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1 XFAFM 1.1 FMAE

j P

oo
1.1 FHAZE
Gowin I3C SDR IP H F e/ EE N B EFEINRERI N [E5 8 X SHE
A, TAEEFE. GUI AR, BERBA T PSE T e = 5314k Gowin 1I3C
SDR IP F4FE S A 75

1.2 B~

ARFMHRAREREH T LT =M.
GWI1N 7% FPGA 7=

® GWIN #%| FPGA /*fi: GWIN-2, GW1N-2B, GW1N-4, GW1N-4B,
GWI1N-6ES, GWI1N-6, GW1N-9ES, GWI1N-9;

® GWINR %71 FPGA F=f: GWINR-4, GWI1NR-4B, GWI1NR-9ES,
GWI1NR-9;

GWINS £7%1 FPGA 7= fi: GWINS-2, GWI1NS-2C;
GW2A %% FPGA 7= fii: GW2A-18, GW2A-55;
GW2AR %% FPGA 7= /i: GW2AR-18.

1.3 tHX3CHH

T B S =2 ARG hitp://www.gowinsemi.com.cn/F] BL R %, 7
& LA A OGS0k -
GWIN %% FPGA 7= i 3 Tt
GWINR %% FPGA 7= it 3t F- it
GWINS #%1 FPGA = i85 F it
GW2A #%1 FPGA 77 Hh 535 Tt
GW2AR #%1 FPGA = i 845 F it
Gowin =R AFH P e
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1.4 RiE. 460515

1.4 Ki&. ZamgiE

AT BLR A R AR Sl 1 AR R L N

% 1-1 s,
R 11 RiE. FERIE

ARif HENKIE

Eoyis

RS

FPGA

Field Programmable Gate Array

BT g 15

I3C Bus

Inter-Integrated Circuit Bus

I3C HFATLL

1.5 FRZ SRR

1oz PR AT B A BORSCRE , AR A8 Y A o A AR A B 1) BRI
A EES AR A:

M4k:  http://www.gowinsemi.com.cn/

E-mail: support@gowinsemi.com

Tel: +86 755 8262 0391
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2 Dige i 2.1 MRk

Lsemn

2.1 BEik

1I3C 42 —FhH MIPI B A i 2o ER AT A28, Jfe2 1 12C FiT SPI
IR, HAAMREI 8. Ty . (RIDFE. s SR St ae,
M HFEZ 12C, B 0008046 A I 05 RS Bl 1. S RFRIhAE .
e B R RN A A PR AL, NSRRI S TR . R
o 10T Wi in 1V 2 35 R R

Gowin I3C SDR IP /& MIPI B:8 13C BMkhil, RAFAasEL, 4
I3C SDR Master #1 13C SDR Slave T—1&, wszfl{kik I3C SDR Master
gf, 13C SDR Slave, =£¥l 13C SDR Master 5 13C SDR Slave 5 I12C Slave
[P .

2.2 ¥t

2.2.1 Gowin I3C SDR Master

1. 4 MIPII3C Pl

SRR 13C kA G

% ¥ Single Data Rate (SDR) JE{E#=;
I e AR AL g 22 ATk 12.5Mbps;
FEAG . &k, BERRIGANEE R
XRFRLG . AaEATE S RGN

S #F SETDASA 5 ENTDAA 77 47 sh s bk 70 e s
R R R R DI RE 5

9. SR (In-band Interrupts);

10. SZHEHEEN (Hot-Join);

11, SRR AN Sh A k2 i

12. 32 #F CCC’s i 4;

13. LFFENAS T SCL A% ;

14. 3% 12C Slave;

15. XM fEde iz,

© N Ok wDD
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2 Dige i 2.2 J

2.2.2 Gowin I3C SDR Slave

1. £54 MIPI13C 4%

PR A N S B

TR RN E AR

% HF SETDASA B ENTDAA 77 R AT Eh 78 ik 20 i ;

P R IE R R TR s

At 1Bl 3¢ Hot-join H1i, #Z£ > Slave K&t IBI B¢ Hot-join Hi#, Hulik
S UNINEFRC IR CLE: T

AIACE Slave #hAS bl

8. KHZF A,

ook wWN

~
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3fETEX 3.1Gowin I13C SDR Master {55

31§%E>‘L

3.1 Gowin I3C SDR Master {5

Gowin I13C SDR IP F{E 13C SDR Master B, /¥t a] DO i 2547 58
P24 13C SDR Master, 13C SDR Master i3 13C [ 53E SDA Fiif gt
SCL X W2k 2k 5 4 E %% Slave #i{5, HiBEHERW .
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3fE5E N 3.1Gowin I13C SDR Master {55

[&] 3-1 I3C SDR Master JE{SHEE

EiRea AN
LGYS
S
ACS |
AAS
STOS

STAS
LGYC
CMC
ACC_
AAC
sicC”
sTOC
STAC |
STA HD_S
SEND_AD_HIGH_S
SEND_AD _LOW_S
ACK_HIGH_S |
ACK_LOW_S
STO_HIGH_S
STO_LOW_S |
SEND_DA_HIGH_S : 13CH 2k
SEND_DA_LOW_S
RCVE_AD_HIGH_S SDA
RCVE_AD_LOW._S
o ADDRESS_S: GW I3C GWI/Compliant

H P it DI[7:0] | Master Slave

SCLH[7:0]_ SCL
SCLL[7:0]
CE
RST .
CLK |

A
A

LGYO
CMO

ACO

AAO

SIO

~ STOO

"~ STAO

~ PARITYERROR
~ DOBUF([7:0]
DOJ[7:0]
STATE[7:0]
SDA_PULL
SCL_PULL

A A A A

A A A A
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3fE5E N 3.1Gowin I13C SDR Master {55

I3C SDR Master F{E 5% 3-1 Fizn.
%% 3-1 I3C SDR Master {52 &N

Fa | fE94K J7 1A frge | iR

1 LGYO Output |1 NI R T R 12C A4 1

2 CMO Output |1 IR &EEN Master i 4 % H

3 ACO Output |1 TE 352 15 B Ak 252 6 30 3 4k 452 1 i 1

4 AAO Output |1 7E 75 B[] . ACK/NACK I [ 52 ACK [t
5 SIO Output |1 BT bR DR ) i H

6 STOO Output |1 Nk STOP i 4 i

7 STAO Output |1 Fik START 4 Hfn

8 PARITYERROR Output |1 AT AR A2 5 i

9 DOBUF Output | [7:0] | A7 JEMEdE

10 DO Output | [7:0] | ELEEHIEHH

11 STATE Output | [7:0] P RS Hi

12 SDA_PULL Output |1 1I3C HATEAR AT 4% B

13 SCL_PULL Output |1 I3C HATH P Al 4% b4

14 SDA Inout 1 1I3C H AT H 2k

15 SCL Inout 1 1I3C H AT Eh 2k

16 LGYS Input 1 MHTE N GO 12C FEAES

17 CMS Input 1 Wk Master [ B A5 5

18 ACS Input 1 TR R BB L IR B B B AL 5

19 AAS Input 1 7575 B a2 ACK/NACK i [E1 & ACK [ B 55
20 STOS Input 1 ik STOP &M B G S

21 STAS Input 1 Ti& START g 2 EALE S

22 LGYC Input 1 LHTENT GON 12C FiEEES

23 CMC Input 1 W% AT Master (G EE S

24 ACC Input 1 TR R R e U BB RS S

25 AAC Input 1 A E ACK/NACK A & ACK G ZE(E 5
26 sIC Input 1 HRRTEE(E S

27 STOC Input 1 STOP R&EHTEEES

28 STAC Input 1 START REMIERES

29 STA_HD_S Input 1 WA START I ORHFIN ] () BALE 5
30 SEND_AD_HIGH_S | Input 1 RS LR RS SCL & TR [RI ) B AL 5
31 SEND_AD LOW_S | Input 1 YR & LR SCL K FE P i (8] B A2 A5 5
32 ACK_HIGH_S Input 1 WHE ACK B SCL =y H P [a] ¥ B A5 5

33 ACK_LOW._S Input 1 WHE ACK B SCL A P [a] ¥ B 7 (5 5

34 STO _HIGH_S Input 1 Vi % STOP I SCL fmy Hi P [ () B ALAE 5
35 STO_LOW._S Input 1 W% STOP B SCL I HEFR B [ B ALE 5
36 SEND_DA _HIGH_S | Input 1 VA IR EAR Y SCL = HL T (8] ¥ B AL A 5
37 SEND_DA_LOW_S | Input 1 VA IR EAR I SCL K HL T (8] ¥ B AL A5 5
IPUG508-1.2 7(49)




3fEFEX

3.2Gowin I13C SDR Slave 55

F5 | B5AWK J7 1A frge | iR

38 RCVE_DA HIGH_S | Input 1 BRI SCL = FEF B[R] B A A 5
39 RCVE_DA LOW_S | Input 1 SRR I, SCL AR HL P i [a] 1 B AL
40 ADDRESS S Input 1 Slave il # & B O

41 DI Input [7:0] | #HEHAN

42 SCLH Input [7:0] FT % & SCL & H 1 H %L

43 SCLL Input [7:0] FHF 158 SCL I HL~F A 4L

44 CE Input 1 N Re (S 5

45 RST Input 1 HhifE5

46 CLK Input 1 IR RS

3.2 Gowin I3C SDR Slave {5

Gowin 13C SDR IP H{E 13C SDR Slave I}, it a] DLt 25 77 28
211454 13C SDR Slave, 1I3C SDR Slave i@t 13C #dE SDA 4 SCL
XP4 45 13C SDR Master i#1{5, HiB{EHEE WK 3-2 ffin.

