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1 KT A F 1.1 FHAE
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1s7xsm

11 FRAR

AFMEENBE =54k Arora V 60K FPGA 7= 5 Zm AL e B 5 T (1@
FHR I K IhRE, BETBIH P B H Gowin FPGA 77 .

1.2 FH330H
R B R w2 SR M i www.gowinsemi.com.cn T DL R #E. EE LA
NAHIR R
e DS981, GW5AT #41 FPGA 7~ il #idis it
e UG1222, GW5AT-60 #31F Pinout it

o UG1229, GW5A-60 #:ff Pinout it

1.3 Ki&\ HEREIE

R A1 RN AT ILIA ARG . AAISAE RAHORE X
® 11 RiE. FERIE

RiE HR0gIE AEFR Eiti3%

Background Embedded Flash Background IRTEAR FPGA HETis1T T

Programming Programming e /O IREBIERT, MHE
Flash (388 SC A 247 B3

Bitstream Bitstream Data fic E FPGA SRAM (1% #5

Bscan Boundary Scan B F AR AR

Configuration Configuration il B FPGA SRAM [X 1 i1t F2

Configuration Data Configuration Data lic & FPGA SRAM 1%

Configuration Mode Configuration Mode BL B, g Configuration Data

CPU Central Processing Unit Hh gL Ah PR 2S

CRC Cyclic Redundancy Check TEIR TR

Edit Mode Edit Mode FPGA 4tT Configuration &,
Programming FT7E 3
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1 RTATF M

1.3 Rif. 4Em%ih

R GiUgis AR i34

EFlash/EmbFlash Embedded Flash FPGA W & Flash 17fifi#s
FPGA Field Programmable Gate Array B v] G A 1R 51

FS file Fuses file A5 B A 1) ASCIL ST
GPIO General Purpose Input Output WA WD

12C (I2C. 1IC) Inter-Integrated Circuit A A 2

ID Identification H RS

\EEE :Enr?;iit:(tazfsf Electrical and Electronics HL R T TR T2
Internal Flash Internal Flash [7] Embedded Flash
JTAG Joint Test Action Group A AT 3h 4L

LSB Least Significant Bit BACARAL (5D

LUT Look-up Table ERE

MSB Most Significant Bit A AL (RS
MSPI Master Serial Peripheral Interface FHATAMERE D

Programming

Programming

# Configuration Data 423 %
Embedded Flash &} External Flash
e iopuN

SCL Serial Clock 12C L[R2k

SDA Serial Data 12C %2k

Security Bit Security Bit ZAhn (ff SRAM [a]3527K e i
)

SPI Serial Peripheral Interface AT MR

SRAM Static Random Access Memory FRSBENLAA G

SSPI Slave Serial Peripheral Interface MERAT AN HE

TAP Test Access Port A5 1)

User Mode User Mode FPGA 7E4mfEakfic & 5 i J5, AT
FHRL B4R Dy Re s
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A FENBE 54K Arora V' FPGA 72 /i dn PR lie B i 2 o B 1

— W HE 5 X, B P AR S 2 54K Arora V FPGA 7= i 2w FEC B A
KA
3+ 2-1 RIERE

et

X

4fE (Program)

B SR YRR AR R LR D s S N B FPGA N B Flash 5 #% 5
FPGAFHZE R 4MSPI Flash )it 72 .

Bt E (Configure)

K5 2 SR = PR A BT B AR B Jd s A 1 BY N B Flash ik 2
FPGASRAMAEfi# X [ 2 -

MODE][2:0] 5 GowinCONFIGH 2% [ =ANMODE il (F & 11 7 J712%
MSPIi FPGATE N X%t (master) , it SPIZE L F 50 WA Flashisz B EL R 5L
PEHEAT I B LR
SSPIFLE FPGATE N MZstE (slave) , #MBFENL (master) JEILSPI#Z L5 A LR
B AT B R
FPGATE N MZsE (slave) , #MEFHL (master) @il & 174 15 N ELRRR
SERIALIEE ST B L
CPURLH FPGATE N MZ:E (slave) , AMEBENL (master) B HATH:0 (BUEALTE
8-bit) A LLRF B AT L B 1L AR
MSPIfC & B R AT, S TEFPGAMANEBFlash A [E] 3 bk 5 B EL 47
ZEIE B AT B O AR . P ERT— A R BEE TR BN G — IR B Y ELARAR

(MULTI BOOT)

HAm o mEstbl, 7EREARE R LT @ S ik RECONFIG_NYU# £ Hs
T SE AL E . SZRFMSPIRC B 5 X 1 FPGAF™ fh 341 52 R AR

M — R 5, BIEFPGAR s LAE)A, HATHHSHR, Szt

EFETHER BEW LR s 5 A\ 2 /MBFlash 1, d@id fi %X RECONFIG_NEE B - H
{HFPGALEU S i Flash7e e B 1T 2
Ste FPGAZ T LLER AT B 77 SR B R B —Fh 07 2, ] DAAEE B 42 BRI 2
- AR 2 TEC S, RA AR #E 2 (84 Be AL st .
FH P FPGAZE R — KB EEAE G, BiIsHIBEL AP MiT . BEEWERHAN
(User Mode) I I/ORT v BAAE P AR R AR
ErLEY T A AKX FPGARE AT gmFE BT B 2 1E 1 .
(Edit Mode) YA T BT DG B TS VE AR Nl IO F, BT 1 3 A B H A
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2 4R
41 B
A (ERAHEN .
ID CODE ¥ SIRFPGASR I B bR, B—NRFIF 284 BG5S o
USER CODE F P8 EH C FH FPGAZS AT I S ki, AT LB Gowingm FE 844

FNBNGE, s S 32-bit.

‘%431 (Security Bit)

iz PO IR FPGAT i e B R B AT N (1 22 A VE TR ek e i
JURRE T 7 e URRR SR S AN SESRAMIE , AR NHOR TCiE#EAT
P BARAE . IR BRI T FPGA™ i B EURHAR B W B T 2 4.

I (Encryption)

IR R (Arora) K RFPGAS™ iy SCRFIVRFVE, I (1 EUAF R s 5 AFPGAE
a BT SRR B PIVLED, VLT R Ja AT A 2 e e g A LISk
Wja e ik A
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3{EE A

3.1 BEfERR

!

31 EH T UL R B
o  GWH5HAT-60 #5ff UG225. UG225H. UG3248S 3.
o GW5A-60 #fl UG324S. UG324A #f%:.

% 3-1 i EERiEHFE (MODE [1:0])

Fensn

it B A MODE[1:0]" | Bus Width | AH5%3 1
AhE Host JB T JTAG #210%) Arora V
[2] -
JTAG XX FPGA 7= il 7 il &
FPGA 1E5 Master, @it SPI #2210 M 4h
MSPI 01 x1,x2 x4 i Flash (B{HARAAE) SeHUAC B 2k it
T E
®  MSPI &k Dh s kWG 22 H 8t
X SSPI #x,
SSPI 01 x1,x2 x4 ® FPGA £ Slave, @it SPI 1M
AR Flash (B H A 2844 SEEUAC B
Bz THC &
Master 01 1 FPGA fE % Slave LLH, it DIN #0
SERIAL ARG & B AT B
Slave 1 1 4hEF Host 381 DIN 820 %t Arora V
SERIAL FPGA F= i ThL &
FPGA 1£} Slave LR, @it DBUS
Master CPU | 00 _ S L T L
’ 41 Host 3@ itk DBUS 42 1% Arora V
Slave CPU | 10 FPGA 7= S T e &
ey

o X} —Lk MODE & V%A &l 2 ok Mk, f5EEE PINOUT FM il
MODE BPIRZ o
o AJTAG It Bz 5 MODE[1:0)4 NME TS .
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M BN 3.1 BEER
Y
% 3-25E M T UL R E%: GWSAT-60 220E[) PG484A. UG324A i3,
#* 32 MEEREE (MODE [2:0])
i B A =X MODE[2:0]" | Bus Width | A%
A Host 3@ 5 JTAG #2154} Arora V
[2] -
JTAG XXX FPGA /' fhift (7L
FPGA £~ Master, it SPI 31 M 4h
MSPI 001 x1,x2 x4 B Flash (B{HABAAE) SeHUAC B B it
T E
®  MSPI &k oh e kW s 154 H 8 itk
N SSPI .
SSPI 001 x1,x2,x4 ® FPGA {£} Slave, @it SPI#: M
AN Flash (B AR #S A4 ) e B &
AR HATRCE .
Master 000 1 FPGA £/ Slave LA, @it DIN #:11
SERIAL M AP EE B B AT B
Slave 11 1 A Host 3@ 3 DIN $21%} Arora V
SERIAL FPGA /= i il B
FPGA 1£4 Slave LR, it DBUS
Master CPU | 100 s 1 A S 0 S P B R TR
’ 4hE Host JE i DBUS #2211} Arora V
Slave CPU 10 FPGA /= i i T &
Y
o [1]XT—4 MODE EHEA &3 H R 2, FEER PINOUT FHHfIA
MODE JIR 25
[2] JTAG i B X 5 MODE[2:0)4i ME T 5% .
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M E N 3.2 MEEH
E !
% 33 EMAT UL T HE%: GWS5A-60 S PG324C 1%,
< 3-3 iLEEREE (MODE [3:0])
i B MODE[3:0]!"! Bus Width | #2415 8]
A8 Host 183 JTAG #1154 Arora V
[2] -
JTAG XXXX FPGA /=T &
FPGA 1EA Master, it SPI#11M
MSPI X101/0100/X011 | x1,x2,x4 | 46 Flash (idLhsefd) S 8
BHEHATHCE
® MSPI m#E BRI E & B
shHE N\ SSPI #xt.
SSPI X101/0100/X011 | x1,x2,x4 | ® FPGA £ Slave, j#id SPI 4
C1MARES Flash (BRH At #8454
BEHUAC B B AT .
Master FPGA £/ Slave VAT, it DIN #%
SERIAL X101/0100/X011 | x1 1 M S B I B et AT T
Slave 4hEF Host 385 DIN 20 %F Arora V
SERIAL X000/1100 x1 FPGA 7= i T I B
FPGA {£ Slave LL#7, it DBUS
Master CPU | X001 e | PSSRt R
’ 416 Host i3t DBUS $; F1%} Arora V
Slave CPU | X110/X111 EPGA 7t [
YE !
o UINfF—it MODE ¥ A B H kA2, THEAF PINOUT FMHiiL
MODE IR .
o [JTAG fic iz 5 MODE[3:0)4 AN E T % .
32 ELEEM
2 54K Arora V FPGA 77 i 2 R e B RH 5% 1) BB Be % 52 i IE B )
Ae, M ATRABEE NEER) 110, F A TR YR se bRl kAT B . P T
DURR Y E B AV Th et e RIE s, T e — IRk R . 60K 8 5
Fic B AH S A BN 28 3-4 237 3-5 flia, R bnid: 7 ARG E AR A 3
BRI A5 T B s st 2 o 5 e ) A A P 5 10
Y
EEAGE 1O FIEN T, BT EFEUAE 10 £ i LA E R IREGER, AR
TR M A B NE . B 10 e =EFRIMENL T, FEXEFAEHIE 10,
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IMERO 3.2 MEEH
*® 34 B/UHLEEMIIR (10f2)
TR Bank JTAG Sla‘.’e Ma§ter Master SPI
(Only) | Serial Serial X1 X2 x4
M[2:0]=100/00 | M[2:0]= M[2:0]= M[2:0]= M[2:0]=
MODE [2:0] ! 0 - 01[0/0]11/101 01[0/0111/101 01[0/0111/101 01[0/0111/101
MODE [1:0] 7 M[1:0]=11 M[1:0]=01 M[1:0]=01 M[1:0]=01 M[1:0]=01
RECONFIG_N 10 N J J J J J
READY 10 J J J J J J
DONE 10 N J J J J J
TCK 10 TCK TCK TCK TCK TCK TCK
™S 10 ™S ™S ™S ™S ™S ™S
DI 10 DI DI DI DI DI DI
TDO 10 TDO TDO TDO TDO TDO TDO
CCLK 10 - CCLK CCLK CCLK CCLK CCLK
CFGUP 11 N J J J J J
PUDC_B 3/4l] J J J J J J
EMCCLK 3/4 - - EMCCLK EMCCLK EMCCLK EMCCLK
CSI_B 3/4 - - - - - -
DOUT_CSO_B 3/4 - DOUT DOUT - - -
RDWR_B 3/4 - - - - - -
MCS_N 3/4 - - - MCS_N MCS_N MCS_N
D0O0_MOSI 3/4 - - - MOSI MOSI/D00 MOSI/D00
DO1_DIN 3/4 - DIN DIN DO1 DO1 DO1
D02 3/4 - - - - - D02
D03 3/4 - - - - - D03
SSPI_CS_N 3/4 - - . - - .
D05_SI 3/4 - - - - - -
D06_SSPI_CLK 3/4 - - - - - -
DO7_SSPI_WPN | 3/4 - - . - - .
D08_SO 3/4 - - - - - -
CLKHOLD_N 3/4 - - - - - -
D04 3/4 - - - - - -
D[09-15] 3/4 - - - - - -
D[16-31] 3/4 - - . - - .
!
M JHI7E wirebond 35 % XU 2814 HH 7 T BANK4, 78 HAth B 25 7 X s 4R A F
BANK3, H&R{ERIEAEMR UG1222, GWSAT-60 231 Pinout F it & UG1229, GW5A-60
281 Pinout Fiit
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MERN 3.2 MEER
® 35 RHLEEMTIR (20f2)

