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g.10 A complete data transfer.

sl oo S9ge py Sl aw (85 ol g9 (nl 4 Az L

A5 oo Jae S s Loyl e aSl jaas slave-receiver G a1y il ool master-transmitter S5 - )

SLAVE ADDRESS W DATAX A [~ DATA] AA

‘ \— data transferred J

0" (write) (n bytes + acknowledge)

[ from master to slave

A = acknowledge (SDA LOW)

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

MBCB0S P = STOP condition

D 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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ilgs o slave 1ol gl 5l aey aloldd 1) bs ools master G -Y

1

SLAVE ADDRESS /RIW DATA [-A7l DATA [-A

‘ \— data transferred J

(read) (n bytes + acknowledge)

3.12 A master reads a slave immediately after the first byte.

sl 55 8 ] g (gt ol b3 o 53 5| S 5+ S 5 o

SLAVE ADDRESS F'R/W A | DATA | A/A ['Sr} SLAVE ADDRESS W DATA | AR

(n bytes (n bytes

L*—aclﬂ;.}*‘fJ |_+ac:k)*
read or write direction

of transfer

* not shaded b may change
?rgnif; ;reci;g?.u;e Sr = repeated START condition at this point.

data and acknowledge bits MEBCEO7
depends on R/W bits.

read or write

Fig.13 Combined format.

o o,il Lesl a5 Jgaz 50 a8 ail oo 0 >0 (cold dolie (slys L jol 5l golans Jgl ol jo a5 cils axg5 sl Lol

Diefintion of bits m the first byte
SLAVE
ADDRESS

000 D00 I General call address

000 000 START byte

000 001 CBUS address

Q000 040 Reservad for diferent bus
fexrmat

Q000 011 Reserved for future purposes
Q0001 XX Hs -mode master code

1111 15X Reserved for future purposes
1111 0XX 10-bil slave addressing

RW BIT DESCRIPTION

L|SB

[ofofo]ofo]ofofo]a[x|x|x[x|x]x|x]e]A]

|— first byte 4 |—second I:n;.r‘[e4

(general call address) MBCE23

ig.15 General call address format.
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QS o Jee slave-receiver (laie a5 oS ol 5l am sl ails aow,ol 4 5L gl dlews 31
2yl a9 pgo ol Ll
il yho ol (o5l pF Sy a5 (oS @
W IRE VLR ST
PR U | ESNVE SR - & IS gl | ESR
58l Cdew aAlewgs slave ool 65, sl BB Ceond yiligs g 0,5 Cems, : 00000110(06H) o

D9 (gad Cuny ol >l jo 158l o alwgs slave (3, 4ol p BB Cond igs : 00000100(04H) ©
D9 oalaiwl Wls pgs ol ¢lgie 45 : 00000000(00H) ©
555 5 o oS 3L 5l
aibe 38l o lawgs Jlgi a S casline (pl 4y ¢ Cewl 39,20 Hardware general call 4 cosl SO B o o5 oK
88,5 oo Jluol ¢« K9 g3, aslip Ll 5 90 slave w0l S eyl (gl Wil o5 45 keyboard scanner
s | ary 50 0gd o 00l atedd J Sy e S aliwgy 45 ol hardware master ol Jold s Cos s
ool as slave o ol ¢ 00isS (gan,Seo master G lawgs a5 oS s Joc slave-receiver & 50 4; hardware master (! b

D98 (o8 Cyend « 03,5 Lol eols ol 4

Jpju.c)_wl_tﬁ)j...auL‘A.u‘ QHGAOQLM‘ wl.t u.“)‘ u.ulJ u.a‘ébLbj)xuo ‘SAH)—HHQ u‘)—uﬁ w.a:lf 6|fStaItbyte

Je b oS
sole cdl> 4

Comd a5 ) 1y S ¥ oyl

il
|
1

17}
o
>

/ dummy
acknowledge
(HIGH) |

i (5,5 =l sr SYsb ol

|
|)09_5L§)|Q)_3 SCLW\_ 7 8 9 | 4.:9,4.) w&f«)wu\hé
- |

&9, sl—a ools ACK Ler Wlgn B oms oo Lial3dl

,___| ‘f‘ad)‘b)_‘t QwSDA
|
AV
|
|
|
|
|

—
| »
L

| +————— start byte 00000001 ————= MBCE33

el ol e A2 e ii |, SDA

el ‘ 25 Coge & Egpd )
Fig.18 START byte procedure.