IPUG508-1.2
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3.2Gowin I13C SDR Slave 55

[&] 3-2 I3C SDR Slave B {SEE

F it

RN
NS |
ACS
AAS
STOS
STAS
(10
ACC
AAC
SIC_
sToC
——
STAC | o
ADDRESS_S 13CE4E
DI[7:0] o
CE < .
RST, GV 13C Slave SCL GW/Compliant
CLK < > 13C Master
Qo
ACO
A0
j SI0
" ST00
f STAO
: PARITYERROR
~ DOBUF[7:0]
"~ DO[7:0]
) STATE[7:0]
j SDA_PULL
: SCL_PULL

I3C SDR Slave HJ{g 5113 3-2 Aras.
% 3-213C SDR Slave (5 EENX

e | E5AK J7 1A (A 3%

1 CMO Output |1 T iAW HEN Master 4 )% H

2 ACO Output |1 TEIE PR 15 B4k S0 I PRk 221 4 1

3 AAO Output |1 7E A 5 ACK/NACK [N [E 5 ACK F %t

4 SIO Output |1 BT bR VLT ) %

5 STOO Output |1 ik STOP i 4 % H!

6 STAO Output |1 ik START i 4 1k

7 PARITYERROR Output |1 WACHECHR I A% 5 i

IPUG508-1.2 9(49)




3fEFEX

3.2Gowin I13C SDR Slave 55

e | EEAK J5 ] fr%E | fEk

8 DOBUF Output [7:0] A JE A

9 DO Output | [7:0] IERi e/

10 STATE Output [7:0] PN IR 25 i HY

11 SDA_PULL Output |1 1I3C SR ATHAR AT 45 B

12 SCL_PULL Output |1 I3C HATI P AT 4% E 4

13 SDA Inout 1 1I3C HATHH £k

14 SCL Inout 1 1I3C HATI B4k

15 CMS Input 1 W3\ Master B M55

16 ACS Input 1 TEIEF & R B e R S B ALE 5

17 AAS Input 1 7E 7 B A ACK/INACK I [a1 2 ACK KB5S
18 STOS Input 1 ik STOP w2 BN S

19 STAS Input 1 FI& START 2 M EALE S

20 CMC Input 1 W% AT Master (G EE S

21 ACC Input 1 TEIEFE S T AR I e PR B2 (Il 25 5

22 AAC Input 1 7575 B A2 ACK/INACK I [EI & ACK HIiEZEE S
23 SIC Input 1 TR RIS 55

24 STOC Input 1 STOP REMEEES

25 STAC Input 1 START IREMIEE(ES

26 ADDRESS_S Input 1 Slave Rtk &z 1

27 DI Input [7:0] BTN

28 CE Input 1 R RS 5

29 RST Input 1 CEDAERS)

30 CLK Input 1 55

IPUG508-1.2 10(49)




4GUI ¥

4.1 ik

4.1 ¥EiAk

4o om

I3C IP GUI FLTHI S8 B kW B 3) 45 1% 13C SDR Master 1 SCL )

G HE P[P I TRIE AT 1I3C SDR Slave (R bk .
4.2 13C SDR GUI £#

%% 4-1 I3C SDR Master GUI 2%

Fe | Z2HAR Y NN Eiiipa

1 STAHD 20~254 20 START H hold time

2 SCL LOW 3~254 3 SCL i 3 >~ 1]

3 SCL HIGH 2~254 2 SCL 1= HL P ]

4 SEND AD SCL | 2~254 2 KL HhERT SCL =y H T[]
HIGH

5 SEND AD SCL | 3~254 3 K ik HhER SCL R H ST i ]
LOW

6 ACK SCLHIGH | 2~254 2 ACK i} SCL 75y H T[]

7 ACK SCLLOW | 3~254 3 ACK I} SCL A HL ~F e ]

8 STOSCLHIGH | 2~254 2 STOP I} SCL 7 Hi P it [1]

9 STO SCL LOW 3~254 3 STOP i SCL i H, T+ []

10 SEND DA SCL | 2~254 2 RILEBHEIT SCL =y H T~ ]
HIGH

11 SEND DA SCL | 3~254 3 RIBEIEIT SCL A H, > i []
LOW

12 RCVE DA SCL | 2~254 2 BECEEI SCL w5 Ha T )
HIGH

13 RCVE DA SCL | 3~254 3 BEUSCE R SCL A H P[]
LOW

IPUG508-1.2
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4GUI ¥

4.213C SDR GUI %1

IPUG508-1.2

%% 4-2 13C SDR Slave GUI £#

T | SR Ju ERIME ik
1 SLAVE STATIC | 77h00~7 | 7°h08 Slave HERZSHuhE
ADDRESS "h7F

12(49)




5 TAEJR#E

5.1 ZGHEK

T{EIRE

Gowin 13C SDR IP £ 13C SDR Master # 1I3C SDR Slave T —44&, szl
I3C SDR Master f1 I3C SDR Slave HIa)Z& AL AIEFRNCEdE . b
HiE SR DI RE -

% 13C SDR IP JifE 13C SDR Master, Ii}, S4; FA] L% 24 Slave,
ALHE MIPI BERE 785 (19 13C SDR/I2C Slave; 7] LAk #E START. STOP. [f]
Slave K& i%Hibk; 7 1I3C SDR Slave ki%(%#i, UL 13C SDR Slave &%)
¥4, WM 13C SDR Slave HiiE 1 1Bl 5 hot-join, #47 13C SDR Slave ]
Ak EC; W 12C Slave KiE#dE, B0k 12C Slave Kk EdE. # 13C
SDR IP FifE 13C SDR Slave, ALK #E START. &Ki&Hibl,. 7] 1I3C SDR
Master 554, B2k 13C SDR Master & iEFIEER, WS Hblk, #5230
Hihk 7y BC ISR A EC ) B s k.

5.1 REEE

IPUG508-1.2

WK 5-1 fow, a2 s dm il 7 7 484% 14545 Gowin I3C
SDR Master, #&J5 Gowin I13C SDR Master iliid 13C 24 T &% Gowin 13C
SDR/I2C Slave &} Compliant I3C SDR/I2C Slave, ¥ Gowin 13C SDR/I2C
Slave % Compliant I3C SDR/I2C Slave [%#i# i Gowin 13C SDR Master
ARSI
5-1 RGHERE

GW I3C Compliant
Slave 13C Slave

A I3C&2 @ @
] GW I3C

Bt Master >
il ||
{ 1L
GW I12C Compliant
Slave 12C Slave

W 5-2 firs. B8 #64a 2 s @l B 7 4 22 14445 Compliant
13(49)




5 TAEJR#E

5.213C SDR IP [fJRAS

I3C SDR Master, 4R/ Compliant I3C SDR Master i@t 13C M4 T kK%
Gowin I3C SDR/I2C Slave 5 Compliant I3C SDR/I2C Slave, il Gowin
I3C SDR/I2C Slave &% Compliant I3C SDR/I2C Slave F%#ii# i Compliant
I3C SDR Master &4 F 14125

[ 5-2 ZGERE
GW I13C Compliant
Slave 13C Slave
T . 13Cia 4k ﬁ i
T 7 >
| J
GW 12C Compliant
Slave 12C Slave
5.2 I3C SDR IP BJIR7S
Gowin I3C SDR IP f]{ 13C SDR Master #i1 1I3C SDR Slave I} R 2
e
£ 5-1 I3C SDR Master RS
1 S_IDLE 13C S Z A T2 RARAS
2 S CM_STA FEHLRIZE START IR
3 S CM_WAIT_AD FHUEERE FH P iR bk
4 S CM_SEND_AD F ML MALAIE H
5 S CM_ADRS_ABTR FEHURIEHNE, B 2R h A
6 S CM_ADRS_ABTR_OK SR AP 4 R
7 S CM_WAIT_ACK_HF FHLEESE MHL ACK, 13C M2 A 1)
8 S CM_WAIT_ACK FHLEESE MHL ACK, 13C M3 A R )
9 S_CM_WAIT_NACK FEHLE NACK
10 S CM_WAIT_W DA FEHUEER P RS B
11 S CM_W _STA FEHURIEE Hikb F] ACK J& Kt START
12 S CM_W_STO FEHURIE S LS K STOP
13 S CM_W_ACK_STO FEWLRIEE MY E] ACK J5 &S STOP
14 S CM_W_SEND DA FEWLRIES HdE
15 S CM_SEND _DA_OK FEWLRIE TS HidE
16 S CM_READ SL FHLEEMAL
17 S CM_READ SL_OK F WL MMLEESRE Thit
18 S CM_READ _OK_SI FHLEEMHUE YR SI0
19 S CM_SL_END FHLEEMAEI LR Thit
IPUG508-1.2 14(49)




