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1k, EREITFHIBE 5 E BBV R B, RBIZRESE, BN NFHRTN. PCHOA
AEHAMMNAEN 2 THLThEE. FTRFEESAREER ). BB fEThAE . DMA fFIUEHE . S FF
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B 1. I’C £

SYSCLK

USCLE ]
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HICK
- ™ TIMEQUT_Frozen ——  12¢_sCLout ———
CPU_Halt_en
= Digtal | o Analog 2c scLin
CRM 12C1SEL i naise filter noise filter
- N Register
<::_ﬂ/ - - SMBus Timeout
. check o 12C_SCL_en —_—
Interface Shift register Tx
Shift register Rx
Data Contral
ata Lontio - 2CSDAout — B
B Shift register Tx
- 12C_DM Areq_TX —
- 12C_DMAreq_RX — | e Shift register Rx Digital | o Analog 12C_SDA.
SMBUS R - - 1IN
- 12C_EV_Intr — wet || 0| —mmm ————— | |noise filter noise filter
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R = % AT32F402/405 12C# 35w
2  PCELBER
2.1  EHBRFERRE
2.1.1 EHUBEEHIHRL

1. EVLEEHILEL

TEJREN AN (12CEN)Z B, 41261 B 12Cx_CLKCTRL ZH 748 &My AL B 12C 4.

— DIV[7: 0]: I12C 8734,

— SDADI[3: 0]: 4 {REFISE (thppat)

— SCLD[3: 0]: A LHf[H (tsupar)

— SCLH[7: 0]: SCL = H P[]

— SCLL[7: 0]: SCL {iH -} A

%27 A7 S I C B AT LU Artery_I2C_Timing_Configuration 4 E T BiH4, WA =&,
PR 2] SCL ML NIKH PR, AHE SCLL tHEEs Faa e, Mt 8HiA %] SCLL A
I, B SCL 2%, SCL Z&48 N T

PR RIS SCL S 2R m PR, I SCLH TR aa 8k, Uit 8UEiA %] SCLH &
B, Fifk SCL £k, SCL B AMKHT, M7E s s TN, WURBEIMTaLHAL, A4 M SCLH it
st b8, JRIT AR IR, IR B R AR AL T 2% A

B 2. EHUEBREA

SCL falling edge SCL high level detected
internal detection SCLH counter starts
tSYNC1 SDAD SCLD tSYNC2 SCLH tSYNC1 SCLL
SCL low level detected f
v v SCLL counter starts \
SCL release
SCL drive low
SDA
THD;DAT TSU;DAT
Data hold Data setup
time time
2. FHIEFYIHEK
15 A shB HET A % 12C_CTRL2 #4785 0 J LIS 54«
1) wELmTE
—  <255%7
Fii & 12C_CTRL2 [¥) RLDEN=0, ] #is=
At & 12C_CTRL2 119 CNT[7:0]=N
T - - . . 1 | L] [ ]
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—  >255 %7
i & 12C_CTRL2 ) RLDEN=1, {#ifig 4R
Fid & 12C_CTRL2 f] CNT[7:0]=255
Tl A7 174 N=N-255
2) WEMLmA R
— ASTOPEN=0: #MHA=, H¥EREHmeHUE, 12C_STS (W TDC & HE 1, MA&RE
GENSTOP=1 &3 GENSTART=1, ki% STOP %ffuki# START %14

— ASTOPEN=1: HIIZARHEA, HEER MG, B3R STOP %1,
3)  WEMMLHE
—  WEIFHMMYLEEE (12C_CTRL2 ) SADDR)
—  EEMLHHEEE L (12C_CTRL2 /) ADDR10)
ADDR10=0: 7 fiiithhbf st
ADDR10=1: 10 745
4) WEAEH TR (12C_CTRL2 ] DIR)
— DIR=0: FEHLIEUE s
— DIR=1: EHNEZEHIE
5) JTiattim
W H I2C_CTRL2 [] GENSTART=1, ENIFUHTEML FRi% START A FI AL o

3. FAHL 10 bits FHAEEHRN FHIMEL

7F 10 fribihib AL, 12C_CTRL2 ) READH10 T/~ A 45kt i, 24 READH10=1 Itf, S0#%
WA ENERIEEARG ML, AR5 P AL, A4 e B B s

A 3.10 bk R READH10 =1

0

| s |1|1|1|1|0|A9|A8|r/w|A|A7|A6|A5|A4|A3|A2|A1|A0|A| Data |A| | Data
T~ Slaveaddress _—— T~ Slaveaddress _——
1st Write 2nd Byte
1
——»ana| Rs [ 1 [ 11 ] 1] o[ao]as]m] ] Data [ ] | Data [na| P |

— Slave address /

1st
Read

I:I Master to Slave S = Start

RS= restart
A = Acknowledge

I:I Slave to Master P = Stop

FEHERMLE R (ASTOPEN =0) F, KEHEIERFIMNL, 2k &%k l)s W E
READH10=1, %X/ MMHLECEHE -
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B 4.10 ALHuhERGiETF R READH10 =0

0 1
| B | 1 | 1 | 1 | 1 | 0 |A9|A8|r/w| A |A7|A6|A5|A4|A3|A2|A1|A0| A| RS | 1 | 1 | 1 | 1 | 0 |A9|A8|r/w| A
T~ Slave address / T~ Slave address /

1st Write 2nd Byte Read

I:I Master to Slave S = Start
- RS= restart
—>| Data | A | | Data | A | P | A = Acknowledge

I:I Slave to Master P = Stop

2.1.2 FHLUBEEVIHABAED

TV RIAR A FT F 20 84 1 A7 i e e s B,
void i2c_init(i2c_type *i2c_x, uint8_t dfilters, uint32_t clk); /* LML B w441k */
void i2c_transmit_set(i2c_type *i2c_x, uint16_t address, uint8_t cnt, i2c_reload_stop_mode_type rld_stop,
i2c_start_stop_mode_type start_stop); /* EHLIEEWILALL */

void i2c_addr10_mode_enable(i2¢c_type *i2c_x, confirm_state new_state); /* 10 fiz il fiifE */

void i2c_addr10_header_enable(i2c_type *i2c_x, confirm_state new_state); /* 10 Azt S B FRAERE */
i2c_init R =S80 008 FrERE 12C Hoer-yE B E A L e e B A .

