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Y FEF A E ) Dual 1/0 1 Quad 1/0 SPI #11

ICRFATECE I TXYRX FIFO 3% (AIIEE: 2. 4. 8. 16. 32. 64 &}
128)

® ¢ 32 i TX/IRX FIFO % i
® U RE{E AHB/APB 22 1 _F i & gn Fe v A7 &

2.3 SEHIHEE
Gowin APB SPI IP Z5 e 4n & 2-1 Fiios.
2-1 GAGHEE
< AHB Bus > < APB Bus >
\ 4 A 4
AHB Register File
Memory
Read Slave Control Logic

SPI Arbiter

SPI Interface
A A A A A A

\A \4 \ 4 A4 \4 \4
SCLK CS MOSI MISO WP HOLD

2.4 ThEEHER
Gowin APB SPI # il 23 FZh el AR 2 A IUAS T84, 40 o AR
. MEER. Dual I/O BiXA1 Quad /0 #EX ., Hrb, R MR R E 4
iR T AL B ShALEI A SPI ik ;1 Dual I/O X1 Quad 1/0 iR #5
A48T AR5 B Q) 5 A0 Fb A% dan A =
2.4.1 &R,
Gowin APB SPI #5285 7] LIE A SPI 2% %%, 1F SPI &4 ke SPI
fB4 . SPI AL %s AN: D P rl @i APB i ftim I T A2 & . SPI
fEE AT LB AHB 528 1) P9 A7 LB 37 1) B0 i B A7 s g A R e 8l
X IEIE A AT AHB L3055 ARG SPI &, BdE 55 2 RAE SPI A
U7 )= H) 5788 (0x50) e i a4, ¥k SPI 2 D& .
Z AT BN S A B AR E . LR SPIROM B3, N7 m
Stk (R RN, 7E AHB a2k AT iA 16MB.

ML 42 USRI (1) AHB Ml 2> B AL 45 SPI s, BN
APB SPI Joii 3 MM e L EE AN R /N o AR R 45 ka6 g 3t bk 75 200
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Fe,  JUISRE AR S 1) AHB. HihE 07 B #2452 21 19 5E M -

Sof T iE I B A7 A A AGEE Y SPI B %, A4S TXIRX BE &4t dr 4
HUHERIECHERY B . 2SR5 A A8y AR e dn & HuhE A EHE 7 BUr W
7%, Ho SPIHEa 74 (0x2C) [N F TX 1 RX Hidite i . Hmts
AT g FE 10 (PIO) B DMA K53,

Gowin APB SPI st #2424k TX/RX FIFO B{E K7, LMELE P1O 4mfs
A S . M Sl B — /Nl g AE A, A AR AL 52 B R s

B 545 IR 51 ] hburst /55, APB SPI il 88 th 3 £f AHB A 1735
R RRARRAY o 32 R g d ) 8 08 SR ARAE Hh BB AR S 3 AT
SLARER, BERARR AT (R AEHD

bR 7 SCHRF R s UAh,  SPI 4RI &%E SUVF BLREAE M SPI i H _EI{E
5, MRS 5 75 BRIk AL S 20 SPI B TIE . AREZER,
HZ W, SPI B2 10 % & 74 (0x14).

Gowin APB SPI ## il 28t 7] LIME A SPI N &, FHEe52 Nk 2-2 Fios
P a4 . Ak, 1ZslesidsCiE P 3 e X, Hd s & Eois 7 B
% SPI A&z H 25 /748 (0x20) 5E o

Gowin APB SPI i ## SPI /0 #: 1 L EURE A N =1 FE: M
WA B MR I BRI R 2 BdE 7B . 2 in & BRI
B BR YN 8 ALK, T MV 2% 00 = B P s ) el B2 A 381 1) iy 2 AT
SPI 4 H F A g (0x20) FLFIPLE

*® 22 NMER TR HFH&H <
Slave Command Name | OP Code Slave Data
Read Status Single IO | 0x05 32-bit Status
Read Status Dual 10 0x15 32-bit Status
Read Status Quad 10 0x25 32-bit Status

Replay data from the Data

Read Data Single 10 0x08B Register in the FIFO manner

Replay data from the Data

Read Data Dual 10 0x0C Register in the FIFO manner

Replay data from the Data

Read Data Quad 10 OxOE Register in the FIFO manner

Data saved to the Data

Write Data Single 10 0x51 Register in the FIFO manner

Data saved to the Data

Write Data Dual 10 0x52 Register in the FIFO manner

Data saved to the Data

Write Data Quad 10 0x54 Register in the FIFO manner

Any 8-bit numbers

User-defined other than the listed Depending on the Transfer

Controller Register

OP Codes

RS LIS, Wi iR B SPI Wi R3S 7 74 (0x60) 1Y
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TP EE NS, W& 7B SPI AL 5nis it 27 17 48
(0x20) 5E . Bifm, LR {Dummy, Write}, ML E 7B £k
053] SPI B 27288 (0x2C) 1, TPl rE b EF .

2.4.3 Dual J/O &5,
Dual /O LIt # 3 B &M &4t (MISO) A1 B &4t/
Y& (MOSD {5 SHUAM AL, ST SPI 5 HIBIfE .

7f Dual /0 #530F, SPI i 235 gt FpfEdaas . Hrp—fhig U,
HihE By B AECHE B Be X A B 25 AL disk (MISO F1 MOSI; T 7E 55— i
A, B B BRI R A AR ik

BHREZEE, SN SPI Lt (0x10) H ) AddrFmt 1
DualQuad i/ .

2.4.4 Qual I/O 1RX

Quad I/0 #FGEH LRGN/ N BRI (MISO). B4 /M
wEmA (MOSD. E{gy (WP) LK HOLD & S AR ks, fi
SPI 47 5 i 2 5K i U % o

7f Quad I/0 #iU T, SPI =il ds i gt ALk = 78— Rk =0,
Huhk B BRI B B R IX DUAR L 42k (MISO. MOSI. WP I
HOLD); 75 —Fig U, AEEER BOA H X DUAR AL 2k

HREZER, S SPI Ltk U -8 (0x10) H11#) AddrFmt Al
DualQuad i .

2.5 HiFER
11T Verilog & & S8 Gowin APB SPI 1P, [RIff FH#3fF3 FE. EEAN
BHAR, HYEREAEIRERITE L AT BEA R . Pl GWSAT %41 FPGA
A5, Gowin APB SPI IP Bt i il ank 2-3 Fros .

F+z 2-3 BFRFERAER

WIERS | B HIREH L=

Logic 1716 Memory Map Support

Register 821 Memory Map Address Offset: 600000
Memory Map Read CMD Default: 0
Address Width: 32Bit

Interface Mode: Quad 10

Slave Mode Support

GW5AT Direct 10 Control

BSRAM 0 SPI CS2CLK Default: 0

SPI CSHT Default: 2

SPI SCLKDIV Default: 1

TX FIFO Depth: 4Word

RX FIFO Depth: 4Word

Enable DMA
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Gowin APB SPI IP {5 S HiiAtn# 3-1 fis.

& 3-1 554iR
Signal Name I/O Width Description
hclk input 1 AHB clock
hresetn input 1 AHB reset signal (Active-Low)
AHB address bus
N is 23 if AHB address width is 24-
bit. It is 31 if the AHB address width
haddr_mem input [NI1-1] | is 32-bit.
Unused most significant bits must be
padded with zero, otherwise
undetermined behavior may occur.
hrdata_mem output [31:0] AHB read data bus
hreadyin_mem input 1 AHB bus ready
hreadyout_mem output 1 AHB slave transfer done
hresp_mem output [1:0] AHB transfer response
hsel_mem input 1 AHB slave select
htrans_mem input [1:0] AHB transfer type
hwrite_mem input 1 AHB transfer direction
. APB clock (must be synchronous
pelk input 1 with the AHB clock)
presetn input 1 APB reset signal (Active-Low)
paddr input [31:0] APB address bus
penable input 1 APB enable signal
prdata output [31:0] APB read data
pready output 1 APB slave transfer done
psel input 1 APB select signal
pwdata input [31:0] APB write data bus
pwrite input 1 APB write signal
Set the APB SPI controller as a slave
spi_default_as_slave | input 1 after reset

0x0: Default as a master

8(43)




