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CHAPTER ONE Catch a New Wave
BS—— |
1. Waverunner 1
2. : ()
AUTO
SETUP
3. __ 1 Waverunner
4, trace
CHAMMEL 1
Trace :
RN -
Coupling _- , 24
trace zoom . Trace
Z00mM —- '
.22
i gain  offset “ ”
FIMDO ] )
j gain gain
Gain “variable” .20
varishle :AUTO SETUP ,50 Hz
0.1% duty cycle 5mV - 40
\Y
Grids
Oual
Ouad Octal 3,
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CHAPTER ONE: CatchaNew Wave
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a MORMAL

Real-Time Clock field: real-time
Displayed Trace Label , , , t
ime/div volts/div ,
Acquisition Summary field: ,
, volts/div,
(attenuation)
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Trigger Level

BEE M5/

NORMAL

ﬂ Trlgger Configuration field:

CHAPTER ONE:

Trigger Delay: trace

Trigger Status field
(AUTO, NORMAL,
acquisition

SINGLE,

STOPPED)

Catch a New Wave

Trace and Ground Level: trace
Time and Frequency field,
Message field
TIME/DIV - AUTO SETUP
TIME / DIV
P o
K ‘/‘I
5. I M
g
Division 1-2-5
Waverunner time/div
trace label ,
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CHAPTER ONE:

Catch a New Wave

AUTO SCROLL

(SENSITIVITY) : Special Modes
UTILITIES
VOLTS / DIV i
\ mV
In: division  gain
6. gain (VOLTS/DIV) offset
. volts/div 1 trace ( ):
gain — o :
( “On”). “Off” capture
' capture
7. Gain “variable” gain
(17 ).
Global BWL:
8. VOLTS/DIV V== “On” , (24
) .
. lloff”
digitizing
OFFSET %
A .
9 \V4 4
Z0OM
10. Trace A j .(Trace B, C ,
).
11. Trace i j . (Trace
)
power-up
MULTI Z00M & _-
12.

1 i
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13. Zoom

CHAPTER ONE: CatchaNew Wave

MULTI-ZOOM zoom trace , AUTO-
SCROL  zoom trace .
“Off” ,active zoom trace . “On”
, zoom traces (A,B,C,D) Auto Scroll
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(Position Knob) . Multi-Zoom
zoom trace

W 0 WeNNu

RETURN

.

“STOP (PLAYING)”

zoom trace
“STOP (REVERSING)”

division division
“div/s” .
, Pass/Fail “number of div”
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10 div” referenced trace “grid-page”
zoom trace “grid-page”

&
@' TRACE A .

(sweep speed)
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CHAPTER ONE:

Catch a New Wave

: Waverunner
POSITION
14. Trace A %
, trace
A\ POSITION
< ZOOM >
15.
POSITION
4z b
16. Trace  zoomed
17. trace
(MULTI-ZOOM)
trace . ,
Trace A Trace B
Multi-Zoom , trace, trace
, trace
.—A B, C D - trace
trace
Trace
, trace
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SETUP
TIMEBASE

CHAPTER ONE: CatchaNew Wave

, TIMEBASE
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single-shot mode

7 y
“Single-Shot” single-shot
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event
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7 1
Al ] 13 Onll “Off”
f segments
7 1
default 50k
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CHAPTER ONE:
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CHAPTER ONE: CatchaNew Wave
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CHAPTER ONE:

PASSIVE PROBE

Waverunner LeCroy passive probe
First. Waverunner
Second. 1 probe lead
Third. tip CAL (
“ (First Things™) )
Fourth. lead”s alligator clip CAL , /—J—r
CAL 1 kHz (square wave), 1V p-p
UTILITIES
. CAL BHC
- N el

Sixth.

Amplitude—,
- F i

requency

Seventh. \‘ 500Hz 1MHz

Eighth. “Coupling” DC 1M (
).
Ninth. 1l 1
AUTO
SETUP

Tenth. i

overshoot undershoot ,
trimmer

Catch a New Wave

ground ring

@
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CHAPTER ONE: CatchaNew Wave

PROBUS

LeCroy ProBus

ProBus , gain offset -
, differential current active probes . ProBus EPROMS
gain offset (correction factors)
Waverunner accessories
BNC probe-ring . ProBus
attenuation factor
Waverunner BNC

» Pass/Fail

> (Trigger Out)

>

( Rdy). ;
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CHAPTER Two

Simply Trigger

Simple

Waverunner

» Edge- positive negative holdoff
» SMART Trigger -

.8 (Trigger Smart)

SMART Trigger

DELAY

4 ~P
2

Horizontal(  ):

0% 100% pre-trigger

division 0.1 10 000 divisions post-trigger

Post-trigger delay ) a

TRIGGER LEVEL

Vertical(  ): threshold

trace

threshold
DC

[ | ;
— T_.H m=s

event
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SETUP

1. TRIGGER i
!

CHAPTER Two: Simply Trigger

hold-off

, - positive or negative —

i “Edge” “SMART” s »”
2. Waverunner EXT BNC
i connector
-
4. positive negative slope
“Window” ,
- >
7 . “Events” ,
“Off” holdoff .8, Trigger
Smart
, pre-trigger
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, gain

CHAPTER Two: Simply Trigger

offset

- -Lugger.level

I

> = 5 screen divisions
> EXT 05V
> =+ EXT/10D 5V
> LINE (
Coupling
» DC: AC
> AC: .DC
, 50 Hz
» LF RE: high-pass
, DC
50 kHz -
> HF REIJ DC- ,
low-pass 50 kHz
> HF:
. SMART

HF AC
Slope

. Positive

negative

Trigger

positive —
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CHAPTER Two: Simply Trigger

RE-ARM
Re-arming AUTO, NORMAL SINGLE,
STOP ,
AUTO
II AUTO : ,
trace . , Waverunner

NORMAL mode

NORMAL

w NORMAL :

“SLOW TRIGGER”

SINGLE

_' SINGLE : Waverunner

STOP
_|- AUTO, NORMAL SINGLE re-arming
single-shot Stop
transitions
, 50ns holdoff ,0.008 V positive

(UL _JL 1

{—}' '{— H?aFF EBH ns
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CHAPTER Two: Simply Trigger

lope 1
Pos Meq
1 I 1 i o
2. indow size
+— BT Hmy
around lewvel

bar

Upper Region

Tﬁ@gerLevd

NOI93EMOANIM

Lower Region

4

Time =

Triggers
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SCOPE
STATUS

| STATUS

2. _ﬂ_ “Acquisition”

SITION

Emupling

Bandwidth Limit OFF

Delay 18

The currently p
Glit

Waverunner
SCOPE STATUS

CHAPTER Two: Simply Trigger

attenuation,
PRINT
SCREEN
i
PANELS
i
(

STATUS

3

50 my

O

STOPPED
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CHAPTER Two: Simply Trigger

SMART , 8 , Trigger Smart,
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CHAPTER FOUR: Visualize Your Signal
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CHAPTER

THREE Visualize Your Signal

I ]
Persistence
, Waverunner ,
. 1. Waverunner
, , , 4 8 traces
( )- 2. 2 5 ,
(intensity) . CHANNEL SELECT 1
Full Screen
3. AB,C D
, Waverunner trace
4. SELECT 1, 2, 3
trace 4 , “Coupling
—  traces
traces, traces — '
Analog Persistence )
5. AUTO SETUP 2
acquisition on-screen Persistence ,
. Waverunner persistence path “3
Persistence
ANALOG
PERSIST
1 i

Analog Persistence

Color Graded persistence

DISPLAY
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OISPLAY SETUR

—ersistence

oFF [

(InFinite)

Persistence
Setup

More Display
Jetup

Grids
Oual

Single

Huad Octal

—For trace—

H234ABC
D All

—saturate at—
5E.@ X
(toggle =zero)

CHAPTER THREE: Visualize Your Signal

w

Standard

persistence

persistence
Persistence
400

segments)

WaW W W N

: persistence

text A

0%

DISPLAY

%

XY
. XY

“Off” ,

persistence
trace

1

text

persistence
100 %
(data map)

(saturate)-

persistence
intensity

. persistence
: “Standard”
9 1
ANALOG
PERSIST
Dot Join
(line
9 1
.40
. Persistence
W?form + Text ,
(brightness)
, saturation
, persistence
hit pixel
, Grid
trace 0%
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PERSISTENCE

PERSISTEMNCE

—Last Trace—
(show)

oFF [

—Fersist For—

0.5 s 1l sk
2 5 b s
10 s 208 s
InFinite

—Fersist—
All traces

Top 2
Usin

Color Graded

—For trace—

H234ABC
D All

—saturate at—
50.8 %
(zero toggle)

CHAPTER THREE: Visualize Your Signal

“Persistence Setup”

5. persistence

O

trace
persistence
trace
trace ,
.4 trace
“Analog”
Graded”
(/ >\
4 '
4
saturation
>
l, ’
4

RETURN 6.

.

, persistence data map

1s

(100 )

“Infinite”

persistence
, persistence

trace ,

, “Color

trace

: persistence accumulation

CLEAR
SWEEPS

.
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CHAPTER THREE: Visualize Your Signal

Standard
Ky

Grids
BIME Dual
Quad

Standard
Ky

Grids
Single NIEQ
Guad

Standard
XY

Grids
Sinele lual

trace
trace

Trace-

trace

Persistence

parent trace
. traces
parent-daughter

zoomed
single trace

pre-set
custom palettes

schemes

oY
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CHAPTER THREE: Visualize Your Signal

mRA A LY A AS AR ARSAARDAAR AR DA LT
Juuuh”hth”u”uH””H|”“”HH}IJHHHMHHHHMHHHHHHHHHMHHW

I WU g

1
Hl

, trace 4
Octal- , 8-trace ,
, trace
trace , Math Set-Up
“Transparent”
) 9 , -
traces ,
trace , trace ,
SELECT , trace
traces :

envelope traces, persistence
traces, normal traces - -

41



CHAPTER THREE: Visualize Your Signal

Waverunner , ’
. zoom
multiple trace math display , ,
(volatile) 4
PC ( )
PANELS
1. "k (PANEL SETUPS)
] J—
SETUP1.

ﬁ 2. “Save”
ﬁ 3. SETUP1

W seTuR
W seTuRs

W seTups

-
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CHAPTER THREE: Visualize Your Signal

ROM SETURI
__ BY9-0CT-19493
13:29:52

FROM DEFHULT‘

SETUR
PC
From Card
or Flpy
RECALL SETUPS
, PC
(PC )

SETUP 1

.
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CHAPTER FOUR: Choose a Measure Tool

44



CHAPTER

> ,
> ’
DISPLAY
1
MEASURE
TOOLS

> ml
3.