(S) START consg
(00000001) START <ol
Acknowledge 4 bg o el Wb

(Sr) Repeated start sozee £4 50 Couxdyg
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P Vo2 ool
ol 6l TTTIOXX o 31 s o 3 Lol iunsl oo 425 4S5 dgumiia ol (gl 1TTTXXX > 0 428 a5 jsb las
UQM‘;..QV ol n.\_aJLA)_aJMwa‘ o..\..i':ﬁ))') LS'T dwolio 6|).| 11111XX u.ll}ﬁw‘ ous oolazw! 05..4.9.0

Db o 4l 0,50 Slave uyol aslsl 5 lo col cpl 5l e pgo ol .ol oo Read/Write ooisS

22,5 0,Ll Ll )5 oo oy Sl 4o aS ol gy iliste slpiadg o > pl jo g Vel asle

1T1110XX

/E{/ SLAVE ADDRESS SLAVE ADDRESS - /P//
15t TBITS ond BYTE

MBCE13
(write)

3.26 A master-transmitter addresses a slave-receiver with a 10-bit address.

1T1T110X X 0 11110 XX

SLAVE ADDRESS i SLAVE ADDRESS SLAVE ADDRESS
1st 7 BITS Znd BYTE i 1st 7 BITS

{write)

A

MBCEN

Fig.27 A master-receiver addresses a slave-transmitter with a 10-bit address.

1T1110X X 0O

SLAVE ADDRESS RIATY SLAVE ADDRESS
1st 7 BITS 2nd BYTE

T1110X X
SLAVE ADDRESS

1st 7 BITS

Fig.28 Combined format. A master addresses a slave with a 10-bit address,
then transmits data to this slave and reads data from this slave.
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11110XX
SLAVE ADDRESST- <] = [S[AVE ADDRESS
1st 7BITS 1R 2nd BYTE
|

(write)

11110XX 0
ZTELAVE ADDRESSI<7]  FSLAVE ADDRESS - 7
st TRITS (N ond BYTE
|

{write) MEBCE1E

Fig.29 Combined format. A master transmits data to two slaves, both with 10-bit addresses.

7-BIT

SLAVE ADDRESS
{write) >

( 11110XX
1st 7 BITS OF 10-BIT 2nd BYTE OF 10-BIT
SLAVE ADDRESS SLAVE ADDRESS

(write) MBCEIT

Fig.30 Combined format. A master transmits data to two slaves, one with a 7-bit address,
and one with a 10-bit address.
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: Fast-mode ,5 &Yoo
39y s She sl aS o 3 glal Fast-mode cdl> 5YL Ce pos 4 5l 4 4> 95 b o laslion] el 5l oy
400 kbit/s cue p iSla> -
W 00l gauday SCL ¢ SDA slpJlXw guisle; -
Sleal—ws (659,5 ,o Schmitt  triggery g s sl e Bi > o 58, S by s -
Fast-mode
A oold Gudad b pl glp oS 3 Ol b >, pull-up slealKis

Swoglio Ol hlae L (3mA jiSTa>) oL, aolis 5l o1 i glm g (seglie slapull-up 51 200pf 5l ,aS (gl

W obl&.....u‘ M}w

: High Speed-mode (HS-mode) ,o &Y g

g)’L"“j 4)55 U"‘ )\)
current- ¢ open-drain pull down &l jlas 51 oS’ 5 S&) SDAH JUX—w (6l - Open-Drain o >4,> ,8L S -

22 oo Juals SCLH ¢l p 1y 55 ley a5 el SCLH >4 ,5 (59, , source pull-up

0 Candg yoss High o Fast cdls 5l as” Sy o Jos ol aSl o )las 5924 clock (g3lw ylejen ¢ Arbitration
R

Mgl o oolaiwl Fast-mode cJl> ;o SCL 4 SDA 4 SCLH 4 SDAH Jlasl gly aS wisg L5l sleds lylo