IPUG1216-1.0

Signal Name I/O Width Description
0x1: Default as a slave
. . . Status of the SPI CS (chip select)
spi_cs_n_in input 1 .
signal
spi_hold_n_in input 1 Status of the SPI Flash hold signal
spi_hold_n_oe output 1 Qutput enable for the SPI Flash hold
signal
spi_hold_n_out output 1 Qutput value for the SPI Flash hold
signal
. . . Status of the SPI Flash write protect
spi_wp_n_in input 1 .
signal
Spi_Wp_n_oe output 1 Output e_nable for the SPI Flash write
protect signal
. Output value for the SPI Flash write
spi_wp_n_out output 1 )
protect signal
APB to AHB clock enable is an AHB
domain signal indicating the valid
. AHB clock cycles to sample and
apb2ahb_clken input 1 update APB domain signals when
the AHB frequency is a multiple of
the APB frequency.
spi_rx_dma_ack input 1 RX FIFO DMA acknowledge
spi_rx_dma_req output 1 RX FIFO DMA request
spi_tx_dma_ack input 1 TX FIFO DMA acknowledge
spi_tx_dma_req output 1 TX FIFO DMA request
The clock source for the SPI
interface. The SCLK signal of the
spi_clock input 1 SPl interface is generated by
dividing this clock source with a
programmable value.
spi rstn inout 1 The reset signal for the spi_clock
Pl P domain (Active-Low)
spi_boot_intr output 1 The SPI controller interrupt
Select the default SPI mode
0x0: Default values of both CPOL
spi_default_mode3 input 1 and CPHA are 0x0
0x1: Default values of both CPOL
and CPHA are 0x1
scan enable inout 1 Scan enable (Active-High during
— P ATPG scan/shift phase)
. Scan test mode (Active-High during
scan_test input 1 ATPG test)
spi_clk_in input 1 Status of the SPI SCLK signal
. Output enable for the SPI SCLK
spi_clk_oe output 1 .
signal
spi_clk_out output 1 Output value for the SPI SCLK signal
spi_cs_n_oe output 1 Output enable for the SPI CS signal
spi_cs_n_out output 1 Output value for the SPI CS signal

9(43)
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Signal Name I/O Width Description
Spi miso in inout 1 Status of the SPI master-input/slave-
PI_MISO_ P output (MISO) signal
spi_miso_oe output 1 Qutput enable for the SPI MISO
signal
spi_miso_out output 1 Output value for the SPI MISO signal
spi mosi in inout 1 Status of the SPI master-
Pl - P output/slave-input (MOSI) signal
spi_mosi_oe output 1 Qutput enable for the SPI MOSI
signal
spi_mosi_out output 1 Output value for the SPI MOSI signal
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4%71@3?

FH AT LALE =2 SR = I 4 1 IP Core Generator 1.5, i IFEC
H APB SPI IP.

AL “Tool > IP Core Generator” i T HA% “& 7, 4TI IP
Core Generator, IP 51| Hi%# Soft IP Core > Microprocessor System >
Peripheral > APB SPI1 1.0,

Gowin APB SPI IP FtiFC &, Wk 4-1 for.
B 41 FEEE

iy IP Customization ? K

APB SPI s
General

Device: |GW5AST-13E ‘ Device Version:

Part Number: |GWSAST—LV138FPG676ACUID‘ Language: Verilog ~

File Name: |apb_spi ‘ Module Name: |APB_SPI_Tap

Createln:  pr\DK_START_GWSAST138_V1.0\apb_spi flash_reg\src\apb_spi | ..

Options

pedatl 510

paddd 212)

Memary Map

_— [J Memory Map Support

Memory Map Address Offset: 000000 (000000 - FFFFFF)

Memory Map Read CMD Default: (0 - 9999)

Address Width: 32Bit ~

pwdanaia0]

Interface

Interface Mode: Quad 10 ~

Slave Mode Support

Direct 10 Control

Interface Timing:

SPICs2CIKDefaule [0 |w0-FR)
SPI CSHT Default: e
SPI SCLKDIV Default (0 - FFFFFFFR)

FIFO

SRR I
I S A A AN A R

TX FIFO Depth: dWord  ~

RX FIFO Depth: |dWord  +

DMA

[] Enable DMA

v

IPUG1216-1.0 11(43)
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IPUG1216-1.0

Gowin APB SPI IP &I fic & ik 40k

Memory Map Support: Gowin APB SPI #2417 —A> Py A7 L5 7 15 1)
AHB 282 11, 2k IR Tc B2 75 8 A U il B 1

Memory Map Address Offset: T~ P A7 8L 7 A 1Y) ROM (1) £2 46 il
%, ERILA 000000. flt, % SPI Flash Memory, &t ifHht
%% 0x600000 g shthhl, K5 FA2FENHIET .

Memory Map Read CMD Default: SPI 41715 i 4% il 27 /7 2% (0x50)
(1) MemRdCmd B MG A {E, BUETER Dy 0 ~9999, ERIMAE N 0.

Address Width: H T-HC B AHB Hihk 55 8, fuF5 24-bit 5L 32-bit, BRiA
A 32-bit.

Interface Mode: A FHECE#: I0#50, 4% Dual /0 #iz5k Quad I/0
i, BRAN Quad 1/0 &,

Slave Mode Support: HTHIE 27 G H SPI M, ERAEH .
Direct 10 Control: FTACE &5 8 E#: 10 =4, BiLEH.

SPI CS2CLK Default: SPI #2118} #2725 (0x40) f] CS2SCLK =+
XM EAE, BUEYEE N 0 ~ FFF, ERIAME N 0.

SPI CSHT Default: SPI # JF 27 /745 (0x40) [ CSHT FE I ELr
i, BUETEE AN O ~FFF, ERIMERA 2.

SPI SCLKDIV Default: SPI #0573 /7#% (0x40) ff) SCLK_DIV F
B A, BUETEEN 0 ~ FFFFFFFF, BRIMEN 1.

TX FIFO Depth: FTHECE Kki% FIFO VAR, 45 2. 4. 8. 16.
32. 64 =% 128-word, il A 4-word.

RX FIFO Depth: F-FH & UL FIFO FIIRE, w5 2. 4. 8. 16.
32. 64 =% 128-word, ERiA A 4-word.

Enable DMA: HTHCE 275G H DMA Thag, BRIAKH .

12(43)
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5.1 HiFee
5.1.1 FFaRHA

Dz

Gowin APB SPI H 274788 € X 5-1 fili7n. Gowin APB SPI %77 8%

E X, firF---\lib\driver\apb_spi.h.

F*5-1 FEREX
Hu kR 2 iR
0x00 IDREV ID FETT 2717 2%
0x04~0x0C - N
0x10 TRANSFMT SPI ks X225
0x14 DIRECTIO SPI B2 10 =il %5 17 45
0x18~0x1C - TR
0x20 TRANSCTRL SPI A4z il 75 17 85
0x24 CMD SPI iy & A 74
0x28 ADDR SPI Mkl 7577 2%
0x2C DATA SPIE 4 27 /7 4%
0x30 CTRL SPI il %7 47 8%
0x34 STATUS SPIRA A AE 4
0x38 INTREN SPI i BE %7 17 2
0x3C INTRST SPI IR A ZF A7 2%
0x40 TIMING SPI £z I} FF 75474
0x44~0x4C - TR R
0x50 MEMCTRL SPI A7 [l 28 il 75 47 4
0x54~0x5C - R
0x60 SLVST SPI NI IRAS FF A7 4%
0x64 SLVDATACNT SPI M B & Hd T H o A7 4%
0x68~0x78 - N
0x7C CONFIG SPI it & 77 17 4%

IPUG1216-1.0
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PLF & 14N APB SPI 274785 & .
A7 A R g TR MRS G T

RO: Read-only

R/W: Readable and writable

® W1C: Write 1 to clear

5.1.2 ID &I &H 5% (0x00)

ID FEiT wrf74%, M T ORAF ID BT i 5, IR AT Bt A

ID FMELT Z7 4728 € LNk 5-2 Fis.

% 5-2 ID FfgiT HFH
Name Bit Type Description Reset
ID 31:8 RO ID number for SPI 0x000005
RevMajor | 7:4 RO Maijor revision number Revision Dependent
RevMinor | 3.0 RO Minor revision number Revision Dependent

5.1.3 SPI e N &8 (0x10)
SPI &4tk A7, & X T SPHEHA% .
SPI f&kats X757 4% € LNk 5-3 FiR.

% 5-3 SPI feiig X &F7ea

Name Bit Type | Description

Reset

- 31:18 | - Reserved

Address length in bytes
0: 1 byte

AddrLen 17:16 | RW | 1: 2 bytes

2: 3 bytes

3: 4 bytes

0x2

- 1513 | - Reserved

The length of each data unit in bits

DatalLen 12:8 | RW | The actual bit number of a data unit is
(DataLen + 1)

0x07

Enable Data Merge mode, which does
automatic data split on write and data
coalescing on read.

This bit only takes effect when DatalLen =
0x7.

Under Data Merge mode, each write to the
Rw | Data Register will transmit all four bytes of
the write data; each read from the Data
Register will retrieve four bytes of received
data as a single word data.

