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' vy 1
01w naw n2°nna Philips Semiconductors n02an "y vapaw jpn e
| °C = Inter Integrated Curcuit Bus

.Slaves 907 121 (Master) w2 12 NP0 NNWPN IWORY YN PN e
NYWPNT 1DIR DR 707 2IPI01197 ,0170 ,""N030n 020" P90 RO 21701197 Pw
NN 7 P R9R DATA -5 onnn 82 2901977 .(Master and Slave) oownnwn 1w 12
(DR 3w P2 YT NP0 8, YW N 952 Nk 1°2°0) .DATA -7 DR 7Y w0 R
.Slaves 1907 oy wpn? Master 19017 19798 WORNA
DWpn NP 2 - 9wonh vws ¢ nINan°

SYTRI NNV AN e
.Standard Mode -7 °5% 100 Kbit/sec -2 7v
.Fast Mode -77 °9% 400 Kbit/sec -2 v
.High-Speed Mode -1 °5% 3.4 Mbit/sec -7 v

.Hand-shake ¥1%°21 ww 117210 ,(CD) N3N 17T WoRn 1N e

SDA
SCL

12C 12C 12C
Device Device Device
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PNAT07 NWRN W 2O 2OPI0N0T DWW D0ARP PR RN 190 e

Speed of various connectivity methods (its/sec)

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) T.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

n'"%75 271y nnNpy 2

.SCL -1 SDA : £»177°2-17 2P "1wn 207 pwnni - e

TWNRD IR UYPR TPENY 9130 2907 9 19-110 LTI NAIND WY 001 900 e

SCK - Serial Clock line. SDA - Serial Data line. e

Slave -1 X)W 0701 2°37 Y NMWPNIT 20N DR QMW ond 173 Master -7 o
09pn0 3T 1TWnd 37 2wawn Slave -1 oz Master -7 23 MAWpNaT 7002

10 2awa aunak NYwn DR P 2190 Slave -7 IR L7292 Master -7 0"y xR wwn e

400 pF 1077 *9m°00n7 212007 .912°p2 170 Master -9 0°121117 0°2°077 1000 e

.10 pF 5w 91200 wo vxmn 20077 e

Mo 127 w0 12C 79002 e

(PN DR NIWS 10°2) 0PN 5 W nnna (7170 9"Y) wanwn 12C e

ORI TN PR IR OY0ON TN Y e

DX PTIAW 1P DY MORART 71010 MyEaRa nxN 1°C - nrva 'Plug & Play' wan 101 e

SN TIPT YOR DY A9TY WO IR 02107 02072 2000
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S0A

SCL

2719 nnnNpy 3

13 ®¥n1 SCL 1wwin w wRd 99 SDA y7ni W DR mawy jnv1 e

.M232 8311 SCL 1w pw 1a12 2030 na? 778 SDA -7y ymnn e

S04 /

I

I data line | change |

I stable; | of data |

I data valid | allowed | MECEH

Fig.4 Bit transfer on the 12C-bus.

21X 23 SCL 1w pw a2 SDA y71on7 19 9y 1w v o oR - e
START 1wy LOW -% HIGH -» navn
STOP w1v» HIGH -5 LOW -n"2vn

|

r
- I - I -
| | / \ | | SDA
| I --- ' '
| | | |
| | —— | ' -
LY F %\ ' [ [
I | | | SCL
= | F
| ISR | | IS |
START condition UL L) MBCE2?

Fig.5 START and STOP conditions.

.STOP oypna repeated START ,SDA y7nip 9 2wh 1001 e

JNPWH WORY 0¥ 7901 DY 19237 PR .10°2 8 11372 K17 SDA -7 %Y A TR e
AR nennanwI MSB - e

Master -2 WAIT %w 2xn 213°% 7921 LOW -5 ,SCL -7 nX 772 912> Slave -7 @

- o [
MSE acknowledgement acknowledgement | ST

signal from slave signal from receiver | |
|
I
I

SDA 4

byte complate,
intemrupt within slave

clock line hald low while
internipts are serviced

r— ]
|
[
!
|
!
!

scL | S | _ l =
or 1 2 __ 7 L) a 1 2 3-8 g or
|— ETJ ACK ACK |— E J
START or STOP or
repeated START repeated START
condition condition

MSCE08

Fig.6 Data transfer on the 12C-bus.



