Decode, Measurement and Debug
of Serial Data Signals —
12C, SPI, UART



Introduction 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
o 2X per Quarter (10 to 15 days each)
— Responsible for AE support in Europe
— Spec. on Low Speed Serial Data
Malil
— Peter.Wiegard@lecroy.com



= Overview of Low Speed Serial Data Busses

— Introduction into 12C
» |12C Basics
» |2C 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
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General Introduction in Low Speed Serial

IEEE1394
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General concept for Serial communications
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+ A point to point communication does not require a Select control signal

» An asynchronous communication does not have a Clock signal
» Data, Select and R/W signals can share the same line, depending on the protocol

« Notice that Slave 1 cannot communicate with Slave 2 or 3 (except via the ‘master’)
Only the ‘master’ can start communicating. Slaves can ‘only speak when spoken to’



Speed of various connectivity methods (bits/s

CAN (1 Wire)

33 kHz (typ)

I°C (‘Industrial’, and SMBus)

100 kHz

SPI

110 kHz (original speed)

CAN (fault tolerant)

125 KHZ

I“C 400 kHz

CAN (high speed) 1 MHz

I“C ‘High Speed mode’ 3.4 MHz )
USB (1.1) 1.5 MHz or 12 MHz
SCSI (parallel bus) 40 MHz

Fast SCSI 8-80 MHz

Ultra SCSI-3 18-160 MHz
Firewire / IEEE1394 400 MHz

Hi-Speed USB (2.0) 480 MHz




Bus characteristics compared

Bus Data rate Length Nodes Node number
(bits / sec) (meters) Length limiting factor Typ.number limiting factor
I’C 400k 2 wiring capacitance 20 400pF max
I2C with buffer 400K 100 propagation delays any no limit
I*C high speed 3.4M 0.5 wiring capacitance 5 100pF max
CAN 1wire 33K 100 total capacitance 32 _
load resistance and
5k 10km :
: ) _ transceiver current
CAN differential 125k 500 propagation delays 100 ST
™ 40
USB (low-speed, 1.1) 1.5M 3 cable specs 2 bus specs
USB (full -speed, 1.1) 1.5M12M 25 5 cables linking 6 nodes 127 bus and hub specs
Hi-Speed USE (2.0) 480M (2m cable node to node)
|EEE-1394 100 to 400M+ 72 16 hops, 4.5Meach 63 G-bit address




12C
Inter IC
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§l |2C Serial Data Overview

12C: 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
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§l 1I2C Bus wiring
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Peripheral C

= Philips
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12C Message Structure

Data0 | AckO] Datal | Ack1] .....
7 or 10bits| 1-bit] 1-bit | 8-bits| 1-bit] 8-bits| 1-hit

=Start Bit: Begin of the 12C 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



|12C 7 and 10-bit Address Structure

«7-bit addressing

L= -

The 7 bits
« 10-bit addressing

T Only one device will acknowledge

XX=the2MSBs | The8remaining |
More than one device can bits Only one device will
acknowledge acknowledge



|I2C Read and Write Message Structure

Read from a Slave device

< ndata bytes = 5'3';

H A | data n data ﬂ m:transmiuer
1 f ;Dﬁ.

“1" = Read Each byte is acknowledged by the master device (except the last

one, just before the STOP condition)

Write to a Slave device

Master .
< ndata bytes > 5'--'; e
b1 1 |

“0" = Write Each byte is acknowledged by the slave device
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§ 12C Combined Read/Write Message Structure

< ndata byles > < madata bytes >
<o e+ (Y R e v [ [ e
“1" = Read Each byte is “0" = Write Each byte is
acknowledged acknowledged
by the master device by the slave device

(except the last one, just
before the Re-START

condition)
< ndata bytes = < mdata bytes =
e i [ o [ <] e - [ -
“0" = Write Each byte is “1" = Read Each byte is
acknowledged acknowledged
by the slave device by the master device

(except the last one, just
before the STOP
condition)



LeCroy 12C Decode
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§l |I2C Data & Clock Signal
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