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1.3 KiE. 4aR8iE
AT P LRI | 4506 V8 T HIERE SR 1-1 .
£ 11 A, B

ARG iRgTE | 20 EPd

FPGA Field Programmable Gate Array 37 AT R T TR )
SPI Serial Peripheral Interface HR AT A B B A 42
AHB Advanced High Performance Bus R TR A2
FIFO First Input First Output yievii s stan!
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R

NOR Flash & —Fh3E 5 RINAFHEAR, WRIEE O v Ly ~AIFE4T (Parallel,
R M1k 2 RN H 0 26 B AN AL FE 25 4H3% ) NOR Flash fl1&:47 (SPI, RliEit SPI
FEOALHE 28 4HZE ) NOR Flash. H1T SPINOR Flash B A # i ., 3
NGRS, BETHT R MBS, FHL B, BARSK KT
BB &S M

Gowin ¥ it—Z;@E H SPI NOR Flash Interface IP, % IP A P #ifit—
ANEA AL, HH 5 SPINOR Flash o8 b7 Hi%, 5208 P 7
2= 2-1 Gowin SPI NOR Flash Interface IP

Gowin SPI Nor Flash Interface IP

W H5 WK 2-2 1 2-3,

SEAF A

WS Verilog (encrypted)

ZHEWIT Verilog

TestBench Verilog

bIUNF o a i

LA WAt GowinSynthesis®

N7 FH 354 Gowin Software (V 1.9.7Beta UL )
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2 ik

2.2 FERHE

2.2 FEAFME

2.3 #HiRFIH

SCFF AHB BRI B2
YRR SPI 2
% #F memory-mapped i 11 (R %)
K ATACE SPI SCLK;
YFFAIACE TX/RX FIFO J4)F;
Y FF Standard #2301 Lite #2350,

i Verilog & = 528 Gowin SPI NOR Flash Interface IP. [XI i f] 2544
(PR R PE AN GG ANTA], P RE AN B2 YRR F AR O T BE AN

LIz GWINSR-4C %%1 FPGA 415, Gowin SPI NOR Flash Interface
IP L ZYEFI G a2k 2-2 F1 2-3 s

& 2-2 Standard &R, FH &R

e WL | BEAR BIEA B/UE
LUT 1080

GWI1NSR-4C -6 REG 405 -
BSRAM 2

% 2-3 Lite R A &R

e WL | SRR BIEA Sk
LUT 513

GWINSR-4C | -6 -
REG 298

IPUG945-1.1.2
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3.1 RGHEK

3I)J‘a‘E. 714

3.1 REIEE
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Gowin SPI NOR Flash Interface IP J&—/ME AT 41 Fl ¥ #6122 L 4% 8 1P,
YERN—AFK%, 5 SPINOR Flash ##HHi%. SPI &4 UNUE S Fp 7]
i AHB 2 &3 NHTICE . SPIARH s vl i AHB s 44z 1 LA
memory-mapped R 77 B A A7 88 1385 77 Ak .

X} EF A7 77 NS I SPI A&, ﬁ%iﬁﬁ%ﬁﬁlﬂ@ 574 B, HuhkBURIEL
P 1P Rt AN B A AAAR SR, AT LRI AHB B4 fLiian 4, ik
AIEAE

%} memory-mapped H 25 1 SPI AL, R AHB B4k 4L ik
Hik, RPATSREOGH S b g1k 2 18] 8

& 3-1 RGER

I_hclk
I_hresetn
|_haddr_reg
| O_hrdata_reg O_flash_ck
" |_hreadyin_reg _
O_hreadyout_reg O_flash_cs_n |
O_hresp_reg
I_hsel_reg _ 10_flash_do
|_htrans_reg
|_hwdata_reg
|_hwrite_reg
User SPI Nor Flash
Design I_haddr_mem | Interface
| O_hrdata_mem i
| _hreadyin_mem _
9 hreadyout_mem

YV VY

<&

&
<

SPINor
» Flash

10_flash_di |

YV VYV VY

O_hresp_men
|_hsel_mem

|_htrans_mem

I_hwrite_mem

YV VY

I_spi_clock
|_spi_rstn

Y_VY

5(31)




3 Thpedhik

3.2 ¥ %)=

3.2 im O %I5%

Gowin SPI NOR Flash Interface IP ] 10 ¥ 2 1 3-2 Fios.
[ 3-2 Gowin SPI NOR Flash Interface IP 10 i AR =E

EEEEEEEEENREEN

I_hclk

I_hresetn
I_haddr_reg[31:0]
I_hreadyin_reg
I_hselreg

I htrans_reg[1:0]
I_hwed ata_req[31:0]
I_hwrite_reg
I_haddr_mem[31:0]
I_hreadyin_mern
I_hsel_mem
I_htrans_mem[10]
I_hwrite_rnerm

I spi_dodk

I_spi_rsth

O_hrdata_reg[31:0]

O_hreadyout_reg

O_hresp_req[1:0]

O _hrdata_mem[31:0]

O _hreadyout mern

O_hresp_mem[1:0]

