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Introduction of myselfIntroduction of myself

Name: Peter Wiegard
Location: Based in Germany (Heidelberg)
With LeCroy since 1990 with a break of 20 month in 1999
Doing Application since 2000

– Region: Central North (Germany, Austria, Switzerland (German 
part)

– Supporting the Americas region
• 2x per Quarter (10 to 15 days each)

– Responsible for AE support in Europe
– Spec. on Low Speed Serial Data

Mail
– Peter.Wiegard@lecroy.com



AgendaAgenda

Overview of Low Speed Serial Data Busses
– Introduction into I2C

• I2C Basics
• I2C Decoding & Triggering on Physical Layer

– Introduction into SPI
• SPI Basics
• SPI Decoding  & Triggering on Physical Layer

– Introduction into UART/RS232
• UART/RS232 Basics
• UART/RS232 Decoding & Triggering on Physical Layer

How to document your work
– LabNotebook

Know your Waveform
– WaveScan

Customize your scope
Live Demo/ Hands-On



Low Speed Serial Data Basics



General Introduction in Low Speed Serial 
Busses
General Introduction in Low Speed Serial 
Busses
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I2C 
Inter IC



I2C Serial Data OverviewI2C Serial Data Overview

I2C: Inter IC
A defined standard maintained by Philips 
Semiconductor
Master-Slave system with defined addresses for each 
Slave
Bus Speed 100 kHz to 3.4 MHz
2-Wire Bus 

– SDA (Data)
– SCL (Clock)

Market:
– General embedded market – communications 

among peripherals on a board



I2C Bus wiringI2C Bus wiring

Philips

uController

SDA

SCL
Peripheral A

Peripheral B

Peripheral C



I2C Message StructureI2C Message Structure

Start Bit: Begin of the I2C message
Address: 7 or 10-bits

ReadWrite Bit (R/W) : Indicates Data Direction

AcknoledgeBit (Ack): 

Data Bytes: 1to 1000s of Bytes

Stop Bit: End of I2C message



I2C 7 and 10-bit Address StructureI2C 7 and 10-bit Address Structure



I2C Read and Write Message StructureI2C Read and Write Message Structure



I2C Combined Read/Write Message StructureI2C Combined Read/Write Message Structure



LeCroy I2C Decode



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

Serial Peripheral Interface



SPI OverViewSPI OverView

Created by Motorola, but not maintained as 
a Standard
Master -> Slave System with Slave adressed
by Hardware
Bus Speed: up to 50 MHz
– Typical 1 to 2 MHz

4 WireBus (3 wires at the same time)
– Data
– Clock
– Slave select or Chip Select



What means…..What means…..

SSPI: simplified SPI
SIOP: Serial I/O Port
MOSI: Master Out / Slave In Data
MISO: Master In / Slave Out Data
SS: Slave select
CS: Chip select
CPOL: Clock Polarity (0 or 1)
CPHA: Clock Phase ( 0 or 1)



SPI BasicsSPI Basics

SPI has no:
– Identifier
– No Checksum
– No ack
– No ErrorFrame
– No Start /Stop

SPI has only:
– Datafields



SPI (Serial Peripheral Interface)SPI (Serial Peripheral Interface)

FreeScale (Former Motorola) 

uController

MOSI (Master Out Slave In)

SCK
Peripheral A

Peripheral B

Peripheral C

MISO (Master In Slave Out)

SS (Slave Select)

SS (Slave Select)

SS (Slave Select)



SSPI (Simplified SPI) and 
SIOP (Serial I/O Port)
SSPI (Simplified SPI) and 
SIOP (Serial I/O Port)

uController

MOSI (Master Out Slave In)

SCK
Peripheral A

MISO (Master In Slave Out)

SSPI and SIOP are just simplified versions of 
SPI

– No Chip Select (single master/slave)
– Some Fixed CPOL and CPHA settings



SPI Data & ClockSPI Data & Clock

Data

Clock



SPI Decoding



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/RS-232 Trigger & Decode



UARTUART



UART-BasicsUART-Basics

UART - Universal Asynchronous Receiver/Transmitter

– 1 Start Bit
– 5 up to 9 Data Bits
– LSB first
– Parity Bit (optional)
– 1-2 Stop Bits

– Synchronisation done by Receiver
– Synchronisation in the middle of the Start Bit
– TTL-Level
– Data rate up to some MBit/s



RS-232 SpecificationsRS-232 Specifications

– Connection between two devices
– Bidirectional Data transfer
– Minimum three wires (TxD, RxD, GND)
– Signals are single ended (referenced to GND)
– Reversed Logic: Logic “1“ -3V......-15V

Logic “0“ +3V.....+15V
– Data Rate ˜ 256 kBit/s



RS-422 SpecificationsRS-422 Specifications

– Four wires for Receiver and Transmitter
– Signals are differential
– Signal Levels Logic “1“ TxD+ +5V

TxD- 0V
– Signal Levels Logic “0“ TxD+ 0V

TxD- -5V
Minimum Signal Levels ±200mV

– Data lines terminated (120 Ohm for Example)
– Unidirectional Data transfer
– Only one Sender, up to 10 Receiver
– Data Rate 1 MBit/s



RS-485 SpecificationsRS-485 Specifications

– Signals are differential
– Data Lines terminated with 120 Ohm
– Signal Levels ±2V (min. ±200mV) 
– 2 Wire system (half duplex) for Multimaster
– 4 Wire system (full duplex) for Master/Slave
– Bidirectional Datatransfer
– Maximum 32 slaves
– Data Rate = 2,5 MBit/s



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 Decoding Zoom/SearchUART Decoding Zoom/Search



RS-232 Trigger & Decode



RS-232 Trigger MenuRS-232 Trigger Menu



RS-232 Pattern SetupRS-232 Pattern Setup



RS-232 Decode SetupRS-232 Decode Setup




