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3 Slides About LeCroy
Review Typical Embedded Controller Environment

– types of signals
– issues on timing
– digital parallel data transfers and serial communications

Capturing Signals
– Triggering on a combination of analog and digital conditions
– Using high sampling rate and long memory to capture signal details

Techniques to make debugging easier
Test equipment tools to validate designs and looking for signal 
anomalies
Utilizing oscilloscopes for both Physical Layer and Data Link Layer 
information
Graphical tools to make debug easier and faster
Knowing more about your embedded system design than you 
expected…



LeCroy is an American company founded in 
1964 by Walter LeCroy 

Origins are high speed digitizers for particle 
physics research

LeCroy corporate headquarters and is 
located in Chestnut Ridge, NY 

Publicly traded on NASDAQ: LCRY

LeCroy has the most advanced technology 
and widest line of digital oscilloscopes (from 
100 MHz to 100 GHz)

LeCroy is the oscilloscope technology leader 
and owns the fastest growing market share 
within the oscilloscope industry-testing serial 
data devices.

In FY2005 and 2006 LeCroy acquired CATC 
and Catalyst who are recognized leaders in 
protocol analyzers and traffic generators for 
a variety of serial data standards.

LeCroy Corporate Overview



LeCroy History – Oscilloscopes, and now 
Protocol Analyzers
LeCroy History – Oscilloscopes, and now 
Protocol Analyzers

Digital Oscilloscopes Introduction in 1985
In 2004 more than 90% of LeCroy revenue was from oscilloscope 
based test systems – in 2005 protocol analyzers were added as 
a major product line through acquisition of CATC and in 2007 
with the acquisition of Catalyst
LeCroy is very focused on the serial data test market
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LeCroy DSO Technology Innovations
LeCroy Was First With:

Glitch Trigger

FFT

Measurement Statistics

Parameter Histograms

Sequence Mode

Multi-Grid Displays

Math-on-Math 

Large Display Screens

Parameter Trends

Waveform Compaction

High Resolution Displays

JitterTrack

Autoscroll

SiGe Analog-to-Digital Converters

User-Designed Custom Functions

Single Shot Eye Patterns

X-Stream Technology

5 GS/s

10 GS/s

18 GHz bandwidth (real time)

100 GHz bandwidth (NRO)

World's Deepest Memory Records
1985 - 32 kpts

1987 - 50 kpts

1991 - 1 Mpts

1994 - 8 Mpts

1997 - 16 Mpts

2000 - 64 Mpts

2003 - 100 Mpts

2005 – 512 Mpts



Mixed Signal TestingMixed Signal Testing

What is the Basic Need?
– Engineers want to use a high quality 4 channel 

scope to view key signals with high sampling 
rate, long memory, good triggering and easy 
to use measurements.  But they also need to 
view many lines of digital addresses/data.

– It can be cumbersome (and expensive) to use 
an oscilloscope and a logic analyzer.  More 
convenient is the use of a normal oscilloscope 
which can also display multiple digital signals.



Recent Advances in Digital System Speed Drive 
Needs for New Types of Testing

Recent Advances in Digital System Speed Drive 
Needs for New Types of Testing

What are the basic measurements?
– As digital signals become faster they take on 

more properties previously attributed to analog 
signals

– Digital engineers are starting to worry about 
signal rise time, overshoot, ringing, pulse widths 
and other types of “analog” properties

– They also need to capture and view the timing of 
many digital lines, find errors and troubleshoot 
system performance

For all of these reasons, a “mixed signal”
scope is often the best tool to use.



What engineers say who design/test products 
that have an analog/digital signal mix

What engineers say who design/test products 
that have an analog/digital signal mix

The Need for Performance
– “My signals are often faster than 125 MHz, sometimes even up above 250 MHz.”
– “We need longer memory, 1 Meg is not always enough, we like to capture a lot of digital 

messages in a single trigger.”
The Need for Channels

– “16 channels are not always enough, sometimes we use 20 or even up to 32+”
– “Provide me with enough channels for address lines, data lines, control lines and serial 

data lines”
The Need for Simplicity

– “External MSOs are great because I can get closer to my board but it must be easy to set 
up.”

