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1 B Read This First!

e

Warranty and Product Support

LeCroy recommends that you thoroughly inspect the
contents of the oscilloscope packaging immediately upon
receipt. Compare the contents to the packing list/invoice
shipped with the instrument (and the list on page 1-3).
Unless LeCroy is promptly notified of any missing or
damaged item, we cannot accept responsibility for its
replacement. Contact your nearest iLeCroy Customer
Service Center or national distributor immediately
(telephone numbers are given in the back of this manual).

Warranty LeCroy warrants its oscilloscope products for normal use and
operation within specifications for a peried of three years from
the date of shipment. Calibration each year is recommended to
ensure in-spec. performance. Spares, replacement parts and
repairs are warranted for 80 days. The instrument’s firmware has
been thoroughly tested and is thought to be functional, but is
supplied without warranty of any kind covering detailed
performance. Prodticts not made by LeCroy are covered solely
by the warranty of the original equipment manufacturer,

Under the LeCroy warranty, LeCroy will repair or, at its option,
replace any product returned within the warranty period to a
LeCroy authorized service center. However, this wilt be done only
it the product is determined after examination by LeCroy to be
defective due to workmanship or materiais, and not to have been
caused by misuse, neglect or accident, or by abnormal conditions
or operation.

Note: Thrs warranty replaces al! other warrant:es, L

. expressed or implfied, including but not limited to any
implied warranty of merchantabmty, fitness, or adequacy for
| any particular purpose or use. LeCroy shall not be: liable for
- any special, incidental, or consequenﬂal damages, whether

| .in contract or otherwise. The client will be responsible for.
| the transportation and insurance charges for the. retum of
_.products to the service facility. LeCroy will return all

. products under. warranty w:th transport prepa:d
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Product Assistance

Maintenance Agreements

Staying Up to Date

Service and Repair

Help on installation, calibration, and the use of LeCroy equipment
is available from the LeCroy Customer Service Center in your
country (telephone numbers are given at the back of this manual).

LeCroy provides a variety of customer support services under
Maintenance Agreements. Such agreements give extended
warranty and allow clients to budget maintenance costs after the
initial three-year warranty has expired. Other services such as
installation, training, enhancements and on-site repairs are
available through special supplemental support agreements,

LeCroy is dedicated to offering state-of-the-art instruments by
continually refining and improving the performance of LeCroy
products. Because of the quick pace at which physica! modifications
may be implemented, this manual and related documentation may
not agree in every detail with the products they describe. For
example, there might be small discrepancies in the vaiues of
components that affect pulse shape, timing, or offset: and —
infrequently — minor logic changes. Be assured, however, that the
scope itself incorporates the most up-to-date circuitry.

LeCroy frequently updates firmware and software during
servicing to improve scope performance, free of charge during
warranty. You will be kept informed of such changes, through
new or revised manuals and other publications.

Nevertheless, you should retain this original manual to refer
to your scope’s unchanged hardware specifications.

Please return products that require maintenance to the Customer
Service Department in your country, or to an authorized service
facility. You are responsible for transportation charges to the
factory, whereas all in-warranty products wiil be returned to you
with transportation prepaid. Outside the warranty period, you will
need to provide us with a purchase order number before we can
repair your LeCroy product. You will be bifled for parts and labor
related to the repair work, and for shipping.
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How to Return a Product

Contact the nearest l.eCroy Setvice Center or office to find out
where to return the product. All returned products shouid be
identified by model and serial number. You should describe the
defect or failure, and provide your name and contact number. In
the case of a product returned to the factory, a Return
Authorization Number (RAN) should be used. The RAN can be
obtained by contacting the Customer Service Department.

Return shipments should be prepaid. We cannot accept COD
(Cash On Delivery) or Collect Return shipments. We
recommend air freight.

ft is important that the RAN be clearly shown on the cutside of
the shipping package for prompt forwarding to the appropriate
LeCroy department.

What Comes with Your Scope The following items are shipped with the standard configuration

of this oscilloscope:
» Front Scope Cover
10:1 10 M PPOO5 Passive Probe — one per channel

» ProBus™ Singie-Channel Adapter NoOT APPLICABLE TO
LC374, LC564 or LC584 SERIES

¥  Two 250-V Fuses
» AC Power Cord and Plug
»  Operator's Manual

¥

» Remote Conirol Manual

¥  Hands-On Guide

# Performance Certificate or Calibration Certificate
Declaration of Conformity

Warranty

LOXXX-OM-E Rev K

###

AR T
el

ISSUED: December 1299




Read This First!

S

BLANK PAGE

1-4 ISSUED: Decomber 1999 LOXXX-OM-E Rev K




Instrument Archltecture

s s
g

Overview of Instrument Architecture

Processors

ADCs

Memories

LCXXX-OM-E Rev K

Each of the four channels of a --"@A“EW%
LeCroy LC Color Digital Storage o

Oscilloscope (DSQO) has one or
more 8-bit Analog-to-Digital
Converters {ADCs). Combine
channels by interieaving ADCs to
substantially increase the
instrument’s acquisition memory
and sampling rate.

The central processing unit (CPU), a PowerPC® microprocessor,
performs the oscilloscope’s computations and controls its
operation. A wide range of peripheral interfaces allow remote
control, storage of waveforms and other data, and printing. A
support processor constantly monitors the front-pane! controls.
Data processing is fast, with data either transferred to display
memory for direct waveform display or stored in reference
memories {see “Memories” below).

:Note, Wherever a feature is specific or.not. apphcable to.a
particular: model or series of models, the applicability.is
indicated as, for example L0564 AND.LC584 SERIES ONLY.

Sée Append:x A for each madel s complete spec:fmauons

The instrument’'s ADC architecture is designed to give excelient
ampiitude and phase correlation, maximum analog-to~digital
conversion performance, farge record lengths and superior time
resolution.

The iong acquisition memories simplify sighal acquisition by
producing waveform records that allow detailed analysis over
large time intervals. Combining two or four channels {(Four-
CHANNEL COMBINING NOT AvAILABLE ON LC564 SERIES) increases
acquisition memory length. There are four memories for
temporary storage, and four more for waveform zooming and
processing.

EEEEE
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RIS

Trigger System

Automatic Calibration

Display System

Instrument Architecture

Repetitive signals can be acquired and stored at a Random
Interleaved Sampling (RIS} rate of 10 GS/s for all models except
LC564, LC584, aND LCBB4 SerieEs, whose RIS rate is 25 GS/s.
Moreover, this advanced digitizing technique enables
measurement of repetitive signais with an effective sampling
interval of 100 ps, or 40 ps for LC564, LC584, AND LC684 SERIES,
and a measurement resolution of up to 10 ps (5 ps for LC684
SERIES). See Chapter 7.

Triggering can be controlled to a highly specialized degree in
accordance with waveform characteristics and chosen trigger
conditions. Menus and controis enable the selection and setting
of parameters such as pre- and post-trigger recording, and of
sequence and roll modes. The trigger source can be any of the
input channels, line (synchronized to scope’s main input supply)
or external. The coupling is selected from AC, LF REJect, HF
REdJect, HF, and DC; the slope from positive and negative. The
SMART Trigger® types offer a wide range of sophisticated
trigger modes matched to special trigger conditions and sets of
conditions. See Chapter 8.

The oscilloscope’s automatic calibration ensures an overall
vertical accuracy of typically 1% of full scale. Vertical gain and
offset calibration, and horizontal (time) resolution, take piace
each time the volts per division setting is modified. In addition,
periodic and temperature-dependent autocalibration ensures
long-term stability at the current sefting.

The display’s interactive, user-friendly interface is controlied by push-
buttons and knobs to display as many as eight different waveforms
at once. The parameters that control signal acquisition are reported
simuitaneously. The screen presents internal status and
measurement resulls, as well as operational, measurement, and
waveform-analysis menus. See Chapters 4 and 16.

The large display area presents waveforms and data using
Advanced Color Management. Overlap-mixing and contrast-
enhancement functions ensure that overlapping waveforms
remain distinct at all times. Both pre-set and personal color
schemes are available. See Chapter 11.

22
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Direct or...

«Remote Control

Scope Explorer

LC SERIES

The Analog Persistence™ function offers display attributes of an
analog instrument with all the advantages of digital technology.
The Full Screen function expands waveform grids to fill the entire
screen. See Chapter 11.

A hard copy of the screen can be easily produced at any time by
pressing the front-panet screen-dump button (see Chapter 12).

This is a truly digital instrument. Neveriheless the front-panel
layout and controls will be familiar to users of analog
oscilloscopes (see Chapter 4). Rapid response and instant
representation of waveforms on the high-resolution screen add to
this impression.

Four front pane! setups can be stored internally and recalled
directly or by remote control, thus ensuring rapid front pansl
configuration. When power is switched off, the current front panel
settings are automatically stored for use when the scope is
turned on again. See Chapter 15.

The oscilloscope has also been designed for remote control
operation in automated testing and computer-aided measurement
applications. The entire measurement process, including cursor and
pulse-parameter seflings, dynamic modification of front-panel
settings, and display arganization, is controlied through the rear-
panel industry-standard GPIB {IEEE-488} and standard RS-232-C
poris whose connection or setial port are present on rmost of foday’s
personal computers. For further details, please consult your remote
controi manual. See Remote Control Manual.

Also via GPIB and RS-232-C, the Scope Explorer software
integrates the oscilloscope with Windows 95 and Windows NT
desktop. it offers user-friendly remote control of the oscilloscope,
copy of the display into Windows, and the recording to and
storage in the PC of front-panel setups, which can then be
transferred back to the oscilloscope. See Chapter 12 and the
Hands-On Guide for more on PC and other interfaces.

LOXXX-OM-E Rev K
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Instrument Arphﬁecture

Block Diagrams
> LC334 Series
> LC374 Series
> LC534 Series
> LC574 Series
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LC SERIES

> LC564 Series
> LC584 Series
> LC684 Series

AN
<}:{> Optional
Storage Devices
Sample @ Fast A N
CH1 & Hold 8-BItADC memory N /\’L_r%> Floppy Disk
interface

CH2

Sample : Fast
> & Hold 8-BiLADC memaory Q"‘*'—m:‘& Q—__D Centronics
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GPiB

External

Trigger i
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V4

Power PC
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with Integrated
Cache Memory

Sample . Fast
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Real-Time
Clock
Displ
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3 _  |Installation and Safety

Installation for Safe and Efficient Operation

Ensure that the operating environment is maintained within the
following parameters for safe operation of the oscilloscope
within specifications:

Operating Environment ¥ Temperature ......ccecceeeens 510 40°C (4110 104 °F)

o HUMIdY. e e <80% RH (non-condensing)
# o ABUOE e <2000 m (6560 fi)
»  Operation........ocn. indoor use only
The oscilloscope has been qualified to the following EN 61010-1
calegories:
» Installation (Overvoltage) Category............. 1
#  Pollution Degree.....iecccnieicreseninnns 2

Safety Symbols Where the foliowing symbols or indications appear on the

instrument's front or rear panels, or elsewhere in this manual, they
alert you tc an aspect of safety.

Meamng

3 :Re er to accompanymg documents {for safety:
related information). : .
This symbol appears elsewhere in th.-s manual as md:cated m_
. the Table af Contents S : B A

A WARNiNG_; _Ris_k ot e_iect_ri'c: shock RO X .

Off (Supply)

fidabdbdaiiiilislaiivesdiddsh it el b e b e s s e e

A ER B o
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Installatlonwand Safety

Chassis Terminal.

Earth (G round) i'fréfmma'l__ on BNC .-Connec't:d_r

WARNING

WARNING Any use of this instrument in a manner not specified by the
manufacturer may impair the instrument’s safety protection.
The oscilloscope has not been designed to make direct

measurements on the human body. Users who connect a
LeCroy oscilloscope directly to a person do so at their own

risk
ower Requirements The oscilloscope operates from a 115 V (90 to 132 V) or 230 V
(180 to 250 V) AC {~} power source at 45 to 66 Hz,

B e s
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Fuses

Ground

Cleaning and Maintenance

&WARN!NG

Fower On

LOXXX-OM-E Rev K

LC SERIES

No wvoltage selection is required because the instrument
automatically adapts 1o the line voltage that is present.

The power supply of the oscilloscope is protected against short-
circuit and overload by means of two fuses (T 6.3 A, 250 V) located
above the mains plug.

Disconnect the power cord before inspeciing or replacing a fuse.
Open the fuse box by inserting a small screwdriver under the plastic
cover and prying it open. For continued fire protection at all line
voltages, replace only with fuses of the specified type and rating.

The oscilloscope has been designed to operate from a single-phase
power source, with one of the current-carrying conductors (neutral
conductor) at ground {earth) potential. Maintain the ground line to
avoid electric shock.

None of the current-carrying conductors may exceed 250 V rms with
respect to ground potential. The oscilloscope is provided with a
three-wire elecirical cord containing a three-terminal polarized plug
for mains voliage and safety ground connection. The plug's ground
terminal is connected directly to the frame of the unit. For adequate
protection against electrical hazard, this plug must be inserted into a
mating outlet containing a safety ground contact.

Maintenance and repairs should be carried out exclusively by a
LeCroy technician {see Chapter 1). Cleaning should be limited to the
exterior of the instrument only, using a damp, soft cloth. Do not use
chemicals or abrasive elements. Under no circumstances should
moisture be allowed to penetrate the oscilloscope. To avoid glectric
shock, unplug the instrument from the power outlet before cleaning.

Risk of electrical shock: No user-serviceable parts inside.
Leave repair to qualified personnel.

Connect the oscilioscope to the power outlet and switch it on, using
the power On/Off button iocated near the left-hand comer of the
instrument beiow the screen. When the insirument is switched on,
auto-cafibration and a test of the oscilloscope’s ADCs and memories
are performed. The full testing procedure takes approximately 10
seconds, then a dispiay will appear on the screen.

H#H#
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Introduction to the Controls

Y
SRt e

The Main Controls

SYSTEM SETUP

Menu Buttons & Knobs

CHANNELS

TIMEBASE + TRIGGER

ZOOM + MATH

AUTO SETUP

ANALOG PERSIST

'FULL SCREEN

4-2

The front-panel controls are divided into four main groups
of buttons and knobs:

SYSTEM SETUP
CHANNELS
TIMEBASE + TRIGGER
ZOOM + MATH

. 2 & &

Other buttons access special features.

Dark gray menu entry butions (also present in other groups of
controls) provide access to the main on-screen menus and the
instrument's acquisition, processing, and display modes. The
SCREEN DUMP and CLEAR SWEEPS buttons copy or print the
screen display, and restart operations that require several
acquisitions. {See page 4-5.)

The seven untitled buttons vertically aligned beside the screen,
RETURN and the two linked rotary knobs enable on-screen
menu selection. (See following pages.)

This group of controls offers selection of displayed traces and
adjustment of vertical sensitivity and offset. (See Chapter 5.)

These controls allow direct adjustment of time/division, trigger level
and delay, as well as access fo the “TIMEBASE" and “TRIGGER”
menu groups. {See Chapters 6, 7, and 8.)

This group controls trace selection, movement, definition, and
expansion with Zoom and Math functions. (See Chapters 9 and 10.)

This blue button automatically adjusts the scope to acquire and
display signals on the active input channels. (See page 4-8.)

This green bution accesses the unigue Analog Persistence™
feature. (See Chapter 11.)

Redraws the grid o fil the entire screen. (See Chapter 11)

1ISSUED: December 1999 LOXXX-GM-E Rev K
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Choosing and Navigating in Menus

SET CLOCK
FORWARED ONE
HOUR C(SPRING)

Displaying Menus and
Selecting from them

Printer
Setup

o

Rt

LOCXXX-OM-E Rev K

On-screen menus — the panels along the right-hand side of
the screen — are used to select specific scope actions and
settings. All other on-screen text is for information only. The
menus are broadly grouped according to function. The
name of each menu group is shown at the top of the column
of menus. Individual menus also have names at the top of
their frames.

Each menu either contains a list of items or options — functions
to be selected or variabies modified — or performs a specific
action when selected. Menus that perform actions are indicated
by capitalized text, as in the example at left.

When you press a menu entry button, the setup configuration for
its particular group of functions is immediately dispiayed as a
menu group. Once accessed, these menus are controlied by the
meny buttons and the two menu knobs (illustrated at left).

A menu button is active and can be pressed to make selections
whenever a menu is visible beside it on-screen. The two menu
knobs work with the two menu buttons to which they are joined
by lines. Both control the menus currently shown beside them.
Buttons and knobs are used either for selecting entire menus,
particular items from menus, for moving up or down through
menu lists, or for changing the vaiues listed in menus.

Some menus have others behind them. Their presence is
indicated by a heavy outline or shadow on the front menu, as
illustrated at left. Pressing the corresponding menu button
reveals the back menu. Pressing the RETURN button again
displays the front menu.

A change of a menu value normally changes the screen because
the new value is immediately used in acguisition settings,
processing, or display.

ISSUED: December 1998 4-3




Setting Menu Options

—Math Type—

Enh.Res i
Exirema

FFT

FFTAYG
Functions f

—trigger on—
Line Field

2

——limif——mm

+2.7 =g

2 dlglts

4-4

Introduction to the Controls

The activated selection is highlighted in the menu. Press the
corresponding menu button and the field wili advance to highlight
and select the next item on the menu. However, if there is only
one item on a menu, pressing its button will have no effect.

Where a2 menu is associated with one of the two menu knobs,
turning this knob in one direction or the other will cause the
selector to move up or down the menu list.

Menus that span two menu butions can be operated using both
buttons. Pressing the lower of the two will move the selector
down the menu list, while pressing the upper button will move the
selector up the list.

An arrow on the side of a menu frame indicates that by pressing
the buiton beside this arrow, the selector can be moved farther
up or down the list. The arrow’s direction shows whether the
selector will move up or down. Arrows may also indicate that
there are additional undisplayed items above or below the menu
list. The respective arrow will disappear when the selector is at
the very beginning or end of the list.

As in the examples at left, some menu button and knob
combinations conirol the value of a continuously adjusiable
variable. The knob is then used to set its value, while the button
either selects a value or makes a simple change in it.

Still other menu button and knob combinations control the value
of several contintously adjustable variables, with the knob used
to set the vaiue and the button to highlight it.

ISSUED: December 1899
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SYSTEM SETUP and Menu Controls

am—

F—

Besides the menu buttons and knobs descrihed on the
previous pages, the SYSTEM SETUP controis include the
menu entry buttons and others for copying displays,
reporting instrument status, and restarting muitiple-
acquisition operations.

RETURN

= 1S USE 10 go back 1o the preceding displayed menu group.
Or 1t returns the display t¢ a higher-level, or primary menu. When
pressed at the highest possible menu level, however, the bution
switches off that menu.

Each of the dark gray menu entry butions aclivates a major set of
on-screen menus. (Menu entry buttons that are part of other control
groups are described in later chapters.)

DISPLAY
J gives you access to the “DISPLAY SETUP” group of

menus, which control display mode, grids, intensities, Dot Join, and
Persistence menus (Chapter 11).

gives you access to the “UTILITIES" menus, which control

hardcopy setups, GPIB addresses and speciai modes
of operation (Chapter 12).

STORE

WAVEFORM gives you access 1o the
“STORE W'FORM" menus thal are used for
storing waveforms in internal or external
memory (Chapter 13).

RECALL

WAVEFORM gives you access to the
“RECALL W'FORM" menus that are used to refrieve
waveforms stored in internal or external memory (Chapter
13).

i

LOCXXX-OM-E Rev K
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SCREEN DUMP

CLEAR SWEEPS

Introduction to the Controls

e

CURSORS/
MEASURE

gives you access to the “CURSORS” setup menus,

which are used to make precise cursor measurements on traces,
and the “MEASURE” menus, which are used for precise
parameter measurements and pass/Aail testing (Chapter 14).

PANEL
SETUPS

gives you access to the “PANEL SETUPS" menus,

which are used for saving and recalling an instrument
configuration (Chapter 13).

SHOW
STATUS

i gives you access to the “STATUS® menu, which
summarizes the instrument’s status for acquisition, system, and
other functions (Chapter 16).

This button prinis or plots the screen display to an on-ine
hardcopy device, via the GPIB, RS-232-C or Cenironics interface
ports, or directly to a built-in thermal graphics printer. You can
also save screen displays as data files on floppy disk, memory
card, or portable hard disk.

When SCREEN DUMP is pressed, all displayed information will
be copied. However, it is possible to copy the waveforms without
the grid by turning the grid intensity to zero, using the “Display
Setup” menu.

While a screen dump is taking place — indicated by the on-
screen “PRINTING” or "PLOTTING” message — you can cancel
it by pressing SCREEN DUMP a secend time. It takes a moment
for the buffer to empty before copying stops (Chapter 12).

By resetting the sweep counter(s} 1o zero, this button restaris
operations that require several acquisitions (sweeps) including
averaging, extrema, persistence, parameter siatistics, and
pass/fail testing.
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Screen Topography

IGGER SETUR

_ SMART

~—trigger on
234
Ext1B Line

—coupling e
AC LFRET
HFREJ HF

~slope 1

Neg

3 T OO F F—s a

=15

The grid area of the screen and the fields surrounding it provide a variety of useful information,
and specific commands and functions.
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Real-Time Clock: Powered by a battery-backed real-time clock,
this fisld displays the current date and time.

Displayed Trace Label: This field indicates each channei or
channel displayed, the time/div and volis/div settings, and cursor
readings where appropriate. It indicates the acquisition
parameters set when the frace was captured or processed,
whereas the Acquisition Surmmary field (see below) indicates the
current setting.

Acquisition Summary: This field shows the timebase, volis/div,
probe attenuation, and coupling for each channel, with the
selected channel highlighted. it indicates the current setting,
whereas the acquisition parameters that were set when the trace
was captured or processed are indicated in the Displayed Trace
fabei (above).

Trigger Level: The arrows on both sides of the grid mark the
trigger voltage relative 1o ground potential.

Trigger Delay: Located below the grid, this field indicates the
trigger time relative to the trace. The delay can be adjusted from
zero 1o ten grid divisions {pre-trigger), or zero to —10 000 {post-
trigger) off-screen. The pre-trigger delay appears as the upward-
pointing arrow, whereas post-trigger is given as a delay in
seconds.

Trigger Status: This field shows sample rate and trigger re-
arming status (AUTO, NORMAL, SINGLE, STOPPED). The
small rectangle flashes to indicate that an acquisition has been
made.

#  NORMAL

_ Trigger Configuration: This field contains an icon indicating the

N type of trigger, and provides information on the trigger’s source,
-—r 1 OC B.536 Y slope, level and coupling, and other information when
appropriate.
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T

Trace and Ground Level: This is the trace number and ground-

level marker.
Other Screen Regions Time and Frequency: This area displays the time and frequency
{not shown) relative to cursors below the grid. For example, when the

absolute time cursor {the cross-hair} is activated by selecting it
from the “MEASURE” menu group, this field displays the time
between the cursor and the trigger point.

Message: This area above the grid is used to display a variety of
messages including warnings, system indications, and tities
showing the instrument’s current status.

# # 4

e

R
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_ CHANNELS, Coupling, and Probes

Channel Controls

TRACE ON/OFF

SELECT CHANNEL

FIND

OFFSET
VOLTS/DIV

VAR

LOXXX-OM-E Rev K

These controls let you DR T
select displayed traces | - - T&%ﬁ%ﬁ%’;ﬁ SR
and adjust wvertical | -, . TR

sensitivity and offset. .1. . EI 2 E] 3 E 4 -

Press these buttons o

display or switch off the | = ' sEtEeT " RIND v
corresponding channel | . CHANNEL = .- g i
trace. When a channel |0 4 o =

is switched on, OFFSET | .~ .

and VOLTSDIV = =
controls are assigned to S
this, the active channel.

These buttons assign
all vertical controis o
one channel,
regardless of the
channel displayed.
The selected channel
number is highlighted
in the Acquisition
Summary field {see
previous chapter).

This button automatically adjusts offset and volts/div to match the
active channetl’s input signal.

This knob verticalily positions the active channel.

This button selects the vertical sensitivity either in a 1-2~5 sequence
or continuously {see VAR, below). From the “SPECIAL MODES"
menu, you can select the effect of gain changes on the acquisition
offset.

The variability knob aliows you to determine whether the VOLTS/DIV
knob will modify the vertical sensitivity in a continuous mannar or in
discrete 1-2-5 steps.

o
B e ¢
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The format of the vertical sensitivity in the Acquisition Summary field
{(bottom left of screen} shows whether the VOLTS/DIV kncb is
operating in continuous or stepping mode.

COUPLING This menu entry button accesses the “Coupling” menus {se¢ next
sectiony,

5-2 ISSUED: December 1699 LEXXX-OM-E Rev K



Coupling

CHAKMEL 1
—Caupling—
acepa k
Grounded

C 1)
Grounded

—Adiy OFFfset
WORMAL
ECL T7L
~—Liobal BlL—
ZEMH=
ZHEMHZ

Frobe Atten

B
e

»h
w1
=2 F
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L.C SERIES

COUPLING

Press L 4 to select a coupling level that adapts the
oscilioscope’s input impedance to the impedance of the
device under test. This button also accesses the menus that
let you select the

» coupting and grounding of each input channel

» ECL or TTL gain, offset, and coupling that have heen
preset for the channel shown

7 bandwidth limit for all channels
» probe attenuation of each input channel

Coupling

This function selects the input channel's coupling. if an overioad is
detected, the instrument will automatically set the channel to the
grounded state. You can then reset the menu io the desired
coupling.

V/iRiv Offset

When NORMAL is highlighted, pressing the corresponding menu
button sets the offset, Voits/div, and input coupling to display ECL
signals. Press the button a second time to display the settings for
TTL signals. Press the buiton a third time to return the seftings to
those used during the last manual setup of the channel.

Global BWL/BWL

This function turns the bandwidth limit Off or selects a limit. The
bandwidth can be reduced from the maximum to either 200 MHz or
25 MHz, or 30 MHz (—3dB), depending on the model (see Appendix
A). Bandwidth limiting is useful for reducing signal and system noise
or preventing high-frequency aliasing, reducing any high-frequency
signals that may cause aliasing in single-shot applications, for
example. This menu is titled “Global BWL” if the Globat BWL is
activated; that is, the limit that you set will apply to all channels.
When a limit can be set individually for each channel, it appears as

T
Aeag
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“BWL" # the Global BWL is deactivated. See Chapter 12, “Special
Mades.”

Probe Atten

This function sets the probe attenuation for the input channel.
{See the following section for probe details.)

54 ISSUED: Decemper 1999 LCXXX-OM-E Rev K




LC SERIES

Probes and Probe Calibration

LeCroy PP0OOS passive
probe

ProBus® Probe System

LOXXX-UM-E Rev K

Calibrate the passive probe supplied with the oscilloscope as
foliows (see also the separate instruction sheet provided with
the probe):

1. Turn on the oscilloscope.

2. if you are using the HF-compensation ground lead,
insert the lead’s pins into the prebe head, and connect
the probe to one of the input channels/BNC connectors,

3. Attach the lead’s alligator clip to the CAL BNC’s ground
(outer ring) and touch the tip to its inner conductor.

Alternatively, if you are using the 1i-cm ground lead,
attach the supplied BNC adapter to the CAL BNC, and
insert the probe tip into the adapter after connecting the
probe o an input channel.

The CAL signal in both cases will be a 1-kHz square
wave, 1V p—p

4. Set the channel coupling to DC 1MQ, using the
“Coupiing” menu. Then press the TRACE ON/OFF
bution to activate the desired trace.

AUTC
SETUP

5. Press

to set up the oscilloscope.

If the displayed signal is overshot or undershot, you can adjust
the probe by insering the small screwdriver supplied with the
probe package into the trimmer on the probe’s barrel and turning
it clockwise or counterclockwise to achieve the optimal square
wave.

LeCroy's ProBus system provides a complete measurement
solution from probe tip to oscilioscope dispiay. This intelligent
interconnection between LeCroy oscilloscopes and a wide range
of accessories is achieved using a bus that foliows Philips’ I"C
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protocol. ProBus offers important
advantages over standard BNC
and probe-ring connactions.

Hiustrated at right: a LeCroy For example, the system ensures

current probe with ProBus correct input couping by auto-
connection.

CHAKMEL 1
—Loupling—-

Grounded
RO 1MO

~ iy OFFset

MORMAL

ECL TTL

~Global BllL—
ZBMHz

ZBAMHz

Probe ssnsed
CAPEZED
= 1H

5-6

sensing the probe type, thus
gliminating the guesswork and
errors that occur when attenuation
or amplification factors are set
manually.

ProBus also allows control of transparent gain and offset from the
front pane!, particularly useful for FET and current probes. It uploads
Gain and offset correction factors from the ProBus EPROMS on
FET probes, automatically compensating to achieve fully-calibrated
measurements.

Coupling
This function is used to select the input channel's coupling. If an
overload is detected, the instrument will automatically set the channel
to the grounded state. The menu can then be reset to the desired
coupling.

V/DIV Offset

When NORMAL is highlighted, pressing the corresponding menu
button sets the offset, Volts/div, and input coupling to display ECL
signais. Press the bution a second time and the settings for TTL
signais are given. And a third time returns the settings to those used
at the last manual setup of the channel.

Global BWL/BWL

Use this function to turn off the bandwidth limit or to select a limit,
The bandwidith can be reduced from the maximum to either
200 MHz or 25 MHz, or 30 MHz (-3dB), depending on your LC
model (see Appendix A}. Bandwidth limiting is useful for reducing
signal and system noise or preventing high-frequency aliasing,
reducing any high-frequency signals that may cause afiasing in
single-shot applications, for example. This menu appears as “Globat
BWL" if the Giobal BWL is activated; that is, the limit that you set
applies to alt channels. When a limit can be set individually for each
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channel, it appears as "BWL" i the Global BWL is deactivated. See
Chapter 12, “Special Modes.”

» When a FET probe is used, “Probe sensed...” appears
autornatically. When other ProBus probes are used, this is
redefined.

#H#H#

ISSUED: December 1999 5.7




CHANNELS, Coupliggz and Probes

G s

BLANK PAGE

s e o

5-8 ISSUED: Dacerrber 1999 LOXXX-OM-E Rev K




TIMEBASE + TRIGGER

TIMEBASE + TRIGGER Controls

STOP

LOXXX-OM-E Rev K

These controls tet you adjust time/division, trigger level and
delay; and to access the “TIMEBASE” and “TRIGGER” menu
groups. See Chapter 7 for descriptions of the Timebase
Modes that are affected by these conirols. See Chapter 8 for

trigger details.

This button halts the
acquisition in any of the
three re-arming modes:
AUTO, NORMAL or
SINGLE.

e Press the STOP
button to prevent the
oscilloscope from
acquiring a  new
signal.

o If you press STOP
while a single-shot
acquisiion is in
process, the last
acquired signal  is

kept.

o [ you press STOP
after an RIS
acquisition has
started, the
acquisition is halted,
and a partial
waveform

reconstruction is done.

. sToP -

s -sg'[up'f'

AUTQ ~ .

SINGLE ©

s [f you press STOP when the acguisition is in Roll Mode, the
incomplete acquisition data is shown as if a trigger had
occurred. {LC584 anD LCB84 SERIES You can turn on zoom
expansions after pressing STOP.) In Sequence Mode,
pressing STOP stops the timebase and shows all new

segmenis.
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AUTO

NORMAL

6-2

TIMEBASE + TRIGGER

SRR &

Press this button to place the instrument in Auto Mode: the scope
automatically displays the signal if no trigger quickly accurs.

If a trigger does occur within this time, the oscilioscope
behaves as in Normal Mode.

¥ you press AUTO in RIS Mode, the instrument ends the
acquisition and displays it each second (some required
segments may be missing).

if you press AUTO in Rolf Mode, the oscilloscope samples
the input signals continuously and indefinitely. The
acquisition has no trigger, but you can stop it whenever you
desire.

If you press AUTO in Sequence Mode, the acquisition ends if
the time between two consecutive triggers exceeds some
selectable timecut. The next acquisition then starts from
Segment 1. (See Chapter 12, “Special Modes.”)

Press this button to continuously update the screen while a valid
trigger is present. If there is no valid trigger, the instrument
preserves the last signal, and displays the warning “SLOW
TRIGGER” in the Trigger Status Field.

If you press NORMAL in Roll Mode, the acquisition ends
when the last needed data after a trigger have been taken.
The display pauses to show the entire waveform. It then
goes back into Roll Mode while it waits for the next trigger.

If you press NORMAL in Seguence Mode, the acquisition
ends after the last segment is acquired. The next acquisition
starts immediately. Sequence WRAP in Normai is the same
as in Single-Shot Mode.
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SINGLE

DELAY

ZERO DELAY

TIME/DIV

TRIGGER LEVEL
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Press this bution to place the instrument in Single-Shot Mode,
where it waits for & single trigger to occur, then displays the
signal and stops acquiring. if no trigger occurs, you can press the
button again to see the signal without a trigger.

+ if you press SINGLE in RIS Mode, the instrument walts for all
the trigger events needed to build one signal before it stops.
As many as 4000 trigger events may be required.

« Single-Shot Roll Mode behavior is the same as standard
Single-Shot behavior but without the need to press the buiton
a second time to display the signal, However, you can press
the button again to end the acquisition with the current
available data.

This knob adjusts the pre- or post-trigger delay. Pre-trigger
adjustment is available from zero to 100% of the full time scale in
increments of 1%. The pre-trigger delay is ilustrated by the
vertical arrow symbol at the bottom of the grid. Post-trigger
adjustment is available from 0 to 10 000 divisions in increments
of 0.1 division. Labeled in units of seconds, the post-trigger-delay
value is displayed in the Trigger Delay field.

This button sets the trigger delay at zero, the trigger instant at the
left-hand edge of the grid.

This knob selects the time per division in a 1~2-5 sequence. The
time/div setting is digplayed in the Acquisition Summary field.

This knob adjusts the trigger threshold. The amplitude of trigger
signals and the range of trigger levels is limited:

» 5 screen divisions with a channel as the trigger source

» 205 Vor+1.2V (LC564, LC584, AND LCE84 SERIES) with EXT
as the trigger source

7 45V with EXT/10, or 46 V with EXT/5 (LC564 Anp LC584
SeriEs) as the trigger source

» inactive with Line as the trigger source

Trigger sensilivity is betier than one-third screen division.
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SETUP TRIGGER

TIMEBASE + TRIGGER

S

This menu entry button calls up the *TIMEBASE” menus
{(described in the next chapter).

This menu entry button calis up “TRIGGER SETUP” menus
{(described in Chapter 8).

#EH

6-4
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Timebase Sampling Modes

Single-Shot

LCXXX-OM-E Rev K

Depending on the timebase, you may choose from
three sampling modes: Single-Shot, RIS {Random
interleaved Sampling), or Roll mode. Furthermore, for
timebases suitable for Single-Shot or Roll mode, the
acquisition memory can be subdivided into user-
defined segments to give Sequence mode.

Single-Shot is the digital storage oscilloscope’s basic acquisition
method.

An acquired waveform is a series of measured voltage values
sampled at a uniform rate from the input signal. in Singie-Shot
mode, this acquisition is a series of measured data values
associated with a single trigger event. Acquisition is typically
stopped at a fixed time after the event. This fixed time is
determined by the trigger delay, and is measured by the
timebase clock. The horizontal position of a waveform is
determined by using the trigger event o define time zero.

Because each of the oscilloscope’s channels has one or more
ADCs, the voltage on every input channel is sampled and
measured at the same instant. This allows very reliable time
measurements among the different channels.

Yot can set the trigger delay anywhere within a range that allows
the waveform to be sampled from well before the trigger event up
o the moment it occurs (100% pre-trigger). Alternatively, the
waveform can be sampled at the equivalent of 10 000 divisions
— the current time/div (post-trigger).

For fast timebase seltings, the maximum Single-Shot sampling
rate is used, with higher sampling rates achieved by combining
channels (see page 7-5). For slower timebases, the sampling
rate is decreased, but the number of data samples remains the
same. {See Appendix A for specifications.)
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Peak Detect

NOT AVAILABLE ON
LC564, LC584, OR LCB84
SERIES

RIS: Random Interleaved
Sampling

Segment 1
Segment 2

Segment 3

Final capture

B e

Timebase Modes and Setup

With slow timebases, sample rate decreases and very short
events such as glitches can be missed if they occur between
samples. To avoid this special circuitry called Peak Detect can
capture the signal envelope to a resclution of 2.5 ns. This does
not, however, destroy underlying simuttaneously captured data
on which advanced processing can still be performed. (See
menus on page 7-86.)

Random Interleaved Sampling (RIS} is an acquisition technigue
that allows effective sampling rates higher than the maximum
single-shot sampling rate. It is used on repetitive waveforms with
a stable trigger. The oscilloscope’s maximum effective sampiing
rate of 10 GS/s (25 GS/s for LC564, LC584, AND LC684 SERIES )
can be achieved with RIS by acquiring 20 single-shot acquisitions
(bins) at 500 MS/s. These bins are positioned approximately
0.1 ns apart (40 ps on LC564, LC584, AND LC684 SERIES). The
process of acquiring the bins and satisfying the time constraint is
a random one. The relative time between ADC sampling instants
and the event trigger provides the necessary variation, measured
by the timebase to 10-ps (5 ps for L0684 SeriEs) resolution.

Buildup of an RIS waveform,

7-2
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Roil (Real-Time Display}

Sequence Node

LC SERIES

On average, 104 trigger events are needed to complete an RIS
acquisition. But sometimes many more are needed. These
segments are inerleaved to provide a waveform that covers a
time interval that is a multiple of the maximum single-shot
sampling rate. However, the real-time interval over which the
waveform data are collected is much longer, and depends on the
trigger rate and the desired leve! of interleaving. The oscilloscope
is capable of acquiring approximately 40 000 RIS segments per
second.

incoming poinis in single-shot acquisitions that have a sufficiently
low data rate can be displayed in real time, using Roll mode. On
all models at timebase settings =0.5 s/div {=10 s/div for iraces of
500 000 poinis or more™ on all models except the LC564, LC584,
AND LC684 SeERriES) the oscilloscope rolls the incoming data
continuously across the screen until a trigger event is detected
and the acquisition is complete. This works in the same way as a
strip-chart recorder: the latest data is used to update the trace
display. Wavetorm Math and Parameter calculations are
performed on the completed waveforms, after the real-fime
display has stopped.

in Sequence mode, the complete waveform consists of a number
of fixed segmenis acquired in Single-Shot mode (see Appendix A
for the imits}. You can determine the number of segmenits to be
acquired, and each segment can be individually selected and
used in processing.

Sequence mode offers a number of unique capabilities.
Deadtime between trigger events for consecutive segmenis can
be kept to under 50 us, in contrast to the millisecond or even
longer time intervals normalty found between consecutive single-
shot waveforms. Compilicated sequences of events over large
time intervals can be captured in fine detail, while the
uninteresting periods between the events are ignored. And time
measurements can be made between events on selected
segments using the full precision of the acquisition timebase.

" Even when real-time display is not possibie, the data will continue to
be acquired.

LCXXX-OM-E Rev K
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NOT AVAILABLE ON

LC564, LC584, OR LC684
SERIES
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Trigger time stamps are given for each of the segments, using
the “Text & Times Status” menu {see Chapter 16). Each
individuai segment can be zoomed or used as input to math
functions {see Chapter 10).

The timebase setting in Sequence mode is used to determine the
acquisition duration of each segment: 10 x time/div. This setting,
along with the desired number of segments, maximum segment
iength, and total available memory are used to determine the
actual number of samples or segments, and time or points.
However, the display of the complete waveform with all its
segments may not entirely fill the screen.

Sequence mode can also be used in remote operation to take fuil
advantage of the scope’s high data-transmission capability,
overlapping the transmission of one waveform with its
successor's acquisition (see the Remote Controi Manuai for
details}.

Sequence mode is normally used for the acquisition of a desired
number of segments, after which the waveform acquisition is
automatically terminated. However, segments can also be
acquired continuously in Sequence mode, using Wrap, with the
oidest segments progressively overwritten by new segments in a
first in-first out sequence. A manual STOP order or timeout
condition is then used to terminate the acquisition (for more on
Sequence and Wrap behavior, see page 7-11).

ISSUED: December 1999 LOXXX-OM-E Rev K




LC SERIES

Combining Channels

Pairing Channels

Combining All Channels

Nate. ( E’FM ES LC564 a8

LC584 ONLY) Channels are .

combined to :ncrease

sample rate or memafy size.

or both in order to capture
and view a signal in allits
detail. When combined,
those channels (hke the ]
BNC mput) that are not- -
involved in the cambmatlon
| remain available for .

' tnggenng, even though they

_‘aqutomat;a it (not avai able
on L0684 SERIES) 1o combine
- channels and have the
 remaining acquisition -
channels available for
triggering. The channels -

available for triggering only

are indicated by “trig only”::
| inthe Acqu:s:t:on Summary

LCXXX-OM-E Rev K

For fast timebases, interleaving of the oscilloscope’s ADCs
by the combining of channels greatly boosts both sample
rate and memory length.