. Master CPU Slave CPU
AR Bank

X8 X16 x1 X8 X16 X32
:\g:(())]DE (C Bz ; M[2:0]=001 M[2:0]=001 11\/:[2:01=110/1 |1v|[2:01=110/11
MODE (S #i=)
(1401 7 M[1:0]=00 M[1:0]=00 M[1:0]=10 M[1:0]=10
RECONFIG_N 10 N v N J J J
READY 10 N v N J J J
DONE 10 N J N J J J
TCK 10 TCK TCK TCK TCK TCK TCK
T™S 10 T™S T™S T™S T™S T™S T™S
TDI 10 DI TDI DI DI DI DI
TDO 10 TDO TDO TDO TDO TDO TDO
CCLK 10 CCLK CCLK CCLK CCLK CCLK CCLK
CFGUP 11 N v N J J J
PUDC_B 3/4 N J v J J J
EMCCLK 3/4 EMCCLK EMCCLK EMCCLK - - -
CsI_B 3/4 CSI_B CSI_B CSI_B cslB csiB csiB
DOUT_CSO_B 3/4 CSO_B CSO_B CSO_B CSO_B CSO_B CSO_B
RDWR_B 3/4 RDWR_B RDWR_B RDWR_B RDWR_B RDWR_B RDWR_B
MCS_N 3/4 - - - - - -
DO0_MOSI 3/4 D00 D00 D00 D00 D00 D00
DO1_DIN 3/4 D01 DO1 DO1 DO1 DO1 DO1
D02 3/4 D02 D02 D02 D02 D02 D02
D03 3/4 D03 D03 D03 D03 D03 D03
SSPI_CS_N 3/4 - - - - - .
DO5_SI 3/4 D05 D05 D05 D05 D05 D05
D06_SSPI_CLK 3/4 D06 D06 D06 D06 D06 D06
D07_SSPI_WPN 3/4 D07 D07 D07 D07 D07 D07
D08_SO 3/4 - D08 D08 D08 D08 D08
CLKHOLD_N 3/4 - - - - - -
D04 3/4 - D04 D04 D04 D04 D04
D[09-15] 3/4 - D[09-15] D[09-15] - D[09-15] D[09-15]
D[16-31] 3/4 - - D[16-31] - - D[16-31]
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M E

3.2 EEW

P B ARG & 3-6 s

R3-6 EHEN

B A AR

DhRe ik

MODE

Hie B AL AL RS 5

ENBLEE TS, KA, WSS Ehr, &2k 3-bit 7% .
FPGA 7£ b i s ik % RECONFIG_N J&, #{4-H¥% MODE 1f
NN BB, e FEED 255 FPGA 7= & MODE &
X R B A A AN A . TR BRI A H A, A
ZHE MODE 8 IR 58 A 25 ok, K325 HioK 1) MODE & JHIfE 28
A ES O, BARIE S M N AR ) PINOUT Fit.

MODE & J{i{£>4 GPIO B, wJ F{E input B¢ output 2844,

!

4 MODE {8 AR I, 75 22 5 b s sl i bk b fi & RECONFIG_N 7 fig
e

RECONFIG_N

VERBCE BN, KA, B N5 R, (KA, FPGA
o P60 B (1) BT B i 2 Th g, RECONFIG_ N FiAIEIT FPGA ok
ATAEAT 77 U A B 4 o 7 b R B I R R 55 R R T, 2R
Fic B 5€ 2 Ja T LUK

VENHC B I, 752 — AN kpp 98 BEAS > T 26ns (1K HLF JE 3)
GowinCONFIG L E RS, fH#sfFi%E MODE & & 58 in#k b s
WEWE . F P T LLUE N g S @ i LR R, AT R e B TR R
RAFEATEIE . HPBEEGE N, f R L &R E R
PEAE PR 5 i L PIR S

SN GPIO i, HAEFH{E output 2878, JyfR i & i AR A 4T,
5 RECONFIG_N 4 IR 75 F A G (8 B v m s 7 B _E it
FEH AN BERIAR o

READY

inout XM, NS 4, open-drain Hiti. EHSFERL RA
READY $i & FPGA A feiE47 I B # 1.

AR RN FPGA MEPRES AT D TRCE . U8R &0
BT, READY (55 m B A b sl R R 58 BB A oK 58 A
READY 155 Ak

F P 0] LU I AR READY {25 BLZEIR 33 hnakid 72 .

fE4 GPIO B, A] & F-A input 2 output 2574, READY HIfE input 3%
B GPIO B 75 PRAESE b L S e B i F p ANl 730 L B A, 5 0
FPGA Al ik IE R E -

DONE

inout 28I, N EBE5Y_EFi,open-drain #itt. FPGA M ) IbR
HfES, BB DONE /55 Hif.

YN E S, %58 output 2871, AT LIfE/R FPGA 4hific & il 2
ST

® DONE F5 AT, Rndsftoapimeiiit N T/RRE;

® DONE 55 MEH T, FRonmlE i fE AR 5 sl ak e B R0

F P AT 3E R A AR DONE {55 DASEIR 2844 ma i i 72
RECONFIG_N &} READY R FHICHLTRZSH, DONE {5 5t 2 ¥
EMRHSTIRES . [ JTAG HLERL E SRAM it 2+, DONE 5%
PHEREZHEE X

V£~ GPIO B, w] FI{E input 5% output 257, DONE 1 input 257!

UG718-1.0.2
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3.2 EEW

B IAA TR

e ik

(f) GPIO I 7 PRAEAE - L K i B R ANl Sh oS F B A1, 75 UG
SR )5 FPGA Joikdt N A ks

TCK

ERRE BT, RECAHN .

JTAG M BB R AT I B A T

{24 GPIO B, AT FHAE input 5% output 254!

B

fEJ9 GPIO I, TR asfF b on#od B v RS T e, BB ek
JTAG 854

TMS

EREEE I, KA, N B
JTAG i BB R AT B N E . 10 GPIO I, mTRIAE input 5%
output 287,

TDI

VEONECE & IS, SRR, AERSS B
JTAG Fic B A= A R AT HE N E R 109 GPIO I, W] FIE input B

output ZEAY,

TDO

VEONRCE & S, SRR
JTAG e B A f AT Ha fa 270 1109 GPIO I, W] I input B

output ZEAY,

CCLK

P BB, T B JTAG Al SSPI LA H At e B AL T 1 [
Al

© AT CCLKAE M, 7 EERIMBIN B .

o XMFEMA: CCLK A ufutt, Iyl B IR B

!

CCLK JyRHEm B {5 5, Rl IR BT HOM5E 5 5e Btk

PUDC_B

VERBCE B IR, SRACNHIN .

* X4 PUDC_B MMKHL P, #8fFRCE W R{EREATA GPIO [ NH 1
EDANIER

**4 PUDC_B N PR, #4FRCE HIHEEEATE GPIO [N &L
Fir HL B

PUDC B WZiH EiEHEEN 1 kQ (aiFE ) HIH, E#ET
VCCO3/4 =% GND.

EMCCLK

VENRECE S IR, AN . F T ECE AR ml g 4 S0 Bhdi
AN GHX T N SR E IR 48 )

« XFEEN: FPGA ALLER DI 2] EMCCLK fE Vi Bk .

o XFF JTAG FIMAEF: EMCCLK A AIANIESZ,

CSI_B

VE SNBSS T, KR % N . CPU B I B ik NS5, KHF
HRL

o XFFE CPU M. BEESUEE 1 1 kQ (BHE/N) HLIER
#] GND.

o YT CPU Bz AMHHC B f5 i85 nl L] CSI_B g #u2k I
FEIC B 28 E, BUEAG L RERC B P iER 3 LI FPGA 1) CSO B &
518

CSO_B

TENBCE & AN, RAUDVHH . CPU BN B ik th {5 5, fE551E
BENCE R R T FPGA 1t CSI_B &

UG718-1.0.2
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3.2 EEW

B IAA TR

e ik

DOUT

PE R E B, RAChHH . DOUT &% 165 B AT I B 1 HE
t
* Xt Serail il SPI (fXFR x1) #i3: fEHATH AL ERL D] T
FPGA 1] DIN &1, 1EAJG— a8 .

RDWR_B

(ST == N S N

CPU Mt B AR5 fe (s Tk B M. 24 RDWR_B A T
FoRARME: 24 RDWR_B K HL I R 5 #1E .

fE8 GPIO i, ®] F{E input 8¢ output 287,

MCS_N

VBT B I, SRA O .
MSPI i ERU HEE S, IKEPFAE R
£ GPIO B, A HAE input B output 287!,

MOSI

TENICE SR, KA g%, #4048 Flash 1) SI & . SPIx2 x4
e XA ).

MSPI P B 21 R AT Bafs i 8

1E24 GPIO B, w]H{E input B¢ output 28754 .

MISO

YENBLE & IS, BB N, #24M5E FLASH 1) SO Jil.  SPIx2 x4
AAEA XA

MSPI e B A A AT Em i N\

fE4 GPIO K, A F{E input 8% output 2874,

MI2

YERBC B IR, KA . SPIx4 A X

MSPI SR : 2%t & B P, MSPI R IEREA 2% 4%
I HLFIRE, MSPI SR A E o 2% mdad 4.7k i PH_E357 2% 5 bank
fJ VCCIO.

fE>4 GPIO K, A F{E input 8% output 2874,

MI3

TENBCE SR, KA g%, NS Ehi. SPIx4 BBy Xm.
MSPI i 88 e B 0 K H T A 2. T s 4.7k HIBH B4z 260 B bank
#J VCCIO.

YE8 GPIO B, ] H{E input B¢ output 28744 .

DIN

TENFEE N, 8RN . DIN 2 & 5dEim N .

« X Serial f1 MSPI f30: DIN MEdEdasalod 7750, BRIAR
B F7E CCLK _ETH KR

« XIF CPU #3: DIN 522 IiaeE R, MfE DO1 HdRER .
YE8 GPIO B, ] H/E input B¢ output 2744,

D0~D31

inout ZEAYE

T CPU R, VR B S N dan 8 . S 2 B ol N o I 2 A
N x8. x16 B x32 ML TEfE

*YE5 GPIO i, "] HI{E input 5 output 2574 .

SSPI_CS N

VENEE RS, BN TE 4.7k HBH R EI%N Bank f
VCCIO.

SSPI Bt BB kG5, (KA.

f£% GPIO i, ATHE input 2% output 2874

SSPI_CLK

VENBCE RIS, KA
SSPI it B A= 2 Bl A

UG718-1.0.2
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3.2 EEW

B IAA TR

e ik

£ GPIO i}, W] HE input B¢ output 2874 .