B9 oo S g YL 5Ly Siew e 4,8 I T/O zolaw cbla> el RS (5,Le5) slpswslas

oy am ey B 2l s Olz @bie SHT00PE 51 353G sl (g 9i)ls 9525 505 (RP) o Jsy sleoslis

Dg g0 oolaiwl 5,90 Ju

[ M
SDAH | 5 s SCLH sm.| SCL| [F

He-moda Hs-mode Hs-made Hs-maode F/S-mode
SLAVE SLAVE MASTER/SLAVE MASTER/SLAVE MASTER/SLAVE

{1} Bridge not used. S0A and SCL may have an alternative function.

(2) To input filter.

(3) Only the active master can enable its current-source pull-up circuit.

(4) Dotted transistors are opfional open-drain cutputs which can siretch the seral clock signal SCL or SCLH.

Fig.24 Bus system with transfer at Hs- and F/S-mode speeds.
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: HS-mode ,5 JL,w o ools Jlu)l coo,yd
3,0y yu5 Glepwasg 3l am Leas 5 wi)ls 1,8 Fast-mode <> o ol jo ass™ IS wL HS-mode <> jo a5 Llog ples
99,5 o HS-mode Jl>
Start (8) ooy —)
(00001XXX) sm A Ojg0 a0 -V
( A ) Not-Acknowledge o -Y
08,5 oo 58T o oyl oV by gV 80 wyol 45 4 axg3 b g oo HS-mode el s)lg Linasg ol 5l o

FfS-mode L He-mode (current-source for SCLH enabled) ., FiS-mode

£ =
MASTER CODE SLAVE ADD.T-RAN< A DATA NA?F‘/

I— (n bytes + ack.) ——

_Hs-mode continues

0
=]
975

SLAVE ADD.-
b o

MWECETE
Fig.21 Data transfer format in Hs-mode.
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: PC oo )8
il ol ol 5 g5 o & g5 bl ool s BOCST (5 lons 1, 05 (sl 35em obul 5 sl ol 25,5
sals all)l g5 tie slas )5 jo Sle ally [550e &8 15.0,5 eolaiwl Cud 5] S8 o g 25T 0 o151 ole o
22l oo g ADC ¢ 03,25 1O (PC &gy « igl53 1 RAM 5 ROM(OTP/Flash) olis b al5 ol ggamme yo.Con

Fix A BECLCXK Family:
sxeTsH: versions Exclugive 1.8V operation

Z4—pim Skinmy Analog=~to— Low Powser :
DIF package Low Woltage Almos! sl wersions
: S e offer OTP Diptian

Very Small oTP &
Packages EPROM
Sl ——— ——

Extended Memory | SKCS2E:
1F0 i 110 32K 126 ROMVEFROM

Special F i EEPROM
Funclions Derivatives

Spoed 12C and CAM BXCES 12 The only
up u.pqu MKz s»a:’igi Bus On-board EEPROM

Eight *C Versions
The lastest on the market EMCEGE: CAN

Some Key 80C51 Derivatives

iy g oo )] calie sl CJB o o5 aeliy BB sl alasl>
ISP (In-System Programmable)
IAP (In-Application Programmable)
OTP (One Time Programmable)
MTP (Multi Time Programmable)

s ol aS e Slaiiu |) CANBuUS JSigp ped soloamiaiS o Slaidy |, PC unld olag ,Seo olos Ly i

C591AY

« BXCL410 -« 8XCHE57E4 - 8XC654
» 8XC524  + BXCS57EB « 8XC751
» 8XC528 - BXCS57ES « 8XC752
« BXC552 - 8XC591 - 87LPC762
» 8XC554 - 8XCB52 - 87LPC764

PCL 5k ks (slag o o]
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: (PLCC-68) C552A+ ) 158y S digad lgis 4y