Acknowledge

(Ack) .Acknowledgement 5w *¥>wn ©°22 2noi> N2 7771 93

Master -71 "y 7811 Ack -1 5w 1wwn

.SDA -1 5% LOW ow uopnm, SDA -1 %y A%-nnn aw 27wni Ack ana

-1 %Y Ax-nnn aw R’ (Pwn? ,219° K R1702) n2In2 by Ack Twn X9 Slave -7 wRd
M2 29977 ¥ MIWPNAN IR W2 QY M2 WK Master -2 3917 N 0w 9°awa SDA
XY DR

212 RY X177 90 DMWPNTT qwnT 7oana 29-aw IR ,nawne Yy Ack a7wn Slave -7 wRd
oW X177 2"IR .IR27T 79°07 2w v wnd 022 Not-Ack 27wn Ry1 IR V70 019D TN
Qv NWPNAT DR WY QY M2 WX Master -2 3P DX 170w 9awa SDA -7 5y a3-nnn
R DX TN 20077

nW X2 Master -7 777 9102 TR ,MWPNT 722002 21wn Master -7 9w 27wni o
SDA -1 %y a%-nnn aw Slave -7 7827 7917 Yw v wni voaa Slave -7 5w 27wn? Ack

JRD OR S19137 29977 QY MWRNAT DR W2 oK M2 WKk Master -2 190 IR 70w 2awa

SCL -a 1 v Masters 1o0on - JInd10

.SCL -7 22aw2 9w 1wwi1 nX 73>n Master 95

.HIGH -2 SCL w2 1 valid 7100

.SCL -7 %¥ Wired-AND n71¥2 7wy 1172107 2°1WW 1907 W° WD
.SCL -1 5% LOW -7 TR nX ¥232 22 7787 LOW ja1 oy 1w
.SCL -7 5w HIGH -7 77 nX ¥y217 202 gpn HIGH 101 oy ww
HIGH -2 oonwwii 92 2wko P71 HIGH %2pn SCL - 93

start counting

wait HIGH period
I'-_ state !
| |
CLK \ /' f \
1
|
I
- counter -
CLK s reset A
2 L L

MECES?

Fig.8 Clock synchronization during the arbitration procedure.
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SDA -a 17 v Masters 19on - nin1i1a 6

10 BUS -7 9wRD 1 77w5 910° Master o
D1 Masters 12 M9V PR .0 IR Masters 1w w° IWRD y91 MN3g 7In e
.HIGH -2 SCL -2 nwwiw ja12 ,n1wpnasa DX 2nna> 701n Master 95 ,00wRN
.1x3 HIGH -2 o°R¥n1 Masters -7 WRww 1a12 LOW -2 R¥n1w Master -1
PXY DR 720" 10097 00 (SDA -2 minanni) aXY WwR Master o
: TWYN M77127 ,N2IN07 AN DR 2°IM1,71m179 ,2°07 IR Ya? 0°01 Masters 21w o - e
.91 X171 Master -7 o Ack -1 9V IR ,77wn X171 Master -7 R v7on7 9y
(¥ Master -7 5w R Y7°07) D107 PO TN VTR IR PR e
SN2 POIN YXAY OR e
77 12 Repeated START 12 .1
..STOP 121 Repeated START 2 .2
Y7121 STOP P2 .3
117 SDA -7 X "019n%" 912° 70X Master n°py 19X e

1727 PYIN2 222w RS Slaves o

master 1 loses arbitration
| ~ DATA 12504

j
]

DAaTA

AN S

I
I
SDA |

SCL

I__;__,. N
st
‘_._,_,_.-r"'

| w

Fig.9 Arbitration procedure of two masters.
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N y'ana 7

TR 2D 101 191 77912 ,7110 Bus -7 0 717271 1t Master -7 99 DWRY e

R/W 5w >1nw 1022 7191 .0°2 7 - 2907 DWW N21N3 17w° Master -aw w7 X920 TN e

, R/'W="0'"=> WRITE R/W="1'"=>READ e

Master -7°"y STOP >"y nn»non y7n nmow e

212’ X177 11 Repeated START 13>n x171 BUS -1 %9 2wpn? wna? a1 Master -7ox - e
1°2 772°N2 O3 AP 03 92107 7°9an weRnn 72 .STOP 92 %W 2097 5% niob
.STOP -2 START

151 1P

| I | ] | 1 | ] | 1 | | | i__d

START  ADDRESS RW  ACK DATA ACK DATA ACK STOP
condition condition
MECEM

Fig.10 A complete data transfer.