Si

VERTC B T, SRAUONHIN
SSPI fic B A AR AT ER N
{E4 GPIO B, B FAE input B¢ output 2844,

SO

VB9 HE B A I, 87 s .
SSPI it B 5 = 1 AR AT B fan HH A R
fE8 GPIO i, ®] F{E input 8¢ output 287,

CLKHOLD_N

PENECE IR, RACAHN, ATiEd 4.7k HFH L4 2%5 B Bank 1)
VCCIO.

SSPI I Ep 8 e B KT AR

1E4 GPIO B, B FAE input B¢ output 2844,

SSPI_WPN

VERBCE I, SRACNN, iRt 4.7k BEE_FH7 268 Bank (1)
VCCIO.

SSPI SR I: MmN PR, SSPI X RIFHEAER2G M
K H P, SSPI XN I ER1E TR

fE4 GPIO K, A F{E input 8% output 2874,

UG718-1.0.2

REEMEN

NERAHE R 110 FIAIH R, "z 20 FPGA 7 fhSCRpR BC &
BRI E NS /0 . BT 25U FPGA b5 RESEATAE(TAC B 5 1F
Z AT, SECEMRAE BB EE .. BERE, ST
PP, 2 M P e 39 A 2P 32 T 7 2 C T FAFR) B i
!

PP e B A A TR T, R i DR AL SN AR I B IRS A R i 88 AF OB B

Mic B R Rk in sk 3-7 fs.
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3.2 EEW

37 B EEME BRI
BE AR BEE T i
BRORAS TMS, TCK, TDI, TDO {F N+ F i & & 1 .
JTAG PORT!"
BE NEE 1/0 TMS, TCK, TDI, TDO fEfit B 45K 5 1/E N GPIO.
N CSI_B, CSO B, RDWR_B, D[0-31]#1 CCLK £~ H
£ &
BRUSS AL
CPUPORT CSI_B, CSO B, RDWR_B, D[0-31]#1 CCLK 7£ R & 4%
j{: 2 D D> - =w]
BENEEIO | e GPIO.
BRI SSPI_CS N, SSPI CLK, SI, SO, CLKHOLD N #1
- SSPI_WPN /£ % F i & 5 1
SSPI PORT
B 6 1O SSPI_CS_N, SSPI_CLK, SI, SO, CLKHOLD_N A
- SSPI_WPN 7Efit & 45 55 /£ 4 GPIO.
T MCS N, MISO, MOSI, D02, D03 fl CCLK /E~% H
BRURES fos
BRI fic & B R
MSPIPORT MCS N, MISO, MOSI, D02, D03 f1 CCLK {Efit & 45
BE I O # 5 {EH GPIO,
SERIAL ERUIRTS DIN, DOUT F1 CCLK k% i & &
WE N 1/0 DIN, DOUT f1 CCLK 7EiC & 45 K J51E N GPIO.
ERUIRTS & Hic B
RECONFIG_N
WE NEE /0 fic & 45 51 j51F A GPIO output
ERUIRAS & i B
READY
WE NE /0 fic & £ WA 1E N GPIO
IR = I Hic B
DONE
WHE N 1/0 Bo & 45 5 1EN GPIO

UG718-1.0.2

I

o [1] AT LA N s JTAG_SEL_N 155, ¥ JTAG &K E i E 10.
o [2]JTAG EHHME I T TR L inaad fE s TCK i TMS IR FaE, LA A4S 157 firt

K ITAG 4

<o} IS
SRl

M 1F 55 I %K.

SaEFFaRREREENER
W R SR E R -
1. TR = 2R S IR AT T AR A A

2. {ESREAR:FEFE “Project > Configuration > Dual-Purpose Pin”, 1]
3-1 s

3. AR N IR TR B AC B R R A S D
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3 &I 3.2 EEW

E3-1 il EEHERRE

W

Dual-Purpose Pin

v Global
General [ ] Use JTAG as regular 10
Constraints ] Use SSPI as regular 1O

v Synthesize [] Use MSPI as regular 10
General

v Place & Route [] Use READY as regular 10
General [] Use DONE as regular IO
Voltage
Place [ ] Use RECONFIG_N as regular 10
Route []Usel2C as regular 1O
Dual—Pur[:fose Pin [ ] Use CPU as regular IO
Unused Pin

~ BitStream
General
sysControl

Feature sysControl

oK Cancel Apply

UG718-1.0.2 16(73)




3 &I 3.3 AT B

3.3 EHRAECE R

FAAFED (EFEE CPU (. FATHIAAME SPIEAK O KIRCE
I BHE PN AR F EARG A MAMES BB, BOATE L R A B9k
AR ERE B B . Zo0d EDA BLE emc_clk IEHEIE A LK
EMC_CLK_DIV, #haBitgiith n] DL/ERC BN phi,  HAS 240 ik
Wio N U T BCE P

3-2 FHEALRER SN

OSC_CLK |

EMCCLK [ EMC_CLK_DIV EMCCLK o @
config_c

OosC OSC_CLK_DIV |u se_emc_clk

3.4 JTAG BELEHER

EE SR FPGA 77 JTAG it B A X754 IEEE1532 i Al
IEEE1149.1 i1 S HbriE .

JTAG At B AR 22 EERFREE 5 B e - 3k FPGA 7 dh )
SRAM ', HHGILEHIEER. Fo-IERIrH BN FPGA M il sL
i JTAG B B

341 ]JTAG B EER EEREE

JTAG fic B H e R A 3-3 fin, BikiERE LS5 HE K
T8 FT.
3-3JTAG BEEEREETER

FPGA

TDI

JTAG PORT

TCK

Y VY

T™S

TDO

A

!
JTAG I B AU B4R A BE = T 100MHZ,
B T HETH A JTAG i B SRAM #:4E4b, &= 514k FPGA F= 5
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3 ACE LM 3.4 JTAG Fe BB

40 SPI Flash w2 /E @ JTAG B 4T, 4h SPI Flash %
BEIRIFEZ 5 3-4.

3-4 JTAG ¥O4#25MB Flash B REE

FPGA
Flash
» TDI MCLK » CLK
» TCK MCS_N » CS_N
JTAG PORT
» TMS Ml [« DOUT
< TDO MO » DIN
Y
KA JTAG # A 4mfE4shE8 Flash HI~ =M.
34.2 JTAG B EREAFFE
JTAG P & = B e B ] 3-5 Flzs o
3-5 JTAG BLEEARFE
| Tj_clk :
>
: | Tclkh |
TCK
-1 |
TMS |<—>|<—H
>

! |
Tj_tmdsu  Tj_tmshd

| X >
Tj_dsu | Tj_dhd

X X

TDI <

TDO <

BB ASE& K 3-8 Fras.

UG718-1.0.2 18(73)




3 ACE LM 3.4 JTAG Fe BB

% 3-8 JTAG L EHEA M FEH
SR | ZHE X m/ME = INI] Fafr
Tj_clk JTAG TCK clock period 10 - ns
Tj_tmssu | TMS setup time 3.0 - ns
Tj_tmshd | TMS hold time 0 - ns
Tj_dsu TDI setup time 3.0 - ns
Tj_dhd TDI hold time 0 - ns
Tj_dvld delay of TCK to TDO - 3.0 ns
Telkh The time of clock high level £Z'§;)k cycle ) £g'g§/’ok cycle) | _

3.4.3 JTAG HXE B HRTE

JTAG EXFi54

TAP &Pl

TG W] RSV B IR B8 2 T A B ds T 7 as, HHER S TDI
A TDO 8. —fKit, RS A el TIEFEFRMPEIET TS, IR
SHHEE T, ATk —MErRR TCK RS TMS 2R, W
KRR
& 3-6 TAP R7SHL

1 CErEST-Loelc-RESET}
o

o(" [ RUN-TEST/IDLE ! —.[SELECT_DR_SCA@1—.[SELECT-IR-SCAI\BJ

UG718-1.0.2 19(73)




3 ACE LM 3.4 JTAG Fe BB

TAP 51/

BRF TMS NE S B “17) I/ TCK i AN £/ 5 kil
ke (BFEEEAMC G, 207 TAP 24, M SeHUE b T H e RS 1
TAP RS il w2 i EACIRES, X JTAG F2 A2 48 E AT .
VE!

ZREAE AL CPU FIAMK .

VE!

o 7EHEA Shift DR 5k Shift_ IR IRZHS, TDO ERI%HE M TCK )R BRI IEA %1
7EHEN Shift_ DR 8¢ Shift IR JRAK, HE AL

7E 27T Shift_DR B Shift_IR I}, i,

B e H ) A B s i B I AL LSB;

—HEAL, AR E B R

1S FIF AR A I A%

FRCEH AL AN, RSN Al P2 A AR A .
o {E4W A (IR i
o H¥aFifrar (DR) #.

R4 FASAMEAE, 78 Shift IRAIRSH, HEHEsifs 4%
L AT, RIS LSB M7, REFEA H o &ki%, [F12] Run-Test-
ldle J564BI# kix5eEE, WK 3-7 fix.

ERHEF A e AT, ££ Shift DROIREGH, & iEEdEETE 445
PEZF 728, WK 3-8 Aras. #E K 1KRH LSB if /2 MSB ik T HAR#E
& 3-7 8 S S EFJ AN F

e [ e

™S
0 I @ . -
Tap states [N O SHIFT-R @ XD XB
(@ :Select-R-Scan @ Exit-R (&) Run-Testdle
[Z) -Capture-R @ Update-R

UG718-1.0.2 20(73)




3 it B % 1 3.4 JTAG B B =
[ 3-8 IEFFARIICIF
L= S O e e O Y O o A O
™S “
TAP States .-( a SHIFT-DR
(1) -Select-DR-Scan (3 -Exit1-DR (B :Run-Test-dle
(2) :Capture-DR [4) -Update-DR

vE!
Y51k Arora V FPGA 1, 84 HF T8 EKE N 8 1i;
RGBT, SR F RN KET L.
£57 ID CODE &4/
ID Code Efl JEDEC ID Code, #& FPGA #3411 — LA PR iH,
=iz~ FPGAID Code K &4 32 £, FRINH T &E=ilsr FPGA ] ID
Code.
%R 3-9 Arora V FPGA IDCODE

Device IDCODE
GW5AT-60 H0001481B
GW5A-60 H0001481B

B FPGA HJ45-452 0x11, LU ERLLELEL GWSAT-60 ID Code 13l
Y JTAG B LAETT e

1. TAP Ef7: TMS B AmH-, HEIRIEER /D 5 AN E
2. RBIAPIRFSHLM Test-Logic-Reset #| Run-Test-ldle;

3. MBPIREHLE] Shift-IR, MHALLLITIA% 1L Read ID $54 0x11, &L
(e —h) RERIFRIN B IPRETLE] Exit1-IR, Rl s & I& /T TMS
TE T, 3K 3-10 51 8 M Bl BN A% 0x11 i fdr TDI AN
TMS HIMEARAL, I FPanfEl 3-10 fos.