When Data Merge mode is disabled, only the
least (DataLen + 1) significant bits of the
Data Register are valid for read/write
operations; no automatic data

DataMerge | 7

0x1

IPUG1216-1.0
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Name Bit Type | Description Reset
split/coalescing will be performed.
- 6:5 - Reserved -
Bi-directional MOSI in regular (single) mode
0: MOSI is uni-directional in regular mode.
MOSIBIDir | 4 RW 1: MOSI is bi-directional signal in regular 0x0
mode.
This bi-directional signal replaces the two
uni-directional data signals, MOSI and MISO
Transfer data width the least significant bit
first
LSB 3 RW 0: Most significant bit first 0x0
1: Least significant bit first
SPI Master/Slave mode selection
SlvMode 2 RW | 0: Master mode
1: Slave mode
SPI Clock Polarity
CPOL 1 RW | 0: SCLK is LOW in the idle states
1: SCLK is HIGH in the idle states
SPI Clock Phase
CPHA 0 RW | 0: Sampling data at odd SCLK edges
1: Sampling data at even SCLK edges
5.1.4 SPI E#% 10 18 & %8 (0x14)
SPI E#% 10 =il & 47-¢x, Ja H SPI #1155 1 B % .
SPI B 10 =il & A7 4% € LWk 5-4 Pk,
% 5-4 SPI Hi% 10 2 & 788
Name Bit Type | Description Reset
- 31:25 | - Reserved -
Enable Direct 10
DirectlOEn | 24 RW | 0: Disable 0x0
1: Enable
- 23:22 | - Reserved -
HOLD_OE | 21 RW | Output enable for the SPI Flash hold signal 0x0
WP_OE 20 RW S.;;Zlft enable for the SPI Flash write protect 0x0
MISO_OE | 19 RW | Output enable for the SPI MISO signal 0x0
MOSI_OE | 18 RW | Output enable for the SPI MOSI signal 0x0
SCLK_OE | 17 RW | Output enable for the SPI SCLK signal 0x0
CS_OE 16 RW | Output enable for the CS (chip select) signal | 0x0
- 15:14 | - Reserved -
HOLD_O 13 Output value for the SPI Flash hold signal 0x1
WP_O 12 g;:]patljt value for the SPI Flash write project 0x1
MISO_O 11 Output value for the SPI MISO signal 0x0

IPUG1216-1.0
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Name Bit Type | Description Reset
MOSI_O 10 Output value for the SPI MOSI signal 0x0
SCLK O 9 Output value for the SPI SCLK signal 0x0
cs 0 8 g;’:gljt value for the SPI CS (chip select) Ox1
- 7:6 - Reserved -
HOLD_| 5 RO | Status of the SPI Flash hold signal

WP_| 4 RO | Status of the SPI Flash write protect signal

MISO_I 3 RO | Status of the SPI MISO signal

MOSI_I 2 RO | Status of the SPI MOSI signal

SCLK_I 1 RO | Status of the SPI SCLK signal

CS_| 0 RO | Status of the SPI CS (chip select)

5.1.5 SPI f£HafsHlFEee (0x20)

SPI f& 5z 274728, 15H] SPUEHAINAL. EZ% 5.1.6 SPI it & %17
28 (0x24) wnfarja H SPI A&4i

SPI {4y il 75 47 2% & X ik 5-5 Fiw.
3= 5-5 SPI fEITHI H 555

Name Bit Type | Description Reset

Data-only mode (slave mode only)
0: Disable the data-only mode

1: Enable the data-only mode
SivDataOnly | 31 RW | Note! 0x0

This mode only works in the uni-directional regular (single)
mode so MOSIiDir, DualQuad and TransMode should be
setto 0

SPI command phase enable (Master mode only)
CmdEn 30 RW | O: Disable the command phase 0x0
1: Enable the command phase

SPI address phase enable (Master mode only)
AddrEn 29 RW | 0: Disable the address phase 0x0
1: Enable the address phase

SPI address phase format (Master mode only)
0: Address phase is the regular (single) mode

1: The format of the address phase is the same as the
data phase (DualQuad)

AddrFmt 28 RwW 0x0

Transfer mode

The transfer sequence could be:
0: Write and read at the same time
1: Write only

TransMode | 27:24 | RW | 2: Read only 0x0
3: Write, Read

4: Read, Write

5: Write, Dummy, Read
6: Read, Dummy, Write

IPUG1216-1.0 16(43)
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Name

Bit

Type

Description

Reset

7: None Data (must enable CmdEn or AddrEn in master
mode)

8: Dummy, Write
9: Dummy, Read
Oxa~0xf: Reserved

DualQuad

23:22

RW

SPI data phase format

0: Regular (Single) mode
1: Dual I/O mode

2: Quad I/O mode

3: Reserved

0x0

TokenEn

21

RwW

Token transfer enable (Master mode only)

Append a one-byte special token following the address
phase for SPI read transfers. The value of the special
token should be selected in TokenValue.

0: Disable the one-byte special token
1: Enable the one-byte special token

0x0

WrTranCnt

20:12

RW

Transfer count for write data

WrTranCnt indicates the number of units of data to be
transmitted to the SPI bus from the Data Register.

The actual transfer count is (WrTranCnt + 1).

WrTranCnt only takes effect when TransMode is 0, 1, 3, 4,
5,6 or 8.

The size (bit-width) of a data unit is defined by the
DatalLen field of the Transfer Format Register.

For TransMode 0, WrTranCnt must be equal to
RdTranCnt.

TokenValue

11

RwW

Token value (Master mode only)

The value of the one-byte special token following the
address phase for SPI read transfers.

0: token value = 0x00
1: token value = 0x69

0x0

DummyCnt

10:9

RW

Dummy data count. The actual dummy count is
(DummyCnt + 1).

The number of dummy cycles on the SPI interface will be
(DummyCnt+1) * ((DataLen+1)/SPI IO width)

The Data pins are put into the high impedance during the
dummy data phase.

DummyChnt is only used for TransMode 5, 6, 8 and 9,
which has dummy data phases.

The following table shows dummy cycle settings under
some common transfer formats:

#Dummy
Cycles on
the SPI
Interface

DummyCnt+1 | DataLen+1 | DualQuad

Regular/

Single 8

Dual 4

0x0

IPUG1216-1.0
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Name

Bit

Type

Description

Reset

1

8 Quad

2

8 Quad

3

8 Quad

1

32 Quad

OO |AIN

RdTranCnt

8:0

RW

Transfer count for read data

RdTranCnt indicates the number of units of data to be
received from SPI bus and stored to the Data Register.
The actual received count is (RdTranCnt+1).

RdTransCnt only takes effect when TransMode is 0O, 2, 3,

4,5 6o0r9.

The size (bit-width) of a data unit is defined by the
DatalLen field of the Transfer Format Register.

For TransMode 0, WrTranCnt must equal RdTranCnt.

0x0

5.1.6 SPI ip S F 728 (0x24)

SPI s & e P S ERAE, filk SPI A& . RIEar BB A fa
A AR ITG N A ZEER R SPIHE . = SPI ] #-1F 9 A
PUBESCRT, SPI fiy & 27 o TrAr e Ji — IR R (1 SP1 55 1K 2 7Bl

SPI iy & 27 A7 4% € X WK 5-6 Frw .

5.1.7 SPI it F 5785 (0x28)

IPUG1216-1.0

% 5-6 SP1 S H 7R
Name Bit Type Description Reset
- 31:8 - Reserved -
CMD 7:0 RW SPI Command 0x0

SPI Ml 5 A7 4% i€ Ak 5-7 PR .

& 5-7 SPI Mt B4 5%
Name Bit Type Description Reset
ADDR 31:0 | RW SPI Address 0x0

(Master mode only)
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5.1.8 SPI #EFFeE (0x2C)
s ) B R KR VT RSN, SPI KR 2517 S8 0 7 A7 B IFUT Jg/N p

o
SPI #5745 7€ L NZE 5-8 Fhw .
% 5-8 SPI HEH R
Name Bit Type Description Reset

Data to transmit or the received data

For writes, data is enqueued to the TX FIFO.
The least significant byte is always
transmitted first. If the TX FIFO is full and the
SPIActive bit of the status register is 1, the
ready signal hready/pready will be
deasserted to insert wait states to the
transfer.
For reads, data is read and dequeued from
the RX FIFO. The least significant byte is the
first received byte. If the RX FIFO is empty
and the SPIActive bit of the status register is
1, the ready signal hready/pready will be
deasserted to insert wait states to the 0
x0
transfer.
The FIFOs decouple the speed of the SPI
transfers and the software’s
generation/consumption of data. When the
TX FIFO is empty, SPI transfers will hold
until more data is written to the TX FIFO;
when the RX FIFO is full, SPI transfers will
hold until there is more room in the RX
FIFO.
If more data is written to the TX FIFO than
the write transfer count (WrTranCnt), the
remaining data will stay in the TX FIFO for
the next transfer or until the TX FIFO is
reset.

DATA 31:0 RwW

5.1.9 SPI ¥#HIFF3& (0x30)
SPI ¥l FF 7 8% € Xk 5-9 Fios.

& 5-9 SP1 I¥HIF =%
Name Bit Type | Description Reset
- 31:24 | - Reserved -

Transmit (TX) FIFO Threshold

The TXFIFOInt interrupt or DMA request
TXTHRES 23:16 | RW | would be issued to replenish the TX FIFO 0x0
when the TX data count is less than or
equal to the TX FIFO threshold.