MIivpn Y'vw n2iv nai1o 8

Slave -2 2012 X371 MWPNIA 22 TIRY 27w X7 Master -7 .1

7 E 5T F 7 - //
Se4 SLAVE ADDRESS “H-RAW- A [“DATAX] & [ DaTAZ] AR P
A Y. pe,

rd P Fa s ./.ff././f i ] B
L I— data transferred 4
0" {write) in bytes + acknowledge)

from master to slave
A = acknowledge (SDA LOW)

A = not acknowledge (S04 HIGH)
S = START condition

MEBCHS P = STOP condition

|:| from slave to master

Fig.11 A master-transmitter addressing a slave receiver with a 7-bit address.
The transfer direction is not changed.
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Slave -1 X17P% 2°2w2 MWPnIa R o Master -7 .2

F = 7 7 s = iy
/S/' SLAVE ADDRESS RWA A DATA A DA TA A F'//
e L o o ] i ]
I— data transferred 4
(read) (n bytes + acknowl edge)

MECEE

Fig.12 A master reads a slave immediately after the first byte.

(21 1 5w 2%w) .Slave -2 210591 X1P% 2°2wa MAwpnaa DR on° Master -7 .3

ri 7 i
/S SLAVE ADDRESS FRIWH & | DATA | &SSP SLAUE ADDHESS AV A | DATA A A P
H
- £ o A o =
| |_|jn bytes J |_|n tl:n,"tEG J
. +ack)® +ack.)™
read or write
read or write direction
of transfer
W may change
not shaded becausa Sr = repeated START condition at this point.
MECEOF

data and acknowledges bits
depands on RAV bits.

Fig.12 Combined format.

(STOP 2"nx 721 START -n n237m73 AvIA) .00 AR 7P 7y
NOT-Ack X Ackw a>n ™R e

(START "N Xa nan IX) .0 7 Y'w namd 9

MSEB

I— slave address g

MECE0S

Fig.14 The first byte after the START procedure,
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W MWK N>R K192 (Slaves) .0°2°377 1K YW 215 R1an START *anx nonpy
DAY 79 2°2°277 DX 71907 1001 .NaTIAR 202070 9% RMp Master -7 WK N0 AR
99900 ARIP-n MoYN°

IR A9 'NYH92 ARIP'-D DWRwn AR 17291 .0°97 21wn D207 NP9 xR’ 272
J0P1% WO 9D DR IRND NWnwn

.MI5N7 101 PP $12P NS PRI 0D TATY 10

 MMAY NI2INDT NIRRT 202

Table 2 Definition of bits in the first byte

SLAVE —
ADDRESS R/W BIT DESCRIPTION
0000 000 0 General call address
0000 000 1 START byte!
0000 001 X CBUS address'@
0000 010 X Reserved for different bus

farmat®

0000 011 X Reserved for future purposes
0000 12X X Hs-mode master code
1111 1XX X Feserved for future purposes
11171 03X X 10-hit slave addressing

n'Y'H a2 10

T DR TI¥ RY R R Ack AW XD RIw 792 'noH9a aRMp'-n 22vnak 9120 2000

95 R 'N°H9277 ARIP'-T NR Ack mPWY X RIT VTR AR TR R0 ©hhn 2000 oX
IR D90

NOT-Ack m>wH 7778 X177 IR 22vN7 2107 KT V70T P9I oY 770002 919° X2 2007 oX
SR 7972 NRYNI N9 aR0p! Hw nvnwnn

010 790 YW n2noa LSB -3 araw B no2ob onnl

LSB
|

ofofofofofofjofofAalX|X|(X[X|X|X[X|B|A

|— first boyte | | second I:u',e'te4

(general call address) MBCEZ3

Fig.15 General call address format.
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10T 72700 BW 01200 Bw ovweR 0wy 2 -2 o ni B ='0" wRo

ST KD IR aX) ,2707 Slave -2 aRMp 1w Master -7 2072y9Y 1 van
TIN2 2INR NPV 2PY OX IR NONXY NN NN QY 0°2°37 P W1 AWK NI YA
SIRTD N9V RY 20577 2w NN NANDT WAXY 20077