0 flash ok

0_flash c=_n

10 flash_do

12 _flash di

IR AR R TR R R

RIGECE SHOAE, w2 i8A A6 .
Gowin SPI NOR Flash Interface IP ] 10 ¥ FVE4HFH IR a3 3-1 fis.
= 3-1 Gowin SPI NOR Flash Interface IP §Yifk O%13&

e | E558% JrlE | flik H/E
1 |_hclk | AHB B28 TAER Bh IREEEREE TN
A e b
2 |_hresetn I AHB MZEE AL, KB ﬁ;ﬁjﬁo{?{ﬁu
3 |_haddr_reg I AHB reg =k Flash
4 O_hrdata_reg o) AHB reg #5235 4 Ij'r;t;rgce IP
5 |_hreadyin_reg I AHB reg #0E 1345 ready 55 -
6 O_hreadyout_reg | O AHB reg M 1345 ready (55
7 O_hresp_reg 0 AHB reg #5 A& i v
8 |_hsel_reg I AHB reg 150 BE & EFRAE T
9 |_htrans_reg I AHB reg 15 0L 42k i
10 |_hwdata_reg I AHB reg # 5 HdlE
11 |_hwrite_reg | AHB reg L5 (E S, 1 FRR
5, 0K
12 |_haddr_mem I AHB mem &k

IPUG945-1.1.2
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3 Thpedhik

3.3 ZHLE

K5 | 54K Jif | ik #E
1% memory-mapped 1 £ %4

13 O_hrdata_mem o AHB mem & i i
{¥ memory-mapped 12 H %¢

14 |_hreadyin_mem I AHB mem #: 3 1% %% ready 5 5
1% memory-mapped 1 £ %

15 O_hreadyout me | O AHB mem & i % ready 15 5

m 1% memory-mapped £ %

16 O_hresp_mem 0 AHB mem 3L i B
¥ memory-mapped 13 H 2%L

17 |_hsel_mem I AHB mem # MB &L (E S5
1% memory-mapped £ %

18 |_htrans_mem I AHB mem B L i 27
¥ memory-mapped i 34 2%L

19 |_hwrite_mem I AHB mem &L 5(E S, 0 FR
B, LE#HE
¥ memory-mapped i 3 H %L

20 |_spi_clock | SPI Flash &% 4

21 |_spi_rstn I SPI Flash &1z, KA

22 O_flash_ck O SPI Flash B4 {55

23 O_flash_cs_n (@] SPI Flash Fi&fE5

24 10_flash_do I/O | SPI Flash ##i{5 5 MISO

25 10_flash_di o SPI Flash ### {55 MOSI

3.3 2¥OE

= 3-2 Gowin SPI NOR Flash Interface IP &%

IPUG945-1.1.2

ST

FVFIEH

ERINE ik

Operation Mode

Standard/Lite

Standard
(LS

Standard £ 7R SRR UE

Lite 7 S fi] FLAR 3

Memory-mapped
Read Support

Yes/No

No RN S

memory-mapped 152U
X Hdl A

SPI Clock Divider

0~128

Frn SCLK A 5 5T g
S

24 SP| Clock Divider {&
N, N A RME B
KAUWT:

0: Fsclk= Fsource_clk
1~128: Fsclk =
Fsource_clk/(N*2)

TX FIFO Depth

2/4/8/16/32/64/128

RX FIFO 7R &

7(31)




3 Thpedhik

3.4 A fFas ik

Frs | ZHAaR

RVt

FRIME

5 RX FIFO Depth

2/4/8/16/32/64/128 | 4

TX FIFO J5JE

3.4 FiFsafEd

& 3-3 FHEHIIRBE

Hu kAR A R

0x00~0x0C 1* e

0x10 TransFmt SPI &4k N A58

0x20 TransCitrl SPI fEH 5 il 75 A7 4

0x24 Cmd SPI fir & W f7a%

0x28 Addr SPI k27 f7 2%

0x2C Data SPI #1725

0x30 Ctrl SPI i a7 fE 2%

0x34 Status SPIRE T 74

0x38 IntrEn SPI b fii e 27 A7 2%

0x3C IntrSt SPI HWRIRZAS 27 474

0x40 Timing SPI 2 i 7 2547 4%

0x44~0x78 1RBE

0x7C Config W=Rawea

E!

T AL G R E X

e RO: Hi

e RW: A[iLHE;

e WIC: i, 5 1iF%.

3.4.1 SPI t&#ikg X F 7% (0x10)

% 3-4 SPI et N & F#en

RS Bit fiz it ik NN

Reserved | 31:18 - - 0x0

AddrLen 17:16 RW il FE (A7 byte) 0x2
0x0: 1lbyte
0x1: 2bytes
0x2: 3bytes
0x3: 4bytes

