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(BUET=):=P

SDK_Folder’NGR551x SDKIFIHR H 5% .

2.1 ,E8T1E

WAESN RG22 RT, T 2SSl T e AR,

- WEHEE
R2-1BHER
&R it
GR5515 Starter KitJF &R 7B 5 BT HLGR5515 Starter KitFF & AR

© RftEE

®2-2HMMER
B ik
Windows Windows 7/Windows 10 #:1F &%t
J-Link Driver J-LinkIX W27, TF#Mik: www.segger.com/downloads/jlink/
Keil MDK5 IDET H, F#Mht: www.keil.com/download/product/
GRUart (Windows) GR551xH: I A, f7FSDK Folder\tools\GRUart
2.2 &R

il 2-1f7R,  f# FHMicro USB 2.0%(4# 28 1% $2GR5515 Starter Kit/7F &K AR S5 iH &AL .

'
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2.3 TE[EH

VALEDAMN Rl 95, T #nB ) gpio_led_sk_r2_fw.bin[E {1 =TT Ktk . BARRIETEES
% (GProgrammerf " )

(10358 BR:
gpio_led_sk_r2_fw.binfii T

SDK_Folder\projects\peripheral\gpio\gpio led\build\.

24 BHORE
Ja#IGRUart, %% 2-3 hSEEE .

< 2-3GRUart B OBCESH
PortName BaudRate DataBits Parity StopBits Flow Control
AR Sk £ 115200 8 None 1 )i
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SDKH FT A A s 1] B 42« SDK_Folder\projects\peripherall\.

PLADC/R 1 MM, XU $T Hradc.uvprojx TRESCAE, TEKeilH i H gt an i 3-1F7:

% Project: ade
&9 GR351x_SK
i gr_startup
] startup_gr55ix.s
i gr_arch
) system_gr5Sxc
_] interrupt_gr35mx.c
_l platform_grS5ux.c
# (d gr_stack_lib
S gr_drivers
] gri5o;_hal.c
1 gr550_hal_exflash.c
£ griSo_hal_adc.c
] gr550_hal_gpio.c
] gr55o_hal_uart.c
L gr_libraries
] bsp.c
] app_log.c
_] ring_buffer.c
L utility.c
] gr551x_adc_voltage_api.c
3 user_app
_] main.c
] gr5So_hal_msp.c
l gri35o_it.c
) custom_config.h
] GR3515_SK.h

3-1 TIEEREH
FE BRI INER 3-1 frR:

% 3-1 IMRIRBIEE ST ER

Group pats i
main.c Main()\ I EREL, % BIEH KT A6 A AR AN AT AT
gr55xx_hal_msp.c ANERIIEAL, X RAEEIGPIO. HIHT. DMARLE
R grssw_it.c RIS, 57 ESR 5 HSGHE L A 16 5
GR5515_SK.h TR X, %o IR ERL ) F GPIOZER AT 72 52

«  gr55xx_hal_msp.c
PO ESCHL T ADCEEEL I GPIO. R TSR IE (F A WIA 1h 5 VT BR Ak .
hal_adc_msp_init(): GPIO. It {441 4h 1k 2 %5
1. FHAINVIC_ClearPendingIRQ() 5hal_nvic_enable_irq()3% 7% & DMA Pending " i 1 GEDMAH 17 .

2. I hal_msio_init()#% FIEADC_P_INPUT_PIN(MSIO_PIN_0). ADC_N_INPUT_PIN(MSIO_PIN_1)5| 4l
WIEEA SR 51 o
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3. i Hhal_dma_ini()# O W4 ELDMARE L,

ABGUN o :

void hal adc msp init (adc handle t *hadc)

{

msio init t msio config = MSIO DEFAULT CONFIG;

NVIC ClearPendingIRQ (DMA IRQn) ;
hal nvic enable irg(DMA IRQn) ;

/* Config input GPIO */

msio config.pin = ADC P INPUT PIN

| ADC_N_INPUT PIN;

msio config.mode = MSIO MODE ANALOG;

hal msio init (&msio config);

/* Configure the DMA handler for Transmission process */

hadc->p dma = &s dma handle;
s_dma handle.p parent = hadc;
hadc->p dma->channel =
hadc->p dma->init.src request
hadc->p dma->init.direction
hadc->p dma->init.src increment

hadc->p dma->init.dst increment

hadc->p dma->init.src data alignment = DMA SDATAALIGN WORD;
hadc->p dma->init.dst data alignment = DMA DDATAALIGN WORD;

hadc->p dma->init.mode

hadc->p dma->init.priority

hal dma init (hadc->p dma) ;

DMA ChannelO;

DMA REQUEST SNSADC;
DMA PERIPH TO MEMORY;
DMA SRC_NO CHANGE;
DMA DST INCREMENT;

DMA NORMAL;
DMA PRIORITY LOW;

hal_adc_msp_deinit(): GPIO. TR e W) a1k pR %L

1. M hal_msio_deinit()4% I ADC_P_INPUT_PIN(MSIO_PIN_0). ADC_N_INPUT_PIN(MSIO_PIN_1)5]

SRR 2 38 5] RS

2. i Hhal_dma_deinit() R ¥I2 4L DMA.

