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About this Guide

All About the DSO

Getting Started

Measuring Skills

The title itself is explicit: this is a practical guide that
shows you what the scope can do as you operate it
The guide offers a helping hand to both the
beginner and the experienced operator of digital
storage oscilloscopes (DSOs). It can be opened at
almost any page and used to enable you to get the

most out of the instrument.

— an overview of the principles of DSO operation, including data
sampling, triggering, recording, how sampling rate affects usable
bandwidth and how long memory improves sampling rate.

- shows you around the scope and step-by-step how to capture
waveforms and perform basic measuremenis.

- 8 set of tutorials describing - again, step-by-step - how to
make the most useful measurements using the scope's advanced
functions,

“HANDS ON” FOR THE COMPLETE PICTURE IN SIGNAL CAPYURE,
VEEW AND ANALYSIS.

vil







All About the DSO

Why and how is the Digital Storage Oscilloscope
(DSO) so useful? What are the many ways in

which it can be put to work for you?

R, 4

Part 1 maps the digital landscape and

shows you where to find and mine its
riches. Basic concepis are explained and
the main digital concepts and techniques
outlined. The advantages of your LeCroy

scope are also covered.

Having completed Part 1, you’ll then be

ready to zoom in on your scope in Part 2.




The Digital Storage Oscllloscope
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What the DSO Does and How

The digital oscilloscope is the essential instrument
used to capture, view and analyze waveforms,
measure signal characteristics and document the

output.

There are three main DSO categories.
Top-end models with a bandwidth of around
400 MHz or more are the most suitable for R&D-type
work. The 100-200 MHz models are good for
professional and general purposes. And the
sub-100 MHz, low-cost scopes, are useful for work

on low-frequency signals.

Basic Elements The way in which each element of the DSO works separately
and in conjunction with the other elements;

=  Amplifier — amplifies the input signal so that it can be
measured

= Analog-to-Digital Converter (ADC) - converts the
anaiog signal into digital form by translating it into a
series of sample points that are then measured and
transformed into digital codes representing the signal
samples

= Acquisition Memory System — stores resutting digital
data

< System Memory of up to 64 MB

Coea e




= Processor — conirols the entire system and performs
special monitoring and measurement functions

= Display System — transiates stored data into a graphic
display of the signal

- - .l i . .- Processo{

Record
Bandwidth Sampie Rate Length

Display/
Printer

The character of your signals will determine the primary
specifications of the DSO you will want to use, While your DSO’s
secondary specifications will be determined by the demands of your
applications. In assessing the overall signal representation quality of
a digital oscilloscope, pariicular consideration needs to be given to
the cardinal parameters of bandwidth, sample rate, and
acquisition memory length.

Bandwidth The bandwidth specification of a DSO indicates the ability of its front-
end amplifier to faithfully track an incoming signal. The DSC’s
bandwidth is defined as the frequency at which a sinusocidal input
signal has been attenuated to about 70 % of its real amplitude. This
point, at which the vertical amplitude error is about 30 %, is called the
-3 dB point. 1t is generally advisable to use an instrument whose

R




Sample Rate

Memory Length

The Digital Storage Oscilloscope
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bandwidth is five times greater than the highest frequency
component of the signal to be studied.

The higher the sample rate the better the signal resolution. This is
particularly important for single-shot waveform capture and
measurement. The danger with low sample rates is that important
information may be lost between samples. Accurate waveform
capture requires a sample rate of at least five times the highest
frequency component to be captured. For repetitive signals the
sample rate is a less critical factor, as the signal can be captured
over many cycles.

Acquisition memory length determines the number of input signal
samples that can be stored. The greater the capacity for stored
samples, the faster the possible sample rate for a given waveform
duration. The signal captured with a long-memory DSO has a
greater resolution, while for short-memory DSOs, the high sample
rates quoted are only available at a few fast time-base settings.
Long-memory DSOs allow operation at the highest possible sample
rate, and over a far greater number of imebase settings.




The DSCO’s fidelity in reconstructing the input signal is mainily affected
by these three parameters (by others, too). The bandwidth must be
sufficient fo allow all the signal components to pass through the
signal-conditioning system. And the sample rate has to be high
enough to provide a good definition of the signal. Long mermory
maintains the sample rate for large time windows,

Signal Capture

Acquisition Technique

In addition to the primary specifications described above, capture
techniques, trigger system, number of channels, availability and type
of probes, and ADC specification all impact the usability and
performance of the DSO.

Single-shot acquisition is the DSO’s basic acquisition technique,
which makes the instrument very suitable for the study of signal
phenomena that have a low-repetition rate or are not repeated ~—
hence single-shot. The timebase sweeps and stops at a time after
receiving the trigger signal defined by the user. The captured input
data signal is transferred to memory for viewing, measurement and
analysis.

The DSO may also employ a technique called Random Interieaved
Sampling (RIS) to increase its effective sampling rate in viewing
repetitive signals. LeCroy's high-performance model has a maximum
rate of 10 giga-samples per second.

For slower timebases, there exists Roll Mode, where the signal
being acquired can be dispiayed in real time while being captured in
memory, scrolling as on a strip-chart recorder.

Because digital scopes acquire input signals by sampling, they can
miss gliiches at the lower sample rates. But LeCroy's Peak Detect
System captures glitches occurring between these samples. When
the system- is activated, the scope samples at a very fast rate,
continuously. checking for glitches using a built-in  algorithm.
Meanwhilg, it displays information in accordance with the sweep rate
actually set. When a dlitch is detected, the scope will display it as a
thin spike on the displayed waveforrm.

Another of the LeCroy scope’s methods for acquiring signals is
Sequence Mode, which capiures individually multiple trigger events




Analog-Digital Conversion

Number of Channels

Triggering

The Digital Storage Oscllloscope
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separated by dead periods that would otherwise be unacquirable.
When triggering in this mode, the scope grabs a pre-programmed
number of samples, resets its trigger, and awaits another event. The
resulting waveform is a splicing together of all the waveforms
acquired. This eliminates the information-poor deadtime that would
appear between triggers if the scope triggered on the first event and
then continued to run. Sequence Mode aElows acquisition of closely-
spaced trigger events.

High-speed DSO performance is made possible by the use of
advanced ADCs whose vertical resolution will guarantee a clear
representation of the signal. These ADCs measure the voltage level
at evenly spaced intervals and store the digitized value in high-speed
dedicated memory. The shorter the intervals, the faster the digitizing
rate — and the finer the time structure able to be seen. The higher
the resolution of the ADC, the betier is its sensitivity to small voltage
changes. And the greater its memory capacity, the longer the
recording time that will be available.

Your LeCroy DSO has four channels, as well as an external trigger
channel and a CAL BNC output connector. The CAL BNC can be
used as the source of a calibration signal, an output pulse on the
occurrence of each trigger, or an output pulse signaiing a Pass/Fail
condition,

The power of a DSO in any given application depends on a
combination of several features, and particularly on whether it is able
to trigger on the event of interest. A trigger system far more
sophisticated than that found in conventional oscilloscopes is needed
for capturing rare phenomena such as glitches or spikes, logic
states, missing bits, timing jitter, microprocessor crashes, network
hang-ups or bus contention problems. Your LeCroy scope
incorporates this more sophisticated system.

Unlike manufacturers who put their ‘best’ trigger design into their
more expensive scopes and a less adequate one into the lower
bandwidth, economy models, LeCroy offers all its DSO users, at
every bandwidth, both a standard edge trigger and a powerful
SMART Trigger for capturing elusive events.




A push-button confrol switches from one of these triggers to the
other. Moreover, the LeCroy DSO has a variety of advanced trigger
modes. The functioning of these modes is based on two important
features. The first is the ability to preset the logic state of the. trigger
sources: channels CH 1, CH 2, CH 3, CH 4, and EXT and EXTA0.
The second is a counter that can be preset and used to count a
number of events between 1 and 10°, or to measure time intervals
from 2.5 ns~20 ¢ in steps of 1 % of the time scale.

In combination, these twin capabilities open the door to a wide variely
of trigger conditions. But great care has been taken {o maintain the
SMART Triggers 'userfriendiiness’, without losing this versatility.
fcons iliustrate the trigger conditions on-screen for every mode.

Signal Viewing

The DSO's display system translates stored data into a graphic
representation of the signal and shows it on the screen. Also
displayed are internal status and measurement results, as well as
operational, measurement and waveform-analysis menus.

The LeCroy DSC's large screen and a waveform grid that fills the
viewing area accelerate visual processing and facilitate more
effective communication of on-screen information. Other advanced
display technigues give major performance improvements over
conventional analog or digital scopes. A hardcopy of the screen
contents can be produced at the press of a front-panel screen-dump
bution. Multiple waveforms can be viewed on separate grids,
ensuring the best utilization of the ADCs’ dynamic range. XY and
variable persistence displays are also provided, as is Enhanced
Resolution Mode.

A wide range of processing functions can be performed, Four traces
— A, B, C and D — are avaitable for zooming exclusively or together
with waveform mathematics. The horizontal expansion can be huge,
greatly improving the time resolution on the viewed frace. Several
traces can be zoomed onto the same waveform for precise timing
measurements,

e
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Measuring

Puilse Parameters

Waveform Math

Storage Oscilloscope
S

Measuring signal characteristics and analyzing circuit
performance is at the heart of test engineering.

Most DSOs can measure parameters, but analyzing their
statistics can be a time-consuming chore. LeCroy's parameter
measurements and statistics allow worst-case analysis of circuit
performance and make the process much faster.

Cursor readouts allow use of full ADC resolution to measure a
waveform’s absolute or relative times and amplitudes. However,
most users measure the same waveform parameters, such as
risetime, falltime, pulse width, overshoot, undershoot, peak
voltage, peak-to-peak voltage, maximum, minimum, standard
deviation, rms value, frequency, and period. These and many
other parameters are available using your LeCroy oscilloscope.

Waveform math allows the display of final answers, rather than
raw data. For example, inputs from voltage and current
transformers can be multiplied together to display power. An
important LeCroy DSQO feature is the ability to ‘daisy-chain’ math
functions: a power trace can be integrated to display energy, for
instance.

1-8




Signal Analysis

Time Domain

Frequency Domain

Statistical Domain

A great advantage of digiizing is the added ability to analyze data.
Once the analog signal has been converted into digital data, the data
can be analyzed either by the DSO’s internal digitizer processor or by
an exiemal computer. Most current digitizers have a wide analysis
spectrum built-in. Depending on the model and its options, LeCroy
DSOs offer a selection of the following analytical features.

The optional ime domain waveform analysis package — includes
zooming, summed averaging of up to one milion sweeps,
derivatives, logarithm, square root, absolute value, rafio, six digital
filters and standard arithmetic operations. The zoom feature on high-
performance models expands the waveform so that the individual
data are very clearly separated.

Spectrum analysis greatly exiends the DSO's processing power and
offers two clear advantages over FFT (Fast Fourier Transform)
analyzers: higher frequency componenis, and the ability to monitor
both time and frequency information. Fourier transform converts
sampled wavesform information into a unique set of sine wave
components. The data is usually plotted as amplitude vs frequency,
exposing information not easily visible in the time domain (amplitude
vs time}. Ideally, it can be used for such analyses as measuring
frequency components of communication signals and moenitoring drift
in an oscllator. The frequency resolution of an FFT is directly
proportional to the number of time-domain points the FFT algorithm
can handle.

The existence of measured waveforms in digital representations
permits convenient use of the data inherent in those measurements.
As well as analysis of signals in the frequency domain and the ability
to perform mathematical operations and signal averaging on data,
trends can be determined and histograms of the data analyzed.

The histogram is a graph of the distribution of values of a measured
parameter. For example, when measuring the risetime of a repetitive
signal for which all the measurements are equal, the histogram wili
be a straight vertical line without breadth. However, variations in
risetimes create a plot with some horizontal structure, implying
variations in the measurements. Your LeCroy DSQO is able not only to
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create such histograms, but also to allow measurement of their
characteristics. This is extremely useful when analyzing pulse
amplitudes, widths or timing jitter.

Other LeCroy analysis techniques include Pass/Fail testing, Mask
Comparison testing, EYE-diagram analysis for telecom
applications, and the specialized testing for magnetic media
applications, DDM (Disk Drive Measurements) and PRML (Partial
Response Maximum Likelihood).

Documentation

Removable HDD

S

Storage and recording functions are key requirerents in many test
applications. The LeCroy digital scopes produce excellent output, in
the form of either digital data or hard-copy records.

Files saved in the TIFF format can be imported into PCs and other
computers. The portable PC Card HDD (Hard Disk Drive) is a
PCMCIA Type Il device much faster than a floppy disk and with far
greater capacity that can be popped in and out of your LeCroy DSO
or computer. There is an HDD adapter on the rear panel of your
scope.

Note that test data can be processed far more quickly inside a DSO,
and saved on the scope’s internal HDD, than by transfer via GPIB
link to computer.

The PC Card Memory Card drive and built-in floppy disk drive —
located on the front panel of your LeCroy DSO — can also be used
to store waveforms and screen shots. The built-in thermal printer is
quick and convenient for producing a screen-output plot. The scope
can output to a printer through its parallel port.

1-10




Interfaces

Your LeCroy DSO can be controlled remotely through its IEEE-488
or R8-232 ports. As well as storage, printing and transfer to memory
devices, the scope offers push-button transfer of waveforms and
setlings to the LW series of arbitrary waveform generators. This
enables, for example, a reference waveform to be captured from a
known good device and used as a iest stimulus applied to other
devices.
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Getting Started

Part 2 introduces the scope’s main features and
runs through them with you. You’ll get a basic
idea of what the instrument can do and start

working with it quickly and effectively.

Following this, you'll be ready to go on to
Part 3, and to connect your own signals to

the scope.

For complete details on all features of your
LeCroy color digital oscilloscope, see the

accompanying Operator’s Manual.

2-1




Getting Started

The Front-Panel Controls

AUTO SETUP

ANALOG PERSIST

FULL SCREEN

TIMEBASE + TRIGGER

CHANNELS

SYSTEM SETUP

Menu Buttons & Knobs

ZOOM + MATH

L

The main controls you’ll be using here:
— acquires and displays repetitive signals in less than two seconds.

— for the unique Analog Persistence™ feature: each persistence
data map is displayed in various intensities of the trace color.

— expands the waveform and grid to fill the entire screen.

— includes trigger-mode, -level and -position selection, as well as
TIME/DIV control.

— tumns the input channels on and off, and controls the OFFSET and
the vertical sensitivity for input channels. The VAR button, also in this
group of controis, gives variable, fully calibrated sensitivity throughout
the scope’s range.

— the dark-gray menu-entry buttons that dominate this group access
the main on-screen menus and the acquisition, processing, and
display modes. The two knobs adjust menu vaiues and command
CUrSOrs.

— seven buttons and two knobs that control on-screen menu
selection. Each conirols the menu to its immediate left on the screen.

- allows the selected trace to be moved and expanded or have a
mathematical operation applied to any of the scope’s channels or
other Zoom/Math functions.




TMEBASE -+ TRIGGER

i I

SYSIEM SETUP
DisPLAY

CHANNELS
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Installation Check

Before powering up, check that the local power
source corresponds to the scope’s range — any
AC power source of 90-250V, 50 or 60 Hz, (See

the Operator’s Manual for Safety details.)

Use the cable provided to connect to the power source.
Then turn on the scope by pushing the POWER button at the
bottom feft-hand comner of the front of the scope.

Before a display appears, the instrument will perform hardware and
software self-tests, foliowed by a full system calibration. The front-
panel ‘standby’ LED fight, located below the right-hand corner of the
screen, will be illuminated during this sequence. The full testing
procedure will take approximately ten seconds, after which the
display will appear. before powering up.)

Initialization

To initialize the scope to its default settings and
make your screen displays similar to those shown

on the following pages:

PANEL
SETUPS

First, press
facing page.

i on the control panel, illustrated on the

2-4




FRNEL SETUPS

Sawe
~F R SETUP 1

B4-TUN-1596
B9:48:42
—FROM SETUPZ—
24-pAY- 1G3E
14:25:88
~FROM SETUP2—
Bi-AFR-1086
16:0E-11
FRAM SETUP 4
24-MAY- 1986

| 14:38:12

FROM DEFALLT
SETUP

Fram Dard

Flpu ar H0D

R

A column of menu boxes like the one shown here will appear at right-
of-screen. Either “Recall” or “Save” will be highlighted.