i2c_transmit_set BEH THIGMEESE, B B 12C MWHLHhIE. o 1518%
o= HE R AR 4 A P AR AR

i2c_addr10_mode_enable B8 % T-fifE 10 Ak

i2c_addr10_header_enable s&%0H T AE 10 7 Huhk kit B e, B BN IESERE 10 7 MM LHHE
B A E L R K% 10 Aribhib s 7 4z,

2.1.3 FEHRERE

1) 12C_TXDT # ¥ & 7% =, 12C_STS [#] TDIS=1;
2) [ TXDT #ud o f7 2% 5 NE, HAEIF 46 K0%
3 HEE 1. 2 BPEIIKIE CNT[7:011 4
4) G 12C_STS B TCRLD=1 (EHMR) , 2 NLL RS
— AT IIHN>255: [ CNT 5 A 255, N=N-255, TCRLD # H &% 0, f&hmaks:,
—  FIAFAHN<255: KHEHMA (RLDEN=0) , il CNT S A N, TCRLD #[13hi# 0,
fEgmak st
5) ZEWEF
— AR &
AL (ASTOPEN=0) : It} 12C_STS fff TDC # 1, % & GENSTOP=1
P= 4 STOP 414
HE1 4R (ASTOPEN=1) : H 34 STOP 414,
— ZRpre4 STOP %M, 24 STOP 4 724K, 12C_STS ) STOPF & 1, ¥ 12C_CLR
) STOPC 5 1, &bk STOPF fni&, fh¥ugif.
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& 5. 12C EHLRIZEFRIERE

Master initialization

Set I2C_CTRL2_CNT =N,
(if N > 255, CNT = OxFF, N=N-
255 ,RLDEN = 1) ,Configure slave
address, and GENSTART = 1.

>

Wait 12C_STS_STOPF=1
Set [2C_CLR_STOPC=1
I2C_CLR_ACKFAILC=1

Write 12C_TXDT DT

Set 12C_CTRL2_GENSTOP =1
Wait I2C_STS_STOPF=1
Set I2C_CLR_STOPC=1

CNT
Transmitted?

Yes
(ASTOPEN = 0)

I2C_STS_TDC =172

No
No
Sat 12C_CLR_STORC=1 Configure CNT and slave address
Yes GENSTART =1

No

N<256 ?

!

[ CNT =N, RLDEN=0 CNT = OxFF, N=N-255, RLDEN=1

& 6. 12C EHLRIER FHE

12C master transmitter N bytes
Initial setting flow :
1.12C_CTRL2_CNT =N
2.12C_CTRL2_SADDR = slave address
3.12C_CTRL2_ASTOPEN =1
4.12C_CTRL2_GENSTART =1
EV1 EV2 EV3 EV4 EV5 EV6

Initial setting
) b ) ) N
S Address |r/W| A |<—>| Datal | A | Data2 | A | ,,,,,, | DataN | A |P|

SCL
Stretch

TDIS [ L1 [ [

EV1.12C_STS_ADDRF=1,set12C_CLR_ADDRC=1

EV2.12C_STS_TDIS = 1, wite Datal |:| Master to Siave S = Start
EV3.12C_STS_TDIS = 1, write Data2 A = Acknowledge
EVA4.12C_STS_TDIS = 1, write Data3 |:| P = Stop

EV5. 12C_STS_TDIS = 1, write DataN Slave to Master

EV6. 12C_STS_STOPF =1, set12C_CLR_STOPC =1

2023.08.17 #1001 &2 2.0.0
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2.1.4 FEHRERERAED
TR @IS S ek e S, AR
i2c_status_type i2c_master_transmit(i2c_handle_type* hi2c, uint16_t address, uint8_t* pdata, uint16_t size,
uint32_t timeout);
i2c_master_transmit K% i2c_application.c SXFATEE LN HER: %, S5EHE: 12C g5k
BEF MWLHBYE . O EAR TR ST AR EHE T HORN bR HGHE IR I [R]
J: MEERETy Artery FTFEEHT bRl PR E R A JH 7 11 0] R FTid T LR E R, 1795 L
2.1.5 FHEBURE

2023.08.17

1) HFHIE S, RDBF=1, B RXDT #iE % 17%%, RDBF # HaliEZ;
2) EEWIE 2 EEBL CNT[7:01 3l
3) B 12C_STS ) TCRLD=1 (EHMR) , 70 NLL N HRHE M
—  FARTIHN>255: 1 CNT 5 A 255, N=N-255, TCRLD # HzhiE 0, 1LHmdks:,
—  RATHHN<255: xpFHEFEHENA (RLDEN=0) , [ CNT 5 A N, TCRLD #%Hzhi% 0,
fEfm kst
4) HERWRIRE DTN, BN ESIRZE 4 NACK.
5) SR
— AT IR A
gk (ASTOPEN=0) : M 12C_STS ) TDC & 1, #%E GENSTOP=1 ;=
STOP 41
HE4E AR, (ASTOPEN=1) : H#I™4: STOP %1%,

—  Z4%P7E STOP 4644, 24 STOP 4774}y, 12C_STS i) STOPF B 1, ¥ 12C_CLR i
STOPC 5 1, ik STOPF tri&, fE#sta.

B NMR k7 2.0.0
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& 7. 12C EHEWHRER

Master initialization

Set I2C_CTRL2_CNT =N,
(if N > 255, CNT = OxFF, N=N-
255 ,RLDEN = 1) ,Configure slave
address, and GENSTART = 1.

12C_STS_RDBF=1?
Yes

Read [2C_RXDT_DT

CNT
received?
Yes

I2C_STS_TDC=17?

Set I2C_CTRL2_GENSTOP =1
Wait 12C_STS_STOPF=1
Set I2C_CLR_STOPC=1

Yes
(ASTOPEN = 0)

No

Wait 12C_STS_STOPF=1
Set 12C_CLR_STOPC=1

!

