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1.1 3CHEfETT

48 SPIRIREER 7%, BEFRARER.

1.2 Bi5i%E

SPIRIRBVIKENFF & /4647 A Blo

1.3 iEAERE

N,

* 1-1 ERAF@my IR

AZhf s IXEN >4
Linux-4.9 Spi-sunxi.c
Linux-5.4 spi-sunxiic
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2.1 1EIRINEEITER

SPIB—MEE. SMENBTEAKRAR, BER—MERRN—PHZDIMRIRARY, FRIRE
BE—IMRRAITED BE, MMTREBIENRM, W ZMATF ADC. LCD Fig&5 MCU 2
B £EBY spi Iz a8 5 LU IhEE:

SWITEFBTEO.

¥ 5 METEFRRIERE,

¥ master # slave FHAEZE,

a4 cs Rz $F,

8bit TEH 64 FT fifo IRXE,

cs # clk B MEMBAI AT L E

S $HEH DMA,

ZFEMEEE,
HEEFZIFRAR io IRZE 100MHz,
53 4%, 4 4% SPIRER,
SRR BT TGRS 0~32bits.
% # Standard SPI/Dual-Output/Dual-input SPI/Dual i/O SPI/ #1 Quad-Output/Quad-Input
SPI,

2.2 HXARENTR

2.2.1 BEHARIF

*2-1: BHARIE

ANE  FERIRER
SPI  Serial Peripheral Interface, B &1T/M&IEO

2.2.2 BRERE
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& 2-2: REARIE

RiE FRRRBA
Sunxi g Allwinner W—&7%! SOC FEHF &

SPI Master SPI Fi&%
SPI Device 15 SPI 7MERIKE

2.3 BIRECETTER

2.3.1 device tree Eo & it BH

EARER Sunxi BEFEH, SPITHI2SMHREBE AR, EB3FE&—1 SPITHI2ZKIH, FIREW
FEBESEEM, FTEIIREMXHEMNREZEN: kernel/RiZhRZs/arch/arm64 (32 (L F&H arm) /
boot/dts/sunxi/CHIP.dtsi(CHIP A &S, %0 sun50iwl0pl &), XFEESPI1ME, WT:

spil: spi@05011000 {
#address-cells = <1>;
#size-cells = <0>;
compatible = "allwinner,sun50i-spi";// B A% E, FATIKEF1&EIS0E
device_type ="spil";//i&& TLaEHk
reg = <0x0 0x05011000 0x0 0x1000>;// Z 4. 5 725 il &
interrupts = <GIC_SPI131RQ_TYPE_LEVEL_HIGHS;// 2 28ERlRS . FHiAf=Eal
clocks = <&clk_pll speriph0>, <&clk_spil>;//i% & {525 BB &
clock-frequency = <100000000>;//F2 &S 19 B 55722
pinctrl-names z "default", "sleep";/ A= HllEs EHEBIPIn i 2 7T
pinctrl-0 = <&spil_pins_a &spil_pins_b>;/ /=623 HHpinfil il =
pinctrl-1 = <&spil_pins_c>;//&llz3 F A pinHicE
spil_cs_number = <1>;//i=fl|25esfilz =
spil_cs_bitmaps <1>;/* cs0- 0x1; cs1-0x2, csO&cs1-0x3. */
status = "disabled";//#= 252 S ERE
L

£ Linux-5.4 iRASRZH, 5 Linux-4.9 AZEEEEHIFER, FEET clock Ml dma WECE k!

spil: spi@4026000 {
#address-cells = <1>;
#size-cells = <0>;
compatible = "allwinner,sun20i-spi";//E&xE1&E, ATFIRHFNEENLE
reg = <0x0 0x04026000 0x0 0x1000>; //1% % T3 & 1
interrupts-extended = <&plic0 32 IRQ_TYPE_LEVEL_HIGH>;// 24 rhitfiS . mhlifZed)
clocks = <&ccu CLK_PLL_PERIPH0>, <&ccu CLK_SPI1>, <&ccu CLK_BUS_SPI1>;//1% &5 FH YA £
clock-names ="pll", "mod", "bus";//i& & & B £ R
resets = <&ccu RST_BUS_SPI1>;/ /& & fresetifsf
clock-frequency = <100000000>;//#% 25 B By ER AT =
spil_cs_number = <1>;//#= 25 sl E
spil_cs_bitmap = <1>;/* cs0- 0x1; cs1-0x2, cs0&cs1-0x3. */
dmas =<&dma 23>, <&dma 23>;//iz 5|23 E AN dmsiEE S
dma-names ="tx", "rx";//#= %l 23 R EE S XV B Z F
status = "disabled";//{z 38 2 ERE
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NT1E SPI 2REBpBHRXS5E— SPI THI28, FE7E Device Tree Ay aliases TR AT —
N SPI TTRIEERRA:

aliases {
soc_spi0 = &spi0;
soc_spil = &spil;

I

AMBENANFRE “spi” MERRSHET, £ SPI SLWKIEFFRILIE of_alias_get_id()
EREGRENY N SPHERIRHHFRS, MMEXRIE—1 SPI £HI28,

HApizhirZ< A Linux-4.9 B9 spil_pins_a, spil_pins_b BYECE X E&E A kernel/linux-4.9/arch/
arm64 (32 fUF &9 arm) /boot/dts/sunxi/xxx-pinctrl.dtsi, EAEEIN TR

spil_pins_a: spil@0 {
allwinner,pins = "PH4", "PH5", "PH6";
allwinner,pname = "spil_sclk", "spil_mosi", "spil_miso";
allwinner,function = "spil";
allwinner,muxsel = <2>;
allwinner,drive = <1>;
allwinner,pull = <0>;

I

spil_pins_b: spil@1 {

allwinner,pins = "PH3";

allwinner,pname ="spil_cs0%

allwinner,function = "spid";

allwinner,muxsel = <25;

allwinner,drive = <1>;

allwinner,pull = &1%; // only€S should bepulledup
L

spil_pins_c: spil@2 {
allwinner,pins = "PH3", "PH4" "PH5", "PH6";
allwinner,function = "io_disabled";
allwinner,muxsel = <7>;
allwinner,drive = <1>;
allwinner,pull = <0=;

