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1 RFARFH 1.1 FMHH%E

1.1 FHAR

Gowin SPI NOR Flash Interface IP /)" 65 = E N A A THREfM A
Ui Ut B BN P ULEE . EEE A . 5%, BT PUE T ## Gowin
SPI NOR Flash Interface IP [#45 14 K A% FH 7%

1.2 HR3H
8B 5 2k SR M sk www.gowinsemi.com.cn A] DL R E . BE LT
FH IS :
. DS117, GW1NR #%I| FPGA 7= i B4 F it
DS861, GW1INSR %741 FPGA 7= fh % ds it
DS881, GW1NSER %741 FPGA 7= i 54 F it
DS961, GW2ANR %741 FPGA 7= fh %8s it
DS226, GW2AR %741 FPGA 7= U8l F it
SUG100, Gowin z R4 H f 48w

oo s wN
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1.3 Ki&. 4ER&IR

AT A B AR AR AaIAE KA SR Lk 1-1 P
R 11 RE FERIE

Rif. 4imgiE | 2 X
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2 ik

2.1 WA

2.1 #ER

IPUG945-1.0

NOR Flash & —M3E 5 R INAFHEAR, R¥EE: 00T Loy AHH4T (Parallel,
BT il 28 R0 K5 4 2k 32 A0 A 35 28 4H 5% ) NOR Flash f1EE 4T (SPI, Bii@id SPI
Bz ORI FE 25 4H3% ) NOR Flash. H1T SPINOR Flash H A #: O, 3%
INERE R, HETHE T MR E AR, FHL, Bshih, AR R T
BRAE .

Gowin ¥ it—2ki@ F SPI NOR Flash Interface IP, % IP JyH P fk—
AN A0, 5 SPINOR Flash & 47 Hi%E, 52RH P 17

3R 2-1 Gowin SPI NOR Flash Interface IP

Gowin SPI Nor Flash Interface IP

® GWINR &%l
. ® GWINSR #7%
ST ® GWINSER %
® GW2ANR %%
W TR iH 2 K 2-2 fiigk 2-3
SEAF A
WS Verilog (encrypted)
e Eavan Verilog
TestBench Verilog
MRS R v
ZRE AT GowinSynthesis
JE FH A GowinYunYuan
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2 ik

2.2 FEUSAE

2.2 FEAFLE

2.3 FiEF A

Y AHB BB B,
SCREbRE SPI 2,
SZFF memory-mapped Vi 17 (H52);
K AT & SPI SCLK;

T FEAACE TX/RX FIFO VA
¥ ¥ Standard #Ex0A1 Lite #1x

i1t Verilog i 5 SZ23 Gowin SPI NOR Flash Interface IP. [ FH 25 44:
(2T RN ATE, otk GE AN B R R A 00 n] BEAS A .

PLE s GWINSR-4C %% FPGA |, Gowin SPI NOR Flash Interface
IP H B2 A G Gl a5k 2-2 F15R 2-3 iR

%% 2-2 Standard &3, 5 KRR

RS HEER B PR H#iE
LUT 1159
GW 1N-4C -6 ~EG 529
#z 2-3 Lite 25X G &#IR
=R HEEN LR PR H#iE
LUT 513
GW 1N-4C -6 ~EG 208
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3 Thpe ik

3.1 RGHEK

3111‘5"6. ik

3.1 AGHEE

IPUG945-1.0

Gowin SPI NOR Flash Interface IP #&—Ef 47 4 15 2% 22 1 45 1l 2% 1P,
YER—ANFEH%, 5 SPINOR Flash %% #Hi%. SPI %iﬁui‘%iﬁﬂ%ﬁuﬁf”T
Wil AHB kB N TECE . SPI AR s riEsE AHB 2B 11 LA
memory-mapped R 35 FNEk A A7 A i 5 07 RAE .

X A7 2% )7 LS I SPI AL 4, 4§§HU*§:_EQEP@./‘\THH A B, kB AR
PEB . IP Rt THIN R AR A, A LLET AHB RMkfEisan 4, ik
s .

%T memory-mapped H 5 R SPI &4, R i@ AHB ML isih
Hb, BIA] RO R bk 2 18] ) B s

& 3-1 RGHEE

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 SPINor
- > Flash
|_htrans_reg

I_hwdata_reg 10_flash_di
I_hwrite_reg
User SPI Nor Flash
Design I_haddr_mem Interface
O_hrdata_mem |
l _hreadyin_mem |
O_hreadyout_mem
O_hresp_men
|_hsel_mem
I_htrans_mem
|_hwrite_mem

vy

Y

A A

|_spi_clock
|_spi_rstn

5(33)




3 Thfiedtiid

3.2 i 5%

3.2 im 53k

Gowin SPI NOR Flash Interface IP ] 10 i 1 an& 3-2 fis.
[&] 3-2 Gowin SPI NOR Flash Interface IP 10 i O~ =E

—= |_helk
O_hrdata_reg[ 14] =
—#= |_hresemn
= |_haddr_req [1:0] O_hreadyout_reg [—
=¥ |_hreadyin_reg
0_hrasp_reg[14] [~
= |_hs=l_reg
= | Htrans_reg[i:0] 0_hrdata_mem[110] =
—r] .
|_hwdata_reg [21:0] O_hreadyout_merm —
= |_huwrite _reg
—{|_haddr mem[1 0] H_hresp_mem([1 0] =
—#= |_hreadyin_mem 0 1ash ok
— |_hzel_mem
0_1azh -
e |_Hirans_mem[f 11] fashe=n
— |_huwrite_mem 10_1azh_do (e
—#= | _=pi_dock
10_fash_di feie
—®= |_=pi_r=m