‘ o e ‘

FOUR

, “Standard™

, (MEASURE)

Choose a Measure Tool

(cross-hairs)

‘nwm

Parameters

: Waverunner

SINGLE

,

Amplitude

Relatiwve

Absolute

=y

=
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CHAPTER FoUR: Choose a Measure Tool

6. @ (Absolute Time cursor : )

‘ Cursor ‘

Position

type - show “Diff & Ref”
7. __ o . , trace
Absolute
Waverunner ,
. (Relative Time cursors),
(Reference cursor) ( ) ,
, falling edge
(Difference cursor)( )
. “Diff -- Ref”
: Track
“«on”
, bar
. Amp 1 itude
t|:||:|e bar . Track
Relative “Off”
2. __ Absolute ) : g
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CHAPTER FoUR: Choose a Measure Tool

3. v
// *' .

cursor
Position

) trace

type

bar
Ahsolute

P ReFerence
4 I(:/‘j cursar
5w e s e ———— Track On

/ 2
{/\ OiFFerence
cursar

, trace
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CHAPTER FoUR: Choose a Measure Tool

MEASURE

OFF

Amp 1 1tude }

type '
‘

Ah=olute

DiFFerence
1 ms

cursar

0.1
2 5 I'-.-'I
2 B0 my
4 50 m

STOPPED

trace , 510 mV
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CHAPTER FoUR: Choose a Measure Tool

(Amplitude) ( )

bar-
trace trace
Time ( )
single
, Cross-bars
1
(Relative mode),
(straight-line segments)
(Absolute) , single . (
), ( )
(Relative) , '

PERSISTENCE

Persistence , ,
, bars

(decibels) -
UTILITIES

(Special Modes)
(Cursors

Measure menu) |
Read time cursor
amplitudes .
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CHAPTER FoUR: Choose a Measure Tool

, custom
, Custom

(Pass and fail) . ,

O = A

: a Full-Screen, Quad-grid parameter display
Standard, Single-grid, parameter display.

o0



pkpk (1)
mean(1)
sdev(])
rms (1)
ampl (1)

MEASURE

OFF Cursors
Parameters

moce

-td Woltage
Std Time
Custom

Pags

Fail

—statistics—

oFF g

—on trace—-

From
[.97 diw
Track OFF (i

to
T .16 diw

31 pts

w

O

CHAPTER FoUR: Choose a Measure Tool

MEASURE
TOOLS

1.

MEASURE

Parameters

‘ OFF Cursors

2.

“ (Standard Voltage)”

, 5
S (Standard Time)”
“ (Parameters)” , ,
(statistics accumulation) ( ) .
e (Standard Voltage)”  single signal
: peak-to-peak ( ),

(root mean square) (signal amplitude). “

(Standard Time)” single signal : ,
50% 90-10% rise time, 90-10% fall
time 50%

(delay). “Custom”, “Pass” “Fail” 11

trace
trace
3 '<7dwmmn
a2 Track  “On” ,
Aﬂ?ha
i o8 divisions
T
e

ol



DISPLAY

MEASURE
TOOLS

-
i |

MEASURE

CHAPTER FoUR: Choose a Measure Tool

- , DISPLAY SETUP

‘ Cursors

Parameters

“statistics”

CLEAR
SWEEPS

F
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CHAPTER FoUR: Choose a Measure Tool

Waverunner
Math
i (100 ) ,
¥a integral number of periods
FE !
(
4
).
ﬂ overflow
Jl underflow
I[ overflow underflow
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CHAPTER FI1VE: Use Math Tools
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CHAPTER FIVE Use Math Tools
I
Math
Waverunner MATH , , 4 , M1, M2, M3,
or M4
A, B, C,D trace
: Trace A 1 2 , Trace B A , Trace
C B integral . , 1 2
integral trace function trace function
Trace A Channel 1 , Trace B A FFT
Trace C B
Waverunner MATH
Arithmetic C ). C ). ( ), ( )
Averaging 1000 ,
MATH(STANDARD | Extrema (envelope)
MATH) FFT 50 000 Fast Fourier Transform ; Power Spectr
um, Phase, Magnitude; All FFT Windows
Waverunner Functions | Identity, Negation, Sine x/x
Resample (deskew)
Rescale
Enhanced Resolution (ERES)
MATH Functions | Absolute Value, Derivative, Exp (base e), Exp (base 10), I
(EMM) ntegral, Log (base e), Log (base 10), Ratio, Reciprocal, S
MATH quare, Square Root
Trending
WAVE ANALYZER Averaging | symmed, or linear, Average of up to one million waveform
(WAVA) s; Continuous Average
FFT+ Fast Fourier Transform to one million points; FFT Averag

e; Power Averaging, Power Density, Real, Real + Imaginary

Histograms

His

tograms, Histogram Parameters
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Use Math Tools

MATH
Waverunner ( ...
1 __ 1 , Waverunner
) __ ‘ Z00mM ‘
3. __ Trace A 1
SETUP
.
—Luse Math?—

s No [ A SETUP

MATH

MATH

TOOLS
First. ZOOM + MATH

REDEFIME A
Second. H_-l traces
= trace
trace
et Mth? MATH ,‘trace

Third. B | No  DE
Fourth. _




CHAPTER FI1VE: UseMath Tools

MATH
, MATH . ) 1 2
MATH

i MATH
o |
|

6. “Arithmetic”

7. “Product”

) 8. 1 trace
i ' * (Arithmetic) ,2
. . MATH

offset,

i DC offset .
; 9. trace 1 trace

trace FFT(Fast Fourier Transform)

o7
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FFT
FFT 1 . Fast Fourier Transform
RF -analyzer
: span analyzer
, Waverunner FFT span

¢ 10 , MATH y.
10 _“- Math Type “FFT” TIP:FFT FFT
Spectra 0 Nyquist frequency long time-domain

(Hz/div) 1-2-5 0

FFT

» Transform size N (number of input points)

»  Nyquist frequency (= % sample rate)

»  Frequency increment, Df, between two successive points of the spectrum.

. Nyquist = Df * N/2, Df=1/T T
(10 * time/div). N/2
FT result
Phase k
Power DOens
11. _“- Fower Spect Power Spectrum

Feal

Resl+Imag F

(Power Spectrum) , : 0
dBm (0.316 V peak), 50 1 mw
spectra (dBm).
FFT Waverunner  MATH
(55 )
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(Phase)

-90 . (degree)

Power Density: FFT normalized
. Power Density  dBM

. Waverunner WaveAnalyzer

Magnitude: ,

Real, Real + Imaginary, Imaginary: C FFT
R 4

WaveAnalyzer
ith window
Yan Hann
“Yon Hann” oc
“pCT

“AC” FFT , DC

12. s
DC

FFT FFT A
MATH )
Von Hann, Hanning, leakage ,

Rectangular (

Rectangular , scallop loss

Hamming leakage , )

Flat Top, leakage

Blackman-Harris leakage ,

trace

)

Use Math Tools

positive-going

power.

10

spectral leakage

29



CHAPTER FI1VE: UseMath Tools

SETUP OF

‘ Yorn Hann

oC _

280 my 0OC e 1.88 MHz
:P5I I I B —— BEE T
[1 Fl‘t.E:
. O  MORMAL
FFT Power Spectrum: top , FFT
Power Spectrum , bottom
(FFT trace peak ),
. Trace A

division 2 MHz
FFT
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SUMMED AVERAGING

Summed Average — . Averaging

14, _|” Math Type “Average”
Awvg Type
15. F@ﬁ

Waverunner

*

‘ For ‘

16.

1EEE
(sweeps)

, trace

Continuous Average , “for” “with...weighti
ng”
(summed averaging continuous averaging
0 , MATH )
afF
17. _H' source trace i] 2BCD
Ml M2 M3 M4
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CHAPTER FI1VE: UseMath Tools

SETUP OF A

—use Math?—

‘ No N ‘

10 mv OC &
—HA:Average(])
2 20 my OC )
O STOPPED

Summed Average: top trace lower
averaged . 206
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- M1, M2, M3 or M4 —

PC Card ( HDD)
.Zoom, MATH
WAVE
STORAGE ot
are
i ‘ laveFarm E —_

STORE KW*FORMS

00 STORE
(1->M12

store

A B
C

All displayed
F

t.o

il M2 M3 M4

Flpy

ASCII

ﬁ ,

12

,PC

Use Math Tools

math trace

M1, M2, M3
M4

trace

Waverunner

W?’FORM
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j Recall
HaweForm

CHAPTER FI1VE: UseMath Tools

4,
!
5.
- o )
=&
j trace
-
PC , Spreadsheet  math
. ASCII
. Waverunner 50 000 ASCI|I trace
ASCII ! 12
“PC  Waverunner
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, - MATH , trace
. Waverunner
. Clear and free up memory.

STATUS

Acquisition b

SCOPE
STATUS
1. ﬁ STATUS
2. _ﬂ' “Waveform” , _ﬂ'
3- ’
“Memory Used” . boxed
; . clear
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CHAPTER

Hard Copy
GPIB,
, - PC

L I
2. Il

HAROCOPY

—output to—

Flpy
GPIBE

R5232
Centronics

—auto print—
Hdd 0On

—cmddivision—

2

5 16

20 B[

180 20
~—Format

Fortrait

Landscape

S1X Document Your Work
T s—
traces
RS-232-C Centronics port
TIFF BMP ,
UTILITIES
Hardcopy
Setup
3. : Waverunner
. “output
to”

).

auto-print

>

T

o

:‘%3@%;;;;;ii;-
, acquisition
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PRINT
SCREEN

1

,PLOT

1

RS-232-C

Waverunner

TIFF

Waverunner

o1 WN

CHAPTER SIX:

Document Your Work

PRINT
SCREE

N

output tD——j
k

Card
Flpy
GFPIB
R5232

Centronics F

rinter

(TIFF, BMP, HPGL) ;| EPSOM col i
LaserJet

DeskJet col
DeskJet bAw

HP T4 70O F
. , “plot size” “pen number”
BMP , “background”
( 69 ).
age Feed
’/EFF 0
) , plot
2 1
3 / — \
7 =
20 Ie
RS-232-C
PC RS-232-C
12 |, “PC
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, PCMCIA
Waverunner Mass-Storage Utilities . ,

UTILITIES

| UTILITIES

Mass Staorage Floppy Disk
2 ‘ Utilities E —_ ' ‘ Utilities —_

PC

| Memary Card
Utilities

(RE-)READ
3. | | DRIVE i |

TEMPLATE AND

-

N
o
(@]

FORMATTING
5. DOS
density . template (
ASCII ).
RETURN
6. MASS STORAGE . |
Mass Storage
7. REFERENCES ‘ F‘r*eFer*enc:eg E —_

’ ’ 1

, File Name Preferences ~ Add New Directory
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5.

DELETE THIS DIRECTORY

File Mame
9. —_ ‘ PreFerences E

(CUSTOMIZE FILE NAMES)
Waverunner

FILEMAME PREF 10. ,
SO o
to be set to:
TE[ . s _- Character ( )
RESTORE
DEFAULT MNAME o File Type ( )
EMTER MEL
FILE MAME _-
BACKSPACE |
IMSERT
——character—, '
56 TE9_[QRCOEFG _- A e -
) g - -
—File Tupe— o
Channel 2 I /,‘//\
W oS
Cw?

_- 11. PREFERENCES
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12 ‘ Add new g i

Oirectory

[any

3. , custom-named

V )
)
D )
)

RETURN
14. MASS STORAGE

/1



CHAPTER SIX: Document Your Work

. Waverunner
PC

15.