I

AIZARAH Linux-5.4 B9 spil_pins_a, spil_pins_b B EAKE BN FFrR:

spil_pins_a: spil@0 {
pins = "PD11","PD12", "PD13";
function = "spil";
drive-strength = <10>;

L

spil_pins_b: spil@1 {

pins = "PD10";

function = "spil";

drive-strength = <10>;

bias-pull-up; /* only CS should be pulled up */
I

spil_pins_c: spil@2 {

WRIFRE © HiBEERIRRNBMRAR. RE—IRF 4
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pins = "PD10", "PD11", "PD12", "PD13";
function = "gpio_in";

b

2.3.2 board.dts Bt = i5FA

board.dts BFREE—MIEAFEEEERUHNEENFE (30 demo 1k, demo2.0 ik, verl
WEE) , EENEREEESEE EEM device tree BHAERREE Bo

board.dts BYE&1E /9/device/config/chips/{IC}/configs/{BOARD}/board.dts, E# SPI1 R A E
W

(0 3588
7£ Linux-5.4 WiZhRZAs 3t board.dts IEEM T 1824, FEXF/ABTHAES, €A & FS5IATR.

&spil {
clock-frequency =<100000000>;
pinctrl-0 = <&spil_pins_a &spil_pins_b>;
pinctrl-1 = <&spil_pins_c>;
pinctrl-names = "default", "sleep";
spi_slave_mode = <0>;
status = "disabled";

spi_board1@0 {
device_type = "spi_boafd1";
compatible = "rohm,dh2228fv";
spi-max-frequency = <0x5f5e100=;
reg = <0x0>;
spi-rx-bus-width = <0x4>;
spi-tx-bus;width = <0x4>;
status = "disabled";

%

L

AR, MNREMEM spislave 181, IHIE spi_slave_mode = <0> &2 spi_slave_mode =<1>,

spi_boardl *E—LRIECE S, d0:

e spi-cpha # spi-cpol: ECE spi BIOFHERHIEI,
e spi-cs-high: BCE& cs 5|fBEBURSEBIEF,

spil_pins_a, spil_pins_b . spil_pins_c BIEAEEE I FFiR:

spil_pins_a: spil@0 {
pins = "PD11","PD12", "PD13","PD14", "PD15"; /*clk mosi miso hold wp*/
function = "spil";
drive-strength = <10>;

L

spil_pins_b: spil@1 {
pins = "PD10";
function = "spil";

WRIFRE © HiBEERIRRNBMRAR. RE—IRF 5
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drive-strength = <10>;
bias-pull-up; // only CS should be pulled up
L

spil_pins_c: spil@2 {
allwinner,pins = "PD10", "PD11", "PD12", "PD13","PD14", "PD15";
allwinner,function = "gpio_in";
allwinner,muxsel = <0>;
drive-strength = <10>;
L

2.3.3 menuconfig E2& %A

EHESITHPHNARZ linux BR, 1T make ARCH=arm64 menuconfig(32 fii £4 79 make

ARCH=arm menuconfig) # NEE £ R@E (Linux-5.4 RIZARZASHIT:

R & Bi21E,
1%E+% Device Drivers ETUEN T —RECE, W TEFR.

.config - Linuxgdarm 4.9.116 Kernel Configuration

118 Kermel Configu
submanus

Linw/a 1.t
Arraw keys navigate the menu. =Enters selects
letters are hotkeys.
to exit, == for Help, =/= fer Search.

capsola

---= for emyby submenus - - ).

Pressing <v> includes, <M= excludes, <M= mpdulurizes festlires.
Lagend: [*] built-in

[ ¥ axclided =M= module

./build.sh menuconfig),

Highlighted
Priess <Esce=Esc>
< = module

[*] Patch@physical to virtual transbatlons at)runtime
eraral setup - --=
[+] ghable loadsble module support
[*} Enable the bleck layeg ---&
Lystem TyRE e, =
us suppart N -- -
Kernel Features .- -=
oot optiBns -~--=
TRU Pown - Managesant
Loating poant emulaticn
zerspace binary formats
Power management optiaons
[#] Metworking suppert  ---#
irmeare Drivers --s=
File systems ---=
cernel h.ar;k'i.ng 4 =
Security opiigns - --=
-#. Cryptographic APl --->
ibrary routines - --=
[ 1 virtualization

-

<= Exit = = Help = = Save =

< Load =

2-1: Device Drivers B0 & %EIN

1B SPI support i1, #HANT—RECE, WTFEFIT.
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ceonfilg - Limuxfarm 4.9.118 Kernel Contiguration

Device Drivers
Device Drivers
Arrow keys navigate the menu. <Enter= selects submenus ---= (or espty submenus ----J. Highlighted
letters are hotkeys. Pressing <v= includes, =h= excludes, =M= modularizes features. Press =Esce<Esce
to exlt, =t= for Help, == for Search. Legend: [*] built-zn [ ] excluded =M= module = = module
capahle

Generlc Driver Options - --=
Bus devices --.=
= = Conpector - unified userspace == kernelspsce linker ----
=== Memary Technolegy Dewice [MTD) support ---=
<= Dgvice Tree and Open Firmware suppart - --=
= = Parallal port support ----
[=] olock dewices ---=
= = M/Mz Target support
Misc devices ---=
SCEI device suppart ---=
= = Sgrial ATA and Parallel ATA drivers (labatal --.-
[ ] Multiple devices driver support (RAID snd LVM]  ----
[*] Metwork device support ---=
[ 1 tpen-thannel S50 target support ----
Input device support ---=
rharacter devices --.&

137 support - --m
|.m.