AR EN o :

void hal adc msp deinit (adc_handle t *hadc)

{

hal msio deinit (ADC_P INPUT PIN | ADC N INPUT PIN);

hal dma deinit (hadc->p dma) ;

JRALHTA © 2020 IRYITTIC TR I 44 PR A 7]
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. gr55xx_it.c
2 EESEIL T ADCHEE 5 Ho At AR SIBEASE R 8 v B N 11 A 34 PR K

DMA_IRQHandler(): DMAH BT N FIACIR R 3, 124745 SR SR @ i A - B R
#hal_adc_conv_cplt_callback()iR[Fl, F ;& sb el 8 s 2 8 vl B e SCERAE

AR R :

void DMA IRQHandler (void)
{
hal dma irqg handler (g _adc handle.p dma) ;
}
__WEAK void hal adc conv cplt callback(adc handle t *p adc)
{
}

3.1 ADC

P B 754 2%  (Analog-to-Digital Converter, EJADC) J&F T ¥ iE 2280 IR AME S 86 o~ B I 8L 718
S, — R TRMANE R EEE. REEER.

PLFZE T EEA G EHADCIIEMSIOMAMG 5. HIbE L. O R E.
3.1.1 ADC
ADC/RI 3B T ADCHI P FIRAERE . PR SRR A 22 40 K FE

o HURAER, H P HEEARUE S EZEMSIONF]H, gt NG 5 IEEEEE0 ~ 2*vref, HAK
TVBAT;

o ELXRFEN, HPHEHANESESEMSIO0SEMSION, E4 NG S IRE JEEE-2*Vref ~
+2*Vref, JLHE{E KT0.8V.

ADC/RIIRARKS A1 TFE SR T SDK_Folder\projects\peripheral\adc\adc, FHH TFEHAEL
P JKeil 5

3.1.1.1 {XABIR AR

A TRERE B 1A 3-2 7
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3-2 ADCR i TFERFZE

1. g BADCHRH,

g_adc_handle.init.channel p = ADC INPUT SRC IOQO0;
g _adc handle.init.channel n = ADC INPUT SRC IO1;

g_adc_handle.init.input mode = ADC INPUT SINGLE;

g adc handle.init.ref source = ADC REF SRC BUF INT;
g_adc_handle.init.ref value = ADC REF VALUE 1P6;

g _adc handle.init.clock = ADC CLK 1P6M;

* init.channel_p. init.channel_n: JHIEP (channel_p) Al
BN (channel_n) &&, #IEFFADC_INPUT_SRC_IO0 ~
ADC_INPUT_SRC_I04. ADC_INPUT_SRC_TMP. ADC_INPUT_SRC_BAT. I:4bik
FEADC_INPUT_SRC_IO05ADC_INPUT_SRC_I01, R} Z=MSIO0-S5MSIOLIEl . FH J* Al A& i i &2
HAbmsI0oF] il .

* init.input_mode: AR E, T IEFFADC_INPUT_SINGLE. ADC_INPUT_DIFFERENTIAL. ItAt
IEFEADC_INPUT_SINGLERP it =, FRIR HORFENIEE . P Al B O 22 0 .

* init.ref_source: ZH IR E, W i%EFFADC_REF_SRC_BUF_INT. ADC_REF_SRC_IO0 ~
ADC_REF_SRC_I03. I4bi%FADC_REF_SRC_BUF_INTRI P #& % .

* initref_value: WEZHEWRSHFHHIERE, Ak
$¥ADC_REF_VALUE_OP8. ADC_REF_VALUE_1P2. ADC_REF_VALUE_1P6. ItAbik
$EADC_REF_VALUE_1P6l[l1.6 V, ¥ NEFE N0 ~ 3.2V,

e init.clock: ADCR}4hik'E, nlik
#£ADC_CLK_16M. ADC_CLK_1P6M. ADC_CLK_8M. ADC_CLK_4M. ADC_CLK_2M. ADC_CLK_1M. It
Abi%FEADC_CLK_1P6M Bl1.6 MHz, FH P A& B HoAth i
2. AR ADCEE K FIDMA T s B s
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(1) 8 Hhal_adc_start_dma()# 1 FIDMAJ; 1T ADCRAF
KFESE BT DMATEER E A7, ARSI R Fis:

hal adc start dma (&g adc handle, conversion, TEST CONV_ LENGTH) ;

Wi NARBHZE T 3, R SEFADCIRE KR . ARG, ADCRARES ALE
idhal_adc_conv_cplt_callback()4% iR 1], 7E1Z[al 1 s % Py HI 7 AT H 5E SCAT AT #R4F

ARG T B -

void hal adc conv_cplt callback (adc handle t *hadc)
{

printf ("DMA conversion is done.\r\n");

(2)  iHIhal_gr551x_adc_voltage_intern()$% 455 2 ADCEUEFE #9 HUISAE,  ARRS Q1N o :

hal gr551x adc voltage intern (&g adc_handle, conversion, voltage,

TEST CONV_LENGTH) ;

(3) WIRBHPLCRMSNERSHT, T F R £ FURE A5 B ADCI AU E 54 45 Dy HL S fE -

void hal gr551x adc voltage extern(adc_handle t *hadc, double vref, uintlé6 t
*inbuf, double *outbuf, uint32 t buflen)

3.1.1.2 X IEIE

1. JilGProgrammer | #adc_sk_r2_fw.bin = KK .

2. CBIFRBUR DEREZPCH, FTHF I EGRUart.

3. I tHADCEE R TS 255 H &

4. fEGRUartffJReceive Datafd H i /R vH 5 f5 FRIADCHL AR -
3.1.2 ADC DMA UART

ADC DMA UART /RS2 BW T FHDMA T 2 ADCR A B35 8 i UART B A% By 22 PCEl A AM Bl 152 4%« i da A%
WMETHCPUS Y, BT ml Bl L5 .

ADC DMA UART/R B R YEACAS AT TFE U7 T-SDK_Folder\projects\peripherall\adc
\adc dma uart, HH THESCARESCHF RKeil 5.

