TMS State Werking Working
4 nibbles = (400Ms) (200Ms) (100Ms) (40Ms)

Trigger Cal. 0 C (2=No BWL, 1=BWL)
Leveling Cal. 0 0 (2=0ffset, 1=Gain Conv.)
Phase Cal. 0 0 (4=Limits, 2=Fit, 1=Conv)
TDC Calibration o 0

Figure 1 : Calibration Error Log
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Set DSO CH1 and CH2 input to 50 ohm, DC, 5 mV/div,
Susec/div, 400 Ms/s Sampling Rate.

Enter " CH 1+2 CALIB CONST ",

Adjust potentiometer R155 on CH1, R255 on CH2, in order to get:
DAC 9 ( 0.0 mA ): C1 = 2.92, C2 = 2.92, ( see figure 2 )

Set DSO CH1 and CH2 to 50 mV/div

Check DAC O ( 0.8488 mA ) : C1 < 0.95 , C2 < 0.95 ( see figure 3 )

Push " FULL RECALIBRATION " and check for the sensitivities
5mV, 10mV, 20mV, 50mV, 0.1V that the variable Gain is :

DAC O ( 0.8488 mA ): C1 < 0.95, €2 <€ 0.95,

DAC 9 ( 0.0000 mA ): C1 > 2.75, C2 > 2.75,

If necessary, readjust potentiometers R155, and R255.

Set scope to 40 Ms/s Sampling Rate ( 0.1 ms/div ), and check for
the ranges up to 0.1V, that DAC 0 and DAC 9, for Cl1l, C2,

are within the limits.

Readjust the two potentiometers until it pass in all configurations

The three ranges 0.2V, 0.5V, 1V are not checked by the calibration,
they use an attenuator by 10 which has an accuracy of 1/1000.
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14~-0ct-91

16:21:33
Calibration Constants 400Ms/s 5 us/div

variable gain C1 (6mv) C2 (&mV)

Chan 1+2 dac O (FFFF= 0.8488mA) 0.6702 0.6620

Calib Const dac 1 (F332= 0.8000mA) 0.6822 0.6897
dac 2 (d8fF4= 0.7000mA} 0.7414 0.7261
dac 3 (beb”= 0.6000mA> 0.7916 0.7843
dac 4 (g47a= 0.5000mA) 0.8717 0.8649

Chan 1+2 dac 5 (Ba3c= 0.4000mA) 1.0003 0.89872

FUll Test| dac B (BFFF= 0.3000mA) 1.1647 1.1559

dac 7 (Bbc2= 0.2000mA} 1.48672 1.4565
dac 8 (3b84= 0.1000mA) 1.9832 1.9573
dac 9 (2148= 0.0000mA> 2.9124 2.80/8

Full Re-

calibration offset

Ci1 € 5mV) 00:-1.9625 01:-0.404 o2: 5.98e-05 [-0.0038t 1.96071

Calibration | G5 ( 5v)  o0:1.0230 of--0.660 o2 5.8%-05 [-0.0027+ 1.9237]
Error Log

Manual FE C1 current dac settings ( 5mvVs 1.00, 0.00e+00; 4C0Ms/s)
DAC Control high gain 0000 = ~-0.1576 mA

gain adjust Ba4f = 0.4003 mA

of fset 8038 = -3.45e-03 V

More Consts

C2 current dac settings ( 5mVs 1.00, 0.00e+00: 400Ms/s)

Return » high gain 0000 = -0.1576 mA
gain ad just 8/ba = 0.3904 mA
offset 8029 = -2.53e-02 Vv

Figure 2 : Calibration Constants at 5 mv

14-0ct-91
16:34:18 ‘
Calibration Constants 400Ms/s 5 us/div
variable gain C1 (50mVv) C2 (B0 mV)
Chan 1+2 dac O (FFFF= 0.B488mA) 0.7395 0.7450
Calib Const dac 1 (F332= 0.8000mA) 0./57%5 0./619
dac 2 (d8fF4= 0.7000mA) 0.8079 0.8114
dac 3 (beb/= 0.6000mA) 0.87/6 0.8/69
dac 4 (a47a= 0.5000mA) 0.8681 0 .39686
Chan 1+2 dac 5 (8a3c= 0.4000mA) 1.0996 1.1006
Full Test dac B (BffFf= 0.3000mA) 1.2855 1.2989
dac 7 (Bbc2= 0.2000mA) 1.8080 1.6128
dac 8 (3b84= 0.1000mA) 2.1751 2.1797
dac 9 (2148= 0.0000mA) 3.1576 3.1810
Full Re-
calibration offset