File
TransFers E —“'

Direction

Card -» Flpyk
" F |

17. _J“'

hich Files

Panels k
Prints
klaveForms

18, , ‘ 00 COPY ‘ B |

12



CHAPTER SIX: Document Your Work

WAVERUNNER
UTILITIES Mass Storage Utilities ,
(MASS STORAGE menu) ;
DOS 1.44MB
720 Kb
Waverunner
LECROY_1.DIR . ,
- PC -
2400
preference ,
DOS
. MS-DOS ,
8 3
X PNL , X
3 , X TPL (template); TIF,
BMP, or PRT , ; PLT HPGL.
DEFAULT NAME CUSTOMIZED NAME

Stt.nnn XXXXXXXX.NNN
Att.nnn XXXXXXXX.NNN
Pnnn.PNL xxxxxnnn.PNL
Dnnn.TIF XXxxxnnn.TIF
Dnnn.BMP xxxxxnnn.BMP
Dnnn.PRT XXXXXnnn.PRT
Dnnn.PLT XxXxxxnnn.PLT
LECROYw.TPL Cannot be changed
LECROY_1.DIR XXXXXXXX
Sttnnn. TXT XXXXXnnn. TXT

MATLAB Sttnnn.DAT xxxxxnnn.DAT

MathCad Sttnnn.PRN xxxxxnnn.PRN
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CHAPTER SIX: Document Your Work

KEY TO MASS-STORAGE TERMS

] 2.2,
LECROY22.TPL

DOS

C1,C2,C3,C4, TA, TB, TC,

™ trace Tagged Image Format, bitmap image files

001 3 Hard copy printer files
decimal sequence number

HPGL plotter or vector files

, , Stt.nnn ,
Att.nnn . S A
. , Waverunner 3
sequence number . “Stt”
( SC1, STB), “Att? : AC1, ATB
“Fill” , , Axx.001,
Axx.002, . Waverunner ,
999 , 2400
“Wrap” , ,
“Axx.001” ,
“Axx.002”
sequence number - , - ,
Waverunner “‘nnn’
. , Waverunner
, 3 sequence number
- , kbyte , 1

kbyte = 1024 bytes Mbyte, ,
1 Mbyte = 1 million bytes.
Waverunner “ "

PC 12 PC Waverunner ,
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rocessing...
1

RIS

Waverunner
sequence sampling... SMART Trigger...

Advanced waveform p
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CHAPTER SEVEN A Question of Timebase

E— |
, 3 : single-shot, RIS (Ra
ndom Interleaved Sampling), roll mode. single-shot roll
, acquisition segments
SINGLE-SHOT - WAVERUNNER
single-shot acquisition
. acquisition
pre-trigger post-trigger . Pre-trigger
Waverunner , post-trigger
100% pre-trigger
. (Waverunner pre-trigger
) Post-trigger , 10,000 division
Waverunner ADC (Analog-to-Digital Converter)
, single-shot . ,
Waverunner ,
. 1 .
Capture time =———  Memory ,
Sample Rate

Capture time

=Time/ Division .
10
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RIS -

RIS (Random Interleaved Sampling) single-shot
acquisition
Waverunner 25 GS/s
MS/s 50 single-shot acquisitions
40ps . bins
.ADC
5 ps

1 GS/s RIS acquisition Waverunner 30
25 GS/s acquisition 230
, single-shot
segment interleaave(
, Waverunner
interleaving
segment
Segment 1
Segment 2

Segment 3

Final capture

1. RIS

ROLL -
Waverunner (roll mode)

A Question of Timebase

, 500

bins

)-(Fig. 1).

40 000 RIS

single-shot

acquisitions incoming points . 30.5 s/div

, acquisition

strip-chart recorder
trace
, MATH
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CHAPTER SEVEN: AQuestionof Timebase

, single-shot
segment( 2) ( Waverunner ). segment
, segment , Math
. , segment
dead time . Waverunner
acquisition , segment ,
stamps 1ns Text & Time segments
segment , Math
Waverunner segment
: 10 x time/div. segment ,
, - segment segment -
, segment
Waverunner ,
.( 12 , PC Waverunner ,
).
Segment 1 Segment 2 Segment 2

RNAUAG

2. Waverunner segment
822
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CHAPTER SEVEN: AQuestionof Timebase

SINGLE-SHOT RIS

TIMEBASE
SETUP

1 il TIMEBASE SETUP

N

Single-Shot RIS Waverunner

single-shot acquisitions

Single-Shot
LLRISI!
822
' Sequence mode “Oon” “Off”
segment

T
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SEQUENCE CAPTURE

w

W WE NN

CHAPTER SEVEN:

A Question of Timebase

SCOPE
STATUS

trace segment
“Text and Times”

“Single-Shot”

“Internal” external - “ECL”, “OV”, “TTL” -

(

UTILITIES, Special Modes

).

Timebase Trigger

time-out

@' “Oon” “Off”

, segment

=

, Waverunner
segments

. AUTO

..SINGLE , Waverunner
segment
STOP
, Waverunner segment
segment

segment

... NORMAL ,

time-out
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acquisition

PRINT
SCREEN

STATUS . : _ﬂ' )

5. “Text & Times” . &

since SJegment 1 between Segments

1
1
1
1
1
1
1
1

i 1AL

STOFPED

acquisition SCOPE STATUS
Select segment , , segment
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TIMEBASE
EXTERMAL

1M
samples at
1080 k5/div

—SEII'I'IEI mi_

—sample Clock
Internal
[ TTL

—External —
OCEAEG Ny

—Segquence—

OFF On
Record

1M
samples

T

CHAPTER SEVEN:

, Waverunner

“Single-Shot™

EXT

13V, “ov”

EXT

A Question of Timebase

(50-500 MHz)

0.0V “TTL”

“On” “Off”
, segment

L “ECL”
+15V.

,  segment

CEXT

. inter-segment dead time

time/div

acquisitions

stamps

AUTO

(jitter)

time-out

, division

. Waverunner

. TIME/DIV
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CHAPTER EIGHT

Trigger
Smart
E—— |
hold Off
Holdoff « 2 |, ).
. Holdoff
. holdoff
holdoff . , (sub-signal)
, holdoff . Qualified holdoff
(98 )-
HOLD OFF
’ s , Waverunner
. , positive negative
holdoff , ( 1). 10ns 20s

Trigger Source: Positive Slope

Trigger Trigger Trigger
Event

fin St

7
Trigger can occur . {
— y X
. . ]
«———Hold-off time———» I'I/ «———Hold-off time——» |
. I
' §
Generated Trigger ‘\ \
A 4 4 . A 4 iV Y
i i i i \‘
i i Trigger initiat i i Trigger initiates
i i hold-off tinm i i hold-off timer

1. Holdoff positive
potential

holdoff

85



CHAPTER EIGHT: Trigger Smart

HOLD OFF
positive negative , ,
( 2), 1
99,999,999
Trigger Source: Positive Slope
Trigger Event Event Trigger Event Event Trigger
Event #1 #2 Event #1 #2 Event
T H T 4 '_‘ H T ’/_L
p— / f
| y | 7
Trigger can occur l\ '\
\
_ N, \
A P
l4-Hold-off by 2 eventss /’/ le—Hold-off by 2 eventom ,”I
)
r; .
Generated Trigger W \
4 A h 4 A0 Trigger
4 i i ~ i i \‘*A initiates
i i Trigger initiatds 1 i hold-off
! ! hold-off timgr ! ! timer
2. holdoff ( 2 )
positive
potential ,
holdoff
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CHAPTER EIGHT: Trigger Smart

Trigger SMART
, , holdoff
. Waverunner
qualification SMART .
(glitches) (spikes), (specific logic states),
missing bits . , , TV . state-
edge-qualified (dropouts)
(GLITCH)
1. Waverunner 1
2. E T Y
trace
Coupling E _|-
3. il
Coupling
AUTO
SETUP STOP

« L

SETUP
5. TRIGGER D Edge B W
(Glitch)
SETUP SMART
‘ TRIGGER E - :
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SMART TRIGGER
type

Interwal
TW-Pos
TW-Neg
LualiFied

—trigger on—

—tplg Extld—
oc AC]
LFREJ HFRET
—at end ofF —
sEIs  Fos
pulse

—width <£—
12.5 ns

OFF EE
—&, width
2.5 ns

IS

oFF [

W W WeN NN

CHAPTER EIGHT: Trigger Smart

(91 ’ ).

“Glitch”

10. positive negative

@ 20s).

11.

12.

20s). “width ”

“width ”

, exclusion

, Waverunner EXT

“On” A :2.5ns
“width 37~

“on” N :2.5nsto

“width 3~
(ll&”)

. “OR”

: Waverunner

negative
“Pos”

, “Neg”

positive

NORMAL

13

Persistence

=
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Trigger Smart

TRIGGER SETUP

Edqw MHH
[(Glitch?

SETUP SMART
TRIGGER

—|Hupllnq 1——

LFFET HFFET
——4+ Hnd HF——

H1d+h 2
1 ops
.5 v oc
BER M55
2 28 m\ OC
STOFFED
negative £ 5.0 ns . ,
. Lower Trace A top
. Waverunner (comparator) DC
( half
period)
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2.5 ns 20 s , , 2 ns

Trigger Source

‘_Glitch_’ >
Width

o Glitch

) Width
Trigger can occur

> I
| Width Width |

Selected Selected

Generated Trigger

potential
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. Waverunner

1. 1 . , duty ,
Analog Persistence

‘ Coupling E _“-

n

AUTO
SETUP STOP

3 E

SETUP
4 TRIGGER D W
(Glitchl
SETUR SMART
‘ TRIGGER g —“- '
. Waverunner
6. __ “trigger on” “1”
TRIGGER LEVEL
A \
Z ) -
7. ~ , top one division
8. __ “at end of “ “Pos” , “width” “On”

91



0. “width”

NORMAL

2. Al

“On”

- (mid-grid)

: Analog Persistence

Exclusion Pass/Fail

acquisition
mask

CHAPTER EIGHT: Trigger Smart

Exclusion : Persistence

=
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Level
( ).
, gain offset
> =+ 5 screen divisions
> EXT + 05V
> EXT/10 +5V
> LINE ( ).
Coupling
> DC:
, AC
> AC: . DC , 50 Hz
» LF REJ: high-pass .DC ,
50 kHz
» HF REJ: DC-coupled , low-pass
50 kHz
Slope
. positive negative . ,
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, (interval)
— ( ): positive to
positive negative to negative.

— Exclusion

SMART TRIGGER

1. “Interval”

TW-Neg

—tplg Extld—
oc AC
LFREJ HFREJ

—hetueen——
Fos Meg
edges

4 positive negative

—interval =—
57.5 ns

oFF [

—& interwval =
8.6 ns

oFF [

s , “On”
g ( 25 ns 20 s). “width ~

/I

, “On” .
’/,;' ( :25 nsto 20 s). “width ” “width 3”
, (“&”)
“width ”
“OR”
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Interval Smaller:

positive( 4)-

(Interval Trigger)

, (positive)
Waverunner
.10 ns 20 s
Trigger Source: Positive Slope
| |
) Interval
«— Interval Width ——»je— Width —»
|
Trigger can occur
Selected Selected
Interval Interval

Generated Trigger

positive

potential
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Interval Larger:

( 5).
, Waverunner
.10 ns 20 s
Trigger Source: Positive Slope
| |
. Interval
«——Interval Width ——»fe— Width —»
| L
Trigger can occur
Selected Selected
—p —
Interval Interval
Generated Trigger
A
5. Interval Trigger

potential
positive edge
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Interval : Interval Trigger
( . 6). Waverunner
.10 ns 20 s
Trigger Source: Positive Slope
| |
. Interval
«— Interval Width——»e—_ .
Width
| | L
Trigger can occur
4 Range 4 Range -
0 T1 T2 0 T1 T2

Generated Trigger

6.
lower ; T2 upper
trigger

Interval Trigger: T1 =
potential
positive
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QUALIFY
—validation — ,
qualifying . Qualified
State-Qualified ,
. Edge-Qualified , validation
. Qualified validation ,
set time . potential

validation

Edge- tat lifi
SMART TRIGGER dge State-Qualified
type __ 1. *Qualified”
Interwal k
TW-Pos
TW-Me —_
2. Qualifier “Edge” “State” . (Edge trigger
Oropout f __ holdoff
by )
AefelS State
(qualiFier) 3.  EXT EXT 10
—trigger on— __
4. qualifier . ,
e —_ , EXT EXT 10
i 2 «. 5 qualifier threshold , qualifier
3 {j “ (Edge-Quialified)
__ A threshold “ " (State-
Qualified) , qualifier
—within T //"(/ e ") cunn
1388 ns 3 = g s, 7
. ik - (“wait” “Ev(s’\’glalt i
qualifier
10ns
20s
1-99 999 999

98



CHAPTER EIGHT: Trigger Smart

QUALIFIED

State-Qualified Wait ( LT

Time . (timeout) ,

Events

Trigger Source: Positive Slope

.