3.1.2.1 {XRBIR AR

A TREURE B 1A 3-3f 7k :

JRALHTA © 2020 IRYITTIC TR I 44 PR A 7] 8



GA@DIiX IR

=D

3-3 ADC DMA UART/R 5l T2 R FEE

1. Fid BADCEIH:,

g adc handle.init.channel p = ADC INPUT SRC IQO0;
g_adc_handle.init.channel n = ADC INPUT SRC IO1;
g_adc_handle.init.input mode = ADC_ INPUT SINGLE;

g adc handle.init.ref source = ADC REF SRC BUF INT;
g_adc_handle.init.ref value = ADC REF VALUE 1P6;
g_adc_handle.init.clock = ADC CLK 1P6M;

ADCHL B Z 411K 152 7%3.1.1 ADC.

2. UARTRIZBE LZDMAIEHI T K/ N E .

11 adc set thresh(16);
11 uart set tx fifo threshold(uart handle.p instance, LL UART TX FIFO TH CHAR 2);
11 dma set source burst length(DMA, hadc->p dma->channel,
LL DMA SRC BURST LENGTH 8);
11 dma set destination burst length (DMA, hadc->p dma->channel,
LL DMA DST BURST LENGTH 8);

*  ADCHIfHFCE M16, RIADCRFE 16444 B 13 R DMAFL S o

© UARTARIXRMERLE A2, BIUART TX FIFOH % /b 12N i SRDMATE 4 o

*  DMAburstiKZRCE N8, Bl —xfkhms M, M T /ADMARIEEIIREL, 2 mDMARE.
3. HERFE.

_ HAL ADC ENABLE CLOCK (hadc) ;

hal dma start (hadc->p dma, (uint32 t)&MCU SUB->SENSE ADC FIFO,
(uint32 t)&UART1->RBR DLL_THR, TEST CONV_LENGTH >> 1);

hal dma poll for transfer (hadc->p dma, 1000);

__HAL_ADC_DISABLE_CLOCK (hadc) ;
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*  {TJFADCH} 8.

*  ififhal_dma_start() 2 DMAfE S .

*  hal_dma_poll_for_transfer()Apolling /5 2N A DMATE 4 5 . 45 Sk il ik UART 145 4 22 GRUart .
3.1.2.2 WX IEE
1.  JHGProgrammer N #iadc_dma_uart _sk_r2_fw.binZ=FF K .

2. BIFFRMCE TTUARTO, UARTLZEREZPCim, 177115 & PiGRUart.
3. EHUARTOMGRUartf] ENFEF FIARE B, ZEHUARTIIGRUart$T ENADCR AR 1633k il B 4f

3.1.3 ADC Battery

ADC Battery 7~ {51 SE 7 ADCXT H b i, s o0l 2

ADC Battery/~ 9l YRS AN A2 U7 TSDK_Folder\projects\peripheralladc\battery, #&
o AR SCHAE S KeKeil 57T .

3.1.3.1 {XHBIR AR

B TREURE 1A 3-4 7

e

3-4 ADC Battery {5 TIE T2 E

1. JidEADCEIH:,

g _adc _handle.init.channel p = ADC INPUT SRC BAT;

g _adc_handle.init.channel n = ADC INPUT SRC BAT;
g_adc_handle.init.input mode = ADC INPUT SINGLE;

g _adc _handle.init.ref source = ADC REF SRC BUF INT;
g _adc _handle.init.ref value = ADC REF VALUE OP8;
g_adc_handle.init.clock = ADC CLK 1P6M;

ADCHL & Z 5415152 3.1.1 ADC.  It/nf|Hinit.channel_p. init.channel_ni%
FEADC_INPUT_SRC_BAT. init.ref valuei3%ADC_REF_VALUE_OP8E[0.85 V.
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L0 5t BR:

AT R VBATIG I £E2.0 V ~ 3.8V, 4i&FFADCIchannel il NBAT, &S 53k @ N4 R K (R fF:
BIANTEO ~ 1.6V) , FTUASHHENIEFF0.85V, PSR R

2. i Fhal_gr551x_vbat_init()#% 1 #1451LADC BATTERYAR R .

3. i Hhal_gr551x_vbat_read()#z iz L e o 32 FR [EHE RPN S /TR, SAiER (V)

3.1.3.2 M 3G

1. JHGProgrammer | #ibattery_sk _r2_fw.binZ K o
2. CEIFRMRCE DEREPCHT, $TJFIFRL E GRUart.
3. YEGRUartffJReceive Data i H H6 2 SW o H Ak 5 1 Fth FE {8

3.1.4 ADC Temperature

ADC Temperature7~ {5 SEHIL 1 ADCK A5 A 15 il B &

ADC Temperatures~ il YRS AN TAZ L7 TSDK_Folder\projects\peripheralladc

\temperature, HH THFECHEFIKell 5,

3.1.4.1 {XHBIR AR

A TR B B 1A] 3-5 7 -

o

[& 3-5 ADC Temperature;=~ 5| TIEn 2 E

1. W EADCHRH:,

g_adc handle.
g_adc_handle.
g _adc handle.
g_adc handle.
g_adc_handle.

init.
init.
init.
init.

init.

channel p = ADC INPUT SRC TMP;
channel n = ADC_ INPUT SRC_TMP;
input mode = ADC INPUT SINGLE;
ref source = ADC REF SRC BUF INT;
ref value = ADC_REF VALUE 0P8;
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g_adc_handle.init.clock = ADC CLK 1P6M;

ADCHC B Z M55 273.1.1 ADC. I/ Finit.channel_p. init.channel_ni%
FRADC_INPUT_SRC_TMP. init.ref_valueiiF¢ADC_REF_VALUE_OPSE[J0.85 V.

