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XENSH - — i spi BNAFERE - BEFSE] BIRHERY spi TEHRREP - TTLUBLESE - Hfl]

5 SPI Xzt & - STLIRIBNIREHBERREBAXLESH -

5. DMA 5 FIFO

KEEES YT SPI FIFO A1 DMA B buffer size iIE&R[E :

&4 32bytes LU NEF FIFO - &4 32bytes L EfFEA DMA,

DMA Tl B REZRIEH - —REAK 256K ,

6. 12C 5 SPI Xftb

Th8E 12C SPI
Y 2(SDASCL)  4(MOSI,MISO,SCLK,CS)
FNHE >=1 ==1
S FWT EXNT
[B] Rz 71,31 yes no
=E <=3.4Mbps high
N SZHE REHE
T yes no
R ML yes no
EARE me i

12C &0 SPI F9ZRZEY T -

12CHER

®E

L2

100KHz

6/25

MISO

Iy

MOSI

¥



12CtET EE

TRIR 400KHz
PRI+ 1MHz
=R 3.4MHz

SPI & : J+ MHz EZ £B MHz - ZHEBURET CPU 89 SPI &I z8 FAT £ clock

8/6/2022

STM32F103 89 SPI 2= 2 #F 18MHz, imx6ull BY SPI &5 #F 52MHz - EM SR —RARIESH - AAERE
MR RSEAYT - BRSO -

EARBASAERTMIMEASR - 50 EEPROM B9 W25Q128 K SPI &R 53 80MHz, ICM20608 & &L 28/
SPI 25X #F8MHz - —RA*E flash THRESZRIE -

7R

SPI thiX E L2 8#E : Standard SPI. Dual SPI #1 Queued SPI =Fh iy iz -
Dual SPI A2 %4 - RE2EWLIUTNESE - FERZ Standard SPI IS -

Queued SPI @& - Z 7 WIBHIELZ - BRWREZ Standard SPI g9PU#Z -

SPI F%%; ( — ) : SPIdriver

https://mp.weixin.qg.com/s/ZTMFlltanYFQzey4FbVcsw

1. SPI IR 4 B %

Linux common spi driver

kernel-4
kernel-4

spi ZEHlzRIXE) - ICT BEfH -

kernel-4
kernel-4
kernel-4

dts

kernel-4
kernel-4

.14/drivers/spi/spi.c Linux IRERBEBEOITEEXD
.14/drivers/spi/spidev.c linux 12#AY sPI BRIRERNER
kernel-4.14/include/linux/spi/spi.h 1linux IBHEMES SPI WEBELUREMARE

.14/drivers/spi/spi-mt65xx.c

A EHERE

MTK SPI 1ZEHIZSIXE)

.14/drivers/spi/spi-mt65xx-dev.c
.14/include/linux/platform_data/spi-mt65xx.h

.14/arch/arm/boot/dts/...
.14/arch/arme64/boot/dts/...
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SPI IR &R BATNEEZH SPI MR Z R - SPI MY IKEhiZ T 1 BRIR & TNRER B EEIRRI TS -
mF - KBS EAEOEMEGSRMEE - oL - HEBEESREREEANINEMNZNET
FERERTRE -

BIgn - 1 MTD ERERUEIE SPI #OMEFREIRESSMAR N XHE RS - MTTY FRAREIE SPIRESKIA
—PNTITY 8% - MNEFRARELUEL—D SPLRESLMA—PMERE - MRE-NEESPIIRE - &
MY LUZRIRERIMNER - KMECHWER MK -

SPI BRIREWERF

ZEREEE SPI ZEHlZR ENREBNIEY - EARBEEMMNANNENERS - W TEMER - W%
1R 7 RAN SPIRERDER - WBARERNEFBASZEEIEM 7 SPEFRIRZESIED - BEW
MIERIMBIEE R TERXBAS ZEREERRERTH - ARXFHAP - REXARIDHG M SPI R
BHTBE  FIMBERT -LEHIEERDVRIEE SPIIRE -

