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1. MIPI th=7E 2014 F£EAER 1 13C (improved Inter Integrated Circuit)#ISE - 13C 7 12C FIAIAE 211 7 I
BERBE IS HERED 12.5MHz 2 ~ HEIRIEE Soc| & - &2 device | & - HIEAL A IELEM 13C
oE

2C 2 —FE%R « FITE% - B SDARTTEIELZ) A SCL(BRTTHR ML) MRESEL - FNILERE - BEEREN
o

* Bidirectional bus:

— Standard-mode (Sm), with a bit rate up to 100 kbit/s

— Fast-mode (Fm), with a bit rate up to 400 kbit/s

— Fast-mode Plus (Fm+), with a bit rate up to 1 Mbit/s

— High-speed mode (Hs-mode), with a bit rate up to 3.4 Mbit/s.
* Unidirectional bus:

— Ultra Fast-mode (UFm), with a bit rate up to 5 Mbit/s

REH SCLATE - AEEAN LA ERA—# - L nH EHSBBMSENEBEARE (RO

12C B— M2 EMNEHRDL 1. 12C WIEEIAE master i KEE - 2, 12C BEME— byte (8bits ) HHE
slaver ImAIEIRZ ACK/NACK fERNIEIN 3 ~ % master Ind 25| A EANFI 4. slaver In B IZRHUX S - B
7bits 1 10 bits St - EE—7F 8bits Lk - SEFR_EE 7bits + B - [ 761thit = F2EES (4bit) + FHb
3 ( 3bit) ]

12C B&REIEZ/MRE?
G F . 7-bitaddress 12 897 kJF5 - BEHE 128 MR © 10-bit address : 2 BY 10 k75 + BEHE 1024 MR E °

BRRCHIVAE - BL& ENBEF AT LB 400pF - EMHZEMAREH - PCBEUREFTERE - IS
B— IR -

KRRt R E K EABZ BT 8T EE M

REZFRUMEBBAXNZEN « 12C EARIGPION T REW - ERINEBAEME LA - BEHMDABE~E S
— RC ML, - BRBABESHDGMEE - Ao RESHENK - fRERELR - ESHNEOME
N EFE NGB EKEREREW - Al RC SRAAMAE /) -

note : ZLFNR R MU ERR - (REEHILLAT -

2/60



3.1.12 Reserved addresses

shown in Table 3.

Table 3. Reserved addresses

5/26/2023

Two groups |of eight addresses (0000 XXX and 1111 XXX) are reserved for the purposes

X =don't care; 1= HIGH, 0 = LOW.

Slave address R/W bit
10000 000 0

10000 000
10000 001

10000 010
10000 011

10000 1XX
1111 1XX

1111 OXX X

Y EE BB R

Description

_general call addressl!]
START bytel2l
CBUS addresst3l

reserved for different bus formatl4l

reserved for future purposes
Hs-mode master code

device ID

10-bit slave addressing

[1] The general call address is used for several functions including software reset.

[2] No device is allowed to acknowledge at the reception of the START byte.

[3] The CBUS address has been reserved to enable the inter-mixing of CBUS compatible and 12C-bus
compatible devices in the same system. I2C-bus compatible devices are not allowed to respond on

reception of this address.

[4] The address reserved for a different bus format is included to enable 12C and other protocols to be mixed.
Only 12C-bus compatible devices that can work with such formats and protocols are allowed to respond to

this address.

8% .

(12C BE&H3E.pdf) BT

(12C-bus specification and user manual.pdf) NXP

(LMX6UBR AN IR sh T & ¥6E.pdf) [EmRIEF

https://www.cnblogs.com/gcws/p/8995542.html

https://blog.csdn.net/u010027547/article/details/47779975

https://blog.csdn.net/weixin_43555423/article/details/90739753

12C(_) : 12C bus spec

12C Architecture
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MICRO - LCD STATIC

CONTROLLER DRIVER RAM OR
A EEPROM
| scL _J* _J* Jj

MICRO -
CONTROLLER
B

GATE
ARRAY ADC

mbc645

Fig2. Example of an I?C-bus configuration using two microcontrollers

VDD

W [

SDA
SCL

[2C38 141 [2C38{F2 [2C48 13 see oo

12C AW GPIO —MAFRER - ZHLSIEE - BRIFIRENT AL SEBY - FLISMB AL - vdd ol I
Fi 5V, 33V, 18V % - BIREEAR - CHAEBEEETAR -

—MEL& EINA - BF03VddABEF - §T0.7vddABEBF -

WIS RSH

HMEW - AR D =RE MOSFET « LUEMR G AFETRES - BB ILIEN - ARANMHNAREERRAE
— S8 - FUSERA/) - WXRE - BHEEo M mAadigEsn - ol DI ASMEER - EuTUin bR

SEHENRHES  NESHAREE -
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~
-

EMEND - REA=REFRAMOSE - JREMLL - ABH -
FiR4&#t (OD) : WELHEHREN  AREHRB— 1P =MEHEMOSE -

ZFrAFR - 2EAMOSED A= : IR&W - HiR - TwiR - RmRFEEL - PRLIIUFREY ; IRZ=W
BB EBR - REW - EBRTE - FRAFERE (00 .

FEHE - NPN & :

XN R R - SMNERE RAIRE - Vinl LR - &

ENERE DT - VinlIEB8BY - —RESE
(XZEEF2E  WEBIZREESEY - BiatsHES)

Bk (C) i - MBS HEIMNEIRE -
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R1.

VU ERITIIRA=RE - MOSERML -

It - #REH o LI ESEEF - FARmERecmLEEF - SBFHEIMIBERE -

HE3% i i FF 6 i 5

BT HKEhER S |58 B350 E0_EHT s ARG
fie s FREshEe /) |32 b

B LR BARE.,
HPRREREE | BB, REER,

ThEEER A
&E5TRE AXHF 5 s _
T i e X X3

EHEOIH - BIRTESBEY -

B ANRE - ML ACPUES] - SESEFHIEER (0->1) - FRHELASNS LBERE - LHIES
BB/ RAZEER - NMEBFRSBEFHEEREMR - BBENERMA - BEMS - RZIR - ILUT RS
HRVSMED _E U EB FH R PR E A INFE -

LSINEE -

RN LY - R GPIOOEER— R L - 1ExtlD7£LE’JPMOS—E;?E HBHINMOSSHE - Vdds=BE WD
MOSEE##i - BTMOSESERBEAK - ZSHBARK - EEHEAXHPGPION - EIE - #EHE LA
7160
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XFES -

—| PMOS |—

%5 B GPIO MY EMES  REEF—MHLE  BRXA FTHEWHERE  XM2'5'HWER -
Wi EMEXTE R FamHGriod -

R - BURZGPIORITRE S - 27 —1RE - FIRE WML SEFRINEL LA - BONE—PGPIOHEH -
BLBRRBY LAIBEREGPIONO# - KAB LNSBENEFE - FiIAZHRAGPIOO -

B R ENSESBEFRABEMVA - FRELASEBEFEIMNI LB ERE - ZOVEOL - R
ZRABEMOSELZFEE -

45 - B RCHOWUNEN | &5  SRE& ERBE T REHEESRTF  BRILEATEBFRE - XiHE

BN ERARE -
—t +*Vpp

pull-up

resistors RP [[| RD -
SDA (Serial Data Line) i
SCL (Serial Clock Line)

L 4
= = SCLK E | B = SCLK .
FrmESH

N S E

| | I
SCLKN1_J DATAN1 | SCLKN2 | DATAN2 |
ouT ouT - out ouT
 SCLK DATA SOk DATA |
IN IN

DEVICE 1 DEVICE 2 MBC631

EHIEBEEE
1~ EfUsES/N - BAEX - IO HEEFEA -
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2~ FHIEBHEEA - EFOSNIEIEA - BKTESER=AK
EIE & E— B CHUEEEERIFEEER -

& EHEBHEE - 2ARBHEAT

tr
Ry(max)= (0.8473x C})

Vai—Vor
lor

Ry(min)=

EARBEEM EFARKNE tr « 488 Cb ~ fnE LGS 0.8473 BR -
B/NEBEFEREVAdEE « GPIOO B &AL EE Vol. GPIOOBCS&AER Vol BR -

& (l12C-bus specification and user manual.pdf)7.173 :

7.1 Pull-up resistor sizing

The bus capacitance is the total capacitance of wire, connections and pins. This
capacitance limits the maximum value of R, due to the specified rise time. Figure 41
shows Rpmax) @s a function of bus capacitance.

Consider the Vpp related input threshold of V| = 0.7Vpp and V,_ = 0.3V for the
purposes of RC time constant calculation. Then V(t) = Vpp (1 — et/ RC), where tis the
time since the charging started and RC is the time constant.

V(t1) = 0.3 x Vpp = Vpp (1 - e/ RC); then t1 = 0.3566749 x RC
V(t2) = 0.7 x Vpp = Vpp (1 — 2/ RC): then t2 = 1.2039729 x RC
T=1t2-11=0.8473xRC

Figure 41 and Equation 1 shows maximum R as a function of bus capacitance for

Standard-, Fast- and Fast-mode Plus. For each mode, the Rymay) is a function of the
rise time maximum (t;) from Table 10 and the estimated bus capacitance (Cp):

!
R . = —Tt 1
plmax) 0.8473 % C;-,. { )
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The supply voltage limits the minimum value of resistor R, due to the specified minimum
sink current of 3 mA for Standard-mode and Fast-mode, or 20 mA for Fast-mode Plus.
Rp(min) @s a function of Vpp is shown in Figure 42. The traces are calculated using

Equation 2:

R

plmin)

— VDD - VOL(mu.'c]
IOL

& (I12C-bus specification and user manual.pdf) %10 :