Qualifier: Pattern Prelsent
.i
| I
Trigger can occur ' ;
k% n
Wait Vait Ei
Generated Trigger J_.-f
4 A 4 A /
| | / | | :
7. State-Qualified Wait: timeout
potential ,
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Edge-Qualified Wait ( . 8)

Time . (timeout) ,

Events

Trigger Source: Positive Slope

|
Quialifier: Pattern Present
Trigger can occur
Selected Selected
Time i Time
r
Generated Trigger

8. Edge-Qualified Wait: timeout
potential
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LOST SIGNALS

, (Dropout) .
“time-out period’ -( . 9, 103
). 25ns 20 s Time-outs .
single-shot — (pre-trigger) -
1 1

2 ‘ Coupling E _“' |

AUTO
SETUP

3 T

SETUP
4. TRIGGER I Edge EER v
(Glitch)
SETUP SMART
‘ TRIGGER E E '
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SMART TRIGGER
type

Interwal k
TW-Pos

6. “Dropout”

TW-Neg
LualiFied
Oropout

Trigger aFter
timeout, i1F
MO edge

Waverunner

, timeout

——OCCUrsE 0O
1 2 Ext |[28%

—

11

—uwith slope—

Megative

—uithin
25 ns
[(timeout)

9. timeout (

oF prewvious
edge

I

, Waverunner

25ns)

==
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DROPOUT TRIGGER

Trigger Source

.f.

Trigger can.occur

~aL Wait Time
< .
out

Wait Time
< >

out

Generated Trigger

9. (Dropout Trigger): time-out
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TV
Waverunner TV

PAL, SECAM

(composite video signal)

(starting transition)

TV

SMART TRIGGER

type
Glitch
Interwal

TW-Meqg
HualiFied

—T% signal on

—# oF Fields—

-

—TV type—
Standard

a5
Line/Hz/Int"c
s RE A2 ]

—trigger on—
Line

any-line

W W WEN NN

CHAPTER EIGHT: Trigger Smart

custom composite

NTSC
—“any",

, rate, interlace factor,
TV

TV trigger

positive negative
“TV-Pos” “TV-Neg”

“Standard” “Custom” TV decoding

“odd” or “even”

/I{/ 5. “Standard”: “625/50/2:1” (PAL, SECAM)

M “525/60/2:1” (NTSC) standard

THa? “Custom”: ,
TV interlacing factor

h fj: “any”

L
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TV

TV 2
Waverunner - (FIELDLOCK)

625/50/2:1 (PAL SECAM ): 50- .
1 626 , 626 1

525/60/2:1 (NTSC ): 60- NTSC .
1 1051 , 1051 1

?2/50/7?,?2/60/7: , - (line-counting)

equalizing . ,
, “any line”

- RIS acquisitions
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CHAPTER

ANALOG
PERSIST

_—

Analog Persistence

NINE

Display More

, Waverunner

(Color Graded) persistence

. Waverunner persistence

PERSISTEMCE

Per st

A1l thaées

Top 2

BER

O NORMAL

Analog Persistence

107



CHAPTER

ANALOG PERSISTENCE

N I N E: Display More

LeCroy Analog Persistence DSO (
)
DSO acquisition
acquisition DSO
Persistence
accumulation decouple ,
persistence
accumulation map -
map decay
-combination persistence ,
integrity . Persistence
(user-definable), map post-acquisition saturation ,

Using persistence “Analog” , persistence
map . persistence data map
population population
population , 0 population
, 0 population population
lower populations (
) . Analog Persistence view
maximum population saturation population . ,
Saturation population populations :
, , saturation populations

populations
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(COLOR-GRADED) PERSISTENCE

persistence Persistence

. Persistence view
, Using persistence menu “Color
Graded” , Waverunner persistence

R L Y R

Color-graded persistence 107
persistence
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1.

DISPLAY SETUP

(

“More Display Setup”

I O B B B B

RETURN

CHAPTER N INE: Display More

Waverunner — “ "
3, ), i
(“1-6") (“Ul-U4")
CHANGE COLORS
Full Screen “on” grid display
. “Oﬁ"

&

“Transparent” “Opaque”

Measure Gate function
)

, , “Normal” “Bold”

)
)

Full Screen , . ,
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3. “Change Colors” _“- )

CHAMGE COLORS

in user color
scheme Ul

traces, grids,

—Copy From—,
Bz345¢6
U1 Uz U3 U4

(“1-67) (“U1-u4r)

COPY SCHEME
1 to Ul

—Lhange

, Color Scheme

Trace 2
Trace 3
Trace 4
Trace R F

—color to—
Yellow 1

WWWe uN

Green \/%/\

. o

H;d e Change

Light Gray F _- /{/\ (113 ).
: /4'
B _"'

RETURN
_“- MORE DISPLAY
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(ON-SCREEN)
Background -
Trace 1...4 - 1,2,3, 4

Trace A...D — Trace A, B, C, D

Grid -

Text - ,acquisition-
Cursors —

Warnings -

Neutral — measure-gate-region

Overlays — Full Screen

CHAPTER N INE: Display More

trace

non-single source measurements
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Ul, U2, U3

U4 custom palettes

gallery

o

—rcolor to—
Cyan
Yellouw

LGreen

—rcolor tD__T

Lime Green

Emerald

—rcolor to—

Magenta k
Fuchsia

Meon Pink

| FPale Pink J

—colar to——
|

—rcolor to _l

b
Ice Blue

Pastel Blue

—rcolor to—

|
Pink 1

——rcolor to—

|
Cream k

2and

mber

| Light Green

—rcolor tD__T
1

traces, grids, text and menus,
cursors, neutral color,
background, warnings,

overlays.
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XY

XY

1. DISPLAY SETUP

2. [l

Hertz

-span (time/div)

w

U

CHAPTER N INE: Display More

(horizontal unit)

trace . XY 3

: XY only, XY Single and XY Dual

DISPLAY

top

“Standard” or “XY”

persistence

XY persistence
saturation, Analog

more display setup

uX Y ”
XY , ,

ANALOG
PERSIST

: XY persistence
Color-Graded persistence

110

) (brightness)

trace
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CHAPTER N INE: Display More

H_BE ps

BEE
Ac
O STOPPED

XY Only Analog Persistence . : XY Only, Si
ngle and Dual grids.

DISPLAY SETUP DISPLAY SETUP DISPLAY SETUP
Standard Standard Standard
&

Grids—
X only
Sing | ofiNEYY
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CHAPTER N INE: Display More

XY

bar . XY

Combinations ,

“Dy / DX ”: Ratio

“20 * log 10 (ratio)”: Ratio in dB units

“D¥ value * DX value”: Product

“ = arctan (Dy / DX) range [-180°to +180°]”: Angle (polar)

“r=sqrt (DX * DX + DY * DY)”: Radius (distance to origin).

bar

XY
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CHAPTER N INE: Display More

XY CURSORS

AAbs

ARel

TAbs

Org = (0,0)

Org = VXOffset
VYOffset

TReI

DX Vyret — 0

VXDif - VXRef

VXRef -0

VXRef - VXOffset

VXDif - VXRef

DY Vyret— 0

VYDif - VYRef

VYRef -0

VYRef - VYOffset

VYDif - VYRef

Anbs:

ARrel:

Tabs:

Trel:

Org: Origin
Vxref: X trace
Viret: Y trace
Vxdit: X trace

Vvaif: Y trace
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CHAPTER TEN

E——— |
Extrema
trace envelope extrema . Waverunner
maxima (roof) and minima (floor) extrema
roof-record value , Floor-record
, , Waverunner
envelope
1 1 , Waverunner

. il
. ‘ Z00M ‘
oA

Trace A

3. ‘ SETUP g W

use Math?
F Mo RiEE ,SETUP A

8

Use Advanced Math Tools

6. __ Math Type “Extrema”
limits : :
envelope  view
. ’
Floor RooF

“Envelope” envelope , “Floor” “Roof”
For
JRE[ELE

8 : (sweeps)

envelope

119



CHAPTER TEN: UseAdvanced Math Tools

ofF
o. Ml trace l2BCD
M1 M2 M3 M4
EXTREMA
, Waverunner
. Normal Stop ,
trace (STOP )
CLEAR SWEEPS , gain, offset, coupling, trigger condition
, , extrema
Waverunner extrema zoom trace trace
.roof floor
, SETUP
: Waverunner trace , MATH
. Waverunner n
.—n
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CHAPTER TEN: UseAdvanced Math Tools

Rescale
MATH , (multiplication factor (2)),
(additive constant) ,
1. TraceAB,C D MATH
2. _- Math Type Menu “Rescale”
3. Math Type “a” “b”
4. _- (mantissa), (exponent) (number of digits)
&
5. , “funits]” . units = , Amps,

Celsius, Hertz, decibels, Kelvin, Ohms, Volt Watts

oF
6. _- filtering trace i] 2BCD
Ml M2 M3 M4
: SUMMED vs CONTINUOUS ( )
Summed Averaging weight ,
, single-shot
, averaging
Normal Stop , trace
. , Waverunner averaging
. CLEAR SWEEP , Input gain, offset, coupling, trigger condition, timebase,
bandwidth limit acquisition
. trace
summed averaging ,
( ), - 1.5
Continuous Averaging weight
weight ; continuous average
. Continuous average “old” weight weight
0 ( )

121



CHAPTER TEN: UseAdvanced Math Tools

Resolution
ERES (Enhanced Resolution) resolution ,
. Waverunner ERES , moving-average
smoothing . , pass-band
ERES single-shot , -averaging
- ; noisy
high vertical gain zooming
1. TraceA/B,C D MATH
ath Tupe
Arithmetic &
2. _- Math Type “Enh. Res” . | Bverage
Extrema
FFT F
enhance by
0.5 bhit b
| 1 bit , 1.5 bits
2 bits
2.5 bits F
, 0.5 bits 1 3 resolution

4, _- trace

, Waverunner

Averaging
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CHAPTER TEN: UseAdvanced Math Tools

SETUP OF B
—use Math's—

‘ Mo ‘

Ar i tic &

1
|
||
' |] || »
Il,|.1|

.5 bit k

Ml M2 M3 M4
BEE M5
. STOFPFED
Top grid ERES
Trace B
Trace B 1
ERES , 1.5 bit ,
250 242 , 30 MHz . (125 NOTE
).
WAVERUNNER RESOLUTION
Waverunner resolution
resolution . noisy , single-shot
resolution
(SNR)
. resolution
, filtering out
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CHAPTER TEN: UseAdvanced Math Tools