% 3-10 £ X3RS d#E$ TDI #1 TMS RIETE L

Valu K | TCK1 TCK 2 TCK 3 TCK 4 TCK 5 TCK 6 TCK7 TCK 8
TDI value
(0x11) 1 0 0 0 1 0 0 0
TMS value 0 0 0 0 0 0 0 1
4. BIIREHL, M Exit1-IR £id Update-IR J5 [ 5] Run-Test-Idle, -7
Run-Test-Idle iz17 /b 3 AN A 1 s
UG718-1.0.2 21(73)




3 ACE LM 3.4 JTAG Fe BB

5. #IRAPLE Shift-DR, &% 32 ANHeh I, FHAES 32 Meh R i%
Hi, B TMS A&, 588 32 AN 4 E B [EN, Bk Shift-DR 2|
Exit1-DR. iXx#ia], %&i% 32 PEHehEI a3z H 32bits #dE, HI N
0x0001481B, #n& 3-11 fir;

6. EoRAEE F| Run-Test-Idle.

& 3-9 i£HY ID Code WKiSHRIZE

( Start ) l
l Move TAP to Shift-DR

Move TAP to Shift-IR l
Transfer 32 clocks to get ID
Code
&
Move TAP to ExitlIDR
Transfer
Read ID Code(0x11)
instruction (LSB)
&

Move TAP to Exitl-IR Move TAP to Update-DR

| |

Move TAP to Update-IR

Move TAP to Run-Test-ldle

Y
Move TAP to Run-Test-ldle

D

3-10 iZEX ID Code ¥§£-0x11 i [o] B FR
LA N I o A

1ol IR0 IR1 IRz IR2 IR4 IRS IR& IRT

Tap states MY @ ¥ @ SHIFT-R @ X @

-SelectIR-Scan (3 -Exit1dR (5) Run-Test-Idle
(Z) :Capture-IR (@) -Update-R
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1 2 3 4 5

TCK

T

[# 3-11 3B ID Code ¥iB&H F28iH0IH

6 7 3 ] 10 11 12 13 14 15 6 17 18 18 20 2 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

™S
TOI
TDO

D00 DO1 02 /D03

6]

SHIFT-DR

UG718-1.0.2

:SelectrDRrScan @ :Exit1-DR :Run—Testr\dle
(2) :Capture-DR :Update-DR

IZH Status Register 0x41

Status Register 7£ &3 1AM A IRASE IR ARH 1), i 5
Status Register, FJHIPHIWr 8 AFHPIRAS,  anlre &5 %) wakeup. =&
FEAE M BT R 5 o

Status Register 34 32 fi7, LHFHE 472 0x41, B /75 Read ID Code
— .

Status Register 115 XLiGZ% 5.1 & T4

257 User Code 0x13

User Code 3t/ 32 i, #5472 0x13, /55 Read ID Code —
.

User Code BRiAfi )72 FS U checksum B, FI7E Gowin
Designer H HH7 € Yo
E 1% 0x3C
ZARAE R FPGA M flash FRistBUEHE SCHE, HECE ) SRAM.
it JTAG # X k% Reprogram (0x3C) 54 . Noop (0x02) 4
4, AAESRE MR, AR Fflk Reconfig_N &l .
R SRAM
HEHACE SRAM I, 7 ZEER CAFAE N SRAM. JiLREMN T
& i% ConfigEnable 154 0x15;
Ki% SRAM Erase 164 0x05;
}i% Noop F54 0x02;
FERT BY Run Test 2~10ms;
% SRAM Erase Done #54 0x09;
& i% ConfigDisabled 154 0x3A;
7. Ki% Noop 84 0x02, 45RiikE;
!
fE 1% EraseSram (0x05) 154, Noop (0x02) 2 J&, H4h Bk i a2 45 HsE g o2

o g~ w N PRE
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UG718-1.0.2

. E SRAM

It 4 Host Bt & FPGA SRAM, 1 FPGA se8lthag, @it JTAG I
E SRAM 4% Configration Mode Pins 1520

i Gowin software ¥ it# Az AR A, AT JTAG SEBL
SRAM MECE, T/r4AsME Host B E SRAM B #E, Wil 3-12 Ak

L JTAG #E%, TAP E147;

BEHU %% ID CODE, fifx ID CODE »& 75 ULHL;

i1 SRAM C L E, #Fk SRAM, HifEZSH R SRAM;
& i% ConfigEnable 154 0x15.

Ki% Address Initialize 154 0x12;

& i% Transfer Configuration Data 54 0x17.

R4S F] Shift-DR (HdE &7 745, ¥ Bitstream Data M mifii T 44
(MSB), BN RIE, REHEIER NS, FFZE] Run-Test-ldle

& i% ConfigDisabled 154 0x3A;
7. Ki% Noop 164 0x02, 45 filc EiMfE.

S I
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3 ACE LM 3.4 JTAG Fe BB

& 3-12 it E SRAM %12

( Start >
Check
ID Code

SRAM Erase (Option)

Transfer
Config Enable Instruction
(0x15)

Transfer
Address Init Instruction
(0x12)

l

Transfer Write Instruction
(0x17)

l

Transfer Bitstream(MSB)

Transfer
Config Disable Instruction
(0x3A)

Transfer
NOOP Instruction
(0x02)

e

UG718-1.0.2 25(73)
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3.4 JTAG Bt B

4w%2 Flash
JTAG ##: SPI 4574} 25 Flash

RS T B P E T JTAG #54 Master SPI B /% SPI Flash #4742,
TMS Xt CS {55, TCK Xt SCLK {55, TDI XM SI{§5, TDO Xt SO
125, ZREREFE FLASH B AR E I T B AR

[& 3-13 #R2 SPI Flash HiE~=E

Check ID
Code

Read ID Code

h
4

Transfer Program_SPI
Instruction (0x16)

Y

Program SPI Flash
through JTAG

Y

Send 15 TMS pulses

Y

Hold TMS high for 8
TCK clock cycles

Y

Transfer Reboot
Instruction (0x3c)

End

UG718-1.0.2
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3 ACE LM 3.4 JTAG Fe BB

TCK

TAP States

™S

TDI

TDO

& 3-14 GOWIN Arora V JTAG #&#l SPI %1% 0x06 354 B} FE

X 1 X2 3 4 X5 X6 X 7 ) 4 5 1
N
0X06(MSB) S
DR7 __DR6 _ DRS DR4 DR3 /DR2 DRI DRO
@ Run-Test/Idle
@) Select-DR-Scan
@) Capture-DR
@ shift-DR
® Exitl-DR
® Pause-DR
@ Exit2-DR

(® Update-DR

SVF (E &) HERSf5 Flash

SVF =Z#iid & 2 IEEE 1149.1 (JTAG) M Lt /F (iEEMTE . SVF LI
BRI RS R I U IA JTAG BEERME . SVF Ui ik 75 R N\ 28 1F 55
5, ok JTAG #/E. Jwfe T EAEA SVF SUHE RN, FIHE&E
SVF A 45 B FLASH Zife. iZA X 4mFE FLASH R B an R KA
TN o
[&] 3-15 SVF &R 4% 1E Flash iEE

Check ID
Code

Read ID Code

N
y

Transfer Program_SVF
Instruction (0x1B)

y

Program SPI Flash
through SVF

y

Transfer Reboot
Instruction (0x3c)

End
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E.E OTP

Arora V FPGA #2128 Bit [t) OTP %], STHr—xtgmfs. Hd
BitO~Bit31 A X, FRGuilidh s vl LA b 2 (B A7 4 22 4 P A Hoph 5 245
S, Bit32~Bit95 &y DNA [X, fififesft 64 AME—FriRfE .

OTP & Xi5Z%% 5.2 OTP Efuse.
HACE R N EATR.
& 3-16 fit & OTP #HiEE

Check ID
Code

Read ID Code

¥
4

Transfer ISC_Enable
Instruction (0x15)

A 4

Transfer
Prgm_user_data
Instruction (0x2A)

A 4

Transfer User_Data

A 4

Wait 3.1ms

A 4

Transfer ISC_disable
Instruction (Ox3A)

A 4

End

%H OTP
B OTP HOfi it T BT %«
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3 ACE LM 3.4 JTAG Fe BB

[& 3-17 3B OTP B HIZE

Check ID
Code

Read ID Code

¥
\ 4

Transfer ISC_Enable
Instruction (0x15)

\ 4

Transfer
rd_efuse all_data
Instruction (0x2d)

\ 4

Wait 0.036ms

A 4

Transfer rd_user_data
Instruction (0x2B)

v

Wait 0.6us

A 4

Read User _Data

A 4

Transfer ISC_disable
Instruction (Ox3A)

End

BliEsc
IR, THIRR 2 m BORSCRF B A /AL
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3 ACE LM 3.5 SSPI Fit &zt

3.5 SSPI L E1RT\

SSPI (Slave SPD) EtE MR, Bl FPGA 1E M2, H4haE Host il
i SPI 04 & =2 3k FPGA 77 kAT e B )i A2 .

3.5.1 SSPI il BN EEREE
f# F SSPI it B 2] 1 72 Bk FPGA 7= Wit B 1 2 R n )

3-18 v o
3-18 SSPI ie B EHE R~ EE
Host FPGA
CLK » SSPI_CLK
DIN [« SO
DOUT » Si
CTRL » CLKHOLD_N
CS N » SSPI_CS N

fii ] SSPI it B AU 2 v FPGA 7 it it B H) & %n B B 4 &l 3-19
ZN

3-19 % FPGA E4&r~EE

CLK —— &> SSPI_CLK
DIN o——> SO
FPGA
. DOUT * » Sl
Master CS N; » SSPI_CS N
CS_N;
CS_Nj3 —
> SSPI_CLK
¢ » SO
FPGA
[ 3 » S|
—P—P> SSPI_CS_N
L > SSPI_CLK
» SO
FPGA
> Sl
» SSPI_CS_N

SSPI it B & I 7 37 % K SRAM Bl & #1E4h, 61 4 FE FPGA
458 SPI Flash, #wfE Flash #4F ) MODE {85 SSPI i & f)
MODE 1EAH[F], F P AT LAFE Gowin g F4F ik 44 Il B 2 5 A\ SRAM
B4 Flash. 752 AN Flash Ii#as, #2594 MODE B 1A%y MSPI
MODE, x jmilid = i aifm%k RECONFIG_N fil’kx MSPI ik,
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3MERC 3.5 SSPI it & iz
SSPI #: N2 Flash iR B E W B 3-20 Fir.
[ 3-20 SSPI 4w#245MEE Flash E#EREE
Host FPGA Flash
CLK » SSPI_CLK CCLK » CLK
DIN [« 0] DIN |« DOUT
DOUT » Sli MOSI » DIN
CS N » SSPI_CS_N MCSN » CS N
CTRL CLKHOLD_N
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3 ACE LM 3.5 SSPI Fit &zt

3.5.2 SSPI fi B R A E

FHJE, 4 MODE 1% £ MSPI it BN, FPGA <k i%fs4,
MSPI #:47 n#, In#kjs i3t SSPI .

3-21 SSPI FL B it 2R A
|

< l »
Trec : Te :
ek IIIII L il !
)|
I
readym
N ! |
done " ! |
] |
| | |
miso2 | |
| | |
; | e
I I
msol |_| |—| |_| |_| I
; I I
| ]
SR | ZHE X A LA
Tc SSPI mode process time 32 ms
Trec The time for MSPI to send a single command | 8 ms

SSPI At &AL 7 E & 3-22 fis
3-22 SSPI FL EHE AT FFE

| Tsspi_clk
«—>
I | Tclkh, |
| o m—
CCLK l
| I
| |
sspi_enablen ‘© | l— 5
e
Tsspi_csu, | :TSSpI_Chd'
| I !
sspi_si (and other [ ' |
input data pins) < > | | : >< , D< >
e | >
Tsspi_dsu | Tsspi_dhd
t
Sspi_so < >< | >< >< >
|
>
:Tsspi_dvld

I P 2400 3-11 frs.
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M E

3.5 SSPI fit B

% 3-11 SSPI iL ERA K FE2H

SHATR ZHE X m/ME PN ;| B
Tsspi_clk SSPI port clock period 10.0 - ns
Tsspi_csu sspi_enablen setup time 1.0 - ns
Tsspi_chd sspi_enablen hold time 0 - ns
Tsspi_dsu SSPI input data setup time 1.0 - ns
Tsspi_dhd SSPI input data hold time 0 - ns
Tsspi_dvid | delay of SSPI clock to output data - 1.0 ns
Tclkh The time of clock high level (clock cycle ) *45% | (clock cycle) *55% | -

UG718-1.0.2

Bripi 2 b FLESR AN, SSPIAR I i = T8 FPGA P it TRCE, ik

a2 BAR 25 A
e SSPIfHfffE

b S WIUR R B BHT— R EE B I RECONFIG N SR & Y3 1/0 4R

=

0 o

o JHIFIACE

HUHT_E R A T Bk i i % RECONFIG_N & Jil .