Table 10. Characteristics of the SDA and SCL bus lines for Standard, Fast, and Fast-mode Plus I2C-bus devicesl]
-Symbol |Parameter Conditions | Standard-mode | Fast-mode
| Min | Max | Min Max
focL |SCL clock frequency 0 100 0 400
tHD:sTA hold time (repeated) START condition After this period, the first 4.0 - 0.6 -
clock pulse is generated.
tow |LOW period of the SCL clock 47 T i
thicH HIGH period of the SCL clock 4.0 - 0.6 -
tsu.sTA set-up time for a repeated START 4.7 - 0.6 -
condition
-tHD_m.T |data hold timel2] CBUS compatible masters 5.0 - -
(see Remark in Section 4.1)
12C-bus devices [ om O 0Bl -4
tsu;paT data set-up time 250 - 10018 -
[t Irise time of both SDA and SCL signals | 1000 | 20 300
It [fall time of both SDA and SCL [ 300 | 20x 300
signalsEIEI7IIE) (Voo /5.5V)
tsu:sTO .setlup time for STOP condition 4.0 - 0.6 -
teur bus free time between a STOP and 4.7 - 1.3 -
START condition
-Cn .capacili\.re load for each bus linel!?] | 400 400
tooar | data valid timell!] 3.4504) 0.914]
tyvoack data valid acknowledge timel'2 3.45041 0.9
Voo |noise margin at the LOW level for each connected device | 0.4Vpy | - | 0.1Vpp 5
(including hysteresis)
VioH noise margin at the HIGH level for each connected device 0.2Vpp - 0.2Vpp -
(including hysteresis)
- AERETS © 0~100KHz - _EFHERTIE tr = Tus
2 ~ BIRE T : 100~400KHz - _EFERYIE] tr = 0.3us
3 BB up to 3.4MHz - EFHSETIE tr = 0.12us
AIEAT - Bi% vdd 2 1.8V 8B - CbR LB R E200pF ( BAMNAER
200pF R FEERLARAYGF - FATIL200pFRITE )

PR

R,(maz)=

1000x 10~

REAET

(0.847 3><cg,) —
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(&8473x200x10_m)

(2)

Fast-mode Plus Unit

Min
0
0.26

0.5
0.26
0.26

0
50

20 x
(Vop /5.5 V)2l
0.26
0.5

0.1Vpp

0.2Vpp

Max
1000 kHz

us

us
us
us

us

Hs

ns
120 ns
120 ns

us
us

550 pF
0.4514 ps
0.4514 ps

BB A B A400pF - SEFR_EE I

=5.9K()
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Ry (maz)=qgam o=l 177TKQ

(0.8473xCy) ~ (0.8473x200x10712)

SEREI

R, (maz)= =200 708()

(0.8473x Cy) — (0.8473%200x1071?)

B/N\EBH (VddieK - EHEBEMERA )

R, (min)="%""Yor 15=04) _ 166.6670

Tor 3Ix107°

AR SEENT - BREBE—RXA 1.8V AZXMA 33V ARNNRA 33V HERSANE/NBEEEREA
EBEA -

AEaEMNRIRBEEMSEN SR - 7R 2C ERESHEN - LHSER/) Y  2EBE&SEM
7( I 4 LR EEBEFRTR ( —RIEBFADIFBE04V ) - LHEBEBEATY (RC) « EANEIEKR - HK
L=AR -

AREABERERAEE—MABLUT LI : 1.5K, 2.2K, 4.7K,

EHIBERZE

120 aaa-012677 5 aaa-012678
Rp(rnin) /

Rp{max] (kQ) 7
(kQ) 4 ! |
80 \{1] 3 | / |
| AR
40
@) {1]/
(3) 1

/ 20mA_|
oY |
0 ] = 0 _,1[2.]..-——-"""""_—#—
0 200 400 600 0 4 8 12 16 20
Cp (pF) Voo (V)

(1) Standard-mode (1) Fast-mode and Standard-mode

(2) Fast-mode (2) Fast-mode Plus

(3) Fast-mode Plus
Fig 41. Rpmax) as a function of bus capacitance Fig 42. Rpmin) as a function of Vpp

—RRDVEZHE BEE (HS) - RARMENMNEERESR - A HS BIUKIEE F5#S -

12C(=) : 12C bus spec

Definition of timing
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BERAR RUBEZMEEE X ( F/S-mode)

tsu;DAT

------- {jm-
, fy
\( /
cont.

tyD;DAT

/M N\

s e SDA

9th clock

sse SO

note : {EEE 0.3vdd LT + &EF 0.7vdd DA E -

=5 NBEEE -
tr: 55 LA -
tLOW : S SR FHE -
tHIGH : S S8¥ME -
tHD;DAT : R RFFATE]
tSU;DAT : iEZ 17 E
tSP 1 HAURIR 2R AN R ERIBKES
tBUF : BaIMI{F LSRG ZE IR E
tHD;STA : EEERFHRIRIFINE
tSU;STA | EEERIRFHHNREINE
tSU;STO : FIERGEZ AT E

SrE#MED - SE - PFLE

__________

gth clock 002aac938

note : SCL BEEFAINIE - SDA 2B FE 1+ ZEMZ 0, SCL {EEBFHA[E - SDA THEE -

note : ERIARHRESIER  BERIAFZEFLZZBSTOP - BR 7T — START - BKEKZERBIN—PMNIEE ID,

o Et MR -

12C transfer
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%1 1PC REARIBEMEX

VN ik

KIE DT B K B B ) 2R

PR M E S B A AT

EHL IAEARIE S e PS5 A2 X S

ML WAL hk 2R

£ 1HL RN A 2T — A TR 2, EARRSC

frhk R AMEA ZA BRI 2 H R 2, HH AVEIh — AN LR LI TR SO B A
EIpuN

[7] 20 WA B A G R P I B 5 i R

1 BiRANH

£ SCL SEBFEAE] - SDA WITRE - FiA—MRIBER T - SCL BEEFEE/ - SDA BEETEAN - ARKRET
X -

USDA / X _\
uscL / A

data line change
stable; of data
data valid allowed 002aaf113

2 - REHARETNIF L RM
YRS : SCL ST - SDA HEZE -

BIERMA © SCL S8 - SDA HIEES -

| AT e ) | | D |
R | e | s
USDA | \ | / \ | / |
| | ek o | |
| | | |
| | e | | et
| | | |
LSCl: | | \ / \ / | |
fen [ e
START condition STOP condition
002aaf145

—REBEWM—DFT (8bit) - MRENHYA - SDA 7 SCL SR B FEIETHREE - AolLIE SCL S8BFHE
LR - SNRIANNZE EBIaMELERY -
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1) FRKELFZE—DFH (8bit) 2) BREFWNFHAZIRE 3 ) BIELZUL MSB FSLETEH - Rk
EhREWMEREM 4 ) MITBUSREE SCL RIFHEEAL - BEFNEASZSHRES -

MSB LSB

W

slave address
002aag659

aas e \_X_K\/_ECE

| Master drives the line HIGH on 9th clock cycle
| Slave never drives the USDA line. |

s I_SorSr| N edooN 8 9 1 2\ faoT\S 8\ /9 | srorp |
.

USpA. | .\

PR |
|
|
|
|

= NACK * NACK —
START or STOP or
repeated START byte complete, g repeated START
condition interrupt within slave condition
002aag657

3. ACK or NACK
SREDF—PETHUE - MSBET— MBI - B ACK 3 NACK,
ACK : TEfH 8 bit BUE - %8711 bit, SCL BT - 1SR SDA 2(EBT - BABER T ACK,

NACK : ZEfE% 8 bit LUfF - L1 bit, SCL S - 11K SDA 258  HAREIN ¥ NACK,

r
DATA QUTPUT | \
BY TRANSMITTER

|
|
DATAOUTPUT |
|
|

[ X XX/

|
|
|
! not acknowledge\
I
|
|

-

/4

BY RECEIVER

acknowledge

SCL FROM
MASTER | | 1 2 ____4/r7;\\___/f_;1\___

S
L R J clock pulse for

cﬂgiﬁgn acknowledgement

7 1°C Ry

4. write data

14 /60
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7 7 7 777 // 7777 7 /
S SLAVE ADDRESS RW~/ A DATA A DATAZ{AA L P
N s SN s 2 A S LA Y IPITI /S

. ‘ _ data transferred
0" (write) (n bytes + acknowledge)

7/} from master to slave

A = acknowledge (SDA LOW)

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

P = STOP condition

from slave to master

11 EHL— XA 7 Ansbhl 5 hE WAL o A4 7 I AN

5. read data

1

% P v 777 ry
L 5/ SLAVE ADDRESS RW~7| A | DATA A DATA At P/
£ 2

Ly

LS A S ,é ]

data transferred
(read) (n bytes + acknowledge)

12 fES A LR AL

6 E51BH
P77 7777777777777 77 A7 7 22 7] VA 7R e e A 7L 77
.Sk SLAVE ADDRESS } R/W/| A | DATA| AJA |Sr " SLAVE ADDRESS ¥ R/IW:| A | DATA |AVA- P
S AT S TS TS A LI T I TP ITITIITIID P e
L{n bytes J L(n bytes J
. + ack.) * + ack.)*
read or write
read or write direction
of transfer
* not shaded because . may change
transfer direction of Sr = repeated START condition at this point.
data and acknowledge bits
depends on R/W bits.
K13 Haat

7. 12C Transfer Regulation

1)

VA START 748 2 ) LA STOP SRFLEER 3 ) EHIRIE—DFT509 7bit ML + 1bit B 4 ) BTR

“% PR EEALEE STRAT ESEEM 7bit it S B S RIMIHIEZ FUCES 5 ) &1 byte(8 bits) FEE =B ACK
L& NACK 6 ) T£ START {552 # repeated START 555 - MIMNAEEBCHRELEE 7 ) — 1 START [5E

15/60



5/26/2023
£EIRE— STOP 55 - IFEER 8 ) A master AJLIAF4 STOP 55 - MaEBEE~E— repeated
START 5+ B —NgFHHU - EEABIHDBIN—NMEE
8. 10-bit addressing

1T1T110XX 0

SLAVE ADDRESS |, SLAVE ADDRESS

S 1st 7BITS  |VW([ A1 2nd BYTE
|

(write) mbc613

A2 |DATA| A DATA|A/A| P

Fig 14. A master-transmitter addresses a slave-receiver with a 10-bit address

11110XX 0 11110XX 1
SLAVE ADDRESS|S 75 SLAVE ADDRESS SLAVE ADDRESS | i =
S 1st 7 BITS RW| A1 ond BYTE A2 | Sr 1st 7 BITS R/W| A3 [DATA| A DATA|A | P
(write) (read) mbec614

Fig 15. A master-receiver addresses a slave-transmitter with a 10-bit address

AT R
10-bit Address
Indicator Slave Address
START

A9-A0 =7~ 10bits ik

9 RiRERRZE

T —
P

3 .