Waverunner constant-phase, FIR (Finite Impulse-Response) 0.5 bit
step response, 0.3 3 bit resolution
. factor of two ,
-resolution trade-off . 6
RESOLUTION -3DB low-pass ,
INCREASED BY " NYQUIST
(" NvQuisT) « ) SNR
05 05 2 power
1.0 0.241 5
15 0.121 10 -, SNR
resolution
2.0 0.058 24
25 0.029 51
, SNR
resolution
3.0 0.016 117
- , feed-through-, SNR passhand
fall ,

zero- phase response

(Input  Output )

unity gain . )
overflow , resolution overflow
trace overflow , , overflowed
response - . overflow
spike , spike
. , trace
Waverunner resolution
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CHAPTER TEN:

low-pass : resolution

. bit-enhancement

Use Advanced Math Tools

resolution : , I \
(* ) trace 3 bit resolution i / . \ /ﬁ\
resolution trace ( ,r ll 1 I \\
) 2-hit resolution \ Ty
( )
“smooth™ trace 1 /
Z‘ £' i‘ £ /
resolution  trace  resolution quantization linearity
. The pass-band  cut-off attenuation
: trace
response .2 117 - 50 000 trace
,0.2% a 50 000 point trace — g
, Waverunner ERES
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CHAPTER TEN:

FFT

1 ( 5 , MATH ),
Fast Fourier Transform (FFT)
Average feature ,

FFT AVERAGE
1. Trace A, B, C D MATH
2. _- Math Type “FFT AVG”
3. 1 FFT .
FFT FFT spectra power average
CLEAR
SWEEPS

4. 1N FFT , math trace

Use Advanced Math Tools

- FFT
FFT span

“Power Spect”

trace

lopay -> 2508 pts

- Nyquist =

resolution ,

FFT  FFT Averaging C:PSCAVGP(B))

, rPumeP Spectrum
descriptor

PROCESSING a
FFT , , MATH ’

’ FFT
averaging

FFT
trace

==
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CHAPTER TEN: UseAdvanced Math Tools

trace
trace
: , FFT- :
“Incompatible input record type”: FFT FFT Average.
“Horizontal units don't match”: FFT
“FFT source data zero filled”: (
), FFT , Zeros :
“FFT source data over/underflow”: , acquisition —gain too
high or inappropriate offset — clip . acquisition

over/underflow

“Circular computation’: circular ( ,

).
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CHAPTER TEN:

Use Advanced Math Tools

FFT SPAN
FFT , resolution O
FFT O
acquisition ( 1, 2, 3 4) ,
TIME/DIV 10 trace ,
resolution (reciprocal)
-( 1).
CAPTURED WAVEFORM
TIME
= >
)
'_
3
o
S
<
CAPTURE TIME
=10 X TIME / DIV
FREQUENCY
RESOLUTION
Df
Df=1/ CAPTURE TIME
w
[a)]
D
E
: | \
Z— .
FAST FOURIER TRANSFORM (FFT) FREQUENCY
1.
FFT span Nyquist ,
. MATH
, span , “MATH
” , FFT span . FFT span
(170) -
2).

128



CHAPTER TEN:

Use Advanced Math Tools

CAPTURED WAVEFORM
w TIME:
[a]
o]
E
-
o
SH L
e
DT
SAMPLING PERIOD
FREQUENCY SPAN A;i
FREQUENCY SPAN =K* (1/DT)
w
[a]
=]
E
2 A
2 A
FAST FOURIER TRANSFORM (FFT) FREQUENCY
2. FFT span (1/D).
Waverunner “MATH 7 ,
scaling , FFT transform span .
trace . FFT |, Hz/div
trace span .
FFT Nyquist
FFT SPAN
1. FFT span , , span 2
, acquisition
, 10 MHz span 10 kHz resolution .
resolution 100 ns , 10MHz
Df , division 10 . 10MHz span
, 20MS/s . 500MS/s
50 000- Waverunner , 250 MHz
span 10 s time/div
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CHAPTER TEN: UseAdvanced Math Tools

TIME / DIV

s ns : 3
2. @ 10 ns  division
. aliasing . %

10 MHz span , 2
TIMEBASE
SETUP
3. il “record up to” 25 MS/s 2500 ,
For Math use
max polnts
1odd 2500
, 500 MS/s FFT
25 MS/s . span 125 MHz ,
span > 10 MHz
25 MS/s full-scale division 12.5 MHz, 1.25 MHz
scale factor 1, 2, 5 , Waverunner
, 2000-point transform FFT .
, scale factor 2 MHz/Div . 12.5 MHz span
6.25 divisions
FFT WINDOW FILTER PARAMETERS I
. Highest Side Scallop Loss ENBW Coherent Gain
A Lobe (dB) (dB) (bins) (dB)
Rectangular -13 3.92 1.0 0.0
von Hann -32 1.42 15 —-6.02
Hamming —43 1.78 1.37 -5.35
Flat Top —44 0.01 2.96 -11.05
Blackman—Harris —67 1.13 171 -7.53
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MATH
1. Trace A B,C D -
2.
SETUP OF R

—use Math'?—

—ath Type—

FFT
FFTAVE

Furnctions

Histogram
Rescale

—Function—-
Expld

Identitﬁ

Log
Logld
aF
+1_ 1TEAE |
B digits
lus

M
B234BCD

M1 M2 M3 M4

CHAPTER TEN: UseAdvanced Math Tools

: Waverunner
MATH 5 MATH
MATH
MATH
_- MATH
“Functions”
“Integral” ’10m
9 1016 additive
constant offset
4 A/{// DC offset offset
N P
L
o =
>// I"'/l
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Resample to Deskew

1.

2.

Af

SETUP OF R
—use Math?—

—ath Type—

FFT
FFTAWG
Furctions

Histogram
Rescale

—Function—-
Expld

Identitﬁ

Log
Logle
aF
+1 . 1TOE0 (X
B digits
plus
H234BCD

M1 M2 M3 M4

CHAPTER TEN: UseAdvanced Math Tools

Deskew
3
W MATH
|
“Resample”
i
i
i |
<‘ﬁ;?;%
-
i | \//‘r{/
- _‘;/

Resample

deskew

,* 2000 ns Trace A
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CHAPTER TEN: UseAdvanced Math Tools

Plot Trends
Plot Trend , (EMM Option).
, . Trend plot ,
s plot , Waverunner .
s . , trend source
10 , trace 20,000
. XY trend cross-plot )
1. trend custom parameter . , ,
2. Trace A, B,C D MATH
!
3. , trend
j MATH
“Trend”
j , trend ( ).
j trend )
, trend scales
w g trend
j , trend
. \ . trend 20000
7

trend scroll off
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CHAPTER TEN: UseAdvanced Math Tools

W E N NN

: trend plot LeCroy
Application Briefs (LABs) . LeCroy
, LeCroy site:
http://www.lecroy.com/Labs/default.asp
LABs
“All” :
trend . “Average” :
trend , , trend
CHANGE PARAM ,
trend
, trend
scales .
@ trend
division
‘ division ,
: ’: trend
"~ “Center”

RETURN

L

134



CHAPTER TEN: UseAdvanced Math Tools

TRENDS
trend plot , trace labels — Trace A —
trace MATH
2Tamp1(1)
2B # < division
2B Y < , division
49 . T3 T md < , trend,
inside 26
< unzoomed trend
2Tampl(1)
ZH &
200
J1xMex < , unzoomed
1nside 193 -
A
TIME
EVENTS
3. trend
trend
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TRENDS
trend ,
trend
trend
trend
1.
2
3 ()
4. Trend
5. Trigger re-arm.
. Trend data
, dead time (

Waverunner trend

20 000 buffer

20 000 “N”
“N
bin trend ,
000 trend
trend
, scaling
). ,

; XY plot X

Use Advanced Math Tools

trend

y trace

, single acquisition

, segment acquisition

acquisition
1
).
trend
, trend acquisition

trend "N~ 20

trend

:FIND CENTER AND HEIGHT (134

, trend
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CHAPTER TEN: UseAdvanced Math Tools

Waverunner ,
, range-finder
acquisition
acquisitions .
non-segmented

, segmented , acquisition
segment , segment ;
trend
, acquisition sweep trend
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CHAPTER ELEVEN Analyze with Parameters

Custom

MEASURE
TOOLS

| MEASURE 14,

2. _- “Parameters” , _- “Custom”

, , from and to

3. W ‘ CHANGE E , CHANGE PARAM
PARAME TERS

SN

CHANGE PARAM

—n line—-
m 23465

[S]
ol

—Lategory—

0ISk-5td

0ISk-Local
OISk-PRML
JTA F

OELETE ALL
PARAMETERS

—TME3SUre

- L
acsn
area
241G f

trace

T

w=ra g
[ N L)
[ —JF
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CHAPTER ELEVEN:

PARAMETER
1. , Dtime
2. —_ llAI I 7

«

Analyze with Parameters

bk

‘ For ‘

th@IVH

1EEE
(sweeps)

aurce
Frorg| @
to 2

ufromn “tO"

5. __ MORE At@le
SETUP
Dt@lv SETUP

6. -to- %
7. division  hysteresis

hysteresis-division ,
8 = % from menu

, Waverunner

10. ,

11. Al

“First” ,

positive (rising)

positive (rising)

negative (falling)

uton _

negative (falling)
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CHAPTER ELEVEN: Analyze with Parameters

Pass/Fail

Pass/Fail

Waverunner . tolerance mask
custom parameter , 5

>
> Dump
> trace , « .
» Sound the buzzer
> BNC
, passing , ,
PASS/ FAIL
1. 4 , MEASURE
2. _- mode “Pass” “Fail” . ,
, from and to
3 N | CHANGE TEST
COMDITIONS
CHANGE TEST

4' 1
5. _- Test “Param”
6. “Param”
7. 139 ,
8. Pass/Fail . |

“Limit”
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CHAPTER ELEVEN: Analyze with Parameters

2 R -
10. w 3

11. ‘g/

12. _“- ' .

mantissa, , mantissa

PASS/ FAIL

1. CHANGE TEST 1 5

2. __ Test “Mask”

True iF

mask

‘ mask

5, _JIII trace , _JIII

mask mask trace
mask Pass/Fail mask trace .
. test trace mask
; mask testing , single trace mask test
single grid ; trace ,
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MASK

ACTION
1. CHANGE TEST

2. [l
5.
action
yes no

Pass

CHAPTER EL

EVEN:

mask CHANGE TEST

j ;PC

Analyze with Parameters

MOOIFY MASK g

mask
mask “W?”form”
mask
“Cal’d" ’
mask “Floppy”
mask , “D=M4”
j ,“M17 “M27, “M3”, “M4”
. Trace RECALL
W?FORM
j . Waverunner
mask
j mask
, tolerance
n P
j ] , tolerance
/J
, j On line “Action”
Fail action
, Then menu action
(HYeS‘I!) (HNOH)
“Then”
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CHAPTER ELEVEN: Analyze with Parameters

WAVERUNNER
Top base
Waverunner
, (state)
-( D).
(centroid) top base
top line bottom centroid top base line
top base , Waverunner rise fall
90% 10%
( WaveAnalyzer
)
| I
1 i
maximum b e wenmnemy i
top | \ i
= Upper 1!1resho|d P
| (90 % Afnplitude)
| I
: 50%(Mi¢sial)
! ampl 1 'c?)
1 I T
H Lower Threshold
SN /SN SN NN I ‘-(10 % Alnplitude
= v ,—I:base
! refen e e s e e ¥ =minimu
| |
= » — rise fall > a -
I width I
LEFT CURSOR RIGHT CURSOR
1.
rise fall time (r@level, f@level)
, rise fall time
rising falling

