12C (T WI) Inter Integrated Circuit

* I2C je sériova synchronna zbernica vyvinuta firmou Philips.
* Na I2C zbernicu mozno pripojit’ EEPROM, ADC, LCD budice, (>1000 IC’s)
* PoCet obvodov pripojenych na zbernicu je obmedzeny poctom
adries a celkovou kapacitou zbernice <400 pF
(,jednotkou dizky je pF*).
* Na prenos informacie su pouzité dve nesymetrické vedenia

— SCL (hodiny) Tieto vodice su obojsmerné a pomocou PULLED UP rezistorov
tahané hore. VSetky zariadenia pripojen¢ na zbernicu musia mat’
,,otvoreny kolektor. BudiCe zbernice maji implementovane

- SDA (data) A r 13
,,drotové AND*.
~VpD
TWI Bus Interconnection pull-up
Vee resistors P Rp

SDA (Serial Data Line)

I " SCL (Serial Clqck Line)
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12C Inter Integrated Circuit

» Kazd¢ zariadenie pripojené k zbernici je i1dentifikovane
7-, resp. (128 zariadeni minus 16 rezervovanych = 112)
10-bitovou adresou (1024 zariadeni minus rezervovane adresy = 1008

,,mostikom* je rezervovana adresa 1111 0XX).

* Mody prenosu (prenosova rychlost):
— Standard mode: <100kb/s
— Fast mode: <400kb/s
— Fast mode plus: <1000kb/s
— High-speed mode: <3400kb/s (10bit adresa, az 1024 zariadeni )



12C- (TWI)

Doélezité poymy:

* Transmitter — zariadenie vysielajuce data na zbernicu.

* Receiver —zariadenie prijimajuce data zo zbernice.

« Master — inicializujuce (zahajuje) prenos na zbernici, generuje
hodinove signaly a ukoncuje prenos. MASTER mozZe byt vo funkcii
vysielaca aj prijimaca.

 Slave — zariadenie adresované MASTER-om. SLAVE moze byt aj

vysielaC aj prijimac.

e Multi-master — schopnost’ sucasnej koexistencie viacerych MASTER-
ov na zbernici bez kolizii a strat dat.

 Arbitration — vlastnost’, ktora zabezpeci, ze v danom Case len jeden

MASTER riadi zbernicu.
e Synchronization — vlastnost’, ktora zabezpeci, synchronizaciu

hodinovych signalov, ktor¢ generuju dve, resp. viacere zariadenia
typu MASTER.
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Zdroj: L | o N
Log. 1~ Prijimac filtruje kratke impulzy na zbernici.
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resistors [P p
Og * - SDA (Serial Data Line) /

SCL(SenaICbckEpsk”//' 4/

SCLK

DATANZ2
ouT

DEVICE 1 DEVICE 2

T=,0°*C

Rise Time
VDD
Vu 0.7%Vpp
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12C protokol:

Prenos dat a formaty prenasaného ramca

« Data st po SDA prenasané bytovo. Niekol'ko bytov ohranic¢enych S a P.
* Na prenesenie jedného Byte je generovany MASTER-om
 8-fj,c predataa
 I-fj, pre ACK. Prijimac potvrdzuje ACK.
Tento jeden bit ,,vysiela® prijimac.

* Prenos bitu(ov)

Prenos bitu je podmieneny jednym pulzom na SCL. Signal na SDA vodici
musi byt stabilny ak je CLK signal v urovni Log. 1.

o _/ T
e

|

| data line | change |
| stable; | ofdata |
| data valid | allowed |

Jedina vynimka z tohto pravidla
je mechanizmus generovania

Bit transfer on the 12C-bus.

Starta StOP podmienky.



12C protokol:
Prenos Start a stoP podmienky.

« Ak je zbernica vol'na, moéZe sa uskuto¢nit’ prenos. T.j. oba vodice su
v logickej jednotke.

« MASTER inicializuje a ukoncuje prenos.

— Prenos sa za¢ne, ak MASTER odvysiela Start podmienku

— prenos sa ukonci, ak MASTER odvysiela stoP podmienku.

— Zbernica je medzi Start a stoP podmienkou v stave ,,busy*.