5 TAEJR#E

5.313C SDR F#14E#k 13C SDR MMLIEEA R VE AL

75 RELH Eiti3a

20 S CI2CM_W_SEND_DA FEHLIA 12C MHLE Hidi

21 S _CI2CM_SEND DA _OK FEHLIA) 12C MHLE 58508

22 S CI2CM_WAIT_ACK_HF FHLZEFE 12C ML ACK, 13C Sz ) e

23 S _CI2CM_WAIT_NACK FEHLE] 12C ML NACK

24 S _CI2CM_READ_SL FHLEL 12C KL

25 S_CI2CM_SEND_ACK FHLEI%E ACK 45 12C ML

26 S _CI2CM_SEND_ACK_OK FHLEKIETE ACK 45 12C WAL

26 S CM_LINE_STA F ML MHL A AL START

28 S CM_DAA_READ FHLENTDAA i 8 7%

29 S CM_DAA_WRITE THLENTDAA 55—y

30 S CM_DAA_SL_ACKDA FEHLENTDAA, MAHL ACK sk

31 S_CM_DAA SL_NACKDA FHLENTDAA, MHL NACK zhs bk
£ 5-2 I3C SDR Slave BJIRAS

FF5 K&K it

1 S SL_LINE_STA MBI R S LR 1) START

2 S SL_STA MHLR A START

3 S SL_RCVE_AD MHLFE

4 S SL_SEND_W_ACK MHL ACK 5 ik

5 S SL_W_DA MHLFES 8

6 S SL_W_DA_NINE MM S E i 5 9bit

7 S SL_R DA MM %5 E s

8 S SL_SEND_R_ACK MHL ACK i3zt s

9 S SL_R_DA NINE MR IE TEELHE 2R Obit

10 S SL_SEND_AD ML A 32 Hh ik

11 S_SL_RCVE_ACK ML ACK 7

12 S SL_CCC_W_DA MAMLEEL CCC % ¥

13 S SL_DAA READ MHBLK % ENTDAA (1] 8 F7

14 S SL_DAA_WRITE MBI ENTDAA (1] 8 575

15 S SL_DAA _ACK MHL ACK Zhs il

5.3 I3C SDR F#H1#E#]; 13C SDR ML EKIRIERTE

Gowin I3C SDR IP 3F¥ I13C [y#ft, FIXS I3C KA HIE7 R 152

H#/E. IBl. Hot-join H i /E AT /41 .
5.3.1 I3C SDR IP N THURES

1F 13C BT HNIRES TR, #lid A2 CMS, Al &3t \ Current Master

.

IPUG508-1.2




5 TAEJR#E

5.313C SDR F#14E#k 13C SDR MMLIEEA R VE AL

5.3.2 I3C SDR E#1%4 13C \¥l 9B ek

IPUG508-1.2

B W ERENE, I LS MHLEATIEE, & 2T shaS ki,

EhASHIE BRI FE S N SETDASA F1 ENTDAA #5 .
SETDASA 5%
& 5-3 SETDASA &=

¥ ]
R

{——— Broadcast Address———|

ook w

~

8.
9.

LSB R/W ACK Thit START MSB LSB R/WACK

BALENLE STAS 55, FHUKIE START;

WE NN DIME: T3t (7’h7E) 1 Write #:4F (1'b0), %545

MAL ACK;

BAMHLAAS 55, MHLILEIE S HuhikEa] BLE 3 k% ACK;

WHE L DI {E, &i% SETDASA CCC (8'h87);

BALENLE STAS 55, FHUKIE START;

uﬁzlzmi’*)\ DI f: MALERASHIEE (7hit) 1 Write #:/E (1°D0), 25
£5 MAL ACK;

ﬁmm AAS 155, MHLILEN B &k a] BLE 3h &% ACK;

wEEHLEHIA DI FME: LB #bE (7bit) 1 1’bO;

BALENLE STOP 8¢ START /55, FHLKIE STOP 5 START 1B

SETDASA 5.

ENTDAA &3\
& 5-4 ENTDAA &5

¥ ]
R

{——— Broadcast Address———|

9.

LSB R/W ACK Thit START MSB LSB R/WACK

B FENW STAS 55, ENUKE START;

WHE NN DIME: it (7’h7E) 1 Write #:4F (1'b0), 254%
MAL ACK;

BALMHLAAS 55, MHLILEIE & Huhiki ] BLE 3 k% ACK;

BB FEHLH DI BI{E, &i% ENTDAA CCC (8'h07);

B FENW STAS 55, ENUKE START;

WHE XN DIME: |kl (7’h7E) 1 Read #:4F (1'b1), 4%
MAL ACK;

BAMHLAAS 155, MHLILEIE S Huhiki ] BLE 3 k% ACK;
FHESLE 8 M1, RN FEH PR IEAL SIO (5544
SRiEH, fERALEE 8 A SIO Ja ENLF ML A ESIAS il (7bit) A1 1'b0,
S5 ML ACK;

BN AAS 155, MHLILEI A & ks o] BLE 3 & 1% ACK;

10. EAENLE STOS, FHLAE STOP B H ENTDAA #Hx,
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5 TAEFH 5.313C SDR F#14E#k 13C SDR MMLIEEA R VE AL

5.3.3 I3C SDR X415 13C N E##E
[& 5-5 [[) I3C A\ B—#iE

777777777777777 Register
I13C Address Address Data {

START MsB LSB R/W ACK Thit Thit STOP

& 5-6 [A 13C \HLEZ /N IE

13C Address 7‘ —Data(1) =_—=.Data(n) —

v
TN

START MsB LSB R/W ACK Thit Tbt N

1. 78 13C BR=WIRET, B ENK STAS 5, FHLAIE START;
2. WETHEHA DI A 13C MHHbE (7bit) AT W #:4E (1'b0), FHLK
IEMALHEEFNS, S5 4F MATL ACK;

BAMHLAAS 155, MHLILEIE S HuhikE a] BLE 3 k% ACK;

WHE T DI A S Emihl, NS BRIER R L,
wEEHLHIA DI [F)ME: Data (8bit), Eﬂﬁm%}ﬁ%%%)\iﬂ)%;
AEE 5 BRE IR, MITEZAEF14HE

7. BAIEHLK STOS 55, FHL kK STOP

5.3.4 I3C E#HLM I3C SDR MHiE#E
[& 5-7 M I3C SDR M#liE— 4B

SDA Line

m—4—3=s

Register
Address

SDA Line

m-H4—x0<s

Thit STOP

ook w

egl er

5-8 M I3C SDR M#LiEE N EiE

I13C Address
R [ PETETTTTETET T LTI

SDA Line 7‘
STO

ACK Data(1) Data(2) Thit Data(n) Thit 7

Euazmﬂﬁ STAS 155, FHLKIE START;

WEFEHHA DI FIE: |3c SDR MAMLHHE (7bit) F1W #:4E (1'b0),
T IEMN LIRS, 2545 KL ACK;

BN AAS 155, MHLILEI A & ks o] BLE 3 & 1% ACK;
BB DI A A Esshl, TN ERE 2 A At
B FENR STAS 55, ENUKE START;

WEENHA DI FIME: 13C SDR MWHLHihE (7hit) F1 R #:4E (1'b1),
FEMLAIE ML HIE A2, 2545 KL ACK;

IPUG508-1.2 17(49)
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5 TAEFH 5.413C SDR EHIH# 12C MHLIEAER AR

7. BAMHLAAS E5, MHLURE]E S HubkE ] DLE 3 k% ACK;

8. wEMHLEIA DI EI’HE Data (8b|t) I AL ACS 8 WML 15 2k 22
B, FHLACS PE FNLEH RS,

9. WEKE8IEEZK, I llﬁfh&%/l\zrﬁ%%o

5.3.5 I3C SDR M#1Ei# IBI

I3C Pri SZFEA A H W, IDLE RS T, SUFMANLKEEE START, RJEK
16 MHLHENE: B S EHLRE START I, MBS START, FEHLAIMML
Rl Ak ht, Huhb NSRS IR AP L
& 5-9 MHLERIE IBI

SDA

,_
ormx

STARTMSB LSB R/W ACK Thit START

1. BEAMHLE STAS (55, MHLAKE START;

2. WEMHVLI DI, KiEMHLHAEE (7bit) 1 Read #:E (1'bl), %%+
Ml ACK;

3. BAFEHLAAS, FHLKIE ACK;

4. FHURMG DL HIBITIEREME, 47 BCR[2)ALA 1, Master 75 e /E R
5o 1 152 X — > 1 IR A

5. N RAERER FENUREFEAE—E

5.3.6 I3C SDR M#/LEHi% Hot-join
I3C SDR 13 32 £F Hot-join, 24 1I3C S 2R HC & I 2 J5 S0 LI Z 13C

\ N

JSEo L

5-10 M#LE1E Hot-join

ffffffff I13C Address  --------- ENTDAA

R

SDA 'T

Line L A
I O O B

STARTMSB LSB R/W ACKSTART

1. BAIMHLE STAS, MALKE START;

2. WEMYLE DUE, KIEHEKMHLHEE (7D0000_010) 11 Write $#1F
(1'b0), ZEfFFEHL ACK;

3. BAFEHNL AAS, ENLKIX ACK;

4. FEALFEN ENTDAA BN ML e sh A Huhk;
B2 R BERAE [F] MR A I ERAE — 20

5.4 I3C SDR Imﬁijz 12C MHLEXEERTE

Gowin I3C SDR IP #fi%¥ 12C HJ#e/E, FHXT 12C KIS #EHITN4EH.

5.4.1 I3C SDR IP A EHIRTS
1F 13C MR NIRES T, i B AL CMS, 1k &3t N\ Current Master

IPUG508-1.2 18(49)




5 TAEFH 5.413C SDR EHIH# 12C MHLIEAER AR

RE. BALLGYS, FHL5 12C MWL TIELE .

