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Oscilloscope Block Diagram
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+ Amplifiers and attenuators scale the input signals amplitude to match the input range of the Analog to Digital Converter (ADC)

+ The ADC samples the analog signal and converts the voltage into a digital number

”“ TELEDYNE LECROY
Everywhereyoulook




Quantization Error

~ Zooms of
rising edges
2 show

P quantization

~
ey levels

‘‘‘‘‘

"“ TELEDYNE LECROY
Everywhereyoulook

6/6/2016



Enhanced Resolution

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help

Description

+ERES increases vertical resolution by filter the
waveform .
Interpolation

+Gain up to 3 bits of resolution in %2 bit steps : Linear
Moise Filter (ERes)

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utliies Help

Usage
+ Suitable for single-shot

and repetitive
waveforms Interpolation

Linear

+Reduces noise Noise Filter (ERes)
- +3 Dit
+Increases precision =

. — ~-3dB @ 320.0 MHz
Disadvantages ‘ I-
+ Effective bandwidth @ ‘ =

decreased by 50% for |[ESimmes -
every 7 bit gain =

width
ABandwidth

ABandwidth
DC500 Full =1

-3dB @ 320.0 MHz

Optimize
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12-bit High Definition Technology — Teledyne LeCroy HDO6000

+ Combination of
+ High Sample Rate 12-bit ADCs
+ High signal-to-noise input amplifiers
+ Low noise system architecture

4+ 16 times more resolution than traditional
8-bit scope

+ Capture high frequency signals with 1GHz
bandwidth

+ Benefits
+ Clean, Crisp Waveforms
+ More Signal Details
+ Precise Waveform Measurements
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Introducing the Teledyne LeCroy HDO8000 Oscilloscope

+ Further

+ 8 analog input channels

+ ldeal for high power and three-phase
power electronics analysis

+ Very useful for deeply embedded
electronic/mechatronic systems

+ Finer
+ 12-bit HD4096 High Definition
Technology
+ “16x closer to perfect”
+ Faster
+ Upto1 GHz HD4096 12-bit technology is being
+ Bandwidth for today’s and tomorrow’s deployed into 8 channels to meet the
technologies needs of fast growing applications
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—Tradltlonal High Channel Count Setup
sCoherent Modulation Measurements, 2009-2010
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LabMaster 10-100 Zi 100 GHz Real Time Bandwidth

+ Starting at 25 GHz bandwidth

+ The highest bandwidth: Up to
100 GHz

+ The fastest sample rate: Up to
240 GS/s

+ The highest channel count:
+ Up to 80 channels @ 36 GHz
+ Up to 40 channels @ 65 GHz
+ Up to 20 channels @ 100 GHz
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60 Channel 10Zi System at NY Factory
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Track View

Frequency is measured and + Histograms reveal
| df h f statistical distribution of
plotted for each cycle values, but they contain

no timing information

Track View plots the value
of a measurement versus
time

Track waveform values
are calculated cycle by
cycle

Track_ wavefc_)rm is time
coincident with source
waveform

Frequency of Track plot reveals FM
modulation rate of 100 kHz
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Track of Frequency Reveals Shape of Velocity Curve

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Support Téﬂegﬁ Processing” "I} P> Gesture W

P9-freq@iv(F2)

4.29629 MHz

52.80 MHz

861.20 kHz

124.42755 MHz

33.88 MHz

4.875e+3

A
. Thgo=r  @E
5.00 mV/div 20.0 MHz/div X i 50.0ns/div Stop 0.0 mV
20.0 ps/div 20.0ps/div 400kS  80.0 GS/s| Edge Positive:

X1= 31.3346 ps

+ 12865 mV ¢  103.085 MHz
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User-Defined Custom Measurements

select Measurement

Category

All
Measure

Custom

Disk
Local

Disk
Standard

Ethernet

Frequency
Analysis

Harizontal

[EC-EMC

Choices

NS

[ Name
Excel param

Fast Multivy
Port

HParam script
Mathcad param

MATLAB param

Param script

| Description
Perform Measurement in Excel. Transfers 1 or 2
waveforms and reads the resulting parameter value.

using multiple inputs provides memory mapped file
access for user-based computation of a waveform andior
parameter calculations

Visual Basic (or Java) script which produces a
measurement from one or two input histogram results

Produces a parameter using a user specified Mathcad
function

Produces a parameter using a user specified MATLAB
function

Yisual Basic script which produces a measurement from
one or two input waveforms

Cancel
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Custom parameters
are selected from the
measurement menu
like any standard
parameter. Supports
Supports MATLAB,
C/C++, Visual Basic
Script, VBA, MS Excel,
and JavaScript
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User-Defined Custom Math

Select Math Operator

; Custom math functions are
Furn?ltilcun-s. math F‘:erfcurm Math in Excel. Tran or 2 waveforms into ] S e’ ec ted fr om th e m ath s etup

and reads the resulting waveform.