16/60
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12C ASzHMIREFE SCL Al SDA B &k EARE— 1 ohllf - BRI ERERIEHE - BPEHFERKONREFTEHIMNE
—RPUTLL  BANEEBIRCE ERY - L EERESEIERVEFE -

XTLFIEN 7 2R EZM - ZAHA Y pin B - 13C MAZFEXFPEA - 13C RIFMNIRELE SCL MISDA EARER
W - AR, 13C BESW -

12C(PY) : 12C bus spec

1. Data and ACK/NACK

Normal case

A master-receiver must signal the end of the transfer to the slave transmitter.
Error case

1) No receiver is present on the bus with the transmitted address 2) The receiver is busy. 3) During the
transfer, the receiver gets data or commands that it does not understand. 4) During the transfer, the receiver
cannot receive any more data bytes.

The master can then generate either a STOP condition to abort the transfer, or a repeated START condition to
start a new transfer.

RfsaH

3.1.6 Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the receiver to
signal the transmitter that the byte was successfully received and another byte may be
sent. The master generates all clock pulses, including the acknowledge ninth clock pulse.

The Acknowledge signal is defined as follows: the transmitter releases the SDA line
during the acknowledge clock pulse so the receiver can pull the SDA line LOW and it
remains stable LOW during the HIGH period of this clock pulse (see Figure 4). Set-up and
hold times (specified in Section 6) must also be taken into account.

When SDA remains HIGH during this ninth clock pulse, this is defined as the Not
Acknowledge signal. The master can then generate either a STOP condition to abort the
transfer, or a repeated START condition to start a new transfer. There are five conditions
that lead to the generation of a NACK:

1. No receiver is present on the bus with the transmitted address so there is no device to
respond with an acknowledge.

2. The receiver is unable to receive or transmit because it is performing some real-time
function and is not ready to start communication with the master.

3. During the transfer, the receiver gets data or commands that it does not understand.
4. During the transfer, the receiver cannot receive any more data bytes.
5. A master-receiver must signal the end of the transfer to the slave transmitter.

2, Clock stretching

17/60
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1) Clock stretching pauses a transaction by holding the SCL line LOW. The transaction cannot continue until
the line is released HIGH again. 2) force the master into a wait state by holding the SCL line LOW. 3) Clock
stretching is optional 4) needs more time to store a received byte or prepare another byte to be transmitted
5) slow down the bus clock by extending each clock LOW period. The speed of any master is adapted to the
internal operating rate of this device. 6) In Hs-mode, this handshake feature can only be used on byte level

RisH

3.1.9 Clock stretching

Clock stretching pauses a transaction by holding the SCL line LOW. The transaction
cannot continue until the line is released HIGH again. Clock stretching is optional and in
fact, most slave devices do not include an SCL driver so they are unable to stretch the
clock.

On the byte level, a device may be able to receive bytes of data at a fast rate, but needs
more time to store a received byte or prepare another byte to be transmitted. Slaves can
then hold the SCL line LOW after reception and acknowledgment of a byte to force the
master into a wait state until the slave is ready for the next byte transfer in a type of
handshake procedure (see Figure 7).

On the bit level, a device such as a microcontroller with or without limited hardware for the
|2C-bus, can slow down the bus clock by extending each clock LOW period. The speed of
any master is adapted to the internal operating rate of this device.

In Hs-mode, this handshake feature can only be used on byte level (see Section 5.3.2).
RCEIRFBW|AIEFENWPLESCL . REEFRFELEZEMRE R - —RIBER T - IREENRZFEEPROMEE
HEMERIREMS - T8 - B2 - IRNREBE2XIER BRI HLSREENE-LIZEARTHE

RIROEEN - XPMHECEES A KA RMIE - BAS ? XY - NRESEHEHNPEEEE | EREE
BB ZEBRMNINEE - IBEHNRELEMASTER - XTIZRCGEERSF - MLIE—BEZESIRERIRHE |

PR BAUERFEENREZR - DABITRE—R - ARBEMRITAEUSERE - IR -
3. Synchronization And Arbitration

EZEMNBELRAF - BELAZ TR - BIHAEECHI I - SIUEANT SEAINT RE0E - B
ENE U LFAET RREMT R KA ZEHFZTNEZREE - ERORERIAF M LN REDEL L
RZEBNESHAREEEE - ZEMEA PR - BRARIIR - g BRTOHENFR  XpZR2CE %L
BIIhE -

12CRZ ERfPE DAL | SCL ZRIRILS ] SDA LRV - XM DRBLERR - BT -

al

SCL Synchronization

SCLRZZHATRABBEL"S'HZEINE  IRBE-ITRAEEEFN - D& LMRAABLEF - ZHAA
NP REAESBEYN - BEATERAANTEY - EERTL'S"ZENENRIE - ST REN AN
S5 - ERE& LRINEF —HNNHPES - XMESCLHNELSRIE -

1) All masters generate their own clock on the SCL line, therefore a defined clock is needed for the
arbitration procedure. 2) using the wired-AND connection of 12C interfaces to the SCL line. 3) a HIGH to
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LOW transition on the SCL line causes the devices to start counting off their LOW period 4) devices with
shorter LOW periods enter a HIGH wait-state

& (I12C-bus specification and user manual.pdf) & 7 :

start counting
i HIGH period
wait - P

‘ state — |

/ counter

CLK | \ 2 reset / L\
2 | | \

Fig7. Clock synchronization during the arbitration procedure

SDA Arbitration

SDALMPH I ZRUESLABREL'S"BENENRIE LN - TREXKEXMUEIER @ L(EREE EAMEIE
ESECKZENEE—R - B @ #axx; &l BE=S -

SDA ZRUfPF O] LURIE 12C RERAAEZ N ET RENEEZEHISANBELESRTHEEEAER - B4 %
SGBTMERAT P ETRIUSELELDL -

1) Arbitration takes place on the SDA line, while the SCL line is HIGH. 2) The master which transmits a HIGH
level while another master is transmitting a LOW level will lose the arbitration. 3) A master that loses the
arbitration will generate clock pulses until the end of the byte in which it loses the arbitration.

fPENRE
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master 1 loses arbitration

DATA 17 SDA
DATA | \« ( [ N [T — —— =777
1
DATA
2
SDA
| |
| |
st \_J/ [\ ) S
| s |
L= msc609

Fig 8. Arbitration procedure of two masters

FERUADNTIRARRPEERE - DATATFIDATA2 D A2 E T RB R LM A AREIEES - SDANRL EFR
EVWNHIEES - SCLZERE LF2UWNRIES - AEXET R 2ENAZERBBESH RTMETREBRKE TS
BEES XNRL& L2INESHERF  BPEDRELNI L ENESSECAZENESHEE - 44
KFEAE - BB 2P ETREBARBBFES - £RL L2IWNESHEEFY - (RLLEEIE -
ESEIPNEY  ETRIKESBFES  METRAZBEFEES - RIELSLNL S'REBEINGE - B4
ERESHESRT  XNEDR1ENEIRL ENEIEN B O AZNEIEA—1F - Sl EEEE LR - A
MIFBEWCRTS - EFETR2ERS 2% - MEBEREEX - RENBIESET R2FMKZENEIE—F -
MEPRIERANT REREZWEIE - BHFTIRBEIESDAL EREEE - AEM#IRPHEIERBEERX.

note : SDAMPELFISCLAT RIS MBI R BTLERE - MZRIHITA -

2% . https://blog.csdn.net/u010027547/article/details/47779975

12C(H) : 12C bus spec

1. Fast-mode

1) BRARMEZRIENNZ 400kbit/s 2 ) WE 7 BTHIESDAMEITIRIPSCLESHNF - RAVESHEMBD LR
BIg0 - CBUS 3RE - B ARBEEIBMAMERER TN T - 3) REEAZHNEATIIHEERIAWINEE, SDA Al
SCL #IAA Schmitt A =s - 4 ) RERA[ARVIMLLZE PERXT SDA Al SCL ES M T BEGAR RIEH|INAE -
5) MRRERAFZHBIRBERRET - SDA T SCL K 1/0 EMDARZE - FBEHERL - 6) ERITL
RISNER LRI VB LB N RIEET, 12C DEABRBRISARVF EFIE - WTRAEKEAKZ 200pF RIS L -
BRELHN LHSGTUZ— P8 T AR 200pF~400pF ZBE 4 - ERIZRE o LIZ— P8R
(RAE3MA) HEZ—NHTREBESE - INE :
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V
1/4 HCTA4066 nY o o
_ (o]
nE e
; s
P N
|
nZ |GND
13k2| | Rp2 17k2| | Rp1
X i SDA or SCL
. i bus line
=100 Q Rg =100 Q Rg
/O 11O
L ©b
— — T 400 pF
I I max.
N N
Vss

FAST - MODE I2C BUS DEVICES
mbc620

Fig 44. Switched pull-up circuit

2. HS mode
HS mode Aft A8 ER ? ANEREXNEMEXNBTRZA—1F801 7 - FHUH

0) BESIA 34MHz, 1) Hs B ENZHE—1 SDAH ESHA TR HE D2 —NE SCLH # E Rk
TNHIAER LR - XN ERREEAERE 7 SCLH ESHW_ EANE - ARNESE Hs EXRB— N ENAESB
TREAY - 2) EZENRGH Hs BT - AT HFNEPEL - DINNRAIAIEEES - fEREE—RENE
FAF/S B ERENBRELER - 3) Hs B ENBEHLUSBFENELFZE 122 WEER=E—PBITHEES -
FERR 7 B2 AR ENENNFEER - 4) BOLUER Hs BXNBUARNZREN - £ Hs BERHD - Hs B3
RUMSELIE SDAH SR BITH b SCLH £ B X EBEFS F/S R84 SDA 1 SCL D[RR - BE
7SDAH #1 SCLH R B E, - F EAM NERIEIER - 4) Hs EAMNBHS F/S M RHHWE—Z7IZ
BIILIERRE - Hs X MALLE SCLH 71 SDAHMI BT R R hes - SCLH ERIn 3 T RIS EE Y
FTHIK SCLH ESHEEFE - BRMIFTE Hs BINERMNNMAIGHTT - 5) Hs B AR5 H o DUDHIE
R - MmE SDAH A SCLH ¥ A— Schmitt A& 28 6) Hs IR HRVILLE/P2EXS SDAH 1 SCLH ESHF
PR B R ERIEFITNREE

A Hs EXRENRARIMIE 12C BERE
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Vbp
ﬁ Rp Rp

) SDAH -
. SCLH .
I On O Do [ [ I [
Mm e
SDAH | SCLH SDAH | SCLH SDAH | SCLH SDA| SCL|  SDAH| scLH SDA‘ SCL|
wi &i ! @ | @ @d m& 24 '
Ll o MCS MCS
| ]
e [ e T S e | O
.: -: Voo Vop
Hh B Ve, AL e S0V IOR 20l g B - b S B
SLAVE SLAVE MASTER/SLAVE MASTER/SLAVE

msc612

(1) |SDA and SCL are not used here|but may be used for other functions.