Receive (RX) FIFO Threshold
RXTHRES 15:8 | Rw | The RXFIFOInt interrupt or DMA request 0x0
would be issued for consuming the RX

FIFO when the RX data count is more than

IPUG1216-1.0 19(43)
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Name Bit Type | Description Reset
or equal to the RX FIFO threshold.
- 7:5 - Reserved -
TXDMAEN | 4 RW | TX DMA enable 0x0
RXDMAEN |3 RW | RX DMA enable 0x0
Transmit FIFO reset
TXFIFORST | 2 RW | Write 1 to reset. It is automatically cleared | 0x0
to 0 after the reset operation completes.
Receive FIFO reset
RXFIFORST | 1 RW | Write 1 to reset. It is automatically cleared | 0x0
to O after the reset operation completes.
SPI reset
SPIRST 0 RW | Write 1 to reset. It is automatically cleared | 0x0
to O after the reset operation completes.
5.1.10 SPI R7SFF3F (0x34)
SPUIRZS A A7 4% 7€ X MR 5-10 o
% 5-10 SPI RS HF 7%
Name Bit Type | Description Reset
- 31:30 | - Reserved -
TXNUM[7:6] | 29:28 | RO Ellljzrgber of valid entries in the Transmit 0x0
- 27:26 | - Reserved -
RXNUMI7:6] | 25:24 | RO | Number of valid entries in the Receive FIFO | 0x0
TXFULL 23 RO | Transmit FIFO Full flag 0x0
TXEMPTY 22 RO | Transmit FIFO Empty flag 0x1
TXNUM[5:0] | 21:16 | RO Elllj:ncw)ber of valid entries in the Transmit 0x0
RXFULL 15 RO | Receive FIFO Full flag 0x0
RXEMPTY 14 RO | Receive FIFO Empty flag 0x1
RXNUM[5:0] | 13:8 | RO | Number of valid entries in the Receive FIFO | 0x0
- 71 RO | Reserved -
SPI register programming is in progress.
In master mode, SPIActive becomes 1 after
the SPI command register is written and
becomes 0 after the transfer is finished.
In slave mode, SPIActive becomes 1 after
the SPI CS signal is asserted and becomes
SPIlActive 0 RO | 0 after the SPI CS signal is deasserted. 0x0
Note that due to clock synchronization, it
may take at most two spi_clock cycles for
SPIActive to change when the
corresponding condition happens.
Note this bit stays 0 when Direct IO Control
or the memory-mapped interface is used.
IPUG1216-1.0 20(43)
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5.1.11 SPI FhEi{EREF 788 (0x38)
SPI H W i i 25 17 2% 52 LN ZE 5-11 .

£ 5-11 SPI R Hi{ERES 1728

Name

Bit

Type

Description

Reset

316 | -

Reserved

SIvCmdEn

RW

Enable the Slave Command Interrupt.

Control whether interrupts are triggered
whenever slave commands are received.

(Slave mode only)

0x0

EndIntEn

RwW

Enable the End of SPI Transfer interrupt.
Control whether interrupts are triggered
when SPI transfers end.

(In slave mode, end of read status
transaction doesn't trigger this interrupt.)

0x0

TXFIFOIntEn

RW

Enable SPI Transmit FIFO Threshold
interrupt.
Control whether interrupts are triggered

when the valid entries are less than or
equal to TX FIFO threshold.

0x0

RXFIFOIntEn

RwW

Enable the SPI Receive FIFO Threshold
interrupt.
Control whether interrupts are triggered

when the valid entries are greater than or
equal to the RX FIFO threshold.

0x0

TXFIFOURINtEN

RwW

Enable the SPI Transmit FIFO Underrun
interrupt.

Control whether interrupts are triggered
when the Transmit FIFO run out of data.

(Slave mode only)

0x0

RXFIFOORINtEN

RwW

Enable the SPI Receive FIFO Overrun
interrupt.

Control whether interrupts are triggered
when the Receive FIFO overflows.

(Slave mode only)

0x0

5.1.12 SPI HHlpRAEF Fes (0x3C)
SPI IWRIRZS Z A7 48 8 WK 5-12 Fios.

IPUG1216-1.0

F 5-12 SPI R EPRESH 785

Name Bit

Type | Description

Reset

- 316

- Reserved

SlvCmdint 5

w1C

Slave Command Interrupt.

This bit is set when Slave Command
interrupts occur.

(Slave mode only)

0x0

EndInt 4

End of SPI Transfer interrupt.

W1C | This bit is set when End of SPI Transfer

interrupts occur.

0x0
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Name

Bit

Type

Description

Reset

TXFIFOInt

w1C

TX FIFO Threshold interrupt.

interrupts occur.

This bit is set when TX FIFO Threshold

0x0

RXFIFQOInt

w1C

RX FIFO Threshold interrupt.

interrupts occur.

This bit is set when RX FIFO Threshold

0x0

TXFIFOURINt

W1C

TX FIFO Underrun interrupt.

interrupts occur.
(Slave mode only)

This bit is set when TX FIFO Underrun

0x0

RXFIFOORInt

w1C

RX FIFO Overrun interrupt.

This bit is set when RX FIFO Overrun
interrupts occur.

(Slave mode only)

0x0

5.1.13 SPI #¥EOKFEHHFSE (0x40)

SPI # OWf P27 2%, 18] SPI 42 i LU & SPI ML H i 22
Ko AN FE N AT T B FE 1% 2T A7 25

SPI £ M 5 277 2% € XL ik 5-13 FiR
% 5-13 SPI A F & Fes

IPUG1216-1.0

Name Bit

Type

Description

Reset

- 31:14

Reserved

CS2SCLK

13:12

RW

The minimum time between the edges
of SPI CS and the edges of SCLK.

The actual duration is
(SCLK period / 2) X (CS2SCLK + 1)

Configuration
dependent

CSHT

11:8

RW

The minimum time that SPI CS should
stay HIGH.

The actual duration is
(SCLK period /2) X (CSHT +1)

Configuration
dependent

SCLK_DIV

7:0

RW

The clock frequency ratio between the
clock source and SPI interface SCLK.
SCLK period = ((SCLK_DIV + 1) X

2) X (Period of the SPI clock source)
The SCLK_DIV value 0xff is a special
value which indicates that the SCLK
frequency should be the same as the
spi_clock frequency.

Configuration
dependent
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5.1.14 SPI RFIHEEHIFFERE (0x50)
SPI WAZVT 6 2947 8%, NWNAEME ) AHB 35217 191 %2 i SPI iy

IPUG1216-1.0

/?\,\

o

YIETE R 1% A 7w Bk SPI B2 LI P 27 7 4% (0x40) B, NiAF ik AF
WL AHB 2517 24 MemCtriChg (iiE % G, A RE4k4E AHB 121517

SPI A7V [ 45 il Z7 A7 2% & X WK 5-14 Fis.
% 5-14 SP1 REHinizHIF 785

Name

Bit | Type

Description

Reset

31:9 | -

Reserved

MemCtriChg

This bit is set when this register
(0x50) or the SPI Interface Timing
Register (0x40) is written; it is
automatically cleared when the new
programming takes effect.

74 |-

Reserved

MemRdCmd

3.0 | RW

Selects the SPI command for
serving the memory-mapped reads
on the AHB bus

The command encoding table is
listed in % 5-15.

Configuration
dependent

listed in & 5-16.

The latency of each command is

%% 5-15 Supported SPI Read Commands for Memory-Mapped AHB Reads

MemRdCmd | Command | Address Dummy Data

0 0x03 3 bytes in Regular N/A Regular
mode mode

1 OxOB 3 bytes in Regular 1 byte in Regular
mode Regular mode | mode

2 0x3B 3 bytes in Regular 1 byte in Dual
mode Regular mode | mode
3 bytes in Regular 1 byte in Quad

3 0x6B mode Regular mode | mode
(3-byte address + 1- Dual

4 OxBB byte 0) in Dual mode N/A mode

5 OXEB (3-byte address + 1- 2 bytes in Quad
byte 0) in Quad mode Quad mode mode

6-7 Reserved | - - -

8 0x13 4 bytes in Regular N/A Regular
mode mode

9 OXOC 4 bytes in Regular 1 byte in Regular
mode Regular mode | mode
4 bytes in Regular 1 byte in Dual

10 0x3C mode Regular mode | mode

1 0x6C 4 bytes in Regular 1 byte in Quad
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MemRdCmd | Command | Address Dummy Data
mode Regular mode | mode
12 OBC | 110 in Dualmode | VA mode
13 OXEC (4-byte _address +1- 2 bytes in Quad
byte 0) in Quad mode Quad mode mode
14-15 Reserved | - - -

%= 5-16 Latency of a 4 Bytes Data Transfer through the AHB Memory Read Port

Command | Non-sequential Sequential (Sp?::;z::ij*)
0x03 8 ?fgaka +10SPI_CLK | 3 5ys LK +32SCLK | 1 BUS_CLK
0x0B 8BS 10SPLELK 3 BUs oLk + 32 SCLK | 1BUS_CLK
0x3B 8 ?ggécl_k}( +10SPI_CLK | 3 5ys CLK +16 SCLK | 1 BUS_CLK
0x6B 8 EELBJEE:CLII_(K *10SPL_CLK | 3 5ys CLK +8SCLK | 1 BUS_CLK
O0xBB 8 Eggafk’( +10SPI_CLK | 3 5ys cLK +16 SCLK | 1 BUS_CLK
OXEB 8 gggachK +10SPLCLK | 3 5ys cLK +8SCLK | 1 BUS_CLK
0x13 8 %@E:CLH( +10SPICLK | 3 5ys cLK +32 SCLK | 1 BUS_CLK
0x0C X gggéﬁkK +10SPICLK | 355 LK +32SCLK | 1 BUS_CLK
0x3C 8 gngCLkK +10SPICLK | 355 LK +16 SCLK | 1 BUS_CLK
0x6C 8BS T 1OSPLCK I3 BUs Lk + 8SCLK | 1BUS_CLK
0XBC X Efgaka +10SPICLK | 355 CLK +16 SCLK | 1 BUS_CLK
OXEC X E(%JgEZCLlI_(K +10SPICLK | 3 Bys cLK +8 SCLK | 1 BUS_CLK

Note!

o BUS_CLK: AHB M3,

e  SCLK: SCLK I 1.
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5.1.15 SPI Ni&FRESEFF2E (0x60)

SPI M #RAEF 74, IRAF IR HPIRES, SPI ML AT OE I BiRAs

SPI M # RS FF A7 45 € XK 5-17 Fras.