Press the top menu

Now press the “FROM DEFAULT SETUP” menuL

Ae

SYSTEM SETUP
BISPLAY U‘EELFEI_:_—:_S_
[
WAVEFORM
I
CURSORS! PANEL

MEASURE

: button fo select “Recall”.

button.

Note: When a word or
number is highlighted on-
screen, front-panel controls
will apply to the function,
action or trace represented.

Each menu button in the
column of buftons running
down baside the screen
corresponds fo the menu
immediately next to i,

The individual butions
Hlustrated three-
dimensionally in this
drawing are those used for
the actions described here.
Throughout the guide, 3-D
butfons and knobs that
punciuate the text
represent parficular controls
lo be used, while the group
Hlustrations show where
they ara found on the front
panel.
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With the scope initialized, we’re ready to explore

some of its basic functions.

But first... We need a Signal!

Connect a BNC cable from the CAL output at right to the
Channel 1 (CH 1) BNC input at left.

We can now go on to acquire and display waveforms.




Sl

Waveform Acquisition

Note: Auto Setup is a
particularly useful
feature that facifitates
the display of a wids
range of repetitive
signals, including
those with duly cycles
as smalfas 0.1 %.

AUTO
SETUP

Press the blue

This will automatically set the trigger-level, timebase and vertical
settings needed for displaying the input signal.

The screen will show a 1 kHz square wave. Both Channel 1 (the
square wave) and Channei 2 (the horizontal line) are displayed.

Channels’ fime and volts per division are shown in the trace labels at
top-left of screen,




TRACE ON/OFF

NRESes

To switch off a channel — Channel 2 in this example:
2

Press the corresponding TRACE ON/OFF

bution,
located on the CHANNELS control panel.

This action removes both the trace and its label from the screen.

2-8




TIMEBASE Controls

Use the
the timebase.

knob to adjust

The selected time/division setting is
shown on the lower left-hand side of the
screen,

Now, to capture the signal for a shorter
period, change the setiing to
0.2 ms/div.

But make sure to reset it to
0.5 ms/div for the remainder of these
exercises.

R

TAVEBASE + TRIGGER




Vertical Controls

Getting Started

The VOLTS/DIV controls give a vertical gain selection of 2 mv-5
Vfdiv, operating in a 1-2-5 sequence. To reduce the sensitivity:

VOLIS/DIV

V/}g/;.,r&_‘?-;\ \mV

v

Turn and set the gain to 500 mV/div. The selected
volts/div setting is shown in the Channel 1 trace label.

VAR

button.

To fine-tune the verfical gain: Press the .
VOLTS/DIV

through severai complete rotations, so that
the entire signal reaches from top to bottom of the grid.
The volts/div setting still shows in the trace label

Filling the grid in this way ensures that the signal uses the full range
of digitizing levels available — 8 bits = 256 levels — for the best
vertical resolution.

VAR
To return the vertical gain fo its 1-2-5 sequence: Press L.
again.
OF;SE[

o v
The '
race.

knob controls the vertical position of the acquired

Note the ground marker for Channel 1, !ﬂ, next to the menus.

Press ..l to see that its channel, too, has a trace label.
Press again to turn off Channel 2.

2-10




SELECT
CHANNEL

TRIGGER Controls

The smaller knobs on
the scope’s front
panel are
acceleration-sensiitive
— the faster they are
rotated, the greater
are the increments
that result.

- vertical threshold.

When more than one trace is displayed on the screen, the number of
the selected trace is highlighted on iis respective trace label. The
vertical controls — including VOLTS/DIV, OFFSET and COUPLING
- wilt operate for this trace only.

To choose anocther frace: Press the desired SELECT CHANNEL
button, to which the controls will then apply.

TVEBASE + TRIGGER \

knob adjusts the trigger's
horizontal position — from 0% fo
100 % pre-trigger, and from left- to
right-hand edge of the grid. This knob
can also be used for setting the post
trigger in seconds up to 10 000
divisions.

The trigger position is shown by " at
the bottom of the grid.

TRIGGER
LEVEL t

The “

knob adijusts the trigger's

Arrows on either side of the gnd, =
indicate the threshold posifion — arrows
that are only visible if the trigger source is one of the traces on the screen,
and then only if that trace input is DC-coupled,




Zoom

Note: The Zoom
function is an
important benefit of
the scope’s
acquisition memory. It
can also be
considered as an
additional timebase
providing alternative
sweep speeds.

Getting Started

To expand — or “zoom-ir' on — a small section of the trace so that
it can bee seen in more detail:

DISPLAY

Press

Then press the corresponding to select “Dual” from
the “Grids” menu, i

Now two grids are shown on the screen,
giving optimum viewing of the expanded
frace.




Note that the
expanded part of the
upper trace shows
the section of the
criginal waveform
being viewed by the
ZoOom.

Vertical and
Horizontal setiings for
the zoomed waveform
are shown in the “A”
trace label.

to turn ont Trace A .

Now, press

Turn ¥ to adjust the expansion factor and increase the
amourt of zoom, '

POSIMION

<
e
!

Turn g

to move the expanded part of the upper trace.
o0

. B
NG

to expand vertically.

2-13




CURSORS/MEASURE

Note: Use cursors to
make fast, accurate
measuremenis and
efiminate guesswork.
{See the Operator's
Manual and Accurate
Measuring with
Cursors in Part 3 of
this guide for more
about cursors.)

Gettin Started

R

CURSORS/
MEASURE

£
;

Press - and use the respective ‘i
“Cursors”, “Time” and “Absolute”.

ds to select:

i

tise the upper
cursor.

cursor position’ knob to move the

The Absolute Time cursor appears as a
cross-hair on the waveform. As the
cursor moves, its time value in relation
to the trigger point shows at the base of
the lower grid, while indicated in the
frace labels is its voltage/amplitude

value.




T

Press the corresponding menu bution to change the
selection from “Absolute” to “Relative”.

Now two cursor menus are availabie, operated by
the upper and lower knobs, respeciively.

The Relative Time cursors appear as
vertical arrows on the waveform.

Shown below the grid is the relative time
difference between the cursors, while
the trace  labels show  the

voltage/amplitude difference. '




Waveform Parameters

Note: The scope’s capaciiies
go beyond cursor
measursments to calculate
useful pulse parameters —
automatically and with high
precision. This saves time, as
cursors need not be positioned
marwally, nor do time and
voltage values need to be
estimated.

Getting Started

T

Press the top menu & button to seiect “Parameters”.
Appearing on-screen below the grid is a list of five different voltage
parameters.

Press the corresponding ... buttons to select from the
“mode” menu “Std Voltage” and, next, “Std Time”.

The list of voltage parameters on-screen will be changed by these
selections. The parameters are computed each time the trace is
updated,

Press the corresponding ‘w...d to select “On” from the
“statistics” menu. You will now see the average lowest and highest
values of each parameter and the standard deviation of the
distribution of measurements.

To return to normal operation: Press the top to select

i‘oﬂ!!.

The “statistics” menu is
very useful for tracking

signal behavior,

2-16
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Summed Averaging

Use the Summed
Averaging function to
improve the vertical
resolution of repetitive
signals, or fo average out
unwanted noise on a live
sighal.

ZOOM + MATH
TRACE ONIOFF

Now press ...

The menus shown here will appear;

2-17




to

Now, press the corresponding

“REDEFINE C”,

These menus will appear:

WAVEFORM
RECALL

PANEL

SCREEN CLEAR
P SWEEPS

STANDRY
B

TR
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The scope may allow
various fypes of
averaging - see
“Avg Type" menu —
depending on ifs
configuration.

Note the
measurement
resolution’s increase
compared with the
five trace.

R

to select “Yes” from the “use

Press the corresponding %5 e
Math?” menu. The screen will change to display the menus shown
hers.

Now use the corresponding

to select “Average” from
the “Math Type” menu. :

DIPLAY  UTLTES

[ SCREEN SHOW CLEAR

_oume




FFT

Note: Fast Fourier Transform
(FFT) alfows acquired
waveforms to be converted into
frequency-domain traces,
revealing valuable spectral
information that would
otherwise be impossible fo
detect on a ime-domain
record.

Getting Started

R

MATH
SETUP

Press

Press the corresponding b

to select “REDEFINE C”,

=4S that will make the selections
highlighted on the screen below.

The lower trace will show the FFT transform of the square wave
on Channel 1. Now, you can use the absolute hotizontal cursor to
make a frequency measurement...

SINGLE
But first, press

TIMEBASE + TRIGGER




SCREEN SHOW CLEAR
LA SIARKS BAEERS

b= 1 o Y s S |

Note: Waveform
memories allow the
temporary saving of
waveforms for later
comparison or ahalysis —
an important benefit of
digital oscilloscopes.

CURSORS/
MEASURE

Next, press

Then press the corresponding : to select “Absolute”

from the “type” menu.

Move the cursor to the right of the upper trace until it
reaches the FFT trace.

Note that the readings are now labeled in Hz (horizontal) and
dBm (vertical).

The first frequency component at left-of-screen should be the
square wave's fundamental frequency (1 kHz). The following
components (3 kHz, 5 kHz, 7 kHz...) are the harmonics that
contribuie to building the square wave.

To return to normal operation: Press the top L

to select
Hoff’!-
_NOR
Now press &, ' to return to normal
triggering.

The scope has four waveform memories; M1,
M2, M3 and M4, In this example, the waveform
wili be stored in M2.

ZOOM 1 MATH
TRACE ONIOFF

I
STORE k
f E

|

Now press

Then press the respective -
to select “1” from the “store” menu, “M2” [

R
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Note: As many as four
waveforms can be saved
and stored until overwritien
by other waves or the scope
is switched off.

Trace A displays the
waveform saved in M2,
which can then be
repositioned and expanded
using the Z00M controls,

from the “to” menu, and “DO STORE (1 —> M2)”.

RECALL

Then press
stored trace.

Then press the -

to display the

“M2” from the “from Memory”

menu, and “DO RECALL. (1 — > M2)".

And press &

Trace A.

to turn off

STANDRY

SCREEN

aunp

L. i




PANEE

Save and Recall Setup

s to select “Save” and for “TO SETUP 1",

OFFSET
i, A
Note: Entire panel r v
setups, such as those Now, as an exercise, randomly change Channel 1’s .z
of often-performed VOLTS/DNV
measurements, can be VTN v
saved and stored in '/ o ¥
non-volatile internal L& .
memory for later recall, Change and the Timebase, too.
Up fo four setups can
be stored (thousands Preﬁs the to select “Recall”, for the original
with the optional DOS- settings.
compatible memory :
card, floppy or Finally, press the for “FROM SETUP 17,
removable hard disk).

; CHANNELS
| TRACE ONAOFF
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Sharpening Your
Measuring Skills

2oy 4{,{ . The tutorials in Part 3 show you how to
perform the most common types of

measurements.

As in Part 2, the tutorials take a practical,
step-by-step approach to famliarizing you
with the use of your LeCroy color digital

oscilloscope.

ce e
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easuring Skills

First Steps in Measuring

First, the initial, basic steps for most measurements...

Application Setup Connect the signal to be measured — for example, the calibrator
(CAL) — to the Channel 2 BNC input (CH 2).
AUTC

S _RETURN
the top i and L A simultaneously.

STEP 1 —-’\/‘-—»

to turn off Trace 1, and display:

Note: At power-up the scope
remains set to the last-used
selup. Affer the Reset in Step
1 (not to be confused with use
of the RESET button, which is
only for ZOOM + MATH), it
reverts to its default power-up
settings, with both Traces 1
and 2 activated.

The traces shown depend on
the previous setup and are
switched on or off using the
corresponding TRACE
ON/OFF butions. When CH 1 56 mU A 569 HS/s
is switched off, Channel 2 3 5 C _ 1 ac oy
alonie will remain activated —
as shown here.

0 STGPPED




STEP 2 —/\/\-—-»

Note: The coupling must be
well adapted to avoid
reflections at input to the
oscilloscope. COUPLING, like
most of the vertical controls,
applies only to the selected
channel (highlighted on-
screen).

COUPLING
g2

Press

Then press the corresponding

First Steps

to select from the

‘Coupling’ menu the coupling matching the source's

impedance — 50 O in this case.
The screen will display:

5-Sep-85
15:88:24

h8 ns
L8 my

1 AL 8mY

T
3-3

CHANKEL 2

Coupling—
NCHEEG
Grounded
BC1MQ
Grounded

ECL 77
grGiobal B
.. .

580 WS/s

0 SToPPED




Measuring Skills
e Eeeh

AUTC
SETUP
STEP 3 —/\/\-» Press again.

The screen will then display:

CHANNEL 2
-Coupl ing—-

.5 ns
legny

ohal . BUL -y
& 3aMHz

'errabe Atter
%1

18 HS/s

0 ayto




First Steps

These three basic steps will be repeated as a
prelude to performing most of the described

measurements that follow...

TR
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Measuring Skill

R,

Best Digitizing with All Eight Bits

Application Setup

STEP 1

STEP 2

A

The scope’s eight-bit analog-to-digital converter
(ADC) offers 256 levels of quantization. Acquisition on
all levels gives the best digitiiing: the digitized signal
covers all eight screen divisions without going off-
screen (‘clipping’). Here’s how best to digitize on all
eight bits.

Connect the signal to be measured — a 1 MHz, 100 mV (peak-to-
peak) triangle wave — to CH 2,

AUTO

the top'[: ]

Reset: press and Ssaa Simultaneously.

a3
s,

Then press ‘ool to turn off Trace 1.

COUPLING
!

Press i , then the corresponding L. to select from the
“Coupling” menu the coupling matching the source’s impedance
— 50 £2.

AUTO

Press &




Note: The signal’'s amplitude
is acquired on approximately
six divisions, corrasponding fo
5/8 = 192 levels or 7.32 bits of
quantiification used.

STEP 4 —'\/\—-v

28-Aug-85 CHANNEE 2
8:41:28 ; L.s:;upizr‘q—"m;
1560 i
Grounded !
DC1ME ;
Grounded |
!

I i
2 -Global BHL—
: 3 In[

2 0 12.emv
0 suTo

to adjust the channel input sensitivity and
have the s:gnal fill all eight divisions of the screen.

And to even more finely adjust the sensitivity, press

Tips: Changing the sensitivity using the VAR button will
give a non-rounded gain — for example, 12.8 mV/DIV.
Determining the amplitude of the signal by reading visually
from the screen can be difficult. To avoid reading errors, use
CURSORS (see Accurate Measuring with Cursors, page
3-16).




Measuring Skills
R R :

The screen will now display:

CHANNEL 2

TR zom
e

ohal Bbii,mmm]

2 DC 12.0my




Pulse Characterization

Characterizing a Pulse

Application Setup

A major advantage of DSOs is the capacily to
accurately measure acquired data using standard

parameters.

Your scope offers a selection of Voltage and Time

parameters, as well as parameter customization.

This tutorial shows how standard parameters are
displayed to characterize pulses vertically and
horizontally. Automatic parameter measurement
and statistical values thus become easily

obtainable.

Connect the signal to be measured — for example, the CAL
signal with the shape selected as “pulse (25 ns)’ —to CH 1.

R
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Measrmg Skills

AUTO

Reset: press
simultaneously.

STEP 1

T

COUPLING

Press to select

STEP 2 , then the corresponding .

from the “Couplmg” menu the coupling matchmg the
source’s impedance — 50 Q.

AUTO
SETUP

TT

Press

STEP 3 again.

The screen will display;

e
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Pulse Characterization

CURSORY/
MEASURE
STEP 4 —/\/\—> Press
-
STEP 5 —/\[\—b Then press ! to select “Parameters”.

The screen will display:

_SINGLE
STEP 6 —J\/\—-> —




Measuring Skills
e

b

STEP 7 '_"\/\'—> Now, press __. ] to select “Std Time” from the “mode”

mendl.




