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Il N T R O D UCTTI ON

Waverunner-2 Features

ACCESS YOUR SCOPE’S ANALYTICAL POWER WITH THE PRESS OF ABUTTON
Wavepilot Menu

In the Waverunner-2 series of scopes, LeCroy introduces the Wavepilot menu, an operational aid that gives you
immediate access to the digital storage oscilloscope’s (DSO) most frequently used functions. The Wavepilot
menu’s soft keys access measurement tools such as cursors and parameters. By means of the Graph button, it
also provides direct access to math analysis functions including histograms, fast Fourier transforms (FFT), and
the unique JitterTrack™ timing analysis. Finally, you can access application-specific analysis options like
communications mask testing, disk drive, and power measurements by pressing the Analysis Packages button.
The figure below shows the location of the Wavepilot and other new buttons.

BAVEPTILOT

TUEH OFF
PRAAFE TERS QUICK ZOOM

L BE

Cirgora

Aararstars

Graph

Pas= / Fa:ul

b

Analysis
Fackages

JEREE

Lﬁ

L ationdf Wawepilat cortras
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Il ntroduction

The figure below is an example of the Wavepilot Parameters function. Shown is a view of the measurement
Dashboard, which provides a summary of 26 key waveform parameters for the selected waveform.

A Waepilat Measure menu showirg the messurarent parameter D ashboard
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WAVERUNNER-2

Pressing the Wavepilot menu’'s Cursor button immediately displays the cursor control menu shown below This
greatly enhances the accessibility of this frequently used function.

rode

| Ar Fll Ltude

Abso lute

ghi
OiFF - ReF

Wavpilat Cursars menu agessed by pressing the Cursars button

UTILITY

You can make cursors appear thin or thick by pressing , then selecting Special Modes —
Bold Cursors

Cursors Measure. Turn ( OFF m on or off.
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Il ntroduc't

QuickZoom

0]

QuickZoom, indicated by the magnifying glass icon Q , is used to immediately turn on the zoom display of
the currently used acquisition channels. The figure below provides an example of a typical QuickZ oom display.
The QuickZoom menu includes controls for overlapping the traces and using Auto-scroll to scan through the

expanded display.
15-Aug-GE GUICK Z00M
3:01-07 —Mu 1t i-Zoom—
oFF [
(A
OVERLAY
. » GRIDS
LAY P
(A
1
.-I d =
20 ps (A
Al mh
—Scroll by—
108.8 ps C;?vfs -
TEEEEEEEEES rumber ofF did
Speed
B.1 diw
a
T n
" | WILL UMNDO
2 mS T BUICK Z00M
il samy 500
? B mM AC 25 MS5/s
3 B8 mV AC | 1 OC 276mY
4 50 MY AC o o 3.12 psSpu NORMAL

A QuikZoomdisplay for asirgetraee
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Wavepilot Menu Graph Button

Waveform analysis can be thought of as a multidimensional view of a signal. Oscilloscopes have always been
used to view signals in the time domain — a plot of signal amplitude versus time. More recently, frequency
domain analysis using the fast Fourier transform (FFT) has been added to digital oscilloscopes. The FFT
provides a graphical display of signal amplitude as a function of frequency. Using histograms, L eCroy offers
two new views of statistical and timing analysis using the unique TrackView function. TrackView plots
variations in timing parameters, such as period, width, frequency, and duty cycle, as a function of time.

These powerful analysis tools have been made even more accessible using the GRAPH function. Simply pressing
the GRAPH button in Wavepilot evokes a special graph menu that offers an instant selection of Histograms,
FFT, TrackView (with EMM option), and other options from additionally installed programs.

1-h5: 3b

]
2
3 EI T
4 trig only

The Wavepilat Graph fundion dffers aniirstart doie of histagram JitterTrak, TrakkV iew or FFT arelysis of an axjuired
sigrel, deperding onirstalled gptiors
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The figure on the preceding page shows the statistical analysis of a pulse-width-modulated signal displayed with
Analog Persistence. This is used to show the waveform’s history. The histogram shows that there are nine
widths and that the frequency of occurrence of each pulse width varies proportional to the width. The next
question that one might ask is, "What is the ordering of the pulse widths?" That question is easily answered by
selecting the JitterTrack view The figure below shows an analysis of pulse width as a function of time. The
JitterTrack display shows that the pulse widths increase sequentially, from narrowest to widest, with the

duration of the signal at each width increasing proportionally to the width.

15-0ec-G8 GRAPH
B:19:38
18 ps Histogram
al i ﬁ
508 p= FFT
J06 swps’
|
fil: Jwidthil) i HORE
10 ps JITTER SETUP
188 ns
TRACE
| I —typs
|J Hidth
oF
Dzz4BC0D
I8 p= T Ml M2 M3 M
SR a0
53 W RLC 4 G5S%
EA my @l J_l j_|_ 1 D¢ 2vemy
5@ W\ RLC — — |:|I.|.E 182 ns ALTO
JitterTrak exarple
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The final view shown below is the FFT of the pulse-modulated waveform. The FFT shows that the frequency
spectrum of the waveform consists of the 1 MHz fundamental frequency along with a series of harmonics.
Modulation effects are obvious in the sidebands shown about each of the principal spectral lines.

15-0ec-00 GRAFH
B:Z3:B8
i | Ly | Mistogram
Il | Jitter Track
L |
L 1 : -: 1 . 2 FT result—
PSFFTI2) Phasa {
| Mz
Ty ‘ 1 1 ! Power Dens
| Feal
Feal+Imag f
| —with windouw-
|| Yon Hann
oc gR
aF
TEZ4RCD
S ye Ml M2 M3 M
hE w580
Tamyd 500 4 G5/
B3 ml 500 . 2 DOC 266md
4 1 v osm STOPPED

FFT of apusewicth moduated signel taken over oregde of the wickh nodulation

For additional controls or for manual setup, each of these analysis tools is available from the "Math Tools"
menu.
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WAVEFORM HISTORY

Display Signal Changes Over Time

Analog Persistence and History mode are tools used to acquire and display how a signal changes over time.
These features work in a highly integrated fashion to produce screen displays that show the range and
frequency of occurrence of variations in the signal.

The LeCroy Waverunner-2 series of oscilloscopes place both these features at your fingertips. Both features
ANALOG

PERSIST
can be evoked by simply pressing & The figure below shows an intensity-graded Analog Persistence
display that contains 15 overlaid acquisitions of the leading edge of a pulse waveform. The intensity grading
indicates frequency of occurrence of each edge rate. Included are the time stamps for each acquisition.
The History data is displayed on trace D. Turn on trace D to view the data. When you turn off History mode,
turn trace D off manually.

The A relag Persist button gives aaess to the History feature. Histary evokes sequene moce ard A relag Persisterte to shova
history of waveform dhargss.
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Turnirg off A relag Persistene alloas each segrent to be viened individually. Play and Reverse menusdediors artrd auto-
sardlirg through al segrerts

Seguence mode (available in the Timebase SETUP menus) breaks the long acquisition memory of the
oscilloscope into as many as 8000 smaller segments. Each of these segments is available after the acquisition
for individual viewing, parameter measurements, or waveform math. And each segment is individually time
stamped with an absolute real time stamp, time since first trigger, and time between segments.

In this example we can see a single edge that has a slow transition time. Each of the acquired segments can be
viewed individually by using the oscilloscope’s zoom feature. With Analog Persistence turned on, the scope
displays all the segments overlapped. If Analog Persistence is turned off, the zoom display shows each segment
individually. An auto-scrolling feature allows you to automatically scan through all the segments using Play and
Reverse. This allows any segment located using the Analog Persistence display to be recovered for detailed
analysis.

WR2-OM-E Rev C ISSUED: January 2002 9
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Once such an anomaly is observed it is easy to measure the risetime, using cursors or measurement parameters,
then select a trigger to catch only events with slow rise times. T his type of event can be isolated using the Slew
Rate trigger (available with the advanced trigger package option), whose setup is shown in the following figure.

SMART TRIGGER
——type
HusliFied
Patt I-'I-'f-l
Runt

oEmEE

l E:Jpllﬂq 2——
iE
LFF-'E T HFF'E J

———m1+h

o m |]||rn-l

OF F .yl

—dT _—‘

|‘|r|l|_|
" b0 OC @my to
1IIr||"II AC
trig only slope < AR s STORPPED

Setup for SlewR ate trigger to agyuire waveformrs with trarsition tines grester than 1.4 rs

Once the special slew rate trigger has been enabled, running the acquisition again measures the precise time of
occurrence of each of the slow transition events. This is illustrated in the following figure.
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HISTORY

slnce Seq

O  STOPPED
Rerumning a sequene aguisition after turnirg on SMART Triger shons the tine of aoourrene of each slovede evert

The History button consolidates the existing Analog Persistence and sequence mode features and makes both
easily accessible through a direct front panel control.
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About this Manual

L ike the Waverunner-2 scope itself, this manual is designed to make your measurements as easy as “1-2-3.”
E ach section shows you step by step how to use the oscilloscope to solve simple or complex problems.

Use the manual with the Waverunner-2 in front of you. Then you'll see clearly just what is being referred to;
and you can immediately put into action what is described.

The manual has two main parts:

Part One, “Getting Started,” is for new users and basic operations. It explains the most important
Waverunner-2 features, and shows you how to apply them. Use it when starting out and for getting quick
results.

Part Two, “L ooking Deeper,” goes into more detail. It explains how to perform complex measurements
using more advanced Waverunner-2 functions. It also looks more deeply into operations covered in Part One.
Use it for tackling demanding tasks, or as a reference for understanding better how your scope works.

Consult the glossary for clarification of oscilloscope and related terms.
As an additional guide, each chapter is prefaced by a summary of its contents.

Wiatch for panels and sections throughout the manual marked by these icons:

TIPs offer additional hints on how to get the most out of Waverunner-2 actions or features.

The sections marked by the magnifying glass, and printed in italic text, “zoom” on particular
topics. They offer more information on the subject, where appropriate.

E NOTEs bring to your attention important information you should know
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BLANK PAGE
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FIRST THINGS...First
In this preface, see how
To make sure you have everything
To operate with safety
To get to know your Waverunner-2 scope
To install and power up
To initialize
To check the system status
To install new software and firmvare

70 activate the screen saver

To use menus, menu buttons and krnobs
To choose button and knob prefererices

ISSUE D: January 2002 WR2-OM-E Rev C
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When Your Waverunner-2 is Delivered

CHECKTHAT YOU HAVE EVERYTHING

First, verify that all items on the packing list or invoice copy have been shipped to you. (T he items are also
listed below) Second, check the SYSTEM STATUS display once your Waverunner-2 oscilloscope is installed
(see page 25). Contact your nearest L eCroy customer service center or national distributor if anything is
missing or damaged. If there is something missing or damaged, and you do not contact us immediately, we

cannot be responsible for replacement.

The following is shipped with the standard Waverunner-2 scope:

10:1 10 MQ PPQO06 Passive Probe — one per channel

AC Power Cord and Plug
Performance or Calibration Certificate
Front Scope Cover

Operatar’s Marual

Renote Cortrd Mancel

Quik Referene Guice

Dedarationdf Carformity

BE SURE TO READ THIS WARRANTY

NOTE: T he warranty below replaces all
other warrarities, expressed or implieq,
including but not limited to any implied
warranty of merchantability, fitness, or
adequacy for any particular purpose or
use. L eCroy shall not be liable for aryy
special, incidental, or consequential
damages, whether in contract or
otherwise. T he customer is responsible
for the transportation and insurarce
charges for the return of products to
the service facility: L eCroy will return
all products under warranty with
transport prepard.

T he Waverunner-2 oscilloscope is warranted for normal use and operation, within specifications, for a
period of three years from shipment. L eCroy will either repair or, at our option, replace any product
returned to one of our authorized service centers within this period. However, in order to do this we
must first examine the product and find that it is defective due to workmanship or materials and not
due to misuse, neglect, accident, or abnormal conditions or operation.

Spare and replacement parts, and repairs, all have a 90-day warranty.

T he oscilloscope’s firmware has been thoroughly tested and is presumed to be functional.
N evertheless, it is supplied without warranty of any kind covering detailed performance. Products not
made by L eCroy are covered solely by the warranty of the original equipment manufacturer.

WR2-OM-E Rev C
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FIRST THINGS

TAKE ADVANTAGE OF MAINTENANCE AGREEMENTS

We offer a variety of services under the heading of Maintenance Agreements. These give extended warranty
and allow you to budget maintenance costs after the initial three-year warranty has expired. Installation,
training, enhancements, and on-site repairs — among other services — are available through special
supplemental support agreements. Inquire at your L eCroy customer service center or national distributor.

OBTAIN ASSISTANCE

Help with installation, calibration, and the use of your Waverunner-2 scope in a range of applications is also
available from your customer service center.

RETURN APRODUCT FOR SERVICE OR REPAIR TIP: If you need to return

If you do need to return a LeCroy product, identify it by its model and your scope, use the original
serial numbers (see page 25). Describe the defect or failure, and provide shipping carton. If this is not
your name and contact number. possible, the carton used
For factory returns, use a Return Authorization Number (RAN), should be rigia. T e scope

. . ; . should be packed so that it is
obtainable from customer service. Attach it so that it can be clearly seen on 2

. A . . S surrounded by a minimum of

the outside of the shipping package to ensure rapid forwarding within four inches (10 cm) of shock

LeCroy. absorbert material.

Return those products requiring only maintenance to your customer

service center. %
Within the warranty period, transportation charges to the factory will be your responsibility, while products

under warranty will be returned to you with transport prepaid by LeCroy. Outside the warranty period, you will
have to provide us with a purchase order number before the work can be done. You will be billed for parts and
labor related to the repair work, as well as for shipping.

You should prepay return shipments. LeCroy cannot accept COD (Cash On Delivery) or Collect Return
shipments. We recommend using air freight.

STAY UP-TO-DATE

To maintain your Waverunner-2 scope’s performance within specifications, have us calibrate it at least once a
year. LeCroy offers state-of-the-art technology by continually refining and improving the instrument’s
capabilities and operation. We frequently update both firmware and software during service, free of charge
during warranty.

You can also install new firmware yourself, without the need of a factory refit. Simply provide us with your
Waverunner-2 serial number and ID, and the version number of the software already installed (see page 25),
along with ordering information. We will provide you with a unique option key that has a code to be entered
through the instrument’s front panel to upgrade your software. In addition, the very latest versions of LeCroy’s
unique oscilloscope software applications can be downloaded from the Internet, free of charge. Included are
ScopeE xplorer™ and ActiveDSO.
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Waverunner-2

ScopeE xplorer is a highly practical PC-based connectivity tool that interfaces Waverunner-2 to a PC that is
running Microsoft® Windows™, via the rear panel GPIB (IEEE 488) or RS-232 port. Specially designed by
LeCroy for its oscilloscopes, ScopeE xplorer allows you to perform data and image transfers and other remote
operations from scope to PC with just a few keyboard strokes or mouse clicks. See Chapter 12, “Use
Waverunner-2 with PC,” for more about using ScopeE xplorer with your Waverunner-2 scope.
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4 - : s PR [ FHT | ETe|
Fed s, puas F1 LTHZ s GAE a3 5 AP [HUH

ScopeE xplorer now has a virtual front panel to allow full control of remote scopes.

ActiveDSO works on any PC running Windows 95, 98 or NT™, and enables you to exchange data with a
variety of Windows applications or programming languages that support the ActiveX standard, such as MS®
Office, Internet Explorer, Visual Basic, Visual C++ and Visual Java. ActiveDSO hides the intricacies of
programming for each of these interfaces and provides a simple and consistent interface to the controlling
application. You can also visually embed ActiveDSO in any OLE automation compatible client and use it
manually without programming. You could, for example, generate a report by importing scope data straight
into Excel or Word, analyze your waveforms by bringing them directly into MathCad®, archive measurement
results “on the fly” in a Microsoft Access® database, and automate tests using Visual Basic, Java, C++, or
Excel (VBA).

Visit our Web site at http://wwlecroy.com/ software to download these and other free software applications.
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| nstallation for Safe and E fficient O peration

Safety Symbols

Where the following symbols or indications appear on the instrument’s front or rear panels, or elsewhere in this
manual, they alert you to important safety considerations.

Incorrect operation or failure to heed warnings may result in death or serious

WARNING injury. If a WARNING is indicated on the instrument, do not proceed until its
conditions are understood and met.
Incorrect operation or failure to heed cautions may result in injury or damage to
CAUTION equipment. If a CAUTION is indicated, do not proceed until its conditions are

understood and met.

Refer to accompanying documents (for safety related information).
See elsewtiere in this manual wherever the symbol is presert, as indicated in the T able of
Coriteris.

Risk of E lectric Shock

Stand-by (Power) State

Earth (Ground) Terminal

Protective Conductor Terminal

Alternating Current Only

Chassis Terminal

O |31 0B i G |B>|>

Earth (Ground) Terminal on BN C Connectors
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OPERATE IN ASAFE ENVIRONMENT

The Waverunner-2 is intended for indoor use only.
E nsure that its operating environment will be
maintained within these parameters:

Temperature............. 5to045°C

Humidity ........cccovevnee. 80% max. RH (non-
condensing) up to 35 °C
Derates to 50% max. RH at
45°C

Altitude.......ccccvrennee. 4500 mupto 25°C
Derates to 2000 m max. at
45°C

WR2-OM-E Rev C

Waverunner-2

N ote: T he Waverunner-2 has been qualified to the
following EN 61010-1 category:

Protection Class ...........ccovvvviiiiiiiiiciecienn, |
Installation (Ovenvoltage) Category ........... 1
Pollution Degree.........cccoevveeevieecieecieeenne 2

ACAUTION

Do not block the air inlet or exit ports.

ACAUTION

Do not allow any foreign matter to enter the
Waverunner-2 through air inlet ports, etc.

ISSUE D: January 2002 ].9
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AC POWER SOURCE

N ote: T he Waverunner-2 automatically adapts

The Waverunner-2 operates from a single-phase itself to the line voltage present within the
100-120 V (x10%) AC (~) power source at following limits:

50/ 60/ 400 (x10%) Hz, or 200-240 V (£10%) AC (~)

at 50/ 60 (x10%) Hz. Voltage

Range: 100- 120 VAC 200 - 240 VAC
Maximum power consumption: 250 VA (depending on
model) Frequency
Range: 50/ 60/ 400 Hz 50/60 Hz

No manual voltage selection is required because the
instrument automatically adapts to the line voltage.

POWER AND GROUND CONNECTIONS

The Waverunner-2 is provided with a 3-wire electrical A
cord containing a 3-terminal polarized plug for line WARNING
voltage and safety ground connection. The plug's Maintain the ground line to avoid electric shock.

ground terminal is connected directly to the frame of e ) ; ;
: X power cord’s protective grounding conductor
the Waverunner-2. For adequate protection against must be connected to ground.

electrical hazard, this plug must be inserted into a
mating outlet containing a safety ground contact.

N ote: Set the power switch to STANDBY before
connecting or disconnecting the power cord.

ON/STANDBY SWITCH

The On/ Standby toggle switch controls the basic operational state of the DSO. A portion of the DSO will
remain powered in the standby state (5 Watts dissipation).

POWER OFF STATE

The DSO can only be placed in a complete power off state by unplugging the DSQO’s power cord from the
primary power source (AC outlet). It is recommended that the DSO’s power cord be unplugged from the AC
outlet during any extended period of DSO inactivity.
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CALIBRATION

Waverunner-2

The recommended calibration interval is one year. Calibration should be performed only by qualified personnel.

CLEANING

Clean only the exterior of the instrument, using a
damp, soft cloth. Do not use chemicals or abrasive
elements. Under no circumstances allow moisture to
penetrate the Waverunner-2. To avoid electric shock,
disconnect the instrument from the power supply
before cleaning.

ABNORMAL CONDITIONS

Operate the Waverunner-2 only as intended by the
manufacturer.

Do not operate the Waverunner-2 with covers
removed. If you suspect the Waverunner-2 is damaged
or has failed, immediately set the power switch to
STANDBY and disconnect the power cord. Refer
servicing to qualified personnel.

WR2-OM-E Rev C

AWARNING

N o operator serviceable components inside. Do
not remove covers.

AWARN ING

Any use of the instrument in a manner not
specified by the manufacturer may impair the
instrument’s safety protection. T he Waverunner-2
has not been designed to make direct
measurements on the human body. N ever
connect the Waverunner-2 to a living person.

ACAUTION

Do not exceed the maximum specified input
terminal (CH1, CH2, CH3, CH4, EXT) voltage
levels.

ISSUED: January 2002
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Up and Running

GET TO KNOW YOUR WAVERUNNER-2-FRONT PANEL

]

MENU CONTROLS

FLOPPY DISK DRIVE

|LleCroy Wowenesrcimer

LT374 8% pso| \

—

WAVE PILOT

MENU ACCESS ™™

|

C e A
0SB T T X

/
I S | | S | | S | | S | | | O | | S |

CHL

CHBY

fo

[ y R
A CAL
ALL TNPUTS
CAT I EL;/

m@ﬂ

TIMEBASE CONTROLS

TRIGGER

1~ CONTROLS

—ZOOM & MATH

- CONTROLS

[

ANALOG

» PERSISTENCE

]

Waverunner-2 main front panel controls and features.

INSTALL AND POWER UP

1.

SCREEN SAVER
MODE LED

Before powering up, check that the local power source corresponds to Waverunner-2's power range (see

page 20).

Use the cable provided to connect the scope to the power outlet through its rear panel receptacle (see next

page).

Turn the scope on by pressing the On button at the bottom left-hand corner of the Waverunner-2 front

panel (see above).
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Waverunner-2

Before a display appears, the instrument will automatically perform hardware and software self-tests, folloned
by a full system calibration. The front panel STANDBY LED will be lit during this sequence. T he full testing
procedure will take about 10 seconds, after which a display appears.

UTILITY
4. Press to display the UTILITIES menus.
5. Press the menu soft key for g; I'E ;D ate to set the time and date.

GET TO KNOW YOUR WAVERUNNER-2-BACK PANEL

\ £ —_—
] ® ® |
@ 000000000000 000000000000000000 @ ‘ LNK ACT LAN10BT @ @ —
0000000000000 00000CO0C000000000 & ° o
00000000C000000000C0O0000000000 ‘ ETHERNET L
0000000000000 00000O0C000000000
ws232C CEBANICS DOMPATIRLE Vi COMPATAE e Si07 IEEE St 445 PORT _
;;;;;;;;; , ()
JEEl| | ®) L e|8e==)®|e
RS232-C CENTRONICS EXERNAL PC MEMORY CARD GPIB
-t MONITOR
ouTPUT @) 5 ~ LINE
AUTOMATIC AT VOLTAGE SELECTION
@, MODEL ' LTETaL
— ws LSTED 20
BNC TeSTING EoEENT C€ LeCroy gE—
SIGNAL ubPl(AVLUOCOJi MFG DA\i :DNO‘JAPZ:{ @ D E D @)
OUTPUT i <Bar code> | @ .
o N @
<Bar code> ‘
@ @ @ &)
T A CAUTION
MAINTAIN SROUND LINE TO AVOID HLI{CIWCAL SHACK
RO OPERATOR SERVICEABLE PAKTS IN¢
@ ﬁ&g{g;g\;ldﬂm T%VE?A\JHE PERSONNEL @
7
s : B
& ® @ ||
& B L

Use the RS-232-C and GPIB ports to connect your Waverunner-2 scope to a computer or terminal,
the external monitor port to display your waveforms on another monitor, and the Centronics® port
to connect compatible printers or other devices. Use the PC Card slot for the PC Memory Card and
portable Hard Disk options, and the BN C output for external clock signals.
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70 NAVIGATE THROUGH MENUS
Trace

OFF On
Menus such as - enable you to perform actions or adjust settings.

T he menu buttor beside each displayed menu controls that menu.

L onger menus that span the breadth of two buttons are controlled by both buttons.

2000 for example — perform specific actions.

Capitalized menus — ‘

T he two menu knobs work together with the two menu buttons beside them.

Combinations of knobs and buttons control continuously adjustable variables. T he button selects
or changes the variable, while the knob adjusts its value.

Menus are grouped and shown together according to their function. Press a button or turn a knob to
select a particular menu or an item on a menu. Travel up or down in the menu list and change the
selection. Or change values and settings.

PANELS
T he darker,; labeled buttons also play a role in menu selection: — for example — was used

to select the menus for initialization. When you press any one of these, it offers access to related
menus in its group.

Menus with shadows

<

Press —“.l to return to a shadowed menu. A Iso use this button whenever you wish to go back to
the previous menu display.

k

F
Arrows on the side of a long menu indicate that you can scroll up | or _J down the menu list.
Press one or the other of these menus’ buttons to move in the desired direction, and to view or select
any menu item not displayed. A rrows disappear when you reach the beginning or end of the menu
list.

lead to other menus: Press their buttons to display those others.
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INITIALIZE

Initialize your Waverunner-2 scope to its basic default waveform display settings:

PANELS

6. Press to display the PANEL SETUPS menu group.

7. If Recall is not selected, press the button once to select it:

8. Then press the button beside SETUR

FROM DEFHLILT‘

Initialize to Waverunner-2 default settings whenever you wish to clear your settings and make a fresh start on a
new measurement.

CHECK YOUR WAVERUNNER-2SYSTEM

SCOPE

|
STATUS HEEUiSitiDn k
9. Press to showthe STATUS menus.

Text & Times
HaweForm
Memory Used F

1

10. Press the top button to highlight and select System. T he screen will show your Waverunner-2's serial
number, the version of software installed and the date of its release, as well as a full list of your currently
installed software and hardwere.

Contact LeCroy customer service immediately if any of the options you ordered have not been installed.
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ADD AN OPTION

This menu will also be displayed when you select System;: | 30F tuware
Options

Use it to install new options — without the need to return your Waverunner-2 for a refit.

AOO

1. Press that menu's button to display
OPTION KEY

2. Then press that menu’s button to display the ADD OPTION menus. Use them whenever you wish to add
a Waverunner-2 option by means of a special code. Contact your LeCroy sales or service center to obtain
the code.

UPDATE TO THE LATEST FIRMWARE

Your Waverunner-2 comes with the latest firmware installed. But to take advantage of our continuous
improvement, contact us to obtain a floppy disk or card containing the latest firmware. Then use these menus
to install it:

UTILITY
1. Press to display the UTILITIES menus.
Jpecial Firmwsre
2. Press the button for , then for the one for
Modes Update

3. Place the floppy or card in the Waverunner-2 and press the buttonsto select Floppy or Card and then
Update Flash. The newly installed firmware will appear on the System Status screen (see above).

You may also download the firmware from the internet, using ScopeE xplorer.

SAVE THE SCREEN (AND ENERGY)

E nable or disable your Waverunner-2's screen saver:

DISPLAY

1. Press to showthe DISPLAY SE TUP menus.

. . 5
2. Press the button for “More Display Setup” to access this menu: Creen E

Saver Setup
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enabled
iE ‘es
3. Pressits button, then select Yes or N o from

When enabled, the built-in screen saver is activated 10 minutes after the last use of a front panel control. This
is a complete display shutdown of the internal screen — an “E nergy-Saver.” The front panel LED light will
indicate when the scope is in the screen-saving STANDBY state. Press any front panel button to restore the
screen.

DO YOU PREFER YOUR CONTROLSWITH SOUND AND AUTO-REPEAT?

Have your buttons and knobs repeat their actions and make an audible sound when used:

UTILITY
1. Press to display the UTILITIES menus. These you will find useful for a variety of functions.
2. Press the button for Special , then the button for Front Panel )
Modes

3. Make your preferences by means of the USER PREF’S menus displayed.

With Pushbutton auto-repeat On, all front panel buttons, when pressed and held in, will move the selection
automatically and sequentially through all items in a menu.

With audible feedback for buttons and knobs On, an audible “click” will sound when any front panel button is
pressed or any knob is turned.
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PART ONE

GETTING STARTED

T his part of the manual covers the main Waverunner-2 features and explains, step by step, how to use
them. You'll get to know your scope and start working with it quickly and effectively. Capture and view
waveforms. Zoom and scroll. Leam the art of display. Use math and measurement tools. Document
your work.
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CHAPTER ONE: CatchaNewWave
In this chapter, see how
To select the input sigral channel
7o use menus and controls for basic gperations
To find your way arourd the display
To adjust the timebase, gain and position of the signal
To zoom — manually and automatically
To set up the timebase

7o set signal coupling

To calibrate and use the passive probe
To set up the CAL and BN C outputs

30 ISSUED: January 2002 WR2-OM-E Rev C



CHAPTER ONE Catcha New Wave

View Your Waveform

Take these steps to capture and view your signal; set time and volts per division; zoom and auto-scroll:

1. Connect your signal to the Waverunner-2 (Channel 1 input for this example).

AUTO
SETUP

2. Press i to automatically set the (E dge) trigger level, timebase, and vertical settings for display of the
input signal. Press it again to confirm the action.

3. Press ! toselect CHANNEL 1 and display the basic Waverunner-2 menus.

4. Use these menus in the steps on the following pages to adjust the signal’s trace

CHANMEL 1 on the screen.
Trace
. 1 2
OFF m _ﬂ' Turns Channel 1 on or off. Hiprhss wice to turm the
chanrel on or off.
Couplin
p2ing g _ﬂ' Accesses the CHANNEL Coupling menus. See page 38.
Z00M Automatically makes a zoomed trace of the signal. Use the vertical
_ﬂ' POSITION knob to move the trace so that it is clearly visible. Use the
vertical ZOOM knob to adjust its expansion vertically. See page 36.
FIND
J' Automatically sets gain and offset, and “find” the signal.
Gain
_ﬂ' Selects fixed or variable gain. Select “variable” to control the channel’s
warishle gain continuously. See page 34.
, ( TIP: With AUTO SE TUP you can automatically set
e up signals inthe 5mV to 40 V rarge with a
J- frequerncy of 250 Hz and a duty cycle
Grids as small as 0.196. };
5 1ng 1 cuEEN A
Uuad Octal _|_ y ¢ Selects the grid style and number. Next page: Single

grid. See also Chapter 3, “Display Your Signal.”

WR2-OM-E Rev C ISSUED: January 2002 31



PART ONE: GETTING STARTED

TIMEEASE
Tidiv 5 ns

JRELY

| ECL B TTL

nel U
2 Automa

P—EequEﬂce——W

V500
B W5
BQ i/

§ 58 m\Y AC O  MNORMAL

Real-time Clock field. powered by a battery-backed real-time clock, it
displays the current date and time.

Displayed Trace L abel indicates each channel or channel displayed, the
time/ div and volts/ div settings, and cursor readings where appropriate.

Acquisition Summary field. timebase, volts/ div, probe
attenuation, and coupling for each channel, with the selected
channel highlighted.
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CHAPTER ONE: CatchaNewWave

IJI Trigger L evel arrons on both sides of the grid that mark
" the trigger voltage level relative to ground level.

Trigger Delay is an arrow indicating the trigger time relative to the trace.

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

Trigger Configuration field contains an icon indicating the type of
trigger, and information on the trigger’s source, slope, level and coupling, and
other information when appropriate.

Trace and Ground L evel shows the trace number and ground level
marker.

Other display areas include the 77ime and Frequency field, located below the grid and stating
time and frequency relative to cursors, and a Message field placed above the grid and reserved for
special messages. For more about the display, see Chapter 3, “Display Your Signal.”

USE TIME/DIV TO ADJUST THE TIMEBASE NOTE: AUTO SE TUP operates only
on chanrels that are turned on,
TIME / DIV unless no charnels are turned on.

T T hen all chanels will be affected

s ns When more than one chanrel is
/@\ turned on, the first channel in
numerical order with a sigral

5 Tun 7§ 7 to adjust the timebase as desired. applied to it will be automatically| —

Fw? set up for edge triggering. —

L

The time per division is set in a 1-2-5 sequence. The Waverunner-2 automatically adapts itself to use the
maximum sampling rate whenever the timebase is changed. T he selected time/ div setting is shown in the trace
label at the top left portion of the screen, and the sampling rate in the trigger status field at the bottom right-
hand corner.
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PART ONE:

ADJUST SENSITIVITY AND POSITION

VOLTS / DIV

V\ /@ mv

6. Turn ¥ to reduce the vertical gain sensitivity.
The volts/ div setting is shown in the Channel 1 trace
label.

The next two steps can be taken (if not already ) when you
wish to fine tune the vertical gain and get a better vertical
resolution:

7. Fine tune the vertical gain by selecting “variable” from
the Gain menu (see page 31).

8. Nowturnthe VOLTS / DIV knob through several
complete rotations, so that the entire signal reaches
from top to bottom of the grid. Filling the grid in this
way, you can use the full range of available digitizing
levels.

OFFSET
A
&£

9. Use V' J& tocenter the waveform on the grid.

ZOOM AND SCROLL AUTOMATICALLY

GETTING STARTED

UTILITY

TIP: Press to select Special Modes.
T hen select the Charnels menu to choose

1n; to set the offset of a gain
(VOL TS/D1V) change in volts or vertical
divisions (this Is in volts, by default).

Automatic Recalibration; to turn this
feature on or off (default is “On”). “Off”
may speed capture, but time calibration is
not certain during the capture period.

Global BWL . to cortrol the global
banadwidth limit. When On, the chosen
banawidth (see page 38) applies to all
channels. When Off, a bandwidth limit
can be set individually for each chanrel.

=1

Use ZOOM to see more detail on your signal. The display will show the original signal and its zoomed copy.

10. Press ' *

11. Press ' *

12. Press the soft key for: MILTT Z00M &E

AUTO SCROLL

The menus shown on the next page will be displayed.

13. Use these menus to scroll back and forth through the full length of one or all of your zoom copies.

34

to display the TRACE A menus (to display Trace B, C, or D, press its button).

again or the top soft key to display the trace and its label. (Do the same to turn off atrace))

TIP. To go back to the default power-up
settings, simuftaneously press the second

and fifth menu soft keys and '
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MULTI Z00mM

Multi-Zoo

IEE On
;N

AUTO SCROLL

FLAY »
(q)

4 REVERSE
(q)

—=croll by—
div/s

Humber oF di

speed
1 diw

RETURM WHILE
SEROLLING

WR2-OM-E Rev C

CHAPTER ONE: CatchaNewWave

MULTI-ZOOM unifies the control of all zoom traces, while AUTO-SCROLL
walks the zoom trace or traces across the referenced trace.

B

o

When Off, only the active zoom trace is controlled. When On, all
displayed zoom traces (A, B, C, D) are simultaneously controlled
(automatically) with Auto Scroll and (manually) with the horizontal
ZOOM and POSITION knobs. See the next page for more on
Multi-Z oom.

To scroll the zoom trace from right to left of screen. When playing,
the menu is labeled “STOP (PLAYING)”: Press to stop.

To scroll the zoom trace from left to right of screen. When playing,
the menu is labeled “STOP (REVERSING)”: Press to stop.

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

“/@ To set scroll speed, using the knob. When scrolling by
"/ divisions, 10 div will step the zoom trace “grid-page” by
- “grid-page” across the length of the referenced trace.

A

/@\ To return to the TRACE A menus, while continuing to

3 i~ scroll, by pressing the menu soft key.
i

To stop scrolling and return to the previous menu displayed.

T/P: Consider zoom as an extra timebase that offers
alternative sweep speeds. You can display as marly
as four zooms at once.
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PART ONE: GETTING STARTED

USE THE POSITION AND ZOOM CONTROLS
T1P: T he smaller Waveruniner-2 kriobs

POSITION are rate sensitive: the faster you rotate

them, the greater the charge that
results per degree of rotation.
to place Trace A vertically on the grid.

When using more than one grid (see Chapter 3), turn A POSITION to move traces from one grid to another.

4 ZO0OM ’

A
14. TunVY

15. Turn to adjust the expansion factor and increase the amount of zoom.
POSITION
4, >
16. Turn @ to move the zoomed region of the trace.
ZOOM

17. Turn " to vertical ly expand, or reduce, the zoom trace.

TOZ0OM AND MULTI-ZO0OM

You can zoom several traces from a single waveform to obtain precise timing
measurements and improve the time resolution on your displayed waveform. For
instance, on a waveform composed of two pulses separated by a long delay, you could
make Trace A a zoom of the first pulse, and Trace B a zoom of the second.

Multi-Zoom allows you to move the zoomed region of the waveform along two or more different
traces, or two or more regions of the same trace, simultaneously. When you activate multi-zoom,
the horizontal zoom and position controls apply to all displayed traces — A, B, C, and D —
allowing you to view similar sections of different traces at the same time. T he vertical sensitivity
controls still act individually on the traces.

W hen trace labels have dotted top and bottom edges, like the one at right, this
indicates that their traces are multi-zoomed.
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CHAPTER ONE: CatchaNewWave

SET UP THE TIMEBASE

SETUP

18. Press in the Horizontal group of control buttons to access the TIMEBASE menus.

19. Use these menus to set up the timebase in single-shot mode. See Chapter 7,
TIMEBASE “A Question of Timebase,” for more on the sampling modes.

T/div 1 ps

2ZEBEE
samples at
2 G575
(580 ps/pt)
For 18 ps
—3ampl ing—
Single-Shot sampling displays data collected during successive single-shot
acquisitions from the input channels — capture nonrecurring, or very low

RIS o . -
repetition-rate events, simultaneously on all input channels.

—=ample Clock

To select Internal or external — ECL, OV, TTL — clock modes.
Select internal unless using an external clock signal. See Chapter 7, “A
Question of Timebase,” for external clock. The LT374 and
LT264 series have a “Channel Use” menu below “Sample Clock” (see
“Pairing Channels” in Chapter 8).

ECL &V TTL

—Lhannel Use—
B 2 Automatic

O

—Seguence—
9 y @ To switch sequence mode On or Off. Use the knob to
OFF on S S choose the number of segments. See Chapter 7, “A
Question of Timebase,” for sequence sampling.
—Hecord up to
2abk To select the maximum number of samples to be
samples

50k, using the menu soft key.

} @ acquired, using the menu knob; and, to set the default
T
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PART ONE: GETTING STARTED

SET THE COUPLING

Coupling

20. Press ' ! and then the soft key for g to display the coupling menus.

21. Use these menus to set input signal coupling and grounding, the channel

CHANNEL 1 bandwidth limit, and the probe attenuation.
—Goupling— Selects the signal coupling.
OCER0 k
Grounded
Oc 1m0 ) _
Grounded Moves your selection down the list. When at the bottom, as here, the

down arrow disappears and this soft key becomes inactive.

Press N ORMAL to set offset, volts/ div, and input coupling to display
ECL signals. Press again; settings for TTL signals are given. Press a
third time; settings will return to those of the last manual setup.

Press to turn the bandwidth limit Off or reduce the bandwidth to
200 MHz or 20 MHz. Reduces signal and system noise and prevents
high-frequency aliasing. Global BWL means that the limit set will
apply to all channels. BWL means that a limit can be set individually
for each channel. See the TIP on page 34 for how to set these, using
SPECIAL MODES.
/@ Sets the probe attenuation factor for the input channel.
I '/ The soft keys scroll up or down, while the knobs scroll
0. 4 " the selector up and down the list. LeCroy’s ProBus®
system automatically senses probes and sets their
attenuation. This menu then changes to indicate the

~G1lobal BHL—
20MHz 28EMHz

Frobe Atten

W NE NN

w10 y type of probe attached and its attenuation factor. See
w20 r p @ the following pages for more on probes and ProBus.
j e o
e
NOTE:

AC position: signals are coupled capacitively, the input signal’s DC component is blocked, and
signal frequencies below 10 Hz are limited.

DC position: signal frequercy components are allowed to pass through, and an input impedarice
of either IMQ or 50 Q2 can be selected. T he maximum dissipation irnto 50 2 is 0.5 W, Wherever
this is attained, inputs will automatically be grounded. “Grounded” will be highlighted in the
“Coupling” mernu and an overload message will be displayed in the Acquisition Summary field.

Reset by removing the signal from the input and reselecting “DC50Q.” —
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CHAPTER ONE: CatchaNewWave

SET UP FOR CAL AND BNC SIGNALS
uUTILITY

1. Press

CAL BNC

2. Press the soft key to select
ress the soft key to selec Setup

Eand display the CAL BNC OUT menus.

3. Use these menus to choose the type of signal put out at the front CAL and

CAL BNC OUT rear BN C signal outputs. Set the frequency, amplitude, and pulse shape of
REAR OUT the calibration signal.

Pass/Fail
Trigger Out
Trigger Rdy

F

Sets the type of signal from the rear BNC connector.

I

—SE'HFLTSU-IF kHz Resets the CAL output to its default state: a 1 kHz 1 V square wave.
1 W SGUARE The Waverunner-2 automatically sets the calibration signal to its default
when switched on.
—Shape
Selects the form of the calibration signal.
OC Lewel
—Amp 1itude— //@
1. 8@ i '/ Sets the pulse level for the CAL output (range: —1.00 to
into 1M0 0. 1.00 V), using the knob.
—Freguency—,
1 kHz //@ Sets the desired frequency of a CAL signal in the range
4 3/ 500Hzto1MHz, using the knob.

A

g

WR2-OM-E Rev C ISSUED: January 2002 39



PART ONE: GETTING STARTED

TO CALIBRATE THE PASSIVE PROBE
Your Waverunner-2 scope comes with a L eCroy passive probe for each channel.

First, Turn on your Waverunner-2 scope.
Second. Insert the probe lead in the Channel 1 input.

Third. Connect the probe tip to the CAL output (see front panel illustration in “First
Things”).

Fourth.  Attach the lead’s alligator clip to the ground ring indicated by ~—, located below CAL .

The CAL signal will be a1 kHz square wave, 1 V p-p.

UTILITY
Fifth. Press , then the soft key to select CAL ENC
Jetup
mplitude
Sixth Turn the knob for .EI .88 V and set the amplitude level
' into 1MO :

requency
Seventh. N ow turn the knob for I kHz \‘to set the frequency in the range 500 Hz to

1 MHz.

Eighth.  Set channel couplingto DC 1 M Q using “Coupling” (see previous page).