RAEHCE SHONE, i 2SsE A E .
Gowin SPI NOR Flash Interface IP ] 1O % I FE4R IR 3% 3-1 Fiono
3R 3-1 Gowin SPI NOR Flash Interface IP Bix 5138

FF5 | 554K Jilal | ik #/E
1 |_hclk | AHB 2% T E i P S A
2 |_hresetn | AHB ki fr, T isﬁ';;luj,\lﬁor?gu
3 |_haddr_reg I AHB reg & A bk Flash
4 O_hrdata_reg o AHB reg 15 L E R Iynjt;rf%ce IP
5 |_hreadyin_reg I AHB reg X F %% ready 5 5 —
6 O_hreadyout_reg | O AHB reg #3152 % ready 55
7 O_hresp_reg 0 AHB reg 5 2 AL i B
8 |_hsel_reg I AHB reg MG IEFE S
9 |_htrans_reg I AHB reg 1 425 1Y
10 |_hwdata_reg | AHB reg 15 $#
11 |_hwrite_reg I AHB reg BRI EE S, 18R
5, 0 RN
12 |_haddr_mem AHB mem A itk
X memory-mapped 1A %%
13 O_hrdata_mem 0 AHB mem #5345
X memory-mapped 1 H %L
14 |_hreadyin_mem || AHB mem #&: E % % ready {5 5
¥ memory-mapped 1A %

IPUG945-1.0
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3 Thpe ik 3.2 3 413

FFE | ESHH Jitl | flid ik

15 O_hreadyout_ me | O AHB mem B 154 ready (55
m ¥ memory-mapped 1A %K

16 O_hresp_mem 0] AHB mem & AL fiy i N

X memory-mapped 1A %%

17 |_hsel_mem AHB mem XM B & IEFRE S
¥ memory-mapped 1A %1

18 |_htrans_mem AHB mem B &4
X memory-mapped 1A %%

19 |_hwrite_mem AHB mem AL 5(ES, 0 F R

B, TEEE
¥ memory-mapped # {4 %

20 |_spi_clock I SPI Flash 5}

21 |_spi_rstn I SPI Flash &1z, (KB
22 0_flash_ck o) SPI Flash i #{z 5

23 O _flash_cs_n 0] SPI Flash Fi&fs 5

24 10_flash_do 10 SPI Flash % #z{5 5 MISO
25 10_flash_di 10 SPI Flash % ## {55 MOSI

IPUG945-1.0 7(33)




3 Thfiedtiid

33 ZHIE

3.3 BHELE

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

e | AR AV BiME Eipa
1 Operation Mode | Standard/Lite Standard | Standard %/~ 2 btk
B
Lite &7~ SCRFfR] AR
2 Memory-mapped | Yes/No No TS R

Read Support

memory-mapped B

A HE Hix

3 SPI Clock Divider | 0~128

0 F 7R SCLK A3 55t 4
B L A

24 SPI Clock Divider {&
AN, N A FEMER R
KA T

0: Fsclk= Fsource_clk

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

3.4 FiFsamik

IPUG945-1.0

4 TX FIFO Depth 2/4/8/16/32/64/128 RX FIFO % &
5 RX FIFO Depth 2/4/8/16/32/64/128 TX FIFO % &
*® 3-3 FERIIRME
Hh b A% ERiEEd Eiiipa
0x00~0x1C - {5eq
0x20 TransCtrl SPI & 4% 1 %5 77 4%
0x24 Cmd SPI i & %17 4%
0x28 Addr SPI Mtk 75 77 5%
0x2C Data SPI 54 7547 4%
0x30 Ctrl SPI & a7 £7 2%
0x34 Status SPURES A fE 4%
0x38 IntrEn SPI i 5 %5 A7 4%
0x3C IntrSt SPI FWRRAS FF A7 2%
0x40 Timing SPI £ 0} 7 25 f7 4%
O0x44~0x78 A ey
0x7C Config [[W=Rayea
A LS R E L.
RO: Hi%

RW: lign s

8(33)




3 Thfiedtiid

3.4 FAEARAIA

3.4.1 SPI f5 iz F 7788 (0x20)
< 3-4 SPI fRHiEHlF 725

RS

Bit fi7

KA

Eitipay

FRIME

Reserved

31

0x0

CmdEn

30

RW

SPI iy & BUff g
0x0: ZEikar 4B
Ox1: fffEam 2B

AddrEn

29

RW

SPI Huht B fifi G
0x0: %@Jtiﬂilt&
Ox1: Al Aedhhl Bt

0x0

Reserved

28

0x0

TransMode

27:24

RW

s

0x0: [FIW} 5 Al
0x1: RE

0x2: /Elli

0x3: 5, @&
0x4: ’ E
0x5: 5, Dummy, i%

0x6: 1%, Dummy, 5

OX7 : TLH ¥ (L i fd g CmdEn 5 AddrEn)
0x8: Dummy, 5

0x9: Dummy, B

Oxa~0xf: fr7g

b

Sl

0x0

Reserved

23:21

0x0

WrTranCnt

20:12

RW

EPNE LV

®  WrTranCnt ¥57~ WA 25 1748 5 4
2| SPI S 2R A soa k. SehRdicE:
& (WrTranCnt+1).

® WrTranCnt A7 TransMode &y
0,1,3,4,5,6 5 8 B XK.

® Xt TransMode 0, WrTranCnt % 2%
F RdTranCnt.

Reserved

11:9

0x0

RdTranCnt

8:0

RW

SRR R e R .

® RdTranCnt 575 M SPI S &L WOIHAT
fith BIEHR 27 A7 248 B oo, SR
& & (RdTranCnt+1).

® RdTranCnt R # TransMode &y
0,2,3,4,5,6 1 9 B ERK .