C1 (B0mV)  00:-1.9692 of: 0.580 o2: 6.07¢-06 [ 0.0481%+ 1.98393]

Calibration : : :
Error Log C2 (50mV) 00:-1.9271 ol: 0.794 02: 5.86e-05 [ 0.0317%* 1.8191]

Manual FE C1 current dac settings (50 mVx 1.00, 0.00e+00; 400Ms/s)
DAC Control high gain 0000 = -0.1576 mA

gain adjust SdS4 = 0.4737 mA

offset 7d0b = 4.B62e-02 V

More Consts

C2 current dac settings (50 mVx 1.00, 0.00e+00; 400Ms/s)

Return high gain 0000 = -0.1576 mA
gain ad just 9dcb = 0.4745 mA
offset 7’e13 = 3.01e-02 V

Figure 3 : Calibration Constants at 50 mV
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4.6.5

4.6.5.1

DAC Calibration

~ Set DSO to Single or Normal Trigger, to avoid the Self calibration

during the adjustments.

- Enter " CALIBRATION CONSTANTS " go to " MANUAL FE DAC CONTROL "

- Press " CALIBRATION 7FFF "

Set code 7FFF with the offset button
DAC 7FFF = 0.00015259 Vv , TP2 = 27.744 uV

- With a high precision DMM type PM2525 (+/- .1% )
check on TP2 :

27 uV +/- 100 uV between pin 1 (+) and pin 2 (-)

14-0ct-91 DAC calibration : ZFFF 0.00015259 [V] 2.7744e-05 [V]

14:07:07
offset knob
-—> DAC

T

11

gain ad just
a000

LI R B §

I

high gain
B6f9

offset
/FfFF

L1l

I |
LB

int trg level
7fFF

+

+
—+

LI

11

ext trg level

7FFF
calibration

LA B §

2FFF

il
1T

all values

display
menu only

]

T

Return CH1 0.00 V DC
S I

Figure 4 : DAC Calibration code 7FFF
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4.6.5.2 Set code 3999 with the offset button
- Code 3999 represents DAC output 5.5 V : + 1V on TP2

~ Check : + 1.000V +/- 1 mV between pin 1 and pin 2 of TP2

14-0ct-91 . . .
14:03- 23 BAC calibration : 3893 5.5001 (V] 1 [V]

offset knob
--> DAC

gain adjust I
a000

|

LB

high gain
66F3

L1 11t

offset
FFF

int trg level
/FFF

T T

-4

b4 11 leroel

LI L)

ext trg level
7FFF

calibration
3999

11
T

[l
'
v

H

LB L
'

all values
display
menu only

|
LI

Return ' CH1 0.00 V DC CH1T 1 Vv
Nl CH2 1 V
T/div 5 us

Figure 5 : DAC Calibration code 3999
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4.6.5.3 Set code C666 with the offset button
Code C666 represents DAC : - 5.5V : - 1V on TP2
- Check with a DMM that the reading is :
- 1.000 V +/- 1mV betwwen pin 1 and pin 2 of TP2

14-0ct-91 e . _ '
14:23 15 DAC calibration : cBBB 5.5001 (V]

offset knob
--> DAC

-1 V1

rrir

gain ad just
al00

Iled
™

high gain
B66Ff3

T

I

offset
7FFF

LELBLBL

11

int trg level
JFFF

-+
-

.3
LI

ext trg level
7FFF

calibration
cbtb

L I I U L L
¢

|

all values

display
menu only

.l
LELAR L)

Return CH1 0.00 V DC
N I

Figure 6 : DAC Calibration code C666
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4.6.6 Channel 1 Input Buffer, DC Gain Adjustment

- Apply the fast risetime generator LeCroy 4969 ( typical < 700 Psec )
to CH1. Set pulser to low frequency ( 62.5 ms ).

- Set DSO to 50 oHm, DC, 100mV, 20us/Div.
- Use Function E in Average mode type Summed or Continuous weight 1:7
- Multiply the vertical gain of the function E, by a factor 10.

- Set trigger to Neg slope, in order to display the trailing‘edge of
the pulse

- Adjust R128 to get at 20 usec, a flat square wave, without
overshoot, undershoot.