Ninth. Press © 1 toturnon Channel 1.

AUTO
SETUP

Tenth.  Press [} twice.

If overshoot or undershoot of the displayed signal occurs, adjust the probe by inserting the small
screwdriver, supplied with the probe package, into the potentiometer on the probe head and turning it
clockwise or counterclock wise to achieve the optimal square wave contour.
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CHAPTER ONE: CatchaNewWave

How ProBUS HELPS YOU

L eCroy’s ProBus probe system provides a complete measurement solution from probe
tip to oscilloscope display.

ProBus allows you to control transparent gain and offset directly from your front panel —
particularly useful for voltage, differential, and current active probes. It uploads gain and offset
correction factors from the ProBus E PROMS, and automatically compensates to achieve fully
calibrated measurements.

This intelligent interconnection between your Waverunner-2 scope and a wide range of accessories
offers important advantages over standard BN C and probe ring connections. ProBus ensures correct
input coupling by auto-sensing the probe type, eliminating the guesswork and errors that occur when
attenuation or amplification factors are set manually.

TIP: Use the Waverunner-2's rear panel BN C signal output to provide a
pulse:

For Pass/Fall testing
At the occurrerice of each accepted trigger everit (Trigger Out)
When the scope iIs ready to accept a trigger event (Trigger Raly)

;
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CHAPTER Two: SimplyTrgger
In this chapter, see how

To control triggers

To set up an E dge trigger

To re-arm triggering

To determine level, coupling and slope

To use Window trigger

To obtain a summary of your trigger and system status
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CHAPTER Two Simply T rigger

E dge Trngger on Simple Signals

The Waverunner-2 uses many waveform capture techniques that trigger on features and conditions, which you
define. These triggers fall into two major categories:

E dge — activated by basic waveform features or conditions such as a positive or negative slope, and
holdoff

SMART Trigger® — sophisticated triggers that enable you to use basic and complex conditions for
triggering. See Chapter 8, “Trigger Smart.”

Use the Edge trigger type for simple signals, and the SMART Trigger type for signals with rarer features such
as glitches.

CONTROL TRIGGERING

DELAY

<4 >

Horizontal: Turn -} ,/: to adjust the trigger’s horizontal position.
L

You can adjust the trigger’s position from 0% to 100% pre-trigger, from left to right on the grid. DELAY can
also be used for setting the post-trigger, in time units, up to 10 000 divisions, in increments of 0.1 division.

The trigger location is shown by the arrow at the grid bottom, as
shown here at near right.
Post-trigger delay is labeled in the trigger delay field, where the | | :
arrow becomes horizontal, as shown here at far right. € 7.0 ms
LEVEL
A /@
¢ /
o 4 . e Vet
Vertical: Turn - to adjust the trigger’s vertical threshold.

Turn this knob to adjust the level of the trigger source or the highlighted trace. L evel defines the source voltage
at which the trigger will generate an event — a change in the input signal that satisfies the trigger conditions.

Arrows on both sides of the grid show the threshold position. But these arrows are only
visible if the trigger source is displayed and the source signal DC coupled.
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PART ONE: GETTING STARTED

SET UP AN EDGE TRIGGER

SETUP

1. PressTRIGGER to access these menus:
Use them to select the trigger source, the source’s coupling, the slope (positive

or negative) and the amount of trigger holdoff by time or events.
TRIGGER SETUR
1. Select “Edge” or “SMART”: “Edge” is selected by default.
‘ SMART ‘ o d J Y
TIP.: Orxce set, trigger level and coupling pass unchanged from
_ﬂ' trigger type to trigger type for each trigger source.

——trigger on— 2. Select the trigger source. This could be a signal on a channel, the
234 Ext o line voltage that powers the Waverunner-2, or the EXT BNC
Ext18 Line connector.

—coupling 1—

AC LFREJ . .
3. Select the coupling for the trigger source.
HFREJ HF | Ping %
—slope 1 . _ N .
Neg 4. Place the trigger point on the positive or negative slope of the
bindou _ﬂ- selected source, or choose to define a window
,/@ When Window is selected from the above menu, a
_“- L '// menu appears here that allows you to define the
¥~ windows size. See page 47.
hio ldoFF
EA [ ns Enable holdoff to delay triggering for a defined time, or
OFF Futs _ﬂ' ,@ number of events, after a particular trigger event. Use
= i .// this soft key to select Time or E vents, and the knob to
0~ setthe value. Off deactivates the holdoff. See Chapter 8,
“Trigger Smart.”
DELAY
4 >
5. Turn / ',// to adjust the trigger’s horizontal position, and the amount of pre-trigger, as desired.
/ H’
LEVEL
A @
1 /
vi , .
6. Turn - to adjust the trigger voltage level.
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CHAPTER T wo: Simply Trigger

70O DETERMINE TRIGGER LEVEL, COUPLING AND SLOPE

L evel defines the source voltage at which the trigger circuit will generate an event:
a change in the input signal that satisfies the trigger conditions. T he selected trigger
level is associated with the chosen trigger source.

Trigger level is specified in volts and normally remains unchanged when you change the vertical gain
or offset. The amplitude and range of the trigger level are limited as follows:

+5 screen divisions with a channel as the trigger source

+0.5 V with EXT as the trigger source

+5V with EXT/ 10 as the trigger source

N one with L IN E as the trigger source (zero crossing is used).

Coupling refers to the type of signal coupling at the input of the trigger circuit. As with the
trigger level, you can select the coupling independently for each source. Change the trigger source and
you can change the coupling. You can choose from these coupling types:

DC: All the signal's frequency components are coupled to the trigger circuit for high frequency
bursts or where the use of A C coupling would shift the effective trigger level.

A C: The signal is capacitively coupled, DC
levels are rejected and frequencies below 50 Hz
attenuated.

LF REJ: The signal is coupled through a &»
capacitive high-pass filter network, DC is rejected KS)
(%)
L
[~

and signal frequencies below 50 kH z are attenuated.
For stable triggering on medium to high frequency
signals.

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

__Ldggerlevel

I

HF: Use only when needed for triggering on
high-frequency repetitive signals. HF is
automatically overridden and set to A C when
incompatible with trigger characteristics such as those
of SMART Trigger.

Slope determines the direction of the trigger voltage Trgger

transition used for generating a particular trigger Figure 1. E dge trigger works on the selected
event. You can choose a positive or negative slope. edge at the chosen level. The slope — positive
L ike coupling, the selected slope is associated with here — is highlighted on the trigger icon.

the chosen trigger source.
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PART ONE: GETTING STARTED

TO0 RE-ARM A TRIGGER

Three trigger re-arming modes — AUTO, NORMAL, and SINGLE — are
available for all types of triggers. In addition, STOP cancels the capture in all
three modes.

AUTO
Press to activate AU TO mode: the trace will automatically be displayed if no trigger occurs
soon after. But if a signal does occur, the Waverunner-2 behaves as if in NORMAL mode.

NORMAL
Press to enter NORMAL mode and continuously update the display while there is a valid
trigger. If there is no valid trigger, the last signal is retained and the warning “SL OW
TRIGGER?” is displayed in the trigger status field.

SINGLE
Press to enter SINGL E mode: the Waverunner-2 will wait for a single trigger to occur, then
display the signal and stop capturing. If no trigger occurs, you can press this button again to
manually trigger the scope.

STOP
Press to halt the capture made in AUTO, NORMAL or SINGLE re-arming modes. Press
STOP to prevent capture of a new signal, or while a single-shot capture is under way to keep the
last captured signal.

70 RECOGNIZE TRIGGER ICONS

Trigger icons allow immediate on-screen recognition of the current trigger conditions. There is an
icon for each trigger. The more heavily marked transitions on the icon indicate the slope on which the
trigger will be generated. T he icons are annotated with information on the trigger settings.

This icon, for example, represents an E dge trigger set up to trigger on the positive slope, at a level of
0.008 V, with a holdoff time of 50 ns.
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CHAPTER T wo: Simply Trigger

USE WINDOW TRIGGER

Define a region whose boundaries extend above and below the selected trigger level. A trigger event will occur
when the signal leaves this window region in either direction and passes into the upper or lower region (Fig. 2).
The next trigger will occur when the signal again passes into the window region.

lope 1
Fos Neg
1. Select lWindow

indow size
BT.BmyY

—
’/:rﬂcuund leve?‘ . . . )
2. Then turn the knob for to define the size of the window region (0.80 to 9.99 V).

As you turn the knob, a solid bar that shrinks or lengthens at the left-hand side of the grid visually indicates the
window’s height.

Upper Region
2
4
O
o
<
Trigger Level m
@
o
z

L ower Region

>
Time
Triggers

Figure 2. Window Trigger: triggers when the signal leaves the window region. The arrows indicate
where triggers occur when the signal leaves the window region.
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PART ONE: GETTING STARTED

TRIGGER SOURCE
The trigger source may be one of the following:

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 oscilloscope (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 oscilloscope within
arange of +0.5V on EXT and £5 V with EXT/ 10 as the trigger source.

Level

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

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

+5 screen divisions with a channel as the trigger source

+5V with EXT/10

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

Note: Orice specified, Trigger L evel arnd Coupling are the only

parameters that pass unchanged from trigger mode to trigger mode
for each trigger source.
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CHAPTER Two: Simply Trigger

OBTAIN ATRIGGER STATUS SUMMARY

Display a summary of the status of your trigger, as well as timebase, vertical sensitivity, probe attenuation, and
offset and coupling for each channel.

SCOPE PRINT
STATUS SCREEN
1. Press to showthe STATUS menus. TIP: Press to document your status summary
and make a hard copy
2. Select Acquisition. FANELS
Press when you have a setting you wart to
reuse (see the next chapter for more on this).

ACOUTSTTION

i
Wl BB my g W
Pr z sl 1 : %]
OEEaat [ 3dps W AT a0 W -[_ 780 W
Loupling HL 1ML - LI HL 1M HLE 1ML
Bl Limit 0| i3 0F OF

vertical

[Ele -]

Saquanca i ZA8A

gger  Edge Made STOPFED
Extarnal Attenuation =l

U U 1 Do -34Bmy

—=% +—+ HofFF EB.B ns

Fra-tpr 1gger e lay

Press the SCOPE STATUS button for access to full-screen summaries of your Waverunner-2’s
system status and other functional status.

See Chapter 8, “Trigger Smart,” for more about E dge trigger and all about the SMART Trigger types.
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CHAPTER THREE: Display YourSigral

In this chapter, see how
To view signal changes over time
To set up the display

To set up for Analog Persisternce™
7o choose a grid style

To save and recall parel setups
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CHAPTER THREE

Display Persistence

You can use Waverunner-2 colors and tools to display your
signal on the screen.

View one, two, four, or eight grids and up to eight traces
(depending on model) at the same time. Adjust display and
grid intensity. Choose from several grid styles. Or fill the
entire screen with your waveforms using Full Screen.

You can personalize your Waverunner-2 display, while
managing color and screen intensity automatically. The
displayed signal and all related information share identifying
colors chosen by you. Show signals and traces opaguely or
transparently, so that overlapping objects — traces over
traces, traces over grids — are always visible.

Other invaluable tools and techniques, such as the
Analog Persistence feature, help you display your waveform
and reveal its idiosyncrasies.

VIEW SIGNAL CHANGES OVER TIME

Display Your Sigral

TIP. To clear your settings and make a
“fresh” start on a new waveform:

1

2

5 Press AUTO SE TUP twice.
T hen follow the steps below

Connect the signal to be measured to a
Waverunner-2 chanrel.

Simultaneously press the second and

fifth menu soft keys and ' to revert

to the default settings.

Turn off any urmanted traces by
pressing A, B, C, orD.

Press SELECT 1 2, 3 or4 forthe
signal’s channel and choose
“Coupling.” E nsure that the coupling
matches the circuit’s impedarice. If not,
set it correctly using the menu soft key:

=

Use Persistence to accumulate on-screen points from many acquisitions and see your signal change over time.
The Waverunner-2 persistence modes show the most frequent signal path “three-dimensionally” in intensities

of the same color, or graded in a spectrum of colors.

To display your waveform with persistence:

ANALOG
PERSIST

1. Press & to display your signal with
Analog Persistence or Color Graded persistence.

DISPLAY

2. Press to display the “Display Setup” menus.

WR2-OM-E Rev C
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PART ONE:

SET UP YOUR DISPLAY

GETTING STARTED

3. Use these menus to set up your display. When not using persistence, some menus

OISPLAY SETUR

Standard
=
—ersistence

oFF [

(InFinite)

Setup

More Oisplay

are different, as indicated below

Selects standard or XY display: Standard is selected by default.
See Chapter 9, “Display More,” for XY display.
ANALOG
PERSIST
Turns persistence on or off. Or press ‘W to toggle it on or off.
Infinite is the default “persist for” setting under Persistence Setup.

Sets up the persistence display (see next page). When Persistence is Off,

this menu becomes Dot Join: when there are more than 400 sample
points on the screen, the points are connected by line segments.

Accesses more display setup menus. See Chapter 9, “Display More.”

Persistence g

T

Jetup
Grids
S ing leuiEEN
Guad Octal
—For trace— /@\
l234ABC fe' &
D Aall .
—saturate at—
BO.E X
(toggle zerol \/'@
;/‘, ’

TIP: At 0% intensity in Standard display
without persistenice, the waveform and text
disappear:

PANELS

Press to recall a panel setup and to
return them to normal brightness.

52

Selects the grid style and number. See page 58.

Used with persistence to select the displayed trace for the
menu action below When persistence is not being used, this
menu is called Wform + Text and its knob adjusts
waveform and text brightness.

Used with persistence to select the percentage of
saturation: 100% spreads the spectrum across the entire
depth of the persistence data map; at lower values, the
spectrum will saturate — brightest color or shade — at the
percentage value specified. L owering this percentage causes
the pixels to be saturated at a lower data intensity, and
makes visible rarely hit pixels not seen at higher
percentages.

When persistence is not being used, this menu is called
Grid intensity; its knob adjusts the intensity of the grid.
Grids can be brightened, or blended with displayed traces
by reducing their intensity. Also press this menu soft key to

§retum brightness from 0% to the default level.

ISSUE D: January 2002
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4. Press the menu soft key for

PERSISTEMCE

—Last Trace—
Cshow)

oFF [

—Fersist For—

B.5 s 1 5k
E E g
B s 20 s

Top 2
—lsin

Color Graded

—For trace—

B234ABC
D All

—saturate at—
56.8 X
(zero togglel

WR2-OM-E Rev C

SET UP FOR PERSISTENCE

CHAPTER THREE: Display YourSigral

Persistence

Setu E
K to access these menus.

5. Use them to set up your persistence display.

O

o

Displays the last trace captured.

Selects the persistence duration, in seconds. If this were to be set at
1s, for example, each captured trace would be displayed for one
second and then deleted. The number of sweeps included in the
display (up to one million) is indicated at the bottom of each trace
label. The default selection is I nfinite.

Selects persistence for all, or the top two labeled traces displayed. This
becomes useful when four traces or functions are shown and
persistence will not be applied to all of them.

Selects Analog and renders the persistence data maps to the screen in
intensities of the trace color; or selects Color Graded, where the
maps are rendered in a red-to-violet spectrum.

= Selects the displayed trace for the menu action below
/T

Selects the percentage of saturation. See menu

/@ explanation on the previous page.

0.

6. Press Return to go back to the main display setup menus.

CLEAR
SWEEPS

TIP. Press to restart the persistence accumulation of
points — for example, when you change the signral source and

want to clear the previous trace.

53
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GETTING STARTED

SET UP FOR PERSISTENCE AND HISTORY USING ANALOG PERSIST BUTTON

ANALOG
PERSIST

7. Press ‘ .

PERSIST

—Persistence

OFF [

(8.5 sl

Persistence
Setup

History

8. Use them to set up your persistence display.

E nables Persistence. The displayed time interval is the “Persist for”
setting from Persistence Setup.

Displays the PERSISTENCE SETUP menus described on the
preceding page. The number of sweeps included in the display (up to
one million) is indicated at the bottom of each trace label. The default
selection is I nfinite.

Displays History menus (see next page).

O
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WHEN USING THE ANALOG PERSIST BUTTON TO ENTER HISTORY

The default number of segments and the record length are determined by the
“Sequence” and “Record up to” settings in the Timebase menu. You can change
these settings at any time, although doing so will clear sweeps and begin a new
collection of data. In History mode, each sweep will be composed of a number of
segments, each with a defined record length.

To initiate History data collection, properly trigger the scope; the signal will be
collected. Persistence will be automatically turned on before data collection, with the
“Persist for” setting defaulted to whatever was previously set.

NORMAL SINGLE

To collect more than one sweep, trigger in mode or press for the
required number of sweeps. Single shot triggering is best because there is no way to
view a segment in a sweep earlier than the current sweep unless that sweep was
saved to memory.
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SET UP FOR HISTORY

History E
9. From the PERSIST menu, select
HISTORY 10. Use these menus to set up your History display.
HISTORY Turns History off and returns to preceding menu.
OFF
Searches through a set of segments one by one or plays through them
SEARCH g in forward or reverse order, with a pause for each display.
Selects the type of segment data to be displayed below the grid.
—Shou T imestamp displays acquisition time for each segment, time since the

first segment in that sweep, and time between segments. Voltage
displays five voltage parameters plus statistics. T ime displays similar
information for time parameters.

—on channel—,

1H

Selects the trace for display, defined by the selections below

For
100 y @ Selects the number of events when Time or Voltage is
(everts ) Y _',/ selected for “Show” above. When Timestamp is

selected, you can scroll through the segments one at a
time by pressing the soft key, or play through them in
forward or reverse order by turning the knob.

—saturate at—
5.8 %
(toggle zerol

Used with persistence to select the percentage of
/(?\ saturation: 100% spreads the spectrum across the entire
1 ) depth of the persistence data map; at lower values, the
e spectrum will saturate (brightest color or shade)at the
percentage value specified. L owering this percentage
causes the pixels to be saturated at a lower data intensity,
and makes visible rarely hit pixels not seen at higher
percentages.

W 0 U U uu N
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SERARCH g
11. To view a particular segment, from the HISTORY menu select . The segment
selected is displayed on channel D.
SEARCH 12. Use these menus to locate the segment for display.
PLAY P Automatically displays each segment sequentially forward, beginning
() with the selected segment. Press a second time to stop forward play.
4 REVERSE Automatically displays each segment sequentially backward, beginning
D) with the selected segment. Press a second time to stop backward play.

4 Press the button to advance forward one segment at a
- l/ time, or turn the knob forward or backward to rapidly
locate a segment.

D Selected
Jegment
57

O
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Standard
Ry

Grids

Dual

Huad

Standard|
XY

Grids
Single NVEQ
Quad

Standard

Grids
SlnEle Dual

CHOOSE AGRID STYLE

At left are the Standard grid styles for one, two, and four
grids. Depending on the Waverunner-2 model, six or eight
traces on six or eight grids can be shown at once (see
facing page), with their trace labels and any combination
of math, zoom, and memories. Standard grids present
source waveforms versus time (for FFT, versus frequency).
XY display; on the other hand, compares one source
waveform with another. It has its own special grids (see
Chapter 9, “Display More”). The Parameter-style grid
is displayed automatically when parameters are used (see
next chapter).

7O LINKAND SEPARATE OBJECTS
WITH COLOR

Advanced color management ensures that
objects — grids, waveforms, cursors, or text — are
always visible, even when overlapping. Signals and
their related data are color associated. E ach trace
has its own dedicated color. Persistence displays are
automatically color matched to the parent trace.
Related traces and text, icons and parent-daughter
zoom regions are also linked by color.

T he choice of background coloris limited to the
darker colors so that displayed objects will be clearly
defined and recognizable. The colors of objects that
are too close in hue to the chosen back ground color
are automatically changed so that the objects always
stand out.

E ach trace has its own color. But 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 a
number of expanded regions.

Trace-related text includes pieces of on-screen
information that describe measurement parameters,
cursors, triggers, waveforms, and channels. A
standard text color covering all on-screen text exists
in the preset color schemes, or can be chosen for
custom palettes. See Chapter 9, “Display More.”
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IR

2
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Waveform source descriptions, trace labels and the information they contain will always take the
color of their respective traces, as in this four-channel model’s Octal-grid, eight-trace display.

Most menus are displayed in the text color only: T he active trigger edge or condition shows source
related information in the trace color, as does the trigger icon. Channel Coupling menu titles are
trace colored, and Math Set-Up menu sources have their own color.

Select Opaque to place overlapping waveforms one on top of the other in normal, non-transparent
layers. Select 7Transparent for overlap mixing: those areas of the waveforms that overlap will
automatically change color, while grid intensity remains constant. See Chapter 9, “Display More.”

Objfects are automatically overlaid in sequenice. W ith traces of the same type, the foremost is
described in the top trace label, the next in the second-from-top trace label, and so on in descending
order toward the back ground. Choose the order in which traces appear using the SEL E CT soft keys.
W hen different types of traces are displayed, placed by default in ascending order from the grid at
the bottom are: envelope traces, persistence traces, normal traces, and cursors (foremost on the
screen). T his sequence can also be customized.
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GETTING STARTED

Save and Recall Your Parel Setups

Your Waverunner-2 scope allows you to store your preferred display settings and recall them later. Or choose to
recall a default setup already installed in the scope. Storing and recalling panel setups is very practical when you
have set up elaborate zoom and math displays on multiple traces and would like to use them on another signal.
The scope can store four panel setups in volatile memory, and many more to floppy disk or the optional PC
Card slot (memory card or hard disk card), in numbered files marked with their date and time of storage. You
can recall them quickly and easily for later use.

SAVE PANEL SETUPS

1

PANELS

Press to display the PANEL SETUPS menus.

PAMEL SETUPS

——choose
Recall far)

—T0 SETUP1—
Empty

— 10 SETUPZ—,
Empty

— 10 SETUPZ—,
Empty

— 10 SETUP4—,
Empty

TO CARO

T4 FLOPPY

Use these menus to save your preferred panel setups — to SETUPL1 in this

example.

__ 2. Select Save.

__ 3. Savesto SETUPL.

W savestoSETUP2.

W savestoSETUPS.

W savestoSETUP4.

/@
__ L 3} SavestoPC Cardslot.

T

—_ /@ Saves to floppy disk.
3 '//

e
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RECALL PANEL SETUPS

choose
Fecal ] EEslgN]
Save

1. Press the soft key to select

—FROM SETUP3—

2. Press the soft key to select S;—?SEE?EIEIEI and recall the setup you stored for example in SETUP 3.

Or, to recall a default setup already stored in your scope, press the soft key to select

FROM DEFAULT
SETUP

Or, when you store setups to floppy disk or PC Card, press the soft key to select From Card E

ar Flpy

The last alternative accesses the RECALL SE TUPS menu, which enables you to recall setups from a
floppy disk in the floppy disk drive, or an optional portable storage device (PC memory card or hard disk
card) in the PC Card slot.

To store and recall the waveforms themselves, see Chapter 5, “Use Math Tools.”
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CHAPTER FOUR: ChooseaMeasure Tool

In this chapter, see how
To control time cursors
To control amplitude cursors

To use cursors in standard display

To select a standard parameter
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CHAPTER FouRr Choose a Measure Tool

Cursors: Tools for Measuring Signal Values

In Standard display mode, Amplitude (or Voltage) cursors, which appear as broken lines or bars
running across the screen, are moved up and down the grid pixd by pixd.

Time cursors (arrows or cross-hair markers that move along the waveform) can be placed at a
desired time to read the amplitude of a signal at that time, and moved to every sirge pairt acquired.

When a Time cursor is placed on a data point, a cross-bar appears at the tail of the arrow; or at top and bottom
of the cross-hair marker.

In Absolute mode, a single cursor is controlled. 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 Relative mode, two Amplitude or two Time cursors are controlled at the same
time, 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 cursors are used, the time is shown below
the grid. In Relative mode, the frequency corresponding 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.

CURSORS AND PERSISTENCE

When using Persistence, Amplitude cursors are the same as in Standard Display (see above). Time cursors are
vertical bars that move horizontally across the screen.
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CURSORS IN XY DISPLAY

In XY Display, Absolute Amplitude cursors are horizontal and vertical bars that you can move up and down
and from 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 left-hand side of the grid in the following top-to-
bottom order.

1. “AY value/ AX valug'.........ccouen... Ratio

2. 20 0log 10 (ratio)” ...oceeeereereereeereenes Ratio in dB units
3. “AY value [A X value”.......coveunnnn. Product

4. “@= arctan (AY / AX)

range [-180° t0 +180°]” .....ccccveererrrerreenenne Angle (polar)

5 “r=sgrt AX A X + AY [A Y)"..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.

Cursors
T Abs
Aabs ARel Org = (0,0) Org= Vxoffset TRel
VYOffset

AX 1 VxRef— 0 VXDif — VXRef VxRef— 0 VxRef — VXOffset VXDif — VXRef

AY VyRef— 0 VyYDif — VYRef VyYRef— 0 VYRef — VYOffset VyYDif— VYRef
WHERE: - -
Anps | AbsdueAnplituck arsors | Vxeer | VdiapdtreRdarrass mitteX trae
Arel | ReativeAnplituck arsars | Vveer | VdapdteRdameany mitteY trae
Tabs ‘ A bsolute Tinre aursars ‘ VxDif ‘ V dtapd tre Diffrae arsar antre X tree
Trel ‘ Relative Tinre aursors ‘ Vybit ‘ V dtapd tre Diffree arsor antre Y tree
Org ‘ Orign
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WAVEPILOT

Wit

CHAPTER FouUR: ChooseaMeasure Tool

1. Press. o ;thefollowing menu is displayed.

WAVERPILOT

TURM OFF
CURSORS

Cursors

Measure

Graph

Pass 4 Fail

Analysis
Packages

WR2-OM-E Rev C

2. Use these menus to set up for parameters.

Turns off cursors (or parameters) and returns the display to grids only.
To reactivate cursors, press the soft key for Cursors, next in line. To
reactivate parameters, press the soft key for Measure.

Accesses cursor setup menus.

Accesses jparameter setup menus.

Access Histograms, JitterTrack, FFT, and TrackView features.

Accesses setup menus for pass/ fail testing.

W NN

/@\ Accesses software options like Power Measure. These

i software packages modify normal scope control and menu
__ 5 _,'/ layout. This soft key is labeled only if analysis packages are
loaded.

- g
&

A 4
i
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GETTING STARTED

3. Press

‘ Cursors E

CUR3ORS

moce

Amplitude
type

Absolute

show

-1 k)

Jlope

ReFerence
Cursor
Track On

OiFFerence
Cursor

; the following menu is displayed.

4. Use these menus to set up your cursors.

Selects Amplitude (voltage), or Time or frequency cursors.

Relative displays two cursors, Reference and Difference, and indicates
either the voltage or time and voltage between the two. Absolute displays
a single cursor that indicates either voltage compared to ground, or this
and time compared to trigger point.

Selects the Difference minus Reference cursor, or the Difference plus
Reference cursor. This appears only if XY Display is activated.

/@ Controls the Reference cursor available with Relative

i | cursors. With Track on, reference and difference cursors are

5 _,'/ controlled by this knob and move together; a constant time
or voltage interval is maintained between them. T his
tracking interval is represented by a bar (horizontal for
time; vertical for voltage) that appears above or to the left
of the grid.

Controls the position of the Relative cursor. It is available
only when Relative is selected from the ‘type” menu above.

W 0 06N uN

\

A
=

p*

S
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Measure with Cursors

Cursors are important tools that aid you in measuring signal values. Cursors are markers — lines, cross-hairs, or
arrows — that you can move around the grid or the waveform itself. Use cursors to make fast, accurate
measurements and to eliminate guesswork. There are two basic types:

Time (Freguency) cursors are markers that you move horizontally along the waveform. Place them at a
desired location along the time axis to read the signal’s amplitude at the selected time.

Amplitude (Voltage) cursors are lines that you move vertically on the grid to measure the amplitude of a
signal.

CONTROL THE TIME CURSORS

DISPLAY

1. Press and make sure that Standard is selected in the top menu.

(Wit

2. Press 4 thenselect Cursors.

{0 d =) SINGLE
3. Press the soft key to select ‘ TIP: Press as a smooth way to stop your
Amplitude Waveruniner-2 scope and allow measuremert of
the displayed waveform.
Relatiwve

Absolute

type ‘

4. Press the soft key to select

cursar
Fosition

5.  Turn the knob for to move the Absolute Time cursor T

Watch this cross-hair marker move up and down along your displayed waveform. As it moves, the cursor’s time value
in relation to the trigger point is shown beneath the grid, and its voltage value in the trace label.
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6. Press the soft key to select
type

Abhsolute

TIP: Select “) & 1 from the “show” mernu to display in
the trace label the absolute amplitude, with respect to
grourd level, of the two Relative time cursors.

=

7. Turnthe knobs to move the two Relative time cursors T | along the waveform.

Beneath the grid the Waverunner-2 shows the relative time and voltage difference between the two cursors.
When you use Relative time cursors, the Reference cursor (upward-pointing arrow) can be changed, and could
be different from the trigger point. You might place it, for example, at the falling edge of the captured signal’s
oscillations. You can move the Difference cursor (downward-pointing arrow) to measure the time difference
anywhere on the waveform. Selection |—1 displays the subtraction of the reference from the difference

amplitudes.

CONTROL THE AMPLITUDE CURSORS

1. Press the soft key to select

mode
Time
Frmplitude

2. Press the soft key to select

type
Relatiwve

Absolute

cursor

3.  Turn the knob for Position

TIP: Tum Track “On” in the Reference Cursor
menu. T he differenrice between the Refererice and
Difference cursors will remain the same when you
turn this menu’s knob, and the two cursor bars will
move in tandem. Tum the Differerice cursor mentu
knob: only this cursor’s position will charge. The
link between the two cursors Is indicated by a
vertical bar at the side of the grid. Press the sarme

menu soft key to turn Track “Off”. §

to move the Absolute Amplitude cursor — » — » — -

Place it at the top of your displayed waveform. T he difference in amplitude between the cursor and the ground
level (indicated by the ground level marker at right of grid) is shown in the trace label.
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type
4.  Press the soft key to select m and show two bar cursors: Reference and Difference.
Absolute
ReFerence
cursar he Ref
5. Turn the knob for Track Op |to move the Reference — — — — — cursor.

ReF + DiFF
. Cursors
Turn tracking on Track OFF m to move both cursors together.

DiFFerence
Cursor

6. Turnthe knob for to move the Difference cursor only.

When you use Relative Amplitude cursors, you can make the Reference cursor different from ground level. You
might place it, for example, at the base level of a square wave. You could then position the Difference cursor at
the top of the waveform. T he difference between the two would then give you the signal’s amplitude, indicated
in the trace label, as illustrated on the next page.
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MEASURE

0FF

Pa

Time

Ampl itude

j type j
“

{ moce ‘

Absolute

BE

STOPPED

Relative A mplitude cursors mark out the signal’s amplitude. Here it is 510 mV, as indicated in the
trace label at top-left of screen.
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70 USE CURSORS IN STANDARD DISPLAY

You can move Amplitude (V oltage) cursors — broken lines or bars running across
the screen — up and down the grid pixel by pixel. A mplitudes are shown in the
trace label for each trace.

Place 7/ime (Frequency) cursors — arrows or cross-hair markers that move along the waveform —
at a desired time to read the amplitude of a signal at that time, and move them to every single
point acquired.

W hen you place a time cursor on a data point, cross-bars appear on the arrow and cross-hair
markers - | T.

The time is shown below the grid. In Relative mode the frequency corresponding 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.

In Absolute mode, you control a single cursor. You can display the cursor location’s readings for
amplitude (using amplitude cursors) or time and amplitude (using time cursors). Measured voltage
amplitudes are relative to ground; measured times are relative to the trigger point.

In Relative mode, you control a pair of amplitude or time cursors, and get readings on the
difference between the two in amplitude, or time and amplitude.

WHEN IN PERSISTENCE MODE

In persistence mode, amplitude cursors are the same as in Standard display, while time cursors are
vertical bars running down the screen and moving across it.

TIP. To set time-cursor amplitude units in volts or decibels...

UTILITY

Press to access and select Special Modes. T hen select
the Cursors Measure menu to access and use the Read time
cursor amplituades in menu to select the desired unit.

==
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Measure Automatically with Parameters

Parameters are measurement tools that determine a wide range of signal properties. Use them to automatically
calculate time and voltage values. There are parameter modes for the amplitude and time domains, custom
parameter groups, and parameters for pass and fail testing. You can make common measurements on one
signal in either the standard voltage (amplitude) or standard time modes. On more than one signal, select
parameters from a Custom category and use them to determine up to five quantities at once. Pass and fail
parameters can be customized, too. You can accumulate and display statistics on each parameter’s sweeps,
average, lowest, highest and standard deviation. See Chapter 11, “Analyze with Parameters,” for howto
customize parameters, and for a description of each.

i

A special display is automatically used with parameters, whose data are listed beneath the grid (see
next page for display setup). Shown here: a Full-Screen, Quad-grid parameter display. Top of facing
page: the Standard, Single-grid, parameter display.
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CHOOSE A STANDARD PARAMETER

1. Press _ ,thenselect Measure.

Standard Voltage will be selected by default in the mode menu, shown

below; and a list of five parameters will appear beneath the grid. This list
will change when Standard Time is selected. While Measure is selected,
statistics accumulation (see below) goes on, even if not shown.

2. Use these menus to set up for parameters.

B

Selects the mode. Standard Voltage measures for a single signal: peak-
to-peak (the amplitude between the maximum and minimum sample
values), mean of all sample values, standard deviation, root mean square
of all sample values, and signal amplitude. Standard T ime measures for
a single signal: period, width at 50% of amplitude, rise time at 10-90% of
amplitude, fall time at 90-10% of amplitude, and the delay from the first
trigger to the first 50% amplitude point.

Automatically calculates the displayed parameters’ average, lowest, highest
and standard deviation, and number of sweeps used.

Selects the trace on which the parameters are to be measured. This menu
indicates those traces displayed.

Sets the starting point in screen divisions for parameter

3 @ measurements, using the knob. Turn Track On, using the

s _,'/ soft key. Control of the starting and end points is linked
and they can be moved together using the knob.

@ Sets the end point in screen divisions for parameter
-

measurements, using the knob. Also indicates the total
number of data points used for the measurements.
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DISPLAY
3. Press to set up the display (to select parameter grid styles, for example) using DISPLAY SETUP.
See the preceding chapter.

TURN OFF CURSORS AND PARAMETERS

S Wit

1. Press J_ to return to the Wavepilot menus, or press ¢

2. Press the soft key to
PARAMETERS

TURM OFF ‘

TIP. To clear parameter “statistics” press

CLEAR
SWEEPS
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70 RECOGNIZE PARAMETER SYMBOLS

The algorithms that allow the Waverunner-2 to determine pulse-waveform parameters
detect the particular situations where the mathematical formulas can be applied.

Sometimes you should interpret the results with caution. In these cases the scope alerts you by
displaying a symbol under the grid between the name of the parameter and its value. These symbols
act as information or warnings:

1! The parameter has been determined for several periods (up to 100), and the average of
those values has been taken.

.L_f" The parameter has been determined over an integral number of periods.
l The parameter has been calculated on a histogram.

- - = Insufficient data to determine the parameter.

py A mplitude histogram is flat within statistical fluctuations; minimum and maximum are
used to assign top and base.

Only an upper limit could be estimated (the actual value of the parameter may be
smaller than the displayed value).

P

The signal is partially in overflow.

The signal is partially in underflow.

= = =

The signal is partially in overflow and in underflow.
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In this chapter, see how
To set up for math
To do multiplication
To performan FFT
7o do summed averaging

7o store and recall waveforms

7o obtain a wavefonm or memory status report
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CHAPTER Five Use Math Tools

Make Math Easy

With Waverunner-2 math tools you can perform mathematical functions on a waveform displayed on any
channel, or recalled from any of the four reference memories M1, M2, M3, or M4. To do computations in
sequence, you can also set up any trace of A, B, C, or D for math.

For example: you could set up Trace A as the difference between Channels 1 and 2, Trace B as the average of
A, and Trace C as the integral of B. You could then display the integral of the averaged difference between
Channels 1 and 2. Any trace and function can be chained to another trace and function. For example, you could
make Trace A an average of Channel 1, Trace B an FFT of A, and Trace C a zoom of B.

Waverunner-2 math tools are available in these standard and optional packages:

Arithmetic | Sum (add), Difference (subtract), Product (multiply), Ratio (divide)

Averaging | Summed (linear) of up to 4000 sweeps or Continuous Average

STANDARD E xtrema envelope, floor, roof
MATH FFT Fast Fourier Transform to 50000 points; Power Spectrum, Phase,
I ncluded with all Magnitude; All FFT Windows
Waverunner-2 Functions | Identity, Negation, (Sin x)/x
oscilloscopes Resample (deskew)

Rescale

E nhanced Resolution (ERES)
EXTENDED Functions Absolute Value, Derivative, Exp (base €), Exp (base 10), Identity,
MATH AND Integral, L og (base €), Log (base 10), Reciprocal, Square, Square
MEASUREMENT Root
OPTION (EMM)
All tools in Trending
Standard Math H istograms for 200 events
plus:
WAVEANALYZER Averaging Sumr_ned, or linear, Average of up to one million waveforms;
OPTION Continuous Average
(WAVA) FFT+ Fast Fourier Transform to one million points; FFT Average;

: . y .

All tools in Power Averaging, Power Density, Real, Real + Imaginary
E xtended Math .
plus: Histograms | Histograms, Histogram Parameters (up to 2 billion events)
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SET UP TO DO WAVEFORM MATHEMATICS

After connecting your signal to a Waverunner-2 channel (Channel 1 in this example), do the following:

1. Press

2. Press the soft key to

3. Press

4.  Press the soft key for

5. Press the soft key to select F No

1

A

to select CHANNEL 1 and display the Waverunner-2's basic menus.

Z00mM ‘

to make Trace A azoom of Channel 1.

SETUF E

use Math?

; \‘and display the SETUP OF A menus, shown next page.

70 SET UP FOR MATH ANOTHER WAY

First.

Second.

Third.

Fourth.

MATH
TOOLS

Press to display the ZOOM + MATH menus.
Select HEDEE.IINE A Eor one of the other traces.

use Math?
Press thesdt key to select F Mo Ne=ts \‘

Follow the first three steps in the procedure above.

NOTE: A waveform
processing title for each
displayed trace will be shown
inits trace label. If the title is
missing, the math function
cannot be dore and the
coriterits of the trace will
remain unchanged.

/8
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CHAPTER FIVE: UseMathTools

USE AMATH TOOL

Use these menus to choose and set up any math tool. As an example, select the arithmetic tool Product to
multiply Channel 1 by Channel 2.

SETUP OF A
—Lse Math?—

—ath TEEE—

Awerage
Correlate
Enh.Res
Extrema F

m
S
S
R
3
2
=

6. Press to select Arithmetic.

Sum k
OiFFerence
Product

7. Pressto select Product.

0w N

aF /@\ 8.  Press the soft key or turn the knob to select Channel 1
IBCD ke o as the source trace. When using Arithmetic, this sets
Ml M2 M2 M4 . one of the two operand sources. Using other math
- types, this menu may be in a different position and may
—times set the signal offset, number of sweeps, or compensate
1THEBCD for any DC offset in the signal.
Ml M2 M3 M4

Press the soft key or turn the knob to select the trace
by which the source trace Channel 1 will be multiplied.

\

|

Y
=

p*

Now go on to set up your trace as an FFT (Fast Fourier Transform) function (next page).
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PERFORM AN FFT OPERATION

Continuing from the preceding steps, set up Channel 1 for FFT. Fast Fourier Transform will convert your time
domain waveform into a frequency domain spectrum similar to that of an RF spectrum analyzer display. But
unlike the analyzer, which has controls for span and resolution bandwidth, with the Waverunner-2 you
determine the FFT span using the scope’s sampling rate (see Chapter 10, “Use Advanced Math Tools”).

10. Pressthe soft key to select FFT from the Math Type menu. T1P: During FET computation,

the FFT sign is showr below
the grid. T he computation can

Spectra will be shown with a linear frequency axis running from zero to take a while o forg time-

the Nyquist frequency. The frequency scale factors (Hz/ div) are in a .
1-2-5 sequence. The processing equation is displayed at the bottom of 5‘?;00”7‘71{'; ;z;c O'th’?g‘g J’O,‘; ;'3{7
the screen, together with the three key parameters that characterize an P il YV pressing

FFT spectrum: any front panel button. %
Transform size N (humber of input points)

Nyquist frequency (= ¥ sample rate)

Freguency increment, Af, between two successive points of the spectrum.

These parameters are related as: Nyquist frequency = Af OON/2, where Af = 1/T, and T is the duration of
the input waveform record (10 Otime/ div). The number of output points is equal to N/ 2.

FT result

Phasze k
Power Dens

11. Press the soft key to select Power Spectrum from the menu | |[SS=Ial
Real

Real+Imag F

Power Spectrum is the signal power, or magnitude, represented on a logarithmic vertical scale: 0 dBm
corresponds to the voltage (0.316 V peak), which is equivalent to 1 mW into 50 Q. Power Spectrum is
suitable for characterizing spectra that contain isolated peaks (dBm).

Other FFT functions available in this menu depend on the Waverunner-2 math options installed in your
scope (see page 77).
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CHAPTER FIVE: UseMathTools

Phase 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 wave starting at the left-hand edge of the screen has a—
90° phase. Phase is displayed in degrees.

Power Density: Signal power normalized to the bandwidth of the equivalent filter associated with the FFT

calculation. Suitable for characterizing broadband noise. Power Density is displayed on a logarithmic vertical
axis calibrated in dBm. It is available only with the WaveAnalyzer option for the Waverunner-2.

Magnitude: The peak signal amplitude is represented on a linear scale, in the same units as the input signal.