® X TransMode 0, WrTranCnt 2%
F RdTranCnt.

0x0

IPUG945-1.0
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3 Thfiedtiid

3.4 FAEARAIA

3.4.2 SPI S4B (0x24)

% 3-5 SPI S F 7%

24K Bit £i7 e/ yiv g LONIN

Reserved 31:8 - - 0x0

CMD 7:0 RW SPI w54 0x0
3.4.3 SPI ik % 7785 (0x28)

%= 3-6 SPI it F7F 88

24K Bit £i7 e yiv ik LONIN

ADDR 31:0 RW SPI Hid: 0x0
3.4.4 SP1 %{E%ﬁ%ﬁ(OxZC)

= 3-7 SP1 BUiR HF 5%

24K Bit £i7 e yiv #Hiid LONIN

DATA 31:0 RW SPI k& i% s S E 0x0

TEEAE, HHES AE] TXFIFO. ik
FATALE . IR TX FIFO W, HARSZY
17251 SPIActive £ 4 1, 1l hready 155
PRRARANEPIRES

SHEERME, M RX FIFO U .
K7 defti%. W RXFIFO =%, HAR
DA SPIActive £79 1, I hready
EREEA I SIPNE T E /7

2 TX FIFO A%, SPIAL R
HAEZHHE N TXFIFO; 24 RXFIFO
il SPI AL R FEE B2 RXFIFO
A e (€N

E5EAEF, WEHET WrTranCnt
HIERE B 5 N TX FIFO o, 2 & H%dE <
BN KR, Bod S48 TXFIFO

AR

IPUG945-1.0
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3 DiRediA 3.4 FAF AR
3.4.5 SPI &4l & 778% (0x30)
= 3-8 SP1 =& 725
ZFR Bit fiz Eyit) Py HiME
Reserved 31:3 - - 0x0
TXFIFORST | 2 RwW K% FIFO EAL 0x0
51806, EEARETRREHINEE.
RXFIFORST | 1 RW W FIFO E4v 0x0
51806, EREARETRREHINEE.
SPIRST 0 RW SPI 47 0x0
51806, EREARETRREHINEE.
!

IPUG945-1.0

Lite LA A7 48 A SCHF -

3.4.6 SPI RASE 788 (0x34)

& 3-9 SPI RS HFS
4 Fx Bit fiz | KA it BRE
Reserved 31:30 |- - 0x0
TXNUM[7:6] | 29:28 | RO Ri% FIFO WA i [ 7:6] 0x0
Reserved 27:26 | - - 0x0
RXNUM[7:6] | 25:24 | RO B2 FIFO 3 208 £ 5[ 7:6] 0x0
TXFULL 23 RO K i% FIFO ik & 0x0
TXEMPTY |22 RO K% FIFO Zhr& Ox1
TXNUM[5:0] | 21:16 | RO Ri% FIFO WA s i 0 [5:0] 0x0
RXFULL 15 RO U FIFO Jiikr & 0x0
RXEMPTY | 14 RO Pk FIFO #hr& 0x1
RXNUM[5:0] | 13:8 | RO B FIFO g 8l $ R [5:0] 0x0
Reserved 7:1 - - 0x0
SPIActive 0 RO SPI #5788 IEAE bR i 0x0
2 SPI i 2 & a5 NJ5, SPIActive
BN, fEALS 52 » SPIActive 284 0,

11(33)




3 Thfiedtiid

3.4 FAF AR

3.4.7 SPI W7 fit B 2 7788 (0x38)

3 3-10 SPI hBf{F s 785
ZFR Bit iz | 27 Py HiME
Reserved 315 - - 0x0
EndIntEn 4 RW SPI 44k o b fi g 0x0
P12 SPI A% i 45 TR 2 75 ik A B o
Reserved 3:0 - - 0x0
!
Lite XL 27 A7 28 A SCRF o
3.4.8 SPI H PR A BF7EEE (0x30)
< 3-11 SPI RS FFR
ZFR Bit iz | 27 Py HiME
Reserved 315 - - 0x0
Endint 4 WIC | SPI &%k o A 0x0
1 SPI AL &5 o A W fd A2 B % bit 21528 1.
Reserved 3:0 - - 0x0
IPUG945-1.0 12(33)




3 Thfiedtiid

3.4 FAEARAIA

3.4.9 SPI # O A - & 7788 (0x40)

# 3-12 SPI O FH 78S
2K Bit fir | 2k ik LoNINEN
Reserved 31:12 | - - 0x0
Reserved 11:8 - - 0x2
SCLK DIV | 7:0 RW SPI B 8 SYRm AR L2, BT | Oxff
(i
® i SCLK_DIV {E7E{E [l 0~127 i,
SCLK #ii =5 i i 5
/((SCLK_DIV+1)*2)
® 1 SCLK DIV {i} 255 i, SCLK
AR SRS 4P spi_clock A%
!
Lite BLxQI a7 77 28 A S0 FF o
3.4.10 L& F7F2R(0x7C)
R IBEEFES
2K Bit fir | 2K ik BNME
Reserved 31:8 - - 0x0
TxFIFOSize | 7:4 RO TXFIFO )%, BkFHE 0x1
0x0:2words
Ox1:4words
0x2:8words
0x3:16words
0x4:32words
0x5:64words
0x6:128words
RXFIFOSize | 3:0 RO RX FIFO X%, BUATECE 0x1
0x0:2words
Ox1:4words
0x2:8words

IPUG945-1.0

0x3:16words
0x4:32words
0x5:64words
0x6:128words

!
Lite #RIL ZF A7 28 A T FFo
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3 Thpe ik 3.5 ff i B A I

3.5 fE 4l B 1% IN

3.5.1 TX FIFO #E

WL IP AZAE AR R TX FIFO MIVRSE, Xt Bific B %547 25 (0X7C)H
TXFIFOSize, RFEFAN 2,4,8,16,32,64,128. BRINIREH N 4.