Depending on your scope model, a pair of channels can be
combined on channel 2 or 3, with channeis 1 and 4 disabled or
availabie only for triggering {see Note). On these paired channeis the
maximum sampiing rate is doubled and the record length is
increased by four or five {imes, depending on the model.

All channels can be combined on a single, pre-defined channel
{NoTt oN LC564 SERIES), while the others are either disabled o,
depending on the model, remain avaitable for triggering only (see
Note). The interieaving of ADCs and acquisition memory by
combining all four channels achieves up to four times the initial
maximum sampling rate, and at least four times the record
length.

Models in the LC334, LC534 LC574, and LCB84 SERIES combine
channels by means of a simple adapter.

When all channels are combined on a LC374 SER1ES model, the
sampling rate is doubled on Channei 2 and the record length
increases fivefold.

MOPELS IN THE LC564, 1L.C584 S=RIES similarly do not require an
adapter. In addition, they can combine their ADCs on any input
channse! using Auto-Combine mode. In this mode, which is
activated by selecting "Automatic” from the “Channel Use” menu
(see page 7-7), all avaiable memory is allocated to a single,
active displayed channel, provided no other channel is displayed
or referenced in the Parameter or Math Setup. If two traces are
displayed or referenced, sampling and memory rescurces will be
divided equally between them. If more than two traces are
disptayed or referenced, the resources will be split equally among
all four channels.

See the Maximum Sample Rate and Acquisition Memaory table in
Appendix A far the specifications for each model.
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R

Timebase Setup

TIMEBASE

SETUP
TIMEBASE

Press tc choose Single-Shot, RIS. or Sequence
modes to combine channels and increase sampie rate and
record length on most models; or use Peak Detect and the
external clock, where available.

‘TIMEBASE” indicates the number of points acquired, sample rate,
and total ime span.

LC334, LC374, LC534, LC574, and LC684 SERIES

TIMEEASE
T/div B0 ns
250
samples at
508 MS/s
o2 ns/pt)

For &BER ns
—Samz | ing—-
KIS

—sSamole Clock

ECL &% TTL

2
Fask-Detect

~Lhannel Use—

Or brap

—Sequence—

—Hecord up to
a4
samples

Sampling

For selecting either of the two principal modes of acquisition:

» Single Shot displays data collected during successive single-
shot acquisitions from the input channels. This mode lets you
capture non-recurring or very low repetition-rate evenis
simuitaneously on all input channels (see page 7-1).

» RIS (Random Interleaved Sampiing) achieves a higher effective
sampling rate than Single-Shot, provided the input signal is
repetitive and the trigger is stable (see page 7-2).

Sampie Clock

Use this feature to select Internal or external (ECL., OV, TTL) clock
modes (see page 7-8).

Channel Use

Use this feature to combine channels or activate Peak Detect mode
(refer to page 7-2). Select 4 to combine all input channels, or 2 to
combine a pair of channels on both CH 2 and CH 3 {see previous
page). Peak Detect captures high-speed events (not available on
LC684 SERIES).

Sequence

Use this feature fo turn the Sequence mode on or off, or to select
Wrap whereby new segments are acquired continuously. With
Sequence turned On, the comresponding menu knob is used to
choose the number of segments {see page 7~10).

ISSUED: December 1999

LOXXX-OM-E Rev K




LC SERIES

Record up to

Use this feature to select the maximum number of samples to be
acquired, using the associated menu knob. See Appendix A for
model maximums.

LC564 aAnD LC584 SERIES

TIMEEASE
T div BB n=s

1aea
samples at

2 GS/s
(508 pspt)
For 5B ns

—Samp ling—

RIS
~Sample Clock

External
—hanne!l Use—
H Z 1
Automatic

—Seguence—

OF F .y

~Record up to
16M
samples
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Sampling
Use this feature to select one of the two principal modes of acquisition:

# Single Shot displays data collected during successive single-shot
acquisitions from the input channels. This mode lets you capture
non-recurring or very low repetition-rate events simultaneousty on
all input channels {see page 7-1).

#» RIS {Random Interleaved Sampling} achieves a higher effective
sampling rate than Single-Shot does, provided the input signal is
repetitive and the trigger is stable (see page 72}

Sample Clock

This feature selects Internal or “exiernal” clock modes {see page
7-9).

Channel Use

Setlect 4 to activate all input channels, or 2 to combine a pair of
channels on both CH 2 and CH 3. Select 1 (Nor AvA/LABLE ON
SERIES LC564 ) to combine all channels on CH 2 alone. Automatic
optimizes allocation of sample rate and acquisition memory across
the channels: all available resources are allocated to a single
displayed channel provided none of the other channels is displayed
or referenced in the Parameter or Math Setup. This auto-combine
mode is also the best choice when using a remaining acquisition
channel for triggering (see page 7-5).

Sequence

This selection turns Sequence mode on or off. When Seguence
moede is turned on, the corresponding menu knob is used 1o choose
the number of segments (see page 7-10).

Record up to

This feature selecis the maximum rnumber of samples to be
acquired, using the associated menu knob. See Appendix A for the
maximum number of samples for each model.
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£C334, LC374, LC534, LC574 SERIES

TIMEBASE EXTERNAL

TIMEEASE
EXTERNAL

ZHERaHE
zamples at
280808 s/div

wﬁemﬁ ling—

—Sample Clock
Internsl
BY TTL

—f xterng | se—
DCEEG Mg

~—Seguence—

On brap

—+Hecord
2M

samples

These menus appear when an external clock mode (ECL, OV,
TTL) is chosen from “Sample Clock”.

Sampling
This menu is inactive when the external sample clock is being
used. Single-Shot is selected by default.

Sample Clock
This feature selects a description of the signal applied to the EXT
BNC connector for the standard sample clock up to 100 MHz,
The rising edge of the signal is used to clock the ADCs of the
oscilloscope. The effective thresholds for sampling the input are’:

ECL i ~1.3V
OV o g.0v
TTh +1.5V

RP (Rear Panel), when shown®, specifies that the 50-500 MHz
external clock connected to the rear panel is to be used as the
sample clock.

External _
This feature selects the input coupling for the external clock
signal.

Sequence
This feature turns Sequence mode on or off, or selects Wrap to
acquire new segments continuously. When Sequence On or Wrap
is selected, the corresponding menu knob is used to choose the
number of segments {see page 7-10). Neither trigger time stamps
nor the AUTO sequence time-out feature are available when external
clock is used, nor is intersegment dead time guaranteed.

Record
This feature selects the maximum number of samples to be
acquired, using the associated menu knob. See Appendix A for the
maximum number of sampies for each model.

! External clock modes are available only if the EXT trigger is not the trigger
source.

* With CKTRIG Option only — see that option’s dedicated Operator’s
Manual (LCXXX-CKTRIG).

ISSUED: Dacember 1958 EOXXX-OM-E Fev K




LC SERIES

LC564, L.C584, AND LC684 SERIES

OPTIONAL
TIMEBASE
EXTERMAL Sampling
4 M This menu is inactive when AN external sample clock is being

- used. Single-Shot is selected by defauit.

EE]EJ?kEE’dM; Sample Clock

This feature selects the External clock mode. “External’ specifies
that the DC to 500 MHz external clock, which is connected to the
instrument through the rear panel, is to be used as the sample clock.

The rising edge of the signal clocks the ADCs. The effective
threshold for sampling the inputis 0.0 V.

Channel Use
When External is seiected, 4 channels is the only choice

—Samp I ing——
Single_Shot

~aample Clock;

Irternal available.
External Sequence
—Channel Use— This feature turns Sequence mode on or off when new segments
are acquired continuously. With Sequence On, the corresponding
menu knob is used to choose the number of segments (see page
—Seguence— 7-10). Neither trigger time stamps nor AUTO sequence time-out
feature are available when external clock is used, nor is
RS (n intersegment dead time guaranteed.
—~—Hecord Recor_d .
4 This feature selects the maximum number of samples to be

acquired, using the associated menu knob. See Appendix A for the

samples )
F maximum number of samples for each model.

o e L PR TP T P o E T

been satistied and the appropr:ate number of: data pomts have been. accumulated
o Any adjustment to the t:me/d:ws:on knob automat:caﬂy retums the osmﬂoscope to
; ormai (mtemal) clock. operat:on S .

iRt
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Timebase Modes 9 Setup

TIMEBASE — Sequence  This is used for Sequence mode.

TIMEEASE
TAdiv BB n=

188 = 258
samples at
bEA M5/

(2 ns/pt)
For BEE ns

—SamE 1 mi—

~“ample Clock

ECL @y TTL

~LChannel Uze—
2

FPezk-Datect

hequence——

188 segrents
BFF Wirap

—iax . segment
2hud

samples

7-10

Sampling

This menu is inactive when Sequence mode is being used.
Single-Shot is selected by default.

Sample Clock (OPTIONAL ON LC564 AND LC584 SERIES)

Use this feature to select Internal or external (ECL, OV, TTL)} clock
modes (see page 7-8 or 7-9).

Channel Use

1.C334, LC374, L0534, LC574 aND LC684 SERies: This feature
combines channels or activates Peak Detect mode (see page 7-2),
on models where these features are available. Select 4 to use ail
input channels or 2 to combine a pair of channels on hoth CH 2
and CH 3. Peak Detect captures high-speed events (not
avaitabie on LC684 SERIES.

LC564 anD LC584 SeriES ONLY (not shown; see menus on page
7-7). Select 4 to activate all input channeis or 2 to combine a pair
of channels on both CH 2 and CH 3. Select 1 (NOT AVAILABLE ON
SERIES LCS64 ) to combine ali channels on CH 2 alone. Automatic
optimizes aflocation of sample rate and acquisition memory across
the channels: all avaitable resources are allocated to a single
dispiayed channel provided none of the other channels is displayed
or referenced in the Parameter or Math Setup. This auto-combine
mode is also the best choice when you are using a remaining
acquisition channel for triggering (see page 7-5).

Sequence

This feature turns Sequence mode on or off, or selects Wrap (if
available) to acquire new segments continuously. When On or Wrap
is chosen, the associated menu knob is used o choose the number
of segmenis.

Max. segment

Along with the corresponding button or knob, this feature selects the
maximum record length, in samples,  for each segment. See
Appenadix A for mogdel maximums.

ISSUED: Dacember 1929
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LC SERIES

Niore on Sequence... In Sequence mode, pressing each of the TIMEBASE +
TRIGGER buticns mentioned here has particular effects on the
acquisition.

SINGLE

e When you press , the oscilloscope fills the chosen

number of segments and then stops the acquisition. However, it
STOP

will not stop until you press

if there are not encugh
trigger events to fill the segmenis.

=l 10 fill the segments. When all are filled, the
datais processed and displayed. Then, if more trigger events
occur, the acguisition will restart from Segment 1.

AUTO

¢ In addition, if you press le=—dt , when the time between
two consecutive triggers exceeds a preselected time-out
value, the acquisition restarts from Segment 1. (See Chapter
12, “Special Modes.”)

and Wrap On models with Wrap, the segments can be filled continuously,
with the oldest segment overwritten by the newest one, until you
press the STOP button. The last n segments are then displayed.
Another way fo terminate the Wrap sequence is with the AUTO
button: the acquisition is stopped when the time between two
consecutive triggers exceeds a preselected time-out value.

#EH#
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Trlggers and When to Use Them

Choosing the Right Trigger

Modifying Trigger Settings

| This chapter

| “describes

. triggering -
‘operations, and .

.offers-hints on how

: o_perform them

- Along with the
| standard menu..’
| descriptions,;. the

' schematics show..

'_ithe trigger-menu

“structure, and the =
-diagrams exp!a.'n_ o

| how.the main
tr:ggers work

See also the tr:gger' | f

2 chapters in'the

| “Hands-On Guide™.

LOXXX-OM-E Rev K

Your oscilloscope offers many distinctive and useful
techniques for triggering on, and capturing, data. These
range from simple edge trigger to the advanced, multipie-
input SMART Trigger®.

Three triggering modes are available: AUTO, NORMAL, and
SINGLE. Additionally, STOP iets you cancel the acquisition
process at any time. All modes are directly accessible through
their respective front-pane! buttons.

Make trigger adjustments directly using the front-panel controis
and the trigger menus.

TRIGGER
LEVEL 4

v
Rotute 3 — for example — to adjust the trigger level of the

single frigger source or, for Pattern Trigger, the highlighted trace.

SETUP
TRIGGER

TRIGGER SETUP

Pressing & gives you
access 1o advanced trigger
operations, such as changing the
glitch width or the hold-off timeout,
which are performed using the
TRIGGER SETUP menu group,
represented here schematically (Fig.
8—1). Once you have modified the
trigger configuration, the changes are
stored internally i a non-volatile
memoaory.

Edge

See Chapter 6 for more about these SMART
and the other trigger controls.

Figure 8-1. Main Trigger Menus.

i
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Trlggers and When to U Them

Edge or SMART?

A variety of triggers for specific applications can be chosen
from the two main trigger groups, Edge and SMART Trigger.

Edge Triggers In the Edge group of menus, trigger conditions are defined by the
vertical trigger level, coupling, and slope. Edge triggers use refatively
simple selection criteria to characterize a signal. They are most
useful for triggering on simple signals (see next page and page
8-34}.

SMART Trigger The SMART Trigger types allow additional qualifications to be
set before a trigger is generated. These qualifications can be
used to capture rare phenomena such as glitches or spikes,
specific logic states, or missing bits. A qualification might include
trigger generation only on a pulse wider or narrower than a user-
specified limit. Or it might require — to take another example —
three trigger sources exceeding specific levels for a minimum
time.

Generally speaking, SMART Trigger offers a variety of trigger
qualifications, based on the ability to

¢ count a specified number of everts
= measure time intervals

®  recognize a patiern input

SMART explanations start page 8-9 and menus 8-35.
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Edge Trigger

Oc @.188

¥

Selecting “Edge” and its menus (Fig. 8-2) causes the scope
to trigger whenever the selected signal source meets the
trigger conditions. The trigger source is defined by the
trigger level, coupling, slope or hold-off. Certain of these
basic conditions applicable for SMART Trigger are also
selected in “Edge” (see menu descriptions starting on page

8-34).

The symbol above represents an edge trigger, with positive siope
— the highlighted edge — defined as the trigger condition.

Edge

Trigger on

1,2, 3, 4, Ext, Ext10,
or Exts depending on mode,
Line

Coupling

DC, AC, LFREJ, HFREJ, HF

Slope

Pos, Neg,

| and Window depending on model

Holdoff

Off, Time, Events

Figure 8-2. Edge Trigger Menus (see page 8-34),

LEXXX-OM-E Rev K

ISSUED: December 1992
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Triggers and When to Use Them

e

Tl

Trigger Source The trigger source may be one of the following:

o

AVAILABLE ONLY
ON LC564, LC584 AND
LC684 SERIES

The acquisition channel signal (CH 1, CH 2, CH 3 or CH 4)
conditioned for the overall voltage 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 to trigger the osciiloscope within a range of
+0.5V on EXT and 5 V with EXT/10 as the trigger source.
Or, on the LC564, LC584, AND LCB84 SeRiES +1.2 V for EXT
and £8 V with EXT/5 as trigger source.

In addition to the EXT BNC connector, acquisition channels that
are not used when channels are combined for greater sample
rates or memory can be used for triggering (see Chapter 7,
“Combining Channels").

Level Level defines the source voliage at which the trigger circuit will
generate an event (a change in the input signal that satisfies the
trigger conditions). The selected trigger level is associated with
the chosen trigger source. Note that the trigger level is specified
i volts and normally remains unchanged when the verticai gain
or offset is modified.

The Amplitude and Range of the trigger level are Iimited as
follows:

>

o

15 screen divisions with a channel as the trigger source

+0.5V, or £1.2 V for the LC564, L0584, AND L.C684 SERIES
with EXT as the frigger source

=5 V with EXT/10, or £8 V with EXT/5 as the trigger source
on the LC564, LC584, AND L.OB8d SERIES

none with LINE as the trigger source (zero crossing is used)

8-4
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Coupling

Slope

Hold-off

LGXXK-OM-E Rev K

This is the particular type of signat coupling at the input of the
trigger circutt. As with the trigger level, the coupling can be
independently selected for each source. Thus, changing the
trigger source can change the coupling. The types of coupling
that yout can select are:

» DC: All the signals frequency components are coupled to the
trigger circuit for high-frequency bursts, 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,
LC584, aND LOBBE SERIES).

» LF REJ: The signal is coupled through a capacitive high-pass
filter network. DC is reiected, and signal frequencies below
50 kHz are attenuated (<100 MMz for the LO564, LC584, AND
LC684 SEriEg. For stable triggering on medium- to high-
frequency signals.

» HF REJ: Signals are DC-coupled to the frigger circuit. A low-
pass filter network attenuates frequencies above 50 kHz. This
is used for triggering on low frequencies.

# HF: This is fo be used only when necessary for triggerng on
high-frequency repetitive signals >300 MHz, with a maximum
trigger frequency of >500 MHz (>1 GHz for the LC564, LC584,
AND LCBB4 SeRiES). HF is automatically overridden and set to
AC when it is incompatible with other trigger charactetistics
(and SMART Trigger). Only one slope is available.

Siope determines the direction of the trigger voltage transition that is
used to generate a particular trigger event. Like coupiing, the
selected slope is associated with the chosen trigger source.

Without hold-off, the time between each successive trigger event
would be limited only by the input signal, the coupling, and the
oscilloscope’s bandwidth. However, sometimes a stable display of
complex repetitive waveforms can be achieved by placing a
condition on this time. This is a hold-off, which can be expressed
either as a period of time or an event count. Hold-off disables the
trigger circuit for a given period of time, or events {an event is the
number of occasions on which the trigger condition is met) after the
last trigger occurred. The trigger will again occur when the hold-off
has elapsed and the other specified conditions are metl. Hold-off is
used 0 cbtain a stable trigger for repetitive, composite waveforms.
For example, if the number or duration of sub-signals is known, they
can be disabled by choosing an appropriate hold-oif value.

i
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Hold-off by Time

This is the minimum time between triggers (Fig. 8-3). A

trigger is generated when the trigger condition is met after
the selected hold-off delay from the last trigger. The timing
for the delay is initialized and started on each trigger.

Trigger Source: Positive Slope

Trigger Trigger Trigger
Event Event Event
H
! l !
i - i /
/ I / i
Trigger can occur
— 4 .
- Hold-0ff time —m— e Hold-off time ——— |
i
Generated Trigger
A 4 4 A 4 4 A
! e <
Trigger initia{es‘ Trigger initiates
hold-off timer hold-off dmer

Figure 8-3. Edge Trigger with Hold-off by Time. The bold edges on the trigger source indicate a posiive stope. The
broken upward-pointing arrows show poiential triggers that would oecur were other conditions met, while the bold
ones show where triggers actually occur when the hold-off time has been exceeded.

1

3 % H’oFF 80 ns

OC B.ops v

ISSUED: Decamber 1999

This example represents a positive edge frigger
level of 0.008 V and a hold-off time of 50 ns.
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Hold-off by Events Hold-off by events is initialized and started on each trigger
(Fig. 8—4}. A trigger is generated when the trigger condition is met
after the selected number of events from the last trigger. An event is
defined as the number of times the {rigger condition is met after the
last trigger. For example, if the number selected is two, as it is in

Figure 84, the trigger will occur on the third event. From 1 to

99 999 999 events can be selected.

Trigger Source: Positive Slope
Trigger Evem Eveni Trigger Event Evem Trigger
Everd Event Event
Trigger can occur '\
— 4 \‘;
-Hold-off by 2 events -+ < Hold-oft by 2 events »
Generated Trigger 1
A + 4 A + 4 N g Trigger
f e : : “g] initiates
: ! Trigger initiates hoig-off
hold-off timer : : timer

Figure 8—4. Edge Trigger with Hold-off by Events (two events in this example}. The bold edges on the trigger
source indicate a positive slope. The broken, upward-pointing arrows indicate potential triggers, while the bold
ones show where triggers actually occur after the hold-off expires.

i"“z‘—n

4———-—————3’ 'ﬂ-—* H? :WH:

This example indicates a hold-off of 37 events.

8-7
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Window Trigger
AVAILABLE ONLY

ON LC564, LC584, AND
LCB84 SERIES

Them

The Window Trigger (Fig. 8-5) allows the definition of a
window region whose boundaries extend above and below
the selected trigger level. A trigger event occurs when the
signal leaves this window region in either direction and passes
into the upper or lower region. The next trigger will occur if the
signal again passes into the window region. For a trigger to
accur, the time that the signal spends within the window must be
at least 0.5 ns.

Upper Region

Lower Region

‘Friggers

Figure 8-5. Edge Window Trigger: triggers when the signal leaves the window region.

This example shows the trigger level and
the range of the window region.

8-8
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SMART Trigger

SMART Trigger types allow additional qualifications before a
trigger is generated. Depending on the oscilloscope model, it
may include triggers adapted for glitches, intervals, abnormal
signals, TV signals, state- or edge-qualified events, dropouts,
patterns, “runts,” and slew rate.

Glitch Trigger Generally, a glitch is a pulse that is much faster than the observed
waveform. Glitch Trigger {Fig. 8-6) is used 1o capture narrow pulses
tess than or egual to, or greater than or equal to, a given time limit.

The example above shows a pulse width of < 10 ns.

Glitch

1,2, 3, 4, Ext, Ext10,

Trigger on +——  or Ext5 depending on model,
Pattern
Coupling DC, AC, LFREJ, HFREJ |
Atend of e Neg, Pos
puise
Width: less
than or equat Off, Time
o
Width:
greater than = Off, Time
or equal to

Figure 8-6. Glitch Trigger Menus (see page 5-36).

LOXXX-OM-E Rev K ISSUED: Dacember 1998
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Triggers and When to Use Them

Glitch Applications Digital electronics circuits normally use an internal clock. For testing
purposes a glitch can be defined as any pulse of width smaller than
the clock period or half-period. Glitch Trigger has a broad range of
applications in digital and analog electronic development, ATE, EMI,
telecommunications, and magnetic media studies.

Pulse Smaller than This Glitch Trigger selects a maximum pulse width (Fig. 8-7). It

Selected Pulse Width is generated on the selected edge when the puise width is less
than or equal to the selected width. The timing for the width is
initialized and restarted on the opposite slope to that selecied.
On the LC564, LC584, AND LCB84 SERIES glitches as short as
600 ps can be triggered on, and widths of 600 ps to 20 s can be
selected. On the other models, widihs of between 2.5 ns and 20
$ can be selected, but typically triggering will occur on glitches
1 ns wide.

Trigger Source

Glitch
Width
T Glitch
. Width
Trigger can occur
__ | Width Width |
Selected Selected
Generated Trigger

A

Figure 8~7. Glitch Trigger: here on a pulse width less than or equal fo the
width selected. The broken upward arrow indicates a potential trigger, while
the bold one shows where the actual trigger occurs.

o SRR
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Exclusion Trigger Seiecting “Glitch” and setting width conditions can also enable
the exciusion of events that fall in or out of a selected range of
width. This is an exclusion trigger (Fig. 8-8). Only pulses outside
(less-than-or-equal-to or greater-than-or-equal-to) this range will
generate a trigger event. Alternatively, you may decide to trigger
only on those pulses in the range itselt and exclude ali those
outside it. The timing for the width is initialized and restarted on
the slope opposite the selected edge. Widths of the same values
as for Glitch Trigger can be selected [see previous page).

SHART TRISGER
s gy
Gliich
Interval I
TV

Gualified
ﬁrgpa

e M| Bl
Ext
’ ihtlEi Pattehn

coupl ing 2

< I}€ 21

I A
— gt em} ﬂF

] D™
) umth P

25.8 ns

OrF

mzdth 2

_z?.s 0%

ofe [

2 DC 6. 448 ¢ 580 HS/s
pus 25.0 ns _
0R  27.5 negpw [l SYOPPED

Figure 8-8. Exclusion Trigger. In this example, only pulses ouiside the
boundaries of the width range, those of <25.0 ns or =27.5 ns in length, will
be captured. Note the “OR" in the “width 27 menu, which changes to “&”
when triggering only within the range.

Exclusion Applications Exclusion Triggers allow you to specify a signal's normal width or
pericd. With the scope instructed to ignore the normally shaped
signals and trigger only on abnormal ones, it can continuously
search for circuit failures.

LOXXX-OM-E Rev K ISSUED: Decernber 1999 8-11




Interval Trigger

interval Applications

8-12

Triggers and When to Use Them

SO
S sy

Whereas Glitch Trigger performs over the width of a pulse,
Interval Trigger (Fig. 8-9) performs over the width of an interval,
An interval corresponds to a the signal duration (the period)
separating two consecutive edges of the same polarity: positive
to positive edge; negative to negative edge. Interval Trigger
captures intervals that are shorter or fonger than a given time limit. In
addition, a width range can be defined to capture any interval that
falis in or out of the specified range — an Exclusion Trigger by

Interval.

Interval

1, 2, 3, 4, Ext, Ext10,

Trigger on —— orExt5 depending on model,
Pattern
Coupling | DC, AC, LFREJ, HFREJ
Between — Neg, Pos
edges
interval;
less than or Off, Time
aquatl {0
trtervai:
greater than Off, Time
or equal to

Figure 8~8. Interval Trigger Menus (see page 8-38).

Interval Trigger is helpful for determining missing cycles or
transitions, and for ignoring unwanted signal reflections.

ISSUED: Dacernber 1999
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Interval Smaller For this interval Trigger, generated on a time interval smaller than
the one selected, a maximum interval between two like edges of the
same slope — posttive, for example — is chosen (Fig. 8-10). The
trigger is generated on the second (positive) edge if it occurs within
the selected interval. The timing for the interval is initialized and
restarted whenever the selected edge occurs. Intervals of between
10ns and 20 s {2 ns and 20 s for the LC564, LC584, AND LCE84
SERIES) can be selected.

Trigger Source: Positive Slope

]

]
Interval

«—— Interval Width————»a- Widih
1 | L
Trigger can occur

Selected | Selected
interval Interval

Generated Trigger

Figure 8—10. Interval Trigger that triggers when the interval width is smaller
than the selected interval. The broken, upward-pointing arrow indicates a
potential trigger, while the bold one shows where the actual trigger occurs —
on the positive edge within the selected interval.

This example shows a positive slope
and interval of < 1.99 ms selected.

1 LFRET B.74% ¥
iwE1.99 ms
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Interval Larger For this Interval Trigger, generated on an interval farger than the
one selected, a minimum interval between two edges of the
same slope is selected (Fig. 8-11). The trigger is generated on
the second edge if it occurs after the selected interval. The
timing for the interval is initialized and restarted whenever the
selected edge occurs. Intervals of between 10 ns and 20 s (2ns
and 20 s for the LC564, LC584. AnD LC684 SERIES) can be

Trigger Source: Positive Slope

"*‘“—l |
Interval

«—— [nterval Width ——»le- Width —p
L i L
Trigger can occur
Selected Selected
Interval Interval
Generated Trigger
A
selected.

Figure 8—11. Interval Trigger that triggers when the interval width is larger
than the selected interval. The breken upward-pointing arrow indicates a
potential trigger, while the bold one shows where the actual trigger occury -—
on the positive edge after the selected inferval,

I This example shows a positive slope and
1 LFBEJ B.748 V interval of < 258 ns selected.
258 nsZiw
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interval Between Range This Interval Trigger is generated whenever an interval between
two edges of the same slope falls within a selected range (Fig.
8--12). The timing for the interval is initialized and restarted
whenever the selected edge occurs. Intervals of between 10 ns
and 20s (2ns and 20s for the L5684, LC584, AND L6584
SerIES) can be selected.

Trigger Source: Positive Slope

— | ‘

, Interval
a—— [nterval Width——plt— Widih
o | ]
Trigger can occur
_ Range Range
8] T T2 G T1 T2

Generated Trigger

Figure 8-12. Interval Trigger that triggers when the interval falls within the
selected range: T1 = the range’s lower time limit; T2 = its upper limit. The
Broken upward-pointing arrow indicates a potential trigger, while the bold
one indicates where the actual trigger oceurs ~— on the positive edge within
the selected range.

ﬂ__f J-LI— _ﬂ.__[ 1 e @. 23 ¥ This exgr:?pie shows a posifive slope,

- range limits of > 10.0 ns and < 5.4 »s,
o e e 10UB nesfiugh 4h yo e
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T_r:ggers and When to Use Them

interval Qutside Range This Interval Trigger is generated whenever an interval berween two
edges of the same slope falls outside a selected range (Fig. 813}, The
trigger is generated on the second edge if it occurs after the selected
interval range. The timing for the interval is initialized and restarted
whenever the selected edge occurs. Intervals of between 10 ns and 20 s
(2 ns and 20s for the LC564, LC584, AND LC584 SERIES)Y can be

selected.

Trigger Source: Positive Slope

Sl |

Interval

«—— Interval Width———»je— Width ™
| L
Trigger can occur
: Range Range
0 T1 12 0 T1 T2
Generated Trigger

Figure 8-13. Interval Trigger that friggers when the interval falls outside the
selected range: Tl = the range’s lower time Hmit; T2 = its upper limit. The
broken upward-pointing arrow indicates a potential trigger, while the bold
one shows where the actual trigger oceurs, on the positive edge outside the

selected range.

This example shows a positive slope, and
range limits of <10.0 ns and >347.5ns
selected, “OR” means that intervals above
or below the range have been fargeted,

1 0OC B.237

||[ [ ] ing 10.8 ns

¥ & % & & OR 347.5 nsSiuw

I W

—
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Pattern Trigger Pattern Trigger (Fig. 8—14) enables friggering on a logical
combination of the five inputs CH 1, CH 2, CH 3, CH 4 and EXT.
This combination, called a pattern, is defined as the logical AND
of trigger states. A trigger state is either high or low: high when a
trigger source is greater than the trigger levet (threshold) and low
when less than it (Fig. 8-15). For example, a pattern could be
defined as present when the trigger state for CH 1 is high, CH 2
is low, and EXT is irrelevant (X or don’t care). If any one of these
conditions is not met, the pattern state is considered absent.
Hoid-off limits from 10 ns to 20 s {2 ns—20 s for the LLC564,
LC584, anp LCE84 SeRIES) or from 1 10 89 999 999 events can be

Pattern

Trigger or f Exiting, Entering

Pattern || 1,23, 4 Ext
with

Coupling BC, AC, LFREJ, HFREJ
Level L, H, X, (Level value)
Holdoff Off, Time, Evis

selected.

Figure 8-14. Pattern Trigger Menus (see page 8-43).
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ers and Wi)en

to Use Them

Pattern Applications Pattern Trigger can be used in digital design for the testing of
complex logic inputs or data transmission buses.

Threshold High

CH1 FM Low
Threshold High

CH2 mw

Pattern 1H*2L

- - N
- ~ - ~,
- ~ - ~

g /s

7 - I
It ~ /

P

Geherated Trigger (Pattern Entering) \ ]
Generated Trigger (Pattern Exiting)

S , /

Erter THxZH#4L +EL E AL 5REmY

1M1
1 DOC 1.8684 v - - !
AC 2.49 Y i AC 2.50 ¥

Figure 8~15. Pattern Trigger: triggers when all pattern condifions are met,
Bold, upward-pointing arrows show where Iriggers occur.
Information summarizing the paitern setup is displayed.
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More About Pattern Trigger Once the pattern is defined, one of two transitions can be used to
generate the trigger. When the pattern begins, called entering the
pattern, a trigger can be generated. Alternatively, a trigger can be
generated when the patiern ends, calied exiting the pattern.

With pattem triggering, as in single source, either of these
gualifications can be selected: Hold-off for 10 ns up to 20 s (2 ns—
20 s for the LC564, LC584, AND LCB84 SERIES ), or Hold-off for 1 o
99 999 999 events.

When set to Pattern Trigger, the oscilloscope aiways checks the
logic AND of the defined input logic states. However, with the help
of de Morgan's laws, the pattern becomes far more generalized,

Consider the important example of the Bi-level or Window Patlern
Trigger. Bi-level implies the expectation of a single-shot signal on
which the amplitude will go in either direction outside a known
range. To set up a Bi-level Pattern trigger, connect the signal to two
inputs: Channels 1 and 2 or any other pair that can be triggered on.
For example, the threshold of CH 1 couid be set to +100 mV and
that of CH 2 at -200 mV. The Bislevel Trigger will occur if the
oscilloscope triggers on CH 1 for any pulse greater than +100 mV,
or on CH 2 for any puise less than —200 mV. For improved
precision, the gains of the two channels should be at the same
setiing.

In Boolean nctation we can write:

Trigger=CH 1+ CH 2

that is, trigger when enteting the pattern CH 1 = high ORCH 2 =
low.

By de Morgan's theorem this is equivalent to:
Trigger=CH1-CH2

that is, trigger when exiting the pattern CH 1 = low AND CH 2 =
high. This configuration can be easily programmed.

The possibility of sefting the threshold individually for each channel
extends this method so that & becomes a more general Window
Trigger: in order 1o trigger the input pulse ampiitude must lie within
ot cutside a given arbitrary window.

Pattern Trigger has been designed to allow a choice of the trigger
point. By choosing 1L"2H entering, the ttigger will cccur at the
moment the pattern 1L.°2H becomes true.
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Triggers and When to Use Them

Qualified Triggers in the case of Qualified Triggers (Fig. 8-16), a signal’s transition
above or below a given level — its validation — serves as an
enabiing (qualifying) condition for a second signal that is the
source of the trigger.

Two Qualified Triggers are available: State-Qualified, where the
amplitude of the first signal must remain in the desired state uniil
the trigger occurs; and Edge-Qualified, for which the validation is
sufficient and no additional requirement is placed on the first
signal (for the separate, Qualified First Trigger, see page 8~24).

A Qualified Trigger can occur immediately after the validation or
within a set time after it. Or it can occur following a
predetermined time delay or number of potentiai trigger events.
The time delay or trigger count is restarted with every validation.

Qualified Quaiified j

j

fusrmy By — EdgelState qualifier — By b Edge|State qualifier
R L 121314]Ext|Ext10 - L 1121314{Ext{Ext10
Trigger on or Ext& depending on modsi Trigger on or Ext5 depending on mode!
123[4[EXEXITO TRR|34{Ext|EXITO
1 Oniy after ——  or £xi5 depending on model —-—  After  ——  or Ext5 depending on mods!
|Pattern |Pattern
Goesand | | Above[Below L Has gone i AbovelBelow
stays vaiug g vaiue
Within " . Within ; y
T Wair ™1 OffiTime <} Time> | Evis 0 war CHf|Time <| Time> | Evis

Figure 8-16. State- and Edge-Qualified Trigger Menus (see pages 8—40 and 8-d1).
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LC SERIES

Quaiified Triggers offer the choice of generating a trigger when a
selected pattern is present or absent. As with Pattern Trigger,
the pattern is defined as a logical AND combination of trigger
states that are high or low: high when a trigger source is greater
than the selected trigger level; low when it is less. For example,
a pattern might be defined as present when the trigger states for
Channels 1 and 2 are high and EXT is low. If any one of these
conditions is not met, the pattern state is considered absent.

Qualified Triggers allow an additional qualification once the
selected paitern staie occurs. For example: “wait for 10 ns up {0
20 s, trigger on CH 1 {o the 99 999 999th event.” The patiern is
used to qualify the trigger without actually generating it
Triggering will occur when another signal, the trigger source,
meets its trigger condition while the patiern is preseni. The
frigger source itself is not allowed in the pattern.

Qualified Applications Typical applications can be found wherever time violations cccut,
such as in micro-processor deblugging, or telecommunications.

State-Qualified with Wait State-Qualified Trigger with Wait (Fig. 8-17) is determined by the
parameters of Time or the number of Events:

# Time determines a delay from the start of the desired pattern. After the
delay (timeout) and while the pattern is present, a frigger can occur.
The timing for the delay is restarted when the selected pattern begins.

#  Events determines a minimum namber of events of the trigger source.
An event i3 generated when a trigger source meets its trigger
conditions. On the selected event of the trigger sowrce and while the
pattern is present, a trigger can ocewr. The count is inatialized and
started whenever the selected pattern begins, and continnes while the
pattern remains. When the selected count is reached, the frigger
oceurs.

This example shows a State-Qualified-with-
time-Wait trigger: positive slope, 2 ns delay,
“goes and stays Above” -24 mV.

5 D0 -24my

1 DC .87 V
~ WITHIN 2.8 ns
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Triggers and When to UseThem

‘Trigger Source: Positive Slope

Qualifier: Pattern P:ijesent

Trigger can occur)/

wal Wail

Generated Trigger
s A 4 A

Figure 8-17. State-Qualified by Wait: Trigger after timeout. The broken upward-pointing arrows
indicate potential triggers, while the bold arrows show where the actual triggers occurs.

As the above figure illustrates, a trigger is generated on a rising
edge whenever the pattern is asserted (pattern present) and the
wait timeout has expired. The timeout is activated or disabled
once the pattern is asserted or absent, respectively.

A T |[ Present  TH*3Hs4L#EL

|—| r-]_ ﬂ [__ E nc 2. 50 v [
% WAIT 109 events
This example shows an Edgenauahf;ed-w:th-event Wait trigger on CH

2 (described next page): positive slope, wait of 109 events, level of
2,50 V, and pattern present as indicated.

8-22 ISSUED: December 1999 LOXXX-OM-E Rev K




Edge-Qualified with Wait Like

LC SERIES

its State-Qualified equivalent, Edge-Qualified with Wait

(Fig. 8-18) is conditioned by either Time or Events:

b,

=

Time determines a delay from the start of the desired pattern. After
the delay {(timeout) and before the end of the pattern, a trigger can
occur. The timing for the delay is restarted when the selected
patfern begins.

Events determines a minimum number of events for the trigger
source. An event is generated when a frigger source meets its
trigger conditions. A trigger can occur ont the selected event of the
trigger source and before the end of the pattern. The count is
initialized and started whenever the selected pattern begins. Tt
continues while the pattern remains. When the selected count is
reached, the trigger occurs,

Figure 8-18. Edge-Qualified by Wait: Trigger after timeout. The broken upward-

Trigger Source: Positive Slope

Qualifier: Pattern Present

Trigger can occur

Selected . Selected
Time Time

Generated Trigger

A

A A A

pointing arrows indicate potential triggers, while the bold pnes show where

the actual trigger occurs.

Qualified First Qualified First Trigger (Fig. 8-19) is similar o the Qualified Triggers.
and presents exactly the same menus {see page $-44). Qualified First is

LOXXX-OM-E Rev K
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B __Triggers and Whenutgw

intended to be used exclusively in Sequence Mode 10 speed up the
trigger rate. With Qualified First, a single valid trigger is sufficient to
acquire a full sequence. Other than in Sequence Mode, Qualified First
is identical to the Qualified Triggers.

Quial First

— By — Edge State qualifier .
-t Trigger ont—- 1, 2, 3, 4, Ext, ExtiC
| After L 1,2, 3, 4, Bxt, Exti0,

Patiern

Above, Below
— Has gone —
valug
e W'th.m — Off, Time <, Time>, Evis
Wait

Figure 8~19. Qualified First Trigger Menus (see page 8—44).

Applications In Data Storage, the index pulse can be defined as the qualifier
signal and the serve gate signal as the trigger source.
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Qualifier

(T\rig“gﬂ

Segment 1 Segment 2 Segment N

Qualifier Qualified First Trigger

Trigger
i : i
! P
JRO—— _.3 | Sv— S | i«* DTJ E 1
Segment 1 Segment 2 Segment N

Figure 20. Comparing Qualified (top) and Qualified First {bottom) Triggers. Whereas the (Edge-)
Qualified Trigger requires that each of the segments be “qualified” by a valid condition in Sequence
Mode, Qualified First Trigger needs only a single valid condition fo qualify a full sequence of
segments. Note that the inter-segment deadtime (DT) is much shorter with Qualified First, which is
used only in Sequence Mode.

W

)

This example shows Qualified First Trigger.
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Triggers and When to Use Them

S s

TV Trigger A special kind of Edge-Qualified Trigger, TV Trigger (Fig. 8-21)
allows stable triggering on standard or user-defined composite
video signals, on a specific line of a numerically odd or even
field. TV Trigger can be used on PAL, SECAM, or NTSC
systems.

A composite video signal on the trigger input is analyzed to
provide a signal for the beginning of the chosen field — “any”,
“odd” or "even” — and for a signal at the beginning of each line.
The field signal provides the starting transition, and the
beginnings of line pulses are counted to allow the final trigger on
the chosen line. Each field, the number of fields, the field rate,
interlace factor, and number of lines per picture must be
specified, although there are standard settings for the most
common types of TV signails. TV Trigger can also function in a
simple any-line mode.

TV

1,2, 3, 4, Bxt, Ext 10,

e TVsignalon e depending on mods!