2. {HIhal_gr551x_temp_init()#% 1 #)454(ADC TEMPERATUREARZ L .

3. A Hhal_gr551x_temp_read()¥z I S HGR A . B LR FME RIS A NSRS, S ER IR (C) &
3.1.4.2 MRS IE

1.  JHGProgrammer | #itemp_sk_r2_fw.bin &= KR -

2. BT RECE DEREEPCH, 7T AL E GRUart.

3. {EGRUart[!JReceive Data i [T 7K 23 R 554k i (18 B2 F
3.2 AES

RN FRE (Advanced Encryption Standard, RJAES) , X FiRijndael 7%, & —FhXHmEisiE, 4
o 2 1R OB AR B I % T AT SR 2 — o — MRE B o A 5 0 SO g 2 ek R R A
3.2.1 AES

AESTRBISEEL  AESHT PR INES K3 C:  ECBAICBC, DA =MuinE % HIICEE: 128 bits, 192 bitsH1256 bits.

FETR ) TRE A B SO SOy Bt R]— 2% W SO R A R 2 1R 25 B I w45 31508 2 AS R 1) 2% 5

o IEEAER, CRMISCENRIN, AESHIE SO, IR L S AR R G SRR B, B8 IEAES N
I IERAE -

o REEERVERE, BN H 0% SCVE N N, AESHRE S I SCEOE, OB SRR SCEXTEE, 56
WFAESHASE I IERATE . UK 347 F 2 A 2148 F AESH Interrupt. Query. DMA =77 26 B4 3047 I i

3R

AESTRA R YRACRS AN TAE U7 T-SDK_Folder\projects\peripherall\aes\aes, HH THEHE
A FeKeil _5TF o

3.2.1.1 {XRBIEAR

B TREGRE A 3-6 7 :
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& 3-6 AESTR I T2 A2 E

1. Bl EAESHEH,
AESHRERFC B A0S (ECB) TR

g _aes handle.p instance = AES;
g_aes_handle.init.key size = AES KEYSIZE 128BITS;

g _aes handle.init.p key = (uint32 t *)g keyl28 ecb;
g_aes handle.init.chaining mode = AES CHAININGMODE ECB;
NULL;

g _aes handle.init.dpa mode = DISABLE;

g_aes_handle.init.p init vector
g _aes handle.init.p seed = (uint32 t *)g seed;

hal aes deinit (&g aes handle);

hal aes init (&g _aes handle);

AESELHREC E AR (CBC) W1F:

AES;

AES KEYSIZE 128BITS;
(uint32 t *)g keyl28 cbc;
AES CHAININGMODE CBC;

g_aes_handle.p instance

g aes handle.init.key size

g _aes handle.init.p key

g_aes_handle.init.chaining mode
g aes handle.init.p init vector = (uint32 t *)g iv cbc;
g_aes handle.init.dpa mode = DISABLE;

g_aes_handle.init.p seed = (uint32 t *)g seed;

hal aes deinit (&g _aes handle);
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hal aes init (&g _aes_ handle);

*  initkey_size: EHAKERE, Wik

$EAES_KEYSIZE_128BITS. AES_KEYSIZE_192BITS. AES_KEYSIZE_256BITS. M7k

PEAES_KEYSIZE_128BITSR[112817 .
*  initp_key: NNE/fEEES. B R

*  init.chaining_mode: M%7\ E, Ak
FEAES_CHAININGMODE_ECB. AES_CHAININGMODE_CBC.

*  init.p_init_vector: CBCHEIH#laffkm &, ECBEIHAHALE.
*  dpa_mode: [i#E 2 REDPATIRE.
*  p_seed: BENUFHIFIT, Hif Rft.
2. FAESHIfRZAPL,
PAECBREA 9t CBCHEIKIINAR % 7T 25 ECBAN AR % 4 A .
© Rl AU

hal aes ecb encrypt (&g aes handle, (uint32 t *)g plaintext ecb,
sizeof (g plaintext ecb), (uint32 t *)g encrypt result, 5000)

hal aes ecb decrypt (&g aes handle, (uint32 t *)g encrypt result,
sizeof (g encrypt result), (uint32 t *)g decrypt result, 5000)

(1) i HIhal_aes_ecb_encrypt()#% I SEHL SRR 7 AOINE,  I0% 58 i 3R (8] pR B0 AT 45

R, B CHIEE S _encrypt_resultH .

(2) ¥ iThal_aes_ech_decrypt()# [ SEHL A% SC (K40 1) /7 AT, 725 56 U IR ] B CHAT 4

R, HEHEESEg_decrypt_resultH.
o JEEE T AN

hal aes ecb encrypt it (&g aes handle, (uint32 t *)g plaintext ecb,
sizeof (g plaintext ecb), (uint32 t *)g encrypt result)

hal aes ecb encrypt dma (&g aes handle, (uint32 t *)g plaintext ecb,
sizeof (g plaintext ecb), (uint32 t *)g encrypt result)

hal aes ecb decrypt it (&g aes handle, (uint32 t *)g encrypt result,
sizeof (g encrypt result), (uint32 t *)g decrypt result)

hal aes ecb decrypt dma (&g aes handle, (uint32 t *)g encrypt result,
sizeof (g encrypt result), (uint32 t *)g decrypt result)

void hal aes done callback (aes handle t *haes)
{
g _int done flag = 1;

void hal aes error callback(aes handle t *haes)

{
printf ("\r\nGet an Error!\r\n");

FRALITA © 2020 ERINTTICITRHS I 4 BRA 7
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(1) i hal_aes_ecb_encrypt_it()Ehal_aes_ecb_encrypt_dma()3% I S BB ST AESS ) 5 =00
B, IR RI 45 B [21 18 #% %thal_aes_done_callback()fhal_aes_error_callback()i%
[, FH P AR RR E A BT DL E S

(2) M Hhal_aes_ecb_decrypt_it()Ekhal_aes_ecb_decrypt_dma()4 H SZEL % S AE5E ) 7
S5, RIS RN 4 HiE L A1 R #hal_aes_done_callback()fllhal_aes_error_callback()i&
[H1, FH PR RR A AT B E E SR

3.2.1.2 M 3G UE

1.  fGProgrammer [ #{aes_sk_r2_fw.bin I K
2. CBIFRARCE DEE R PCH, T H L E GRUart.