; , base top line
percentile scale
(base = 0 %, top = 100 %).
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Analyze with Parameters

Rising Ed L Rising falling
o]
Soration | g )
Mr 32 rise fall
. Vi
Falling Edge lo 10 ¢ 90
—aq [fi-Tf;
Duration Vil '
Mr top base _
M f (50%) mesial
. . ( . 2),
trailing Tr rising
i X %
, TR falling , rms
[ X % mean biased
first last
| delay |
! !
I — width — width — width |
| i
" 1 1
| : |
50 % | i
(Mesial) i !
!
i -« PERIOD ——+ix PERIOD —» I
' freq = 1/period duty = width/period .
| |
i «—— TWO FULL PERIODS: cycles =2  —» I
i «———  cmean, cmedian, crms, csdev =~ ———> |
' computed on jntegral periods TRIGGER !
i POINT |

area, points, data

LEFT CURSOR computed between cursors RIGHT CURSOR

145



CHAPTER ELEVEN: Analyze with Parameters

bias , crms cmean
. Waverunner trace differential time
measurements . , propagation,
hold delays ( . 3).Dx2d

transition polarity

Noisy spikes ignored due
to Hysteresis band

HYSTERESIS

!---THRESHOLD

LEFT CURSOR I RIGHT CURSOR
TRIGGER POINT

CLOCK EDGE = Positive Transition ~ _f~
DATA EDGE = Negative Transition ~{

3.
, hysteresis hystersis
3 , Dc2d - (1, 2)
negative ( ) rising

, Dc2d+(1, 2)
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CHAPTER ELEVEN:

Waverunner

Extended Math

WaveAnalyzer

(

5

Analyze with Parameters

FAN

, MATH

Waverunner

base

cycles
transition ( .2 )
. Transition positive-
negative-going.
cmean Cyclic mean:
.mean ,
fractional bias
cmedian Cyclic median: fractional 50% ,

FAN

overshoot, overshoot, undershoot  ringing

pkpk

(

overshoot, undershoot

probable

top).

; . first
( .2 )

, overshoot, ( 1 )
ringing
min

probable lower

(

triangle saw-tooth waves),

pkpk

(

triangle saw-tooth waves),

min

bias ,
top

50%
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Analyze with Parameters

e
I%I
crms Cyclic root mean square: Vi
» N =
.orms, , 100
fractional bias
||
csdev Cyclic standard deviation: 18 SV
2
Wa_ (v; - mean) N =
PN _sdev  fractional i 100
bias
||
delay Time from trigger to transition:
50% 50%
, ( .2 )
propagation
| |
Ddly Ddelay: 50 %
transition
| |
Dt@lv Dt at level: transition edge-transition
transition , | polarity
! . Hysteresis
transition
||
Dc2d+ Dclock to data +:
(Dc2d+) (Dc2d-) , -transition
polarity
A Hysteresis
( .3 )
hysteresis
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CHAPTER ELEVEN: Analyze with Parameters

|%I
dur single ,dur 0 :
: acquisition
! segment ; : ,
single segments: segment
segment ;
I
duty Duty cycle: . width/period
( 2 )
I
f80-20% Fall 80-20 %: falling
transition ,80 % to 80-20 % transition ( ’
20 % falling transition triangle saw-tooth waves),
top base
I ||
Fall at level: Transition
f@level falling falling (
, triangle or saw-tooth waves),
P AN top base
I ||
fall Fall time: falling falling
- (
Fall time - , triangle or saw-tooth
waves), ), top base
ARGUMENTS ( 1 )
Threshold| Remote | Lower | Upper | Default
Limit | Limit
Lower Low 1% 45 % 10 %
Upper | High 55 % 9% | 90%
fall
lower value = lower threshold m+base
100
- -amp
upper value = upper threshold To0 +base
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Analyze with Parameters

maximum

median

EAN

Frequency:

50%

transition

centroid

(

1/period
2

)

Average of data

(

2

base top

)

acquisition

non-zero bin
. maxp.
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CHAPTER ELEVEN:

Analyze with Parameters

minimum

over-

over+

period

pkpk

phase

Overshoot negative:

overshoot

Overshoot positive:
rising

50 %
transition

transition pair

Peak-to-peak:

overshoot

Ampl

, falling

ampl

« .2 )

b|aximum - topg
ampl

¢ .1 )

100

maximum -
minimum
( .1 )

triangle
waves),

triangle
waves),

X %

acquisition

IBase - minimum ¢J 100

falling

( ,

saw-tooth

rising

( ,

saw-tooth

, Mr
. Mf
trailing
X ..
T, rising
T falling
X %

acquisition
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Analyze with Parameters

l%
points
AN ( 2 )
|
r20-80% Rise 20 % to 80 %: rising | 20-80 % transition
transition , 80 % to
20% falling ( , triangle or saw-
transition tooth waves), ), top base
I - I
r@level Rise at level: transition Transition level
rising rising
A ( , triangle or saw-
tooth waves), ), top base
== I
rise Rise time: rising rising
.(10-90 %).
( , triangle or saw-
Rise times. - tooth waves), ), top base
ARGUMENTS
Threshold | Remote | Lower | Upper | Default ( 1 )
Limit | Limit
Lower Low 1% | 45% 10 %
Upper High | 55% | 99 % 90 %
rise time
lower value = lower threshold” m+base
100
_ ,amp
upper value = upper threshold m+base
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I%I
rms Root Mean Square - zero- ,
mean sdev
« .2 )
acquisition
Vi
N =
100
I ||
sdev - zero-mean 19
rms . ’—a (v; - mean )?
! N i=1 ,
( .2 )
acquisition
Vi
N =
100
I
t@level Time at level: (t=0)
EAN
R
top probable , probable ,
base; .
(1 )
probable
acquisition
I ||
width 50% :
rising , positive| positive negative fwhm
, Wicth
rising  falling . ,
(12 )
— — —
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12 . PC Waverunner

Waverunner

Waverunner
ASCII
Spreadsheet, MathCad MATLAB  Waverunner

YV V V V
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CHAPTER TWELVE Use Waverunner with PC
T reee—
GPIB  RS-232-C port , Waverunner
(PC) . ,LeCroy  handy ScopeExplorer software( )
, PC , Waverunner
(Remote Control Assistant)
( 157 ). , PC
UTILITIES
1. i ) l Femote E __
Setup
GPIE & R5Z2372 2. GPIB RS232 PC
Remote
Control From “GP|B” “RS232”
R5232 i |
—HS232 Mode—,
7_hit RS232: : RS232 7 8 .
S kit w “RS232" ,GPIB “talk-only”
—Farity
odd  even W R RS232 parity
—5top bits—
2
W Rrs232: Rs232 stop bit
—+Haud Hate—
2333 jégg LW R RS232 Baud Rate
9.6K  [ER ,,//"{/
57.BK 115.2K N e
F R 4
—GFIB Dewvice— X
(Address) r \/’(/ GPIB GPIB address
4 3 "/
1 l‘
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PART Two: LOOKING DEEPER

1 NOT CONNECTED 1
————
S aed| O 3
- I - I 4
-o;d ‘o] ] 5 5
L3 = 6 6
a a 7 7
T T g ::::>*<:::: 8
9 NOT CONNECTED 9
Waverunner  PC RS-232 nine-pin communication
EXPLORE YOUR SCOPE
ScopeExplorer ~ Waverunner oscilloscope
- )
1. rear GPIB - GPIB PC - PC-standard RS-232-C
PC
2.  http://www.lecroy.com/scopeexplorer. ScopeExplorer , LeCroy
3. ScopeExplorer , Windows help
»  Teletype-like ,
PC  Waverunner
interactive, virtual scope front-panel
> Pipe response A
)
»  Waverunner pixel-for-pixel PC
(bitmap)
(Windows Clipboard)
»  Waverunner ,
> PC , compact LeCroy Binary Microsoft  Excel Mathsoft”s
MathCad PC- ASCII ( 168 ).
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REMOTE CONTROL

GPIB  RS232
(RC) Assistant

CHAPTER TWELVE:

remote
. RC Assistant PC
PC

problem detected and logged”

UTILITIES

1
2. Special
Modes i

RC ASSISTANT

Log |

OFF k
Errors Onl
F5232 Also

F

1

Turn to
Jocroll Log
Push to Clear

UTILITIES

-

W ENEN

w

Use Waverunner with PC

Waverunner Remote Control

, “Remote Control:

-

, Remote Ctrl.
Assistant

top two
“Off” - RC Assistant remote
“Errors Only” —
. (power-on ).
“Full Dialog” —
, “ (first—in, first—out™)
,dialog 100
“RS232 Also” — full dialog  log , RS-232
, GPIB
( , COVMM_HELP and
COWM _HELP_LOG )
"
g
o A
) 4, , log scrolling X
X
4gif log
¥
I
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PART Two:

LOOKING DEEPER

Waverunner (M1, M2, M3 or M4) , LeCroy
. ,PC
ASCII MATH
PC
, LeCroy 10 20
.ASCII , 13-15 MB ASCII
WaveRunner ASCII : Spreadsheet, MathCad
MATLAB.
, ASCII
FORMAT HEADER TIME AMPLITUDE | SEQUENCE | MULTI- DUAL
VALUES VALUES TIMES SEGMENT | ARRAY
Header
segment dual-array
header segment .
(Extrema
complex
FFT)
Spreadsheet Yes Yes Yes Yes Yes Yes
MathCad Yes Yes Yes Yes Yes Yes
MATLAB No No Yes No Yes No
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CHAPTER TWELVE:

w

ASCII

i “ASCII”

“Fill”

\

(“Flpy”)

Use Waverunner with PC

ASCII

:“Wrap”

Waverunner
PC
(“Card”)
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PART Two: LOOKING DEEPER

ASCIT SETUR Setup ASCII Format

Oata Format

Spreadsheet

MathCad W Asc
Mat lah

.

RETURN
_- STORE W’FORM
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CHAPTER TWELVE: Use Waverunner with PC

ASCII

Spreadsheet Microsoft Excel , . File -> Open dialog
open  HEH|
Look in: I{j Lecroy_1.dir ;I Lalll IE |:E:|:E|| _E

2] se1001 Open
]

Zancel |
Advanced. .. |

Find files that match these search criteria:

File name: || Ll Text or properky: I j Find Mow |
Files of bvpe: IText Files j Last modified: |an3.-' timne j Mew Search |

| 1 File(s) Faund.