Real, Real + Imaginary, Imaginary: Complex result of the FFT processing in the same units as the input
signal. These are only available with the WaveAnalyzer option.

ith window

Wan Hann
12. Now turn the knob to select Von Hann ’/w oc and press the soft key to select AC.

AC forces the DC component of the input signal to zero before FFT processing, and improves the amplitude
resolution. This is especially useful when your input has a large DC component.

FFT windows define the bandwidth and shape of the FFT filter. (See Chapter 10, “Use Advanced Math
Tools,” for the windows’ filter parameters.)

Von Hann (Hanning) windows reduce leakage and improve amplitude accuracy. But they also reduce
frequency resolution.

Rectangular windows should be used when the signal is transient (completely contained in the time-domain
window) or you know it to have a fundamental frequency component that is an integer multiple of the
fundamental frequency of the window Other signal types will show varying amounts of spectral leakage and
scallop loss when you use a Rectangular window To correct this, use another window type.

Hamming reduces leakage and improves amplitude accuracy, but also reduces frequency resolution.

Flat Top provides excellent amplitude accuracy with moderate leakage reduction, but also reduces frequency
resolution.

Blackman-H arris windows reduce leakage to a minimum, but reduce frequency resolution.

13. Inthe final FFT step, press the soft key to select the source trace.

The “before” and “after” of your FFT computation is shown on the next page.
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SETUP OF

—use Math?—

y 1 e . ‘
AR

—Math T|_”'n-—|

O STOPPED

FFT Power Spectrum: The top grid shows the waveform in the time domain, while the bottom one
shows it in the frequency domain, after FFT Power Spectrum has been applied. With the cursor
measure tool (positioned here on the left-most peak of the FFT trace) you can read either the time or
frequency of your waveform. Trace A’s label indicates 50 MHz per division in the frequency domain.
The memory status field beneath the grids gives other FFT information.

Wit

To move the cursor from one waveform to the other, press | then keep turning the

cursar
Fogition

knob until the cursor reaches the end of the waveform. The cursor will jump to
the other waveform, and the indication below the grid will display “Time” if the cursor is on the top
waveform or “Freq” if onthe FFT waveform.
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DO SUMMED AVERAGING

Now make a Summed Average of your waveform — again, going on from the previous steps. Averaging is
normally used to eliminate noise.

14. Pressthe soft key to select Average from the Math Type menu.

Awvg Type
15. Press the soft key to select the type of averaging you want . For Summed averaging,
Continuous

you specify the number of acquisitions to be averaged. Continuous averaging helps to eliminate the
effects of noise by continuously acquiring new data and adding the new waveforms into the averaging
buffer. The averaged data is updated at regular intervals and presented on screen. You determine the
importance of new data vs. old data by assigning a weighting factor. continuous averaging (the default
selection) allows you to make adjustments to a system under test and to see the results right anay.

The Waverunner-2 starts the calculation immediately.

For
1EEE

[sweeps) (up

16. Turn the upper knob to set the number of sweeps‘

t0 4000)

This is counted in the trace label, as shown here, at right:

If the Continuous Average is selected, the “for” menu becomes “with...weighting”.
Use it to define the weight.

(See Chapter 10, “Use Advanced Math Tools,” for the difference between
summed and continuous averaging.)

17. Finally, press the soft key or turn the knob to select the source trace:

2
il

The type of result you can expect is illustrated on the next page.
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SETUP OF f
—usze Math?—
‘ No e

—Math quH———

—HAvg Type—
SLmme
H Continuous

‘————FHF

d234BCD

—ufF
‘n1mn3m_

16 my OC &

—R:Average (] 4
2 20 my OC X 25000 —> it

O STOPPED

Summed A verage: N oise evident in the signal shown in the top trace has been eliminated from the
averaged waveform on the lower grid. T he calculation was stopped after 206 sweeps. The number of
points used in the calculation is shown in the information field at the bottom of the screen. The same
number of points means that all points were used in the calculation.
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Save and Recall Waveforms

Save your waveforms to internal reference memory — M1, M2, M3 or
M4 — or to floppy disk or the optional PC Card slot (Memory card or

- lergth per channel, or per zoom
HDD). Recall them later for further analysis. You could zoom them or ;i
perform more math, and math trace, a point can be

WAVE stored in the waveform reference

NOTE. Foreach unit of record

STORAGE

1. Press and then the soft key for store

g memories M1, M2 M3, or M4,

aweForm

STORE 7 FORMS 2. Use these menus to store your displayed waveform.

00 STORE Stores the waveform, which you first select from the menu below; to the
(1->M1) memory or floppy disk (also selected below).
——=ctore
1
3 4
A B /¢> _
C D k¢ o Selects the channel or trace whose waveform you wish to
All displayedf T store
to Selects the internal reference memory, floppy, or optional
Ei] M2 M3 M4 / storage device the waveform is to be saved to.
Flpy L

a ./ See Chapter 12, “Use Waverunner-2 with PC,” for
77 howto save waveforms in ASCII format.

e W W W W W uN

3. Pressto go back to the “W’FORM” menus in order to recall the
waveform you have stored.
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Recall E

4. Pressthesoftkeyfor | |\ rorm

RECALL W’ EORM 5. These menus will be displayed. Use them to recall your waveform.

‘ _W- Recalls the waveform from memory or portable storage device.

_
_

00 RECALL Recalls the selected waveform to the selected trace (see menus below).
Y W

—From Memary—

M2 Selects the memory in which the waveform you wish to
M3 A display is stored.
M4  # g

't.I:I . .
Selects the trace on which the recalled waveform is to be

BCD i
g w 7,( displayed.

TIP: Transfer waveform data to PC ard use the data for calculations with spreadsheet or math
software. To do this, save your waveforms to floppy or an gptional storage device in the ASCI1 format,
T he Waverunner-2 can save to floppy in ASCI| traces of up to 50000 poirits. You should remermber
that naveforms stored in ASCII canriot be called back irito the oscilloscope. See Chapter 12, “Use

Waverunner-2 with PC.””
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OBTAIN AWAVEFORM OR MEMORY STATUS REPORT

Display a summary of the status of your channels, zoom and math functions, waveform memories, and
displayed traces. View the settings on your vertical and horizontal controls. Check on how much memory your
Waverunner-2 scope is using for storage of records. Clear and free up memory.

O STOPPED

SCOPE
STATUS

1. Press to show the STATUS menus.
2. Press the soft key to select Waveform, then the soft key for the waveform status summary of choice.
3. Press the soft key to select Memory Used to obtain a similar report on what you have stored and how

much memory is available. Memories occupied by waveforms will be boxed, and empty ones indicated as
such. You can also clear occupied memories by pressing the corresponding menu soft keys.
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In this chapter, see how
To prinit your display using the Waverunner-2 internal prirter
To print or plot your display with an external pririter or plotter
To create TIFF and BMP image files
7o store and retrieve floppy-disk, PC Memory-card and hard-disk-card files
7o give custom narmes to your files and create directories

7o add or delete file directories

To copy files from ore portable storage device to another
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CHAPTER S1X Document Your Work

Make a Hard Copy

Make a hard copy of your displayed traces and screen data using the scope’s optional internal printer. Or print
to an external printer or plotter using the rear GPIB, RS-232-C, or Centronics port. Create TIFF and BMP
image files with the scope and save them to floppy disk, or optional PC memory or hard disk card.

UTILITY
1. Press to display the UTILITIES menus.
2. Then press the soft key for g 2 : 3 ; oPd E to access these menus.
HAROCOPY Use them to make a hard copy of your screen.
—output to— 3. Pressto select .
the optional TIP. Conrect an exterral printer or plotter
_M internal printer using one of the ports on the rear of your
Flpy or another | Waverunner-2 scope. Print or plot to an
Eg;gz device to print external device selected from the “output to”

menu. A wide range of printers and plotters
Centronics T —M or save 1o (see can be used.

next page).
—auto print—,
UFF (n _ﬂ' 4. Press to turn the auto-print function on or off: On

will print a hard copy after every acquisition.

_w

—cmAdivision—

2 _W- 5. Press or turn to expand the waveform and show more detail.
5 e
20 BH , @
g 208 i '
r _M S _"//
—Format
Portrmit / 6. Press or turn to select the page format.
Landscape —ﬂ' y @
/} |_"//
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PRINT PRINT
SCREEN SCREEN

7. Press to print a copy of the screen display. TIP: Press while printirg to cancel,

PRINT, PLOT, OR COPY

output to—

Card k

1. Press the soft key to select a port, the PC Card slot, or floppy-disk drive: | Lp1R

R5232
Centronics f

2. Press the soft key to select a printer, plotter, or graphic protocol (TIFF, BMP, or
rinter

EFS0OM col 1
HPGL):| LaserJet
OeskJet col

OeskJet b/ w
HP 7470 r

Other menus will appear according to your selection. The “plot size” and “pen number” menus appear when a
plotter is selected. The “background” menu becomes available when a color or compressed TIFF or BMP
graphic protocol is used. This gives you the choice between a black or white background for a screen image.
The Waverunner-2 assigns file names automatically when copying to floppy or optional storage device (see

page 91).

age Feed
OFF [ .
3. Press the soft key for to start a new page each time you perform Step 4.

PRINT
SCREEN

4. Press to print, plot, or save a copy of the screen display to a printer, plotter, or graphic protocol.
d
2 \
3 \
=

U wWN
8 ~
O]

a

J ]
RS-232-C printer cabling: Connect your scope to a variety of external printers using the rear
RS-232-C port. You could also connect to PC via GPIB, and use the computer to control a printer
connected via RS-232-C. See Chapter 12, “U se Waverunner-2 with PC,” for computer cabling.
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Manage Floppy or Card Files

Use Waverunner-2 mass-storage utilities to create waveform files on floppy-disk, or optional PC memory card
or hard disk card. Give your files custom names, and create directories for them. Copy files from one portable
storage device to another...

UTILITY

1. Press to display the UTILITIES menus.

Mass Storage
2. Press the soft key for Utilities d E and then the soft key for

Floppy Disk
Utilities

Memary Card
Utilities

Or, if saving to an optional device, such as memory card, in the PC Card slot:

3. Follow the on-screen instructions; when saving to floppy disk, press the soft keyto

CRE-RERD
ORIVE

4. From the menus shown for floppy disk or PC Card slot, press the soft key for

TEMPLATE AMO
FORMATTIMG

5. Use the menus displayed to format the storage medium in DOS and, in the case of the floppy disk, to
select density. Or copy a machine template (an ASCI| file containing binary description information) to the
storage device.

=)

6. Press ——[ﬂ twice to go back to the MASS STORAGE menus.

Mass Storage

7. Pressthesoftkeyfor | prorerences

E to display the PREFERENCES menus.

These menus allow you to select the working directory, to delete directories, and access the File Name
Preferences and Add New Directory menus, described on the following pages.
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8. Press the soft key to select a directory for file storage and retrieval from the work with menu. Or, the
selected directory can be deleted using the DELETE THIS DIRECTORY menu.

File Mame

9. Next, pressthesoft keyfor | prorarences

E to access these menus.

CUSTOMIZE FILE NAMES

The Waverunner-2 gives default names to your files. But you can also customize them using these menus.

FILENAME PREF 10. Give a custom name to your waveform, setup, or hardcopy file.

T

=] ey
to be set to: __ Selects the character to be modified using the character menu (below).
TE[ . s
RESTORE __ Restores the file type selected in the File Type menu (see below) to its
DEFAULT MAME default name.
EMTER MEL _“_ Validates a newly defined name.
FILE NAME
BACKSPACE __ :c\_/:oves the cursor back a space and erases the previous character in the
ile name.
IMSERT __ Moves the cursor forward and creates a space for the insertion of a
character.
character— 4 // Selects characters — numbers or letters — for creating the
' ] fil , using the knob.
56789_EBCOEFG 54 Tename teng the kno
—1le Type— //
—— _“_ fe '@ To select the channel of the file type to be customized.

11. Pressto go back to PREFERENCES menus.

92 ISSUED: January 2002 WR2-OM-E Rev C



CHAPTER SIX: Docurment Your Work

ADD ANEWDIRECTORY

12. Press the soft key for

Add new
Oirectory

MElW OIRECTORY

Mew Oirectory
on Card:

OA

MARKE THIS
OIRECTORY

BACKSPACE

INSERT

—tcharacter—

TE9_AEMOEFGHI

WR2-OM-E Rev C

13. Then use these menus to create a new directory for your custom-named files.

Selects the character to be modified using the character menu (below).

Validates the new directory.

Moves the cursor back a space and erase the previous character in the
file name.

Moves the cursor forward and create a space for the insertion of a
character.

file name, using the knob.

&

0.

y @ Selects characters — numbers or letters — for creating the
T

14. Press twice to go back to the MASS STORAGE menus.

e W W 0 W WE N
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COPY FILES

You can copy files from one portable storage device to another: from a floppy disk in the Waverunner-2 floppy
disk drive, to a memory card or hard disk card in the scope’s PC Card slot (or vice versa).

15. Press the soft key for

File
TransFers

Oirection

Card -> Flpyk
16. Press the soft key to select the devices you wish to transfer from and to: w

hich Files

Panels k
Prints
kawveForms

17. Press the soft key to transfer certain types of file or all files on the storage device:

18. Press the soft keyto

oo cory ‘
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How WAVERUNNER-2 MANAGES MASS STORAGE

W hen you select Mass Storage Utilities fromUTILITIES, the MASS STORAGE
menu group gives you access to the mass-storage file system controls. The system
supports storage and retrieval of data files to and from floppy disk in either the DOS
1.44 MB or 720 kB format.

The Waverunner-2 writes and reads all files to and from the floppy disk using the current working
directory. If the new file being stored bears the same name as an existing file on the same storage
medium, the old file will be deleted. The default name of the working directory is

L ECROY_1.DIR. This directory is automatically created when the media is formatted. If the
media is formatted elsewhere — for instance on a PC — the directory will be created the first time
a file is saved to the floppy disk. The maximum number of files allowed in any one directory is
2400.

You can change the name of the working directory to any valid DOS directory name, using the file-
name preferences menu. A Il working directories are created as sub-directories from the root
directory. As in MS-DOS, the file name can contain up to eight characters followed by an extension
of three characters.

A file is treated as: a panel setup if its extension is PN L ; a waveform if its extension is a three-
digit number; a waveform template if its extension is TPL ; a hard copy if its extension is TIF,
BMP, or PRT; and HPGL if its extension is PLT. The table below shows how files are named.

FILE OR DIRECTORY TYPE DEFAULT NAME CUSTOMIZED NAME

Manually stored waveforms Stt.nnn XOOOXXX.NNN

A utomatically stored waveforms | Att.nnn XOOOOXX.NNN

Panel files Pnnn.PNL X000xXnnn.PN L
Dnnn.TIF xooxnnn. TIF
oo o en?
Dnnn.PLT X0oxnNN.PL T
Template files | LECROYWTPL | Cannot be changed
Directory name | LECROY_LDIR | 3000000
Spreadsheet Sttnnn. TXT | X00xXnNNN.TXT
MATLAB Sttnnn.DAT | Xo0XNNn.DAT
MathCad | Sttnnn.PRN | x0oxnnn.PRN
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KEY TO MASS-STORAGE TERMS

w T he template version number: for
X Any legal DOS file-name character example, for a version 2.2, the template
will be saved as L ECRQY 22.TPL
tt The trace name of C1, C2, C3, C4, TIF . . .
TA. TB, TC, TD BMP Tagged I mage Format, bitmap image files

nnn | A three-digit decimal sequence number
starting at 001 that is automatically PRT | Hard copy printer files
assigned

PLT | HPGL plotter or vector files

The default notation for waveform files is Stt.nnn for manually stored files, and A tt.nnn for
automatically stored files. The characters S and A represent the two storage methods. W hen
automatically generating a file name, the Waverunner-2’s 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
SC1, STB) the name will be changed to the ‘Att’ form: AC1, ATB and so on. All other user-
assigned names remain as entered.

If you select Fill and use default names, the first waveform stored will be A xx.001, the second
A xx.002, and so on. The Waverunner-2 continues storing until the storage medium is filled, the file
number reaches 999, or there are more than 2400 files in the current working directory.

If you select Wrap, the oldest auto-stored waveform files will be deleted whenever the medium
becomes full. T he remaining auto-stored waveform files will be renamed — the oldest group of files
will be named “A xx.001", the second oldest “A xx.002”, and so on.

The current sequence number is deduced from the Waverunner-2's inspection of all file names in the
working directory, regardless of file type — panel, hard copy, or waveform. T he oscilloscope
determines the highest occupied numeric file-name extension of the form ‘nnn’, and uses the next
highest number as the current generation number for storage operations. When you delete a file
generation, the Waverunner-2 deletes all files designated with the three-digit sequence number of the
file-name extension, regardless of file type.

T he 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
availability, when in fact the availability in bytes is identical.

If the floppy's write-protection switch has been pushed to the active position, the Waverunner-2
displays the message “Device is Write Protected” on the upper part of the grid whenever the medium
is accessed for writing.

See Chapter 12, “Use Waverunner-2 with PC,” for how to transfer files to PC.
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PART TwoO

LOOKING DEEPER

Part Two of the manual covers the Waverunner-2 features you'll use for more advanced waveform
operations: RIS and sequence sampling, SMART Trigger, Advanced waveform processing.
It also looks deeper into operations already covered in Part One.

Use Part Two as an advanced guide and a reference for understanding important functions of your
digital oscilloscope.
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CHAPTER SEVEN: AQuestionofTimebase

In Part One you saw how to adjust and set up timebase. N ext, take a closer look at the
Waverunner-2 timebase sampling modes.

In this chapter, see how
To choose a sampling mode
To use single-shot or RIS modes

To use sequence mode

To sample exterrially

98 ISSUED: January 2002

WR2-OM-E Rev C



CHAPTER SEVEN A Question of T irmebase

Choose a Sampling Mode

Depending on your timebase, you can choose any of three sampling modes: single-shot, RIS (Random
Interleaved Sampling), or roll mode. In addition, on timebases suited to single-shot and roll, the acquisition
memory can be subdivided into user-defined segments to give sequence mode.

SINGLE-SHOT — WAVERUNNER-2'S BASIC CAPTURE TECHNIQUE

A single-shot acquisition is a series of digitized voltage values sampled on the input signal at a uniform rate. It
is also a series of measured data values associated with a single trigger event. T he acquisition is typically
stopped a defined number of samples after this event occurs: a number determined by the selected trigger
delay and measured by the timebase. The waveform’s horizontal position — and waveform display in general
— is determined using the trigger event as the definition of time zero.

You can choose either a pre- or post-trigger delay. Pre-trigger delay is the time from the left-hand edge of the
Waverunner-2 grid forward to the trigger event, while post-trigger delay is the time back to the event. You can
sample the waveform in a range starting well before the trigger event up to the moment the event occurs. This
is 100% pre-trigger, and it allows you to see the waveform leading up to the point at which the trigger
condition was met and the trigger occurred. (Waverunner-2 offers up to one million points of pre-trigger
information.) Post-trigger delay, on the other hand, allows you to sample the waveform starting at the
equivalent of 10000 divisions after the event occurred.

Because each Waverunner-2 input channel has a dedicated ADC (Analog-to-Digital Converter), the voltage on
each is sampled and measured at the same instant. T his allows very reliable time measurements between the
channels.

On fast timebase settings, the maximum single-shot sampling rate is used. But for slower timebases, the
sampling rate is decreased and the number of data samples maintained.

The relationship between Waverunner-2 sample rate, memory and time can be simply defined as:

Capture time = _ x Memory,
SampleRate

and

—Captulr(()etlme = Time/Division .
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RIS— FOR HIGHER SAMPLE RATES

RIS (Random Interleaved Sampling) is an acquisition technique that allows effective sampling rates higher than
the maximum single-shot sampling rate. It is used on repetitive waveforms with a stable trigger. The maximum
effective Waverunner-2 sampling rate of 50 GS/s can be achieved with RIS by making 100 single-shot
acquisitions at 500 MS/s, for example. The bins thus acquired are positioned approximately 20 ps apart. The
process of acquiring these bins and satisfying the time constraint is a random one. T he relative time between
ADC sampling instants and the event trigger provides the necessary variation, measured by the timebase to

5 ps resolution.

It takes the Waverunner-2 30 trigger events to complete a1 GS/s RIS acquisition, and 230 events for a

25 GS/s acquisition. But sometimes the scope needs many more than this. It then interleaves these segments
(Fig. 1) to provide a waveform covering a time interval that is a multiple of the maximum single-shot sampling
rate. However, the real-time interval over which the Waverunner-2 collects the waveform data is much longer,
and depends on the trigger rate and the amount of interleaving required. The oscilloscope is capable of
acquiring approximately 40000 RIS segments per second.

Segment 1

Segment 2

Segment 3

Final capture

Figure 1. Buildup of an RIS waveform.

ROLL — DISPLAY IN REAL-TIME

The Waverunner-2 roll mode displays in real time incoming points in single-shot acquisitions that have a
sufficiently low data rate. At timebase settings of >0.5 s/ div the oscilloscope rolls the incoming data
continuously across the screen until a trigger event is detected and the acquisition is complete. E ven when real-
time display is not possible, the data will continue to be acquired. T his works in the same way as a strip-chart
recorder: the latest data is used to update the trace display. Waveform math and parameter calculations are
performed on the completed waveforms, after the real-time display has stopped.
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CHAPTER SEVEN: AQuestionofTimebase
SEQUENCE — WORKING WITH SEGMENTS

In sequence mode, the complete waveform consists of a number of fixed-size segments (Fig. 2) acquired in
single-shot mode (see Waverunner-2 specifications for the limits). You select the number of segments to be

captured, and can then select each segment, individually, and use it for processing with Math and Measure tools.

Sequence offers a number of unique capabilities. With it, you can limit dead time between trigger events for

consecutive segments. The Waverunner-2 can capture in fine detail complicated sequences of events over large
time intervals, while ignoring the uninteresting periods between the events. You can also make time
measurements between events on selected segments using the full precision of the acquisition timebase.

Trigger time stamps of 1 ns resolution are given for each of the segments in the Text & Times Status menu.
Each individual segment can be zoomed or used as input to math functions.

The Waverunner-2 uses the sequence timebase setting to determine the capture duration of each segment:
10 x time/ div. The oscilloscope uses this setting— with the desired number of segments, maximum segment
length and total available memory — 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 full advantage of the Waverunner-2’s high data
transfer capability (see Chapter 12, “Use Waverunner-2 with PC,” and the Remote Control Manual).

Segment 1 Segment 2 Segment 2
)q Jq ‘ y
‘\\\ l\\\\ A I\ ///’A ///
. ~. ~. . - . el
Trigger e Tngger \\ o Trigger
\\\\ \\\\ | \ el -~

Figure 2. How Waverunner-2 captures segments. See page 105 for how to obtain a sequence status
summary.
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PAIRING CHANNELS (LT374and LT264 SERIES ONLY)

A pair of channels can be combined on channel 2 or 3, with channels 1 and 4 disabled or available only for triggering.
On these paired channels the maximum sampling rate is doubled and the record length is increased by two times.

Channels are combined to increase sample rate or memory size or both in order to capture and viewa signal in al its
detail. When combined, the channels (like the EXT BNC input) that are not involved in the combination remain
available for triggering, even though they are not displayed. It is preferable to select “Automatic” to combine channels
and have the remaining acquisition channels available for triggering The channels available for triggering only would be
indicated by “trig only” in the Acquisition Summary Field.

Refer to the “Acquisition Modes” table in Appendix A for maximum sample rates.

TIMEBRSE

= ar-'q: 1

[ | HORMAL

Combining of Channels
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Use a Sampling Mode

SET UP FOR SINGLE-SHOT OR RIS

SETUP

1. Press and access the TIMEBASE SETUP menus.

2. Use these menus to set up the Waverunner-2 timebase for Single-Shot or
TIMEBASE RIS.

TAdiv 1 ps

2BA6E
samples at

2 G545
(580 ps/pt)
For 10 ps

—Sampling—

Selects Single-Shot for display of data collected during successive
single-shot acquisitions from the input channels, or RIS for a higher
sampling rate with a repetitive input signal and stable trigger.

RIS

—Sample Clock

Selects from an internal or external clock source. See page 106 for
ECL @Y TTL external clock.
—Lhannel Use—

8 2 Automatic

Sets the manner in which channels will be interleaved. Select 4 if you
have a signal on each channel; there is no interleaving in this case.
Select 2 if you want two channels combined onto either channel 2 or

—Sequence— channel 3. Select Automatic to have the Waveruner-2 configure itself
to achieve the maximum sample rate and record length, considering
OFF On the ch(annels used.
A @
~Hecggkup to i '/ Switches Sequence mode On or Off. Use the knob to
R 2 choose the number of segments. See next page.
samples

Selects the maximum number of samples to be

@ acquired, using the menu knob.
>

I O T I
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SET UP FOR SEQUENCE CAPTURE

3. Activate sequence mode using the Sequence menu and then use these

TIMEBASE menus to do sequence sampling.

Tidiv _1 ps

50 % 2080
samples at
2 G545
(500 ps/pt)
For 1.8 ps

e——SamEIini———

—Sample Clock

SCOPE
STATUS

T1P: Press and select “Text and Times” to obtain a status
report on a trace or Imermory’s Sequerce SegImert rarnge.

=

Selects Intermal or external — ECL, OV, TTL — clock modes. Select
internal unless you are using an external clock signal (see page 106).

You can select a time-out for sequence mode using the UTILITIES,
Special Modes, and Timebase Trigger menu.

Selects Single-Shot for sequence sampling.

ECL & TTL

—Lhannel Use—
B 2 Automatic

B

—Segquence— y
Bl segments y @ Turns Sequence On or Off. When you select On, turn the
OFF m y ./ knob to set the number of segments (periods) of the
- waveform to be displayed.
—lax. segment
M
samples

samples, for each sequence segment.

(‘/@ Selects with the knob the maximum record length, in
A . "’ y

NOTE: Insequerice mode: Press the SIN GL E button and the Waverunner-2 will fill the chosen
number of segmenits arid then stop capturing. But if there are not eriough trigger everits to fill the
segments, the Waverunner-2 will ot stop capturing uritil you press STOP. If you press NORMAL
the segmenits will be filled and the data processed and displayed. T hen, if more trigger evenits occur,
the Waverunner-2 will restart capturing from the first segment. When you press AUTO, capturing
will also be restarted from the first segmertt, if the time between two consecutive triggers exceeds a
selected time-out.

However, avoid any unnecessary button pushing and knob turning in Sequence mode.
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OBTAIN ASEQUENCE STATUS SUMMARY

Display a summary of the status of your sequence acquisition.

SCOPE PRINT
STATUS SCREEN

4. Press to showthe STATUS menus. TIP: Press to document your status summary
and make a hard copy: Printing (and storage)

5. Press the soft key to select Text & Times. oiesle el bipa S

STATUS

zince Jegment

PRIMT ALL TO
Hetwork

= P o—

=
O — I

STOPFED

Press the SCOPE STATUS button for a full status summary of your sequence acquisition. U se the
Select segment menu and its soft key and knob to scroll down the segment list.
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LOOKING DEEPER

OR SAMPLE EXTERNALLY

TIMEBASE
EXTERMAL

4 M
samples at
500 kS/div

e——SamEIini———

Internal
ECLE .

—sample Clock

OC5E0 (MRl

—External —

OFF an

—Segquence—

Record

&M
samples

Use an external clock at a fixed frequency (see Appendix) to control and
synchronize the sampling with an external signal source connected to the
Waverunner-2 rear EXT signal input.

u

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

Specifies the effective threshold for sampling the EXT input: 1.3V
with ECL, 0.0 V with OV, or + 1.5V with TTL selected.

i : '/ Turns Sequence On or Off. Use the knob to set the
.  number of segments.

O

samples, for each segment.

@ Selects with the knob the maximum record length, in
0. 4

NOTE : External clock modes are available only if the EXT trigger is NOT the trigger source. Trigger
time stamps and the AUT O sequence time-out feature are unavailable when you use an external
clock signal. And inter-segment dead time is NOT guaranteed,

External clock time/dliv is expressed in samples per division, as is the trigger delay; which can be
adjusted normally: N o attermpt is made to measure the time differerice between the trigger and the
external clock; so successive acquisitions of the sarme signal can appear to jitter on the screen. T he
Waverunner-2 requires a number of pulses to recognize the exterrial clock sigral. It stops capturing
only when the trigger conditions have been satisfied and the appropriate number of data points have
been accumulated. Any adjustment to the TIME/ DIV kriob automatically returns the scope

to nonmal (internal) clock gperation.
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CHAPTER EIGHT: TnggerSmart

More about E dge triggering. And introducing the SMART Trigger range for capturing
complex waveform characteristics.

In this chapter, see how
To hold off with E dge Trigger
To capture rare phenomena with Glitch trigger
To set up an exclusion trigger
To determine trigger level, coupling and slope
To trigger on intervals
To use State and E dge Qualified triggers
To trigger on lost signals using Dropout trigger

To triggeron TV signals

Pattern Trigger

ISSUED: January 2002
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CHAPTER EIGHT Tngger Smart

Hold Off by Time or Events

Holdoff is an additional condition of Edge trigger (see Chapter 2, “Simply Trigger™). It can be expressed
either as a period of time or an event count. Holdoff disables the trigger circuit for a given period of time or
events after the last trigger occurred. Events are the number of occasions on which the trigger condition is
met. The trigger will again occur when the holdoff has elapsed and the trigger’s other conditions are met. Use
holdoff to obtain a stable trigger for repetitive, composite waveforms. For example, if the number or duration
of sub-signals is known you can disable them by choosing an appropriate holdoff value. Qualified triggers
operate using conditions similar to holdoff (see page 122).

HOLD OFF BY TIME

Sometimes you can achieve a stable display of complex, repetitive waveforms by placing a condition on the
time between each successive trigger event. T his time would otherwise be limited only by the input signal, the
coupling, and the Waverunner-2's bandwidth. Select a positive or negative slope, and a minimum time between
triggers. The trigger is generated when the condition is met after the selected holdoff time, counted from the
last trigger (Fig.1). Any time between 10 ns and 20 s can be selected. The delay is initialized and started on each
trigger.

Trigger Source: Positive Slope

Trigger Trigger Trigger
E vent E vent ﬁ;
Trigger can occur |
< h |
«——Hold-off time———» «——Hold-off time———» |

Generated Trigger \
A A A A A A A

<
Trigger initiated) Trigger initiates
hold-off timer hold-off timer

Figure 1. E dge Trigger with Holdoff by Time. The bold edges on the trigger source indicate that a
positive slope has been selected. The broken upward-pointing arrows indicate potential triggers, which
would occur if other conditions are met. The bold arrows indicate where the triggers actually occur
when the holdoff time has been exceeded.
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HOLD OFF BY EVENTS

Select a positive or negative slope and a number of events. An event is the number of times the trigger
condition is met after the last trigger. A trigger is generated when the condition is met after this number,
counted from the last trigger. The count is initialized and started on each trigger. For example, if the selected
event number is two (Fig. 2), the trigger will occur on the third event. From one to 99 999 999 events can be
selected.

Trigger Source: Positive Slope

Trigger Event Event Trigger Event Event Trigger
E vent #1 E vent #1 E vent

11T H T

Trigger can occur

\\‘

- 4 &
«-Hold-off by 2 events—», «—Hold-off by 2 events—»
Generated Trigger 4
A A A A A A S A Trigger
) ) initiates
Trigger initiates hold-off
hold-off timer timer

Figure 2. E dge Trigger with Holdoff by E vents (in this example, two events). The bold edges on the
trigger source indicate that a positive slope has been selected. The broken, upward-pointing arrows
indicate potential triggers, while the bold ones show where triggers actually occur after the holdoff

expires.
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Tngger SMART

You have seen how to trigger on signals using E dge trigger, and the conditions of level, coupling and slope,
and holdoff. The Waverunner-2 also offers a range of sophisticated triggers that enable you to trigger on these
conditions, as well as many other complex waveform characteristics. Use the SMART Trigger range to set
additional qualifications before a trigger is generated. Catch rare phenomena such as glitches or spikes, specific
logic states, or missing bits. Capture intervals, abnormal signals, or TV signals. Trigger on state or edge qualified
events and dropouts.

CATCH AGLITCH
Finding and capturing elusive glitches — abnormally wide pulses in a signal — is simple with the Glitch trigger.
1. Connect your signal to the Waverunner-2.

2. Simultaneously press the second and fifth menu soft keys and !

power-up settings. Turn off any unwanted displayed trace.

to return the scope to its default

3. Press the soft key for Coupling E and set Coupling to match the source signal’s impedance.
AUTO STOP
SETUP

4. Press Iil and then to display a normal waveform. Viewing this signal during several captures

would reveal the occasional glitch. The goal of the measurement is to catch this event by setting a trigger
adapted to it.

SETUP

5. Press TRIGGER and then the soft key to select | Edge |Gl

(Glitch? ‘

SETUP SMART

6. Press the soft key for TRIGGER E and display these menus:
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SMART TRIGGER
type

(see page 115).

u

Interwal
TW-Pos

TW-Meqg
OualiFied 4

—trigger on 8

12346t
el Pottern

—Cplg ExtlE—
oc AC]
LFREJ HFRET
—at end oF—
MNeq FPos
pulse

i

10.

—uidth  £—
12.5 ns

OFF m
—&, width 2
2.5 ns

y
OFF [ % '@

A

y

B

ey

11.

12.

LOOKING DEEPER

Use these menus to set up to trigger on a glitch, or to create an exclusion trigger

7. Select Glitch to catch pulses of a chosen width. Capture narrow
pulses less than or equal to, or greater than or equal to, a given
time limit: the pulse’s width. You can also set up to exclude or
include certain events (see page 115).

Select the trigger source. This could be a signal on a channel, the
line voltage that powers the Waverunner-2 or the EXT connector.

9. Select the coupling for the trigger source.

Place the trigger point at the end of a positive or negative slope.
See NOTE this page.

Press the soft key to set to On and to trigger if the
pulse is less than or equal to the value set with the
knob (range: 2.5 ns to 20 s). Use in combination
with “width =" below

Press the soft key to set to On and to trigger if the
pulse is greater than or equal to the value set with
the knob (range: 2.5 ns to 20 s). Use in combination
with “width <,” combined to target glitches within
(“&™) acertain range if the “width <” value is
greater than the “width >” value. “OR” in the menu
indicates that glitches above or below this range will
be targeted.

NOTE: T he Waverunner-2 must first “see”
the pulse before it can tell its width and kriow
exactly when to trigger: If the glitch on which
Yyou warit to trigger Is on a negative pulse,

choose “Pos” from the at end of menu. But if
the glitch is on a positive pulse,
choose “Neg.”

NORMAL

13. Press

112
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T1P: Use Persisterce to reveal the glitch shape,
then match the trigger level to the level at

which the glitch appears.

to arm the scope. Then wait for the trigger condition to become valid. See next page.
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Edge EREH

Glitochl

SETR SHART
TRIGGER

{ 234 Ext
Ext18 Pzttern

_.-u|'|{J 1__

=

LFREJ HF :'l:_T

l. —
Heo E

Trigger on a glitch of width < 5.0 ns on the negative slope. Here, the glitch is marked by arrow
cursors on the waveform. Trace A on the lower grid is a zoom of the waveform on the top grid.
Information on the trigger is given beneath the grid.

NOTE: I, forexample, the glitch’s width is lower than the sigrial’s, set the trigger to a smaller width
than that of the signal. T he signal’s widlth as determined by the Waverunner-2 trigger comparator
depends on the DC trigger level. And if that level were to be set at the middle of a sine wave, for
example, the width could then be considered as the half period. But if the level were higher, the

signal’s width would be considered to be less than the half period.
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How GLITCH TRIGGER WORKS

Pulse smaller than selected pulse width: Select a maximum pulse width
(Fig. 3). This glitch trigger is generated on the selected edge when the pulse 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 selected. Widths of
between 2.5 ns and 20 s can be selected, but typically triggering will occur on glitches 2 ns wide.

T rigger Source
Glitch PN
Width
- Glitch
i Width
T rigger can occur
—p —p
| Width Widh|
Sdeded Sdeaed

Generated T rigger
A

Figure 3. Glitch Trigger: in this example triggering on a pulse width less than or equal to the width
selected. The broken upward arrow indicates a potential trigger, while the bold one shows where the
actual trigger occurs.
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CAPTURE RARE PHENOMENA

Use glitch trigger settings to select width conditions that exclude events falling inside or outside of a selected
width range. Only pulses less than or equal to, or greater than or equal to, this range will generate a trigger
event. The Waverunner-2 initializes the timing for the width and restarts on the slope opposite the selected
edge. You can select the same width values as those for glitch trigger.

1. Connect to Channel 1, for example, a signal whose multiple glitches have a low duty cycle and that cannot
be seen using E dge trigger or Analog Persistence.

2. Press the soft key for Coupling E and set Coupling to match the source impedance.
AUTO STOP
SETUP
3. Press il and then to display a normal waveform. Viewing this signal during several captures

would reveal the occasional glitch. The goal of the measurement is to catch this event by setting a trigger
adapted to it.

SETUP

4. PressTRIGGER and then the soft key to select | Edge

(Glitch? ‘

SETUFP SMART

5. Press the soft key to TRIGEER E to display and set up the Glitch trigger menus.

Set up the trigger to eliminate nominal pulses of a particular width. The Waverunner-2 will then only trigger on
those waveforms that do not have this pulse width.

6. Press the soft key to select 1from the “trigger on” menu.

LEVEL
A &2
\%A a'/ . o .

7. Turn - to adjust the trigger’s level to one division from the top of the pulse, for example.

8.  Press the soft key to select Pos from the “at end of ” menu, and On from the “width <” menu.
9. Turnthe knob to set the “< width” value.

10. Press the soft key to select On from the “width =" menu, and turn the knob to set the = width value.
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DELAY

4 >
@
11. Turn / ',/ to set the trigger point close to mid-grid.
-

NORMAL

12. Press to start triggering.

TIP: Use Analog Persistence to display a
history of your exceptional pulse
captures, such as the ore at right.

E nhance your display still further by
combining E xclusion trigger with
Pass/Fall testing. T he trigger speeds the
acquisition of exceptional pulses, while
the mask testirng verifies the nave shape.

Store the waveform or print the screen
display to document each pulse
individually:

Display waveform parameter statistics
under the grid for additional information
on the key naveform parameters of these
pulses. Use this new information to
change the trigger setup to concentrate on
acquinng pulses with more specific

characteristics. ] ] ] ]
%E xclusion trigger: Persistence display.
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70 DETERMINE LEVEL, COUPLING, AND SLOPE

L evel defines the source voltage at which the trigger circuit will generate an event
(a change in the input signal that satisfies the trigger conditions). T he selected
trigger level is associated with the chosen trigger source.

Trigger level is specified in volts and normally remains unchanged when you change the vertical gain
or offset. The amplitude and range of the trigger level are limited as follows:

#5 screen divisions with a channel as the trigger source
#0.5 V with EXT as the trigger source
#5 V with EXT/ 10 as the trigger source
N one with L IN E as the trigger source (zero crossing is used)
Coupling refers to the type of signal coupling at the input of the trigger circuit. As with the

trigger level, you can select the coupling independently for each source. Change the trigger source and
you may change the coupling. You can choose from these coupling types:

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

AC: The signal is capacitively coupled; DC levels are rejected and frequencies below 50 Hz
attenuated.

LF REJ: The signal is coupled through a capacitive high-pass filter network, DC is rejected
and signal frequencies below 50 kH z are attenuated. For stable triggering on medium to high
frequency signals.

HF REJ.: Signals are DC coupled to the trigger circuit, and a low-pass filter network
attenuates frequencies above 50 kHz. It is used for triggering on low frequencies.

Slope determines the direction of the trigger voltage transition used for generating a particular
trigger event. You can choose a positive or negative slope. L ike coupling, the selected slope is
associated with the chosen trigger source.
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TRIGGER ON INTERVALS

While Glitch trigger performs over the width of a pulse, Interval trigger performs over the width of an interval
— the signal duration (the period) separating two consecutive edges of the same polarity: positive to positive or
negative to negative. Use Interval trigger to capture intervals that fall short of, or exceed, a given time limit. In
addition, you can define a width range to capture any interval that is itself inside or outside the specified range
— an Exclusion trigger by Interval.

Use these menus to set up for triggering on an interval.
SMART TRIGGER

—interyal =—
57.5 ns

oFF [

— & i =
& interval 2 @ 6. Select Onto trigger if the pulse is greater than or

Vo 5. Select Onto trigger if the pulse is less than or equal
i g to the value set with the knob (range: 2.5 ns to 20 s).

T Use in combination with “width =.”

type
Glitch i _“_ 1. Select Interval.
TW-Pos
TwW-MNeqg
OusliFied F _“_
—trigger on
12 3 4 Ext _“_ 2. Select the trigger source.
el Fattern
—cplg Ext1B—
oC _“_ 3. Select the coupling for the trigger source.
LFREJ HFREJ
—hetwean—— . . " .
o 4.  Place the trigger point on the positive or negative edge of the
dgesNeg _“_ selected pulse.

Dgg -5 ns equal to the value set with the knob (range: 2.5 ns to
m l/ ‘,l/ 20 s). Use in combination with “width <,” combined
to target intervals within (“&™) a certain range if the
“width <” value is greater than the “width =" value.
OR in the menu indicates that intervals above or
below this range will be targeted.
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How INTERVAL TRIGGERS WORK

Interval Smaller: For this Interval Trigger, generated on a time interval smaller
than the one selected, choose a maximum interval between two like edges of the

same slope — positive, for example (Fig. 4).

The trigger is generated on the second (positive) edge if it occurs within the selected interval. T he
Waverunner-2 initializes and restarts the timing for the interval whenever the selected edge occurs.
You can select an interval of between 10 ns and 20 s.

T rigger Source: Positive Slope

| |
) Inerva
«—Irterva Widh——j¢ Widgh "
] | L
T rigger can occur
Selected Selected
Interval Interval

Generated T rigger

Figure 4. 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.
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PART Two: LOOKING DEEPER

Interval L arger: For this Interval Trigger, generated on an interval larger than the one selected,
select a minimum interval between two edges of the same slope (Fig. 5). The Waverunner-2 generates
the trigger 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. You can select intervals of between 10 ns

and 20 s.