3. fEGRUartlfReceive Datafd K H 2= B /R AESHIAR 25 45 B .
3.3 AON_GPIO

AON_GPIO:HH FH 2Ry N i o 11, 2B T e AR (1O, w7 B T4 N\ ) BSOHC A R ik D g
(Bl g BRI S T IMCU,  fil A i) o

DL 22745 3 B 484 FH AON_GPIOFRI i \ i HH A rf B g [ I i
3.3.1 AON_GPIO Input & Output
AON_GPIO Input & Output/~ 7l SEHL T AON_GPIO i N\ i i ThiE -
« EEMEHH K, @2 AON_GPIO Input & Output/R 4% 10 L HL P (145 1k .
o EENM BN, @i FEFAON_GPIO Input & Output/ i B0 L HL P I R ik .

AON_GPIO Input & Output/~ il I YEACRE A1 A2 U7 T-SDK_Folder\projects\peripheral
\aon gpiolaon gpio output input, Horp TRESCHFAE S ReKeil _57F

3.3.1.1 X RS 3R AR

A TRESURE B & 3-7P7R
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[& 3-7 AON_GPIO Input & Output;~ 5l T2 %2 E

1. fid B AON_GPIORHLA N /4 A

#define AON GPIO DEFAULT CONFIG \
{ \
.pin = AON GPIO PIN ALL, \
.mode = AON_GPIO MODE INPUT, \
.pull = AON_GPIO PULLDOWN, \
.mux = AON_GPIO MUX 7, \

aon_gpio_init t aon_gpio_init = AON_GPIO DEFAULT CONFIG;

aon gpio init.pin = AON GPIO PIN 7;
aon gpio init.mode = AON GPIO MODE OUTPUT;

hal aon gpio init (&aon gpio init);

aon gpio init.pin = AON GPIO PIN 6;
aon gpio init.mode = AON GPIO MODE INPUT;

hal aon gpio init (&aon gpio init);

*  init.pin: S|ECEID, WJiEFEAON_GPIO_PIN_O0 ~ AON_GPIO PIN 7/FEH &

FRALITA © 2020 IRYITTC IR 6 A BRA 7
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*  init.mode: 5l TAERR, Ak
FEAON_GPIO_MODE_INPUT. AON_GPIO_MODE_OUTPUT. AON_GPIO_MODE_MUX.

AON_GPIO_MODE_IT_RISING. AON_GPIO_MODE_IT_FALLING. AON_GPIO_MODE_IT_HIGH-

AON_GPIO_MODE_IT_LOW.

* initpull: E R HEHARE, Wik
FEAON_GPIO_NOPULL. AON_GPIO_PULLUP. AON_GPIO_PULLDOWN.

* initmux: pin_muxficE, Z7% (GR551x Datasheet) “pin_mux” HIBLE R, A/ 5L E
“NAON_GPIO_MUX_7.

it E R ENRAR, R EEKmode:

aon gpio init.mode = AON GPIO MODE INPUT;

2. WEKHG T

hal aon gpio write pin(AON GPIO PIN 7, AON GPIO PIN RESET);
Z 4 AON_GPIO_PIN_RESETHR /~ % B AL HLF-, AON_GPIO_PIN_SETR /N B A M H .

3. BERHURA GBI

pin level = hal aon gpio read pin (AON GPIO PIN 6);
pin_level HOR/RC L, N1F R HF.
3.3.1.2 WA T IE

1.  HGProgrammer | #aon_gpio_io_sk_r2 fw.binZ T K-
2. BT RMCE DEREEPCHE, FTIT L B GRUart.

3. fEGRUartffJReceive Datafd [ HK 2 W10 5N /5 HIR SR B o
3.3.2 AON_GPIO Wakeup

AON_GPIO Wakeup7z~ il 528 T AON_GPIO ) HH A6 Th fE

24 AON_GPIOL B A4 N A WA - g FR BT, JEdi0 BRI (T RIEES, MRS
fil 2 HR W A EEFE Y, AON_GPIOH AT LABC B AMeBEYR, FH T e REAR 1) R 4.

AON_GPIO Wakeup7 1 FIURARRS A1 TF2 XA T SDK_Folder\projects\peripherallaon gpio
\aon gpio wakeup, HH TFESCARAE S JeKeil 5.

3.3.2.1 K312 %

B TREGURE Bl B 3-8 A& 3-9ffr7:
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fEEEAON_ GPIOMBRELNBE

[&] 3-8 AON_GPIO Wakeup <~ il TIZHFEE (BEAR)

fEHEAON_GPIOSMERP B

RERTHEE?

AON_GPIONETEE .
B FTENREFR

%] 3-9 AON_GPIO Wakeup = fjl TFERFEE (WFI/WFE)

1. JNAON_GPIORRHLAL B M BT o

aon gpio init t aon gpio init = AON GPIO DEFAULT CONFIG;

FBUBT A © 2020 VYN TIL DU 63 5 LA 7 y
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aon gpio _init.pin = KEY OK PIN;
aon gpio init.mode = KEY ANO TRIGGER MODE;
aon gpio config.pull = AON GPIO PULLUP;

hal aon gpio_ init (&aon gpio init);

AON_GPIOMC & S5 417152 %3.3.1 AON_GPIO Input & Output. 7T pinidk
$EKEY_OK_PINEJAON_GPIO_PIN 1.