15-0ct -91
16:02:21

Main Menu

Clear
display

rrrr[1rrri
'

1114

I
LI

=+
—+
-+

LB

|

4<1>s 9%
20 us 10 mv

T TT

1311

-
LI LB

Chan 1
20us .1 V

LB

11

CH1 236mv  DC CH1 .1 Vv
— CH2 .1 V
T/div 20 us

fo} Jos

Figure 7 : CH1 Flatness adjustment with R128
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4.6.7 Channel 2, Input Buffer DC Gain Adjustment

- Apply the fast risetime generator LeCroy 4969 ( typical < 700 Psec )
to CH2. Set pulser to low frequency ( 62.5 ms ).

- Set DSO to 50 oHm, DC, 100mV, 20us/Div.
- Use Function F in Average mode type Summed or Continuous weight 1:7
- Multiply the vertical gain of the function F, by a factor 10.

- Set trigger to Neg slope, in order to display the trailing edge of
the pulse

- Adjust R228 to get at 20 usec, a flat square wave, without

overshoot, undershoot.

14-0ct-91
16:56: 36

141

1171

Main Menu

|
BRI

Clear
display

v
!
L

[

4
+4
<+
-+
-+
4
4+
4

“
I
T
T
T
I
T
T
T
T

| Y
T 1 11

11

T1TTT

N <2>s 72
-+ 20 us 10 mV
Tt b
EE Chan 2
20us .1V
CH2 324mv DC CHt .1 Vv %
e CH2 1 Vv %
T/div 20 us

Figure 8 : CH2 Flatness adjustment with R228
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4.6.8

Channel 1 HF Compensation

- Apply the fast risetime generator LeCroy 4969 ( typical < 700 Psec )
to CH1. Set pulser to low frequency ( 62.5 ms ).

- Set DSO to 1 MoHm, DC, 200mV/Div, 10us/Div.
- Use Function E in Average mode type Summed or Continuous weight 1:7
- Multiply the vertical gain of the function E, by a factor 10.

- Set trigger to Neg slope, in order to display the trailing edge of
the pulse

~ Adjust the variable capacitor C107 to get a flat square wave,
See Figure 9.

- This Cap adjust the flatness of the attenuator / 10.

14-0ct-91
17:21:31

141

Main Menu

I
LERBRERI

Clear
display

1 .}
TiT

b I |
1T

-+

<+
—+
+

4+

\ <1>s #8
N~ T 10 us 20 mv
CH1 248mV DC CH1T .2 V =
/L CH2 .2 V =
T/div 10 ps

Figure 9 : CH1 Flatness adjustment with C107
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4.6.9

Channel 2 HF Compensation

- Apply the fast risetime generator LeCroy 4969 ( typical < 700 Psec )
to CH2. Set pulser to low frequency ( 62.5 ms ).

the pulse

Set DSO to 1 MoHm, DC, 200mV/Div, 10us/Div.

See Figure 10.

14-0ct-81
17:12:57

This Cap adjust the flatness of the attenuator / 10.

‘Use Function F in Average mode type Summed or Continuous weight 1:7
Multiply the vertical gain of the function F, by a factor 10.

Set trigger to Neg slope, in order to display the trailing edge of

Adjust the variable capacitor C207 to get a flat square wave,

Main Menu

Clear
display

1111
LER BRI

LRI

T 7

I |

I ]
LELELS

-+
-+
=+
4

111
LB

11 1.1
T

<2>s 1000
10 us 20 mV

T
)

Yo |

T 1

J
T

CH2 324mv  DC
—

Figure 10 : CH2 Flatness adjustment with C207
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4.6.10

CH1 and CH2 Trigger Adjustment

Enter " CALIBRATION CONSTANTS ",

Go to " TRIG CALIBR CONSTANTS *

to get :
Hyst = 0.22
Limits: 0.30 < HYST > 0.15
15-0ct-91
14:39:13

Trig Calibr
Constants
TDC Calibr

Phase
Constants

Recalibrate
Trig Counter

Chan 1+2
Gain Test

SS-FIR Corr
ON/OFF

RIS-FIR Corr
ON/OFF

Return

Calibration Constants

t2:-3.8%-04 t1: 12.85

AC £2:-3.85e-04 t1:. 12.85
LF REJ t2:-3.78e-04 t1: 12.58
HF REJ  t2: 3.81e-04 t1:-11.89
DC £2:-3.77e-04 t1: 13.28

£2:-4.0%e-04 t1: 13.52

AC £2:-4.0%e-04 t1: 13.52
LF REJ  t£2:-3.9%-04 t1: 13.19
HF REJ  t2: 3.%2e-04 t1:-12.08
oC t2:-4.06e-04 t1: 14.31

trigger counter interval

Figure 11 :

Set DSO CH1 and CH2 to 50 Ohm, DC, 100 mV/div

C1 trigger threshold level
HF

C2 trigger threshold level
HF

40 Ms/s

hyst. -0.23
hyst. -0.23
hyst. -0.23
hyst. 0.24
hyst. -0.22
hyst. -0.22
hyst. -0.22
hyst. -0.22
hyst. 0.20
hyst. -0.23

2.635 ns

Trigger Calibr Constants
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press " MORE CONSTS ",

Adjust potentiometer R172 on CH1 and R272 on CH2 in order

.1 ms/div

.2371-12.
.237x-12.
.162x-12
.BO6x 12.
.931+-12

.1121-13.
.1122-13.
.121£-13.
.788% 12.
.011£-13.