A CNT =N, RLDEN=0 CNT = OxFF, N=N-255, RLDEN=1

Configure CNT and slave address
GENSTART =1

N<256 ?

B 8. 1’C AW FE

12C master receiver N bytes

Initial setting flow :

1.12C_CTRL2_CNT =N
2.12C_CTRL2_SADDR = slave address
3.12C_CTRL2_ASTOPEN =1
4.12C_CTRL2_GENSTART =1

Initial setting EV1 EV2 EV3 EV4 EV5
A A
S Address |r/w A | Datal | A | Data2 | A | ,,,,,, DataN |NA| P|
RDBF

[ 1 [ [ ]

EV1.12C_STS_ADDRF = 1, set12C_CLR_ADDRC I:I Master to Slave S = Start
EV2.12C_STS_RDBF =1, read Datal A = Acknowledge
EV3.12C_STS_RDBF = 1, read Data2 P = Stop
EV4.12C_STS_RDBF = 1, read DataN I:I Slave to Master
EV5. [2C_STS_STOPF=1, set I2C_CLR_STOPC
\
y,
2.1.6 EHlERRERKAED
> > N N o N s
TN I ST ) R B TS, W
D - [} ] [ L] -

2023.08.17 #1201 &2 2.0.0
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2.2
221
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i2c_status_type i2c_master_receive(i2c_handle_type* hi2c, uint16_t address, uint8_t* pdata, uint16_t size,

uint32_t timeout);

i2c_master_receive K% i2c_application.c SCAFFTHE LIS B DR, S5 HE: 12C g5k
TR MHUHEE. S2CBESREr . BRUSCEE 55 B0 R BOEB IS e 1)

VE: SLERECK Artery ST FE HERT Epil PN 2. 7 1 i 1R T AL FE, TS hL

MHLEERE
MHLBEHIEAA

1. MWL E
AN 12C B AT RN SCHRE 2 A & Hikik, B OADDR1 il OADDR2 # &
|I2C_OADDR1
— jB3i ADDRIEN fiifig
— il ADDRIMODE &N 7 7 (BRIA) 87 10 fitthhk
|I2C_OADDR2
— jBi ADDR2EN fiifig
— [ElsE 7 Atk
— W[i@id ADDR2MASK [2:012K17F i3t 47 ik DT R L i B ificdst 0~7 4~ LSB Hbhik Az
ADDR2MASK = 0 7R~ 7 A bk i (48— #0825 VU fd b s
ADDR2MASK = 7 RRAET AR R EE Huhb (1) 7 Az 3tk #R 2402 S 26 N &

2. MWLHsBEDCHC

34 12C B H ke ULECIN, ADDRF HhWRRAIRE 24 E 1, Wk ADDRIEN A4 1, #tes 4
—ANlr. RS A HREER A S, 7EHbBEDCEC =4 ADDR HIBTS, A LAE RS B A7 g8
ADDR [6:0]3k453%01/Z OADDRL1 it /& OADDR2 #5341k 1 .

3. MWLFETEHER CEH SMBus R FAEAD

N BT LA AN SO I 1 AT B B 2 1

JiiflcE: SCTRL=1& RLDEN =1 & STRETCH =0 & CNT =1
ML= 28 il «

1)  HE A7 TCRLD BEAL, WFBHIEET55 8 Al 9 Mikoh 2 8]
2)  HAFEECRXDT HpfE, ke =S EAM ACK

3)  WMFEAEE CNT = 1 Skfs b4 i g

4)  PIEEAENBAE SRS O Akt 2 H ILTE B2k

HE:

BAL SCTRLIE, WFIFRI4PiEfE, B STRETCH=0

CNT 0] BLR2 KT 1 (fE, SKRSEILZ 71 DL E 3 ACK W e S J5 PR SRR, MBE & ik i 4k
175 SCTRL, MR IG5 71 M &4 .

#£ 13| k7 2.0.0
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2.2.2

2.2.3

2023.08.17

MHLBEREA AR D

MHLIEAE BT854 BT F 380 0 -4 1 e B 57 (9 e e S, T

void i2c_own_address1_set(i2c_type *i2c_x, i2c_address_mode_type mode, uint16_t address);

void i2c_own_address2_set(i2c_type *i2c_x, uint8_t address, i2c_addr2_mask_type mask);
void i2c_own_address2_enable(i2c_type *i2c_x, confirm_state new_state);

void i2c_slave_data_ctrl_enable(i2c_type *i2c_x, confirm_state new_state);

void i2c_clock_stretch_enable(i2¢c_type *i2c_x, confirm_state new_state);

void i2c_reload_enable(i2c_type *i2c_x, confirm_state new_state);

i2c_own_address1_set ¥%iFH Tt & OADDRL $ihib#% =0 DL &% ADDR1 Hutik{H
i2c_own_address2_set PR3 T & ADDR2 Hutik{E DL &2 ADDR2 B ifitfiz o
i2c_own_address2_enable i % T-{# it ADDR2 Hili: .
i2c_slave_data_ctrl_enable B8 % H T4 G ML 7 Tz,
i2c_clock_stretch_enable pf %5 H T3 G MM LIS B0 4E & ThRE -

i2c_reload_enable BR%H T fig ik B B 8

MBLRIE R
1) maRENUE, VCERE [FE ACK;
2) TXDT N=#shf, BAL TDIS, M5 N REHE,
3) WRIE DTS ACK, HEN TDIS;
4) R E| NACK fi:
— B NACKF, =4l
— M HBIBH SCL #1 SDA (PUME & 45 K1k STOP 8 RESTART) ;
5) WYk F| STOP fir:
— B/ STOPF, r=Ai;
HMWURIETF I PP E e (STRETCH =0) I, 7E%1F ADDRF Fr &I FIA IR T — N 158 9 4

BFeplket e, 248 TXDT i EdE# BRI AL Z Aas T, WRILR TDIS ic 2 B, Fx TXDT %A
Bk RIEEYE, BRANAER, WA

F 1471 J4s 2.0.0
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& 9. I’C MLRIZEREE

Slave initialization
(if STRETCH =1, write data to
I2C_TXDT_DT )

No

I2C_STS_ADDRF=1?