Lite #i IR EA L E, [EEN 1,
3.5.2 RX FIFO RE

WL IP AZAE AR R RX FIFO HITRSE, Xt Bific B %5 47 25 (0x7C)H
RXFIFOSize, RE 1N 2,4,8,16,32,64,128. BRINIREEAN 4.

Lite B0 EATTBCE, [EEN 1.
3.5.3 SPI #¥EOR¢hE#

I IP N A% A AR Sk SPI 4 LI 8RR, 6h v SPI 8 L1 5 2947
2%(0x40)H () SCLK_DIV. filt:

4 SPI Clock Divider )y 0, SCLK_DIV {4 255;
*4 SPI Clock Divider y 1~128, SCLK_DIV {#i}y 0~127;
Lite #i: SCLK B AN Al i &, BHP 4R [F € 25 T helk.

3.5.4 Memory-Mapped 5EH

IP $24t T memory-mapped SEHUIHE: 1 . it IP A% AR A i E A2 75
TRRZHEO

Lite #4372+ memory-mapped 8.

IPUG945-1.0 14(33)




3 Thfiedtiid

3.6 1L E Bl e

3.6 IEEHIERIE

A LLIK Z A SPI NOR Flash GD25Q32E J9#il, #if] SPI NOR
Flash Interface P FIE#E S SEAE DR, A IP HSZFibriE SPI S, Frik
A FF Dual SPI, Quad SPI#x0. JE 5 A1#TH SPI NOR Flash 34> fir 2 41l
# CAMfU4% Dual SPI, Quad SPI# =X ar4) 1T

Command Name Byte1 Byte2 Byte3 Byte4 Byte5 Byte6 Byte7
Write Enable 06H
Write Disable 04H
Read Status Register-1 | 05H (S7-S0) (cont.)
Read Status Register-2 | 35H (S15-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
Read Data 03H A23-A16 A15-A8 | A7-A0 (D7-D0) | (cont.)
Page Program 02H A23-A16 A15-A8 | A7-A0 D7-D0O Next Byte
Sector Erase 20H A23-A16 A15-A8 | A7-A0
Block Erase(32K) 52H A23-A16 A15-A8 | A7-A0
Block Erase(64K) D8H A23-A16 A15-A8 | A7-A0
Chip Erase C7/60H
Read Manufacturer/ 90H O0H O0H O0H (MID7- | (DID7-DI | (cont.)
Device ID MIDO) DO0)
Read Identification 9FH (M7-M0) (JDID15 | (JDID7- | (cont.)
-JDID8) | JDIDO)
Read Unique ID 4BH 00H 00H 00H dummy | (UID7-Ul | (cont.)
DO0)
3.6.1 Write Enable(WREN) (06 H)#&{EiZ 2
cs#
scu;_\ {1123455?5
U UL
S| :L-i— Command —»
i 0H i
so High-Z
AR T AR AR
1. WHE SPI & ] 75 1745 (0x20)H A 0x47000000
a) CmdEn =1

b) TransMode = 0x7 (FC%4k)
2. B SPI 4 % 17.9%(0x24){H Jy 0x00000006
CMD = 0x06

IPUG945-1.0
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3.6.2 Write Disable(WRDI)(04H)3&/Eid 72

0123 45867

s [T

[—— Command —»|

sl

S0

04H )

L/

High-Z

HAR AR A

a) CmdEn =1

b) TransMode = 0x7 (FC¥Hk)

CMD = 0x04

. W HE SPI 427 #%(0x24){E v 0x00000004

. WE SPI &y 77 4745 (0x20) fH A 047000000

3.6.3 Read Status Register(RDSR)(05H/35H/15H)#4{EiT 12

IPUG945-1.0

cs#
012 3456 7 8 91011121314 15 16 17 18 19 20 21 22 23

SCLK 3 L] | e
[—— Command —»

s [/ osHor3sHor 154 X1///// /11111 AN

High-Z y Status Register 1/2/3 Status Register 1/2/3
50 2060000000000 000N
MSB MSB
Bk TAE 2.

a) CmdEn =1

b) TransMode = 0x2 (A i)

. BHE SPI iy 4 F A7 %5 (0x24)

CMD = 0x04

f”¥ 0x00000005

. B SPI %4k w7 47 4% (0x2C)

. WE SPI R T %5 4745 (0x20){H A 042000000
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3.6.4 Write Status Register(RDSR)(01H/31H/11H)#4EiZ 12

cs# \
SCLK :|_

01 2 3 45 678 9101112131415

«—— Command — Status Registerin —

K77

st /J///X 01HIB31HAH
o High-Z
RARTARRE:
1. W SPI & Hidx | %5 f7 4% (0x20){E >y 0x41000000
a) CmdEn =1

b) TransMode = 0x1 (H5)

2. B SPI 3577 17-4%(0x2C){H vy 000000000
DATA = 0x00000000 (3% Protect Bit)

3. WH SPI 4% 17 #%(0x24){fH ¥ 0x00000001

CMD = 0x01
3.6.5 Read Data Bytes(READ)(03H)#{EL 12

cst \
012345678910 28 29 30 31 32 33 34 35 36 37 38 39

SCLK :Llﬂ.ﬂﬂ.ﬂf%lﬂ __M@wmw I
l&—— Command 24-bit address

s ///. 03H Y3~ — XXX/ 7TV T T

. MSB Data Outt _Data Out2
s nee IOEOEEDEON__

2L 16 AN BAR TR 2

1. WHE SPIf&Hu5 ] % 7 %% (0x20){H y 0x6200000f
a) CmdEn =1
b) AddrEn =1
c) TransMode = 0x2 (%)
d) RdTranCnt = 15 (&% %-1)