Reserved 15:13 - - 0x0

DatalLen 12:8 RwW BAEKE (AL bit) 0x07
SR BdE K FE N (Datalen+1)bits

DataMerge | 7 RW Bl & A RE, R AE DataLen = 0x07 | Ox1
I 2L
Ox1: 4 bytes f&4i

IPUG945-1.1.2
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3 Thpedhik

3.4 A fFas ik

SR Bit 13z eyt g FRIME
0x0: A ALHH AT
Reserved | 6:4 - - 0x0
LSB RW B A% U 0x0
0x0: A Ao
Ox1: A RA S
Reserved 2.0 - - 0x0
Ve
TAT AR TTAA T, BRI E SPI fh % U % 47 45 (0x10){H &y 0x0x00020780.
3.4.2 SPI {512 5 7785 (0x20)
%k 3-5 SPI fE sl H =%
AT Bit £z g3t} g ERINE
Reserved | 31 - - 0x0
CmdEn 30 RW SPI fir 4 Bl fig 0x0
0x0: ZEibdr 4Bk
Ox1: fEfedT 4B
AddrEn 29 RW SPI ik Befiifit 0x0
0x0: & i-HhhkBE
Ox1: ffifethhkBL
Reserved | 28 - - 0x0
TransMode | 27:24 RW ftaE =, 0x0
0x0: [FJH 5 Al
ox1l: H'5
0x2: HiE
0x3: 5, ik
Ox4: B, 5§
0x5: 5, Dummy, P
0x6: %, Dummy, 5
OX7: JoE s (L 2 fif it CmdEn B AddrEn)
0x8: Dummy, 5
0x9: Dummy, P
Oxa~Oxf: {7
Reserved | 23:21 - - 0x0
WrTranCnt | 20:12 RW BB IR 0x0
®  WrTranCnt 5/~ WU %5 77 28 A5 5
3| SPI S . SbrEcE
& (WrTranCnt+1).
® WrTranCnt A 7E TransMode
0,1,3,4,5,6 5% 8 B %%
® XJ TransMode 0, WrTranCnt 5514
T+ RdTranCnt.
Reserved | 11:9 - - 0x0

IPUG945-1.1.2
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3 Thpedhik

3.4 A fFas ik

S FR Bit £i7 e ~iv #hid BRIME
RdTranCnt | 8:0 RW LI TR 0x0
® RdTranCnt#57~M SPIS LR H-AF
fits 2B 27 17 2% DO B0 B oo Sebr
$r& & (RdTranCnt+1)
® RdTranCnt 27t TransMode &
0,2,3,4,5,6 ¥ 9 HiERL.
® ] TransMode 0, WrTranCnt 44 Z5i%%
F RdTranCnt.
3.4.3 SPI1 & F 785 (0x24)
% 3-6 SPI (S H 7%
SR Bit fi7 e v ik BRIMA
Reserved 31:8 0x0
CMD 7:0 RW SPI {14 0x0
3.4.4 SPI it % 7788 (0x28)
%% 3-7 SPI Mot H 28
SR Bit £i7 eyt fhid BRIME
ADDR 31:0 RW SPI Hidi: 0x0
3.4.5 SPI ﬁﬁ%}ﬁ%ﬁ(OxZC)
% 3-8 SPI BB F 755
SR Bit fi7 et ik BRAIME
DATA 31:0 RW SPI ik B 0x0

IPUG945-1.1.2

XEEAE, HdEE ANE| TXFIFO. &
FHAIgAEE . IE TX FIFO i, HIRSH
177511 SPIActive £y 1, U] hready 15 5
PACRIRNERPIRA

SHEEEE, M RX FIFO 3EUCEE .
R Bi%. Wik RXFIFO ==, HIR
BP9 SPIActive £74 1, T hready
EREEVA I SEPNE T e

2 TX FIFO N%%, SPI AL #r AR F5 (T
HAHZHIES N TXFIFO; 24 RX FIFO
i, SPI A& AR B E RXFIFO
2 () AT R USCE A -

EEEAEF, WHEE WrTranCnt
FIBE 5N TX FIFO 7, 2 23R &
HNE R IR, BusEd S A TX FIFO

THkR.
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3 DhgHk 3.4 AATAR A
3.4.6 SPI &% & 7783 (0x30)
& 3-9 SPI =& a5
4 Fx Bit fi2 FKA | R BRINE
Reserved 31:3 - 0x0
TXFIFORST | 2 RW %% FIFO E A7 0x0
518060, EEMREETREBIEE.
RXFIFORST | 1 RW B2 FIFO 141 0x0
5186, EEAERETREANEE.
SPIRST 0 RW SPI &1L 0x0
518060, EEMREETREBIEE.
!
Lite A= 25 A7 28 A S HF
3.4.7 SPI RRSF 785 (0x34)
& 3-10 SPI REFHFE
B Bit fir | K7 ik ERINE
Reserved 31:30 - 0x0
TXNUM[7:6] | 29:28 | RO Ri% FIFO H A e £ = [7:6] 0x0
Reserved 27:26 - 0x0
RXNUM[7:6] | 25:24 | RO F2UR FIFO H 3 Rl i [ 7:6] 0x0
TXFULL 23 RO K% FIFO Jikr & 0x0
TXEMPTY 22 RO Ki% FIFO % hr & 0x1
TXNUM[5:0] | 21:16 | RO Ri% FIFO H A e £ = [5:0] 0x0
RXFULL 15 RO B FIFO kR & 0x0
RXEMPTY |14 RO R FIFO kR 0x1
RXNUM[5:0] | 13:8 | RO R FIFO WA i 3= [5:0] 0x0
Reserved 7:1 - 0x0
SPIActive 0 RO SPI ZFf7as IEE B AR & 0x0
Y SPI i & T F A 5 N5, SPIActive
AR R 1, TEAE R 5E S » SPIActive 28R 0.,
3.4.8 SPI Wi i B8 B 7788 (0x38)
& 3-11 SPI HhBfi{FE R HF 5
R Bit fiz | 257 EiEipa BRIME
Reserved 31:5 - 0x0
EndIntEn 4 RW SPI f&Hss R fiipe 0x0
i 24 SPI A& 4 45 A 2 75 it
Reserved 3.0 0x0

vE!