— Ak sa medzi Start a stoP podmienkou objavi opakovany Start, tento
stav sa oznacuje ako REPEATED Start podmienka (Sr, S).

— Start a stoP podmienka sa realizuji ako zmena na SDA pocas vysoke]
urovne na SCL vodici.

START, REPEATED START and STOP conditions

hol
SDA 3 3
|

[
scL ||

START STOP START REPEATED START STOP



12C protokol:

« VSetky vysielané data pomocou I2C zbernice su 9 bitoveé.

] L . P |
|
|\ X O SRS G G G G o
| | acknowledgement acknowledgement | Sr |
| | signal from slave signal from receiver |
| | byte complete, | |
| ‘ interrupt within slave | ‘
clock line held low while
| | interrupts are serviced | |
SCL S | i | Sr|
1 2 - 7 8 9 1 2 3-8 9 or
L SrJ ACK ACK P
START or
repeated START STOP or
condition repeated START

condition

Data transfer on the 12C-bus.



12C protokol:

Prvy byte (niekedy sa nazyva riadiaci byte) po Start podmienke je rozdeleny na:
7 bitov - adresa — (Pevna a programovatel’na ¢ast’)
1 bit - Read/Write riadiaci bit . Tento bit nastavuje typ operacie.

1 bit — acknowledge bit (ACK). Ak adresované zariadenie rozpozna svoju adresu,
potvrdi to tak, ze pocas 9-teho SCL hodinového signalu stiahne SDA na nizku
uroven. MASTER potom mdZe odvysielat’ stoP podmienku alebo opakovany
Start, aby mohol inicializovat’ novy prenos. Adresny packet pozostavajuci

z adresy SLAVE zariadenia a READ alebo WRITE podmienky sa oznacuje:
SLA+R resp. SLA+W.

MSB LSB

slave address



12C protokol: ,,riadiaci byte*

- 7 bitov - adresa — (Pevna a programovatel'na ¢ast’)

MSB

LSB

Napr.: (1 , 0 1 0 x ,x x

R/W

slave address

- 10bitova adresa

Table 2 Definition of bits in the first byte

Ag;ﬁ‘é‘;s RIW BIT DESCRIPTION e
0000 000 0 General call address |0|0|0‘0‘0|0|0|0|A‘X|X|X|X|X‘X‘X|B|A|
(I _ |
0000 000 1| START byte() (general éall adcress) Second byt e
0000 001 X CBUS address®@
0000 010 X Reserved for different bus .
format(® Fig.15 General call address format.
0000 011 X Reserved for future purposes
0000 1XX X Hs-mode master code When bit B is a ‘zero’; the second byte has the following
1111 1XX X Reserved for future purposes definition:
1111 0XX X 10-bit slave addressing « 00000110 (H'06"). Reset and write programmable part
of slave address by hardware.
1 | 1 | 1 I 1 1 0 | I _ | | I 1 | I |
1 1 | 1 I 1 L L1 1 A

1. byte

2. byte

, LR



12C protokol:
MASTER (TRANSMITTER) — SLAVE (RECEIVER)

_, Vol A Voniad a Voaia Aaml
STy SAVE ADDRESS TV W) A /DATAZ] A [ PRTAZ M P7

‘ \— data transferred A

0 = wrnte (n bytes + acknowledge)

A master-transmitter addressing a slave receiver with a 7-bit address.
The transfer direction is not changed.

Eﬂ from master to slave
A = acknowledge (SDA LOW)

D rom slave fo master A = not acknowledge (SDA HIGH)
S = START condition

P = 5TOP condition

MASTER (RECEIVER) — SLAVE (TRANSMITTER)

S ., SL%UE/ADE}RESS RW~{ A | DATA [A.| DATA (A /F’_/

|+ |+ - |~ |

| data transferred
1= read (n bytes + acknowledge)

A master reads a slave immediately after the first byte.
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12C protokol:
RieSenie problémov na zbernici