T rigger Source: Positive Slope

| I
i | rterval
<« Interva Widh——— e Widh
] | L
T rigger can occur
Sdeaed Sdeded
Irterval | rterval

Generated T rigger

Figure 5. Interval Trigger that triggers when the interval width is larger 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 after the selected interval.
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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. 6).
The Waverunner-2 initializes and restarts the timing for the interval whenever the
selected edge occurs. You can select intervals of between 10 ns and 20 s.

T rigger Source: Positive Slope

| |
. | rterval
<« Interva Widh——j¢ Wigh "
| L
T rigger can occur
<Raey <Raey
0 T1 T2 0 T1 T2

Generated T rigger

Figure 6. Interval Trigger that triggers when the interval falls within the selected range:

T1=range’s lower time limit; T2=range’s upper limit. The broken upward pointing arrow indicates a
potential trigger, while the bold one indicates where the actual trigger occurs — on the positive edge
within the selected range.
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QUALIFY A SIGNAL

Use a signal’s transition above or below a given level — its validation — as an enabling (qualifying) condition
for a second signal that is the trigger source. T hese are Qualified triggers. With State Qualified trigger, the
amplitude of the first signal must remain in the desired state until the trigger occurs. While for Edge Qualified
trigger the validation is sufficient and no additional requirement is placed on the first signal. 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 potential trigger events. The time delay or trigger count is restarted
with every validation.

Use these menus to set up an Edge or State Qualified trigger.
SMART TRIGGER

type
T-Pos k
TW-Me

1. Select Qualified.

Oropout
Fattern F

by
Aefe]d State
(qualiFier)

2. Select Edge or State as the qualifier. (Set conditions such as the
coupling, slope, and holdoff using the Edge trigger menus.)

—trigger on— Select the trigger source. This could be a channel, EXT, or

O

1234 Ext EXT 10.
aFter 4. Select the qualifier source. If you select Pattern, you must first
1 E 3 4 have set up the pattern using Pattern trigger (see page 130).
Fattern
@ 5. Turn to adjust the qualifier threshold, and press to
—has gone— i '/ determine whether the qualifier signal is valid once it
. s “has gone” (Edge Qualified) or “goes and stays”
(State Qualified) above or below that threshold.
within /( 6. Specify the time limit (“within” T <) for accepting
1308 ns 4 @ the trigger event. Or, specify the delay in time

OFF T> Ews . 4 (“wait” T>) or number of trigger events (“wait”

E vs) after a valid transition has occurred. A trigger
can only be accepted after this delay. Any subsequent
qualifier event restarts the count. The time value can
be set in the range 10 ns—20 s. The trigger event
count can be set in the range 1-99999999.
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How QUALIFIED TRIGGERS WORK

State Qualified and Wait (Fig. 7) is determined by the parameters of Time or
E vents.

7T ime determines a delay from the start of the desired pattern. A fter the delay (timeout) and while
the pattern is present, a trigger can occur. The timing for the delay is restarted when the selected
pattern begins.

E vents determines a minimum number of events of the trigger source. A n event is generated when a
trigger source meets its trigger conditions. On the selected event of the trigger source and while the
pattern is present, a trigger can occur. The count is initialized and started whenever the selected
pattern begins, and continues while the pattern remains. W hen the selected count is reached, the
trigger occurs.

T rigger Source: Positive Slope

Qualifier; Pattem Present

Trigger can occur ," "
‘Wait j Wait
Generated Trigger

A A A A

Figure 7. State Qualified and Wait: Trigger after timeout. The broken upward pointing arrows
indicate potential triggers, while the bold arrows show where the actual triggers occurs.
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PART Two:

Edge Qualified and Wait (Fig. 8) is also conditioned by either Time or E vents:

LOOKING DEEPER

7T ime determines a delay from the start of the desired pattern. A fter the delay (timeout) and before
the end of the pattern, a trigger can occur. The timing for the delay is restarted when the selected

pattern begins.

E vents determines a minimum number of events for the trigger source. A n event is generated when
a trigger source meets its trigger conditions. A trigger can occur on 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. It continues while the pattern remains. When the selected count is reached, the trigger

occurs.

T rigger Source: Positive Slope

Qualifier. Pattem Present

Trigger can occur

Sei_eded_>
Tine

Sdeded
« . —>
Tine

Generated T rigger

A

A

Figure 8. E dge Qualified and Wait: Trigger after timeout. T he broken upward pointing arrows

indicate potential triggers, while the bold ones show where the actual trigger occurs.
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TRIGGER ON LOST SIGNALS

Use Dropout trigger whenever your signal disappears for a set period of time. The trigger is generated at the
end of the timeout period following the “last” trigger source transition (Fig. 9, page 127). Timeouts of between
25 ns and 20 s can be selected. Dropout trigger is used essentially for single-shot applications — usually with a
pre-trigger delay.

1. Connect the signal to be measured to Channel 1.

Coupling

2. Press the soft key for and set Coupling to match the source impedance.

AUTO
SETUP

3. Press Iil twice to display the waveform. The following steps set the Dropout trigger to capture only the
“last normal” period of the signal and transient signal.

SETUP

4. Press TRIGGER and then the soft key to select | Edge

(Gliteh? ‘

SETUP SMART

5. Press the soft key for TRIGGER E to display the menus shown on the next page.
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Use these menus to set up the Dropout trigger.
SMART TRIGGER

tupe | 6. Select Dropout
TW-Neg L - Select Dropout.
BualiFied
TIP: Use Dropout Trigger when viewirg signals on more than
EE' t E Brn ! one chanrel (you can view the signal characteristics on a charnnel
un
1

other than the trigger source). To trigger the scope when a signal
disappears, make the timeout longer than the signal period. The
Waverunner-2 will not trigger when the repetitive signal is active,

because two successive edges occur in a single period. %

7. Select the trigger source.

Trigger aFter
timeout, 1F
MO edge

——OCCUrE Of—

1234c&xt
Ext 1B

—uwith slope—
Fositive

8. Select the slope.

—within ,
25 ns L /9. Turn to set the timeout (25 ns by default).
(timeout) i

oF prewvious
edge

O B B B e

g
-
DELAY

4 >
10. Turn @ to set the trigger point to allow display of the signal’s “last normal” period.

When the signal disappears, the Waverunner-2 triggers.