Read 12C_STS_ADDR
Read 12C_STS_SDIR
Set [2C_CLR_ADDRC =1

No

12C_STS_ACKFAIL=1?

Wirite 12C_CLR_ACKFAILC @ No

Yes Write 12C_TXDT_DT

Set [2C_STS_TDBE = 1
and 12C_CLR_TDIS = 1
Set [2C_CLR_STOPC =1

FEEMN R, AR (STRETCH=1) MIMEMT, R EALMBIRER S —A Bit 7T
R RIEZHT, Wi SDA WIRF=A 20, WREHEIE RS N TXDT il 7745, Mook ARG
%, BEAF12C_STS 1) OUF K28 1, 344 OXFF KIL T4k .

N T RTINS, AT ULEEAE UG, SO SR S B DT &4 BfHc% TDBE & 1, H
MIRN TiES TXDT T 7ads, SREHE — NS N TXDT %74, JLh TDBE jEZ.

2023.08.17 #1511 &2 2.0.0
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2.2.4

2.2.5

2023.08.17

& 10. 12C MHLRIER 7B

12C Slave transfer N bytes to [2C master
EV1 EV2 EV3 EV4 EV5 EV6

b : i :

|S| Address |r/w| A |<—>| Datal | A | Data2 | A | ..... | DataN |NA P|
SCL
Stretch

N R ] B

EV1.12C_STS1_ADDRF =1, set I2C_CLR_ADDRC = 1 I:I Master to Slave S = Start

EV2. write Datal, 12C_STS1_TDIS =0 A = Acknowledge
EV3. write Data2, 12C_STS1_TDIS =0 P = Stop

EV4. write Data3, 12C_STS1_TDIS =0 I:I

EV5. write DataN, 12C_STS1_TDIS =0

EV6. I2C_STS_STOPF, set I2C_CLR_STOPC

MHURERER O

MAL AR S A7 B e e LS B, iR

l i2c_status_type i2c_slave_transmit(i2c_handle_type* hi2c, uint8_t* pdata, uint16_t size, uint32_t timeout); ‘

i2c_slave_transmit BN i2c_application.c SCAATER LN HE B O REL, S8 EHE: 12C Z5Rik
REF RIEBHEARET . AOREHE 15 BON R BOE I 1] o

TE: ML Artery I LI ERIEMBIRE R . 7 1 ] IRAF BT ML R I FE s T4 5 ML

MHLESRE

1) HWFH )5, RDBF=1, iZHl RXDT ¥4 % /7%, RDBF #{ 5 3hi& %,

2) BEHEDIE 2 BB A BB R

3) %EffWe®| STOP %1, U3 STOP % fFif, 12C_STS i) STOPF & 1, # 12C_CLR
) STOPC 5 1, &k STOPF tr&, fL#ss .

Slave to Master

# 16 W k7 2.0.0
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A 11. PC M HLEKHRER

2023.08.17

<Slave initializatioD

I2C_STS_ADDRF=1?

Read [2C_STS_ADDR
Read 12C_STS_SDIR
Set [2C_CLR_ADDRC =1

-

12C_STS_RDBF=1?

Read I2C_RXDT DT

No

Set 12C_CLR_STOPC=1

& 12. I)C Bl B

12C Slave receiver N bytes from 12C master

| DataN | A|P

Master to Slave

Slave to Master

EV1 EV2
A
| s| Address | riw |<—> A Datal | A | Data2
scCL
Stretch
ROBF [ [

EV1.12C_STS_ADDRF =1, set 12C_CLR_ADDRC I:I
EV2.12C_STS_RDBF =1, read Datal
EV3. I2C_STS_RDBF = 1, read Data2
EV4. 12C_STS_RDBF = 1, read DataN I:I
EV5. 12C_STS_STOPF = 1, set 12C_CLR_STOPC

S = Start
A = Acknowledge
P = Stop

EATH
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2.2.6 MVEKRERKAED

MALFZ NS R 37 ) b e 1 S8, AR

‘ i2c_status_type i2c_slave_receive(i2c_handle_type* hi2c, uint8_t* pdata, uint16_t size, uint32_t timeout); ‘
i2c_slave_receive K%y i2c_application.c SR (AN E 2 D ek 8, S 8t4E: 12C itk
BEL RSB AR . SR T O B EGER IR I TR

7E: LR BN Artery e FEHIBRIEM LI R o 17 1 E R T MBI i FE s H 174955 A
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3 FCEEETLR
3.1  DheefEifN

12C fid & T. & Artery_I2C_Timing_Configuration.exe RJ DLSZELNT EHLF MBI S . Ber sk . 14
JEBBLE

3.2 REHESZ

1) #fF3REE Artery 12C_Timing_Configuration.exe

& 13. Artery 12C Timing Configuration

B Artery 12C Timing Configuration - m} *
12C Timing Configuration Tool V2.0.5
Please select MCU: [AT32F405 1 ~ m a4 .@
Please enter the input parameters: Output Result:
Deinee Mode Master 7 - tr 10 ns {r 1000 ns tsu.pat 250 ns
12C Speed Mode Standard-mode 3 ~
12C Speed Frequency (1-100 KHz) 100 4
12C Clock Source Frequency (1-108000 KHz) 108000 & \
L 1/ (100 KHz)
—— 1 HgeL —+
Analog Filter Off hd
Digital Fiter (0-15)
Rise Time (tr: 0-1000 ns) 1000 i
Fall Time (tf: 0-300 ns) 10 2
Generate Reset Close
9 Copy all Clear

3.3 f[HPE

1) EEEGHES
EEE AT RS R B, I neT Lk $E: AT32F405.
2) EERARA
B Master: FH, 1PCAE AN
B Slave: M, 12CEAMBL.
3) iEFF 12C MR
B Standard-mode: FRifERET, JEH 0~100kHz;
B Fast-mode: PRHEAE, JuF 0~400kHz;
B Fast-mode Plus: Mgt #i, JEH 0~1000kHz.
4) WHE PCHEE (AL kHD

