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|2C Introduction

* I'"C-bus = Inter-Integrated Circuit bus =
» Bus developed by Philips in the early 80s Duf
« Simple bi-directional 2-wire bus:

— serial data (SDA)
— serial clock (SCL)

* Has become a worldwide industry standard and used by all
major IC manufacturers

» Multi-master capable bus with arbitration feature

» Master-Slave communication; two-device only communication
(generally)

« Each IC on the bus is identified by its own address code

* The slave can operate as a:
— receiver (slave — receiver)
— transmitter (slave — transmitter)
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12C-Bus Protocol Basic

Start

Slave
Address

R/W

Acknowledge

Stop
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START and STOP Conditions

Question: What is wrong with this figure?

= — =1
| ; == sCL
| |
| |
|
| - -] SDA
|
| /o
|
Bessnsegn
STOP condition
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Start and Stop Conditions

START condition

r— ™

SDA : \

STOP condition
—

SCL

\__/ \

Ll | —— | ——

| I

—

HD STA

/

FEHD;S T

SDA

SCL

Start Condition - a HIGH to LOW transition on the SDA line

while SCL is HIGH

Stop Condition - a LOW to HIGH transition on the SDA line

while SCL is HIGH
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Data Transfer
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ACknowledge interrupt within slave
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clock line held low while :

/ / byte complete,
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interrupts are serviced
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.......... . % : “. |_ P |
......................... Y ACK 2eaniiannn=® ACK —
START or STOP or
repeated START repeated START
condition condition

 During data transfer, SDA must be stable when SCL is High
« Each byte has to be followed by an acknowledge bit
* Number of bytes transmitted per transfer is unrestricted

* [f a slave can’t receive or transmit another complete byte
of data, it can hold the clock line SCL LOW to force the
master into a wait state
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Acknowledge and Not Acknowledge

The I2C specification says:
Data transfer with acknowledge is obligatory. The receiver must
pull down the SDA line during the acknowledge clock pulse so

that it remains stable LOW during the HIGH period of this clock
pulse.

However, there are a few scenarios where there is not an
acknowledge (SDA staying HIGH). Which ones?

1. A receiver with the address is not present in the I2C bus

2. The receiver is performing real-time tasks and it cannot
process the received 12C information

3. The receiver is the master and wants to take control of SDA
line again in order to generate a STOP command. The slave
transmitter MUST then release the SDA line when it sees the
NACK so the master can send the STOP command.
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Key numbers to keep in mind
Fast High
St:‘ﬂ"(‘)‘fgd J?ZZ Mode Speed
Plus Mode
BIt Rate 1 45100 | 010400 |0 to 1000 |0 to 1700 | 0 to 3400
(kb/s) ° ° > i °
Max Load 400 400 550 400 100
(eF)
Rise time 1000 300 120 160 80
(ns)
Noise
filter (ns) ] >0 - - >
. Rise Time
Vob — \
VI 04V @3 mA Smk Current \
oL 0.4 V. @ 20 mA Sink Current (Fm+)
GND
AV 4 °
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12C Hardware architecture

SCL

SDA

+hY

Pull-up resistors

Typical value 2 kQ to 10 kQ
. |
1%c 1%c
DEVICE : DEVICE
I E <
12c pEvice _ 'SC- sDA Open Drain structure (or

Open Collector)

RECEIVE INFO
FROM THE BUS

// Pull-down required on SDA
PUT INFO
o BUS—F but not on SCL

= 10 pF Max
1?— P

I/O Cap
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1°C Pull-up Resistors

How do you calculate pull up resistor values ?

Vpull-up
m f]7 Pull-up resistors

SCL
SDaA
e FC
y 10
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How to calculate I°C Pull-up Resistors?
Minimum value
There is a minimum resistor value determined by the I?C spec limit of 3 mA.