Note: Acquiring just one pulse
does not permit measurement
of a signal period. Therefore,
the period parameter is not
calculated and no value is
displayed.

Pulse Characterization

Tips: In order to perform the parameter calculation on a
particular section of the signal, adjust the left and right cursors

using the upper and lower knobs, respectively, on the SYSTEM
SETUP part of the front panel,




A

Measuring Skills

On the screen below an area of interest has been selected for
measuring the time of the pulse’s falling edge, as indicated by
“delay (1 )n:

Note: The number of points
used to calculate the
parameters is shown in the “to”
meny.

Use the < sto reselect the entire trace as the area of

STEP 8
' interest, as described in the Tip on the previous page.

STEP 9

A\
A\

Then press the corresponding menu . to select “On”

from the “statistics” menu,

Four different values are displayed for each parameter: average
value; lowest value; highest value; and sigma, the standard
deviation of the data values from the mean value. In order be sure
of the statistics obtained, you will need to perform a number of
acquisitions.

So e




Pulse Characterization

Note: The sweeps number
shown immediately under the
grid is the number of
acquisifions to which the -
statistics calculated and
displayed apply. To restart the
statistics calculation, press the
CLEAR SWEEPS bution. Only
the future acguisitions will be
included in the calculation.

All these parameters are
readable from a PC linked to
the scope by GPIB or R5232
remote control using the
“PArameter_VAiue?”
guery.Also possible, using
Custom Mode, is the selection
of five different paramelers
{even more with the WP03
package) relating fo a variety of
traces or memories belween
the available standard

parameters.

NOR
A

Finally, press i




Measuring Skills

Accurate Measuring with Cursors

Application Setup

STEP 1 —/\/\-»

A variety of cursors of two basic types are used
with your LeCroy color DSO. In Standard Display,
Amplitude (Voltage) cursors are lines moved on
the grid to measure the amplitude of a signal. And
Time (Frequency) cursors are markers moved
along the waveform that can be placed at a
desired time to read the signal’s amplitude at that

time.

For details of cursor behavior in the different

cursor and  display modes, see the

Operator’s Manual

Connect the signal to be measured — for example, the
calibrator (CAL) — to CH 1.

AUTO
SETUP _RETURN

l, the top and

Reset: press
simultaneously,

' to turn off Trace 2.




STEP 2

STEP 3

TTOT

STEP 4

Note: Pressing SINGLE is a
smooth way of stopping the
scope to allow
measurement of the
waveform captured on-
screen.

Measuring with Cursors

» then the corresponding L. to select
from the “Coupling” menu the coupling matching the
source’s impedance — 50 Q.

again.
VOLTS/DIV

R

to adjust the timebase, to fill

the screen with the signal.

SINGLE

o hait the scope and display:

317




STEP 5

STEP 6

AN\~
A\

Note: In Absolute Amplitude
Mode, selected here by
default, a single cursor bar in
the form of a broken line is
displayed (in this example
shown placed at the very
bottom of the grid). The
vertical position of this bar on
the grid can be adjusted by
turning the corresponding
‘cursor’ knob. The difference
in amplitude, between the
cursor and the ground lavel
indicated by the “1” at right of
the grid, is shown in the trace
label at top left of screen.

SRR

Measuring Skills

CURSORS/
M

Press

[ i
Press the Luw...d to select “Cursors”,

(‘“Amplitude” and “Absolute’ will show as the default

selections in the “mode” and “type” menus, respectively.)

The screen will display:

<as’ corresponding to the “cursor Position” menu, to
move the Absolute Amplitude cursor to the top of the signal.

e e o




Measuring with Cursors

The screen will then display:

Note: Amplitude cursors are
moved pixel by pixel up and
down the grid.

Here the difference in
amplitude between the
ground and maximum levels
of the square wave has been
measured and is shown in the
trace label.

...J\ /\__) [ 7
STEP 8 Press the corresponding L .1 to select “Relative” from the
“type” menu. This will activate the Relative Amplitude Mode and

display a pair of cursors.
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Note: In Relative Amplitude
Mode, two bars, the reference
and difference cursors, are
condrolled to give readings
between the two in amplitude.
In this example, the reference
cursor, moved by turning the
upper knob corresponding fo
the “Refarence cursor” menu,
has been placed on the base
level of the square wave.
While the difference cursor,
adjusted using the Jower knob
and *Difference cursor’ menu,
has been positioned at the top
of the square wave — the
difference between the two in
this case giving the wave’s
amplitude, indicated in the
trace label.

STEP 9 —'\/\—>

Measuring Skills
e

The screen will display:

Tips: Press the corresponding menu bution to select “Track
On” from the “Reference cursor” menu. Now, when the
reference cursor bar is moved using the upper knob the
difference bar will “track” it and the two fines will move in
tandem, remaining the same distance apart. However,
turning the lower, ‘Difference cursor” knob will change the
difference cursor position and the distance between the two
cursors. Pressing the same menu button as before will turn
off tracking.

Press the corresponding . s to select “Time” and
“Absolute” from the “mode” and “type” menus, thereby
activating Absolute Time Mode.

3-20




Note: Time cursors are
markers moved to any point
along the trace and can be
used to measure time and
amplitude. The reference
point (1=0) is the trigger point
indicated by the vertical arrow
on the grid base. When the
markers are placed on a dala
poirt, they change
appearance (see the
Operator's Manual for a fulf
description). The Absolute
Time cursor is a cross-hair
marker. Here, the cursor —
highlighted to make it more
visible in this example — is
shown at the trigger point on
the rising edge of the square
wave.

STEP 10 —-/\[\-—>

Measuring with Cursors

corresponding to the “cursor Position” menu

o change the s;taon of the Absolute Time cursor.




Measuring Skills

The screen will then display:

The value measured
between the trigger point and
the Absolute Time cursor is
shown as the “Time” value
directly beneath the grid. The
(highlighted) cursor in this
example has been moved to
the falling edge of the square
wave.

STEP 11 -—'\/\—P Press the ___ to select “Relative” from the “type” menu
and activate Relative Time Mode.




‘Measuring with Cursors

Note: in Relative Time Mode
the cursors are a pair of
arrows that move along the
waveform. In this example,
the Reference and
Difference cursors —
upward- and downward-
poirding arrows — are shown
highlighted together at the
rising edge of the square
wave. Using the knob
corresponding to its menu,
either cursor can be moved
independently of the other to
any point on the frace. The
value representing the time
difference between the two
will appear below the grid,
while the amplitude
difference appears in the
trace label.

The screen will display:




Note: Here and in the
previous screen example,
the Relative Time Reference
and Difference cursors are
used to measure the period
and frequency of the
oscillations on the square
wave, with the result
displayed beneath the grid.
The Reference cursor has
been moved to the falling
edge of the square wave,
while the Difference cursor
has been placed at the
maximum level, Displayed in
the trace Jabel when “Diff -
Ref is selected is the gain
by division and difference in
amplitude between the two
CUrsors.

Measuring Skills
G

On the next screen the Relative Time cursors have been movad 1o
Hlustrate how they work:

Tips: To display in the trace label each cursor’s absolute amplitude
relative to ground level: Press the menu button to select “Diff &
Ref’ from the “show” menu.
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Measuring with Cursors

Note: The absolute
amplitude values of the
Reference and Difference
cursors are shown in the
trace label respectively.

In this tutorial's final screen, “Diff & Ref’ has been selected,
displaying the amplitude values for each cursor;

3-25




Measurmg Skilis

Using Average to Remove Noise

Application Setup

STEP 1 -—'\/\—>

Y
A\

STEP 2

STEP 3

“Average” is one of the scope’s important and
powerful Math functions. Use it to reduce non-
systematic noise and improve the signal-to-noise

ratio. Here’s how.

Connect the signal to be measured — a 33 kHz, 1.0 V (peak-to-
peak) square wave with noise — to CH 2.

AUTC

Hesel: press the top e
simultaneously.

1

Then press .-

| to turn off Trace 1.

COUPLING

Press , then the corresponding - ol to select
from the “Couplmg” menu the coupling matchlng the
source’s impedance — 50 (.

AUTO
SETUP




Removing Noise with Average

s

The screen will display:

DISPLAY

STEP 4 Press

STEP S Press the corresponding menu te select “Dual”

from the “Grids” menu.

Y.
A

e
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Measuring Skills

e

The screen will now display:

MATH

STEP 6 Press ..

\ o
Press the corresponding menu ...

STEP 7 to sefect “REDEFINE A”.

Press the corresponding menu
“use Math?” menu,

to select “Yes” from the
STEP 8

A\
Y.
Y
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STEP 9—-’\/\-->
STEP 10—-’\/‘—»

Note: A choice of types of
acquired signal averaging is
available on the “Avg Type”
menu. The summed average
gives alf averaged dala the
same weight. While the
continuous average can be
set up lo give data different
weights —for example, the
most recent acquisition-could
be given greater importance
in the average calculation
ratio defined by the user.

The desired number of
sweeps— acquisitions taken
into account in the averaging
— can also be selected using
the corresponding menu
button. Here: an average of
1000 acquisitions is selected
frorn the “for” menu. Any trace
canh be averaged: CH 1, CH 2,
CH3orCH4, Trace A, B, C,
or D, or Memory 1, 2,3 or 4.

Removing Noise with Average

R

G

Press the corresponding menu
from the “Math Type” menu.

fo select “Average”

Now, press to turn on Trace A

The screen will display:

(SYSTEM SETUP) to restart Averaging.




Note: With Trace A
on, the sweep counter
in the Trace A label at
mid-left of screen will
mount until the
number of sweeps
reaches that selected.
in the meantime, the
intermediate result of
the average is
displayed (‘216
swps”, as shown on
the previous page).
Once the selected
sweeps number is
reached, calculation
stops and the final
result of the average
is displayed, as here.

Measuring Skills

.

The last screen shows the final result of the averaging of 1000
acquisitions, Non-systematic noise has been greatly reduced, as can
be seen from a comparison of a single CH 2 acquisition with the
1000-acquisition averaged result on Trace A.
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Analog Persistence

3-D Viewing with Analog Persistence

Application Setup

STEP 1 —/\/\—>

STEP 2

Using persistence to accumulate on-screen
points from numerous acquisitions makes it
easier to view signal changes over time. But
Analog Persistence™, with intensity grading,
makes this even easier by signifying the most
frequent signal path ‘three-dimensionally’. Here’s
how to use this unique feature to reveal the AM
modaulation of a sinewave.

Connect signal to be measured — an AM modulation of a
2 MHz sinewave with 100 kHz squarewave —to CH 2,

AUTO

Resei: press
simultaneously.

Then press o to turn off Trace 1.

COUPLING

Press , then the corresponding - to select
from the “Coupling” menu the coupling matching the
source’s impedance — 50 (2,

AUTO
SETUP

Press




The screen will display:

Note: The AM moedulation
signal has a stable irigger.
However, in the final periods
the signal shows a number of
jumps. Without LeCroy's unique
Analog Persistence feature, it's
not easy to characlerize these
modulation variations in the
normal display mode.

DISPLAY

STEP 4 -—'\[\—b Now press




Analog Persistence

The screen will then digplay:

ANALOG
PERSIST

STEP 5 Press




Note: Modulation time
variations appear clearly in
Persistence Mode. Because its
source is a squarewave signal,
the modulation shown here has
different states. The number of
acquisitions included in the
display (up to one million) is
shown beneath the trace label,

In this example, 1939 sweeps
have been captured in a short
delay to obtain the result
displayed. The most recent
sweep is shown as a bright
vector trace.

The Analog Persistence feature
is also available in XY and
Sequence Modes.

STEP 6 -—'\/‘—»

The screen will display:

for “Persistence Setup”,

e
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Analog Persistence

The screen will then display:

Note: The “Persist” menu
offers the means to apply
persistence to all displayed
fraces, or merely the top two,
when more than one frace is
displayed. Information on
each trace wilf be shown in its
respeciive irace label at left of
screen, When “Top 2" is
highlighted in the menu, this
relates to the first- and
second-from-top labels that
will appear with each
additional trace - very useful
when four traces or functions
are shown on-screen and
persistence will not be applied
fo alf,

The “Persist for” menu offers
a choice of persistence
duration in seconds. If the
duration is set — for example
— at one second, each
acquired frace will be
displayed for a second and

then delefed.
The def»fa‘fﬂt value f?r this Tips: Persistence Mode can be cleared and reset manually by
menu is “Infinite’”. pressing the CLEAR SWEEPS bution, or by changing any

acquisition or waveform processing condition.
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STEP 7 —/\/\-»

Note: The image displayed
shows the changes in the
sample event over time.
Statistical infegrity is preserved
because the decay is
proportional to the persistence
population for each amplitude
or time combination in the data,
The brightness level of a single
color is used fo denole signal
intensity. Particular populations
are given distinguishing shades
of color. These are dynamically
updated as data from new
acquisitions are accumulated.
Popuiation distributions in rare
events can be highlighted by
additional saturation, as
illustrated in the screen at right.

Measuring Skills

s

Then turn the lower ‘menu’*
saturation to 10 %.

to adjust the value of the

The screen will display:
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Analog Persistence

SR

STEP 8 —’\/\'—> Press the corresponding menu .

the “Last Trace (show)” menu.

{o select “Off from

The screen will display:

Note: By default, the most
recent sweep is shown as a
bright vector trace on top of the
persistence display. This menu
allows to show or not the /ast
lrace on top of the persistence.

SEEE
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STEP 9 —J\/\—>

Note: Instead of the brightness
of a single cofor as used by the
Analog Persistence feature,
Color Graded Parsistence uses
a color spectrum from red
through violet to map signal
intensity, as shown in this
example .

Measuring Skills

G

S 3

Press the corresponding L to select “Color Graded”

from the “Using” menu.

The screen now displays:

" As this guide is printed in black & white only, references are to
moenochrome renditions of the colors evident on your screen.

o
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Color Association

Colors that Link and Distinguish

The scope’s powerful and intelligent use of color
strongly links displayed waveforms and their
data. This color association simplifies the viewing
of information — especially in analysis of related
signals or signal parts. Here’s how color
association handles multiple long-waveform zooms

(see also Calculating on Long Waveforms).

Application Setup Connect the signal to be measured — which can be a waveform
of one million points or more —to CH 2.’

STEP 1 —/\/\—* Reset: press

simultaneously.

AUTO

Then press b to turn off Trace 1.

STEP 2 —’\/\-—.} Press , then the corresponding L. to select

from the “Couplmg” menu the coupling maiching the
source’s impedance — 50 (2.

COUPLING

" Acquisitions of up to eight million points can be made,
depending on the scope model.

SRR
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Measuring Skills

e

SERIP
TIMEBASE

to stop the acquisition. Then | to access

the “TIMEBASE” menus,

Shown at the top of the TIMEBASE menus on the following screen is
the number of points acquired — 50 000 samples in this example. At
the same time, the “Record up to" menu displays the acquired
sample limit set by the user — “50k”,

340




Color Association

STEP 5 —’\/\—>

Note: With the long acquisition
memory, the maximum
sarmpling rate is maintained at
many more timebase settings
than are possible with short-
memory scopes. Particular
advantages include:

-— greater waveform detail

- high zoom factor

-~ profection against aliasing
-~ jrrproved time resolution
— wider frequency spectrum.
{See LeCroy’s Application Note
[T1 008 for details).

Turn the lower ‘menu’ so that the “Record up to” number
of samples is set to at least “1M” points — for this exampie it is
set to “2M”.

TI?VSE/DN

o T,

in order to slow down the timebase, and
obtain more time per division, until the number of acquired
points displayed is the same as in this example - “2M” points.

Press oo to perform a single two-million-point
acqwsnlon and display:
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STEP 6 —J\/\—>

Note: Functions or zooms can
be selected on any channel or
trace. The scope allows display
of four different traces in as
many grids, while preserving
eighi-bit resolution.

STEP 7 —/\/\—->

Measuring Skills

The following steps directly illustrate the exireme practicality of the
color association system, as different pars of an acquired signal are
simultaneously expanded and viewed,

to make appear the “DISPLAY SETUP” group

to select “Quad” from the “Grids” menu.