2023.08.17 #1901 &2 2.0.0
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2023.08.17

MRYESLFR R R BE 1PCHE S, YN/ 28 EE N 10kHz, AARXEE N 10,

5) WHE 1PC BRI (FRAL kHZ)
HEHE SR FH ) 12C I ey 4% sk e &, 5t AT32F405 12C 448 PCLK1, 4 AT32F405
T4y 216 MHz, APB1 & 108 MHz i, ix H %% 4 108000.
6) FFuEd (JuRl 0~15)
BUr g a] = FE i X T o
HA Tioc_cik = 1/ 12C BHBHJEMTE
MEN O, BUFIE M, M{E>0 B /N T 50 ek s TR) i ik o
7)  EFHEFE (G FAL ns)
SCL fl SDA S22k EAs, Wik 18 Fios. 12C Ml e 7 7EdrvERE s (Standard-mode) .
Pt ki, (Fast-mode) . HsRbigitis, (Fast-mode Plus) TG, #EiESKE 1. FF-
A Ta) AN B 7 rE BRI BEAE R RAR K, B e BBk, A TR) g, AT DA S 48 P e 4 e e
{H RIS .
R 2 oA T — o B by A BH REAE i e N ) R R, SR AT e 2 DR A AL 2R R A A
B, MEEERMENARE, (UMES%,
8) FFEMmFE] (t¥A7 ns)
SCL #1 SDA B2 NS, Wil 18 Aon. 12C Bl hiilE T E M HER L (Standard-mode) .
P, (Fast-mode) . 5@ piditis, (Fast-mode Plus) TG, iEHEiESHEE 1.
B 14. EFHE (1) FRRE (1) %
£ 1. I’C M EHTE
B PR B
B Standard-mode Fast-mode Fast-mode Plus
B/ME BoKE B/ME BKE B/ME BKE
fscL(kHz) SCL % 0 100 0 400 0 1000
tr(ns) SCL. SDA FFHA - 1000 - 300 - 120
ti(ns) SCL. SDA FFHA - 300 - 300 - 120
R 2. HH Eh e HEER t tr 5%{H(VDD=3.3V)
EREHBEA (Q) EFHE tr(ns) T FREHS tf(ns) WERAEE (kHz)

510 100 9 1000

#2011 k7 2.0.0
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1K 200 8 500
2K 390 8 300
4.7K 960 8 100
10K 1900 8 50

PE: IZIEARE LG LERA T AT32 MCU, — ML, — MM AT E . SEhn AT RE S
I ZGHERT i 85 2 ia . 265227 M /AN
9) AR
s AR, EVRICERE, s DA RE R E LR, WS RN, R R A
H AR AR 5 4 21 SR P RIAT

B 1540854

b Artery 12C Timing_Configuration — m} X

12C Timing Configuration Tool V2.0.5

Please select MCU:  |AT32F405 - ma ) O
Please enter the input parameters: Output Result:
Device Mode Master - ff 10 ns 1000 ns lsu:paT 250 ns
[2C Speed Mode Standard-mode -
12C Speed Frequency (1-100 KHz)
70% 70 % 70%
SCL
Y30% s 30 % 30 %
12G Clock Source Frequency (1-108000 KHz)
L 1 /{100 KHz)
1 I ggL —!
Analog Filter =

* @function name:

*  -void i2c_init(i2c_type *i2c_x, uint8_t dfilters, uint32_t clk)
* @brief init i2c digit filters and clock control register.

* @param i2c_x to select the i2c peripheral.

* -this parameter can be one of the following values:

josf K
Rise Time (tr- 0-1000 ns) * @param dfiiters: number of digit fiters (0X00~0xOF).

Digital Filter (0-15)

* @param clk: i2c clock control register (0x00000000~0xFFFFFFFF).
* @retval none
Fall Time (tf: 0-300 ns) 10 *

i2¢_init(I2Cx, 0, 0x90F03030),

Generate Reset Clese

Copy all Clear

2023.08.17 2R &2 2.0.0
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4 £ &5 EEPROM
4.1  THEEMEA+

15 R R4 12C 332 1% EEPROM 1R B &8 i TR B 7 1) .
42 RIEHEL
2) RIS
Kot N TS [ AT-START BOARD
4.7K L RiHRE
EEPROM f#4i# % 4%
3) HAEME

project\at_start_f4xx\examples\i2c\eeprom

4.3  BHEGH

10) Ao B s
B JF)E 12C A ah
NCE 12C T H i GPIO
BC#E 12C it FH Y DMA JEiE
ffigE 12C A
5\ EEPROM J3: U S A H # 4k
EE AT 5 s N 7 2 15 1R
11) g4
B main REARID A
int main(void)

{

i2c_status_type i2c_status;

I* WAL R G B/

system_clock_config();

[* BB NVIC g
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* at-start board ¥J4H1L */
at32_board_init();

hi2cx.i2cx = 12Cx_PORT;

/* BLE 12C
i2c_config(&hi2cx);

while(1)

2023.08.17 #2271 &2 2.0.0
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/* wait for key USER_BUTTON press before starting the communication */
while(at32_button_press() = USER_BUTTON)

{

}

I* S %4 %) EEPROM */

if((i2c_status = i2c_memory_write(&hi2cx, 12Cx_ADDRESS, 0, tx_buf1, BUF_SIZE, 12C_TIMEOUT)) !=
12C_OK)

{

error_handler(i2c_status);

delay_ms(5);

[* ¥ EEPROM ## */

if((i2c_status = i2c_memory_read(&hi2cx, 12Cx_ADDRESS, 0, rx_buf1, BUF_SIZE, 12C_TIMEOUT)) |=
12C_OK)

{

error_handler(i2c_status);

CHuEH AU, SERAIE &R BSP)