2. JERRIEAEAON_GPIOTF M. ACHD AN T B

hal nvic clear pending irg(EXT2 IRQn);
hal nvic enable irqg(EXT2 IRQn);

3. RGN, AT PR:

while (!g exit flag)
{
printf ("\r\nEnter sleep.\r\n");
SCB->SCR |= 0x04;
_ WFI();
printf ("Wakeup from sleep.\r\n");

4. F& “OK” MR RFH LG NIET
3.3.2.2 MK IEIE
1.  HGProgrammer | #aon_gpio_wakeup_sk_r2_fw.bin®H KR .

2. KR MCE EREEPCH, T IERC B GRUart.

3. fEGRUartff]Receive Data T I H #5227l i 10 1 M il 52 G DA A 15 2% B A A R A IS o
3.4 GPIO

P A i N\ o 1, 2R AR T R GO Bl AR OB, AT T A BRI R T RE (491

. MREEREARAS T IMCU, filk TR o — MRS GPIOFE il A1 v 4 B FH Hh b g ORI A Bl B 4 (AR
&

0 o

DA #7153 B A48 FH GPIO A 4 A\ /46 HE RN F BT g L T i
3.4.1 GPIO Input & Output

GPIO Input & Output/~ 131 SEIL T GPIO I il iy A /% HH DI e -

o TE @R, BT aEEESIo LR L.

o TE @R, A R R0 EEAT A .

GPIO Input & Output 7~ 31l [ YE S A1 T2 X447 T SDK_ Folder\projects\peripheral\gpio
\gpio output input, HH TFEAFE A HKeil 5T .

FRALITA © 2020 ERINTTICITRHS I 4 BRA 7

19



G@DiX i I B

3.4.1.1 X FEIEfE
) TAERE E an ] 3-10FT 7

R LS

i B GPIOMIN /46

it O A R

W% OIS ERER

[& 3-10 GPIO Input & Output =5l TIEmIEE

1. FCGPIORELHA N i A =

#define GPIO DEFAULT CONFIG \
{ \
.pin = GPIO PIN ALL, \
.mode = GPIO_MODE_INPUT, \
.pull = GPIO_PULLDOWN, \
.mux = GPIO_PIN MUX GPIO, \

gpio init t gpio config = GPIO DEFAULT CONFIG;
gpio_config.mode = GPIO MODE OUTPUT;

gpio config.pin = GPIO PIN 12;

hal gpio init (GPIOl, &gpio config);
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*  pin: S|JIBCEID, WEFEGPIO_PIN_O ~ GPIO_PIN_15/F =44 .

*  mode: BIITA/EMZ, A% +FGPIO_MODE_INPUT. GPIO_MODE_OUTPUT. GPIO_MODE_MUX
. GPIO_MODE_IT_RISING. GPIO_MODE_IT_FALLING. GPIO_MODE_IT_HIGH. GPIO_MODE_IT_LOW.

e pull: EFHIHEPHACE, AIi%EFEGPIO_NOPULL. GPIO_PULLUP. GPIO_PULLDOWN.

*  mux: pin_muxlit®, % (GR551x Datasheet) “pin_mux” FJBCE R, N/ HE FHECE

JNGPIO_MUX_7.
YR EACE N, R T EE S mode:

gpio init.mode = GPIO MODE INPUT;

2. WEKH ST

hal gpio write pin(GPIOl, GPIO PIN 12, GPIO PIN RESET);
Z4GPIO_PIN_RESETZ /i~ 15 B KT, GPIO_PIN_SETER /&% B N P

3. EHURA G .

pin level = hal gpio read pin(GPIO1l, GPIO PIN 13);
pin_level HJOK /R, N1FRIRmHF .
3.4.1.2 WX 3IE

1. fGProgrammer [ #gpio_io_sk_r2_fw.binZFT K I

2. BRI RMCR HiEREZEPCH, 1T FE A GRUart.

3. fEGRUart[fJReceive Datafd [ H K2 W10 F 5N /4 HUIRESAE B o

3.4.2 GPIO Interrupt

GPIO Interrupt/~ 7 SZEL 1 GPIOIK) F i N JRE . GPIOMD & A Wi A, # LAFCE A b TF/ T B fim

K /R .

GPIO Interrupt/~ i FIUEACRS A T2 XA T-SDK_Folder\projects\peripherall\gpio

\gpio interrupt, HH TFECHLEFIHKeil 5T .

3.4.2.1 {XHBIEAR

A TREURE B A 3-11 7
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END

3-11 GPIO Interrupt;~ 5l TIZRFEE

1. BCEGPIORLEH BT A o

gpio init t gpio config = GPIO DEFAULT CONFIG;
gpio config.mode = GPIO MODE IT FALLING;

gpio _config.pin = GPIO KEY0 | GPIO KEY1;

gpio config.pull = GPIO PULLUP;

hal gpio init (GPIO KEY PORT, &gpio config);

/* Enable interrupt */
hal nvic clear pending irg(GPIO GET IRQNUM(GPIO KEY PORT)) ;
hal nvic enable irq(GPIO GET IRQONUM (GPIO KEY PORT)) ;

GPIOJiL & Z 5417515 2 %3.4.1 GPIO Input & Output, F:Hmodei£FEGPIO_MODE_IT_FALLING, pini%
$%GPIO_KEYO. GPIO_KEY1H/GPIO_PIN_12. GPIO_PIN_13.