3.5.3 SSP1 R EKS
4 FPGA 4b-F SSPI Ui, it SSPI A/ LAkt FPGA SRAM 5

LHY ID CODE\USER CODE\STATUS CODE %%/

%% % (#tn SPI Flash).

s, BRI EABESA ER A

MENTURE LT, BARZEETHHELT, JURERTH LLZE

B CFE 0x00 £75).
£ 312 BLEES

T8 25 RS FBLFH+IIRBEREFT)
Read ID Code 0x11000000
Read User Code 0x13000000
Read Status Code 0x41000000
Reconfig/Reprogram 0x3C00
Write Enable 0x1500
Write Disable 0x3A00
Write Data 0x3B
Program SPI Flash 0x1600
Init Address 0x1200
Erase SRAM 0x0500
Read ID Code

FPGA [ ID Code K J& /& 32bits, #ZHL ID 184 & U=, B
0x11000000. fEIE4KIEZ BT, 1 CS AT EHFIRES, I HEALF RS
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3 ACE LM 3.5 SSPI Fit &zt

FEAE LTI (AR CL B, PABREN FPGA 3REL CS IRAS.

2 CS Hifkz 5, %Ll MSB 177 05 N84 0x11000000, 755
TS JEE kSR 32 B, SR ID CODE ik PL MSB 7 20
DO K IRALHE Hik o
3-23 iEHL ID Code FFEREE

cs !

SCLK MMM[LRUW&

Instruction (0x11000000) 32Bits =.‘ 32 Data Bits

o i i

»

DO i

$2HY StatusCode/UserCode 5128 ID Code [R#RAERAL, B Xt N fr)
AR,
Write Enable (0x1500)

ERCE SRAM (5 Features) fif, {#iH] Write Enable (0x15) #54 it A
BRI, i W & ] DL 2 5 s Write Data (0x3B) 54

3-24 Write Enable (0x15) BiFFREE

Write Disable (0x3A00)

ROEEARTERUE, 7 H Write Disable MZm#R i =UF iR . 1B H 5 7]
MeBE B E, FEBCEHEAN TARRE.

[#] 3-25 Write Disable (0x3A00) B FFREE
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3 ACE LM 3.5 SSPI Fit &zt

% LiAHANE 4, 0x1500 F1 Ox3A00 F54 MRS 73 A —5, fr4HE
fE CS K-V JaJTas, HEfe 2 tmos i him CS, R F N 71454
£ 0x3C00 (Reconfig/Reprogram). 0x1500 (Write Enable). 0x3A000
(Write Disable). 0x1600 (Program SPI Flash). 0x1200 (Init
Address). 0x0500 (Erase SRAM).

Erase SRAM(0x0500)
&4 I5F 5 5 WriteEnable/WriteDisable —#%, X & #3584 N AN
0x0500-

B KIEE, TEBEED 10ms DUETE S HAT E .

Write Data (0x3B)
L8 WriteData (0x3B) 454 H#1n FPGA ¥ #% A% Hdmin S
W, ERES ALY, CS —HEATANHE .

3-26 Write Data (0x3B) B REE

N i I

HE_J_UWAL_IWJMME_

Instruction(0x3B) _i‘ ' Data

i um@@@@@@am_u_

One Byte (MSB)
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3 ACE LM 3.5 SSPI Fit &zt

3.5.4 SSPI fif & SRAM
[& 3-27 SSPI B2 & SRAM HiiEE

( Start )

\ 4
Read Staus
Code

Erase SRAM

\ 4
Init Address

\ 4

Write Enable

A 4

Write
Bitstream
Data(MSB)

3.5.5 SSPI %w#Z Flash

Feskite s E B LA 3-28. Htilit SSPI ] FPGA Kik1s 4
“Program SPI Flash” (0x1600) 54, 5Em/G FPGA 1] L4 & SSPI #
Flash, Host i) SSPI ] LLE #2954 Flash, #: Tkt T L% Flash (1)
FHICES 2 X H AT dm A .

T, M Flash BEECHHERS,  [913 9 80dE 2 2838 — > Bit. 5141 SSPI
A Flash ) IDCode I, 5 ZEA R IE — AN Bl T SREU R e — 1
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M E

3.5 SSPI fit B

[%] 3-28 SSPI fig & Flash KiEE

Start

Y

Transfer
Program SPI Flash
Instruction
(0x1600)

Program Flash
following SPI timing

End

UG718-1.0.2
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3 ACE LM 3.5 SSPI Fit &zt

3.5.6 SSPI x4 A& SRAM

SSPI #z0 N EC E SRAM i FFra~, HA Read Status. Reinit.
EraseSram. InitAddress. WriteEnable. WriteDisble &IH{#H SSPI &
A, H 4 Write Data I % QSSPI.

3-29 QSSPI fit 8 SRAM 2

1 Start )

Y

Read Staus
Code

N

Ready Down Y—> Re Init M
@ Y—>»{ | Erase SRAM

< I

Init Address

Y

Write Enable

A 4

Write Data
0x6B
(QSSPI)

A 4

Write Disable

End

UG718-1.0.2 38(73)




3 ACE LM 3.6 MSPI it B

QSSPI B & 1 E E K 3-30 .
& 3-30 QSSPI Bt EEN EEREE

Master FPGA
CLK » SSPI_CLK
MSCN » SSPI_CS_N
100 » SSI0
101 » SSI1
102 » SSI2
103 » SSI3

QSSPI Write Data (0x6B) i /7 B4~ B fTow
3-31 QSSPI Write Data (0x6B)f+ [

sclk [ UUUUT _uuu UL

SSPI_CS N ] BRAl
— U T heee—-0eee—
o QOO0 QO
10 00000000
i 2000 010 10 g
3.6 MSPI B8

MSPI (Master SPI) At &M, Bl FPGA {F A L2844, Eid SPI #:10
F MM Flash SEHLE R B 52 iic & 1)L e

MSPI Bt &3 #2: Kf MODE & i & v MSPI IR, ¥ FPGA E¥r L
HL A FL P ik i % RECONFIG_N &, #5418 AT WAMEE Flash S LE R
T, e E L.

W5 MSPI B B ARrE, F7 AT DUSEBLZRE T R 75K 24 FPGA A
HTARIG, FHATHHFR, H AT UK E B s I 2 5 N\ FPGA S
Flash #/F 1, R ST F fil% RECONFIG_N s E L R 5 5¢
T o

UG718-1.0.2 39(73)




3 ACE LM 3.6 MSPI it B

3.6.1 MSPI i BN EREREE

1 F MSPI x1/x2/x4 Bt 8 AU & =2 Sk FPGA 7= 0 3t A7 e & 1)
PR E & 3-32~& 3-34 iR

3-32 MSPIx1 B EER EEREE

FPGA SPI Flash
CCLK > CLK
MCS_N > CS_N
MISO [« DOUT
MOSI > DIN

YE!

o [1]MSPIx1 F#iZuHH: 2.5Mhz~105Mhz

o [2] EBIAECE v MSPI x1, 3Byte FhlA, T7E EDA BfFH 58 ok ik B LASR FH A i
If] 6

3-33 MSPIx2 B B R EEREE

FPGA SPI Flash
CCLK > CLK
MCS_N > CS_N
MOSI [« > 100
MISO [« > 101

!

e [1]MSPIx2 #iZ{uH: 2.5Mhz~105Mhz

o [2] BRIABCE N MSPI x1, 3Byte SHhAHI, TI7E EDA #fF A 58 o st B DAER T+ I # iy
8] o
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M E

3.6 MSPI it B =

[# 3-34 MSPIx4 Bt E{= R EEREE

FPGA

CCLK

A 4

MCS_N

MOSI [€

vV VY

y

MISO [€

y

D02 [«

D03 €

Varl |
FE!

SPI Flash

CLK
CS N
100
101
102
103

o [1]MSPI x4 {5 i : 2.5Mhz~105Mhz
o [2] BRIAALE A MSPI x1, 3Byte FHE#i, W 7E EDA i 5 o B LU THm R

[fl

UG718-1.0.2
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M E

3.6 MSPI it B =

3.6.2 MSPI it EHRA R FE
MSPI Bc B A% = a1 3-35 Fios

[# 3-35 MSPI Bt EERETFE

| Tmspi_clk |
>
I | Tclkh |
I D
CCLK l
| I
FCS_B [ I 4
| I |
| | | | '
| Tmspi_cvld | Tmspi_cvld
| |
MOSI (and other |
output data pins) < >< | >< >< >
|<—>|I I
lespi_dvId :
MISO (and other < >< | >< >< >
input data pins) |
e
Tmspi_dsu | Tmspi_dhd
|
FHICHIN P Z 480 3& 3-13 fus.
% 3-13 MSPI L BRI FSH
SHATR ZHE X m/ME 1S INE XA
Tmspi_clk MSPI clock period 10.0 - ns
Tmspi_cvld delay of MSPI clock falling edge to CSI_B | - 1.0 ns
Tmspi_dvld delay of MSPI clock falling edge to output | - 1.0 ns
data
Tmspi_dsu the setup time of input data 2.0 - ns
Tmspi_dhd the hold time of input data 0 - ns
Tclkh The time of clock high level (clock cycle ) (clock cycle) -
*45% *55%
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3.6 MSPI it B =

3.6.3 MSPI X Al BERTE

UG718-1.0.2

Arora V FPGA I Hj5 LB A 2.5MHz [F45i % M. 0000000 Hhhik 44,
PL SPIx1 WG B LR A se i BC B . AR — IRBCE R, 232 H 8
MERIN 0x800000 Huhih#k4T 28 —IREC B #lE . &P IRECE BRI, #41F &
#E Manu-mode, FECE &M TR =64 ID ks 1%, CRC RIS
W BN HR RS

3-36 MSPI 2R B B 72 E
A

First Boot
[1]

Y

v

Second Boot

2]

Manu-mode

[3]

Y—>

N

v

User-mode

A

o [1] BRAFE F% —in# A MSPI x1, 3Byte T-ht- @ sz iUk, 7] 7E EDA #ffh
TR E, ST )
o [2] WIYE EDA AR AR 7 B B N Ek K bk
e [3] Manu-mode FAJ Lt SSPI. JTAG #2158 s B T 5h it &
Ak, #E MSPI BT, @i 78 FURRAR SO L8 mspi_jump(0X6E)
477, AT LSBT R Bk mEsth bk I DhRe, BT AEERARFEF RS
fic FLASH i =S 1]
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3.7 CPU it B

3.7 CPU I E&ER

CPU [t & 2 1 37 KF 8/16/32 o7 55 (K ¥s S 2R B I XS 24 AT IC &, AT H
T8 R 2R B T 5 SR 8 T FE R IRl (R SRR B AR A AR K,
T A — X ) A T A ) T AR ) s EBRAIEIL R, AR BE
L IRVE NI BN EhYE, WIEL EDA 1B ik EMCCLK 1E Vit & i 4
Ui, B I A B AN R A
o 32 fifEs: HAHHIHZE Ny 50MHz
o 16 fiifEs: AN EHiZ N 100MHz

o 8 fifiz: HAKEHIZE N 100MHz

3.7.1 CPU Bl EENEETEE

UG718-1.0.2

CPU it E X & Eon BB 3-37 Fis.
3-37 CPU EL B EZEREE

Host FPGA
CLK » CCLK
D[31:0] [ D[31:0]

WE_N > RDWR_B
CS_N > CSI_B

!
FBT CCLK M, MALAT CCLK M.
Fripi 2 RSN, fiTH CPU B = = 2 Sk FPGA 7= i AT I
B, B LT &M
e CPU #I1{fifk
I H SR BE B BT — VKB B B RECONFIG N K% & i /0 R
=

e o

o JiBHACE
HHT_E R K T ik i i & RECONFIG_N & i .
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3.7 CPU it B

3.7.2 BcERTFF

CCLK

CPU I &tk = 7 B an i 3-38 Flions o
[& 3-38 CPU Mode Br ER R R=E

Tepu_clk
—

|

= L

! Tckh |
-
‘

|
PN
1

3/

! l
! 1
RDWR_B : : ‘
\ ————»
! A o
i
i

csiB

DATA (as input)

CCLK

RDWR_B

cslB

DATA (as output)

—

" Tepu_rwhd

Tcpu_rwsu ‘ !
i ! i i
: BN i )/
! ]
1 Tcpu_cssu i ' Tcpu‘_cshd
| Lo
f )
< X X X
' Tepu_dsu | Tepu_dhd
i

|
|
I
|
Tcpu_rwsu }
| | | Tcpu_rwhd
\ +———————————p| |
| | | |
T 1 1 1
: Tepu_cssu } | ‘ Tcpuit‘:shd
T T
X X X
T T
I |
-
Tcpu_dvid

RIS P ZHin 3k 3-14 fs.