RieSenie konfliktov je zaloZzené na pocuvani.
Vysielac€ ,,budi znernicu® a zaroven kontroluje, €1 sa na zbernici objavi to, ¢o
vysiela€ na zbernicu poslal:
* Log.1 — mikky zdroj signalu
 Log. 0 —tvrdy zdroj signalu
Dva dovody, Ze sa neobjavi Log. 1
—Log. 1 (*) Log. 0 =Log. 0.
Do6vod tohto stavu. Napr.: Iny Master (Log. 0) pdsobiaci na zbernici
— Makky zdroj Log. 1.
Do6vod tohto stavu. Vysiela¢ nedokaze v danom cCase ,,nabit* cele
vedenie (celu kapacitu)

11



Synchronny prenos:
mozeme spomalit’, pozastavit’

PomalSie zariadenie (SLAVE) mo6ze

— spomalit’. SLAVE zariadenie moZe v kazdej peridde podrzat’ SCL na log. 0.

— pozastavit’. Ak potrebuje SLAVE zariadenie ¢as na spracovanie dat podrzi
SCL na urovni log. 0 po ACK bite.

12



MultiMaster rezim:

MASTER - inicializujuce (zahajuje) prenos na zbernici, generuje hodinové signaly a
ukoncuje prenos. MASTER moze byt’ vo funkcii vysielaca aj prijimaca. Ak je na
zbernicu pripojeny len jeden MASTER, je komunikacia po zbernici jednoducha.

Ak je na zbernicu pripojenych viacero MASTER-ov, treba urcit, kto v danom stave
riadi zbernicu. Treba riesit’ dve ulohy:

— synchronizaciu hodin (SCL): Ak €o 1 len jeden MASTER nastavi SCL na Log. 0,
zbernica je na Log. 0. Ak MASTER uvolni SCL , musi monitorovat’ (poCuvat’) a
moze taktovat’ Log. 1 az vtedy, ked’ vSetci uvol'nia linku.

— arbitraz: Riesi kolizie na vodicit SDA. MASTER musi ,,pocuvat™ ¢i to, ¢o na linku
nastavil, aj precCita. Ak MASTER precita, iny stav ako nastavil, musi uvol'nit’ linku
(prejst’ do stavu SLAVE — Co ak je adresovany ako SLAVE zariadenie?). Je zreyme,
Ze tento stav nastane, ak jeden MASTER vysiela log. 1 a druhy log. 0. ,,zvit'azi* ten,
ktory vysiela na SDA log. 0.

13



TWI — ATmega48: registre

Bit Rate Generator Unit

This unit controls the period of SCL when operating in a Master mode. The SCL period is con-
trolled by settings in the TWI Bit Rate Register (TWBR) and the Prescaler bits in the TWI Status
Register (TWSR). Slave operation does not depend on Bit Rate or Prescaler settings, but the
CPU clock frequency in the Slave must be at least 16 times higher than the SCL frequency. Note
that slaves may prolong the SCL low period, thereby reducing the average TWI bus clock
period. The SCL frequency is generated according to the following equation:

CPU Clock frequency
16 + 2(TWBR) - (PrescalerValue)

SCL frequency =

* TWBR = Value of the TWI Bit Rate Register.

* PrescalerValue = Value of the prescaler.

Note:  Pull-up resistor values should be selected according to the SCL frequency and the capacitive bus
line load.

TWBR - TWI Bit Rate Register

Bit 7 6 ] 4 3 2 1 0
(0xB8) I TWBRT TWEBRG TWERS TWEBR4 TWBR3 TWEBRZ2 | TWER1 TWERD I TWER
Read/Write R Riw R Riw RAW R R RAW
Initial Value 0 0 0 0 0 0 0 0

» Bits 7...0 - TWI Bit Rate Register
TWBR selects the division factor for the bit rate generator. The bit rate generator is a frequency
divider which generates the SCL clock frequency in the Master modes.

14



TWI — ATmega48: registre

TWCR - TWI Control Register
Bit 7 6 5 4 3 2 0

(0xBC) TWINT TWEA TWSTA TWSTO TWWC TWEN TWIE TWCR

1

Read/Write RIW RIW RIW RIW R RIW
Initial Value 0 0 0 0 ] 0 0

The TWCR is used to control the operation of the TWI. It is used to enable the TWI, to initiate a

Master access by applying a START condition to the bus, to generate a Receiver acknowledge,

to generate a stop condition, and to control halting of the bus while the data to be written to the

bus are written to the TWDR. It also indicates a write collision if data is attempted written to
TWDR while the register is inaccessible.