2, SPIBAZEOERE

1. SPIBREOZEEEMAR SPRERIINIREIA SPI 2 H 23 X shIEZAE —HE -
2. AT SPI 245 Linux IREBEEAHRAYGARIETLIE -

3. A IREHRERI 2R BN R R — R AR ER D AP REBIRLEY -

4. SPI g% ~ SPI X IKz) - SPI ZEHlsr BRI

5. BN EUE & T E X ROEHR S

kernel-4.14/drivers/spi/spi.c

static int __init spi_init(void)

{

int status;

buf = kmalloc(SPI_BUFSIZ, GFP_KERNEL);
if (!buf) {

status = -ENOMEM;

goto erro;

}

// GI# /sys/bus/spi TIm

status = bus_register(&spi_bus_type);
if (status < 9)

goto errl;

//BIi# /sys/class/spi_master Tig

status = class _register(&spi_master class);
if (status < 9)

goto err2;

if (IS_ENABLED(CONFIG_SPI_SLAVE)) {

status = class register(&spi_slave class);
if (status < 9)

goto err3;

}
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EXEBOET SPI 24 - 8 /sys/bus/spi TIsH /sys/class/spi_master TT 53 °

ERBIREW

spi_device

spi_driver

spi_board_info
spi_controller/spi_master
spi_transfer

spi_message

EZE API

spi_message_init
spi_message add_tail
spi_sync

spi_async

spi_write

spi_read

BN RIFEABTEWEMAPL . RARERED - TBBTESEB I XH

https://www.kernel.org/doc/html/v4.14//driver-api/spi.html

AEENEWEEFENZMTAKRA - TEEIERE SPIER -

spi_master/spi_controller : ##i— spi FHIRE

struct spi_master {
//Linux IXENEBLPRNIZE

struct device dev;

//1t spi_master REFREZE/E spi_master BERPHT =
struct list _head list;

//IE spi_master RS
sl6  bus_num;

//IE spi_master IEMREESHE

ulé  num_chipselect;

//dma i XF5%
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ulé  dma_alignment;

//Ut spi_master ZIFEHAI mode
ulé  mode_bits;

u32 bits_per_word_mask;

/* limits on transfer speed */
u32 min_speed_hz;

u32 max_speed _hz;

/* other constraints relevant to this driver */
ule flags;

/* lock and mutex for SPI bus locking */
spinlock t bus_lock spinlock;// &% Bhedl
struct mutex bus_lock mutex;//E%E fFHf

/1 BEEERT lock RAS
bool  bus_lock_flag;

/1 EEERR - RECRNSH

int (*setup) (struct spi_device *spi);

/ /& mEE

int (*transfer)(struct spi_device *spi,
struct spi_message *mesg);

// &% release WHYBFRIIE

void (*cleanup)(struct spi_device *spi);

bool (*can_dma) (struct spi_master *master,
struct spi _device *spi,
struct spi_transfer *xfer);

bool queued;//R&EXRARFENFILER

struct kthread worker kworker;//FI{CEHIFNAIZIZ worker
struct task_struct *kworker task;//FILEHRAILERR
struct kthread_work pump_messages;//FI{EEH AR K EL
spinlock_t queue_lock;//FINEEHIFHqueue_lock

struct list_head queue;//FAEEHATAY msg BASISL

struct spi_message *cur_msg;//FINMEEHNHEIN msg

bool idling;

bool  busy;//FAINEEBNELEZEEEL Tbhusy RS

bool running;//FALERNEEZERESETIT

bool  rt;//BEKIIEH

int (*prepare_transfer_hardware)(struct spi_master *master);

//— msg BIEHISLI
int (*transfer_one_message)(struct spi_master *master,
struct spi_message *mesg);

/* gpio chip select */
int  *cs_gpios;
11/25
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spi_device : #ii— spi MALIRE

struct spi_device {
//LinuxIRENER PRI &
struct device dev;
struct spi_master *master;//IR&BFTIEEM spi ENIRE
u32  max_speed_hz;// ZIZEEmAEEERE
u8 chip_select;//CSREESHRS
ug8 bits_per_word;//BREHBKE
ulée  mode;//fEHIET
int  irq;//HREPiTS
void *controller state;//¥EHIZSIRA
void *controller_ data;//#Z#HISH
char modalias[SPI_NAME_SIZE];//R&ZRR
//CS RIZESXNRA GPIO number
int cs_gpio; /* chip select gpio */