PSRBT
if(i2c_wait_end(&hi2cx, 12C_TIMEOUT) != 12C_OK)
{

error_handler(i2c_status);

I LRGSR

if((buffer_compare(tx_buf1, rx_buf1, BUF_SIZE) == 0) &&
(buffer_compare(tx_buf2, rx_buf2, BUF_SIZE) == 0) &&
(buffer_compare(tx_buf3, rx_buf3, BUF_SIZE) == 0))

at32_led_on(LED3);
}

else

{

error_handler(i2c_status);
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4.4  SERFR

B IS SRS M, W LED3 SRS,
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5  RH ®RinTRER
51  ZhREMEAN

i A U7 sCEPTE AT-START BOARD 1 12C #% FEATIEAE, MR NS ML A S A2 IS

i o

&Y
52 WIFEHES

1) ARG
Xt R i LS (1) AT-START BOARD itk
4.7K EFirpH

2) A
project\at_start_f4xx\examples\izc\communication_poll

53 BB

1) RFCEE

B P 12C A Bh
HLE 1°C i 2 A GPIO
168 12C 4MEEHz 1
MATLAE £ S A
FAHREHE
MALHE % A5 b
FESE

B EHLANIT B R IE RIS 30 i s 2 75 IR
2) A
B main RECRE R

int main(void)

{

i2c_status_type i2c_status;

I* ¥t KRG8 ¥/

system_clock_config();

* BCE NVIC ek 4l ¥/
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* at-start board ¥J4H1L */
at32_board_init();

hi2cx.i2cx = 12Cx_PORT;

[* BeE 12C %/
i2c_config(&hi2cx);
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while(1)
{

#if defined (MASTER_BOARD)

[* %45 USER_BUTTON ##%41% F */
while(at32_button_press() I= USER_BUTTON)
{

}

I ENURIERE ¢

if((i2c_status = i2c_master_transmit(&hi2cx, 12Cx_ADDRESS, tx_buf, BUF_SIZE, 12C_TIMEOUT)) !=
12C_OK)

{

error_handler(i2c_status);

delay_ms(10);

I ENARBCEE

if((i2c_status = i2c_master_receive(&hi2cx, 12Cx_ADDRESS, rx_buf, BUF_SIZE, 12C_TIMEOUT)) !=
12C_OK)

{

error_handler(i2c_status);

I ENEBGE S AR
if(buffer_compare(tx_buf, rx_buf, BUF_SIZE) == 0)
{
at32_led_on(LED3);
}
else
{
error_handler(i2c_status);

}

#else

I* %45 USER_BUTTON #%4% |~ */
while(at32_button_press() '= USER_BUTTON)
{

}

I DAL
if((i2c_status = i2¢_slave_receive(&hi2cx, rx_buf, BUF_SIZE, I2C_TIMEOUT)) != 12C_OK)
{

2023.08.17
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error_handler(i2c_status);

I MHLRIZEEAE
if((i2c_status = i2c_slave_transmit(&hi2cx, tx_buf, BUF_SIZE, I2C_TIMEOUT)) = 12C_OK)
{

error_handler(i2c_status);

I* MBS S Kt */
if(buffer_compare(tx_buf, rx_buf, BUF_SIZE) == 0)
{
at32_led_on(LED3);
}
else
{

error_handler(i2c_status);

}
#endif

5.4  SERFCR

B %5E X #define MASTER_BOARD SRk £ B 710 = MK £
B A ENLEMNL S B e A E, W) LED3 &4 S5, S LED2 &AM N k.
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6 Zp| iy EE
6.1 ThEeMA

i3 7 sCEPTE AT-START BOARD Y 12C #% FEATIEAE, AR NS ML A S A2 IS

i o
‘\ »
6.2 WHEES

3) AEFIAEE:
Xt R i LS (1) AT-START BOARD itk
4.7K EFirpH

4) IR
project\at_start_f4xx\examples\i2zc\communication_int

6.3  BAB

3) MLENRE

B TS5 1PC AMER Bh
FL & 12C TR GPIO
ffife 12C Ahkd% O
flifig 12C Hrlkr
MALHE % 2
FAHREHE
MALHE % A5 b
FESE

B BT B A A 38 R 4 2 75 1R
4) SN
B main RERIL R

int main(void)

{

i2c_status_type i2c_status;

I* WAL R G %/
system_clock_config();

I FLE NVIC g */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* at-start board ¥J4H1L */
at32_board_init();

hi2cx.i2cx = 12Cx_PORT;

I BcE 12C %/

2023.08.17 % 281 &2 2.0.0
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i2c_config(&hi2cx);

while(1)
{

#if defined (MASTER_BOARD)

/* 545 USER_BUTTON ##%4H ~ */
while(at32_button_press() I= USER_BUTTON)
{

}

I ENURIERE ¢

if((i2c_status = i2c_master_transmit_int(&hi2cx, [2Cx_ADDRESS, tx_buf, BUF_SIZE,
12C_TIMEOUT)) != 12C_OK)

{

error_handler(i2c_status);

I SRR ST
if(i2c_wait_end(&hi2cx, I2C_TIMEOUT) != 12C_OK)
{

error_handler(i2c_status);

delay_ms(10);

[ FEMECEEE Y

if(i2c_status = i2c_master_receive_int(&hi2cx, 12Cx_ADDRESS, rx_buf, BUF_SIZE,
12C_TIMEOUT)) != 12C_OK)

{

error_handler(i2c_status);

I SERERAETE R M
if(i2c_wait_end(&hi2cx, 12C_TIMEOUT) I= [2C_OK)
{

error_handler(i2c_status);

I ENEE S HE ¢
if(buffer_compare(tx_buf, rx_buf, BUF_SIZE) == 0)
{

at32_led_on(LED3);

}

else

2023.08.17
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error_handler(i2c_status);

#else

[* %45 USER_BUTTON ##%41% ~ */
while(at32_button_press() I= USER_BUTTON)
{

}

I DA E
if(i2c_status = i2c_slave_receive_int(&hi2cx, rx_buf, BUF_SIZE, 12C_TIMEOUT)) != I2C_OK)
{

error_handler(i2c_status);