PWHT puge Avgge ADCO-T SDA SCL

s
o |smaec| || O

o, T1
' PROGRAM
TWO 1E-BIT SERIAL
MEMORY MEMORY 2 PORT

TIMEREVENT
COUNTERS B x 8 ROM 256 % 8 FRAK

=T [ I T I

B-BIT INTERNAL BUS

I L A T N 3

T2
" FOUR 16 16-BIT COMPARA- T3
Fé."or""‘ﬁ#gc,;lﬁ B-BIT 1E-BIT #Ii"g'{, bt COMPARA- TOR WATCHDOR
EXTERNAL BUS PORT CAPTURE toRs || outeut TIMER
LATCHES COUNTERS: wITH SELECTION|
REGISTERS

BT d b Le]]

P5 P4 CTH-CT3I T2 RT2 CMSRI-CMSRS  RST TW
CMTO, CMT1

- CS6208 ) iS5 g Ses

la JSSg, askd plogios sslinwl Master/Slave sla a5 (55w ooly jelaies 'C Interface b 4 slos )5 sl

&S oo Sleiy |, TCP/IP,ARP,IP,ICMP,UDP,DHCP,BOOTP
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: RS-232,I°C

Jros r'c s 1yRS-232 a5 i, 0529 Gl glo oliws LLS,I o RS-232 00 s S 0, )lS 4 a g L

PCF8574

RS232 DBY

D o 1y ol ol (6l digad 5,0.0,138 b 6l i 1) (sovax slo diiejailgiiens

RS232 serial interface adapter for the 12C bus
*2000 Stefan Rutzinger (rutzi@fs.tum.de)
(after a drawing of Frederic Rible FIBAT)

I/0

I’C L, b ks b bLs)| ,o AT89C2051/AT89ICA051 (slag,So 5l onliil : ) Jlis
« LCD il |, Header. DB9gRS-232 sl glal,: Jloie oyl 50 5L 0,00 lslad
AT24C04( I’C EEPROM )Extender

S5 oo JeoST FAOVT+O) ) iSs Ko comslin s anliyg b LL3 | ol a8 el 58 L5 aJl
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USE 12 VoOLT AabaPTIR

5 ece |
3 € 7208 co KS
1

C
I LOuF A164 ZZO0uUF £25Y .. F1an
L ¢4
2
GND

LuF ~1aYy s
L £ HERDER 2
2 2
TE | BFZ
[s2=3

o7

100R 100

10uF ./ 18Y

00 )

SO RN HEND

4T 1
= 01 .

RS
1Ks 1INA 145

I

ARRRRRA

CONMECTOR DEZ

FEMALE
h
clL T, Lz
LOUF /15 IS 153 J

z

L = :

HEADER 4

(Ofd

1
2
3
4
4

HEADER

o ) S

HERDER 4

oD
PCF2574

IC3
=ne
SCL
TST
oD
ATZ24C04 MCS ELECTROMICS

Title
ATE9C2051 EVALUATION EOARD
Eize [Documeant Murmsor
H L
Cate Julu 4, 1337[Cheet

DS-SCX nS ¥ Jlwo

SETVO i A g I’C(OOPic) 5 15232 (PC) (ym (&,98 p daily g 0,0 0,5 servo J,iuS sl i 0 Eou 050 IC
el 03,5l 59251 (DS-SCX168S) 5€1v0 (g V7 L ( DS-SCX8S)

laolaibul L as cowl JouS glo ang 9 Sk, 0 IC cplo s

il s, )13, LLs | SERVO

PPC 5l a8 s o5, 5 Slabadsl gl dcgamme (o) p 4 Crond ol 4o

o2l (0 ¢ 1S oo Slaitiy
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: Extender , Repeater & Hub
PCA9511-16 , PCA9518 , P82B715 , P82B96 : alo> ;|
Pased ol 5 sble a5

28,5 Feopf 5l iy bs uilagsl a5 aies eojlx! )
L ol SYeb

s S350 aliee 5Ly e zolaw 5 plie 9929 (Sl

St sl Sl 6588 DYl (B
r'c Jbed Loz 4y 4855 xce (90 sl )15 ool 1,3

9% oo B (Y5 & el s e oS i ) pliond 035 syl

SCLO | l | SCL1

~— SCAO
4370 $4—> scL1
~€—3 SDA1

SCAO0 SCA1
i

Enable
PCA9515

I’C Bus Repeater

N Jls

-« scio [1] Ve
E4
SDA4
scL4
E3
SDA3
scLs
ol

€1
sez [E]
SDA2
GND

9166vOd

il i~

HUB ) oolicisl Y Jlie

400kHz

slave1
.