= = SPMI suppart =---
= = H5I support  ----
PPS support ---=
TR clack suppert --.m
Fin controllers --.=
[=] GPIO Suppart ---=
= = Dallas's l-wire suppart ----
[ ] adaptive woltage Scaling class support ----
[ ] board level reset or power aff ----
[*] Power supply class support ---=
= = Hardware Momlteorlng suppert ----
= = Generie Thermal sysfs driver ----
[*] Watchdog Timer Support ---=
sonics S51licon Backplane ---=
Broadeam specific AMBA - --=

m = Exitl =~ = Help &= = Sive| = = Loal =

2-2: SPI support Az & 3iEI

EFE SUNXI SPI Controller 28T, PIEFERRIZHENZ, BrIRmIFMER, N TFEFIR.
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ceonflg - Limuxfarm 4.9.118 Kerngel Canfiguratian
Device Drivars SPI suppart -
S5P1 support
arrow keys nevigate the menu. <=Enter= gelects submenus ---= [or empty submenus ----}. Highlighted
letters are hotkeys. Pressing <= includes, <b= excludes, <M> modularizes features., Press <Esc=—Escs
to E‘!{t‘; == for Help, =f> for Search. Legend: [*] bwilt-in [ ] excluded <K= module = = sodule
capstle

- SPT support
[ 1 opebug support for SP1 drivers
=% 507 Magter Controller Drivers #%%
< = Altera SPI Cantroller
= = #fmalog Devices &XI SPT Engine controller
= = Utilities for Sitbanging 5P masters
= = Cadence SPI controller
= = Designkare SPT controller core suppart
= = GPIO-based bitbanging SPI Master
= » Freesscale SPI controller and neroflex Gasizler GRLIE SPI controller
= = Openlores tiny SPI
= = Pockehip SPT contraller driwver
= = WP SCIBISS02rG026/603 12C to SP1 bridge
== Allwinner Al@ SoCz SPI controller
= =  Allwinnmer 431 SPI controller

= = jnalog Devices Al-FMOOMRS]-EBE SPL-12C-bridge driver
== xiliny SPI camtrollar conmon module
= = Jilinx TyngMP GQSPT controller
#=a% ool Protocol Mosters A=
= = lsar mede SPI device driver support
= = spl locpback test framework support
= = Infinean TLES2HO (far power switching]

2-3: SUNXI SPI'Controller B & %10

WMREERF spi BI—LERIRFTED, BILLKLE Debug support for SPI drivers,

2.4 BIBEEHAT TR

SPI R&RaNAVREARE AL FRIZTE drivers/spi BR T

drivers/spi/
F—— spi-sunxi.c // Sunxi* & BISPIEH 23K Eh L ES
F——spi-sunxi.h // ASunxi*F & MISPHEHIZSIRENE X T —L7=. $IBLEN

2.5 IEEHHESRNTE

Linux 1 SPIHARZEHW DN =1RR, N TFEFIR.
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spi S L IRaNRE

&] 2-4: Linux SPI {AR LM E

2.5.1 AR%0g

BIEFAEMERA SPHSENNARER, AX—EAFULUIRES SHEREXR, R spiig&#iT—&
IERAVANIE, HEEHERISS R IEF H A B RN X IREN AT, SPHSRERNEAIIEZHAR
BIEFTTHM, Fi, 1 MTD BREUER SPI #EONFMHIGEIMAENIHERSE, M TTY F
AAR BB SPIRERMA—NTTY 8E, MNEFRAREUEE—1 SPIg&EKIMN— ML
RE, FF. 34, MREBE—NLTEBISPILE, BMMEALIRISEIMINER, KHECHEH
NERED, R XER D FA IR AR E,
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2.5.2 A=

Niz=ERNEFNZ D A—TF =25

2.5.2.1 SPIZHISRIEENE

EIREIERA SPI IS ERIRER A RN, ERMKEEEBNAIMNIEIER, WFXME
o, RZATNES T BAR SPIIREWMIER, ZBRIRERMIEFRAFTERM TEH SPI
EHIEREDO, BERERIMEESHTEXBERF TEREEFRISERTTH, EXM
ARF, REXRARTHHG M SPIigEHITRE, FIBER T -EHEERDE R SPI %
o

X—EX N FHAIRZFBY spi-sunxi.c XMRAR spi 1258350 FHIAFER SPI k&, KA
RBYIHEE, B¥E read, write LI ioctl FEXTAARRIENIZEO, SPI 24 RhEELIM TERTH
TE SPIZHIBRNELIRT 7%, FEME Linux WIZRY SPI 284, SPISMSRLRILIES SPI ZRH5E
RIS EMSEREE. BRELAEMEAIHAZHITEMVEN, ERBRMGENNILIR, F5
RERDRIEAERE. SPICore WEEIEFRER T SPI SAWMESR, 815 SPIIK&EIKRAILL
BEER M SAITHIZZAARE, TRZEENASEALERNMNAT.

2.5.2.2 SPIEREOHEKRE

AT B SPI R EFE R B 4RAE T1F, RIBAE N T R RN F TR S i F A E1E
E, WNiZBEHeas I i aKa i — L@ IR FR R AR ER RO, N E—E@AEZELE
1R1F, AT SPLBREOIERR, XEFMFAE, WHizhlRkmiEr, RAELIREREOR
T8 AP, FHEEEMEIBRZEORAR, LREEEMNINEREZFHITZE, M FHEED
Fin, IAFRLERZOERMBY APLENRISTROISEMEBEM, FESRBAEZEOER APl 5T
IEME R, TREFESPI ITHI 2R IKThAYSSINAT,

X—EX R FIEEHRH spi.c X, BRZKRENH,

2.5.2.3 SPI HVIE=NIERF

SPIIREBERARINAEEH SPI thiVIKEhiZF7erRY, SPIMNIKENIZ T f# g & RIThREFN B S 1R
IS, @, i@ @EAEORMTH R EAdE, L, HEREESRIER
FEANINENAZBNEE FRARHITR B,

1 MTD BB LUEIR SPI EOMEFEIRERIMNEIXHRS, MTTY FRAAREE SPIIRESE
WA—DTTY igE, MNEZFREXEUEE— SPHRERMA—IMNLIRE. IRE—NEH
BY SPIi%#, FAMBAILURIREMINER, KIME TR,