(2) To inpuit filter.

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

(4) Dotted transistors are optional open-drain outputs which can stretch the serial clock signal SCLH.

Fig 32. 12C-bus configuration with Hs-mode devices only

(Ot ) SBEXEBPHER Rs fRIF 12C BRLIRER 1/0 RR DL LN ERERN - FARREMTINEERE

AFEBRANRE  AABNRE  UOMHERE - X %EPHHI‘EI_JE 0 MCS BRR - MRBL ERHRZ - &
SHRLBERA - IARLEEHEITLAEERE - XFENE - SEOR G2 - FRUAIN 7 8BIR
RO AE EFHERR -

1. data transfer format in Hs-mode
1) START condition (S) 2) 8-bit master code (0000 1XXX) 3) Not-acknowledge bit (A)
2. Enable current-source pull-up circuit in Hs-mode ( #ZEHs#E X T ERSEIRIE LRI )

3. Continues in Hs-mode after the next repeated START condition

F/S-mode o Hs-mode (current-source for SCLH enabled) _ . F/S-mode

S MASTER CODE | A |Sr| SLAVE ADD.| RIW | A DATA AJA| P
|

L (n bytes + ack.) J

~_Hs-mode continues

SLAVE ADD.
msc616

w
=

Fig 33. Data transfer format in Hs-mode
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A EETIMEY - FEHREET (FS mode ) F&AZE— Master code - AETIREISHEET (HS mode ) + &
EMIRFE ML -

EE—FER FS mode IH& - KAFRENRE - XIHEZHTHE - Bt SEEXAMBRAR B EDS M,

F====n 8-bit master code 0000 1xxx A

SDA high ’_\ _____
SCL high ?_:_\_/1—\_/—;;;"-\ /6_\ /?_\ m /9_\ /_

s 7-bit SLA RW A n+(8-bitdata + A) e

t Sr | Chab I
(] : i e
(] 1
e ke g
- Rl
1L i ! R i -
SCL high Muﬁ s\ [7\ [8| [o 1 2to5\ [e\ [7\ [\ [o : i

......

If P then
HS mode F/S mode

- -
If Sr (dotted lines)
then HS mode
g SUCHIEERS 1)

tH
trs

f = Master current source pull-up

_/_ = Resistor pull-up

Fig 34. A complete Hs-mode transfer

mscG18

FTERANREBEEREAEE - LEPREER T RZETHHMI . AEEMNEE - AETRAISEEDS  £k%
—M reSTART - ZEBAZBCBEERE  Z=3EE -

12C(7X) : 13C

1. Introduction

I3C : Improved Inter Integrated Circuit - & MIPI (Mobile Industry Processor Interface ) % &=\l SATE 881 ]
BX B R ROCHBY i2c R&EHEO,

ERBEFNEBNmPNRERR - R ORI - RARBR—TDEARERDIBERKEE RS
MEE - RIIMEIGE FE O R 84 12C, SPI A UART 5 -

BR7YXEOD  AOERZEMES - fINEATPHE - SREFES  ERNMERES - XSGMAENEN
GPIOHE - NTNIRSEEEE - ESENITRSIMFES PCB EHNRFMA -

B E IRV RS A (G BRI E RGN - XTI R B HREXELIEH S FHHEE -

MIPI 13C #E O X EEBEB LA EHBRANRIRWEZT MBI NEHRRHRE  ElE - EINFE
2B rEO -
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Out-of-Band Interrupt

I’C Slave

: 13C Bus
: (SDA & SCL) Legacy

I’C Sensor(s)

I3C Main Master

I3C Slave

I3C Sensor(s)
May be SDR-Only

Host Controller
May be SDR-Only

I3C Secondary Master

I3C Smart Sensor(s) /
Hub(s) / Engine(s)
May be SDR-Only

Figure 1 I3C System Diagram

Example classes of sensor addressed by I13C are listed in Table 1.

24760



5/26/2023

Table 1 Sensor Classes Addressed by I13C

Mechanical / Motion
e Compass/Magnetometer
e Gyro
o Accelerometer
e Proximity
Touch screen
Grip
Time of Flight (gestures)
Audio/Ultrasonic (events)

Biometrics/Health

Fingerprint

Glucometer

Heart rate

Olfactory (e.g. breathalyzer)
EKG

GSR (galvanic skin response)

Environmental Sensing

Other

e Ambient light e NFC (Near Field Communication)
e Barometric pressure / altimeter ¢ Haptic feedback
e Temperature e IR (smart TV remote)
e Carbon monoxide / pollutants e UV/RGB
e Humidity

Hkk iz £/ 626k

. JEEEEHRED . 3552

o [EER(Y o [MHEN

. DNEEESEREEE .

. ETEEEE . EHEERRBENES)

» BHERE « EKG

. EFEEE « GSR (REBrERAT)

» KITHIEIFD)
« SIS

R

. FiEEE

- SEEET

- BE

. —SLEISH
=

Hift

« NFC (Ei7E(E)

.« REERIE

. LISME(ERRILER)
« UV/RGB
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No Interrupt Required

Ultrasonic sensor

Carbon Monoxide & Dioxide sensor
Humidity sensor

Barometric Pressure Sensor
Olfactory (Breath Analyzer) sensor
Galvanic Skin Response (GSR) sensor
Haptic Feedback

Remote Control IR port

Switches and RF Front End Control
Memory Control

LED Backlight Control

LED Flash Control

Camera Module Control

Time of Flight Sensor Control

Interrupt Required

Compass Sensor
Gyro Sensor
Accelerometer
Proximity Sensor
Touch Screen Sensor
Grip Sensor

Ambient light Sensor
UV/RGB Sensor
PMIC

Temperature Sensor
Fingerprint sensor
Heart Rate Sensor
EKG Sensor

Near Field Communication

12C 1 13C EEXHIMT :

1. 12C BARTERAREL - BERSMEERRBFE—RIIIMOFHIL - KEFETELIRECEAERT - B2 13C
RIFNREBEIFE LS L LD - ABFE—RIIIMIPRIL -

2. 12C FEHIRE &S 3.4MHz, 13C TJLL12.5MHz,

3. 13C @ FFA 12C - (BAFEA 10bit BY 12C ¥ Bl -

4, 12C MR EZRAMIL - 13C 2oL - HEFREHB/MNRE DB -

5 BTZHFHAPE - AU REINRERNRER - —ROBSRESKRER - MARRS - PHiF LTI

Rz e (LEELSRIFMT )

6. I3C I ML AIGPIO « B2 IBEN - RATBBRRHHKIRE

MEFTA sensor &K A 13C BFEO -
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2. 13C key features

Too Many 1/0s!
Fragmented Interfaces!

St A

5/26/2023
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Parameter MIPI 13C 1’C SPI
(Improved Inter Integrated Circuits) (Inter Integrated Circuits) (Serial Peripheral Interface)
Overview
BCMAIN <22 Y 13 peman  «22 — 12¢ L R— <
MASTER i3 SAYE MASTER scL SLAVE o mso
N ¥ X ”l MASTER ss1 I N SPI
52 SLAVE
13C A siave_INT .
SECONDARY 12C
MacTER SLAVE_INT — SLAVE L)
L—»
SPI
— 12c SLAVE
L SLAVE 12C SLAVE_INT
SLAVE
Number 2-wire 2-wire (plus separate wires for each 4-wire (plus separate wires for each
of Lines required interrupt signal)

required interrupt signal)

Effective Data
Bitrate

33.3 Mbps max at 12.5 MHz
(Typically: 10.6 Mbps at 12 MHz
SDR)

3 Mbps max at 3.4 MHz (Hs)
0.8 Mbps max at 1 MHz (Fm+)
0.35 Mbps max at 400 KHz (Fm)

Approx. 60 Mbps max at 60 MHz for
conventional implementations
(Typically: 10 Mbps at 10 MHz)

Advantages

o

Only two signal lines

Legacy I°C devices co-exist on the
same bus (with some limitations)
Dynamic addressing and supports
static addressing for legacy I1°C
devices

I2C-like data rate messaging (SDR)
Optional high data rate messaging
modes (HDR)

Multi-drop capability and dynamic
addressing avoids collisions
Multi-master capability

In-band Interrupt support
Hot-join support

A clear master ownership and
handover mechanism is defined
In-band integrated commands
(CCC) Support

0

Only two signal lines

Flexible data transmission rates
Each device on the bus is
independently addressable
Devices have a simple master/slave
relationship

Simple implementation

Widely adopted in sensor
applications and beyond
Supports multi-master and multi-
drop capability features

Full duplex communication
Push-pull drivers

Good signal integrity and high speed
below 20MHz (higher speed are
challenging)

Higher throughput than I>C and
SMBus

Not limited to 8-bit words

Arbitrary choice of message size,
content and purpose

Simple hardware interfacing

Lower power than 12C

No arbitration or associated failure
modes

Slaves use the master's clock

Slaves do not need a unique address
Not limited by a standard to any
maximum clock speed (can vary
between SPI devices)

Disadvantages

Only 7-bits are available for device
addressing

Slower than SPI (i.e. 20Mbps)
New standard, adoption needs to
be proven

Limited number of devices on a
bus to around a dozen devices

Only 7-bits (or 10-bits) are available
for static device addressing

Limited communication speed rates
and many devices do not support the
higher speeds

Slaves can hang the bus; will require
system restart

Slower devices can delay the
operation of faster speed devices
Uses more power than SPI

Limited number of devices on a bus
to around a dozen devices

No clear master ownership and
handover mechanism.

Requires separate support signals for
interrupts

Need more pins than I2C/MIPI 13C
Need dedicated pin per slave for
slave select (SS)

No in-band addressing

No slave hardware flow control

No hardware slave acknowledgment
Supports only one master device
No error-checking protocol is
defined

No formal standard, validating
conformance is not possible

SPI does not support hot swapping
Requires separate support signals
for interrupts
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[ Energy Consumption| Data Rate
milliJoules per Megabit for I3C Data Modes (100pF) Mbps for I3C Data Modes (@12.5MHz)
4.5 45
4 40
3.5 35
3 30
25 25
2 20
1.5 15
i 4 10 4
= L L |
HDR-DDR  HDR-TSL HDR TSP 12C HDR-DDR HDR-TSL HDR- 'I'SP
—~— —
13C 13C
® mJ per Mega-bit, VDD=3.3V Assumptions: 1) All symbols in each mode have equal probability for use.
® mJ per Mega-bit, VDD=1.8V 2) Energy consumption is the energy delivered by pull-up

devices to the bus (which includes drivers and resistors).