400kHz

HLvE =D

..
slave2
SiGLE (==

pca9516 400kHz

=e
slave3d
== .

100khz

ry
slaved
b= L)

100khz
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I°C Hot swap Buffer :¥* Jbe
Syl 092y OLSul caez 93 gVl o odlengh (oo ooliial (Wb 4 (il Bilug (05 @Sl (sl L 3L ol
<y ) o> L1y SCLy SDA bghsjlidy mhaw g5 blie ;o sl slp uiorenans oo Slaiil 2 o1, Fe o PF iSlos

2l o IC ol sl e 5| e 009 5l 5 VU (2,5 olisel b b (0 (o2, e el il

Enable [] [1 Ve
SCLOUT [ [1 sbAOUT
SCLIN [ [1 SDAIN

GND [ [1 READY

Heart Microprocessor

—_ |
PCA9511 §

7

Terminators

Backplane Trace
Connectors

I°C Bus Extenders § I'C L, b ledbl Jisl sl USB LS 5l eolizul : ¥ Jlis

A5 oo o2y Ko Bk oy Fee PEF sSTas o8 )b 52 g oSGl I°C Bus Extenders 3l ool rasg

GL/9z28d

2]
6]

| GND SCL SDA Voo |
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I’C general purpose I/O Expanders
SMBus, I'C 4 (s5lse sleez s> 5 5395 Jlai] ki -

(9554 o Los)aisy sl lo -

Input
PC Bus 3= P
— keypad or switch

Output

relay or enable pin or

Interrupt Pin -f=—
Reset Pin =—-

PCA9554, 8-bit I'C and SMBus I/O Port with Interrupt
PCA9554A, 8-bit I°C and SMBus 1/O Port with Interrupt
PCA9555, 16-bit I°C and SMBus 1/O Port with Interrupt
PCA9556, Octal SMBus and I’C Registered Interface
PCA9557, Octal SMBus and I*C Registered Interface

: I°C Controller  s;lge b bL3)|

)

Chip Enable
— \\\/rite Strobe
Operation | [«#—— Read Strobe
Control it Reset
— Address Inputs

—> Interrupt Request
[Bus Buffer | \—— Data (8-bits)

oepe| O

(  Microcontroller

Voltage range Max IC freq Clock source Parallel interface

PCAB584 45-55V 90 kHz External Slow
PCAS564 2.3 - 3.6V wi5V tolerance 360 kHz Internal Fast

: Multiplexed/Latched I’°C EEPROM

Non MUX
Output Pin

T

Hardware » Hardware
Input Pins Output Pins
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PCAB550, 4-bit Multiplexed/I-bit

Latched 5-bit EEPROM

PCA9559, 5-bit

Multiplexed/l-bit Latched 6-bit EEPROM
PCAS9560, Dual 5-bit
Multiplexed/Il-bit Latched EEFPROM
PCA9561, Quad 6-bit Multiplexed EEPROM

by (e 0257 b

g g0 03wl IC (] 5l 6 5emnlS sle RAM ST 5o

oL SCO

S0, a1
501

PCA3540

ORI

~
Same FC Address 144-pin DIk =

OXTIIIIIIT
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: IC Device for LED Display Control
PCA9530-33 , PCA9550-53 , SAA1064:4lo> |

il oo (blinking) (o Soiz gl 2> Y 6lls -
(open drain) by >s,> YL L > -

101811980

Reset Pin  =—

256 - PWMO PWMO
256 156
(PCAY55x) (PCA953x)

—M

LED OFF

OFF

PSCO +1 PSCO+1

38 152
(PCA955x) (PCA953x)