= 5-17 SPI NiR B RESHFEH

Name Bit Type Description Reset
- 31:19 | - Reserved -
UnderRun 18 W1C Data unglerrun occurs in the last 0
transaction
OverRun 17 W1C Data overrun occurs in the last 0
transaction
Set this bit to indicate that the SPlI is
ready for data transaction.
Ready 16 RW When an SPI transaction other than 0
slave status-reading command ends, this
bit will be cleared to 0.
USR_Status | 15:0 RwW User defined status flags 0

5.1.16 SPI N\ ZFHIBEITHFFH (0x64)

SPI i s Aia T B ar A7 4, iR 17 MRS I8/ 5 255 i B 4K
=, WRIEBIRECERE B Ui SPI Bl A 445 .

SPI st & Bicdfa T B 47 45 € Lk 5-18 Jias.

%z 5-18 SPI NI & BB BEFS

5.1.17 SPI it EF 778y (0x7C)

IPUG1216-1.0

Name Bit Type | Description Reset

- 31:26 | - Reserved -

WCnt 25:16 | RO Slave transmitted data count 0

- 15:10 | - Reserved -

RCnt 9:0 RO Slave received data count 0

SPI It & ZF /748 10K 5-19 i
% 5-19 SPI i B H 2%

Name Bit Type | Description Reset

- 31:15 | - Reserved -

Slave 14 RO | Support for SPI Slave mode Configuration
dependent

Support for memory-mapped access | Configuration

AHBMem 12 RO (read-only) through AHB bus dependent

DirectlO 11 RO | Support for Direct SPI 10 Configuration
dependent

- 10 - Reserved -
Configuration

QuadSPI 9 RO | Support for Quad I/O SPI dependent
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Name Bit Type

Description

Reset

DualSPI 8 RO

Support for Dual 1/0O SPI

Configuration
dependent

TxFIFOSize | 7:4 RO

Depth of TX FIFO

0
1
2
3
4
5
6

: 2 words

: 4 words

: 8 words

: 16 words

: 32 words

: 64 words

: 128 words

Configuration
dependent

RxFIFOSize | 3:0 RO

Depth of RX FIFO

OO OB WN -0

: 2 words

: 4 words

: 8 words

: 16 words

: 32 words

: 64 words

: 128 words

Configuration
dependent

5.2 SPI IR Eh e #
5.2.1 SPI DR zh ek ##kid

Gowin APB SPI 3Kzl g e X ik 5-20 flrzs. Gowin APB SPI DX Z) pf
BE X, fT---\lib\driver\apb_spi_driver.h 1 apb_spi_driver.c.

= 5-20 IREhEREE X

Il R

ik

apb_spix_get_capabilities

FRHAL APB SPI 3] (¥ T RE(E B

apb_spix_initialize

¥last APB SPI %11

apb_spix_uninitialize

%, APB SPI 211

apb_spix_power_control

fR€ APB SPI £ 1 1) D#E A

apb_spix_send

i3S APB SPI UKl Ak % A s Hidhs

apb_spix_receive

M APB SPI SRS 1 i ke

apb_spix_transfer

Bt APB SPI 32 A& 4 R

apb_spix_get_data_count

IRE APB SPI 42 A 4 Hds i Hi &=

apb_spix_control

BCE APB SPI LB E, HATHE ERHRAIE

apb_spix_get_status

SRECAPB SPI £ IR

apb_spix_irq_handler

APB SPI Hr il abH# R

apb_spix_dma_tx_event

APB SPI (1) DMA ki St ab 2

apb_spix_dma_rx_event

APB SPI ] DMA 220t 4t kb 2

DU &5 PR SPI 3R B s 80U o

IPUG1216-1.0
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5.2.2 apb_spix_get_capabilities
BREUE N 5-21 P
% 5-21 apb_spix_get_capabilities EREUE X

apb_spix_get_capabilities £

R APB_SI_DI_CAPABILI_T_II_ES _
apb_spix_get capabilities(APB_SPI_RESOURCES *spi)

Eitipa 3L APB SPI BX5h (I RS B

ZH : &1 APB_SPI_RESOURCES %t {1454t

IR [Al4E APB SPI Iz ¥ D e s &

5.2.3 apb_spix_initialize

apb_spix_initialize B

PRHUE LR 5-22 Fls .

= 5-22 apb_spix_initialize ER¥E X

Ji5 7 int apb_spix_initialize(APB_SPI_SignalEvent_t cb_event,
- APB_SP|_RESOURCES *spi)
Eiiiba ¥liE L APB SPI #2111
2 cb_event: f&[7 APB_SPI_SignalEvent [nl i 5 £t 454
- . 5[ APB_SPI_RESOURCES £ #yfk 454t
12 [Al4E m%ﬁi%ﬁ%w,‘ Bl — AN AfE
5.2.4 apb_spix_uninitialize
apb_spix_uninitialize %€ XNk 5-23 Ais.

#% 5-23 apb_spix_uninitialize ER¥UE X

JEi Ay int apb_spix_uninitialize (APB_SPI_RESOURCES *spi)
EiEiba H% APB SPI £ 1
ZH spi: 1K APB_SPI_RESOURCES #:i#J{kfa%t
IR [AE R RAEPATHR, R E—NMAE
5.2.5 apb_spix_power_control

IPUG1216-1.0

apb_spix_power_control B

PR HE R 5-24 Fios.

% 5-24 apb_spix_power_control R#E X

T int apb_spix_power_control (APB_SPI_POWER_STATE state,
- APB_SPI_RESOURCES *spi)
it & APB SPI # [ [ D) #EE
spi: 1517 APB_SPI_RESOURCES %5k fti454tf
state: APB SPI #z [ I #ER, fHE:
APB_SPI_POWER_FULL: to set up peripherals for data transfers,
ZHY enable interrupts and DMA
APB_SPI_POWER_LOW: to enable power-saving
APB_SPI_POWER_OFF: to terminate pending data transfers and
disable peripherals, related interrupts and DMA
I [Al4E WA KAEPAT R, R B — M UE
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5.2.6 apb_spix_send

5.2.7 apb_spix_receive

apb_spix_send pRHE L WER 5-25 Fiw.
% 5-25 apb_spix_send EREEX

int apb_spix_send (const void *data, unsigned int num,

PR APB_SPI_RESOURCES *spi)
Eiiip il APB SPI U5l A % 88 K%K
data: f&[A RIEEIRZAE X RS
ZH num: RIEHEE K
spi: fi7 APB_SPI_RESOURCES #5#1& 1) a4t
iR A IR R AEPAT R R, R A A
apb_spix_receive PRHUE LW 5-26 s

= 5-26 apb_spix_receive EREIE X

Ji5 7 int apb_spix_receive (void *dgta, unsigned int num,
APB_SPI_RESOURCES *spi)
Eitipa M APB SPI 3K a3 a2 IS 8
data: 5 PR 22 A7 X HO9RET
ZH num: BRI
spi: 1R\ APB_SPI_RESOURCES 51k 145 %t
IR [l 4E IR RAEPAT R R, IR [El AN UE

5.2.8 apb_spix_transfer

apb_spix_transfer pREE L an#k 5-27 Fiw.
% 5-27 apb_spix_transfer EREE X

JEi 72 int apb_spix_transfer (const void *data_out, void *data_in, unsigned
- int num, APB_SPI_RESOURCES *spi)
ity it APB SPI 2 % K

data_out: #5 [ A IEHHETAT X HIFEE
P data_in: 45 B 2247 X I faEt
- num: ARgECE IR

pi: {1 APB_SPI_RESOURCES %1k it

4B ﬁn%kﬁzﬁuﬁa R, R A —AMAE

5.2.9 apb_spix_get_data_count

apb_spix_get_data_count B HE X WFE 5-28 TR
2= 5-28 apb_spix_get_data_count BB EN

IPUG1216-1.0

J 7Y int apb_spix_get_data_count(APB_SPI_RESOURCES *spi)
iR FREL APB SPI £ HAE 4o i 80E

ZH spi: fEM APB_SPI_RESOURCES &i# &%t

4B APB SPI )5 — IR AT Bdif iy, Admsios i 80
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5.2.10 apb_spix_control
apb_spix_control PR #HE LW 5-29 s
% 5-29 apb_spix_control EREE X