% 3-14 CPU EL EEA N FEH

ZHATR ZHE X w/ME >INz B
Tepu_clk CPU port clock period 10.0 - ns
Tepu_rwsu | RDWR_B setup time 8.0 - ns
Tcpu_rwhd | RDWR_B hold time 0 - ns
Tcpu_cssu | CS_B setup time 8.0 - ns
Tcpu_cshd | CS_B hold time 0 - ns
Tcpu_dsu input data setup time 4.0 - ns
Tepu_dhd input data hold time 0.0 - ns
Tepu_dvid delay of CPU clock to output data - 8.0 ns
Tclkh The time of clock high level (clock cycle ) *45% | (clock cycle) *55% | -
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3 ACE LM 3.7 CPU Ml B

3.7.3 BELEME

HERHE M T Host v] AR AEAS B W iC B4R m . BH)E, ME
g8 K RDWR_B {5 51X B 5| (RDWR_B =0) J¥ CSI_BfE 5
BHE (CSI_LB=0). 2Rl 2, RDWR B #4417t CSI_B Hif
URE AT, BRI,

3-39 FELE MR E

being active earlier than or the same time as being inactive later than or the same time as
cpu_cs_n cpu_cs_n
cpu_clk_in/
cpu_clk_out
cpu_write_n
cpu_cs_n H |
}
3 :
cpu_wdata[31:0] | | wo | w1 | w2 | w3 | W4 | W5 |
| |
]
cpu_rdata[31:0] | ! | RO | R1 | R2 | R3 | R4 |
- !
i

| i

There areseveral cycles’bus turnaround time. The
minimum turnaround period is 7 clock cycles

3.7.4 eEEZEME

SN EAE S T2 EIE (BRI Host) JCiZ$ (A (Al Wi & 20 i 1
Yisc. Host Al L@ PIFH 7 N EFACE . @idhis CSILB 15 58u@Ed
{5 CCLK.
3-40 JFFELE BT Fr E
cpu_clk_in/
ouokon — L] LT LI LT LT LML L L L L L L L L L

cpu_write_n _|
cpu_cs n —| |

|
cpu_wdata[31:0] | [ wo | wi|wz2]ws]ws]ws]
[

we [ w7 | ws [ wo [ wio]

I

|

I invalid data while |
| cpu_cs nisdriven high |
»|

>

|
<
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3B 3.8 SERIAL it i

3.8 SERIAL B ERR

SERIAL BCE M, Host J@ #1745 LD =2 34 FPGA 7 il AT
Fo& . SERIAL o E BRI EE b B B2 —, IR SO
BRI MBE,  F2 MABE ME — DX A2 42 D B B 7 [ A . SERIAL BCE
U BER LLRF RS B FPGA, ik FPGA 2341 Bl it A,

SERIAL it B #6232 ID CODE #1 USER CODE DL SRS A /724815
S|

it o

3.8.1 SERIAL B BERFEZEREE
SERIAL Pt B #H A 1iE R~ 2 E K 3-41 Frox.
[# 3-41 SERIAL Ee 2R EETER

Host FPGA
CLK [« » CCLK
DOUT » DIN
VE!
[M1FERT CCLK M, MAEF CCLK AHiA .
SERIAL fit EE K

SERIAL B¢ & A P 3-42 Frs.
3-42 SERIAL B EEA M FE

Tserial_clk

| | Tclkh

I
CCLK |

po1 o ¢ X

I L
| [
Tserial_dsuI Tserial_dhd

RIS P 2 Hn 3% 3-15 flos.
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IMERO 3.9 ek
# 3-15 SERIAL BL ERAMFEH

ZHAIR ZHE X w/MA NI LA

Tserial_clk Serial port clock period 10.0 - ns

Tserial_dsr the setup time of input date 4.0 - ns

Tserial_dhd | the hold time of input data 0 - ns

Tclkh The time of clock high level (clock cycle ) *45% | (clock cycle) *55% | -

B a2 L RESR AN, ] SERIAL B0 i = 34k FPGA 7 itk A7

FLE, 2 LT %1

3.9 Lk
3.9.1 BRITHRILHE

UG718-1.0.2

SERIAL 2 11#ifE
b S WK B BT — R B I RECONFIG_N SR B Ny 1/0 R
-

FIARY)

Ja S B
b K P ke ik RECONFIG_N &7

FEHATHRAEHE T, B&EE DIN 5l BRI B 8dE, JFiEid DOUT

SIS TIC B R R s N & . I RIS (R EERIEROL ) &, BY
NE ) Device 1) AL T LA IR Z —:

Master Serial

Slave Serial

Master SPI

i

Slave Serial

!

Master SPI 44t x1 #30,

TR ETH e R, Hd Host B LALE Device 1, #AJFiET

DOUT 5| Jibks Le s it 55 i 21 5 HAH BT — s (RIEIF1# Device 2).
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3MCE R 3.9 ek
4L= L) e —
[ 3-43 BITHEEREE
DONE| DONE DONE
INIT_N INIT_N INIT_N
PROGRAM_N PROGRAM_N PROGRAMN | ——————— — ——

DATA DIN DOUT DIN DOUT

CLK CCLK CCLK

FPGA FPGA
Device 1 Device 2 — — — Device N Device N+1 — — —

3.9.2 H{THLE

TEIATHAEEE Y, O ER” G5 N sl m &SR R iE.
i BRI AT DAL F LR 2 —
® Master CPU

e Slave CPU
B DA
e Slave CPU
vE!

P B SRS I (RDWR_N) AR

TEDYIHTR R R R, BT E I E Device 1, Al
“CSO” 5lJH# “CSN” 353 Device 2. —HE&AGTEHMALE, i
MFBE 2R “CSN” AL 2 5 HAH LA N — i
3-44 HITHEHTEE

E

DONE] DONE —DONE
INIT_N INIT_N INIT_N
PROGRAM_N PROGRAM_N PROGRAM N | ——————————

DATA| DIN [31:0] »DIN [31:0]

CSN csl cs »(CSI CSO

CLK] CCLK »CCLK

FPGA FPGA
Device 1 Device 2 — — — Device N Device N+1 — — —
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4 P E A

4.1 Bc B 5

T -

=S4k Arora V FPGA 7= i 2 3E T SRAM L EZ W& geasfF. &t
T SRAM LZH i fa s WA BB £k, R bW EHREH

=

Hz 3R FPGA P BRSPS EC A
i 20 B Ok A C B B B Aok I SR SCRpd I 1 JTAG B &

i e B ) MODE B & A AH A o

4.1 B E A

LHER
E 4-1 L FEETEE

A
Voltage

\4

Device Power Power Off

Power Up

Power On

Device Status

POR

| Configuration |

User Logic

4 FPGA 1] VCC. VCCO. VCCX it e Hi s ik /2 f5¢ /) L H AR I
FPGA # N B zhifife: HEfE H RECONFIG_N A4l 4B H i i
>FPGA W #5 i 47/ READY #1 DONE 4 {I>FPGA #J#4 4L >READY #i
{5 KA MODE {8 > FR 47 e B 45 =X 15z HUC B 5008 e 50 >FPGA i
fiE>DONE $i mr>E AN P

UG718-1.0.2
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4 P E A 4.1 Bc B

FPGA Jazhid iz b i Z R Az, FPGA L H Rn#id 2
RECONFIG_N & HIA fevr th UK, H Al ik #K RECONFIG_N & i
B HANE L. FPGA M HiT A 53 1/0 it i LA

REEMNEH

P A R BN, F[ERELREENIERN, ik FPGA
TARAE QMR ER AT . HPmE W8 E A2, o] Chdd HAd e 77
R TEAE XL, IR B A s AL A e B IR AT . MODE[2:0]H ki
POmIEM B A, AT ZE B U o] DU A b 5 R Bz 0 7 2ok e ]
EEREE MR, R AR 4.7K, FHABHERE 1K,

!
RECONFIG_N. READY #I DONE & il 5 &M B UK, it 2SR el EN
GPIO, # BARAIETE A B #5158 BT B AT TV 4R 1 B IR Bt A4S T 2 R FE e B 45 1

& EEFIEE
R AT i SR B i, IR RRIRE 25 B 8 5 T

=7 i K Rkt % RECONFIG_N B E
T b A B ko i %2 RECONFIG_N (1 2 B an & 4-2 #1E 4-3

PR o
4-2 EF FEBEFRE
VeoVeocxVeco /
* Tportready h
Il
READY £
DONE /
4-3 R FT
RECONFIG_N Xﬁ ﬁf
1 Trecfghw g
READY 5 \: ?.i
rTrecfgtrd?n Treadylw )
DONE n—i‘
Trecfgtdonel
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4 P E AR 4.2 FL B2 iR
Arora V FPGA 7= i A S I 7 28015 4-1 Fis
#< 4-1 Arora V FPGA =GR EFHT LB RECONFIG N il % B FS%
SRR ZHE X w/ME | BOKE
T POR #| READY ) LJHIF IS 4E (Time from POR to the rising | 23ms
portready edge of READY)
RECONFIG_N fik H1 ¥ ikt % £ (RECONFIG_N low pulse
Trecfglw . 25ns -
width)
T RECONFIG_N "F##1%] READY 2L AT AIEE (Time from | 20ns
recfgtrayn RECONFIG_N falling edge to READY low)
Treadylw READY ik H ¥ ik %6 £ (READY low pulse width) TBD -
T RECONFIG_N FB##+ %] DONE A8 H T ()i % (Time from ) 80ns
rectgtdonel RECONFIG_N falling edge to DONE low)

42 BcERTE

UG718-1.0.2

w3 FPGA LR Zh)E iasianie. BoE SRAM Al ss J 14>

W&, HECERAEWE 4-4 s,
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4 P E A

4.2 ICE i

UG718-1.0.2

B 4-4 =454 FPGA BL EREE

M EREIERA Ik e %, RECONFIG_N & Il 7 ZLARFF i PR A

Power Up

POR Release
(VCC/VCCIONCCX
meets POR requirements)

Initialization
READY internally driven Low

User forces RECONFIG_N Low
or reprogram command

DONE internally driven Low

READY Pin = Low

User forces
READY pin Low

Strobe READY Pin
READY internally pulled up
DONE internally driven Low.

READY Pin = High

MODE Pins Sampled

ERROR

Write SRAM
Memory and
Verify

READY Internally
Driven Low
DONE Internally Driven Low

Succeed

DONE Pin = Low

_ User forces
Strobe DONE Pin DONE pin Low
READY internally pulled up

DONE internally pulled up

Done Pin = High

FPGA Waken Up

User Mode

READY. DONE. RECONFIG_N /&#(Ji 10, open drain i, [FIH; A 55 L4
(LR AL 100uA).
7 AT L3 i 55 14 /. READY (force the READY pin low) i Fs il 8% 14 T 46 in £k ) it
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4 P E A

4.2 ICE i

o JH/El L@ 3 #H7 /% DONE(force the DONE pin low) % il 24 4+ wake up I 8]

4N O

4.2.1 FEFF

B R R R, FPGA A b HL &2 A7 (POR) LS T 46 T.4F . POR
LR PRAMES 11O & AL T s BEDIR &5 91 4% VCC/VCCX/VCCION HLjE# .
24 VCC/VCCX/VCCION i /& AR 5 A7 H Pk (AN [R) 2844 1 B AL R[], R
[F 2 F P IR H]), POR MR N E A5 S, FPGA JFEGHIMh
L. 24 READY #1 DONE 15 Sk )5, a3t A\WIIHIIRES, WK 4-5

B o

[& 4-5 POR B RTFRE

tINTL

VCC/VCCX/NCCIOn J

READY

DONE

VA

VA

% 4-2 T A E R POR A H W5 428 e YR B VA o
% 4-2 FEIEH POR 1 ki EEL

Y]l

e

POR 5 17 LA

AroraV

GW5A-60

VCC/VCCX/ VCCIO3/4/12/5

GW5AT-60

VCC/VCCX/ VCCIO3/4/12/5

4.2.2 Miak

75 - A7 L Fi (I READY F1 DONE EMljG, @iz 34k FPGA °r
HBE NAF 2 T AR HIRES o« WIRRHOIRZS Y H #5215 FR FPGA A HRATECE
SRAM f#fifi &% .