126 ISSUED: January 2002 WR2-OM-E Rev C



CHAPTER EIGHT: TrnggerSmart

How DrorPoOUT TRIGGER WORKS

T rigger Source

T rigger can occur

~~~..A‘Wait T im}" *\...A‘Wait T im,l’
out out

Generated T nigger

Figure 9. Dropout Trigger: occurs when the timeout has expired. The bold upward-pointing arrows
show where the trigger occurs.
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TRIGGER ON TV SIGNALS

The Waverunner-2's TV triggers provide stable triggering on standard or custom composite video signals. Use
them 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 signals. TV Trigger can also function in a simple any-line mode.

Use these menus to set up a TV trigger.
SMART TRIGGER

type
Glitch k
Interwal

1. Select TV-Pos or TV-Neg polarity.

TW-Neg
LualiFied

I

—T% signal aon

234c¢xt
Ext1B

—# oF Fields—

-

4 B

—TV type—
Standard

2. Select the trigger source.

3. Specify the number of fields or define the field number..

4. Select Standard or Custom TV decoding.

as /( 5. Standard: Select either 625/ 50/ 2:1 (PAL, SECAM) or
LinesHz/Int ¢ - 525/ 60/ 2.1 (N TSC) standard. Custom: Specify the
525./60. 28 T number of lines and cycles, and set the interlacing

factor for non-standard TV signals.
—trigger on—

Line /( 6. Defines the line on which to trigger. Keep turning
4 @ the knob counterclockwise to count down to any,
cil b l/ which allows you to trigger on any line number.

g

tricoer on A turn of the knob clockwise also displays a “Field”
. gger number. You can change it by pressing the soft key
Line Field h “Field” th ina the ki
314 E to move the cursor to Field,” t len turning the ob
to select the desired field. The Field count depends
on the “# of fields” selection above.
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ToUSE TV TRIGGERS

Most TV systems have more than two fields. The Waverunner-2’s enhanced field
counting capability (FIEL DL OCK) allows you to trigger consistently on a chosen
line within a signal field.

The field numbering system is relative: the oscilloscope will trigger on Z, 2, 4, or 8 fields.

625/50/2:1 (PAL and SE CAM systems). Use for most of the standard 50-field signals. The
lines can be selected in the range 1 to 626 where line 626 is identical to line 1.

525/60/2:1 (N TSC systems). Use for standard 60-field N TSC signals. The lines can be
selected in the range 1 to 1051, where line 1051 is identical to line 1.

72/50/ 2, 2/60/7: For maximum flexibility, no line-counting convention is used. The line count
should be thought of as a line-synchronizing pulse count. It includes the transitions of the
equalizing pulses. In certain extreme cases, the field transition recognition will no longer work, and
only the “any line” mode will be available.

The enhanced field counting capability CANNOT be used for RIS acquisitions.
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PATTERN TRIGGER

Pattern Trigger enables triggering 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 level (threshold) and low when less than it.
For example, a pattern could be defined as present when the trigger state for CH 1 is high, CH 2 is low; and
EXT isirrelevant (X or don't care). If any one of these conditions is not met, the pattern state is considered
absent. Holdoff limits from 10 ns to 20 s or from 1 to 99999999 events can be selected.

SMART TRIGGER

type
HualiFied k
Oropout

1. Select Pattern.

Funt
S5lew Rate f

—trigger on—

Exitini

—attern with
0234c¢Ext

2. Choose whether to trigger when a waveform enters or exits the

pattern.

Select each channel, and set the coupling, logic level, and voltage
for each. See below

—coupling 1—

¥ AC

LFREJ HFREJ

4. Set the coupling for the channel selected in “Pattern with” above.

level /( 5. Set the logic level and voltage for the channel selected
0.5 W I ; in “Pattern with” above: high (H), low (L), or don't
I W ae)
—holdoFF— Use the soft key to select Time or Evts. Turn the

Time Ewts

W 00NN N

6.
@ knob to set a value from 10 ns to 20 s, or from 1 to

99999999 events.

o
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Pattem Applications

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

Threshold High

CHli ’—‘ Low

Threshold High
CH2 ] Low
Pattern 1H*2L
Gefqerated Triggé\r\ (Pattern Enterih\g) /;

\
\ / \

\ \, \ / |

! \ ! / !
I

] | /

Generated Trigg’ér (Pattern Exiting)

Pattern Trigger: Triggers when all pattern conditions are met. Bold arrows pointing
upward show where triggers occur. Information summarizing the pattern setup is
displayed.

TH*3H=4L +EL E AC 580my 1MI—

[ENEIEE RN
243 v 4
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More About Pattem T rigger

Once the pattern is defined, one of two transitions can be used to generate the trigger. When the pattern begins, called
erterirgthe pattern, a trigger can be generated. Alternatively, a trigger can be generated when the pattern ends, called
exitirgthe pattern.

With pattern triggering, as in single source, either of these qualifications can be selected: Holdoff for 10 nsto 20 s, or
Holdoff for up to 99 999 999 events.

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

Consider the important example of the Bi-level or Window Pattern Trigger. Bi-level implies the expectation of a
single-shot signal’s going in either direction outside a known amplitude 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 could be set to +100 mV and that of CH 2 at =200 mV. T he Bi-level Trigger will occur if the
oscilloscope triggers on CH 1 for any pulse greater than +100 mV, or on CH 2 for any pulse less than —200 mV. For
improved precision, the gains of the two channels should be at the same setting.

In Boolean notation we can write:
Trigger=CH 1+ CH 2

that is, trigger when entering the pattern CH 1 = high OR CH 2 = low
By de Morgan's theorem this is equivalent to:

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

The possibility of setting the threshold individually for each channel extends this method so that it becomes a more
general Window Trigger: in order to trigger the input pulse amplitude must lie within or outside a given arbitrary
window

Pattern Trigger has been designed to allow a choice of the trigger point. By choosing 1L *2H erterirg the trigger will
occur at the moment the pattern 1L*2H becomes true.
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RUNT TRIGGER

CHAPTER EIGHT: TrnggerSmart

This trigger is available with the optional Advanced Trigger Package.

SMART TRIGGER

type
LualiFied
Oropout
Pattern
Runt]
Slew Rate

—trigger on—

1234€ext
Ext1l

—coupling 1—
il AC
LFREJ HFRET
with
Level [Ch=pdg
Edge
—runt =
7.5 ns

oFF g

—& runt 2——
5B ns

oFF g

WR2-OM-E Rev C

T

1. Select Runt.

2. Select the trigger source.

3. Select the trigger coupling.

4. Use Level to set the upper and lower voltage thresholds through

which the runt must pass. Use Width to set minimum or
maximum time limits. Use E dge to set the trigger to occur at the
end of a negative or positive runt pulse.

1 '/ 5. Enable runt < to set the upper time limit.
T

number you dial in is greater than that set for
runt <, this function becomes OR runt >.

//@ 6. Enable & runt > to set the lower time limit. If the
.
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LOOKING DEEPER

SLEW RATE TRIGGER
This trigger is available with the optional Advanced Trigger Package.

SMART TRIGGER

type
HualiFied k
Oropout
Pattern
Runt

S1ew Rate

—trigger on—

02346t
Ext 10

—coupling 1—

B AC

LFREJ HFREJ
with
dv ERf Slope

—dT &—
5.0 ns

oFF i

T

1. Select Slew Rate.

2. Select the trigger source.

3. Select the trigger coupling.

4. UsedV to set the upper and lower voltage thresholds. Use dT to
set minimum or maximum time limits. Use Slope to define the
slope as negative or positive.

1 '/ 5. Enable dT < to set the upper time limit.
T

number you dial in is greater than that set for
dT <, this function becomes OR dT 2.

//@ 6. Enable & dT 2 to set the lower time limit. If the
T
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BLANK PAGE
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CHAPTER N INE: DisplayMore

Chapter 3 showed how to set up the display and use persistence. N ow leam how to get
more from your display.

In this chapter, see how
Analog Persisternce works
To use advarced color management tools
To change your palettes and pick colors

To set up XY display

To use cursors in XY display
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CHAPTER NINE Display More

T ransform Your Vision

ANALOG
PERSIST

Press the green & button and transform your vision of the waveform. With the brightness levels of a
single color, the Waverunner-2 Analog Persistence feature shows relative signal intensities “three
dimensionally” to reveal signal evolution over time. It offers you an analog view of the waveform with all the
advantages of a digital oscilloscope. Color Graded persistence works in a similar way using a color spectrum to
map signal intensity. Both Waverunner-2 persistence modes are infinite or variable with decay over time.

PERSISTENCE
—La Trac E'—‘

Persist

All traces
le l.j 2

——Using——

O NORMAL

A nalog Persistence display of a signal with elements of a variable frequency of occurrence.
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How ANALOG PERSISTENCE WORKS

L eCroy’s A nalog Persistence feature offers the advantages of analog display in a
DSO (Digital Storage Oscilloscope). The display looks like analog and is fast, too.
But it has the data manipulation, flexibility, and statistical analysis capabilities
only found in a digital instrument.

With traditional analog instruments, data manipulation and the direct comparison of acquisitions is
practically impossible. Statistical analysis is difficult to perform too. N evertheless, analog does have
certain advantages. Because there is no need for analog-to-digital conversion, the speed of the analog
scope is limited only by the bandwidth of its electronics: signals are monitored almost continuously.
The standard DSO must capture signals across the time period allowed by the size of its acquisition
memory, then process and display their representation. The time needed to process the previous
acquisition normally limits DSO speed.

But the A nalog Persistence digital oscilloscope is different. It decouples data accumulation from
display, accumulating and displaying new data more quickly. Moreover, the persistence is variable.

The display is generated by repeated sampling of the amplitudes of events over time, and the
accumulation of the sampled data into three-dimensional display maps. These maps create an analog-
style display. U ser-definable persistence duration can be used to view how the maps evolve
proportionally over time. Statistical integrity is preserved because the duration, or decay, is
proportional to the persistence population for each amplitude or time combination in the data. In
addition, the A nalog Persistence scope provides user definable, post-acquisition saturation control of
the maps, allowing you to draw detail from the display.

When you select “A nalog” from the U sing persistence menu, each channel and its associated
persistence data map are assigned a single color. As a persistence data map develops, different shades
of its color are assigned to the population ranges between a minimum and a maximum population.
The maximum population automatically gets the brightest shading, the zero or smallest population
gets the darkest shading or the back ground color, and the population ranges between zero and the
maximum population gets the shades in between these.

The information in the lower populations, or down at the noise level (random transients rather than
dominant signals) could interest you more than the rest. The A nalog Persistence view highlights the
distribution of data so that you can more easily examine it in detail.

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

Data populations and their displayed shades are dynamically updated as data from new acquisitions
is accumulated.
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70 DISPLAY COLOR-GRADED PERSISTENCE

Color-Graded persistence follows the same principles as the A nalog Persistence
feature, but uses not one, but many, colors to map signal intensity. When you select
“Color Graded” from the Using persistence menu, instead of the brightness of a
single color as in the A nalog Persistence view, the Waverunner-2 uses a color
spectrum from red through violet to display persistence.

R e R

The same waveform as that shown on page 137 displayed using Color-Graded persistence shows the
persistence waveform in a spectrum of colors rather than shades of a single color.
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“Paint” Your Display

Personalize your Waverunner-2 display by choosing from a range of tools, techniques, and color schemes.

More Display
Setup

to access these menus.

1. Inthe DISPLAY SETUP menus, press the soft key for

MORE DISPLAY 2. tL(J)i)el Sthem to change color schemes and choose advanced color management
Screen Activates the screen saver. See “First Things.”
Jawver Setup

—LColor Scheme

Selects either a pre-set, default (1-6) or customized (U 1-U4) color
1234586 scheme. Choose a custom scheme; the menu below appears. Also
ui I8 U3 u4 selects a scheme for copying to. See next page.
CHANGE Accesses the CHANGE COLORS menus when a user-defined scheme
COLORS (U1-U4) is selected above. See next page.
— SCEEE”‘ Turns Full Screen Onand expand the grid display to fill the entire
IFF N

screen, Off to return to the normal display.

—Irace color—

DEaaue

—easure Gate

thighlight)
o
—ata Points—

Marma 1
Bold

Selects Opaque or Transparent mode, in which objects are always
visible. Overlapping regions are distinguished by a new and unique
color.

@ Activates the Measure Gate function. Objects of lesser
// " g

interest given the color “neutral” will be automatically
relegated to the area outside a region. Objects irsick this
measurement-gate region are thus highlighted.

I

y @ Shows data, or sample, points either as N ormal or Bold.
_&'/

In Full Screen, removes all menus from the screen. The menus will
reappear when any darker, labeled, front panel button is pressed.

o
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CHANGE YOUR PALETTE

3. Select a user-defined color scheme (U1-U4) from the preceding menu, then press the soft key for

COLORS

CHAMGE E

Create your own color scheme; assign colors to traces, grids, or any other on-
CHANGE COLORS screen object; or copy a default scheme into a custom one to make personalizing

. quicker and easier.
in user color

scheme U2 |
—Ltopy Fra Selects one of the a pre-set, default (1-6) or customized (U 1-U4) color
23456 _|_ schemes, and copy it to another User scheme. T his creates a palette
Ul U2 Us U4 that can then be more easily personalized.
COPY SCHEME Copies the scheme selected in the menu above to the User color
1 to U? _|_ scheme selected in the Color Scheme menu shown on the preceding
page.
—LChange
?ﬂace 2 Selects the displayed object to be assigned a color using the menu
race 3 below (see next page).
Trace 4 _I_
Trace R F
—color to— //@
White | O ¢ v
D 4 . . .
% - Selects the color to be assigned to the object selected in
the “Change” menu (see page 143).
Greon ' //@ 9 (see page 143)
Blue F i
T
A3
—||- Returns to the MORE DISPLAY menus.
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70 ASSIGN COLORS TO ON-SCREEN OBJECTS

Background — background color of the entire display area

Trace 1...4 — color assigned to traces displaying Channel 1, 2, or 3 or 4

Trace A...D — color assigned to Trace A, B, C, or D

Grid — default color of the grid

Text — color assigned to menus, acquisition status and non-single source measurements
Cursors — color assigned to cursors

Warnings — color assigned to error and warning messages

Neutral — color designated as neutral (can be any in user palettes) for measure-gate-region
highlighting

Overlays — color assigned to the menus overlaid on the grid when in Full Screen mode.
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70 CHOOSE COLORS

custom palettes.

Choose from this gallery of colors for your U1, U2, U3, and U4

—rcolor to—
hite
Cyan

'..I.-'é 11law

Green

—color tD__W

Jade k

Lime Green

Emerald

—rcolor to—
Magenta

Fuchsia

Meon Pink
| Pale Pink

——rcolor to—

|
b

Light Gray

—rcolor to —l
1
Ice Blue

Pastel Blue

—color to—

Pink 1

—color to—
1
| Light Green f

—colaor tn——W

k

TIP. Personalize your color
schemes: for traces, grids, text
and menus, cursors, neutral
color, background, varnings,
and overlays. See the previous

page
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Set Up XY Display

XY display is for traces that have the same time- or frequency-span (time/ div), expressed using the same
horizontal unit, in seconds or Hertz. The XY display offers three special grid styles: XY only, XY Single and
XY Dual, illustrated on the next page.

DISPLAY

1. Press for the DISPLAY SETUP menus.
2. Press the soft key to select XY from the top menui.

OISPLAY SETUR

Standard ‘
ES

FPer“sister‘u:e\‘

OFF iy

More Display
Jetup

Setup E

LGrids

=Y only
Single Oual
W Forms Tesxt—
intensity

= [0 e

Grid
intensity

80 %

144

3. Use these menus to set up your XY display, and to access other display setup
menus if desired.

__ Selects “Standard” or XY.

ANALOG
PERSIST

Turns persistence on or off. Or press <4

Accesses XY persistence menus: for choosing Analog or Color-Graded
persistence, and persistence saturation in XY display.

Accesses more display setup menus. See page 140.

Selects grid style and number. See next page.

? Adjusts waveform and text brightness, using the knob. To
0 2 / return to the default intensity, press the soft key.

Adjusts grid intensity using the knob only. Grids can be

@ brightened, or blended with displayed traces. To return to
i '/ the default intensity, press the soft key.

EEEEEE
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BEE M
AC Emy

0 STOPPED

A nalog Persistence vector diagram on XY Only grid. Below. XY Only, Single and D ual grids.

DISPLAY SETUP DISPLAY SETUP DISPLAY SETUP

Standard

B des B i ds-
3V only W oo
el Singls DB
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70 USE CURSORS IN XY DISPLAY

Cursors are different in XY display (see Chapter 4, “Choose a Measure Tool,” for
cursors in general).

Absolute A mplitude cursors are horizontal and vertical bars that can be moved up and down and from
side to side across the screen. XY Relative A mplitude cursors are pairs of bars that move in the same
way.

A bsolute and Relative Time cursors behave in XY as they do in Standard display.

Combinations of the amplitude values are shown on the left-hand side of the grid in the following top-
to-bottom order:

“AY value / AX value’: Ratio

“20 [Jlog 10 (ratio)”: Ratio in dB units

“AY value JA X value”: Product

“@= arctan (4Y / AX) range [-180°to +180°": Angle (polar)

“r=sqrt (AX JAX + AY [JAY)”: Radius (distance to origin).
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CHAPTER NINE: DisplayMore

The definition of AX and 4Y depends on which cursor you use. T he table below
shows how 4X and AY are defined for each type of cursor measurement.

XY CURSORS

TAbs
A A o=V T
Abs Rel Org = (0’ 0) g VXOffset Rel
YOffset
AX Vixger — 0 Vxpift— Viret Vxger— 0 Vixrer— Vxoffset Vxpif = Vxret
AY Vyrer— 0 Vypit = Vyret Vyrer— 0 Vyrer = Vyoftset Vypit— Viret
— —
W here the terms signify:
Aabs: Absolute A mplitude cursors
Arer: Relative A mplitude cursors
T abs: Absolute Time cursors
Trel: Relative Time cursors
Org: Origin
Vxref: V Oltage of the Reference cursor on the X trace
Vvrer: V oltage of the Reference cursor onthe Y trace
Vxdif: V oltage of the Difference cursor on the X trace
Vvais: Voltage of the Difference cursor onthe Y trace
A
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CHAPTER TEN: UseAadvarced Math Tools

You have seen how to use Waverunner-2 math tools. N ow look deeper into waveform
processing and apply the scope’s advanced math features.

In this chapter, see how
To process extrerma wavefornns
To perform enhanced resolution filtering
7o rescale your waveform
To do more with FFT

70 use a math function

To plot parameter trends
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Compute E xtrema Waveforms

Use extrema to view a trace envelope of numerous sweeps. Your Waverunner-2 scope repeatedly compares the
maxima (roof) and minima (floor) values of new waveforms with those of already accumulated extrema
records. Whenever the oscilloscope finds that a given data point of a new waveform is greater than the
corresponding roof record value, or less than the floor record value, it replaces that record value with the new
one. The Waverunner-2 thus accumulates the maximum and the minimum envelope of all waveform records.

1. Press’ ! toselect CHANNEL 1 and display the Waverunner-2 basic menus.

2. Press the soft key to

Z00mM ‘

3. Press to select and set up Trace A.

3. Press the soft key for SETUP E

use Math?
5. Press the soft key to select F Ho QEE \‘and display the SETUP OF A menus.

6. Then press the soft key to select “E xtrerma” from the Math Type menu.

TIP. You can change the view of the ervelope at

7. Pressthe soft key to select anytime without affecting the accumulated data.

limits
Floor RooF

E nvelope shows the entire envelope, while Floor and Roof show only the lower and upper parts of the
envelope. Changing these limits will not restart the analysis.

1EIEE

For
(sweeps) ‘

8. Turn the upper knob to set the number of sweeps: ‘
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9. Press the soft key to select the source trace:

7O DO EXTREMA

Your Waverunner-2 scope will stop accumulating whenever the selected maximum
number of sweeps is reached. You can interrupt this process by changing the trigger
mode from N ORMAL to STOP (by pressing the STOP button), or by turning off the
function trace. A ccumulation will continue when you perform the reverse action.

Reset the currently accumulated extrema waveform by either pressing CLE AR SWEEPS, or
changing a parameter such as gain, offset, coupling, trigger condition, or your timebase or bandwidth
limit. The Waverunner-2 displays the number of currently accumulated waveforms in the displayed
trace label of the zoom trace on which the extrema function is performed. You can display roof and
floor records either individually or together.

W henever the maximum number of sweeps is reached, you can accumulate an even larger number
simply by changing the value inthe SE TUP for menu. However, leave the other parameters
unchanged, or the calculation will be restarted.

TIP: T he Waverunner-2 avoids being slovwed down by computing a particular math
furiction only when that furiction’s trace is turned on. Despite this, waveform
processing can take some time when there are many data points. Cut this delay by
limiting the number of data points used in the computation. T he Waverunner-2 will
process the entire wavefornm by taking every nith point — where n depends on the
timebase and the desired maximum number of points. T he first point taken is

alvays the data value at the left-hand edge of the display: %
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Rescale and Assign Units

This advanced math tool allows you to apply a multiplication factor (8), and additive constant (b), to your
waveform. You can do it in the unit of your choice, depending on the type of application.

Follow the steps for setting up to do math on Trace A, B, C or D.
Press the soft key to select Rescale from the Math Type menu.
Select a or b from the next menu, below Math Type.

Press the soft key to select the mantissa, exponent, or number of digits; turn the knob to set its value.

o~ D oE

If you wish, go back and select [units]. A new menu, called “units =" will then appear. You can choose
from awide range of units for your value, including Amps, Celsius, Hertz, decibels, Kelvin, Ohms, Volts,
and Wiatts.

6. Press the soft key to select the source trace for filtering:

1@34“[1‘
M M2 M3 M4

70 DO AVERAGING. SUMMED vS CONTINUOUS

Summed A veraging is the repeated addition, with equal weight, of successive source
waveform records. |f a stable trigger is available, the resulting average has a random
noise component lower than that of a single-shot record. Whenever the maximum
number of sweeps is reached, the averaging process stops.

A n even larger number can be accumulated simply by changing the number in the menu. H owever, the
other parameters must be left unchanged or a new averaging calculation will be started. You can
interrupt the averaging by changing the trigger mode from N ORM to STOP, or by turning off the
active trace. The Waverunner-2 resumes averaging when you perform the opposite action to these.
Reset the accumulated average by pushing the CLE AR SWE E PS button or changing an acquisition
parameter such as input gain, offset, coupling, trigger condition, timebase, or bandwidth limit. The
number of current averaged waveforms of the function, or its zoom, is shown in the displayed trace
label. When summed averaging is performed, the display is updated at a reduced rate — about once
every 1.5 s — in order to increase the averaging speed (points and events per second).

Continuous Averaging 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. The most recently acquired waveform has more weight than all the previously acquired
ones: the continuous average is dominated by the statistical fluctuations of the most recently acquired
waveform. The weight of ‘old’” waveforms in the continuous average gradually tends to zero (following
an exponential rule) at a rate that decreases as the weight increases.
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E nhance Resolution

ERES (E nhanced Resolution) filtering increases vertical resolution, allowing you to distinguish closely spaced
voltage levels. Waverunner-2 ERES is similar to smoothing the signal with a simple, moving-average filter.
However, it is more efficient, both in terms of bandwidth and pass-band. Use ERES on single-shot waveforms,
or where the data record is slowly repetitive — when you can't use averaging. Use it to reduce noise when your
signal is noticeably noisy, but you don't need to perform noise measurements. Use it, too, when you perform
high-precision voltage measurements: zooming with high vertical gain, for example.

1. Followthe steps for setting up to do math on Trace A, B, C, or D.

ath Type
Arithmetic &
Awerage
2. Then press the soft key to select E nh. Res from the Math Type menu:
Extrema
FET F
enhance by
H.5 bit 1
3. Press the soft key to select 1.5 bits, for example, from
F
]

This menu allows you to choose a filter that will enhance the resolution of the displayed signal by from one to
three bits, in steps of 0.5 bits.

4. Press the soft key to select the source trace for filtering:

1@34n|:u‘
MT M2 M3 M4

TIP.: Depending on your sampling speed, the Waverunner-2
_ . ) digital filters can affect bandwidlth. 1T you need banawidth at slow
Result: See illustration next page. timebases, use Averaging with repetitive sampling.
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SETUP OF B
—use Math?—

‘ Mo Ng=t= ‘

3 dE b Hz— 0  STOPPED

The glitch in the waveform displayed on the top grid has been clearly eliminated by ERE S: the result
is the waveform on the lower grid. Trace B’s label indicates this as the filtered waveform. A nd the
information field below the grids tells you that Trace B is an ERE S function of Channel 2, that the
waveform has been enhanced by 3 bits, and that filtering has reduced the number of points from
2000 to 1885 (see NOTE on page 155) and the bandwidth to 32 MHz.

How THE WAVERUNNER-2 ENHANCES RESOLUTION

The Waverunner-2's enhanced resolution feature improves vertical resolution by a
fixed amount for each filter. This real increase in resolution occurs whether or not the
signal is noisy, or your signal is single-shot or repetitive. T he signal-to-noise ratio
(SN R) improvement you gain is dependent on the form of the noise in the original
signal. T he enhanced resolution filtering decreases the bandwidth of the signal,
filtering out some of the noise.
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The Waverunner-2’s 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 0.5 and 3 bits. E ach step corresponds to 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.

With low-pass filters, the
-3 DB . .
RESOLUTION FILTER LENGTH || actual SNR increase obtained
BANDWIDTH : - - .
INCREASED BY x N (SAMPLES) in any particular situation
( YQUIST) depends on the power spectral

density of the noise on the
05 0.5 2 signal.

The improvement in SN R

10 0.241 S corresponds to the improvement
in resolution if the noise in the

15 0.121 10 signal is white — evenly
distributed across the frequency
spectrum.

20 0.058 24
If the noise power is biased
towards high frequencies, the

2.5 0.029 51 SNR improvement will be
better than the resolution

3.0 0.016 117 improvement.

The opposite may be true if the noise is mostly at lower frequencies. SN R improvement due to the
removal of coherent noise signals — feed-through of clock signals, for example — is determined by
the fall of the dominant frequency components of the signal in the passband. This is easily
ascertained using spectral analysis.T he filters have a precisely constant zero-phase response. This has
two benefits. First, the filters do not distort the relative position of different events in the waveform,
even if the events’ frequency content is different. Second, because the waveforms are stored, the delay
normally associated with filtering (between the input and output waveforms) can be exactly
compensated during the computation of the filtered waveform.

The filters have been given exact unity gain at low frequency. E nhanced resolution should therefore
not cause overflow if the source data is not overfloned. If part of the source trace were to overflow,
filtering would be allowed, but the results in the vicinity of the overflowed data — the filter impulse
response length — 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
affect the results. 1t would then be undesirable to disallow the whole trace.

T he examples on the following page illustrate how you might use the Waverunner-2’s enhanced
resolution function.
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In low-pass filtering: The spectrum of a square signal before (above left) and after (above right)
enhanced resolution processing. T he result clearly illustrates how the filter rejects high-frequency
components from the signal. T he higher the bit enhancement, the lower the resulting bandwidth.

To increase vertical resolution. 1 nthe example at / \ \
right, the lower (“inner”) trace has been significantly - /ﬁ\ /ﬁ\
enhanced by a three-bit enhanced resolution function. / / "Itl T //‘ \

To reduce noise. The example below shows enhanced ! \\ T / .\\
resolution of a noisy signal. T he original trace (below left) roo
has been processed by a two-bit enhanced resolution filter. AR R A U R SR | A R
The result (below right) shows a “smooth” trace, where most T

of the noise has been eliminated. i T

P ar e -

NOTE : Enhanced resolution can only improve the resolution of a trace, it cannot improve the
accuracy or linearity of the original quantization. T he pass-band will cause signal atternuation for
signals near the cut-off frequercy: T he highest frequericies passed may be slightly atternuated. Perform
the filtering on finite record lengths. Data will be lost at the start and end of the waveform: the trace
will be slightly shorter after filtering. T he number of samples lost is exactly equal to the lergth of the
impulse response of the filter used — between two and 117 samples. N onmally this loss — just 0.2 % of
a 50 000 poirit trace — s not noticed. However, you might filter a record so short there would be ro

data output. In that case, however, the Waverunner-2 would riot allow you to use the ERES —

feature. _
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DoMorewithFFT

In Part One (Chapter 5, “Use Math Tools”)we looked at how to use Fast Fourier Transform (FFT) to
display and measure signals in the frequency domain. N ow see how to use the optional FFT Average feature,
and how to set up an FFT span to improve resolution. Valuable hints on how to get even more from this tool
are also given here.

DO FFT AVERAGE
1. Followthe steps for setting up to do math on Trace A, B, C, or D.

2. Pressthe soft key to select FFT AVG from the Math Type menu.

3. Pressthe soft key to select an FFT function to average. Select Power Spect, for example, and you can define

a function as the power average of FFT spectra, computed by another FFT function.

CLEAR
SWEEPS

4. Press to reset FFT average and show the number of currently accumulated waveforms in the
displayed trace field of the math trace or its zoom.

used, the memory status field ARG ol
beneath the grid shows the Pouer Spectrum 10688 > 2500 pts

parameters of the waveform

When FFT or FFT Averaging is FE:PS(HUGP(B))

descriptor.

DO ADDITIONAL PROCESSING TIP: To increase the FFT frequercy range — the
Nyquist frequency — raise the effective sampling

You can perform other math and waveform frequericy by increasing the maximum rumber of

processing functions, such as averaging or points or using a faster time base.

arithmetic, before doing FFT. For example: if a : -

stable trigger were available you could perform | 7@ /ncrease the FFT frequency resolution, ircrease

time-domain averaging to reduce random noise | e length of the time-domain waveform record by

in the signal. using a slover timebase.

USE CURSORSWITH FFT

Move the absolute time cursor into the frequency domain to read the amplitude and frequency of a data point.
Do this by moving it beyond the right-hand edge of a time-domain waveform. Then move the relative time
cursors into the frequency domain to simultaneously indicate the frequency difference and the amplitude
difference between two points on each frequency-domain trace. Use the absolute voltage cursor to read the
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absolute value of a point in a spectrum in the appropriate units. And adjust the relative Voltage cursors to
indicate the difference between two levels on each trace.

NOTE: The following FFT-related error messages may appear at the top of the screen:
“Incompatible input record type” — FFT Average dore on a function rnot defined as FFT.
“Horizontal units don’t match” — FFT of a frequency-domain waveform is rot available.

“FFT source adata zero filled” — IT there are invalid data points in the source waveform (at the
beginning or at the end of the record), these are replaced by zeros before FFT processing.

“FFT source data over/ underflow” — T he source vaveform data has been clipped in amplitude,
either in the acquisition — gain too high or inappropriate offset — or in previous processing. The
resulting FFT contains harmonic components that would not be presert in the unclipped
waveform. T he settirngs that define the acquisition or processing shiould be changed indirectly by
means of arother furiction or expansion. Ore of the definitions should be changed to eliminate
the over/ underflow condition.

“Circular computation” — A furiction definition is circular (.e., the function is its owr source).
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70 SET UP FFT SPAN AND RESOLUTION

Toset up an FFT correctly, start with the frequency resolution, or Af. This is the

spacing of samples in the frequency domain display. Set the Af by inputting the time
duration of the time domain signal to the FFT.

If an acquisition channel (Channel 1, 2, or 3 or 4) is the source, then the waveform duration is the
capture time: the TIME/ DIV setting multiplied by 10. If the source waveform is a zoom trace, the
frequency resolution is the reciprocal of the displayed waveform’s duration. T he relationship between
capture time and frequency resolution is illustrated below (Fig. 1).

CAPTURED WAVEFORM

w TIME=
[a)
o]
E
-
o
> __
<

CAPTURE TIME J

=10XTIME / DIV

FREQUENCY

RESOLUTION

Af
Af =1/ CAPTURE TIME

w
[a)
]
E
g
: I

FAST FOURIER TRANSFORM (FFT) FREQUENCY

Figure 1. Capture time determines the frequency resolution 4.

The frequency span of the FFT is called the N yquist frequency, and is related to the sampling
frequency of the time domain waveform. If the math memory size is identical to the number of
samples in the acquired waveform, then 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 the FFT span
will be decimated. T he relationship between the FFT span and the sampling rate (1/ AT) is
illustrated on the next page (Fig. 2).
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CAPTURED WAVE FORM
W TIME,
a
o}
=
-

o
= |
<
AT
SAMPLING PERIOD
FREQUENCY SPAN ,I
FREQUENCY SPAN = K* (VAT)
L
a
)
=
g |
Z - >
FREQUENCY

FAST FOURIER TRANSFORM (FFT)

Figure 2. The span of the FFT is related to the sampling rate (1/ AT).

The Waverunner-2 automatically adjusts the span, and the FFT transform size, to account for the
“max points for math” you enter, as well as the display scaling. T he scope may also adjust the length
of the displayed trace. You can read the span in the displayed trace label for the trace with FFT,
with the horizontal calibration in Hz/ div. It is also displayed as the N yquist frequency in the
information field that appears at the bottom of the screen when you set up for FFT.

SET FFT SPAN

1. To obtain the FFT span you want, first make sure that your sampling rate is more than twice the span
desired. Control the sampling rate, then set the acquisition memory length. You could further adjust the
sampling rate by limiting the number of points. For example, to analyze a continuous periodic waveform,
you may wish to have a span of 10 MHz and frequency resolution of 10 kHz. That frequency resolution
would require a capture time of 100 ps. You would therefore set the time per division to 10 ps to obtain
the necessary Af of 10 kHz. You would need an effective sampling rate of greater than 20 MS/'s in order
to obtain the required 10 MHz span. On a Waverunner-2 scope with a sampling rate of 500 MS/s and a
50 000-sample default memory length, you would use a 10 ps time/ div setting to first give a 250 MHz
span.
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and set time per division to 10 ps.

TIP: Of the two methods proposed in
Step 3 belowy the second s preferable
because it mairtains a high input
sampling rate and reduces the risk of
aliasing the captured data.

Then, to obtain the 10 MHz span, reduce the sampling rate in either of two ways:

SETUP

3. Press

sampling rate of 25 MS/s.

Alternatively, use (

For Math use
max polnts

1EE:

and decrease the number of samples by setting the “record up to” menu to 2500 in a

to limit the number of points to 2500. Choosing this method

would leave the sampling rate at 500 MS/'s but decimate the waveform data before the FFT to reduce the
effective sampling rate to 25 MS/s. This would in turn give a span of 12.5 MHz, the closest achievable

span to >10 MHz.

A sampling rate of 25 MS/s would result in a full-scale range of 12.5 MHz (1.25 MHz per division). To
maintain a display scale factor of 1, 2, or 5, your Waverunner-2 scope would decimate the acquired waveform
and calculate the FFT using a 2000-point transform. This would result in a scale factor of 2 MHz/Div. The
display would be truncated at 6.25 divisions to retain the original 12.5 MHz span.

FFT WINDOW FILTER PARAMETERS

Window Type HLig(;]) Ezs(tdsl_:i)(;le Scall(c(;;é ;_ 0SS E(EII Es\gv Cohe(rggt) Gain
Rectangular | -13 | 3.92 | 10 | 0.0

von Hann | -32 | 142 | 15 | -6.02
Hamming | —43 | 1.78 | 1.37 | 535

Flat Top | 44 | 001 | 2.96 | -11.05
Blackman-Harris | 67 | 113 | 171 | -753
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Use an Advanced Math Function

These functions allow you to automatically carry out complex computations
on your signal. See Chapter 5, “Use Math Tools,” for the full range of
standard and optional math functions. To choose and use a function:

1. Followthe steps for setting up to do math on Trace A, B, C, or D.

2. Then use these menus to choose and use an advanced math function.

7w
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Use Advarced Math Tools

NOTE: T he Waverunner-2
computes square root on the
absolute value of the
waveform. For logarithmic
and exporential functions, it
uses the input signal’s
numerical value without units.

SETUP OF A
—use Math?—,
Mo _M Selects to do math.
—ath Type—
FFT |
FFTRVG .
Functions Selects Functions.
Histogram w
Rescale F
—Function—
NOTE . When you use
Explt . _W- Integral, your source signal
Identit Selects Intearal. f I can be offset by an additive
elects tntegral, for example. constartt in the range —10% to
Log y | +10% times the vertical unit of
LDQIEI the signal. —
oF -
+1. 17000 (e @ .
— 1 | Sets the signal offset to compensate for any
B digits o ) DC offset in the signal.
plus
d234BCD

Ml M2 M3 M4 i @ Selects the source waveform.
s 4
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Resample to Deskew

Deskew whenever you need to compensate for different lengths of cables, probes or anything else that causes
timing mismatches between signals. Resample a signal on one channel and adjust it in time relative to a signal
on another.

1. Display the signals on two different channels.

2. Press to make a zoom of the channel whose signal you wish to adjust in time.
3. Use these menus to deskew the signal.
SETUP OF A
—use Math'?—
Mo __ E nables math.
—lath Type—

Functions k __
Histogram
m Selects Resample.

Rescale
Trend F

@ By means of the knob, adjusts the signal on Trace A in the
'l/ range £2000 ns, and compensates for the timing differences
i between it and the other signal.

r
r
r
-
—_\

234BCD
‘ M1 M2 M3 M4 ‘ /@\ Selects the channel whose signal you wish to adjust.
/// ,I'//
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Plot Trends

Plot a line graph of a parameter’s evolution over time using the optional Trend feature (EMM Option). And
eliminate the need to make and record a large number of individual measurements. When you set up the trend
plot, the Waverunner-2 will generate it automatically as the scope takes data, making the measurements and
plotting the values for you. The graph's vertical axis will be the value of the parameter, and its horizontal axis
the order in which the values were captured. In this way you can graphically display up to 20000 individual
parameter measurements on each trace, using any of more than 100 available parameters as the trend source.
You can also cross-plot two trends on an X-Y display and see the functional relationships between the two
parameters.

1. Set up acustom parameter for the trend. See the next chapter, “Analyze with Parameters.”

2. Followthe steps for setting up to do math on Trace A, B, C, or D.

SETUP OF 3. Usethese and the menus on the next page to create your trend graph.

—use Math?—

E nables math.

—lath Type—

Fer Hist k
Fer . Trace
Resample
Rescale
Trend

Selects Trend.

Selects parameters and further configures the trend (see next page).

MORE
TREMD SETUF

Positions the trend automatically once calculated. Also centers and
scales the trend without affecting zoom or position settings.

o

FIMO CEMTER
AMO HEIGHT

—Trend oF—
custom line 1
ampl101)

Selects the parameter line to be used in the trend.

—using up to—
1866
(values)

Selects (using soft key or knob) the number of values in
@ the trend. A maximum of 20000 values can be chosen
i '/ for any one trend. When this maximum is exceeded, the
T’ parameter results scroll off the trend.
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TREMD R

Values
Awverage
All/Trace

PARAMETER
SETUR

FIMO CEMTER
ANDO HEIGHT

—Lenter

B digits

Height
1. A6
(per diw)

O O B B

o

T1P: See the L eCroy Application Briefs (L ABs) covering trend
plots for help in a range of applications. Ask your L eCroy
customer service center; or find these and other useful L ABs at
L eCroy’s web site: wwwwlecroy.com

Selects All: every parameter calculation on each waveform will be
placed in the trend. Or Average: to trend only the average of all the
given values calculated, and obtain one point in the trend, per capture.

Accesses the CHANGE PARAM menus to select or configure a
parameter. See the next chapter, “Analyze with Parameters.”

Positions the trend automatically once calculated. Also centers and
scales the trend without affecting zoom or position settings.

1 ,/: Sets the trend’s center value.
// “B'

Selects the value of each vertical display division. The

(@ height per division multiplied by the number of vertical

1 '/ display divisions (eight) determines the range of

5o ~ parameter values centered on the number in the
“Center” menu, used to create the trend.

Returns to the previous menu group.
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READ TRENDS

Once the trend plot is displayed, trace labels like the ones below — for Trace A in these examples — appear in
their customary place on-screen, identifying the trace and the math performed, and giving horizontal and
vertical information.

:Tampl(])

20 # N umber of events per horizontal division

2EH U nits per vertical division, in units of the parameter being measured
49 _Talmy V ertical value at point intrend at cursor location when using cursors

inside 268 N umber of events in trend that are within unzoomed horizontal

display range

:Tamp 1]

2M #

208 py

ﬂ 1% f’ﬂ‘ﬂjr; Percentage of values lying beyond the unzoomed vertical range when

inside 1973 not in cursor measurement mode

A
TIME

5

EVENT

Figure 3. A trend’s horizontal axis is in units of events, with the earlier events in the leftmost part
of the waveform and later ones on the right. The vertical axis is in the same units as the trended
parameter.

WR2-OM-E Rev C ISSUED: January 2002 ].65



PART Two: LOOKING DEEPER

70 CALCULATE TRENDS

Once you have configured the trend, parameter values will be calculated and trended on
each subsequent capture.

The trend values will be calculated immediately following the capture. T he resulting trend is a
waveform of data points that can be used in the same way as any other waveform. Parameters can be
calculated on it, and it can be zoomed; it can serve as the x or y trace in an XY plot, or be used in
cursor measurements.

The sequence for acquiring trend data is:

1. Trigger

2. Waveform capture

3. Parameter calculation(s)
4. Trend update

5. Trigger re-arm

If you set the timebase in a mode other than sequence, a single acquisition occurs prior to parameter
calculations. However, in sequence mode an acquisition for each segment occurs prior to parameter
calculations. If the source of the trend data is a memory, when you save new data to memory, this
acts as a trigger and acquisition. Because updating the screen can take significant processing time,
the process occurs only once a second, minimizing trigger dead time (and under remote control the
display can be turned off to maximize measurement speed).

The Waverunner-2 oscilloscope maintains a circular parameter buffer of the last 20 000
measurements made, including values that fall outside the set trend range. If the maximum number
of events to be used in atrend is a number ‘N’ less than 20 000, the trend will be continuously
updated with the last ‘N’ events as new acquisitions occur. If the maximum number is greater than
20 000, the trend will be updated until the number of events is equal to ‘N’. Then, if the number
of bins or the trend range is modified, the scope will use the parameter buffer values to redraw the
trend with either the last ‘N’ or 20 000 values acquired — whichever is the lesser. This parameter
allows trends to be redisplayed using an acquired set of values and settings that produce a
distribution shape with the most useful information. Once it is in buffer, you can display the trend
in different scaling ranges without reacquiring data.

In many cases the optimal range is not readily apparent. For this reason the scope has a powerful
range finding function: FIND CENTER AND HEIGHT (see page 164). If necessary, it will
examine the values in the parameter buffer to calculate an optimal range, and use it to redisplay the
trend. The Waverunner-2 will also give a running count of the number of parameter values that fall
within, below, and above the range. If any fall below or above the range, the range finder can then
recalculate to include these parameter values, as long as they are still within the buffer.

The number of events captured per waveform acquisition or display sweep depends on the parameter
type. A cquisitions are initiated by the occurrence of a trigger event. Sweeps are equivalent to the
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waveform captured and displayed on an input channel. For non-segmented waveforms a capture is the
same as a sweep, Whereas for segmented waveforms an acquisition occurs for each segment and a sweep
is equivalent to captures for all segments. Only the section of a waveform between the parameter
cursors is used in the calculation of parameter values and corresponding trend events. T he table
provides a summary of the number of trend events captured per acquisition or sweep for each
standard parameter and for a waveform section between the parameter cursors.
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Part One introduced Waverunner-2 Measure Tools. N ow use their advanced aspects to
troubleshoot and analyze your waveform.

In this chapter, see how
To customize parameters
To perform Pass/Fail tests

Pararmeters work

E ach parameter plays a special role in measurerment
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Use Custom Parameters

1. Press | then select Measure to display the MEASURE menus.

2. Press the soft key for Custom in the “mode” menu. Use statistics if desired, and set the starting and end
point for the parameter measurements using the “from” and “to” menus.

CHANGE
3. Then press the soft key to select PARAMETERS E and access the CHANGE PARAM menus.
CHANGE PARAM 4. Use them to change your parameters.
—0n line— . . . .
53485 _“- S_elects_a Ilne, and_ the parameter allocated toit, for modlflca_tl_on. Five
lines with five unique parameters can be displayed and modified.
—Lategory—
o
0I5K-5td
015K-Loca] Selects the parameter category.
OISK-PRML -
JTA F
DELETE ALL _“- Deletes all five assigned parameters from the lines.
PARAMETERS
—TMEasUre To place a new parameter for measurement on the line selected above.
__ i W When “-- is selected, that line is not used.
acsn /@\
e &)
area _“- T
[y F
oF
Selects the channel or trace on which the parameter will be
234 &L
measured.
Reco||l W A
0
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CUSTOMIZE APARAMETER
You can customize certain parameters to meet special needs:

1. Take, for example, A time at level, a parameter that computes the transition between different levels of a
waveform, or between different sources.

2. Press the soft key to select the All category, and the soft key to choose At@ Iv from the measure menu.

1EIEE

For
(sweeps) ‘

3. Turn the upper knab to set the number of sweeps: ‘

ource
4.  Press the soft key to select channel or memory 1 Turn the knob for from and to.
ta 2

5. Then press the soft keyto select | MORE &l E

SETUR
From the SETUP of At@ Iv menus then displayed: lve 5 o
ansolUTe
6. Press the soft key to set levels in either absolute or peak-to-peak percent signal values: percent

7. Press the soft key to set the hysteresis in divisions. T his is a voltage band that extends 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 limits of this band by half the hysteresis division setting.

8. Turn the knob to set the voltage or amplitude percent level in the “from” menu.
This determines where on the waveform the Waverunner-2 will start the timing measurement.

9. Press the soft key to make the measurement on a positive (rising) or negative (falling) edge. Or, with First,
to make it on either edge.

10. Finally, turn the knob to set the voltage or amplitude percentage in the “to” menu.
This determines the level on the waveform at which the timing is to end.

11. Press the soft key to end the measurement on a positive (rising) or negative (falling) edge. Or, with First,
to end it on either edge.
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Test for Pass and Fail

You can also use parameters to carry out Pass/ Fail tests. These require a combination of measurements within
chosen limits. The Waverunner-2 invokes an action when the test passes or fails — depending on what you
specify. You can also test signals against a tolerance mask. As with custom parameters, you can use as many as
five parameters at the same time. 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

Store selected traces to internal memory, to an optional device in the PC Card slot, or to floppy disk
Sound the buzzer

Emit a pulse through the rear BNC connector

The display will show you the results on the current waveforms, the number of passing events, the total
number of sweeps treated, and the actions for you to take.

SET UP A PASS/FAIL TEST

1. Set up for parameters in the MEASURE menu as shown in Chapter 4 and on the preceding pages.
i‘l"l"l- .'-;H
Press | then select Pass/ Fail.

2. From the “mode” menu select Pass or Fail. Set the starting and ending points for the parameter
measurements using the “from” and “to” menus.

3. Press the soft key to select | CHAMNGE TESTE

CONDITIONS
On line
4. Select a parameter line. 23465
Action
5. Press the soft key to select Param from the Test on menu for testing using that parameter; “---" for no
test.

6. And press the soft key to select Param from the choose menu.
7. Set the other menus displayed as desired, according to the description on page 169.
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8. Then if you wish to change the Pass/ Fail test limit on the parameter, press the soft key to select L imit
from the choose menu.
9. Press the soft key to select the adequate relation — smaller or greater than — from:

True iF

limit
ENCEENE -+ F6 . I
10. Then press the soft key to select from 3 digits one of three possible modifications to the

limit.
These are the limit’s mantissa, exponent, and the number of digits to be represented in its mantissa.
11. Turn the knob to set the value for these.

12. Finally, press the bottom soft key to set the limit to the latest measured value — a starting value for the
final adjustment.
PASS/FAIL TEST ON A MASK

1. Followthe CHANGE TEST Steps 1 to 5 described above.

2. Press the soft key to select Mask from the “Test on” menu for testing using that parameter; “---" for no
test.

3. Press the soft key to select the mask test condition from

4. Press the soft key to select the mask test condition from

5. Press the soft key to select the channel or trace for testing from the of menu, and the soft key for the trace
on which the mask is to be placed from the mask menu.

NOTE : Pass/Fail testing against a mask Is affected by horizontal and vertical zooming of the mask
trace. T he test will be made inside the area bordered by the parameter cursors. Timebases of the mask
and the trace under test should be identical. For visual mask testing, use a single grid when performing
a mask test on a single trace;: dual-grid display for testing on two traces.
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MAKE A WAVEFORM MASK

1. Press the soft key to select

above.

MOOIFY MASK

Frorm
Card

Flpy

into

D=M4
Ml M2 M3 M4

IMVERT MASK
D=-M4
—se W Form—;

d2ABCD
Ml M2 M3 M4

MARE MASK
D=M4
—delta V—
B.5E diw

—delta T—
B.Z8 diw

MODIFY MASK CHANGE TEST | menus described

COMDITIONS

E from the mask

2. Use these menus to generate a mask from your waveform.

Select W'form to generate the mask from your displayed waveform; Card