2. Afhal_nvic_clear_pending_irq()f1hal_nvic_enable_irq()i& k- # GE . AL U0 R Frw:

hal nvic clear pending irg(GPIO GET IRQNUM(GPIO KEY PORT));
hal nvic enable irg(GPIO GET IRQNUM(GPIO KEY PORT)) ;

3. RWRIRAE I R o $hal_gpio_exti_callback()iR A1, F 7 7E bR $ A AT 5 SCERAE
3.4.2.2 X BEIE
1. fGProgrammer | #gpio_interrupt_sk_r2_fw.binZJT K I

2. CRITRMCE DR EPCHT, 7T I EC B GRUart.

3. fEGRUartffJReceive Data i [ HH 52> i s GPIO K H i A\ 45
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3.4.3 GPIO LED

GPIO LED/~ 5B 1 GPIOT 4 th Thfg . GPIORC & v i BXBILED.

GPIO LEDZ~ i YR ARG AN .72 SCEAL T SDK_Folder\projects\peripheral\gpio\gpio led,
o TRE SCARAE SCF JeKeil_5F
3.4.3.1 X AEIEfE

1. JEGPIOKHHH .

gpio init t gpio config = GPIO DEFAULT CONFIG;
gpio _config.mode = GPIO MODE OUTPUT;

gpio config.pin = LED2 PIN;

hal gpio init (LED2 PORT, &gpio_ config);

s GPIOHL B ZH 475155 73.4.1 GPIO Input & Output. H:H1pin fic & ALED2_PINEGPIO_PIN 4.

*  muxAHpin_muxfitE, % (GR551x Datasheet) TF'ffpin_muxfic &%, #HiN/% i E
JNGPIO_MUX_7.

2. A% ¢ X LED2_TOG()Elhal_gpio_toggle_pin()SLHLGPIO I (¥ HL T4 i fH % o ARAG U R
#define LED2 TOG () hal gpio toggle pin(LED2 PORT, LED2 PIN)
3.4.3.2 MIABEIE
1.  JHGProgrammer N #gpio_led sk r2 fw.bin =T K
2. CKIFRARCE CEREEPCHT, T B GRUart.
3. {EGRUart[!JReceive Data % [+ K 2> i /R GPIOBR B LED ) 45 S UL K T R AR T LEDAT [ 58/ JOIRZS

3.4.4 GPIO Wakeup

GPI0 Wakeup 5523 T GPIOF A1 4h A W 22 9t MWFI/WFE HH 6 i

LGPIOAC & A A A T W AR R by, @0 B CETH RREIE, @/ filk
Wr AL BRAR T o

GPIO Wakeup =il I YRAAIS AN TAZ LA TSDK_Folder\projects\peripheral\gpio
\gpio wakeup, HH T FeKeil 5T

3.4.4.1 (XHBIR AR

B LAERE E ] 3-12 7R
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-»

RGP A E?

[&] 3-12 GPI0 Wakeup /=5l T2 F2E (WFI/WFE)

1. BB GPIOKEH AN T .

gpio init t gpio config = GPIO DEFAULT CONFIG;
gpio _config.mode = GPIO MODE IT FALLING;

gpio config.pin = GPIO KEY0 | GPIO KEY1;

gpio config.pull GPIO PULLUP;

hal gpio init (GPIO KEY PORT, &gpio config);

s GPIOHL B ZH 51525 73.4.1 GPIO Input & Output. H:Hmodefit &
SYGPIO_MODE_IT_FALLING, pinfii & J9GPIO_KEYOFIGPIO_KEY1EJGPIO_PIN_12FIGPIO_PIN_13.

* muxANpin_muxfitE, Z% (GR551x Datasheet) Hf#pin_muxBc B2, Fhaheh W A i E
JNGPIO_MUX_7.
2. M hal_nvic_clear_pending_irq()f1hal_nvic_enable_irq()i& k- (# Ge . A0 R Frs:

hal nvic clear pending irg(GPIO GET IRQNUM(GPIO KEY PORT)) ;
hal nvic enable irg(GPIO GET IRQNUM(GPIO KEY PORT)) ;

3. ARGHEANMEIRE. AT

while (!g exit flag)
{

printf ("\r\nEnter sleep at counter = %d\r\n", sleep count);
SCB->SCR |= 0x04;

_ WFI();

printf ("Wakeup from sleep at counter = %d\r\n", sleep count++);
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4. JZGPIO_KEYO (KM HFAMR “UP” BE) M R4:, $%GPIO_KEY1 (XN FFRAIR “Down” HE) Mifil R4
FEIB H R TRERER

3.4.4.2 MR IGIE
1. FIGProgrammer | #igpio_wakeup_sk_r2_fw.binZE I K -

2. BIFREG OEREZEPCH;, 47T B GRUart.

3. fEGRUart[fJReceive Data % [ 944> & /R GPIOFCPU M WFI/WFEHSE =, A i i 11 1 1815 5 o

3.5 HMAC

M A5 ia B BANIERS (Hash-based Message Authentication Code, BTHMAC) J&—Fi i F BA [m] 5471 o H5 44 i
WEAERE R k. — N HE S ERES A

3.5.1 HMAC

HMAC/S 5] S E T HMACHT R F A il i EA 20 SHA-256 FTHMAC-SHA256

*  SHA-256X I AN TH B = A K N256 bits MG A E, FROVIHEME, NG R T EH g iEm
FHMACEKZNAPIFR & #EATHH 76 .

* HMAC-SHA256X 4 N\ 155 H ANV J20a A A B AR il — BOH S 2L, S H K 2 N256 bits.