/* the statistics */
struct spi_statistics statistics;

}s

spi_driver : i — spi R E KN

struct spi_driver {
//bdriverPT2 50 spi &% list
const struct spi_device_id *id_table;
int (*probe) (struct spi_device *spi);
int (*remove) (struct spi_device *spi);
// %47 shutdown HBTROE]EREL
void (*shutdown) (struct spi_device *spi);
struct device_driver driver;

}s

spi_board_info : f#iit—1 spi MIRBMBER - TiREMNER

struct spi_board_info {
/ /& &AIR
char modalias[SPI_NAME SIZE];
const void *platform_data;//ZR&BRIFEEIE
void *controller data;//R&EHIIEHIZREE
int irq;//IREBWPHS
u32 max_speed_hz;//IR&EZIFHERARER
ulé bus_num;//IRBIEEN spi BRE&RS
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ulé chip_select;//IREEEN S ES5HS
ulé mode;//1R&ERIEHR mode
¥

spi_transfer : f#ilt spi TN EAEE

struct spi_transfer {

const void *tx_buf;//spi_transfer HI&% buf
void *rx_buf;//spi_transfer FJIZEUL buf
unsigned len;//spi_transfer KZEMBEWHEE

dma_addr_t tx_dma;//tx_buf XN dma it
dma_addr_t rx_dma;//rx_buf XNAJ dma ittt
struct sg_table tx_sg;
struct sg_table rx_sg;

//spi_transferfBHITERNEREENLT (S RIEES
unsigned cs_change:1;

unsigned tx_nbits:3;

unsigned rx_nbits:3;

ug8 bits_per_word;//spi_transfer — word SMbits
ulé delay usecs;//M spi_transfer BEIEMEFER
u32 speed_hz;//spi_transfer RIfEHZER

struct list_head transfer_list;//spi_transfertf#HZI# message s
¥

spi_message : it —R spi (FFHNER

struct spi_message {

//HEHEEL msg £ER transfer BEFRSL
struct list head transfers;

//UE msg TBEBEM spi MlIRE
struct spi_device *spi;

//PREEARMUEEEZ dma L

unsigned is_dma_mapped:1;

//msg RIETTRERISAIE R

void  (*complete)(void *context);

void  *context;//completelNEHIZSH

unsigned frame_length;

unsigned actual_length;//Ut msg SERRAUINAERIFTIEL
int  status;//lE msg WARZFRA -0 BIN - A - KK

struct list_head queue;//lIt msg #EFTE msg THIBERTI R
void *state;//lt msg MABEIE
s
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BABIME
SPI HiREHIUIBMIPL N  REHANRL LA -

BE A BIREHNAEZDASEAIREHOER - BHEAEBETSE - BRNEREERZE - BRER
WERHE - BERIRREE RS - RS =RE -

FLH  WEERANAEELEFSHERNER - WEEHHEEIUGETSE - BNERERERE - B
REHNEREE - BESUZARLEMARSEFEERRTHA - RNOIABRE—EIBEREY - ERsiE - %6
BRYZHBRAUBH A EEBIREECSETH -

EEANBESH @ REGUERLEDEHEMNBRE - BENTHREEKX - REZHEHFRE - FEAR
MEREMGE

YT SPIEHIZR R - BEXFHRILHAMAEEERL AR

1. WTRE—1MEIEERNAEE  BRAFLTANLESFHEEEEMTREITIERE - R[EfE - ZAEZETRL
T 2N EE—D message » MY _E—"messageit 2B UIE5E -
2. W THBI—PM AR KREE R - 1B BERIN AL —RmessagefZHilEK -

BASMEIER A 7 A Y BREAERVBIER - FRBRSIE - 2I5IEEEE A message MA—PERNIID - KiE—
MEWBRIE - HLMBIEXI N message HIERIRFBMA—1TFENIS - AAZEAEQNAIIPEEES
HEMM message - MREMAFMEEBIRECRMAZLRE - B PEELASFH message ETTHE - EEIRSY
LERIE - SPIBAEORNFAISEI 7 ASIERERESR -

spi_message FLE— R SPI #IRIRHRFIERIE - AQJFTHT -
3. SPI gz X sh =
SPI IR R EATEREENEIER L - TEZALUTINEE .