Excel  Text Import Wizard
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PART Two: LOOKING DEEPER

1. Ddimited
2. data , WaveRunner
Spreadsheet . delimiter ~ Co mma
3. column
. General Column
( ).
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CHAPTER TWELVE:

4, Hnsh

Use Waverunner with PC

. Microsoft Excel - Sc1001

||@ Eile Edit Yiew Insert Format Tools Data Window

Help

NEH SRY bR v-o- @[z & 83
Al -0 - B ZUSEE=EE 6%, WS E
H1 - =
A | E | i | D |
1 |[LECROYLCS34AL 10007
2 |Segments 1 Segment=ize 1002
3 |Segment TrigTime TimeSinceSegment
4 |# 14-Jul-1993 15:14:33 a
3 |Time Armpl
b -5.03E-08 0062875
i -4 95E-08 0.062875
8 -4 93E-08 0.061625
9 -4 B8E-03 006225
10 -4 83E-08 0.05975
11 -4 78E-03 0.060375
12 -4.73E-08 0.059125
13 -4 BBE-08 0.0585
14 A B2FE.NA N NE7ATE
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PART Two: LOOKING DEEPER

SPREADSHEET PLOT
plot column scatter plot
, column X ( 6 ):

. Microsoft Excel - Sc1001 ==l E
”ﬁ Elle Edit Yiew Imsert Format Tools Data Window Help = iﬁ’lj]i
D2zRSRAY| imRT » .n-|g@@|z,s,a“”ﬂgmm% &

”Arial w0~ |B I U EEEES %,

138 | =
A | B [ C [ D I E [ F [T & [ H

| 1 |LECROYLCEB4AL 10007

| 2 |Segments 1 SegmentSize 1002

| 3 |Segment TrigTirme TimeSinceSegrnent

4 |[# 14-Jul-1925 15:14:33 1]

| 5 |Time Ampl

5 -5.03E-08 0.062875

el -4 98E-08 0.0R2875 0.08 1

EZl -4.93E-08 0.061625 0.06 4

frzsill -4.88E-08 0.06225

10| -4.83E-08 0.05975 0.04 1

EE -4.78E-08 0.060375 it

G2 -4.73E-08 0.059125 '

st -4 BBE-05 0.05535 . £-55

(14 ] -4 B3E-08 0.057875 -503E-06 -3 4 97E-0g 9.97E-08 1 50E-07 2.00E-07

15 -4 5BE-05 0.056525 00211

16 -4 53E-08 0.05475 il

|l -4 48E-058 0.054125 '

18 | -4 43E-08 0.052875 B -

e -4.38E-08 0.051625

20 -4 33E-08 0.049125 LHES

L2 -4.28E-08 0.0485 L
i [ 4]F ¥l sci001 e 14] _._ij_l

Ready [ [ | MU | e

(header)
segment start row end

row, segment .

SegmentStartRow ;= (DesiredSegment * D2) + B2 +5
SegmentEndRow := SegmentStartRow + D2 -1

TrigTime= INDIRECT(ADDRESS(DesiredSegment +3;2:4))
TimeSinceFirstTrig= INDIRECT(ADDRESS(DesiredSegment +3;3;4))

Scatter plot segment Plot trace  WaveRunner
persistence , segment
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CHAPTER TWELVE: Use Waverunner with PC

MATHCAD
MathSoft ~ MathCad .
single segment ; 168 multiple segments

single-segment MathCad 31 7

& =READFRN( file)

K =tast(a @)

& = submatrig A2, K,0,10 Create a submatriz containing data but no header
p = s 07 Exctract time veetor

vz all? Extract amplitude vector

. =lastt) Determine index of last point

ki=0.K-1 Create aramp

-1
-0.00l

=

000l .00z 0.003 0004
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PART Two: LOOKING DEEPER
multi-segment MathCad segment
segment ,
(matrix) :
Read data from file
a :=READPRN{ sc1000) 2 3
Extracting the first segment unly {or only segment if not sequence trace) 1 0
o 2 ooo
n= (L gy ol oy g+ ) n L
mo=0.1
4 a=|11 2
firstse =g I
Bumlogy gm 12 3
| | 1 11
firstseg=| 1.1 2 Ml
12 3 12 31

Extracting a given segment

munsegments Zzan 0

seglen =g,

segment (=0

segstart 1= 1 + numsegments + segment- seglen
segend = segstart + seglen— 1

seghime = 8, $1,1

o
X.=a

_=1=
vi=a
i:= segstart.. segend

Tatal number of segrments in trace

Mumber of samples in each segment

Desired segment nurmber

Index of first point in segment
Index of last paint in segment

Segment trigger time
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CHAPTER TWELVE: Use Waverunner with PC

MATLAB
MathWork  MATLAB 42c1
, MATLAB : )
( ); plot (*“Figure No.
17):
= MATLAB Command Window

File Edit Options Windows Help
Commands to get started: intro, demo, help help
Commands for more information: help, whatsnew, info, subscribe

> load a:\lecroy_1._dirssc1888._dat
> plot{sc10080)

Figure No. 1
File Edit Windows Help

MATLAB ; (header)

, . Multiple
segments  separator . dual-array
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APPENDI X

Architecture and Specifications

( Instrument Architecture Overview)

PROCESSORS
Waverunner (CPV)
. Waverunner
ADCS
Waverunner 8
resolution
(MEMORIES)

Waverunner acquisition

zooming

RIS
Waverunner 25 GS/s

(TRIGGER SYSTEM)

; positive

PowerPCéa

- (ADC) ) ADC

Random Interleaved Sampling (RIS)
100 ps
, 10ps resolution

, Waverunner

T
AC, LF REJect, HF REJect, HF

negative . Waverunner SMART

),
DC
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Architecture and Specifications

(AUTOMATIC CALIBRATION)

Waverunner full scale 1% . gain
offset ( ) division
, -dependent -
8 8
. Waverunner ,
8.4- (flat-panel) TFT-LCD ,
. Overlap-mixing contrast-enhancement ,
Analog Persistence ,

. Full Screen
PRINT SCREEN

Waverunner ,
.4
(REMOTE CONTROL)
Waverunner -
GPIB (IEEE-488) RS-232-C
12 PC Waverunner

(Remote Control Manual)
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Architecture and Specifications

BLOCK DIAGRAM: Hi-Z, 50 W Amplifiers + Attenuators

VAN
WV LW IE :} D Optional Storage

Devices

. Fast
CHL o—> 8-Bit ADC(s memory d:Di} $ Floppy Disk

| Interface

R Fast
CH2 a—l> 8-Bit ADC(s memory K ><}_> Centronics
<}:{> RS-232-C

External

Trigger Trigger . GPIB
N > Logic [ | <

Power PC
ﬁ Microprocessor
with Integrated
Cache Memor
u—|> 8-Bit ADC(s) Fast <}:> ’
memory
Front-Panel

Processor
8-Bit ADC(s Fast q:b
memory

Real-Time
Clock

VAV

Program Memory

171



Architecture and Specifications

Waverunner LT342/LT322 Series: Two channels LeCﬁw

Waverunner LT344/LT244 Series: Four channels

AACQUISITION SYSTEM

( data sheets) -

Bandwidth (-3dB): LT342/LT344/LT322: 500 MHz; LT224: 200 MHz. Bandwidth @ 50 W and at
probe tip with PP006. Bandwidth Limiter at 25 MHz (LT224), and 25 MHz and 200 MHz (othe
r models), can be selected for each channel
Input Impedance: 50 W+ 1.0 %; 1 MW = 1.0 % // 12 pF typical (using PPO06 probe)
Input Coupling: 1 MW: AC, DC, GND; 50 W: DC, GND

Max Input: 50 W: 5V rms; 1 MW: 400 V max (peak AC £ 5 kHz + DC)

Single Shot Sampling Rate: LT342/LT344:

500 MS/s; LT224/LT322: 200 MS/s

Acquisition Memory: LT342/LT344: 250 000 points per channel; LT224/LT322: 100 000 poin
ts per channel; 1 M points per channel on L models

Vertical Resolution: 8 bits

Sensitivity: 2 mv-5 V/div fully variable; 10 V/div
DC Accuracy: = 1.5% (0.5 % of full scale)

Offset Range:

» 2 mV-50 mV/div: £ 1V

» 100 mv-500 mV/div: + 10 V
> 1 V=10 V/div: + 100 V

ACQUISITION

TIMEBASE

10 ns to 1000 s/div

500 MS/s

Single Shot |59 ns to 1000 s/div (LT
224)

200 MS/s (LT224)

One ADC per channel

1 ns to 5 nsec/div

Repetitive 1 ns to 10 nsec/div (LT

224)

25 GS/s

Random Interleaved Sampj
ling (RIS)
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Architecture and Specifications

Sequence | |
Segmented acquisition

LT342/LT344 2-1000 segments 500 MS/s _ time stamp My
Itiple Events
Segmented acquisition

500 MS/s time stamp Mu

LT224/1T322 2-400 segments 200 MS/s (LT224)| Itiple Events

Segmented acquisition I
time stam M

LT342L/LT344L 2-4000 segments 500 MS/s _ | Lame stanp ‘

Itiple Events
55005 . Ol()é)ooptfd:' Stow
Roll NS 2ooSfClY 1 100 ks/s
3 500 000 pts: 1 s-1000 s
/div
TIMEBASE

Timebases:
Time/Div Range
Clock Accuracy

5 ps

Main and up to four zoom traces simultaneously
: 1 ns/div to 1000 s/div
: £ 10 ppm

Interpolator Resolution:

External Clock: LT342/LT344/L7322: £500 MHz; LT224: £ 200 MHz; 50 W, or 1 MW impedan

ce

TRIGGERING
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

Pre-Trigger Recording:
Post Trigger Delay:
Holdoff by Time or Events:
Trigger Range:
Maximum Trigger Frequency:

Internal

DC, AC, HF, HFREJ, LFREJ (reject frequency 50 kHz typical)

0-10 000 divisions

+ 5 div

0-100 % of horizontal time scale
Up to 20 s or from 1 to 99 999 999 events

Up to 500 MHz with HF coupling
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Architecture and Specifications

AExternal Trigger Input: £0.5V, £5 V with Ext 10; max input input channels

SMART TRIGGER
Signal pulse width: 2 ns . < 2.5 ns 20 s

Signal interval: 10 ns 20 s .
TV: Triggers on line (up to 1500) and field 1 or 2 (odd or even) for PAL (SECAM), NTSC,
or non-standard video.

State/Edge qualified: ( transition) ,
Dropout: 25 ns 20 s time
AUTOSETUP

timebase, trigger sensitivity

Vertical Find: Input sensitivity

PROBES

Model PPO0O06: PP0O06 with auto-detect: 10:1, 10 MW; one probe per channel

Probe System: ProBus Intelligent Probe System active, high-voltage, current diffe
rential probes, 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
Number of Traces: Maximum eight on LT344, LT224 Series, six on LT342, LT322 Series; si
multaneously display channel, zoom, memory, and math traces

Grid Styles: Single, Dual, Quad, Octal, XY, Single+XY, Dual+XY; Full Screen gives enla
rged view of each style

Waveform Display Styles: Sample dots joined or dots only —regular or bold

PERSISTENCE
Analog Persistence and Color Graded Persistence: Variable saturation levels; trace
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Architecture and Specifications

persistence .
Trace Display: Opaque or transparent overlap

ZOOM EXPANSION TRACES

Style: 4 zoom trace

Vertical Zoom: Up to 5x expansion, 50x with averaging
Horizontal Zoom: Expand to 2 pts/div, magnify to 50 000x
Autoscroll:

Processor: 96 MHz Power PC

LT342/LT322 LT344/0LT224 LT342L LT344L
16 MBYTES 16 MBYTES 32 MBYTES 32 MBYTES
64 MBYTE

M1, M2, M3, M4; acquisition memory
Zoom and Math: A, B, C, D; acquisition memory
Memories M1-4 and A-D store full-length waveforms with 16 bits/data point

SETUP STORAGE
For front panel and instrument status: 4

MATH TOOLS
4 MATH ; trace MATH
: add, subtract, multiply, divide, negate, identity, summation, a
veraging to 1000 sweeps, ERES low-pass digital filters for 11-bit vertical resolution,
FFT of 50 kpoint waveforms, Extrema for displaying envelope roof and floor, physical
units, rescale (with units), sin x/x, resample (deskew).