I SRR ST
if(i2c_wait_end(&hi2cx, I2C_TIMEOUT) != 12C_OK)
{

error_handler(i2c_status);

I MHLURIZEEE */
if((i2c_status = i2c_slave_transmit_int(&hi2cx, tx_buf, BUF_SIZE, 12C_TIMEOUT)) != I2C_OK)
{

error_handler(i2c_status);

I SRR ST
if(i2c_wait_end(&hi2cx, I2C_TIMEOUT) != 12C_OK)
{

error_handler(i2c_status);

I MHLECEL S S %4l */
if(buffer_compare(tx_buf, rx_buf, BUF_SIZE) == 0)
{
at32_led_on(LED3);
}
else
{

error_handler(i2c_status);

}
#endif
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I SIIG LT G5 PR G (1Y

i2c_status_type i2c_master_irg_handler_int(i2c_handle_type* hi2c)
{
if (i2c_flag_get(hi2c->i2cx, 12C_ACKFAIL_FLAG) != RESET)
{
* 15 Fk ackfail i */
i2c_flag_clear(hi2c->i2cx, 12C_ACKFAIL_FLAG);
I Rl TXDT #dfsar 28 */
i2c_refresh_txdt_register(hi2c);
if(hi2c->pcount != 0)
{
hi2c->error_code = 12C_ERR_ACKFAIL;
}
}
else if (i2c_flag_get(hi2c->i2cx, 12C_TDIS_FLAG) != RESET)
{
I RAEEEE
i2c_data_send(hi2c->i2¢x, *hi2c->pbuff++);
hi2¢c->pcount--;
hi2c->psize--;
}
else if (i2c_flag_get(hi2c->i2cx, I2C_TCRLD_FLAG) |= RESET)
{
if ((hi2c->psize == 0) && (hi2c->pcount != 0))
{
I kAt
i2c_start_transfer(hi2c, i2c_transfer_addr_get(hi2c->i2cx), 12C_WITHOUT_START);
}
else
{
return I2C_ERR_TCRLD;
}
}
else if (i2c_flag_get(hi2c->i2cx, I2C_RDBF_FLAG) |= RESET)
{
I S
(*hi2c->pbuff++) = i2c_data_receive(hi2c->i2cx);
hi2c->pcount--;
hi2c->psize--;
}

2023.08.17 #3MRI &2 2.0.0
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12C {3 H #H P

else if (i2c_flag_get(hi2c->i2cx, [2C_TDC_FLAG) != RESET)

{
if (hi2c->pcount == 0)
{
if (hi2c->i2cx->ctrl2_bit.astopen == 0)

{
Tl ae SE Ao 3 B
i2c_stop_generate(hi2c->i2¢x);

}

else

{
return I2C_ERR_TDC;

}

else if (i2c_flag_get(hi2c->i2cx, 12C_STOPF_FLAG) != RESET)

{

I* ERRE AR

i2c_flag_clear(hi2c->i2cx, 12C_STOPF_FLAG);

1* HA7 ctrl2 w7
i2c_reset_ctrl2_register(hi2c);

if (i2c_flag_get(hi2c->i2cx, 12C_ACKFAIL_FLAG) = RESET)

{

[* 15K ackfail ir& ¥/

i2c_flag_clear(hi2c->i2cx, 12C_ACKFAIL_FLAG);

I* RE TXDT 458 */
i2c_refresh_txdt_register(hi2c);

KIS

i2c_interrupt_enable(hi2c->i2cx, 12C_ERR_INT | 2C_TDC_INT | 12C_STOP_INT | I2C_ACKFIAL_INT |
12C_TD_INT | 12C_RD_INT, FALSE);

I* AERISER Y
hi2c->status = 12C_END;

return 12C_OK;

L IVAIE AP S SR SR R iipa

‘ i2c_status_type i2c_slave_irq_handler_int(i2c_handle_type* hi2c)

2023.08.17
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if (i2c_flag_get(hi2c->i2cx, 12C_ACKFAIL_FLAG) != RESET)
{

I* Atgserk ¥/

if (hi2c->pcount == 0)

{

i2c_refresh_txdt_register(hi2c);

[* 5k ackfail f7E */
i2c_flag_clear(hi2c->i2cx, 12C_ACKFAIL_FLAG);
}
/* the transfer has not been completed */
else
{
I* 155 ackfail fr& */

i2c_flag_clear(hi2c->i2cx, 12C_ACKFAIL_FLAG);

}
else if (i2c_flag_get(hi2c->i2cx, 12C_ADDRF_FLAG) != RESET)
{
[* JE addrf And ¥/
i2c_flag_clear(hi2c->i2cx, 12C_ADDRF_FLAG);
}
else if (i2c_flag_get(hi2c->i2cx, 12C_TDIS_FLAG) != RESET)
{
if (hi2c->pcount > 0)
{
I* RIEHEE
hi2c->i2cx->txdt = (*(hi2c->pbuff++));
hi2c->psize--;

hi2c->pcount--;

}
else if (i2c_flag_get(hi2c->i2cx, I2C_RDBF_FLAG) |= RESET)
{
if (hi2c->pcount > 0)
{
I* N
(*hi2c->pbuff++) = i2c_data_receive(hi2c->i2cx);
hi2c->pcount--;
hi2c->psize--;

}
else if (i2c_flag_get(hi2c->i2cx, 12C_STOPF_FLAG) != RESET)
{

I ERREE R

2023.08.17
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i2c_flag_clear(hi2c->i2cx, 12C_STOPF_FLAG);

T Szl ) T
i2c_interrupt_enable(hi2c->i2cx, 12C_ADDR_INT | I2C_STOP_INT | 2C_ACKFIAL_INT | I2C_ERR_INT
| 2C_TDC_INT | 12C_TD_INT | 12C_RD_INT, FALSE);

1* BAL ctrl2 w478 ¥/
i2c_reset_ctrl2_register(hi2c);