-1 #offields e 1,2,4,8

eed TV fype e Standard, Custom

a8 B25/60/2:1, 525/60/211
(Standard)

as: Line#, Hz, ]
Intertacing#:# i
(Custorm) |

—  Triggeron — Line#, Field#, any

Figure 8-21. TV Trigger Menus (see page 8-39 ).
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Nates far T’ V angger

B . ecause most TV systems'have more than two ﬂelds the enhanced f:eid-countrng
.. -capability (FIELDLOCK} allows the osctt!oscope to trigger cons:stenﬂy ona .
S ;-chosen line w:thm a f:e!d of t_he s:gna.' Tha f:eid-numbermg system is reiaﬂve, m L

iory to 3ffow max:mum fiex:bmty, no Ime-counimg con uentfon is used -
The line count should be thought of as a !me-synchromzmg pulse count. i S
' mcludes the trans:t:ons of the equahzmg pulses For certain extreme cases,:_r__

This example TV Trigger shows a trigger on Line 338 of an even field of
a PAL/SECAM signal on CH 1. The *25” in parentheses is the number
of the line selected in Field 1.

253 Field 2/8
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Dropout Trigger

Dropout Applications

8-28

~ Triggers and When to U

Dropout Trigger (Fig. 8-22} provides triggering whenever the
signal disappears for a set period of time. The trigger is
generated at the end of the time-out period following the “last”
trigger-source transition, as shown in the figure on the next page
{Fig. 8-23). Time-outs of between 25ns and 20 s (2ns and 20 s
for the LC564, LC584, AND LOB84 SERIES) can be selected.

Dropout
Trigger after 1,2, 3, 4, Ext, Ext10,
timeout if no edge or Ext5 depending on
OCCUrs on rmodel
With slope Positive, Negative
Within Time

Figure 8-22. Dropout Trigger Menus (see page 8—42)

Dropout Trigger is useful for detecting interruptions in data streams
such as network hang-ups and microprocessor crashes. A typical
appiication is on the last ‘normal interval of a signal that has
disappeared completely. This is essentially a single-shot application,
usually with a pre-trigger delay. RIS acquisition is not useful here
because the timing of the trigger timeout is insufficiently correlated to
the input channel signals.
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Trigger Source

LC SERIES

Trigger can.occur

-"14_

Generated Trigger

Wait

, > <.
Time-out " | ™., Time-out”

Figure 8-23. Dropout Trigger: occurs when the time-out has expired. The bold upward-pointing arrows show where

the trigger occurs.

This Dropout Trigger example shows a wait
time-out of 25 ns,

LOXXX-OM-E Rev K
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Runt Trigger
AVAILABLE ONLY
ON LC564, LC584, AND
L.C684 SERIES

Runt Applications

Triggers and When to Use Them

i

e

The Runt Trigger (Fig. 8-24) is programmed to occur when a
pulse crosses a first threshold line and fails to cross a second
threshold line before re-crossing the first (Fig. 8—25). You can
select both thresholds within a range of 600 ps to 20 s. Other
defining conditions for this trigger are the edge (triggers on the
slope opposite to that selected) and the runt width.

Runt

Trigger on

1,2,3, 4, Ext, Ext5

Coupling

DC, AC, LFREJ, HFREJ

With

Level: upper level,
lower level

Width: runt <=, runt >=

Edge: Negative, Positive

Figure 8-24. Runt Trigger Menus (see page 8-45).

Runt Trigger is particularly helpful for detecting meta-stable
conditions in digital design.

8-30
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LC SERIES

Trigger Source Upper Threshold Level

B IS, B N B ] L

Lower Threshold Level

Generated Trigger (Positive Slope)
A A

Generated Trigger (Negative Slope)

Figure 8-25. Runt Trigget: triggers when a puise crosses the first threshold but not the second before
re-crossing the first — marked by the bold, upward-pointing arrows.

1 OC 0.488 ¥ veto -128mY

T B A

O B.770 msSrunts2. 14 ms

This example sows a positive edge (“Neg” was selected to oblain
this), the difference between the two threshold levels (“veto”), and the
runt width.
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Triggers and When to Use Them

T

Slew Rate Trigger Slew Rate Trigger (Fig. 8-26) activates a trigger when the rising
or falling edge of a pulse crosses two threshold levels: an upper

f&%%of;; Echfi‘&f and a lower level (Fig. 8-27). The puise edge must cross the
H ’ thresholds faster or slower than a selected period of time. You

EERIES s
can select both thresholds within a range of 600 ps to 20 5.
Slew Rate
Trigger on 1, 2,3, 4, Ext, Ext5
Coupling DC, AC, LFREJ, HFREJ
With dV: upper level, lower
levet
dT: d7 <=, d7 >=
Slope: Negative, Positive
Flgure 8-26. Siew Rate Trigger Menus {see page 8—46)
Applications Slew Rate Trigger is useful for measuring risetime or falltime in

digital design, minimizing reflections.
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LC SERIES

R

Trigger Source

Generated Trigger

Figure 8-27. Slew Rate Trigger: occurs when a rising or falling edge crosses two thresholds (dV)
oulside a selected time range (dT), marked by the bold, upward-pointing arrow.

1 DC B.556 ¥ to 138mY

] slope »s 73,6 mddns

This Slew Rate example is the same as the Edge Trigger symbol,
but shows lower (0.556 V) and upper (168 m) threshold levels,
and a time range (= 73.6 ns),
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Triggers and When to Use Them

TRIGGER SETUP: Edge

SETUP
TRIGGER

TRIGGER SETUP

l SHART \

—trigger on—

234eExt
Extl1B Lins

—coupling 1-—
AC LFREJ
HFREJ HF

»—sﬁpw 1Neg

—ho ldofFF
1.6l ps
OFF Euts

8-34

Press 1o access selection of:

v

Trigger source,

74

Coupling for each source,

A4

Slope (positive or negative), and
#» Hold-off by time or events.

Edge/SMART

Use this to select Edge (for an explanation of Edge Trigger, refer to
page 8-3).

trigger on

This selects the trigger source.
coupling

This selects the trigger coupling for the current source.
slope

Use this to place the trigger point on the Pos-itive or Neg-ative
slope of the selected source. LC564, LC584, AND LCB84 SERIES
ONLY: This menu also offers Window, which allows triggering
whenever the input signal exits a specified voltage window {refer
to previous page). When this is selected, a “window size” menu
becomes available, which allows the window to be defined
around a trigger level set with the LEVEL knob.

holdoff

This aliows you to disable the oscilloscope's trigger circuit for a
definable period of time or number of events after a trigger event
occurs. The hold-off can be defined as a period of Time or a
number of Evits (events are changes in the input signal that
satisfy trigger conditions). The menu knob is used to vary the
‘holdoft” value. Time values in the range 10 ns to 20's, or 2 ns to
20 s for the LC564, LC584, AND LC684 SERIES may be entered.
Event counts in the range 1 to 99 999 999 are allowed.
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SERIES

TRIGGER SETUP: SMART

SETUP

TRIGGER
Press | to access the various SMART Trigger types:
» Gliteh (see page 8-36)
» Exclusion {see page 8-36)
> interval (see page 8-38)
» TV (see page 8-39)
> State- and Edge-Quatified {see pages 8-40, 8-41)
¥ Dropout (see page 842}
¥ Pattern {see page 8-43)
¥ Qual First (see page 8-44)
TRIGGER SETUFR » Runt — LC564, LC584, AND LC 684 SERIES (see page 8—45)
» Slew Rate — LC564, LC584, anD LC684 SERIES (see page 8~
Edoe S ‘ 46).
(Glitchl
Edge/SMART
SETUR SMART é Use this to select SMART.
TRIGGER SETUP SMART TRIGGER
F——trigqer C— o
i] 9 54 Ewt ; This primary menu accesses the SMART TRIQGER menu groue
Fywt 18 Pattern for cheoosing the type of‘SMART Trigger required from the “type
- secondary menu. Descriptions of the “type” and other associated
—coupling T SMART menu selections start next page.
AC

LFREJ HFREJ

~—at end of—

Mer Foe
pulse

—gidih  £—
7.6 ns
OFF
2.5 ns

OFF

B
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Triggers and When to Use Them

SRl

SMART TRIGGER — Glitch

SMAKT TRIGGER

tupe type
Use this to select Glitch (for an explanation of Glitch Trigger, refer to
Interval page 8-9).
T » Exclusion Trigger is also set using these menus — refer to
QualiFied page 8-11.
Dropout F
—trigger an trigger on
0234Ext Use this to select the trigger source
Ext18 PFattern og ’
~coupling 1— coupling
ac , . . o .
Use this to select the trigger coupling. HF coupling is not available.
LFRET HFREJ gaer couping ping
~gt end oF -~ at end of
Heg | Pos Use this to define the test on either Pos-itive or Neg-ative pulses.
pulss
St 11 1 £ 2 width <
12.5 ns On instructs the instrument to trigger if the pulse is less than or equal
aFF to the value defined here. The value can be adjusted with the [
—&  width 32 associated menu knob, while the test can be turned on or off by e
Y E s pressing the menu button, and used in combination with “width =",
OFF You can enter width vaiues in the range 2.5ns to 20s (600 ps to
20 s for the LC564, LC584, AND LCB84 SERIES).
&/OR width =

On instructs the instrument to trigger if the pulse is greater than or
equal to the value defined here. The value can be set using the
associated menu knob. The test can be turned on or off with the
menu button, and used in combination with “width <", The two width
limits are combined to target glitches within ("&") a certain range if
the “width <" value is greater than the “width =" value. “OR" indicates
that glitches above or below this range will be targeted. Width values
in the range 2.5 ns to 20 s (600 ps to 20 s for the LO564, LC584, AND
LCB84 SeRIES) can be entered.

BB
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SMART TRIGGER — Glitch — Pattern

When Pattern is selected from “trigger on” in Glitch mode (and also

SMRBT TRIGGER in Interval mode — see next page), the instrument triggers on the
t logic AND of up to five sources.
uge
type
Interwval Use this to select Glitch {for an explanation of Glitch Trigger, refer to
™ page 8-9).
UusliFied
Oropout f
—trigger an—
123461 |
Ext 10 FEIRRSaE trigger on
—For patiern— Use this to select Pattern.
Present
Fhgerit) for pattern

Use this to select pattern Present or Absent.
<

width =
125 ns
OFF width <

&  width Use this to trigger if the paitern is present or absent for less than or
2.5 ns
( OrF

equal to the time value defined here. The value can be adiusted with
the associated menu knob, and the test commuted to “2” by pressing
the corresponding menu button. You can enter width values in the
range 2.5 ns t0 20 s (600 ps to 20 s for the LC564, LC584, aND LCE84
SERIES).

I

&/OR width =

To trigger if the pattern is present or absent for greater than or equal
{0 the time value defined here. The value can be adjusted, and the
fest commuted to “< ” as per “width <. You can snter width values
in the range 2.5 ns 10 20 5 {600 ps to 20 s for the LC564, LC584, AND
LC684 SERIES ).
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S

SMART TRIGGER — interval

SMART TRIGGER

—trigger on
i]2346xt
Extlld Pattern

—coupling 1—
ﬂﬂ AL
| FREJ HFREJ
ey 2 |2 2
FPos Heg
edges

—interyval <—
42 .5 ns
OFF

AR interval 2
U.545 me
OFF iy}

type
Glitch k
Interwal
T
HugiiFied
Oropout f

8-38

type

Use this to select Interval {for an explanation of Interval Trigger,
refer Yo page 8-12).

trigger on

Use this to select the trigger source. When Pattern is selected, the
instrument triggers on the logic AND of up to five sources, and
displays menus as in Glitch-Pattern mode (see previous page).

coupling
Use this to select the trigger coupling. HF coupling is not available.
between

Use this to define the interval between two adjacent Pos-itive or
Neg-ative edges.

interval <

Set this to trigger if the interval is less than or equal to the value
defined here, which can be adjusted using the associated knob. The
test can be turned on or off with the corresponding menu button, and
can be used in combination with the “interval =" test. You can enter
interval vaiues in the range 10 ns 10 20 s (2 ns to 20 s for the LC564,
LC584, AND LCB84 SERIES).

&/OR interval >

Set this to trigger if the interval is greater than or equal to the value
defined here, which can be adjusted using the associated menu
knob The test can be turned on or off using the corresponding menu
button, and can be used in combination with the “interval <" test. The
two interval limits are combined to select intervals within (“&") a
range if the “interval <" value is greater than the “interval 2" value.
“OR” they can be combined to select intervais on either side of this
range. You can enter infervai values in the range 10nsto 20s (2 ns
to 20 s for the LC564, LC584, AND LOBSE SERIES).

ISSUED: December 1999
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SMART TRIGGER — TV

SMRRT THIGGEH

type type
Glitch 1 Use this to select TV (for an explanation of TV Trigger, refer to page
Interval 8-26).
HualiFied
Oropout F
—T¥ zignal on
224 bt TV signal on
Extll Use this to select the trigger source.
- 10? ?Eid@“ # of fields
4 Use this to define the field number: odd or even.
—TV type— TV type
Use this to select Standard or Custom TV decoding.
Custom

as

When Standard is chosen, this selects “625/50/2:1" (PAL SECAM)
or “525/60/2:1" (NTSC) standards.

When Custom is selected, this specifies the number of lines and

—~Lrigger on—

Line Cield cycles, and setting the interlacing facior for non-standard TV signals.
2 trigger on

Use this 10 select the line and field on which to trigger. When it is not
important that a line be defined (done using the lower menu knob)
“Field” changes to “any” to allow triggering on an unknown line.

: = R
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e

SMART TRIGGER — Qualified — State

=MART TRIGGER

type
Interval b
T
QualiFied
ODropout
Pattern

e

£

Edge

(qualiFier)

—trigger on—
023%4cExt
Ext 1

—only aFter

TH34Ext
Ext il Patterﬂ_

—oes 8 staus
A Below
248my

-zt
& ngs
OFF T< Ews

840

type

Use this to select Qualified {for an explanation of State-Quaiified
Trigger, refer to page 8-21).

by
Use this to select State.

trigger on

Use this to select the trigger source. Other conditions for this source,
such as siope and hold-off, may be set up using Edge Trigger (see
page 8-34),

only after

Use this o select the qualifier source. Other conditicns for this
source, such as slope and hold-off, may be set up using Edge
Trigger {see page 8-34). Selecting Pattern as the qualifier source
offers the choice of pattern “Present” or “Absent” in the menu below.

goes & stays

Use this to select the qualifier threshold by means of the associated
knob, and using the menu button to select whether the qualifier
signal will be valid Above or Below that threshold. Selecting Pattern
as the qualifier source in the menu above offers the choice of pattern
“Present” or “Absent.”

wait/within

Use this to specify the time limit (‘within” “T<") for accepting the
trigger event. Alternatively, to specify how much time {*wait” “T>") or
how many trigger events (“wait” “Evs"} should be allowed before the
acquisition is taken on the next trigger event. The qualifier signal
must remain valid until the final trigger has been received. The $me
value can be chosen in the range 10 ns—20s (2 ns to 20 s for the
LC564, LC584, anp LC684 Series). The trigger event count can be
chosen in the range 1 {0 99 999 999.

g

T
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SMART TRIGGER — Qualified — Edge

SMART THIGGER

type
Intervsl 1
T
HQualiFied
Oropout
Pattern 4

ol

BRI ctate

{gualiFier)

—irigger an—
1234 Ext
Ext 10

aFter l

234t
Ext 1B Pattern

—has gone
Belou?}

-133m8

pmmemey T FEITY
138 s
OFF T> Ewvs

LOXXX-OM-E Rev K

type

Use this to select the Qualified trigger type (for an explanation of
Edge-Qualified Trigger, refer 1o page 8-23..

by
Use this to select Edge.
trigger on
Use this to select the irigger source. Other conditions for this source,
such as slope and hold-off, may be set up using Edge Trigger (see
page 8-34).
after
Use this o select the qualifier source. Other conditions for this
source, such as slope and hold-off, may be set up using Edge
Trigger {see page 8-34). Selecting Pattern as the qualifier source
offers the choice of pattern “Present” or “Absent” in the menu below.
has gone
Use this to adjust the gualifier threshold and determine whether the
qualifier signal is valid once it "has gone” above or below that
threshold. Selecting Pattern as the qualifier source in the menu
above offers the choice of pattern “Present” or “Absent.”
wait/within

Use this to specify the time limit (*within” “T<") for accepting the
trigger event. Or, use it to specify the delay in time (“wait” “T>") or
number of trigger events ("wait” "Evs”™) affer a valid transition has
occcurred. A trigger can only be accepted after this delay. Any
subsequent qualifier event restarts this count. The time vaiue can be
chosen in the range 10 ns 10 20 s (2 ns to 20 s for the LC564, LC584,
AND 1684 SERIES. The trigger event count can be chosen in the
range 1o 99 999 999.

S
Seaves Sl s
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S

SNMARYT TRIGGER — Dropout

SMART TRIGGER

type
T
fualiFied
Oropoit
Pattern
Uual First F

Trigger afFter

timeaut, iF

HO edge

~—QCCLUrs O

1234 Ext

—with zlope—

-

Magative

rmmey) 1 E 16D
1.64 usz
(timeput?

oF previous
edge

type

Use this to select Dropout (for an explanation of Dropout Trigger,
refer to page 842).

Trigger after
timeout, if
NGO edge

ocCcurs on
Use this to select the trigger source .

with slope

Use this to define whether the measurament starts on a Positive or
Negative slope of the trigger signal.

within... of previous edge

For defining the time-out value in the range 25ns 1o 20s (2ns to
20 s for the LC564, LC584, AND L CBB84 SERIES),

8-42
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SMART THIGGER

type
T
fu=zliFied
Oropout

Husl First
—trigger on-—

ExitinE

—Fattern with
234 et

~coupling 1—
Ac
LFREJ HFREZ
—lewvel
1 78 i
H oo X

—hoidoFF—
1.8l ps

OFF Evts

LOXXX-OM-E Rev K

SMARY TRIGGER — Pattern

type

Use this 1o select Pattern (for an explanation of Pattern Trigger, refer
10 page 8-17).

trigger on

Use this to select Entering for the instrument to trigger when the
patiern starts being frue, and Exiting for triggering when it stops
being frue.

Pattern with

Use this to select the channel to be modified using the lower menus’
corresponding menu buttons.

coupling
Use this 1o select the desired coupling. HF coupling is not available,
level

This is for medifying level values, using the associated knob and the
corresponding menu button to choose L {low), H {(high}, or X {(don't
care).

hoidoff

Use this to disable the trigger circuit for a definabile period of time or
number of events after a frigger event (a change in the input signal
that satisties the trigger conditions). When not turned off, hoidoff can
be defined as a period of Time or a number of Evis (evenis). Use
the associated menu knob 1o vary the “holdoff” value. You can enter
time holdoff values in the range 10 ns to 20 5 (2ns to 20 s for the
LC564, LCSB84A, and LOBB4). Event counts in the range 1 to 99 999
999 are allowed.

ISSUED: December 899 8-43
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5

SMART TRIGGER — Qualified First

SMRRT TRIGGEHR

type
T 1
uaslifFied
lropout
Pattern

=

by
State
fqualiFier?

—trigger on-—
1434 6Ext
Ext10

aFter l

2346
Ext1B8 Pattern

—has gone

Below
-G ey

walit

g evts
OFF T< T»

8-44

type

Use this to select Qual First (for an explanation of Qualified First
Trigger, refer to page 8—24).

by
Use this to select Edge or State.

trigger on

Use this to select the trigger source. Other conditions for this source,
such as slope and hoid-off, may be set up using Edge Trigger (see
page 8-34).

after

Use this to select the qualifier source, Other condifions for this
source, such as slope and hold-off, may be set up using Edge
Trigger (see page 8-34). Pattern selected as the qualifier source
determines whether the pattern should be “Present” or “Absent.”

has gone

To adjust the qualifier threshold and determine whether the quaiifier
signal is valid once it “has gone” above or below that threshold.
Selecting Pattern as the qualifier source in the menu above offers
the choice of pattern “Present” or “Absent.”

wait/within
To specify the time fimit {*wait” “T<") for accepting the trigger event.
Or, to specify the delay in time (“wait” T} or number of trigger events
(“wait” Evs} after a valid transition has occurred. A trigger can only
be accepted after this delay. Any subsequent qualifier event restans

this count. You can choose a time value in the range 10 ns t020 s,
and a trigger event count in the range 1 to 99 999 999.

{SSUED: Decamber 1999
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SMART TRIGGER — Runt LC564, LCH84, AND LC684 SERIESONLY

SMART TRIGEGER

tupe
HuzliFied
Uropout
Pattern
Runt
Slew Hate

L1 Gher an-
1234 et
Exth
~—coupling 1—
AC
LFREJ HFREJ

with
Level [y
Edge
—runt =
7.6 ng
OFF 0
—& runt Z
E.H ns

i

-

DFF iy

LOXXX-OM-E Rev K

A%

type

To selsct Runt {for an explanation of Runt Trigger, refer 0 page
8-30}).

trigger on
Use this to select the trigger source.
coupling
Use this fo select the trigger coupting. HF coupling is not avaitable.
with
Use this to select and set the three defining conditions for the Runt
Trigger:
»  When Level is selected (not shown at left}, these menus appear:
upper ievel

Use this to set the level of the upper threshold through which
the runt must pass.
lower level

Use this to set the level of the lower threshold through which
the runt must pass.

»  When Width is selected, the menus shown at left appear. The two

width limits can be combined to select runt pulses within (*&" will
appear in the second menu) a centain range if the “runt <" vaiue is
greater than the “runt 2” value, Or they can be combined to select
runts outside this range (“OR” will appear).

runt <

When On is selected, thers will be a trigger if the runt pulse

width is less than or equal to the defined value (600 ps to 20 s),

adjusted with the associated menu kneb, The test is be tumed

on or off using the menu button, in combination with “runt =",
&/OR runt >

When On is selected, there will he a trigger ¥ the runt puise width
is greater than or equal o the defined value (600 ps to 20 s),
adjusted with the associated menu knob. This condition can be
turned on or off by means of the menu button, and used in
combination with “runt <",
When Edge is selected (not shown), the “at end of” menu appears,
aliowing the trigger to be defined as occurring at the end of a
“Negative” or a “Positive” runt slope.

SRR
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SMART TR!GGER —

SMART TRIGGER

tupe
flualiFied 1

Oropout
Pattern

Aunt

—irigger on—

2?23 4Ext
ExiF

—coupling 1—
B AC
LFREF HEREJ

with

dv EfJ Slope
et T S

B.975 ps

OFF i
e AT S

B.528 ys

OFF g

Triggers and When to Use

Them

B
iz

Slew Rate LC564, LC584, AND LC684 SERIES ONLY

type

Use this to select Slew Rate (for an explanation of Slew Rate
Trigger, refer to page 8~32).

trigger on
Use this to select the trigger source.
coupling
Use this to select the trigger coupling.
with
Use this to select and set the three defining conditions for the Slew
Rate Trigger:
» When dV is selected (not shown at left), the following menus appear:
upper level
Use this to select the level of the upper threshold.
lower level
Use this to select the level of the lower threshold.
» When dT is selected, these menus appear below:
dT 5
When On is selected, there wili be a trigger if the time is less
than or equal to the defined value (600 ps to 20 s), adjusted with

the associated menu knob. This condition can be turned on or
off using the menu button, in combination with “dT =.”

&/OR dY =

When On is selected, there will be a trigger if the time is greater
than or equal to the defined value {600 ps to 20 s), adjusted
using the associated menu knob. This condition can be turmed
on or off with the menu button and used in combination with
“dT <". They can be combined to select pulses within (“&") a
certain range if the “d7<” value is greater than the “dT=" value.
“OR” they can be combined to select pulses on either side of
this range.

»  When “Slope” is selected (not shown at left), the “with slope” menu
appears, allowing the slope to be defined as “Negative” or “Positive.”

#HH#

S
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ZOOM + MATH Controls

LCXXX-OM-E Rev K

ZOOM + MATH

A wide range of Zcom and Mathematical processing
functions {detailed in the next chapter) can be performed on
acquired waveforms with the controls described here.

Four processed traces
are available for normal
zooming or for waveiorm
mathematics. Any one of
traces A, B, Cor Dcan be
set up to zoom ancther of
these, or another frace

ZOOM +MATH - ...

RN
e

POSITION - gp pcy ' posmION

acquired on any channel ‘m —’.'_-j'AQC RN
or stored in one of the four | - e} L
reference memories Mi— . e 0 N

M4. Trace A, for example,
coutd be set up to zoom
Trace B, C, or D, but not
itself.  The  Displayed
Trace label at the left of
the screen indicates the

source.

ON/OFF butions display the corresponding trace A, B, C, or D.
When a trace is switched on, the POSITION and ZOOM knobs and
the RESET button (described next page) will then be atiributed to
this, the active trace.

SELECT

ABCD
The le—] SELECT ABCD button assigns the controls to the
active trace for adjustment because only one trace can be
modified at a time. Pressing this button activates the next trace in
the A to D sequence.

The four ZOOM + MATH knobs adjust the horizontal and vertical
positions and expansion factors of the zoomed trace. ..

ISSUED: December 1998 9-1




ZOOM + MATH

en

horizontally. 1f the source of the expanded waveform is displayed,
an intensified region corresponding to the area of expansion is
shown.

PCSITION

A
v

Whereas the
ICOM

vertically repositions the active trace.

b S

¥ knob horizontally expands or contracts the active
trace. If the source of the zoomed trace is also displayed, it will
show an intensified region corresponding to the area of
expansion.

While the
trace.

vertically expands or contracts the active

_RESET

The il RESET button resets the vertical and horizontal
POSITION and ZOOM.

MATH

SETUP

Finally, the menu-entry button accesses the zoom,
math, and sequence segment features. See nexi chapter for
details.

#RH
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Zggm_,‘Mgli_:h:tematics, and Math Setup

.......... o

Zooming for Precise Waveform Measurement

Using Multi-Zocom

Zooming Math Functions

You can zoom several traces from a single waveform to
obtain precise timing measurements.

For instance, on a waveform composed of two pulses separated
by a long delay, Trace A could be made a zoom of the first pulse,
and Trace B a zoom of the second.

The combination of long memory and zoom capability allows
extremely accurate measurements of time intervals. Thus the
time resolution on the viewed trace can be significantly improved.

For example, choosing 50 000 points per channel on a timebase
of 0.1 ms/div, traces can be expanded to as much as 50 ns/div
— a factor of 2000. Using Relative Time cursors {see Chapter
14}, this means that a delay of 500 us couid be measured with a
resolution as high as 0.5 ns. Even with as many as eight million
points acquired, successive zeoming can be done until there are
only a few points on the screen.

With Muiii-Zoom, the zoomed region of the waveform can be
moved simultaneously along two or more different traces, or iwo
or more regions of the same tfrace.

When Multi-Zoom On is selected from the ZOOM — MATH menu
{see page 10-8), the horizontal zoom and position controls apply
simultaneously to all displayed traces — A, B, C, and D —
allowing similar sections of different traces to be viewed at the
same time. However, the vertical controls still act on the traces
individually (see previous chapter). The highlighting of trace titles
in the Displayed Trace label indicates an active Mulii-Zoom.

When Trace A, B, C, or D is defined as a mathematical function
rather than as a simple zoom (see next section), the zoom caontrols
remain operative; that is, it is not necessary to define another trace
as a zoom cof the math function. In order to view the entire
mathematical function, simply cancel any expansion or position
change by pressing RESET.

LOXXX-OM-E Rev K
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Zoom, Mathemat:cs, and Matg} Setup

Math Functions and Options

, : . A wide range of standard or optional mathematical and
| Descnptmnso the Setup . | waveform processing functions is available on LC Series
L “menu’s zoom, math,-and . ] oscilloscopes. Not all functions are described here. Those
- waveform. process.'ng such as Histogram, Trend, and Correlate are described in
| functions start on page heir dedicated Operator’s Manuals, if these functions are
L 10-6. Averagmg and . nstalled in the oscilloscope.

Extrema‘are outlined on . | ¢ scope’s standard waveform mathematics functions consist
this and f"”"W’”Q pages f waveform negation, identity, addition, subtraction,
For detalls on Enhanced- multiplication and division, summed averaging of up to 1000
Hesofut,on f,;te,-mg see. -1} waveforms and the (sin x)/x interpolation function.

_ S The advanced waveform processing features include the
'How to set up FFT (Fast | following:

Fourier Transform} is » Continuous Averaging (menus on page 10-10)

explained atthe = » Summed Averaging of up to 1000 000 waveforms (menus
conclusion of th:s on 10-10)

chapter. FFT: theory and :
practice are: descr:bed in:
Appendrxc :

Enhanced Resolution by up to 3 bits with filtering (menus on
page10—11)

Extrerna — envelope of many waveforms (menus on page
10-12)

» Fast Fourier Transform, including FFT averaging (menus on
pages10—13 and 10-14)

» Mathematical Functions such as Integral, Derivative,
Logarithm, Exponential, Square, and Square Root (menus on
pagei0-15)

Continuous Averaging This is the repeated addition (with unequal weight) of successive
source waveforms. It is particularly useful for reducing noise on
signals that drift very slowly in time or amplitude.

However, the statistics of a continuous average tend to be worse
than those from a summed average (see next page) on the same
number of sweeps. This is because the most recently acquired
waveform has more weight than all previously acquired ones: the
continuous average is dominated by the statistical fluctuations of
the most recently acquired.

10-2 ISSUED: Dacember 1999 LOXXX-OM-E Rev K




Summed Averaging

Extrema Waveforms

The weight of ‘old’ waveforms in the continucus average tends to
zero (following an exponential rule) at a rate that decreases as
the weight increases.

Summed Averaging is the repeated addition (with equal weight)
of successive source waveform records. If a stable trigger is
avaliable, the resulting average has a random noise component
lower than that of a single-shot record.

When the maximum number of sweeps is reached, the
averaging process stops. An even larger number can be
accumutated simply by changing the number in the SETUP “for”
menu. However, the other parameters must be left unchanged or
else a new averaging calculation will be started.

You may interrupt the process by changing the trigger mede from
NORM to STOP or by turning off the active trace, using the
respective buttons. Averaging will be resumed when you do the
opposite. The accumulated average is reset when you push the
CLEAR SWEEPS button or change an acquisition parameter
such as input gain, offset, coupling, trigger condition, timebase,
or bandwidth fimit. The number of current averaged waveforms
of the function or its expansion is shown in the Displayed Trace
fabel,

When you select summed averaging, the display is updated at a
reduced rate — about once every 1.5s — in order to increase
the averaging speed (points and events per second).

Summed averaging can also be done on sequence waveforms
give the average of the segments. If can also be applied to an
expansion of a seqguence segment, giving the segmernt’s average
waveform over many sequence acquisitions.

These are computed by a repeated comparison of successive
source waveform records with the already-accumulated extrema
waveform, which consists of a maxima {roof) and a minima
{floor) record. Whenever a given data point of the new waveform
is greater than the corresponding maximum roof-record value, or
less than the corresponding floor value, the new data point
replaces the old. Thus the maximum and the minimum envelope
of all waveform records is accumulaied.

Roof and Fioor records can be displayed individually or together.

LCXXX-OM-£ Rev K
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Zoom, Mathematics, and Math Setup
e e

When the selected maximum number of sweeps is reached, the
accumulation stops. You can interrupt the same process by
changing the trigger mode from Normal to Stopped or by turning
off the function trace. Accumulation will continue if you do the
opposite.

You can reset the currently accumulated extrema waveform by
pushing the CLEAR SWEEPS button or by changing an
acquisition parameter, such as input gain, offset, coupling, trigger
condition, or the timebase or bandwidth limit. The number of
currently accumulated waveforms is displayed in the function’s
Displayed Trace Label or that of its zcom expansion.

When the maximum number of sweeps is reached, an even
larger number can be accumulated simply by changing the
number in the SETUP “for" menu. However, the other
parameters must be left unchanged or else the extrema
calculation wili be restarted.

ISBUED: December 1999 LCXXX-OM-E Rev K




Using Waveform Mathematics

You can apply waveform mathematics to any channel or
reference memaory. Furthermore, any {race of A, B, C, or D
can be set up as a math function, allowing several

computations {0 be made in sequence.

For exampie: Trace A could be set up as the difference between
Channels 1 and 2, Trace B as the average of A, and Trace C the
integral of B. Thus the integral of the averaged difference

between Channels 1 and 2 is displayed.

In order to avoid slowing down the instrument with unwanted

computations, a particular mathematical

is ondy

computed when its dispfay is turned on. Using the same exampie
as above, however, it would be sufficient to display Trace C
alone because the instrument knows it must compute A and B

before C.

Waveform processing can also take time when many data points
are involved. This delay can be cut by limiting the number of data
points used in the computation. To do this, the instrument will
process the entire waveform by taking every N™ point, where N
depends on the timebase and the desired maximum number of
points. The first point taken is always the data vaiue at the laft-

hand edge of the screen.

Combining Channels Zoom and math functions on Traces A, B, C, D, and Reference
Memories M1, M2, M3, and M4 use the instrument’s system
memory, which is dynamically allocated to each trace as required.
When you achieve more acguisition memory by combining channels,
a single long trace can consume alt the reference memory or zoom
and math trace capacity in the instrumert. When this happens, an
on-screen message will warn you of the possibility of accidentally
storing a new trace to a reference memory already in use. Refer to

Chapter 7.

3 of the trace rema:n unchanged

LOXXX-OM-E Rev K 1SSUED: December 1999

: "Note. A processmg trﬂe for each dfsplayed trace w:il be _
| shown in the Drsplayed Trace Label. If the titie is missing,
| the desired processing cannot be done, and the contents
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SRR

Configuring for Zoom and Math

MATH

Press =i to configure any of the four traces and to
execute any zoom or math function using the “ZOOM + MATH”
menus.

Any trace and function can be chained to ancther trace and function
{not all functions shown may be available on your oscilloscope). Trace
A, for example, could be made an average of CH 1, Trace B an FFT of
A, and Trace C a zoom of B. All traces can be viewed simultanecusly
by means of the TRACE ON/OFF buttons; and any function can be

Z00M + MATH

zoomed directly.
RENEFINE f REPEFINEA, B, C,ov D |
=1 Select one of these to redefine a trace and to access the SETUP menus
(described in the remainder of this chapter, using Trace A as an
example).
REDEFINE B 3
R=2 MULTI Z00M & AUTO SCROLL

This selection accesses the Muli-Zoom and Auto Scroll functions (see

REDEFINE [ page 10-8). With Multi-Zoom activated, all displayed zoom traces are
" simultaneously controlled by the horizontal POSITION and ZOOM

C=1 knobs, and by Auto Scroll. When Multi-Zoom is not used, only the active
zoom trace is controlled. Auto Scroll displays the captured signal with a

REOEFINME B zoom expansion that automatically moves across the screen. You can
b=2 select the scroll speed, scroll through the acquired waveform and pause

on any feature.

Selected (not shown)

When a trace with a zoom of a sequence-mode waveform is
seiected, the “"Selected” menu becomes accessible. Press the
corresponding menu button to toggle the selection between display
of a single, specific “Segment” and “All Segments.” With “Segment”
selected, the associated knob can be used to choose specific
segments.

MULTI Z80M 44
RUTCG SCROLL §

~For Math use
max points ]
2REOAEE for Maqth‘use max Pomts... | |
This is for selecting the maximum number of points for all math

operations. A low number incteases computation speed.
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SETUP OF ...

SETUP OF R

use Math?
r Yes \‘

Trace f is
Z00M aoF

H2348CED
ML M2 M3 M

LOXXX-OM-E Rev K

This appears when “REDEFINE A” {for example) is selected from
the “ZO0OM + MATH” menus.

use Math?

This is for toggling between No (Zoom only} and Yes (Math
functions) setups.

Trace A, B, C, or D is ZOOM of
This selecis the source trace to be zoomed.

ISSUED: November 1999 10-7




AUTO SCROLL

MULTI Z00#

~Mu 1t i-Zoom—,
an
{1}

AUTO SCROLL

PLAY P
(g

4 REVERSE
(R

—eroll Gy—
divis

RETURN WHILE

SCROLLING

This appears when “ZO0M and Auto-Scroll” is selected from the
ZO0M + MATH menu group. MULTI-ZOOM unifies the control of all
zoom traces, while AUTO-SCROLL moves the zoom trace (or
traces) across the referenced trace.,

MultiZoom

When Off is selected, only the active zoom trace is controlled. When
On is selected, all displayed zoom traces (A,B,C,D) are automatically
controlled at the same time with Auto Scrolf, and manually with the
horizontal ZOOM and POSITION knobs.

PLAY )

Use this feature to scroli the zoom trace from right to left. When
active, the label dispfays “STOP (PLAYING): Press to stop.”

<« REVERSE
Use this feature to scroll the zoom trace from left to right. When
active, the label displays “STOP (REVERSING)": Press to stop.
Scroll by

Use this feature to scroll by divisions per second or by number of
divisions. Use div/s to scroll continuously. Use number of div
for waveform processing, especially Pass/Fail testing. When
processing is completed, the display will be updated by the
number-of-divisions set.

Speed

Use this knob to set scroll speed. When you are scroiling by
divisions, 10 div will step the zoom trace “grid page” by “grid page”
across the length of the referenced trace.

RETURN WHILE SCROLLING

While continuing to scroll, use this button to return to the previous
menus.

10-8
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Arithmetic

SETUP OF

—ze fMath?—
Moo Ngets

—=th TuEe———

Awerage
Carrelate
Enh. Res
Extrems

DiFEerence
Product

Hatio

LOXXX-OM-E Rev K

— allows addition, subtraction, muliipfication and division, as well as
choice of the two operands and the operator. The example on this
page shows a setup of trace A as the sum of Channels 1 and 2.

use Math?

Select Yes o enable the choice of a math function.

Math Type
tse this submenu to select Arithmetic.

Sum
Difference
Product
Ratio

Use this submenu to select the operator.

1234BCD
M1 M2 M3 M4

Use this submenu to select one of two operand source traces.

pius1234BCD
M1 M2 M3 M4

Use this submenu to select the other operand source trace.

ISSUED: November 1999 10-9




~ Zoom, Mathematics, and

Average

SETUP OF A

—yza Fath
No  §

—ath Type—

Arithmetic
Awverage

of

Math Setup

SEEEE

This feature offers Summed (Linear) or Continuous (Exponential)
Averaging. Shown here is an example setup of trace A as a
Summed Average (over 1000 sweeps) of Channel 1. (See also page
10-2.)

use Math?

Select Yes to enable the choice of a math function.

Math Type

Use this submenu to select a specific math function {Average in this

Correlate case).
Enh.Res
Extrems ¥
~fivg Type-——- Avg Type
, Use this to select Summed or Continuous averaging method.
Continuous
Far for / with
186 When you select Summed averaging, “for...sweeps” lets you specify
(zsueeps) the number of sweeps.  you select Continuous averaging,
aF however, the same menu item becomes “with...weighting,” which
D234BCD lets you define the weight. The difference between the two choices is
Ml M2 M3 M4 that when Summed is selected the first n sweeps will be taken into

account, whereas in Continuous averaging the fast sweep will be
given a weight of 1 and the previous result a weight of n in the
calculations.

Use this to select the source trace for averaging.

10-10
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Enhanced Resolution

SETUR OF R

~——uze Math?—
Mo el

—FMzth Type—

Awverage 1
Correlate
Esxtrema

FET F

—enhance by—

I bit 1
1.E bits
Z. kits
bits J

“d

F

La

LOXAX-OM-E Hev K

This lets you select low-pass digital filters that increase the resolution
of the displayed signal at the expense of its bandwidth. {See
Appendix B for a detailed explanation.)

These digital filters work very much like analog bandwidth-limit
filters. In Single-Shot mode, they and the sampling speed affect
bandwidth. If high bandwidth is needed at slow timebases, you
should consider averaging and repetitive sampling instead.

use Math?

Select Yes to enable the choice of a math function.

Math Type
Use this submenu to select Enhanced Resolution.

enhance by

Use this submenu to select the filter that will enhance resolution of
the displayed signal. Enhancement is possible from one 1o three bits
in 0.5-bit steps.

1234BCDHD
M1 M2 M3 M4

Use this to select the source trace for filtering.

ISSUED: November 1999 10-11




Extrema

SETUP OF R
~Lse Mathy—

o il

—Math Type—

Correlate
Ernk.Rasg

Exctramal
FET
FETRVG

3

——limits

Flogr  Hoof

For
1BEE
Lsweeps)

of
g234BCHD
Ml M2 M3 M4

~_ Zoom, Mathematics, a

nd Math Setup

S S s
SRR

This is used for acquiring a trace envelope over many acquisitions

(see also page 10-3),

use Math?

Select Yes to enable the choice of a math funciion.

Math Type
Use this submenu to select Extrema.

limits

Use this submenu to select either Envelope, Floor, or Roof. Floor

shows only the lower, and Roof only the upper part of t
Changing the limits does not force the analysis to start a

for

This lets you select the number of sweeps.
of

This lets you select the source trace.

he envelope.
gain.