175



Architecture and Specifications

(MEASURE TOOLS)
(Cursor Measurements):
> (Relative Time: +0.05 % full scale
> Relative Amplitude (Voltage): bar +0.2 % fs
> Absolute Time: (cross-hair)

» Absolute Amplitude (Voltage):

Automated Measurements: 5 , ,

Pass/Fail: 5 .
PC mask . , GPIB SRO
, pulse out pass/fail
MATH (EXTENDED MATH AND MEASUREMENTS OPTION)
MATH .MATH ,
MATH, integration, derivative, log ( e 10), square, square root, absolute
value, trend data log

WAVEANALYZER OPTION

MATH FFTs of 1 Mpoint waveforms, power spectrum density, spectrum averaging,
waveform averaging to one million sweeps, continuous averaging, waveform histograms  histogram
parameters . Extended Math Measurement option

(SPECIAL APPLICATION SOLUTIONS)

Jitter and Timing Analysis (JTA): Precision cycle-to-cycle ,

persistence traces , persistence to waveform tracing and full statistical analysis.

PowerMeasurea : . timing deskew
rescale
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Architecture and Specifications

INTERFACE

Remote Control: Full control via GPIB and RS-232-C*
Floppy Drive: Internal, DOS-format, 3.5" high-density
PC Card Slot:

External 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

A* 3m Shielded cables  EMC Directive 89/336/EEC

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 MW at rear panel
BNC (output resistance 300 W 10 %)

&GENERAL

:5-40° C; 80% RH max (non-condensing) at 40° C; £ 2000 m
;3 MIL-PRF-28800F

(Requirements): 90-132 V AC and 180-250 V AC; 45-66 Hz; automatic AC voltage selection;
Power dissipation: 230 VA max

(HWD): 210 mm x 350 mm x 300 mm (8.3" x 13.8" x 11.8"); feet
:8 kg (18 Ibs)
3
:CE, UL cuL
CE : EMC Directive 89/336/EEC

Low Voltage Directive 73/23/EEC

» EMC Directive EN61326-1: 1997
, EMC
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Architecture and Specifications

> ; EN55011: 1991, Class A Radiated and conducted emissions
EN61000-3-2: 1995 Harmonic Current Emissions
EN61000-3-3: 1995 Voltage Fluctuations and Flickers
A )
> ENV 50204: 1995 900 MHz Keyed Carrier RF Field
EN 61000-4-2: 1995 Electrostatic Discharge

EN 61000-4-3: 1996* RF Radiated Electromagnetic Field
EN 61000-4-4: 1995* Electrical Fast Transient/Burst
EN 61000-4-5: 1995* Surges

EN 61000-4-6: 1996* RF Conducted Electromagnetic Field
EN 61000-4-8: 1994 Power Frequency Magnetic Field

EN 61000-4-11: 1994** Mains Dips and Interruptions

* (Performance Criteria) “B” limits — ,
*x (Performance Criteria) “C’" limits — ,
» Low Voltage Directive: EN61010-1: 1993 + Amd.2: 1995
EN61010-1
(Overvoltage) . 2
» UL and cUL Certifcations: UL UL 3111-1

: CSA-C22.2 No. 1010.1-92
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GLOSSARY OF TECHNICAL TERMS
L ee—

Acquisition Time: sample-and-hold track-and-hold , track , full-scale
slew band
ADC: -
Aliasing: )
“aliasing” , ,
AND: Input  TRUE Output TRUE (Logical
designation)
Aperture Jitter: sample-hold ADC , ( convert) Input
(jitter). (thermal noise) . delta t*dV/dt
, deltat aperture jitter ,dv/dt
. “aperture jitter”  ““aperture uncertainty”
Aperture Uncertainty: sample-hold ADC , , - (flash ADC )s
, ( convert)
“aperture jitter , “aperture uncertainty”
Area: DSO ,
Artifact Rejection: summed averaging
Automatic Setup: , sensitivity , , scaling.

Average: Mean Value, Summed Averaging  Continuous Averaging
Bandwidth: , amplifier gain 3dB
BER: Bit Error Rate

Binning:

Bit: “binary digit,” ,0 1 ,

Bit Error Rate:
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GLOSSARY

CCD: (Charge Coupled Device). sell

: X (analog shift register).
Channel: , ( )-
Clamping: , FET, forward-biased ,

( )

Coherent Gain: normalized coherent gain  rectangular 1.0 (0
dB) , 1.0
Common Mode Range: differential Input ( )
Common Mode Rejection Ratio: dB common-
Input , differential amplifier
Common Mode Signal (Noise): , differential phase (

). Differential Input

Continuous Averaging: “exponential averaging,” , weight

. S(i,new) = N/(N+1) *
[S(i,old) + 1/(N+1) * W(i)] i = 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: ) ;
, BCD

Crosstalk:

Cursor: . LeCroy DSOs
“waveform riding”

DAC: -

Data Logger: Input ( ) , ,
. Strip-chart

DC:
DC Level Shift: nominal DC
DC Offset: DC Level Shift . shift

DC Overload: duty
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Technical Terms

Dead Time: , dead time acquisition acquisition
Decimation: (n )n )
Differential Input: Input

Differential Linearity: differential non-linearity

Differential Non-Linearity: 1. plot
departure; 2. single ( )
Random Input bin

Differential Output:

Differential Pulses: (polarity)
Dithering: ADC  non-linearities
content ) .

incoming offset

Digital Filtering:

Dropout Trigger: (LeCroy DSOs
drop out . crash,

Duty Cycle: midpoint

Dynamic Range:
Dynamic RAM (DRAM): refreshed

ECL: Emitter-coupled logic, emitter-coupled transistors
-16V LOGICALO0=-0.8V.

EMI:

ENBW (Equivalent Noise Bandwidth): bin
power (

Input  percentage
ADCs TDCs

Output
(
ADC
. Summed average , offsets
25ns 20s)

hangups , bus contention

random access

,ECLLOGICAL1=

, ENBW
gain ).
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Enhanced Resolution (ERES): single-shot

Signal Averaging  single-shot ,
Envelope: , . LeCroy DSOs ,
EPROM: , read-only
Equivalent Time Sampling (EQT): (ETS ) single-shot
digitizer
Extrema: , (roof)
roof
floor
Falltime: , 90 % 10 %
Fast Fourier Transform (FFT): ,FFT n
, n complex Fourier coefficients , Input
. “real” (imaginary part equals 0) ,n/2
Feedthrough:
FFT: Fast Fourier Transform
FFT Frequency Bins: Fast Fourier Transform (FFT) n/2 bank
n/2 discrete
, ,n/2* bins”
bin (H2) cdeltaf=1/T , T
.bin " nominal delta f
FFT :FFT 0Hz Nyquist
FFT Frequency Resolution: , bin delta f
, delta f
| (,
ENBW
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LeCroy DSOs

, ERES

1t0 106

acquisition  exploiting

(floor) envelope

harmonic component

harmonic components

, delta f

delta f (,bin



Technical Terms

FFT Number of Points: FFT bound (Transform Size)
.FFT n/2 spectra

FFT Total Power: , power
FIFO: (First-in, first-out) ( ).

Filter: )

) ( , CCD) integration, differentiation

smoothing

Flash ADC: - , comparator
, 2n-1 . n ADC

Floor: envelope ( )

FWHM: Full-Width Half Maximum. 50%
Gate: 1. ( , AND, OR); 2.

Input
Glitch: (spike)

Glitch Trigger:

Ground Loop: pick-up ,

HF Sync: divider ,

Histogram: , bin . bin
bin bar plot

Holdoff by Events:

hold-off by events
Holdoff by Time:
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HPGL:
Hybrid Circuit: '

IC: . multiple-element
Integral Linearity: integral non-linearity

Integral Non-Linearity: fit ADC
ADC  reading plus a constant

Interleaved Clocking: ,
. , single unit
Input transient

Interval Trigger:

Jitter: Input

Leakage:
, leakage

Limiter: Input . (Input

Logical 1: TRUE ; (
Logical 0: FALSE ;

Long-Term Stability:

MCA: Multichannel Analyzer ( , analyzer).

Mean Value: DC
Median Value:

Mode Value:

Monolithic IC:
)

Monotonic: sign (derivative)
Multiplexer: Input Output
NAND: (negative true) Output AND

Negation: negative positives positive negatives
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).
interrogate ,
( interrogate

yes).
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Noise Equivalent Power: NEP (W); unity RMS signal-to-noise ratio

NOR: (negative true) Output OR

Nyquist Frequency: Nyquist (f72) ()
, () digitizer

digitizer
“aliasing”

Offset: Input baseline ( 0)
OR: Input ,

Overshoot, Negative: ,

Overshoot, Positive: top ,
.top

Parallel Converter: - . 2n-1
, n ADC

Pass/Fail Testing: mask Post-acquisition

PCMCIA:PC

PCX: T PC Paintbrush ; ZSoft Corporation, Marietta, GA.

Peak Spectral Amplitude:

Period: 50 % (mesial )

Persistence: trace

DSO

PHA (Pulse Height Analyzer): Input

Picket Fence Effect: FFT ,

) Power Spectrum ,
bin 3.92dB
Picket Fence Effect ( Scallop Loss

, Flat Top

Technical Terms

optical power  RMS

/2

probable

JEIDA

(157 ).
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GLOSSARY

Power Spectrum: (V2). 0dBm V2 = (0.316 V peak)?
Vet into 50 (omega) 1mW
Power Density Spectrum: Hz (V2/Hz)
dBm , 0 dBm (V2es/HZ)
Pre-trigger Sampling: transient , stop
Pulse Width: Pulse Start (mesial point,  leading
(trailing mesial point)
Pulse Start: leading 50 % (mesial
Pulse Stop: trailing 50 % (mesial

Pulse Trigger:

RAM:
Random Interleaved Sampling (RIS): EQT ( ETS)
single-shot
offset ,DSO  digitizer full
RIS “pretrigger viewing”
Real Time:
dead time ,
Reciprocal: unity  division.

Reflection Coefficient: ,
Resolution: ADC ,

Reverse Termination:
RF (Radio Frequency):

RFI (Radio Frequency Interference):
EMI
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Risetime: )
leading

RMS (Root Mean Square):

1

ROM: Read-only
randomly accessible.

Roof: envelop  top(
Sample and Hold:

Sampling Frequency: DOS digitizer

Scallop Loss: picket fence

Sensitivity: 1.
2. (
). sensitivity  Input

Shot Noise: . carrier
Mean square shot

(watts)
noise loosely

SMART Trigger: SMART

, missing bit

Smoothing, N-Point: “N”

SNR: -
Square:

Stage Delay: Input

Standard Deviation: .

Standard Trigger:

Technical Terms

count/mvV sensitivity

emitter
current(amps) shot

front ( )

, sync
Waverunner
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State Quialified: State-Qualified
AND

Stop Trigger: transident

Summed, or Summation, Averaging:
TDC: -

Terminate: ,

Test Template:

Threshold:
TIFF (Tagged Image File Format):

Time Between Patterns:
Timeout:

Time Qualified:

Tolerance Mask:

Track and Hold:
.ADC tighter

Transient Recorder: Waveform Digitizer

TTL (Transistor-Transistor Logic):
20to5.0V.

Trend:

Waveform Digitizer:

Window Functions: Fourier analysis
Fourier transform spectrum analyzer
1 3 non-zero
N

188

Time-Qualified

:LOGICAL0=0t0 0.8V LOGICAL 1=

( -
(bit-mapped)
tolerance
Plot.
selectivity ( )
[W = .2y cos(2%k/N)

Kk

. LeCroy



X-Y Display:

trace trace
(Lissajous figures)

plot.

Technical Terms
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