Lite #2747 48 A S HRF

IPUG945-1.1.2
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3 Thpedhik

3.4 A fFas ik

3.4.9 SPI FW R FFFRR(0x3C)

< 3-12 SPI H RS EFFR

ZFR Bit fi7 | K%Y e BRIME

Reserved 315 - - 0x0

Endint 4 WIC | SPI f&%ush s b Wi 0x0

2 SPI AL 45 AR W fd & B 1% bit 7 10H 1.

Reserved 3.0 - - 0x0
3.4.10 SPI £ i FF & %78%(0x40)

% 3-13 SPI O F&EFeR

ZFR Bit fi7 | K%Y ik BRIME

Reserved 31:12 | - - 0x0

Reserved 11:8 - - 0x2

SCLK_DIV 7:0 RwW

SPI % AW eh SR SR b, BT | Oxff

FC &

® 4 SCLK_DIV {H7EVEH 0~127 i,

SCLK A5 Z8 = 5 I o 41 22
/((SCLK_DIV+1)*2)

® 4 SCLK_DIV i} 255 i}, SCLK
AR ZE TR 8P spi_clock A% .

vE!
Lite b 2547 28 AN S Hr o
3.4.11 B B FE8%(0x7C)
R4 BEFFSR
ZHR Bit iz | kA iR BIME
Reserved 31:8 - - 0x0
TXFIFOSize | 7:4 RO TX FIFO &%, BUATHCE Ox1
0x0:2words
Ox1:4words
0x2:8words
0x3:16words
0x4:32words
0x5:64words
0x6:128words
RXFIFOSize | 3:0 RO RX FIFO X%, BT HALE Ox1

0x0:2words
Ox1:4words
0x2:8words
0x3:16words
0x4:32words
0x5:64words
0x6:128words

IPUG945-1.1.2
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3 Thhe ik 3.5 AT B Ak T

!
Lite #2448 A S HF

3.5 fE i B 1% In

3.5.1 TX FIFO RE

i 1P MR SR E TX FIFO VRS, XN ACE 251725 (0x7C)
TXFIFOSize, #®ER[% N 2,4,8,16,32,64,128. BRINAEE N 4.

Lite SR EARI LS, [EEAN 1.
3.5.2 RX FIFO 3
it 1P N4 SR € RX FIFO FUVARE, M ACE 251725 (0x7C)
RXFIFOSize, RE %N 2,4,8,16,32,64,128. ERIANIRJE(E N 4.
Lite BV E AR E, [FHEN 1.
3.5.3 Memory-Mapped 5EEL
IP $24t 7 memory-mapped BEXFIHE . @IS IP NAZ A AR 1 E 2 1
Yz,
Lite 10AN S+ memory-mapped 2H

3.5.4 SPI EOF$hE&#
I IP AZAE RS R SPI 2 DR #h AR, XN SPI 22 D 7 %547
#%(0x40)F 1) SCLK_DIV. fltn:
24 SPI Clock Divider & 0, SCLK_DIV 1E 4 255;
24 SPI Clock Divider & 1~128, SCLK_DIV {4 0~127;
Lite #550 SCLK I B AT L E, BB AIR [ 2 %6 F helks

3.6 EERIERTIE

A3 LL GOWIN #3441 SIP 1] SPI NOR Flash 414, 3% 8] SPI NOR Flash
Interface IP HIEIR L SH/ELTE . A 1P R Erbade SPI R, AR R
Dual SPI, Quad SPI#z. GOWIN 2&ff SIP [#] SPI NOR Flash #54> i
AFF (AEaFE Dual SPI, Quad SPI# &4 T

% 3-15 SPI NOR Flash 393 @4 51% (FE3#E Dual SPI, Quad SPI #XH%)

Command Name Bytel Byte2 Byte3 Byte4 Byte5 Byte6 Byte7
Write Enable 06H

Write Disable 04H

Read Status Register-1 | 05H (§7-S0) (cont.)

Read Status Register-2 | 35H (515-S8) (cont.)

Read Status Register-3 | 15H (S23-S16) | (cont)

Write Status Register-1 | 01H S7-S0

Write Status Register-2 | 31H S15-S8

Write Status Register-3 | 11H S23-S16

IPUG945-1.1.2 13(31)




3 Thpedhik

3.6 E HAFHEE

Command Name Bytel Byte2 Byte3 Byted Byte5 Byte6 Byte7
Read Data 03H A23-A16 | A15-A8 | A7-A0 | (D7-DO) | (cont.)
Page Program 02H A23-A16 Al15-A8 | A7-A0 D7-DO Next Byte
Sector Erase 20H A23-Al16 Al15-A8 | A7-A0
Block Erase(32K) 52H A23-A16 Al15-A8 | A7-A0
Block Erase(64K) D8H A23-A16 Al15-A8 | A7-A0
Chip Erase C7/60H
Read Manufacturer/ 90H OOH OOH OOH (MID7- | (DID7-DI | (cont.)
Device ID MIDO) DO)
Read Identification 9FH (M7-MO) (JDID15 | (IDID7- | (cont.)
-JDID8) | JDIDO)
Read Unique ID 4BH OOH OOH OOH dummy | (UID7-Ul | (cont.)
DO0)
3.6.1 Write Enable(WREN)(06H)#2{EiZ 72
HARTAEL R
1. W& SPI &) 2 47 %% (0x20) 5y 0x47000000
a) Cmden=1
b) TransMode = 0x7 (JC&#)
2. WHE SPI 4 A 745 (0x24){H y 0x00000006

CMD = 0x06
[&] 3-3 Write Enable B} FE

Cs#

012 3 45¢67

ST

Sl

S0

[— Command —»