5.4.2 I3C E#l[a 12C N EHIE
& 5-11 [8 12C AILB—1N ¥R

12C Address Register Address Data
[ e T T T T
R
Sda Line IT
HEEEEE R L]
START MSB LSB R/W ACK ACK ACK STOP
| A
& 5-12 [ 12C MHLE M348
12C Address Register Address —— Data (1) —- Data (n) -
BRI
R Il
Sda Line I
T
e P PP P
[
START  MSB LSB R/W ACK ACK ACK o ACK  STOP

1. B FEHLE STAS (55, EHLKE START;

2. WETHLA DI, Ki%I12C M\HLHHE (7bit) F1 Write #:4F(1'b0), %545
MAL ACK;

MAHLK % ACK;

WE NN DUE, RIEFAal, S5 ML ACK;

MK % ACK;

WE NN DHE, RIEESANEGFAHPREE (8bit), R MHL ACK;
MALKI%E ACK;

AEEDIR 6 M7 2R, RiEZNEdE, RIINTE N2 75

9. EfMEHNM STOS 55, THLAHE STOP,

5.4.3 I3C SDR FEH1LM 12C \HiEH IR

©NOoO Ok oW

5-13 M 12C MHLIE— 34
—  12C Address Register Address —————— e 12C Address B Data
[Tl T TTTT Tl [ TTTTT T
Sda Line 5 s N
HENEE T O A A A A AR I
K
STAR1MSB LSB R/W ACK ACK START MSB LSB ACK STOP
O i DUMMY WRITE
s
5-14 M 12C AHLIEZS MR
12C Address
R TEETEEE T TTTTT
R ‘ N
Sda Lin E ‘ C
dEENENE NN NEEEEE LLLELLLS
L \ \
R/W Data 1 ACK Data 2 ACK Data n STOP

1. BfENE STAS G5, FEHLUAE START;
2. WHETHLA DIE, K% I12C Hhl (7bit) F1 Write #:1E(1°b0), ZEFE ML
ACK;

IPUG508-1.2 19(49)




5 TAEFH 5.413C SDR EHIH# 12C MHLIEAER AR

MHLKi% ACK;
BB T DUE, RIEFFasht, S8 ML ACK;
MM K& i%E ACK;

B ENE STAS, FHLAE START;

WEENLE DIME, Ki%12C Hilik (7bit) F1 Read #:1E(1'b1), ZEFRF ML
ACK;

8. MWMLKIX ACK;

9. MMLAEIEHHE (8bit);

10. FHLKkiE ACK;

11. WfEEIDE 9 1 10 2R, FiEE e M EdE.

N Ok

IPUG508-1.2 20(49)




6 I i 2541

6.1 FTH L#2

6.1 T IiE

IPUG508-1.2

&4

58 Gowin =i AE G, #idi “File> Open ...” , #TJF “Open File”

SHEHE, WEFEPT LA (rgprp), FTJF LA, Wild 6-1 fis.
!
A =05 RATIF TR, AT H TR 3 2% Gowin 2RI/ 775 17> 5 IR BLE/T>
5.2 /IH- L F2.
& 6-1

fTAIRE

|7 File Edit Project Tools Window Help _|[=] %
(] = N osé&
Desien & x|[ 10425 .I(sdalut_1), ‘
” 10426 .OEN (un2_sdaPullOen_i)
i3¢_testl - [E:\IDE\Ide testhiSc el jpaon )i
GWIN-9-LQFP144-6 10428 // @10:56
4 17 Verllag Flles 10429 ] \(I3C_REG)/(I3C_REG top) u i3c_top_inst |
10430 .LGYS (LEYS) ,
: I3C_REG_top.v 10431 .CMS (CMS) ,
gw_plly 10432 .ACS (ACS) ,
. 10433 .BAS (ARS),
testidc M tapv 10434 .STOS (STOS),
10435 .STAS [STAS) ,
10436 .LGYO [LEYO) ,
ronens a x| 10437 .CMO (CHO) ,
10438 .ACO (ACO) ,
I Design Summary 10439 .AAO (BRO) ,
4 [ User Constraints 10440 -SI0(5IO0),
i Floorpl 10441 .STOOD [STOO) ,
| FloorPlanner 10442 . STRO (STRO) ,
7 Timing Constraints Editor 10443 .LGYC (LEYC) ,
4 @ Synthesize (Synplify Pro) e -CHC (CHC)
e ( ynelify Pro) 10445 LBCC (BCC) ,
Synthesis Report 10446 \BAC (RAC),
Netlist File 10447 LSIC(SIC),
> 10448 .STOC (STOC) ,
4
© Place & Route 10449 . STAC (STAC) ,
Place & Route Report 10450 .STA_HD S(STA_HD S),
Timing Analysis Report 10451 .SEND_AD_EIGH_S (SEND_AD_HIGH_S),
) 10452 .SEND_AD_LOW_S [SEND_AD_LOW_S), A
Ports & Pins Report 10453 .ACK HIGH 5 (ACK HIGH §), (3
Power Analysis Report 10454 .ACK _LOW 5 (ACK LOW 5), -
I Program Device 4 e | r
S TP Core Generator | x 2 I3C_REG_tep. v [x] | L2 test_iJc M_top. v 1
Output 8 X
Info (TRO0O1) : Timing analysis completed. -
Info (F50001) : Bitstream generation in progress......
Info (F50002) : Bitstream generation completed.
Info (FWO0001) : Power analysis completed.
Info (CM0008) : Generate 'i3c_testl.power.html' file completed.
Info (CMO00E) : Generate 'i3c_testl.tr.html' file completed.
Info (CMO00E) : Generate 'i3c_testl.rpt.html' file completed.
Info (CMO00E) : Generate 'i3c_testl.rpt.txt' file completed.
Info (CMO001) : Wed Oct 25 10:46:44 2017
[
Output | Errer | Warning | Info |
In: 10452 Col: 25

21(49)




6 ] FH 244 6.2 i Gowin I3C SDR IP

6.2 A Gowin I3C SDR IP

Gowin 13C SDR IP 4 Master 1 Slave T—1&, HHERE %, H&EE
& 6-3 H1) Module Name #1 File Name &[X 4> Master 1 Slave, fH<#
TEZIRINTE

1E Gowin =R RAAF, Hidi “Tool > IP Core Generator”;  # H 41
Kl 6-2 B~ S

AT T AR E, U0 GWIN-9-LQFP144; {E 5L /M “Name” & HH X
dr “13C”, K 6-3 FronFtim BRYGEDEIET, i “OK”, AR
I3C_REG_top Module.

E!
Gowin I3C SDR IP 5 12C/SPI/UART Slave [1if{5, Sibfl, $HndEEd Gowin = B
S, IRAMY LA 1I3C SDR (8] (5 5 AT 8 0
6-2 IP Core Generator A [H
RI=TE]

o File Edit Froject Teols Hindow Help ===
[T HE = A Bllo&
Tesi B X
il Target Deviece GH1N-UVILA1 44CE/IS I
7 master - [E:\GHProjiddr read &)
[E] srim-wveLniaacs/1s Hame
Bl Verilog Files -5 Hard Hodule I3C SDR
{ B+l Block Memary
- = Cache sv :
! CLOCK
Core sv
R i .
BucodarlBd. sv Information
| B[ User Flash
Encoder325. sv B0 Soft IF Core
Encoder83. v &P CoRDIC Type: I3C SDR
I3cFhy. sv [ Complex Multiplier Vendor: GOWIN Semiconductor
Sellden. zv [ ODR Summary: GW I3C IP supports a high-speed, low-power, and other critical
dejitter. sv G- DIVIDER features that are currently covered by I2C and SPI. The structure of
go_pll.v = B FT the IP provides registers that enable users to control and implement
master. v -8 FIm spedific functions flexibly. This version supports base SDR mode.
B Logic Constraints (FIC) = L
T e 5 iy I3C DDR sXtemsion
LT = ol TAC SR
Process 8 x @ HIFT
- ESEAM
~{ | Desien Sunmary -
= ) B RAM Based Shift Regis:
=3 s User Constraints & SDRAM Controller
Lo Timing Constraints Editor
= (&) Synthesize (Synplify Fro)
i [£ Synthesis Beport
Netlist File
= (2 Place & Route
Flace & Route Report 4 | - Copyright® GOWIN Semiconductor. All Rights Reservad.
Timing nalysiz Report | Start Fage xHEE Design Sunmary || 0 IP Core Generator [ |
Output 5 X
Open project: E:\GWProj\ddr read masterEND\master\master.gprj

Output | Errer | Warning | Infe |

r [ 4
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6 ] FH 244 6.3 f4t. Gowin 13C SDR IP

B 6-3 Gowin I3C IP £ A

File

—.li Target Dewice: GW1F-UVILO144CE,T5
= il e Create In: IE"\GWPro'\ddr read_masterEWD\master\srchI3C_REG_to
i . : : J ] T _REG_top |
:”‘ bl e Module Hame: |ISC_EEG_top File Wame: |I3C_REG_tap W 4dd to Current Projeet

STOS
i zTa AT .-
e .
- . Options I
by £
o P o . - . -
i 5Th HD: IQD 3. 5T0 SCL LOW: 3 =
e =0 SO .- o = s =

SCL LOW: |3 3. 5T0 SCL HIGH: 2 =
b £
i o = SCL HIGH: |2 3: SEND DA SCL LOY: 3 -
—lzzn_s_mex
B marvaaaca - SEND AD SCL LOW: |3 3: SEND Di SCL HIGH: 2 =
—MACK_HGH_S
B e ST 2 SEWD AD SCL HIGH: |2 : EKCVE DA SCL LOW: 3 s
— o et
iz s e #CE SCL LOW: |3 3: EKCYE D SCL HIGH: z =
= SaMI_DA_HICH S
—Mlzza_oa ow_s B #CE SCL HIGH: |2 3: SLAVE STATIC AIDEESS: T hIDS
— TR T AT S
B e Generation Config
—f ADOTREE S
by 0] SCL P
— LA D) v Dizable nzertion
[# Disable I/0 I i
- S OLLTa) SDA M
e
—asr oL e
e
0K I Cancel Help