The screen will display:

Now, press




Color Association

R

STEP 8 -—/\/\—* Press the corresponding menu -

<,

_1 for “REDEFINE A”.

Next, turn the lower menu E to select 27,

A

Then press L. o turn on Trace A.

The screen will display:

Note: After Step 8 has been
taken, Trace A will be displayed
as the zoom (“use Math?” “No’")
of CH 2, as indicated in the
“Trace A is ZOOM of menu
{('Z).

POSITION

T
LT

POSHION
<« >

STEP 9 -—’\[‘—»

the orlgmai s:gnai selection, and select the timebase
(horizontal zoom) with amplitude (vertical zoom). This allows
the selection of a part of the original signal and the part's vertical
or horizontal expansion.

A




Note: The selected section is
shown on the original trace as
reinforced video. The RESET
button cancels all the zoom
changes and redisplays the
original trace.

STEP 10 —J\/\—>

ki

Measuring Skills

The screen will then display a 10x zoom of CH 2 that indicates a
zone of interest:

Repeat Sieps 8 and 9, this time turning on Traces B and C to
zoom other parts of CH 2.




Color Association

The screen will display:

FULL

SCREEN _
STEP 11 —"\/\"" Then lue.od and ! to display the four grids in Full

Screen mode without menus.
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The screen will display:

Tips: As shown on the next screen, each of the four grids can
be shown with its own trace and parameters — up lo five at
once — simultaneously.




STEP 12 —J\/\—>

A\

STEP 13

Color Association

Press

IR

And then the? it 10 Select “More Display Setup” from
“DISPLAY SETUP”,

g

Next, press the ol to select one of the pre-set numbered
color schemes from “Color Scheme”.
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Measuring Skills
ek :

A

a8

In this example, “Color Scheme” “8” has been selected:

STEP 14 _l\/\._> Now, press the i t0 sElECt “U1” from “Color Scheme”.
This allows the creation of a custom color paletie.

Tips: Copy preset schemes to user palettes. These can
then act as references and form the bases for choosing
object colors in new customized color schemes.
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Color Association

The screen will display:

STEP 15 —-/\/\-—> Now, press the il for “CHANGE COLORS”, and then for
“COPY SCHEME 1 to U1”.

The colors assigned to the objects in “U1” will now be the same
as those of the pre-set “1".

3-49




Measuring Skills
T

STEP 16 —I\/\—-b Next, press a e to select an object for color change.
~ Here, Trace B is selected.

And then a ..l to select the color of the object selected,
“Grass Green” has been selected to replace “Pale Blue” in the

following example.




Color Association

Noie: See the Operator's
Manual for a description of
the displayed objects whose
colors can be modifiad.

The screen will display:

And in the final screen on the next page, “Text & Menu” has been
selected and colored “Yellow”.




Measuring Skills




Cutting Deadtime

Cutting Deadtime Between Events

Application Setup

Sequence mode goes beyond single-shot
acquisition, offering a choice of fixed-size,
compliete-waveform segments without unwanted

deadtime (see Appendix A in the Operator’s

Manualior the limits).

The long intervals of deadtime that often separate
consecutive single-shot events are minimized in
sequence mode. Complicated event sequences
covering large time intervals are captured in fine
detail — without the uninteresting periods

between.

Connect the signal — a pulse train (each group of 12 pulses
separated by a long signal that need not be acquired) — to
CH2

3-53




This scherna represents
how Sequence Mode
handies sequence
acquisition. The display is
activated pressing SHOW
STATUS and selecting
“Text & Times” from the
menu that appears.

STEP 1

STEP 2

STEP 3

STEP 4

TTTOT

T

Trigger Trigger ?rigger
Segment 1 Segment 2 Segment 3

Segment Time since Segment 1 belwsen Segments
1) 17-Feb-1995 09:16:0%
2} 17-Feb-1995 09:16:91 5.999983 ms
33 17-Feb-1995 89:16:81 11.999985 ms £.999983 ng

AUTO

Reset: press
simultaneously.
1

Then press L

COUPLING

Press , then the corresponding - to select
from the “Coupling” menu the coupling matching the
source’s impedance — 50 (.

again.
TIME/DIV VOLIS/DIV
yE YET
4 &( v \4! &

Turn
adjust the gain and fill the screen with the signal.

to adjust the timebase, and =

N
S
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Cutting Deadtime

Note: This screen shows only 3] CHANNEE 2

one of 12 frain pulses. iR —Caupl ing
Sraunded
oC1H
Srounded
AC1MR

560 MS/s
Z DC -120m¢
aTn

TIME/DIV

e

STEP 6

Now press

STEP S —J\/\—> Again tumn to adjust the timebase, this time to
display all of the train’s pulses.
SETUP
A TIMEBASE




Note: The “TIMEBASE”
information shown at top-
right-of-screen, consists of, in
this example:

Timebase vaiue — 2 Os/div;
Number of samples acquired
— 10 000;

Sampling rate — 500 MS/s;
Time between samples —

2 ns/point;

Total time acquisition —

20 Os.

STEP 7 —'\/\—>

Me

suring Skills

s

.

S

TIMEBASE

T/div 2 ps
19880
seaples gl
568 H§

{ 2 ns/pty

for

2 ys
196wy

Sequengse-—
- _— J— On ﬂr\a{{J
~Record up toy
T B — . e - . b i ’\
2 ys S i

118 my
.l
350 mY ]

4 58 m¥ AC AUTS

Again turn to adjust the timebase, this time

untii two pulse trains are acquired.




Cutting Deadtime

The screen will then display:

Note: As shown at top-right- 1;-“9*_’&35 TIMEBASE
of-screen, the sampling rate . ep— Trdiy .2 ms
has decreased as the total

winidow time acquisition has s ;
{ 48 -3

increased. Between two For 2.8 me

trains, a long ground-level  p— ‘ ‘ | —Sanol fno—
signal of no interast has been 1o i - ' Emfmmﬂ E
acquired. ) ‘ B

z""‘
Sequence Mode, activated at ECL BY TTL

the next step, is the best way - Nt I:aneiq_{lae-
of acquiring the zone of tect |
interest only.

I on W

.2 mg

1 19 m¥

H.1v 25 MS/s
356 v ARG . 2 0C -114my

4 i d  aUTo

Press L.
STEP 8 —J\/\-»

Then press the corresponding menu i
from the “Sequence” menu.

to select “On”

Next, turn the lower ‘menu’ “is

in the “Sequence” menu.
NORMAL
Press .

1o display “2 segments”




Measuring Skills

b

Note: The number of trains v~ TIMEBRSE
acquired is now four, with the 1Braa " , T/div .2 ms
same sampling rate as for A 2 x 50098
two. The sole difference is : : sanplee ot

that now the duration between I AR A A {48 ns/pt)
wo train pulses is half what it ] :
was. In the trace label, at left-
of-screen, the symbol “2x”
indicates two segments
acquired in Sequence Mode. : TR
The TIMEBASE information B . 1?"-1_‘.E13nn9.“}.
shows that two segments of i | g 2
50 000 points each

("2 = 50 000"} have been
acquired.

. 2 00 114wy

{1 NORMAL

Tips: The bottom menu shows the maximum number of
points per segment — in this instance, 50 000. The sampling
rate or the total number of acquired points can be adjusted,

The timebase sefting in Sequence Mode is used for
determining the acquisition duration of each segment —
10 x TIME/DIV. This sefting, as well as the number of
segments desired, the maximum segment length, and the
total memory available, are used for arriving at the actual
number of samples per segment, and the time per point.

i
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Cutting Deadtime

Here, the Sequence Mode timebase of 2 Os/div has been
selected (corresponding to a single tlrain duration, as
already covered at Step 5). The sampling rate is the
maximum, and the two trains are captured with a very short
delay belween friggers. The acquisition is in fact two
acquisitions, each a train of pulses.

TIHEBASE
T/div 2 ps

el

pt)
268 us
sanp | ng

;ﬁal;? ] inle Shot

le C oy
By TTL
nel Use

2 seghents
oFf [ Hrap

seqgrent,

OC -114mV

to set the number of segments.

STEP 9 —J\/\——b Turn the lower ‘menu’

On the example screen overleaf, the number of segments is set
at eight.




Measuring Skills

Note: The complete waveform
with all its segments may not
filf the screen entirely.

For o 28 s

. - : ~Samnp ! | fep—
i 190 Y E ' [ _
] i ;ﬁamie !:Eéch;}

I 2 0C -ildmy

SHOW

STATUS
STEP 10 —-’\/‘—» Press ;

Then (twice) press the corresponding menu i.m
“Text & Times™ from the “STATUS” menu.

to select

e
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Cutting Deadtime

Finally, the screen will display:

7-Nou-85 STRTUS
11:97:34

for
waveFarn

Waveform

o ' . . Ma
Segment Tine since Segmant 1 between Memory Us

1
2)
3
43
53
82
I

g3

B7-hov-199

87-Nov 5l 5 999.898 ps
B7-Mou- ! 3 ]

B7-Nov-198%

B7-Nnu-194%

T-Nov-1995

Kov-1895 10:5@; 1! 3 X 999.598
B7-Nov-1985 100 5 5. 3G9 | 988895

ule

O STOPPED

Time measurements are made between events on different
segments of a sequence waveform using the full precision of the
acquisition timebase. Trigger time stamps are given for each
segment.

Tips: Each segment can be displayed using ZOOM, or used
as input to the MATH package,

For remote operation, Sequence Mode can be activated to
take full advantage of the scope’s large data-transmission
capability.

SRR
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Measuring Skills

Sequence mode is normally used for acquiring the desired
number of segments and for terminating the waveform
acquisition. However, It can also be used with the WRAP
option to acquire the segments continuously, overwriting
older segmenis as required. A manual STOP order or time-
out condition can then be used to terminate the acquisition.

The operation of the STOP, SINGLE, NORMAL, and AUTO
buttons is modified when Sequence Mode is used (see
Chapter 7 of the Operator’s Manual).

To ensure low deadtime between segments, button-pushing
and knob-turning should be avoided during sequence
acquisition.




Spectrum Analysis

The Scope as Spectrum Analyzer

The FFT (Fast Fourier Transform) package
transforms your oscilloscope into a spectrum
analyzer for frequency domain analysis. Showing
the signal in the frequency domain, it eliminates
the need for another, separate instrument.
Explained here is how to measure signal power

distribution as a function of frequency.

Application Setup Connect the signaf to be measured — a CAL BNC signal at a
frequency of 1 kHz —to CH 1,

AO

;\/\ . N _RETURN
STEP 1 Reset: press , the top wed and e

simultaneously.
2

Then press L. A to turn off Trace 2,

COUPLING

Press s then the corresponding i to select
from the “Coupling” menu the coupling matching the
source’s impedance - 50 (2,

STEP 2

AUIC

ToT

Press i

STEP 3




STEP 4

STEP 5

YR
A

DISPLAY

Press

Press the corresponding menu L

the “Grids” menu.

to select “Dual” from
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Spectrum Analysis

The screen will then display:

MATH

Press

STEP 6

Press the correSpondEng§ to select “REDEFINE A”,

STEP 7

STEP 8 to select “Yes” from the “use Math?” menu.

TTT

f?
Next, press thel




STEP 9 —/\/\—b
STEP 10 —'\/\—-»

Note: Several different types
of FFT results, windows and
sources can be selected from
the “FFT result” menu, shown
here. See Appendix C of the
Operator's Manual for details.
On this screen, "“Power
Spectrum’ has been
selected for characterizing
spectra containing isolated
peaks.

FFT information listed in the
box beneath the grid includes:
Nyquist frequency — the
input signal must have
components of a frequency
fower than that of the Nyquist
in order to avoid aliasing;
Af — the distance in hertz
between the center
frequencies of two
neighboring FFT bins, where

1 .
500 pts — the total number of
FFT poinis,

Measuring Skills

Then press theé;.;m. i 1o select “FFT” from the “Math

Type” menu.

Now press i

The screen will now display:

Tips: To enable any Math function to use more of the
acquired data, press MATH SETUP and sef “for Math use
Math points” to the maximum value — 10 miilion. The
scope will use all of the acquired data. Calculations will be
slower but more accurafe. In this example, the FFT is
performed on all 500 points of acquired data.




Spectrum Analysis

POSITION
b . - =

STEP 11 —J\/\—b Turn to move the trace to the right of the screen and zoom
the lower frequencies.

The screen will then display:

STEP 12 —'\/\—>

to obtain details of the lower frequencies.
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The screen will then display:

Note: The scale in the “Trace
A" frace label at left-of-screen
changes when zooming.
Here, the dual frequencies
are 1 kHz and 3 kHz.

Tips: The frequency span can be made greater by increasing
the number of points acquired. There are several ways of doing
this, but basicly acquired points are muitiplied by increasing
the value in the TIMEBASE “Record up to” menu, or by
selecting a slower timebase while keeping the same sampling

rate.
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Note: Rather than zoom the
FFT directly, it is possible to
zoom on a copy of the FFT on
Trace B (as is shown here), C
orD.

Spectrum Analysis

=

{From top) Squarewave signal, FFT and FFT zoom on Trace C.,




Measuring Skills
B

e

Precision Analysis with Histograms

Software Required

Application Setup

STEP 1 —J\/\—>

L e

The WP03 Waveform Processing package — a
powerful tool for the statistical analysis of
waveform parameters — allows histograms to be
made for any supported parameter, for quick and
precise acquisition information. Here’s how to
use this parameter-distribution-analysis firmware
with histogram to display and calculate signal

jitter distributed across acquisitions.

WPO03 parameter-distribution-analysis firmware with histogram
for LeCroy oscilloscopes.

Connect the signal to be measured — which should show edge
jiter —to CH 2.

Reset: press
simultaneously.

Then press i to turn off Trace 1.
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STEP 2

STEP 3

STEP 4

YN
Y
A

Analysis with Histograms

Ghmenas

COUPLING

T —

Press i, then the corresponding el to select
from the “Coupling” menu the coupling matching the
source’s impedance — 50 Q.

AUTO

Press again.

to select a single period of the signal.

The screen will display:




Measuring Skills

A

Fips: Persistence Mode can be used to show the width
variation, or jitter, of the acquired signal. By pressing
DISPLAY and then the menu button to select “On” from the
“Persistence” menu, the signal can be displayed with edge
jitter in persistence mode, as shown here. Persistence should

then be turned off.

MATH
SETUP

STEP 5 —J\/\—> Press {o access the “ZOOM + MATH menus,

And then press the corresponding L. s for “REDEFINE A”,
and then to select “Yes” from the “use Math?” menu.
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Note: The Average function in
the “Math Type” menu is
selected by default. All
functions that can be set up
with standard and optional
software where installed are
shown in this menu.

STEP 6 -J\/\—>

Analysis with Histograms

The screen will now display:

Press the correspondingx
the “Math Type” menu.

to select “Histogram” from




Note: The Histogram function
records the selected
parameter values and
presents data in a statistical
form. It produces a waveform
consisting of one point for
each histogram bin, where the
value of each point is equal to
the number of parameter
values falling into the
corresponding bin. Analysis of
histogram distributions is
supported by a wide range of
automated sialistical
parameters, and provides
insight into, and quantitative
analysis of, difficutt-to~
measure phenomena.

STEP 7 —/\/\—>

The screen will display:

Press the corresponding menu
SETUP”,

BR

Measuring Skills

for “MORE HIST




Analysis with Histograms

The screen will now display;

for “PARAMETER SETUP”,

STEP 8 —J\/\-—-> Press the corresponding menu i..m




Measuring Skills
SRR

The screen will display:

Notfe: The software installed
in the oscifloscope determines
which sets of parameter
categories are available from
the "Category” menu.
Categorizing the paramefers
simplifies their selection. For
example, those parameters
useful for characterizing
histograms are grouped
under "Statistics” (further
down the menu and not
visible here). And,; and as the
name suggests, the “All"”

catagoty covers all
parameters.

Press the correspondmg S— i
STEP 9 —J\/\—-> to select from the “measure” menu the parameter for whlch

the histogram is to be made — “width” in the example
screen that follows.

o

e \p‘:\

Y.