R=(Vdd__ —Vol__ )/ 0.003A
Example: using a 5£0.5 V bus: R = (5.5 — 0.4V/)/ 0.003A = 1.7 kQ

Maximum value

Determined by the I?C-bus rise time requirements:

V(t1) = 0.3*Vdd = Vdd (1-1/et/RC); then t1 = 0.3566749*RC

V(t2) = 0.7*Vdd = Vdd (1-1/et?RC); then t2 = 1.2039729*RC
t =12—t1 =0.8472979*RC

For standard-mode I?C-bus: t = rise time = 1000ns (1 us)
so RC =1180.2 ns

Example: at a bus load of 400 pF: R, = 2.95 kQ

For fast-mode:
1?C-bus rise time = 300 ns @ 400 pF: R, =885 0Q
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|2C Address, Basics

iﬁi B = | | e e
i
10100 1 1 "~
— A
1010 A,AARW w2
\ X y New devices or
Fixgd Hardeare functions can be

easily “clipped” on

Selectable to an existing bus!

« Each device is addressed individually by software

« Unique address per device: fully fixed or with a programmable part
through hardware pin(s)

* Programmable pins mean that several of the same devices can share
the same bus

 Address allocation coordinated by the 12C-bus committee
« 112 different addresses max with the 7-bit format (others reserved)
» 10-bit format use a 2 byte message: 1111 0AA;R/W + ACAAAAAA LA,

) ¥ 4
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Multi Master Mode - Clock Synchronization

vdd ! T, !
Master 1 Master 2 > >
_:\L/ Th o/ \_/_
CLK 2 CLK 1 3 T, X
T, T AHL TSC'IE ‘E Ty T —\%\ T / T, \E_
- L' 'H = ' '

Counting T , done
Count  yaijt State
T4 « T.,still counting

Reset Cbunter High T

Start Cou nting T, @

Countmg T ,done
Start Counting Ty, y

SCL I oes High
Iy /o o
:® : Start Countmg Tos @

Counting THlldO”e Counting T,,, done
Start Counting T, Start Counting T,
SCL goes Low i . . SCL gOES Low ® TL = |OngeSt TL = maxX (TLl’ TL2 ’TLn)
}‘ =T ! W=l
---------------------- Py _ o
. ! * Ty =shortest T, =min (Tyy, Tro: Thn )
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Multi Master Mode - Arbitration
« Two or more masters may generate a START condition at the same time

* Arbitration is done on SDA while SCL is HIGH - Slaves are not involved

Master 2 loses arbitration because DATAZ2 = SDA

SUMMARY: the master that sends a “1” while the other sends a “0” loses

the arbitration
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Test: I°C Protocol Summary

START

HIGH to LOW transition on SDA while SCL is HIGH

STOP

LOW to HIGH transition on SDA while SCL is HIGH

DATA

8-bit word, MSB first (Address, Control, Data)

- must be stable when SCL is HIGH
- can change only when SCL is LOW
number of bytes transmitted is unrestricted

ACKNOWLEDGE

done on each 9 th clock pulse during the HIGH period
the transmitter releases the bus - SDA goes HIGH
the receiver pulls DOWN the bus line - SDA goes LOW

CLOCK

Generated by the master(s)

Maximum speed: (100,400,1000,3400 kHz) but NO min.
A receiver can hold SCL LOW when performing
another function (transmitter in a Wait state)

A master can slow down the clock for slow devices

ARBITRATION

Master can start a transfer only if the bus isfree_
Several masters can start a transfer at the same time
Arbitration is done on SDA line

Master that lost the arbitration must stop sending data

-
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Exercise

Use switch S1 to generate an 1°C message to the PCF8574

. +
_ Hnsuitched &U - - - - Y -
l] LCZEI
b T
] [2z] — - I
14H - [ cr cr
[l [ o ] t]
- ]
=T Al = =
g i X PCFEEF4TS
ICEA . o
yoo ]
IC4A ' ==
11 . 2 X Hmr. e oo
4 Fi o
=1 son Pz s H EI
SCL+  PS
. IC4E . p1 [£ : 3
+ ICEER 1] PR —
+FlL <2 A 4 ] a1 e p2
B2 F7
vss B2
el
Cim

LC14

()
]

—T— A low on port pins PO-F3 will turn an LED on

Low - switch open. Bus low. LED off.
High - switch closed. Bus high. LED on.
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Exercise