611
611

.42]

501

.341]

411
41]
071
851
301
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4.6.11 BExternal Trigger HF Compensation

- Apply a fast risetime pulse ( <700ps ), 1KHZ, 5.5 V amplitude
to the External Trigger input.

- Set time base to 5 us/div, trigger to Ext, POS slope

~ Probe with either DSO CH1 or CH2, and a probe /1 the resistor R422:

Test point( TP ) and the ground ( GND ), use a short ground lead.
See figure 12.

- Use the Expand.

- Adjust the variable cap C405 to get-a slight positive slope,
typical 2 %. See figure 13.

® @
= 0y, 7] SR Q 2 (&
e~ J o~ |
< BZRES = S| [OFES
2 ERdEl N0 |0 S EREE R — RS ol
O 2 O SR Sm gy |-
i) <N 8 L B = O BESHr g F-]ﬁ
3 =3 = ZEEE Zs
e <L 8|S s <E§E]5\— 2011C207
@ ®
ES
=k
39 =] BE
SleE R
MO |12 =
L LTIk N EE
SERERET b 2y
)
TP = Wired point between R422, R421, R420, and Emitter of Q402

Figure 12 : External Trigger Test Points
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15-0ct-91
16:26:42

Main Menu

Figure 13 :

| Y

T

X Chan 1

2us 50 mv

EXT 0.10 v DC CH1 .1 Vv =
I CH2 .1 VvV 3
T/div 5 us

- Set External Trigger / 10. Select CH1 20 mV/div,
- Check the positive slope : typical 10%

15-0ct-91
16:28:20

Main Menu

External Trigger, HF Compensation with C405

IS

Tt

|

3111

T

1411
LR SR AN

4.
-+

4
4
+4

il
L3

“+

411
T

Lt
Tt

|
LI ]

EXT/10 0.5 v DC
S R

Figure 14 : External Trigger /10
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4.6.12 External Trigger level Adjustment
- Set scope to CH1 50 ohm, 0.5 V/div, offset zero, 2us/div, BWL OFF
- Trigger on EXT/10, DC, level 0.0 V, delay 50 %

- Apply 50 KHZ sine wave with zero offset, 2.5 V amplitude,
to CH1 through External Trigger input.

- Set External Trigger /10 on POS slope.
- Store Channel 1 in MEM C
- Set External Trigger /10 on NEG slope.

- Using the Voltage Cursor Measurement, compare CH1 Neg slope
vith MEM C ( POS slope ).

- Adjust Ext Trigger level with potentiometer R432, in order to get
HYST = 0.8 Volt ( 1.6 divisions ) at Trigger point.

15-0ct-91
15:02:07
Main Menu T
xw“\\ E: /FW;“\ -
/ \ EE / Mem C
NI 41 -0.82 v
T}{} ::{ll :lll ll-IITlI ._llll bl | Il.ll_ IT
\ LI LERELE T II::IVII T T LI ’ﬁ T
__k__“_—__ a— __________/Z{___
\\\\\ ////r :5;\\\ M,/’/
SRR EEE et ""E""\N"""" T "1 Chan 1
. -0.82 Vv

LI

EXT/10 -0.5 Vv DC CH1T 5 Vv g
I CH2 1 Vv B
T/div 2 us

Figure 15 : R432 External Trigger Level Adjustment
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4

.6.13 50 Ohm Overshoot Compensation

Apply the LeCroy 4969 pulser to the 50 Ohm input of the
9450A DSO set at 100 mv/div.