IPUG1216-1.0

JE5 R int apb_spix_control(unsignec_j int control, unsigned int arg,
APB_SPI_RESOURCES *spi)
Eiiipay BCE APB SPIZITHIBEE, HATHE E R
control: APB SPI 3zl 1 i) —Ff 15 B AT i) —Fh R A
28 arg: 457E WE BERAERI IS 2
spi: 15 APB_SPI_RESOURCES #5# /&1 454%l
pAEIf ] IR RAEPAT R R, R[N UE

“control” 1 “arg” ¥ & 5#AFUIF 5-30 Aiw.
% 5-30 Control Settings or Operations

Options for control

‘ arg specifies

‘ Settings or operations

Mode controls (Bits: 0~7)

APB_SPI_MODE_INACTIVE

Sets the SPI to inactive

APB_SP|_MODE_MASTER

Bus speed in bps

Sets the SPI to the master
(output on MOSI, and input on
MISO)

APB_SP|_MODE_MASTER _
SIMPLEX

Bus speed in bps

Sets the SPI to the master
(output and input on MOSI)

APB_SP|_MODE_SLAVE

Sets the SPI to the slave
(output on MISO, and input on
MOSI)

APB_SP|_MODE_SLAVE_S|
MPLEX

Sets the SPI to the slave
(output and input on MISO)

Clock polarity (Frame format) (

Bits: 8~11)

APB_SPI_CPOL0_CPHAO
(default)

Sets the clock polarity to 0 and
clock phase to 0

APB_SPI_CPOLO_CPHA1

Sets the clock polarity to 0 and
clock phase to 1

APB_SPI_CPOL1_CPHAO

Sets the clock polarity to 1 and
clock phase to 0

APB_SP|_CPOL1_CPHA1

Sets the clock polarity to 1 and
clock phase to 1

APB_SPI_TI_SSI

Uses the Texas Instruments
Frame Format

APB_SPI_MICROWIRE

Uses the National Microwire
Frame Format

Parity bit (Bits: 12~17)

APB_SPI_DATA_BITS(N)

Sets the number of bits per
SPI frame; N ranges from 1 to
32.

This is the minimum required
parameter.
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IPUG1216-1.0

Options for control

arg specifies

Settings or operations

Bit order (Bits: 18)

APB_SPI_MSB_LSB
(default)

Sets the bit order from MSB to
LSB

APB_SPI_LSB_MSB

Sets the bit order from LSB to
MSB

Slave select mode (Bits: 19~21)

APB_SPI_SS_MASTER_UN
USED (default)

Sets the Slave Select mode for
the master to “Not used”. It is
specified along with the option
APB_SPI_ MODE_MASTER.
The master does not drive or
monitor the SS line.

APB_SPI_SS_MASTER_SW

Sets the Slave Select mode for
the master to “Software
controlled”. It is specified along
with the option

APB_SPI_ MODE_MASTER.
The Slave Select line is
configured as output and
controlled via
APB_SPI_CONTROL_SS. By
default, the Slave Select line is
not active (i.e., high), and is
not affected by transfer, send,
or receive functions.

APB_SPI_SS_MASTER_HW
_OUTPUT

Sets the Slave Select mode for
the master to “Hardware
controlled output”. It is
specified along with the option
APB_SPI_ MODE_MASTER.
The Slave Select line is
configured as output and
controlled by the hardware.
The transfers via the line is
activated or deactivated by the
hardware and is not affected
by APB_SPI_CONTROL_SS.

APB_SP|_SS_MASTER_HW
_INPUT

Sets the Slave Select mode for
the master to “Hardware
monitored input”. It is specified
along with the option
APB_SPI_MODE_MASTER
and used in multi-master
configuration where a master
monitors the Slave Select but
not drives it. The Slave Select
is configured as input. When
another master activates this
line, the previous active
master backs off. This causes
a Mode Fault
APB_SPI_EVENT_MODE_FA
ULT and makes the SPI switch
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Options for control

arg specifies

Settings or operations

to be inactive.

APB_SPI_SS_SLAVE_HW
(default)

Sets the Slave Select mode for
the slave to “Hardware
monitored”. It is specified
along with the option
APB_SPI_MODE_SLAVE. The
hardware monitors the Slave
Select line and accepts
transfers only when the line is
active. Transfers are ignored
while the Slave Select line is
inactive.

APB_SP|_SS_SLAVE_SW

Sets the Slave Select mode for
the slave to “Software
controlled”. It is specified along
with the option
APB_SPI_MODE_SLAVE
when the Slave Select line is
not used. For example, when a
single master and slave are
connected in the system, the

Slave Select line will not be
needed. The software controls
whether the slave respond or
not (not respond by default)
and enables/disables transfers
by APB_SPI_CONTROL_SS.

Other controls (Bits: 0~21)

APB_SP|_SET BUS_SPEE
D

Bus speed in bps

Sets the bus speed

APB_SP|_GET_BUS_SPEE
D

Gets the bus speed

APB_SPI_SET DEFAULT_T
X_VALUE

Transmission
value

Sets the default transmission
value

APB_SP|_CONTROL_SS

available values
are
APB_SPI _SS IN
ACTIVE,
APB_SPI_SS A
CTIVE

Controls the Slave Select (SS)
signal

APB_SPI_ABORT_TRANSF

ER

Aborts the current data
transfer

5.2.11 apb_spix_get_status
apb_spix_get_status B HE X%k 5-31 Fix.
%% 5-31 apb_spix_get_status EREUE X

IPUG1216-1.0

JEi APB_SPI_STATUS apb_spix_get status(APB_SPI_RESOURCES
- *spi)
Efia SREL APB SPI PR AS
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W

”

spi: 151 APB_SPI_RESOURCES 4:# /A1 1541

Byl

R A

APB SPI £ L K24 FRIR A&

5.2.12 apb_spix_irq_handler

apb_spix_irq_handler g %€ LN 5-32 AR
= 5-32 apb_spix_irq_handler EREE X

Rt void apb_spix_irq_handler(APB_SPI_RESOURCES *spi)
i1 APB SPI il i 27

S spi: 1814] APB_SPI_RESOURCES % #1154t

IR [El4E o

5.2.13 apb_spix_dma_tx_event
apb_spix_dma_tx_event s LU 5-33 Fin.

% 5-33 apb_spix_dma_tx_event ER¥E X

void apb_spix_dma_tx_event (unsigned int event,

SR APB_SPI_RESOURCES * spi)
Hhik APB SPI ] DMA K ik F{ b B
2 event: DMA K i%Zit
spi: f&I1 APB_SPI_RESOURCES 4 f4y A )&%t
IR [EME 7

5.2.14 apb_spix_dma_rx_event
apb_spix_dma_rx_event B #E LUK 5-34 Fiw.

IPUG1216-1.0

= 5-34 apb_spix_dma_rx_event BB EN

void apb_spix_dma_rx_event (unsigned int event,

A APB_SPI_RESOURCES * spi)
Eiiiba APB SPI [f] DMA 2 ab 78
P event: DMA i FH 1
spi: 1817 APB_SPI_RESOURCES #i# {14t
A EIL 7
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5.3 SPI Flash IRZN R
5.3.1 SPI Flash UXzh ek ik

SPI Flash IRzl & HE a3 5-35 s

SPI Flash ¥xzh ek %E X, f7T .. \lib\driver\apb_spi_flash_driver.h
apb_spi_flash_driver.c,

3 5-35 IRRNFHUE X
UK 3] R iR
apb_spi_flash_init ¥I4E1k SPI Flash
apb_spi_flash_switch_mode 14 SPI Flash B/ WA 51
apb_spi_flash_read B
apb_spi_flash_write 5
apb_spi_flash_program DA B TS S
apb_spi_flash_erase_4ksec PLE X (4KB) A HTHERRERE
apb_spi_flash_erase_64ksec PATR (64KB) Ao brEiE

SPI Flash )4 & L3k 5-36 Fx.