Then press ; . or turn the lower to select the
channel on which the measurement will be performed —
“2” in this case.

s

e
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Note: A short definition of each
parameter selected is displayed
under the grid.(See the
Operator's Manual for more
delails.)

STEP 10 —/\/\—>

Analysis with Histograms

Tips: Press the menu button for “DELETE ALL TESTS” if preliminary
parameters have been setl up in a previous acquisition, to ensure the
newly chosen parameters form the required set.

A

L 1o turn off CH 2, then < « So that only Trace A, the
hlstogram of the width of the trace acqu:red on CH 2, is displayed.




STEP 11 —-/\/\—->

Me

asuring Skills

R

The screen will display:

Press to go back to the preceding menu, allowing the
histogram to be set up.

Then press thels for “FIND CENTER AND WIDTH”,

As shown on the next screen, the horizontal axis is set to a new scale,
accurately showing the distribution.




Note: The trace label shows
the horizontal scale — here,

5 ns/div, which corresponds to
the width values. If also
displays the vertical scale —
#10/bin, corresponding to the
number of acquisitions for the
same width vaiue. As well, it
shows the percentage of width

values off-screen left and right;

in this example, all width
values are within screen limits,
And, finally, it displays the
number of acquired and
measured parameter values
used fo create the histogram.

Analysis with Histograms

All values displayed in the trace label can be changed as required.
Because Trace A is a function, horizontal and vertical scales and
positions — and thus zoom — can be used for the histogram.
Pressing the RESET button cancels all changes and displays the
ofiginal histogram.
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Measuring Skills

This screen shows a histogram whose horizontal and vertical display
parameters have been adjusted.

Turning the upper ‘menu’ knob will change the number of bins that
classify the different parameter values. When this number is
changed, the new horizontal scale is adjusted and displayed in the
trace label, as shown on the facing page.

R
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Analysis with Histograms

This screen shows the histogram after bin-number adjustment;

Tips: As many as two billion measurements can be included in
a parameter histogram display. This limit is set by pressing the
RETURN bution in order to go back to the “SETUP OF A”
menus. The appropriate menu button or knob is then used to
set the required limit in the “using up t0” menu (see screen
following Step 6).




STEP 12 —/\[\->

Measuring Skills
R

The final steps in this tutorial describe how to select parameters that
characterize the histogram. Many statistical measurements can be
made on the histogram for analysis of the characteristics of seiected
parameters — including the highest value, standard deviation, and
the most common value of the histogram.

CURSORS/
MEASURE

Press :

Then press the ‘w...ds to select “Parameters” from the
top menu, and “Custom” from the “mode” menu, thus
enabling Custom Parameter mode.

The screen will display:




Press

STEP 13 -/\/\—->

the
PARAMETERS.

Analysis with Histograms

carresponding for “CHANGE

The screen will display;

Note: The Custom Parameter
mode aflows up to five
pararnelers to be selected. The
width parameter, set earlfier in
the “Histogram” menu (Step 6),
must be retained on fine “1”in
the "On line” menu, as it has
been used in the calculation of
the histogram. However, the
four other parameters may be
added.

Press L

STEP 14 —/\/\—>

Next, the

menu.

Then L

to select a line other than “1” from the “On line”

menu {to dhange this would lose the histogram datat).

to select “Statistics” from the “Category”

to select Histogram “A” from the “of”’ menu.
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Measuring Skills

The screen will dispiay.

Note: Step 14 may be
repeated, adding four additional
parameters for characterizing
the histogram. A description of
each of these paramelers is
given on-screen under the grid
in accordance with the
parameter selected.

The final screens in this tutorial, which follow, show four different
parameters characterizing the histogram of the width.

A
e




Analysis with Histograms

Tips: All the parameter values can be read on PC with the
optional remote control using the PAVA? query.

Statistics “On" can be performed for all parameters. As shown
on the final screen, four different values are displayed for each
parameter. These are: average, lowest, highest, and sigma —
the last being the standard deviation of the data values from the
mearn values.

Parameters can be applied to a chosen section of the
histogram using the parameter cursors in the measure menu
{see Characterizing a Pulse).







Interpolation = More Information

The Sin(x)/x interpolation — a standard feature of
LeCroy oscilloscopes — powerfully processes
data acquisitions of a few sample points. It places
nine interpolated sample points between each
original data sample. This preserves the identity of
the original raw data, allowing differentiation of

raw from interpolated data points.

Because it must respect the Nyquist limit to avoid
aliasing, it can be used only on signals having
frequency componenis of less than half the

sampling rate — here, a simple sinewave.

Application Setup Signal to acquire on CH 2: 100 MHz sinewave,

AUTO
SETUP

the top

STEP 1 —'\/‘—» Reset: press

simultaneousty.

.. to turn off Trace 1.

e e
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_Measuring Skills

COUPLING o
STEP 2 —/\[\—* Press , then the corresponding .. to select
from the “Coupling” menu the coupling matching the
source’s impedance — 50 Q.
ALTO
STEP 3 —-’\/\-—P Press again.

The screen will display:

Tips: The 100 MHz sinewave is sampled at a rate of 500 MS/s.
Thus each signal period has just five points — at the limit of
obtaining a good representation of the signal.
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Interpolation

STEP 4 —J\/\—>

DISPLAY

Now, press

Tips: With the "DISPLAY SETUP” menus, one can show only
the dots representing those points acquired. This is done by
pressing the menu bution to select Off from the “Dot Join”
menu, as shown here.

The number of points acquired, the time between the points,
and the sampling rate of the acquisition are displayed when the
TIMEBASE SETUP button is pressed. in this example, only 50
points are acquired, with 2 ns between each.




Measuring Skills
SRl S

Points can be made larger and more visible — bolder — by
pressing “More Display Setup” and selecting Bold from the
“Data Points” menu.

The result is seen here:




Interpolation

STEP 5 —/\/\—>

Then press & to select “REDEFINE A”.

The screen will display;

STEP 6

s to select “Yes” in the “use
Math?” menu, and “I’-‘unctmns” from the “Math Type”
menu, which will appear (see page 3-95 for menu details).

STEP 7

TT

Then press the. 46 to select “SinX” in the “Function”

menu, and “2” from the “of”’ menu.




Note: With the Sin{x)/x
interpolation selected, a label
appears under the grid giving
information on the function.
Here, the interpolation will
generate 500 points from the
50 of the original trace. The
sampling rate is 500 MS/s and
the Niyquist Frequency limit
250 MHz. The 100 MHz
sinewave signal contains
components whose frequency
is lower than the Nyquist. The
interpolation Sin{x)/x can be
performed without aliasing.

STEP 8 —'\/\—»

Measuring Skills

The screen will now display:

PLAY

Press

Then press the ...} to select “Dual” from the “Grids” menu (next

screen).

Tips: Two lraces can be displayed in each grid in Dual Display
Mode. The first or upper grid’s traces are described in the two
upper (first and second) trace labels, whilst the two traces
corresponding fo the lower (third and fourth) trace labels are
displayed in the second grid.




Interpolation

On the previous screen, CH 2 is in the second position. The next
frace selected for display will be in the first position and both
traces in the upper grid. To display CH 2 and Trace A each on a
different grid, CH 2's trace label must be placed in the first
position — done by pressing the CH 2 TRACE ON/OFF button
off and on successively. TRACE A will then be placed
automatically in the third position and thus displayed in the
second grid.

to display the interpolation of CH 2.

STEP 9 —-’\/L-> Press .

AR

S
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Measuring Skills

S

The screen will display:

Tips: The Sin{x)/x function is limited to 5000-point traces — a
limit justified by the fact that an interpolation is designed to be
performed on traces of only a few points. In addition, this limit
avoids increasing the time taken for the calculation.

The exception, which needs to be approached a little differently,
is acquisitions performed with a slow timebase. An example of
this would be an acquired sinewave having 10 000 points but
only four points per period. In such a case it is impossible to
increase the number of points. However, the problem is solved
by selecting a zoom of less than 5000 points on which to
perform the Sin{x)Y/x interpolation,




Interpolation

Note: Details of Trace A can
be displayed using the vertical
and the horizontal position
and zoom knobs. In the final
screen shown here, the
timebase of A has been
changed io show a detailed
period of the signal on CH 2.
There are 50 points per
period on the interpolation of
A, giving a better
representation of the acquired
sinewave when compared
with the original CH 2 signal.




Measuring Skills

IR

Testing Against a Telecom Mask

The scope’s capacity to test waveforms against a
defined mask enables telecom measuring of
pulse-shaped signals to CCITT, ANSI and ISDN
standards, without mylar overlays. Mask
measurements, time-consuming with analog
machines, are automatic with LeCroy’s software.
The computed Pass/Fail function offers greater

accuracy with ease in repeating measurements.

Another plus: when a test fails, a TTL pulse
output — just one example — can be used to
drive a separate test device, eliminating the need
for expensive production-testing software. Test
masks are available on memory card or floppy.

And the scope is transformed into a telecom

physical-layer tester.




Required

Application Setup

STEP 1 —J\f\—»

STEP 2

STEP 3

ToT

STEP 4 —’\/‘—-»

Telecom Mask Testing

TC1 Telecom Masks option from LeCroy on floppy or memory card.

Connect the signal to be measured — and tested against the
telecom mask —to CH 2,

Reset: press
simultaneously.

COUPLING

Press then the correspondingle....d to select
from the “Coupling” menu the coupling matching the
source’s impedance — 50 €.

AUTO
SETUP

Press | again,

Having set up the scope, the next step is to call up the telecom mask
to be used for the test. For this example, from the TC1 option we use
the mask CCITT G703 Fig 22 (97 728 kb), stored on floppy.
However, any of the other masks available on floppy or memory card
can be used.

RECALL

Insert the floppy in the sceope’s drive and press

Then press the =

to select “Fipy” in the “from” menu.




The screen will display:

1-Nov-85
18:46: 10

5 ns RIS

STEP 5 -/\/\-—>

8 m¥ AC

¥ s
1. 2 OC 8.236 Y

Press the corresponding menu s for

DRIVE”.

Then turn the upper k
CCITT G703F22.

Next, press the corresponding menu e
RECALL”,

SenE

RECALL W FORM

2 (RE-IRERD
MDRIUE e

insert Floppy
+ push menu

I button shove

10 65/s

AUTo

“{RE-) READ

to select the desired mask —

for “DO




Telecom Mask Testing

The screen will then display:

Note: The message "G703F22 : RECALL ¥’ FORM
recalled from floppy” wilf be L : i
dispiayed af fop-of-screen. The
mask is now siored in the
volatile internal memory M1, as
indicated in the “to” menu.

5 ns
26004

802

G783F24 B84

2 BC 9.236 V¥

to display the recalied mask.
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The screen will display:

Note: A maximum number of 18-Nau-85 Z00M + HATH
points can be selected in the 10145:48 - - . ‘ e
“for Math use” menu by turning - R EE%NE f
the lower menu knob i the : 4= —

SYSTEM SETUP group of

controls. This can be for limiting
the calculation or the amount of
processing memory used or
both. Here the function is
performed simply fo show the
trace slored in M1 and can be
considered as a zoom with a
factor of one. The acquisition is
a 500-point trace and the
default value of “up fo 1000
points” would be sufficient.

Hsen
j

. : 18 65/s
_-_ 'tU AC 2 BC B.236 Y
HC AYTO

STEP 7 —’\/‘—b Press the corresponding menu i is for “REDEFINE A”
and then for “Trace A is ZOOM of” “M1”.

A
Then press L.m :

to turn on Trace A and display the mask.




Note: The following important
information on the mask Is
given in the firace label..
Horizontal: timebase is 1 ns/div.
— the test will be performed
only if the trace to be tested
against the mask has the same
fimebase as the mask; Vertical:
gain is 20% per division —
meaning that each vertical
division is equal to 20% of the
difference between the mean
top value accepted by the mask
and the mask's mean base
value.

18-Hpy-05 SETUP OF 4

- 1P:58:58 ugs Math?—
R ves

Trace § is
Z0eH of

12 ﬁﬁ?'
[H 2 M3 W |

The mean top value accepied by the mask and the mean base value
of the mask are shown, respectively, as the upper and lower
horizontal dotted lines on the screen. The difference between the two
represents five 20% divisions.




Measuring Skills
e R

2 DC B.236 ¥

TIME/DIV

NN

STEP 8 to obtain the same timebase for both trace

and mask and match one to the other,

T

ZOOM

STEP 9 ..J\/\...; Turn ~ig¥ to position the trace so that its mean-top and
mean-base values correspond to those of the mask.




SETUP OF B

r-u5e Hath?

Trace R is
700M pf

O liz34sc0
nil B2 M3 W

18 BS/5
2 Deoe 1oy
0 auvo

CURSORS/

to do the test.

STEP 10 Now, press

T

Then press thel. o select “Parameters”.

STEP 11 —I\/\—> to select “Pass”.

This enables the fest against masks or a parameter value to be
made. This test should begin with “testing” tumed to “Off". Once the
tests are set up, testing can then be turned “On’”.

S
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Note: The fest status is shown
on the first line under the grid.
The number of acquisitions that
passed the test and the total
number tested are given. In this
exampie, 40 of 61 acquisitions
passed the test. Shown at the
end of the same line is the pass
or failure of the current
acquisifion. The lines beneath
indicate what has been tested;
some CH 1 parameters are
tested by defaull. These lines
can be changed by pressing
the appropriate menu button for
“CHANGE TEST
CONDITIONS” (see next step),
whereby the parameter or
mask to be tested can be
specified. Here only one line —
CH 2 against the mask
displayed as trace A — will be
defined. To stop or restart the
test, press the corresponding
menu button to select “On” or
“Off" from the “testing” menu.

STEP 12 —/\/\—>

| Measunng Skills

MERSURE

Std voltage &

Jtd Tlmp

288 my

7!

348 passed of 581 sweeps
Pass if ampl (1) > gy
and sdev(h gy

and rise(h > @s

and fall(p s
1 ns RIS and freg(p > 0 Kz lM&bb&T

18 B5/%

... 2 OC 6.108 ¥
0 AuTe

Tips: The test is performed only on points between the two
vertical cursors. These cursors can be set by turning the upper
and Jower cursor knobs for the left and right cursors,
respectively. The test is applied on all acquired points by
default

Press the corresponding menu e s for “CHANGE TEST

CONDITIONS”, then for “DELETE ALL TESTS”, and then to
select “Mask” from the “Test on” menu.




The screen will display:

Note: The test description 19-Hov-85 = Co CHANGE TEST
appears on the first line, At this - T ' i
stage, the fest is specified as:
*Pass”if all the CH 1 trace
points are inside the mask
stored in Trace D.

206 1y

B passed of 8 suseps  Test Failed
Pasg if all peints(]) inside mask{

i ns RIS
58 6y RAC

[3] Voo 18 6S/s
3
4

50 my AC - 2 D0 oB.100 v
50 nl AC 0 STOPPED

‘ s to select “2” and “A” from the “of” and
“mask” menus. CH 2 and Trace A will be tested.

STEP 13 —’\/‘-—-»

MAL

to run the test.

Now press L
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The screen will now display:

Note: To reset the test, press 19-Nov-95
the CLEAR SWEEPS button. Hrad:3e
Several conditions can be L
specified in testing by pressing
the appropriate menu buttons
- ‘&l points” or “some points”
may be selected from the "True
it menu, and “inside or
“outside” the mask from the
‘are” menu.

724 passed of 856 swe Test passed
points(?) ing yes T

nask
[:?i]i
1 ng RI% -
E

18 65¢s

i 2 DCB.leg v
[ STOPPED

Tips: Whether the fest is a “Pass” or “Fail”, any or all of the
following can be activated by selecting from the “CHANGE
TEST” menus:

»  Stop capturing further signals

» Dump the screen image to a hard-copy unit

» Store selected traces to internal memory, memory card
{optional), or floppy (optional) or hard disk

» Sound a beep

» Emita pulse on the CAL BNC.




Note: To carry out one or more
of these actions, make a
selection from the “IF menu -
to set whether the action or
actions are io be carried out in
the case of a Pass or a Fail —
and then press the appropriate
menu butions to make the
desired selection from the
“Then” and "Stop” menus.