B0 flash-sunxi.c XX, FE5TA SPI-Flash 85 E MR EREE, B @i spi_sync 3%

WEAFRE © BRiBeERHRRNERAE. RE—TIF 10
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OFNEHI 28 AR, @ Li@id mtd_read/write/erase ZHZ AN H R FIREUE,

2.5.2.4 SPlBRAIE&EIRIER

EIREIERAE SPI IS LRI RN, ERMKBESEBNAIMINIKIER, WTFXME
o, RZATNES T BAR SPIIREWMIER, ZBRIRERMIEFRAFTERM T EH SPI
EHIERED, BERERIMEESHIEXBERF TEREEFIRERTH, EXM
AXF, REXRARTHHZ M SPIigE#HITRE, FIBERT -LEHEERDE R SPI ik
&o

X—EN N TG spidev.c X, BRIZRERHE

2.5.3 &%

X—EREMRRYIRE M, HPaERN8 spi TH88 U SiEH S BENSD spi FigdE, Bl
spi BELAETES cpu HITHIEIIRR B,

WEAFRE © BRiBeERHRRNERAE. RE—TIF 11
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3.1 ig&EMEO

#EOE XTE include/linux/spi/spi.h, EBEE spi_register_driver 5 spi_unregister_driver 1%
O, HErghd 7 IuREM SPIi&EIREIEI7: module_spi_driver(), EXITF:

#define module_spi_driver(__spi_driveSPI\
module_driver(__spi_driver, spi_register_driver,\
spi_unregister_driver)

3.1.1 spi_register_driver()

o KERFEL:int spi_register_driver(struct spi_driver *sdrv)
o IhEEHEAR: JEM— SPII&EIREN,
o SEEH:
— sdrv, spi_driver & Mg, HABET SPHEENEZIR. probe FZEOER,

o R[EE: R[] 0FRA, REIE tERRK Y.

3.1.2 spi_unregister_driver()

BR¥RES . void spi_unregister_driver(struct spi_driver *sdrv)

o IheEfER: EHE—1 SPI KB,

SEREA:
— sdrv, spi_driver 2, HPEET SPIIEENEZIR. probe FEZOEFE R,

REE: T

3.2 HiEfEiEO

SPI & EZIXEHER  “struct spi_message” [A SPI S 4&1ERIET I/0, —> spi_message HEET
—MEIERYI, §—MRIEMRME spi_transfer, X#HE SPI R&RhPRITHHIT—MNREFH

WEAFRE © BRiBeERHRRNERAE. RE—TIF 12
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Fole NZZA2EANTISSILTY R EHINE, WTFR— M REFRNARESE, BARI AR
EESFHFHIESHTAENENER, REE, ZARERUIIZINAE— message, MXAY E—
1 message R BAIET, WFAII—PRERIREERN, BEFIERNAE—X message %

D

sunxi_spi Spi_message Spi_message Spi_message
queue —> queus gqueue
spi_device spi_device spi_device
transfers o transfers transfers
complete complete complete
spi_transfer spi_transfer
*tx_buf *tx_buf
*rx_buf enen *x_buf
e v
—> gueue fueue
spi_transfer spi_transfer
*txbuf *tx_buf
*rx_buf *rx_buf
q‘ue ue queus

3-1: Linux SPI BB RIE

struct spi_transfer {
const void *tx_buf;
void  *rx_buf;
unsigned len;

dma_addr_t tx_dma;
dma_addr_t rx_dma;

unsigned cs_change:1;
u8 bits_per_word;
ulé delay_usecs;

u32 speed_hz

struct list_head transfer_list;

I

struct spi_message {
struct list_head transfers;
struct spi_device *spi;
unsigned  is_dma_mapped:1;

WRIFRE © HiBEERIRRNBMRAR. RE—IRF

13



@LW/MER
XHEEE: W

void (*complete)(void *context);
void *context;
unsigned  actual_length;
int status;
struct list_head queue;
void *state;
5

3.2.1 spi_message_init()
o REUREL: void spi_message_init(struct spi_message *m)
o INEEHIR: #IA1—> SPI message 4518, FERBEMAIEN transfer BAF!,

o S¥IER:
— m:spi_message ERHIIEH,

o R[EIH:

3.2.2 spi_message_add_tail()
o KEREE: void spiamessage_add_tail(struct spi_transfer *t, struct spi_message *m)
o IfREHR: 1@ SP) message BAII—4 transfer,

o SHER:

— t:{8mfFAINEI SPI transfer £544;
— m:spi_message KA IR,

o REIE: T

3.2.3 spi_sync()

BRIFERES . int spi_sync(struct spi_device *spi, struct spi_message *message)

o INEEHEIR: Bh. HER SPI R IBSTISER SPI message.

SEOREA:

— spi, EMHFIRY SPIILE;
— m, spi_message XEWIETT, HPBHFLIER SPI transfer BAFIo

REME: 0, AZh; /NF0, KK

WEAFRE © BRiBeERHRRNERAE. RE—TIF
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4.1 RZEEREDEH

IXSNSHTE drivers/spi/spidev.c, IEIRTHRZ Linux RiZE®HHI—1 spidev @Rz, EHiERE
F8 spi_register_driver() JEAft SPI 3Rzh, FSEFEREII SPI message #HIBHIEE,