06H

L/

High-Z

3.6.2 Write Disable(WRDI)(04H)#R{EiZFE
FAR TAEREFE:
BB SPI L i 25 77 %% (0x20) {H & 0x47000000
a) CmdeEn=1
b) TransMode = 0x7 (FC%Hk)
W E SPI fir 4 %717 4% (0x24) &~ 0x00000004
CMD = 0x04

IPUG945-1.1.2
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3 YRR

3.6 5 HAFUE

[E] 3-4 Write Disable FIFE

012 3 4567

sew [ MITUUUTUUT

l—— Command ——|

Sl

04 N1

High-Z

S0

3.6.3 Read Status Register(RDSR)(05H/35H/15H)#4EiT#2

HAR AR AR

1. WE SPI &z 25 47 4% (0x20)fE 4 0x42000000

a) CmdEn=1

b) TransMode = 0x2 (R i)
2. & HE SPI 4 a7 1725 (0x24) {8 0x00000005

CMD = 0x04

3. BEHL SPI #5757 4% (0x2C)

3-5 Read Status Register B} 5

MSB

cst N\
012 3456 7 8 910111213 14 15 16 17 18 19 20 21 22 23
SCLK 3 L | ne
l¢—— Command —»
st /// ostor3sHor 15K Y1/ ///// /111117 TIN AL LA
High-Z Status Register 1/2/3 Status Register 1/2/3
SO DXEXEX O IXTXDEXEXDEEXINTXT)

3.6.4 Write Status Register(RDSR)(01H/31H/11H)#R{EiT 72

IPUG945-1.1.2

HAR AR R

1. W HE SPI f& s a7 17 %% (0x20){E >y 0x41000000

a) CmdeEn=1

b) TransMode = 0x1 (R %)

2. W SPI #¥i % 748 (0x2C)E v 0x00000000
DATA = 0x00000000 (%] Protect Bit)

3. WH SPI 477745 (0x24){f 4 0x00000001

CMD = 0x01

15(31)




3 ThhEHIk 3.6 BEEEAERE

[&] 3-6 Write Status Register B [E]

cst

0123 45678 9101112131415

g Command —

st ////X  O1HEB1HM1H

High-Z

Status Registerin —m{

L/

3.6.5 Read Data Bytes(READ)(03H)#{EiT 1=

SRR 16 AT AR TR FE:

1. & SPI &= ar /7 7% (0x20){E y 0x6200000f
a) CmdeEn=1
b) AddrEn=1
c) TransMode = 0x2 (i)
d) RdTranCnt = 15 (f&#i & %1-1)

2. WH SPI il %5 f7- %% (0x30){& y 0x00000002
RXFIFORST = 1

3. WHE SPI il 77 £7#5%(0x28){E & 0x00000000
ADDR = 0x00000000

4. VE SPI fiv4 %17 25(0x24){E v 0x00000003
CMD = 0x03

5. BN SPI ¥ 37 /748 (0x2C)
FUGERURZ 4 DT, BT 4 ANFEN, D2 UGERILE .

!

Lite sk £ IE LT 4 A0,

[#l 3-7 Read Data Bytes B[

cst  \
012 3 4567 8 910 28 29 30 31 32 33 34 35 36 37 38 39
ScLK :LMU‘LW __ ILF@}HMMLHILF [
l&—— Command 24-bit address
s /// 03H Y3~ — XXX L1177
<o High-Z MSB .? @,@o@, Data Qut2
MSBé.'.'..'—

3.6.6 Page Program(PP)(02H)#1E5T 72

PHNELEHN 16 N1 BAA TR, EE M IOPER, 58— #kk
B, B oHAEEE, BAAGSWT:

1. HEEREE
a) WE SPIfEH{E % 47 %5 (0x20){E A 0x47000000

IPUG945-1.1.2 16(31)




3 Thpedhik

3.6 E HAFHEE

IPUG945-1.1.2

b)

d)

e)

. CmdEn=1

i. TransMode = 0x7 (FL%#E)

W HE SPI #ir 4 %1774 (0x24) i & 000000006
CMD = 0x06

WHE SPI & ¥i{s 27 745 (0x20){E ¥ 0x67000000
i. CmdEn=1

ii. AddrEn=1

jii. TransMode = 0x7 (JoZ¥%)

WHE SPI il %747 #%(0x28) i & 0x00000000
ADDR = 0x00000000

W HE SPI fir 4 %17 7% (0x24) i 2y 000000020
CMD = 0x20 (Ji X %)

HNEHE

a)

b)

d)

f)

9)

h)

W HE SPI s 25 17 %% (0x20){E >y 0x47000000
. CmdEn=1

ii. TransMode = 0x7 (Jo&#%)

W HE SPI fir 4 %17 7% (0x24) i 2y 0x00000006
CMD = 0x06

WE SPI AL i1 i 77 47 2% (0x20) (A 0x6100f000
i. CmdEn=1

ii. AddrEn=1

ji. TransMode = 0x1 (R 5)

iv. WrTranCnt = 15 ({£%i s %1-1)

W SPI 4% i %5 47 #%(0x30){H & 0x00000004
TXFIFORST =1

WE SPI 1 5 77 77-%5 (0x38)1E >y 0x00000010
EndIntEn =1

W E SPI #7517 23 (0x2C)fH i 0x33221100
DATA = 0x33221100 (1~4 #7%)

WHE SPI #4717 #%(0x2C){H v 077665544
DATA = 0x77665544 (5~8 1)