P

256 - PWM1 PWMI1

256 256
(PCA955x) (PCA953x)

i —p
ON OFF
PSCI +1 PSC1+ 1
38 152
(PCA955x) (PCA953x)

PCA955X ;I solil : ) s

3 * >

3-pin LEDs 2-pin LEDs
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PCA955x

OFF
_|in|
ON
OFF
4%3.
ON *
o
o YTy

*: Switching (blinking) transistor OFF

4l 9o LED |y

V])IJ

QZ_IEH—

PCA9S5x

4l 4w LED gl

(Blinking) -y ; Seuiiz oV Jlis

PLAS5S

P Al o — (5 5L (o daw




ol bwgie plal yiores g duty cycle s Lodil ooye8 ol iS4 by e « L LED 0,50 0 500 Cores

)5 S 1y Ll e8 Sl Olgi e sy g0  LED &y a8

v

Program the PCA9532 blinker

POWER UP -
TI00XXX0  PCAS532 Address + Write
* 00010011 Al=1, Regi3

01100110 PWM, = 153, Duty Cycle = 60 %
Program the PCAY532 blinker Stop

Start
TI00XXX0  PCA9532 Address + Write *
00010010 AL= 1, Regi2
00000000 PSCa= 0, Frequency = max Wait 1 s — Brightness is at 60 %
00110011 PWM, = 51, Duty Cyele = 20 %
00000000 PSCy= 0, Frequency = max (not used)
10000000 PWM, = 128, Duty Cycle = 50 % (not used) +
10101010 LED. to LED; blinking at BR 1 -
10101010 LED, to LED, bl BR 1 i Program the PCA9532 blinker
10101010 EDy to LED, blinking ar Start B .
10101010 LED: to LEDys blinking at BR 1 1I00XXX0  PCAS532 Address + Write
Stop - 00010011 Al= 1, Reg#3

11001100 PWM, = 204, Duty Cycle = 80 %

+ - +

Wait 1s = Brightaess is at 20 %
Wait 15— Brightness is at 80 %

y

Program the PCA9532 blinker +
Start Program the PCA9532 blinker
1100XXX0 PCA9532 Address + Write Start
0o010011 AL= 1, Reg#3 1100XXX0 PCA9532 Address + Write
01100110 PWM, = 102, Duty Cycle = 40 %a 00010011 Al=1, Regs3
Stop 11111111 PWM, = 0, Duty Cyele = 99.6 %

+ Stop

Wait 1 s — Brightness is at 40 %

LED Dimmers
s a0 YOF jo |y duty cycle asl jolaie (o w0l 092 |y caliie S5, YOF leu LED 0 a Sl 6l

ol) LED Dimmer slaIC alwg 1, Lesl g ool aiils 30,8 ¢ 5w« (o] LED jl (6l dcgome Lo 51 Jl>. oo

sk sz e |, 5, YOPXYOPXYOFNFVYYYNS qilss oo puS S (PCA953X

PCA9S3X aleugy 55, cinls olowy!
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:Laoﬁ)lS xL.u
LM75A(Philips),LM82(National ~ sla IC , a5 5 )ls (gl o0, 55 LS b by o jo L)l LSS, o]
CMOS Image Sensors ,s  picred.digds (o oolaiwl Lo (5,.5 o3lal gl 5 45" semiconductor),AD7416(Analog Device)

3,8 5,15 Motorola Handheld Computer . Server Management (sly3,IS" « MB86S02A(Fujitso) auile

PC bl )| JS5sy 5l el oo Labview 1531 o, 5 55000l S Ly LL5 | (gl a5 Xicor <8 5 sl IC 1551 s 1o

QS oo oolanul
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1]. THE I’C -BUS SPECIFICATION - VERSION 2.1 - JANUARY 2000
2]. I’C BUS - Quarndon Electronics Ltd. — www.quarndon.co.uk

[
[
[
[

3]. Westermo Handbook — Industrial data communication — Edition 3.0 — westermo teleindustri AB, Sweden
4]. And the other Internet based references, papers, eBooks, catalogs and articles.
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