E__ : . as ve C waveform using a user specified function menu Iike any Standard funCtion.
: Script is entered in

Math script ual B which produces a waveform from one or

G N
‘ sl two input forms

Doctor function MATLAB Code

. MATLAB math F'I'CId!J' a waveform using a user specified MATLAB - —0.5 * WeormInl:

Filter function utput waveform units and scaling with the following
3. Uncomment and calculate as needed
='V';horUnits="'5";

Frequen =-0.05;verStop=0.05;hor0ffset=0;horPerStep=1.0e-10;

Analy

' LI Close
Functions MATLAB

Process waveformi jith MATLAB MATLAB Response

Graphing

B WATLAB plot |

Zero Offset : (div
Find 0e-9 50.000000e-3

Scale

100 M8

Load Code Save Code

Close
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In-Line Custom Math and Measurements

OTHER =
OSCILLOSCOPES EREIITD
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MATLAB Spectrogram on Scope

File Verical Timebase Trigger Display Cursors Measure Math AnalySispet : ing: 11

Figure1
File Edit View Insert Tools Desktop Window Help

D8 de | R|RRODEAL-S |0

8
x 10

~
=4
o'
c
5
=
=
(=

'S

50.0ns/div| Stop 0.0mV
40.0kS 80.0 GS/s| Edge Positive
Math ‘ (Fo | ime (s = Close

Trace On ‘

No data l 20.0 mVidiv
50.0 ps/div

Sourcel “_:“\ } Operator1 Process waveform(s) with MATLAB

—_— M ¥ V] MATLAB math

_single dual

| fix) | qlfe c2 | MATLAB(M1,C2) Zero Offset Scale/div
graph web edit Actions for trace F1 0e-9 50.000000e-3

MATLAB plot ]
Source2 Summary

L. A
Measure Store
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Create Custom Math Functions with Excel

2l Book?

1
2
3
4
5
5]
7
g
9
10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
25
27
28
29
30
31
32

A

-0.00156
-0.01563
0.02813
-0.04531
-0.05781
0.07031
-0.081
-0.059685
-0.10312
-0.11406
0121858
012812
-0.13306
-0.14375
-0.14685
-0.14685
-0.15
-0.15156
014844
014544
0.14531
013435
-0.13435
012344
-0.11406
-0.10463
-0.08531
0.08125
-0.06875
-0.05468
-0.04531

44 » M} Sheetl / sheetz f sheeta /

=] ©
Source 1" Source 2 Result

0151562 2 44141E-06
0.148438 0.000244141

0.15 0.000751016
0.1455875 0.002053223
0.148433 0.003342285
0.148438 0.004943843

E

F

G H

Sourcel " Source? " Result

J K L i N
LeCroy XStream Excel Processor

0.15 0.009384766
0.148433 0.010634765
0151562 0.013010255
0.1465875 0.014853516
0.148438 0.016416015

0.15 0.019333381

0.15 0.020654062
0.148433 0.021572268
0151562 0.021572268
0.153125 0.022500002

015 0.022971191
0.148438 0.022033621
0.148433 0.022033691
0.154688 0.021115724
0.153125 0.018056642
0.148438 0.0180566

0.15) 0.01523681
0151562 0.013010255
0.148433 0.010952474

0.15 0.009084472

0.15 0.006601563
0.151562 | 0.004726563

0.15 0.002990723
0.148433 0.002053223

HorOffset -2.5E-06

-2.5E-06| -25E06

nz

0.15 1

005
,D‘] 4
015

0.2

01 1=
0.05 {---

Trace generated in

A )

Excel

NumSamj 1002 1002 1002 Demo Sheet
VerUnits " W W
Horlnits ¥ 3 s 5
HorStart § -2.5E-06 -25E-06 -2.5E-06
HorStop © 2.5E-06 25E-06 25E-0B
VerStart " 02 02 021219
m—rErsp U2 02 0212187
HorPerStt  5E-09  5E-03  SE09

—1

M. L eCroy WaveMaster

Math

‘_-1 00k

Measurements on

Excel-generated trace
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MATLAB Measurements

File Werical Timehase Trigger Display  Cursors  deasure  Math  Analysis Utilities Help P2 | Setup.. +Custom MATLAB parameter
I

I finds the half-life of the

I

|

damped sine wave
+The value 3.149 is the

i number of cycles that have
| occurred when the signal

reaches 50% of its peak
amplitude

P:scriptiF1) PZmatiab(F1 ,C2)
819 my 3.149
810,47 mv 345093
817 my 3140

822 my 3.158

B0 Py 5833

145 141

e e

i '

SCHptiC2) imebaze 0 ni={ll Tricger Single]
S0.0 m iy 5000 nsddiv |DC C1 0.0 mY
41 .5 nEfdiv J 10 GSis |Edge Positive

188 m Wl=-Zi7Gns AX= 307ns

54 my ¥2= 206 9 nz 1iAK= 325 MHz
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