10-12
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FFT

SETUE OF R
——ISE %"1th’?—-

—~Mzth Type—
Erdy Hes L
Lxirema
FFTRVG

Functions f
T resu b e

Fhase L
Power [ens

Real
Real+Imag F

—with wirdow-
Hammirg

oc

U

3
M2

P
4BCD

g2 B L
Ml M2 M3 M4

R

This is used to display the Fast Fourier Transform (FFT) of a signal

and to view it in the frequency domain. (See the final section of this
chapter, and Appendix C, for when and how tc use FFT.)

use Math?
Select Yes 1o enable the choice of a math function.

Math Type
Use this submenu to select FFT.

FFT result

Use this submenu to select the FFT's output format: Imaginary,
Magnitude, Phase, Power Dens-ity, Power Spect-rum, Real or
Real + Imag.

with window

Use the corresponding menu button to select the FFT window type,
and the associated knob to select AC or DC.

of

Use this 1o select the scurce trace.

< ; -E.Durmg ;Fast Founer Transform computanon the FF T s:gn
is d:splayed m the iower nght-hand corner of the screen.

LOXXX-OM-I£ Rev K
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Zoom, Mathematlcs, and Math kSetup

FFT Average This is used for displaying the FFT power averaging of an FFT
source trace. Power averaging is useful for characterizing broadband
noise or periodic signals without a stable trigger signal. Total power
- Signal and noise — is measured at each frequency. The source
trace must be an FFT function. (See the final section of this chapter,
and Appendix C, for when and how 1o use FFT.)

SETUP OF R
—use Math?— use Math?
Ho o uEs Seiect Yes to enable the choice of a math function.
—Math Typs—— Math Type
Ewtremg i Use this submenu to select FFT AVG.
FFT

FETAVG
Functions
Histogram

=

~FFT result— FFT result
Magritude i Use this submenu to select the output format of the FFT Average:
Pouer Dens Magnitude, Power Density, or Power Spectrum.

Far for
1EGE Use this to select the number of sweeps.
{zupaps )
of
B C 0D Use this to select the FFT source.

Note: FFT Average can be reset by pressing CLEAR
SWEEPS. The number of currently accumulated
waveforms is then shown m the D:splayed Trace f.-eld of
the function or its ex|
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Functions This gives you: access to a variety of Math display functions.

SETUR OF A use Math?
muﬁi M al Select Yes to enable the choice of a math function.
Math Type
—Math Type—— Use this subment: to select Functions.
FFT 1
FETEVG Function
A1 1R Use this subment to select a function type from:
Histogram
Fescale F » Absolute value » Log 10 (base 10)
Fumction » Derivative # Negation
' » Exp (base e) » Reciprocal
E;{pi . k » Exp 10 (base 10) > Sinx/x
el ﬁ ~ ldentity » Square
Log » Integral » Square root
Lﬁ‘a EEI r rg Log (base e)
' ; of
0
1.17000 | This is used to select the signal offset {used to compensate for any
5 - DC offset in the signal).
olus plus
H234BCHD Use this submenu to select the source trace.
Ml M2 M3 M

; _':Square root :s computed an the absolute vaiue of the source

fFor loganthm;c and exponential funcnons, the numer;ca
.value (w:thout umts) of the mput waveform is used '

o -For the mtegral funcrmn ‘the source wavegorm may be offse
“by-an Ado‘.-twe Constant in the range. ~10__ to +10 tlmes the

LOXXX-OM-E Rev K ISSUED: November 1999 10-18




Resample

SETURP CF f
~—Lze MathV-—

Mo

—tath Type—

Functions )
Hiztogram
4
Rescale
Trend F

10-16

om, Mathematics, and Math Setup
R E RO e T

This deskew feature allows a signal on one channel to be
resampled, and adjusted in time relative to a signal on another
channel. It is valuable wherever there is the need to compensate for
different lengths of cables, probes or other factors causing timing
mismatches.

use Math?

Select Yes to enable the choice of a math function.

Math Type
Use this submenu to select Resample.

Delay By

Use this to set the adjustment (deskew) that will compensate for the
timing differences between signals on two channels, using the
associated menu knob {range = + 2000 ns).

12348B8CDHD
M1 M2 M3 M4

Use this submenu to select the source trace.

18SUED: December 1999
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Rescale

SETUR OF R

~Math Type-——

FFTAVE 1
Functions

Histnﬁram

Trend F

B+l + b

P T aaameee
BNEEY- oo

s digits

d234BCD
M1 M2 M3 M4

This s used for selecting a waveform and adjusting a {the
multiplication factor) and b (the additive constant) in the formula;

{a = waveform} + b,

wherg both constants can have values ranging between -10'® and
+1019,

use Math?

Select Yes to enable the choice of & math function.

Math Type
Use this submenu o select Rescale.

(a=1)+b
Use this to select a or b.
a=/b=

The corresponding menu button for this menu highlights the
mantissa, the exponert, or the number of digits, while the associated
knob changes the highlighted value.

1234BCD
M1 M2 M3 M4

Use this submenu o select the source trace.

LOXXX-OM-E Rev K
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Setting Up FFT Span and Resolution

Frequency Resolution Af

10-18

The FFT (Fast Fourier Transform) converts a time domain
waveform into frequency domain spectra similar to those of
an RF spectrum analyzer display. But uniike the analyzer,
which has controls for span and resolution bandwidth, FFT
span is determined by sampling rate, while resolution
bandwidth is inversely proportional to record length.

Correctly setting up an FFT starts with the frequency resolution
{af). This parameter is the spacing of sampies in the frequency
domain display. The Af is set by inputting the time duration of the
time domain signal to the FFT, If an acquisition channel (Channel
1,2, 3, or 4) is the source, the waveform duration is the capture
time: the TIME/DIV setting multiplied by ten. The relationship
between capture time and frequency resolution is illustrated here.

ACQUIRED WAVEFORM

AMPLITUDE

TIME
L4

CAPTURE TIME

AMPLITUDE

= 18 X TIME / DIV

FREQUENCY
RESOLUTION
Af

Af =1/ CAPTURE TIME

A

FAST FOURIER TRANSFORM (FET) FREQUENCY
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Setting the Span

LOXXX-OM-E Rev K

Similarly, if the source waveform is a zoom trace, the frequency
resolution is the reciprocal of the displayed waveform’s duration.

The frequency span of the FFT is called the Nyguist frequency
and is refated to the sampling frequency of the time domain
waveform. If the math memory size, which is set using the “for
Math use max points” menu (see page 10-86), is identical to the
number of sampies in the acquired waveform (Chapter 7,
TIMEBASE menus), the span will be half the sampling frequency.
But if this “max points for math” number is less than the number
of points, the waveform and, in ium, the FFT span will be
decimated. The relationship between the span of the FFT and
the sampling rate (1/AT) is ikustrated here.

ACQUIRED WAVEFORM

AMPLITUDE

TIME
2

AT
SAMPLING PERIOD

FREQUENCY SPAN

AMPLITUDE

FAST FOURIER TRANSFORM (FFT)

FREQUENCY SPAN = K * ( 1AT)

e

'FREQUENCY
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Zoom, Mathematics, and Math Setup

The constant K in the illustration includes the decimation factor
described above, as well as automatic display scaling factors.
This scaling is required to ensure that the FFT's horizontal
display scale falls into a 1,2, or 5 factor.

In essence, the oscilloscope automatically adjusts the span (and
hence the FFT transform size) to account for the user-entered
‘max points for math” and the display scaling. In some
combinations of these factors it also adjusts the length of the
displayed trace.

You can determine the span from the Displayed Trace Label for
the math trace containing the FFT. This will show the horizantal
calibration in Hz/div. The span is also explicitty shown as the
Nyguist frequency in the information field that appears at the
bottom of the screen when the “‘MATH SETUP” menus are
displayed, as shown here.

SETUP OF B
—use Math?

o I

Hath Type—
Enk. Res
Exirema

FFTAVG

Functio
FET resul i
Pha

Fower Dens

Power Spect)
R

HEND
N
il o

He R 189 M5/
je ;
STOPPE}
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Essentially...

Example

LCXXX-OM-E Rev K

To achieve a desired FFT span, first make sure that the sampling
rate is mare than twice the span desired. Control the sampling
rate using the TIME/DIV knob and set the acquisiion memory
length with the "TIMEBASE” menu. The sampling rate can be
further adjusted by limiting the number of points in the “for Math
use max points” menu.

Set up the oscilloscope for an FFT with a span of 10 MHz and a
frequency resolution of 10 kHz, {0 analyze a continuous, periodic
waveform.

1.

The reguired frequency resolution demands a waveform
duration (capture time) of 100 us. Set the TIME/DIV to 10 us
to achieve the necessary Af of 10 kHz.

To obtain the specified 10 MHz span, the effective sampiing
rate must be >20 MS/s. On an oscilloscope with a sampling
rate of 500 MS/s, for example, the default memory length of
50 000 samples and a TIME/DIV setting of 10 us would be
used to first give a span of 250 MHz. Now, tc obtain a span
of 10 MHz, the sampling rate must be reduced. This can be
done in two ways:

a) In “TIMEBASE" decrease the number of samples by
setting the "RECORD UP TO" menu to 2500 results in a
sampling rate of 25 MS/s.

by With “Z00M + MATH": set the “for Math use max points”
menu to 2500. This would leave the sampling rate at 500
MS/s but decimate the waveform data before the FFT to
reduce the effective sampling rate t© 25 MS/s. This
would in turn result in a span of 12.5 MHz, the closest
achievable span to »10 MHz.

= 1
ISSUED: November 1999 10-21
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A

The example illustrated below shows how the oscifioscope
maintains the display factor. A sampling rate of 25 MS/s would
result in a full scale range of 125 MHz or 1.25 MHz/div. To
maintain a display scale factor of 1, 2, or 5, it decimates the
acquired waveform and calculates the FFT using a
2000-point transform. This resulis in a scale factor of 2 MHz/div.
The display is truncated at 6.25 divisions to retain the original
span of 12.5 MHz.

FriRve
Fynctions

508 MS/s

[ STOPPLD

###E
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Revealing the Complete Picture

LCXXX-OM-E Rev K

The large display reveals the complete picture with
advanced color management. Colors are used to give on-
screen objects added depth and distinctness, and to clarify
their relationships.

The display is intelligent as well as powerful. Color and intensity
are managed automatically in real time by a hardware-supported
system that has the added advantage of very low software-
overhead. Traces can be displayed opaquely or transparently,
Overiapping objects — traces over {races or traces over grids —
are always visible in transparert mode (see page 11-3).

Signals and their related data are color associated (page 11-2).
Each trace has its own dedicated color and persistence data
maps. Backed by 1 MB of video memory, infinite and variable
persistence displays are automatically color matched to the
parent trace. Related traces and text, screen icons, and parent-
daughter zoom regions are also linked by coior. As many as eight
traces can be displayed ai once, cn eight separate grids (page
11-12). The Full Screen function uses the entire screen area to
display traces (page 11-10).

There are six preset color schemes and four personal color
palettes you can customize (page 11-20}, drawing on more than
40 different colors (page 11-3).

The unique Analog Persistence™ feature (see page 11-5) offers
advantages of an analog dispiay in a digital oscilloscope. Use of
the brightness level of a single color 1o denote relative signal
intensities is the standard Persistence mode. Also available is
Color Graded Persistence (page 11-15), which uses a color
spectrum from red through violet to map signal intensity. Both
persistence modes are infinite or variable with decay over time.
They can be chosen from the DISPLAY SETUP menus {see
descriptions starting page 11--7).

1SSUED: December 1988 41-1




How On-Screen Objects are Displayed

Background Color

Trace Color Association

Text Color Association

Other Color Links

The Advanced Color Management System ensures that both
the objects and the relationships between them are always
clearly visible — even when the objecis overiap. Objects
include:

Y

Waveforms, including envelopes and intensified regions
Grids
Parameter Measurements

\%

\4

» QCursors

.

» Status Information

Color management of the background plays an important role in
bringing out the iinks and differences between displayed objects. The
choice of background colors has been purposely limited to the darker
colors so that displayed objects are more clearly defined and
recognizable. The colors of objects that are too close in hue to the
chosen background color are automatically changed so that these
objects aiways stand out from the background.

The base color of a trace is specified for each color scheme.
However, the expanded or zoomed sections of a trace can be given
their own colors, so that a single trace may have a number of colors
at once: its principal color plus those of the expansions.

Trace-related text includes pieces of on-screen information that
describe measurement parameters, cursors, triggers, waveforms,
and channels. A standard text color for ali on-screen text exists in the
preset color schemes, or can be chosen for custom palettes.
Waveform  source descriptions including parameter  string,
acquisition setup, status screen, and trigger information will be in the
trace color, even when contained in a text string {the remainder of
which will be in the text color). Waveform descriptor boxes — trace
labels — and the information they contain always take the color of
their respective trace.

Maost menus are displayed in the text color only. The active trigger
edge or frigger condition shows source-related information in the
trace color, as does the trigger icon. But the titles of Channel

11-2
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Overlap Management

Display Order

Neutral Highlighting

Pass/Fail Testing

LOXXX-OM-E Rev K

Coupling menus are trace-colored, and Math Setup menu sources
have their own color as weil.

Selection of the Opague presentation of overlapping waveforms
places one on top of another in normal, non-transparent fayers. You
can also select the order in which traces appear (see below).

However, when Transparent is chosen and overlap mixing is used,
those areas of the waveforms that overlap will automatically change
color while grid intensity remains constant. But this contrast
enhancement marks the overlapping regions so that they stand out.
Overlap managed traces always remain distinct in relation to other
displayed objects and to the background.

This is another mechanism for recognizing displayed objects, which
automaticaltly overlays them on the screen in sequence.

When dealing with traces of the same type, the foremaost trace is
described in the top-left trace label, the next in the second trace
label, and s¢ on in descending order iowards the background and
the bottom of the screen, respectively. You can change this order
with the CHANNELS TBACE ON/OFF buttons.

When different types of traces are displayed, by default they are
placed in ascending order from the grid at the bottom as follows:
envelope traces, persistence traces, normal traces, and cursors.
This sequence can also be customized.

For extrema waveferms the sequence is followed by a repeated
scanning of normal traces, ensuring that they are always viewed
within extrema, regardiess of display order. Thus each trace s visibie
within its envelope, persistence, or Pass/Fail mask; grid lines never
hide trace features; and cursors are always visible.

Any color can be chosen as "neutral” in the four user color schemes;
a neutral color is designated by default in each of the six preset
schemes. When the "Measure Gate” function is switched on, this
designated neutral color autormnatically relegates display objects of
limited irderest to the area outside the measurement-gate region
(see page t1-21), thus indirectly highlighting the area of greatest
interest inside the gated region.

When ovetiap mixing is used for Pass/Faii mask testing, together
with a well-selected color scheme (for example, default scheme “17)
and the measurement-gate highlighting described above, the trace
area ouiside the mask is placed in clear relief.

S
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THE COLORS
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Analog Persistence

Why Analog Persistence?

How it Works

LOXXX-OM-E Rev K

Analog Persistence provides an analog view of signals while
maintaining digital data manipulation flexibility.

ANALOG
PERSIST

Press or use the DISPLAY SETUP “Persistence” menu

(see page 11-14) to activate the oscilloscope’s persistence
functions.

With traditional analog instruments, data manipulaticn and the
direct comparison of acquisitions is practically impossible.
Siatistical analysis is also difficult to perform. Nevertheless,
analog does have ceriain advantages. Because there is no
analog-to—digital conversion, the speed of the analog scope is
imited only by the bandwidth of its elecironics: signals are
monitored almost continuously. The standard DSO (Digital
Storage Oscilloscope) must capture signals across the time
period allowed by the size of its acquisition memory, then
process and display their representation. The time needed 1o
process the previous acquisition limits DSO speed.

LeCroy's unigue Analog Persistence offers the advantages of
analog display in a DSO. The display looks like an analog display
and is fast. But it provides the data manipulation, flexibiiity, and
statistical analysis only found in a digita! instrument.

DSOs with Analog Persistence are fast because data
accumulation is  decoupled from display. New data is
accumulated and displayed moeore quickly. Moreover, the
persistence is variable. The display is generated by repeatedly
sampling amplitudes of events over time and accumulating the
sampled data into three-dimensional display maps. These maps
create an analog-styte display. User definable persistence duration
can be used t0 see how the maps evolve proportionally over time.
Statistical integrity is preserved because the duration, or decay, is
proportionat to the persistence population for each amplitude or time
combination in the data.
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Shades of Persistence

11-6

In addition, Analog Persistence provides user-definable, post-
acquisition saturation control of the maps, allowing detait to be
easily drawn out of the display.

When Analog Persistence is selected, each channel and its
associated persistence data map are assigned a single color
(whereas the related Color Graded persistence function renders the
maps in different colors in the red—to-vioclet spectrum). As a
persistence data map is rendered to the screen, different shadss of
its color are assigned to the population ranges between a minimum
and a maximum population. The maximum population automatically
receives the brightest shade, the zeroc or smallest population the
darkest shade or the background color, and the poputation ranges
between zero and the maximum population the shades in betwesn.

The information in the lower populations, or down at the noise
level {random transients rather than dominant signais) can often
be of greater interest than the rest. The distribution of data here
is highlighted by shades and color so that it can be examined in
detail.

You can select a saturation level or popuiation specifisd as a
percentage of the maximum population. All populations above
the saturation population are then assigned the brightest shade;
that is, saturated. At the same time, all populations below the
saturation level are assigned the remaining shades from
brightest to darkest.

Data populations and their displayed shades are dynamically
updated as data from new acquisitions is accumulated.

s

B
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Setting Up the Display

Standard or XY Display

Persistence

LOXXX-OM-E Rev K

Press

to access the DISPLAY SETUP menus (see
page 11-13)and to select from

» “Standard” or “XY” mode and grids

# Persistence

» Dot Join

»  “Single” {1), “Dual” (2), “Quad” (4), or “Qctal” {8) grids
» Display and grid intensities

» “More Display Setup” menus

Standard display {menus on page 11-13) allows presentation of
source wavetorms versus time (or versus frequency for FFTs).

XY display (menus on page 11-16) compares and contrasts one
source waveform with another, and s used when selected traces
have the same time or frequency span (time/div) and horizontal unit
(in seconds or Hertz). XY is automatically generated as soon as you
select two compatible traces. If you select incompatible traces, a
warning message is displayed at the top of the screen. And if
compatible traces are not matched in time, their XY diagram wil be
displayed showing the shift in time or frequency between them. (The
AT or Af indicator is disptayed in the Displayed Trace Label to the left
of the screen.)

in Persistence Mode, the oscilloscope can display points so that they
accumulate on-screen over many acguisitions. Both Analog and
Color Graded Persistence can be used in either Standard or XY
display. You can make eye diagrams and constellation displays
using Persistence, and the most recent sweep can be displayed as a
“vector” trace over the Persistence display. Persistence is aciivated
when you select the DISPLAY SETUP “Persistence” menu (11-14).
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Which Grid? Grid styles, examples of which are shown on the foliowing pages,
offer a variety of ways to view one or more traces in either
Standard or XY display. As many as eight traces and grids can
be displayed in Standard mode using the “Octal” grid selection
(see page 11-12). When Parameters are used, the special
parameter-style grid comes automatically into play. Grid
graticules are internally generated, so that the intensity of grids,
as well as of waveforms and text, can be adjusted to the desired
intensity. Grids can also be biended with displayed traces.

Standard Dispiay — Single Grid
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LC SERIES

Standard Display — Dual,
Quad Grid
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i

Parameter Display — Quad Grid — Full-Screen Mode: trace information normally comtained in the
trace labels is arranged beneath the grid in Full Screen.

347579 MHz
A5 Tl

0 sToPPED

=l xpands the grid display to fill the entire
screen. Pressing this button again returns the grid to its normal
size. Pressing RETURN in Full Screen mode removes the
menus from view so that waveforms can be viewed in their

entirety. These reappear when you press one of the Menu-entry
buitons.
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s

XY Display grids — XY (left),
and XY + Dual (below)
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Displaying Multiple Traces You candsply as many as eight traces at the same time with their
respective trace labels and any combination of math, zoom, and
memories. When “Octal” is selected from the “Standard” “Grids”
menu (see next page), eight separate grids are made available.
When more than four traces are dispiayed in Singie-, Duai- or
Quad-grid style, the accompanying trace labels become smaller
so that as many as eight labels can be shown. However, in Octal
the labels are always smaljler.
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DISPLAY SETUP — Standard

GISPLAY SETUP

With Standard selected, these menus become accessible:

e
~Pers istence— Persistence
gy On This is for activating Persistence (see next menu). lts functioning is
coupled to the ANALOG PERSIST button.
—ot Join— Bot Join
UFF N

This is used o select Dot Join ON — connecting the sarmple poinis
with a fne segment — or OFF, when only the sample points are
disptayed when there are less than 400 points on the screen.

More Display More Display Setup

Setu
- 2 This is used for accessing the MORE DISPLAY menus (see page
Grids 11-20)
Oual '
Luad Octal Grids
~—? Forms Taxt— This is for selecting the number of grids.
intensity
qg Wiform + Text
Grid intensity
ri
inien:. ity This adjusts the screen intensity for the waveform and associated
7y text by means of the associated menu knob.
Grid

This adjusis the screen intensity of the grid by means of the
associated menu knob,

- - Note: If “Wform + Textintensity” is turned down {0 0%, the

e waveform and text dtsappear Press the DISPLAY. button to retur
5 automatically to 90% mz‘ens:ty If “Grid” is turned down to 0%,
press the “Grid. mtens:ty” menu button 1o return this mtens:ty to
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Display

T o)
Rt

DISPLAY Sé‘l‘UP — Standard - Persistence On

GISPLAY SETUP

~Parsistence—,
GFF iy
(InFinite)

Pergsistence %
Setup :

More Display
setup
—ir s
5ing LU
Duad Jctal
o trace—
12348BC
D ALl
—saturste gt
0.6 %
{toggle zero)

With both Standard and “Persistence” On selected in the first menu,
these menus appear:

Persistence

This is for activating Persistence. When On, this can be cleared and
reset by pressing the CLEAR SWEEPS button or by changing any
acquisition condition or waveform processing condition. This menu
button toggles with the ANALOG PERSIST button.

Persistence Setup
Use this to access the “PERSISTENCE” menus (see next page)
More Display Setup

This is for accessing the “MORE DISPLAY” menus (see page 11—
20).

Grids
This is for selecting the number of grids.
For trace

Use this to select any or all of the displayed traces — On (top menu)
— for saturation adjustment.

saturate at

This is for selecting the percentage of saturation. A level of 100%
corresponds to the color spectrum being spread across the entire
depth of the persistence data map. At lower values, the spectrum will
saturate (brightest color or shade} at the specified percentage value.
Lowering the percentage causes the pixels to be saturated at a lower
data intensity, and allows rarely-hit pixels that are not seen at higher
percentages to become visible.

11-14
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PERSISTENCE

PERSTSTENCE
—lLast Trace—
{show
OFF

~Persist For—

LU B

Color Graded

~F o trace—

B234RBC
b ALl

~—saturate at—
BE.A X
{zero toggle!

LOXXX-OM-E Rev K

These menus appear when Persistence Setup is selected from
DISPLAY SETUP.

Last Trace
Select On to show the last acquired trace.

Persist for
This is for selecting the persistence duration, in secands.

The number of sweeps accumulated {up to one million) is displayed
below the grid.

Persist

Use this to select whether persistence is applied to &l traces or to the
top two traces only.

Using

Use this o selact the Persistence Mode. With Analog selected, each
persistence data map is rendered to the screen in various intensities
of the trace coior. With Color Graded, all persistence data maps are
rendered in a red-to—violet spectrum,

For trace

Use this to select any or all of the displayed traces — # On (top
menu) — far saturation adiustment.

saturate at

This is for selecting the percentage of saturation. A levet of 100%
corresponds to the color spectrum being spread across the entire
depth of the persistence data map. At lower values, the spectrum will
saturate {brightest color or shade) at the specified percentage value.
Lowering the percentage causes the pixels to be saturated at a lower
data intensity, and allows rarely-hit pixels that are not seen at higher
percentages 10 become visible.
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DISPLAY SETUP — XY

OISPLAY SETUP

More Display

When XY is selected in the first menu, these other menus appear.

Standard
—Fersistencee Persistence
OF F I This is for activating Persistence.
XY Setup
zY This is for accessing XY SETUP (see next page).
Setup

More Display Setup

Setup This is for accessing the MORE DISPLAY menus.
Grids
Use this to select the grid style.
Single Ol
)’ Parme Tesd — Wform + Text intensity

intensity This adjusts the screen intensity for the waveform and associated
5] text by means of the associated menu knob.
{irid Grid intensity

mtengitg This adjusts the screen intensity of the grid by means of the
(R associated menu knob.

- Note. I “W’form : ?I'ext mtens:ty” is turned down’ to 0%, H _
‘waveform and text d:sappear. Press’ the DISPLAY button to
;; return automaﬁcally to 90% mtens.-ty It “Gﬂd” is tumed down to

11——1 6

ISSUED: December 1999

LOYXH-OM-E Rev K



XY SETUP

XY SETUR

Using

Color Grade

o

.

saturate =1
8.8 A
toggle zero

)

When the corresponding menu button for XY SETUP is pressed and
when “Persistence” is OFF, these menus appear:

Using

Use this to select Analog or Color Graded persistence for a single
sweep.

saturate at

This is for selecting the percentage of saturation. At lower vaiues, the
spectrum will saturate (brightest color or shade) at the specified
percentage value. Lowering the percentage causes the pixels to be
saturated at a lower data intensity, and allows rarely-hit pixels that
are not seen at higher percentages to become visibie.

LOXXX-OM-E Rev K
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Display
TR

DISPLAY SETUP — XY — Persistence On

GISPLAY SETUH

Standard

~Farglstance—
UFF
(InFinite:

Xi-Persist
Setup

More Display
Setup
{3 1 0l5
single Dual
—W Form+Text—
intensity
30 %
Grid
intensity

w K

When XY is selected in the first menu and Persistence is activated,
these menus appear:

Persistence
Use this to furn Persistence On.

XY-Persist Setup
This is for accessing XY SETUP using Persistence (see next page).

More Display Setup

This is for accessing the MORE DISPLAY menus.
Grids

This is for selecting the grid styie.

Wform + Text intensity

This adjusts the screen intensity for the waveform and associated
text by means of the associated menu knob.

Grid intensity

This adjusts the screen intensity of the grid by means of the
associated menu knob.

Note: If “W’form + Text intensity” is turned down to 0%, th
waveform and text. dtsappear. Press the DISPLA Y. bution to
return automattcally to 90% mtens.'ty if “Gnd ” 15 turned. down
1o 0%, press the ""Grid intensity "

| mtensrty to _75%
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XY SETUP — XY-Persist Setup

¥y SETUR

Per=zist F’or—l
k

8.5 s I s
2 s 5 5
7= 20 =

Us ing

Color Graded

saturate ai—
17.2 %
(toggle zero)

These menus appear when you press the corresponding menu
button for “XY—Persist Setup.”

Persist for

This is for selecting the persistence duration, in seconds. The
number of sweeps accumulated — up o one million — is displayed
beiow the grid.

Using
To select Analog or Color Graded Persistence.,

saturate at

This is for selecting the percentage of saturation. A level of 100%
corresponds to the color spectrum being spread across the entire
depth of the persistence data map. At lower values, the spectrum wili
saturate {brightest color or shade) at the specified percentage value.
Lowering the percentage causes the pixels to be saturated at a lower
data intensity, and allows rarely-hit pixeis that are not seen at higher
percentages to become visibie.

LOXKR-OM-E£ Rev ¥
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Controlling Color

MORE DISPLAY

MOKE DISPLAY

Screen :
Saver Jetup |

—Lolor Schemes
234586
U2 U3 L4

CHANGE
COLORS

~Trace color—,
Op=tue
Transparent

~Measure Gate
Chighlight}
Or

—tlata Points—
Marms 1
Bold

Press the bution alongside the “More Display Setup” menu
to gain direct access to these menus,

Screen Saver Setup

This is for accessing the Screen Saver controls. When enabled, the
built-in screen saver will blank the screen 10 minutes after the last
use of a front panel control. This is a complete display shutdown of
the internal screen, resulting in lower power dissipation and system
noise. The external monitor, however, does remain active during the
display shutdown. The front panel LED indicates that the scope is in
the screen-saving STANDBY state. Press any front panel control to
restore the screen.

Color Scheme

Use this fo select from six preset (1 through 6), or four user (U1
through U4} color schemes. When a user-custom scheme is
chosen, "CHANGE COLORS" is added to the list of menus, enabling
the creation of personal color palettes and the assignment of colors
to traces, grids, or any other displayed on-screen object or element
(see box on facing page}. It also allows preset schemes to be copied
for easier customization.

CHANGE COLORS

This menu appears when you select one of the four cusiom color
schemes from the COLOR SCHEME menu (above). It accesses the
CHANGE COLORS secondary menu (see page 11-22).

Trace color

This is for selecting either Opaque or Transparent. When the
latter is chosen, waveform objects are always visible and their
overlapping regions automatically distinguished by a new and
unigue color. When dealing with fraces of the same type, the
foremost trace is described in the top-left frace label, the next in
the second-from-top trace label, and so on in descending order
towards the background and the bottom of the screen,
respectively. This order can be changed by means of the
CHANNELS TRACE ON/OFF buttons. For a variety of trace
types, the order follows that described on page 11-3.

11-20
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Measure Gate

This is used to turn On the Measure Gate function, which
highiights the gated parameter region by making the trace in the
region outside the parameter a neutral color.

Bata Points

This is used to show the data (sample) points in Normal or Bold
view,

Choosing Colors =~ The preset (“1-67). and ‘user-selected {“U1-U47) ‘custom color
SO e schemes give a part:cular ‘color to each displayed object. Colors’
- “are -assigned: to “the custom: palettes: through the CHANGE
1COLORS “Change” menu {see next page) for::

ackground The backgrcund color of the ent:re dtsplay_

. -fGnd The default color of the gnd ;

fText ’i‘he color assngned to menus acqmsmon status and :
-non-smgle-source measurements . .

: '_Cursors The color assrgned _o cursors i

-Warnmgs : The _color _assrgned to error and warnmg
messages. - i S

_-:Neutrat The color desngnated as neutral {can be any co!or :n '
~user paiettes), used in ‘Measure—Gate reglon hlgh!tghtmg

v X Over!ays The color asSIgned to the menus overiald on the'
AR : -grld in Full Screen mode s ¥ ER

: =
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CHANGE COLORS

CHANGE ZOLORS

in user color
schema H1

—Lopy F
Bz:zd4
Uy uz U

o
55

U4

r
"
i

cosy SCHEME
1 to Ui

—Lhange

Trace 2
Trace 2
Trace 4
Trace R f

—rolor to—,
Lite i

Eaaﬂ

Green
Blue F

This enables colors to be assigned to displayed objects, and color
schemes 1o be custormized.

Copy from

This is for copying one of the six preset color schemes (1 through 6)
to a user color scheme (U1 through U4), or one user color scheme
to ancther. Copying makes customizing easier by forming the basis
of a personalized palette that can then be developed.

COPY SCHEME

This is for executing the copying of the preset scheme to the
personal color palette.

Change

Use this to select a displayed object for color assignment (see box
on previous page for details).

color to
This is for selecting the color to be assigned to the chosen object.

#HEH
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 UTILITIES

Printing, Mass Storage, and Other Utilities

UTILITIES

UTILITIES

Hardcopy
setup

Time/Date
sSetup

GPIB/R5232
Setup

Btilities

Mass Storage%

Special
Modes

CAL BNC
Setup

Roiiormivericaioniis QR e R

LOCXXX-OM-E Rev K

to access the primary menus for;

Hardcopy settings

Time and date settings for the real-time clock

GPIB and R$-232-C settings

Mass storage utilities (including copy and format and

delete files)

Special modes of operation (including offset behavior,

sequence time-out, cursor unils, autocalibration and

Remote Control Assistant)

#» Signal function at the CAL BNC connector {magnitude,
frequency, shape, trigger out, pass/faii use)

-

YOV Y

v

Hardcopy Sefup (see page 12-2)

Use this to access secondary menu for viewing or changing printer
settings.

Time/Date Setup (see page 12-4)

Use this to access the secondary menu for adjusting the real-time
clock displayed in the upper lefi-hand cotner of the screen.

GPIB/RS232 Setup {sce page 12-5)

Use this fo access the secondary menu for viewing or changing
interface settings.

Mass Storage Utilities (see page 12-10)
Use this to access the MASS STORAGE UTILITIES menus.

Special Modes (see page 12-19)
Use this to access the SPECIAL MODES menus.

CAL BNC Setup {sec page 12~23)
Use this to access the CAL BNC menus.
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Hardcopy Setup

HARDCOPY

HRROCORY

~cutput to—
Flpy
HEDO
GPIE
RS232
Centronice

age Feed—
& o

—printer

EPSOH cal
LagerJet
Heskdet ool
JeskJet bAuw
TIFF

—ormat

Portrait

Landscape

12-2

When you select “Hardcopy Setup” from UTILITIES these menus
appear:

output to

Use this to select the output device. This menu shows the options
installed in the instrument. The device can be a port (GPIB, RS232,
or Centronics) to which a printer is connected, a storage unit such as
a fioppy drive or portable hard disk drive (HDD), or the internal
printer. If itis a port, the GPIB & BS232 menus should be checked to
ensure that settings are correct. File names are assigned
automatically when you copy to a storage unit.

page feed
Select On to start a new page each time SCREEN DUMP is pressed.
SCREEN
DUVP
Press [__7J to make a copy of the screen display.
printer

Use this to select the type of printer (see Appendix A}, plotter
(HP 7470, HP 7550 only), or screen file protocols (TIFF, BMP,
HPGL} by means of the corresponding menu buttons or Knob.

format

This is for choosing “Portrait” or “Landscape” formats (availability
is dependent on “printer” choice).

Background (not shown)
This menu becomes availabie when you choose “TIFF color,”

“BMP color,” or “BMP compr.” It is used to give a “Black” or
“White” background to the hardcopy reproduction.

plot size {not shown)

Available only when a plotter is selected, this submenu offers
these choices of size: A4 {117 x 8.5") or A5 {8.5" x 5.57).

pen number (not shown)
Available only when a plotter is selected, this submenu is used
for choosing the number of pens installed {the instrument

assumes that the pens are loaded consecutively in the lower
slots).

ISSUED: December 1998
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HARDCOPY — internal Printer OPTIONAL ON MOST MODELS
HARDCOPY

~output to— output to
m ' Use this to select the device to which the instrument is to output
Card data: in this case, the optional Ini. Printer, This menu shows the
Fl oplions instalied in the instrument. The device can be a port
HDSH (GPIB, RS232, or Centronics) to which a printer is connected, a
CRIR . storage unit such as floppy drive or portable hard disk drive
: {HDD}, or the internal printer. If it is a port, the “GPIB & RS232"

—auto print—, menu should be checked to ensure that settings are correct.
OF - File names are assigned automatically when you copy t0 a

storage unit.

e P s VR E-5 Fala e

2
5 161
20 i
B0 245

¥

— ormat———

Fortrait

Landscape

auto print
When On, this generates a hard copy of the screen and sends it
to the internal printer afier every acquisition,

cm/division
This is for selecting the expansion factor.

format
This is for choosing “Portrait” or “l.andscape” formats.

cursors be shown onan expanded prmtou HEEH,.

LOXXX-OM-E Rev K
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UTILITIES

Time/Date Setup

TIME/DATE

TIME/DATE

5ET CLOCK—
FORMWARD GHE
HOUR (SPRING)

—SET CLOCK—
HRCKWARD OME
HEUR (FALL)

LORLD CHANGES

MO

Min Sec

B5:32:29

Math Year
3 0CT 1996

12-4

When you select “Time Date Setup” from UTILITIES these menus
appear:

SET CLOCK FORWARD ONE HOUR
This is for changing to Daylight Savings Time.

SET CLOCK BACKWARD ONE HOUR
This is for changing back to Standard Time.

LOAD CHANGES NOW

Use this to activate the changes made with the “Hour Min Sec” and
“‘Day Mnth Year” buttons and knobs (see below).

Hour/Min/Sec

Use the corresponding menu button to toggle between Hour,
Minutes, and Seconds; and the associated menu knob to adjust the
vaiue.

Day/Mnth/Year

Use the corresponding menu button to toggle between Day, Mnth,
and Year, and the associated menu knob to adjust the
corresponding vaiue.
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GPIB/RS232 Setup

When you select “GPIB/RS232 Setup” from UTILITIES, you can
use the RS-232-C port on the rear panei for remote operation of
the oscilloscope, and for direct interfacing to a hard-copy
device to output displayed waveforms and other screen data.
See the illustration on the next page for RS-232 printer cabling,
and “Data to PC” in the Hands-On Guide for computer nine-pin
commurtication cabling for PC.

A printer unit connected to the scope through the RS-232-C port can
be conirolled from a host computer using the scope’s GPIB port. The
oscilloscope’s built-in drivers also allow hard copies to be made
without an external computer.

The Remote Controf Assistant feature allows automatic detection of
arrors during remote control operation (see page 1220}

TR S R RIS S N RS—232-C Connector Pm Asmgnments Lo
_DBOPinNo, ' Line Name oo 00 Deseription - o

3 TxD 'fransmltted Da?a (from th@ oscdloscepe)
2 AxD Received Data {to the oscilloscope).

Request To Send {from the oscilloscope). I the software Xon/Xoff handshake
RTS i is selected, it is always TRUE. Otherwise (hardware handshake} it is TRUE
when the osciiloscope is able to receive characters and FALSE when the
oscilloscope is unable to receive characters.

Clear To Send {to the oscilloscopel. When TRUE, the oscilioscope can
8 ; CTS transmit; when FALSE, transmission stops. It is used for the oscilloscope
output hardware handshake.

4 DTR Data Terminal Ready (from the cscilloscope). Always TRUE.
5 . SIGGND Szgnal Ground

Corresponds toa DTE (Data Term;nal Equlpment) Conflgu rahon
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UTILITIES
GPIB & RS232 When “GPIB/RS232 Setup” is selected from UTILITIES these
menus appear:
[ e R}
BRIB & RS232 Remote Control from
—Hemote This is for selecting the port f te control
Control Fram is is for selecting the port for remote control.
(S E;\z"‘
haz2z RS232 Mode
2232 2 . . .

PR‘;_Ei ,tmdp Use this to select 7-bit or 8-bit mode for RS-232
— communication. When RS-232 is selected, the GPIB interface is
in “Taik Only” mode. Any change becomes effective immediately.

hertty Parity
add  even Use this to sgelect odd, even, or none for RS-232

—Gtop bite— communication.

z Stop bits
This is for selecting the number of stop bits for RS-232
~—Paud Fate— communication,
380 1208 & Baud Rate
24 4 Use this to set the Baud Rate for RS-232 communication using
9.BK the associated menu knob.
BT.6E 115 2K
'
—GHIE Dewice—
{Gddress) GPIB Device (Address)
4 Use this to choose the appropriate GPIB address.

0 ;N

Printer

RS-232 cabling can be used in almost every case (for computer cabling see
“Transferring Data to PC” in the “Hands-On Guide”).
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Mass Storage Utilities

Memory Card Format

Floppy Disk Format

Hard Disk (HDD} Format

Subdirectories

LOXXX-OM-E Rev K

When you select “Mass Storage Utilities” from UTILITIES,
the “MASS STORAGE” menu group appears (see page 12—
10). This menu gives access to the mass storage file system
controls. The system supporis storage and retrieval of data
files to and from memory cards, floppy disks, and removable
hard disk drive (HDD) media.

The Memory Card structure, based on the PCMCIA 1 / JEIDA 4.0
standard and consists of a DOS partition containing files, as in any
DOS floppy or hard disk. The oscilloscope formats the card in
segmented contiguous sectors, each of 512 bytes. The scope does
not support error detection algorithms such as CRCs or checksum
inserted between the sectors. When this is done the instrument may
only be able to read from, but not write to, the card.

The floppy supports DOS 1.44 MB and 720 kB formats.

The removable hard disk structure is based on the PCMCIA Il /
JEIDA 4.0 standard. The medium is arranged as a DOS partition
contfaining files, as in any DOS floppy or hard disk.

The HDD format uses 512 bytes per sector and four sectors per
cluster. One cluster is the minimum file size: any files smalier than
2048 bytes in size will still use one cluster's allocation of 2048 bytes
of disk space. A total of 500k ASCII records can be saved to the
HDD portable hard drive.

All files are written to, and read from, the current working directory.
The default name of the working directory is LECROY 1.DIR. This
directory is automatically created when the media are formatted. if
the media are formatied elsewhere — for instance, on a PC — the
directory will be created the first time a file is saved to the memory
card, floppy disk, or removable hard disk.

The working directory can be changed to any valid DOS directory
name, using the file-name preferences menu. All working directories
are created as sub-directories from the root directory.