TWINT — priznak prerusenia.
TWEA - riadi ACK bit.
TWSTA - ,nastavenie* Start bitu.
TWSTO - . nastavenie stoP bitu.

TWEN —, Zapnutie “ I12C (TWI). Riadenie pinov SCL a SDA
prebera 12C.

TWIE - lokalne povolenie prerusenia (nezabudni na GI).

15



TWI — ATmega48: registre

TWSR - TWI Status Register

Bit

(0xB9)
ReadWrite
Initial Value

T ] & 4 3 2 1 0
TWST TWS6 TWS5 TWS4 TWS3 - TWPS1 TWPS0
R R R R R R R RW

1

1

« Bits 7:3 = TWS: TWI Status
These 5 bits reflect the status of the TWI logic and the 2-wire Serial Bus. The different status
codes are described later in this section. Note that the value read from TWSR contains both the
5-bit status value and the 2-bit prescaler value. The application designer should mask the pres-
caler bits to zero when checking the Status bits. This makes status checking independent of
prescaler setting. This approach is used in this datasheet, unless otherwise noted.

» Bits 1:0 - TWPS: TWI Prescaler Bits
These bits can be read and written, and control the bit rate prescaler.

0

0

(wsk and OxF8 )

Table 21-7. TWI Bit Rate Prescaler
TWPS1 TWPSO0 Prescaler Value
0 0 1
0 1 4
1 0 16
1 1 64

16



Formats and States in the Master Transmitter Mode

Successiull
transmission S

SLA

to a slave
receivar /J\
\508)

Mext transfar
started with a
repaated start
condition

Mot acknowledge
received after the
slave address

Mot acknowledge
received after a data

byte

Arbitration lost in slave
addrass or data byte

Arbitration lost and
addressad as slave

A DATA A P
&18) \28)
r
.| Rs SLA
r"‘w
| 319
A P
\$20) !
P

Cither master
continues

Cither mastar
AorA continues

o -
|- \3%8)
A [ o

."f To comasponding
\\?58 $?B ?PBD states in slave mode

MA
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Status codes for Master Transmitter Mode

Satus Code Apphcation Software Response
(TWSR) Status of the 2-wire Serial Bus | Tofrom
Prescaler Bits | and 2owwe Serial Interface | | TWDR To TWCR
are 0 Hardware 5TA | 5TO T\';'IH T‘I-:E Hext Action Taken by TW1 Hardware
=08 A START condibon has been | Load SLAW ] (i} X SLAY will be transmitted;
transmitied ACK or NOT ACK will be recaied
010 A repeated START condiion | Load SLA+W or 0 LI i X SLAW will be transmitted;
has been transmitied ACK or NOT ACK will ba recaived
Load SLA+R 0 0 1 X SLA+R will be transmitted;
Logic will switch o Master Receiver moda
Ix18 SLA+W has been transmitied; Load data byie or ] 0 1 X Data byte will ba transmitted and ACK or MOT ACE will
ACHK has been recerved e recarned
Mo TWDR acton or 1 L1} 1 X Repeated START will be transmitted
Mo TWDR acton or a 1 1 X STOP condition will be transmatted and
TWSTO Flag will b rased
Mo TWDR acton 1 1 1 X STOP condition followed by a START conditon will be
transmitted and TWSTO Flag will be reset
20 SLAHW has been transmitied; Load data byle or ] (i} 1 X Diata byte will be transmitted and ACK or NOT ACK waill
NOT ACK has been recaived & recered
Mo TWDR achon or 1 i} 1 X Repeated START willl be transmitbed
Mo TWDR action or ] | 1 X STOP condition will be transmatted and
TWWSTO Flag will be resed
Mo TWDR action 1 1 1 X STOP condiion followed by 3 START condition will ba
transmitted and TWSTO Flag will be reset
28 Data byte has been transmit- | Load data byte or 0 0 1 X Data byte waill be transmitted and ACK or NOT ACK will
ted; b recaraed
ACK has baen recenasd Mo TWDR acton or 1 1] 1 X Repeated START will ba transmitted
Mo TWDR acton of a 1 1 X STOP condition wall be transmttid and
TWSTO Flag will be resed
Mo TWDR action 1 | 1 X STOP condition followed by 3 START condition will be
transmitted and TWSTO Flag will be reset
=30 Data byle has been transmil- | Load data byle or ] i} 1 X Diata byte will be transmitted and ACK or MOT ACK waill
ted: e recared
NOT ACK has been recaived Mo TWDR action or 1 i} 1 X Repeated START will be transmitied
Mo TWDR acton or ] 1 1 X STOP condition will be fransmatted and
TWSTO Flag will be resel
Mo TWDR acton 1 1 1 X STOP condition followed by a START conditson will be
trangmmitted and TWETO Flag will be reset
38 Artitrabion losl m SLASW or | Mo TWDR acton o a 1] 1 X 2-wire Serial Bus will be rideased and not addressed
data bybes Skave rode enbrd
Mo TWDR action 1 1] 1 X A START condibon wll be transmithed whisn the bus
beiroomigs fris