Figure 2|Energy Consumption|and Raw Data Rate: 13C vs. IC

1) FEREHRINENNARTED  RSUKR125MHz2 ) B— & EHENES 12CIRE (B—LRH ) 3)
A AN ZHERIRCRBNAESTIUE 4) FHRI12CGET 5 ) HM2CHREIRERFE S & H ( SDR) 6)
I3C BASIC AZ#5 : M SHIRERFHBER (HDR) 7) ZRINEE8 ) ZEINEE9) HRDPEIZIF 10)
B #F 11) 13CBASIC PAXZE | BLITNZHMRLIHRISE 12) secondary master support

1) RZFF 12C master 2 ) RZFFMA clock stretching 3 ) B 12C MR & FEZEF 50ns spile filter on SCL 4)
MELZRBLRZN 13C 1&&LIETIHT

3. 13C Mode
Support for many Legacy I12C Slave Devices and messages

I3C Single Data Rate (SDR) Mode 1) transfers data on only one edge of the clock. 2) Private/Typical
messages: send message to slave with dynamic address 3) Broadcast messages: which are sent to all Slaves
on the Bus (ex: ENTDAA) 4) Direct messages: which are addressed to specific Slaves (ex: SETDASA)

I3C High Data Rate (HDR) Modes 1) Dual Data Rate (HDR-DDR) Mode: Uses same signaling as SDR Mode
(i.e. is not significantlydifferent from the 12C protocol), but runs at about 2x the speed of SDR 2) achieve
higher speed by transferring data on both clock edges 3) Ternary Symbol Legacy (HDR-TSL) Mode: Higher
data rates plus Ternary coding, for Buses witha mix of 12C and I3C Devices. Significantly different from the 12C
protocol 4) Ternary Symbol Pure-bus (HDR-TSP) Mode: Higher data rates plus Ternary coding, for Buseswith
only 13C Devices. Significantly different from the 12C protocol 5) Ternary Symbol has three state, the SCL line
changes state, the SDA line changes state, or bothlines change state

SDR Mode

1) SDR Mode is the default Mode of the I3C Bus 2) used for private messaging from the Current Master
Device to Slave Devices. 3) used to enter other Modes, sub-Modes, and states 4) for built-in features such as
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Common Commands (CCCs), In-Band Interrupts, and transition from 12C to 13C by assignment of a Dynamic
Address. 5) significantly similar to the 12C protocol [NXPO1] in terms of procedures and conditions, and as a
result I3C Devices and many Legacy 12C Slave Devices (but not 12C Master Devices) can coexist on the same
I3C Bus. 6) For the procedures and conditions that 13C shares with 12C, SDR Mode closely follows the
definitions in the 12C Specification. 7) 12C traffic from an I3C Master to an 12C Slave will be properly ignored
by all 13C Slaves, because the 13C protocol is designed to allow 12C traffic. 8) 13C traffic from an 13C Master
to an I3C Slave will not be seen by most Legacy 12C Slave Devices, because the 12C Spike Filter is opaque to
I3C’s higher clock speed.

I3C Communication Flow
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LEGEND
== Normal Process
STOP = End to START er STOP
.'(: Bus Free ) — End of Message
1 —# NACK End of Message
START START | BusatsoRspeed |
L Including
Repeated START | Bus at High Speed |
Legacy Typical 13C SDR 13C SDR 13C HDR
I’c 13C SDR Broadcast Direct Mode
|||rmsamgra~1| A Message + M nssagu”] < Messa gnm
. . ThTE Th7E Th7E
5‘:‘;"‘::& R ”é’";“;,:f :g"j(" (broadcast), W, (broadcast), W, (broadcast), W,
' ' ACK ACK ACK
Data, ACK Data T CCC Broadcast CCC Direct CCC EnterHDR
ACK Continue Optional Data, Repeated |
Continue T START
HDR Mode
Continue Dynamic Addr, HDR Exit
R or W, ACK - Pattern
< &
o
x E % . ¥
E ol 2 gl & g z
= = o a a /
L il 8 “ Data, T
- [+ 9
o 2
w0
2
2 =
[=] [17]
Continue &
Y b4 Y b v Y v
STOP or Repeated START
START 4 l (1) Not shown: Dynamic Address
STOP Assignment process (ENTDAA CCC)

{2) SDR Diract Message is axdbed by
sequence of Repealed START
followad by address ThTE

Figure 5 13C Communication Flow

I3C Master Device
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\
Generic Logic Processor
e.g. SoC / MCU / FSM / etc.
COMMS INTERFACE
I3C CORE - MASTER
Bus Management Block PHY Layer
Configuration Registers [ 10 PAD
CLOCK & —>_ SbA

Pseudo-Random # DATA

generator Recovery —p| 10 PAD

- SCL
Dynamic Address and ACTIVE
Priority Levels Allocation DRIVER
& PUR
SDA
In-Band Interrupt & Hot-Join ACTIVE
Management, MASTER level DRIVER
h & PUR
SCL
Data Packet Generator
I’c ﬂ-
N J
COMMS INTERFACE Bus Management PHY L
I3C CORE - MASTER Block ayer

Figure 6 I3C Master Device Block Diagram

13C Slave Device
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~
Generic Logic Processor
e.g. SoC / MCU / FSM / etc.
COMMS INTERFACE
I3C CORE - SLAVE
Bus Management Block PHY Layer
Configuration Registers - 10 PAD
— SDA
CLOCK &
DATA
Pseudo-Random #
Recovery 10 PAD
generator - - SCL
ACTIVE
Dynamic Address Capture DRIVER
& Open Drain
SDA
In-Band Interrupt & Hot-Join ACTIVE
Management, SLAVE level DRIVER
& Open Drain
SCL
Data Packet Generator
I’c
- »
. J

COMMS INTERFACE Bus Management PHY Laver
13C CORE - SLAVE Block y

Figure 7 I13C Slave Device Block Diagram

4. 13C Protocol

Bus configuration
13C AMUZHZMMNIRE - BXFSPETIRE © 13C BL& LolIXFRNZES !

1. Main Master(ZH B £i& %) 2. Secondary master ( ##B1F18% ) 3.i3c Slave (i3cMIZE ) 4. i2c Slave (i2c
MIZE )

33/60



5/26/2023

13C I13C 12C
SECONDARY SLAVE SLAVE
MASTER

SDA

' O O

13C 13C
SECONDARY
LAVE
s MASTER

12C
SLAVE

LEGEND
1I3C SECONDARY
:ish‘TpEIRN MASTER 13C SLAVE 12C SLAVE
(Slave of Main Master)

Figure 8 I13C Bus with I2C Devices and I3C Devices

I3C Characteristics Registers describe and define an 13C compatible Device's capabilities and functions on the
I3C Bus, as the Device services a given system. Devices without 13C Characteristics Registers shall not be
connected to a common I3C Bus. There are three Characteristics Register types: « Bus Characteristics
Register (BCR) « Device Characteristics Register (DCR) ¢ Legacy Virtual Register (LVR)
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Table 6 Bus Characteristics Register (BCR)

BIT Name Description
BCR[7] | Device Role [1] 2'b00 — ISC Slave )
2'b01 — I3C Master
BCR [6 Device Role [0 2'b10 — Reserved for future definition by MIPI
[6] evice Role [0] 2'b11 — Reserved for future definition by MIPI
BCR [5] MIPI Reserved 0 — Default
. o 0 — Not a Bridge Device
BCR[4] |B Identifier?
CRI4] ridge Identifie 1 —Is a Bridge Device
0 — Device will always respond to 13C Bus commands
BCR [3] Offline (.731;.131!:“&3 1 — Device will not always respond to 13C Bus
commands
0 — No data byte follows the accepted IBI
BCR [2] IBI Payload 1 — Mandatory one or more data bytes follow the
accepted IBI. Data byte continuation is indicated
by T-Bit, as described in Section 5.1.2.3.4
0 — Not Capable
BCR [1] IBl Request Capable 1 Capable
0 — No Limitati
BCR[0] | Max Data Speed Limitation® © Limitation
1 — Limitation
Note:
1) For an 13C Device acling as I3C Main Master, the BCR Device Role bits will contain the value
2'b01.
2) Bridge Devices are required to comply with the MIPI Specification for I3C v 1.0 [MIP102].
3) Offline Capable Devices retain the Dynamic Address, and are specified in Section 2.2.
4) Master shall use the GETMXDS CCC to interrogate the Slave for specific limitation.

Bus Communicaton

The SDR protocol is based on the 12C standard protocol, with a few notablevariations:

The start and stop

Address Header

The data 9-

SCL line

SDR Message

bit words

NG
signaling timing
Bit form and signaling timing
The same bit The ninth bit
Driven by the master.this In,I3C only driven by the

drive can be Open Drain master.normally this drive is

Push-pull

1) The Address in the Address Header is 7'h7E (the 13C Broadcast Address). All I3C Slaves shall match Address
value 7'h7E. 2) The Address in the Address Header matches the Slave’'s Dynamic Address. All 13C Slaves shall
match their own Dynamic Address.