The maximum number of files allowed in any one directory is 2400.

T

SR
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File-naming Conventions As in MS-DOS, the file name can take up to eight characters
followed by an extension of three characters. A file is treated as:
¥ apanel setup if its extension is PNL
a waveform if its extension is a three-digit number
a waveform tempiate if its extension is TPL
a hardcopy if its extension is TIF, BMP, or PRT
an HPGL plot file if its extension is PLT
See also the key fo terms, below.
The instrument has a predefined naming convention for the
eight-character file and directery names. These default names can
be customized, as shown in this table. If the new file being stored has

the same name as an existing file on the same storage medium, the
old file will be deleted.

VOV VY

EW o Tgpe::-"“"' iR DefaultName |- Customized Name
Manually stored waveform fileg St.nnn R X000oiennn
Automatically stored waveform files & Att.nnn ) _ L XO00000M.NNN
Panel files - Pnon, PNL __&__xxxxxnnn.PNL

. Dnnn.TIF :oooonnn. TIF

Hardcopy files 8222 gg’? zﬁiimgrﬁ

o ;Dnnn.Pt_T o ¢ xooxnnn. PLT
Template files : | ECROYvw.TPL - Cannot be changed
Directory name B - LECROY_1.DIR XXX
Spreadsheet : Sﬁnnnfi’_?‘{ - xoooonnn, TXT
Matlab - Stinnn.DAT - oooonnn.DAT
Mathcad xxxxxnnn.PRN

Crithe temp!ate vers:on number for examp/e fora versron
L2 the Iemplate 5 saved as LECROYEE TF'L :

: ;:hafdcapy graph:c Jmage fn'es I

nrm ;_': -'_a 3- d!gl? dec;ma! sequence number startmg
. enat 001 thatis automatically ass.vgned

:_:_F-’:i-fT::;.: ; HPGL: pfaﬁer/vecfor mes

g 'h-afdc_ap_y__primer_h’_!e's_.--. '
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Auto-Store Waveform
File Naming

More on Auto-Stored Files

Deleting Files

Media Size/Storage
Availability

Write Protect Switch

LCXXX-OM-E Rev K

The default notation for wavetorm files is Sth.nnn for manually stored
files and Att.nnn for automatically stored files, the characters S and A
representing the two storage methods, respectively.

When automatically generating a file name, the system uses the
assigned name plus a three-digit sequence number. If the assigned
waveform name is already in the default ‘Stt’ form — such as 5CH1,
5TB — the name will be modified to the ‘Aft” form: AC1, ATB, and so
on. Ali other user-assigned names remain as emtered.

If Fill is selected and default names are used, the first waveform
stored will be Axx.001, the second Axx.002, and so on. This
continues until the storage medium s filled, the file number reaches
999, or there are more than 2400 files in the current working
directory.

If Wrap is selected, the oldest auto-siored waveform files wili be
deleted whenever the medium becomes full. The remaining auto-
stored waveform files will be renamed: the oidest group of files will
become “Axx.001,” the second oldest "Axx.002,” and so on.

The current sequence number is deduced from inspection of all file
names in the working directory, regardiess of file type — pansl, hard
copy, or waveform. The highest occupied numeric file-name
extension of the form ‘nnn’ is determined, and the next highest
number is used as the current generation number for storage
pperations.

When a file generation is deleted, all files designaied with the three-
digit sequence number of the file-name extension will be deleted,
regardless of file type.

The mass-storage file system indicates media size and storage
availability in kbytes where 1 kbyte = 1024 bytes. Many media
manufacturers specify the available storage in Mbytes where
1 Mbyte = 1 million bytes. This results in an apparent mismatch in
specified versus actual media storage avallability, when in fact the
availability in bytes is identical.

It the write-protection switch of the card or floppy disk being used has
been set, the message “Device is Write Protected” will be displayed
on the upper part of the grid whenever the medium is accessed for
writing.

R
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SRAM Card Battery

MASS STORAGE

MRS5S STORAGE

Utilities

Memory Card g

Floppy Disk
Utilities

Hard Disk
Ptilities

Mass Storage
Preferences

File
TransFers

12-10

UTILITIES

The SRAM memory card contains a battery for preserving data.
When this needs replacing, the message “BAD BATTERY" appears.
The battery should be changed while the memory card is still in the
oscilloscope to prevent loss of information. To gain access to the
battery, remove the panel on the bottom edge of the card by
removing the smalt screw.

This calls up the primary menus for controlling mass storage. The
range of “UTILITIES” available depends on the options installed:

Memory Card Utilities { OPTION)

Use this to delete files, or to format or copy a machine template onto
memory card. (The Utilities menus accessed by selection of this

Memory Card menu are similar to those accessed for Floppy Disk,
shown on the following pages.)

Floppy Disk Utilities

Use this to delete files, format, or copy a machine template onto
floppy disk. The examples on the following pages illustrate this
selection.

Hard Disk Utilities {OPTION)
Use this to delete files, format, or copy a machine template onto hard
disk. See page 12-14.

Mass Storage Preferences

Use this fo set, add, or delete a working directory, or to customize file
names. See page 12-15.

File Transfers (IF MORE THAN ONE MASSSTORAGE DEVICE IS
AVAILABLE)

This is for copying files from one storage device to another. See
page 12-18.

Fe e
ISSUED: December 1999
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FLPY UTH. These menus appear when “Floppy Disk UTILITIES” is selecied
from MASS STORAGE and
ELEY UTIL » afloppy has been newly inseried, or

» there is no floppy in the drive

éi%;};REﬂD ’ (RE-)READ DRIVE
o1 Use this o read the floppy disk and display directory contents.
B3se

insert Floppy
+ push menu
button showve

LCXXX-OM-E Rev K ISSUED: December 1999 12-11




FLPY UTIL

FLPY UTIL

TEMPLATE AND |

FORMATTING

LECROY-1.01IR

12-Jun-496

7T Files
Size 1440
Free 11B4K

L0 DELETE
TEIONE . Qk4

GTAZONE  BR4
TE3ZERD BO4

—F {le——

ORE FHL
ZERD FHL
SE2 AT
1&-0ct-55
pY:BZ 82
Size 4(9

UTILITIES

Once the floppy disk has been read, these menus appear. They
dispiay information about the installed storage media:

¥ last “format” date and time
» memory size and available free space
» date, time, and size information of the selected file on the disk

TEMPLATE AND FORMATTING

Use this to access a secondary menu for formatting storage media
or for copying the machine template to it. The template is an ASCII
text file that contains all information required for decoding the
descriptor part of a binary waveform.

DO DELETE
Use this to delete the file selected in the “File” menu (see below).
File

This is for selecting the file to be deleted, using the associated menu
knob or buttons.

1212

LOXXX-OM-E Rey K
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FORMAT FLPY

FORMAT FLPY

SEORMATTING
ERASES ALL
INFG OM FLPY

FERFORM
FLPY FBREMAT

e J @S ] 1

TZB KB (D0

COPY TEMPLATE

T FLPY

LOXXA-OM-E Rev K
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et ety A 3
R

Selishas

These menus appear when “TEMPLATE AND FORMATTING” i
salected from FLOPPY UTIL. :

PERFORM FLPY FORMAT

Use this to format the floppy in DOS format with an interleave factor
of two, which optimizes throughput to and from the scope.

Density

This menu, which appears only in “FORMAT FLOPPY,” is used for
selecting density: 1.44 MB (HD) or 720 kB (DD).

COPY TEMPLATE TO

This is for copying the machine template to the medium. The
machine template is an ASCH text file that contains all the
information required to decode the descriptor part of a binary
waveform.

AR
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FORMAT HDD

FGRMAT HOD

IFORMATTING
ERASES pLL
INFO OW HOD

GUICK FOREMAT
(~1h seCc:

FULL FCRMAT
(~18 min)

COPY TEMFLATE
TO HOO

12-14 |

These menus appear when “MASS STORAGE,” “Hard Disk
UTILITIES,” and “TEMPLATE AND FORMATTING” are selscted.

QUICK FORMAT
Use this to quickly (15 seconds) ciear the portable hard disk drive.

FULL FORMAT

Use this for a complete formatting of the HDD, which is
recommended if the disk is non-readable.

COPY TEMPLATE TO

This is for copying the machine template to the medium. The
machine template is an ASCI text file that contains alf the
information required to decode the descriptor part of a binary
waveform.
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PREFERENCES

FHEFERENMCES
cnodrive

HOO

e

1 Fiie Hamz

OELETE THIS
OIRECTORY

~uzrl with——

|LECROY-1 BIR

RANGOM

PrefFerences §

#Hod rew

Directory

LOCXXX-OM-E Rev K

These menus appear when “MASS STORAGE,” “Mass Storage
Preferences,” are selected and used for:

» selecting the working directory
# deleting & directory
» accessing the “File Name Preferences” menu
» accessing the “Add New Directory” menu
on drive

This is used for selecting the medium.

File Name Preferences

This is used to access the secondary menu for defining custom
names for waveform, setup, or hardcopy files {see next page).

DELETE THIS DIRECTORY

This is used to delete the directory selected in work with menu (see
below).

work with

This is for selecting the directory to be used for file storage and
retrieval.

Add new Directory
This is used fo access a secondary menu to add a new directory.

L e
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FILENAME PREF

FILEMAME FREF

SO1 . s
to be zet to:
TER. soex

HESTORE
DEFARULT MAME

ENTER MEW
FILE NAME

BACKSPACE

INSERT

~Chatracter—

56784 PCOEFG
~File Type—

Chanrel 2

12-16

UTILITIES

This menu group appears when “File Name Preferences” is selected
from the preceding menu, and is used for defining custom names for
waveform, setup, or hardcopy files.

toe be set to:
Use this to select the character for modification.

RESTORE DEFAULT NAME

This is for restoring the file type selected in the “File Type” menu (see
below) to its default name,

ENTER NEW FILE NAME
This is used to validate the newly defined name.

BACKSPACE
This is for moving back one space and erasing the previous
character.

INSERT

Use this to move forward fo create a space for insertion of a
character.

character

This is for selecting a character, using the menu knob.
File Type

Use this fo select the file type to customize.

SRR
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NEW DIRECTORY

NEW DIRECTORY
Hew Directory
o Gard:

DRE

MAKE THIS
DIRECTORY

BACKSPACE

IMSERT

—haracten e

789-RBEOEFGHT
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This is used to define a new directory with a custom name.

New Directory on Card:
This is for creating a new directory.

MAKE THIS DIRECTORY
This is for validating the new directory.

BACKSPACE
Use this to move hack one space and erase the previous character.

INSERT

This is for moving forward to create a space for the insertion of a
character.

character
This is for selecting a character, using the menu knob.
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COPY FILES These menus, which appear when *"MASS STORAGE” “File
Transfers” is selected, are used to copy files from one medium to
CoPY FILES another,

—Oirection—
Card -» Flpi

Direction (DEPENDING ON OPTIONSINSTALLED)

r 1,:| -5 Capd : Use this to select the source (copy from) and destination {copy to).
Card -» HID
HOD  ~» Card

Flpy -» HOD ¥
—dhich Files—

Which files
Farels k

Prints This is for selecting the type of file for copying.

&av@F&rmg
A1l Files

uo Copy
DO COPY

$OVERWRITES This executes copying.
FILES WITH
SAME  MAME

12
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Special Modes

S5PECIAL MODES

Timghase
Trigger

Channels

Cursnrs
Measure

Aszistant

Remote Etﬂl_g

Front
Fanel

Fireusrea
Update

LOXXX-OM-E Rev K

When you select “Special Modes” from UTILITIES, these
menus become available (not ali selections may be available).
Timebase Trigger accesses:
»  ARUTO sequence

This is for specifying the time-out in Sequence mode, by means
of the associated menu knob to change the value.

Channels accesses:
On GAIN Changes, all OFFSETS fixed and
» In
This is for specifying the offset behavior of a gain (VOLTS/DIV)
change. The offset can be fixed in Volts or vertical Divisions.
> Automatic Recalibration

Use this to set the automatic recalibration ON or OFF. The
default setting is ON. Tuming this off may speed up the
acqulisition, but during that time calibration is not assured,

» Global BWL

This is used to control the Global Bandwidth Limit. When On, the
chosen bandwidth limfit applies to alf channels; when Off, a
bandwidth imit can be set individually for each channel. See Chapter
5, “Coupfing.”

Cursors Measure Accesses:
# Read time cursor amplitudes

This is for selecting from “In” the time cursor amplitude units in
Volts or dBm.

Remote Ctrl. Assistant

This accesses the “RC ASSISTANT” menus (see next page)
Front Panel

This accesses the "USER PREF'S” menu group (see page 12-21).
Firmware Update

This accesses the “FLASH UPDATE” menu (see page 12-22).
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RC ASSISTANT

RC ASSISTANT

Livg i
0FfF i

Errors Dmi

R5232 Alean

e —

Turn to-—
Scroll Log
‘Pash to Clear

UTILITIES

Zo s

Used for monitoring remote commands received through the
GPIB and RS-232 remote control ports, the Remote Control
Assistant helps debug communications between the oscilloscope
and the PC. When activated, it displays & log of the dialog taking
place through the remote controf ports of the oscilloscope. When
a communication error occurs, RC Assistant gives the additional
message "Remote Control: problem detected and iogged.”

Log
Use this to select:

Off — The RC Assistant will not capture any remote commands.

Errors Only — This setting displays only wrong or incomplete
commands received through any remote control port (this is the
default setting after power-on).

Full Dialog — This setting captures all remote commands
received through any remote control port and displays up to 100
lines of dialog, after which lines are overwritten on a first-in, first-
out basis.

RS232 Also — This setting logs the full dialog and sends it to a
recording device connected to the RS-232 port. When this is
used, commands can only be received through the GPIB port.

See also the COMM_HELP and COMM_HELP_LOG commands
in the Remote Control Manual.

Turn to

Turn the knob associated with this menu to enable scrolling through
the log. Push the corresponding menu button to clear the log entirely.

SRR
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USER PREF'S This lets you customize the operation of front panel controls.

USER PREF’S
Pushbutton Pushbutton

au"tomraﬁet auto-repeat
( OFF —i When this is On, all front panel buttens when pressed and held in will
cursor sequentially through all the choices in thelr respective menus.

Audible :""::‘e .
Feedback eedbac
~For buttons for huttons
t CFF When On, an audible beep will sound when you press any front

panel button.

' o Knohs
‘/_F{]F e for Knobs

When On, an audible beep will sound when you turn any front
panel knob.
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FLASH UPDATE These menus aliow updating of the oscilloscope with new software.
Shown here is the full screen warning message displayed when
“FLASH UPDATE” has been selected from “SPECIAL MODES.” The
second menu is called “Update Flash” on LC564, LC584, AND LC684
SeriEsoscilloscopes.

23 by - 5B TEASH UPBATE
RS-t

Harning:
Heprogrameing the flash memory (s 3 procedure Lo be
performed with care.

gny loss of powser during the update process could
cause Lhe scope Lo require Faotoryg servicse.

The update process reguires @ LelCrog plied
software update merory card or floppy disk. This
enrtbaing the necessary infurestion to wdale gour
seope software.

Hote that once software hac been updated it i< pot
pussible Lo reverd T the previces solteosre wversion,
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CAL BNC Setup

CAL BNC OUT

CAL BNC auT

Pass/Fail
Trigger Out
Trigger Rdy

-

SET T8 1 KHz
t oy SHUARE

shape
PulseiZh ng)
~—imp 1 1t g
1.8 W
into 1 M
—F requency—;
5B KHz

LOXXX-OM-E Rev K

When you select “CAL BNC Setup” from UTILITIES, you can
choose the type of signal output at the CAL BNC connector. You
can also choose the frequency, amplitude, and pulse shape of
the calibration signal.

in addition, the CAL BNC connecter can be used to provide a pulse:
» gsan action for PASS/FAIL testing

» atthe occurrence of each accepted trigger event {Trigger Out)
» when the scope is ready to accept a trigger event (Trigger Rdy)

Moreover, a DC level in the range 0.05V fo 1V in 1 MQ can be
selected.

When the instrument is switched on, the calibration signal is
automatically set to its default state: 1 kHz, 1V square wave.

mode
Use this o seiect the type of signal.

SETTO
Use this to reset the CAL BNC output to its default state.

Shape
Use this to select the form of the calibration signal.
Amplitude

This is for sefting the desired high level for all CAL BNC
applications, using the associated knob. If the BNC output is
connected to an input channel with 50 Q, the amplitude will be
halved.

Frequency

This is for setting the desired frequency of a CAL signal in the
range 500 Hz io 2 MHz, using the associated knob.

###

St g
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BLANK PAGE
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13 ~ WAVEFORM STORE & RECALL

Waveform Store

SIORE

STORE WFORMS Press WAVEFORM to store waveforms to internal
memory (M1, M2, M3, or M4) in LeCroy’s binary format. You
STORE W FORMS can also store waveforms in binary or ASCil format on
fioppy disk, memory card, or removable hard disk (HDD)
where available.

fats Format
ASCII

When Binary and Flpy (or one of the optional media is selected),
the menus shown on this page appear. When an internal
memary (M1 to M4) is selected, however, neither the “Data
Format” nor “Aulo-Store” menus appear. In either case, the

waveform will be stored automatically in the selected memory in

—Auto-Store— binary format when you press the “D0O STORE” menu button.
cill When ASCH is selected (as shown on the next page) the scope
rap Tl wilt store the waveform in an ASCH format. But this will create an
output file requiring 10 to 20 times the disk space of the criginal
00 STCRE LeCroy binary file. Furthermore, waveforms stored in ASCH
(]->Card) format cannot be recalled to the scope.
—store
1
g g : > S .The capac.-ttes' of the Reference and Zoom & Math memones
C b 5-:each maich thase of the acqwsmon memones For every umt
411 disol af -of record fength per channel, a pomt can be stored in any. one
15plege - of the four M reference memories, and rhe same number of
to = -iipomts for each “Zoam & Maih” trace s :
B il H;?: 1 M3 tﬁ _:f:1 When more acqmsrt.ron memory is ach:eved by combmmg
py HOO _channels, a single long trace can consume alf the instrument’s

" Reference memory or “Zoom & Math” trace capac:ty If this

- happens, a warning message will be displayed to prevent the
ﬁ".'gacc:dental storage of a new trace fo. a reference memory .
'..'.aiready in use. . :
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STORE W FORMS
—Oata Format—
Binary [N
(Spreadsheet )

aetup ASCII
Format

~—Auto-Store—
UFF,
Wrap Fill

DO STORE
(1->Card)

—ztore

0 LI
1 — 1~ -5 Y

f11 displayedf
to
Flpy HOD

*3”2.”.m

~ WAVEFORM STORE & R

Data Format

This is for choosing the data format, as described on the previous
page. When ASCIl is selecled, the primary “Setup ASCIl Format”
menu appears immediately beneath this menu, giving access o the
secondary “ASCIl SETUP” menu {see next page). When Binary is
selected, the waveform is stored in binary format.

Setup ASCH Format

This appears only when ASCIl is highfighted in “Data Format,” as shown
here. It is used for accessing the secendary “ASCIE SETUP” menu (see
next page).

Auto Store
This is for automatically storing waveforms after each acquisifion. Fill

stores untii the medium is filled, while Wrap stores confinuously,
discarding the oldest files on a first-in, first-out basis.

DO STORE

This stores in accordance with specifications made in the “store” and “o”
menus (see below).

store

This is for selecting the waveform. All displayed can only be selected
when you are storing on optional storage media.

to

Use this to select the internal memores M1, M2, M3, or M4, when
“Binary” is selected in the “Data Formai” menu, as shown on the previous
page. Alternatively, select the optional Card, Flpy, or HDD, when ASCI
is sefected from the “Data Format” menu, as shown here,

ISSUED: December 1999
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ASCH SETUP

RSCII SETUR

Gata Formst

Spreadshest
Mathlad
Matlab

LOXXX-OM-E Rev K

Data Format

This secondary menu, accessed through SETUP ASCH FORMAT,
offers a choice of ASCIl formats. (For details on each format, see

Appendix E).

ISSUED: Dacember 1989
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s

Waveform Recall

RECALL

RECALL WFORM Press WAVEFORM to recall a waveform from

internal memory, floppy, or the optional memory card or
removatle hard disk (HDD).

RECALL W FORM

Fron from
Memor 1o Use this to select the storage medium from which to recall, intemal
Card Flpy Memories in this case.

D ALL
00 REEALL O REC

Ml - A Use this to exectte recall based on the selections made in the “from
Memory” and “to” menus (see below). At the same time it resets the
horizontal and vertical positions as well as the zooms, showing the
fult contents of the memory at its original magnification,

—From Memory-—

M2 from Memory
M3 . .
M4 This is for selecting the source memory.
F
to
BBCD Use this to select the destination trace.

Note: Pen‘ormmg a recall operation from an mternal memory
to Trace A-D ovemdes any prewous defmtt.-on of fhe" o
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RECALL WFORM

RECALL W EORM
Feror

Memories HODD

Card

Directory:
LECROY. 1. DIR

1B-0ct-96
B%:52:02
Size 444

0 RECALL
GTHIONE . B&4

5 TH30NE

LC SERIES

FLOPPY DiSK OR OPTIONAL STORAGE DEVICE

from

This selects the device or medium on which the file is stored: HDD,
Card, or Flpy.

DO RECALL

Use this o execute recall based on the selections made in the “File”
and “to” menus (see below).

File’

GTEZZERD DO4 This selects the file in which the waveform is stored, using the
SCZ 212 associated menu knob.
503 HET
SC4 aE Ty

to to
Im M? M2 M4 This is for selecting the destination memory. If All M is selected, up
ALl N to four files with the same three-digit numeric extension as the

current “File” selection will be recalled into memories M1 to M4,

###

" The files listed will be those in the current working directory.

S
ISSUED: December 1899
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BLANK PAGE
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13-6 IBSUED: December 1999 LOXXX-OM-E Rev K




14

| CURSORS MEASURE & Paramej:g;'_s

Cursors: Tools for Measuring Signal Values

Cursors and Persistence

LOXXX-OM-E Rev K

The cursors are basic and important tools for measuring
signal values.

in Standard Display Mode, Amplitude (voltage) cursors,
represented by dashed lines spanning the width of the screen,
move up and down the grid pixel by pixel.

Time cursors, represented by arrows or cross-hair markers that
move along the waveform {see symbols at left), can be placed at
a desired time to read the amplitude of a signal at that time, and
maved to every poinf acquired.

When a Time cursor is placed on a data point, a cross-bar
appears at the tail of the arrow, and at top and bottom of the
cross-hair marker.

in Absolute mode a single cursor is used. Readings for
amplitude (using Amplitude cursors) or time and amplitude (using
Time cursors) can be displayed at the cursor location. Measured
voltage amplitudes are relative to ground; measured times are
relative to the trigger point.

In Retative mode, a pair of Amplitude or Time cursors is used,
providing readings on the difference between the two in
amplitude, or time and amplitude, respectively.

Amplitudes are shown in the Trace Label for each trace. When
Time cursars are used, the time is shown below the grid. And in
Relative Mode the frequency carresponding to the time interval
between the cursors is also displayed there.

When there are few data points displayed, Time cursor positions
are linearly interpolated between the data points, Time cursors
move up and down along these straight-line segments.

When using Persistence, Amplitude cursors are the same as in
Standard Display (see above). Time cursors are vertical bars
spanning the height of the screen and moving across it.

{SSUED: Dgcember 1999 14-1
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Cursors in XY Display In XY Display, Absolute Amplitude cursors appear as horizontal and
vertical bars that can be moved up and down and side-to-side across
the screen. Relative Amplitude cursors are pairs of bars that move in
the same way. Absolute and Relative Time cursors behave as they
do in Standard Display.

Combinations of the amplitude values are shown on the lsft-hand
side of the grid in the following top-to-bottom order:

1. AYvalue/AXvalue............... Ratio

2. 20+ 10g 10 (ralio) ..ooecoreereirrnens Ratic in dB units
3. AYvalue = AX value............... Product

4. f=arcian (AY/AX)

range 180710 +180%..cveerene... Angle (polar)

5. r=san{AX # AX + AY = AY)..... Radius {distance to origin)

The definition of AX and AY depends on the cursor used. The table
below shows how AX and AY are defined for each type of
measurement,

m(m})

_ Ve O Vixpif — ViRet VxRet— 0 © Vxmet—Vxofiset | Vxpit— Vg
S DY ﬁ Vvper~0 & Vypjt—Vymer Vyger— 0 o Vypet—Vyoiset @ Vypi— Vyret

Aabs - Absolute Amplitude cursors

- ARel Relative Ampiitude cursors Vo!fage of !he Reference cursor on rhe Y trace

- Ths Absolute Time cursors Vit Vofrage of rhe D!fference cursor on the X trace

Voltage of rh@ D:fference cursor on rhe Y trace

Tael Relative Time cursors

Grg Origin
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CUSTOM

CUSTOM Press K to access menus that let you customize special
functions. The contenis of the Custom Menu will vary
according to the options installed in the oscilloscope.

LCB84 SERIESONLY
MEASURE
Press the CURSOR/MEASURES button; the following options will be
displayed:
Curscrs Cursors
Refer to “Measure — Cursors” on page 14-5 of this manual.
FParameiars Parameters
Refer to “Parameters: Automatic Measurements” starting on
page 14-8, and Appendix D of this manual.
Fass / Fail Pass/Fail
Refer to “Pass/Fail Testing” on page 14-13 of this manual.
LL5TOM Custom Application
APPLICATION Refer to Cusiom Menu on page 14-4 of this manual.

LOXXX-OM-E Rev K ISSUED: December 1959 14-3
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CUSTOM (continued)

LC684 SERIESONLY

CUSTOM MENU Press the CUSTOM button to access these custom applications:

Jitter Wizard

Jitter This wizard steps you through jitter timing and measurement
saped setups. Refer to the Jitter and Timing Analysis (JTA) Manual.
Mack Mask Tester
Tester Refer to the Mask Tester Operator's Manual.
Power Power Measurement
a
Measuremsnt Refer to the PMA1 Software Operator's Manual.
Disk Failure Analysis
Hisk Failureg Refer to the DDFA: Disk Drive Failure Analysis Operator's
Analysis § Manual.
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MEASURE — Cursors

MERSHURE

IS |roors
Parameters

mode

Amplitude

type

Abhzaiute

shiiw
0iFF - RaF
0iFF & RefF

HeFerence
cursor
Track Gn

i DiFFersence

cursor

S
Press [ — 1o access the "MEASURE" Setup menus.

Off/Cursors/Parameters
Use this to select Cursors.
mode

This is for selecting Time {time or frequency curscrs) or Amplitude
(voltage or ampilitude cursors).

type

Use this to toggle between Relative and Absolute. The first displays
two cursors (Reference and Difference) and indicates either the
voltage, or fime and voltage, between the two, The second shows a
single cursor that indicates either voltage compared to ground level,
or this andtime compared 1o the trigger point.

show

Use this to select Diff — Ref, which shows the numerical difference
between Difference and Reference cursor amplitudes. Alternatively,
Diff & Ref displays the amplitude values for each cursor. This is not
available in persistence mode.

Reference cursor

Use this to confrol the Reference cursor that is available with
Reiative cursors, using the agsociated menu knob, With “Track” ON,
both Reference and Difference cursors are controlied by the
associated knob, and move together. A constant time or voltage
interval is maintained between them. This fracking interval is
represented by a bar — horizontal for time; vertical for voltage —
appearing at the top and left-hand edge of the grid, respeciively.

Difference cursor

This is for conirolling the Difference cursor, available when Relative
is selected from “ype” (see above), using the associated menu
knob.

Cursor position {not shown)

This is for controlling the Absolute cursor, available when Absolute
is selected from “type” (see above), using the associated menu
knob.

LOXXX-OM-E Rev K
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Parameters: Automatic Measurements

Parameter Symbols

14-6

The instrument can determine certain signal properties
automatically, using signal parameters. Standard parameters
are listed and described int Appendix D of this manual.

For common measurements on a lone signal, parameters can be
measured in either of two standard classes or modes, in the
ampilitude or time domain.

On different signals, they can be customized and used to determine
up to five of the quantiies on the paramster list. Customized
parameter measurements can also be used for Pass/Fail testing
against chosen limits (see page 14—15). Several other modes are
available, according to the parameters and options installed in the
oscilioscope (not all modes iliustrated may be availabie).

Statistics on the parameter values are accumulated and can be
dispiayed for all modes.

In agdition to the overall number of sweeps used, each parameter
has its average, lowest, and highest value. The standard deviation of
the parameter is also calculated.

The algorithms that determine puise waveform parameters are able
to detect those situations where the mathematicat formulas may be
applied. However, the results obtained should be interoreted with
caution. In such cases the scope displays the name of the parameter
and its value, which are separated by a graphic symbol. The symbol
provides information about the parameter, or issues a warning. The
foliowing table explains these symbols.

" A wide range of additional parameters is available in the specialized
software packages, such as WP03, described in the Operator's
Manuals for those packages.
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Informatmn

The parameter has been determined for several
periods (up to 100}, and the average of those
vaiues has been taken

The parameter has been determmed over an
integral number of periods.

The parameter has been calculated on a histogram.

Insufficient data to determine the parameter.

“Warnings oo 0 1

Ampiitude hlstogram is flat within stat;st;cat
fluctuations; minimum and maximum are used to |
asszgn top and base.

Cnly an upper limit could be estimated (the actual
value of the parameier may be smaller than the
displayed value.

The signat is partially in overftow.

The signal is partially in underfiow.

The S|gna| is partlally in overflow and in underflow.
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MEASURE - Parameters — Standard Voltage

MEASURE

Std Time
Custom
List by nT
Pass

LiF F -y

~statistics—

14

0 trace—

£

B_A0 div
Track {in

to

18,06 div
IAREE pte

14-8

For a single trace, this mode measures:

~ peak-to-peak (ampiitude between maximum and minimum sample
values)

mean of all sample values

standard deviation

root mean square of all sample values
» amplitude of the signal

Off/Cursors/Parameters

Use this to select Parameters.
mode

This is for selecting the Standard Voltage mode.
statistics

This is for turning On display of the parameter's average, lowest,
highest, and standard deviation, as well as the number of sweeps
included in the statistics. The number of sweeps is cleared each
time you change the acquisition conditions, or when you press
the CLEAR SWEEPS bution. As long as Parameters is
highlighted in the top menu, the accumulation of statistics
continues, even if the statistics are not shown.

on trace

Use this to select the trace for which the voltage parameters are
measured. The choices available in this menu will depend on the
traces displayed (a maximum of four traces can be displayed).
Here traces 1 and 2 are displayed and 2 is selected.

from

Use this to determine the starting point (in screen divisions) for
parameter measurements, using the associated menu knob.
“Track” On links control of the starting and end points of the
parameter measurement so that they can be moved together,
using the associated menu knob.

to

Use this to determine the end point in screen divisions. It also indicates
the total number of data points used for the measurements.

A A

SR
{BSUED: December 1999
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MEASURE — Parameters — Standard Time
For a singie trace, this mode measures:

»  period
>  width (at 50% amplitude)
» rise time {10-90% of amplitude)
» fall ime {90—10% of amplitude)
» delay (from trigger to first 50% amgpfitude point)
MEASLRE OffiCursors/Parameters
Use this to select Parameters.
OFF Cursors mode
Parameters o . i
' d This is for selecting the Standard Time mode.
Mo
st Moltage & statrsiflc‘s . .
This is for turning On dispiay of the parameter's average, lowest,
u ot highest, and standard deviation, as weil as the number of sweeps
List hu nT included in the statistics. The number of sweeps is cleared each time
P 1“'c 5 n . you change the acquisition, or when you press the CLEAR SWEEPS
355 button.
statistice— As iong as Parameters is highlighted in the top menu, the
ags On accumulation of statistics continues, even if the statistics are not
shown.
1 tr’aCE“‘_ on trace
1 This is for selecting the trace for which the time parameters are to be
measured. The cheices availabie in this menu will depend on the
From traces displayed (a maximum of four traces can be displayed).
. i Here traces 1 and 2 are displayed and 2 selected.
Track Or from
1o ) Use this 10 determine the stariing point (in screen divisions) for
1888 div parameter measurements. “Track” On links control of both the
BOR pts starting and end points of the parameter measurement so that they
can be moved together, using the associated menu knob.

to

Use this o determine the end point in screen divisions. it also
indicates the total number of data points used for the measurements.
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MEASURE — Parameters — Custom
In this mode, up to five parameters can be displayed for various

traces.
MERSURE
Off/Cursors/Parameters
OFF Cursors This is for selecting Parameters.
Parameters
' mode
mode This is f lecting the Custom mode
is is for selectin ustom .
std Voltage & 9
dTimE statistics
U= o This is for turning On display of the parameter's average, lowest,
List by nT . -
Faze ' highest, and standard deviation, as well as the number of sweeps
included in the statistics. The number of sweeps is cleared each time
—statisticg— you change the acquisition conditions, or when you press the CLEAR
Ny On SWEEPS button.
As long as Parameters is highlighted in the top menu, the
accumulation of statistics continues, even if the statistics are not
CHAMGE shown.
PARAME TERS CHANGE PARAMETERS
From- This is for accessing the secondary “CHANGE PARAM” menu (see
B.80 div following pages).
Track Or
o from
1500 diy Use this to determine the starting point (in screen divisions) for
parameter measurements. “Track” On links control of the starting
and end points of the parameter measurement so that they can be

moved together, using the associated menu knaob.
to
Use this o determine the end peint in screen divisions.
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CHAMGE PREAM
—1n 1ire—
d 3465

—{Lstegory—

OIsk-Std
JIsSk-Local
OISk-PRML
OFTIEAL-Datal

DELETE ALL
PERAMETERS
—HEESUrE

— L
acsh

ampy]
srea

avy F

oF

H 2 3 4
R B C D
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CRR

This is for modifying parameters.

On line
Use this o select up to five different parameters for medification.
Category

Use this to specify the category of parameter. When All is selected,
the "measure” menu ({(see below) wilf feature all parameters.
However, when a particular category is selected, only those
parameters in the category are shown.

DELETE ALL PARAMETERS

This is for deleting alt parameters previously selected.

measure

Use this 10 choose the new parameter to be measured on this line.
When you select - ~" the line is not used.

of

This is for selecting the channel or trace on which the parameter will
be measured.

R
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CHANGE PARAM

CHANGE PREAM

—1n 1ine—
2345

~~Lategary—
UISkE-Std
GISK-Locsl
OISk-PRHML
CPTICARL-Dataf

MORE &At@lw
SETUP

MBI
hpio b

&EZCS

dur
duty f

——50UrCE
Frorfl
to g

14-12

_CURS_QRSIMEASURE & Parameters

Parameters can be customized to meet specific needs.

On line

Use this to seiect up to five different parameters for modification.
Category

Use this to specify the category or type of parameter.

MORE At@lv SETUP
This calls up the At@lv customization menu (see next page).

measure
Set at At@iv.

source

Select the channel — 1,2 (3 or 4) — or memory (A, B, C, or D) by
means of the associated menu button. Use the associated knob to
decide from which, and to which, channel the measurement is to be
made.

ISSUED: Pecember 1999 LOXXX-OM-E Rev K




LC SERIES

SETUP This is for customizing the measure parameter (Al@iv in this
case). See Appendix D for descriptions of all standard
paramefers.

SETUP At@lw

jevels are

This is for selecting whether the levels should be absolute, or a
percentage of the peak-to-peak signal value.

ievels are
s}:&s olute —]

pcent hysteresis

Use this to set the hysteresis division. A voltage band is extended
equidistantly above and below the selected level. In order for the
signal to be considered valid, and not as noise, the signal must

. exceed or cross the upper or lower fimits of this band by half the
—hysteresis—

hysteresis division setting.
BEsf25 y g
divigions from
5’”?“‘{ This is for selecting the voltage or amplitude percentage setting of
-1 -5““"_ the level on the waveform at which the timing is fo be measured. it is
Neg First also used to select whether the measurement should be made on a
10 Positive (rising) edge, or a Negative (falling) edge; or, if First is
e selected, on either type of edge.
Neg First to

This is for selecting the voliage or amplitude percentage setting of
the level on the waveform at which the timing is to end. It is also used
to select whether it should finish on a Positive (rising) edge or a
Negative (faling) edge; or, if First is setected, on either type of edge.

LOXXX-OM-E Rev K ISSUED: Decermber 1999 14-13




SETUP

SETUP AcZde

—hysteresis—
BEfRZB
divisions

—clock edge—
1. By

Neg @11

—tate edge-—

g.2my

Neg First

CURSORSIMEASURE & Parameters

This is for customizing the measure parameter (Ac2d+ in this
case). See Appendix D for descriptions of ali standard
parameters.

hysteresis

Use this to set the hysteresis division. A voltage band is extended
equidistantly above and below the selected level. In order for the
signal to be considered valid, and not as noise, the signal must
exceed or cross the upper or iower limits of this band by half the
hysteresis division setiing.

clock edge
Use this to select the clock edge or edges used for this parameter
measurement.

data edge

This is for selecting the data edge or edges used for the
measurement.

ISSUED: Decernber 1999 LOXXX-OM-£ RevK




Pass/Fail Testing

Parameters can also be used in performing Pass/Fail tests.
These tests require a combination of measurements within
chosen limits, and invoke an action when the test either
passes or fails, depending on which has been specified.
Signals can also be Pass/Fail tested against a tolerance
mask.

Up fo five parameters can be tested against limits at the same
time. In tolerance mask testing, a trace can be compared {0 a
tolerance mask.

Whether the tests pass or fail, any or all of the following actions
can be invoked:

> Stop capturing further signals.

» Dump the screen image to a hardcopy unit.

5

Store selected traces to internal memory, o a memory card
(optional}, or to a floppy disk.

» Sound the buzzer.

» Emit a pulse an the CAL BNC.
The Pass/Fail display will show:

» results on the current waveforms

i

the number of events passing
the total number of sweeps treated
actions fo be taken

A

v
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N ____QQ_B:SORSIMEASURE & Parameters

R

MEASURE — Parameters — Pass/Fail

MEASLRE

Std Time
Custom
List by nT

Fail

b

!

——testing—
OFF %

CHANGE TEST
COMDITIONS

From

B_oBE div
Track On

+to
10,88 diw

4-16

OffiCursors/Parameters
Use this to select Parameters.

mode
Use this to select Pass or Fail.

testing

This is for turning testing Off or On. Turn testing off only to observe
the parameter variations.

CHANGE TEST CONDITIONS

Use this to access the secondary “CHANGE TEST” menu (see next
page).

from

Use this to determine the starting point, in screen divisions, for
parameter measurements.

to
Use this to determine the end point in screen divisions.

G

ISGUED: December 1999
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CHANGE TEST

CHAMGE TEST

—10n 1 ine—
Bzz45
Hotion

—Test on—

Mask

——={Ho Test)

—chooss

EEE Limit

OELETE ALL
TESTS

—measLUre

- i
acsn
aras
Vg F
af
02 3 4
R BECD

LOXXX-OM-E Rev K

LC SERIES

e

A

On line

Use this to select up to five different parameters for modification.
(See “Action” selection on page 14-22).

Test on

Use this to select Param or, if no test is required, — (No Test).

chogose
To select “Param”.

DELETE ALL TESTS
Use this to delete alf tests previously selected.

measure

This is for selecting the new parameter to be measured on this line.
When “~~" is selected the fine is not used.

of

This is for selecting the channel or trace on which the parameter will
be measured.

ISSUED: Dacember 1998
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CHAMGE TEST

—n 1ing———
231468
Artion

~—Tazt oh—

Mask

~—-1{Mo Test)

~—chaose
Faram [EgIgs

DELETE ALL
TESTS
—True iF’

e
<

limit
BEREER o6

3 digits

SET Td
LATEST VRLUE

14-18

o CURSORSIMEASURE & Parametersw

CHANGE TEST — Param (Changing Limits for Pass/Fail Tests on Parameters)

On line
Use this to select up to five different parameters for maodification.
{See “Action” selection on page 14-22).

Test on
Use this to Select Param or --- {No Test) if no test is required on the
selected line {"Mask” selection, page 14-19).

choose
Use this to select Limit (“Param” 14—17).

DELETE ALL TESTS
This is for deleting all tests previously selected.

True if
This is for selecting the appropriate relation: less than or greater
than.

limit
Use this 1o choose one of three modifications to a limit: its mantissa,
exponent, or the number of digits in its mantissa. The corresponding
menu button is used to select, and the associated knob to modify,
the number in that field.

SET TO LATEST VALUE

Use this to set a limit to the latest measured value — a starting value
for the final adjustment.

ISSUED: December 1999
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T e

CHANGE TEST — Mask (Changing Pass/Fail Test on a Mask)

CHREMGE TEST
e 11 léne
2345
Action

—]a5t 0
Param [gEEA
-—~{No Test)

CHE=

outside

Mz sk

A B C [

LOXXX-OM-E Rev K

On line

Use this to select up to five different parameters for modification.
{See "Action” selection on page 14-22).

