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Teledyne LeCroy Overview
 LeCroy was founded by Walter LeCroy in 1964

 Original products were high-speed digitizers for 
particle physics research

 Corporate headquarters is in Chestnut Ridge, NY 
(USA)
 Regional sales/service offices in every major 

location around the world

 Long history of innovation in digital 
oscilloscopes
 First digital storage oscilloscope
 World’s only 12-bit, 2 GHz, 8ch oscilloscope
 World’s only 12-bit, 8 GHz oscilloscope

 LeCroy acquired several companies to 
become the world leader in protocol analysis.

 In 2012, LeCroy was acquired by Teledyne 
Technologies and renamed Teledyne LeCroy

2

More info at: http://www.teledyne.com/investors/annual-reports

http://www.teledyne.com/investors/annual-reports


The oscilloscopes user’s references … IEEE1057 
1.1 Scope
This standard defines specifications and describes
test methods for measuring the performance of
electronic digitizing waveform recorders, waveform
analyzers, and digitizing oscilloscopes with digital
outputs.

The standard is directed toward, but not restricted
to, general-purpose waveform recorders and
analyzers. Special applications can require
additional manufacturer information and
verification tests not covered in this standard.

IEEE Std 1057™ has many similarities to IEEE
Std 1241™-2010, which applies to analog-to-
digital converters (ADCs).
However, IEEE Std 1057 shall be used for
waveform recorders, and IEEE Std 1241-2010
shall be used for ADCs...
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… hey, should 
I trust what I 
see on my 

oscilloscope?
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An oscilloscope see the signal for all the measurements time?

Is my 
oscilloscope 
showing the 

whole scene?



The measurement system.

TDC
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CONDITIONERINPUT
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CLOCK
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ANALOG TO 

DIGITAL 
CONVERTER

TRIGGER 
PROCESSOR

Display
And

Output

Simplified block diagram of an oscilloscope *

Am I aware of 
the pros and 
cons of each 
single block?

* According to IEEE1057 - 2017
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When the trigger condition is encountered, a real time oscilloscope starts to fill the
memory with the acquired samples. This also allows it to acquire signals that only
happen once (single-shot acquisition).

P.S.: Actually an oscilloscope is continuously acquiring the signal internally, but it
represents it when the signal matched the trigger condition. This allows the user to
see the signal’s behavior before and after the trigger. (Pre and post trigger time).

Data

Captured time= Record Length /Sample Rate  

vo
lta

ge

Minimum time between real-time sampled points
is determined by the fastest sample rate the
realtime scope is capable of 10 GSamples/sec
results in 100 ps between sampled points.

One trigger can
initiate the real-time
sampling of the entire
record length

Real Time (RT) trigger and acquisition capabilities
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An oscilloscope is blind for most of the time …
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Acquisition #1 

Hold off 
Time

Acquisition #2 Acquisition # n

Hold off 
Time

Hold off 
Time

Hey, What’s 
“Hold off ”?

Holdoff is defined as the amount of time that must pass
after the scope finishes completing the acquisition of the
waveform, and all the requested process, from the
previous trigger before the trigger system re-arms for the
next cycle.



An oscilloscope is blind for most of the time …
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Acquisition #1 

Hold off 
Time

Acquisition #2 Acquisition # n

Hold off 
Time

Hold off 
Time

Holdoff can span from a few microseconds to seconds; it depends
of the oscilloscope’s setup and the process it has to perform.
I.e. Measurements, Domain transformations (FFT for spectral
analysis), waveforms’ manipulations like filtering, math's,
decoding, custom’s process or others …

Anyhow, even in the best case (200 ns of rearm time*) the trigger
rate will be no more then 5 MHz … hence if the signal has a
frequency of 50 MHz the oscilloscope will see only 1/10th of it !!!

* This happens only at specific restricted setup like short memory acquisition, no measurements, burst mode …
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An oscilloscope is blind for most of the time … demo

i.e.: 100 Mbit/s

Trigger out

What do you
expect to see?

Generator.

Oscilloscope #1 

Oscilloscope #2 



10

An oscilloscope is blind for most of the time … demo

i.e.: 100 Mbit/s

Trigger out

Generator.

Oscilloscope #1 Oscilloscope #2 



How an oscilloscope can intercept unwanted or rare events…?
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Hold off 
Time

There are three major tasks that an oscilloscope must be able to 
perform:

• To measure the current value of any parameters* of the 
signal.

• To measure the statistical behavior of any parameters of the
signal

• To correlate all the occurrences of any parameters of the
signal versus the elapsed time (Track and Trend)

*the parameters of the signal are: amplitude, rising and falling edges, frequency, duty cycle , width … and so on … 

Statistics, 
Track and 

Trend? 
What are 

they?



The measurement system. 

Please, could you 
show me some real 
examples to better 

explain these 
concepts?

Let’s see a few examples on a real oscilloscope.



How an oscilloscope can intercept unwanted or rare events…?
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Statistic approach 
to win against Hold 

off Time

By observing the current value (the one from the present
acquisition) it will be critical to visually notice a rare event...

current value, 
Statistics, 
Track and 

Trend? What 
are they?