to display menus for recalling a mask stored to an optional device in the
PC Card slot; Floppy to recall a stored mask from floppy disk.

Selects D=M4 if the mask is to be automatically displayed on the screen.
Otherwise select M1, M2, M3, or M4. Use the “RECALL WFORM”
menus to recall and display a memory on a trace.

Generates an inverted mask.

Selects the waveform to be used as the reference. The Waverunner-2 will
generate the mask around this.

W

Makes the mask.

@ Selects the tolerance in amplitude with the knob.
3

S

—_ p @ Selects the tolerance in time with the knob.
I '/

S

CHANGE ATEST ACTION
1. Fromthe CHANGE TEST menus press the soft key to select Action in the On line.

2. Press the soft key to determine if the action will be taken on Pass or Fail:

3. Press the soft key to select the action in the “Then” menu. And press the soft key to activate (Yes) or
disable (N o) this action in the final menu, now named for the action chosen. This yes or no is in turn

shown in “Then.”
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How THE WAVERUNNER-2 PARAMETERS WORK

Proper determination of the top and base reference lines is fundamental for ensuring
correct parameter calculations. The analysis begins with the Waverunner-2 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.
1). The analysis will attempt to identify the two clusters that contain the largest data density. T hen
the most probable state (centroids) associated with these two clusters will be computed to determine
the top and base reference levels: the top line corresponds to the top and the base line to the bottom
centroid. Once top and base are estimated, the Waverunner-2 easily calculates the rise and fall
times. The oscilloscope automatically determines the 90% and 10% threshold levels, using the
amplitude (ampl) parameter. (Histograms are part of the WaveA nalyzer option.)

. : :
maximum I I J
oo / \_ !

Upper T,’nreshold
(90 % Afnplitude)

|
50 % (M'fsial)

ampl PKpK

HISTOGRAM*

L ower Threshold
(10 % Ahnplitude)

« width >

|
—> «— rise fal —» — |

LEFT CURSOR RIGHT CURSOR
Figure 1.

Threshold levels for rise or fall time can also be selected using absolute or relative settings (r@ level,
f@ level). 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 top lines is subdivided into a percentile scale
(base = 0%, top = 100%) to determine the vertical position of the crossing points.
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.. Mr
Rising E dge 1 90_—+. 10
Duration W_Zl:frri T )
i=
Falling E dge 13
10_1¢ 90
Duration W;(ﬁi T )
i=

window.

Where Mr is the number of rising edges

found, Mf the number of falling edges found,
Tr* the time when rising edge i crosses the x%

level, andTf* the time when falling edge i

crosses the x% level.

period and delay

If the number of
parameter measu
be biased.

first

50 %

<« width —

Analyze with Pararmeters

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

Time parameter measurements such as width,

are carried out with respect to the

mesial reference level (Fig. 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.

cycles is not an integer,
rements such as rms or mean will

; last

delay

<«— width —»|

<« Width

(Mesial)

«—PERIOD —;
freq = 1/ period

«—TWO FULL PER

«———  cmean, cmedi

«—PERIOD —
duty = width/ period
ODS: cycles= 2

—»!

an, crms, csdey . ——»

computed on

LEFT CURSOR
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area, points, data
computed between cursors
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TRIGGER
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Figure 2.
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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 Waverunner-2
enables accurate differential time measurements between two traces — for example,
propagation, setup and hold delays (Fig. 3). Parameters such as 4c2d+ require the
transition polarity of the clock and data signals to be specified.

| N oisy spikes ignored due |
i to Hysteresis band |
HYSTERESIS /] \D/ \\ |

i~ THRESHOLD
DABCaI}rAd(l)_/\_/ \.|_

CLK (2) J

«Ac2d-(1, 2)

5

—Ac2d+ (1, 2) —»!

—_—>

LEFT CURSOR RIGHT CURSOR

TRIGGER POINT

CLOCK EDGE = Positive Transition  _f
DATA EDGE = Negative Transition ~{_

Figure 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 3, Ac2d- (1, 2) measures the time interval
separating the rising edge of the clock (trigger) from the first negative transition of the data signal.
Similarly, 4c2d+ (1, 2) measures the time interval between the trigger and the next transition of
the data signal.
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Choose a Parameter

The following table lists, describes and defines the Waverunner-2 parameters. Those indicated by the -\
symbol are in the Extended Math and WaveAnalyzer options (see Chapter 5, “Use a Math Tool”). All the
other parameters listed here are standard on the Waverunner-2.

Analyze with Pararmeters

PARAMETER

DESCRIPTION

DEFINITION

NOTES

ampl Amplitude: Measures difference between top — base On signals NOT having two
upper and lower levels in two-level signals. (See Fig. 1) major levels (such as triangle or
Differs from pk pk in that noise, overshoot, saw-tooth waves), returns same
undershoot, and ringing do NOT affect value as pkpk.
measurement.

area Integral of data: Computes area of Sum from first to
waveform between cursors relative to zero | last of data multiplied
level. Values greater than zero contribute by horizontal time
positively to the area; values less than zero between points
negatively. (See Fig. 2)

base L ower of two most probable states (higher Value of most On signals NOT having two
is top). Measures lower level in two-level probable lower state | major levels (triangle or saw-
signals. Differs from min in that noise, (SeeFig. 1) tooth waves, for example),
overshoot, undershoot, and ringing do NOT returns same value as min.
affect measurement.

cycles Determines number of cycles of a periodic Number of cycles of
waveform lying between cursors. First cycle |  periodic waveform
begins at first transition after the left cursor. (See Fig. 2)
Transition may be positive- or negative-
going.

cmean Cyclic mean: Computes the average of Average of data
waveform data. Contrary to mean, values of an integral
computes average over an integral number number of periods
of cycles, eliminating bias caused by
fractional intervals.

cmedian Cyclic median: Computes average of base Data value for which
and top values over an integral number of 50 % of values are

PN cycles, contrary to median, eliminating bias above and 50 %

caused by fractional intervals. below

WR2-OM-E Rev C
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PARAMETER DESCRIPTION DEFINITION NOTES

cms Cyclic root mean square: Computes square Where: Vi denotes measured
root of sum of squares of data values sample values, and N = number
divided by number of points. Contrary to of data points within the periods
rms, calculation is performed over an found up to maximum of 100
integral number of cycles, eliminating bias periods.
caused by fractional intervals.

csdev Cyclic standard deviation: Standard 1 Where: Vi denotes measured
deviation of data values from mean value NZ(Vi -mean)?* sample values, and N = number

over integral number of periods. Contrary
to sdev, calculation is performed over an
integral number of cycles, eliminating bias
caused by fractional intervals.

of data points within the periods
found up to maximum of 100
periods.

delay Time from trigger to transition: Measures Time between trigger
time between trigger and first 50% crossing | and first 50% crossing
after left cursor. Can measure propagation after left cursor
delay between two signals by triggering on (SeeFig. 2)
one and determining delay of other.
Adly Adelay: Computes time between 50% level Time between
of two sources. midpoint transition of
two sources
At@ Iv At at level: Computes transition between Time between Reference levels and edge-

selected levels or sources.

transition levels of
two sources, or from
trigger to transition
level of a single
source

transition polarity can be
selected. Hysteresis argument
used to discriminate levels from
noise in data.

Ac2d+

Aclock to data +: Computes difference in
time from clock threshold crossing to either
the next (Ac2d+) or previous (Ac2d-) data
threshold crossing.

Time from clock
threshold crossing to
next or previous edge

(See Fig. 3)

Threshold levels of clock and
data signals, and edge transition
polarity can be selected.
Hysteresis argument used to
differentiate peaks from noise in
data, with good hysteresis value
between half expected peak-to-
peak value of signal and twice
expected peak -to-peak value of
noise.

1/8
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PARAMETER DESCRIPTION DEFINITION NOTES
dur For single sweep waveforms, dur is 0; for Time from first to last

PAN

sequence waveforms: time from first to last
segment’s trigger; for single segments of
sequence waveforms: time from previous
segment’s to current segment’s trigger; for
waveforms produced by a history function:
time from first to last accumulated

acquisition: for
average, histogram or
sequence waveforms

waveform’s trigger.
duty Duty cycle: Width as percentage of period. width/ period
(See Fig. 2)
f80-20% Fall 80-20%: Duration of pulse waveform’s | Average duration of | On signals NOT having two
falling transition from 80% to 20%, falling major levels (triangle or saw-
averaged for all falling transitions between 80-20% transition | tooth waves, for example), top
the cursors. and base can default to maximum
and minimum, giving, however,
less predictable results.
@ level Fall at level: Duration of pulse waveform’s Duration of falling | On signals NoT having two

falling edges between transition levels.

edge between
transition levels

major levels (triangle or saw-
tooth waves, for example), top
and base can default to maximum
and minimum, giving, however,
less predictable results.

fall

Fall time: Measures time between two
specified values on falling edges of a
waveform. Fall times for each edge are
averaged to produce final result.

ARGUMENTS

Threshold | Remote| Lower | Upper | Default
Limit Limit

L ower Low 1% 45% 10%

Upper High 55% 99% 90%

Threshold arguments specify two vertical values on
each edge used to compute fall time. Formulas for
upper and lover values:

lower value = lower threshold x % +base

upper value = upper threshold x % +base

Time at lower
threshold minus
Time at upper
threshold averaged
over each falling edge
(SeeFig. 1)

On signals NOT having two
major levels (triangle or saw-
tooth waves, for example), top
and base can default to maximum
and minimum, giving, however,
less predictable results.
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PARAMETER DESCRIPTION DEFINITION NOTES
first Indicates value of horizontal axis at left Horizontal axis value | Indicates location of left cursor.
cursor. at left cursor Cursors are interchangeable: for
PN (See Fig. 2) example, the left cursor may be
moved to the right of the right
cursor and first will give the
location of the cursor formerly on
the right, now on left.
freq Frequency: Period of cyclic signal measured 1/period
as time between every other pair of 50% (SeeFig. 2)
crossings. Starting with first transition after
left cursor, the period is measured for each
transition pair. Values then averaged and
reciprocal used to give frequency.
last Time from trigger to last (rightmost) cursor. | Time from trigger to | Indicates location of right cursor.

last cursor
(SeeFig. 2)

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 formerly on
the left, now on right.

meximum

Measures highest point in waveform. Unlike
top, does NOT assume waveform has two
levels.

Highest value in
waveform between
cursors
(SeeFig. 1)

Gives similar result when applied
to time domain waveform or
histogram of data of same
waveform. But with histograms,
result may include contributions
from more than one acquisition.
Computes horizontal axis
location of rightmost non-zero
bin of histogram — not to be
confused with maxp.

mean

Average of data for time domain
waveform. Computed as centroid of
distribution for a histogram.

Average of data
(SeeFig. 2)

Gives similar result when applied
to time domain waveform or
histogram of data of same
waveform. But with histograms,
result may include contributions
from more than one acquisition.

median

The average of base and top values.

Average of base and
top
(SeeFig. 2)
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Analyze with Pararmeters

PARAMETER DESCRIPTION DEFINITION NOTES
minimum | Measures the lowest point in a waveform. Lowest value in Gives similar result when applied
Unlike base, does NOT assume waveform waveform between | to time domain waveform or
has two levels. Ccursors histogram of data of same
(SeeFig. 1) waveform. But with histograms,
result may include contributions
from more than one acquisition.
over- Overshoot negative: Amount of overshoot [Base —minimumg 100 W aveform must contain at least
following a falling edge, as percentage of ampl one falling edge. On signals NOT
amplitude. . having two major levels (triangle
(SeeFig. 2) or saw-tooth waves, for example),
may NOoT give predictable results.
over+ Overshoot positive: Amount of overshoot Baximum—topg 100 W aveform must contain at least
following a rising edge specified as ampl one rising edge. On signals NOT
percentage of amplitude. having two major levels (triangle
(SeeFig. 1) or saw-tooth waves, for example),
may NOoT give predictable results.
period Period of a cyclic signal measured as time 1 M Where: Mr is the number of
between every other pair of 50% crossings. —Z (rr 0_Tp ,50) leading edges found, Mf the
Starting with first transition after left cursor, Mr = number of trailing edges found,
period is measured for each transition pair, . X - - -
with values averaged to give final result. (SeeFig. 2) Tri” the time when rising edge i
crosses the x% level, andeiX the
time when falling edge i crosses
the x% level.
pkpk Peak-to-peak: Difference between highest maximum minus | Gives a similar result when
and lowest points in waveform. Unlike minimum applied to time domain waveform
ampl, does not assume the waveform has (See Fig. 1) or histogram of data of the same
two levels. waveform. But with histograms,
result may include contributions
from more than one acquisition.
phase Phase difference between signal analyzed and Phase difference
signal used as reference. between signal and
reference
points Number of points in the waveform between Number of points
the cursors. between cursors
AN (SeeFig. 2)
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PARAMETER DESCRIPTION DEFINITION NOTES
r20-80% Rise 20% to 80%: Duration of pulse Average duration of | On signals NoT having two
waveform’s rising transition from 20% to rising 20-80% major levels (triangle or saw-
80%, averaged for all rising transitions transition tooth waves, for example), top
between the cursors. and base can default to maximum
and minimum, giving, however,
less predictable results.
r@ level Rise at level: Duration of pulse waveform’s Duration of rising | On signals NoT having two
rising edges between transition levels. edges between major levels (triangle or saw-

transition levels

tooth waves, for example), top
and base can default to maximum
and minimum, giving, however,
less predictable results.

rise

Risetime: Messures time between two specified
values onwaveform’s rising edge (10-90%). Rise

times for each edge averaged to give find resut.
ARGUMENTS

Threshold | Remote| Lower | Upper | Default

Limit Limit

Lower Low 1% 45% 10%

Upper High | 55% | 99% 0%

Threshold arguments specify two vertical values on

each edige used to compute risetime.

Formulas for upper and lower values:

lower value = lower threshold x % +base

upper value = upper threshold x % +base

Time at upper
threshold minus Time
at lower threshold
averaged over each
rising edge
(SeeFig. 1)

On signals NOT having two
major levels (triangle or saw-
tooth waves, for example), top
and base can default to maximum
and minimum, giving, however,
less predictable results.
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Analyze with Pararmeters

PARAMETER

DESCRIPTION

DEFINITION

NOTES

ms

Root Mean Square of data between the
cursors — about same as sdev for a zero-
mean waveform.

(See Fig. 2)

Gives similar result when applied
to time domain waveform or
histogram of data of same
waveform. But with histograms,
result may include contributions
from more than one acquisition.
Where: vi denotes measured
sample values, and N = number
of data points within the periods
found up to maximum of 100
periods.

sdev

Standard deviation of the data between the
cursors — about the same as rms for a
zero-mean waveform.

1 N
—Z(vi -mean)?
N

(See Fig. 2)

Gives similar result when applied
to time domain waveform or
histogram of data of same
waveform. But with histograms,
result may include contributions
from more than one acquisition.
Where: Vi denotes measured
sample values, and N = number
of data points within the periods
found up to maximum of 100
periods.

1@ level Time at level: Time from trigger (t=0) to Time from trigger to

crossing at a specified level. crossing level
AN

top Higher of two most probable states, the Value of most Gives similar result when applied
lower being bese it is characteristic of probable higher state | to time domain waveform or
rectangular waveforms and represents the (SeeFig. 1) histogram of data of same
higher most probable state determined from waveform. But with histograms,
the statistical distribution of deta point result may include contributions
values in the waveform. from more than one acquisition.

width Width of cyclic signal determined by examining | Width of first positive| Similar to fwhm, though, unlike
50% crossings in data input. If first transmission or negative pulse | width, that parameter applies
after left cursor is a rising edge, waveform is averaged for all only to histograms.
considered to consist of positive pulses and similar pulses
wicththe time between adjacent rising and falling
edges. Conversely, if falling edge, pulses are (SeeFigs. 1, 2)

considered negetive and widththe time between
adjacent falling and rising edges. For both cases,
widths of all waveform pulses averaged for final
result.
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PART TwoO:

LOOKING DEEPER

NOTES

PARAMETER DESCRIPTION DEFINITION
XAMN Determines the horizontal axis location of the | Horizontal location of | Restricted to time and frequency
minimum value between the cursors. lowest value between | domain waveforms only.
Cursors.
XAMX Determines the horizontal axis location of the | Horizontal location of | Restricted to time and frequency

maximum value between the cursors.

highest value between
Cursors.

domain waveforms only.
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CHAPTER TWELVE: UseWaverunner2withPC
Operate your Waverunner-2 scope using a personal computer.
In this chapter, see how

To transfer waveforms and data from scope to computer

To monitor Waverunner-2 remote control gperation
Tosave inASCII
To use the Waverunner-2 with Spreadsheet, Mathcad and MATLAB
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CHAPTER

TWELVE Use Waverunrer-2 with PC

Transfer Data and Images to PC

Connect the Waverunner-2 to a personal computer (PC) through the oscilloscope’s rear GPIB or

RS-232-C port. Then use LeCroy's handy ScopeE xplorer software (see next page) to save data or images to the
PC’s hard disk. At the same time, the Waverunner-2's Remote Control Assistant can monitor and debug all your
remote control communications (see page 189). But first, follow these steps to set up the scope for

communication with the PC:

1.

UTILITY

Press and then the soft key for

GPIB & R5232
——FRemote

Control From
R5232
—A5232 Mode—;
T-hit

—Farity——

odd  ewen

—=top hits—,

2

——FEaud Rate—,

36 12HE &
24080 45HH
96K ;

BT.BRK 115.2K

—GPIE Dewice—
[Address)

4

WR2-OM-E Rev C

Femote
Jetup

2. Use these menus to set up communication with the PC via GPIB or RS$232.

|

Wl N

_w

Selects GPIB or RS232. Select from the other menus according to this.

RS232: Press to select seven- or eight-bit word length for RS232. With
RS232 selected above, the GPIB interface is “talk-only.” Any change is
immediate.

RS232: Press to choose the appropriate RS232 parity.

RS232: Press to select the number of stop bits for RS232.

RS232: Turn the knob to set the Baud Rate for RS232.

Y
&

S

// . GPIB: Press or turn to select the GPIB address.
4

S
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PART Two: LOOKING DEEPER

NOT CONNECTED

e

e

1
2
3
4
5
6
7
8
NOT CONNECTED 9

1
2
3
4
5
6
7
8
9

RS-232 nine-pin communication cabling for connecting the Waverunner-2 to PC.

EXPLORE YOUR SCOPE

ScopeE xplorer is an easy-to-use and practical software tool for interfacing your Waverunner-2 oscilloscope
with computers running Windows. (See also “First T hings” section.)

1.

Connect the scope to a PC by using either the GPIB — you'll need a PC with GPIB card installed — or
PC-standard RS-232-C port on the scope’s rear panel.

Download ScopeE xplorer free at http://wwwulecroy.com/ scopeexplorer. Or inquire at your LeCroy
customer service center.

Having installed ScopeE xplorer, open it as you would any Windows program. Use its on-line help to:

Use the teletype-like terminal to send standard remote control commands from computer to
oscilloscope. And display the Waverunner-2 response on the PC.

Control the scope using an interactive, virtual scope front panel!

Pipe sequences of commands from a file to the scope, then send the scope’s responses to another file.
(See the Remote Control Manual for the commands.)

Transfer pixel-for-pixel copies of your Waverunner-2 display to PC, view them, print them, or both
from the computer. With a single press of a button or key, you can copy bitmap waveform images to
the Windows Clipboard, ready to paste into any Windows application.

Capture Waverunner-2 front panel setups and store them on the computer with a lengthy filename.
You can then transfer them back into the scope to reproduce an identical setup.

Transfer, too, your waveforms to PC, and store them in either the compact LeCroy Binary format, or

an ASCII version compatible with PC-based analysis products such as Microsoft’s E xcel or MathSoft’s

Mathcad (see page 190).
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CHAPTER TWELVE: UseWaverunner2withPC

MONITOR YOUR REMOTE CONTROL OPERATIONS

Use the Waverunner-2 Remote Control (RC) Assistant to automatically monitor remote commands received
through the GPIB and RS232 ports. RC Assistant helps debug communications with the PC. When activated, it
displays a log of the dialog between oscilloscope and PC. And whenever a communication error occurs, it gives
the additional message “Remote Control: problem detected and logged.”

UTILITY

1. Press to display the UTILITIES menus.

2. Press the soft key for Remote Ctrl E

Assistant

E then the soft key for

RC ASSISTANT These menus will appear:

3. Press either of the top two menu soft keys to select one of the
following:

Off — the RC Assistant will NOT capture any remote commands.

E rrors Only — displays only wrong or incomplete commands
received via any remote control port (default after power-on).

Log & RS232

Full Dialog — captures all remote commands received via any
_|_ remote control port and displays up to 100 lines of dialog, after

which lines are overwritten on a “first—in, first—out” basis.

Log & RS232 — 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 via the GPIB port.

(See also the commands COMM_HELP and COMM HELP_LOGin
the Remote Control Manual.)

&
=5

S

Turn to
Scroll Log @ 4. Turn this knob to enable log scrolling; press this soft
Push to Clear _|_ i /'/v key to clear the log entirely.

S
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PART Two:

Save Waveforms in ASCI |

LOOKING DEEPER

When you save waveforms to a Waverunner-2 internal memory (M1, M2, M3, or M4) you save them in
LeCroy’s special binary format. But you can also store your waveforms in ASCII format to a portable storage
device such as floppy disk, PC memory card or hard disk card. You can then transfer the datato a PC for
analysis with spreadsheet or math software.

In doing this you will create an output file requiring 10-20 times the disk space of the original L eCroy binary
file. A one-megabyte record will typically take up 13-15 MB when stored in ASCI1. And ASCII waveforms
cannot be recalled back into the scope.

The Waverunner-2 stores waveforms in any of three ASCII formats: Spreadsheet, Mathcad, or MATLAB. The
following table summarizes the format of the three basic layouts. You'll see how to set up to save in ASCII on

the next pages, followed by examples of the use of each format.

FORMAT HEADER TIME AMPLITUDE | SEQUENCE | MULTI- DuAL
VALUES VALUES TIMES SEGMENT ARRAY
Format F ormat Format Headkr Format Format
includes stores time | stores aorntairs concatenates | allows
some form values with | amplitude sequene time | multiple dual-array
of header each values informetion segments of | data
before the amplitude for each asequence | (E xtrema
data value Sequence waveform or complex
segmert FFT) to be
stored
Spreadsheet Yes Yes Yes Yes Yes Yes
Mathcad Yes Yes Yes Yes Yes Yes
MATLAB No No Yes No Yes No

ISSUED: January 2002
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CHAPTER TWELVE: UseWaverunner2withPC

SAVE IN AN ASCII FORMAT

Store waveforms in ASCI1 and save them to a floppy disk or optional storage device in the PC Card slot. Save

in an ASCI1 data format such as Spreadsheet. Then transfer the data to PC.
WAVE

STORAGE

Store
1. Press and then the soft key for e s— g
to
Ml M2 M3 M4

2. Pressthe soft key to select

; 3. Then use these and the menus on the next page to save your displayed
STORE W”FORMS waveform to a storage device in an ASCI1 data format.

—0ata Format
Binary Selects ASCII.
(Sprﬂeadsheet;‘ —_
Setup ASCII Accesses the menu shown on the next page and setup for the preferred
Farmat ASCII format.
—Huto-Store—,
|—|- F‘ ore Selects or turn off automatic storing features: Wrap stores continuously,
Pa Fill discarding the oldest files on a ‘first-in: first-out” basis. Fill stores until
P the storage device is full.
00 STORE Saves the waveform selected to the portable storage device using the
i1->F1lpy) menus below
——=ctore
1l 2 |
A B Selects the memory in which the waveform to display is
C D // stored.
All displayed @
r | O 'l//
g
C aJrEE Selects the storage device on which the waveform will be
o _“_ /{/ stored: floppy disk (F Ipy) is standard on all Waverunner-2
g models, while a PC memory card or hard disk card in the

rear PC Card slot (Card) is an option.

‘s
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PART Two: LOOKING DEEPER

This menu is displayed when you select Setup ASCII Format from the menus
ASCII SETUP shown on the previous page.

Oata Format

Spreadsheat - Selects an ASCII format.
MathCad

Mat lah

r|

_
_w
_w

=®
-9

—M Pressto go back to the STORE W'FORM menu and make other
selections.

]92 ISSUED: January 2002 WR2-OM-E Rev C



CHAPTER TWELVE: UseWaverunner2withPC

Use ASCII Formats

SAVE TO SPREADSHEET

To read a waveform stored in the Spreadsheet format into Microsoft E xcel, use: File -> Open dialog:

wen ________________________________ HE

Laok in: ||:| Lecroy_1 . dir j glll E%

Sc1001

Find files that match these search criteria:

open

Cancel |
Advanced. .. |

File name: || j Texk ar property: I

j Find Mow |

Files af type: IText Files j Last modified: Ianv kime

j Mew Search |

| 1 File(s) Fourd.

Excel's Text Import Wizard will take you through the following steps:

WR2-OM-E Rev C ISSUE D: January 2002
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PART Two: LOOKING DEEPER

1. Select Delimited.

2. The Spreadsheet format generated by Waverunner-2 v 7 S "|
uses “,” to delimit columns. Select Comma. as the
delimiter.

3. Thethird and final step allows you to specify the
format of the columns. Select the General Column
data format (the default).
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CHAPTER TWELVE:

Use Waverunner-2 with PC

4. Click the Finish button: a display similar to this one will be shown:

> Microsoft Excel - Sc1001

”ﬁ File Edit Yew Insert Formak Tools Data Window Help
DEH SRY sBREY v--- @@= £ 85 W
arial -0 - B 7 U SE=E S %, W% E
H1 | =|
A, | B | C | D |

1 |LECROYLCSS4AL 10007

2 |Segments 1 SegmentSize 1002
3 |Segment TrigTime TimeSinceSegment

4 |#1 14-Jul-1995 15:14.33 0

5 |Time Armpl

b -5.03E-08 0.062875

7 -4 98E-08 0.062875

8 -4 93E-08 0.061625

9 -4 B8E-08 0.06225

10 -4 B83E-08 0.05975

11 -4.78E-08 0.060375

12 -4.73E-08 0.059125

13 -4 BEE-08 0.0585

14 A BAFENA N NE7a7E
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PART TwoO:

PLOT AWAVEFORM IN SPREADSHEET

LOOKING DEEPER

Plotting the data from a waveform will demand a scatter plot based on the data in the first two columns, with
the first column used as the X values (from row 6 in this example):

. McrnEolt L

St

i

B Be Ed Wew Juet Fomet Jock [ata Widow Hele .-.I.ﬂ.lg

NSH &RAY e v F EAHI DL - &

risi - - B sy EEEE &%, @3 FHE _-d-j -

m =] =
A [ ] ¥ O E F G Ho o

1 |LECROYLCSBAAL 10007

2 | Segments 1 SegmaniSiza 10

d | Segment TrigTime TimeSinceSegment 1

e Td-Juk 156 151433 i)

5 | Time Ampl

3 £ (ZE8 0.0EXTS -

7 4 SEEDR [ (EZETE ]

8 A FEER 0.0E1EZS \ o] -

a 4 BBE (8 [\ 06226 \ 4 \ Ilr"'_ I

10 -4 B3E0R 006576 | o -1 [ o

11 -4 JEEE RS II|I _| i

12 | 4 T3EA 0051E TR B f l. I.'I \

13 -4 FEELB [ 0565 e '|I . — : .

14 4 BIE08 O OETEFE EIJEEq:Ii'l '3-\. 1] A GTE-D8 aqa7 .I 1 SDE-O7 | 2 00E-LF

15 -A SBEN [.EEEZS '|I-“-' 1 | v

18 A4 G308 (106475 , “Jf_ VS I o

17 -4 4BE08 D.0E4125 ' i \ W,

18 4 4508 0 52875 L'nm ] (W) \ v

13 A 3BE08 0051626

.1 A TR 0425 o

bl 4 2BE0A 00466 -
(IR LT 141 -HJ_I
Raady | | | A | | | e

The header created for the spreadsheet contains all the information you'll need to extract various elements
from a sequence waveform. Use the following formulae 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

SegmentE ndR ow = SegmentStartRow + D2 -1

TrigTime= INDIRECT(ADDRESS(DesiredS egment +3;2;4))
TimeSinceFirstTrig= INDIRECT(ADDRESS(DesiredSegment +3;3;4))

Plotting the data from all segments using a scatter plot will result in all segments overlaid, as in the
Waverunner-2's persistence display of sequence traces.

196
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CHAPTER TWELVE: UseWaverunner2withPC

USE MATHCAD

These examples were created using MathSoft's Mathcad for Windows. Shown on this page is the procedure for
reading and graphing a file for a single segment; the example on page 198 is for multiple segments.

T his single-segment exampile is valid for Mathcad Versions 3.1 to 7:

4 = READPRN( file)

K =tast(407 )

& = aybmateig A, 2,K,0,17 Create a submatrix containing data but no header
t ::ﬁm} Extract time vector

o= a1 Exciract amplitude vector

K :=last(t) Determine indes of last point

k=0 K-1 Create a ramp

-0.001 a 0.001 0002 0003 0.004
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PART Two: LOOKING DEEPER

T his multi-segment Mathcad example demonstrates how to extract data from a given segment. The data

consisted of two segments of three samples each, allowing the entire imported matrix to be shown:

Haad data from file
& = READFRH 2£1007)

Exiracting the Tieel sagrvamt oy oo sriy g m e i0 ook peques s )

R R TR .

=01

ﬁ.l"'FISEEh ] 'I:.:Ih =’lp :
o1

Feibaeg = [ 1L 2
()

Extracting & ghven segment

MRS RIS T4, o Tolal numiber of segments in irace
saglen =y, | Hurmsber of samples in each sagmen
pagreck sl Daginad segment numnes

- =

i
1]
L
|
11 1
12 13
1 1.1

11 11
13 3l

pspptart = | 4 numsegmenie + sogment- seglen ridie of firgl poind in aegmesnl
segend =segsienl 4+ seglen— 1 nidiex of kasl poind in segrent

L L Segmant Ingger trmea

Ly |

L]
¥.=a

i = pegstart.. pegeed

1 T
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CHAPTER TWELVE: UseWaverunner2withPC

USE MATLAB

This example was created using MathWorks’ MATLAB Version 4.2c.1 for Windows. You can read and graph a
waveform in MATLAB by using two simple commands: the first loads the file into a matrix automatically
named after the file (command window); the second plots this matrix (“Figure No. 1"):

MATLAR Command Window
File Edit  Dptions  Yindows Help

Ennﬂanrlq tm get started: intro, denn, help help "
ammands For more information: help, whatsnew, info, subscribe

s load azslecroy 1. dirvsciibi.dat
w plot{sc1BEA}

=

Figure Mo. 1

The MATLAB format is simple: it has no header information, only amplitude values. Multiple segments will be
appended without a separator. Only one value from the pair of amplitude values present in a dual-array will be

stored.
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CHAPTER THIRTEEN Parameters

A Valuable Tool for Waveform Analysis

The WaveAnalyzer option added to your Waverunner-2 oscilloscope provides a valuable tool for data analysis
and the interpretation of measurement results: the histogram. With WAVA, histograms of waveform parameter
measurements can be created, statistical parameters determined, and graphic features quantified for analysis.

Statistical parameters such as mean, standard deviation and median are extremely useful, but alone are
usually insufficient for determining whether measured data distribution is as expected (see Chapters 4 and
11). Histograms expand the use of parameters to enhance your understanding by offering visual
assessment of this distribution and revealing: distribution type, such as normal or non-normal, helpful
for determining whether the signal behaves as expected; distribution tails and extreme values, which
can be observed, and which may be related to noise or other infrequent and non-repetitive sources; and
multiple modes, observable and possibly indicative of multiple frequencies or amplitudes, which can be
used to differentiate from other sources such as jitter and noise.

SET UP FOR HISTOGRAMS

Histograms are based on settings that include bin width and number of parameter events. The Waverunner-2
scope with WAVA uses special parameters for determining histogram characteristics such as mean, median,
standard deviation, number of peaks and most populated bin.

But before you can create a histogram, you must first set up the parameters you have chosen:
T
l ¥l ,Tr.ﬂ

1. Press | then select Measure to display the MEASURE menus.

mode |
3td Yoltage &
Std Time
2. Select stom .Use —statistics if desired.
OFF (g
'
. . From to
3. Set start and end points for the measurements with A.08 div and

18 B8 g1
Track On
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WAVEANALYZER

Parameters are used to perform waveform measurements for the section of a waveform lying between the
parameter cursors (Fig. 1.1, item [0). The position of the parameter cursors is set using the from and to menus,
and controlled by the associated menu knobs. The top trace in the figure below shows a sine wave on which a
freq parameter measurement () is being performed, with a value of 202.442 kHz as the average frequency.
The bottom trace shows a histogram of this parameter and a value of 201.89 kHz (O) — the average
frequency of the data contained within the parameter cursors.

4. Press the soft key to select

204

B-Apr-95 29°
20:04:21 .0

2 ps
0.50 Y

tHFreg(1)
1 kHz

“px/20%
inside 592

Freq(D

3

MEASURE

OFF Cursors

—made

1 suweeps: average low high
202.442 kHz 200,803 204.082

avg () i 201.89 kHz 201.89 201.89

I 1 DC .13V

Figael.l

CHAMGE
PARAMETERS

ISSUE D: January 2002

sigma
2.318

5td Woltage
Std Time
Pass

Fail r

statistics—
OFF

CHANGE
PARAMETERS
From
1.50 div
Track On

to
9.50 div

50 MS/s

0 STOPPED

and access the CHANGE PARAM menus.
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As shown in Figure 1.2, up to five parameters can now be selected, each displayed on its own line below the
grid. Categories are provided for related groups of parameter measurements. The freq measure parameter from
the “Cyclic” category for Trace 1, previously selected, is displayed on Line 1 as freq(1) (Item [0). The avg
measure parameter from the “Statistics” category for Trace A is displayed on Line 2. This category provides
histogram parameters, while avg offers the mean value of the underlying measurements for the Trace A
histogram section within the parameter cursors (), shown as “avg(A)” in 0. Additional parameter
measurements can be selected from “Category” and “measure”. No parameters have been selected for Lines 3
to5

5. After selecting a category, choose a parameter from the “measure” menu. Then select the parameter
display line from the “On line” menu.

6-Apr-95 29° CHANGE PARAM

20:02:40 .a —0n line
1@B345

—Category
Horizontal
Misc

THFreq() | Pulse
_1 - H D SREERassananssnaussllocatistics
92

Vertical r

DELETE ALL
PARAMETERS

'*WBE!SUF‘eﬁ
- i
r

0k /0%
inside 5

Fuhm

1 suweeps: 3verage low high i Fusey
Freg(1) 202,442 kHz 200,503 204.082 . hampl
avg () i 201.89 kHz 201.89 201.89 —_—

af
1 2 3 4
@ BCOD

50 MS/s

avg )
I7 average of data values in histogram
. [l STOPPED

Figael.2

If a parameter has additional settings that you must supply in order to perform measurements, the MORE
00X SETUP menu appears. But if no additional settings are required the DELETE ALL PARAMETERS
menu appears, as shown here: pressing the associated menu soft key clears the results in all five lines of
parameters.
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PARAMETER-VALUE CALCULATION AND DISPLAY

Whenyou are ot usirg persistence, the display for input chanrdls shoas the cptured wavdformaf asirge
swep. For ronsegrerted waveforns, the display is idertical to a singe amuisition But with segrerted
vavefarns, the resut of a sirgle aquisition for all segrerts is displayed.

The value displayed for a chosen paraeter depends onwhether “stetistics” is onar off. A nd onwhether the waveformis
segerted These two factars in adkdition to the parameter chosen citermire whether results are provided for asirgle aquisition
(trigeer) or multiple amuisitiors. Ineither case, only the waveform section between the paraneter aursars is used

If thewaveformsoure is amenory (M1, M2, M3, ar M4) then lceding a revwavefarminto menory adts s a trigger and
swep. This also gpplies whenthe waveformsoure is a zoomdf anirput dhanrd, and whena rewsegrert o the “All Segrents”
meruis sdeded

With “statistics” off, the paraeter results for the last acquisition are displayed. T his corresponcs to results for the last segrert for
seyrerted waveformrs with al segvents displayed For zoomtraaes of segrented waveformrs, sdediondf an individlel segvert gives
the pararreter valLe for the displayed partion of the segrrent between the pararreter aursars. Sdedionaf “All Segrents” provices
the parareter results fromthe last segrert inthe trae

With “statistics” on, and where the parameter does it use two waeveforns in caladating a result (Adly, At@ Iv), results are shoan
for all amuisitiors sinethe CLE AR SWE E PS buttonwes last pressed. If the pararreter uses two waveformrs, the result of
aonparirg orly the last segert per sweep for each waveform aortribues to the statistics.

The statistics for the seleted segrert are displayed for zoomtraas of segrerted waveforns. Sdlettiondf arewsegrert or “All
Segrats” ats as a newswep ard the paraeter caladatiors for the new segent(s) aortribute to the stetistics.

Deperding onthe paraeter, singe or multiple cladatiors can be perfornred for each agyuisition For exanple, the period
parameter cladates a period valLe for each of Lp tothefirst 50 odes inanacuisition When mutiple cladatiors are
performed, with “Statistics” Offthe parareter result shons the average vele of  these caladatiors. Wheress Ondisplays the
averag, low high, ad sigravalues of all the caladatiors.
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IRTEEN:

Parameters

InFigure 1.3, bow the upper trace shoas the persistence display of asignal. The initial suggestionis of frequercy drift inthe
signal souree. The loner traee shows a histagramdf the frequency as messured by the asdlllcsaope.

T-Apr-95
16:12:29

1
2 ps
g.50
6}

tHFreg(1)
1 kHz
20.08 #
“px/=0%

inside &

29°
.@

SETUP OF A

—use Math?
o (R

I —Math Type—

FFT L
FFTAVG
Functions

Rescale r

331 sweeps: average low high
Freg(ly 202.104 kHz 198.518 205.677
avglA) i 202.15 kHz 201.90 2084.15

fi:HFreg(ls
(7 lepes -> 108 pts

Figue 1.3

sigma
2.084
B.23

MORE
HIST SETUP

FIND CENTER
AND WIDTH
—Histogram—
custom line 1
Freg(ly
—using up to—
1000
(values)

500 MS/s

[ STOPPED

This histayram indicates two frequency distributions with dominent frequendes separated by 4000 Hz. There are two distint ad
rormal lodking distributions, without wick variation, withineach of the twa We can conduck thet there are two domirnernt
frequendes. If the pradlemwere rdated to frequency drift, the distributionwould have a tenderoy to be broader, nonrormd in
gopearane, ard rormrelly there would not be two diistingt distributiors.

After abrief vistal aralysis, the messurement aursors and stetistical pararreters can be used to deternrire additional dharadteristics
of distribution, induding the nost conmon frequerty in each diistribution and the spread of each distribution
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WAVEANALYZER

Figure 1.4, below shons the use of the messuremart aursar (Item £7), to citermrire the frequency represerted by are bindf the

distribution Thevalue of the bin irsice the Displayed Trae Fidd is indicated by /7.

PART

MEASURE
made
Time]

Amplitude
type

Relative

Absolutel

cursar

Position

508 MS/s
O STOPPED

/4

\H
s

i

>
hi .
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Figure 1.5, below shons the tse of the paraeter aursars (Ites /7 and /7) in dtermining the average frequercy o the
distribution located betweenthe aursors. The average valle of the messurarents inthe right-hand distribution is indicated by /7.
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Figure 1.5
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Firglly, Figure 1.6 shoas the use of the messureernt aursars (Itens /7 ard ) in determinirg the difference in frequarnty betveen
ahininthe arter of each distribution Thevae inkHz, inthe Displayed Traee Fidd, is indicated by /7.
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Parameter Math

LeCroy's WaveAnalyzer option also gives you the ability to perform arithmetic operations (addition,
subtraction, multiplication, division) on the results of two parameter measurements. By customizing parameters
in this way, you can effectively extend the range of parameter measurements based on your particular needs.

For example, suppose you need to measure the crest factor of a waveform. Traditionally, you would select the
peak-to-peak and rms parameters, then manually compute the ratio of peak-to-peak to rms. Figure 1.7, on the
other hand, shows how parameter math was used to configure crest factor as a calculated parameter. The list of
custom parameters comprises 5 calculated parameters labeled calcl through calcb.

CHARGE PRRA™

—iatenor—

OI=kE-5td
D1ZK-Local
OI=F-FRFL

e

WOFE calcl

Figure 1.7. Calalated parareters dlowthe aegtiondf astompararreters. Here calcl s set yp to messure arest factor (pek-to-
pesk/ rrs).

Selecting the calculated parameter calclfrom the "measure” parameter menu allows you to set it up, as shown
in Figure 1.8. Here the parameters, source waveforms, and arithmetic operator can be selected. The calcl
parameter has been set up to display the ratio of peak-to-peak to rms for channel 2. This is shown in the
"calcl" summary box under the grid.
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| CLERR TWIS
PEENPE TER
[ —{igeraion—

---|.,U-|||I
L[ i 1l VE

—FPararetor—

L o g 1)

Figure 1.8. Definirg Calcl to Reed the Crest Fadtor of Charrel 2

The five calculated parameters compute new parameters based on any two parameters operating on any
combination of the acquisition channels or math/ zoom traces. The source parameters do not have to be
displayed.

Figure 1.9 is an example of setting up a direct measurement of the modulation index of an FM signal. Phase
modulation has been performed using the JitterTrack™ of time interval error (TIE) of the input signal from
channel 2. Differentiation and rescaling convert the TIE function into the demodulated FM signal. The TIE
function is multiplied by the carrier frequency of 400 MHz. This results in a display of frequency deviation
versus time. Because the ratio of 1/, the peak-to-peak frequency deviation is required for the FM modulation
index, TIE must also be divided by 2. All this is done in Trace D, using the rescale function to multiply by 2*E#8
(400 MHz/ 2). In general, all additive or multiplicative constant operations in the calculated parameters require
the rescale function. (In this example the rescale operation was required anyway.)

Figure 1.10 shows the setup of calculated parameter calc5 to read the FM modulation index by taking 1/, the
peak-to-peak frequency deviation divided by the modulation frequency. Both parameters are derived from
trace D.
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ITHMIC PARAMETERS

The Parameter Math option prevents multiplication and division of parameters that return logarithmic values.
These parameters are as follows:

auto-correlation signal-to-noise ratio (ACSN)
narrow-band power (NBPW)

media signal-to-noise ratio (MSNR)

residual signal-to-noise ratio (RSNR)
top-to-base ratio when the units are in dB (TBR)

EXCLUDED PARAMETERS

Parameters that are already the result of parameter math operations are excluded, and will not appear in the
parameter menu. If they are included in a remote control setup command, an error message is generated and

the setup

214

canceled.

E xcluded parameters are as follows:
beginning edge shift (BES)

beginning edge shift — list (BES)
beginning edge shift sigma (BE SS)
beginning edge shift sigma — list (BESS)
delta clock-to-data near (DC2D)

delta clock-to-data next (DC2DPOS)
delta clock-to-data previous (DC2DNEG)
delta delay (DDLY)

delta pit-to-clock (DP2C)

delta pit-to-clock — list (DP2C)

delta pit-to-clock sigma (DP2CS)

delta pit-to-clock sigma — list (DP2CS)
deltatime at level (DTLEV)

end edge shift (EES)

end edge shift — list (EES)

end edge shift sigma (EESS)

end edge shift sigma — list (EESS)
phase (PHASE)

resolution (RES)

apparent power (APWR)

MTnTmT shift (BEES)

MTNTmT shift sigma (BEESS)
MTnTmT shift sigma— list (BEESS)
power factor (PF)

real power (RPWR)
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TO SET UP PARAMETER MATH

1.

o~ 0w DN

© © N o

11.

12.

Press MEASURE TOOLS.

Press the button for "Parameters." The MEASURE menu panel appears.

From the "mode" menu, select Custom.

Press the button for "Change Parameters.” The CHANGE PARAM menu panel appears.

From the "On line" menu, select the line (1through 5) below the grid on which you want to show the
calculation result.

From the "Category" menu, select All.
From the "measure” menu select, calcx (calclthrough calc5).
Press the button for "More Calcx Setup." The SETUP CALCx menu panel appears.

If the current calc parameter is already defined and you want to redefine it, press the button for "CLEAR
THIS PARAMETER."

From the "Operation” menu, select an arithmetic operator (+, -, *, /).

To set the first parameter in the equation, select Param1 from the "Select" menu. Then choose a
parameter from the "Parameter” menu.

Set the second parameter in the equation by selecting Parm2 from the "Select” menu. Then choose a
parameter from the "Parameter” menu. Your equation will appear in the summary box below the grid.

W
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CHAPTER FOURTEEN Making Histograms

Create and Viewa Histogram

Create your histogram as you would any other Math function: by defining trace A, B, C, or D as the function.
Having connected your signal to a Waverunner-2 channel (Channel 1 in this example), do the following:

1. Press’ ! toselect CHANNEL 1 and display the basic Waverunner-2 menus.

2. Press the button to Z0oM and " tomake Trace A azoom of Channel 1.
Lse Math?
3. Press the button for SETUP E and select F No MR \‘ to display SETUP OF A.
4. Use these and the menus on the followin es to set up your histogram.
SETUP OF A 9pPeg Yo 9
—use Math?—
Mo i E nables math.
—ath Type—
Furnctions k
Jitter

Selects Histogram.

HiEtDQFEF

Per Hist
Per.Trace F
Selects parameters and further configure the histogram (see next
MORE page).
HIST SETUF

FIMO CEMTER Calculates optimal center- and bin-width values for the histogram.

AMD KIOTH

—Histogram—, //@

custom line 1 : ,/ Selects the parameter line to be used in the histogram.
ampl101) -

—using up to— Selects — using button or knob — the number of

O O

1EHEE /( values in the histogram. When the maximum of two
(walues) & @ billion values is exceeded, the parameter results will
T l/ scroll off the histogram.
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T1P: As with any other trace, position ZOOM ZOOM
and expand your histogram using
POSITION and ZOOM kriobs

POSITION % @ POSITION

HISTOGRAM A
Setu

‘ Scale

SETUR

FIMO CEMTER
ANO WIOTH

<lassiFy into
20006
(hing)

PARAMETER g

218

W 0WWE NN

Adjusts either the histogram binning or scale settings. When Binning
is selected, the menus shown here appear.

NOTE: When using these krobs, values in the “Certer” and
“Width” menus do not change, since they determine the range
of the histogram and cannot be used to determine the
parameter value range of a particular bin. If the histogram is
repositioned using the horizorntal POSITION knob the
histogram’s center will be moved from the center of the screen.

(MEASURE TOOL S should then be used. ) —

Accesses the CHANGE PARAM menus and select or configure a
parameter for histogramming. See Chapter 11, “Parameter
Analysis.”

Calculates optimal center- and bin-width values for the histogram.

Chooses the number of bins into which the parameter
" events are to be classified, or distributed.

C
&
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Jetup
Binning
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ertical

L inear il
LinConstMax

PARAMETER
SETUF

FIWOD CEWTER
AMO WIOTH

—Lenter

—HWidth——
56 _EA
Cper diw)
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CHAPTER FOURTEEN:

O

Making Histograms

Adjusts either the histogram binning or scale settings. When Scale is
selected, the menus shown here appear (see page 223).

Sets the vertical scale: L inear sets a linear vertical scale, Log a
logarithmic vertical scale, and L inConstMax sets the vertical scaling to a
linear value that uses close to the full vertical display capability of the
instrument.

The Waverunner-2 automatically increases the vertical scale setting as
required, ensuring that the highest histogram bar does not exceed the
vertical screen display limit.

Selects parameters and configure the histogram.

Calculates optimal center- and bin-width values for the histogram.

e
&

Sets the histogram center value.

A

7
Sets the histogram width value per division. The width
per division multiplied by the number of horizontal
/@ display divisions (ten) determines the range of
Iy '/ parameter values centered on the number in the
"4 “Center” menu, used to create the histogram.

219
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Figure 2.1, below; shows the display when “Histogram” is selected from the “Math Type” menu. The freq
parameter only has been defined. To define additional parameters, select from the “Histogram custom line”
menu.

25-Apr-95  29° SETUP OF A

15:48:50 .o —use Math?

LI —Math Tgpeﬁ
FFT 1
FFTAVG

Functions

Rescale r

MORE
HIST SETUP

FIND CENTER
AND WIDTH
—Histaogram—,
custom line 1
Freqtly
—using up to—
1008
(values?

500 MS/s

fﬂ:HFheq(])

loepe -> 108 pts
0 STOPFPED

Figure 2.1
E ach time a waveform parameter value is calculated you can place it in a histogram bin. The maximum number

of such values is selected from the “using up to” menu. Pressing the associated menu button or turning the
knob allows you to select a range from 20 to two billion parameter value calculations for histogram display.
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A

5. Now press to display the histogram, for a display similar to that shown in Figure 2.2.

25-Apr-95  28° SETUP OF R

16:25:18 .8 —use Hath?
Ho

Utath Tgpeﬁ
FFT L
FFTAYG

‘HFreg(1) 1 Functions
Lt T

208 mi Rescale !

Qi />100%
inside

HORE

1 I HIST SETUP

FIND CENTER
AND WIDTH
—Histogram—
custom line 1
Fregq(1>
—using up to—

1000
(values)

500 MS/s

fA:HFreg(1)
(7 10008 -> 188 pts

O STOPPED

Figure 2.2

Each histogram is set to capture parameter values falling within a specified range. As the scope captures the
values in this range the bin counts will increase. Those values not falling within the range are not used in the
histogram.

Information on the histogram is provided in the Displayed trace field (Item O) for the selected trace, which
shows:

The current horizontal per division setting for the histogram (“1 Hz” in this example). The unit type used
is determined by the waveform parameter type on which the histogram is based.

The vertical scale in # bin counts per division (here, “200 m”).

The number of parameter values that fall within the range (“inside 0”)
The percentage that fall below (“ — 0%”)

The percentage of values above the range (“100% - ).
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The previous figure shows that 100% of the captured events are above the range of bin values set for the
histogram. As a result, the baseline of the histogram graph (O) is displayed, but no values appear.

Selectingthe “FIND CENTER AND WIDTH” menu calculates the optimal center and bin-width values,
based on the up-to-the-most-recent parameter values calculated. Choose the number of parameter calculations
with the “using up to” menu (or 20 000 values if this is greater than 20 000). Figure 2.3 shows a typical result.

25-Apr-95  30° SETUP OF A
21:56:36 N !

—use Math?—
Ho &g

—Math Type—,

FFT
FFTAVG

HFPeq (1) T Functions
1k He R RARE RN EE NN R s A PN RS RN FER!
90 '

30.0 & Rescale
<% /-07%

inside 10

MORE
HIST SETUP

FIND CENTER
AND WIDTH
—Histogram—

custom line 1
Fregil) 201.108 kHz Fregi)

—using up to—
1008
tvalues)

ﬂ:HFPeq(l)—o 508 MS/s
(- lagen -> 180 pts

[0 STOPPED

Figure 2.3

If the trace on which you have made the histogram is not a zoom, all bins with events will be displayed.

RESET

Otherwise, you can press to reset the trace and display all histogram events.

The Information Window (Item [0) at the bottom of the previous figure shows a histogram of the freq
parameter for Channel 1 (designated as “A:Hfreq(1)”) for Trace A. The “1000 — 100 pts” in the window
indicates that the signal on Channel 1 has 1000 waveform acquisition samples per sweep and is being mapped
into 100 histogram bins.
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SETTING BINNING AND SCALE

The “Setup” menu allows modification of either the “Binning” or the histogram “Scale” settings. If “Binning”
is selected, the “classify into” menu appears, as shown in the figure above.

The number of bins used can be set from a range of 20 to 2000 in a 1-2-5 sequence, by pressing the
corresponding menu button or turning the associated knob.

If “Scale” is selected from the “Setup” menu, a screen similar to that of Figure 2.4 will be displayed.

lB-Apr-85 29° HISTOGRAM A
17:14:11 .a

T Setup
1 T Binning
2 ps 1 !
0.50 v ‘ d d—wvertical
Log
LinConstMax

PARAMETER
SETUP

‘HFreg(1)
<B/>0% _W
inside lo@o

I - FIND CENTER
S e R el AND WIDTH

——Center

2.6 SN
Freq( 200.281 k e S-mglza
Width
2.000 107
(per div)

500 MS/s
1 0C @13 ¥

[l STOPPED

Figure 2.4

The following options are offered by the “vertical” menu for setting the vertical scale:

L inear sets the vertical scale as linear. The baseline of the histogram designates a bin value of 0. As the
bin counts increase beyond that which can be displayed on screen using the current vertical scale, this scale
is automatically increased in a 1-2-5 sequence.
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L og sets the vertical scale as logarithmic (Fig. 2.5). Because a value of ‘0’ cannot be specified
logarithmically, no baseline is provided.

l0-Apr-95 29° HISTOGRAM A

17:15:38 .0 Setup
Binning
Scalel
il vertical
Linear [
LinConstMax

PARAMETER
SETUP

2 Us
B.50 W

S

P g L4yt

N

‘HfFregq(12

1 kHe

1.58 DECADE
<PL/ 0%

inside 1008

FIND CENTER
AND WIDTH

——Center

+2.02 XS]

Freqil) 200.281 kHe 3—digit5

——Hidth—
2,000 107

500 MS/s

| 1 DC o133y
0 STOPFPED

Figure 2.5
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L inConstMax sets the vertical scaling to a linear value that uses nearly the full vertical display capability of
the scope (Fig. 2.6). The height of the histogram will remain almost constant.
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+2.82 BE

Freq( 200.251 kHe 3 digits

Width
2.000107
(per diwvy

500 M5/

1 0OC @13y

[ STOPFPED

Figure 2.6
For any of these options, the scope automatically increases the vertical scale setting as required, ensuring the
highest histogram bin does not exceed the vertical screen display limit.

The “Center” and “Width” menus allow you to specify the histogram center value and width per division. The
width per division times the number of horizontal display divisions (10) determines the range of parameter
values centered on the number in the Center menu, used to create the histogram.

In the previous figure, the width per division is 2.000 x 103 (Item ). As the histogram is of a frequency
parameter, the measurement parameter is in hertz.

The range of parameter values contained in the histogram is thus ( 2 kHz/ division) x (10 divisions) = 20 kHz,
with a center of 2.02 E+05 Hz (O).

In this exampile, all freq parameter values within 202 kHz + 10 kHz — from 192 kHz to 212 kHz — are used
in creating the histogram. The range is subdivided by the number of bins set by the user. Here, the range is
20 kHz, as calculated above, and the number of bins is 100. Therefore, the range of each bin is:

20 kHz / 100 bins, or
0.2 kHz per bin.
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The “Center” menu allows you to modify the center value’s mantissa— here 2.02 — exponent (E +05), or the
number of digits used in specifying the mantissa (three). The display scale of 1 kHz/ division, shown in the
Trace Display Field, is indicated by 0. This scale has been set using the horizontal zoom control and can
expand the scale for visual examination of the histogram trace.

The use of zoom in this way does not modify the range of data acquisition for the histogram, only the display
scale. The range of measurement acquisition for the histogram remains based on the center and width scale,
resulting in a range of 202 kHz + 10 kHz for data acquisition.

The width or division can be incremented in a 1-2-5 sequence by selecting “Width.”

CHOOSING HISTOGRAM PARAMETERS

Once you have created the histogram, you can select additional parameter values for measuring particular
attributes of the histogram itself.

CHAMGE

6. Press the button to select PARAMETERS

E and access the CHANGE PARAM menus (Fig. 2.7).
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Figure 2.7
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You can now select new parameters modify those already selected. In the figure on the previous page, the
histogram parameters maxp and mode (Item [1) have been selected. These determine the count for the bin
with the highest peak, and the corresponding horizontal axis value of that bin's center.

Note that both “maxp” and “mode” are followed by “(A)” on the display. This designates the measurements as
being made on the signal on Trace A. Also of note:

The value of “maxp(A)” is “110 #”, indicating the highest bin has a count of 110 events.
The value of mode(A) is “203.90 kHz”, indicating that this bin is at 203.90 kHz.

The K icon to the left of “mode” and “maxp” parameters indicates that the parameter is being made on a
trace defined as a histogram.

However, if these parameters were to be inadvertently set for a trace with no histogram they would show ‘---'.

USING MEASUREMENT CURSORS

You can use cursors (see Chapter 4) to select a section of a histogram on which a parameter is to be calculated.
Figure 2.8 below shows the average, “avg(A)” (Item [O0) of the distribution between the parameter cursors for a
histogram of the frequency (“freq”) parameter of a waveform. The parameter cursors () are set “from” 4.70
divisions ([0) “to” 9.20 divisions () of the display.

10-Apr-85 297 MEASURE
17:29:03 .0

OFF Cursors

——mode

Std Woltage

Std Time

:HFPeq(I)\‘ IS |
0e

1 kHe Pass
e o
I statistics—
inside 10 S
n

CHAMGE
PARAMETERS

Fraom
3 4.70 div
FF‘E!E](1) 200,401 kHz Track OFF m
avg (R N
to
‘I!' 9.20 div

500 MS/s

bC B.13 ¥
[] STOPPED

Figure 2.8
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NOTE: It is recommended that you use cursors only after the input waveform acquisition has been
completed. Otherwise, the cursors will also select the portion of the input waveform used to
calculate the parameter during acquisition, creating a histogram with only the local parameter

values for the selected waverform portion. _

Cursors are useful for determining the value and population of selected bins. Figure 2.9 shows an absolute time
cursor (Item [J) positioned on a selected histogram bin. The value of the bin (O) and the population of the bin
(O) are also shown.

25-Apr-95 367 MEASURE
21:15:84

RlaCursors|
Parameters

1 mode
V.
Amplitude

type
Relative

Absolute

cursar

Position

Freg 200.31 KHZ SO0 M /s
Z ey 0 STOPPED
Figure 2.9
A histogram’s range is represented by the horizontal S%Eé\gs
width of the histogram baseline. As the histogram is
repositioned vertically the left and right sides of the T1P: Press At any time to clear all
baseline can be seen. In the above figure, the left edge of | Aistogram events in the 20-k parameter buffer
the range is visible (0). at the same time.

—
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ZOOMING SEGMENTED TRACES

You can also display histograms of traces that are zooms of segmented waveforms. When a segment from a
zoomed trace is selected, the histogram for that segment will appear. Only the portion of the segment
displayed and between the parameter cursors will be used in creating the histogram. T he respective displayed
trace field will show the number of events captured for the segment.
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BLANK PAGE
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CHAPTER FIFTEEN How H istograms Work

T heory of Operation

An understanding of statistical variations in parameter values is needed for many waveform parameter
measurements. Knowledge of the average, minimum, maximum, and standard deviation of the parameter may
often be enough, but in many cases you may need a more detailed understanding of the distribution of a
parameter’s values.

Histograms allow you to see how a parameter’s values are distributed over many measurements. T hey do this by
dividing a range of parameter values into sub-ranges called bins. Maintained for each bin is a count of the
number of parameter values — events — that fall within ranges of the bin itself.

While such a value range can be infinite, for practical purposes it need only be defined as large enough to
include any realistically possible parameter value. For example, in measuring TTL high-voltage values a range of
+50 V is unnecessarily large, whereas one of 4V £2.5 V is more reasonable. It is the 5 V range that is then
subdivided into bins. And if the number of bins used were 50, each would have a range of 5 V/50 bins or

0.1 V/bin. Events falling into the first bin would then be between 1.5 V and 1.6 V. While the next bin would
capture all events between 1.6 V and 1.7 V, and so on.

After a process of several thousand events, the bar graph of the count for each bin — its histogram —
provides a good understanding of the distribution of values. Histograms generally use the ‘X’ axis to show a
bin's sub-range value, and the 'y’ axis for the count of parameter values within each bin. The leftmost bin with
a non-zero count shows the lowest parameter value measurement(s). The vertically highest bin shows the
greatest number of events falling within its sub-range.

The number of events in a bin, peak or a histogram is referred to as its population. Figure 4.1 shows a
histogram’s highest population bin as the one with a sub-range of 4.3 to 4.4 V (which is to be expected of a
TTL signal).

Count
40+
3071
20+
101
| i | | | | \
T T T T T T I \Volts
LI'S 2 3 315 abs 5 6l
- — — — — — — Range — — — — — — — — — — -

Figure 4.1
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The lowest-value bin with events is that with a sub-range of 3.0t0 3.1 V. As TTL high voltages need to be
greater than 2.5 V, the lowest bin is within the allowable tolerance. However, because of its proximity to this
tolerance and the degree of the bin's separation from all other values, additional investigation may be required.

DSO PROCESS

The Waverunner-2 digital storage oscilloscope (DSO) with WAVA generates histograms of the parameter
values of input waveforms. But first, you must define the following:

1. The parameter to be histogrammed

2. The trace on which the histogram is to be displayed

3. The maximum number of parameter measurement values to be used in creating the histogram
4. The measurement range of the histogram

5. The number of bins to be used

Once these are defined, the oscilloscope is ready to make the histogram. T he sequence for acquiring histogram
data is as follows:

1. Trigger

2. Waveform acquisition

3. Parameter calculation(s)

4. Histogram update

5. Trigger re-arm.

If you set the timebase for non-segmented mode, a single acquisition occurs prior to parameter calculations.
However, in Sequence mode an acquisition for each segment occurs prior to parameter calculations. If the
source of histogram data is a memory, saving new data to memory effectively acts as a trigger and acquisition.
Because updating the screen can take much processing time, it occurs only once a second, minimizing trigger
dead time. Under remote control the display can be turned off to maximize measurement speed.

PARAMETER BUFFER

The oscilloscope maintains a circular parameter buffer of the last 20 000 measurements made, including values
that fall outside the set histogram range. If the maximum number of events to be used for the histogram is a
number ‘N’ less than 20 000, the histogram will be continuously updated with the last ‘N’ events as new
acquisitions occur. If the maximum number is greater than 20 000, the histogram will be updated until the
number of events is equal to ‘N.” Then, if the number of bins or the histogram range is modified, the scope
will use the parameter buffer values to redraw the histogram with either the last ‘N’ or 20 000 values acquired
— whichever is the lesser. The parameter buffer thereby allows histograms to be redisplayed, using an acquired
set of values and settings that produce a distribution shape with the most useful information.
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In many cases the optimal range is not readily apparent. So the scope has a powerful range finding function. If
required it will examine the values in the parameter buffer to calculate an optimal range and redisplay the
histogram using it. The Waverunner-2 will also give a running count of the number of parameter values that
fall within, below; or above the range. If any values fall below or above the range, the range finder can then
recalculate to include these parameter values, as long as they are still within the buffer.

CAPTURE OF PARAMETER EVENTS

The number of events captured per waveform acquisition or display sweep depends on the parameter type.
Acquisitions are initiated by the occurrence of a trigger event. Sweeps are equivalent to the waveform captured
and displayed on an input channel (1, 2, or 3 or 4). For non-segmented waveforms an acquisition is identical to
a sweep. Whereas for segmented waveforms an acquisition occurs for each segment and a sweep is equivalent
to acquisitions for all segments. Only the section of a waveform between the parameter cursors is used in the
calculation of parameter values and corresponding histogram events.

The following table provides a summary of the number of histogram events captured per acquisition or sweep
for each parameter, and for a waveform section between the parameter cursors.

PARAMETERS

NUMBER OF EVENTS CAPTURED
(PLUS OTHERS, DEPENDING ON OPTIONS)

data | Al data values in the region analyzed.

duty, freq, period, width, Up to 49 events per acquisition.

ampl, area, base, crmean, cmedian, cmrs, csdey cycles,
delay, dur, first, last, maximum, mean, median,

minimum, nbph, rbpw; over+, over-, phese, PRk, One event per acquisition.
points, s, sdev; Adly, At@ Iv
f@ level, f80-20%, fall, r@ level, r20-80%, rise Up to 49 events per acquisition.

HISTOGRAM PARAMETERS

Once a histogram is defined and generated, measurements can be performed on the histogram itself. Typical of
these are the histogram’s

average value, standard deviation

most common value (parameter value of highest count bin)

leftmost bin position (representing the lowest measured waveform parameter value)
rightmost bin (representing the highest measured waveform parameter value)
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Histogram parameters are provided to enable these measurements. Available through selecting “Statistics” from
the “Category” menu, they are calculated for the selected section between the parameter cursors (for a full
description of each parameter, see Chapter 4):

avg average of data values in histogram

fwhm full width (of largest peak) at half the maximum bin
fwxx full width (of largest peak) at xx% the maximum bin
hampl histogram amplitude between two largest peaks
hbase histogram base or leftmost of two largest peaks
high highest data value in histogram

hmedian  median data value of histogram

hrms rms value of data in histogram

htop histogram top or rightmost of two largest peaks
low lowest data value in histogram

maxp population of most populated bin in histogram
mode data value of most populated bin in histogram

pctl data value in histogram for which specified ‘x'% of population is smaller
pks number of peaks in histogram

range difference between highest and lowest data values
sigma standard deviation of the data values in histogram
totp total population in histogram

xapk x-axis position of specified largest peak

ZOOM TRACES AND SEGMENTED WAVEFORMS

Histograms of zoom traces display all events for the displayed portion of awaveform between the parameter
cursors. When dealing with segmented waveforms, and when a single segment is selected, the histogram will be
recalculated for all events in the displayed portion of this segment between the parameter cursors. But if “All
Segments” is selected, the histogram for all segments will be displayed.

HISTOGRAM PEAKS

Because the shape of histogram distributions is particularly interesting, additional parameter measurements are
available for analyzing these distributions. They are generally centered around one of several peak value bins,
known, with its associated bins, as a histogram peak.
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E xample: In Figure 4.2, a histogram of the voltage value of a five-volt amplitude square wave is centered
around two peak value bins: 0 V and 5 V. The adjacent bins signify variation due to noise. The graph of the
centered bins shows both as peaks.

‘ Volts

Figure 4.2

Determining such peaks is very useful because they indicate dominant values of a signal.

However, signal noise and the use of a high number of bins relative to the number of parameter values
acquired, can give a jagged and spiky histogram, making meaningful peaks hard to distinguish. The scope
analyzes histogram data to identify peaks from background noise and histogram definition artifacts such as
small gaps, which are due to very narrow bins.

For a detailed description on how the scope determines peaks see the pks parameter description in Chapter 4.

BINNING AND MEASUREMENT ACCURACY

Histogram bins represent a sub-range of waveform parameter values, or events. T he events represented by a
bin may have a value anywhere within its sub-range. However, parameter measurements of the histogram itself,
such as average, assume that all events in a bin have a single value. The scope uses the center value of each bin's
sub-range in all its calculations. The greater the number of bins used to subdivide a histogram’s range, the less
the potential deviation between actual event values and those values assumed in histogram parameter
calculations.

N evertheless, using more bins may require that you perform a greater number of waveform parameter
measurements, in order to populate the bins sufficiently for the identification of a characteristic histogram
distribution.

In addition, very fine grained binning will result in gaps between populated bins that may make it difficult to
determine peaks.
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The oscilloscope’s 20 000-parameter buffer is very effective for determining the optimal number of bins to be
used. An optimal bin number is one where the change in parameter values is insignificant, and the histogram
distribution does not have a jagged appearance. With this buffer, a histogram can be dynamically redisplayed as
the number of bins is modified by the user. In addition, depending on the number of bins selected, the change
in waveform parameter values can be seen.

236 ISSUED: January 2002 WR2-OM-E Rev C



CHAPTER SIXTEEN H istogram Pararmeters

avg Average
Definition: Average or mean value of data in a histogram.
Description: The average is calculated by the formula: Avg =

Zn: (bin count)i (bin vaue)i / Zn: (bin count); ,

where n is the number of bins in the histogram, bin count is the count or height of a
bin, and bin value is the center value of the range of parameter values a bin can
represent.

E xample:: Count# 3.5 —

3.0 +

2.5+

2.0 —

1.5+

1.0+

0.5 —

4.0 41 42 43 4.4 Value (volts)
The average value of this histogramiis: (41* 2+ 43* 3+ 4.4* 1)/ 6 = 4.25.
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fwhm

Definition:

Description:

E xample:

238

Full Width at Half Maximum

Determines the width of the largest area peak, measured between bins on either side
of the highest bin in the peak that have a population of half the highest’s population.
If several peaks have an area equal to the maximum population, the leftmost peak is
used in the computation.

First, the highest population peak is identified and the height of its highest bin
(population) determined (for a discussion on how peaks are determined see the pks
parameter Description:). Next, the populations of bins to the right and left are
found, until a bin on each side is found to have a population of less than 50% of that
of the highest bin’s. A line is calculated on each side, from the center point of the
first bin below the 50% population to that of the adjacent bin, towards the highest
bin. The intersection points of these lines with the 50% height value is then
determined. The length of a line connecting the intersection points is the value for
fwhm.

maximum

10
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Definition:

Description:

Parameter Settings:

E xample:

WR2-OM-E Rev C
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Full Width at X6 Maximum

Determines the width of the largest area peak, measured between bins on either side
of the highest bin in the peak that have a population of xx% of the highest’s
population. If several peaks have an area equal to the maximum population, the
leftmost peak is used in the computation.

First, the highest population peak is identified and the height of its highest bin
(population) determined (see the pks Description:). Next, the bin populations to the
right and left are found until a bin on each side is found to have a population of less
than xx% of that of the highest bin. A line is calculated on each side, from the center
point of the first bin belowthe 50% population to that of the adjacent bin, towards
the highest bin. The intersection points of these lines with the xx% height value is
then determined. The length of a line connecting the intersection points is the value
for fuuxx.

Selection of the fuxx parameter in the “CHANGE PARAM” menu group causes
the “MORE fwxx SETUP” menu to appear. Pressing the corresponding menu
button displays a threshold setting menu that enables you to set the ‘xx’ value to
between 0 and 100% of the peak.

fwaox with threshold set to 35%:

maximum

10

3 35% maximum/, $
F .

q I

|

]

|
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hampl H istogram Amplitude

Definition: The difference in value of the two most populated peaks in a histogram. T his
parameter is useful for waveforms with two primary parameter values, such as TTL
voltages, where hampl would indicate the difference between the binary ‘1’ and ‘0’
voltage values.

Description: The values at the center (line dividing the population of peak in half) of the two
highest peaks are determined (see pks parameter description:). The value of the
leftmost of the two peaks is the histogram base (see hbase). While that of the
rightmost is the histogram top (see htop). The parameter is then calculated as:

hampl = htop — hbase

E xample:
peak #1
B B peak #2
150 152
hampl ——
base top

In this histogram, hampl is 152 mV - 150 mV = 2 mV.
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Definition:

Description:

E xample:

WR2-OM-E Rev C
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Histogram Base

The value of the leftmost of the two most populated peaks in a histogram. This
parameter is primarily useful for waveforms with two primary parameter values such
as TTL voltages where hbase would indicate the binary ‘0’ voltage value.

The two highest histogram peaks are determined. If several peaks are of equal height
the leftmost peak among these is used (see pks). Then the leftmost of the two
identified peaks is selected. This peak’s center value (the line that divides the
population of the peak in half) is the hbase.

peak #2

150

hbase
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high High

Definition: The value of the rightmost populated bin in a histogram.

Description: The rightmost of all populated histogram bins is determined: high is its center value,
the highest parameter value shown in the histogram.

E xample: count

0

In this histogram highis 152 mV.

152  mv
high
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Definition;

Description:

E xample:

WR2-OM-E Rev C
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Histogram Median

The value of the ‘X' axis of a histogram, dividing the histogram population into two
equal halves.

The total population of the histogram is determined. Scanning from left to right, the
population of each bin is summed until a bin that causes the sum to equal or exceed
half the population value is encountered. The proportion of the population of the
bin needed for a sum of half the total population is then determined. Using this
proportion, the horizontal value of the bin at the same proportion of its range is
found, and returned as hmedian.

The total population of a histogram is 100 and the histogram range is divided into 20
bins. The population sum, from left to right, is 48 at the eighth bin. The population
of the ninth bin is 8 and its sub-range is from 6.1 to 6.5 V. The ratio of counts
needed for half- to total-bin population is:

2 counts needed / 8 counts = .25
The value for hmedianis:
6.1 volts + .25 * (6.5 — 6.1) volts = 6.2 volts
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hrms H istogram Root Mean Square
Definition: The rms value of the values in a histogram.
Description: The center value of each populated bin is squared and multiplied by the population

(height) of the bin. All results are summed and the total is divided by the population
of all the bins. The square root of the result is returned as hrms.

E xample: Using the histogram shown here, the value for hrms is:

hrms= \/(352*2+25%* 4)/6 = 2.87

ount

2.5 35 value
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Definition:

Description:

E xample:

WR2-OM-E Rev C
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Histogram T op

The value of the rightmost of the two most populated peaks in a histogram. T his
parameter is useful for waveforms with two primary parameter values, such as TTL
voltages, where htop would indicate the binary ‘1’ voltage value.

The two highest histogram peaks are determined. The rightmost of the two
identified peaks is then selected. The center of that peak is htop (center is the
horizontal point where the population to the left is equal to the area to the right).

peak #2

152 mV
hfop
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low L ow

Definition: The value of the leftmost populated bin in a histogram population. It indicates the
lowest parameter value in a histogram’s population.

Description: The leftmost of all populated histogram bins is determined. The center value of that
bin is low.

E xample: count

0

140 150 152 mv
Low

In this histogram low is 140 mV.
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maxp Maximum Population
Definition:; The count (vertical value) of the highest population bin in a histogram.
Description: Each bin between the parameter cursors is examined for its count. The highest

count is returned as maxp.

E xample: count

maxp 14 _—

12—

mV

Here, maxp is 14.
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mode

Definition:

Description:

E xample:

248

Mode

The value of the highest population bin in a histogram.

Each bin between the parameter cursors is examined for its population count. The
leftmost bin with the highest count found is selected. Its center value is returned as
mode.

count

0

Here, mode is 150 mV.

150 mv
mode
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Definition:

Description:

E xample:

Parameter Settings:

WR2-OM-E Rev C
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Percentile

Computes the horizontal data value that separates the data in a histogram such that
the population on the left is a specified percentage ‘xx' of the total population. When
the threshold is set to 50%, pctl is the same as hmedian.

The total population of the histogram is determined. Scanning from left to right, the
population of each bin is summed until a bin that causes the sum to equal or exceed
‘XX'% of the population value is encountered. A ratio of the number of counts
needed for ‘xx'% population/ total bin population is then determined for the bin.
The horizontal value of the bin at that ratio point of its range is found, and returned
as pctl.

The total population of a histogram is 100. T he histogram range is divided into 20
bins and ‘xx’ is set to 25%. The population sum at the sixth bin from the left is 22.
The population of the seventh is 9 and its sub-range is 6.1 to 6.4 V. The ratio of
counts needed for 25% population to total bin population is:

3 counts needed / 9 counts = 1/3.
The value for pctl is:
6.1 volts + .33 * (6.4 — 6.1) volts = 6.2 volts.

Selection of the pctl parameter in the “CHANGE PARAM” menu group causes the
“MORE pctl SETUP” menu to appear. Pressing the corresponding menu button
displays a threshold setting menu. With the associated knob you can set the
percentage value to between 1% and 100% of the total population.
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pks Peaks

Definition: The number of peaks in a histogram.

Description: The instrument analyzes histogram data to identify peaks from background noise
and histogram binning artifacts such as small gaps.

Peak identification is a 3-step process:

1. The mean height of the histogram is calculated for all populated bins. A
threshold (T1) is calculated from this mean where;

T1= mean + 2 sqrt (mean).

2. A second threshold is determined based on all populated bins under T1 in
height, where:

T2 = mean + 2 * sigma,

and where sigma is the standard deviation of all populated bins under T1.

3. Once T2 is defined, the histogram distribution is scanned from left to right. Any
bin that crosses above T2 signifies the existence of a peak. Scanning continues
to the right until one bin or more crosses below T2. However, if the bin(s) cross
below T2 for less than a hundredth of the histogram range, they are ignored,
and scanning continues in search of a peak(s) that crosses under T2 for more
than a hundredth of the histogram range. Scanning goes on over the remainder
of the range to identify additional peaks. Additional peaks within a fiftieth of
the range of the populated part of a bin from a previous peak are ignored.

NOTE: If the number of bins is set too high a histogram may have mary
small gaps. THhis increases sigma and thereby T2, and in extreme cases can
prevent determination of a peak; even if one appears to be preserit to the eye.
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E xample: Here the two peaks have been identified. The peak with the highest population is
peak #1.
T2 ,,,,,,,, O I

peak #1 peak #2
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range

Definition:

Description:

E xample:

252

count

Range

Computes the difference between the value of the rightmost and that of the leftmost
populated bin.

The rightmost and leftmost populated bins are identified. The difference in value
between the two is returned as the range.

|

150 152
: range : mv

In this example: range is 2 mV

ISSUE D: January 2002 WR2-OM-E Rev C



CHAPTER SIXTEEN: Histogram Parameters

sigma Sigma
Definition: The standard deviation of the data in a histogram.
Description: sigma is calculated by the formulas:
mean = " [bin count * bin val ue]/ (Z bin counti) ;
i=1 i=1
sigma = \/Z[bin count; * (bin value - mean)?]/(>" [bin count] -1) -
i=1 i=1
where n is the number of bins in the histogram, bin count is the count or height of a
bin, and bin value is the center value of the range of parameter values a bin can
represent.
E xample: For the histogram:
Count# 3.5 —
3.0
2.5
2.0
1.5
1.0 -
0.5
0

WR2-OM-E Rev C

4.0 41 42 43 4.4  Value (volts)

mean= (2* 41+ 3* 43+ 1* 44)/ 6= 425

sigma= 2*@41 - 4252 + 3*43 - 4257 + 1*(44 - 4297) / 6-1) = 0.1225
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totp T otal Population

Definition: Calculates the total population of a histogram between the parameter cursors.

Description: The count for all populated bins between the parameter cursors is summed.

E xample: 5 -

Count

The total population of this histogram is 9.
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Definition:

Description:

E xample:
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X Coordinate of xxXth Peak

Returns the value of the xx'th peak that is the largest by area in a histogram.

First the peaks in a histogram are determined and ranked in order of total area (for a
discussion on how peaks are identified see the Description: for the pks parameter).
The center of the nth ranked peak (the point where the area to the left is equal to the
area to the right), where n is selected by you, is then returned as xapk.

The rightmost peak is the largest, and is thus ranked first in area (1). The leftmost
peak, although higher, is ranked second in area (2). The lowest peak is also the
smallest in area (3).

Largest-area
peak
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BLANK PAGE
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CHAPTER SEVENTEEN: Ovenview
In this chapter, see how

Implementation Standards
Connections

ScopeE xplorer

ActiveDSO
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CHAPTER SEVENTEEN Ovenview

| ntroduction

The 10BaseT Ethernet option allows you to control the LeCroy Waverunner-2 over a network, or through a
direct connection between the oscilloscope and a computer. The connection is made through the Ethernet port
located at the rear of the oscilloscope.

This chapter introduces the basic capabilities for control of the Waverunner-2 oscilloscope over the Ethernet
interface.

The Waverunner Remote Control Manual gives a complete description of the GPIB commands. These
commands apply to control of the oscilloscope via Ethernet, as well as through the GPIB interface.

IMPLEMENTATION STANDARD

To the greatest extent possible, these remote commands conform to the IEEE 488.21 standard, which may be
considered as an extension of the IEEE 488.1 standard, dealing mainly with electrical and mechanical issues.

CONNECTIONS

The oscilloscope can be connected to the PC via Ethernet using a TCP/ IP network protocol. This connection
can be made through a network, or directly between the oscilloscope’s E thernet interface and a computer using
a crossover network cable.

! ANSI/IEEE Std. 488.2—-1987, IEEE Standard Codes, Formats, Protocols, and Common Commands. The Institute of
Electrical and Electronics Engineers Inc., 345 East 47th Street, New York, NY 10017, USA.
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SCOPEEXPLORER

ScopeE xplorer is a free PC-based connectivity tool that interfaces a L eCroy Digital Oscilloscope to the
Windows 95/98 or Windows NT/2000 desktop. It is available on CD-ROM as well as from the internet at
wwwlecroy.com.

ScopeE xplorer provides the following connectivity features:
Remote control terminal

This provides a teletype-like terminal that allows standard remote control commands to be sent to the scope,
and the scope’s response to be displayed. Features are provided to allow sequences of commands to be piped
to the scope from a file, and the scope’s responses to be piped into another file.

Image capture and storage

This feature allows a pixel-for-pixel copy of the scope’s display to be transferred to the PC, and displayed

and/ or printed. A single key press (or button push) will transfer this image to the Windows Clipboard ready for
pasting into any Windows application. It also supports automatic refresh of the captured image at periodic
intervals.

Panel file (scope setup) capture, storage, and playback

The entire front panel setup of the scope can be captured with this feature and stored on the PC with a long
descriptive filename. The captured panel can then be transferred back to the scope at a later date to reproduce
the setup.

Trace capture, storage, playback, and conversion to ASCI |

Waveforms acquired by the Waverunner-2 can be transferred to the PC and stored in either the compact
LeCroy Binary format, or an ASCI1 version that allows compatibility with PC-based analysis products, such as
Microsoft’s E xcel or Mathsoft's MathCad. Pre-captured L eCroy Binary waveforms can be converted into
ASCII files individually or in batches.

Virtual Front Panel

The Waverunner-2 can be controlled remotely using the virtual front panel feature. A virtual panel with front
panel knobs and buttons is presented on the Windows display, and may be used to control the scope. (N ote:
The virtual front panel may not reflect exactly the front panel of the Waverunner-2, but is still useful for
control.)
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ACTIVEDSO

This ActiveX™ control enables L eCroy oscilloscopes to be controlled by, and to exchange data with, a variety
of Windows applications that support the ActiveX standard. MS Office programs, Internet E xplorer, Visual
Basic, Visual C++, Visual Java, and MATLAB (v5.3) are a few of the many applications that support ActiveX
controls. ActiveDSO is available on CD-ROM or on the internet at wwwlecroy.com.

With ActiveDSO you can develop your test program using standard GP1B commands. For easy integration of
your scope data with your Windows Application (through GPIB, RS-232, or Ethernet 10BaseT) ActiveDSO,

helps you:
Generate a report by importing scope data right into E xcel or Word.
Archive measurement results on the fly in a Microsoft Access Database.
Automate tests using Visual Basic, Java, C++, Excel (VBA).

The ActiveDSO control hides the intricacies of programming and provides a simple and consistent interface to
the controlling application. With less than 10 lines of VBA (Visual Basic for Applications) code in an E xcel
macro the spreadsheet can recover pre-scaled waveform data from a remote instrument.

The ActiveDSO control can also be embedded visually in any OLE automation compatible client, and can be
used manually without any need for programming. It will run on any PC running Windows 95, Windows 98, or
Windows NT.

There are two fundamental ways to use the control:

As a visible object embedded in an OLE Automation compatible Client (PowerPoint for example)
showing a captured display image. See Embedded Control Example for more details.

As an invisible object accessed via a scripting language (Visual Basic for Applications, for example) to
remotely control an instrument. See Accessing from VBA for more details.

VBA (Visual Basic for Applications) is the programming language built into many of the more recent Windows
applications. It is a subset of Visual Basic that makes it very simple to utilize the services of OLE Automation
Servers and ActiveX Controls.

The following VBA subroutine demonstrates how easy it is to connect to a Waverunner-2 Oscilloscope and
send remote commands to it.

Sub LeCr oyDSOrTest ()
Dimo As hject
Set 0 = CreateObj ect("LeCroy. ActiveDSOCtrl . 1")

Cal | 0. About Box ' Present the control's About box
Call o.MakeConnection("IP: 172.28.11.26) 'Connect to device on LAN
Call o.WiteString("BUzz BEEP', True) ' Make the DSO beep

End Sub
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EXAMPLE SYNTAX

Boolean controlName.WriteString

The WriteString method has the following arguments.

Argument

Description

controlname

The name of the ActiveDSO control object.

textString

String, Text string to send to the device.

EOI

Boolean, TRUE = terminate with EOI

Returns: True on success, False on failure.

Remarks: This method sends a string command to the instrument.

If EOI is set to TRUE then the device will start to interpret the command immediately. This is normally the

desired behavior.

If EOI is set to FALSE then a command may be sent in several parts with the device starting to interpret the

command only when it receives the final part which should have EOI set TRUE.
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CHAPTER EIGHTEEN: Conrecting toPC orNetwork
In this chapter, see how

To configure the Waverunner-2 to communicate with a PC connected to the
network

To configure a PC that is not connected to the network
To make physical connections

To verify your connection

7o change an IP address
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- TTTI——

Connecting the Waverunner-2 to its Host

This chapter describes connecting the Waverunner-2 oscilloscope to the host PC or network over the standard
10BaseT Ethernet. Windows NT and Windows 95 operating systems are supported.

SCOPE REAR PANEL

The LAN connector is shown in the following illustration.

,"‘T—,|
29 @ M 5o | AniosT @@
o
LEEE SEd i PH|
T - .
- leleeele
S LIT hl
[T, © o mmme o aae
s
} } IR

e Supports IEEE 802.3 Ethernet standards
e Supports 10BASE-T
» StatusLEDs:
L N K shows the status of the link integrity

ACT shows receive or transmit activity

»  Adapted to Waverunner-2's small peripherals connector
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PC REQUIREMENTS
Pentium Class PC
32 MB RAM
10 MB free disk space
Windows 95 or Windows NT
Ethernet Adapter supporting 10BaseT, with a standard RJ45 connection

ETHERNET CONNECTION

The Waverunner-2 oscilloscope operates over a standard 10BaseT Ethernet connection. The instrument can be
plugged into a network or operated from a direct connection to a host computer. A different type of cable is
required for each of these connections. For a direct connection to the PC, a aassosr cable is required, whereas
the network connection is made using a straight cable.

The Waverunner-2 oscilloscope has an IP address assigned to it at the factory: it does ot support Dynamic Host
Configuration Protocol (DHCP) or any other automatic address resolution scheme. You may change this IP
address to accommodate your network setting.

The factory-assigned IP address is: 172.25.1.2
The factory-assigned Mask is: 255.255.0.0
The factory-assigned Gateway is: 172.25.0.1
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CONFIGURING WAVERUNNER-2TO COMMUNICATE WITH APCCONNECTED TO THE
NETWORK

If your compuiter is already configured, obtain the following settings for the Waverunner-2 from your network
administrator:

IP address
Subnet Mask
Default Gateway

1. Pressthe UTILITY button on the oscilloscope’s front panel.

UTILITIES
2. Press the soft key to select Remote Setup from “Utilities.”
Har doopi
-'---Iu;.-.r-'I
Tirm Thals )
Setup REMOTE SETLF 3. Select N etwork Setup; “TCP/IP Network Setup” is
p——— _'eF '-'F | Frar displayed. Verify or modify the Ethernet settings via the
+riping e oscilloscope’s front panel controls.
—H5Z33 Mode—
Mama Storeda T-hil
i litims
—Rar iy
cdd e e 1 M
— —Giop bita— i
Spac 1@ Z 1
“orime :
—Heisl Rata— iy P e
e i .7 o |
Sirtup TMEE  Apw
1l
5T_EK 1152t
I
Helunri
Satup
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CONFIGURING APCTHAT ISNOT CONNECTED TO THE NETWORK

Before establishing a direct connection between the oscilloscope and the
Note: The following host computer, the PC must first be properly configured. A specific
examples assume that the TCP/IP address must be assigned — known as "static addressing." But
host PC operates from this means that the PC canat be set up to obtain its IP address from a
Windows™ 95, T he DHCP server. To set the host PC’s static address with Windows 95:
cornrection proceare for 1. Select Start — Settings — Control Panel.
Windows N'T iIs similar:

2. Double-click the Network icon in the Control Panel. A network
dialog box similar to this one appears:

Metwork El |

Configuration | Identificatinnl Aocess I:l:untn:ull

T he following netwaork, components are installed:

Q Client for Microzoft Metworkz >
B8 3Com Etherink 11| PCMCIA [30589,/3C5298)
e Dial-Llp Adapter

5 MetBEUI -» 3Com Etherlink 11l PCMCLA [3C589/3C559E)
[ MetBEUI -» Dial-Up Adapter
Y TCPAP - 3Com Etherlink IIl PCMCIA [3C585/3C

Bemove FPropertie=s |

Frimary Hetwork, Logo:
Client for Microsaft Mebworks j

File and Print Sharing...

Drezcription

TCRPAP iz the protocol you uze bo connect ta the Internet and
wide-area network s,

k. Cancel
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3. If the TCP/IP protocol is not listed, you will have to add it. Follow your operating system user guide to

add the TCP/IP protocol and bind it to the Ethernet adapter.

TCPAIP Properties

172.2% .1 . 3

255.255. 0 . 0f

4. Double-click the [ 23 line. A dialog box similar to the one below appears. Select

5. If this has already been selected, the computer’s static address is set and nothing more needs to be done.
Cancel out of the TCP/IP and network dialog boxes, and close the control panel.

6.

If the address has not already been selected, fill in the IP address and subnet mask as shown above. The
subnet mask for 172.25.x.x is 255.255.0.0. If the computer will not be plugged into a network, the above
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address (or almost any address within the chosen subnet) will do. The only address that will not work is the
same one as that of the oscilloscope to be controlled.

7. Nowclick |I| in the TCP/IP Properties dialog box. Depending on the operating system and
version, you may need to reboot the computer. If so, a dialog box should alert you to this.

MAKING PHYSICAL CONNECTION
To make the physical connection between the oscilloscope and the host computer:
1. Connect the oscilloscope to the PC using a crossover cable (for direct connection).

2. Power the oscilloscope unit on.

VERIFYING CONNECTION

The physical connection and the PC’s TCP/IP configuration can be
Note: /f your PC does not verified using the “ping” command, available on both Windows™ 95 and
have TCIP/IP see the Windows™ NT with TCP/IP network protocol installed. In order to
dedlicated Windows™ 95 or check the network connection between the PC and the oscilloscope:

NT Users Manuals for 3. Start MS-DOS Prompt
Installation instructiors.

4. Type ping <ip_address>, where <ip_address> is the static address
assigned to the oscilloscope. The dialog box on the next page
illustrates the result of a successful “ping”, with the Ethernet
connection shown established. The IP address of the oscilloscope in
this case is 172.25.1.2, the factory default address.
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-, M5-D05 Frompt ] ES

e T =Y

The ping command has sent a message to the instrument and waited for a response. If a timeout
occurs, as is shown in the box on the next page, the IP address used for the destination (the
oscilloscope) is /incorrect or not within the subnet mask of the PC’s IP address.
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NETWORKCONNECTION

Check with your network administrator before connecting the oscilloscope to a network. Incorrect addresses
on a network can cause both the network and the oscilloscope to behave strangely. However, a network
connection ought to be as simple as plugging the oscilloscope into the network. Proper conredtion can be verified by
fdloning the verification irstruttions inthe previous sedion

If you are concemed mainly with system throughput, network connection is rot recommended
because the network traffic will slow down the oscilloscope’s data transfer rate.

Note: The default Gateway is assigned as "172.25.0.1". Unless your network has this Gateway available, you
must ensure the computer and the oscilloscope are on the same subnet.

272 ISSUE D: January 2002 WR2-OM-E Rev C



CHAPTER EIGHTEEN Conrecting to PC or Network

CHANGING IP ADDRESS
Once the IP address is changed, the unit will no longer respond to the original address.

If the network settings are unknown or accidentally set to invalid values, they can be recovered by following the
procedure above.
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B

| ntroduction to Software Tools

T he Waverunner-2 software tools allow you to develop your own application specific programs quickly
and easily. These tools are ActiveDSO™ and ScopekE xplorer™. T he files for all software described
here are to be found on the CD-ROM.

ActiveDSO

Based on Microsoft’s ActiveX control technology, AdiveDSO gives leverage to widely available Microsoft
software tools, and makes programming within the Microsoft environment easier. AdiveDSO simplifies the
computer’s interface with the Waverunner-2 and programming within Visual C++, Visual Basic, or any other
ActiveX compatible applications. For example, Microsoft Excel can even be used to control and retrieve data
directly from the Waverunner-2. This tool becomes part of the target application and provides seamless access
to the full power of the Waverunner-2.

ScopeE xplorer

This PC-based connectivity tool integrates L eCroy instruments with Windows 95 or Windows NT PCs.
Connected to the PC through the Ethernet port and using SapeE xplorer, the Waverunner-2 stores data and
images in the computer. Because it is designed specifically for use with LeCroy instruments, SaypeE xplarer allows
these tasks to be completed with only a few keystrokes or mouse clicks.

USIN G ActiveDSO

ActiveDSO is highly suitable for fast program development in the Microsoft environment. T his
program is a control of ActiveX, the software technology developed by Microsoft as a subset of its
COM model.

AdiveDSO facilitates programming with the Waverunner-2 by providing a ready interface between the
instrument and the host computer. Programs such as Visual C++, Visual Basic, or Visual Basic for
Applications (VBA) can be used under remote control without concern for interfacing complications.
AdiveDSO acts as the key design structure allowing effective integration of software from the different
manufacturers supporting ActiveX containment.

Control Instantiation

This ActiveX component can be instantiated more than once by using the Visual Basic function CreateObject.
Once the object is created, invoking the connection method will initialize it. ActiveDSO enables control of the
Waverunner-2 from a variety of PC desktop applications. The complexities of programming with Ethernet are
fully encapsulated in this control. For example, with less than 10 lines of VBA code in an E xcel macro the
spreadsheet can recover pre-scaled waveform data from the Waverunner-2 (see the on-line E xcel example in
ActiveDSO).
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ActiveDSO control can be used in two fundamental ways:

1. Asavisible object embedded in an OLE automation compatible client (PowerPoint, for example) showing
a captured Waverunner-2 display image. See the Embedded Control example below for more details.

2. As an invisible object accessed through a scripting language (VBA, for example) to remotely control the
Waverunner-2. See VBA example below for more details.

The AdiveDSO control may be embedded in any ActiveX containment-capable client, and may be used
manually without need of any programming or scripting.

Example: PowerPoint

Note: This example
assumes that PowerPoint 97
IS beirng used. E arlier versions
may not behave in the same
manrer.

This example shows the control being embedded in a Microsoft
PowerPoint slide. The waveform captured by the Waverunner-2 can be
easily imported into PowerPoint with just a few mouse clicks:

1. Ensure that the AdiveDSO files from the CD-ROM are installed on
the PC.

2. Verify that the PC and Waverunner-2 are properly connected to the
Ethernet.

3. Open a new blank presentation in PowerPoint.

4. Select “Insert,” then Object, as shown here:
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Software

Tools

5. From the pop-up window; select L eCroy ActiveDSO object as shown here:

Imseert Dbgect

6.

WR2-OM-E Rev C ISSUED: January 2002

277



ETHERNET OPTION

7. Select “Network TCP/IP connection” as shown here (“scope” = Waverunner):

e e T e e e e T

!_A.dd Device
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9. Right-click the object again and select the Refresh Image menu item. A captured waveform will be
displayed similar to the one shown here:

[T Miicinanit PoweiPoint - [Piezertationl] =] x|

PlEe B gew jeet Fgmae Josk Skiedhes Wik e Bl b =) x|
D &% dhAT -~ A€ EE0NT S0~ -§
|| Treas biss pour == «lBrms | EEA|EZE LS )

ve [l © | e OO WA > Z-A-B=EBa
[ Ehde | of | [ Ded it Deasie |

Waverunner-2's captured waveform imported into PowerPoirnt.

Once the AdiveDSO object has been properly set within the application, a macro script can be created utilizing
an object method such as WriteString() to send DI SP ON, C1: TRA ON, TRVD AUTO ( seethe Ramte
Catrd Manudl). Then Refreshimage() method can be used to update the screen.
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Example:VBA

VBA is the programming language built in to many of the more recent Windows applications. It is a subset of
Visual Basic that makes using OLE Automation Servers and ActiveX Controls very simple. The following VBA
subroutine demonstrates how easy it is to connect to an Waverunner and send remote commands to it.

Sub LeCr oyDSOTest ()
Di mdso As bj ect

Set dso = CreateCbject("LeCroy. ActiveDSO 1")

Cal | dso. About Box Present the control's About box
Cal |l dso. MakeConnection("1P:172.25.1.2") Connect to the unit
Call dso.WiteString("DISP ON', 1) Enable the internal display routine
Call dso.WiteString("TRVD AUTO', 1) Set the trigger node to AUTO
End Sub

To enter the VBA editor in members of the Microsoft Office suite:
1. Select Tools — Macro — Visual Basic Editor menu item.

Note: For more irformation,
see the ActiveDSO orrline 2. When the VBA window appears, select the Insert — Module menu
Help. Orrline Help contains item.

Visual C++ example, ) ) )
explanations of ActiveDSO 3. Copy the above example into the editor window that appears.

Method's and Properties.
elioas ana Froperties. To execute:
4. Position the text cursor within the subroutine.

5. Either select the Run — Run Sub/UserForm or press function key F5.
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USIN G ScopeE xplorer

1. Start SaopeE xplorer.

2. Click on Scope — Scope Finder.

3. Inthe “Scope Selector” window click “OK,” as shown below
4.  Whenthe ADD DEVICE window opens, select "N etwork."

(If you don't see a “Network” button, press “ALT + N” simultaneously,)
5. A “Network Device” window will appear, as shown here;

A1 S copeE xplonn - Temmall

flo B fope Torirel Wecos lindowm e

ecpe . Z -
LeCfeoy Zcops Explacer g

||—|—|—n-

Holw Flemots cantadl of &

| | i | i | | |22

ratwonhad e
wzez TCF podt 1661, Erauwe thai lﬁpdll
mﬁnﬁlﬂi bestwmen e PL andl

m|u|n|mlw| L-:-.m|

Mol for AS AT ik
Tht Firef leatuie will bt DRLY 5232 deveoaa that sie oonhgured foi 15200 baud, nd sk 3 dals ket
vl o iiop b Devni thal uis olher Sommunicabon selings can b sdded rmarually uting Pl D ivce’,

Fax Help, press F1 [Unkrgsn Devios: 1
6. Enter the IP address of the Waverunner-2 in the “NETWORK DEVICE” window
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ScopeExplorer features:

Terminal — Remote control cormmandss can be sent and data can
be retrieved using Terminal.

Image capture — Internal scope-like “screen” representation of
the acquired waveform can be viewed with the Display button.
Use the Refresh button to refresh the “screen” dump image.

1P address change — ScopeE xplorer can be used to change the
1P address of the Waverunner-2. See Chapter 2 for details.

ScopeE xplorer is supported for all L eCroy instrurments. Additional
information can found on the L eCroy web site: vwwiilecroy.com
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Specifications

NOTE : Specifications are subject to

MODELS change without notice.

Waverunner-2 LT 372/ LT 262 Series: Two channels
Waverunner-2 LT 374 /LT 264 Series: Four channels _

Waverunner-2 LT 354/ L T 584 Series: Four channels

AACQUISITION SYSTEM

Bandwidth (=3dB): LT 354/ LT374/LT 372 Series: 500 MHz; LT 264 Series/ L T 262 Series: 350 MHz.
Bandwidth @ 50 ohms and at probe tip with PPO06A probe. Bandwidth L imiter at 20 or 200 MHz can be
selected for each channel. LT584 Series: 1 GHz @ 50 ohms at probe tip with PPO06A probe.

Input Impedance: 50 ohms +1.0%; 1M ohms +1.0% // 12 pF typical (using PPO06A probe)
Input Coupling: 1M ohms: AC, DC, GND; 50 ohms: DC, GND

Max Input: LT 372/ 262/ 374/ 264: 50 ohms: 5 V rms; 1M ohms: 400 V max (peak AC < 5 kHz
+ DC);
LT584 Series: 50 ohms: 5V rms; 1M ohms: 250 V max (peak AC <5 kHz + DC)

Single Shot Sampling Rate: LT 374 Series/ LT 372 Series: 2 GS/s; LT354/LT264/LT 262 Series: 1 GS/s

Acquisition Memory (4 channel): LT374L: 4 Mpts per channel; LT 354ML: 2 Mpts per channel;
LT374M/LT372M/LT264M: 1 Mpts per channel; LT 374/ LT 372: 250 kpts per channel; LT 264/ LT 262:
100 kpts per channel

Acquisition Memory (2 channel): All 4-channel models have double the acquisition memory for 2 channels
as they do for 4 channels.

LT534 250 kpts per channel
LT534 M 1 Mpts per channel
LT584L 4 Mpts per channel

Vertical Resolution: 8 bits

Sensitivity: 2 mV/div to 10 V/ div fully variable; L T 584: 50 ohms: 2 mV/div to 1 V/ div; 1M ohms: 2 mV/div
to 5 V/div fully variable

DC Accuracy: +(1.5% + 0.5% of full scale)