Test on

This is for selecting Mask or - (No Test) if no test is required on the
seiected line (see “Param” on page 14-17).

MODIFY MASK

Use this to access the secondary menu for modifying mask settings.
True if

This is for choosing the mask test condition.
of

Use this to select channe! or trace for testing.

are
This is for choosing the mask test condition.

mask
Use this to select 2 mask trace.

dent:cal For visual mask testmg, a smgle gr:d should be _

- used when you are performmg a mask test ona smgie

14-19
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S Hennoes

e

MODIFY MASK — Wform (Generating a Mask from a Waveform)

from

MODIFY MASK Use this to select Wform.

From i
HED nto
Card Flpy This is for selecting D=M4 if the mask is to be automatically

into displayed on the screen. Otherwise select M1, M2, M3, or M4.
D=M4| Using “RECALL W'FORM" (see previous chapter), memories M1~
Ml M2 M3 M4 M4 can be recalied to traces A to D for display.

INVERT MASK INVERT MASK

D=M4 Use this to generate an inverted mask.
”‘339 33“1;':;’“2? Use W'form
%I M1 M2 M3 M This is for selecting the waveform to be used as reference. The
mask will be generated around this waveform,
MAKE MASK MAKE MASK
D=M4 Use this to generate the mask.
et hE Y
(.50 div delta V
This is for selecting tolerance in amplitude, by means of the
——daltg T associated knob.
B.20 div
delta T
This is for sefecting tolerance in time, by means of the associated
knob.

14-20 ISSUED: Decermber 1999 LOXXX-OM-E Fiev K




MODIFY MASK

MOGIFY MASK

Fram

l” Farm HOD

Card

into

=M
M1 M2 M3 M4

INVERT MASK
D=

0G RECALL
G7O30NE . Da4

GTA20ME  GB4
G7H2ZERD DD4

Se82 nET
02 BET
Si4 BeT
18-8ct-96
BY:52:02
Size 489

L B L

LOXXX-OM-E Rev K

from

LC SERIES

FLOPPY DISK OR OPTIONAL STORAGE DEVICE

Use this to select the device.

into

This is for selecting D=M4 to automatically display the mask on-
screen, or M1, M2, M3, or M4.

INVERT MASK

This is for generating an inveried mask.

DO RECALL

Use this to recall the mask.

File

Use this to select the appropriate mask, by means of the associated
knob.
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CHANGE TEST — Action (Setting PASS/FAIL Actions)

CHRNGE TEST

On iine
12348
artion

CELETE ALL
HCTIONS

Then
Stop Mo &
Store Ma
Flim Yag
Beep Mes
Pulse HNe T

Depending on the test result certain actions can be taken:

On line
This is for selecting Action.

DELETE ALL ACTIONS
Use this to delete all previously selected actions.

if
Use this o determine if the action will be taken on PASS or FAIL
resutt.

Then
This is for selecting the action (Dump in this example). The selected
action wili then be activated from the foliowing submenu.

Dump

Use this 1o perform (Yes) or disable {No) the action chosen in the
“Then” menu (see above). The choice will be echoed alongside the
already selected action in the “Then” menu.

# %4

14-22
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s PANEL SETUPS

Sreloolad

Saving and Recalling Panel Setups

PANEL
SETUPS

PANEL SETUPS Press L. i to access the menus used for saving or
recalling configurations — panel setups — to or from non-
volatile memory, floppy disk, memory card, or portablie hard
disk (HDD), depending on options installed.

PAMEL SETUPS

Recall
Save

Use this to save a panel setup or recall one already saved. When
you seiect Save (as shown here) the “TO SETUP” menus

T0 SETURI appear. When you select Recall, the “FROM SETUP" menus
appear
T0 SETUP? TO SETUP 1 .2 3or..4

This is for saving any of four possible setups.

TO SETUPZ

TO SETUP4

to Card, Flpy or HBD

te Card This is for saviﬁg a seiup to floppy, memory card, or hard disk
(HDD), depending on options.

Fipy or HOO

LOCXXX-OM-E Rev K ISSUED: December 199%




PANEL SETUPS

Fecall

Save

—HOM SETUP1—
Ba—JLN~ 1998
BY-4E-432
~—FROM SETUPZ—,
29-MAY- 1996
14:2R: 08
~FROM SETUPZ—
O1-AFR-1949&
16:08: 11
~+H0M SETUP4—
24-MaY- 1996
14:28:12

FROM DEFARULT
SETUPR

Flpy or HOD

From Card g

15-2

PANEL SETUPS

Recall/Save

Use this to save or recall a panel setup. When you select Save
{as shown on the previous page) the “TO SETUP” menus
appear. When you select Recall (as shown here) the “FROM
SETUP” menus appear.

FROM SETUP 1 .2 3or .4

This is for recalling any of four possible saved setups. In the
example shown here, all four possibie setups have been stored.
When no setup has been stored, that menu will indicate “Empty.”

FROM DEFAULT SETUP
Use this to choose a default setup stored in the scope.

from Card, Flpy or HDD

This is for accessing the secondary “RECALL SETUPS” menu to
recall a setup stored on floppy, memory card, or portable hard
disk (HDD), depending on the options installed.

ISSUED: December 1698
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RECALL SETUPS

RECARLL SETUPS
From
Card
HED
Directory:
LECROY-1_DIR

10-0CT-95
B9:52:17
Size 2403

00 RECALL
OME . PHL

~—F i 1
(NE PHL

ZERO PHL

LC SERIES

from

This is for selecting the device from which to recall a setup:

floppy. memory card, or portable hard disk {HDD), depending on
the options installed.

DO RECALL

Use this to perform the recait of the setup selected in the “File”
menu (see below).

File

This is for selecting the stored setup, using the associated menu
knob.

#H##

LOXXX-OM-E Rev K
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AR

BLANK PAGE

R
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16

The Complete Picture, Summarized

SHOW
STATUS

Press

to open the “STATUS” menu and access full-

screen summatries of the oscllloscope’s system status or
other functional status.

Acquisition Status This screen shows vertical sensitivity, probe attenuarion, offset,
and coupiing for each channel, as well as timebasz and trigger

status summaries.

Yerticeal
WAdiy .5
Probe x1
OFfFset ~125mY
Caupling IEREEIN

Bandwidth Limit OFF
Tine base
Timesdiv 5 ns

RIS OFF
Sepuence  OFF

Mod STOPPED
xternal Attedustion %1

— 1 00613 ¥

Pre-trigger Delay iz

- 50 my
¥l
-25.0mY
ACLHE

Time/pnt

STATYS

1

B my
ES
75.0n
ACT MG

58 ns ( 280 HS/s)

Prsfdiv  18B0BE

28 MS/g

The currértiy preselected Smart Thigger type is
glitch

LOXXX-OM-E Rev K ISSUEL: December 1998
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SHOW STATUS

2

System This screen shows the serial number of the scope, firmware
version, and the software and hardware options installed.

The “Software Options” menu accesses the “ADD OPTION KEY”
menu, which lets you activate new software by inputting a code.
You simply provide LeCroy with the serial number, soft version
number, and scope 1D (all displayed on this screen), as well as order
information. LeCroy provides a unigue option key that you can enter
from the instrument’s front panel.

The "MORE VERSION INFORMATION" menu is used to perform
a cyclic redundancy check (CRC) of the internal firmware, and
generates a checksum that can be used to ensure that the
firmware is uncorrupted,

STAT(S

Acguisition
Serisi Numbbr LC534B1824
Text & Times
WavaForm
e Used |

SoFt LCB34AL  87.9.8
By, May 20, 1998 12:11 PM
(beiiid 182

SDFt Upti&ns 3 :
WPB1  WPE2  WPB3  DOM  EKI0  PRML DRM  MCDY Gpiions

Herd Options .
LBUP  VBAC  GPIB D81 GPB1  CENT MORE YERSTON
Hl@{ 126 A
INFORMATION

Main Proceéssor RAM size: 16M bytes
feguisition Memory size:  2M dats points per chennel

508 M3/
g AUTE

For inFormation on SoFtware Options contact your locsl
LeCroy Sales/Service organization or visit our web-site
st http:/Ywow. lecroy.comfoptions

16-2 ISSUED: December 1999 LOXXX-OME Rev K




LC SERIES

Text & Times This shows user text in the waveform descriptor* and trigger
timing information. When “Text & Times” is selected the “for” and
“Select” menus shown here also appear, allowing a trace or
memory o be selected and a segment range to be specified for
information.

STATUS

i
Far g s ?
ubveforn |
i
|
§ Uged §

Textra Times)

Segment

5 M5/s
58 ¥
Ecﬂ STOPPED

" Refer to the Remote Controi Manual,

LOXXX-OM-E Rav K ISSUED: December 1599 16-3




SHOW STATUS

Waveform Summary This screen provides detailed status information on channels,
memories, zoom and math, or displayed traces. These are specified
using the bottom menu, which appears when “Waveform” is selected
from the top menu.

ontal

le/div 5 5 : 4. )

Channe|

SINGLE SINBLE
58 58

[} STOPPLD

2
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Memory Used This screen shows how much memory is being used and how much
remains free. Memaory allocation: memories M1—M4 can be selected
and then cleared using the “CLEAR INACTIVE® menu. The
dedicated persistence data maps for each channel are
dynamically created, resized, and deleted as necessary. The
allocation of memory to each of these data maps will appear in
this menu. Persistence data maps are cleared using the CLEAR
SWEEPS button,

21-0et-a7

23:53:31
Memory used for storage of records

hiytes

HZ enpty

M3 enpty

To free sgme memony, ysy ¢an

. clesr Hemory uaveforas

. T8 the mumber” of points used Fop Math (MATH SETUP

. redute the nunber of San in the Record (TIMEBASE SETUPY
. turh ofF traces or paba 5

B4

e
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"

Sl

BLANK PAGE
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A

Signal Capture

Acquisition System

Note: Whéré'a _
part:cular series :s NOT
mentioned, the :

‘specification. apphes fo::

-all LeCroy color D50s.
Where the series is:
‘mentioned w:thout
:_reference loa "
particular model, the

‘specification apphes'to :
-aflmodels inthe. senes o

: .':Spemficat:ons are. hable
| to change without

- notice. For the most up-

| to-date. mformat:on

_consult the latest -
-product data sheets,

| available from LeCroy

B off:ces i

LOXXX-OM-E Rev K

Bandwidth (-3 dB)
» LC334, LC374 Series: @ 50 : DC to 500 MHz @ 1 MQ DC;
DC to 500 MHz typical at probe tip
» LC534, LC574 Series: @ 50 Q: DC o 1 GHz
@ 1 MQ DC: DC to 500 MHz typical at probe tip
» LC564, LC584 Series: @ 50 Q: DC o 1 GHz (2 mV/idiv: DC to
200 MHz, 5 mV/div: DC to 600 MHz); @ 1 MQ DC: DC to 500
MHz typical at probe tip
LC684 Series: @ 50 : DC o 1.5 GHz (2 mV/idiv: DC to 200
Mz, 5 mV/div: DC to 600 MHz); @ 1 MG DC: DC to 500 MHz
typical at probe tip
With PP0O05 passive probe as standard for all models; active probes optional.
Number of Channels: 4
Number of Digitizers: 4
Max. Sample Rate Window (Also see tables on the following pages.)
L334, LC534 Series: 4 ms @ 2 GS/s in single-shot made
LC374 Series: 0.25 ms @ 2 G5/s in single-shot mode
LC574 Series: 2 ms @ 4 GS/s in singie-shot mode
1.C564 Series: 62.5 us @ 4 GS/s
L.C584 Series: 2 ms @ 8 GS/s
1.C684 Series: 2 ms @ 8 GS/s
Sensitivity
>  LC334 Series: 2 mV/div 1o 5 V/idiv, 50 Q, fully variable
2 mV/div to 5 Vidiv, 1 MQ, fully variable
»  LC374,1.C534, LC574, LC564, LC584 Series: 2 mV/div to 1
V/div, 50 Q, fully variable
2 mV/div to 10 V/div, 1 MQ, fully variable
LCB84 Series: 2 mV/div to 1 V/idiv, 50 £, fully variable
2 mV/div to 2 Vidiv, 1 M, fully variable

A7

Y Y

YV VY

A

o
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Appendix A

G

Offset Range
» LC334 Series: 2.00 t0 9.99 mV/div: 120 mV
10.0 10 199 mV/div: 1.2 V
0.2t0 5.0 Vidiv: 24 V
> LC374,LC534,LC574, LC564, LC584 Series:
2.00 10 4.99 mV/div: 2400 mV
5.00 to 99 mV/div: 21 V
0.1 10 0.99 Vidiv: 210 V
1.0 10 10 Vidiv: £100 V (1 MQ only)
» LC684 Series: 2.00 10 4.99 mV/div: 400 mV
5,010 99 mV/div: +1.0V
0.1 10 1.0 V/div: 210 V
5010 100 mV/div: 1.0V
102 mV to 2.6 V/div {1 MQ only): 20 V

SR
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Maxtmum Sample Rate and Acqulsﬂlon Memones B
R C334,1.C374, LC534, LC2574 Serles -

| L.C334, LC534 Series 500 MS/s

100k |

500 k

LC374 Series

1GS/s :

100k

: L0574 Series 1GS/s

100k

500 k

am

Al

: "Any Channel (Peak Detect ON)

- LC334, LC534 Series

: . 100 MS/s data
: LCS'M Series : + g.l
: 400 MS/s peaks *

; LCS‘M Ser:es

. 50 k data

+
50k
peaks

250 k data
+
250 k peaks

1 M data
+

1 M peaks

All

' Paired Channels (Peak Detect OFF)

f L0334 LC534 Serles

16855 |

250 k

M

- LC374 Serles 2GS/s

. 250k

| LC574 Series . 2GSis

250 k

M

4 M

CH2

CH3

Al Channels Combint__éd{?éa_k_'l_}'_étjgc:t: QEF)I':;_:::;_- SERE R

LC334, LC534 Series
_(by PP093 Adapter)

2 GS/s :

500k

2M

&M

- 1.C374 Series (without

external adapter) | 2CoisoncCH2 |

500 k

I.C574 Series (by PP093

Adapter) 4 GS/s

500k

One

EXOOCOM-E Rev K
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LC564 Series

L C584 Series

LC564 Seties

CH2&CH3
LC584 Series

One (CH 2, or any

= displayed channel

in Auto-Combine
Meode)

LC584 Series
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LC SERIES S

pecifications

- L.C684 Series

2 GS/s 100 k 500 k 2M aM Al
| Paired Channels
LCe84 Series | 4GSis | 250k 1M am 8 M CH2 & CH3
- All Channels Combined -
LC684 Series | 8 GS/s 500 k 2 M 8 M 16 M One
. (by PP096
- Adapter}

EXXX-OM-E RevK
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Appendix A

Scale Factors: There is a wide range of probe attenuation factors

available,

DC Accuracy: +1% typical; guaranteed < +2% full scale

{eight divisions) at 0 V offset

» LC564, .C584 Series: (1% full scale + 1% offset value) at
gain 210 mVv/div

» LC684 Series: (2% full scale + 1% offset value) at gain 210
mV/div

Vertical Resoclution: 8 bits

Bandwidth Limiter

» LC334 Series: 30 MHz

» LC374,1.C534, LC574 Series: 25 MHz, 200 MHz

» LC564,L.C584, L.C684 Series: 25 MHz and 200 MHz typical

Input Coupling: AC, DC, GND

input Impedance:

» LC334 Series: 10 MQ/15 pF {system capacitance using PP005)

» LC374, LC534, LC574, LC564, LC584 Series: 10 MQ/11 pF
(system capacitance using PP005), or 50 Q +1%

» LC684 Series: 10 MY/11 pF (system capacitance using PP005),
or 50 Q@ +1.25%

Max. Input: 50 Q: +5 V DC (500 mW) or 5 V rms

# LC334: 1 MQ — 250 V max (DC + peak AC <10 kHz)

» LC374, L.C534, LC574, 1.C564, LC584 Series: 1 MQ: 400 V
max. {DC + peak AC <10kHz)

> LC684 Series: 1 MQ: 100 V (DC + peak AC @ 10 kHz)

SMARTMemory: The total memory management system

dynamically manages acquisiton memory tc guaraniee that

signals are always sampled at the highest possible sample rate

and that system RAM and microprocessor resources are always

optimally employed.
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cifications

System Random Access Memory:

L0334A

. ;_(;374A

Loswa o

44444 _LCS64A _LC574AM

___lcazaam
- 1,03341\;, .

LC534AL

* L0534AM '

L0564A | LC584A LC584AM

LCGS4D

E.C684DM

_LC5T4AL

|_(3584A;_ LC534AXL

B

LC684DL

LC684DXL

Acquisition Modes

LXXX-OM-E Rev K

Random Interleaved Sampling (RIS): for repetitive signais from:
~ LC334, L.C534 Series: 1 ns/div to 5 ps/div

» LC374,LC574 Series: 1 ns/div to 2 ps/div

» LC564, LC584, LC684 Series: 200 ps/div to 1 ps/div

Single Shot: for transient and repetitive signals from:

#» LC334, LC534 Series: 10 ns/div

» L.C374,LC574 Series: 1 ns/div, all channels active

» LC564, LC584, LC684 Series: 2 ns/div, ali channels active
Peak Detect (NOT ON LC564, LC584, OR LC684 SERIES): At
400 MS/s, peak detect can capture high-speed events as low as
1 ns, while simultaneously capturing normally sampled data.
(However, with a resolution of 2.5 ns there is no guarantee that
all high-speed events less than 2.5 ns in duration will be captured
with Peak Detect.)

Sequence: This stores multiple time-stamped events in
segmented acquisition memories.

Dead Time between Segments: 30 ps typical, 85 ys max. {(or
<30 ps, 50 us max. on LC334, LC534, LC574, anp LCG84
SERIES
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Number of Segmentis Available:
- -Models
_LC334A | 1C374A | LC534A _LC574A
 LC564A LC584A 13 LC684D
 LC334AM, AL | LC534AM, AL . LC574AM,AL | LC584AM | LC684DM
LC584AL, AXL ﬁ  LC684aDL . LCBBADXL _

Timebase System Timebases: main and up to four Zoom Traces

Time/Div Range: 1 ns/div to 1000 s/div

» LC564 Series: 1 ns/div at 4 GS/s, and 2 ns/div at 2 GS/s, to
1000 s/div

» LC584, LC684 Series: 500 ps/div at 8 GS/s

Clock Accuracy: <10 ppm

# 1.C684 Series: <10 ppm

interpolator Resolution: 10 ps

» LC684 Series: 5 ps

Rol! Mode:

» LC334, LC374, LC534, LC574 Series: for >500 000 points:
10 to 1000 s/div

» LC564, LC584, LC684 Series: ranges from 500 ms/div to
1000 s/div

External Clock:

» LC334,LC374,L.C534,L.C574 Series: <100 MHz {20 to
100 MHz for LC374 AnD LC574 SERIES) on EXT input with
ECL, TTL, or zero crossing levels, Optional (CKTRIG) 50 to
500 MHz rear panel fixed-frequency clock input.

>  LC564, L.C584, LC684 Series: CKTRIG option includes rear
panel fixed-frequency clock input, DC to 500 MHz (<20 ns
rise/falt time)

External Reference: There is an opticnal (CKTRIG) 10 MHz rear
panel inpLd.

Seen e
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Triggering System

LXXX-OM-E Rev K

S ificatios

Modes: NORMAL, AUTO, SINGLE, and STOP.

Sources: CH1t, CH2, CH3, CH4, Line, Ext, Ext/10 (Ext/5 on LC564,

LC584 , aND LC684 SERIES). Slope, Level, and Coupling are unique

to each source.

Slope: Positive, Negative

~ L1564, LC584, LC684 Series: Positive, Negative, Bi-Slope
{Window in and out)

Coupting: AC, DC, HF, LFREJ, HFREJ

Pre-trigger Recording: 0 to 100% of full scale (adjustable in 1%

increments)

Post-trigger Delay: ¢ to 10 000 divisions (adjustable in 0.1-div

increments)

Hold-off by Time: 10 nsto 20 s

» LC564,LC584,1.C684 Series: 2nst0 20 s

Holdoff by Events: 1 to 99 999 999

Internal Trigger Range: 15 screen divisions

EXT Trigger Max. Input:

» LC334 Series: 10 MQ/15 pF (LC334A system capacitance

using PP002): 250 V max. (DC + peak AC <10 kMz); 50

1%:£5V DC (500 mW) or 5V rms

LC374, LC5B34, LC574 Series: 10 MQ/11 pF (system

capacitance using PP005): 400 V (DC + peak AC

£10 kHz}; 50 © £1%: 5 V DC (500 mW) or 5V rms

» LC564, LC584A Series: 10 MQ//11 pF at probe tip (PPO05):

400 V (DC + peak AC <10 kHz); 50 Q +1%: x5 V DC (500

mW) or 5V rms

LC684 Series: 10 MQ//11 pF at probe tip {PP005): 100 V

(DC + peak AC =10 kHz); 50 Q +3%: #5 V DC (500 mW) or

5V rms

EXT Trigger Range: +0.5 V with EXT; £5 V with Ext/10

» LC564, LC584A Series; £1.2 V on EXT; +6 V with Ex¥/5

» LC684 Series: +0.5 V; £2.5 V with EXT/5

Trigger Timing: Trigger Date and Time are listed in the

“Memory Status” Menu,

Trigger Comparator: There is an optional (CKTRIG) ECL rear

panel output. Alternatively, the calibrator output can provide a

frigger output or a PASS/FAIL test output.

%

Y
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SMART Trigger Types

Autosetup

A-10

cane s e

Appemhx A,

Pattern: The osciilloscope triggers on the logic combination of

five inputs — CH 1, CH 2, CH 3, CH 4, and EXT Trigger, where

each source can be defined as “High,” “Low,” or “Don't Care.”

The Trigger can be defined as the beginning or end of the

specified pattern.

Signal or Pattern Width: The oscilloscope triggers on the width

between two selectable limits from 2.5 ns to 20 s. Typically it

triggers on glitches 1 ns wide.

> LCb64, L.C584, LC684 Series: The oscilloscope triggers on
glitches as short as 600 ps or on pulse widths 600 ps 1o 20 s.

Signal or Pattern Interval: The oscilloscope triggers on the

interval between two selectable fimits from 10 ns to 20 s.

» LC584, 1.C584, LC684 Series: 2nsto 20 s

Dropout: The oscilloscope triggers i the input signal drops out

for longer than a time-out from 25 ns 10 20 s.

» LC564,LC584,L.C684 Series: 2nsto 20 s

Qualified: The oscilloscope triggers on any source only if a given

state (or transition) has occurred on another source. (The delay

between these events can be defined as a number of events on

the trigger channel or as a time interval.)

TV: This allows selection of up to 1500 lines, and odd or even

fields synchronized for PAL, SECAM, NTSC, or nonstandard

video.

Runt (LC564 LC584, anp LC684 SERIES ONLY): The

oscilloscope triggers on positive or negative runts beiween two

selectable limits from 600 ps to 20 s.

Slew Rate (LC564, LC584, AND LC684 SERIES ONLY): The

oscilloscope triggers on rising or falling edges between 600 ps

and 20 s,

Exclusion Triggering: This can be performed in Glitch, Interval,

Runt, and Slew-Rate trigger modes. The oscilloscope triggers on

intermittent faults by specifying the normal width, period, level, or

slew of a signal. It will trigger only on aberrations that are shorter

or longer than normal.

This automatically sets sensitivity, vertical offset, and timebase
on all display channels.

Autosetup Time: 2 to 3 seconds

Vertical Find: This automatically sets sensitivity and offset for
selected channel.
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L. 2.5 Probes
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L.C334: One PPOO5 probe is supplied per channel: DC o 350 MHz
typicat af probe tip, 500 V max.

LC374, LC534, LC574A, LC564, LCS584, LC684 Series: One
PPO05 probe is supplied per channel: DC to 500 MMz typical at
probe tip, 500 V max.

Probe calibration: 1V max. into 1 MQ, 500mV into 50 ;
frequency and amplitude can be g

programmed; pulse or square wave
can be selected; rise and fall time;
1 ns typical.
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Signal Viewing

Dispilay Screen Type: Color 10-inch Raster Scan CRT, 0.26 mm dot
piich,
» LC684 Series: 10.4" TFT-LCD
Resolution: 640 x 480 points
Display Area: 170 mm x 125 mm
> LC684 Series: 212 mm X 160 mm
Controls: There are rear panel presets for position, brightness,
and conirast; and front panel menu controls for brightness and
color selection.
Grid Styles: Single, Dual, Quad, Octal, XY, Single + XY, Dual +
XY, and Full Screen (enlarged view of each grid style)
Graticules: Internally generated, they have a separate intensity
control for grids and waveforms, and offer selectable blending of
grid with displayed traces.
Waveform Style: Choose from Dot Join with optional sample
point highlight, or Dots only.
Persistence Modes: Color Graded and Analog Persistence:
infinite or variable with decay over time
> LC334A Series: Analog Persistence is available only when

all four channels are combined.

Trace Display: Choose from opaque or transparent modes, with
overlap management.
Number of Traces: 8 (any mix of channels, memories, or Math
functions)
Real-time Ciock: Date, hours, minutes, seconds
External Monitor: A rear panel 15-pin socket is available for
VGA compatible monitor.
Vertical Zoom: up to five times vertical expansion (50 times with
averaging, up to 40 pV/div sensitivity)
Horizontal Zoom:
> LC334A, LC534A: up o 2 or 2.5 points/division
» LC374A, LC574A: up to 0.4 or 0.5 points/division
» LC564, LC584, LC684 Series: up to 0.4 points/division

i
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Signal Analysis

Processing System

Waveform Processing

LXXX-OM-E Rev K

Microprocessor: 96 MHz PowerPC™ 603e

> LC5B4AXL., LC684DXL.: 192 MHz PowerPCr

Video Memory: 1 Mbyte

Cache Memory: 32 kbytes

Persistence Data Map Memory: 16 bits per displayed pixel
{64 000 levels)

Up to four processing functions may be performed
simultaneously. Standard functions available are: Add, Subtract,
Multiply, Divide, Negate, ldentity, Summation Averaging and Sine
x/x, Integral, Derivative, Square Root, Ratio, and Absclute Value.
The source information for a math function trace can be data
from an acquisition channel or from another math function trace.
This allows display of traces that ‘daisy chain’ math functions.
Average: up to 10° averages

Extrema: Roof, Floor, or Envelope values from 1 to 10° sweeps
ERES: Six low-pass digital filters provide up to 11-bit vertical
resolution., Sampled data is always available, even when a trace
is turned off.

FFT: Spectrum Analysis with five windowing functions and FFT
averaging

Resample: This deskew feature allows a signal to be resampled
and adjusted in time relative to another signal.

Statistical Diagnostics: The Parameter Analysis package
permits in-depth diagnostics on waveform parameters. With this
package, live histogramming of any waveform parameter
measurement is possible. The histogram can be autoscaled to
display the center and width of the distribution. Any of the above
processes can be invoked without iosing the data. Trending is
also available with this package, which is standard on the L.C574,
LCH84, and LCE84 Series, and optional on all other models.
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Iinternal Memory

Cursor Measurements

Automatic Measurements

Appendix A

G

Waveform Memory: This features up to four 16-bit memories
(M1, M2, M3, M4}, whose length corresponds to the length of the
channel acquisition mermory.

Zoom and Math Memory: Up to four 18-bit Waveform
Processing Memories (A, B, C, D), whose length corresponds to
the length of the channel acquisition memory

Setup Memory: Four non-volatile memories (optional memory
cards, flash disks, or removable hard disks may also be used for
high-capacity waveform and setup storage.)

Relative Time: A pair of arrow cursors measures time
differences and voltage differences relative to each other.
Relative Voltage: A pair of line cursors measures voltage
differences.

Absolute Time: A cross-hairs marker measures time relative to
the trigger and voitage (with respect to ground).

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

A wide range of pulse parameter measurements is available,
categorized for ease of use. The categories include Pulse,
Horizontal, and Vertical parameters. Basic statistical
measurements such as average, highest, lowest, and standard
deviation (included as standard) can be made on these
parameter measurements in order 1o understand their
distribution.

Pass/Fail Testing and Waveform Limit testing (using masks) can
be performed. Test conditions can be expressed as either
waveform parameter limits, waveform shape limits (mask), or a
combination of both. Any failure can cause preprogrammed
actions such as Hardcopy, Save, GPIB service request, logic
puise out, audible beep, or a combination of these.

A-14
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interfacing Remote Conirol: GPIB and RS-232-C for all
front panel controls; internal functions
RS-232-C  Port: Asynchronous; up to
115.2 kBaud for computer or terminal
control, printer or plotter connection o o o s
GPIB Port: (IEEE-488.1) configurable as - SRGEREIREES BR
talker/istener for computer control and fast

data transfer; command language compliant with IEEE-488.2
Centronics Port: hardcopy interface

A Shielded cables iess than 3 m in length are required to
i conform to EMC Directive 89/336/EEC.

PC Card (PCMCIA UIJHI Ports): optional for memory cards,

flash cards, or removable hard disks

Floppy Disk: high density 3.5-inch floppy disk drive {DOS

format)

VGA Compatible Display: 15-pin, D-type, VGA-compatible

connector for external color display. You may experience

flickering if you connect an LCD projector to the VGA output.

Hardcopy: TIFF and BMP formats available for export to Deskiop

Publishing programs; HPGL protocal for vector graphics

Printers and Plotters:

» B/W Printers: HP Laserdet™, HP DesklJet™ 500,
Epson™ FX

» Color Printers: HP DeskJet™ 550C; E;:)sonTM Stylus Canon
200, 600, 800 Series

> Ploters: HP 7470, HP 7550

» Internal: high-resolution graphics <
printer — standard or opticnal
depending on model; stripchart output format with 2m per
division also available

Output Formats: Binary, or ASCH waveform ouiput compatibie

with spreadsheets, MATLAB™, and MathCad™

Aszvefor

General Awto-calibration: Ensures specified DC and timing accuracy
Temperature (operating): 5o 40 °C (41 10 104 °F)
Humidity (operating): =80% RH (non-condensing)
Altitude (operating): <2000 m (8560 ft) at 40 °C ambient
Sheck and Vibration: Conforms to selected sections of
MIL-PRF-28800F, Class 3

EH R
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Power: 90 to 132 VAC, or 180 to 250 VAC, 45 to 66 Hz,
automatic voltage selection, 400 W max. (LC684 Series: 350 W
max.)

Battery Backup: front panel settings maintained for two years
Dimensions: (HWD) 10.4 x 15.65 x 17.85 inches (264 x 397 x
453 mm)

Weight: 44 ib. (20 kg) net; 61.6 Ib (28 kg) shipping

» LC684 Series: 35 Ip (16 kg) net, 53 Ib (24 kg) shipping
Warranty: 3 years

Conformity CE Declaration of Conformity: The oscilloscope meets
requirements of EMC Directive 89/336/EEC for Electromagnetic
Compatibility, and Low Voltage Directive 73/23/EEC for Product

Safety.
» EMC: EN 50081-1:1992 (Emissions); EN 50082-1:1997
{Immunity)

» Low Voltage Directive: Conforms to EN61010-1:1993 +
Amd. 2:1995, Safety requirements for electrical equipment
for measurement, control, and laboratory use.

The oscilloscope has been qualified to the following
EN 61010-1 category:
Installation {Overvoitage) Categary 11
Poilution Degree 2
See Declaration of Conformity for further details.

> UL and cUL Certifications: UL Siandard UL 3111-1;
Canadian Standard CSA-C22.2 No. 1010.1-92

UL and cUL Listing File: E 170588

###

o
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B Appendix B: Enhanced Resoluti

Enhanced Resolution Filtering

The available sampling rate of LeCroy oscilloscopes is often
higher than that required for the analyzed signal's
bandwidth. Oversampling, particularly pronounced in the
long-memeory models, can be used to increase the displayed
trace’s effective resoiution: the ability of the instrument to
distinguish closely spaced voltage levels. This is done by
filtering the digitized signal using Enhanced Resolution.

Although simitar to signal smoothing using a simple moving-
average filter, enhanced resolution filtering is more efficient both
in terms of bandwidth and the superior passband characteristics
that result. And on waveforms with single-shot characieristics, it
can be used instead of successive trace averaging.

Advantages Enhanced resolution filkering improves two  important
characteristics of the oscilloscope.

Resolution is improved by a fixed amount for each filter. This true
increase in resolution occurs whether or not the signal is noisy, or
whether a singie-shot or repetitive signal.

Signhalto—noise ratio (SNR) is improved in such a way as to be
dependent on the form of the noise in the original signal. This is
because the enhanced resolution filtering decreases the
bandwidth of the signal, therefore filtering out some of the noise.

Implementation The oscilloscope’s set of constant-phase, FIR (Finite Impulse-
Response filters provide fast computation, excellent step
response in 0.5 bit steps, and minimum bandwidth reduction for
resolution improvements of between {.5 and 3 bits. Each step
corresponds o a bandwidth reduction of a factor of two, allowing
easy control of the bandwidth/resolution trade-off. The
parameters of the six filters are given in the following table:
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With iow-pass filters, the actual SNR increase obtained in any
particular situation depends on the power spectral density of the
noise on the signal. The improvement in SNR corresponds to the
improvement in resolution if the noise in the signal is white —
that is, if it is evenly distributed across the frequency spectrum. i
the noise power is biased towards high frequencies, the SNR
improvement will be better than the resolution improvement.
Whereas the opposite may be true if the noise is mostly at fower
frequencies.

SNR improvement due to the removal of coherent noise signals
—feed-through of ciock signals, for example — is decided by the
fall of the dominant frequency components of the signal in the
passband. This is easily ascertained using Spectral Analysis.

The filters have a precisely constant zero phase response. This
has two desirable properties. First, the filters do not distort the
relative position of different events in the waveform, even if the
events’ frequency content is different. And second, because the
waveforms are stored, the delay normaily associated with fittering
(between the input and output waveforms) can be exactly
compensated during the computation of the filkered waveform.

Al the filters have been given exact unity gain at low frequency.
Enhanced resolution should thus not cause overflow if the source
data is not overflowed. H part of the source trace were fo
overflow, fitering would be aliowed, but the results in the vicinity
of the overflowed data — the filter impulse response length —

e e
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When to Use It?
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LC SERIES Enhanced Resolution

TR

would be incorrect. This is because in some circumstances an
overflow may be a spike of only one or two samples, and the
energy in this spike may not be enough to significantly atfect the
results. 1t would then not be desirable to disallow the whole trace.

In general, enhanced resolution is used to replace the averaging
function in situations where the data record has a single-shot or
slowly repetitive nature and averaging cannot be used.

There are two particutar situations in which enhanced resolution
is especially useful. One is when the signal is noticeably noisy
and measurements of the noise are not required. The signal can
be “cleaned up” by using the enhanced resolution function. The
other is when — even if the signal is not particularly noisy —
high-precision measurements of the waveform are required
(when using Expand with high vertical gain, for example).
Enhanced resolution witi then increase the resolution of the
measurements.

The examples on the following pages illusirate how enhanced
resolution can be used.
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Examples

Low-pass Filtering This screen shows the spectrum of a sguare signal before (top grid}
and after (bottom grid) enhanced resolution processing. The result
clearly iliustrates how the filter rejects high-frequency components
from the signal. The higher the bit enhancement, the lower the
resulting bandwidth.
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Increasing Vertical

Resolution In this example the bottom frace has been significantly enhanced by

a 3-bit enhanced resolution function

§-Jui1 47 ' " SETUP OF B
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points O STOPPED

Note: The original signal being highly oversampled, the
resulting bandwidth is still high enough for the signal not fo
be distorted.
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Reducing Noise This filustration shows the effect of enhanced resolution on a noisy
signal. The original trace (top grid) has been processed by a 2-bit
enhanced resolution filier. The result (botton grid) shows a “smooth”
trace, where most of the noise has been eliminated.
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c S Appendix C ___Fast Fourier Transform (;FFT)

When and How to Use FFT

The WP02 Spectral Analysis package with FFT {(Fast Fourier

Transform) reveals signal characteristics not visible in the

time domain, and adds the power of frequency domain

analysis to your oscilloscope. FFT converts a time domain
waveform inte frequency demain spectra similar 10 those of

a spectrum analyzer, but with important differences and

added benefits.

Why Use FFT? For a large class of signals, greater insight can be gained by
looking at spectral representation rather than time description.
Signals encountered in the frequency response of amplifiers,
oscillator phase noise and those in mechanical vibration analysis
— to mention just some applications — are easier to observe in
the frequency domain.

If sampiing is done at a rate fast enough to faithfully approximate
the original waveform (usually five times the highest frequency
component in the signal), the resulting discrete data series will
uniguely describe the analog signal.

This is of particular value when dealing with transient signals
because, unlike FFT, conventional swept spectrum analyzers
cannot handle them.

Theory Behind FFY Spectral analysis theory assumes that the signal for
transtormation be of infinite duration. Since no physical signal
can meet this condition, a useful assumption for reconciling
theory and practice is to view the signal as consisting of an
infinite series of replica of itseif. These replica are multipliad by a
rectangular window (the display grid) that is zero outside of the
cbservation grid.
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: Fast Fourier Transform (FFT)

Figure C-1 shows spectra of a swept triangular wave.
Discontinuities at the edges of the wave produce leakage, an
effect clearly visible in Trace A, which was computed with a
rectangular window, but less pronounced in the Von Hann
window in Trace B (see below for explanations of leakage and
window types). Histogramming in Trace C tracks the spread of
the first harmonic.

SETUP OF B
Hse Math?—

L[ e |

Powar Deng
Perer Spect
Rea)

O STOPPED
Figure C—¥

Slicing the waveform in this manner is like diluting the spectral
energy in an infinite number of side lobes, which correspond to
multiples of the frequency resolution Af (Fig. C-2). The
observation window or capture time T determines the frequency
resoiution of the FFT (Af=1/T). Whereas the sampling period and
the record length set the maximum frequency span that can be
obtained (freyq=AFN/2).
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Figure C-2

An FFT operation on an N-point time domain signal may thus be
compared to passing the signal through a comb filter consisting
of a bank of N/2 filters. All the filters have the same shape and
width and are centered at N/2 discrete frequencies. Each fiiter
collects the signal energy that falls intc the immediate
neighborhood of its center frequency. Thus it can be said that
there are N/2 frequency bins. The distance in Hz between the
center frequencies of two neighboring bins is always the same:
Af.

Because of the linear scale used o show magnitudes, lower
amplitude components are often hidden by larger components. In
addition to the functions offering magnitude and phase
representations, the FFT option offers power density and power
spectrum density functions, selected from the “FFT resuli” menu
shown in the figures. These latter functions are even better
suited for characterizing spectra. The power spectrum (V) is the
square of the magnitude spectrum (0 dBm correspends to
voltage equivalent to 1T mW into 50 Q.) This is the representation
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:;5;__ Appendix C: Fast Fourier Transform (FFT)

Memory for FFT

FFT Pitfalls to Avoid

Picket Fence and Scallop

c-4

of choice for signals containing isolated peaks — periodic
signals, for instance.

The power density spectrum (V¥/Hz) is the power spectrum
divided by the equivalent noise bandwidth of the filier in Hz
associated with the FFT calculation. This is best employed for
characterizing broadband signals such as noise.

The amount of acquisition memory available will determine the
maximum range (Nyquist frequency) over which signal
components can be observed. Consider the problem of
determining the length of the observation window and the size of
the acquisition buffer if a Nyquist rate of 500 MHz and a
resolution of 10 kMz are required. To obtain a resolution of 10
kHz, the acquisition time must be at least:

T =1/Af = 1/10 kHz = 100 ps.

For a digitai oscilloscope with a memory of 100 kB, the highest
frequency that can be analyzed is:

At x N/2 = 10 kHz x 100 kB/2 = 500 MHz.

Take care to ensure that signals are correctly acquired: improper
waveform positioning within the observation window produces a
distorted spectrum. The most common distortions can be traced
to insufficient sampling, edge discontinuities, windowing or the
“picket fence” effect.

Because the FFT acts fike a bank of bandpass filters centered at
multiples of the frequency resolution, components that are not
exact multipies of that frequency will fall within two consecutive
filters. This resuits in an attenuation of the true amplitude of
these components.

The highest point in the spectrum can be 3.92 dB lower when the
source frequency is halfway between two discrete frequencies.
This variation in spectrum magnitude is the picket fence effect.
The corresponding aftenuation loss is referred to as scallop loss.
LeCroy scopes automatically correct for the scallop effect,
ensuring that the magnitude of the spectra iines correspond to
their true values in the time domain.
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Leakage

Choosing a Window

LOGXXX-OM-E Rev K

Lcn RIES Using FFT

e

It a signal contains a frequency compenent above Nyquist, the
spectrum will be aliased. meaning that the frequencies will be
folded back and spurious. Spotting aliased frequencies is often
difficult, as the aliases may ride on top of real harmonics. A
simple way of checking is to modify the sample rate and observe
whether the frequency distribution changes.