35
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Sor| I3CRESERVEDBYTE |[RW | . |
Sr (T'hTE) (0) 1|
I3C Address Header |
with Broadcast Address R PARA T
|
Sor | 13C DYNAMIC SLAVE 1
Sr ADDRESS RIW|ACK - —
I3C Address Header
with Dynamic Address
Sor ACK/
Sr 12C SLAVE ADDRESS |RIW |ACK}- — — — — — DATA NACK P

12C Address Header
with Slave Address

Figure 9 Address Header Comparison

Role of I13C Slave

1) Before being assigned a Dynamic Address the I13C Slave shall operate as an 12C Device 2) The 13C START
and STOP are identical to the I2C START and STOP in their signaling, but they may vary from 12C in their

timing.
I3C Address Header

1) In-Band Interrupt 2) Secondary Master request 3) Hot-Join request ( FEHRFHILULBMNIREBEARL
TERAREERSIZRARS - BEANTEHI DL LER - #E—PRARBINFENEN )

I3C Address Arbitration

1) both the Master and one or more Slaves 2) following a START (but not a Repeated START) 3) Open
Drain(whether Master or Slave) 4) lower Addresses having higher Priority

Hot-Join Mechanism

1) After a START, 7'b0000_010 + RnW(1'b0) 2) allow Slaves to join the I3C Bus after it is already configured
3) Hot-Joining Slaves may be any valid Slave type, including Secondary Master

In-Band Interrupt

1) After a START (but not a Repeated START) + Dynamic Address + RnW(1'b1) 2) 13C Main Master providing
ack bits

Secondary Master Functions

1) After a START (but not a Repeated START)+Dynamic Address +RnW(1'b0) 2) Secondary Master maintains
control until another Master is granted Bus control. 3) defer some actions to a more capable
Master(GETACCMST)

13C Bus conditions
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Three distinct conditions in which the 13C Bus shall be considered inactive: 1) Bus Free Condition 2) Bus
Available Condition(tAVAL) 3) Bus Idle Condition(tIDLE)

I3C provides a mechanism for the Master to inform Slaves about expected upcoming levels of activity on the

I13C Bus:

Table 12 Activity States

Activity State Activity Interval CCC
0 1 u second ENTASO
1 100 p second ENTAS1
2 2 millisecond ENTAS2
3 50 millisecond ENTAS3

Bus initialization and dynamic address assigned mode

= Acknowledge (SDA Low)

= Not Acknowledge (NACK)

= START Condition

= Repeated START Condition
= STOP Condition

= Transition Bit alternative to ACK/NACK

I3C Reserved Byte I13C Modal Broadcast
S | (7h7E) (Raw=0) | ACK CCC (ENTDAA) >
Amnannasanuutinedetes e iiiiesttatesenctesesitinsnsstesstesdede -
.. I13C Reserved Byte ACK Read Data: 8 Bytes Assign 7-bit Dynamic
(T'h7E) (RnW=1) (48-bit Unique ID, BCR, DCR) XL 0 o
R RRa T
"b gr | 13C Reserved Byte| .. Read Data: 8 Bytes Assign 7-bit Dynamic
(T'h7E) (RnW=1) (48-bit Unique ID, BCR, DCR) Watell-EERCRGERSENE]
e CTSSTITERTIRS SRR
I3C Reserved Byte
= ST | (#n7E) Raw=1) | NACK | P
From Master to Slave Transition Bit ACK
(Push-Pull and/or Open Drain) (Parity Bit for CCC) NACK
S
From Master to Slave ACKINACK in 13C Sr
(Open-Drain) ACK | (with Han_doff) P
(Open-Drain) T
PAR
2
From Slave to Master ACK ACK/NACK in I°C

(Open-Drain)

(without Handoff)

Figure 19 Dynamic Address Assignment Transaction

ACK/
NACK ot
ACK/
NACK .

sLindt R 7h7E (13C T #&thE ) - FRARY 13C MHLFEEAC 7h7E - (HATRY 12C MBI A UTEC ULt - E9
X HUEEE 12C PRIRERFEARER -

Common Command Codes (CCC)

Common Command Codes (CCCs) are globally supported commands that can be transmitted either directly to

a specific I3C Slave Device, or to all I3C Slave Devices simultaneously.

37 /60



5/26/2023

There are four categories of CCC Command: 1) Broadcast Write 2) Direct Read/Write 3) Direct Write 4)

Direct Read
*End of this Broadcast CCC
F
S - -
, Broadcast Defining Data P
T'h7E Byte .
cccC : (Optional)

. /W | ACK (Optional) Slave Addr

. IT [T Sr

I /T I RnW / ACK

- Sr 7'h7E

|

i V0 1 ACK Next CCC

Figure 21 CCC Broadcast General Frame Format

Describes First Slave

| End of this Direct CCC
P i N \J
P
s Bl Deftal
efining efining
PHTE Direct Byte Data e Byte Data P
ccc - (Optional) | g¢ ; (Optional)
} JW / ACK (Optional) /RnW / ACK | (Optional) ThTE Slave Addr
i IT T T Sr Sr
i /T IT I'W / ACK | RnW | ACK
= Sr
] Next CCC
s [ ]
4 Repeat to address additional Slaves
with this Direct CCC
Figure 22 CCC Direct General Frame Format
X FFohAS il

i3CHF O - EITEIIA D E7bitER AU LUS A Gti2c MIRE - iBCNIREHIU A E R EME - BHAZ
PR &MU ER oI A - S0t Z2i3cin &R RN - BT EMARENEERPH -

TRHZHEEER
i3ckiFATEEET - B 2SDR. HDR-DDR, HDR-TSL, HDR-TSP + REAEBEEREER °
SDR 1B 13C FZEMiREXF - HDR EZREAZIT - FIIEEHKNE 12.5MHz,

SDR 1 : 12.5Mbit/s HDR-DDR1EZ : 25Mbit/s HDR-TSLIEZ : 30 Mbit/s HDR-TSPE T : 37.5 Mbit/s
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Energy Consumption: mJ per mega bit for 1I3C data modes

B  ml per Mega-bit 3.3V B mlJ per Mega-bit 1.8V

1.6

1.4

1.2 1

0.8

0.6

0.4 -

0.2

SDR HDR-DDR HDR-TSL HDR-TSP

Assumptions: 1) All symbols in each mode have equal probability for use.
2) Energy consumption is the energy delivered by pull up devices to the bus (which includes drivers and resist

i3ch AiA=

1) ZERBNE - TARL 10, 2) WMWY - IHFEE - 3) %41 i2c, spi, vart &IOS © 4) camera,
touch panel, 5) i3c B NFEA i2c - IS5ES i2c TFORE—LFER -

EERO uart i2c spi i3c
2| 2 2 4 2
BAESEE H1%115200bps 3Mbps 60Mbps 37.5Mbps
FigE g B— B— ZEEA
Mg R - Z1 Z1
ehi Tz T2 A% bo2c
iR Sz S2= 25 S
Misgsitti S22 FadhE =2k EREANENA M

2% .

{ MIPI Alliance Specification for 13C Basic,Version1.0.pdf)
https://acuity.blog.csdn.net/article/details/105896530
https://blog.csdn.net/yinuoheqgian123/article/details/105843719
https://www.cnblogs.com/gcws/p/8995542.html

12C FZ45 (—)
https://mp.weixin.qg.com/s/WMSxuwcRmK6zO6MThi7Q2A
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12C RIINEFEDNANEDKRE :
1. 12C spec : W5 12C A S - R BHMINAE - EHEHE -
2. 12C driver : #ft5% Linux 12C 3Xzf -

12C ZFIXEHFME :

12C spec

I2C Introduction

I2C Architecture

I2C Transfer

I2C Synchronization And Arbitration
I2C Hs-mode

I3C Introduction

I3C Protocol

12C driver

I2C SW Architecture
I2C Data Structure
I2C Register Flow
I2C Data Transfer

1. 12C Introduction

12CH%E

.12C : Inter-Integrated Circuit - E£EREEL -

.12C 2 Philips AB1E 1982 FHRMN—MEE - Wa _&HIELHTREL -

. Philips ¥ S5\ ERZ2ILER NXP,

2C WEFIFE 2006 &£ 11 B 1 HEZIE - KX IDGRHEER -

.Intel 1995 FHHAY 12C AL ( System Managerment Bus ) - Bl SMBus 3§ SMB
 BOHTARZR 12C v.6 T 2014.04.04 #EH -

o LA WD =

12C B K
1. MIPI th27E 2014 A GER 7 13C (improved Inter Integrated Circuit)#15E - 13C 7£ 12C fUHIAE L3811 7
INEEHBE - TS RREREEL -
2. BAIRIER Soc | & - B2 device | & - BEAL B IEREIE 13C TE -

12C RYIEE

2C 2—EE - BITE% - B SDABRTHIELZ) A SCL(BTHRNZ) MRESEL - ¥NWNILEE - BEEREN
o
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« Bidirectional bus:

1. Standard-mode (Sm), 100 kbit/s

2. Fast-mode (Fm), 400 kbit/s

3. Fast-mode Plus (Fm+),1 Mbit/s

4. High-speed mode (Hs-mode),3.4 Mbit/s.

« Unidirectional bus:

1. Ultra Fast-mode (UFm),5 Mbit/s
ZEA SCLARTE - AEEAN EFEHNERA—# - EFaA EHIBBEMERBERE (RO ,
12C E—MZENEHEBL

1. 12C 9L E19H master I & HE -

2. 12C BEMWE— byte (8bits ) HFEE slaver ImAIEIN ACK/NACK {EAEIR] -

3. % master e E 5| AP EALH] -

4. slaver 3@ IR E MU X 5 - B 7bits F 10 bits ZEhiit - £B—Fb 8bits il - PR _EZ 7bits + 25
fiI - (Hop7thit = 7285 (4bit) + SHEES ( 3bit) ]

12C B&REEEZ /MR ?
7-bit address : 2 B9 7 k75 - BEHE 128 MNRE -
10-bit address : 2 B9 10 75 + BEHE 1024 MNMEHE -

B2E R2C HVAE - D& ENBAATLUEE 400pF - EMEZERMALESH - PBLUSBFERS - IS
B—DRE -

RGP R EABRT B 8 DB -

REZFRLAESBBEA/ - 2EF 12C A GPIO NHTREN - ZRINBASBME LA - BEMBDLBE~E
7= RCIEERMN - BEBAESHLEHEE  AUEGRESRENR (AKRE=/AK) -

EREERR - ESNEOMM/) - EFG N EaNBZERERERE - AL RCRIRMDAE/) -

note : ZLFNR R EZ MU ERR - (REEHILLAT -
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start counting

wait HIGH period
..‘_ _______
state
CLK /' ST \
1
-1 counter N -
CLK  reset \ \
2 \ \

SCL // \

note : ERYE two groups  MAMNZ/\D - 0000 XXX FI 1111 XXX Z 5 EB 2 REBHY -

12C FZ45 ()

https://mp.weixin.qg.com/s/z5SRXMppcXxWIkaSEmwxBA

mbc632

2. 12C Architecture

42760
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start counting

wait < HIGH period
state
CLK /' ST \
1
-1 counter N -
CLK  reset \ \
2 \ ) \

SCL // \

mbc632

SDA
SCL

12023141 12033442 12C2%443 soe oo

12C XM GPIO —fRATHRIET - XIFLSINEE - BRMREAT A MESEF - FRILIFEINL LA - vdd T
PARH 5V, 3.3V, 1.8V % « BBIREBEAE - EsBHEBENAS -

—MB& EINR - BF03VddABEF - §T0.7vddABEBF -

WS RSH

S

RGN - AR N =RE MOSFET « DUEMR S A FETRES - BEILIEN - IRANMNAREERRAE
—1MSE - FIUSBHRE) - WES - BYUEAFESRR - ol AZMEER - UL RERSE

BRRHEN - NESHRRE -
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N

Q3R

Q3N -
Q3. .. .. ... ...