6.3 4. Gowin I3C SDR IP
£ TS HIML 1I3C_REG_top, WE 6-4 i,
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6.4 3 Gowin I3C SDR IP

& 6-4 #14¢ Gowin I3C SDR IP

Project Tools Window Help =[x
= | NHilios&
Design & x| 67 Lena a
. - 68 assign ledd = rst;
i3e_testl - [BTDENTde testtide to| gg Gy PIT gw p11 (.clkout (clkl), .clkin(clk));
GWIN-9-LQFP144-6 70
4 | Verilog Files i
72 Flff3c_REG_top master(
I3C_REG_top.v 73 LGYS, CMS, ACS, AAS,
gu_pllv 74 LGYO, CMO, ACO, RRO, STRO, |*|
. 75 LGYC, CMC, ACC, RAC, STAC, E
test_i3c_M_topv e aTa fo s,
77 SEND_AD_HIGH S,
78 SEND_AD_LOW_3,
Frocess ax| ? ACK_HIGH S,
50 ¥_LOW_S,
I Design Summary 81 STO_HIGH S,
4 [ User Constraints g2 STO_LOW_S,
| Foorp! 83 SEND DA _HIGH 5,
4 FloorPlanner oo SEND DA oW 5,
7 Timing Constraints Editor 85 RCVE DA HIGH 5,
4 (D synthesize (Synplify Pro) 2_‘;_ RCVE_DR_LOW_S,
Synthesis Report a8 ADDRESS S,
Netlist File 83 PARITYERROR,
» 20
P
© Place & Route 91 DI, DOBUF, DO, STATE,
Place & Route Report a2 scia, sciL,
Timing Analysis Report a3 sda, scl, sda pull, scl pull,
) 24 CE, zst, clkl
Ports & Pins Report 25 ‘ifdef DEBUG_REG
Power Analysis Report 26 ,dbg RBTR -
14 Program Device af . . | [
5] IF Core Generator v I3C_REG_top. v 2 test_iGe_M_top. v [x] |
Dutput 8 x
Info (TADDO1} : Timing analysis completed. ~
Info (FS0001) : Bitstream generation in PIOgEess......
Info (FS0002) : Bitstream generation completed.
Info (BWO001) : Power analysis completed.
Info (CMODOE) : Generate 'i3c testl.power.html' file completed.
Info (CM0008) : Gemerate 'i3c testl.tr.html' file compleced.
Info (CMO00B) : Gemerate 'i3c testl.rpt.html' file compleced.
Info (CM0008) : Gemerate 'i3c testl.rpt.txt' file compleced.
Info (CM0001) : Wed Oct 25 10:46:44 2017
[
Output | Brror | Warning | Info |
In: 71 Col: 0

6.4 245 Gowin I3C SDR IP

FEX} Gowin 13C SDR IP /) SDA\SDA _PULL, SCL\SCL_PULL #47
1R, 23 F) GW1INIK ¥ I0B .

6.5 & X bitstream {4
BFLIMLRE, WG AT, 72 bitstream P it

Gowin T #Z I bitstream SCA B AR AR BN RR, AT et g2

BRI 1 B GER i AT

IPUG508-1.2
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7.1 07

7.1 BtFE

IPUG508-1.2

master

7ﬂ¢r$

I3C SDR IP i} #4145 I3C SDR Master % [1f1 13C SDR Slave #2111
. BEF. stk EE . 1Bl B F. Hot-join B 7.
7-1 BEERF

SDR 1
SCL
ons N
STAS I
sI0 1 |
SI0 Il Il Il Il
corestate(7:0] S+ S OM STA § * 5_CM_SEND_AD S+5_0M 5 5_CM_W_SEND DA s oM * S_CM_U_SEND DA s_ci_* 5_CM_V_SEND_DA s+
v s ’_-_
7-2 B Fr
2 | il
so
ars
sTS
SI0 -
stc i
coreState(7:0] 5.0+ 5.6t SOMSTA | s OM- s_on_sen_en 5o S_on_rEaD_sL. 5o sone 5_oM_FEAD_SL 5o 5 on_sL_mm
Do[7:0] 0 1 3 3 d 1b 37 6f de bd T7b f6 ec d8 kO 60 cO 80 0 1 2 4 i 10 20 40 80 1 2
[ &
7-3 SETDASA B1Fr
\
soa m e W B
o T UL L L AL A
s ]
sTAS Il Il
;
510 1 ] ] 1 il
s i
coreStatel7:0] |+ SGNSTAS* 5 OMSENIAD 55 5 ONJSEN DR 5* S OMSAS S OMSENDAD 5'5t 5 ONV SEW DA St
[ &
7-4 ENTDAA BFF
.
o n n n n__n . n T L T
111100 00 g 0 T
os
ms | ] 1
sI0 I I I I I I I I I I
51 ! | | | I 1 I I I I I 1 1 |
coreState(7:0] | S_CHF* §_ON_SEND* *+ S_CI_V_SER® *5_CMr + S_CH_SEND* = S_oM_Dia_READ S_Ou_DRA_* % 5_OHr  * s_mE
[ &
7-5 IBI Rt
s 1T S I S Ry LT 1 1 M
st ML — Lnnannnnrd ML NN M
ons
sThs i
SI0 [ | [ 1 1 [
sI¢ | | Il I I L
corestata[7:0]  5.0He S+ S M+ 5 S_IOLE SO LTWE 5+ Socmwan s oses S R S T Soimms | s 50 SRS s SoMes  soNem | s CHWITA
. sTas
corestata[7:0]  SSLese  STE ) ] = SEAm s FCRATY - swam s+ smE seinEs  seLRomA
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7 W 7.1 B

[& 7-6 Hot-join F}FF

e T [ |y I | 1
s UL
cns N
smas 1

astar : ml =

sto
I

|
S_CH W SEND DA SN+ S CMV SEND DA  SOM 4 S CMWSDMD DA SO+ S ON W SEMD DR

Il
SOM+ SCHUSEHDDA S+ S OMSTR

sI¢
corestate(7:0]
aps
sThS !
coceState[7:0] S SLe ¢ S I+ § 8L STA S SL_SEND AD S SL_ROVE +

S CNWe SeS_T+ S OHLDE- S (M SEMDAD S+ CHe

slave

EER I 5 SL W D+ S SL_W DA FERX D 5 SL_ W D& EER D 5 SL W D& FERID s s w s ses g Le

IPUG508-1.2 26(49)




8 %kt 8.1 2% it ThaE

L Je—-

8.1 &I IhRE

A5 FZE T EEHTYIF 13C SDR LA 13C SDR MHLIFE S, F3E
DhRe L dh: NI TEEAE CRIEMNIHIEA S E/ENL 8'haa, KILFF (74
Hidk 8'n55, SRJE4 MHLE M 8'h56 R 128 /NEHE ;s

8.2 EH M=t

FHLEITZ BT top.v WL 9.1, B I FE4T i FR U B «
1. top.v & X TIRZHG 0, HrpAg g O BEE EER R, XFEME R
se, FAEMERELE S, AR B e v
2. top.v EE T8, WEL 5EdE.
a). counter FAEHL: BFBH 4. 5t SOMHz B #PAZ 45t PLL 434
B 10MHz, 4RJ5 40t counter FAEHL 4%, 10KHz;
b). deUstb Tl FZ8H+}s
c). BT 13C SDR F 41450 i 1 STATE, <fithi#HM 13C SDR
[PIRAS MR FHORES S SE AR LD RE - W1, STATE N S_CM_WAIT_AD,
U] 1I3C SDR EMLAL T2 At b IR, Fog2i 4% vl &k bht; STATE
NS_CM_WAIT_W_DA, Il 1I3C SDR FEHLA T %45 5 NEHIRAS,
F- ) g o] 5 A
3. X top.v ARASHEAT B LA 2
d). BFEP A, £id PLL Al counter BEERANER S, BHEHTR H 50MHz 43
AN 10KHz.

GW_PLL myPII(
.clkout(midCIK), //output clkout 10M
.clkin(clk_ext) //input clkin 50M
);
counter cntl(lowOut,lowClk,lowOver,midCIk,1'b1);
defparam cntl.OVER = 1_000;

e). £k 13C SDR Master

I3C_REG_top master(
LGYS(LGYS), .CMS(CMS), .ACS(ACS), .AAS(AAS), .STOS(STOS), .STAS(STAS),
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8 B Vit 8.2 EHLHTZ Bt

LGYO(LGYO), .CMO(CMO), .ACO(ACO), .AAO(AAO), .SIO(SIO), .STOO(STOO), .STAO(STAO),
LGYC(LGYC), .CMC(CMC), .ACC(ACC), .AAC(AAC), .SIC(SIC), .STOC(STOC), .STAC(STAC),
.STA_HD_S(STA_HD_S),

.SEND_AD_HIGH_S(SEND_AD_HIGH_S),
.SEND_AD_LOW_S(SEND_AD_LOW._S),
ACK_HIGH_S(ACK_HIGH_S),
ACK_LOW_S(ACK_LOW._S),
.STO_HIGH_S(STO_HIGH_S),
.STO_LOW_S(STO_LOW._S),
.SEND_DA_HIGH_S(SEND_DA_HIGH_S),
.SEND_DA_LOW_S(SEND_DA_LOW_S),
.RCVE_DA_HIGH_S(RCVE_DA_HIGH_S),
.RCVE_DA_LOW_S(RCVE_DA_LOW._S),
ADDRESS_S(ADDRESS_S),
PARITYERROR(PARITYERROR),