FFT assumes that the signal contained within the time grid is
replicated endlessiy outside the observation window. Therefore if
the signal contains discontinuities at its edges, pseudo-
frequencies will appear in the spectral domain, distorting the real
spectrum. When the start and end phase of the signal differ, the
signal frequency falls within two frequency cells broadening the
spectrum.

This effect is illustrated in Figure C-1. Because the display does
not comntain an integral number of periods, the spectrum
dispiayed in Trace B does not reveal sharp frequency
components. Intermediate components exhibit a lower and
broader peak. The broadening of the base, stretching out in
many neighboring bins, is termed leakage. Cures for this are to
ensure that an integral number of periods is contained within the
dispiay grid or that no discontinuities appear at the edges.
Another is 1o use a window function to smooth the edges of the
signal.

The choice of a spectral window is dictated by the signal's
characteristics. Weighting functions control the filter response
shape, and affect noise bandwidth as well as side lobe levels.
Ideally, the main lobe should be as narrow and flat as possible to
effectively discriminate all spectral components, while all side
lobes should be infinitely attenuated.

Chosen from the “with window” menu, the window type defines
the bandwidth and shape of the equivalent filter to be used in the
FFT processing.

in the same way as one would choose a particular camera lens
for taking a piciure, some experimenting is generally necessary
to determine which window is most suitable. However, the
following general guidelines should help (see page C-11 for
window types).
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Improving Dynamic Range

Spectral Power Averaging

Rectangular windows provide the highest frequency resolution
and are thus useful for estimating the type of harmonics present
in the signal. Because the rectangular window decays as a sinx/x
function in the speciral domain, slight attenuation will be induced.
Alternative functions with less attenuation - Flattop and
Blackman-Harris — provide maximum amplitude at the expense
of frequency resolution. Whereas, Hamming and von Hann are
geod for general purpose use with continuous waveforms.

Enhanced resolution {see Appendix B) uses a low pass filtering
technigue that can potentially provide for three additional bits
(18 dB) it the signal noise is uniformly distributed (white). Low
pass filtering should be considered when high frequency
components are irrelevant. A distinct advaniage of this technique
is that it works for both repetitive and transient signals. The SNR
increase is conditioned by the cut-off frequency of the Eres low
pass filter and the noise shape (frequency distribution).

LeCroy digital oscilloscopes employ FIR digital filters so that a
constant phase shift is maintained. The phase information is
therefore not distorted by the filtering action.

Even greater dynamic-range improvement is obtained on signals
showing periodicity. Moreover, the range can be increased
without sacrificing frequency response. The LeCroy oscilloscope
being used is equipped with accumuiation buffers 32 bits wide to
prevent overflows.

Spectral power averaging is useful when the signal varies in time
and the mean power of the signal needs to be estimated. Typical
applications include noise and pseudo-random noise. Whereas
time averaging ignores phase information, spectral averaging
tracks magnitude as well as phase information. It is thus a
superior estimator. The improvement is typically proportional to
the square root of the number of averages. For instance,
averaging white noise at full scale over 10 sweeps yields a typical
improvement of nearly 20 dB.
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Spectral power averaging is the technique to use when you are
determining the frequency response of passive networks such as
filters. Figures 3 and 4 show the transfer functions of a low pass
filter with a 3-dB cutoff of 11 MMz, obtained by exciting the filter
with a white noise source (Fig. C-3) and a sine swept generator
(Fig. C—4). Both techniques give substantially the same resuits.
The choice of method is governed by the avaiiability of an
adequate generating source.

The specira of single time-domain waveforms can be computed
and displayed to obtain power averages obtained over as many
as 50 000 spectra.

SETUP OF B

; use Math?—
[-r»m '
ﬁm
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nh.Res
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i e oo, T N U TR O OO
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e
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Wi M2 M3 W4
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Figure C-3
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Figure C—4

Overall... Because of its versatifity, FFT analysis has become a popular
analysis tool. However, some care must be taken with it. In most
instances, incorrect positioning of the signal within the display
grid will significantly alter the spectrum. Effects such as leakage
and aliasing that distort the spectrum must be understood if
meaningful conclusions are to be arrived at when using FFT.

An effective way to reduce these effects is to maximize the
acquisition record length. Record length directly conditions the
effective sampling rate of the scope and therefore determines the
frequency resolution and span at which spectral analysis can be
carried out.
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Using FFT Functions

—Math Type—

Erih.Res
Extrema
FFT
FETAYG
Functions

vy

Select “FFT” from the “Math Type” menu (see Chapter 10
for a full description of math and waveform processing
menus). Spectra displayed with a linear frequency axis
running from zero o the Nyguist frequency are shown at the
right-hand edge of the trace. The frequency scaie factors
{Hz/div} are in a 1-2--5 sequence.

The processing equation is displayed at the bottom of the screen,
together with the three key parameters that characterize an FFT
spectrum. These are;

« transform size N (number of input points)
s Nyquist frequency (= ¥z sample rate)

» frequency increment Af between two successive points of the
spectrum

These parameters are related by
Nyquist frequency = Af = N/2

Where: Af = 1/T, and where T is the duration of the input
waveform record (10 = fime/div). The number of output paints is
equal to N/2.

Note on Maximum Points: FFT spectra are computed
over.the entire source ﬂme-domam waveform This hm:ts _

| the number of pomts used:for FFT. processmg It the

- input waveform contains more points than the selected
| maximum in “for Math use max points,” they are -

| decimated before FFT processmg But :f it has fewer : il
: pomts are used '

LOXXX-OM-E Rev K
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Phase

Power Dens
Power Spect
Real
Real+Imag

C-10

o 3

. 53: Appendix C: Fast Fourier Transform (FFT)
R R o

R

The following selections can be made using the “FFT result”
menu.

Phase

This is measured with respect to a cosine whose maximum
occurs at the left-hand edge of the screen, at which point it has
0°. Similarly, a positive-going sine starting at the left-hand edge
of the screen has a —90° phase (displayed in degrees).

Power Density

This is the signal power normalized to the bandwidth of the
equivalent filter associated with the FFT calculation. The power
density is suitabie for characterizing broadband noise. (It is
displayed on a logarithmic vertical axis calibrated in dBm.)

Power Spectrum

This is the signal power (or magnitude) represented on a
logarithmic vertical scale: 0 dBm corresponds to the voltage
{0.316 V peak), which is equivalert to 1 mW into 50 Q. The
power spectrum is suitable for characterizing spectra that contain
isolated peaks {dBm).

Magnitude

This is the peak signal amplitude represented on a linear scale.
(It has the same units as the input signal.)

Real, Real + Imaginary, Imaginary

These represent the complex result of the FFT processing. (They
have the same units as the input signal.)

s
s
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Chosen using the "with window” menu, the window fype defines the
bandwidth and shape of the filter to be used in the FFT processing
{see the table on page C—17 for these filters’ parameters). When
*AC” is selected from the same menu, the DC component of the
input signal is forced to zero prior to the FFT processing. This
improves the amplitude resolution, especially when the input has
a large DC component.

."Wlndow Type

Apphcatzons and Limitations »

iy

Rectangular

- These are norma!ly used when the signal is transient (completety
- contained in the time-domain window) or known to have a
- fundamental frequency component that is an integer multipie of the
- fundamental frequency of the window. Signals other than these
- types will show varying amounts of spectral leakage and scaliop
'~ loss, which can be corrected by selecting another fype of window.

- Hanning (Von Hann)

These reduce leakage and improve amplitude accuracy. However,
. frequency resolution is aiso reduced.

' These reduce leakage and improve amplitude accuracy. However,

Hamming _ - frequency resolution is also reduced.

This window provides excellent amplitude accuracy with moderate
- Flat Top . . .
T . reguction of leakage, but with reduced frequency resolution.
- Blackman—Harris : It reduces the ieakage to a minimum, but with reduced frequency

- resolution.

FFT Power Average
—Math Type—-

Extrems 1
FET
FFTAYG
Functions
Histogram F

LOXXX-OM-E Rev K

A function can be defined as the power average of FFT spectra
computed by ancther function (see page C-8). Choose
FFTAVG” from the “Math Type” menu, and “Power Spect” from
“FFT Result.”

~FFT result—

Magnitude
Power Dens

_—
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Additional Processing

Memory Status

Using Cursors with FFT

c-12

Other waveform processing functions, such as Averaging and
Arithmetic, can be applied to waveforms before FFT processing
is performed. Time-domain averaging prior to FFT, for example,
can be used if a stable trigger is available to reduce random
rivise in the signal.

When FFT is used, the field beneath the grid displays
parameters of the waveform descriptor, including number of
points, horizontai and vertical scale factors, and units.

C:PSCAVGP (B
{_PBMBP Spectrum 10uBd > 2560 pts

For reading the amplitude and frequency of a data point, the
Absolute Time cursor can be moved into the frequency domain by
going beyond the right-hand edge of a time-domain waveform.

The Relative Time cursors can be moved into the frequency
domain to simuttanecusly indicate the frequency difference and
the amplitude difference between two points on each frequency-
domain trace.

The Absolute Voltage cursor reads the absolute value of a point
in a spectrum in the appropriate units, and the Relative Voltage
cursors indicate the difference between two levels on each trace
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Error Messages One of these FFT-related error messages may be displayed at
the top of the screen.

Message ..... .

Error Messages

S Meanmg

FFT power average is def:ned only on a functnon defmed
- as FFT.

: “Incompanble input record type”

“Horizontal units don't match”

“FFT of a frequency-domain waveform is not available,

“FET saurce data zero filed”
. the beginning or at the end of the record), these are
. replaced by zeros before FFT processing.

- If there are invalid data points in the source waveform {at

“FFT source data over/underfiow”

- resuiting FFT contains harmonic components which

- would not be present in the unclipped waveform. The

-~ settings defining the acquisition or processing should be

- changed to eliminate the over/underflow condition. '

'The source waveiorm data has been clipped in
amplitude, either in the acquisition — gain too high or
inappropriate offset — or in previous processing. The

- “Circular computation”

- A fun?:zion definition is circudar (i.e. the function is its own

. source, indirectly via another function or expansion;.
. One of the definitions should be changed.

LOXXX-OM-E Rev K
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_ Appendix C: Fast Fourier Transform (FFT)
L s TSR

A summary of the algorithms used in the oscilloscope’s FFT
computation is given here in the form of seven steps:

1.

If the maximum number of points is smaller than the source
number of points, the source waveform data are decimated
prior to the FFT. These decimated data extend over the full
length of the source waveform. The resulting sampling
interval and the actual fransform size selected provide the
frequency scale factor in a 1-2—5 sequence.

The data are multiplied by the selected window function.

FFT is computed, using a fast implementation of the DFT
{Discrete Fourier Transform):

4 Kt )
X, =— X, x W"
n N ;ﬁ Kk
where: x, is a complex array whose real part is the modified
source time domain waveform, and whose imaginary part is
0; X, is the resulting complex frequency-domain waveform;

W = e #%'N : and Nis the number of points in x, and X,,

The generalized FFT algorithm, as implemented here, works
on N, which need not be a power of 2.

The resulting complex vector X, is divided by the coherent
gain of the window function, in order to compensate for the
loss of the signal energy due to windowing. This
compensation provides accurate amplitude values for
isolated specirum peaks.

The real part of X, is symmetric around the Nyquist
frequency, that is

Rp = Ann
while the imaginary part is asymmetric, that is

"n = “‘ern
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The energy of the signal at a frequency n is distributed equally
between the first and the second halves of the spectrum; the
energy at frequency 0 is completely contained in the 0 term.

The first haif of the spectrum {Re, Im), from 0 to the Nyquist
frequency is kept for further processing and doubled in
amplitude:

R,=2xRp, 0 sh< N2
Fh=2x1p Osn<N2
6. The resultant waveform is computed for the spectrum type
selected.

If “Real,” “Imaginary,” or “Rea! + Imaginary” is selected, nc
further computation is needed. The appropriate part of the
complex result is given as the result (R, or I';or R, + jl',, as
defined above).

i “Magnitude” is setected, the magnitude of the complex
vector is computed as:

M, = RE+I%

Steps 16 lead to the following result:

An AC sine wave of amplitude 1.0 V with an integral number of
periods Np in the time window, transformed with the rectangular
window, results in a fundamental peak of 1.0 V magnitude in the
spectrum at frequency Np x Af, However, a DC companent of 1.0
V, transformed with the rectangular window, results in a peak of
2.0 V magnitude at & Hz.

The waveforms for the cother available spectrum types are
computed as follows:

Phase: angle = arctan (/,/R,) M, > My,
angle =0 M, <M.,
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A

Where M, is the minimum magnitude, fixed at about 0.001 of
the full scale at any gain setting, below which the angle is not well
defined.

The dBm Power Spectrum:

dBm PS=10xlo {Mﬁ\s 20 xlo (M“]
m PS=10xlogs | =%~ 1=20% Fyuay
10 M?ef ) 10 M.,
where M. = 0.316 V (that is, 0 dBm is defined as a sine wave of
0.316 V peak or 0.224 V RMS, giving 1.0 mW into 50¢).

The dBm Power Spectrum is the same as dBm Magnitude, as
suggested in the above formula.

dBm Power Density:
dBmPD =dBmPS-10xlogy, (ENBW x Af)

where ENBW is the equivalent noise bandwidth of the filter
corresponding to the selected window, and Af is the current
frequency resolution (bin width).

7. The FFT Power Average takes the complex frequency-
domain data R, and /', for each spectrum generated in Step
5, and computes the square of the magnitude:

M2=R2+I2

then sums M,? and counts the accumulated spectra. The
total is normalized by the number of spectra and converted to
the selected result type using the same formulas as are used
for the Fourier Transform.
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Aliasing

Coherent Gain

LC SERIES FFT Glossary

R

This section defines the terms frequently used in FFT
spectrum analysis and relates them to the oscilloscope.

If the input signal to a sampling acquisition system contains
componenis whose frequency is greater than the Nyguist
frequency (half the sampling frequency), there wilf be less than
two samples per signal period. The result is that the contribution
of these components to the sampled waveform is
indistinguishable from that of components below the Nyguist
frequency. This is aliasing.

The timebase and transform size should be selected 50 that the
resulting Nyqguist frequency is higher than the highest significant
component in the time-domain record.

The normalized coherent gain of a filter corresponding to each
window function is 1.0 (0 dB) for a rectangular window and less
than 1.0 for other windows. It defines the loss of signal energy
due to the multiplication by the window function. This loss is
compensated for in the oscilloscope. The following table lists the
values for the implemented windows.

o G

O LR B i—hghest Szde s o '
Window Type -1 Labe Scailop Loss 4 ENBW G
s e e (dB)_ S (bing)
o h g {dB) i - TR e
i i _m
Hectangular -13 : 3.92 1.0 2.0
3 7
von Hann -3z 1.42 1.5 - 6.02
Hamming ~43 178 1.37 -5.35
FlatTop —44 0.01 2.96 ~11.05
. Blackman—Harris 67 1.13 1.71 —7.53

LCXXX-OM-E Rev K
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ENBW Equivalent Noise BandWidth (ENBW) is the bandwidth of a
rectanguiar filter (same gain at the center frequency), equivalent
to a filter associated with each frequency bin, which would collect
the same power from a white noise signal. In the table on the
previous page, the ENBW is listed for each window function
implemented, given in bins.

Filters Computing an N-point FFT is equivalent to passing the time-
domain input signal through N/2 filters and plotting their outputs
against the frequency. The spacing of filters is Af = 1/T, while the
bandwidth depends on the window function used (see Frequency
bins}.

Frequency bins The FFT algorithm takes a discrete source waveform, defined
over N points, and computes N complex Fourier coefficients,
which are interpreted as harmonic components of the input
signat.

For a real source waveform (imaginary part equals 0), there are
only N/2 independent harmonic components.

An FFT corresponds to analyzing the input signal with a bank of
N/2 filters, all having the same shape and width, and centered at
N/2 discrete frequencies. Each filter collects the signal energy
that falls into the immediate neighborhood of its center
frequency. Thus it can be said that there are N/2 “frequency
bing.”

The distance in hertz between the center frequencies of two
neighboring bins is always:

A =1/T
where T is the duration of the time-domain record in seconds,

The width of the main lobe of the fiter centered at each bin
depends on the window function used. The rectangular window
has a nominal width at 1.0 bin. Othsr windows have wider main
lobes (see table).

Frequency Range The range of frequencies computed and displayed is 0 Hz
(displayed at the left-hand edge of the screen) to the Nyquist
frequency (at the rightmost edge of the trace).
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Leakage

Number of Points

Nyquist Frequency

Picket Fence Effect
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In a simple sense, the frequency resolution is equal to the bin
width Af. That is, if the input signal changes its frequency by Af,
the corresponding spectrum peak will be displaced by Af. For
smaller changes of frequency, only the shape of the peak will
change.

However, the effective frequency resolution {that is, the ability to
resoive two signals whose frequencies are almost the same) is
further limited by the use of window functions. The ENBW value
of all windows other than the rectangular is greater than Af and
the bin width. The table on page C—17 lists the ENBW values for
the implemented windows.

Int the power spectrum of a sine wave with an integral number of
periods in the {rectangular) time window ({that is, the source
frequency equals one of the hin frequencies), the spectrum
contains a sharp component whose value accurately reflects the
source waveform's amplitude. For intermediate input frequencies
this spectral component has a lower and broader peak.

The broadening of the base of the peak, stretching out inio many
neighboring bins is termed leakage. It is due to the relatively high
side lobes of the filter associated with each frequency bin.

The fitter side lobes and the resuliing leakage are reduced when
one of the available window functions is applied. The best
reduction is provided by the Blackman-Harris and Flat Top
windows. However, this reduction is offset by a broadening of the
main lobe of the filter.

FFT is computed over the number of points {Transform Size)
whose upper bounds are the source number of peints, and by the
maximum number of points selected in the menu. FFT generates
spectra of N/2 output peints.

The Nyquist frequency is equal to one half of the effective
sampling frequency (after the decimation}: Af x N/2.

If a sine wave has a whole number of periods in the time domain
record, the power spectrum abtained with a rectangular window
will have a sharp peak, corresponding exactly to the frequency
and amplitude of the sine wave. Otherwise the spectrum peak
with a rectangular window wili be lower and broader.

The highest point in the power spectrum can be 3.92 dB lower
{1.57 times} when the source frequency is halfway between two
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Power Spectrum

Power Density Spectrum

Appendix C: Fast Fourier Tra

Sampling Frequency

Scallop Loss

Window Functions

G~

20

nsform (FFT)

discrete bin frequencies. This variation of the spectrum
magnitude is called the picket fence effect (the loss is called the
scallop loss).

All window functions compensate for this loss to some extent, but
the best compensation is obtained with the Flat Top window.

The power spectrum (V2) is the square of the magnitude
spectrum.

The power spectrum is displayed on the dBm scale, with 0 dBm
corresponding to:

Vref2 = (0.316 Vpeak)2,

where Vref is the peak value of the sinusoidal voltage, which is
equivalent to 1 mW into 50 £2.

The power density spectrum (V3/Hz) is the power spectrum
divided by the equivalent noise bandwidth of the filter, in hertz.
The power density spectrum is displayed on the dBm scale, with
0 dBm corresponding to (Vref2/Hz).

The time-dornain records are acquired at sampling frequencies
dependent on the selected time base. Before the FFT
computation, the time-domain record may be decimated. If the
selected maximum number of poinis is lower than the source
number of points, the effective sampling frequency is reduced.
The effective sampling frequency equals twice the Nyquist
frequency.

This is loss associated with the picket fence effect.

All available window functions belong to the sum of cosines
family with one fo three non-zero cosine terms;

m=M-1 g
W, = 2 a, Cos {i;(m) O<k<N
m==0 ’

where: M =3 is the maximum number of terms, a,, are the
coefficients of the terms, N is the number of points of the
decimated source waveform, and k is the time index.
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The following table lists the coefficients a, The window
functions seen in the time domain are symmetric around the
point k = N/2.

o 'E_'-C_de:fﬁ.c;ient_s of Wind:dw Functions R

Wmdow“l'ype -_a.G'*:_ et o 32 S
Rectanguiar 1.0 .00 0.0
vonHann . 05 Y .00
Hamming | 054 046 | 00
FiatTop ~ 028t 0521 | 0.198
‘Blackman-Harris = 0.423 | 0497  0.079

Bergland, G.D., A Guided Tour of the Fast Fourier Transform,
IEEE Spectrum, July 19869, pp. 41-52.
A general introduction to FFT theory and applications.

Brigham, E.O., The Fast Fourier Transform, Prentice Hall, Inc.,
Englewood Cliffs, N.J., 1974.

Theory, applications and implementation of FFT. Includes
discussion of FFT algorithms for N not a power of 2.

Harris, F.J., On the Use of Windows for Harmonic Analysis with
the Discrete Fourier Transform, Proceedings of the IEEE, vol. 66,
No. 1, January 1978, pp. 51-83.

Classic paper on window functions and their figures of merit, with
many examples of windows.

Ramirez, RW., The FFT Fundamentalis and Concepts, Prentice
Hall, inc., Englewood Cliffs, N.J., 1985.
Practice oriented, many examples of applications.
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D Appendix D: Parameter Measurement

Parameters and How They Work

In this Appendix, a general explanation of how the instrument’s
standard parameters are computed is followed by a table that
defines and describes those parameters (page D-5).

Determining Top and Proper determination of the top and base reference lines is

Base Lines fundamental for ensuring correct parameter calculations. The
analysis begins by computing a histogram of the waveform data over
the time interval spanned by the left and right time cursors. For
example, the histogram of a waveform transitioning in two states will
contain two peaks {Fig. D-1). The analysis will aftempt to identify the
two clusters that contain the largest data density. Then the most
probable state (centroids) associated with these two clusters will be
computed to determine the top and base reference levels: the top
line cotresponds to the top and the base line o the bottom centroid.

maximum

/AN ~

Upper 'éhreshoid
{9C % Amplitude)

S R v A B K S 6 % g

A R S 5 RS § R W

top

T

kpK

50 % {Mesial)
ampl P I\E

|

Lower Threshoid

\V4

— — Hise fall i -
. width

LEFT CURSOR RIGHT CURSOR

AR % % SR S & GRS B AR G R D o W 5 D € 6 R T

Figure D-1
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Determining Rise and
FaHl Times

Determining Time
Parameters

D-2

Once fop and base are estimated, calculation of the rise and falf
times is easily done (Fig.1). The 90% and 10% threshold levels
are automatically determined by the oscilloscope, using the
amplitude (ampl) parameter.

Threshold levels for rise or fall time can also be selected using
absolute or relative settings (r@level, {@leve)). If absolute settings
are chosen, the rise or fall time is measured as the time interval
separating the two crossing points on a rising or falling edge. But
when relative settings are chosen, the vertical interval spanned
between the base and fop lines is subdivided into a percentile
scale (base = 0%, top = 100%) to determine the vertical position
of the crossing points.

The time interval separating the points on the rising or falling
edges is then estimated to yield the rise or fall time. These
results are averaged over the number of transition edges that
occur within the observation window.

5 — ._ s

Rising Edge Duration = (T
s i i=1
1 M

T3 (o7
i=1

- Where Mris the number of leading edges found, Mf the number of
trailing edges found, Tr/" the tme when rising edge / crosses the x%

level, ancg Tf," the time when falling edge j crosses the x% jevel.
{

Time parameter measurements such as width, period, and delay
are carried out with respect to the mesial reference level (Fig.
D-2), located halfway (50%) between the top and base reference
lines.

Time parameter estimation depends on the number of cycles
included within the observation window. If the number of cycies is
not an integer, parameter measurements such as rms or mean
will be biased.
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Figure D-2

Determining Differential
Time Measurements

LOXXX-OM-E Rev K

To avoid these bias effects, the instrument uses cyclic
parameters, including crms and cmean, that restrict the
calculation to an integer number of cycles.

The oscilloscope enables  accurate  differential  time
measurements between two traces — for example, propagation,
setup and hold delays (Fig. D-3).

Parameters such as dc2dr require the transition polarity of the
clock and data signals 1o be specified.
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Noisy spikes ignored due |
to Hysteresis band

%
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|
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i

LeAC2d {1, 2
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S RS B R MRSTE TN SR 6 4 T o WS T R A B

LEFT CURSOR RIGHT CURSOR
TRIGGER POINT

Figure D-3

Moreover, a hysteresis range may be specified to ignore any
spurious transition that does not exceed the boundaries of the
hysteresis interval. In Figure D-3, 4c2d-(1, 2) measures the time ; ‘
interval separating the rising edge of the clock (trigger) from the
first negative transition of the data signal. Similarly, Ac2d+ (1, 2)
measures the time interval between the trigger and the next
fransition of the data signal.
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Parameter and what it does . Definition @ . . Notes -
ampl : Amplitude: Measures the difference ' fop - base & On signals NOT having two
: between the upper and lower levels in : . major levels {such as triangle
- two-level signais. Differs from pkpkinthat | (See Fig. D-1) | Or saw-tooth waves), returns
. noise, overshoot, undershoot, and tinging © . same value as pkpk.
- do NOT affect measurement. N I
area - integral of data: Computes area of . Sum from firstto ¢
© waveiorm between cursors relative to lastofdata  ©
: zaro level. Values greater than zero multiplied by
. contribute positively to the area; values ¢ horizontal time &
less than zero negatively. . between points |
- ' (See Fig. D-2)
base - Lower of two most probable states Value of most & On signals noT having two
- {higher is top). Measures lower level in probable lower : major levels (trangle or saw-
- two-fevel signals. Differs from mininthat | state . tooth waves, for example),
- noise, overshoot, undershoot, and ringing © See Fig. D1 - returns same value as min.
. do Nor affect measurement.  (SeeFig. D) | 1
cycles : Determines the number of cycies of a _ Number of
' . periodic waveform lying between cursors. & cycles of
. The first cycle begins at the first transition ¢ periodic
: after the left cursor. The transition may be § waveform ]
- positive or negative going. . {See Fig.D-2) ©
cmean | Cyclic mean: Computes the average of | Average of data ©
- waveform data. Contrary to mean, values ofan  ©
. computes the average over an integral . integral number |
- number of cycles, eliminating bias caused of periods '
‘ by fractional intervals. :
cmedian ; Cyclic median: Computes the average of Data value for
: base and top values over an integral which 50% of
 number of cycles, contrary fo median, : values are above;
- eliminating bias caused by fractional - and 50% below :
Cintervals. A !
crms - Cyclic root mean square: Computes the ¢ - Where: videnoles measured
- square root of the sum of squares of data . samiple values, and N = number
© values divided by the number of points. . of data points within the periods
: Contrary to rms, calculation is pertormed - found up to maximum of 100
- over an integral number of cycies, : periods.
- eliminating bias caused by fractional :
poninterals

LOXXX-OM-E Rev K
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- Cyclic standard deviation: Standard

- deviation of data values from the mean
‘ value over an integral number of periods.
 Contrary to sdev, the calculation is

- performed over an integral number of

- cycles, eliminating bias caused by

: fractlona! intervals.

Appendlx D

: ere: Videnotes measured
| sample values, and N = number
. of data points within the periods
- found up fo maximum of 100

= periods.

data

Returns the average of ali data pomts

y s
: All data values in
. analyzed region

 (See Fig. D~2)

: valuable for histograms and
. frends.

- Mutti-value parameter especially

delay

The time from trigger to transition:
Measures the time between trigger and

first 50% crossing after the left cursor. it

- can measure propagation delay between
two signals by triggering on one and
. determining delay of the other.

Time between
trigger and first
50% crossing
after left cursor

{See Fig. D-2)

Adly

MOV

- Adelay: Computes time betwaen the 50%
- level of two sources.

Time between
midpoint

transition of two ©

SOUICEes

. A at level: Compuies the transition
- between selected levels or sources.

Time between

- fransition levels

of two sources,
or from trigger to

. transition level of
. a single source
! "

Ac2d+

- Aclock to data +: Computes the difference in
 time from the clock threshold crossing to

- either the next (dc2d+) or previous (4c2d-)
. data threshold crossing.

Time from ciock
threshoid

. crossing to next

or previous edge

(See Fig. D-3)

- Reference levels and edge-
| transition polarity can be

- selected. Hysteresis argument
| is used fo discriminate levels
- from noise in data.

. N
- Threshold levels of clock and

polarity can be selected.
Hysteresis argument is used fo
- differentiate peaks from noise in
- data, with a good hysteresis
| value between half expected
- peak—to-peak value of signal
and twice expected peak—to—
peak value of noise.

data signals, and edge-transition’

D-6
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LC SERIES Parameter Measurement
S
Parameter and what it does -  Definition "Notes - :

fall

- specified values on falling edges of a
- waveform. Fall imes for each edge are
~averaged to produce the finai result.

dur ' For single sweep waveforms, duris 0. For; Time from first to ¢
© sequence waveforms: time from firstto & last acquisition
- last segment's trigger. For single — for average,
- segments of sequence waveforms: fime histogram or
. from previous segment's 1o current sequence
. segment’s trigger. For waveforms waveforms
- produced by a history function: time from
« first to last accumulated waveform's
. trigger. o
“duty : Duty cycle: Widih as percentage of o width/period
perod. e (See Fig. D-2) |
180-20% ¢ Fali 80-20%: Duration of a pulse . Average duration . On signals NOT having two major
: waveform's falling transition from 80% to of falling < levels (triangle or saw-tooth
| 20%, averaged for all falling transitions 80-20% - waves, for example), top and
' between the cursors. transition | base can default fo maximum
- = ard minirum, giving, less
: _ . predictable resuits, however,
f@level | Fall at level: Duration of pulse wavetorm's . Duration of & On signals NOoT having two major
 falling edges between transition levels. falling edge . levels {iriangle or saw-footh
| . between - waves, for example), lop and
| transition levels | base can default to maximum
: © and minimum, giving, less
: o o . . predictable results, however.
- Fail time: Measures the time between two i Time at lower : On signals noT having two

threshold -
Time at upper

threshold
averaged over

each falling edge

 lower value = lower threshold x

upper value = upper threshold x o0

(See Fig. D~1)

- Arguments _

' Threshold | Remote | Lower | Upper | Defautt:
Limit | Limt
lower | low | 1% | 45% % 10% &
- Upper high | 55% & 99% & 90% .

Threshold argumehté specr?y o vertical ]
- vailes on each edge used to compute fall time. .
- Formuias for upper and lower values: :

amp

amp

+ base f
0 .

+ base:

. major levels (iriangle or saw-

- tooth waves, for example}, top
- and base can defauit o

- maximum and minimum,

. giving, less predictable

- results, however.

LOXXX-OM-E Rev K
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freq 4

last .

at the left cursor.

value at left
cursor

{See Fig. D-2)

icates location of left cursor.
Cursars are interchangeable: for
example, the left cursor may be

- moved to the right of the right

- cursor and first wifl give the
focation of the cursor formerly

on the right, now on_ the leff.

Freguency: The pericd of a cyclic signal
measured as the time between every .
other pair of 50% crossings. Starting with &
the first transtion after the le#t cursor, the
period is measured for each transition
pair. Values are then averaged and the
reciprocal used to give frequency.

Time from trigger to the last {rightmost)
CUrsor.

maximum |

rmean

i

Measures the highest point in the
waveform. Unlike fop, it does NOT assume
that the waveform has two levels.

1/period

{See Fig. D-2)

- Time from trigger

1o last cursor

'~ {See Fig. D-2)

Highest value in

waveform

between cursors

- Indicates location of the right

 cursor. Cursors are

' interchangeable: for example, the

- right cursor may be moved to the

left of the left cursor and first will

- give the location of the cursor
formetly on the left, now on the

 right.

Gives similar result when
applied to a time domain
waveform, or to a histogram of
data of the same waveform.

- But with histograms, the result

- may include contributions from
more than one acquisition.
Computes horizontal axis

 location of rightrnost non-zero

birt of histogram; not to be

- confused with maxp.

|

- Gives similar result when

- applied fo a time domain

- waveform or histograrn of data
- of the same waveform. But

. with histograms, the result

- may include contributions from

S

(See Fig. D-1}
- Average of data for a time domain  Average of dala
-waveform. Computed as the centroid of | See Fia. D
. distribution for a histogram. But when : {See Fig. D-2)
“input is a periodic fime domain waveform, |
it is computed on an integral number of

pericds.

.: _

ISSUED: December 1992
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LC SERIES Parame

ter Measurement

T

Eﬁaga'm eter and what it does . Definition =

__Notes

‘median : The average of base and top values. . Average of base ©
: and top
- . . . See Fig. D-2) R
 minimum | Measures the lowest peint in a waveform. @ Lowest value in = Gives a similar result when
: Unlike base, it does nCT assume the awaveform | applied to a time domain
: waveform has two levels. - between cursors | waveform or histogram of data
: (See Fig. D-1) : of the same waveform. But
: with histograms, the result
. may include contributions from
N N N . - more than one acquisition.
over— . Overshoot negative: The amount of (base- minimum) & The waveform must contain at
- overshoot following a falling edge, ampi i Jeast one falling edge. On
- expressed as a percentage of amplitude. | L signals NOT having two major
] - {See Fig. D-2) & levels (triangle or saw-tooth
: - waves, for example), it may
o N —— - NOT give predictable results.
over+ . Overshoot positive: The amount of Amaximum—top) .+ Waveform must contain at
: overshoot following a rising edge, ampi - least ane rising edge. On
- expressed as a percentage of amplitude. signals NOT having two major
: - (See Fig. D-1) 1 levels {triangle or saw-tooth
. waves, for example), it may
L . : . NOT give predictable results,
period ' The period of a cyclic signa! measured as ¢ : Where: Mr is the number of
- the time between every other pair of 50% | g M  leading edges found, Mf the
- crossings. Starting with the first transition  —%" (rr%-1r% ). pumber of trailing edges
= after the left cursor, the period is - Mr 4 ¥ . -
- measured for each tfransition pair, with  found, Tr;" the time when rising
. values averaged to give a final result. © edgei crosses the x% level,
: (See Fig. D-2) & % , )
- and Tt the time when falling
] - _ o ¢ edge i crosses the x% level.
pkpk : Peak-to-peak: The difference between maximum - © Gives a similar result when applied
‘ the highest and lowest points in a minimu * Io a time domain waveform or
: waveform. Uniike ampl, it does not . histogram of data of the same
© assume the waveform has two levels. (See Fig. D-1) | wavelorm. But with histograms, the
- resulf may include contributions
. e O TONE thAN 0N ACQUISHON.
phase { The phase difference between the signal - Phase difference
© analyzed and the signal used as reference. - between signal
_ . and reference
points i The number of paints in the waveform . Number of points
 between the cursors. - between cursors
. . ({See Fig. D-2) &

LOCXXX-OM-E Rev K
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Appendix D

el

Definition Note: S
- Rise 20% to B0%: The duration of the - Average duration | On signals nOT having two
- pulse wavetorm'’s riging transition from - of rising 20-80 % | major levels (triangle or saw-
. 20% to B(0%, averaged for all rising ' transition . tooth waves, for exampie), top
- transitions between the cursors. : - and base can default to

' - maximum and minimum,

: giving, less predictable

: resuits, however.

- i 5 i " i ﬁ

r@level | Rise ai level: The duration of a pulse - Duration of rising & On signals nOT having two
waveform's rising edges between . adges between : major levels {triangle or saw-
tfransition levels. -~ transition levels © tooth waves, for example), top

" and base can default to
- maxirmum and minimum,
- giving, less predictabie

- resuits, howev

- " i
rise Hise time: M e betwesn two . Timeatupper | On signais NOT having two
- specified values on a waveform’s rising edge - tweshold ~ Time aty major levels (triangle or saw-
- (10-80%,). Rise times for each edge are - lowerthreshold | tooth waves, for example), top
- averaged to give & final resulf. . averaged over each and base can defauilt fo
- s . . rsingedge ¢ maximur and minimum,
Arguments - giving, less predictable
. oy P Uorar | - results, however.
- Threshold | Remote | 70 - T | Defauit 1
LT s {See Fig. D~1)
Lower low 1% ¢ 45% @ 10%

Upper | high | 55% | 99% | 90% |

- Threshold arguments specify two verical values &
on each edge used to compute rise time.

Formulas for upper and iower values:

amp

. lower value = lower threshold x o0 + base ¥

- upper value = upper threshold x am(,}o + base

D-10 ISSUED: Decermber 1939 LOXXX-OM-E Rev K




g;'Paramete-r::and what it does ~  ‘Definition . ol Notes ._
rms - Root Mean Square of data between the | N Where. v; denotes measured sample
. cursors — about the same as sdev fora @ _?_ (v, }2  values, and N = numberof data
: zero-mean waveform. YN 4 ! - points within ihe periods found up o
=1 a madrmum of 100 periods. Gives a
: simifar result when applied to a fime
. domain waveform or histogram of
. data of the sarme waveform. But with
(See Fig. D-2) : histograms, the reswilt may include
: contbutions from miore than one
: acouaistion.
N _ ol
‘sdev * Standard deviation of the data between 1 & . Where: vi derofes meastirad
¢ the cursors — about the same as rms for | \/“,g {v;~meanf | sample vatues, and N = number of
' & zero-mean waveform. A " data points within the periods found
; L up o maximumof 100 periods.
(See Fig. D~2) : Gives asirmiar result when apolied fo
. alime dornain wavelormorfoa
 histogram of detta of the same
- wavelorm. But with histograms, the
- result rmay includs contribuions from
; ; - _ _ - more than orie acquisifion.
t@level | Time atlevel: The time from trigger {t=C) : Time from trigger:
L |t crossing at a specified level. - tocrossinglevel ©
iop : Higher of two most probable states, the lower Value of most §§ Gives similar result when
- being base. This is characteristic of rectangular ¢ probable higher | applied to time domain
* waveforms and represerts the higher most : state - waveform or histograrn of data
: probabie state determined from the stafistical ¢ See Fia. D1 - of same waveform. But with
- distibution of data point values in the waveform, @ {See Fig. D-1) - histograms, result may inciude
" | contributions from more than
: _ . : one acquisition, )
width . The width of a cyclic signal determined by Width of first . Similar to fwhm, which applies
: examining 50% crossings in the data input. if positive or & only to histograms, howsver.
the first ransmission after theleft cursorisa | negative pulse | i
 rising edge, the waveform is considered to . averaged for all § '
. consist of positive puises, and wickh the tme similar pulses |
- between adjacent rising and falling edges. : :
‘ Conversely, f itis afafing edge, pulsesare @ {See Figs. 1,2) |
| considered negative, and width the time : :
- between adjacent falling and rising edges. For |
- both cases, widths of all waveform pulses are
. averaged for a final resuit, e

LOXXX-OM-E Rev K
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Appendlx E: ASCII Waveform Export

s

Using ASCIlI-Stored Files

The ASCII waveform: storage feature allows waveforms to be
saved to a mass-memory device in any of three ASCIH
formats: Spreadsheet, MathCad, and MATLAB. Each format
is tailored for a commonly used analysis package. The user-
interface changes that support ASCIl waveform storage are
found in the STORE menu (see Chapter 13).

The table below summarizes the basic layout of the three
formats. Examples of the use of each format are given on the
following pages. Your PC screen indicates the model name and
serial number of the instrument being used.

‘Format

T Heador

Time | “Amplitude . Sequence | - Multi- = Dual Array

" Format ; " Values' ' i Values - =~ Times . 'Segment'_; Format allows
" includes. some . Formar stores | Format stores | * ‘Header:"'" . Format "’ - duak-array .
form of - time vales '} - amplitide: | - contains 1 concatenaz‘esj.. oatafie.
ﬁeader belore | it gach | .- values ‘sequence time | - multiple ;- EXtrema, or .
o thedata i amplitude 1S information for segments ofa’ -complex FFT).
S BRT, vaiue each_sequehce sequence Lo be storeg’_ ;
Ciioapnnisegment o cowaveform Ll
Yes Yes . Yes = Yes Yes | VYes
Yes Yes© = Yes . Yes = Yes | Yes
MATLAB “E No No . Yes  No = Yes . No

LOXXX-OM-E Rev K
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Appendix E

Using the Spreadsheet Format with Excel

This example was created using Microsoft Excel for Windows.
A waveform stored in Spreadsheet format may be read into
Microsoft Excel using the File -> Open window:

Excel will now ask for more information about the file type. Ensure
that the ‘Delimited’ option is selected in the first step of the Wizard.

E-2 ISSUED: Decernber 1999 LOXXX-OM-E Rev K




LC SERIES ASCll Waveform Export

e

windaves {ANST)

The next step aliows the specific delimiter to be specified. The
Spreadsheet format generated by the instrument uses a comma (,)
to delimit columns. Ensure that this is selected.