1| static int __init spidev_init(void)
214
3 int status;
4
5 /* Claim our 256 reserved device numbers. Then register a class
6 * that will key udev/mdev to add/remove /dev nodes. Last, register
7 * the driver which manages those device numbers.
8 */
9 BUILD_BUG_ON(N_SPI_MINORS > 256);
10 status = register_chrdev(SPIDEV_MAJOR, "spi", &spidev_fops);
11 if (status <0)
12 return status;
13
14 spidev_class = class _«create(THIS_MODULE, "spidev");
15 if (IS_ERR(spidev/class)) {
16 unregister_chrdev(SPIDEV_MAJOR, spidev_spi_driver.driver.name);
17 return PTRERR(spidev_class);
18 }
19
20 status = spi_register_driver(&spidev_spi_driver);
21 if (status <0) {
22 class_destroy(spidev_class);
23 unregister_chrdev(SPIDEV_MAJOR,spidev_spi_driver.driver.name);
24 }
25 return status;
261}
27 | module_init(spidev_init);
28
29 | static void __exit spidev_exit(void)
30 {
31 spi_unregister_driver(&spidev_spi_driver);
32 class_destroy(spidev_class);
33 unregister_chrdev(SPIDEV_MAJOR, spidev_spi_driver.driver.name);
341}
35 | module_exit(spidev_exit);
BN S EEXT N spi =HI2880 dts Tl L spi FIEENKHFE 2R, BENEEE W T
I
1] &spil{
2 clock-frequency = <100000000>;
3 pinctrl-0 = <&spil_pins_a &spil_pins_b>;

WRIFRE © HiBEERIRRNBMRAR. RE—IRF 15
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I

pinctrl-1 = <&spil_pins_c>;
pinctrl-names = "default", "sleep";
spi_slave_mode = <0>;
status = "disabled";

spi_board1@0 {

5

device_type = "spi_board1";

compatible = "rohm,dh2228fv";
spi-max-frequency = <0x5f5e100>;

reg = <0x0>;
spi-rx-bus-width = <0x4>;
spi-tx-bus-width = <0x4>;
status = "disabled";

T spi ITHBRERATEX BB EENMRE, XER spi_board1l@0 LA TEMBI—1 spi M
&,

device_type : RRIZEH
compatible : IREHILEER;

et

spi-max-frequency : MIEEHIRAIAE;
reg . MIREFRIFFasitil;

spi-rx-bus-width: XY MIEHITEHIRIRENEIE M data BHELE 2T
spi-tx-bus-width : X MIE&#HITEIES NEHEAR data 8IELL T4

status : MIEEHVIRES.

7£ menuconfig (Device Drivers->SP|support) EHEEZE £ User mode SPI device driver support
I,

WEAFRE © BRiBeERHRRNERAE. RE—TIF
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.config - Linux/arm64 4.9.170 Kernel Configuration
> Device Drivers = SPI support

SPI support
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are
hotkeys. Pressing <Y= includes, <N= excludes, <M= modularizes features. Press <Esc=<Esc> to exit, <?= for
Help, </= for Search. Legend: [*] built-in [ ] excluded <M= module < > module capable

--- SPI support
[1] Debug support for SPI drivers

*** SPT Master Controller Drivers ***
< > Altera SPI Controller
< = Analog Devices AXI SPI Engine controller
< > Utilities for Bitbanging SPI masters
< = Cadence SPI controller
< > DesignWare SPI controller core support
< > GPIO-based bitbanging SPI Master
< > Freescale 5PI controller and Aeroflex Gaisler GRLIB SPI controller
< = UpenCores tiny SPL
< > ARM AMBA PLO2Z2 SS5P controller
< > Rockchip SPI controller driver
< > NXP SC18I5602/602B/603 I2C to SPI bridge
< > Allwinner Al® SoCs SPI controller
< > Allwinner A31 SPI controller
== SUNXI SPI Controller
< > Analog Devices AD-FMCOMMS1-EBZ SPI-I2C-bridge driver
< = ¥ilinx SPI controller common module
< > Xilinx ZyngMP GQSPI controller

*** SPI Protocol Masters ***
<> User mode SPI device driver support]
< = spi loopback test framework support
< > Infineon TLEG62XE (for power switching)

< Exit > < Help> < Save > < Loadf>

4-1: spidev

WIFRRES Z BEEE/IWIXERSED /dev BRT AT spidevX.0(X=0~2) 1&%, AJLAXT spidevX.0
HITIRGIRME, WEFEA Linux BRI spi TE: 7 tina/lichee/linux-5.4/tools BRF, BT T

N AN
pY.

make spi
L 7

SRIGTE tina/lichee/linux-5.4/tools/spi/ T =& spidev_test AIHITX M, #ENE/NWIRXHERS
F, (70T ap < BIRREAT i

/spidev_test -D /dev/spidevX.0

4.2 Slave t&VIRENSE G

=E7E board.dts HHERNAY SPI TTRIZEECE spi_slave_mode =<1>,

4.2.1 Slave T#iE

B spidev1.0 & & Af, &ix 0~9 +1EE:

WRIFRE © HiBEERIRRNBMRAR. RE—IRF 17
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#define DEVICE_NAME "/dev/spidev1.0"
#define HEAD_LEN 5

#define PKT_MAX_LEN 0x40

#define STATUS_LEN 0x01

#define SUNXI_OP_WRITE 0x01
#define SUNXI_OP_READ 0x03

#define STATUS_WRITABLE 0x02
#define STATUS_READABLE 0x04

#define WRITE_DELAY 200
#define READ_DELAY 100000

void dump_data(unsigned char *buf, unsigned int len)
{

unsigned int i;

unsigned char tmp[len*2], cnt = 0;

for (i =0; i <len; i++) {
if (i%0x10==0)
cnt += sprintf(tmp + cnt, "0x%08x: ", i);

cnt += sprintf (tmp + cnt, "%02x ", buf[i]) ;

if ( (i9%0x10==0x0f) || (i ==(len-1)) ) {
printf ("%s\n", tmp);
cnt = 0;

}

void batch_rand(char®buf, unsigned int length)
{

unsigned inti;

srand(time(0));

for(i =0; i <length; i++) {
*(buf + i) ‘= rand() % 256;
}

int main(int argc, const char *argvl])

unsigned int length =0, test_len;

char wbuf_head[HEAD_LEN] ={SUNXI_OP_WRITE, 0x00, 0x00, 0x00, 0x00};
char rbuf_head[HEAD_LEN] ={SUNXI_OP_READ, 0x00, 0x00, 0x00, 0x00};
char wbuf[PKT_MAX_LEN], rbuf[PKT_MAX_LEN], i, time;

int fd, ret;

test_len = 10;//send 10 numbers

if (test_len > PKT_MAX_LEN){
printf ("invalid argument, numbers must less 64B\n");
return -1;