Turn on the pulse parameters.
Press Pass/Fail mode
Press Setup Pass/Fail
Set Channel 1 and Channel 2 parameters on Show, over +, and rise
Adjust C1l15 on CH1, C215 on CH2 in order to get less than:
6 % overshoot
Check the rise time, should be less than 1 ns

Check the Bandwidth : 300 mHz

15-0ct-91
15:23:42
::\/*“""""
Main Menu ¥
J; |
. Chan 1
Set Chan 1 over+ 5.0%
SEop Chan 1 rise 0.89 ns 5ns .1V
PASS 7/ FAIL Chan 2 over+ U 0.0%
off Chan 2 rise - - -
CH1 .1 V %
50
CH1 240mv  DC i CH2 .1V 3
T/div 5 ns

Figure 16 : CH1 Overshoot Compensation with C115
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15-0ct -91
15:26:11

Main Menu

MV ENE I RE ]
TPt

TIT
et T T T T T Ty T
4

S—
INBRE FSU TR FWEm

Chan 1 over+ 0.0%
Setup Chan 1 rise - - -
PASS 7 FAIL : Chan 2 over+ , 5.0% Chan 2
off Chan 2 rise 0.87 ns 5ns .1 V
' RS CH1T .1 V §
CH2 .1 V
CH2 338mv DC S R Q
T/div bBns
Figure 17 : CH2 Overshoot compensation with C215
- Set input to 200 mV/div, Check typical overshoot : 8 %
15-0Oct-91
16:34:05
Main Menu ¥
QA Se Sy :: — —
,H::[:... :; R
Setup Chan 1 over+ 8.0% Chan 1
PASS / FAIL Chan 1 rise 1.01ns S5ns .2 V
Chan 2 over+ 0.0%
of £ Chan 2 rise - - -
CH1 .2 v
CH1 236mv DC S e CH2 .1 v g

T/div 5ns
Figure 18, CH1p0vershoo boat @O0/ aiv: |
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4.6.14

50 ohm CH1 and CH2, Overload Protection Adjustment

The front-end has to be in the 9450A scope with the aluminium covers
mounted and the upper DSO cover closed.

Warm up the unit for 20 minutes.

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

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

Adjust the overload detection, potentiometer R5 ( OVL1 ) for CH1,
R14 ( OVL2 ) for CH2, 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 5 v ( 0.5 watt ) to the channel to be tested, and check that
the overload doesn’t trip after 40 seconds.
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4.6.15

CH1 and CH2 Non Linearity

- The DC non-linearity is analyzed for the sampling rate, BWL ON,
BWL/OFF, 50 Ohm or 1 Mohm input, the user has set.

- The test should be done for the 4 possible sampling rates :
40 Ms/s, 100 Ms/s, 200 Ms/s, or 400 Ms/s

- The variations should stay within +/- 2% of the full scale,
(4 vertical divisions ).

18-0ct-91

—-1i i /
14-56. 44 Non-linearity curve for C1, C2 at 100Ms/s

1L
LELERSR]

X MemC

Chan 1+2 2ps 1

1
|
LB

Gain curves | __ \

|
T rrr

Chan 142 |
Gain vs Time

]
T T

4
-

ot
LI

Chan 1+2
Nonlinearity

T T 1T

Lol b 1111

T

Internal
TDC-Calibr

It 11

T 1T

More Curves

CH1 492mv  DC CH1T .2 Vv
Return el CH2 50 mv
T/div B0 us

Figure 19 : CH1 and CH2 Non Linearity curve at 100 Ms/s
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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 warm up.

Also it is important to check the power 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.

- 15.00 V : +/- 1% on pin 10
+ 15.04 V : +/- 1% on pin 9
- 5.07V : +/- 1% on pin 8
+ 5.16 V : +/- 1% on pin 5
GND : on pin 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 potentiometers 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 ‘ : : l
By pressing the "Main Menu" button while keeping the lowest menu !
button depressed, enter into the secret menu, then press the l
"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 X, OFFS 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) and 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.

Loosen the screw on the Yoke ring holder, and rotate the image by
turning the mechanical Yoke position.
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GAIN Y
1

1
START END _ RASTER 0SC
VECTOR
1 [
CURRENT Y
X
‘ ] :
[] ; FOCUS Gamn x [ ]
HV - | [1 oFFs x

9450-2 POT LAYOUT -
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4.7.2

4.7.3

4.7.4

PT-Oct-97
17:68:37

Character Set Display LeCroy

standard font:
Ty PFE<>uN
L "HBZR 7 () »+,~-./0123456783: ; <=>7@ABCDEFGHI JKLMNO
PARSTUVWXYZ [N1” *abcdefghi _jklmnopgrstuvwxyz{i}~
T<>V 10156 9123455783 “AQuaBexpS
JooBtHzdBmE VAL © 5650 1k 1k

narrow font:
tItROMN
PRSYR7 (a4, -, /0123456789 ; <=>?BABCDEFGHI KLMNO
PARSTUVWXYZ\]* *abedefghi jkImnopgrstuvwxyz (i)~
tol ope "2/ AyaPegpd
Joog e ik © o0k x

small font:
ftygFK<>un
1748287 () w+, -./0123456/89: ; <=>?@ABCDEFGHI JKLMNO
PQRSTUVWXYZ I\1” ‘abedefghi jklmnopgrstuvwxyz{!)~
<>V 054 0123450782/ AQuaBe 06
JooRitadBng 1/ © 3 o 1k v

special symbols:

M”@’@‘_‘_IIEEJ"L.-:'""""...<-+_—_

Return

Figure 1 : Character Set Display

Intensity

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.