3% 5-36 SPI Flash 4 ENX

FE X At ity
APB_SPI_FLASH_WRITE_CMD 0x01 EEE T
APB_SPI_FLASH_PROGRAM_CMD 0x02 T
APB_SPI_FLASH_READ CMD 0x03 EEAE T
APB_SPI_FLASH_WRITE_DISABLE_CMD 0x04 5k
APB_SPI_FLASH_READ STATUS_CMD 0x05 BRRAS
APB_SPI_FLASH_WRITE_ENABLE_CMD 0x06 EffiRe
APB_SPI_FLASH_ERASE_4K_CMD 0x20 i DX 45
APB_SPI_FLASH ERASE_64K_CMD 0xD8 P
APB_SP|_FLASH_ERASE_CHIP_CMD 0x60 Bk

PLUR %15 43R SPI Flash HI3KshERECE X
5.3.2 apb_spi_flash_init

apb_spi_flash_init & %52 X a3k 5-37 Firs.
%% 5-37 apb_spi_flash_init ER¥E X

J 7 int apb_spi_flash_init(APB_SPI_RegDef *DEV_FLASH)
iR ¥uEtk SPI Flash

¥ DEV_FLASH: #5[f APB_SPI_RegDef £ H k154t
IR [EME W R AR, IR El—NAE
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5.3.3 apb_spi_flash_switch_mode

apb_spi_flash_switch_mode & ¥ 7€ X in# 5-38 fizs.
%% 5-38 apb_spi_flash_switch_mode BH¥E X

gt int apb_spi_flash_switch_mode(APB_SPI_RegDef *DEV_FLASH)
Eit:pu PI#e SPI Flash besg/ N A7 3 5 15

ZH DEV_FLASH: & APB_SPI_RegDef £ A1) a4t

A EIRiE) IR KA R, IR B AN UE

5.3.4 apb_spi_flash_read
apb_spi_flash_read pR%E LUK 5-39 Fin.
% 5-39 apb_spi_flash_read BREENX

JE5 7 @nt apb_spi._flashl_read(APB_SPI_RegDef *DEV_FL.ASH, unsigned
S int len, unsigned int cmd, unsigned int address, unsigned char *buf)
EiHBoN B

DEV_FLASH: #&[7 APB_SPI_RegDef 45t fa4t

len: HCEHE 1K
ZH cmd: SPI Flash @4

address: BEHUEE SPI Flash [t itk

buf: $i 1A B BCEE 217 X I
IR [ {8 MR RAEER, R E—AE

5.3.5 apb_spi_flash_write
apb_spi_flash_write B & X W3 5-40 iR
%% 5-40 apb_spi_flash_write BREIE X

IPUG1216-1.0

Ji !nt apb_spi__flash._write(APB__SPI_RegDef *DEV_FL_ASH, unsigned
int len, unsigned int cmd, unsigned int address, unsigned char *buf)
Ejiipa HHHE
DEV_FLASH: #5171 APB_SPI_RegDef &it4 &1 %t
len: Hd KR
2 cmd: SPI Flash iy 4
address: 5 A #E (1] SPI Flash [# af ik
buf: 55 NEHEZZAF X TR
IR [AE IR R R, IR [El AN UE
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5.3.6 apb_spi_flash_program
apb_spi_flash_program & ¥ e X Wik 5-41 FiR.

%% 5-41 apb_spi_flash_program ER¥E X

int apb_spi_flash_program(APB_SPI_RegDef *DEV_FLASH,

P unsigned int len, unsigned int address, unsigned char *buf)
Eitipa LA e S b
DEV_FLASH: &[4 APB_SPI_RegDef 4 ffA (454t
P len: 5 ANHHE MK
address: 5 A SPI Flash [f1iEcig bk
buf: 15[ 5 NHHE A7 X TR
A EIRiE) IR AR R, R Al AN UE

5.3.7 apb_spi_flash_erase_4ksec
apb_spi_flash_erase_4ksec e X ik 5-42 iR,

%% 5-42 apb_spi_flash_erase_dksec ER¥EX

int apb_spi_flash_erase_4ksec(APB_SPI_RegDef *“DEV_FLASH,

P unsigned int address)

Eit:pa DURIX (4KB) Ay B e

P DEV_FLASH: {5 APB_SPI_RegDef &5k %t
address: #ERREE Y SPI Flash fitc i skt

IR [l 4E W KA R, RE—ME

5.3.8 apb_spi_flash_erase_64ksec
apb_spi_flash_erase 64ksec H#E LW 5-43 fin.

IPUG1216-1.0

%% 5-43 apb_spi_flash_erase_64ksec EREIE X

int apb_spi_flash_erase 64ksec(APB_SPI_RegDef *DEV_FLASH,

JRA unsigned int address)

EiHBN DA (64KB) i oK

P DEV_FLASH: (7 APB_SPI_RegDef 45tk 154t
address: #EBREHRE Y SPI Flash [rcdf itk

A EIRiE) MR RARR, R E—UE
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RER T EL A AR AR SPIAE RN gAEFF S, /£ AHB 2k b

BEAT NAF RIS BARAERT, ANPAT A AF AR iAE; FIRE, (RT3 A7 28 g A2 )
6], AN NIFAAT A7 RS B8 A

6.1 EER

6.1.1 SPI 5#{E (£ DMA)

6.1.1.1 A%

6.1.1.2 wIEF3I

SPI R E
1.
2.

IPUG1216-1.0

LN /sl gm e i o1 i B il 2%, DASKHL:
&4 2-byte Huhik Al 8-bit £ #E % i,
SRR ECH 16,

Fa DYASFAT B & R — N

it FAE £ 42 F- 1) DMA $diE £ 41,

1E SPI f& 445 i fid i 7,

SPI SCLK #iZ A SPI i #h AR (1) — 2k,

1] ROM A i “Tigfs” fird (0x02).

T SPI iR B 277522 (0x7C) H1¥ TX/RX FIFO 1%,

SERFZ AT SPIAE I 5E R, ik e FF SPUIRSE A28 (0x34) 1)
SPIActive 2 NZE,

Wk E SPI A&k A4y (0x10):
® AddrLen=1 (Hifi-&KREE - 1)

DataLen =7 (FEKE - 1)
DataMerge = 1

oAt 5 B R i B ALAE
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SPI &5 iT

5

R E SPI AL i HI T A7 (0x20):
CmdEn =1

AddrEn = 1

TransMode =1 (H5)
WrTranCnt = 15 CaAE%iH% - 1)
o LB IRFEEALE

W HE SPI #2172 8% (0x30): J5/H DMA, Ef7 TX FIFO, FFH#E TX
FIFO Bt & #5 7€ TX FIFO B8, #line &N TX FIFO R E /) —2F.

W SPI FhIl i RE %7728 (0x38): Ja Fi EndIntEn il .
W SPI 2 O 72745 (0x40): ¥ SCLK_DIV ¥4 0.

BLE DMA il %, R NN A f 21 SPI Hidle 2 74 (0x2C).
BE SPI il %7 /743 (0x28).

] SPI i & 2772y (0x24) SN “Tigmfs” 4 (0x02), LMk SPI
fE5 . % 2 gmig ] e 4= [R SPI B4 1M 7 o

IR T SPI HWDIR S ZF/EAE (0x3C) H EndInt fi7, 4% EndInt #

5N 1 LLEER SPI HIWRIRESZ A7 4 (0x3C) HHJ EndlInt 7.

6.1.2 SPI E#4E (£ DMA)

6.1.2.1 =

6.1.2.2 fmiZFF3
SPI ffifaNig &
1.

2.

3.

IPUG1216-1.0

LU 7Bl g e e 1 B B i il e, ASEIL:
MO IR I 16 - HE

R A T Bl 5 I F

it FIBE A4 T 1) DMA Hdla %%,

£ SPI A& 2 A fid A i

SPI SCLK #i# N SPI i il A e i — 22,
[\l ROM &t “ Bl 7 dr4 (0x03)

¥ 2y SPI i 277798 (0x7C) ) TX/IRX FIFO 1,

SEFFZ AT SPI AL 5E Kk, BIZEfF SPUIRE R A48 (0x34) )
SPIActive 7754 0.

I~ i E SPI RS w7 as (0x10):
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SPI f&4T

AddrLen =1 (MK - 1)
DataLen =7 (BEKE - 1)
DataMerge = 1
Hofth B 2 AL AE
4. W BrE SPI il ar £ 4 (0x20):
CmdEn =1
AddrEn = 1
TransMode =2 (H %)
RdTranCnt = 15 CifE4it% - 1)
o A B fRRF B AL
5. H SPIZHZ£4 (0x30): fHH DMA, Jff55E RX FIFO BIfH.
6. &HE SPIHWiffaEZF 74 (0x38): JiH EndIntEn k7.
7. WHE SPIEON FEH/F4 (0x40): ¥ SCLK_DIV #H 0,

1. % DMA %%, HEIRM SPIBUHRF /734 (0x2C) A5 E] A A7 .
2. ¥ SPIHib /74 (0x28).

3. |7 SPlin &% fFas (0x24) BN “i8dE” 4 (0x03), LMtk SPI
e, 1Za 2wt ] G2 R SPI % &1 5 o

4. WK SPI F MRS RIEE (0x3C) H11 EndInt {7, %4% EndInt

5. H A1 LLEER SPI FWRIREZF 748 (0x3C) F i) EndInt £/,

6.1.3 7.1.3 EEAFRGHEO LR SPI ESNFLE

IPUG1216-1.0

WAFBLTEE T (AHB) KB £k e/ #54y SPI 8210 1) SPI 351,
%3 2 Ak LAIIE IR E 5 18] . APB SPI 28t 28 s 2 ¥ E SPI 154 1 I
FPEEET, BEE RXFIFO i, i Ed# s SPI SCLK ([HEfR+F SPI CS
BHO KAFIEHAR T QiS5 2k N AEE: DU AT NIF B RX FIFO
IREBERR, WAL kst 47, T JC 75 J0 S 20 iy & A bk B B
[P SPILIER; 50, FEhl#et &5 A umrf&dm, JF CUB R ik 5 2
P . SEAl, GnSE A AR AR LR R, st g R Y
AU -

N T Bk SPI CS fEKIT A L& HE IG5 T Fr LR FF I 5 R4S, AT
DL ST LN/ REUE SPI CS MW S, R il 8318 1S BRI o8 A7kt
BT APIRZS CHIT AR ST WA DT D TR, — B N fEm gt
B IR RN, $5H1 288 29 FIFO A2 fEes e T4, b B
PLUR =07 A

1. B SPI AAETT IRz = f7 4% (0x50) [ HT{E
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2. W ZAES A SPI N A7V R 45 2 A7 3% (0x50).
3. Zf5H 3 MemCtriChg 224 0.