FPGA i /& LL T T 26 5 B B A6 AR «
o  WIRMIRA L tINITL.
e RECONFIG_N & JyE .
o READY & A 4 IR B 58 Hl B o

XA Be READY % IR AL Rl I g
o /R FPGA IEFEIEFR A MHINL E SRAM [X 2.
o {ENHIN, bl bR HIRARK T CARH I FPGA Bk H AR IIRES .

UG718-1.0.2
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4 P E A

4.3 ZEVEHIE

423 L&

4.2.4 Mg

4.2.5 FAPER

A2 READY EMIE) BT, FPGA #EARCERE . R MODE

ERRA, ATl 2R R ECE FPGA WL E SRAM. 7F FPGA
Wele B BRI ], AT LLIE TS READY & I 5 35k 7S . READY & s
B AR~ IC B I FE 1B, READY & B T-Ha/~ FPGA L& 4k, AR
AR

HIEMBENEITAICE SIS, FPGA 3 NMEERRA I B A BT

DONE JIR&f7. fEMEIRA N, FPGA MK UKHHT I FER1E:

1.

ffige 4 Rifr {55 (GOE), FPGA (1) I/O B & BIRES, FEMK 110 mfs
SEI TR D RE . W B A4 R B AL/ R ALE S (GSR), AT LARS IEA S
S50 FPGA WHEH] Flip-Flop R .

B4 R B AL EALE 5 (GSR)M 4 R 5 N2E 155 (GWDISn). fiifkE
A RENZE IFZ AT LARS IE FPGA 1224 E 3 RAM FIHI MG 1L B
fERESMN DONE & . fREIRA T DONE & Bl /& — A% i 110,
A LLE A 1 4 DONE 5 Bl 5 201k FPGA (R AEMeBRIR S o
—H DONE & i, FPGA ¥ 5E MRS, SR P,

AR, FPGA KL ZIPATEBOHZEIZH . FPGA K fREF

FEF PR BB A AR =R A

A4k RECONFIG_N % Jit

i P B v 1 #2082 REFRESH 154

HYRE T~ _ErEaE

— B HILLL E=FEe0E, FPGA ¥ Bt N E i .

4.3 REMEE

UG718-1.0.2

FL P FPGA HEATE, e 4ebh R A S B, s

PRI GRS S AR R T — RPN e Ry i i, v ey
MBSO T 52 1 L e RS .

AR KB = B

Ao EITaTHT, Zwfe it B sl & tURF R B0 1 & it

Mo B RErR, e F SR g A A Kot 1) I i 5

Mo E e, SFEANTARRES, Bl Ve R K.
=B BRI TR I E BT .
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4 P E A

4.4 LR ARG B

B EFFoRRT
i 2 SR A AT HEAT RC B A, H S WL N DR
1. BEATHCE R R
2. JASNSMREEATFHEAT SO, P B shR R 1 FPGA 77 i
3. EFELEAFIR B AN G G B AL AT S A S AR L B
kiR, AR E SR ORI ID, AR S A ik
BRI LLRF AR T 1D AT R, R B seaTERAE, S0, A
JUIE PRI LCRF IR BOA i N ARE S, e T WA
!
2R FPGA P i LA RFE M 1D, DME S AR R 507 AT X 0y . R R = 3k

VSR R LRSI A b E Shd N 1 a8 ID SRR S, P R SR TR iR
PR AERITT

EEdiET

FCEL I A, axfF B e I L RF A (1 1D {5 B bR, Kk
W JE TR R B IR . D Ik ERR R o 4 B ) 1 DA A% il A v R]
REREMATIR, Mzt CRC RS 172Uk Or LUARF i SCAF i
A HHEAL IERI S AN FPGA, BARFEUNT .

iz PR S IR AL BRI Bt P R B R #OINN T BObhE
Xt ) CRC Rt 1z~ S A e A AL SR IR A Hh i = ANt
PR, AR AR A AT LEAL, — BOR BRI, 2R AL
YERi 2 ms, P E SR DONE fa7m i AR, At 5 b
CRC #5417

BoESERlE

B & 5, R4 A P IR FR I mARRC AR, 234 1 EL R R s 2 2
SRAM H5ERE B . AT hn# 3 SRAM T HIEHE, &z Sk IR
A R LR A I R AR B B B T AL, AT P ARG L SRAM
W
FE!

B2 SR S E Flash HOT7f% %2 41 415

4.4 LLFRMHECE

UG718-1.0.2

ez 3R FPGA 7 i 2 T BAH S IO RF I 7 2245 & R AR kAT 1k
WA . OB T A e B IR A A S IR STURT EEARR R SC A G B O i
Wlo A B E EHIA LR SO IO EAN B S, IEEWME MG RIES%
FEE S

i AR DR B ) 2 e e AR, 7E FPGA 77 i (1 LLRRR
SCAFERAINA T CRC RIGFNEIF I E 1 7. Bl B id 72 S22
A AR A, HRRAOBEE IOk iE S F, DONE {5 S hifi. W&
Tz e R RO e R B G AT P TR AT [T
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4 Tt B 1 4.4 HERRRCSC L E

4.4.1 B EixINIGE

PR R 2B B SR I s B S 25 18] 4-6, P EIETIHE CRC K2
BAERe. WRFRSAREEE . s E . LefikE. MSPI it Ak
. ZEECERIUN SPI Flash B3tk . USER CODE & & %%

4-6 Bp B LR
BitStream
o g;:tifsl.ize Enable CRC Check
General [] Enable Compress
v Place & Route Enable Encryption (only support Arora)
S:::;ZI Pin Key(Hex): [00000000-00000000-00000000-00000000
. Dual-Purpose Pin Enable Security Bit
BitStream Print BSRAM Initial Value
Secure Mode
[] Program Done Bypass
[] Power On Reset
Wake Up Mode: 0 -
Loading Rate (MHz): |2.500 (default) -
SPI Flash Address: |OOOOOOOO
User Code @® Default (O Custom 00000000
Bitstream Format: () Text @ Binary
Cancel Apply
!

o 2 P AR YRR ) 2 e B s B R I e ) 0 22 A i BRI, T A AR
PAFRBE AT RCE,  BEW] MRS M R i 22 42, SCREMSBEIEAR AT ol 341, ek
BRBEHMORRRE 1 P B i) 2 4=k

4.4.2 Bl ERE M

ma B RARER (Arora V) SR FPGA 7 it SCHF EUARFREUE I, R
H1 128 bits 1] AES IN# 5ik. TN 1 LURF AR A BC B A A0 T -

1. fEw PR PR AN 3 S A i LR S A 5
2. f£ Gowin g FE 4 N\ 5 HAF N\ FPGA,;

3. BInE bR R BRI B 2 2 5, S B AT IR B S S A AT 5L
PEAAHT o
BN I G, 2852 e B IR E 0 TAE, BaEMNT AW G, 284
%= T.4E, READY #1 DONE 1z 5 i1k,

EX

o AES #4. Hfk AES #.4H, AES &k BRI 4y, &k
ANFERE, ARICTEFR key;
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4 Tt B 1 4.4 HERRRCSC L E

o AES HHKE: 128 fi;

e Key: AES HHfIFR, Arora V FPGA F= i FR$ft—/ 128 K 1)
== 18] T 174 Key;

® Lock: AfRIE AES HHHRI %4, %184 T BRI key MIALRR, AL
FZILFERIFR lock, b THUEIRE G, BB G RIEHE A SR 2
1.

HBAMEEA
TE IR AR NN S B R R

1. FTHF B UEHA A B ) TR

2. fESRHFHESE “Project>Configuration”;

3. Hili “BitStream” 11%%, ‘AJi% “Enable Encryption(only support
Arora)” FFRINEME, WHE 4-7 Fios.

47 MBERARES
BitStream
General
v Synthesize Enable CRC Check
General [] Enable Compress
e Pla(cae & RTUte Enable Encryption (only support Arora)
enera
Unused Pin Key(Hex): |DDDDDDDD—DDDDDDDD—DDDDDDDD—DDDDDDDD
Dual-Purpose Pin Enable Security Bit
BitStream . L
Print BSRAM Initial Value
Secure Mode
[] Program Done Bypass
[] Power On Reset
Wake Up Mode: 0 -
Loading Rate (MHz): | 2.500 (default) ¢
SPI Flash Address: |OOOOOOOO
User Code @ Default () Custom 00000000
Bitstream Format: (O Text @ Binary
Cancel Apply
I HHRE NI G, 7 ZRE RN EHES NS FPGA KA
X, #RFFA BeMFHT NS B PR R R 6 I
HAREENA

fil s B AR S NTNE T
1. 77T Gowin 4w et
2. 4 FPGA Z81F;
3. AR %L Security Key Setting;
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4 Tt B 1 4.4 HERRRCSC L E

4. FEFRH S BN ATINE E HE IR RS “Write” KIS A F
FPGA, i 4-8 fliur.
18 MEBARERZE
W Security Configuration (Key Editor) ? X
Key (hex)

0x00000000000000000000000000000000

Lock : Refuse to write and read
Read : Read and display the key(if unlocked)
Write : Program the key to FPGA

| Close |
i N
W Security Configuration I. g ﬂh]
Write ] [ read ] [ lock
Lock ! Refuse for writing and reading it
Read : Dizsplay the kew(when unlock)
Write : Frogram the key to FPGA -
L -

R S S N RTh JE T DA R A B R B R 4 0l 5 BN AT I
il

EHENRIE, H P ATIEEE lock i K %40 “Hi8” 16 FPGA )
8, R AT A B SO 5N AR EOR E Rk P E iR AT B,
Wy I L2 it oy “17,

BCE MR YR, I i R S R AT S e P ILEC R A 4 e
M. RN PR G B 32 B R
!
r PR FPGA M BIRIIG AT A A48 0, MBS PIEM A A2 808 1 R {Exik

Beiml 0. B, FH RS R TR S ON R % 818 v 00000000-00000000-00000000-
00000001, 2 J5i&ekitas 4 r) s AR B R A 22 1,
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4 Tt B 1 4.4 HERRRCSC L E

AES ZAGRIZIR(E
Gowin Programmer T H$2ft | AES ZH%fE T H, Hdiks
“Edit” # “Security Key Setting” i&IIRIA] FF 5 1Z T E, Wk 4-9 Fis.
4-9 AES 4RIZXHEHE
W% Security Configuration (Key Editor) ? X
Key (hex)
0x00000000000000000000000000000000

Lock : Refuse to write and read
Read : Read and display the key(if unlocked)
Write : Program the key to FPGA

| Close

rﬂ Secuiry configure l ? i:?-1
EESTE |
[ write ] [ read ] [ lock
ThieHBER:

Lock : iﬁq@keyﬁiiﬁmﬁg N
Read : ETFPOARRIE:wE. Heyitisgldm]H
Write : [O)FFGAEIRIES A ISTER ey

IETF AT =TI, il
o \Write: ZfE Key:
® Read: %A Key;
® Lock: i Key LSRR .
% TE Key (Write)
1. K HE XK Key(AES #HI)IEN “ AT AR TERE”
2. i “write” 14
3. TLRIZITHIR, RIBIEUELR.
BZH Key (Read)

By “read” ZHIIX S ANK) AES BT FIRIRUE, USRI
AES & WoRIE “ BAT ORI IEHE”
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4 Tt B 1 4.4 HERRRCSC L E

# & Key (Lock)

Hd “lock” %41, i€ Key £z i1Ls, AES ZERANGE R4 L
FMEN.
AES BiiRiERE

K 4-10~& 4-14 25 7 inf w2 a8t e AES ZEHMRRE, BURIES)
BT JTAG Wil

/22 ID CODE

xrasf 1D BT, — 5T T E JTAG PRl 5 TAFIEN, 55—
T A8 ek X G T IR A, B SRR .
4-10 Prepare