1. BIEMNEREGZIR - LBl - DMA 8% - DMA REZETKES

2. Fo& SPI RS LIFEAMSE - £ 2 RN AR & AT IEFEREHE S
3. mEAEOERRMED - &F LENMIR ol LU @A EO R 0TS 23X
A BEEBRZEOE - seAREBIRESNIINSIRANME - ERDERBASIZZEALE

SPI EAIX R E SOC #Y SPI #ZEHIZEIXFN - Linux RAZE A spi_master/spi_controller =7~ SPI =LK -
spi_master @ MEMA - T XTE include/linux/spi/spi.h X -

SPI EAIKEN IO E ERIE spi_master - ARHIYEE spi_master - &fE[E Linux A#EZGE M spi_master,

AP HIF :

spi_alloc_master EK# : BBIF spi_master,
spi_master_put K%L : ¥ spi_master,

spi_register_masteriK#{ : JXfiff spi_master,
spi_unregister_master BK# : T8 spi_master,
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spi_bitbang_startBRE : JEfit spi_masters
spi_bitbang_stop EKZ : JFf8 spi_master,

SPI EHIXZNAYINEL

PAMTK A - REEEE TR RIB
https://github.com/MiCode/Xiaomi_Kernel_ OpenSource

INKBH—PIE - #BZIE kernel B0 HIR - RAFBZEETE Linux GPL FHRIIX -

(2% ] FRREREMSD

kernel-4.14/arch/armée4/boot/dts/mediatek/mt6885.dts

spi@: spi@@1100a000 {
compatible =|"mediatek,mt6765-spi”;

mediatek,pad-select = <0>;
reg = <0 9x11002000 0 0x160>;
interrupts = <GIC_SPI 159 IRQ_TYPE_LEVEL_HIGH>;
clocks = <&topckgen TOP_MAINPLL D5 D4>,
<&topckgen TOP_MUX_SPI>,
<&infracfg_ao INFRACFG_AO_SPI@_CG>,;

clock-names

“parent-clk”, "sel-clk", "spi-clk";

¥

(3=

kernel-4.14/drivers/spi/spi-mt65xx.c
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static struct platform_driver mtk_spi_driver = {
.driver = {
.name = "mtk-spi",

.of _match_table

mtk_spi of match,

¥y
.probe = mtk_spi probe,
.remove = mtk_spi remove,

¥

static const struct of device id mtk spi of match[] = {

{ .compatible "mediatek,mt2701-spi"”,

.data = (void *)&mtk_common_compat,
¥s
.compatible = "mediatek,mt2712-spi”,
.data = (void *)&mt2712 compat,
¥s
{1 .compatible = "mediatek,mt6589-spi”,
.data = (void *)&mtk_common_compat,
Ts
{ .compatible = "mediatek,mth739-spi”,
.data = (void *)&mt6739 compat,
Is
{ |-compatible = "mediatek,mt6765-spi”,
.data = (void *)&mt6765 compat,
¥s

VLECLAfE - probe BREFNIT - 8315 spi_master - FJ821E spi_master - &fal@ Linux RNAZE M spi_master,
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static int mtk_spi_probe(struct platform_device *pdev)
{

struct spi master *master;

struct mtk_spi *mdata;

const struct of_device_id *of_id;

struct resource *res;

int i, irg, ret, addr_bits, value;

master = spi_alloc_master(&pdev->dev, sizeof(*mdata));

if (!master) {

dev_err(&pdev->dev, "failed to alloc spi master\n");
return -ENOMEM;

static int mtk_spi_ probe(struct platform_device *pdev)
{

struct spi_master *master;

struct mtk_spi *mdata;

const struct of_device_id *of_id;

struct resource *res;

int i, irq, ret, addr_bits, value;

master = spi_alloc_master(&pdev->dev, sizeof(*mdata));
if (!master) {

dev_err(&pdev->dev, "failed to alloc spi master\n");
return -ENOMEM;

ret = devm _spi register master(&pdev->dev, master);
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platform BUS

2.mtk_spi_probe 1.platform_driver_register §

spi controller driver Ldts :
(spi_mte5%¢.c) spi_controller

3.spi_alloc_master f

4.devm_spi_register_master

SPI BUS
(spi.c)