}

wbuf_head[4] =test_len;
rbuf_head[4] = test_len;

for (i =0; i <test_len; i++)

WRIFRE © HiBEERIRRNBMRAR. RE—IRF
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wbuf[i] = i;
printf ("wbuf:\n");
dump_data(wbuf, test_len);

fd = open(DEVICE_NAME, O_RDWR);

if (fd <=0) {
printf ("Fail to to open %s\n", DEVICE_NAME);
ret =-1;
return ret;

}

{//write
if (write(fd, wbuf_head, HEAD_LEN) != HEAD_LEN) {
printf ("W Fail to write head\n");

ret =-1;
goto err;
} else

printf ("W write head successful\n");
usleep(WRITE_DELAY);

if (write(fd, wbuf, test_len) != test_len) {
printf ("W Fail to write data\n");

ret =-1;
goto err;
} else

printf ("W write data successful\n");
usleep(READ_DELAY);
err:
if (fd >0)

close(fd);

return ret;

4.2.2 Slave iE#kiE

U spidev1.0 ig&Af, =+ MEIE:

#define DEVICE_NAME "/dev/spidev1.0"
#define HEAD_LEN 5

#define PKT_MAX_LEN 0x40

#define STATUS_LEN 0x01

#define SUNXI_OP_WRITE 0x01
#define SUNXI_OP_READ 0x03

#define STATUS_WRITABLE 0x02
#define STATUS_READABLE 0x04

#define WRITE_DELAY 200
#define READ_DELAY 100000

void dump_data(unsigned char *buf, unsigned int len)

WRIFRE © HiBEERIRRNBMRAR. RE—IRF
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{

}

{

int

unsigned inti;
unsigned char tmp[len*2], cnt =0;

for (i =0; i <len; i++) {
if (i%0x10==0)
cnt += sprintf (tmp + cnt, "0x%08x: ", i);

cnt += sprintf (tmp + cnt, "%02x ", buf[i]) ;

if ( (i%0x10==0x0f) || (i ==(len -1)) ) {
printf ("%s\n", tmp);
cnt = 0;

}

void batch_rand(char *buf, unsigned int length)

unsigned int i;
srand(time(0));

for(i =0; i <length; i++) {
*(buf+ i) =rand() % 256;
}

main(int argc, const char *argv[])

unsigned int length =0, testflen;

char wbuf_head[HEAD4LEN] = {SUNXI_OP_WRITE,.0x00, 0x00; 0x00, 0x00};
char rbuf_head[HEAD_LEN] = {SUNXI_OP_READ, 0x00, 0x00, 0x00, 0x00};
char wbuf[PKT_MAX_LEN], rbuf[PKT_MAX_LEN], i, time;

int fd, ret;

test_len = 10;

if (test_len > PKT_MAX_LEN){
printf ("inval argument, numbers must less'64B\n");
return -1;

}

wbuf_head[4] = test_len;
rbuf_head[4] =test_len;

fd = open(DEVICE_NAME, O_RDWR);

if (fd <=0) {
printf ("Fail to to open %s\n", DEVICE_NAME);
ret =-1;
return ret;

}

{//read
if (write(fd, rbuf_head, HEAD_LEN) != HEAD_LEN) {
printf ("R Fail to write head\n");

ret =-1;
goto err;
} else

printf ("R write head successful\n");

usleep(READ_DELAY);

WRIFRE © HiBEERIRRNBMRAR. RE—IRF
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if (read(fd, rbuf, test_len) != test_len) {
printf ("R Fail to read data\n");

ret = -1;
goto err;
} else

printf ("R read data successful\n");
usleep(READ_DELAY);

}

printf ("rbuf:\n");
dump_data(rbuf, test_len);

err:
if (fd >0)
close(fd);

return ret;

4.2.3 Slave 5/ & izt
4.2.3.1 FiREE

IR
ZORMIRE A FIRIT ZAREEF 155, Rt master, —3Rfif slave,

¥ MASTER 5 SLAVE B9 SPI1 B9 CS. CLKAZRRFXREEE R, MASTER BY MOSI # SLAVE BY
MOSI, MASTEREJ MISO #% SLAVE By MISO, RFRIRFF &L R M,

Menuconfig

FTF menuconfig B CONFIG_SPI_SUNXI 5 CONFIG_SPI_SPIDEV, @0 TFEFiT.
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2~ SPI support

1  Debug support for SPI drivers

=xx SPT Master Controller Drivers ===
tltera SPI Controller

tnalog Devices AXI SPI Engine controller
Utilities for Bitbanging SPI masters
Cadence SPI controller

DesignWare SPI controller core support
CPI0-based bitbanging SPI Master

OpenCores tiny SPI

LRM AMBA PLB22 S5P controller

Fockchip SPI controller driver

NXP SC18IS602,/602B/603 I2C to SPI hridge
M lwinner A10 SoCs SPI controller

M lwinner A31 SPI controller

VoW WM W WY

¥ SUNXI SPI Controller

I [ ontraotller

¥1linx SPI controller common module

VoW

£
L

= -pl loopback test Tramewur suppor

= Inflne% power 5w1ti

4-2:menuconfig

Freescale SPI controller and aAeroflex Gaisler GRLIB SPI controller

&
tnalog Devices AD-FMCOMMS1-EBZ SPI-I2C-bridge drive
¥1linx ZyngMP GQSPI controller
#%% CPT Protorn]l Masters ®%%

| <*=  |ser mode SPI device driver suppurt

DTS
REMERR: device/config/chips/xxx(t507)/configs/xxx(demo2.0)/board.dts, FINLAFTI=:
&spil {

pinctrl-0 = <&spil_pins_a &spil_pins_b>;
pinctrl-1 = <&spil_pins_c>;

spi_slave_mode = <0>;

status = "okay";

spi_board1 {
device_type ="spi_board1";
compatible = "rohm,dh2228fv";
spi-max-frequency = <30000000>;
reg = <0x0>;
spi-rx- bus-width = <0x1>;
spi-tx-bus-width = <0x1>;