Check ID N

Y
v

Transmit Read ID
Command (0x11)

Y
v
Read 32 Bits
<G> )
Y*

The “?” sign can be:

A: To read AES key flow

B: To program AES key/key?2 flow

C: To lock AES key or Set Key?2 selected flow
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4 Tt B 1 4.4 HERRRCSC L E

B AES Key
[#] 4-11 Read AES Key Flow

Transmit ISC Enable
Command (0x15)

A 4

Transmit Read Key
Command (0x25)

A 4

Delay
100 ms

A 4

Read 128 Bits

A 4

Transmit ISC Disable
Command (0x3A)

A 4

( Stop )
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4 P E A

4.4 LR ARG B

£ AES Key
[#] 4-12 Program AES Key Flow

Check ID
Code

Y—»

Read ID
Code

N
\ 4
Transfer ISC_Enable
Instruction (0x15)

Y
Transfer Prgm_key
Instruction (0x21)

Y

Transfer Key_Data

Y

Wait 3.1ms

Y
Transfer ISC_disable
Instruction (Ox3A)

End

UG718-1.0.2

63(73)




4 P E A

4.4 LR ARG B

[#] 4-13 Program AES Key2 Flow

Check ID Read ID
Code Y Code
N‘
A 4

Transfer ISC_Enable
Instruction (Ox15)

v
Transfer Prgm_key?2
Instruction (0x29)

Y

Transfer Key2 Data

Transfer ISC_disable
Instruction (Ox3A)

End

UG718-1.0.2
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4 Tt B 1 4.4 HERRRCSC L E

#f & AES Key

i€ AES Key IMEH 2B IE Key it§z . #ii%E AES Key 2 JG5 K ANRE
BEUAIC B AES Key.

4-14 Lock AES Key Flow

Transmit ISC Enable
Command (0x15)
\ 4
) Note!
Transmit Program Startthe 2.5V circuit to get the
EFuse Command (0X24) voltage ready before program
efuse.
\ 4
Transmit Security
Command (0x23)
\ 4
. . Note!
Transmit 128bits of data Setdata [127:125] as “1” and all
others databits as “0” .
\ 4
Delay
800 ms
A
Transmit Read ID Note!
Command (0x11) or Just transmit a command to end
the 2.5V circuit, such as ReadID.
others

v
Transmit ISC Disable
Command (0x3A)

A 4

( Stop )

443 BEEXHKRN
3R FPGA 77 it FE B 30 U At =X, AFE I EERE
BHSCARE I (ASCID SO RS A RS B kil X sk 3¢
KRS R R N fs, HAPLL “I7 FERAT R TERG R, HAbEs
e AAE . k& R SR E A v .bin, HABESTERER, I
SO FGEE TR G0 FE . F P AT RUE & = 2 AR = TR b i B AR
1%
1. I E = R IE AT
2. {£ Process &I A% i Place&Route #4% Configuration 1]
bitstream;
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4 Tt B 1 4.4 LWRHR S E

3. 1F Bitstream Format &£ H & #¢ Text 5 Binary #% =R, Wik 4-15
Fr7s

4-15 ELHFRENER

¢ Configurations P
BitStream
4 Synthesize Ensble CEC Check
General [Fl] Enabla Comprass
4 Place & Route [7] Enable Encryption (only support GH2A)
General Key (Hex): [00000000-00000000-00000000-00000000
DluaI-Purpose Pin el Gty B
BitStream
Frint BESEAM Initial Yalue
|| Background Programming
Secure Mode (device can be programmed only once)
Download Speed MHz): [2.500 (default) -
SPT Flash Address OOFFFO00
USERCODE : @ Default (0) Custom |00000000
Bitstream Format: () Text @ Binary
0K ] [ Cancel ] [ Apply

B SR R R B ) R 48, R 4E Ee Bl 5 H P RS, A

B RS TR 4 I IC B SO RN, R 4-3 Fiios
%% 4-3 Arora V 60K FPGA FEEELE X HA/D (BRXIER)

B BT HE i B ST RN (BeRAED

59904 21Mb
e
R B EE AR A S SO RN, HLBCE SR AT R 46 . {8 SPI Flash 1744
BN FEEH SR,
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4 P E AR 4.4 LEFR S E
4.4.4 Bo & 3XHNEEHC
FPGA 1] LAME N Master M Flash SHCE S AL E SRAM. 4
FPGA I HLH7E Ready & iH 5 E St BUBHR L SO, 452 Um#s
FPGA it 31| User Logic IRAS, Wik 4-16 Fiix.
4-16 LHREREE
VoItageA i T i i Ready i Done
€ >—> \
| | |
i } Tconfig 'i
Device Power | Power Off Power Up Power‘On | ]
Device Status POR | Configuration | User Logic
Wiz Arora V. FPGA #3373 MSPI B, Bl A1 #5 SPI Flash H 4742
AR IFEC B FPGA, BEUEC B SO F AR BN & 2.5MHz, %&F—> SPI
B B A — A PO, RIS SO /N AT SR # B 75 B 4 . MSPI 132X SPI
Flash ()i i K S 105MHz.
MR E B SR RNy IR 2 R i o A 58 AN TR, L #8 [a]
A—F.
MSPI 15 X S i3 K an sk 4-4 s .
F+ 44 MSPI #=N BHER I IR
SPIx 1 n#si | SPIx 1 n#kAn | SPIx 1 &M | SPIx 4 In#in
W RIT e B S #=2 5MHz, #=25MHz, #=104MHz, #=104MHz,
= = Tconfig fff K Tconfig i f K Tconfig I f KAE | Tconfig HIE K
i (ms) & (ms) (ms) fd (ms)
59904 21Mb 8400 840 201.9 50.5
PLEFIH 2 DN 2%, W M\ E B E e R, B T BECE T
], I e L HITE] Tramp, A& &SPIGERIR TR, BAR A (A
HHJESAR, TEATME. Ll FPGA M 2k 5e ok BN A
RECSINPAC N 2
MSPI 5 :
T wane = POR K + Bl LERr B 3%
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4 Tic B 411y 4 5SPI Flash £ 4%

4.5 SPI Flash 1%#¥

Bz Gk FPGA 72 5 SC R 4N SPI Flash 8 E1E 454Nk 4-5 At
7N, T B WK Mxic. GigaDevice 1 Winbond 7= s 455 4 EoR, &
) R SR A A POE R 4, s FPGA #r] LU iZ Flash A

o

% 4-5 SPI Flash $#{E54
(S 54
Read 8’h03
Fast read 8'h0B
Dual output fast read 8'h3B
Quad output fast read 8'h6B
4-byte read 8'h13
4-byte fast read 8'h0C
4-byte dual output fast read 8'h3C
4-byte quad output fast read 8'h6C

!

iz 2 AR FPGA SCRF Flash S48 &A1 /0 —Fht 03 5 0B, A EFHEANT
64Mb.
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5 R 717 4 M Efuse 5E X 5.1 REFFH

54#"5%7?%%& Efuse EX

51 REF T

BE A AL FPIR S F A7 25 (Status Register), 7E #3451 72
vl i 2 X Status Register, ATHI10 HI W as 2 FPRAS, ) W2 75 BIh
wakeup. &SN EE 175

% 5-1 GW5A-60 Status Register

Bit Domain Description

31 auto_erase 1= bulk erase is ongoing

30 wakeup 1= wakeup status (all global signals, i.e. gsr, gwd, goe
and done, are driven high)

29 init_r 1= initialization is done
This signal is equal to the status of “INIT_N” pin

28 mfg_done 1= OTP reading is done and MFG pattern is verified

27 decomp_fail 1 — no corresponding dictionary item is found during
decompressing a code-word

26:25 sync_det_retry The retry time of sync pattern detection in MSPI mode
00 — no retry

01 — retry one time
10 — retry two times

11- no “sync pattern” is found after three times
detection

24:23 cpu_bus_width the detected bus width of CPU interface
00 — no BWD pattern is detected

01 — 8-bit mode

10 — 16-bit mode

11 — 32-bit mode

22 ser_running 1: CMSER is ongoing
0: CMSER is in IDLE state
21 ser_ecc_uncorr 1: Uncorrectable ECC error has been detected

0: no uncorrectable ECC error was detected

20 ser_ecc_corr 1: Correctable ECC error has been detected
(whether or not to be corrected is dependent on
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5 R A7 2 M Efuse & X

5.1 REHFHFH

Bit Domain Description
register setting)
0: no correctable ECC error was detected

19 ser_crc_err 1: CRC error has been detected
0: no CRC error has been detected

18 ser_crc_done 1: at least one time of CRC comparison has been done
0: no CRC comparison was done

17 sspi_mode

16 key_right

15 encrypted_format

14 security_final

13 done_final

12 i2c_sram_f

11 cmd_bypass_state

10 nj_active_r

9 auto_boot_1st_fail

8 prgm_spi

7 edit_mode

6 preamble

5 memory_erase

4 auto_boot_2nd_fail

3 time_out_r Timeout Error (1 R/xKAEHIR, 0 RRAKREHR)

2 id_fail_r ID Verify Failed Error (1 &R KAEHR, 0 RRARAE
FER)

1 bad_cmd_r Bad Command Error (1 #/REEHIR, 0 BRARE
)

0 crc_error_r CRC Error (1 F/RKEHR, 0 FRRKKEL R
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5 R A7 2 M Efuse & X 5.2 OTP Efuse

5.2 OTP Efuse

Arora V FPGA #¢fit 128 Bit ) OTP =[], WHr—thgmfs. H
BitO~Bit31 JyH F X, FR Geitill i i m LA FH b 2% 8] A7 i 22 4 1 A HAth 25 B
H. Bit32~Bit95 Jy DNA [X, f7fitiastt 64 HiME—FriR{E R,

GW5AT-605 OTP 5& X % 5-2 Fr7 .
%= 5-2 GW5AT-60 OTP X

Name Bit Index Description

User MISC 0~9bit (10bits) Obit mfg_7bit(i2c_addr_2bit)

1bit mfg_6bit(i2c_addr_0bit)

2~5bit otp_2nd_boot_addr[3:0](4bits)

6~9bit otp_15t _boot_addr[3:0](4bits)

User Define 10~31bit (22bits) user defined
Device DNA 32~95bit (64bits) 57bit DNA
USER Control 96~127bit(32bits) 96~98bit cfg_aes_only[2:0]

99~101bit prgm_key lock[2:0];
XA RN, jtag ANFEXS key/key2 X IEH]
BT SR

102~104bit rd_key_lock[2:0]:
Z XA M, jtag AREXT keylkey2 [X I
AR RIAT AR

105~107bit prgm_fuse_user_lock[2:0]

108~110bit rd_fuse_user_lock[2:0]

112~114bit prgm_rd_dna_lock[2:0]

115~117bit lock_sel_key_r[2:0];

XA R, FRoRiEFE key2 X35, {5
IEF key X3 (3bit F%dEH, HREA P bit
BEN 1, MFERGEXIEA RO,

118~120bit prgm_user_misc_lock[2:0]

121~123bit rd_user_misc_lock[2:0]

124~126bit prgm_user_control_lock[2:0]

127bit reserved
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RECONFIG_N, #:F4 M8 5E M Multi1_Address Huhik PLTR ) MSPI 5
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VAR 6.2 I ETHZ A Hotboot

E 61 ZEMEREREE

Golden_Address

Multi2_Address

Multil_Address

Power Up

v
Boot MultiBoot
Bitstreaml1

A 4

Boot Fail?

N
A 4

User Model

Y
v

Boot MultiBoot
Bitstream?2

A

\ 4
Boot Golden
Bitstream

A
User Mode3

A

Memory Map of Flash

Golden Bitstream

Boot Fail?

N
 /

User Mode2

!

Multiboot Bitstream?2

A

Multiboot Bitstream1

Reboot?

6.2 H=HLLF Hotboot
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H 5

Y& % Reboot 4 BN I TG T Bk i i &2 RECONFIG_N, ##14 FrA i
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