Focus

Vith the help of the characters set Display ( see figure 1 ), adjust
the Focus potentiometer on the display board to optimize the characters
and the image.

Vector Joining

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

The characters should be neatly drawn.

Check that there are neither gaps nor ovelaps in the letters.
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4.7.5

Raster

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

Send a 1 kHz sine wave or square wave to channel 1, adjust the signal
amplitude to 6 V peak to peak.

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

Vith the RASTER 0SC potentiometer on the display board, adjust the
vertical alignment of the dots. See figure 2.

21-0ct-91
17:47:22

Main Menu

Clear
display

Sweeps

Persistence
off

1 Sweeps

CH1 Omv DC

Figure 2 : Raster Oscillator
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Chapter 5

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
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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 allow 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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52

FRONT PANEL CONTROLS

DO NOT OPERATE

CHECK CABLE BETWEEN
F9420-6 PROCESSOR AND

F9450A-5 FRONT PANEL

REPLACE F9420-6

PROCESSOR

REPLACE F9450A-5

FRONT PANEL

!

POWER SUPPLY VOLTAGES

+ 15V, %5 V ON F9424-1
BASE BOARD CONNECTOR

J7PIN 10-9.8.5

READJUST
POWER SUPPLY
SEE ADJUSTMENT
45

REPLACE POWER SUPPLY

F9451-1

!

OK
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53

REAR PANEL FUNCTIONS DO NOT OPERATE

v

NOREMOTE

CONTROL

GPIB OR RS-232

BAD

SEE 5.4

OK

OK

v

v

CHECK PROBE

CABLE,
CONNECTIONS
ON

POWER SUPPLY

v

OK

NO FET PROBE NO REAR
PANEL FAN
POWER OPERATION
l BAD BAD
CHECK POWER SUPPLY
VOLTAGES * 15V, £ 5V CHECK FAN
OK CABLE,
ON F9424-1 BASE —" CONNECTIONS
BOARD CONNECTOR J7 ON POWER SUPPLY
PIN 10-9.8.5
BAD
l ‘ BAD
REPLACE REPLACE FAN
AXIAL
POWER SUPPLY
P/N: 530409312
F9451-1 ¢
¢ OK
OK
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54

NO REMOTE CONTROL

GPIB OR RS-232-C

CHECK REMOTE
MENU SETTINGS
GPIB AND RS-232

CONFIGURATION
SEE OPERATOR’S MANUAL

AND AUXILIARY SETUPS
MENU

BAD

CHECK ALL CABLES
AND

CONNECTIONS

BAD

REPLACE F9424-1

BASE BOARD

!

OK
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551

NO DISPLAY OR FRONT PANEL CONTROL

!

MASTER RESET
PRESS REAR PANEL
RESET UNTIL BEEP
(10 SECONDS)
BAD
CHECK MAIN BAD REPLACE FUSES
FUSES ACLINE ————— 4 AMP(115V) P/N: 433162400
INPUT 2 AMP(220V) P/N: 433162200
0K
READJUST BAD| CHECK POWER SUPPLY BAD
POWER SUPPLY VOLTAGES * 15V 45V REPLACE POWER SUPPLY
SEE ADJUSTMENT L‘— ON F9424-1 BASE —_— .
BOARD CONNECTOR J7 F9451-1
PROCEDURE 4.5 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
0K
REPLACE
F9450-2
DISPLAY BOARD
i BAD
CHECK HEATER GLOW BAD REPLACE
—p CRT
AT REAR OF CRT PIN: 32122000

+0K
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552

| o

REPLACE F9420-6

PROCESSOR

[ o

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

I

REPLACE F9424-1

BASE BOARD

| o

REPLACE F9450A-5

FRONT PANEL

!