WHE SPI % %717 25 (0x2C)fH &y 0x33221100
DATA = Oxbbaa9988 (9~12 F#4)

17(31)




3 ThhEHIk 3.6 BEEEAERE

) WE SPI %745 (0x2C){H v 0x77665544
DATA = Oxffeeddcc (13~16 79)

j) WE SPIHuhk 7547 2% (0x28) 1 2y 000000000
ADDR = 0x00000000

k) #E SPI #4717 #%(0x24)H A 0x00000002
CMD = 0x02

) EH SPI IR & A7 75 (0x3C)
A Endint 27508 1, WHA 1 RonLimat R,

m) & SPI HIHPIREA 27 47 4% (0x3C)fE 7y 0x00000010
Endint=1 (5 1{§%)

®  PERRM A2 Flash AN XA RN 1, F 4 MERGS, WBIXHEER, 32KB H#
R, 64KB HRLEERR, Friibr. QS Rpgee X aa AT S8dE, HEE S ONE TR S 5
P HR IR X S F A, KRS

o  H AR EAREEL TX FIFO X%,

® Lite B LELLE 4 NFT.

3-8 Page Program RJFF[E

Cs# Y
01 2 3 456 78 910 28 20 30 31 32 33 34 35 36 37 38 39
sek ]| __JUUUUUUHU UL -
«—— Command 24-pit address _>|.(_ Data Byte 1 —p|
st /// 02+ )RR 60 0.00.0.9.006 008
coE i MSB MSB /—

[0 L = i S S s ]
EESEEBESL
40 41424344 4546 4T 48495051 52535455 S S5 S 25 2 S

Data Byte 2 Data Byte 3 Data Byte 256—>-|
LRV 9.9.0.6.60.0.0.0.00.000080.0.0060 000/
MSB MSB MSB
3.6.7 Sector Erase(SE)(20H)#{EiT 2
AR TAE A
1. wHE SPI &z 27 /7 2%(0x20){E /v 047000000
a) CmdeEn=1

b) TransMode = 0x7 (JE&#E)

2. WHE SPI 4 A {745 (0x24){H Ny 0x00000006
CMD = 0x06

3. WE SPIf&Hx | 75 7745 (0x20){E 4 0x67000000
a) CmdEn=1
b) AddrEn=1

IPUG945-1.1.2 18(31)




3 ThhEHIk 3.6 BEEEAERE

c) TransMode = 0x7 (%)

4. V%8 SPI Huhl%5 7 33 (0x28){H y 000000000
ADDR = 0x00000000

5. 'H SPI fir 427 7 #5(0x24){E v 0x00000020
CMD = 0x20 (55 X &)

[&] 3-9 Sector Erase BIFE

csr -\ /S
01 2 3 456 7 89 29 30 3
seik ]| ___JUUTE——
|¢—— Command 24 Bits Address —»
st/ 20H —— XXX
M5B
3.6.8 32KB Block Erase(BE)(52H)#{Eid 12
HARTAELF2:
1. wHE SPI &z 27 /7 4% (0x20){E /y 0x47000000
a) CmdeEn=1
b) TransMode = 0x7 (£¥#)
2. WHE SPI 4 A 745 (0x24){H 5y 0x00000006
CMD = 0x06
3. WE SPI f&Hux 27 47 % (0x20)fH & 0x67000000
a) Cmden=1
b) AddrEn=1
c) TransMode = Ox7 (L%#)
4. WE SPI HihkZF A7 2% (0x28){E A 000000000
ADDR = 0x00000000
5. &HE SPI 14 A 1745 (0x24){H &y 0x00000052
CMD = 0x20 (32KB HL#[%)
& 3-10 32KB Block Erase B[F &
cst O\ /a
012 3 456 7 8 9 29 30 31
sk ]| ___JUUE——
l¢—— Command 24 Bits Address —»
s [/ 52H ATl ~XXX L1/
3.6.9 64KB Block Erase(BE)(DSH)#R{EidL$E
HARTAE S F2:

1. WE SPI iz 25 4745 (0x20){E % 0x47000000

IPUG945-1.1.2 19(31)




3 Thaefhik

3.6 E HAFHEE

a) CmdEn=1
b) TransMode = Ox7 (%#k)

2. WHE SPI 4 A 745 (0x24){H N 0x00000006
CMD = 0x06

3. WHE SPIfE4u#x | 27 /745 (0x20){E /v 0x67000000
a) CmdeEn=1
b) AddrEn=1
c) TransMode = Ox7 (%#k)

4. wE SPI il 7517 7% (0x28){E A 000000000
ADDR = 0x00000000

5. W H SPI 14 717 4% (0x24){H 4 0x000000D8
CMD = 0x20 (64KB Ht#5 %)

3-11 64KB Block Erase B FF &

cst O\ /a
012 3 456 7 8 9 29 30 31
sck ] ___JUUE——
|¢—— Command 24 Bits Address —»
s /// 52H ATl ~XXXS L1/
3.6.10 Chip Erase(CE)(60/C7H)¥2{EL T2
AR TAEEF2:
1. WE SPI s 27 47 45 (0x20){E %~ 0x47000000
a) CmdeEn=1

b) TransMode = 0x7 (& ¥#)