– “Logic analyzers are big and clumsy, make the MSO simple so I can use it just like my 
scope”

The Need for a Big Display
– “We use the Agilent but it is hard to look at all the digital signals on the small display, your 

displays are a lot easier to see.”
– “Provide a big color display to easily view all my analog and all digital channels.”

The Need for Serial Data Analysis
– “Give me an easy way to understand data bus traffic.”
– “Allow me to trigger on or search for specific data messages in a long record of bus traffic.”
– “Make the decoded information easy to read quickly.”
– “Let me capture and decode data busses on the MSO inputs and leave the scope channels 

open for other signals.”



A Typical Embedded Controller
(one of the most common mixed signal applications)
A Typical Embedded Controller
(one of the most common mixed signal applications)
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There are Different Serial Data Standards 
for Different Needs

There are Different Serial Data Standards 
for Different Needs

I2C and SPI are used to transfer data from a microcontroller to a 
peripheral in the same embedded controller

UART is used to transfer data from one embedded controller to 
another



The BasicsThe Basics

Capture
– Use the right trigger (combination of digital and analog 

conditions)
– Use long memory at high sample rate for most 

accurate capture of both the digital and analog signals
– Triggering on a certain data value or ID can be useful

View
– A large display with room for all the signals is very 

useful
– View digital lines individually or as bus values

Measure
– Use scope cursor and parameter measurements on 

digital lines in the same fashion as on analog signals



The Need for Serial Trigger and DecodeThe Need for Serial Trigger and Decode

Debugging serial data bus requires the ability to understand 
messages being transmitted on a bus
Measurements are made from message to message or from 
a message to some event that occurs before or after that 
message
Many engineers manually count bits on the screen and jot 
down 1’s and 0’s in log books then convert binary to hex on 
paper

00101000000111111000010101100
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The Need for Serial Trigger and DecodeThe Need for Serial Trigger and Decode

This is a tedious, time consuming process that is 
prone to a lot of mistakes
Difficult for the user to find bit widths in long runs of 
1s or 0s in need of simplification – automated error 
free method is needed
Engineers need to locate and isolate specific 
address, or data data message on a bus or always 
trigger on the start or end of a packet
Traditional oscilloscope triggers provides no way to 
guarantee the user captures a specific data packet
– Edge and width triggers might trigger on any bit

00101000000111111000010101100
5 0 00 7 E 0 2 B 0 0



Overview
Improved Method for Capture and View of Mixed Signals

Overview
Improved Method for Capture and View of Mixed Signals

Long captures of 
digital signals up to 
500MHz with up to 
50 Mpts/ch memory

View digital signals 
as individual lines or 

as a bus

Trigger on and 
decode serial data 

signals such as I2C, 
SPI, UART, RS-232, 

CAN and LIN

Capture signals on 
analog inputs with 
bandwidths up to 2 
GHz and sampling 
rate up to 10 GS/s

Capture long 
records of analog 
signals with up to 

12.5 Mpts/ch



How to Use the Tools (it is pretty easy)How to Use the Tools (it is pretty easy)

Decoded data is displayed directly over 
the physical layer waveform
Decode 4 busses simultaneously
Zooming in on a decoded waveform 
shows more detail
Data can be captured on any scope 
channel or MSO input
Decoded data can be displayed in an 
interactive table – clicking a table entry 
automatically zooms to that message
Search functionality quickly scans long 
record lengths for a particular message of 
interest
Protocol specific triggers for:
– I2C – 7 or 10 bit address, data, start, 

stop, restart, No Ack
– SPI – support for 2, 3 or 4 wire SPI 

including SSPI and SIOP
– UART – support for RS-232, 8 or 9 bit 

UART and completely customizable 
for any UART based signal



Triggering on a Mixture of Analog and Digital 
Conditions

Triggering on a Mixture of Analog and Digital 
Conditions

Digital channel 
as a source for 

oscilloscope 
trigger

Digital channel 
as a source for 

serial data trigger

Analog/Digital 
Cross Pattern 

Trigger



Analog, Digital and Cross Triggering 
Capabilities
Analog, Digital and Cross Triggering 
Capabilities

Use LeCroy’s basic triggers and 
SMART triggers on any of the analog 
or digital lines

