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Chapter 3

Communication Protocols
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Introduction:

Parallel/Serial Communication




In a system with binary codification

1 Physic Line

e chunk >

MULTIPLEXING

X SPACE (Paralel)

X TIME (Serial)

With a binary code, only a bit may be transmitted through a single line. For units of information of
more than one bit, wether we use more lines (Space multiplexing or parallel) or we assign a time slot to

every bit ( Time multiplexing or serial)



X UF Bus
Paralel Al
1 Transfert > 1

QN1
X Ro232
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SYNCRONOUS/ASYNCRONOUS)

IN ANY SERIAL COMMUNICATION :
X DEMULTIPLEXING IS A MUST
X DEMULTIPLEXING IS A SYNCRONOUS OPERATION
ASYNCRONOUS SERIAL COMMUNICATION :
X SYNCRONIZATION AT THE BEGINNING
OF TRANSMISSION
SYNCRONOUS SERIAL COMMUNICATION :
X CONTINOUS SYNCRONIZATION (Clock Line)
X PERIODIC SYNCRONIZATION (Embedded Clock)

To recover time multiplexed data we need the clock that has been used to multiplex them, so we need
to be syncronized. Strictly speaking, serial transmission is syncronous.

Disrinction between syncronous and asyncronous serial transmission is based on how we do recover
syncronization.

In syncronous serial transmission without dedicated clock line, clock is recovered from data.
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ASYNCRONOUS SERIAL COMMUNICATION
X CLOCK SHIFT ACUMMULATION
X LIMITED MESSAGE LENGTH
X LIMITED TRANSMISSION SPEED
SYNCRONOUS SERIAL COMMUNICATION
X CONSTANT SYNCRONIZATION
X STRICTLY SYNCRONOUS
X EXTRA CLOCK LINE
X PERIODIC SYNCRONIZATION
X SYNCRONIZATION RATE DEPENDS ON SPEED
X SYNCRONIZATION DEPENDS ON MESSAGE




h Digital Systems D

{ I12C Bus




Separate CLOCK (SCL) and DATA (SDA) lines

Uses DOMINANT STATE SIGNALING (Output devices are open collector or open drain)
DOMINANT state is line at low level, when ANY device connected to the line is transmitting a low
level.

RECESSIVE state is line at high level, when ALL devices connected to the line are transmitting a high
level.










Basic transfer is:

1) Start condition

2) 7 address bits

3) 1R/W*bit

4) 1 address acknowledge bit (Slave forcing a dominant level)

5) Undefined time (optional) of “Slave not ready”, where slave forces a dominant level in SCL line,
thus stopping the transmission until ready.

6) 8 data bits or 8 bit groups in case of multiple data transmission.
7) 1 data acknowledge bit (for every data byte)
8) Stop condition




During acknowledge bit time, master leaves SDA line floating (Recessive) and slave forces line
dominant.







Address containing more dominant bits gets the bus




Fast (F): Up to 400 Kbls

igh Speed (Hs): Up to 3.4 Mb/s

10 bit Address

See 12C specs (Annexed documents)
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FAST - MODE 12C BUS DEVICES

See 12C specs (Annexed documents)




SCL may be stretched up to 30-70
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{ CAN Bus
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Physical Layer
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ical Signaling (PLS)
* Bit Encoding/Decoding

= Bit Timing
+ Synchronization

al Medium Attachment (PMA)

* Transceiver Characteristics

m Dependent Interface (MDI)
* Cable/Connector

1) Sublevel MDI: Standard = 120 ohm twisted pair
2) Signaling: Current mode differential. DOMINANT state signaling

3) Controller: Syncronization, bit timing and coding-decoding.
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recessive level

ov

dominant level

IF NOT AN EDGE IN EVERY BIT: HOW DO WE SYNCRONIZE?

No Return to Zero (NRZ)
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bit-sequence to be transmitted

stuffed bit-sequence

de-stuffed bit-sequence received /

MAXIMUM OF 5 BITS WITHOUT TRANSITION

If data do not have a transition at least every 5 bit, a stuffing bit is added for resyncronization
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Time Quantum

Two frequency divission stages to adjust bit time
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Sample Point

Time Quantum (tq) *
—r—
1 Mbitfs
Sthrred 1 2 3| 4 5| 6| 7 8
f— Nomiinal Bit Time———— ™
800 Kbit/s
tq:125ns|123456?8910

Y

10 - 500 kbit's
tq:z\,)mm_.ﬁ‘zm|1 2| 3/4|5[6[7|8|9]10[11]12[13]14] 15|16

TWO OPTIONS: DIVIDING FACTOR & QUANTUM NUMBER
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Nominal Bit-Time

_SEG

PROP_SEG

PHASE_SEG1 |PHASE_:

Sync_Seg .

Prap_Seqg + Phase_Segl: 1., 16 g

Phass_Seql:

11g

1.819  Sample Point
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X SYNC: INDICATES THE BIT START

X PROP: COMPENSATES INTER-NODE DELAY

X PHASE 1: COMPENSATES PHASE L

X PHASE 2: COMPENSATES PHAS
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| Input Signal
i i
Sync_Seg | Prop_Seq + Phase_Segl hase Segl i
@ i
[

1

| .
Sync_Seg* Prap_Seg + Phase_Segi Fhasa_Seq2 1

RIW

RJW (Resynchranization Jump Widthy 1 41 /Rea| Sam p|e Flu.int .
LENGTHEN PHASE 1

RIW (Resincronization Jump Width). Lengthens phase 1 to recover syncronization.
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Input Signal

Sync_Seg

Prop_Seg + Phase_Sag1

Phase_Sag? -

Real Sample Point

RJW [Resynchronzation Jurmng Width): 1. 4 &g

SHORTEN PHASE 2

RIW (Resincronization Jump Width). Shortens phase 2 to recover syncronization
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CAN-Transceiver
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71
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120 Q CAN Bus Line 120 Q
CAN_L
N B ]

Only end nodes have 120 ohm resistor.