2. WHE SPI 4 %547 #%(0x24){H ¥ 000000006
CMD = 0x06

3. W SPIfE4is | %5 4745 (0x20){f >/ 0x47000000
a) CmdeEn=1
b) TransMode = 0x7 (JE&#E)

4. HE SPI 4 %47 2% (0x24) i~ 0x00000060
CMD = 0x20 (}7 #%)

IPUG945-1.1.2
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3 ThhEHIk 3.6 BEEEAERE

[# 3-12 Chip Erase BFF[E

012 3 4567889 29 30 31

sek ] ___Jut

[4&—— Command 24 Bits Address —»

st S/ 52H — = XXX/

M5B

3.6.11 Read Manufacture ID/Device ID(REMS)(90H)3##{EiT 2

HARTAELF2:

1. & E SPI s ar £ 4% (0x20) i /v 062000001
a) CmdEn=1
b) AddrEn=1
c) TransMode = 0x2 (H i)
d) RdTranCnt = 1 ({45 %-1)

2. W'HE SPI ¥l a7 /7 4% (0x30){E  0x00000002
RXFIFORST = 1

3. W'HE SPI Hihl 7 1748 (0x28){E v 0x00000000
ADDR = 0x00000000

4. HE SPI 4 %4725 (0x24) i~ 0x00000090
CMD = 0x90

5. BEHL SPI ¥ %5 7 4% (0x2C)

3-13 Read Manufacture ID/Device ID B &

Cs# \
012 3 45678910 282930 31

sck ] _JUyHL

le—— Command 24-bit address —

I/ S — 3 N6 06

High-Z
S0 g

cst -- /-

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

o - UL U

S\ - YLD LY

— Manufacturer ID > Device ID  ——p»

NN 00000000 00000000 EN

MSB MSB

|

3.6.12 Read Identification(RDID)(9FH)#{E i3 12
FAR TAEREFE:
1. &E SPI f&4mia 2 47 45 (0x20) 1~ 0x42000002
a) CmdEn=1

IPUG945-1.1.2 21(31)




3 YRR

3.6 5 HAFUE

4.

b) TransMode = 0x2 (} i)

c) RdTranCnt = 2 ({&#i#%-1)

WE SPI #5177 47 2% (0x30){E A~ 0x00000002
RXFIFORST = 1

W H SPI fir 4 217 %% (0x24) {4 & 0x0000009F
CMD = 0x90

BLHL SPI %4 75 47 4% (0x2C)

[ 3-14 Read Identification B} F[E

cs# O\

012 3 45 67 8 9101112131415

g

Manufacturer ID —»

o T716 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
SCLK _ I |
i LI T TV T
emory Type ID15-1D8&»<— Capacity ID7-ID0 —»
sO -- 00000000 Skl
MSB MSB

3.6.13 Read Unique ID (4BH)##{Eid 72

IPUG945-1.1.2

!

HARTAELF2:

BB SPI L 25 77 %% (0x20) {E & 0x6900000f
a) CmdeEn=1

b) AddrEn=1

c) TransMode = 0x9 (Dummy, i)

d) RdTranCnt = 15 (f&#s%-1)

W SPI %% 47 2% (0x30) & A 0x00000002
RXFIFORST = 1

B SPI Huhi %777 #%(0x28) i &y 0x00000000
ADDR = 0x00000000

W E SPI fir 4 %17 2% (0x24){E v 0x0000004B
CMD = 0x4B

BLHL SPI #4527 47 #5 (0x2C)

(A4 Unique ID 7 128bit, FrLATRE 4 ¥k SPI £diE %17 4%
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3 ThhEHIk 3.7 WP i B

Lite BExUA SRR AT 4.
[#] 3-15 Read Unique ID EJFF[&
cs#
012345067 8 910 28 29 30 31
a— U

24-bit address
l¢—— Command (000000H) _—

sl / 4BH ):@é}éﬁ— - -~

50 High-Z

Ccs# --

32 33 34 35 36 37 38 390 40 41 42 43 44 45 46 47

SCLK ﬂ%mﬂﬂﬂf__aﬂﬂﬂﬂﬂﬂﬂrﬂﬂ:
U KOEEEEEX LT T T

Data Out1 ¥ Data Out2

S0 aQ 20900000,

Tl

3.7 BRI i ER
A543 Gowin SPI NOR Flash Interface IP [#i} /51550
3.7.1 SP1 #FEOFF

SPI Flash 142 O ¥~ = B W &l 3-16 s
[&] 3-16 SPI Flash E3EOR FREE

cst  \
01 2 3 45 67 8 910 28 29 30 31 32 33 34 35 36 37 38 39
SCLK :LMH_I'IﬂEIlJlﬂﬂ __ILFLLLI}J'UIHMHM [
l¢&—— Command 24-bit address
st [/, 03H 103633~ — XXX L/ 11711V T
High-z MSB f, Data Outl fﬂOutE
S0 TXEXEXHEAZXXT)

SPI Flash 5z D 7K 3-17 Fis.
[ 3-17 SPI Flash B O FE

cs#  \
012 3 45 8678 910 28 20 30 31 32 33 34 35 36 37 38 30
se ] - ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
«—— Command 24-bit address —p{q— Data By‘te1
sl /1IN 02H eIED- — XD XOXTEXEX XKD -
MSB MSB
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3 DhRe itk 3.8 activeFlash