– Edge, Width, Glitch, Interval, Dropout

Pattern trigger can be used to set a 
simple or complex pattern using any 
combination of analog and digital 
channels

– Choose between 1, 0, rising edge, 
falling edge, eiter edge or don’t care 
trigger conditions

Bus Trigger - Create a digital trigger 
that corresponds to a hexadecimal 
bus value for up to 36 digital bits

Qualified Event Trigger – Arm the 
trigger on an analog signal and trigger 
on a pattern or use one pattern to arm 
the trigger for a second pattern



Viewing Digital WaveformsViewing Digital Waveforms

Digital logic lines can be grouped into Digital logic lines can be grouped into 
““busesbuses”” and displayed as a bus viewand displayed as a bus view

••Saves display areaSaves display area
••Makes interpretation easierMakes interpretation easier
••Can make trigger setup easierCan make trigger setup easier

User can User can 
control size control size 
and position and position 
of digital lines of digital lines 
and digital and digital 
buses buses 



Cursors and MeasurementsCursors and Measurements

Cursor Values are  Cursor Values are  
Calculated for each Calculated for each 
Digital Group and Digital Group and 

displayed in displayed in 
Hexadecimal Hexadecimal 

FormatFormat

Measurements may Measurements may 
be used with Digital be used with Digital 

ChannelsChannels

FrequencyFrequency

PeriodPeriod

WidthWidth

DelayDelay

DelayDelay

Duty CycleDuty Cycle

Use common oscilloscope Use common oscilloscope 
tools to measure digital signalstools to measure digital signals



Examples of Real Measurements on a Variety of 
Different Serial Busses

Examples of Real Measurements on a Variety of 
Different Serial Busses



I2C Decoding



I2C Data & Clock SignalI2C Data & Clock Signal

Data

(SDA)

Clock

(SCL)



I2C Hex Data ViewI2C Hex Data View



I2C Binary ViewI2C Binary View



I2C ASCII ViewI2C ASCII View



I2C Message DetailsI2C Message Details



I2C Trigger 



I2C Trigger Type “Start Trigger”I2C Trigger Type “Start Trigger”



I2C Trigger Type “Restart Trigger”I2C Trigger Type “Restart Trigger”



I2C Trigger Type “Stop Trigger”I2C Trigger Type “Stop Trigger”



I2C Trigger Type “Address”I2C Trigger Type “Address”



I2C Trigger Type “Address & Data”I2C Trigger Type “Address & Data”



I2C Trigger Type “Frame Length”I2C Trigger Type “Frame Length”



I2C Trigger Type “No Ack”I2C Trigger Type “No Ack”



I2C Trigger Type “EEPROM”I2C Trigger Type “EEPROM”



SPI Decoding



SPI Data & ClockSPI Data & Clock

Data

Clock



SPI Hex DecodingSPI Hex Decoding



SPI Binary DecodingSPI Binary Decoding



SPI ASCII decodingSPI ASCII decoding



SPI Trigger



SPI Data TriggerSPI Data Trigger



SIOP Data TriggerSIOP Data Trigger



SSPI Data TriggerSSPI Data Trigger



UART Trigger & Decode



UART Trigger MenuUART Trigger Menu



UART Parity SelectionUART Parity Selection



UART Stop Bit SelectionUART Stop Bit Selection



UART 9th Bit (“Alert“-Bit) SelectionUART 9th Bit (“Alert“-Bit) Selection



UART Data Pattern Trigger ConditionUART Data Pattern Trigger Condition



RS-232 Trigger on PatternRS-232 Trigger on Pattern



UART Decode MenuUART Decode Menu



UART Decode Table ViewUART Decode Table View



UART Decode Table ExportUART Decode Table Export



UART Decode Level SettingsUART Decode Level Settings



UART Decode Level SettingsUART Decode Level Settings



UART Binary Decoding (Dual Grid)UART Binary Decoding (Dual Grid)



UART Binary Decoding (Single Grid)UART Binary Decoding (Single Grid)



UART Hex DecodingUART Hex Decoding



UART ASCII DecodingUART ASCII Decoding



UART Link to TriggerUART Link to Trigger