How an oscilloscope can intercept unwanted or rare events…?
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Statistic approach 
to win against Hold 

off Time

If the unwanted and rare event is random by nature, then a
statistical approach will fits the need to intercept it.

Mean, Minimum, 
Maximum and 

standard 
deviation? Why are 
they important to 

me?



How an oscilloscope can intercept unwanted or rare events…?
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Statistic approach 
to win against Hold 

off Time

… and now that the random, unwanted event, has been
detected, it can be triggered and analyzed …

Once I know 
what I’m looking 

for, I can 
measure it ...



How an oscilloscope can follow a parameter’s evolution…?
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Track & Trend
Knowing the statistical values and the histogram allows a
great insight of the signal behavior, but still we cannot say
when a particular parameter’s change over time?

The Track and Trend functions might help to solve this
need.

Statistical analysis 
is great! But How 

should I know 
when the 

parameters have 
changed in time?



What is and how does a track function work?

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

In this acquisition there are 19 occurrences of “Width” measures …

The  track function 
plots all the 
measured values  
time correlated with 
the acquisition.

… by the way, it 
can be done for 
every parameter 
of the signal …

W
id

th
 V
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s



There are three major tasks that an oscilloscope must be able:
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• To measure the current value of
any parameters* of the signal.

• To measure the statistical
behavior of any parameters of
the signal

• To correlate all the occurrences
of any parameters of the signal
versus the elapsed time (Track)
or events (Trend)

*the parameters of the signal are: amplitude, rising and falling edges, frequency, duty cycle , width … and so on … 

Exciting!!!
Where 

should I 
found more 

details?

More Details available here:  

http://cdn.teledynelecroy.com/files/appnotes/trends_tracks_and_histogram
s_appnotes.pdf

http://cdn.teledynelecroy.com/files/appnotes/trends_tracks_and_histograms_appnotes.pdf
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Measurements: A few simple good practice to remember …

… If you are carrying a load of junk, with a brand new truck…

… you will end up with ... a load of rubbish!

… so, be aware of what you are doing before 
taking a measure! (…from my old professor of electronics)
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• Allow for recommended warm-up times
• Use the needed bandwidth setup, sample rate and capture time
• Maximize, without clipping, the usage of vertical grid
• Check the impedance of the system vs the frequency of the signal
• Apply filters, when possible, to improve Signal to Noise Ratio
• Auto Zero differential probes
• Degauss current probes
• Deskew current or voltage measurement devices
• Possibly avoid use of non-zero offset values
• Compensate passive probes
• Run the latest available version of firmware 
• Check for the validity of the calibration document

… hence, before doing a measure with in oscilloscope …

Measurements: A few simple good practice to remember …



Measurements – Who defines how to perform them?
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Minimum
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Amplitude

Peak / peak
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Rise Time Fall Time
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(50% Amplitude)
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Measuring window, 
left border
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right border



The oscilloscopes user’s references … IEEE181 
1.1 Scope
This standard defines terms pertaining to
transitions, pulses, and related waveforms and
defines procedures for estimating their
parameters.

1.2 Purpose
The purpose of the standard is to
unambiguously and accurately define terms
pertaining to transitions, pulses, and related
waveforms and the algorithm for their
computation. This helps to communicate
requirements between vendors and users,
improves understanding and readability of
instrument performance specifications, and
provides a common ground for parameter and
performance comparisons.
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Measurements – Who defines how to perform them?



The measurement system. How to select the required method? 

Please, could 
you show me 

some real 
examples?

Let’s see a few examples 
on a real oscilloscope.
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Measurements – How many can I perform with an oscilloscope?

…Ok, but I’m 
working with 
RF signals

I’m interested in 
Serial Data 

links 
characterization

Please, show 
me some  

Digital 
modulation  
examples!
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Other kind of measurements: Burst/Pulsed Carrier

Peak
Power

Pulse-Pulse Phase

Pulse Top
Amplitude

Overshoot

50%

Pulse-On

On/Off
Ratio

Pulse-Off

Pulse
Width

Duty Cycle

Pulse Repetition Interval (PRI)

RF

Rise Time, Fall Time, Pulse Width, Pulse Peak Power, Pulse Average, Power, Pulse Ripple, Pulse Repetition Interval, Duty
Cycle, Pulse-to-Pulse Phase Pulse Frequency, Pulse Frequency Error, Pulse Phase Pulse Phase Error, Droop, Trend, FFT of
Trend

How 
should I 

analyze it?



Other kind of measurements: Eye Diagram test

Eye patterns, are a composite display of many oscilloscope waveform acquisitions.
Eye pattern mask testing allows a user to quickly determine if the time-domain
shape of a signal is compliant with limits specified by specific standards.
Statistical analysis of the eye diagram properties are largely used.
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Independent modulation in-phase
and quadrature signals which are
added together to form a
transmitted signal with QPSK
modulation

Other kind of measurements: Digital Modulations

How 
should I 

analyze it?
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Other kind of measurements: Frequency Domain

• Spectral Analysis
• Amplitude vs frequency
• Spectral occupancy 
• Power spectral density

• Spectral hunter
• Signals foes’ detection
• Harmonics Spurious detection
• Frequency Hopping analysis

• Filtering
• Signal manipulation

• Other … What is important 
to consider when 

performing a 
Spectral 
analysis?