Telecom Mask Testing

R

The final screens in this tutorial display selections from the
“CHANGE TEST" “Action” menus.

16-Ngy-85

R

I

724 passed of 858 sweeps
ints(D inside (3]
22 97728.Kb1T

| 2 DC g.i68 V¥

3-107

CHANGE TEST

1 00 line
123465
g

Bl orLere AL
ACTIONS

Store  ho
Dunp No
Beep No
Pulsé HNo

18 65/s

{3 STOPPED
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Note: With “fee 7 19-Ny-4 CHANBE TEST
selected, if the test is a Pass =LiuRt e — 0 | ine——m
then Trace 2 will be stored to ﬁ 23 4n !
floppy. e

208y

724 passed pf 858 sweeps
Pass if 31l points(d) inside
CCITT 6. Y83-Fig-22-- 97728 kbit

1 ns RIS
If PASS: Stare(@->Fipy)
18 B5/%

i Z 0. 180 Y

& STOPPED




Storing to Removable Hard Disk

Hardware Required

Application Setup

Your scope offers many options for automatic
storage of acquisition traces to mass storage
media, including floppy and memory card in the
scope’s front-panel drives. Another is the portable
PC Card hard disk drive (HDD)', a fast, removable,
compact storage medium for saving and
retrieving waveforms and instrument settings. Its
adapter is located at the rear of the scope. Used
together with the LC’s Auto-Store function, it

stores automatically after each acquisition.

HDO1 Type Il Hard Disk Adapter option (available for ail LeCroy
oscilloscopes).

Connect the waveform to be stored on CH 2.

Insert the PC Card HDD in the adapter located at the rear of the
scope.

Perform this acquisition after carrying out any of the
measurements in this section of the guide. An example signal is
provided.

"The PC Card hard disk drive is fully compatible with the
computer industry’s PCMCIA and JEIDA standards.
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STEP 1 .—l\/\_.> Press .. to complete the acquisition to be stored on the
hard disk drive.

The screen will display:




PC Card Hard Disk Drive (HDD)

The screen will now display:

Note: The frace stored is
generally CH 1 by default,
along with target M1, a volatile
internal memory. Depending on
which mass-storage option or
options are installed in the
scope, the final box in the on-
screen menu column will list a
variety of waveform sforage
media. Here the menu offers
“Card” (PC Card memory card
option MCO1), “Flpy”, and
*HDD” (PC Card Hard Disk
Drive HDO1). After selection of
the particular storage medium,
the procedure described in
Steps 3—5 is the same for all.

T,

or turn the upper <. to select “2” from

STEP 3 -—’\/\-—> Press the .

the “store” menu

or the lower “wd’ to select “HDD”

Then use the w
from the “{o” menu,
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The screen will then digplay:

Note: When “HDD" is sefected,
a variety of new menu items
appear. They are: the Iotal size
of the inserted PC Card hard
disk drive — in this case, 128
511 kB; the amount of space
free on the hard disk drive —
here, 127 194 kB; the name of
the HDD directory in which the
files will be stored — shown is
the default file
LECROY_1.DIR’, created by
the scope when a file is stored:
and the Auto-store menu,
whose description concludes
this tutorial. Each time a frace is
stored, the “Free” value is
updated. The scope has a pre-
defined naming convention for
the eight-character file names.
For manually stored waveform
files, the format is Stt.nnn —
where ‘it defines the trace
name of C1, C2, C3, C4, TA,
T8, TC, TD, and “nnn” denoles
an automatically assigned,
three-digit decimal sequence
number starting at 001.

STEP 4 -—’\/\—D Press the corresponding menu b for “DO STORE” to
store the acquired signal on the hard disk drive,

A message confirming that this has been achieved — such as: “2
stored to SC2.001 on LECROY_1.DIR of HDD® — will be
displayed at the top of the screen,




Auto-Store

STEP 5 -—'\/‘—»

Note: In Auto-Store mode, the
word “RECORDING” is
displayed under the grid. If
“FILL” is selected and default
names are used, the first
waveform stored will be
Axx.001, the second Axx.002,
and so on, until the medium is
full, the file number reaches
9899, or more than 2040 files are
stored in the current working
directory. If WRAP” is selected,
the oldest autostored waveform
files will be deleted whenever
the medium becomes fufl.
Rernaining ffes are then
renamed — the oldest group of
fites becoming Axx.001, the
second oldest “Axx.002", and

S0 0.

PC Card Hard Disk Drive (HDD)

R

When Auto-Store is selected, the waveform is stored
automatically after each acquisition. Two varieties of Auto-Store
are available:

“Fill”, which stores the acquired waveform until the storage
medium (PC Card hard disk drive, floppy or memory card) is
completely full; and

“Wrap”, which stores continuously to the chosen medium, whiie
overwriting the oldest autostored files in a ‘first in-first out’
fashion.

Press the corresponding menu . wcum] to choose — for this
example — “Wrap” from the “Auto-Store” menu,

The screen will display:

S s
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Calculating on Long Waveforms

Hardware Required

Application Setup

Your scope either already is or can be fitted with
long-memory hardware that provides maximum
processing power, upgrading to 64 megabytes (MB)
the RAM (Random Access Memory) of scopes
possessing 16 MB of standard or boosted
processing RAM .

This tutorial shows how the 64 MB processing
memory can be used to handle longer FFTs as well

as multiple long-waveform zoom, math and storage.

A LeCroy color digital oscilloscope with 64 MB of memory, fitted
either as standard or as an option, depending on the model.

Connect the signal to be measured to CH 2 and adjust the
timebase to give a waveform of one million points. The signal to
be acquired here is an example two-million-point acquisition, but
acquisitions of up to eight million can be made, depending on the
scope model,

" Around 1.5 MB RAM is used by the operating system, with the
remainder normally available for waveform storage, zoom,
advanced math and FFT.




STEP 1 —J\/\—»
STEP 2 -'\/‘—»
STEP 3 —/\/\»
STEP 4 —/\/\-—»

Long Waveforms

AJTO
SETUP

Resel: press
simultaneously,

Then press...

COUPLING

Press , then the corresponding il to sefect
from the “Coupting” menu the coupling matching the
source’s impedance — 50 €.

AUTG
SETUP

Press

again.

1o stop the acquisition.

SETUP
TIMEBASE

Then

At the top of the column of TIMEBASE menus on the next screen, is
shown the number of points acquired - 10 000 samples for this
example, Af the same time, the "Record up to” menu, at the base of
the column, shows the acquired sample limit set by the user —
50 000 in this case.

ek s
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%
Coo0
STEP 5 "J\/\'-> Turn the lower ‘menu'vz'ﬁﬁ so that the “Record up to”

number of samples is set to at least “1M” points — for this
example it is set to “2M",

TIME/DIV

.

: in order to siow down the iimebase, and
obtain more time per division, until the number of acquired
points displayed is the same as in this example — “2M” points.

Press
acquisition.

to perform a single two-million-point

e
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Note: With the long acquisition
memory, the maximum
sampling rate {here, 500 MS/s)
and thus the scope’s full
bandwidth is maintained at
many more limebase setlings
than are possible with short-
memory scopes. Particular
advantages include:

— greater waveform detail

— high zoom factor

— profection against aliasing —
improved time resolution:

— wider frequency spectrum.,
(See the LeCroy Application
Note IT} 008 for details).

STEP 6 —V\-»

Long Waveforms

The screen will now display:

The next step illustrates just how practical is 64 MB memory
processing -—— zooms or functions can be acquired on all two million
points of the trace acquired in the preceding steps.

SPLAY

, and then the e

Press to select “Quad” from

the “Grids” menu.




Measu

The screen will display:

Nofe: Functions or zooms can
be selected on any channel or
trace. The scope alfows display
of four different traces in as
many grids, while preserving
eight-bit resolution.

The grid now has only eight
divisions because the caplure
of two miflion points with a
sampling rafe of 500 MS/s
gives a window fime
acquisition of 4 ms. The sole
possibility of displaying a

4 ms acquisition is fo use
eight divisions with a
timebase of 0.5 ms/div.

MATH

SETUP
STEP 7 —’\/‘—» Press o

RN
Then turn the lower ‘menu’ (aﬁ to select 10 M points
{“max points 10000000”) in the “for Math use” menu.




Long Waveforms

The screen will then display:

Note: The limit in the nurmber of
points must be equal to or
higher than the actual number
set in order o ensure
performance of the function on
all acquired points. This limit
applies fo all set functions or
zooms, of which some may be
set fo reduce the number of
points implied where
processing memory size
fimitations apply — certainly not
the case when the 64 MB
option is installed!

1 for “REDEFINE B”.

STEP 8 —’\/\—P Press the corresponding menu ]

AT

AR
;v- i
Turn the lower ‘menu’ & to select “27.
A

to turn on Trace A.




Note: With Step 8 Trace A will
be displayed as the zoom (‘use
Math?” “No") of CH 2, indicated
with the botiom menu i the
SETUP OF A" menu column.

STEP 9 —-/\/\—>

Measuring Skills
%&*‘* ém‘ S

The screen will display:

,and & to select

the or:gana! sugnai selectlon the timebase (honzontal zoom)
and the amplitude (vertucal zoom). This will enable the
selection of a portion of the original signal and expansion of
that portion vertically or horizontally.




Note: The selected section is
shown on the original trace as
reinforced video. The RESET
button cancels all the zoom
changes and redisplays the
original trace

Lon Waveforms

The screen will then display a zoom (100 times) of CH 2 that
indicates a zone of interest, as shown here:

Tips: To check how much memory is being used and how
much is still available, press the SHOW STATUS butfon, then
press the corresponding menu butfon until “Memory Used” is
selected, as shown on the next screen. The “Memory used for
storage of records” readout al top-lefi-of-screen details the
amount of memory taken up, the amount free and the total of
memory.

When the performance of a function requires more processing
memory than available, the message insufficient data memory
{see show status) appears.
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$TATUS

fsition
sten
] B48  hytag | Text & Times
Frioe i bytes WaveFors
Total 65 561 856  bytes Morory Usedff

1 empty
M2 enpty
H3 empty

M4 empty

To Free some memory, yod can

. clear Henory wadveforns

- reduce the number of poimls used For Hath (MATH SETUP

. reduce the number of sampies in the Recond (TIMERASE SETUR) e e e
. turn ofF trades or paraneters SB8 M8/

0 STOPPED

MATH
SETUP

STEP 10 —/\/\-n» Press

Then press the.:

for “REDEFINE B”.

Next, press theil.. 1 to setect “Yes” from the “use Math?”

menil.

And turn the lowere‘" to select CH 2, on which the trace is
acquired.
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Note: A variety of selections
can be made from the "Math
Type” menu, including:
Standard — summed
averaging up to 1000 sweeps,
arithmetic operations {add,
subtract, multiply, divide,
negate, identity}, and the

(sin (x)/x} interpolation function;
WPO1 — summed averaging
up to one miflion sweeps,
continuous averaging up 1o
1024 sweeps, reciprocal,
rescale, absolute value,
derivative, infegral, logarithm
{e) and Logarithm (10),
exponential (e} and exponential
{10), square, square root;
Enhanced Resolution —
digital filtering allowing
0.5-3-bit vertical resolution
improvement; WP02 —
frequency domain analysis
(FFT and FFT power
averaging), as well as rescale
in both the time and frequency
domains; and with WP03
installed — histogram function
for over 40 different parameters
and 18 histogram parameters.

STEP 11 —/\/\—->

Long Waveforms

The screen will now display

Each of the functions noted here uses processing memory
according o the algorithm applied. An FFT — for example —
consumes up to ten times the size of the original acquired
signal. Thus, for a two-million-point trace, the minimum
processing memory required would be 20 MB.

Press either of the correspending Lm s to select a
function for Trace B - FFT, for exampie, Trace
B=PSFFT(2). The trace must be displayed for the
calculation to be performed...

.4 to turn on Trace B.
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The screen will display:

Note: On fong fraces, it can
fake several minutes to
calculate the data of functions
such as FFT. The information
“B :Math” is displayed at the
base of the screen while the
scope is calculating the function
that is to be displayed and
stored in the memory.

Tips: Again, in order to check how much memory is being
used and how much is still available, press the SHOW
STATUS button, then press the corresponding menu button
until “Memory Used” is selected.

STEP 12 —J\/\—b Same as for Step 11, but this time:

Press the menul.......ls to select a function for Traces C
and D, then for selecting different functions on Trace 2 and
displaying the result.

T ——
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Long Waveforms

Tips: Four traces can be displayed simultaneously, as shown
on the screen below. The original signal need not be displayed
for calcuiations o be performed on it. And four functions can
be performed on either of the originally acquired traces at the

same time.
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Note: In this final example, 19-Map-97
16:41:3

four functions performed on
CH 2 are displayed. However,
CH 2 itself is not displayed. 900 855 bytes
The "Memory Used” display D 618 bites
detalls the processing 5 560 bytes
memory used in performing
all the calculations.

H3 empty

M4 empty

Free some mempry, you <an
" Memory wave 15
the number of points used For Math (HATH SETUP)
. reduce the number of sampl in the Record (TIMEBASE SETUPM) con e
. turn off traces or paremeters 568 M5y

[l STOPPED
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Capturing Glitches

SMART Glitch-Capturing

Application Setup

STEP 1

STEP 2

A

WY

Finding and capturing elusive glitches - faster-
than-normal transitions or shorter-than-normal
pulses in a signal - is simple with the Glitch
SMART trigger. Signal source, coupling, level,
width and pulse can be specified for the glitch
search. The range of applications is vast,
including digital and analog elecironic
development, telecommunications, automated
testing equipment (ATE), electromagnetic

interference (EMI), and magnetic media studies.

Connect the signal to be measured — here, for example, a 500
kHz sinewave with glitch —to CH 2,

AUTO

Reset: press
simultaneously.

Then press ... to turn off Trace 1.

COUPLING

, then the corresponding to select

from the “Coupling” menu the coupling matching the
source’s impedance — 50 (.
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STEP 3 -—’\[‘—»

The screen will display:

This screen shows a normal
500 kHz sinewave, Observing
the signal during several
acquisitions would reveal the
occasional glitch. The goal of
this measurement is to caich
this event by setling a trigger
adapted to it.

STEP 4 -—I\/\—>




Note: “Edge” — for Edge
Trigger — is selected by
default. This trigger is
described by source and
coupling (see following list),
as well as slope and level
condition — the same
parameters used to build up
the SMART Trigger.

Trigger Source

Capturing Glitches

The screen will then display:

The trigger source may be;

» The acquisition channel signal (CH 1, CH 2, CH 3 or CH 4)
conditioned for the overall voliage gain, coupling, and
bandwidth.

# The line voltage that powers the oscilioscope (LINE). This
can be used to provide a stable display of signals
synchronous with the power line. Coupling and level are not
relevant for this selection.

» The signal applied to the EXT BNC connector (EXT). This
can be used fo trigger the oscilloscope within a range of
+ 0.5V on EXT and £ 5V with EXT/10 as the trigger source.
Or, on the LC564 AND LC584 SERIFS, + 1.2V for EXT and
+ 6V with EXT/5 as trigger source.




Coupling

STEP 5 —/\/\-—)»

Measuring Skills

Coupling refers to the type of signal coupling at the input to the
trigger circuit. The trigger coupling can be selected independentty
from the following options:

> DC: All the signal's frequency components are coupled to the
trigger circuit for high-frequency bursis or where the use of AC
coupling would shift the effective trigger level.

» AC: The signal is capacitively coupled, DC levels are rejected
and frequencies below 50 Hz attenuated (< 10 Hz for the LC564
AND LC584 SERIES).

» LF REJ: The signal is coupled via a capacitive high-pass filter
network, DC is rejected and signal frequencies below 50 kHz are
attenuated (< 100 MHz for the LC564 AND LC584 SERIES). For
stable triggering on medium- to high-frequency signals.

» HF REJ: Signals are DC-coupled to the trigger circuit and a low-
pass filter network attenuates frequencies above 50 kHz. For
triggering on low frequencies.

» HF: To be used only when necessary for triggering on high-
frequency repetitive signals > 300 MHz, with a maximum trigger
frequency of >500MHz (> 1 GHz for the LC564 AND LC584
SERIES). HF is automatically overridden and set to AC when
incompatible with other trigger characteristics (and SMART
triggers). Only one slope available.