2. & E SPI i 77 /745 (0x30){i v 000000002
RXFIFORST =1

3. & E SPI Hilil 77 /745 (0x28) {1 v 0x00000000
ADDR = 0x00000000

4. BLE SPI #4247 4%(0x24){H >y 0x00000003
CMD = 0x03

5. BLHL SPI 4 77 4743 (0x2C)

IPUG945-1.0 17(33)
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BIREIERZ 4 A7, BT 4 AT, 9 2RI A AR
!
Lite # i 2 IELE 4 DT 1 s

3.6.6 Page Program(PP)(02H)#{EiT#2

Cs# Y
01 2 3 456 7 8 910 28 20 30 31 32 33 34 35 36 37 38 39
sck | _JUUUUUUUyUyUuUL
— Command 24-bit address Data B _..|
st ///, 02H KeIHED- — 990@0@ (X0 -
Cos ) MSB MS? J /—

2072
2074
2075
2078
2077
2074
2079

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 %3

sew _[TUUUUU UL Juduuuiy

Data Byte 2 Data Byte 3 Data Byte 2

—
s 6@66990@0@66990@ IREXEXEHKIXINOX L L/

MSB MSB MSB

AP SE 'ﬁ)\16/\?wﬁﬁii1’ﬁ $RE, EENAWAKDER, BBk
B, BB AME, BRGSO

1. BERREE

a) W& SPI &= 5 7% (0x20){E v 0x47000000
i. CmdEn=1
ii. TransMode = 0x7 (Jo%#)

b) W& SPI v 757 %% (0x24)fH & 0x00000006
CMD = 0x06

c) W& SPIf&Hii= 5 17 4% (0x20){E v 0x67000000
i. CmdEn=1
i. AddrEn =1
ii. TransMode = Ox7 (%)

d) W& SPIHhEFF /725 (0x28){H A 0x00000000
ADDR = 0x00000000

e) WH SPI 4% 17 %%(0x24){H A 0x00000020
CMD = 0x20 (5 [X #15)

2. HNEHE

a) W& SPI & Hii= 5 17 4% (0x20){E v 0x47000000
i. CmdEn=1
i. TransMode = Ox7 (%)

b) W& SPI iy 757 %% (0x24)fH & 0x00000006
CMD = 0x06

IPUG945-1.0 18(33)
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d)

f)

9)

h)

)

k)

W SPI f& 415 i %7 7 %% (0x20)E  0x6100f000
i. CmdEn=1

i. AddrEn =1

jii. TransMode = 0x1 (1 5)

iv. WrTranCnt = 15 (&4 /2 %44-1)

W H SPI 2 %577 4% (0x30) £y 0x00000004
TXFIFORST = 1

WE SPI i B %7 17 2% (0x38) i A& 000000010
EndintEn =1

B SPI #iE % 17 23 (0x2C) {8 vy 0x33221100
DATA = 0x33221100 (1~4 714)

B SPI #iE %17 23 (0x2C)H N 0x77665544
DATA = 0x77665544 (5~8 74

W B SPI #iE %17 23 (0x2C) {8 vy 0x33221100
DATA = 0xbbaa9988 (9~12 “74)

W B SPI #iE %17 23 (0x2C)H N 0x77665544
DATA = Oxffeeddcc (13~16 )

Y H SPI ik 75 77 %% (0x28)fE ¥y 000000000
ADDR = 0x00000000

W E SPI fir 4 %17 25(0x24) 1t 5 0x00000002
CMD = 0x02

BLHL SPI R 27 47 %5 (0x3C)

F Endint 275N 1, WK1 FoRtLiid

m) B8 SPI RS 217 2% (0x3C) i 9 0x00000010

® kR

Endint=1 (5 17E%)

/2K Flash (UARR. XIEHE 58 1, A 4 MRS, BIXEERR, 32KB Hfi

B, 64KB HLfERR, FyEbr. Ry Ebr X a HALE s, HEH 5 NI 7e
PR XS ) oA B s, RS .

® S AKEEARHIT TXFIFO IRfE

o lite AR EZIELLE 4 MFTT.

IPUG945-1.0
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3.6.7 Sector Erase(SE)(20H)#{ET 2

csr O\ /an
012 3 456789 29 30 1
sok ] ___JUUTE——
[——— Command 24 Bits Address  —»
s. /7 20H G-~ ~2XXOXS /1]
HAR TAEI 72
. W E SPIfEH¥E i £7 4% (0x20){E /v 047000000
a) CmdEn =1
b) TransMode = 0x7 (Jc%#)
. WH SPI v 427 17 2%(0x24)1H v 0x00000006
CMD = 0x06
. WE SPI &y 77 4745 (0x20) {H A 0x67000000
a) CmdEn =1
b) AddrEn =1
c) TransMode = 0x7 (Jo#i#)
. B SPI b2 17 % (0x28)E v 0x00000000
ADDR = 0x00000000
. WH SPI fir 427 1773 (0x24){E v 0x00000020
CMD = 0x20 (5 [X #15)
3.6.8 32KB Block Erase(BE)(52H)#{EiZ 12
cs# o\
012 3 45 6 7 829 29 30 31
sck ]| ___JUUT——
|——— Command 24 Bits Address  —»
s [/ 52H KX~ XXX/
AR TAEIFE:

IPUG945-1.0

. WE SPI & ] 77 4745 (0x20) {H A 047000000

a) CmdEn =1
b) TransMode = 0x7 (FC%k)