LOXXX-OM-E Rev K ISSUED: December 1999 E-3




egnentSize
inefincebegnentl

nt

The third and final step allows the format of the columns to be
specified. The ‘general’ format for each column should be used
{this is the default).
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LC SERIES ASCII Waveform Export

OYLCE844T RUHIN

rigTime
14—-Juwl-195%8 15:14:33
Ampl

0628750

CegnentSize
TineSincebegnent 1
]

LOXXX-OM-E Rev K

After you click the Finish button, a display simitar to that following
should appear.
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Appendlx E

s

LECROYLCSB4AL T R I
Segments 1 SegmentSize gz
Segment Trlfﬁfme TimeSinceSegment!
# 14-JuMgeEis4I 0 |

Time f-ﬁm;ﬂ :

10007

-5 [13E-08

A9BED8
cAgeEOR
LoAgeEDs
48308
4..,\-.,\“‘:% ?qE SB; A AR i 015
-4 73E- aa;

0082876
. bOe2ers
Jgoewes
00625

D DEQ’E?_E'IM e

0.0585

WA F—?’“‘F: ne:

N rs7are

ISSUED: Dacember 1899
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L.C SERIES ASCI] Waveform Export

Plotting a Waveform Plotting the data from a waveform requires the use of a scatter piot
based on the data in the first two columns, with the first column used
as the X values (from Row 6 in this example).

3 o 1 oegrﬁ?nhl:a
Trlg?m’ TimeSinceSegmentt |
C14-Jui1098 151433 o D___
Ampé
£ BSE-0H D 0B2875 3
| -4.98E.08 DIE2R7E
493208 DOBIES
-4 BBE-0B 105225
A EEENE D0EETE
-4 7BEDB 0.0B03TS
N -4 FIELE EZE 959175 o
‘~4585[}8E3{]58:3 o ; 1 v . .
o -AB3EO8 QOS8R ‘5.03638\\ -3 GE-10 \4.9?5.05{' 99?%-&8 / 1 5315.0?\ 20007
-4 E6E08 D.0SEE2S o vy ; ) \ j
-4 BIE-08 (05475 . o | \ / |
-4 48E-08 D.054125 1\ 1“1 \ / ";,t j
-4 AEDEGDSMTS ; o - il
A 3ELR 0051625
4 TIEDE 0043125
4 Z8E08 00488

[F i)
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Extracting Segments
from Sequence
Waveforms

Appe

=

ndix E

The header created for the Spreadsheet format contains all the
information required to extract varicus elements of a sequence
waveform. The following formulas may be used to extract
information such as the start and end row of the data for a given
segment, or the trigger time of a given segment.

SegmentStartRow = (DesiredSegment* D2) + B2+ 5
SegmentEndRow = SegrmentStartRow + D2 -1

TrigTime= INDIRECT(ADDRESS(DesiredSegment +3;2:4))

TimeSinceFirstTrig= INDIRECT{ADDRESS(DesiredSsegment
+3;3;4))

Plotting the data from all segments using a scatter plot will result in
all segments overlaid (similar to the oscilloscope’s display of
sequence traces in persistence mode).
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Using MathCad

Single-Segment

LOXXX-OM-E Rev K

These examples were created using MathSoft's MathCad for
Windows. On this page, the procedure for reading and

graphing a file for a single segment is shown. The example on
page E-10 is for multiple segments.

This single-segment example is valid for MathCad Versions 3.110 7:

& =FEATPRN file)

K :=las£(ﬁﬁﬂ>)

A = submatrind A, 2, 5,0, 1)

Create 2 sebmatrix containing data but no header

o
AT Extract tinte v etor
<1x
wom s Extract amplitude vector
K =last(t) Betermine index &f last point
=0 K-t Create aramp
' 7 T | T |
voer L [
-1 | } | ] !
I RITIRE 0 001 3.00:2 .03 .64
%
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Muiti-Segment Example

Appendix E
Dl :

The following MathCad example demonsirates how to extract data
from a given segment. The data used for this example consisted of
two segments of three samples each, allowing the entire imported

matrix to be shown.

Read data fram file
a ‘= READFRN( sc1000)

Extracting the first segment onby (o onty segment it not sequence tave)

a= (l + &a,o} - {’a‘u,a* 313,1}

mowl
fusteeg,

!fl 1
firstseg = kl.l 2

1.2 3

=a
1=y g " nam

Extracting a given segmant

pumsegments :=a‘3 q

seglen t=a, |
,

segment =0

segstart 1= 1 + numsegments + segment seglen

— b3 = b

12

11
12

Total number of segments in trace

Number of sarmples in each segment

Desired segment nomber

segend T oegstart + seglen ~ 1

segume = astgmmqvl,l

oy
-1

E4%S
¥oTa
i = segstart.. segend

9

(R,

)

14
21
31

Index of first point in segment
Index of last point iy segment

Segment tigger tims

E-10

ISSUED: Dacember 1999
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LC SERIES ASCII Waveform Export

R e

Using MATLAB

This example was created using MathWorks’ MATLAB Version
4.2c.1 for Windows.

Reading and graphing a waveform in MATLAB may be achieved
with two simple commands, as the foliowing example shows. The
first command loads the file into a matrix which is automatically
named after the file. The second command plots this matrix.

| File Edit Options Windows Help
Ecnmmands te get started: intro, ders, help help
Commands for more iaformation: help, whatsnew, infe, subscribe

b> load a:\lecroy_1.dir\sc1880.dat
> plot{sc18a0}

f:0d

Edit Windows
0.02 . .
]
-0.02
-0.04

-0.06F
-008F

LOXX-OM-E Rev K 1SSUED: December 1998 E-11




Appendlx E

Detailed Description of the Formats

Spreadsheet

<scopeids, <scopeserial>

Segmenis, <numseg>, SegmentSize,
<numplts=>

Segment, TrigTime,
TimeSinceFirstSegment

#1, <trigtime(1)=, 0.0

#<numseg>, <triglime(numseg)>,
<trigdelta{numseg)>

Time, Ampl, [Ampl1]

x(0), ¥(0), y1(0)]

x{1}), ¥(1), y2(o)

x(numgseg numpts),  y(numseg numpts),

[y1{numseg*numpts)]

Single-Segment Example

LECROYLCSB4AL, LC58412345%
Segments, 1, SegmentSize, 502

Segment, Trig Time, TimeSinceFirstSegment
#1,21 Mar 1990 9:37:08,0.0

Time, Ampl

0.0,1

0.1,2

E-12 ISSUED: December 1899 LOXXX-OM-E Rev K




LC SERIES ASCIIWaveform Export

Multi-Segment Example

LECROYLCGB84AL, LCEB412345

Segments, 3, SegmentSize, 502

Segment, Trig Time, TimelincelirstSegment
S21 Mar 1990 5:37:08,0.0

L2323 Mar 1980 9:37:13,5.0

,21 Mar 1980 4:237:15,7.0

Ampl

e

[

. . e L M %-
=3
®

[SSINEEN

[l

8,1

s R B
fot

<
o~
et

[l
)
oo
[}

Duat-Array Exampie

LECROYLCSE4AL, LC58412345
Seaments, 1, SegmentZize, b02

Segment, Trig Time, TimeSincelirstSegment
#1,71 Mar 1990 9:37:08,0.0

Time, Ampl

03.0,1.1,1.1

0.i,2.1,2.1

e A OB PO B St

!-l“otEh:ﬁ

‘The bas;c structure of the Spreadsheet format isa
- header containing scope ideniification mformat:on, S
followed by a block containing trigger times for mufts—
: segment waveforms foliowed by the data atseif

o This format is compat.'ble w:th the ASCII :mpart of the
' .iLeCro y LW4xx Arb:trary Funct:on Generator. .-

A s
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Appendix E

MathCad Format

<"scopeid”>

<*TriggerTime™>

<nhumseg:> <NuUmMpts:>

Segment TimeSinceFirstSegment

1 0.0

<numseg> <trigdelta(numseg)>

Time Ampl Ampli
<x(0)> <y(0)> f<y1(0}>]
<x(1)> <y(1)> f<y1(1}>]

;}(numgseg*numpts)z‘ ;;/(numseg*numptsb
[<y1(numseg numpts)>|

Single-Segment Example

CLECROYLCS84AL, LOSB412345"
“23-March-90, 12:44:23”

1 502

Segment TimeSinceFirstSegment
i 0.0

Time Ampl

0.0 13

0.1 i

E-14 ISSUED: December 1999 LOXXH-OM-E Rev K



LC SERIES ASCII Waveform Export

Multi-Segment Exampie

“LECROYLCS84AL, LC58412345”
“23-March-90, 12144237

3 502
Seqgment TimeSincerirstiegment
1 0.0
z 5.0
3 T.0
Time Ampl
0.0 i
6.1 2

L0 .1

1 2.1
0.0 1.05
0. 2.05

| > i The format created for MathCad is very s:mtlar io the
TR Spreadsheet format, but w:th some d:fferences due to the
- way MathCad mterprets the header information. . -

* One of the most important of these is that the absolute
. trigger times. only given for. the first segment, with reiat:ve
:':times (in units of seconds} included for each segment. .

- . Another difference is that the scope identification and tngger
“time are wrapped in quotes to enstre that MathCad does not

LCXXX-OM-E Rev K ISSUED: December 1999 E-15




Appendix E
A 4

MATLAB Files Format

y{0)
y(1}

}.(numseg “numpts)

Single-Segment Example
1.0

1.1
1.2

#HE#
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A

AC, 32,85 C-15

Acquisition Memory, C-4
increasing it by combining

channeis, 2-1,7-5

Acquisition Modes, 6-1, 7-6, A4

Acquisition Summary, 5-3, 6-3,
16-1

Acquisition Summary field, 4-9

Adapter, 1-3

ADC (Analog-to—Digital
Converter), 2-1,7-1,7-2,7-5

Add new Directory, 12-15

Advanced Color Management,
23, 111, 112

Aliasing, C-5, C-17

Altitude, A-11

Amplitude, 12-23, 14-7, D-5
in FFT, 10-19

Analog
Single Sweep, 11-17

ANALOG PERSIST, 4-2, 11-13,
11-14

Analog Persistence™, 2-3, 11-1,
11-5, 11-15,11-19, A-8

Area, B-5

Arithmetic Setup, 10-¢

as, 8-39

ASCIL 13-1,13-2, 13-3, E-1

ASCH Formats, A-11, E-1, E-2,
E-3,E-4, E-7, E-B, E-9, E-10,
E-11, E-12, E-13, E-14, E-15,
E-16

Audibie feedback, 12-21

AUTO, 6.2, 7-11

Auto Scroll, 16-8

AUTO SCROLL menus, 10-8

AUTO SETUPR, 4-2, 4-7, A-7

Autocatibration, 2-2, 12-19, A-11

Auto-Combine Mode, 7-7

Automatic, 7-7

Automatic Recalibration, 12-19

autoprint, 12-3

Autosetup, A-7

ISSUED: December 1899

L s R
Fl

Auto-Store, 12-8, 13-2
Average, A-9

Average Setup, 16-10
Averaging, B-3

Background, 11-2, 11-21, 12-2

BACKSPACE, 12-16,12-17

Bandwidth, A-1

Bandwidth Limiter, A-3

Bandwidth Limiting (BWL.), 5-3,
56

Base, D-1, -2, D-5

Battery, 12-10, A-11

Baud Rate, 12-6

Bi-level, See Window Pattern
Trigger

Binary, 13-1,13-2

Block diagram
1.C334/374/534/574 Series,

2-4

LCh64/584 Series, 2-5

BMP, 12-2,12-8

Bootean AND, 8-21

Cc

Cabling
Printer, 12-5
CAL BNC Setup, 12-1, 12-23
CAL/BNC, 14-15
Calibration, 2-2, 5-5, 12-18, 12-23,
A-11
Capture information, 4-9
Capture Time, 10-18
CAUTION, 3-1
Centroids, D-1
Centronics, 12-2, 12-3
Change, 11-22
CHANGE COLORS, 11-20
CHANGE PARAM, 14-11, 1412
CHANGE PARAMETERS, 14-10
Channels, A-1
CHANNELS, 4-2
character, 12-16, 12-17




Chassis Terminal, 3-2
Circuit Failures
testing for using Exclusicn
Trigger, 8-11
Cleaning and Maintenance, 3-3
CLEAR INACTIVE menu, 18-5
CLEAR SWEEPS, 4-6, 10-3,

10-4, 10-14, 11-14, 14-8, 14-9,

14-10
Clock Accuracy, A-H
Ciock Edge, 14-14, D4
cm/division, 12-3
Coherent Gain, C-17
Color
Changing Cotors, 11-20,
11-21, 11-22
Copying Color Schemes,
11-22
Color Association, 11-1, 11-2
Color Control, 11-20
Color Graded Persistence, 11-1,
1115, 11-17, 1118, A-8
Color Links, 11-1, 11-3
Color Management, 11-1, 11-2,
11-4
Color Palettes, 11-1, 11-20,
11-21, 11-22
Color Saturation, 11-17, 11-19
Color Scheme menu, 11-20
Color Schemes, 11-1
color to, 11-22
Colors, 11-4
Combining Channals, 2-1, 7-5,
7-6,7-7,84,10:5
Corformity, 1-3, 3-1, A-12
Continuous Averaging, 10-3,
10-10
Controls
Menu buttons and knobs,
4-2
COPY FILES, 12-18
Copy from, 11-22
COPY SCHEME, 11-22
COPY TEMPLATE TO, 12-14

ISSUED: Dacember 1939

Index

e

COPY TEMPLATE TO FLPY,
12-13
Copying Color Schemes, 11-22
Copying files between storage
media, 12-10
Coupling, 5-3, 8-5, 8-36, 8-38,
8-43, 8-45, A-5
COUPLING button, 5-2
Cursors
Absolute, 14-1, 14-2, 14-5,
A-10
Amplitude, 14-1
color, 11-21
Difference, 14-5
in FFT (Fast Fourier
Transform), C-12
Persistence, 14-1
Reference, 14-5
Relative, 14-1, 14-2, 14-5,
A-10
Time, 14-1
Cursors Measure, 12-18
CURSORS/MEASURE, 4-5, 14-5
Custom Menus 14-5
Custom Parameters, 14-8, 14-10,
14-11, 14-12, 14-13, 14-14
Cycles, -5
in paramater measuraments,
B-2
Cyclic Mean, D-5
Cyclic Median, D-5
Cyclic Parameters, D-3
Cyclic Root Mean Square, D-5
Cyclic Standard Deviation, D-6

b

Data, D-6

Data density, D-1

Data Edge, 14-14

Data Format, 13-3

Data Maps, 11-1, 11-15,12-12
Daia Points, 11-21
Day/Mnth/Year, 124

DC, 85,C-15
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DC Accuracy, A-3

DC Level, 12-23

DC Offset
compensating for, 10-15

Deadtime
reducing it using Sequence

Mode, 7-3

Decimation
in FFT, 10-20

Delay, D-6

DELAY, 6-3

Detay By, 10-16

DELETE THIS DIRECTORY,
12415

Deleting Files, 12-9

Deskew function, 10-16

Differential Time Measurements,
D-3

Digital Filters, 10-11

Digitizers, A-1

Directory, 12-7, 12-11, 12-15,
12-16, 12-17

Disk Density, 12-13

Display, 2-3, 11-1, 11-2, 11.4,
11-5,11-8, 11-9, 11-10, 11-11,
1112, A-8
on-screen secticns and

fields, 4-9

Standard, 11-7
XY, 11-7

DISPLAY, 4-5, 11-13, 11-18,
11-18

Display Area Size, A-8

DISPLAY button, $1-7

Display Order, 11-3

Display Resolution, A-8

Display Scaling, 10-20

Display Setup, 11-13
general, 11-7
XY, 1116

DISPLAY SETUP, 11-1, 11-14,
11-18

Displayed Trace Label, 4-9, 10-3,
10-20

Distortion
FFT,C-4

DO COPY, 12-18

ISSUED: December 1998
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DO RECALL, 13-4, 13-5, 14-21,
15-3

DOSTORE, 13-2

DOS. See UTILITIES:Mass
Storage

Dot Join, A-8

Dropout Trigger, 8-28, 8-42, A-6

Dual Grid, 11-9

Duration, D-7

Duty, D-7

Dynamic Range
improving i, C-6

E

Earth, 3-2,3-3

ECL/TTL, 53

Edge menu, 8-45

Edge Trigger, 8-1, 8-2, 8-5, 8-8,
8-34

Edge Trigger with Hold-off, 8-5

Edge Trigger with Hold-off by
Events, 8-7

Edge-Qualified Trigger, 8-20,
8-26, 8-41

Edge-Qualified Trigger with Wai,
8-23

ENBW, C-17

Enhanced Resolution Fittering,
10-11, B-1, B-2, B-3, B4, B-5,
B6,C6

Enhanced Resolution Setup,
10-11

ENTER NEW FILE NAME, 12-16

Envelope, 10-12

ERES, A9

Errors
detecting them in remote

control, See Remoie
Control Assistant

Events, 8-7, 8-21, 8-23,8-34
Trigger Hald-off by, 8-7

Excel, E-2

Exclusion Trigger, 8-12, 8-36

Expansion Factor, 12-3

EXT, 84, A6
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INDEX-4

Index

Externat Clock, 7-8, 7-8, A5
External Reference, A-5
Extrema, 10-3, 10-12, 11-3, A-S

F

Falt, D-2

Fali 80-20 %, D-7

Fall at Level, D-7

Fali fime, 14-8, D-2, D-7

Falling edge, 14-13

FFY (Fast Fourier Transformy,
10-18, 10-19, A-9, C-1, C-8,
C-9,C-17

FFT Algorithms, C-14

FFT Average Seiup, 10-14

FFT Error Messages, C-13

FFT Interruption, 10-13

FFT menus, 10-13,10-14

FFT result menu, C-10, C-11

FFT Span, 10-18, 10-19, 10-20,
10-21, 10-22

FFT Windows, 10-13, -5, C-6,
C-11,C-17,C-18,C-20

Fioids, 8-39

File, 13-5, 14-21

File Deleting, 12-9

File Naming, 12-8, 12-9, 12-15,
12-18

File Transfers, 12-10

File Type. 12-16

Files, 12-7, 12-9, 12-10, 12-12,
12-14, 12-18, 15-3

FHll, 12-9

Filters, B-1, B-2, C-3, C4, C-18

FIR (Finite Impulse-Response)
filter, B-1, B-2, C-6

Firmware Update, 12-19

First, D-8

FLASH UPDATE, 12-22

Floor, 10-12
in extrama waveforms, 10-3

Floppy Disk, 12-7, 12-9, 12-10,
12-11,12-12, 12-13, 12-15,
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13-1,13-2,13-5, 14-21, 151,
152, A-11

FLPY UTH., 12-12

for Math use max points menu,
1019, C-9

format, 12-2

Format, 12-3

FORMAT FLPY, 12-13

Forrnat Hard Disk, 12-14

Frequency, 11-7, 12-1, 12-23,
B-2,C-1,C-3,C4, C-5,C-9,
C-12,C-15,C-20,D-8

Frequency bins, C-18

Frequency Range, C-18

Frequency Resolutior, 10-18,
C-2,C-8,C-11,C19

Frequency Span, 10-19, 10-20,
C-8

from, 15-3

from Card, Flyp or HDD, 15-2

from Memory, 13-4

Front Panel, 12-19

Front Scope Cover, 1-3

Front-panel Cortrols, 4-2

Fuil Dialog. See Remote Gontrol
Assistant

FULL FORMAT, 12-14

Full Screen, 2-3, 8-14, 11-1, 11-10

FULL SCREEN, 4-2, 11-10

Fuses, 1-3, 3-3

G

General Instrument Reset, 4-7

Glitch Trigger, 8-10, 8-35, 8-36

Global BWL., 12-19. See
Bandwicth Limiting. See
Bandwidth Limiting

GPIB, 46

GPIB Address, 12-6

GPIB and RS232, 12-1,12-2,
12-3, 12-20, A-11

GPIB Por, 12-5, A-11

GPIB/RS232 Setup, 121, 12-6

Graticules, A-8
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Grid Color, 11-21

Grid intensity, 11-13

Grids, 11-7, 11-8, 119, 11-11%,
$1-13, 11-14, 11-16,11-18 A8

Ground, 3-2, 3-3

Ground and Trace Level markers,
4-9

H

Hard Disk, 12-7, 12-10, 12-14,
12-15, 13-1, 13-2, 13-5, 14-21,
15-1,15-2

Hardcopy, 2-3
Expansion factor, 12-3

Hardeopy Setup, 12-1, 12-2, 12-3

Harmonics, C-2, -5

HDD {portable hard disk), 12-7,
12-14, 12-15,13-2, 13-5,
14-21,15-1, 15-2

HF
in Triggering, 8-5

High-Frequency Triggering, 8-5

Histograms, A-9, D-1

Holdot, 8-43

Hold-off, 8-5, 8-19, 8-34, A-6

Hour/Mir/Sec, 12-4

HPGL, 12-2

Humidity, 3-1

Hysterasis, 14-13, 14-14, D-4

hysteresis meny, 14-13, 14-14

in, 12-19

Input Coupling, A-3

Input impedance, 5-3, A-3

INSERT, 12-16, 12-17

Interfacing, 2-3, A-11

Interleaving, 7-2

Internat Memory, 13-1, 134, 13-5,
15-1

Internal Printer Setup, 12-3

Interpoiator Resolution, A-5

Interval Trigger, 8-12, 8-13, 8-14,
8-15,8-16,8-38
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Landscape, 12-3

Last, B-8

Leading Edge, D-2

Leakage, C-5, C-11,C-19
Level, 14-13

LEVEL, 6-4, 81

level menu, 14-13

LINE, 8-4

LOAD CHANGES NOW, 12-4
Lobes, C-2,C-5,C-17,C-18
Log, 12-20

Low-Frequency Triggering, 8-5
L.ow-pass Filtering, B-2, B-4, C-6

Magnitude, C-4, C-6, C-10, C-15,
C-16

Maintenance, 1-2

MAKE THIS DIRECTORY, 12-17

Mask Testing, 14-15, 14-19,
14-20, 14-21

Mass Storags, 12-7, 12-15, 12-18,
12-18

MASS STORAGE, 12-10, 12-12,
12-14

Math Furnictions, 8-1, 16-2, 10-6,
10-15, 10-18, 10-19, 10-20
Speeding them up, 10-5

MATH SETUP, 9-2

Math Type, 10-18

Math Type menu, C-11

Mathcad, E-1, E-8, E-10, E-14,
E-15

MathCad, 13-3

MATLAB, 13-3, E-1,E-11,E-16

Maxima
in extrema waveforms, 10-3

Maximum, D-8

Maximum Input, A-4

Maximum Sampling Rate, 7-2, 7-5

Mean, D-8

MEASURE, 14-16

Measure Gate, 11-21

INDEX-5




INDEX-6

Measurement Gate Highlighting,
114, 11-21

Median, D-9

Medium-to-High-Frequency
Triggering, 8-5

Memorigs, 2-1, 13-1, 13-4, 13-5,
15-1, 15-2, A-10

Memory, A-2, A-3, A8, C-4,C12

Memory Card, 12-7, 12-10, 12-15,
131,132, 13-5, 14-21, 151,
15-2

Memory Used/Available
Summary, 16-5

Menu buttons and knobs, 4-2, 4-3

Menu Options, 4-4

Menu-Entry butions, 4-3, 4-5, 4-6,
5-3,9-2, 117, 1110, 12-1,
13-1,13-4, 14-5

Menus
moving through them, 4-3,

4-5

Mesial, D-2

Message Field, 4-3

Microprocessor, A-8

Minima
in extrerna waveforms, 10-3

Minirmurr, D-9

mode, 12-23

MORE DISPLAY, 11-20

More Display Setup, 11-13, 11-14,
11-18,11-18

MORE VERSION
INFORMATION, 16-2

Muliiple Grids, 11-12

Multi-Zoom, 16-8

MULTIZOOM & AUTO-SCROLL.,
10-6

Neutral Color, 11-21
use in Measuremant Gate
Highlighting, 11-4
NEW DIRECTORY, 12-17
New Directory on Card, 12-17
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Noise Reduction, 10-3, B-2, B-6

NORM, 6-2,7-1%,10-3

Number of points, 7-6, C-14, C-19

Nyquist Frequency, 10-18, 10-20,
B-2, G4, C-5 C8,C12,C-19

o]

Chiects
displaying them, 11-1, 11-2

Octal Grid, 11-12

Offset behavior, 5-3, 7-11, 12-1,
12-19

OFFSET knab, 5-1

Offset Range, A-1

Oifset scaling, 4-7

Cpague Mode, 11-3, 11-20

Operand, 10-9

Operating Environment, 3-1, A-11

Operator, 10-9

Cptions instailed
information on, 16-2

OR interval, 8-38

Qutput Formats, A-11

cutputio, 12-3

Over +, D-9

Over-, D-9

Overflow, B-3

Owverlap Management, 11-1, 11-3,
11-20

Overlays Color, 11-21

Owverload, 3-3, 5-3, 5-6

Oversampling, B-1

Qvervoltage, 3-1

p

Packing and Shipment, 1-3

page feed, 12-2

PANEL SETUPS, 4-6, 15-1, 15-2,
15-3

PANEL SETUPS button, 15-1

Parameter Analysis, A-

Parameter Categories, 14-11,
1412
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Parameter Display, 11-10

Pararmeter syrmbols, 14-6, 14-7

Parameters, 10-3, 14-6, 14-8,
14-9, 14-10, 14-11, 14-12,
14-13, 14-14, 14-15, 14-16,
14-17, 14-18, 14-19, 14-20,
14-22, A-10, B-1, D-5, D-6,
D-7, D-8, D-g, D-10, D-11

Parity, 12-6

Pass/Fall Testing, 11-4, 12-23,
14-6, 14-15, 14-16, 14-17,
14-18, 14-19, 14-20, 14-21

Pattern, 8-22

Pattern Trigger, 8-17, 8-18, 8-19,
8-37,8-43, A-6

PC, 12-7, A-11

PCMCIA. Ses UTILITIES:Memory
Card

Peak Detect, 7-2, 7-6, A-4

Peak—to—Peak, 14-8, D-8

pen number, 12-2

Period, D-9

Pericdic Signals, C-6

Persist, 11-15

Persist for, 11-15, 11-19

Persistance Decay, 11-5

Persistence, 11-13, 11-14, 11-16,
$1-18,11-18, 141, A-8

PERSISTENCE, 11-15

Persistence data maps, 11-5,
11-14
mermaory allecation, 16-5

Persistence Setup, 11-14, 11-15

Phase, C-10,D-9

Phase Response, B-2

Picket Fence Effect, C-4, C-20

plot size, 12-2

Plotters, 12-2, A-11

Points, D-9

Poliution Degree, 3-1, A-12

Portrait, 12-3

POSITION, 8-2, 10-6

Post-Trigger, 6-3, A-5

Power, 3-3, A-11

Power Average, C-16

Power Averaging, 10-14

Power Densily, 10-13, C-10,C-16

1SSUED: December 1998

LC SERIES

Power Density Spectrurm, C-4,
C-20

Power On
Sel-Test, 3-3

Power Requirerents 3-2

Powar Spectrum, 10-13, C-4,
C-10, C-16, C-20

Power-off, 3-1

Power-on, 3-1

Precise Timing Measurements,
10-1

Pre-Trigger, 6-3, A-b

Primary menus, 4-3

printer, 12-2

Printers, 12-2, 12-3, 12-5, A-11

Probe Attenuation, 5-3

Probe Calibration, 5-5

Probes, 1-3, 5-5, A-7

ProBus, 1-3, 5-5

Processors, 2-1

Protective Conductor Terminal,
3-2

Pulse Width, 8-13, 8-35, 8-36,
8-37,8-46

Pushbidton autorepeat, 12-21

Q

Quad Grid, 11-8, 11-10

Qualifications
in Triggering, 8-2

Quaiified First Trigger, 8-24, §-25,
8-44

Qualified Triggers, 8-20, 8-21,
8-40, 8-41, 8-44, A-7

Qualifier. See Qualified Triggers

QUICK FORMAT, 12-14

R

RAM, A-4, A-5, A-G

Read time cursor ampiitudes,
12-19 .

Real Time Clock field, 4-9

Real, Real + Imaginary, Imaginary
FFT, C-10

INDEX-7




Real-Time Display
See Roll Mode, 7-3
RECALL W'FORM, 4-5, 13-4,
13-5
Hecall/Save, 15-1
Recaliing Setups, 15-2, 15-3
Record, 7-8
Record Length
maximising it, C-8
Record up to, 7-7,7-8
Reducing Noise, 16-3, B-2, B-6
Reference Memories, 10-5
Relative Mode. See
Cursors:Relative
Relative Time Cursors, 10-1
Remote Control, 2-3
Remote Control Assistant, 12-18,
12-20
Remote Enable, 4-4
Resample
deskew math function, 10-16
Rescale Setup, 10-17
RESET, -2, 10-1
Resociution, B-1, B-2, B-3
Resoiution Bandwidth
in FFT, 10-18
RESTORE DEFAULT NAME,
12-16
Retumn, 1-3
RETURN, 4-3, 11-10
RIS {Random interteaved
Sampiing), 2-2, 7-1, 7-2, 7-8,
7-7,8-28, A-4
AUTC, g-2
SNGL, 6-3
STOP, 6-1
Rise, D-2
Hise 20-80 %, D-10
Rise at Level, D-10
Rise time, 14-9, D-2, D-10
Rising edge, 14-13
Ralt Mode, 7-1, 7-3
AUTO, -2
NORM, 6-2
SNGL, 6-3

ISSUED: December 1989

Index

STOP, 6-1
Roof, 10-12
in extrema waveforms, 10-3
Root Mean Square (rms), 14-8,
D-2,0-11
RS232 Cabling, 12-3
RS-232-C, 46
RS5-232-C Connector Pin
Assignments, 12-5
RS-232-C Port, 12-5, A-11
Runt Trigger, 8-30, 8-31, 8-45,
A7

]

Salety, 3-1, A-12
Sample Clock, 7-6, 7-8, 7-10
Sample rate

increasing it by combining

channels, 2-1, 7-5

Sample Rate, A-2, A-3, A4
Sampling, 7-8, 7-9

FFT, C1
Sampling Modes, 7-1
Sampling Period

in FFT, 10-19
Sampling Rate, 7-3, 7-6, B-1
Sampling thresholds, 7-8
Saturate at, 11-17, 11-19
Saturation, 11-6, 11-14, 11-15
Saving Setups, 15-1
Scale Factors, A-3
Scaling

in FFT, 10-20
Scallop Loss, C-4, C-17, C-20
Scope Explorer, 2-3
SCREEN DUMP, 4-6, 12-2
Sereen Intensity

Grid, $1-13, 11-186, 11-18

Waveform and Text, 11-13,

11-16, 11-18

Screen Save, 11-20
Screen Type, A-8
Secondary menus, 4-3
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Segments, 6-1, 62, 7-3, 7-8, 7-9,
7-10, 10-3, E-8, &-1C

SELECT ABCD, 9-1

SELECT CHANNEL, 5-1

Self-Test, 3-3

Sensitivity, A-1

Sequence, 7-10

Sequence Mode, 7-3, 7-7, 7-8,
7-8,10-3, 10-6, 12-19, A-4
AUTO, 6-2
NCRHM, 6-2
STOP, 6-1

Serial number, 16-2

Service and Repair, 1-2

SETCLOCK, 124

SETT0, 1223

Setup ASCIl Format, 13-2

SETUP parameter menus, 14-13

Setup Recall, 2-3

Setups, 2-3

Shape, 12-23

SHOW STATUS, 16-1

SHOW STATUS button, 4-6

Signal Interval, A-6

Signial Width, A-6

Signal-to-noise(SNR) ratio
improving it using Enhanced

Resolution Filtering, B-1,
8-2

SINGLE, 7-11

Single-Shot Acquisition, 10-3, A-4

Single-Shot Aquisition, 7-1

Single-Shot Mode, 6-2, 7-6, 7-7

Size, A-11

Slew Rate Trigger, 8-32, 8-33,
8-46, A7

slope, 8-34

Slope, 8-46, 14-13, A-5

SMART Trigger, 2-2, 81, 8-2,
8-10,8-11,8-12, 8-13, 8-14,
8-15,8-16, 8-17, 8-18, 8-19,
8-20, 8-21, 8-23, 8-26, 8-28,
8-30, 8-31, 8-32, 8-33, B-35,
8-36, 8-37, 8-38, 8-39, 8-40,
8-41,8-42, 8-43, 8-44, 8-45,
8-46, A-6

SMARTMemory, A-4

1SSUED: December 1999

LC SERIES

SNGL, 6-2

Software version information, 16-2

Source Trace, 10-7

Sources, A-5

Special Modes, 7-11,12-1, 12-18

Spectral Analysis, 10-18, B-2,
C-1,C-2

Spectral Power Averaging, C-6,
C-7

Spreadsheet, 13-3, E-1, E-2, E-3,
E-4,E-7,E-8,E-12, E-13

Standard Deviation, 14-8, D-11

Standard Display, 11-7, 11-13,
11-14

Standard Parameters, D-1

Standard Time Parameters, 14-9

Standard Voltage Parameters,
14-8

Standby, 11-20

State-Quialified Trigger, 8-20, 8-40

State-Qualified Trigger with Wait,
8-21

Statistics, 14-6, 14-8, 14-9, 14-10

STOP, 6-1,7-1%, 10-3

Stop bits, 12-6

Storage
Copy Files, 12-18

Storage Availabilify, 12-9

store, 13-2

STORE, 13-1

STORE WFORMS, 13-1, 13-2

Summary, 16-1

Summed Averaging, 10-3, 10-1C

SYSTEM SETUP, 4-5

Systern Summary, 16-2

T

Temperature, 3-1, A-11
Template, 12-10, 12-13,12-14
TEMPLATE AND FORMATTING,
12-12
Text & Times Summary, 16-3
Text Color, 11-2, 11-21
Threshold, 8-30, 8-32, 8-33, 8-45
TIFF, 12-2, 12-8
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Time, 8-21, 8-23
in display, 11-7
Trigger Hold-off by, 8-34
Time and Frequency field, 4-8
Time at Level, D-11
Time intervals, D-2
Time Parameter measuremants,
D-2
Time Resoluticn
improving it with Zoom, 10-1
TIME/DATE, 12-4
Time/Date Setup, 12-1
TIMEDIV, 6-3
Time/Div Range, A-5
Timebase, 14-19, 16-1
TIMEBASE, 6-1, 10-19, 10-21
TIMEBASE + TRIGGER, 4-2
Timebase Clock, 7-1
TIMEBASE EXTERNAL, 7-8, 7-8
Timebase scafing, 4-7
TIMEBASE SETUP, 6-4, 7-6
Timebase sumrmary, 16-1
Timebase System, A-5
Timeout, 8-22, 8-28, 8-42
Timing Parameters, 14-13
0, 13-4, 13-5
o be setio, 12-16
to Card, Flyp or HDD, 15-1
folerance, 14-20
Top, B-1, D-2, D-11
Trace and Ground Level markers,
4-9
Trace Color, 11-21
Trace Display, 11-15
TRACE ON/OFF, 8-1, 11-3,
11-21
Traces
selection of, 5-1
Tracking, 14-8, 14-8, 14-10
Trailng Edge, B-2
Transient signals, C-1, C-11
Transparent Mode, 11-1, 11-3,
11-20
TRIGGER, 8-1
Trigger Amplitude, 8-4

ISSUED: December 1989

Trigger Comparator, A-6
Trigger Configuration field, 4-9
Trigger Controls, 8-1
Trigger Coupling, 8-4, 8-34, 8-36,
8-38, 8-45, 8-46
Trigger Delay, 4-8, 68-3, 7-1, 8-28,
841, 8-44, 14-9
Trigger Events, 8-8, 8-34, 8-40
Trigger Holdoff, 8-43
Trigger Hold-off, 8-5, 8-34
Trigger Level, 6-4, 8-1, 8-4, 8-8,
8-17,8-43, 1413
Trigger Level arrows, 4-9
Trigger Level scaling, 4-7
Trigger Modes, 6-1
trigger on, 8-39
Trigger Out, 12-23
Trigger Range, 8-4, A-6
Trigger Beady, 12-23
TRIGGER SETUP, 64, 8-1, 8-34,
8-35
Trigger Siope, 8-5, 8-42
Trigger Scurce, 6-4, 8-3, 84,
8-34, 8-38, 8-42, 8-45, 8-46
Trigger Status field, 4-9
Trigger summary, 16-1
Trigger System, 2-2, A-5
Trigger Threshokd, 8-17, 818,
8-19, 8-40, 8-41,8-44
Trigger Timing, A-6
Trigger window, 8-13, 8-38
Triggering, 7-5, 8-1, 8-2, 8.9,
8-34, 10-3
AUTO, 81
NORM, 8-1
STOP, 8-1
TV signal on, 8-39
TV Trigger, 8-26, 8-39, A-7
TV Type, 8-39

U

use Math?, 10-16
Using, 11-15, 11-17,11-19
UTILITIES, 4-5, 7-11, 12-1
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File Transfers, 12-10

Floppy Disk, 12-7, 12-12,
12-13

GPIB port, 12-5

Hard Disk, 12-7, 12-14

Hardcopy Setup, 12-2, 12-3

Mass Storage, 12-1, 12-7,
12-10

Memory Card, 12-7

Printers, 12-2, 12-3

RS-232-C port, 12-5

Special Modes, 12-1, 12-19

\Y

Vidiv Offset, 5-3, 5-6
Validation

in triggering, 8-20
VAR buttory, 5-2
Vertical Offset, 5-1
Vertical Resolution, A-3

increasing it, B-5
Verticat Sensitivity, 5-1
VGA, A-11
VOLTS/DIV knob, 5-2
Volts/div scating, 4-7

W

Wait, 8-44

Warnings, 3-2

Wamnings Color, 11-21

Warrarty, 1-1, A-12

Waveform and Text intensity,
11-13

Waveform Mathematics, 10-2,
10-5,10-6

Waveform Processing, 10-5, A-8,
C-1,C-7,C-11,C-12, C-14,
C-17,C-18

Waveiorm Recali, 13-4, 13-5

WAVEFORM RECALL, 4-5

Waveform Status, 16-4

Waveform Store, 13-1, 13-3

Weight, A-12

Which files, 12-18

1SSUED: December 1999

LC SERIES

Width, 8-36, 8-37, 846, D-11
Window Pattern Trigger, 8-19
Window Trigger, 8-8

with, 8-45, 8-45

with window menu, C-5

work with, 12-15

Wrap, 7-7,7-8,7-10,7-11, 129

X

XY Display, 11-7, 11-11
XY Duat Display, 11-11
XY Persist Setup, 11-18
XY Persistence, 11-18
XY SETUP, 11-17,11-19

Z

ZERQO, -3

Zoom, $-1,8-2, 10-1, A-8
ZC0OM, 3-2, 10-6

Zoom meny, 10-7

Zoom of Math Functions, 10-1

###

INDEX-11




Argentina: Search SA
54-11-4775-8544

“Australia: Philips Test and Measurement
29888 8222
Austria; Deweiron GmbH
0316 3070
Benelux: LeCroy Lid.
1235 524 288
Brazil: ATP/Hi-Tek Electronica Lida
11725 5822
Canada: Allan Crawford Assoc. Lid.
Mississauga: 905 890 2010
N. Vancouver: 804 878 1002
Chile: Sistemas de Instrumentacion Lida
26951137
Denmark: Luironic ApS
43 42 9764
Eastern Europe: Elsinco GmbH, Vienna
18150400
Finland: Orhis OY, 0478 830
France; LeCroy Sarl,
1691883 20
Germany: LeCroy Europe GmbH,
6221 82700
Greece: IFIPCO, 1 67 25 870
Hong Kong: Schmidt Electronics
852 250 70333
Israel: Ammo, 3 547 2747
Haly: LeCroy Sr.l., Venice
41456 9700
Japan: LeCroy Japan Corp.
Osaka: 6 396 0961
Tokyo: 3 3376 8400
Tsukuba: 298 41 5810

LOXXX-OM-E Rav K
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roy National Contact @Numbers

R

Korea: L.eCroy Korea Lid.

234520400

Mexico: Electroingenieria de Prec;saon SA
559 7677

New Zealand: Philips Test and Measurement
649 8494 160

Norway: Avantec AS

22763870

Pakistan: Electro Tech Com. Ltd.

21 493 9593/5171

Portugal M.T. Brandao Lda.
28302709

Singapore: Abex Eng. Lid.

841 2818

South Africa: Westolex Lid.

11787 0473

Spain: MT Brandao SL

1803 1767

Sweden: MSS AB

8544 107 00

Switzerland: L.eCroy SA

North: 62 885 8050

West: 22 719 2228

Taiwan: Lecoin Tech. Co.

22326368

Thailand: Measuretronix Lid.
23752733

Turkey: NETES

21223732286

Unite Arab Emirates: Arab Engineers for
Trading Co. Ltd 89% 0220/0440
United Kingdom, ireland: LeCroy Lid.
1235524 288

United States: 1 800-5-1eCroy
(automatically connects you to your local
sales office)

Vietnam: Schridt Vietnam Co Lid.
48346 186