3.7.2 AHB ¥R F
[#] 3-18 AHB B &L FHRSEMIEONEF

__Address phase Data phase

HCLK
\YARYi \Yi ><’ \YAVi
HADDR[31:0] ) A X
r’\ f\( \ a’J\ \ FANYAY
Y / "v" f \Yi
Control x/ X Control >{
ot u'llll'ln. L onre l'l“l.'l. I‘\ .l'll )'('.\.
Y \ ! f  E—
HWDATA[31:0] :{f— ) )/ Dam H‘{ Y
|/ \ FAY AN Co) I A AN
AW lIl' ".II
HREADY i X / \
FANY AY / \
LY 3 i1 r . 'I"
HRDATA[31:0] \ ) X Data ‘(_\
__J'.I ! ! \ (A) / '\_n"ll L
3-19 AHB R&EFSRESEREONEF
» Address phase Data phase
x | ] |
waDORIBEO] X A ) X
Contol X ; Control - { i
HWDATA[31:0] j'iri' X :;-f { 21? H }j:-
HREADY A X \ A .'g
HRDATA[31:0] X X § X oy j Dy

3.8 activeFlash

3 Ei% ] GW2AN-18X 5 GW2AN-9X 15, finfdi F Py #% () SPI Nor
Flash, 2 H activeFlash J5i5, HT-#0& M ikH SPI Nor Flash. 2414k
activeFlash i}, | _active_flash_sclk 75 AK#{5*5, | _active flash_holdn
FE 5. | active_flash_sclk 47324 F SCLK 5.

IPUG945-1.1.2 24(31)




3 YiReHiIA

3.8 activeFlash

IPUG945-1.1.2

& 3-20 activeFlash i O 7~ =E

I active flash holdn

activeFlash  [— O_active flash ready
I_active_flash_sclk >
%k 3-16 activeFlash 35 0 9T+48
i 1 110 Eiiipay
|_active_flash_holdn input | FEHIN B ORIFE T, m HSFR A0S Flash
|_active_flash_sclk input KN =R=
O_active_flash_ready | output | Ready #itiFrd, & H FER Flash G SIS
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4%71@3?

FA P A R 2 SR S IR R 1 P A s T R A E =

Gowin SPI NOR Flash Interface IP.

1. FTJF IP Core Generator

P @ TR G, B /2 F £ Tools &3k, N5 IP Core Generater
1%, BUAT4TH Gowin IP Core Generator, W& 4-1 Fixs.

4-1 ¥TFF IP Core Generator

W GOWIN FRGA Designer - [Design Summary]

File Edit Project | Tools | Window Help

Process

| | Design Sum
4 | 5 User Constrai

=1 FlogrPlan

e Timing Co hd

. Start Page

S Synplify Pro
%

Gowin Analyzer Oscilloscope

Schematic Viewer
' IP Core Generator
# Prograrmmer

| FloorPlanner

i
=

File:

is Tool:

= ||

=& *®

General

DyprofGowin_SPIMorFlash_Interface_RefDesigntprojectglnsers_norflas

GowinSynthesis

Target Device

¢ W Synthesize |5 Timing Constraints Editor mber: GW THSERA W4CON4BGCE/IS
= Synthesis .
_ #  Options... GW1NSER
= Metlist File
Device: GW1INSER-4C
4 Place & Route
Package: QFN48G
= Place & Route Report Speed Grade: CH/IS
= Timing Analysis Report Core voltage: v
= Ports & Pins Report
= Power Analysis Report
[ .
4§ Program Device N i b
Dresign | Process | Hierarchy | ‘ . Start Page Design Summary x| |
Console g X
[

Console | Message

2. 3THF SPI NOR Flash Interface IP #%

i Memory Control i£5i, X(ii SPI NOR Flash Interface, #JH SPI
NOR Flash Interface IP #%ECE i, 0 4-2 Fiios.
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& 4-2 3TFF SPI NOR Flash Interface IP #%

v\'/ GOWIN FPGA Designer - [[P Core Generator] EI@
Eile Edit Project Toels Window Help =&
o a
S R o 52
Process g x g
Target Device: [GWINSER-LY4CON4BGCAS| | [
| | Design Summary -
— Filter -
< [ User Constraints
Narme m
E Hoorplanner SPI Nor Flash Interfac
- = PSRAM Memory Interface
/% Timing Constraint... PERAM Mernory Interface 2CH E
4 Synthesize b PSRAM Mermory Interface HS Information
Synthesis Report PERAM Memor:ylmterl‘face HE 2CH
Netlist File . E’;:Ai:?d Sh';? R;i'Ster Type: SPI Mor Flash Interface
5 t
entrefier ) Vendor: GOWwWIN Semiconductor
a Place & Route SDRAM Cantraller(with ermbedded SO
Place & Route Re... SDRAM Controller{with external SDR2
L. X "4 SPI Mor Flash Interface Sl.lmma ry
Timing Analysis R.. "
Microprocessor System
Parts & Pins Report Multimedia i The Gowin SP1 Nor Flash Interface IP allows designer
Fower Analysis Rew. || Deprecated create custom systems in one Gowin device that
[l Program Device k4 connect easilv to Nor Flash chips, This IP located 52
i 4 I 3 < m
| Des.. ‘ Proc... Hierar... ‘ | y Start Page Design Summary IP Core Generator [ |
Censeols A x
E
Consaole | Message

3. SPI NOR Flash Interface IP % 1 5L

it B FiL1m A2 A SPI NOR Flash Interface IP ¥\ R E K, WK 4-3

Fiso
4-3 SPI NOR Flash Interface IP #Z3EOREE

s IP Customization

SPI Nor Flash Interface

General

Device:
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