. W H SPI v 427 17 2%(0x24)1H v 0x00000006

CMD = 0x06

. WE SPI &y 77 4745 (0x20) {H A 0x67000000

a) CmdEn =1
b) AddrEn =1
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c) TransMode = 0x7 (FC¥k)

4. HE SPI il /7 4%(0x28){H A 0x00000000
ADDR = 0x00000000

5. WH SPI 14 %17 %%(0x24){H A 0x00000052
CMD = 0x20 (32KB H# %)

3.6.9 64KB Block Erase(BE)(DSH)#&{Eid 12

csr O\ /an
012 3 4567 8 9 29 30 31
S S ___JUUT——
#e—— Command 24 Bits Address —m
s [/ 52H KX~ ~XXX /17
BAR T AR #42:
1. W& SPI L T 7 /745 (0x20){E v 047000000
a) CmdEn =1

b) TransMode = 0x7 (FC¥Hk)

2. BLHE SPI #4247 4%(0x24){H >y 0x00000006
CMD = 0x06

3. W& SPIf&Hi= 5 17 4% (0x20){E v 0x67000000
a) CmdEn =1
b) AddrEn =1
c) TransMode = 0x7 (FC¥k)

4. B SPIHihk 7 /7 4%(0x28){H A 0x00000000
ADDR = 0x00000000

5. WH SPI 14 %17 #%(0x24){H A 0x000000D8
CMD = 0x20 (64KB Ht# %)

IPUG945-1.0 21(33)




3 Thpefiid

3.6 1L E Bl e

3.6.10 Chip Erase(CE)(60/C7H)#{ET T2

ot \
012 3 456789 29 30 31
sew | ___JUUTE——
[#—— Command 24 Bits Address —»
/i OB - - XX
AR AR 2

. WE SPI & ] 77 4745 (0x20) {H A 0x47000000

a) CmdEn =1
b) TransMode = 0x7 (FC%Hk)

. W H SPI v 427 17 2%(0x24)1H v 0x00000006

CMD = 0x06

. WE SPI & T 77 4745 (0x20) fH A 047000000

a) CmdEn =1
b) TransMode = 0x7 (FC¥Hk)

. W H SPI fir 427 1743 (0x24){E v 0x00000060

CMD = 0x20 (F#%)

3.6.11 Read Manufacture ID/Device ID(REMS)(90H)#&{EiZ 2

IPUG945-1.0

CS# Y
012 3 4567 89810 28 29 30 M1
SCLK
le—— Command 24-bit address —
s 777 o RO - OO, - -
SO High-Z o

cs# oo 32 33 34 35 36 37 3B 39 40 41 42 43 44 45 46 47

p
o - LU

s YLD YT

y— Manufacturer ID > Device ID  ——»

N0 0000000 V0000000 =

MSB MSB

HAR AR A

. WE SPI & % % A7 %5 (0x20)E 2y 0x62000001

a) CmdEn =1
b) AddrEn =1
c) TransMode = 0x2 (A i)

d) RdTranCnt =1 (f£4 5 %-1)
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5.

B SPI i 5 77 4% (0x30){E 4 0x00000002
RXFIFORST = 1

W E SPI Hihk %5 77 4% (0x28)1E 4 0x00000000
ADDR = 0x00000000

W E SPI fir 4 %17 25(0x24)1E 5 0x00000090
CMD = 0x90

2HL SPI #4727 1745 (0x2C)

3.6.12 Read Identification(RDID)(9FH)#/EiL %

cs#\

00123 4567 8 9101112131415

SCLK

]|

[T

Manufacturer ID —»

S0 - -
cS# /
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

UL T —
KL LA T T LTV T

emory Type ID15-ID8—*#— Capacity ID7-ID0 —»

S0 -- 0.0 00900000 by

M3SB MSB

SCLK

sl

IPUG945-1.0

HAR TR A

. WE SPI & ] 77 4745 (0x20) fH A 0x42000002

a) CmdEn =1

b) TransMode = 0x2 (i)

c) RdTranCnt = 2 ({4 5%k-1)

W E SPI %] %5 77 2% (0x30){f & 0x00000002
RXFIFORST = 1

W E SPI fir 4 %17 %5(0x24){ )y 0x0000009F
CMD = 0x90

BEHL SPI %4 75 47 7% (0x2C)
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3.6.13 Read Unique ID (4BH)#{ETTE

Cs#

012345067 8 910 28 29 30 31

e —UULUUU UL UL
Command 24-bit address
| (000000H) >

x B OO -

50 High-Z

Cs# --

32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47

sew THUUUUUUNUUUTUUUNUT—

s I
r Data Outi b Data Outz
0
AR TAEEFE:
1. BB SPI &4 i 7717 4% (0x20){ ¥y 0x6900000f
a) CmdEn =1
b) AddrEn =1
c) TransMode = 0x9 (Dummy, i)
d) RdTranCnt = 15 (&% %-1)
2. BLE SPI £ %717 #%(0x30){H 9 0x00000002
RXFIFORST = 1
3. BE SPI Mtk %17 2%(0x28){H ¥ 0x00000000
ADDR = 0x00000000
4. BLE SPI 42547 4%(0x24){H v 0x0000004B
CMD = 0x4B
5. BLHL SPI ¥4 75 /745 (0x2C)
[X25 Unique ID 72 128bit, FrLARE1E 4 X SPI #4237 /745 -
!
Lite HEE A2 R AT 4
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3.7 BRI i ER
AFTN4 Gowin SPI NOR Flash Interface IP B} 17
3.7.1 SPI # OB