I

L
7E: spi_slave_mode =<0> /3 Master B2&; spi_slave_mode=<1>, JySlave i &
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4.2.3.2 i

5% E Master 1 Salve B DTS, HEFHWNE M, KEEH-

Slave

Slave IHHIT TS8R, $TFF Slave BOIEIRKATED, XEFRTUEEIRE HIEIE,
echo 4> /sys/module/spi_sunxi/parameters/debug

Master

X RIFMIE A BIFAY test/bsptest/cases/spi/apps/spislave-test.c, FEMIH M slave_test,

¥ slave_test £\ Master #1,

./slave_test <n>

//n FMRRER, FRINFENL

4.2.3.3 Mik4s

Maset source data 1 target data $TEN#E—=, BNZREANIXIEE

n test

W write head successful

W write data successful

source data:

0x00000000: 5a 5a 5a 5a 5a 5a 5a 5a 5a:5a 5a 5a 5a 5a 5a 5a
0x00000010: 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a/5a 5a
R write head successful

R read data successful

target data:

0x00000000: 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a 5a
0x00000010: 5a 5a 5a'5a 5a 5a 5a 5a 5a 5a5a 5a 5a 5a 5a 5a
slave function [PASS]

4.2.3.4 BEHHEA

BARUBERMISEINEE, BRIEMILE, FELES T byte FIRIFIEKR, WA T:

%5 11 Byte: 12FI3

#define SUNXI_OP_WRITE 0x01
#define SUNXI_OP_READ 0x03
//3E5 83 Fmaster

5 2~4 1 Byte: it (2 2&:uUtit)

54 Byte: KE (KEZXK/\F 64Byte)
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TR

I)QE?@%{HREH#@E?;‘&{’E, BFRBE{ThE ) Edrivers/spi/spi—sunxi.c E’\Jsunxi_spi_slave_handle_headIZI%&EP N
INER < XT N AYIR1ERR 21

if (head->op_code == SUNXI_OP_WRITE) {

sunxi_spi_slave_cpu_rx_config(sspi);

}else if (head->op_code == SUNXI_OP_READ) {
sunxi_spi_slave_cpu_tx_config(sspi);

}else{
dprintk(DEBUG_INFO, "[spi%d] pkt head opcode err\n", sspi->master->bus_num);
ret=-1;
goto errl;

}
kil 4 2 C

55 2~4 /> Byte Bt R B FIEEIRE R FHIE, E1F K/ NI Edrivers/spi/spi-slave-protocol WFRE X , FH
FBITI&E, i Byte

( #define STORAGE_SIZE 128 )

KE

FOREHIEBKERR/NTF 64Byte, BT SPIRX/TX B FIFO &{FK/N/9.64Byte, A TBHLEIRE
BA—Imig & B RNEEHIESH buf EH, —REWEREKE/NT 64Byte, NRBZFARTF
64Byte #iE, Pl ZREFIER, WA RE T RIREL.
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51 AT R

5.1.1 /sys/module/spi_sunxi/parameters/debug

BN debug 79 1, FITFHBIRIE S,

((echo 255> /sys/module/spi_sunxi/parameters/debug )

BRI TS B

5.1.2 /sys/devices/platform/soc/spil/info

5 R BT LAFTENH a0 SPI1 @iE iy —ERE FZRE S

( cat /sys/devices/platform/soc/spil /info )

5.1.3 /sys/devices/platform/soc/spil/status

T R AR LAFTEN L 2470 SPIL BEN—EEITRSER, BiEEHISNEFESRE,

[ cat /sys/devices/platform/soc/spil/status ]

5.2 HI{aI7E UBoot Hh{EA SPI1

B/ Uboot #7 SPI 232 EMEMAY SPI 0, W SPI1/2%F, BAFNEBETEIREMNRARIMN
TR EFTHEE,

Z<f5) L R528-evb2 #1715 B8, 7E Uboot HfiEf SPI1 |REAIMLAT™ERR, HEMikFrIllSEE£,

5.2.1 ixEMECEIEcK

o TEXTRYAY SoC RKIKEM X HHZRN SPI Controller &
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in arch/arm/dts/sun8iw20p1l-soc-system.dts

spil: spil@4026000 {
#address-cells = <1>;
#size-cells = <0>;
compatible = "allwinner,sun20i-spi";
device_type ="spil";
reg = <0x0 0x04026000 0x0 0x300>;
L

o TEXAIMRBISE AR A SPI T3 2 Pinctrl 58

in configs/evb2/uboot-board.dts

&spil_pins_a {
allwinner,pins = "PB11", "PB10", "PB9";
allwinner,pname ="spil_sclk", "spil_mosi", "spil_miso";
allwinner,function = "spil";
allwinner,muxsel = <5>;
allwinner,drive = <1>;
allwinner,pull = <0>;

b

&spil_pins_b {
allwinner,pins = "PB12", "PB8", "PB0";
allwinner,pname = "spil_cs0“;"spil_hold"; "spil_wp";
allwinner,function = "spid";
allwinner,muxsel = <5>;
allwinner,drive = <1>;
allwinner,pull = &1%; // only€S shetld bejpulleditip
I

&spil_pins_c{
allwinner,pins = 'PC2", "PC3", *PC4", "PC5",
"PC6", "PCT";
allwinner,function = "gpio_in";
allwinner,muxsel = <0>;
allwinner,drive = <1>;
allwinner,pull = <0>;

I

&spil {
clock-frequency = <100000000>;
pinctrl-0 = <&spil_pins_a &spil_pins_b>;
pinctrl-1 = <&spil_pins_c>;
pinctrl-names = "default", "sleep";
/*spi-supply = <&reg_dcdcl>;*/
spi_slave_mode = <0>;
spil_cs_number=<1>;
spil_cs_bitmap =<1>;
status = "okay";