Press the corresponding menu (...
screen will display as shown next page:

to select “SMART”. The




Note: The Glitch SMART
Trigger is the particular varisty
selected by default. It will be
used here, but pressing the
menu bution for *SETUP
SMART TRIGGER" wifl show
the other types of SMART
Trigger available.

Source and coupling were sef
in the preceding steps. The
sfope can now be selected —
“Neg’ (negative} or "Pos”
(positive). The icon displayed
under the grid represents and
describes the trigger selup.

Capturing Glitches

The next step is to set the trigger fo capture the glitch on the current
signal.

Here, the glitth's width is lower than the signal’'s. Thus the trigger
needs o be set to a smaller width than that of the signal, whose own
width depends on the DC trigger level. If that level is set at the middle
of the sinewave, the width can be considered as the half period.
However, if the level is higher, the signal’s width has to be considered
as being less than the half-period. Two microseconds is the period for
our example sinewave. The DC trigger level is sef, not at the middle
of the sinewave, but where its width is about 800 ns.

Therefore, the Glitch SMART trigger ought to be on CH 2 at end of
“Neg" pulse with a width of < 800 ns.
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Note: ‘width<" can be also used
in combination with “width>".
The two width limits are
combined to select glitches
within a window,

low value<signal width<high
values, or the two limits can be
combined fo trigger only on
signals oulside a window (see
Capturing Rare Phenomena).

Measuring Skills
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Press the corresponding menu w -5
“width<” menu.

to select “On” from the

Then turn the upperi' :
800 ns.

to adjust the value in that menu to

The screen will display:




Nofte: As shown on the screen
this page, the scope always
triggers on the glitch that
affects the sinewave.

Capturing Glitches

e

The screen will display:

Tips In order to be sure the scope captures the glitch, the
trigger level has to be matched to the level al which the
glitch appears.

in setting the Glitch trigger, it is helpful to first identify the glitch
shape. Use Persistence (see 3-D Viewing with Persistence), as
in the final screen.
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Rare Phenomena

Capturing Rare Phenomena

Application Setup

STEP 1

STEP 2

A\

Y.

LeCroy’'s SMART Trigger types are good at

capturing rare phenomena (see the Operator’s

Manual). The Exclusion Trigger does this by

triggering on all events different from the
expected waveform — such as glitches and
intermittent out-of-tolerance waveforms. In this
way, the oscilloscope itself contributes to
increased knowledge of exceptional waveforms,

leading to their complete description. Here’s how.

Connect to CH 2 a waveform whose multiple gliiches, because
of their low duty cycle, do not show up when the Edge Trigger
or Persistence display is used.

AUTO

Resetl: press
simultaneously.

the top

Then press . to turn off Trace 1.

COUPLING

Press , then the corresponding ...l to select
from the “Coupling” menu the coupling matching the
source's impedance — 50 €.




Mea

AUTO
SETUP

again to display:

STEP 3 -—J\/\—-b Press

STEP 4 —/\/\-»




Note: ‘e " — for Edge
Trigger — is selected by
defauft. This trigger is
described by source and
coupling, as well as slope,
and level condition: the same
parameters used to build up
the SMART Trigger.

R

The screen will now display:

e
3-137
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to select “SMART”.




Note: The Glitch SMART
Trigger is the trigger selected
by defaull. It will be used here,
but pressing the menu button
for “SETUP SMART
TRIGGER” will show the other
types available. Both the Glitch
and Interval Triggers include
minimurm and maximum iming
limits, normally used to trigger
on waveforms fafling within
those limits. The Exclusion
Trigger uses these maximum
and minimum limits fo exclude
tiggering on certain
waveforms. This allows the
scope to avoid the deadtime
inherent in triggering on ‘normal’
signals. While in Exclusion
Trigger mode, the scope
remains ready to trigger on
abnormally shaped signals.

STEP 6 —/\/\—>

Is

The screen will then display:

3 §

The next step and its various stages set up the Glitch SMART Trigger
to eliminate nominal pulses having a width of 50 ns (one division).
Thus only those waveforms that do not have pulse widths of 50 ns will
trigger the oscilloscope.

Press the ... to select “2” from the “trigger on” menu, and
Trace 2 as source trigger, adjusting the trigger level to one
division from the top of the pulse.

Press the ... to select “Pos” from the “at end of” menu (in
this case the puises are positive).

And the ...

to select “On” from the “width <” menu,

to set the “width <” value to

Then turn the upper menu
47.5 ns.




STEP 7 —J\/\-—>

Rare Phenomena

The screen will now display:

Next, press the corresponding menu .-
“On” from the “width >” menu.

e

to select

ﬁ/.
£

And turn the lower menu < to set this value to 52.5 ns.
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The screen will then display:

Note how the icon describing
the current trigger setup,
shown under the grid, is
updated,
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The screen will display:

Tips: Persistence Mode can be used fo show a history of the
excepiional pulse acquisitions, set by pressing DISPLAY and
then the menu bution to select “On” from the ‘“Persistence”
menu — as shown on the next screen (see aiso 3-D Viewing

with Persistence, page 3-31).
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Tips: A further enhancement is obtained by combining the
Exclusion Trigger with buili-in Pass/Fail testing. The trigger
speeds the acquisition of exceptional pulses, while the mask
testing verifies the waveshape. Storing the waveform or
printing the screen display can individually document each
exceptional pulse.




Waveform parameter statistics displayed under the grid
provide additional information about the key waveform
paramelers for these exceptional pulses — as shown on the
final screen, below. For instance, the parameter “width” shows
the pulse width varying from 6.5 ns o 75.0 ns. Using this new
information, the trigger setup can be changed to concentrate
on acquiring pulses with specific characteristics.
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Triggering on Lost Signals

Application Setup

A\
A\

STEP 1

STEP 2

Another SMART function of LeCroy oscilloscopes is
the Dropout Trigger. This trigger event is generated
to make an acquisition whenever a signal becomes
inactive for a selected time at the end of the timeout
period, foliowing the final trigger-source transition.
ideal for detecting interruptions in data streams
(network hang-ups, microprocessor crashes and
others), the Dropout Trigger is typically used to look

for the ‘last normal’ interval in a lost signal.

Connect the signal to be measured — a 1 kMz squarewave — to
CH 1.

Reset: press
simultaneously.
2 e,

Then press o ...

the top

to turn off Trace 2.

COUPLING

Press , then the corresponding Lm to select
from the “Coupling” menu the coupling matching the
source’s impedance — 50 ().

T
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STEP 3 —/\/\—>

Note: This screen shows the 9-Feb-95 ' NEL 1
1 kHz repetifive squarewave : : Lol ng——
before the signal disappears. " 0C564)

; ) Grounded
188 sy DCiHE
s TR Graunded
. ACLHR

18 #s/s
1 DC 252m¥

AT

The following steps set the trigger o capture only the ‘last normal’
period of the signal and transient signal.

SETUP

TRIGGER
STEP 4 —J\/\—* Press




Measurm‘g Sk:!ls

The screen will then display:

Note: “e " — for Edge
Trigger — is selected by
default. This frigger Is
described by source and
coupling, as well as slope,
and fevel condition — the
same paramelers used fo
buitd up the SMART Trigger.

18 MS/s
1 DC 252av

1 AT

STEP 5 —/ V > Press the corresponding menu . o

s to select “SMART”

from the top menu, then for “SETUP SMART TRIGGER",
and then “Dropout” from the “type” menu.




Note: The Dropout Trigger is
used essentially for single-shot
applications — usually with a
pre-trigger delay. By defaulf,
the fimeout is 25 ns.

STEP 6 —J\/\-—>

SMART TRIGBER

~type
Interval l
T
Qualified
i

94 "L

timeput, if
NG edge
[OGCUrS Of

—ith slope
Positivel
Negative

of previpus
edge

18 MS/g

AuTo

to activate the trigger.

Tips: The Dropout Trigger must be set (in descending order} on
the SMART TRIGGER menus as follows:

Trigger after timeout, if NO edge
within (timeout)
of previous edge.

In order to capture the squarewave when it disappears, the
timeout must be longer than the signal period. There is no
triggering when the repetitive signal is active, because two
successive edges occur in a single period — 1 ms in this
example.
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STEP 7 —J\/\—> Turn the upper ‘menu I.

to set the timeout. For this

example, the timeout must be greater than 1 ms,
DELAY

Now turn “d to set the trigger point to just left of mid-
screen and allow the display of the signal’s ‘last normal’
period.

The screen will now display:

Note: As shown here, the by SHORT TRIGGER
i H . —tiyne

scope will no fonger trigger iI- . te?ial

until after the signal -5 mg

disappears 190 w7

ager after
timeout, iF
NG edge

1.'.' 1——-m1th1n

1.98 ms
{timenut

16 ¥S/s
. 1 DL 252my )
e WALT 1.08 my I3 NORMAL




Lost Signals (Dropout Trigger)

i

Once the signal has disappeared, the acquisition is performed. The
last screen displays the ‘last normal’ period and the transient signal,

SHART TRIGGER

~type
Interval L

HG edge

'-.. i r : T
. E

&egatlbe

i Py e P —
I
. (timeout)

of previous
edge

50
Y 10
Ac UL 1 DC 252w

WATT 1.69 mo O NORMAL




Transfer to PC of real acquired waveform data is
clearly practical when calculating or storing data
using common spreadsheet or math software.
Here’s how to do this in three ways, using GPIB,
floppy or RS232 communication port.

The scope can directly store to floppy in the ASCIi
format traces of up to 50000 points; larger

waveforms can be stored to removable hard disk

or PC memory card (see the Operatoir’s

Manual). However, for the larger traces, a

conversion from the LeCroy binary format to
ASCH’ will be needed. How to do this is also

explained here (page 3—157).

" The scope stores data in LeCroy's binary format, conversion of
which to ASCII creates an output file requiring 10-20 times the disk
space of the original LeCroy binary file. A one-megabyte record will
typically take up 13-15 MB stored in ASCIL. And waveforms stored in
ASCIl cannot then be recalled back into the scope.




Data to PC

Transfer by GPIB

Hardware Required

Software Required

Application Setup

STEP 1 —/\/\-—>

Wherever the E icon is shown, the action
concerned is to be performed on the PC. All other

actions relate to the oscilloscope controls.

PC equipped with GPIB (General Purpose Interface Bus) card.

gtalk.exe and gtbat software — free from LeCroy (Contact your
nearest sales office).

Connect the signal to be acquired to CH 1.

Press

.| for “GPIB/RS232 Setup”.

to select “GPIB”, if not already selected

{normally by default), from the “Remote” menu.




The screen will display:

RS232
Note: The scope’s address ’ . o {grrrm
GPIB must be “4”. This allows SIE Reoss

rermote control by GPIB
cormmands (see the Remote
Control Manual).

Ik average (1),

i .5 msg
lg@my

898 sups

EAufo-read
{Alt D) must also be disabled in 5
GTALK _'; AUTo

k. Now, with the acquisition performed...
Type in the command “gt” at the DOS prompt.

This will run the GTALK program on the PC.




STEP 2

STEP 3

TT T

STEP 4

Note: The PC window will
display the number of bytes
transferred. By defaulf, each
point is defined by a word (two
bytes). Added to the total of
transferred bytes are those of
the descriptor, which gives all
the oscifioscope selup details.

STEP 5 —J\/\-—>

EType in the command “C1:WF?” (for the complete fist of
WAVEFORM command descriptions, see the Remote Control
Manual).

L Press Alt F to select the output linking the PC fo the scope.

k Give the output file a name.

“‘GTALK" PC program window
HPress Alt X to exit.

B Tips To transfer data direct in ASCI, instead of Step 2
above, type the command “C1:INSP? ‘Data_array_1'". The
file will take up 10-20 times the disk space of a binary file.
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Transfer to Floppy

STORE

Name.000 or .001 or .002 — given by the oscilloscope).

Press thels
display:

STEP 2

STEP 1 —’\/\—b Press to store data in a source file (format

. 2-0ct-95 STORE W’ FORMS
Note: A message will appear  |[JERRe I . DTORE WFORKS

at the top of the scope screen | E——
announcing the successful 28 ns
storage of the data and giving i-m W
the name of the file on which mmm—
the data is stored on the - - " tore—,

floppy.

Wrap Fill |

26 ns

il: Average (1>
288 i 1

——1080 sups:

H3 He
Fip i

508 HS/s

3 AutG

Press the .. for “DO STORE".

STEP 3

STEP 4 complete the transfer.

A Eject the floppy from the scope and place it in the PC to
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Data to PC

Transfer by RS232

Hardware Required

Software Required

Application Setup

Note: Check that the
scope’s R5232 setup
and connections (see
Remote Control
Manual). PC default
values are valid,

PC with RS232 communication port.

LCRS232.exe — free from LeCroy (Contact your nearest sales
office).

Connect the signal to be acquired to CH 1.

Press then press the respective eills for
“GPIB/RS232 Setup” and to select “RS232” from the
“Remota" menu.

The screen will display:

11-Dec-85 GPIB & RS232
15:82:46 . - .

.5 oms

280w

f: average (D
.5 ms
200 mi
368 1260
568 sups 2400 48¢
Sl 19260
]
BPIB Device
Talk Only

16 MS/s
2 DC -8.020 ¥

AUTOo
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EType “LCRS232.exe” in response to the DOS prompt to run
the program LCRS232,

This program allows remote control of the oscilloscope by typing in
commands (see Remote Conirol Manual for the full command list) in
respanse o prompts such as “Your Choice "

= Type in “Your Choice : §” — to store a waveform,

Using — for example — /sis as a file name:

EHType in “Filename : Isis” — to name the stored binary data file.

STEP 3 —’\[\—> HType in “Channel : C1” — if the waveform is on CH 1.

EPress Alt X to exit.

RS-232 nine-pin communication cabling for PC.

NOT CONNECTED 1

1

2 2
3 e 3
4 4
=
8 6
7 7
e
9 9

NOT CONNECTED
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Data to PC

Converting Binary to ASCII

Hardware required

Software required

STEP 1 —-’\/\-—»

STEP 2 —-’\/‘—-»

R

PC

Wavetran.exe and 93xx.tpl softiware — free from LeCroy (Contact
your nearest sales office).

To run the Wavetran program, converting binary data from an
oscilloscope binary source file named /sis to a PC ASCH output file
named — for example — Osiris;

EType “Wavetran -oOsiris Isis” (“Wavetran -oOuiputfilename
Sourcefilename’) at the DOS prompt.

The binary-format file from the oscilloscope can now be read in ASCH
by cormmon PC software programs.

LIQOpen the file converted to ASCH! with the application of choice.

K Tips: Help for Wavetran is available by typing “Wavetran”,
Conversion of data from fthe LeCroy binary format to ASCIH
format creates an output file that requires 10-20 times the disk
space of the original LeCroy binary file. A one-megabyte record
will typically take up 13-15 MB when stored in ASCIl. Program
Wavetran may run for some minutes when executed for long
waveforms of several kB.
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Transferring Images to PC

The images are TIFFs (Tagged Image File Format)
and BMPs (Bitmaps) that replicate what is shown

on the oscilloscope screen.

It’s extremely handy to transfer them to PC so that

they can be incorporated into work done using

common PC software — a report, for example.

The following tutorial shows how to do this with
TIFF, condensed TIFF or BMP images, by means
of GPIB (General Purpose Interface Bus), floppy

or R§232 communication port.

Transfer by GPIB

Hardware Required Persenal computer equipped with GPIB card.

Software Required gtalk.exe and gt.bat software — free from LeCroy.




Images to PC

Application Setup The screen to be saved having already been set up...

Press

Then press the corresponding ...

UTILITIES

s: first, for “Hardcopy

Setup”; second, to select “GPIB” from the “oufput to” menu;
and third, to select from “TIFF”, “TIFF compr.” (compressed
TIFF) and “BMP” in the “protocol” menu.

Select ““TIFF”. The screen will display.

5 ms

188w

':Hveragef]1

1880 cSups

Press .