18



Formats and States in the Master Receiver Mode

MR

Successfull
recaption 3
from a slave
recaiver
- m)
"\"'\-\_
Meaxt transfer
started with a
repeated start
condition
Mot acknowledge

recaived after the
slave address

Arbitration lost in slawve
address or data byta

Arbitration lost and
addressed as slave

SLa

A DATA A DaTA | & p
5 ® ®
&0 C s
= Bs
),
r !
& P
3
N
-
Ao | “ines A | e
§ L
r@f‘/ N
NE
Ta cormesponding

sisies In slave mode

MT

19



Status codes for Master Receiver Mode

Status Code Application Software Response
(TWSR) Status of the 2-wire Seral Bus Te TWCR
Prescaler Bits and 2-wire Serial Interface | 1.4o0m TWDR
are 0 Hardware STA STO Tﬁ'” T"';"'E Next Action Taken by TWI Hardware
Ox08 A START condition has been | Load SLA+R 0 0 1 X SLA+R will be transmitted
transmitted ACK or NOT ACK will be received
Ox10 A repeated START condition | Load SLA+R or 0 0 1 X SLA+R will be transmitted
has been transmitted ACK or NOT ACK will be received
Load SLA+W 0 0 1 X SLA+W will be transmitted
Logic will switch to Master Transmitter mode
Ox38 Arbitration lost in SLA+R or | No TWDR action or 0 0 1 X 2-wire Serial Bus will be released and not addressed
NOT ACK bit Slave mode will be entered
Mo TWDR action 1 0 1 X A START condition will be transmitted when the bus
becomes free
Ox40 SLA+R has been transmitted; Mo TWDR action or 0 0 1 0 Data byte will be received and NOT ACK will be
ACK has been received returmed
Mo TWDR action 0 0 1 1 Data byte will be received and ACK will be returned
Ox48 SLA+R has been transmitted; No TWDR action or 1 0 1 X Repeated START will be transmitted
NOT ACK has been received Mo TWDR action or 0 1 1 X STOP condition will be transmitted and TWSTO Flag
will be reset
Mo TWDR action 1 1 1 X STOP condition followed by a START condition will be
transmitted and TWSTO Flag will be reset
Ox50 Data byte has been received; Read data byte or 0 0 1 0 Data byte will be received and NOT ACK will be
ACK has been returned returned
Read data byte ] ] 1 1 Data byte will be received and ACK will be returned
0x58 Data byte has been received; Read data byte or 1 0 1 X Repeated START will be transmitted
NOT ACK has been returned Read data byte or 0 1 1 X STOP condition will be transmitted and TWSTO Flag
will be reset
Read data byte 1 1 1 X STOP condition followed by a START condition will be
transmitted and TWSTO Flag will be reset

20



TWI — ATmega48: registre

TWDR — TWI Data Register

Bit 7 i ] 4 3 2 1 0

oos)  [Twor ] Twos [ twos [ Twor | Twos | Twor [ Twor [ Twor] o
Read\Write R RW R RW R R R RW