6.probe 5.spi_register_driver

. . 4.dts . .
spi protocol driver spi_device 3 pm

BIEZE - X SPI RENERMBTEN B -

5.of register_spi_devices

1. 2. 3 RIRHAT - EITA spi BE&RVEM - KEZ spi IEHIZRRNME - REZ2RERNME -

XHBET - spi ZEHIZWENMEAT - 25 platform DLULECIRE (ZHIZR ) ST - spi RERXNMERT - 25
spi DE&VLFCIRE (SMRIC) S5 -

init flow

sd spi J
spi.e spi-mtB5xx.c ANK. €
SPImaster SPI device&driver

|
L
bus_reg fispi_bus_type)

« iR spi B4

ST} spi master

1: mtk_spi_probe()
Wj spi_register_master()

|
|
|
|
u 2: Message1
|
|
|
|
|
|

of_register_spi_devices()

« X spi device

spi_register_driver() D—_,

« ¥ it spi driver

Y T e

spi_register_master B9iE A5
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sd spi_register_controller )

P il B3 Bl En i A 0 R (spi ) Linuxidk #5 B HE42
[

| spi_register_controller()

|
|
)J— of_spi_register_master()

1

device_add(&ctrl->dev)() -

Hhndevice
spi_controller_initialize_gueue()

|
|
ctrl->transfer=spi_queued_transfer() WAL A
|
|
|
|
|
|

il

1]

spi_init_queue()

i

spi_start_queue()

1

— list_add_tail{ &ctrl->list, &spi_controller_list)() I A spidss il 88 5 72

i

L1 list_for_each_entry(bi ,&board_list list)()

-

spi_match_controller_to_boardinfo()

1

| | of register_spi_devices()

-

Spi_register_spi_devices()

1

AT (EARLInux RS T &)

FASIERY TERLHI R 32
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sd spi_sync J

YL ¥ i 14 1 (spi.c) kthread.c completion.c

T . T
! spi_syncl) Pl IR

__spi_sync()

il

__spi_validate() A EEE A

1]

message->complete=spi_complete() 4% &5 bl 19018 oh ¥

1]

spi_queued_transfer() i & A G (k. {£4R

i

__spi_queued_transfer()

i

list_add_tail(&msg->queue &ctrl->queue)()  fin Aqueue

1

if{ctrl->transfer == spi_queued_transfer)()

i

_ spi_pump_message(ctrl false)()

1

o wait_for_completion(&done)()
FRFE TR ﬁ

2 CRANALINUGRGITFR )

|
|
Khread_queue_work(ctrl->kworker &ctrl->message)( ) > |
|
|
|
|
|
|
|
|
|
|
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sd spi_async J

B iHED

il R

spi_async()

xfer_completion()

i kthread_queue_work( ctri->kworker &ctr->message )|

ctrl->message ---> Sspi_pump_message

spi_pump_message()

Fa ) 22 e Eh kthread.c
| |
> spi_validate() % 50 Hkt | |
| |
o & st S IHI | |
spu async() | |
| |
ctrl->transfer(spi, message)() "JI_ :
< spi_queued_transfer() T2 ¢ |
__spi_queued_transfer() |
' |
|
list_add_tail{&msg->queue, &ctrl->queue)() mAqueue |
|
|
|

W P #% L {F £k fspi_pump_

essage

[
A

1

spi_finalize_current_transfer()

T
|
T
__spi_pump_message() [
I
list_del_init( &ctri->cur_msg->queue)() I
T——l |
I

prepare_transfer_hardware() Jl-ﬁg obl| BRI v - 0 B A 25 3

transfer_one_message() ’

b_

i)

)

mtk_spi_transfer_one()

4

!