6.2 NIER

6.2.1 FPSk B SPI R &FHIBIE
6.2.1.1 HR
B 15t SPI AL 4k =N :
8 o s v
® Quad /O F#4 (0x54),
i 20 F 5.
BT BRIN S T HdE &, XXt BT SPI S Z A7 48 (0x2C) 3
17 5 IREHRE VI
6.2.1.2 $RIZFT
1. JEid A RXFIFORST 5 A 1 k& A RXFIFO, F154F RXFIFORST
PiEE (AEN 0D,
2. R RXFIFO MECE, 7& SPI =274 (0x30) H1XE RX FIFO
i (RXTHRES), flunik&H RX FIFO IRFEEM—F.

3. 7 SPI bl fE 2 fE 28 (0x38) HdiRELL T rhlhr: M ik 4% i & by
(SIVCmdEn). #U& FIFO B{E+ W (RXFIFOINtEN). f&4ih o b
(EndIntEn).,

4. TEPWIRSGFEF
o HiTHKA SPI hWRIRA 7S (0x3C) H1HJ SivCmdInt fi7, 25:4F

M B A2 T .
a) 1RYE SPI fr 4 17e% (0x24) HidEM NS, HESOH RS
(] SPI &K .
b) SN 1LLEK SPI FRPIRASZT74% (0x3C) Hff) SivCmdint
7o
o HiTKE SPI hWRIRA 7S (0x3C) H1fJ RXFIFOInt fir, 4%
RX FIFO .

a) MRIEBIER RXFIFO B (RXTHRES), M SPI #ffi w743
(0x2C) #t i Hudla o

b) HA 1 L& SPI HPIRAZ 748 (0x3C) H1#) RXFIFOInt

7 o
o HiTKA SPI thIWRIRAS A2 (0x3C) T EndInt i1, &£ %
gER Rk,
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a) e SPUREF /A% (0x34) o RX FIFO 1%k H %
(RXNUM).

b) M SPI ##EZ /g (0x2C) #HFrERIL%H.

c) HA 1 LU SPI RS A 74 (0x3C) 11 Endint fi7.
6.2.2 [a) SPI Fig & fEHE
6.22.1 =

FERAT LI AT & Z A, SPI B B2 HE B2 S i HE 35 S AR S A
RBLX A — A B XA 5e i, iz TR T — XU fa i
bk s 7% FECHE V12

P HE X2 2 Ja B DN EBCRES 4 (0x05), TR &AM
FACERI E E SCAr 2 I (R B ar 2 BRI 2 15 CHE %At
4,

BeJeis SPI B K B e i ar & LU shEdafehm. st Eudl feimis
EWE

® 8 frHlEuaE,
® Quad I/O ¥4 (0x0E),
® JH/HE A iE R 32 TR
HTBOINE 78R & I, XX BT 0 SPI #dlE a7 A7 48 (0x2C) i
17 8 REHR VI 1] o
6.2.2.2 4RIZFFF
1. HIRRENE R AL 32 FA BRI P A e Xy A

® il TXFIFORST 5 AN 1 REN TX FIFO, H254F
TXFIFORST fiii5%E (AR 0).

® R¥E TXFIFORLE, 7& SPI#=#Z7/74s (0x30) Hi% & TX FIFO
H{E (TXTHRES), #ltniE N TX FIFO R —2F.

o HRIFAMFEEIE (84T =32 %), HEEHETE N SPI BdE3
78 (0x2C) HZEIAF TX FIFO H{l (TXTHRES).

® 1f SPI I {fife A fras (0x38) HflRELL Frhlbr: M4 i
(SIvVCmdEn). f&4i FIFO BE T (TXFIFOINtEn) LK AL 44
HWr (EndIntEn).,

® 7t SPI \iE&IRETF 74 (0x60) Hi% & Ready fi7.
2. TERBIIRS T

® HiIHT SPI T WRIRE LA (0x3C) 1) SIvCmdint fi7, Z5:4F
M2 BT .
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L
a
2t

v A SPI fr 2 F 7 ds (0x24) IREHS R 1 fr 2 2 15 ik

=
£
>

b) BA 1 LLIERK SPI IR 74 (0x3C) H1#) SlvCmdint
A7

® FidKE SPI IR E A s (0x3C) F1H) TXFIFOInt fi7, 254%

TX FIFO k7.
a) KEEFS N SPI HlE %748 (0x2C) HZE A E| TX FIFO B{A
(TXTHRES).

b) nSERHUE BT B D A S N SPI B A A7 AR
(0x2C), WI{E SPI Hhilr{lige 27 /74 (0x38) HigkrtLH FIFO
B W (TXFIFOINtEN), LAEES U4 T .

c) B 1 LUEE SPI R &4 7748 (0x3C) 1 TXFIFOInt

AN

7o

° LL#% SPI FIRIRASZ/E4E (0x3C) HiY Endint f7, ZE454L4
ghR T,

a) A1 LLUER SPIHWRRAZT 4% (0x3C) i) Endint £z,

6.2.3 {XBUEL
6.2.3.1 =

24 SPI # CS FIHFBE SIERT, 323 MM 2 A A8 i . 1X
AL A A S BRI By, WA A AR B . DL K R IR L fe] £E AR
A NI E APB SPI DUHAT ZRIEME . fEMENT, B g A Z RX
FIFO, JM TXFIFO ki%.

6.2.3.2 HRIEFT

1. 7£ SPI &5k N8 (0x10) 1, # MOSIBIDIir %4 0, SlvMode
BN 1, HABA % E NS SPI 3% &AMk =X U D i3 415 .

2. 1 SPI f&#ih2ifiss (0x20) 1, ¥4 SlvDataOnly %M 1,
TransMode %~ 0, DualQuad %~ 0, PAFE7~ APB SPI 78 M % 51V %K
P A

3. @I ¥ RXFIFORST 154 1 kEE RXFIFO, F%4%F RXFIFORST
PEiEREN 0.

4. 1R¥#E RXFIFO HIBCE, 1F SPI &z 4s (0x30) Hikx'E RXFIFO [
i (RXTHRES), #lunit Ay RX FIFO IR H—¥-.
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5. [aA TXFIFO 5 A& 18, LALACS SPI w1 il

6. 7t SPI il AEZ /728 (0x38) v, JE AUk FIFO [I4E ik
(RXFTHIE). &% FIFO REH W (TXFTHIE) Fif&4rss o
(EndIntEn).

7. AEFR WSS R

® HiIHT SPI T IWRIREZ /S (0x3C) ) RXFIFOInt fi7, 2:4% RX
FIFO ¥,

a) MRAERER RXFIFO B (RXTHRES), M SPI 2 /7%
(0x2C) A3 HHR 7

b) iEi¥ SPI WS A 45 (0x3C) [ RXFIFOInt 254 1K
S PP A

® EIRTE SPI HWRIRA A A4 (0x3C) K TXFIFOInt i, %5fF TX
FIFO i,

a) [ SPI #ya#fFay (0x2C) HAHET, HEHE L TX FIFO
i (TXTHRES).

b) fREEUE IR O 58 a7 2 SPI Hdls w45 (0x2C)
Hr, TEER SPI Il ae A fr Ay (0x38) KA FIFO BRIfEH
Wr (TXFIFOINtEN), VL5 T4 H W

) ¥ SPI FWDIRAZAE 2 (0x3C) [ TXFIFOInt 75 1, LUK
R WbRE .

® EIIKA SPI TR AT F4E (0x3C) K Endint fi7, Z5f5fLHnss
AT

a) WHRILKEHIE, WA SPUREF A4 (0x34) 1) RXFIFO %
H¥E (RXNUMD, JfM SPI i 25 f7as (0x2C) BT A
R%H.
b) ¥ SPI HWPIRAEFAA2S (0x3C) B EndInt 25 1, PUERIZH
TR
!

IR A R BRI 2 B2 e, AT BABEIE 5 5 — D T AR A #R A . R
TEXFRE L N T e A TX FIFO Fiisl RX FIFO b, fH AT DL 2 SAA FAH R o T .
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VEA(E BiE S LA =2 Sk Mk Gowin APB SPI IP 4 & ¥t
® S HiFit:

- ...\ref_design\FPGA _RefDesign\DK_START_GW5AST138 V1.0\a
pb_spi

- ...\ref_design\FPGA _RefDesign\DK_START_GW5AST138 V1.0\a
pb_spi_flash_mem

- ...\ref_design\FPGA _RefDesign\DK_START_GW5AST138 V1.0\a
pb_spi_flash_reg

® KiZHiit:

---\ref_design\MCU_RefDesign\apb_spi
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