HARBCOPY
-gutput to—
Flpy

HP 7470

HP 7550
TIFF]

TIFF compr.
BHP

16 MS/s
1 OC 174my
RUTO
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Then — as described in the directions for data transfer in the
previous chapter...

o
Press the - —ais for “GPIB/RS232 Setup”, and to select
“GPIB”, if not already selected (normally by defauit), from the
“Hemote” menu.

The screen will display:

Note: The scope’s GPIB & RS23:
address GPIB must 1236124 S g Resinte—
be “4”. This allows i ' L Rer
remote control by
GPIB (see Remote
Control Manual).

Auto-read (Alt D) B N [y s %—

gdd  even
- Stop bits
?

must also be
disabled.

{): average 1}
i .5 oms

186 Y

—1088 sups - ) 2488, 4500
ERER 1920e

CAddress?

P ———
GPIR Devices

18 #5/s
1 BC i174my
RUTO

STEP 1 —"\/‘-—b ElWith the acquisition performed: Type “gt” at the DOS prompt. This will
run the GTALK program on the PC.
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STEP 2

STEP 3

STEP 4

STEP 5

TTT T

Note: If the size of the TIFF is
not exactly 308 949 bytes, the
file will be corrupted. The
GPIB setup will then need to
be verified and the transfer
redone,

STEP 6 —/\/\—>

Images to PC

LIPress Alt L to contrel the scope in Local Mode, which allows
a screen dump with a selected menu, but without the message
“Go to Local”.

L Type the command “SCDP”

EPress Alt F to select the output linking the PC to the scope.

HGive a name to the screen dump file.

“GTALK” PC window
EPress Alt X to exit.
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Transfer to Floppy

Application Setup The screen to be saved having already been set up...
UTILITIES

Press , then the corresponding s: first, for
“Hardcopy Setup”, second, to seiect “Flpy” from the “output
to” menu; and third, to select a file format — “TIFF”, “TIFF
compr.” or “BMP” — from the “protocol” menu.

The screen will display:

HARGCOPY

utput to
int. Printer
Card

; Average i | wp 7470
F'S“ﬁisg‘f“) | HP 7558
T IFF]
168 my
i TLFF conpr.
w1000 SWPS L

16 WS/

1 BC 174m¥

AUTo




images to PC

Transfer to Floppy (cont.) Once the screen image to be transferred is ready...

SCREEN

Press
{format: Name.000 or .001 or .002, given by the oscilloscope).

STEP 2 —l\/\—> Eject the fioppy from the scope and piace it in the PC, The TIFF

or BMP can now be directly imported into files run on common
software that recognizes its file format.

STEP 1 to store data in a source file on the floppy




Transfer by RS232

Hardware Required PC with R8232 communication port.
Software Required LCRS232.exe — free from LeCroy (Contact your nearest sales
office).
Application Setup Capture signal for transfer on CH 1.
MILIGES

Press , then the L...lls: first, for “Hardcopy Setup”;
second, to select “R8232” from the “output {o” menu; and
third to select a file format — “TIFF”, “TIFF compr.” or
“BWP” — from the “protocoi” menu.

Again press 4, then the L.mm s for “GPIB/RS232
Setup” and “RS232" from the “Remote” menu, to display:

Note: To save the e GPTB 8 RS232
image of a complete : ° i S B
acquisition, first
press STOP or
SINGLE.

flueragel))
.5 ms
180 nY
-1 800 Swps
1|
GPIB Device
Talk Orily

18 HS/s

RUTO




Y

STEP 1

Note: Check the scope’s
RS232 setup and connections
(see Remoie Control Manual},
and that PC default values are
valid.

STEP 2

STEP 3

STEP 4

STEP S5

TTrT

HType “LCRS232.exe” in response to the DOS prompt to run
the program LCRS232. This program allows remote control of the
oscilloscope by typing in commands (see Remote Control Manual for
the full command list} in response to prompts such as “Comment :”.

12
i g O3y I3} ¢
Dava Bite ©R.8 [B1
Papity Mo, 0dd, Beend EKI : B

Initdalise B0 ..ovvnannns

Connected fo ¢ LECROY.9374L, 937401067, 86 4.8

£ - Store Wavefowm
E - Recall ¥aveforn
i L - et D50 Lecal
il " g
. P - 5%
i ~ Recall Pamel
i 4 - Conmand/Guery
F - Guery to file
f - Copy £ile to printer
E - Exit Progvam

Your Choice

Hour Chaice

“LCRS232" program window
EType in “Your choice : D” — to send the image file to the PC.

EType in “Comment : “text” — if a comment is desired to be
placed on the TIFF image, above the grid. A name or title could be
inserted, such as "Comment : For Isis Report”,

=Again, using Isis as an example name: Type in “Filename : Isis”
-— to name the stored TIFF file.




First-Hand Experience

Having completed the guide, you will be well-briefed
in the efficient operation of your oscilloscope. And
this first-hand experience should make all your

measurements easier.

The guide can continue tfo serve as a practical
reference to turn to as required. Use it together with
the accompanying Operator’s Manual, keeping both

close at hand.

We wish you excellent measuring!

g b




A

absolute amplitude
mode, 3-18
absolute time mode, 3-20
acquisition memaory system,
1-2
ADC. See analog-to-digital
converter
aliasing. See interpolation
amplifier, 1-2
ANALOG PERSIST button,
3-33
Analog Persistence, 3-31
analog-to-digital converter
(ADC}, 1-2,1-86, 3-6
analyzing, 1-4, 1-8-1-10
AUTC SETUP button, 2-2, 2-7
in first steps common to
most measurements, 3-2,
3-4, 3-8, 3-10, 3-18,
317, 3-28, 3-31, 3-39,
3-54, 3-63, 3~70, 3-87,
3-97, 3-115, 3~127,
3-135, 3-144
Auto-Store
'Fill', 3—113
‘Wrap', 3~113
Average
used to remove noise, 3—-26—
3-30
averaging traces, 3-29

bandwidth, 1-3
bitmap (BMP)
transfer to PC. See data
transfer of images
buttons
non-use during sequence
acquisition, 3—62

c
capturing, 1—4, 1-5—-1-7, 1-8

Index

channel input sensitivity
adjusting, 3-7
CLEAR SWEEPS button,
3-15, 3-29
for setting or clearing
persistence, 3-35
Color, 3-38
choosing color schemes,
3~47, 348
Color Graded Persisience,
3-38
communication port RS232,
3-158
controls
front-panel main controls.
See front-panei controls
coupling, 3-3, 3-130
four-channel models, 3-3
COUPLING button
in first steps common fo
most measurements, 3-3,
3-8, 3-10, 3-17, 3-26,
3-31, 3-89, 3-54, 3-83,
371, 3-88, 3-87, 3-115,
3-127, 3-135, 3-144
cursors, 2—14
absolute time, 3-22
accurate measuring with,
3~16~3-25
cursor knobs. See moving
cursors under cursors
in telecom mask testing,
3-104
moving cursors, 2-14, 2-15,
3-13, 3-18, 3-23
reference and difference,
324
CURSORS/MEASURE button,
214, 2-21, 3—-11
in telecom mask testing,
3-103
custom mode, 3~15
custom parameter mode
parameters and histograms,
3-82, 3-83




data fransfer, 1-4
data to PC, 3—150-3-157
images {TIFFs, BMPs) {o
PC, 3-158-3-165
deadtime
reducing it using sequence
mode, 3-53-3-62
defautlt power-up settings, 3-2
DELAY knob, 2-11
to set trigger point, 3-148
digitizing, 3-8
on all eight bits, 3-6
dispiay, 14
DISPLAY button, 2-12, 3-32,
342, 3-117
documenting, 1-4, 1-10-1-11
dropout trigger (SMART)
on lost signals, 3—144~
3-149
DSO (Digital Signal
Oscilloscope}, 1~1-1-11
advantages, 3-9
basic elements, 1-2
dual displtay mode, 3-92

edge trigger (SMART), 3-129,
3-137, 3-146

eight-bit digitizing, 3-6-3-8

Enhanced Resolution option,
3-123

exclusion trigger (SMART),
3138

EYE-diagram analysis, 1-10

F

irast Fourier Transform (FFT)
WPO02 FFT option. See
spectrum analyzer,
frequency domain
analysis

SRR

FFT, 1-8, 2-20, 2-21. See
Fast Fourier Transform
first steps common o most
measurerments, 3-1~3~5
Floppy disk, 3-162
Floppy disk, 3154
frequency domain analysis,
1-9, 3-63~3-69
frequency resolution
to increase, 3—68
front-panel conirols, 2—-1, 2-5
AUTO SETUP, 2-2, 27
CHANNELS, 22, 2-8
TIMEBASE + TRIGGER,
2-2
TIMEBASE conirols, 2-9
TRIGGER controls, 2-11
veriical controls, 2—10
200M + MATH, 2-2
FULL SCREEN button, 345

G

glitches, 1-5
capture, 3-127-3-134

GPIB {General Purpose
interface Bus), 3-151,
3-158, 31862

GTALK. See data transfer to
PC




hard disk drive

removabie, 3-100-3-113
HDD. See hard disk drive
histograms, 1~3, 3~75~3-86

initialization, 2—4

installation, 2—4

interfaces, 1-11

interpolation, 3-87-3-95
stow timebase acguisitions,

384

interval trigger (SMART),

3-138

K

knobs
nen-use during sequence
acguisition, 3-62

L

local mode

in transfer of images o PC,
3-161

long memory option. See long
waveforms

long waveforms, 3-114-3-126

lost signais. See dropout
trigger {(SMART)

mask comparison, 1-10
MATH SETUP button, 2-17,
2-20, 365
for boosting Math functions,
3-66
for long-waveform
acquisition, 3-118
- o display recailled telecom
masks, 3-89
Measuring, 1-8
merory length, 1-4

menu box, 2-5, 2~10, 2-17

menus

‘Action’, 3—107

‘at end of*, 3~-138

‘Auto-Store', 3—113

‘Avg Type', 2-19

‘Avg Type' (averaging type),
3-29

'‘Category', 376, 3-83

‘CHANGE COLORS, 349

'‘Change Test, 3~-107

'‘Color Scheme’, 3-47

'‘Coupling', 3-3, 3-6, 3-10,
3-17, 3-26, 3-31, 3-39,
3-54, 3-83, 3-71, 3-88,
3-97, 3-115, 3127,
3-135, 3144

'DISPLAY SETUP, 3-33,
342

‘Dot Join', 3-89

for Math use', 3-100, 3-118

FROM DEFAULT SETUP, 2w
5

from Mernory, 2~22

‘Grids', 2-12, 3-27, 3-64,
3-92, 3-117

if', 3—~107

‘mask’, 3—105

‘Math Type', 218, 3-29,
366, 3-73, 391, 3123

‘measure’, 3-76

‘mode’, 2—16, 3—12, 3~18,
3-20, 3-82

'More Display Setup’, 3-47

‘of', 3-83, 3—105

‘On ling', 3-83

‘output’, 3—-162

‘output 10°, 3-158

'Persist', 3-35

'Persistence’, 3-33, 3-34

'Persistence Setup', 3-34

‘protocol’, 3—158, 3-162

'Record up to', 3-68, 3—-115

'‘Reference’, 3-20

'‘Remote’, 3—151, 3—180

'‘Sequence’, 3-57

software options displayed,
373




‘'statistics’, 216, 3—14

‘Stop', 3~107

Fest on', 3-104

testing’, 3-104

Text & Times', 3~60

‘Then', 3-107

TIMEBASE, 3-115-3-116

TIMEBASE', 3-41

o', 3~14, 3—154

‘trigger on', 3138

type', 2-21, 3—18, 3-22,
3-148

'use Math?', 3-65, 3-72,
3-91, 3122

'using up to’, 3—-81

‘width', 3-132, 3—138

noise

using Average fo remove it.

See Average
NORM button, 2-21
1o run telecom mask test,
3-105
to start SMART trigger,
3-132, 3-140, 3-147
Nyquist limit (aliasing). See
interpolation

0

OFFSET knob, 2-23
Options
WPO1, WP02, WP03,
Enhanced Resolution,
3-123

p

PANEL SETUPS button, 24,
2-23
parameter statistics
in capture of rare
phenomena, 3—141

parameters, 2-16
automatic measurement of,
3-9
categories of. See menus,
‘Category’
in telecom mask testing,
3-103
menu. See menus
read by remote control, 3~15
standard. See standard
parameters
statistical analysis. See
histograms
values, 3-14
vertical. See vertical
parameters
with histograms, 3-75-3-86
Partial Response Maximum
Likelihood (PRML), 1-10
Pass/Fail function, 1-8, 1-10.
See telecom mask testing
with exclusion trigger, 3-141
peak detect system, 1-5
persistence
in capture of rare
phenomena, 3~141
showing edge jitter, 3-72
persistence mode
display in glitch capture,
3-133
phenomena
analysis of difficLit-to-
measure phenomena.
See histograms
rare. See SMART trigger
POSITION knob, 2-13
POSITICN knobs
in long-waveform
acquisition, 3-120
Power On
Seif-Test, 2-4
processor, 1-2
pulse parameters, 1-8




Q

gquantification, 3-7
quantization
on all levels, 3-8

RAM (Random Access
Memory), 3-114

Random Access Memory. See
RAM

Random Interleaved Sampling
(RIS), 1-5

RECALL button, 2-22

relative amplitude mode, 319,
3-20

relative time mode, 3—-22

removable hard disk drive. See
hard disk drive

reset
in first steps common to

rmost measurements, 3-2

RESET button, 3—121
for ZOOM + MATH, 3-2
with histograms, 3—78

roll mode, 1-5

R$232 communication
cabiing, 3—-156

RS5232 communication port,
3—155, 3164

L]

sampie rate, 14
sequence acquisition, 353~
3-62
sequence mode, 1-6, 3~53-
3-62
for determining acquisition
duration, 3-58
setting timebase, 3-59
Setup Save and Becall, 2~23
SHOW STATUS button, 3-124
in long-waveform
aequisition, 3—121
Sin(x)¥/x interpolation. See
interpolation

SINGLE bution, 2-20
single-shot acquisition, 15
slow timebase
acquisition using
interpolation, 3-94
SMART trigger, 1-6, 3~135~
3-143. See edge, dropout,
interval triggers
in glitch capture, 3130~
3-131
SNGL bution
for long-waveform
acquisition, 3-116
for storing to hard disk,
3-110
to stop acguisition, 3-115
used to stop scope, 3-17
source
selection, 3—129
spectrum analyzer
using the scope as, 3-63—
3-69
standard parameiers
voltage, 3-8
statistical domain, 1-8
STOP button, 3-11, 31386
STORE button
for storing to hard disk,
3-110
storing to removable hard disk.
See hard disk drive
summed averaging, 2-17
sweeps, 3-29, 3~30
system memory, 1-2

T

telecom mask testing, 3-96—
3-108

test masks. See telecom mask
testing

threshold posttion, 211

TIFFs
transfer to PC, 3-158

iime domain, 1-9

TIME/DIV knob, 2-9
used io slow down

fimebase, 3-116




TIMEBASE + TRIGGER, 2-2
TIMEBASE SETUP button,
3-115
for display of ne. points, time
between pts., and
sampling rate, 3-89
trace labels, 2-7, 2-10
TRACE ON/OFF button, 2-8,
2-10, 213, 2-17, 3-2
for display of multiple traces
and grids, 3-983
fraces, 3—-2
train pulses, 3-55
trigger position, 2-11
TRIGGER SETUP button,
3-138
glifch capture, 3—128
on lost signats, 3145
triggering, 1--6

U

use Math menu, 2-19
UTILITIES button, 3—159

v
VAR putton, 2-2, 2-10, 3-7

Index

vertical parameters, 3-12
viewing, 14, 1-7
VOLTS/DIV knob, 2-10, 2-23

w

waveform math, 1-8

waveform memories, 221

WAVEFORM STORE button,
2-22

WP01 waveform processing,
3-123

WPO2 FFT, 3-123

WPO3 waveform processing,
3-123. See histograms

X
XY mode
persistence, 3-34
Z

ZOOM, 2-12
ZOOM knobs, 2-13
in iong-waveform
acquisition, 3—120