'::::mﬂﬁi|‘:_.____::::::

out

D

Q4 ..
QuNH

N

Qasfiitim

Ve

Ech FEE NPN B =1R%E - FEHZ PNP B =1RE - 23BN AMIBER

MESEYF . MARESR -

N

o

Ve

MEREBF . MR -

44 /60
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~
-

=REM MOS ERRHEML - REHL -
FiR4&H (OD) : MR EH - FREMRBE— P =REHLEMOSE -

ZFrAFR - 2EAMOSERD A=K : I8&W - MR - TwiR - RmRFEEL - FRLIUR ; MIRE=RE : B
R SR - REIMR - SRR - FIMIIUAESEH (00 .

FEHE (0C) , NPN =1RE .

o Vout
L

el

XNEMRE DT : Vin S8BY - ZIRESE - WHIMaLESEY - SMEMREEURNE - Vin B8 - £81R
(C) 7188 - LB RSHEIMIRTE -
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R1.

VU ERITIIRA=RE - MOSERML -
FEIE - #REH o LI ESEEF - FAREERecmbEEF - SBFHEIMIBERE -

WEESEEMT
LT 70

m T IKENRES |52 B EE Ei s pHER G
e F IR ) |55 =

BA LR AR,
BPBRASRRE | B SR, REER,

Thig
R5TAE AXE T ]
1 F o AxHE X%

B ARRE - MR EACPUES] - SESEFHIEER (0->1) - FRELAINE LBERE - LHIES
B/ RAZEER - NMEBFRSBFHEEREMR - BEE/NERMA - IIERS - RZINA -

PRUT i BRSNS _EHIEB FH R SR PR E AN THFE - EHIBIR/) - ESGHEE - 551 - BEINES -

B  HERAEEENSEEFRABEMVA - FRELASEFEINI EEBERE - ZOVEIOL - R
ZARBEMOSELZFEE -

%5INEE

%5 : FTE GPIO ML EHES - REA—ALE  BRg TENSEE  SHe SHwER

WREMT - MW IGPIOOIEES—RLZL L - 1EX§ZD7_LE’JPMOS—;L FIPHINMOSEE - Vddm= B RN
MOSEHZEHM - HTMOSESEHEEAK - 2EHBREBA - EEFMRAXHANGPION - EIUIL - #H%E LR
YEH&S -
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PMOS

W EWEXTE R F/mAGPIOO -

FHR -
i RABERSE

RMRZGPIORITREW - #2 7 —R% - FHREWRLASEFIEIMNE LA -

o FHUEBERIAGPIONE M - RAB EHSBHENEE - FIIAZRAGPION -

N

Nt

A5 . B 12CHINHER | 45 YR4 FRBE - MEERHEST  BRASELATEETRS -
BRI S R -
—t *Vpp
pull-up
resistors <P ﬁ Rp e
SDA (Serial Data Line) T
SCL (Serial Clock Line)
- SCLK B - SCLK B |
| | | |
SCLKN1_| DATAN1 | SCLKN2 | DATAN2 |
ouT ouT ouT ouT
SCLK DATA | ISCLK DATA |
IN IN

DEVICE 1

47160

DEVICE 2

MBC6G31

5/26/2023

BAOBE—1GPIO#E

V+ oo

XA

Frimsta
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EHIEEETE
1~ ERIEBEN/N - BRK - imOEBYF level IBX -
2~ FHSBEAEK - EGNREIER - HRUESTHR=AK -
EIEH EH— MR EHSEEEERIFEEER - HE CHSBHENEE - AIRETEAT
EABMEM EFGHE tr - REBE Cb ~ g EFHGETE 0.8473 B -

B/ EBHMEIRVAdEE - GPIOONB & AR E®E Vol GPIOOEC&KER Vol BR -

R —
p\TNAL ) =108473xC},)

Vai—Vor
lor

Ry(min)=

& (12C-bus specification and user manual.pdf)7.177 :
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7.1 Pull-up resistor sizing

The bus capacitance is the total capacitance of wire, connections and pins. This
capacitance limits the maximum value of R, due to the specified rise time. Figure 41
shows Rpmax) as a function of bus capacitance.

Consider the Vpp related input threshold of Vg = 0.7Vpp and V,_ = 0.3V for the
purposes of RC time constant calculation. Then V(t) = Vpp (1 — et/ RC), where tis the
time since the charging started and RC is the time constant.

V(t1) = 0.3 x Vpp = Vpp (1 — e 11/ RC): then t1 = 0.3566749 x RC
V(t2) = 0.7 x Vpp = Vpp (1 — e2/RC); then t2 = 1.2039729 x RC
T=12-11=0.8473xRC

Figure 41 and Equation 1 shows maximum R as a function of bus capacitance for

Standard-, Fast- and Fast-mode Plus. For each mode, the Rymax) is a function of the
rise time maximum (t;) from Table 10 and the estimated bus capacitance (Cy):

t

R =t 1

plmax) 0.8473 % C,I-,. { )
The supply voltage limits the minimum value of resistor R, due to the specified minimum
sink current of 3 mA for Standard-mode and Fast-mode, or 20 mA for Fast-mode Plus.
Rp(min) @s a function of Vpp is shown in Figure 42. The traces are calculated using

Equation 2:

Von—V
R _ DD OL(max) (2)

& (12C-bus specification and user manual.pdf) 310 :
1~ fERRT © 0~100KHz - EFERTE tr = Tus

2~ BRIRET( : 100~400KHz - EFHEATE tr = 0.3us

3 BB : up to 3.4MHz - _EFAIARTIE] tr = 0.12us

BHIEAT - Rig Vdd 2 1.8V #ft8 - CbRLEBEZ200pF ( RN E 7 B B A400pF - SEFr 8T
200pFREZAARALE - FeAILL200pFRIHE )

PROEEE
o t, o 100010~ E
}%P(nlaaﬂ‘_(u&uﬁxC%)"amﬂr3xmleu1%"‘l9}(g2
PRI
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R,(max)= - 0010 ) =1.7T7TK()

(UB4:3XC%) (0.8473%x200x10

SEEI

R,(mazx)= B et U — (1

(0.8473xC) ~ (0.8473%200x10~12)

B/NEBH (VddieK - EFEBEEMERA )

R, (min)="1—ror 000 _ 466,6670)

AR SEENN - BREBE—ARRA 1.8V AZXA 33V ARNNRA 33V HEIRS A&/ NBEEEEX
BB -

RKAGENSRBEMEEN LHEE - Z2IERW 12C FRESRML - LHSBERERNY  2E/RLBR
R ImOBENERBFESTR (—REBFARIFEBIZ04V ) - FHEEKEKRT (RC) - EFAREEK - HK
LR -

AXREARERERAWBE—MBL NP : 1.5K 2.2K, 4.7K,

FHISBHERZE

aaa-012677 aaa-012678
120 5 |

R .
p(min) 3 mA
Rp(max) (kQ) /
4 7

(kQ)

40 /
\)( 3) 1 y .
20 mA

0 200 400 600 0 4 8 12 16 20

Cb (pF) Voo (V)
(1) Standard-mode (1) Fast-mode and Standard-mode
(2) Fast-mode (2) Fast-mode Plus
(3) Fast-mode Plus
Fig 41. Rpmax) as a function of bus capacitance Fig 42. Rp(min) as a function of Vpp

12C &5 (=)
https://mp.weixin.qg.com/s/VZ_LS7pLvuNIm7WYS-30MQ

3. 12C Transfer
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Definition of timing

BERARN 12C Y - DIRZBBRZIPIIEAE X ( F/S-mode)

wait
state
CLK /' T T T T
1
_ counter
CLK ;‘\/ reset
2 \

5/26/2023

start counting
HIGH period

SCL //

IR EX

tf =5 NPEETIE]

tr 55 LFEE

tLOW 55 KB FTE

tHIGH ESS8FENE
tHD;DAT IR RSHE

tSU;DAT HIEENE

tSP AR R 28 WA N B AY BRI BK BR
tBUF EmHIE LERARZEIRATE]

tHD;STA EEBRBRGNRITNE

tSU;STA Edba e aa:FEAvAINIE]
tSU;STO = IERAEIINE

SrE#Es - SE - PIFLE -

mbc632

note : SCL BEEFRINIE - SDA 2B FiE 1 - ZEFZ 0, SCL {EEBFHA[E - SDA THEE -
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note : EBIAFHUHRESFIERE  EERBRGMISXBSTOP - BX 7 —1 START - REKRZESI—TMNIRE ID,
i Et MR -

%5 FIS B 1“C Kk 2s{ SDA Fi1 SCL 2k £k i e

S e FRERET TR ==Ev2
&/ ME mAE =®/ME mAE

SCL I gz fscL 0 100 0 400 kHz

CRES) B FFRRFFNE] . /23X | thpsta | 4.0 - 0.6 - us
NG A AN R
SCL I B S Ha ~F J& Y] tLow 4.7 - 1.3 - Hs
SCL ey iy v~ Jo 3 tHicH 4.0 - 0.6 - VS
ST UG A I AT N (] tsusta | 4.7 - 0.6 - s
A PRAF IR ] ¢ tHD:DAT
Je7s CBUS I EHL(WITEA 10.1.3 75) 5.0 - - - us
I°C f ke qf 0 3.45% 0 0.9% us
B4 2 37 1) tsupar | 250 - 100 - ns
SDA Fil SCL 1% %5 ) L Fhitf ] t - 1000 20+0.1Cy' | 300 ns

5)
SDA Fl1 SCL 155 5 (1 F I i) tr - 300 20+0.1Cy' | 300 ns
5)

P58 11 SR A R S I ] tsu;sto | 4.0 - 0.6 - Hs
{58 AR Bh A A2 ) ) S 2 2B IR IR ) | teur 4.7 - 1.3 - us
10 6 R ) PR 10 Co |- 400 i 400 pF
TN 3% B2 10 85 AF AR FF I AR M A5 2% | Vil 0.1Vop - 0.1Vop - \Y
B CRLFEIE )
FEAN 0254 i FE T I e S 2 | Viow 0.2Vop - 0.2Vop - \%
PR (R FE IR