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Offset Range:
2mVto99 mv/div:£1V
100 mV to 99 V/div: 10V
1V to 10 V/div: £100 V
Interleaved Channels: LT584:2; LT374: 2;LT372: 1

ACQUISITION MODES

MODE TIME BASE SETTING |MAXIMUM RATE DESCRIPTION
500 ps to 1000 s/ div 4 GS/s
(LT354/LT374/LT372/LT584) | 1 GS/s (LT354) One ADC per channel
Single Shot 1 ns to 1000 s/ div 1Gs/ (2 ADCs per channel in
(LT264/LT262) S interleaved mode)
Repetitive 500 ps to 1 s/ div 50Gs/s | Random '”“zgfg‘)’e" Sampling
Sequence | | |
LT262/LT264 2 to 400 segments | 1GS/s | Stores Multiple E vents with
LT372/LT374/ time stamp in segmented
L T584 2 to 400 segments 4 GS/s acquisition memories
1GS/s . .
Memory Option , (LT262/ 264/354) | Stores Multiple Events with
M to 1000 segments 4GS/s time _s'(a_mp in segmented
(LT372/374) acquisition memories
1GS/s . .
Memory Option (LT262/ 264/354) | Stores Multiple Events with
2 to 4000 segments time stamp in segmented
ML/L 4 GS/s acquisition memories
(LT372/374) q
<500 kpts: Waveform slowly rolls across
Roll 500 ms t0 1000s/div | 100 KS/s display when used with slow
> 500 kpts: 1 s to 1000 s/ div ‘ time bases.

TIMEBASE SYSTEM

Timebases: Main and up to four zoom traces simultaneously
Time/ Div Range: 500 ps/ div to 1000 s/ div

Clock Accuracy: < 10 ppm

I nterpolator Resolution: 5 ps

E xternal Clock: < 500 MHz; 50 ohms, or 1M ohms impedance

284' ISSUED: January 2002 WR2-OM-E Rev C



Architecture arnd Specificatiors

TRIGGERING SYSTEM

Modes: NORMAL, AUTO, SINGLE and STOP

Sources: Any input channel, External, EXT 10 or line; slope, level, coupling unique to each except line.
Coupling Modes: DC, AC, HF, HFREJ, LFREJ (reject frequency 50 kHz typical)

Pre-Trigger Recording: 0-100% of horizontal time scale

Post Trigger Delay: 0-10000 divisions

Holdoff by Time or Events: Up to 20 s or from 1 to 99999999 events

Internal Trigger Range: +5 div

Maximum Trigger Frequency: Up to 500 MHz with HF coupling (LT584: 1 GHz; LT264/LT262: Up to
350 MH2z)

AE xternal Trigger Input: £0.5V, £5 V with Ext 10; max input same as input channels

SMART TRIGGER TYPES (ALL MODELS)

Signal or pulse width: Triggers on glitches down to 2.5 ns. Pulse widths are selectable between <2.5 ns to
20s.

Signal interval: Triggers on intervals selectable between 10 ns and 20 s.

TV: Triggers on line (up to 1500) and fields 1, 2, 4, or 8 (odd or even) for PAL (SECAM), NTSC, or hon-
standard video.

State/ E dge qualified: Triggers on any input source only if a defined state (or edge) has occurred on another
input source. Delay between sources is selectable by time or number of events.

Dropout: Triggers if the input signal drops out for longer than a selected time-out between 25 ns and 20 s.

Window: Triggers when the signal crosses the window boundaries, which extend above and below the selected
trigger level. A trigger event will occur when the signal leaves this window region in either direction and passes
into the upper or lower region. The next trigger will occur when the signal again passes into the window region.

Pattern (5 inputs): E nables triggering 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.

Advanced Trigger Package (ATP) Option: Adds the following options

Runt; Positive or negative runts are defined by two voltage limits, and two time limits selectable between
25nsand 20s.

Slew Rate: Triggers on edge rates; select limits dV, dt, and slope.
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AUTO SETUP
Automatically sets timebase, trigger, and sensitivity to display a wide range of repetitive signals.

Vertical Find: Automatically sets sensitivity for the selected input signal

PROBES
Model PPO06A: PP006 with auto-detect: 10:1, 10M ohms; one probe per channel

Probe System: ProBus I ntelligent Probe System supports active, high voltage, current, and differential probes,
and differential amplifiers

COLOR WAVEFORM DISPLAY

Type: Color 8.4-inch flat panel TFT LCD with VGA, 640 x 480 resolution

Screen Saver. Display blanks after 10 minutes

Real Time Clock: Date, hours, minutes, and seconds displayed with waveform

N umber of Traces: 8 max. Simultaneously display channel, zoom, memory, and math traces

Grid Styles: Single, Dual, Quad, Octal, XY, Single+ XY, Dual+ XY; Full Screen gives enlarged view of each
style

Waveform Display Styles: Sample dots joined or dots only — regular or bold sample point highlighting.

ANALOG PERSISTENCE DISPLAY

Analog Persistence and Color Graded Persistence: Variable saturation levels; stores each trace’s persistence
data in memory

Trace Display: Opaque or transparent overlap

ZOOM EXPANSION TRACES

Style: Display up to four zoom traces

Vertical Zoom: Up to 5x expansion, 50x with averaging
Horizontal Zoom: E xpand to 2 pts/ div, magnify to 50 000x

Autoscroll: Automatically scan and display any zoom or math trace
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RAPID SIGNAL PROCESSING
Processor. 96 MHz Power PC

Processing Memory:
LT262/LT264 | LT372/LT374 | LT264/LT37/LT584 | LT374/ LT584/

LT584 WITH OPTION M LT 354
WITH OPTION L
32 MBYTES | 32 MBYTES | 64 MBYTES ' 128 MBYTES

Real-time Clock: Dates, hours, minutes, seconds; timestamp

trigger time to 1 ns resolution

INTERNAL WAVEFORM MEMORY

Waveform: M1, M2, M3, M4; memory length equal to acquisition memory
Zoom and Math: four traces (A, B, C, D); chained trace capability

Memories M1-4 and A-D store full-length waveforms with 16 bits/ data point

SETUP STORAGE

For front panel and instrument status: Four non-volatile memories and floppy drive are standard; hard drive
and memory card are optional

MATH TOOLS

Simultaneously perform up to four math processing functions; traces can be chained together to perform math
on math. Standard functions: add, subtract, multiply, divide, inverse, identity, summation, summed averaging to
4000 sweeps, continuous averaging ERES low-pass digital filters for 11-bit vertical resolution, FFT of 50 kpt
waveforms, Extrema for displaying envelope, roof and floor, physical units, rescale (with units), (sin X)/ x,
resample (deskew).
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MEASURE TOOLS
Cursor Measurements:

Relative T ime: Two arrow cursors measure time and voltage differences relative to each other with a
resolution of +0.05% full scale.

Relative Amplitude (Voltage): Two horizontal bars measure voltage differences at +0.2% fs resolution.
Absolute Time: Cross-hair marker measures time relative to trigger and voltage with respect to ground.

Absolute Amplitude (Voltage): A horizontal reference line cursor measures voltage with respect to
ground.

Automated Measurements: Display any five parameters together with their average, high, low and standard
deviations.

Pass/ Fail: Test any five parameters against selectable thresholds. Limit testing is performed using masks
created on the scope or on a PC. Setup a pass or fail condition to initiate actions such as hardcopy output, save
waveform to memory, GPIB SRQ, or pulse out.

STANDARD MEASURE TOOLS

Includes measurement of amplitude, area, base, cyclic mean, cyclic rms, number of cycles, delay, delay
difference, duty cycle, fall time (90 to 10%), fall time (80 to 20%), frequency, maximum, mean, minimum,
positive overshoot, negative overshoot, peak-to-peak, period, phase, rise time (10 to 90%), rise time (20 to
80%), rms, standard deviation, top, width, horizontal location of highest and lowest value between cursors.

EXTENDED MATH AND MEASUREMENTS OPTION

Adds math and advanced measurements for general purpose applications. Math Tools is expanded to include all
standard math plus integration, derivative, log and exponential (base e and base 10), square, square root,
absolute value, data log (when using the trend function), and histogram (200 events).

Measure tools is expanded to include measurement of cyclic median, cyclic standard deviation, time from
trigger to crossing level, time between transition levels of two sources (% or volts), time from clock to data
(setup time), time from clock to data (hold time), duration of falling edge between transition levels (% or volts),
first point, last point, number of points median, duration of rising edges between transition levels (% or volts),
duration.

WAVE ANALYZER OPTION

Adds math processing to include FFTs of 1-Mpt waveforms, power spectrum density (real and imaginary),
spectrum averaging, waveform averaging to one million sweeps, continuous averaging, and waveform
histograms up to 2 billion events and 18 histogram parameters. Includes the E xtended Math and Measurement
option.

288 ISSUED: January 2002 WR2-OM-E Rev C



Architecture arnd Specificatiors

SPECIAL APPLICATION SOLUTIONS

Jitter and Timing Analysis (JTA): Precision cycle-to-cycle timing measurements with enhanced accuracy,
histograms on persistence traces, persistence to waveform tracing and full statistical analysis.

PowerMeasure™: A complete solution for the power conversion engineer. Includes timing deskew of voltage
and current, and rescale to electrical units.

Digital Filter Package (DFP): Provides eight standard linear-phase finite impulse response (FIR) filters.
Custom filters can be designed and imported. Cascade up to four filters.

INTERFACE
Remote Control: Full control via GPIB*, RS-232-C" and E thernet*

Floppy Drive: Internal, DOS format, 3.5" high density

PC Card Slot (optional): Supports memory and hard drive cards
E xternal Monitor Port: 15-pin D-Type VGA compatible*
Centronics Port: Parallel printer interface*

Internal graphics printer (optional): 25 mm/s max, 112 mm paper width; provides hardcopy output in
<10 seconds

E thernet (optional): 10BaseT*

OUTPUTS
Calibrator signal: 500 Hz—1 MHz square wave, —1.0 to + 1.0, test point and ground lug on front panel

Control signals: Choice of trigger ready, trigger out, or Pass/ Fail status; TTL levels into 1 MQ at rear panel
BNC (output resistance 300 Q +10%)

AGE NERAL

Operating Conditions: Temperature 5-45 °C; Humidity 80% RH max. (non-condensing) up to 35 °C (derates
to 50% max. RH at 45 °C). Altitude 4500 m max. up to 25 °C (derates to 2000 m max. at 45 °C)

Shock and Vibration: Conforms to selected sections of MIL-PRF-28800F, Class 3

Power Requirements: 100-120 V (£10%) AC at 50/ 60/ 400 (+10%) Hz, or 200-240 V (+£10%) AC at 50/ 60
(£10%) Hz; automatic AC voltage selection; Power consumption: 250 VA max. (depending on model)

Dimensions (HWD): 210 mm x 350 mm x 300 mm (8.3" x 13.8" x 11.8"); height excludes scope feet

Weight: 8.5 kg (19 Ibs.) excluding accessories and internal printer; 9 kg (20 Ibs.) excluding accessories, including
internal printer

Y Use properly shielded cables to conform to CE requirements (EMC Directive 89/336/EEC).
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APPENDIX

Warranty and Calibration: Three years; calibration recommended yearly
Certifications: CE, UL and cUL

CE Declaration of Conformity: The oscilloscope meets requirements of the EMC Directive 89/336/EEC
for Electromagnetic Compatibility and L ow Voltage Directive 73/23/EEC for Product Safety.

EMC Directive EN 61326-1:1997 + A1:1998
EMC requirements for electrical equipment for measurement, control,
and laboratory use.

E lectromagnetic E missions: EN 55022: 1998, Class A Radiated and conducted
emissions

EN 61000-3-2:1995 + A1:1998 + A2:1998 Harmonic Current
E missions

EN 61000-3-3:1995 Voltage Fluctuations and
Flickers

Warning: This is a Class A product. In a domestic ervironment this product may cause radio
interference, in which case the user may be required to take adequate imeasures.

E lectromagnetic Immunity EN 61000-4-2:1995 + A1:1998* E lectrostatic Discharge
EN 61000-4-3:1996 +A1:1998*  RF Radiated E lectromagnetic Field
EN 61000-4-4:1995*  Electrical Fast Transient/ Burst
EN 61000-4-5:1995*  Surges
EN 61000-4-6:1996*  RF Conducted E lectromagnetic Field
EN 61000-4-11:1994f Mains Dips and Interruptions

* Meets Performance Criteria “B” limits —during the disturbance, product undergoes a temporary degradation
or loss of function of performance which is self recoverable.

T Meets Performance Criteria “C” limits —during the disturbance, product undergoes a temporary degradation
or loss of function of performance which requires operator intervention or system reset.
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Architecture arnd Specificatiors

Low Voltage Directive: EN 61010-1: 1993 + A2:1995

Safety requirements for electrical equipment for measurement, control,
and laboratory use.

The oscilloscope has been qualified to the following EN 61010-1
category:

300 V Installation (Overvoltage) Category I1.

Pollution Degree 2

Protection Class |

UL and cUL Certifications: UL Standard: UL 3111-1
Canadian Standard: CSA-C22.2 No. 1010.1-92
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Acquisition Time: In a sample-and-hold or track-and-hold circuit, the time required after the sample or track
command for the output to slew through a full-scale voltage change and settle to its final value within a
specified error band.

ACSN : auto-correlation signal-to-noise
ADC: analog-to-digital converter.

Aliasing: Whenever a dynamic signal is synchronously sampled, a possibility of misunderstanding its frequency
content exists. This difficulty is termed “aliasing” and occurs whenever the sampling rate is less than twice the
highest frequency component in the signal being measured.

AN D: Logical designation or circuit function meaning that all inputs must be in the TRUE state for a TRUE
output.

Aperture Jitter: In a sample-hold or ADC, the jitter between the time of the sample (or convert) command
pulse and the time the input signal is actually sampled. This jitter is usually due to thermal noise. It leads to an
uncertainty in the sampled amplitude equal to delta t*dV/ dt, where delta t is the aperture jitter, and dVv/dt is
the rate of change of the input voltage at the time of sampling. The terms “aperture jitter” and “aperture
uncertainty” are often used interchangeably.

Aperture Uncertainty: In a sample-hold or ADC, the total uncertainty in the time of the sample (or convert)
command pulse and the time the input signal is actually sasmpled, due to all causes including noise, signal
amplitude-dependent delay variation (as in a flash ADC), temperature, etc. Often used interchangeably with
“aperture jitter,” but “aperture uncertainty” is the more inclusive term.

Area: In atime domain DSO waveform measurement, area is the sum of the sampled values between the
cursors times the duration of a sample.

Artifact Rejection: Used in summed averaging to exclude waveforms that have exceeded the dynamic range of
the recording system.

Automatic Setup: In an oscilloscope, automatic scaling of the timebase, trigger, and sensitivity settings.
Provides a stable display of repetitive input signals.

Average: See Mean Value, Summed Averaging and Continuous Averaging.
AWG: arbitrary wave generator

Bandwidth: In normal use, the frequency range over which the gain of an amplifier or other circuit does not
vary by more than 3 dB.

BER: See Bit Error Rate.

Binning: A technique for combining points in a histogram to be compatible with the resolution of the display
device.

Bit: An abbreviation of “binary digit,” one of the two numbers, 0 and 1, used to encode data. A bit is often
expressed by a high or low electrical voltage.

Bit E rror Rate: Ratio of the number of bits of a message incorrectly received to the total number received.
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CCD: Charge Coupled Device. An integrated circuit that allows the transfer of a variable amount of charge
through a series of cells; an analog shift register.

CCTM: clock certification test module

Channel: A path through an arrangement of components (modules and electrical or optical cabling or both)
along which signals can be sent.

Clamping: Holding a circuit point to some reference level (frequently ground) by means of a low-impedance
element such as a saturated transistor, FET, forward-biased diode, relay; etc.

Coherent Gain: The normalized coherent gain of a filter corresponding to each window function is 1.0 (0 dB)
for the 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.

Common Mode Range: The maximum range (usually voltage) within which differential inputs can operate
without a loss of accuracy.

Common Mode Rejection Ratio: The ratio of the common-mode input voltage to the output voltage
expressed in dB. The extent to which a differential amplifier does not provide an output voltage when the same
signal is applied to both inputs.

Common Maode Signal (N oise): The signal (usually noise) that appears equally and in phase on each of the
differential signal conductors to ground. See Differential Input.

Continuous Averaging: Sometimes called “exponential averaging,” the technique consists of the repeated
addition, with unequal weight, of successive source waveforms. E ach new waveform is added to the
accumulated average according to the formula: S(i,new) = N/(N+1) * [S(i,old) + 1/ (N+1) * W(i)] wherei =
index over all data points of the waveforms; W(i) = newly acquired wave form; S(i,old) = old accumulated
average; S(i,new) = new accumulated average; N = weighting factor (1,3,7...).

Conversion Cycle: E ntire sequence involved in changing data from one form to another, e.g., digitizing an
analog quantity, changing binary data to BCD, etc.

Crosstalk: Unwanted coupling of a signal from one channel to another.

Cursor: A visible marker that identifies a horizontal or vertical position, or both, on an oscilloscope display.
LeCroy DSOs offer “waveform riding” cursors that conveniently give both the horizontal and vertical values
without selecting one or the other.

DAC.: digital-to-analog converter

Data L ogger: An instrument that accepts input signals (usually slow analog), digitizes them, and stores the
results in memory for later readout. T he digital equivalent of a strip-chart recorder.

DC: Direct current. Normally means a voltage or current that remains constant.
DC Level Shift: A change in the nominal DC voltage level present in a circuit.

DC Offset: See DC Level Shift. This term may imply that the shift is intentional, for example, adjustable by a
control knob.
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DC Overload: An overload signal of long duration compared to the normal input pulse width or duty ratio of
a circuit.

Dead Time: In a digital oscilloscope, the dead time is the time from the end of one acquisition of data to the
start of the next acquisition.

Decimation: The process of reconstructing a source waveform with a reduced number of data points by using
only every nth data point, where n is an integer.

Differential Input: A circuit with two inputs that is sensitive to the algebraic difference between the two.
Differential L inearity: A term often inappropriately used to mean differential non-linearity.

Differential N on-L inearity: 1. The percentage departure from the average of the slope of the plot of output
versus input from the slope of a reference line; 2. The percentage of variation in ADCs or TDCs from the
mean of the analog (or time) width of any single digital step. It is usually measured by driving the input with a
large number of random amplitude pulses and then measuring the relative number of events in each digital bin.

Differential Output: A circuit with two outputs supplying one normal and one complementary level of output
signal.

Differential Pulses: Two opposite polarity pulses coincident in time.

Dithering: Typically used when averaging signals (which have low noise content) to improve vertical resolution
and decrease the effects of an ADC's non-linearities. The technique applies different offsets to each incoming
waveform to ensure the signal is not always digitized by the same portion of the ADC. The offsets must be
subtracted from the recorded signals before being included in the summed average.

Digital Filtering: The manipulation of digital data to both enhance desirable and to remove undesirable
aspects of the data.

Dropout Trigger: A trigger that occurs if the input signal drops out for a time period longer than a preset
amount (between 25 ns to 20 s on some LeCroy DSOs). This is very useful for triggering on microprocessor
crashes, network hang-ups, bus contention problems or other phenomena where a signal stops occurring.

Duty Cycle: A computed value in digital scopes representing the average duration above midpoint value as a
percentage of the period for time domain waveforms.

Dynamic Range: The ratio of the largest to smallest signal that can be accurately processed by a module.

Dynamic RAM (DRAM): A random access memory in which the internal memory must be refreshed
periodically.

E CL: Emitter-coupled logic, an unsaturated logic performed by emitter-coupled transistors. Usually, ECL
LOGICAL 1=-16V and LOGICAL 0= -0.8V.

E MI: Electromagnetic interference caused by current or voltage induced into a signal conductor by an
electromagnetic field.

ENBW (E quivalent N oise Bandwidth): For a filter associated with each frequency bin, ENBW is the
bandwidth of an equivalent rectangular filter (having the same gain at the center frequency) that would collect
the same power from a white noise signal.
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E nhanced Resolution (E RES): A facility in LeCroy DSOs to increase the amplitude resolution of single-shot
waveform measurements. This technigque, which applies digital filtering to achieve resolution enhancement at a
reduced bandwidth, is optimum when the sampling rate of the instrument exceeds that required for the input
signal bandwidth. For repetitive signals, either ERES or Signal Averaging, or both, can be used to achieve
higher resolution with substantially smaller loss of bandwidth than for single-shot signals.

E nvelope: The maximum, minimum, or maximum and minimum values of a sequence of measured
waveforms. In LeCroy DSOs, the number is programmable from 1 to 108,

EPROM: Erasable, programmable read-only memory. An integrated circuit memory array that is made with a
pattern of either all logical zeros or ones and has a pattern written into it by the user with a special hardware
program.

E quivalent Time Sampling (EQT): (Also known as ETS.) A means of exploiting multiple acquisitions of a
repetitive signal to increase the usable bandwidth of a digitizer by making it appear to sample more rapidly than
its maximum single-shot sample rate. Works only with stable, repetitive signals.

E xtrema: The computation of awaveform envelope, by repeated comparison of successive waveforms, of all
maximum points (roof) and all minimum points (floor). Whenever a given data point of the new waveform
exceeds the corresponding maximum value in the roof record, it is used to replace the previous value.
Whenever a given data point of the new waveform is smaller than the corresponding floor value, it is used to
replace the previous value.

Falltime: Unless otherwise defined, the time required for a pulse to go from 90 % to 10 % of full amplitude.
Can also refer generally to the trailing edge of a pulse.

Fast Fourier Transform (FFT): In signal processing applications, an FFT is a mathematical algorithm that
takes a discrete source waveform, defined over n points, and computes n complex Fourier coefficients, which
are interpreted as harmonic components of the input signal. For a “real” source waveform (imaginary part
equals 0), there are n/ 2 independent harmonic components.

Feedthrough: An unwanted signal that passes a closed gate or disabled input.
FFT: See Fast Fourier Transform.

FFT Frequency Bins: A Fast Fourier Transform (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, and 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: deltaf = 1/T, where T is the duration of the time-domain records in seconds. The nominal width of
bin is equal to delta f.

FFT Frequency Range: The range of frequencies computed and displayed in an FFT is 0 Hz to the Nyquist
frequency.

FFT Frequency Resolution: In a narrow sense, the frequency resolution is equal to the bin width, delta f.
That is, if the input signal changes its frequency by delta f, the corresponding spectrum peak will be displaced
by delta f. For smaller changes of frequency, only the shape of the peak will change. However, the effective
frequency resolution (i.e., the ability to resolve two signals whose frequencies are almost the same) is further
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limited by the use of window functions. The ENBW value of all windows other than the rectangular is greater
than deltaf (i.e.,, greater than the bin width).

FFT Number of Points: FFT is computed over the number of points (Transform Size) whose upper bound
is the source number of points. FFT generates spectra having n/2 output points.

FFT Total Power: Area under the power density spectrum in frequency-domain measurements.
FIFO: First-in, first-out shift registers (sometimes called first-in, first-out memory).

Filter: An electronic circuit or digital data manipulation routine that either enhances desirable or removes
undesirable aspects of an analog waveform or its digital representation. Filters are used to block specific
frequency components from passing through a circuit, to linearize otherwise identical components (such as
CCDs) used in a common circuit, or to perform waveform integration, differentiation, or smoothing, just to
name a few types.

Flash ADC: A very fast analog-to-digital converter, usually consisting of a large set of fast comparators and

associated logic, in which the analog signal simultaneously is compared to 2n — 1 different reference voltages,
where n is the ADC resolution. Also called a parallel converter.

Floor: The record of points that make the bottom (or minimum) of an envelope created from a succession of
waveforms.

FWH M: Full-Width Half Maximum. The width of a pulse or waveform at 50 % amplitude used to measure
the duration of a signal.

Gate: 1 A circuit element used to provide a logical function (e.g, AND, OR); 2. An input control signal or
pulse enabling the passage of other signals.

Glitch: A spike or short-time duration structural aberration on an otherwise smooth waveform that is normally
characterized by more gradual amplitude changes. In digital electronics, where the circuit under test uses an
internal clock, a glitch can be considered to be any pulse narrower than the clock width.

Glitch Trigger: A trigger on pulse widths smaller than a given value.

Ground L oop: A long ground connection along which voltage drops occur due either to heavy circuit current
or external pick-up, with the result that circuit elements referred to different points along it operate at different
effective ground references.

Hamming Code: An error-correcting code used in data transmission.

HF Sync: Reduces the trigger rate by including a frequency divider in the trigger path, enabling the input
trigger rate to exceed the maximum for repetitive signals.

Histogram: A graphical representation of data such that the data is divided into intervals or bins. The intervals
or bins are then plotted on a bar chart where the height is proportional to the number of data points contained
in each interval or bin.

Holdoff by E vents: Selects a minimum number of events between triggers. An event is generated when the
trigger source meets its trigger conditions. A trigger is generated when the trigger condition is met after the
selected number of events from the last trigger. The hold-off by events is initialized and started on each
trigger.
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Holdoff by Time: Selects a minimum time between triggers. A trigger is generated when the trigger condition
is met after the selected delay from the last trigger. The timing for the delay is initialized and started on each
trigger.

HPGL : Hewlett-Packard Graphics L anguage Format; Hewlett-Packard Company.

Hybrid Circuit: A small, self-contained, high-density circuit element usually consisting of screened or
deposited conductors, insulating areas, resistors, etc., with welded or bonded combinations of discrete circuit
elements and integrated circuit chips.

IC: Integrated Circuit. A self-contained, multiple-element circuit such as a monolithic or hybrid.
Integral Linearity: A term often used inappropriately to mean integral non-linearity.

Integral N on-L inearity: Deviation of ADC response from an appropriate straight line fit. T he specification is
sometimes defined as maximum deviation, expressed as a fraction of full scale. More recent ADCs have a
specification expressed as a percent of reading plus a constant.

Interleaved Clocking: Supplying clock pulses of equal frequency but different identical circuits or instruments
in order to increase the system sample rate. For example, use of two transient recorders with inputs in parallel
but complementary clocks to allow operation at twice the maximum rate of a single unit.

Interval Trigger: Selects an interval between two edges of the same slope. T he trigger can be generated on the
second edge if it occurs within the selected interval or after the selected interval. The timing for the interval is
initialized and restarted whenever the selected edge occurs.

Jitter: Short-term fluctuations in the output of a circuit or instrument that are independent of the input.

L eakage: When aobserving the Power Spectrum of a sine wave having an integral number of periods in the
time window using the rectangular windowy leakage is the broadening of the base of the peak spectral
component that accurately represents the source waveform’s amplitude.

Limiter: A circuit element that limits the amplitude of an input (used for input protection, pulse standardizing,
etc.).

Logical 1: A signal level indicating the TRUE state; corresponds to the unit being set (i.e, if interrogated, the
answer is yes).

Logical O: A signal level indicating the FALSE state; corresponds to the unit NOT being set (i.e., if
interrogated, the answer is no).

L ong-term Stability: Refers to stability over a long time, such as several days or months.
MCA: multichannel analyzer (e.g., pulse height analyzer)
Mean Value: Average or DC level of all data points selected in a waveform.

Median Value: T he data value of a waveform above and below which there are an equal number of data
points.

Mode Value: The most frequently occurring data value of a waveform.
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Monolithic IC: An integrated circuit whose elements (transistors, diodes, resistors, small capacitors, etc.) are
formed on or within a semiconductor substrate.

Monotonic: A function with a derivative that does not change sign.

Multiplexer: A device used to selectively switch a number of signal paths to one input or outpuit.

NAND: An AND circuit, except with a complementary (negative true) output.

N egation: The process of transposing all negative values into positives and all positive values into negatives.
NLTS: non-linear transition shift

N oise E quivalent Power. NEP (W); the RMS value of optical power that is required to produce unity RMS
signal-to-noise ratio.

NOR: An OR circuit, except with a complementary (negative true) output.
NRZ: non-return to zero

N yquist Frequency: The Nyquist frequency (f/ 2) is the maximum frequency that can be accurately measured
by a digitizer sampling at a rate of (f). In other terms, a digitizer sampling at a rate of (f) cannot measure an
input signal with bandwidth components exceeding f/ 2 without experiencing “aliasing” inaccuracies.

Offset: The amount by which an analog or digital output or input baseline is shifted with respect to a specific
reference value (usually zero).

OR: A logic circuit having the property that if at least one input is true, the output is true.

Overshoot, N egative: A time-domain parameter in waveform measurements, equal to the base value of a
waveform minus the minimum sample value, expressed as a percentage of the amplitude.

Overshoot, Positive: A time-domain parameter in waveform measurements, equal to the maximum sample
value minus the top value, expressed as a percentage of the amplitude. The top value is the most probable state
determined from a statistical distribution of data point values in the waveform.

Parallel Converter: A technique for analog-to-digital conversion in which the analog signal is simultaneously
compared to 2n - 1 different reference voltages, where n is the ADC resolution.

Pass/ Fail Testing: Post-acquisition testing of a waveform against a reference mask or of waveform
parameters against reference values.

PCMCIA: Personal Computer Memory Card Industry Association standard for PC memory cards. Also
known as JE IDA in Japan.

PCX: The PC Paintbrush Format for graphic images; ZSoft Corporation, Marietta, GA.

Peak Spectral Amplitude: Amplitude of the largest frequency component in a waveform in frequency
domain analysis.

Period: A full period is the time measured between the first and third 50 % crossing points (mesial points) of a
cyclic waveform.
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Persistence: A display operating mode of a DSO where a user-determined number of measured traces remain
on the display without being erased and overwritten.

PES: position error signal

PHA (Pulse Height Analyzer): A device that gives a measure of the amplitude of a signal applied to its
input.

Picket Fence Effect: In FFT, if a sine wave has a whole number of periods in the time-domain record, the
Power Spectrum obtained with the rectangular window will have a sharp peak, corresponding exactly to the
frequency and amplitude of the sine wave. If it does not, the spectrum obtained will 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 discrete bin frequencies. This variation of the spectrum magnitude is called the Picket Fence
Effect (the loss is called the Scallop L oss). All window functions compensate this loss to some extent, but the
best compensation is obtained with the Flat Top window

Power Spectrum: The square of the magnitude spectrum (V2). The Power Spectrum is displayed on the dBm
scale, with 0 dBm corresponding to V2.t = (0.316 V peak)?, where V is the peak value of the sinusoidal
voltage which is equivalent to 1 mW into 50 (omega).

Power Density Spectrum: The Power Spectrum divided by the equivalent noise bandwidth of the filter
(V2/Hz), in Hz. The Power Density Spectrum is displayed on the dBm scale, with 0 dBm corresponding to
(\/Zre‘f/ HZ)

Pre-trigger Sampling: A design concept used in transient recording in which a predetermined number of
samples taken before a stop trigger are preserved.

PRML: pulse response maximum likelihood

Pulse Width: Determines the duration between the Pulse Start (mesial point, i.e., the 50 % magnitude
transition point, on the leading edge) and the Pulse Stop (mesial point on the trailing edge) of a pulse
waveform.

Pulse Start: The 50 % magnitude transition point (mesial point) on the leading edge of a pulse waveform.
Pulse Stop: The 50 % magnitude transition point (mesial point) on the trailing edge of a pulse waveform.

Pulse Trigger: Selects a pulse width, either maximum or minimum. T he trigger is generated on the selected
edge when the pulse width is either greater than or less than the selected width. The timing for the width is
initialized and restarted on the edge opposite to the edge selected.

RAM: A memory in which each data address can either be written into or read from at any time.

Random Interleaved Sampling (R1S): One method of EQT (or ETS). Acting upon stable, repetitive signals,
it represents the process of storing different full sampling sweeps in a DSO or digitizer system, where each
sweep is slightly offset from the other to achieve a higher effective sampling rate than the single-shot rate. A
major advantage of RIS over other EQT techniques is “ pretrigger viewing.”

Real Time: A process that occurs without having to pause for internal conversions and references. Real Time
processes usually have little or no intrinsic dead time and are able to proceed at a rate that permits almost
simultaneous transitions from inputs to outputs.
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Reciprocal: The division of unity by the data value being processed.

Reflection Coefficient: The amount of signal amplitude that is reflected from an input, expressed as a
percentage of the original input signal.

Resolution: The minimum measurable increment, such as one bit level of an ADC.

Reverse Termination: An output so constructed that pulses reflected back from the rest of the system meet a
matching impedance and are absorbed.

RF (Radio Frequency): Normally in the megahertz range.

RF1 (Radio Frequency Interference): A special case of EMI wherein the field causing the induced signal
falls into the radio portion of the electromagnetic spectrum.

Risetime: Unless otherwise defined, the time required for a pulse to go from 10 % to 90 % of full amplitude.
Can also refer generally to the leading edge of a pulse.

RMS (Root Mean Square): Is derived from the square root of the average of the squares of the magnitudes,
for all the data as described above. For time-domain waveforms, the square root of the sum of squares divided
by the number of points for the part of the measured waveform between the cursors. For histogram
waveforms, the square root of sum of squares divided by number of values computed on the distribution.

ROM: Read-only memory is any type of memory that cannot be readily rewritten. The information is stored
on a permanent basis and used repeatedly. Usually randomly accessible.

Roof: The record of points that make the top (or maximum) of an envelope created from a succession of
waveforms.

SAM: sequenced amplitude margin

Sample and Hold: A circuit that, on command, stores on a capacitor the instantaneous amplitude of an input
signal.

Sampling Frequency: The clock rate at which samples are taken during the process of digitizing an analog
signal in a DSO or digitizer.

Scallop L oss: L oss associated with the picket fence effect.
SE CAM: sequence and memory color television system

Sensitivity: 1. The minimum signal input capable of causing an output signal with the desired characteristics.
2. The ratio of the magnitude of the instrument response to the input magnitude (e.g., a voltage ADC has a
sensitivity that is usually measured in counts/ mV). Often, sensitivity is referred to the input and is therefore
stated as the inverse.

Shot N oise: N oise caused by current fluctuations, due to the discrete nature of charge carriers and random
emission of charged particles from an emitter. Many refer to shot noise loosely, when speaking of the mean
square shot noise current (@amps) rather than a noise power (watts).

SMART Trigger: The SMART Trigger allows the setting of additional qualifications before a trigger is
generated. These qualifications can be used to capture rare phenomena such as glitches or spikes, specific logic
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states or missing bits. One qualification can include, for example, generating a trigger only on a pulse wider or
narrower than specified.

Smoothing, N -Point: The process of evening out the display of a waveform by displaying a moving average
of “N” adjacent data points added to each other.

SN R: Signal-to-N oise Ratio is the ratio of the magnitude of the signal to that of the noise.
Square: The process of multiplying a value by itself.

Stage Delay: The time delay in a circuit between input and output, usually measured between the front edges
(half maximum) of the respective signals.

Standard Deviation: The standard deviation of the measured points from the mean. It is calculated from the
following formula:

Standard Trigger: Standard Trigger causes a trigger to occur whenever the selected trigger source meets its
conditions, which are defined by the trigger level, coupling, high-frequency sync, and slope. E dge trigger is
Waverunner’s standard trigger type.

State Quialified: State-Quialified triggering generates a trigger when the trigger source meets its conditions
during the selected pattern. A pattern is defined as a logical AND combination of trigger states. A trigger state

is either high or low 0 high when a trigger source is greater than the trigger level, and low if it is less than the
trigger level.

Stop Trigger: A pulse that is used to stop a transient recording or similar sequence.

Summed, or Summation, Averaging: The repeated addition, with equal weight, of successive waveforms
divided by the total number of waveforms acquired.

TAA: track average amplitude
TDC: Time-to-digital converter.
Terminate: Normally, to provide a matching impedance at the end of coaxial cable to prevent reflections.

Test Template: A general form of waveshape limit test, which defines an arbitrary limit (or non-uniform
tolerance) on each measured point in a waveform.

TFT: thin film transistor

T hreshold: The voltage or current level at which a circuit will respond to a signal at its input. Also referred to
as trigger level.

TIE: time interval error
TIFF (Tagged Image File Format): Industry standard for bit-mapped graphic files.

Time Between Patterns: Selects a delay, either maximum or minimum, between exiting one pattern and
entering the next. The trigger is generated on entering the second pattern either within the selected time or
after the selected minimum time.

Timeout: A Timeout occurs when a protective timer completes its assigned time without the expected event
occurring. Timeouts prevent the system from waiting indefinitely in case of error or failure.
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Time Quialified: Time-Qualified triggering generates a trigger when the trigger source meets its trigger
condition after entering or exiting the pattern. The trigger can occur even if the pattern disappears before the
trigger meets its trigger conditions.

Tolerance Mask: A form of waveshape limit test that defines a maximum deviation equal to a uniform
tolerance on each measured point in a waveform.

Track and Hold: A circuit preceding an analog-to-digital converter that has the ability on command to store
instantaneous values of a rapidly varying analog signal. Allows the ADC to accurately digitize within tighter
time domains.

Transient Recorder: See Waveform Digitizer.

TTL (Transistor-Transistor Logic): Signal levels defined as follows: LOGICAL 0=0t0 0.8V and
LOGICAL 1=20t05.0 V.

Trend: Plot of a parameter value or other characteristic of a measurement over a period of time.
VIS: Viterbi input samples

Waveform Digitizer: An instrument that samples an input waveform at specified intervals, digitizes the analog
values at the sampled points, and stores the results in a digital memory.

Window Functions: Used to modify the spectrum of a truncated waveform prior to Fourier analysis.
Alternately, window functions determine the selectivity (filter shape) in a Fourier transform spectrum analyzer.
In LeCroy scopes, all window functions belong to the sum of cosines family with one to three non-zero cosine
terms [W = ...3, cos(2¥k/ N], where N is the number of points in the decimated source waveform, and Kk is
the time index).

X-Y Display: A plot of one trace against another trace. T his technique is normally used to compare the
amplitude information of two waveforms. It can reveal phase and frequency information through the analysis
of patterns called Lissajous figures.
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A

Absolute mode, 63, 71

AC, 18, 20, 45, 81, 119

Acquisition Memory, 279, 281

Acquisition Summary field, 32

ActiveDSO, 17, 257, 271, 272
Control Instantiation, 271
Power Point, 272

ADC (Analog-to-Digital Converter), 101, 279, 281

Add New Directory, 93
ADD OPTION KEY, 26
Add Software Options, 26
Algorithms, 75
Amplitude (ampl), 179
Amplitude cursors, 67, 68, 71
Analog Persistence, 6, 8, 140, 280
Green button, 51, 52, 55, 139, 146
Specifications, 285
use, 9, 118
Vector diagram, 147
Analysis Packages, 65
Acquisition Mode Table, 283
Acquisition System Specifications, 282
Area, 179
ASCII, Saving waveforms, 192, 193, 195, 256
Formats, 192
Setup, 194
Auto mode button, 46
Auto Scroll, 34, 35
Auto Setup button, 31, 113, 117, 127, 285
Automatic Recalibration, 34
Average (avg), 223, 233
Averaging,
Continuous, 83, 153
Summed, 83, 84, 153

B

Back Panel, See Rear Pard
Background color, 58
Bandwidth Limit (BWL), 38
Base, 179

Bi-level Pattern Trigger, 134
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Binning, 214
And Measurement Accuracy, 231
Setting, 219
Blackman-Harris, 81, 162
Block Diagram, 281
BNC, 23
and CAL Setup, 39
Use of signal output, 41

C

CAL and BNC Setup, 39
Calibration, 16
Automatic, 280
of Passive Probe, 40
CHANGE COLORS, 143
CHANGE PARAM menu, 166, 171, 206, 214,
215, 222
CHANGE TEST menu, 173, 175
Cleaning, 21
Clear Sweeps button, 53, 74, 152, 153, 158, 224
Clock Edge, 178
Color, 58, 59, 142, 143, 144
Background, 58, 144
List, 145
Linking Objects, 58
Opaque, 59, 142
Transparent, 59, 142
Color-Graded Persistence, 51, 53, 139, 141
Combining Channels, 104
Configuring to Communicate with PC
Connected to Network, 263
Not Connected to Network, 264
Connecting to a Host, 261
Continuous Average, 83, 153
Copy, 90, 94
Coupling, 38, 48, 117, 127
Determining, 45, 119
Cursors, 63
Amplitude (Voltage), 63, 67, 68, 71
and FFTs, 158
and Persistence, 63
Bold, 3
Difference, 68, 69
in Absolute mode, 63
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in Relative mode, 63, 68, 69
in XY Display, 64, 148, 149
Measurement, 210, 212, 287
menu, 3
Parameter, 211, 223
Set up, 66
Time (Frequency), 63, 67, 71, 224
Turn off, 65
Cycles, 179
Cyclic Mean (cmean), 179
Cyclic Median (cmedian), 179
Cyclic Root Mean Square (crms), 180
Cyclic Standard Deviation (csdev), 180

D

Data Edge, 178
Data Paints, 142
Data Transfer, 189, 190
DC, 45,119
Dead time, Limiting with Sequence mode, 103
Delay knob, 43, 44, 118, 128
Delay,

Parameter, 180

Post-trigger, 101

Pre-trigger, 101
Delta Delay (Adly), 180
Deltat at level (At@ Iv), 180
Delta clock to data + (Ac2d+), 180
Deskew, 164
Difference cursor, 68, 69
Digital Filter Package (DFP), 288
Directory, Adding New, 93
Display

Setup, 52, 142

Specifications, 285

Standard, 71

System, 280

XY, 64, 146, 148
Display button, 26, 51, 67, 146
Displayed Trace

label, 32

field, 210, 212
Dropout Trigger, 127, 128
Duration (dur), 181
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Duty cycle (duty), 181

Edge Trigger, 43
Setup, 44
Hold Off by Time or Events, 111
E nhanced Resolution (ERES), 154, 155, 157
Ethernet Option, 255
Communicating with Network PC, 263, 268
Communicating with N on-network PC, 264
PC Requirements, 262
Physical Connection, 266
E xclusion Trigger, 114
Extended Math and Measurement Option (EMM),
77,287
External Clock mode, 108
Extrema, 151, 152

F

Fall 80-20% (f80-20%), 181
Fall at Level (f@ level), 181
Fall time, 176, 177, 181
Falling Edge Duration equation, 177
Fast Fourier Transform (FFT), 5, 7
Average, 158
and Cursors, 158
Error Messages, 159
Frequency range, 158, 160
Perform, 80
Window Filter Parameter table, 162
Span, 161
File Names,
Customize, 92
Defaults, 95
File Extensions, 95
Fill (file naming), 96
Filters
FIR, 156
L owpass, 157
FIND CENTER AND HEIGHT function, 166,
168
FIND CENTER AND WIDTH function, 213,
214, 215, 218, 221
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Finite Impulse Response (FIR) filters, 156
Firmware, Updating, 26
First parameter (first), 182
Flat Top, 81, 162
Floor (minima), 151
Frequency,
Parameter (freq), 182
Nyquist, 80
FROM DEFAULT SETUP, 25
Front Panel, 22
Virtual, 256
Full Width at Half Maximum (fwhm), 234
Full Width at xx% Maximum (fuxx), 235

G

General Specifications, 288
Glitch Trigger, 113, 114, 115, 116, 117
Global Bandwidth Limit (GBWL), 34, 38
GPIB, 89, 90, 189, 190, 257, 280, 281
Graph

function, 5

menu, 6, 7
Grid intensity, 52
Grid style, 58

H

Hamming, 81, 162

Hanning, SeeV onHam

Hard Copy, 89
Interfaces, 89
Setup, 89

HF, 45

HFREJ, 45, 119

High parameter, 238

Histogram, 5, 176, 209
Amplitude (hampl), 236
Base (hbase), 237
Binning and Scale, 219
Creating, 213
Data Acquisition sequence, 228
Example, 216-218
Measurement Accuracy, 231
Median (hmedian), 239
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Menu, 214, 215
Parameter Buffer, 228, 232
Parameter Events, 229
Parameters, 222, 229
Peak, 230, 231
Population, 227
Process, 228
Range, 224
Root Mean Square (hrms), 240
Segmented Waveforms, 230
Setup for in WaveAnalyzer, 205
Top (htop), 241
Zoom Traces, 230
History, See also Wavdform Histary
button, 8
Data collection, 55
Setup, 56
Hold Off
By Events, 111, 112, 132, 134
By Time, 111, 132, 134
Hysteresis range, 178

Icons, 12
|IEEE Standard, 255, 261
Infinite, 53, 54
Information Window, 218
Initialize, 25
Interface, 281, 288
Integral, 163
Interval Trigger, 120
Between Range, 123
Larger, 122
Smaller, 121

J
Jitter and Timing Analysis (JTA) Package, 288
JitterTrack, 5, 6

K

Knobs,
Delay, 43, 44, 128
Offset, 34
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Position, 31, 36
Time/ div, 33
Trigger Level, 43, 44
Volts/ div, 34
Zoom, 31, 36

LAN10BT, 23, 261

Last parameter (last), 182

L evel, determining, 45, 119
LFREJ, 45, 119

LinConstMax vertical scale, 221
Line voltage, 48

Linear vertical scale, 219

List of Products, 15

L ogarithmic vertical scale, 220
L ow parameter, 242

M
Magnitude, 81
Maintenance Agreements, 16
Mask,
Making, 175

Pass/ Fail Testing on, 174
Mass Storage, 91, 95

Terms, 96
Math,

Extended Option, 77

Setup, 78

Standard, 77

Tools, 77, 79, 163

Type menu, 154

WaveAnalyzer Option, 77
Math Tools

button, 78

Specifications, 286

Use, 79
Mathcad, 194, 199, 200, 256
MATLAB, 194, 201
Maxima (roof), 151
Maximum parameter, 182
Maximum population (maxp), 223, 243
Mean parameter, 182
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Measure menu, 73, 223, 224
Measure Tools, 287
Measurement Cursor, 210, 212, 223
Median parameter, 182
Memory Used, See Status Report
Memories, 279, 281

Menus, 24

Message field, 33

Measure Gate, 142

Minima, 151

Minimum parameter, 183
Mode parameter, 223, 244
Modify Mask menu, 175
MORE DISPLAY menu, 142
Multi-Zoom, 34, 35

N

Normal mode button, 46, 55, 114, 118
NTSC, 132, 133
Nyquist Frequency, 80, 158, 160, 161

@)

Offset knob, 34
On/ Standby Switch, 20
Opaque, 59
Option, Adding, 26
Output Specifications, 288
Overshoot, 40
Negative (over-), 183
Positive (over+), 183

Pairing Channels, 104
PAL, 130, 131
Panel setup, 280
Save, 60
Recall, 61
Panels button, 25, 52, 60
Parameter, 72
Buffer, 228, 232
Choosing, 179
Cursors, 211, 223
Customizing, 172
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function, 2
Histogram, 222, 229, 230
List, 179-185, 229
Symbols, 75
Turn off, 74
Value Calculation, 208
Pass/ Fail, 65, 118, 173
Actions invoked, 173
Changing an action, 175
Test on a Mask, 174
Passive Probe
Calibration, 40
Pattern Trigger, 124, 132, 133, 134
Bi-level, 134
Peak-to-Peak parameter (pkpk), 183
Peak, Histogram, 230, 231
Peaks (pks), 246
Percentile (pctl), 245
Period parameter, 183
Persistence, 51
mode, 71
menu, 53
Setup, 53, 54
Phase, 81
Parameter, 183
Plot, 90
Trends, 165
Points parameter, 183
Population, See Histagram
Position knob, 31, 36, 214
Post-trigger delay, 101
Power Density, 81
Power Off, 20
Power Source, 20
Power Spectrum, 80, 82
Power Up, 22
PowerMeasure Package, 288
Preferences Menu
File Name, 92
Mass Storage, 91
Pre-trigger delay, 101
Print, 90
Print Screen button, 90, 107, 280
Probes, 285
ProBus, 38, 41
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Propagation Delay, 178

Q
Qualified Trigger, 124
State, 124, 125
Edge, 124, 126
QuickZoom, 4
R
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Random Interleaved Sampling (RIS), 102, 279

Setup, 105
Range parameter, 248
Real, Real+ Imaginary, Imaginary, 81
Real-time clock, 32
Rearm a Trigger, 46
modes, 46
Rear Panel, 23, 261
Recall Waveform, 86
Rectangular windows, 81, 162
Relative mode, 63, 68, 69, 71
Remote Control, 280
(RC) Assistant, 189, 191
Remote Setup, 195, 263
Repetitive Sampling, 154
Rescale, 153
Reset button, 218
Return, Product, 16
RIS, See Rardom I nterleaved Sanplirg
Rise 20-80% (r20-80%), 184
Rise at level (r@ level), 184
Rise time, 176, 177, 184
Rising E dge Duration equation, 177
Roll mode, 102
Roof (maxima), 151
Root Mean Square (rms), 185

RS-232-C, 89, 90, 189, 190, 257, 280, 281

Runt Trigger, 135

Safe E nvironment, 19
Safety Symbols, 18
Sampling
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Choosing a mode, 103
Clock, 105, 106, 108
Externally, 108
Repetitive, 154
Setup, 105
Single-shot, 37, 101
Saturation, 52, 53, 56, 140
Save and Recall
Panel Setups, 60
Waveforms, 85
Scale, 214
Setting, 219
ScopeE xplorer, 17, 189, 190, 256, 271
Features, 278
Using, 277
Scope Status button, 25, 49, 87, 106, 107
Screen Saver, 26
SECAM, 130, 131
Search, 57
Sequence mode, 9, 103
Setup, 106
Status Summary, 107
Setup and Hold delay, 178
Setup button, 37, 44, 105, 113, 117, 127, 162
Setup Storage, 286
Sigma parameter, 249
Signal-to Noise Ratio (SNR), 155, 156
Signal Processing Specifications, 286
Single mode button, 46, 55, 67
Single-shot sampling, 37
Setup, 105
and Dropout Trigger, 127
Slew Rate trigger, 10, 136
Slope
Determining, 45, 119
SMART Trigger, 43, 113, 279
Dropout, 127, 128
Edge, 43, 44
Glitch, 113-117
Interval, 120, 121
menu, 10,
Pattern, 124, 132, 133
Qualified, 124-126
Runt, 135
Slew Rate, 136

WR2-OM-E Rev C

310

TV, 130, 131
Software applications, 17
Software Options menu, 26
Special Modes menu, 26, 27
Specifications, 282-290
Spreadsheet,

Save Waveform to, 194, 195-197, 256

Plot Waveform in, 198
Standard Deviation (sdev), 185
Standard Display, 71
Standard Math, 77
Standard Parameter, 73
Standard Time, 73
Standard Voltage, 73
Status Report, 87

Memory Used, 87
Stop button, 46, 113, 117
Store Waveform, 85, 193
Summed Average, 83, 84, 153
Symbols,

Safety, 18

Parameter, 75

T

TCP/IP, 263, 264, 265, 266
Threshold levels, 176
Time/ div knob, 33, 162
Time, 56
Standard Parameter, 73
Time (Frequency) cursors, 63, 71
Time and frequency field, 33
Time at level (@ level), 185
Timebase
System, 283
Setup, 37, 105
Timestamp, 56
Top parameter, 185
Total Population (totp), 250
Transfer data, 189, 190
Transparent, 59
Trend,
Calculating, 168
Data Acquisition sequence, 168
feature, 165
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Plotting, 165
Positioning, 166
Reading, 167

Trigger
configuration field, 33
Controlling, 43
delay, 33
Dropout, 127, 128
Edge, 43, 44
Glitch, 113, 114, 115, 116, 117
icons, 46
Interval, 120, 121
level, 33, 48
level, determining, 45
Level knob, 44, 117
Pattern, 124, 132, 133
Qualified, 124, 125, 126
Rearm, 46
Runt, 135
Setup, 44
Slew Rate, 136
SMART, SeedsoSMART Triggr, 43, 279
Source, 48, 116, 121, 122, 123, 125, 129
status, 49
status field, 33
System, 279, 284
TV, 130, 131
Window, 47

Turn off
Cursors, 65
Parameters, 74

TV Trigger, 130, 131

Undershoot, 40
User Preferences
Customize File Names, 92
Display, 51, 142, 143
Sounds, 27
Utility Button, 26, 27, 39, 71, 89, 91, 189, 191, 263

V

View Waveform, 31
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Virtual Front Panel feature, 256
Visual Basic for Applications (VBA), 257, 271, 276
Voltage, 56
Standard Parameter, 73
Volts/ div knob, 34
Von Hann (Hanning), 81, 162

w

Wform+Text, 52

Warranty, 15, 289

WaveAnalyzer Option (WAVA), 77, 205, 287
Setup for Histograms, 205

Waveform History, 6, 8

Waveform Mask
Making, 175

Waveform Math, See also Math, 78

Waveform Memory, 286

Wave Storage button, 193

Wavepilot, 1
button, 65, 67, 73, 82, 171, 173, 205
menu, 65

Wave Storage button, 85

Width parameter, 185

Window Trigger, 47

Wrap (file naming), 96

X

XAMN parameter, 186
XAMX parameter, 186
X Coordinate of xx'th Peak (xapk), 251
XY Display, 64, 148
Setup, 146

Zoom
knob, 31, 36, 214
Multi-Zoom, 34, 36
atrace, 36
Segmented traces, 225
Specifications, 285
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