All nodes have to be able to act as a master.
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mrif. 1 w5
‘Voltage «—»

5W 7]
15y CAN_H

2,5V ! \

Ycan L f

1.5V

o

Timne
Recessive Cominant Recessive

RECESSVE: CAN_H-CAN_L < 0.5V
DOMINANT: CAN_H-CAN_L > 0.9V

Transmitter:

RECESSIVE: CAN_H-CAN_L <0.1V
DOMINANT: CAN_H-CAN_L > 2V

Receiver:

RECESSIVE: CAN_H-CAN_L < 0.5V
DOMINANT: CAN_H-CAN_L > 0.9V
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2
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Also week Pull-up resistors of 15Kohm approx.
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CAN_H
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CAN Bus Line

CAMN_L

GOOD IMMUNITY TO COMMON MODE NOISE
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Data-Rate [kbits]
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Data Link Layer




Digital Systems J )

X DATA FRAME: INITIATED BY TRANSMITTER (Contains data)
X REMOTE FRAME: INITIATED BY RECEIVER (Data inquiry)

X ERROR FRAME: ERROR SIGNALING (Active or passive)

X OVERLOAD FRAME: RETRANSMISSION INQUIRY (Delayed)
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| STANDARD FRAME (DATA FRAME)
1 12 6 0-64 16 2 3
3 3 F 3 3 h F 3 F 9
Inter-
frame-
Space
Control Field End of Frame
Arbitration Field ACK Field
Start of Frame Data Field CRC Field
[ B ]

It is not an address oriented bus but a message oriented bus. Arbitration field DOES NOT MAKE
REFERENCE TO THE NODE BUT TO THE MESSAGE ITSELF. The same identifyer may be used
by more than one node.
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Standard Format

|soF

Remote Frame

e Arbitration Field —/I-/Cc-ntrol Field

11 bit Identifier

RTR| IDE | ro [DLC

— Data Field

Extended Format AL
“ ArbitratiurJField * Control F.
—ISOF 11 bit Identifier RTRi IDE |18 bit Identifier|RTR| r1|ro |DLC
[ B ]
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S R
op——— Ident'rfier4'{ T|Caontral Data
F10 98765432 10R| Field Field
node 1 listening only
node 2 listening only
node 3
bus-level

Node 3 gets the Bus

Same that 12C.
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[ LIN Bus




COST REDUCTION IS VERY IMPORTANT IN THE
AUTOMOTIVE INDUSTRY
CAN BUS FULFILLS THE ROLE BUT TOO EXPENSIVE
FOR SIMPLE

ILL
FUNCTIONS

SIMPLER PROTOCOL NEEDED FOR SHORT DISTANCE
AND LOW SPEED
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* embedded control multi media
'S N
25M —
D2B, MOST
— optical ring
w L
a 1M Flexray, TTx
= lime triggered (TOMA)
o fault tolerant, dependable
E m = 2¢2 wire [ optical
s CAN-C Bluetooth
3 arbitration (CShMA)
125K dual wire wireless medium
CAN-B
arbitration
fault tolsrant dua wire
20K N
&E;glﬁ{,i” J1850 relative communication cost
single wilre, no quartz | | per node |
0.5 1 2.5 5 e
S B
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X Bidirectional communication through a single wire
X One master and up to 16 slaves

X Dominant-recessive voltage signaling

X Mixture of 12C and RS232

X RC clock with resincronization

X 20 Kbaud maximum speed

X 40 m maximum length

X Can operate along with CAN Bus
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Physical Layer
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Bus LIN o
VBAT - —
] -—=-
1K 30K: . 30K
Connection
SCI SCI SCI
Slave #1 Slave #16
Master GND -——

‘ Transmitter ‘ L Receiver
o V77T Levels o VN

© u/ i Xw

20%

P e A I e
SCI = Serial Computer Interface (UART)

DOMINANT-RECESSIVE signaling. The master has a P.U. resistor of 1kohm. Each slave has a week
P.U. resistor of 30kohm. The series diode is to protect against polarity reversal (always required in
automotive environment)
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Data Link Layer
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I
Byte
START 3 DATA STOP
BIT BITS BIT
\ |
Sync
Delimiter —
[ = Tsyngrk — == [ SYNDEL*
Sync
Byte
START 0 1 2 3 4 7 STOP
BIT BIT
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|dentifyer 00 | 01| 102 | 103 | 04| 105 | PO | P1
SrarT sTOP
—
D0|D1] 02| 03] Dal05] 08 07
Data 00 o7

START STOP
BIT BIT

Checksum | co|ci|czcalcalcs|cs| cr
START sSTOP
BIT Q L2
— B ]

Identifyer has:

1) Four address bits (16 slaves)

2) Two length bits (2,4 or 8 bytes message)
3) Two parity bits




—

Digital Systems j B
COMMAND FRAME COMMAND/DATA FIELDS NEXT MESSAGE
L HEADER L N FRAME
[ T 1
—I '0x3C’ ———- ——
| '0x7D’
SYNCH 'SYNCH IDENT 8 BYTE 1CHECK ' SYNCH SYNCH
BREAK FIELD FIELD FIELDs FIELD BREAK  FIELD
8 byte fields with
user-defined content
[ B |