Obijective: verify understanding of the 1°C bus protocol

Use switch S1 to generate an I°C message to the PCF8574

« The PCF8574 address is 0x40

« The PCF8574 requires one data byte

« The data byte should be OxFA to turn on two of the LEDs

slave address (PCFE574)

| |
I i I
| datato |
A I A | Stop
| 7 A
_ T T T T _ T T . T 1 | T T T _ T T 1 I
SDA 5 o] 1 o 0 A2 A1 AD O I."-". DATA 1 (AP
1 | | | | | | I | | | | 1 | | I
t 4 L
start condition RAW | acknowledg | acknowledgs
: from slawe : fram slave
WRITE TC |
PCAT : |h
| |
I I |
DATA QUT I
FROMPORT I |
i R
|
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Exercise

The following sequence should be followed:

1. Send Start condition
2. Send PCF8574 address with LSB=‘0’ for Write

3. Send data byte OxFA
4. Send Stop condition

5. Don'’t forget the acknowledge clock pulses

slave address (PCFE5T4)

o
i
[
5
=l
A
w
[=1
=

|
|
|
A, | A,
| 7 M
~ — T T T _ T _ T _T T __1 [ T T T _1 T [
Sha =1 o 1 o 0 A2 &A1 AD D I."-‘-. DATA 1 IF-. P
| | 1 | | | | I | | | | | I
$ tt i}
start condition R/W | ackrowledge | acknowl=dgs
: from slave : from slave
WRITE TC |
POART : Ih-
| |
| | |
DATA OUT |
FROMPORT I |
i I
L}
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Quasi Bi-directional I/O Port
Structure
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Quasi Bi-directional I/O Port Structure

write pulse — .

data from
shift register

pOWer-on
reset

read pulse  —»—

data to
shift register

[ i

.

FF

(W]

VoD
100
LA e +

—a

=
PO to P7

| 3

Vag

LP
Fitter

|, 10 Interrugt

Logic

P
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Exercise

Objective: to understand the operation of the quasi bi-directional
port structure

We will use the PCF8574 interface found in Win-I2CUSB Lite

Checkboxes (read-only)
represent state of Port pins
Checked = High

Unchecked = Low \

Press the Read
button to find the
state of the 10 pins

\

P6=switch connected to ground

P AT RS AEDSs
Checked=high (LED off)
Unchecked=low (LED on)

Press Write buttonto ____ ]
send data to PCF8574 —— |
or use Auto Write to
send automatically

1F Win-12CUSB Lite - [PCEBSF4 f PCFBYT4A B-bit I/0 Expanders]
* File Device Opkions MWindow Help

~PCF8574
~I2C Address-

Address limited ko 40h in Win-I2CUSE Lite

~
| g |

Transmission successful

40h 44h 48h 4ch
42h 46h 48h 4Eh
Read PCFB574
P7 P6 P5 P4 ]
P3 p2 P1 PO
| Rewn | [BE
~Write PCF8574
[ T(@r7 MPs) Wrs Epa4
—>(pr3 Fpz Mp1 Mpro |
5 write |FF

] Auto Write Off [ | Auto Readback Ooff | [ Auto Write Off [ | Auto Readback Off

EE)X]
- 8 X

~PCFB574A
PCFE574A not available in Win-12CUSE Lite

~I2C Address

70h 74h 78h 7Ch
72h 76h 7ah 7Eh
~Read PCEB574A
P7 P6 P5 P4
P3 P2 P1 PO
Read “
~Write PCFB574A
P7 P6 P5 P4
P1 PO

#p3 P2

l;

Yrite

Hardware Detected 100 kHz
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Exercise 2

1. Set all the port pins high
using Win-12CUSB Lite

2. Change the state of switch 1
on S2.

3. The INT LED should illuminate

4. Change the state of the switch.
The LED should turn off.

5. Turn the INT LED again by
changing the switch.

6. Using Win-I2CUSB Lite. Read
the PCF8574. What
happened to the Interrupt?

/. Turn the INT LED again by
changing the switch. Write to
the PCF8574. What
happened to the Interrupt?
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