SPI Flash 4% M B FFos 2 E 3-3 frs.
[&] 3-3 SPI Flash &3O FR=E

cs#  \
012 3 456728 910 28 29 30 31 32 33 34 35 36 37 38 39
SCLK :LUWLI‘U@EM __II_F@]JULFLFLIUU’LF I
l¢—— Command 24-bit address
s ///, 03+ Ye3e2&)- — XX/ TV
High-Z MSB f Data Outl J%OUJQ
S0 2.0,0.0.0.090.0 Gl

SPI Flash 5 M8 7 E b 3-4 Fiox.
[&] 3-4 SPI Flash B3O8 FE

CS# )
012 3 45678 910 28 20 30 31 32 33 34 35 36 37 38 39
sk ]| . ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
«—— Command 24-bit address —:+|— Data B}'te1
st /// 02H KIEIED- — ~EXDXIXOXTHXEXEXEXIX2X KO- -
MSB MSB

IPUG945-1.0 25(33)
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3.7.2 AHB #EOKFF
& 3-5 AHB R4 LFHRSARmEORF
__Address phase Data phase
HCLK
o DO~ OC POC
Control X X Control X X >< X
_— Data
oo DO DR DOC
wreaoy (X [/ A\
P Data
om0 NN
& 3-6 AHB R4 BFHRSAREOREF
o fddress phase | Data phase i
HCLK | [ _‘
.;"1”_- .\.Ilr ‘Hr ; ‘;\"r \‘I
HADDR[31:0] '._‘,.1. A , L.ft‘. ;f‘ .J’~_
5 |
\ I \/ | : \ a'_‘; !
Contol ;{h‘x Contrdl | J : { Y
1 AT AN | A AY
i i
I |
\ Ty Y A/ Da : : ] J'_\ .".
HWDATA[31:0) _ :.-‘;_,I._\ _{,-L A kg | | AN
L I ."\\ : [ : \
HREADY -"'L*i' \'. \ A\ | / / A x
VS WS S I- f \[ Data ]I\" o\
Hm.r”:“a] = 'III'E‘_ .'E'-\ "Il-'l..;'lx\'. __‘.{\...."III: E‘I!‘:\. .l'fl‘ EH} .!.'“ - -'r'l"

IPUG945-1.0
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4%7]@3%

F P rr LAMEH IDE W1 1P Py A% AR plias T2 FH ATEC & 5 = Gowin SPI
NOR Flash Interface IP-

4.1 SPI NOR Flash Interface IP it &

1. #IJF IP Core Generator

P TR G, s &2 b Tools &1, 7 s IP Core Generater
TR, HEPA[FTFF Gowin IP Core Generator, W11 4-1 ffi7n.

[&] 4-1 $TFF IP Core Generator

W GOWIN FPGA Designer - [Design Summary] =N EcE ===
File Edit Project Window Hslp _ =]
9 Start Page L A |/gli
Process < Synplify Pro
[\ Design Summ 7 Gosin Analyzsr Osciloscope
. ‘;‘ User Constral Schematic Viewer Project File: DiyprofyGowin_SPINorFlash_Interface_RefDesigniprojectiglnserd_m
T Floorplan B8 1P Cors Generator Syhthesis Toal: GowinSynthesis
— Il Programmer
5 Timing Co o
= ] 1 leanzanns Target Device
4 [ Synthesize = Tim! i i
- i) Cemsiielis Eir Part Number: GW INSER-LV4CQN4BGCE/IS
= Synthesis | . .
g % Options.. Series: GWI1NSER
= Netlist File
Device: GWINSER-4C
4 Place & Route
Package: QFN438G
Place & Route Report Speed Grade: Ch/IS
= Timing Analysis Report Cors Valtage: "
~ Ports & Pins Report
= Power Analysis Report
';E-E Program Device
« 0 G
Design Process Higrarchy v Start Page Design Summary B ‘
Console g X
[%
Console | Message

2. #TJF SPI NOR Flash Interface IP 1%
H.of Memory Control i£1, X SPI NOR Flash Interface, 77 SPI
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IPUG945-1.0

NOR Flash Interface IP #%WlC & A1, Wk 4-2 fizx.
[&] 4-2 ¥TFF SPI NOR Flash Interface IP %

W GOWIN FPGA Designer - [Design Summary]

Fle Edit Project [Tools | Window Help

. Start Page
Process S Synplify Pro

| | Design Surnm| "2 Gowin Analyzer Oscilloscope
4 ‘: User Constrai Schematic Viewer

— Uit Programmer
% Timing Co

o) Synthesize | 5 Timing Constraints Editor
Synthesi .
YIENESlEl & options..
Netlist Fil

i IP Core Generator
=t FloorPlan

| FloorPlanner

Flace & Route
Place & Route Report
Timing Analysis Report
Ports & Pins Report

Power Analysis Report

m

E=

i

General

DvprofGowin_SPINorFlash_Interface_RefDesigniprojecthglnserd_m

Project File:

Synthesis Tool:

Target Device

GWW 1INSER-LWV4CQN4BGCH/IS

Part Nurnber:
Series:
Devica:
Package:
Speed Grade:
Core Voltage:

GowinSynthesis

GWINSER
GWWINSER-4C
QFMN48G
CE/15

L

= ol |

=& =

lxgi Program Device
i m b
‘ Design ‘ Process | Hierarchy . Start Page Design Summary ] ‘
Console & X
9

Console | Message

3. SPINOR Flash Interface IP #% i 1 5[

fic B S 22 A SPI NOR Flash Interface IP #% [f32 & &, 1K 4-3
R

[&] 4-3 SPI NOR Flash Interface IP 3O Rx=E

W IP Custormnization

SPI Nor Flash Interface

R N B AR AR AR A

A&

General

Device: GWINSER-4C Part Mumber: GW1NSER-LV4CQN4SGC6ﬂ5|

Create In:  PINorFlash_Interface_RefDesigniprojectisreispinorflash_interface E]