OK
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5.6

ABNORMAL IMAGE ON SCREEN

\ ]

OUT OF FOCUS

ADJUST FOCUS

POTENTIOMETER ON

F9450-2 DISPLAY

SEE PROCEDURE 4.7

BAD

BRIGHTNESS

ADJUST INT

POTENTIOMETER

ON F9450-2 DISPLAY

SEE PROCEDURE 4.7

v

K j

BAD

Y

IMAGE DISTORTED
OR ROTATED
ADJUST CRT
YOKE RINGS

OR ROTATE YOKE
ON TUBE NECK

OK

ADJUST X, Y

GAIN AND OFFSET

POTENTIOMETERS
TO CORRECT WRONG
WIDTH AND HEIGHT

SEE PROCEDURE 4.7

BAD

A J

REPLACE DISPLAY BOARD

F9450-2
OR

CRT P/N: 321220009
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5.7.1

BASIC MANUAL PERFORMANCE TEST PROCEDURE

GO TO NO DISPLAY
OR BAD
TURN ON
FRONT PANEL.
CONTROL 5.5
OK
INTERNAL DIAGNOSTICS
AND
CALIBRATION SEE 3.2
ALL VALUES MUST BE
-
ZERO
¢ BAD
PERFORM A FULL RECALIBRATION
AFTER 20 MIN WARM UP
BAD \
BA
READJUST D CHECK POWER SUPPLY BAD CHANGE F9451-1
POWER SUPPLY >
] VOLTAGES * 15V, £ SVON 1 .
SEE 4.5 PROCEDURE POWER SUPPLY
F9424-1 J7 PIN 10-9.8.5

OK

CHECK F9450A-7

CALIBRATION

SEE 4.6 PROCEDURE

BAD

CHECK CONNECTIONS, CABLES
BETWEEN:
F9450A-7, F9424-1,
F9450A-5, F9450-4,
F9420-6, F9450-8

* BAD
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572
BAD -
VERTICAL CALIBRATION TRIGGER CALIBRATION TDC CALIBRATION
FAILURE FAILURE FAILURE
REPLACE F9450A-7 REPLACE 94504 REPLACE F9450-4
FRONT END TDC
SEE 3.2 SEE3.2 SEE3.2
BAD BAD BAD

SWAP THE TWO IF THE PROBLEM FOLLOWS
F9450A-3 ADC’s ONE BOARD (F9450A-3)
REPLACE ADC AT FAULT

BAD

' v v

REPLACE

F9424-1

BASE BOARD

BAD

REPLACE
F9420-6

PROCESSOR

BAD

REPLACE

F9450-8
CLOCK BUS

v

OK
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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 9450A subassemblies during repair and calibration.

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

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

3- DC precision power supply: Tektronix PS5004 or equivalent.
4- Digital Multimeter: Philips PM2525 or equivalent.
5- Digital scope 350 MHz bandwidth: LeCroy 9450 or equivalent.
6- Fast rise time pulser: LeCroy 4969 (<700PS) or equivalent.
7- BNC toaxial cables (5nsec, 2nsec, 1 nsec), adapter T BNC,
Adapter BNC - banana, 502 BNC terminator feed through.
5.8.2 Spare parts

In order to make the repair of 9450A at board level, a minimum stock of
boards is at least one each:

- F9424-1 Base board

- F9450-2 Display board

- F9450A-3 ADC (Analog to Digital Converter)
- F9450-4 TDC (Time to Digital Converter)

- F9450A-5 Front panel

- F9420-6 Processor

- F9450A-7 Front End

- F9450-8 Clock bus

- F9451-1 Pover supply

The display tube, yoke and FAN 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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Chapter 6

CIRCUIT DIAGRAMS
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Table of Contents:

F9424-1 Base board

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

F9450A-3 ADC board

F9450-4 TDC board

F9450A-5 Front panel board
F94§0-6 Processor board
F9450A-7 Front END

F9450-8 Clock-Bus
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C3l 146634106 10uF-35V-AL-RA TCAP 152400 =1727200 1 180
C32 146634106 10uF-35V-AL-RA TCAP -101600 ~2997200 10
C33 142214156 15uF-10V~-SAL LTCAP 5130800 -1625600 1 90
C34 142214156 15uF-10V-SAL LTCAP 5130800 —2895600 1 90
C35 147436033 33uF-16V-AL—RA TCAP -14681200 5588000 10
C36 147436033 33uF-16V-AL-RA TCAP -13360400 5588000 10
C37 147436033 33uF-16V-AL-RA TCAP -12700000 5588000 10
C38 147436033 33uF-16V-AL-RA TCAP -14020800 5588000 10
C39 142714685 6. BuF—-25V-SAL LTCAP 5130800 —-3886200 1 90
c40 142714685 6.8uF-25V-SAL LTCAP 5130800 -5003800 1 90
C41l 102484471 470pF ' SMONO 1879600 7569200 1 180
c42 103327103 . 01uF SMONOBP 16560800 —2336800 1 180
C43 103327103 .01uF SMONOBP 16560800 660400 1 180
C44 103327103 . 01luF SMONOBP 16560800 3657600 1 180
C45 103327103 .01luF SMONOBP 16052800 4013200 1 90
C46 103327103 .01luF SMONOBP 13208000 6197600 1 270
ca7 103327103 .01luF SMONOBP 10210800 6197600 1 270
c4as 103327103 .01uF SMONOBP 7213600 6197600 1 270
Jl 454320096 3x32-ST-F CONN3X32 ST F —-15341600 3962400 1 270
J2 454320096 3x32-ST-F CONN3X32 ST F 6451600 —-3911600 1 90
J3 454320096 3X32-ST-F CONN3X32_ST F 8128000 -3911600 1 90
J4 454320096 3x32-ST-F CONN3X32_ST F 10566400 —3911600 1 90
J5 454320096 3x32-ST-F CONN3X32 ST F 12954000 —-3911600 1 90
J6 454320096 3x32-ST-F CONN3X32 ST F 15341600 -3911600 1 90
J7 454110010 POWER1x10-M POWER1X10 M 3911600 1320800 1 270
J8 453520024 GPIB24-F GPIB24 F 10210800 8534400 10
J9 454611025 DB25-RA-F DB25 RA F -13174980 8407400 1 180
Jlo 454611009 DB9—-RA-F DB9_RA F -6705600 8407400 1 180
Jll 454211040 2X20-8T-M CONN2X20_ST M -3098800 -4013200 1l 180
J12 454211040 2X20-ST-M CONN2X20_ST M 17424400 —-3454400 1 90
L1 530004006 HMB-06 HBM 06 -6045200 4013200 10
Pl 181447104 100K-12T POT66WR 609600 —4775200 1 90
P2 181447104 100K-12T POT66WR 101600 -4267200 1 270
R1 161225103 10K RESO05 3200400 7315200 1 180
R2 161225103 10K RESO05 —10109200 3911600 1l 90
R8 161225274 270K RES05 -1524000 -4013200 10
RS 161225395 3.9M RESO05 -1524000 —-4267200 10
R10 161225302 3K RES05 —-13665200 7518400 10
R11 161225302 3K RES05 -12649200 6248400 1 180
R12 161225471 470 RESO05 2184400 7620000 10
R13 161225101 100 RESO05 -1524000 -4521200 10
R14 161225103 10K RESO05 -5537200 558800 10
R15 161225683 68K RESO05 17170400 2641600 1 90
R16 161225683 68K RESO05 17576800 2641600 1 90
R17 161225683 68K RESO05 11582400 5181600 10
Sl 412022022 215002G STRIPSWITCH -1717040 7993380 1 180
S2 412022022 215002G STRIPSWITCH 320040 7993380 1 180
Y1l 309040005 K1100A-4.9152MHZ $1100 QUARTZ -12801600 5791200 1 90
CR1 230020062 BAW6 2 D035 -5842000 6248400 1 90
CR2 230020062 BAW62 D035 —6350000 6248400 1 90
CR3 230020062 BAW62 D035 —-6858000 6248400 1 90
CR4 230020062 BAW62 DO35 -9194800 7264400 1 270
CR5 230020062 BAW62 D035 -8686800 7264400 1 270
CR6 230020062 BAWG62 D035 —8178800 7264400 1 270
CR7 230020062 BAWG6 2 D035 =7670800 7264400 1 270
CR8 230020062 BAWG62 DO35 —9448800 6248400 1 90
CR9 230020062 BAW62 D035 —-8940800 6248400 1 90
CR10 230020062 BAW62 D035 -8432800 6248400 1 90
CR11 230020062 BAWG6 2 D035 —7924800 6248400 1 90
CR12 230020062 BAWG6 2 D035 -5588000 7264400 1 270
CR13 230020062 BAWG6 2 D035 —6096000 7264400 1 270
CR14 230020062 BAWG6 2 D035 -6604000 7264400 1 270
CR15 230020062 BAW62 D035 =7112000 7264400 1 270
CR16 230020062 BAW62 D035 —7366000 6248400 1 90
CR17 253010835 HP2835 DO35 -12801600 -1828800 1 180
CR18 253010835 HP2835 DO35 -5537200 304800 10
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