.DI(DI), .DOBUF(DOBUF), .DO(DO), .STATE(STATE),
.SCLH(SCLH), .SCLL(SCLL),

.SDA(j10_1), .SCL(j10_5), .SDA_PULL(j10_2), .SCL_PULL(j10_6),
.CE(CE), .RST(RST), .CLK(CLK)

f). JEEHE

deUstb deKeyl(keyl,~key 1,CLK);

9). SHE

always @(posedge CLK)begin

if(RST)begin
dataTobeSend <=8'h55;
DI <=0;
SIC <=0;
STOS<=0;
pass<=0;
end
else begin
if(SIO)begin
case(STATE)
S_CM_WAIT_AD:begin
DI<=8'haa;// < i% MBI LA S #AE AL
SIC<=1; I[EfISIC,iERRSIO
end
S_CM_WAIT_NACK:begin
STOS <=1;//&{7STOS
SIC<=1;//EiSIC,iERESIO
end
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S _CM_WAIT_W_DA:begin
if(&dataCnt)begin//' S5 #E 45 H, EASTOS
STOS <=1, /I'5 4k, BLISTOS
dataCnt <= 0;
end
else begin
DI <= dataTobeSend;// & 1% 25 17 4% Hu i
dataTobeSend <= dataTobeSend+1;//1& /X & iE 5
dataCnt <= dataCnt+1;
end
SIC<=1;
end
S_IDLE:begin
pass <=1,
SIC<=1;
end
default: begin
DI<=8'h00;
SIC<=0;
end
endcase
end
else begin
DI<=8'h00;
SIC<=0;
STOS<=0;
end
end
end

h).
). WHUEKES

assign j9_4 =sda_line;//al:0
assign j9_5 = scl_line;
assign j9_6 = STAS;

8.3 ML Rt

MHLETUZ it top.v ILFRAF 9.2 5 ENLAITIUZ TS0, R R Hs A 22
FREERAN [ o

always @(posedge CLK)begin
if(RST)begin
slaveState <=0;
end

IPUG508-1.2 29(49)




8 %kt

8.3 MHLHITHZ & it

else begin
if(SIO)begin
case (STATE)
S_SL_W_DA:begin//slave recieving write data
if(ramIindex ==dataNum)begin
writeBuf[ramindex] <= DO;
ramindex <=0;
end
else begin
writeBuf[ramindex] <= DO;
ramindex <= ramindex+1,;
end
end
endcase
end
else begin
case (STATE)
S_IDLE:begin
SIC<=1;
end
S_SL_RCVE_AD:begin//slave receiving address
AAS <=1;
end
S_SL_SEND_W_ACK:begin//slave sending ack bit for a write address
ACS <=1;
end
default:begin
AAS<=0;
ACS<=0;
SIC<=0;
DI<=0;
end
endcase
end
end
end
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8.4 %

8.4 MR ER

AT LENARG, BILLEE . AL, r=4 bitstream
A E Gowin F%@%TE bitstream SCAF T &2 AR 5
AR, ATt A WS WA AL Z (R B AE E L. AZ
K R 5 27 % 13C SDR MM A RiE S, Bl —
Ht GWIN-9K 1% _Fjif 13C SDR F#HL, HAb— GWIN-9K i
78 13C SDR ML, Rl &R — R4k —HR1EN SCL;
—IRAE N SDA; —HR1EN GND. L T2 DL I #
IO_LOC "clk_ext" 6;
|IO_LOC "clk_in" 56;
IO_LOC "key 1" 43;
|IO_LOC "key 2" 44;
|IO_LOC "key_3" 45;
|O_LOC "led_3" 47;
|O_LOC "led_4" 57;
|O_LOC "led_5" 60;
|O_LOC "led_6" 61;
IO_PORT "clk_ext" SINGLE_RESISTOR=OFF;
|O_PORT "j10_1" PULL_MODE=NONE;
|O_PORT "j10_5" PULL_MODE=NONE;
|O_PORT "j10_2" PULL_MODE=NONE;
|O_PORT "j10_6" PULL_MODE=NONE;

8.5 LERME

IPUG508-1.2

ABE LKA REIENE SCL. SDA 27 IEfi. A4k,
FHEMEE STATE. DI. DOBUF %5 Bus {55, @K B4
IRV
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9 B

9.1 FHINE it

EHLIZ BT S T

module top(
input clk_ext,
input clk_in,

input key_1,
input key_2,
input key_3,
input key_4,

input sw_4,
input sw_5,
input sw_6,
input sw_7,

output led_3,
output led_4,
output led_5,
output led_86,

output j8_3,
output j8_4,
output j8 5,
output j8_6,
output j8 7,
output j8_8,
output j8 9,
output j8 10,
output j8 11,
output j8 12,
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output j8_13,
output j8_14,
output j8_15,
output j8_16,
output j8_17,
output j8_18,
input j8_19,
input j8_20,
input j8_21,
input j8_22,
input j8_23,
input j8_24,
input j8_25,
input j8_26,
input j8_27,
input j8_28,
input j8_29,
input j8_30,
input j8_31,
input j8_32,
input j8_33,
input j8_34,
input j8_35,
input j8_36,
input j8_37,
input j8_38,

output j9_3,
output j9_4,
output j9_5,
output j9_6,
output j9_7,
output j9_8,
output j9_9,
output j9_10,
output j9_11,
output j9_12,
output j9_13,
output j9_14,
output j9_15,
output j9_16,
output j9_17,
output j9_18,
output j9_19,
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output j9_20,
output j9_21,
output j9_22,
output j9_23,
output j9_24,
output j9_25,
output j9_26,
output j9_27,
output j9_28,
output j9_29,
output j9_30,
output j9_31,
output j9_32,
output j9_33,
output j9_34,
output j9_35,
output j9_36,
output j9_37,
output j9_38,

inout j10_1,

output j10_2,
inout j10_5,

output j10_6,
input j10_9,

input j10_10,
input j10_13,
input j10_14,
input j10_17,
input j10_18,

inputj11 1,
input j11 2,
input j11 5,
input j11_6,
inputj11 9,
input j11 10,
input j11 13,
input j11 14,
input j11 17,
inputj11 18
);

wire midCIk;
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GW_PLL myPII(
.clkout(midCIK), /foutput clkout 10M
.clkin(clk_ext) //input clkin 50M

);

wire lowCIk; /10K

wire lowOver;

wire [31:0] lowOut;

counter cntl(lowOut,lowClIk,lowOver,midClk,1'b1);

defparam cntl.OVER = 1_000;

wire veryLowCIk; //[10Hz

wire veryLowOver;

wire [31:0] veryLowOut;

counter cnt2(veryLowOut,veryLowClIk,veryLowOver,midCIk,1'b1);
defparam cnt2.OVER =1_000_000;

wire secondCIk; /11Hz

wire secondOver;

wire [31:0] secondOut;

counter cnt3(secondOut,secondClk,secondOver,midCIk,1'b1);
defparam cnt3.OVER = 10_000_000;

localparam S_IDLE = 8'h00;//-----state idle

localparam S _CM_STA = 8'h01;//-----state current master send start

localparam S _CM_WAIT_AD = 8'h02;//-----state current master wait user for address
localparam S _CM_SEND_AD = 8'h03;//-----state current master send address to slave
localparam S _CM_ADRS_ABTR = 8'h04;//-----state current master send address but arbitrate
lost

localparam S _CM_ADRS_ABTR_OK = 8'h05;//-----state current master send address but arbitrate
lost

localparam S _CM_WAIT_ACK_HF = 8'h06;//-----state current master wait slave for ACK with
handoff

localparam S _CM_WAIT_ACK = 8'h07;//-----state current master wait slave for ACK without
handoff

localparam S _CM_WAIT_NACK = 8'h08;//-----state current master recv NACK

localparam S _CM_WAIT_W_DA = 8'h09;//-----state current master wait user for write data
localparam S CM_W_STA = 8'h0a;//-----state current master send wAddress rcve ack but
start

localparam S CM_W_STO = 8'h0b;//-----state current master send wAddress stop
localparam S CM_W_ACK_STO = 8'h0c;//-----state current master send wAddress rcve ack but
stop

localparam S CM_W_SEND_DA = 8'h0d;//-----state current master send writing data

IPUG508-1.2 35(49)




9 4

9.1 EHLIZ it

localparam
localparam
localparam
localparam
localparam

localparam
localparam
localparam
handoff

localparam
localparam
localparam
localparam

localparam
START
localparam

S_CM_SEND_DA_OK
S CM_READ_SL

S _CM_READ_SL_OK
S _CM_READ_OK_SI
S CM_SL_END

= 8'h0Oe;//-----state current master send data OK
= 8'h0f;//-----state current master read slave
= 8'h10;//-----state current master read slave ok wait T bit
= 8'h11;//-----state current master read slave recv continue Sl
= 8'h12;//-----state current master read slave recv end tbit

S _CI2CM_W_SEND_DA = 8'h13;//-----state current 12C master write sending data

S CI2CM_SEND_ DA OK = 8'h14;//-----state current I2C master send data OK

S CI2CM_WAIT_ACK_HF= 8'h15;//-----state current I2C master wait slave for ACK with
S CI2CM_WAIT_NACK = 8'h16;//-----state current I2C master recv NACK