Initial Yalue 1 1 1 1 1 1 1 1

In Transmit mode, TWDR contains the next byte to be transmitted. In Receive mode, the TWDR
contains the last byte received. It is writable while the TWI is not in the process of shifting a byte.
This occurs when the TWI Interrupt Flag (TWINT) is set by hardware. Note that the Data Regis-
ter cannot be initialized by the user before the first interrupt occurs. The data in TWDR remains
stable as long as TWINT is set. While data is shifted out, data on the bus is simultaneously
shifted in. TWDR always contains the last byte present on the bus, except after a wake up from
a sleep mode by the TWI interrupt. In this case, the contents of TWDR is undefined. In the case
of a lost bus arbitration, no data is lost in the transition from Master to Slave. Handling of the
ACK bit is controlled automatically by the TWI logic, the CPU cannot access the ACK bit direcily.

« Bits 7:0 - TWD: TWI Data Register

These eight bits constitute the next data byte to be transmitted, or the latest data byte received
on the 2-wire Serial Bus.
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TWI — ATmega48: registre

TWAR - TWI (Slave) Address Register

Bit 7 i 5 4 3 2 1 0

(0xBA) TWASG TWAS TWA4 TWAZ TWA2 TWAA1 TWAD TWGCE TWAR
Read/Write RAW RIW RW RAW RW RAW RW RW

Initial Value 1 1 1 1 1 1 1 0

The TWAR should be loaded with the 7-bit Slave address (in the seven most significant bits of
TWAR) to which the TWI will respond when programmed as a Slave Transmitter or Receiver,
and not needed in the Master modes. In multi master systems, TWAR must be set in masters
which can be addressed as Slaves by other Masters.

The LSB of TWAR is used to enable recognition of the general call address (0x00). There is an
associated address comparator that looks for the slave address (or general call address if
enabled) in the received serial address. If a match is found, an interrupt request is generated.

* Bits 7:1 — TWA: TWI (Slave) Address Register

* Bit 0 - TWGCE: TWI General Call Recognition Enable Bit
If set, this bit enables the recognition of a General Call given over the 2-wire Serial Bus.

TWAMR - TWI (Slave) Address Mask Register

Bit 7 6 5 4 3 2 1 0
(0xBD) W’—I TWAMR
Read/Write RIW RIW RIW RIW RIW RIW RIW =
initial Value 0 0 0 0 0 0 0 0

* Bits 7:1 — TWAM: TWI Address Mask

The TWAMR can be loaded with a 7-bit Salve Address mask. Each of the bits in TWAMR can
mask (disable) the corresponding address bits in the TWI| Address Register (TWAR). If the mask
bit is set to one then the address match logic ignores the compare between the incoming
address bit and the corresponding bit in TWAR. Figure 21-22 shown the address match logic in
detail.
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[2C — pripojenie EEPROM

Piny: +SV

1,2,3:Adresa IC (max 8) [5 Re Re

4: VSS e { » l » s0a
5: SDA . ceL

6:SCL " 7 !
7:-WP = log. | IEl _________ e ___________ [FI_FI_? ey

H 1 ‘
8: VCC scL ) pata B0 M l A0 Vee :
SOUT AOUT - 2 al HE
e wie——— a2 scLff i
I e f'd‘sr. sbA '
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24C04A S512x8 4kb | WP = WCC =» HR{O—-Z552
R=1 /ACK
sli1|o]| 1|0 gz a1 |po lQ/I-l ACK
S W=0 ACK
01,02 pb—+—+—{ ADRESA = (EbD>
M4
EEPROM maju 04 —+—{Fead{ ADRESA = (2k>
14 I4 3 5
T T
Vnutomy AC: M f RIADIACI ADRESA DATA 0
R BYTE P
®

A, 5,

ktory sa automaticky PN _,
inkrementuje UM Lo W LB 28 s
A

=1
1010xx= R A
S C C C 23
K K K _
Vrautorng zapis (1ims2




“ACKNOWLEDGE POLLING”

Send
Write Command

:

Send Stop
Condition to
Initiate Write Cycle

.

Send Start

v

Send Control Byte
with R°W =0

Did Device
Acknowledge

Next
Operation
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[2C — pripojenie EEPROM
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