WINN 09w NAXYT MI2INDT DR 12007 2°2°977 YW o3

(H'06') 00000110 5w namn>

Slaves -7 5w N7Xyn N2IN27T 2w WA 722001 22377 20 OW DK Mynwn

(H'04') 00000100 7w n2amn>

.2°2777 92 7InNR ®9Y , Slaves -7 %W nAXyn D207 YW P WA 72000 1 Nvnwni

SR A2 na wwa ok (H'00') 00000000 5w nand

.07 D2YNAY 22K 0°2°377) NMNTAN X2 M2INDT IRY

.0°2°3771 2w 011037 9972 O°ITANA PNOTT D200 °3°%0N

'n9%0 mamn AR - B="1" qwKd

N2IN2 N991377 'NOH93 7RI NROIP' XA RIT 19 Wpn? 1°03n RY XWX Master -1
SR 77917 W N2 19w N2INDT DRI AWK 7270 D202 'Y arp' hw
(Master -1 2w X°77 N2IN27 2AW) 17w NN DX 7 X7 Slave A& ,32m0

DT DR ARDA 7190 AWR 1101P-17P% DRNT 'D00 2037 MY R ARMPA DR

(Slave -2 10215 DR D°WY T°7% X7 Slave o3 X177 Master -7 OX)

gS/:FSDDD I:IDD/Eq A g&;ASTEH/ﬁDDRE/SS/%1j A g:'."-{'l'ﬁ.j A FDATﬁq A %ﬁ
L A

general second (n bytes + ack.)
call address byte MECE?

Fig.16 Data transfer from a hardware master-transmitter.

.2097n3 Slave -9 77wnd Master -7 IR 719777 71397 N0 NMOWHR

Master -1 2w 7720 ny*ap n37vn (Slave -3 vHpn) AT 2¥12 XX Master -7 TWRD
V70 2w 7¥°7 N2ND DR Master -7 012 7712° (A system configuring Master )
.7wnY Master - 79907 N Master -7 ,7°2707 0190 NR?
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FS% SLAVE ADDR. H'W MASTERﬁR.ﬁ] A FDLIP.-'IF' ADDR. FOR HANV I".-'IﬁSTERin A FF’%

|
write

(a)

FS%DLIMP ADDR. FROM HAW I\-'IﬁSTEH/iH.WJ A EDATAj A EDATAJ AR ?%
MECENR
I
write |"— ——————— —"'I

(n bytes + ack.)

(b)

Fig.17 Data transfer by a hardware-transmitter capable of dumping data directly to slave devices.
{a) Configuring master sends dump address to hardware master
(b Hardware master dumps data to selected slave.

12C-BUS -7 2\71vaig-np'm 2i1a'n 11

: 1°C = BUS -9 9910np-1p M2°n» 02977 1w a1’

nwya BUS -7 miavatw 72 . 1°C 5w amIm 20077 pwnn 717 A9menp-1poan an
ST MVEARI

1100 MYEaR2 nwyl BUS -7 07w T2 .71010 777 2910np-1pnn nan .2

QW AR 70 N A TOXTIW 9307 .INY 207 A0 TN DIWRAKD 20T ,12mD e
hpkrRoatlah kil

: 992°w R START 93>3 BUS -7 50 DOWIXR 772°37 03 1917000-17707 IWwoR? 1D e

START %w>xin .1

(00000001) .START nn .2

Ack 5w ww nn .3

Repeated Start 5w *xin .4

L |

w0
0
—
g
|
|
-
[+
(s}

—
I @
L
by
5]
=
I
I P

f—————— start byte 00000001 ——————=] MECHZ?

Fig.18 START byte procedure.
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SDA -nw 7mtn KW 7Y PR 712°372 SDA -7 DR 2177 2157 A0 170NP-1pn Ny e
W ORINT DR MATH 222w 77707 79372 221 RIT DRT 77 X9 wRd .LOW -2 R¥n)
17510 MY Repeated Start

START n%nnan noonn obvnn X117 Repeated Start 2w OXINT DR 7772 0op0 WRD - @

.START 7510737 n2°n KD Ack 985 MOR 2071987 @

n'n®0112

: D7Pn 190M? MDA NAT MDD VDA JPNT T2ORY IR 27307 1PN 1R 7Y
400 Kbit/sec 7v v 28p worn - Fast Mode .1
3.4 Mbit/sec 7v 7w 2xp wokn - High-speed Mode .2

Slaves 1024 7v qwoxrn — 10-bit 5w n2n> .3
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