S CI2CM_READ_SL = 8'h17;//-----state current 12C master read slave

S CI2CM_SEND_ACK  =8'h18;//-----state current I2C master send ACK bit

S CI2CM_SEND_ACK_OK  =8'h19;//-----state current I2C master send ACK bit OK

S CM_LINE_STA = 8'hla;//-----state current master reponses slave initated

S CM_DAA_READ = 8'hlb;//-----state current master enter dynamic address

assignment read 8 Bytes

localparam

S CM_DAA WRITE = 8'hlc;//-----state current master enter dynamic address

assignment write 1 byte

localparam

S CM_DAA_SL_ACKDA = 8hld;//-----state current master enter dynamic address

assignment, slave ack the dynamic address

localparam

S _CM_DAA_SL_NACKDA-= 8hle;//-----state current master enter dynamic address

assignment, slave nack the dynamic address

localparam
localparam
localparam
localparam
localparam
localparam
localparam
localparam
localparam
localparam
localparam
localparam
localparam
localparam
localparam

S _SL_LINE_STA
S SL_STA
S_SL_RCVE_AD

S SL_SEND_W_ACK

= 8'h1f;//-----state slave recive line start
= 8'h20;//-----state slave start
= 8'h21;//-----state slave receiving address
= 8'h22;//-----state slave sending ack bit for a write address

S SL W_DA = 8'h23;//-----state slave recieving write data

S SL_W_DA NINE = 8'h24;//-----state slave recieving the ninth bit

S SL R DA = 8'h25;//-----state slave sending read data

S SL_SEND_R_ACK = 8'h26;//-----state slave sending ack bit for a read address

S SL_R_DA_NINE
S_SL_SEND_AD
S_SL_RCVE_ACK
S_SL_CCC_W_DA
S_SL_DAA_READ
S_SL_DAA WRITE
S_SL_DAA_ACK

= 8'h27;//-----state slave sending the ninth bit
= 8'h28;//-----state slave sending an address
= 8'h29;//-----state slave receiving the ack bit
= 8'h2a;//-----state slave receiving the Ccc data
= 8'h2b;//-----state slave sending 8 bytes x 8bits
= 8'h2c;//-----state slave receiving 8bits
= 8'h2d;//-----state slave sending the dynamic address ack bit

‘ifdef DEBUG_REG
wire dbg_ABTR;
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“endif
wire CMS;
wire STAS;
reg LGYS, ACS, AAS, STOS;
wire LGYO, CMO, ACO, AAQ, SIO, STOO, STAO;
reg LGYC, CMC, ACC, AAC, SIC, STOC, STAC;

reg STA_HD_S,
SEND_AD_HIGH_S,
SEND_AD_LOW_S,
ACK_HIGH_S,
ACK_LOW_S,
STO_HIGH_S,
STO_LOW_S,
SEND_DA_HIGH_S,
SEND_DA_LOW_S,
RCVE_DA HIGH_S,
RCVE_DA LOW_S,
ADDRESS _S;

wire PARITYERROR;

reg [7:0] DI=0;

wire [7:0] DOBUF, DO, STATE;

reg [7:0] SCLH, SCLL;

wire SDA, SCL, SDA_PULL, SCL_PULL;
wire CE, RST, CLK;

I3C_REG_top master(
LGYS(LGYS), .CMS(CMS), . ACS(ACS), .AAS(AAS), .STOS(STOS), .STAS(STAS),
.LGYO(LGYO), .CMO(CMO), .ACO(ACO), .AAO(AAQO), .SIO(SIO), .STOO(STOO), .STAO(STAO),
.LGYC(LGYC), .CMC(CMC), .ACC(ACC), .AAC(AAC), .SIC(SIC), .STOC(STOC), .STAC(STAC),

.STA_HD_S(STA_HD_S),
.SEND_AD_HIGH_S(SEND_AD_HIGH_S),
.SEND_AD_LOW_S(SEND_AD_LOW_S),
ACK_HIGH_S(ACK_HIGH_S),
AACK_LOW_S(ACK_LOW_S),
.STO_HIGH_S(STO_HIGH_S),
.STO_LOW_S(STO_LOW_S),
.SEND_DA_HIGH_S(SEND_DA_HIGH_S),
.SEND_DA_LOW_S(SEND_DA_LOW_S),
.RCVE_DA_HIGH_S(RCVE_DA_HIGH_S),
.RCVE_DA_LOW_S(RCVE_DA_LOW._S),
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.ADDRESS_S(ADDRESS_S),
.PARITYERROR(PARITYERROR),

.DI(DI), .DOBUF(DOBUF), .DO(DO), .STATE(STATE),
.SCLH(SCLH), .SCLL(SCLL),

.SDA(j10_1), .SCL(j10_5), .SDA_PULL(j10_2), .SCL_PULL(j10_6),
.CE(CE), .RST(RST), .CLK(CLK)

‘ifdef DEBUG_REG

,.dbg_ABTR(dbg_ABTR)

“endif

wire keyl,key2 key3 key4;

wire sw4,sw5,sw6,sw7;

deUstb deKeyl(keyl,~key 1,lowCIK);
deUstb deKey2(key2,~key 2,lowCIK);
deUstb deKey3(key3,~key_3,lowCIK);
deUstb deKey4(key4,~key_4,lowCIK);
deUstb deSw4(sw4,sw_4,lowCIK);
deUstb deSw5(sw5,sw_5,lowCIK);
deUstb deSw6(sw6,sw_6,lowCIK);
deUstb deSw7(sw7,sw_7,lowCIK);

reg [7:0] dataTobeSend = 8'h55;
reg [7:0] dataCnt =0;

reg pass =0;

assign CLK = lowClIk;

assign RST = key1;

assign CMS = key2;

assign STAS =keys;

assign CE =1'b1;

always @(posedge CLK)begin

if(RST)begin

dataTobeSend <=8'h55;

DI <=0;

SIC <=0;

STOS<=0; pass<=0;
end
else begin

if(SIO)begin

case(STATE)
S CM_WAIT_AD:begin
Dl<=8'haa;
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SIC<=1;
end
S_CM_WAIT_NACK:begin
STOS <=1,
SIC<=1;
end
S_CM_WAIT_W_DA:begin
if(&dataCnt)begin
STOS <=1,
dataCnt <= 0;
end
else begin
DI <= dataTobeSend;
dataTobeSend <= dataTobeSend+1;
dataCnt <= dataCnt+1,;
end
SIC<=1;
end S_IDLE:begin
SIC<=1; end
default: begin
DI<=8'h00;
SIC<=0;
end
endcase
end
else begin
DI<=8'h00;
SIC<=0;
STOS<=0;
end
end

end
wire sda_line = master.u_i3c_top_inst.SDA_LINE;
wire scl_line = master.u_i3c_top_inst.SCL_LINE;

assign j9_3 = CLK;
assign j9_4 = sda_line;
assign j9_5 = scl_line;
assign j9_6 = STAS;
assign j9_7 = STAO;
assign j9_8 = STOO;
assign j9_9 = SIO;
assign j9_10 = AAO;
assign j9_11 = ACO;

pass <=1,
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assign j9_12 = DI[0];
assign j9_13 = DI[1];
assign j9_14 = DI[2];
assign j9_15 = DI[3];
assign j9_16 = DI[4];
assign j9_17 = DI[5];
assign j9_18 = DI[6];
assign j9_19 = DI[7];
assign j9_20 = DOBUF[0];
assign j9_21 = DOBUF[1];
assign j9_22 = DOBUF[2];
assign j9_23 = DOBUF[3];
assign j9_24 = DOBUF[4];
assign j9_25 = DOBUF[5];
assign j9_26 = DOBUF[6];
assign j9_27 = DOBUF[7];
assign j9_28 = STATEIO0];

assign j9_29 = STATE[1];
assign j9_30 = STATE[2];
assign j9_31 = STATE[3];
assign j9_32 = STATE[4];
assign j9_33 = STATE[5];
assign j9_34 = STATE[6];
assign j9_35 = STATE[7];

assign led_3 = ~(secondOut<100_000 & secondCIk);
assign led_4 = ~CMO;

assign led_5 = ~SIO;

assign led_6 = ~pass;

endmodule

9.2 NHLTE B

MALEI TR JZ et B AR 4R -

module top(
input clk_ext,
input clk_in,

input key_1,
input key_2,
input key_3,
input key_4,
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input sw_4,
input sw_5,
input sw_6,
input sw_7,

output led_3,
output led_4,
output led_5,
output led_86,

input j8_3,

input j8_4,

input j8_5,

input j8_6,

input j8_7,

input j8_8,

input j8_9,

input j8_10,
input j8_11,
input j8_12,
input j8_13,
input j8_14,
input j8_15,
input j8_16,
input j8_17,
input j8_18,
input j8_19,
input j8_20,
input j8_21,
input j8_22,
input j8_23,
input j8_24,
input j8_25,
input j8_26,
input j8_27,
input j8_28,
input j8_29,
input j8_30,
input j8_31,
input j8_32,
input j8_33,
input j8_34,
input j8_35,
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input j8_36,
input j8_37,
input j8_38,

output j9_3,

output j9_4,

output j9_5,

output j9_6,

output j9_7,

output j9_8,

output j9_9,

output j9_10,
output j9_11,
output j9_12,
output j9_13,
output j9_14,
output j9_15,
output j9_16,
output j9_17,
output j9_18,
output j9_19,
output j9_20,
output j9_21,
output j9_22,
output j9_23,
output j9_24,
output j9_25,
output j9_26,
output j9_27,
output j9_28,
output j9_29,
output j9_30,
output j9_31,
output j9_32,
output j9_33,
output j9_34,
output j9_35,
output j9_36,
output j9_37,
output j9_38,

inout j10_1,
output j10_2,
inout j10_5,
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output j10_6,
input j10_9,

input j10_10,
input j10_13,
input j10_14,
input j10_17,
input j10_18,

inputj11 1,
input j11_2,
input j11_5,
input j11_6,
input j11_9,
input j11_10,
input j11_13,
input j11_14,
input j11_17,
inputj11 18
);

wire midCIk;