Spectral Analysis typical technologies. 
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Which one 
should I 

use? Which 
are pros and 

cons?



Spectrum Analyzer architectures. Super heterodyne

Center 1 GHz         Span 1MHz

10
dB/Div

0
dBm

-100
dBm

Display
Resolution 
Bandpass 

Filter 

Input

Local
OscillatorTime

Sweep

Mixer

Very good for steady-state RF
signals, but almost unable to
catch rapid change like
frequency hopping, RF glitches
or unpredicatble RF events.



Center 1 GHz         Span 1MHz

10
dB/Div

0
dBm

-100
dBm

If there is a rapid change in the
signal, it is statistically probable
that the change will be missed.

The SA does not provide a way to
trigger on this transient signal, nor
can it store a comprehensive
record of signal behavior over
time.
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Spectrum Analyzer architectures. Super heterodyne model - Limitations



RT Spectrum Analyzer architectures. Down Conversion model.

Capture Bandwidth

X A/D Memory
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Dithering
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IF FilterConvert to IF

RF 
Input

Ext. Trigger
Input/Output

Filter and 
Attenuator

f0 f1

Selectable 
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Please, 
could you 
show me 
some real 
examples?



Spectral Analysis with Direct Synthesis model.

• Frequency Hopping analysis

• Time & Frequency correlation

• Mask test on frequency



• Simultaneous Mask
Testing on both Time
and Frequency
domains.

• Full Spectrum
Analysis from DC to
Oscilloscope BW.

• Time & Frequency
correlation

Spectral Analysis with Direct Synthesis model.



• Dual Spectrum 
Analyzer for 
simultaneous 
acquisition in both 
Time and frequency 
domains

• Independent 
Spectrograms

• Independent table 
results.

Spectral Analysis with Direct Synthesis model.
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Other kind of measurements: Decoding and Data Layer measures
Serial Data Analysis
• Single ended /differential signals
• Clock Data Recovery

• CDR Transfer function
• Physical layer analysis

• Jitter, Noise characteristics
• Equalization aspects

• Data decoding features
• Protocol analysis

What are 
Jitter and 

Noise? Why 
should I care 

of them?
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Other kind of measurements: Standards 

http://www.jedec.org/
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Measurements: In conclusion … don’t forget … 

… If you are carrying a load of junk, with a brand new truck…

… you will end up with ... a load of rubbish!
… so, behave correctly! Think about the results you are forecasting before
starting the measures and then explain yourself, anyway, the outcomes
whether they are or not in agreement with your expectations.



Teledyne LeCroy Oscilloscope solutions - From 100MHz up to 65GHz BW

8 Bit ADC Class Oscilloscope

WaveRunner
500 MHz – 4 GHz

WaveSurfer
100 MHz – 1 GHz SDA WaveMaster

4 GHz – 30 GHz

LabMaster
13 GHz – 65 GHz

HDO4-6-8000A
200 MHz – 1 GHz

2, 4 and 8 channels

WavePRO HD
2.5GHz – 8 GHz

WaveRunner
8000HD

350 MHz – 2 GHz – 8+8 Channels

True 12 Bit ADC Class Oscilloscope

T3DSOx000
100 MHz – 350 MHz
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Teledyne Test Tools – A Complete Bench Solution
 A complete range of commonly used Test Equipment

 Oscilloscopes from 100 MHz through 350 MHz
 Function Generators from 5 MHz through 120 MHz
 Bench DC Power Supplies in one through four outputs in Programmable 

and Non-Programmable versions.
 Bench Multimeters in 4.5, 5.5 and 6.5 digit options including a 6.5 digit 

scanner version.
 Electronic Loads in 150V and 500V options.
 Spectrum Analyzers
 Vector Network Analyzers 
 Low cost Current Probes



HDO Family
Performances Specifications

Bandwidth

up to8 GHz

Vertical Resolution

12 bits

Record Length

up to 5Gpts/Ch
Analysis memory

Analog Channels

up to 8+8
Digital Channels

16
Memory Segments

up to65K
HDO stands for: High Definition Oscilloscopes
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More detailed information…

A very extensive set of information are always available at:
https://teledynelecroy.com/

Where should I found more
information? Examples
Application Notes, White
Paper, Videos … manuals
or tutorials?

Let’s have a 
quick tour, 

then…

https://teledynelecroy.com/


Next Coming Teledyne LeCroy Webinar … 
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• Oscilloscope Best Practice – part 3

• Signal Integrity aspects on how to perform correct measurements
• How to perform a correct signal manipulation (Filtering technics in time or frequency

domain)



Oscilloscopes best practice.
(Part 2)

On-Line Seminars - April 21st 2020
Introduced by: ermanno.moscheni@Teledyne.com

Application Engineer – EMEA Group 

Questions?
Thanks

mailto:ermanno.moscheni@Teledyne.com
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