EXANIE
£1 PC RERIEBME X
Kig bi:pe
RILDS RILEHE B S 2 i) 28T
A M ZR WS 1 2R A
FHL VIEAC IR T A I e 5 A28 1 Sk i 24
MAL BRI g
EZEIh AT 2 T —A> Bl R 2, HEARIRR
bk T ANEA A WA 2R3 68 2k, B RV A — AN LR 2 AR SO AR
ApUR T
CikZ PEANBR 2 N A1 1) 20 I B 5 el F
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1 BiRANM

£ SCL S8 FHAIE - SDA MIIRTE - PRA—MIBR T - SCL SE8BFEEE/) - SDA S8BFHEEK - ARKasET
BRXER -

USDA / X _\
uscL / 0\

data line change
stable; of data
data valid allowed 002aaf113

2 BIMFRHMFILERG
HRIAZRM - SCL S - SDA BB LR -

RIESRA : SCL S8 - SDA HIEES -

r— — 7 I |

USDA : \

USCL

/ \

— — L p—— |

START condition STOP condition
002aaf145

—REEE—DFT (8bit) - MEEFMITYA - SDA £ SCL 2R FHIEZHREIE - Aol SCL SV HE
LR - SNZINAZE BRMELERGE -

1. ERKEMNAZ—1NFT (8 bit)

2. BRIEEWMFTI AR PR

3. iR L, MSB FHEL TS - T2 ofmE sl

4. ML B] PO I $h £ SCL RIFHEIRM - BEENEASEHERS -
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MSB LSB

W

slave address

002aag659

r=— 7 I—__—|

s |\ L XX XN/ \_XJC_A/_CDC[

|
| | Master drives the line HIGH on 9th clock cycle.”
| Slave never drives the USDA line. |

USCL I_SorSr| 1\ 2\ ___ 8 9 1 2\_/fato7\S 8 9 |SrorP|
.

NACK * NACK L——
START or STOP or
repeated START byte complete, — repeated START
condition interrupt within slave condition
002aag657

3. ACK or NACK
BREWT—DFHLUE - NREBZHIT PRI - BN ACK 2#& NACK,

ACK : TEf&H 8 bit LUfE - TEE LD bit, SCL E8Y - {15 SDA 28 - %AA[EIN © ACK,
NACK : fEf&Hi 8 bit L[5 - 511 bit, SCL S8 - ¥R SDA 258 ¥ - WHABIN 7 NACK,

-
[ X X . X__/

DATA QUTPUT | \
BY TRANSMITTER
not acknowledge\

|
M
|

DATA OUTPUT ] -
BY RECEIVER | |
.

A

acknowledge

SCL FROM
MASTER | | 1 2 e\ o\

S
L_ J clock pulse for

START acknowledgement
condition

7 1PC Ak

4. write data
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7 VP4 / 7777 //f/
S/{ SLAVE ADDRESS VR A VOATAZ] A " DATAZ|AA P
9y L LSS o

- ’ _ data transferred
0" (write) (n bytes + acknowledge)

/A IOV IOIIIII IS

/) from master to slave

A = acknowledge (SDA LOW)

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

P = STOP condition

from slave to master

M BN AOREH 7 Ardhlk S AL RS o AR5 7 1 AN

5. read data

1

7/’//////’///////////// iy V /S 7;’/7//
 SLAVE ADDRESS /J'RW/| A | DATA [/A7] DATA [UALP
//ﬁ L Ll /////// //A /. //A

data transferred
(read) (n bytes + acknowledge)

12 AESR A7 a BRI AL

6 - E51ER
A e VA A7 777 177
.S SLAVE ADDRESS Y R/W/| A | DATA| A/A ['Sr}.SLAVE ADDRESS }'R/W* A | DATA|A/A[ P
AL SIS SN 2 ] V2SIV I IFIVIIIIY PP /]
L(n bytes J L(n bytes J
. + ack.) * + ack.)*
read or write
read or write direction
of transfer
“ may change
not shaded because Sr = repeated START condition at this point.

transfer direction of
data and acknowledge bits

depends on R/W bits.

K13 ok

7. 12C Transfer Regulation

1. LA START &4&F 44

2. L STOP R¥HE4ER

3. fEHME—DETR 7bit ANLIE + 1bit EBAL

4. BPMELE LIS RESIER STRAT E5EHER 7bit it SBS i 2 E VA
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5. & byte(8 bits) [FEAI=A ACK & NACK

6. 7 START {553 & repeated START 55/ - MM NEBBCH DL BE

7. — START FHZEIRE—1 STOP 55 - BIFEREN

8. Al master I LIAF4 STOP 55 - MEEEE— repeated START 55+ B —MNRE M - B
FaIAEIS I—MEH

8. 10-bit addressing

11110XX 0

SLAVE ADDRESS |, SLAVE ADDRESS —
S 1st 7BTS  |RWIATI ong ByTE | A2|PATA| A DATA |AA| P
(write) mbc613
11110XX 0 11110XX 1
SLAVE ADDRESS|, & SLAVE ADDRESS SLAVE ADDRESS |, =
S 1st 7BITS . |RW| A1 2nd BYTE A2 | Sr 1et 7 BITS R/W| A3 |[DATA| A o DATA|A | P
| I
(write) (read) mbc614
BT
10-bit Address
Indicator Slave Address
START

A9-A0 7K 10bits ik

9 - IRk AR IR E
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G <10Hz

CH1= 200mU  CH2= 200mU M 25.0ps CH@ BET I Nt 4
M Pos:131.8ps

12C AZFFMIREFE SCL 7 SDA D& EARE—1 i - BAERERKIZEE - BPEITHERKONREFEZENINE
—RPliLe - BANEZEHECEERYT - LT ERERBIERVEFE -
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XTLFIEN 7 2R EZM - ZHA Y pin B - 13C NMAZFEXFPEA - 13C RFMNIREE SCL FMISDA EARER
i - A EH NS, 13C RES -

12C 741 (M)

https://mp.weixin.qg.com/s/wXBIvM1Dc_nVKrzqBIl4stA

4. 12C Synchronization And Arbitration
RHB=DEER 2CHBZ : BTHIER - [P - PHE
Data and ACK/NACK

EEER

ERWALIEMNAEERERNES -

SREER

1. RERI S BRI - AR BUCE A ML

2. MILAAT busy A -

3. RS - MKREVEAEBWEIESMS -
4. EEREEREDP - M EBEWEOEEET -

FNARIERFIEREUP LR - HEREEENFKRHELIEN MG -
Clock stretching FY P iEfR

1. ITEPRERR : AR SCL &RFFERBIFRE LN - £ SCL BRAIS ZA - EHITART -

2. NAVGBR R SCL AR - BEIENAAZHTRES -

3. FHERINBEZR I 2ERY - A2 IERY

4 WHPERSHNBRZESHERFEREWFINF DI EES — P EERENFT

5. BEERSNMNERFAMRBRELSLNT - FUENNEERSZREHANMZITEEHEN -
6. f£ Hs BT - IR FIEREEF T RAIER

12C ERBIORZEFBZNHL SCL - MERAREFEELRRNRE S - —fRBERN - WRFEIFXTRZ EEPROM 5k
FHMBERIREMS - LB - BE - MRNEZEEVIER  EEIFNHSEEZVNE-LCZEARER/LLE
RIROGEEN - XDHECEES A KA RMIE - B4 ? XY - NRESEEHN LA EEE | EREE
AR ZEBRNINEE - IBEHNRELS MASTER - XTZE 2CBERSD - ME—BEZEH S LR E |

REERZ 12C AN AZHF clock stretching THEE - PIRL - TB)AFNT A clock stretching THEERI MBS | PR
PU- BAERETNREG 2R DAEITRX—R - AREMRITARAURERE - R -

Synchronization And Arbitration

EZEMNBERAT - RLLEAZ IR - BNHEFECHI UMt - ol DUFANTI &38R <1500 - B
AN LUFAET RREMAT R A A S =TI AEREIE -
BREOREADPIANALN T RERRL EAREMNESHTREZRLIE - ZEFEMIA 7 PR - BRRRXT
PR - MBETHENFR - ZAE 12C DL EROfPE -

12C D& ERPHEHDPERSD : SCL &RIRD A SDA &rIH#E - XMERDIRBLERE - RIIATT -
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SCL Synchronization

SCLESZHETREAERL"S'MNEERINE IREE - IMTRAXBBRYN - B4 ERMRINESET - SR
AT REBAESBEN  RETERIANSHEY - ERATA S EBYENRE - 32 M REN AKX
WESH  ERE&LRMNEFA—HHES - XoE SCLHNELRIE -

ES R TE
start counting
wait _ HIGHperiod
state
CLK /' T \
1
counter N -

-1 -
CLK a reset \ \
\

SCL // \

SDA Arbitration

mbc632

SDAZHMPHTZRUESEKBERL' S " EENENRE LK - TREKEIMUEIER - (ERE4% LREINE
EESECKZENEE—H - 2 - #ExE ; &N - BEZS -

SDA ZRIPE DI LUMRIE 12C RARAES N ENRENEEREZEFISANBEERRTHEEEARK - 245
SGRIPHRRARF P ETRULUERSHELSL -

1. fpELTE SDA E3#HAT - IERT SCL ASEWF -
2. A EN IS ET,B ENEHIEBF - A REMHH -
3. ERMEMENGERN TSI - BRERPHENFTER

fh#E iR .
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master 1 loses arbitration

DATA 12 SDA
pATA | \. | [ \ [T — ———— ="
1
DATA
2
SDA \ /
I s I
L — msc609

DATA1 Al DATA2 D RIRE T REB LM AEREIEES - SDA NRL LF2WMEIERES - SCLE2E L& LM
EVWNRIPES -

HETR 1.2 BNAZEERESH  AMETREXKE TSR ES - INRL L2INESAHSBEF - B
ETRERNBRL LNESSECAZNESHER - REKEEIE -

F2NNEH 2P ETRABAZBREES  ERLLENNESABBRY - DREKEEIE -

ESE3INHPEY  TTRIKESBFEES  MEPTRAKZBRFES - RESENE S'HNEEE - 24
ERESHESRY  XNETR1ENERL ENEIEN B O AZNEIEA—1F - Sl EEENE LR - A
MIEBEWCRTS - EFETR2ERS 2% - MEBEREEX - RENBIESET R2FMRZENEIE—F -
MEPRIERANT R EREFWETE - EHEFTIRBZERE SDA & EREEE - AE PRI EPHEREE

5%

BRIZE | SDAMPHMSCLN P EILZ MBI RABFLERRE - MERNEHTH -
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