GW_PLL myPII(
.clkout(midCIKk), /foutput clkout 10M
.clkin(clk_ext) //input clkin 50M

);

wire lowClIk; /10K

wire lowOver;

wire [31:0] lowOut;

counter cntl(lowOut,lowClIk,lowOver,midCIk,1'b1);

defparam cntl.OVER = 1_000;

wire veryLowCIk; /[10Hz

wire veryLowOver;

wire [31:0] veryLowOut;

counter cnt2(veryLowOut,veryLowClIk,veryLowOver,midCIk,1'b1);
defparam cnt2.OVER =1_000_000;

wire secondCIk; /11HZz

wire secondOver;

wire [31:0] secondOut;

counter cnt3(secondOut,secondClk,secondOver,midClk,1'b1);
defparam cnt3.OVER = 10_000_000;
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wire tenSecondClk; //0.1Hz

wire tenSecondOver;

wire [31:0] tenSecondOut;

counter cnt4(tenSecondOut,tenSecondClk,tenSecondOver,midClk,secondOver);
defparam cnt4.OVER = 10;

‘ifdef DEBUG_REG

wire dbg_ABTR;

“endif
reg LGYS, CMS, ACS, AAS, STOS, STAS;
wire LGYO, CMO, ACO, AAO, SIO, STOO, STAO;
reg LGYC, CMC, ACC, AAC, SIC, STOC, STAC;

reg STA_HD_S,
SEND_AD_HIGH_S,
SEND_AD_LOW'_S,
ACK_HIGH_S,
ACK_LOW'_S,
STO_HIGH_S,
STO_LOW_S,
SEND_DA_HIGH_S,
SEND_DA_LOW'_S,
RCVE_DA _HIGH_S,
RCVE_DA_LOW_S,
ADDRESS S;

wire PARITYERROR,;

reg [7:0] DI,

wire [7:0] DOBUF, DO, STATE;

reg [7:0] SCLH, SCLL;

wire SDA, SCL, SDA_PULL, SCL_PULL;
wire CE, RST, CLK;

I3C_REG_top slave(
LGYS(LGYS), .CMS(CMS), . ACS(ACS), .AAS(AAS), .STOS(STOS), .STAS(STAS),
.LGYO(LGYO), .CMO(CMO), .ACO(ACO), .AAO(AAO), .SIO(SIO), .STOO(STOO), .STAO(STAO),
.LGYC(LGYC), .CMC(CMC), .ACC(ACC), .AAC(AAC), .SIC(SIC), .STOC(STOC), .STAC(STAC),

.STA_HD_S(STA_HD_S),
.SEND_AD_HIGH_S(SEND_AD_HIGH_S),
.SEND_AD_LOW_S(SEND_AD_LOW_S),
ACK_HIGH_S(ACK_HIGH_S),
AACK_LOW_S(ACK_LOW_S),
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.STO_HIGH_S(STO_HIGH_S),
.STO_LOW_S(STO_LOW._S),
.SEND_DA_HIGH_S(SEND_DA_HIGH_S),
.SEND_DA_LOW_S(SEND_DA_LOW._S),
.RCVE_DA_HIGH_S(RCVE_DA_HIGH_S),
.RCVE_DA_LOW_S(RCVE_DA_LOW._S),

.ADDRESS_S(ADDRESS_S),
.PARITYERROR(PARITYERROR),

.DI(DI), .DOBUF(DOBUF), .DO(DO), .STATE(STATE),
.SCLH(SCLH), .SCLL(SCLL),

.SDA(j10_1), .SCL(j10_5), .SDA_PULL(j10_2), .SCL_PULL(j10_6),

.CE(CE), .RST(RST), .CLK(CLK)
‘ifdef DEBUG_REG
,.dbg_ABTR(dbg_ABTR)

“endif

);

defparam slave.ireginterface.P_SLAVE_STATIC_ADDRESS=7'b1010101;

wire keyl, key2 key3 key4;
wire sw4,sw5,sw6,SwW7;

deUstb deKeyl(keyl,~key 1,lowCIK);
deUstb deKey2(key2,~key_2,lowCIK);
deUstb deKey3(key3,~key_3,lowCIK);
deUstb deKey4(key4,~key_ 4,lowCIKk);
deUstb deSw4(sw4,sw_4,lowCIK);
deUstb deSw5(sw5,sw_5,lowCIK);
deUstb deSw6(sw6,sw_6,lowCIK);
deUstb deSw7(sw7,sw_7,lowCIK);

parameter i2c_s_addr = 7'b000_1000;//address for i2c slave
parameter wr_start_addr = 8'ha0;//write and read start address
reg [7:0] dataNum =10/* synthesis syn_keep=1 */,

reg [7:0] slaveState =0/* synthesis syn_keep=1 */;

reg [7:0] writeBuf [0:255]/* synthesis syn_keep=1 */;

reg [9:0] ramindex =0/* synthesis syn_keep=1 */,

reg [7:0] w_cmp_buf [0:255]/* synthesis syn_keep=1 */;

assign CLK = lowClIk;
assign RST = key1;
assign CE =1'b1;

always @(posedge CLK)begin
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if(RST)begin
slaveState <=0;
end
else begin
if(SIO)begin
case (STATE)
8'h23:begin//slave recieving write data
if(slaveState ==4)begin
if(ramIindex ==dataNum)begin
writeBuf[ramindex] <= DO;
ramindex <=0;
slaveState <= 5;
end
else begin
writeBuf[ramindex] <= DO;
ramindex <= ramindex+1,;
slaveState <= 4;
end
end
end
endcase
end
else begin
case (STATE)
8'h00:begin//idle
if(key2==1)begin
slaveState <=2;
end
if(slaveState ==0)begin
/IDI <= {i2c_s_addr,1'b0};
/l ADDRESS_S <=1;
slaveState <= 1;
end
if(slaveState ==1)begin
Il DI <= 8'h00;
1l ADDRESS_S <=0;
slaveState <= 2;
end
end
8'h21:begin//slave receiving address
ramindex <= 0;
if(slaveState ==2)begin
AAS <=1;
slaveState <= 3;
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end
if(slaveState ==3)begin
AAS <=0;
slaveState <= 4;
end
if(slaveState ==5)begin
AAS <=1;
slaveState <= 6;
end
if(slaveState ==6)begin
AAS <=0;
slaveState <= 10;
end
if(slaveState ==13)begin
DI <= writeBuf[ramIndex];
ACS <=1;
ramindex <= ramindex+1,;
AAS <=1;
slaveState <= 14;
end
if(slaveState ==14)begin
DI <=0;
ACS <=0;
AAS <=0;
slaveState <= 15;
end
end
8'h22:begin//slave sending ack bit for a write address
if(slaveState ==10)begin
DI <= writeBuf[ramindex];
ACS <=1;
ramindex <= ramindex+1,;
slaveState <= 11;
end
if(slaveState ==11)begin
DI <=0;
ACS <=0;
slaveState <= 13;
end
end
8'h26:begin//slave sending ack bit for a read address
if(slaveState ==15)begin
DI <= writeBuf[ramIndex];
ACS <=1;
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AAS <=1;
ramindex <= ramindex+1,;
slaveState <= 16;
end
if(slaveState ==16)begin
AAS <=0;
ACS <=0;
slaveState <= 17,
end
end
8'h27:begin//slave sending the ninth bit
if(slaveState ==17)begin
if(ramIindex <=dataNum)begin
DI <= writeBuf[ramIndex];
ACS <=1;
IIAAS <= 1;
ramindex <= ramindex+1,;
slaveState <= 18;
end
end
end
8'h25:begin//slave sending read data
if(slaveState ==18)begin
ACS <=0;
slaveState <= 17,
end
end
endcase
end
end
end

wire sda_line = slave.SDA_LINE;

wire scl_line = slave.SCL_LINE;

assign j9_3 = CLK;

assign j9_4 =sda_line;//A3_0
assign j9_5 = scl_line;

assign j9_6 = STAS;

assign j9_7 = STAO;

assign j9_8 = STOO;

assign j9_9 = SIO;

assign j9_10 = AAO;
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assign j9_11 = ACO;/IA3_7
assign j9_12 = DI[0];//A3_8
assign j9_13 = DI[1];
assign j9_14 = DI[2];
assign j9_15 = DI[3];
assign j9_16 = DI[4];
assign j9_17 = DI[5];
assign j9_18 = DI[6];
assign j9_19 = DI[7];
assign j9_20 = DOBUFJ0];//A4_0
assign j9_21 = DOBUF[1];
assign j9_22 = DOBUF[2];
assign j9_23 = DOBUF[3];
assign j9_24 = DOBUF[4];
assign j9_25 = DOBUF[5];
assign j9_26 = DOBUF[6];
assign j9_27 = DOBUF[7];
assign j9_28 = STATEJO0];//A4_8
assign j9_29 = STATE[1];
assign j9_30 = STATE[2];
assign j9_31 = STATE[3];
assign j9_32 = STATE[4];
assign j9_33 = STATE[5];
assign j9_34 = STATE[6];
assign j9_35 = STATE[7];

assign led_3 = ~(secondOut<100_000 & secondCIk);
assign led_4 = ~CMO;

assign led_5 =~STAO;

assign led_6 = ~SIO;

endmodule
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