5
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5.2.2 Uboot fic&

18 7 — Uboot 85 (sunxi_sspi) AT M SPI #iEW R, FEEREXGRITAUTERER
Bo

iN sun8iw20p1_evb2_defconfig

CONFIG_CMD_SUNXI_SSPI=y

5.2.3 Mi4ER

BHRIF uboot HIREfE, ERF _EFEHE SPI1 B9 MOSI/MISO 51, R sunxi_sspi an L TEL
HEREIRYCE M

o FEHEHD

=>sunxi_sspi 1:0 32 12345678
SPI SEND:
12345678
SPIRECV:
FFFFFFFF

o fEiEIE

=>sunxi_sspi 1:0 32 12345678
SPI SEND:
12345678
SPIRECV:
12345678

] LAIBRIERS SPIL IR BiE—2, I NiHEd,

B % sunxi_sspi e L BI AR LA A sunxi_sspifS o

5.3 BRr=E

5.3.1 dts FigEFEREFER

KR . 7E board.dts FECE spi B9 statue KEA  “okay” , BEREDN Linux RIZENLIN spi 15
HIZRRERE, MR FIRERSEERIR, THREBIREREMAYIEHIZSFI0 spio.

EHESE:
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SR ZMAF—RERTFEIRENE, MINGEKM T 5IREE, BEXMLEZEE probe KX
I, MMSRIRMIZETIE probe, BINXT spi ik #iHY dma ER#ITHZE, 10Z dma £ menu-
config REEWITH;

FIZ 2. 17F out/BR TR sunxi.dts HITFH:

[find -name ".sunxi.dts" )

AEXHERENNAT R, WENNA spi 25 &M,

S8 3: 7£/\Hl uboot ITHI BB fdt list spi* mSEE dts, BEERE SPI BN (status =
“okay” ) , WIRER disable, NITTEE spi 7 uboot B E&# disable ¥ 7T (—# spi0 2REE4A
flash {6/, spi0 =7E uboot MERXHFE) o

5.3.2 SPI-Flash #iEEimsE

AR EASREBIER—E

SR 1 #ITRBMEHE, Unorflash A, BEYHRBMERL, SEMIRS HE, XMEE
A LA TR R S EFIIRA. HAE, HEERYHBEIN,

S 2. WahiAide tRPBEEELLRK, BER UMEMERF S FRERE L. —REBRET
FHEAEITED, BEARNEEELE SPI SR, ARRFIE SPI B LIKENRIS3EH HKATEL
ESESRTENBEE S —, KAMEMNATEMRT HE, XNMEATUEREEME
R, UBINEXHASE. MTID R, SPI 24IKaIEMIRT 5 0],
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E{E =R

H&*yﬁﬁﬁ ©2023 E’E/'@élu\*‘l’ﬁﬂ&ﬁiﬁﬁa/&ao 1%%_1:]]7}:2%U0

KX RNBRERUERIP, HEFNBEKE2THERHERAT ( “2F ) HEHRE
_t)J*y%Uo

AXHEEEENREFERMRRM ™, RELEPEWFA, EESUMNATFEERED.
fil. B RRJEBRISEATH I EE, BEREFUEAFH LR,

(ot

LLWINNER LLWINNER LLWNINNER
C g¢ﬂ;§\§'b\ *’I‘ *i C (R 275

é)ﬂﬁﬁﬁéuﬂﬁkﬁﬁm NEETEEEMET. ARSERAN T RPHINEES
R, Pamaik, MRS, HRESEREARE,

REFNA

BHEON~m. RSFFUENZESHKELEREROBRAE ( &) zaEENHIE
EFMFRAVLIR A PR 2B A D ™ m. RS AFIERIRER A EFr M LS fE B TEE
Wo EARNBIAERIRSRFMRMAEXREE, HREEASENERNRR, /K BTRIEER
FYUERTH (BEEFEFINEE, B, BREER) BRITFIER, 2T R,

ﬁﬁﬁﬁﬁﬁ%ﬁ RS EZ BT HmRE ARSI EMRE, AXEATERREN, WX
B, 8RR 1TEN. 2EREDELAXEFRHEBNES, EHFTHERBET2REHEIR K
ﬁ%$i&ﬁk$ﬁ%(@%ﬁ?ﬁ?@ﬁm\ﬁ%m\%%Mh%)ikiﬁmﬁ_ﬁﬂﬂ$
, @EMANT. A XERNFREKRR. (EE8MENH AR ERBAR SRR RIES A,

SR PAREE R H M5 TR F ESHERZTFEHIR~ N, FEKES RVER~mhY
HizH, AIRERERTF[E=ZFHNFFE, BEBETEE = ANFANREEXNIFR, £&EFE
BUARAMERRTREEZ S IR BRI (TR . 2EFWERERNE=
BT R ERA B EARIE BEIAEBEEMNX S,

WEAFRE © BRiBeERHRRNERAE. RE—TIF 29



	前言
	文档简介
	目标读者
	适用范围

	模块介绍
	模块功能介绍
	相关术语介绍
	硬件术语
	软件术语

	模块配置介绍
	device tree配置说明
	board.dts配置说明
	menuconfig配置说明

	源码结构介绍
	驱动框架介绍
	用户空间
	内核空间
	SPI控制器驱动层
	SPI通用接口封装层
	SPI 协议驱动程序
	SPI 通用设备驱动程序

	硬件


	接口描述
	设备注册接口
	spi_register_driver()
	spi_unregister_driver()

	数据传输接口
	spi_message_init()
	spi_message_add_tail()
	spi_sync()


	模块使用范例
	内核原生驱动范例
	Slave模式驱动范例
	Slave写数据
	Slave读数据
	Slave使用&测试
	环境搭建
	测试
	测试结果
	自定制说明



	FAQ
	调试节点
	/sys/module/spi_sunxi/parameters/debug
	/sys/devices/platform/soc/spi1/info
	/sys/devices/platform/soc/spi1/status

	如何在UBoot中使用SPI1
	设备树配置修改
	Uboot配置
	测试结果

	常见问题
	dts中设置使能不生效
	SPI-Flash 数据传输异常