L' GBEARLInux &S TR )

LXK IR 83T spi_async KHE— message 153KHAY -

258 A% message RIIEHIIRTE -

spi_sync 5 spi_async

5. SPI iR & IX5h

KL

(k%] FRERENT

= el =
REE—NEHF
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&spid {
status = "okay";
#address-cells = <1>;
#size-cells = <0>;
pinctrl-names = "default”, "gt9896s int_active”,
"gt9896s reset active”, "gt9896s_int suspend”,
"gt9896s_reset_suspend”, "gt9896s_spi_mode"”;

pinctrl-0 = <&ctp gt9896s _pins_default>;
pinctrl-1 = <&ctp gt9896s_int active>;
pinctrl-2 = <&ctp gt9896s reset active>;
pinctrl-3 = <&ctp_gt9896s_int_suspend>;
pinctrl-4 = <&ctp gt9896s_reset _suspend>;
pinctrl-5 = <&ctp gt9896s_spi_mode>;
g1t9896s@0 {

compatible = "goodix,gt9896s";
reg = <@>; //Same as CS ID
spi-max-frequency = <1000000>;

ctp_gt9896s _spi mode: spimode_default {
pins_cmd_dat {
pinmux = <PINMUX_GPIO18 FUNC _SPI4 C MI>,
<PINMUX_GPIO19_ FUNC_SPI4 C MO>,
<PINMUX_GPIO204_ FUNC_SPI4 C _CLK>,
<PINMUX_GPIO205__ FUNC_SPI4 _C_CSB>;
drive-strength = <2>;
¥
¥

AR IRBHIFSHR - slave device node NIZ B2 TERFTEZEE A &spi node T+ fF device 48ETE master L -
EE pinctrl FIEE GPIO » HIEWE FIRAE pinctrl Q1R -

[3Xz7] demo
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Linux MAZER spi_driver AR ZER spi &M - BIIERE SPI 1RERNHIEHETR ZLIN spi_driver,
spi_driver 41K E X 7E include/linux/spi/spi.h XS -

spi_register_driver : jXfit spi_driver
spi_unregister driver : $§¥8 spi_driver

/* probe KE */

static int xxx_probe(struct spi_device *spi)

{
/* BREREAS */
return 0;

¥

/* remove LRE */
static int xxx_remove(struct spi_device *spi)

{
/* BREREAS */
return 0;

¥

/* ERULEE AT ID FIFR */

static const struct spi_device id xxx_id[] = {
{IIXXXII, e},

{}

s

/* REMILECHIR */

static const struct of_device_id xxx_of_match[] = {

{ .compatible = "xxx" },
{ /* Sentinel */ }
¥

/* SPI IXmhZstfk */

static struct spi_driver xxx_driver = {

.probe = xxx_probe,
.remove = Xxxx_remove,
.driver = {

.owner = THIS_MODULE,

.hame = "xxx",
.of_match_table = xxx_of_match,
¥

.id_table = xxx_id,

i
/* W AORE */

static int __init xxx_init(void)

{
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return spi_register_driver(&xxx_driver);

}

/* WEhE COREL */
static void _ exit xxx_exit(void)

{

spi_unregister_driver(&xxx_driver);

}

module init(xxx_init);
module_exit(xxx_exit);

XN AL ERE B spi_register_driver SKE spi_driver,
TEWEN O R E P A spi_unregister_driver 4 spi_driver,

spi LB HEdemo

/* SPI ZFTRIX */

static int spi_send(struct spi_device *spi, u8 *buf, int len)
{

int ret;

struct spi_message m;

struct spi_transfer t = {
.tx_buf = buf,
.len = len,

}s

spi_message_init(&m); /* #)¥a1E spi_message */

spi_message_add_tail(t, &m);/* f§ spi_transfer /0% spi_message BA%I */
ret = spi_sync(spi, &m); /* EIFEH */

return ret;

}
/* SPI ZFTIHEUT */

static int spi_receive(struct spi_device *spi, u8 *buf, int len)

{

int ret;

struct spi_message m;

struct spi_transfer t = {
.rx_buf = buf,
.len = len,

}s

spi_message_init(&m); /* #)¥a1E spi_message */

spi_message_add_tail(t, &m);/* f§ spi_transfer /AA0%] spi_message BA%I */
ret = spi_sync(spi, &m); /* EIFEH */

return ret;
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BR 7 init, exit, probe. remove, read. write K9 - HtMRRHEEFKIN - XL MEHELRW -
6 /%‘I\zl:él:
Linux @ 2%k ~ 1% - W) WAEZR - B 7XMER - EsERFTBREIRIKENAESR -

SPI IXZALE 12C W E 2B L RZH -
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