[ ¥ TXDT %1748 */
i2c_refresh_txdt_register(hi2c);

if (i2c_flag_get(hi2c->i2cx, 12C_RDBF_FLAG) != RESET)
{
I B

(*hi2c->pbuff++) = i2c_data_receive(hi2c->i2cx);

if ((hi2c->psize > 0))
{
hi2¢c->pcount--;
hi2c->psize--;

I AT TR
hi2c->status = 12C_END;

return 12C_OK;

6.4 SERFCR

B Eid%E X #define MASTER_BOARD K& AR 71 LMK R
B A ENLEMANL S B e A E, W) LED3 &4 A5, S LED2 &AM N k.
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7 FH DMA J5ilfE
7.1 ThREfEA

il DMA J7 3Gk AT-START BOARD K 12C 2 L HEATIEAE, WA BALE N AGE I

i o

&Y
7.2 WREES

5) fEFIAEE:
Xt R i LS (1) AT-START BOARD itk
4.7K EFirpH

6) A
project\at_start_f4xx\examples\ i2c\communication_dma

7.3 B

5) RFCERE

B TS 12C A b
A& 12C frE 1 GPIO
BC & 12C {11 DMA i
iR 12C Fh L
WAL & S A
FHURE A
MHILTEE & A IE H A
FHEE

W EHUAHUXT Eb & 3% RIS 2 ) B 2 75 I
6) fRBGA-2H

B main FERASHE IR

int main(void)

{

i2c_status_type i2c_status;

I* WAL R G %/
system_clock_config();

I* BLE NVIC e */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* at-start board ¥J4H1L */
at32_board_init();

hi2cx.i2cx = 12Cx_PORT;

I BcE 12C %/
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i2c_config(&hi2cx);

while(1)
{

#if defined (MASTER_BOARD)

/* 545 USER_BUTTON ##%4H ~ */
while(at32_button_press() I= USER_BUTTON)
{

}

I FENRIE A */
if((i2c_status = i2c_master_transmit_dma(&hi2cx, 12Cx_ADDRESS, tx_buf, BUF_SIZE,
12C_TIMEOUT)) != 12C_OK)

{

error_handler(i2c_status);

I* SRR ST
if(i2c_wait_end(&hi2cx, I2C_TIMEOUT) != 12C_OK)
{

error_handler(i2c_status);

delay_ms(10);

I N
if((i2c_status = i2c_master_receive_dma(&hi2cx, 12Cx_ADDRESS, rx_buf, BUF_SIZE,
12C_TIMEOUT)) != 12C_OK)

{

error_handler(i2c_status);

I SERERAETE R M
if(i2c_wait_end(&hi2cx, 12C_TIMEOUT) I= [2C_OK)
{

error_handler(i2c_status);

I ENEE S HE ¢
if(buffer_compare(tx_buf, rx_buf, BUF_SIZE) == 0)
{

at32_led_on(LED3);

}

else
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error_handler(i2c_status);

#else

[* %45 USER_BUTTON ##%41% ~ */
while(at32_button_press() I= USER_BUTTON)
{

}

I DA R
if((i2c_status = i2c_slave_receive_dma(&hi2cx, rx_buf, BUF_SIZE, [2C_TIMEOUT)) != 12C_OK)
{

error_handler(i2c_status);

I SRR ST
if(i2c_wait_end(&hi2cx, I2C_TIMEOUT) != 12C_OK)
{

error_handler(i2c_status);

I MHLURIZEEAE
if((i2c_status = i2c_slave_transmit_dma(&hi2cx, tx_buf, BUF_SIZE, 12C_TIMEOUT)) != I2C_OK)
{

error_handler(i2c_status);

I SRR ST
if(i2c_wait_end(&hi2cx, I2C_TIMEOUT) != 12C_OK)
{

error_handler(i2c_status);

I* MHLECEGS B #dl */
if(buffer_compare(tx_buf, rx_buf, BUF_SIZE) == 0)

{
at32_led_on(LED3);

}

else

{

error_handler(i2c_status);

#endif
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B EHL DMA RAEFZRNE il W A B e SRS Hiid

{
I* ffgmse i *
if (dma_flag_get(DMA_GET_TC_FLAG(dma_channel)) '= RESET)
{
I* 5Pt DMA fE55e B i %/
dma_interrupt_enable(dma_channel, DMA_FDT_INT, FALSE);

I* iR e bR ¥
dma_flag_clear(DMA_GET_TC_FLAG(dma_channel));

I* 14 DMA iR ¥/
i2c_dma_enable(hi2c->i2cx, DMA_GET_REQUEST(dma_channel), FALSE);

[* </ DMA J#iE */
dma_channel_enable(dma_channel, FALSE);

switch(hi2c->mode)
{
case [12C_DMA_MA_TX:
case 12C_DMA_MA_RX:
{
I* SRR T
hi2c->pcount -= hi2c->psize;

I* ARHSERR ¥

if (hi2c->pcount == 0)

{
[* FT7F STOP it */
i2c_interrupt_enable(hi2c->i2¢cx, 12C_STOP_INT, TRUE);

}

I AERIAR SR ¥/

else

{
I EEE AR Y
hi2c->pbuff += hi2c->psize;

I BB AR T Y
if (hi2c->pcount > MAX_TRANSFER_CNT)
{

void i2c_dma_tx_rx_irq_handler(i2c_handle_type* hi2c, dma_channel_type* dma_channel)
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hi2c->psize = MAX_TRANSFER_CNT;
}

else

{

hi2c->psize = hi2c->pcount;

I B.E DMA JEIE, AkeLibi */
i2c_dma_config(hi2c, dma_channel, hi2c->pbuff, hi2c->psize);

[* $T7F TDC W */
i2c_interrupt_enable(hi2c->i2¢cx, 12C_TDC_INT, TRUE);
}
tbreak;
case I2C_DMA_SLA_TX:
case [12C_DMA_SLA_RX:

{

tbreak;

default:break;

7.4 SERFCR

B %5E X #define MASTER_BOARD SRk £ B 710 = MK £
B A ENLEMNL RS B e A E, W) LED3 &4 5, S LED2 &AM N K.
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