File Name: spinorflash_interface

Module Name: 5PINorFlash Interface_Top

Language: Synthesis Tool: | GowinSynthesis Y]

(2 el

o

Operation Mode:

[7] Mernary-rmapped Read Support

SPI Clock Divider: 0

Generation Config

Disable [jO Insertion

I_hck
O_hrdata_reg[3110] (==
I_hrezetn m‘
O_hreadyout -
I_haddr_reg[21:0] _hreadyout reg
|_hreadyin_req O_hresp_reg[10] —*
I_hsel_reg
0O_flazh_ck -
I_htrans_reg[1:0]
I_twdata_reg[1:0] 0_flash_us_n —=
Ihwrte_rea 10_flash_do [
|_spi_clodk
10_flas h_di pm
I_spi_rstn

OK ][ Cancel ][ Help
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IPUG945-1.0

4. FTHF Help 3CHY

A DL 118 4-3 N MK Help 4% 41 AT DL o B 57 25> T
AT GE SO 2, D7 (P RS SE RO 1P I E . Help SURSE TN 2RI
AIFEE Y — 5 Wi 4-4 fos.

[ 4-4 Help 3244
SPI Nor Flash Interface

Information

Type: SPI Mor Flash Interface

Vendor: GOWIN Semiconductor

Summary: The Gowin 5Pl Mor Flash Interface IF allows designers to create custom systems in one Gowin device that connect easily to
Mor Flash chips. This IP located between the Mor Flash Memory and the user's logic, reduces the user's effort to deal with the Nor Flash
Memory command interface by providing AHB interface to the user,

Options & Description

Operation Mode :

e SFI operation mode, standard mode or lite mode,
Memory-mapped Read Support :

s Support of memory-mapped access, read access only.
SPI Clock Divider :

e The clock frequency ratio between the clock source and SPI interface SCLK.
o [f SPI Clock Divider is 0: SCLK frequency= clock source frequency.
o [f SPI Clock Divider is not 0 SCLK frequency = (clock source frequency)/{SPI Clock Divider®2),

TX FIFQ Depth :
e The depth of TX FIFC.
RX FIFO Depth :

e The depth of RX FIFQ,
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5. MEFEAEER
FENC & S B B e TARREAYE B E S, A OB/ M5 %
GW1INSER-4C ], #+351%+$ QFN48G. Module Name &0 f5 [H /& L%
PEA SR TR SO, BRI “SPINORFlash_Interface_Top”, F/' Al
frizth. “File Name” & IP & 3CHFP A (30K, 47/ SPI NOR Flash
Interface IP #% & CE, BRiLKy “spinorflash_interface”, Al {47145
#12. Create In LT IP 30k, BRI “\LREE R\src\
spinorflash_interface” ] /o] AT 12 0% 4%
B 45 EXEREERE
General
Device: | GW1NSER-4C | Part Number: | G1NSER-LY4CQN48GCES |
Create In:  PIMorFlash_Interface_RefDesigniprojectisrcispinorflash_interface B
File Marne: spinorflash_interface  Module Marme: SPIMorFlash_Interface_Top
Language: I"Jerilog VI Synthesis Tool: chwinS}rnthesis
6. Options LT F
7f Options &I+, F /72 & SPI NOR Flash Interface frfii f i
PESHE L.
[# 4-6 Options EIF
Options
COperation Mode: IStandard -
[ Mernory-rapped Read Suppart
SPI Clock Divider: 0 =
TX FIFO Depth: |4 x|
RX FIFO Depth: |4 - |
Generation Config
Disable If0 Insertion
IPUG945-1.0 30(33)




5 %% 5.1 #it9f)

5 S5t

A5 EE A48 SPI NOR Flash Interface IP 1152 4% 152481 i1 458 FH 75 7%
VYIS BiE S WA =2 SR B M4 Hi#) SPI NOR Flash Interface #Hx %%
it

5.1 TS f

&% %Ll DK-START-GW 1NS4&GW 1NSR4&GW 1NSER4 V1.1
TR NG, S AR W E 5-1 Fiw.
& 5-1 £ EREHE
DK-START-GWINS4&GWINSR4&GWINSER4 V1. 1

GW1NSER4
Triger|
KEY2 > AHBBus
— flash_test K1 litce
LED1 |«
Right
flag @SPI Bus
SPINor Flash

ESZZ T, flash_test BB AHB 28 £ % &, L% sh %5 KEY2
i, filik flash_test & 5 iy 4>, it SPI Nor Flash Interface IP % SPI
Nor Flash #ATiEL: 5 MIELSEERME, R)E LB BdE 5 5 N8l 2 5
1EWh, WS IER, flash_test & H! Right flag {554 LED1 4T #4746 R, 75
TR W
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6 XAAE AT 6.1 kY

63‘:1#?217}

Gowin SPI NOR Flash Interface IP &2t 30tk EE A S =/NE5r, 05
N RS BRI S E T

6.1 3XH

SO A P fE R PDF SO .

* 6-1 315%%R
B Eiiiba
IPUG945, Gowin SPI NOR Flash Interface | iz SPI NOR Flash Interface IP H
IP FH /45w FH, RIATFH.
RN945, Gowin SPI NOR Flash Interface IP | -
RAGTULH

6.2 iHREKRE (nE)
Hnas AR SO Y2 4124 Gowin SPI NOR Flash Interface IP [#) RTL hnzift
5, i GUI i, L& S == EB 2l rEn IP .
%% 6-2 SPI NOR Flash Interface #itiE{TBFIFE
LR ik
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