HMAC/ 1 R AR A1 TR SO T SDK_Folder\projects\peripheral\hmac\hmac, HH TFEXL
R AE S JeKeil _5F o

PLF %75 EEAAFHMACH EAAE FInterrupt. Query. DMA=FFs28 77 .

3.5.1.1 {XAB IR AR

] AR AR EE an 1] 3-13F1 ] 3-14 171
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R LRSI
fig B SHA- 25615
WMNHEHSHITHE
WIETHSR MR
& 3-13 HMACR Bl T2 72E (SHA-256)
RGBS
fit EHMAC-SHA2564% 3
MANERFHSHITITE
WIETHASEIMEE
[ 3-14 HMACR I T2 #2[E (HMAC-SHA256)
1. ACEHMACHIER.
g _hmac handle.p instance = HMAC;
g_hmac_handle.init.mode = HMAC MODE HMAC;
g_hmac_handle.init.p key = (uint32_t *)hmac key;
g_hmac _handle.init.p user hash = NULL;
g_hmac handle.init.dpa mode = DISABLE;
P © 2020 PRI TOURNE: i 4y R A ] 26
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g_hmac handle.init.key fetch type = HAL HMAC KEYTYPE MCU;
g hmac_handle.init.enable irg = HAL HMAC DISABLE IRQ;
g _hmac handle.init.enable dma mode = HAL HMAC DISABLE DMA;

init.mode: HMACHE{ERLAULERE, PIEFFHMAC_MODE_SHA (SHA-2561%
&) . HMAC_MODE_HMAC (HMAC-SHA256#5 ) .

init.p_key: %%, HZFHMAC-SHA256 T 5 N4 %K.
init.p_user_hash: F P IEAWIGAME, wIARHE 5 2 B @ U A HI UG E -
init.dpa_mode: HCE &3 {FFEDPALIRE -

init.key_fetch_type: Key[J>Riyg, Wik
FEHAL HMAC_KEYTYPE_MCU. HAL_HMAC_KEYTYPE_AHB. HAL_HMAC_KEYTYPE_KRAM.

init.enable_irq: FLE &M fEREIRQF W7, Wik
FEHAL HMAC_ENABLE_IRQ. HAL_HMAC_DISABLE_IRQ.

init.enable_dma_mode: FCE &G GEDMARE, nlik
FEHAL_HMAC_ENABLE_DMA. HAL_HMAC_DISABLE_DMA.

2. FPAHESREER M. P WTEDMATHEARR . B E R E T S

(1)

(2)

(3)

AIARYE T EE [ E ST 1E 1 p_user_hash A% 4Hp_key ({XAEHMAC-SHA256 55 2 A4
B .
&1 RN W ED S S

*  init.enable_irqg: HAL_HMAC_DISABLE_IRQ (AHjFiz. DMAF
) . HAL_HMAC_ENABLE_IRQ (H1iifE=)

*  init.enable_dma_mode: HAL_HMAC_DISABLE_DMA CHgif#=. b
) . HAL_HMAC_ENABLE_DMA (DMAFEZL)

*  init.mode: HMAC_MODE_SHAE#HMAC_MODE_HMAC

fifi filhal_hmac_sha256_digest()iH5 i S 5. 5 HE il KK TCVE — IR IETHSESE i, T 75 4 Hodle
rBUCHE . X ARE BRI, TR E E SIS A AT AR fE p_user_hash 2N E— K IKTH5E
4R

SofFrh b A DMATHE AR, 243+ 5 58 i hal_hmac_done_callback() 2> #% AT, THE 4%
FThal_hmac_error_callback()&# 1A, AP ESZE L,

3.5.1.2 M BGE

1.  JHGProgrammer | #hmac_sk_r2_fw.bin & KA .
2. IR R O ERZEPCHT, F1FFIFECEGRUart.

3.  fEGRUart[fJReceive Dataf [ H < B /mHMACTT & 45
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3.612C

1207 — g . XA LR AP R AT B2k, B R EPIRG R 7R E T B B RSt 2 &S

Bo BT IRBUE RS A, Bl mEAR R I AR AR S

PLUR 25 B4 F12¢82 1 Llinterrupts. Query. DMA=F0 7 A SEIL B ) 132 5 A0 32 A4 A4 F 7

%

3.6.112C DMA UART

12C DMA UART/R 528 1 12l i DMA 7 &3 MUART FR #2050 i 58l

12C DMA UART/ 31 IR ARES A0 TAE U7 T SDK_Folder\projects\peripherall\i2c

\i2c dma uart, HHTRECHFAES M KKeil 5T .

3.6.1.1 {XHB IR AR

B TRERE B A 3-15 57 :

[&] 3-15 12C DMA UART/ Rl T2 2

1. FlERCHER,

p_i2c_handle

p_i2c_handle.
p_i2c handle.
p_i2c _handle.
p_i2c_handle.

.p_instance

init

init.

init.

init.

speed

own address

.addressing mode

general call mode

I2C_MODULE;

I2C_SPEED 400K;

0x55;

I2C ADDRESSINGMODE 7BIT;
I2C GENERALCALL DISABLE;
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hal i2c deinit(&p_i2c handle);
hal i2c init (&p_i2c_ handle);
*  init.speed: RCALHIHEFIESE, Wik
#£12C_SPEED_100K. 12C_SPEED_400K. 12C_SPEED_1000K. [2C_SPEED_2000K.
*  init.own_address: RCAMuibEEE, 7A280E 10060, AP AT E @ .
*  init.addressing_mode: 12CHuHERRE RS, Wik
#12C_ADDRESSINGMODE_7BIT. 12C_ADDRESSINGMODE_10BIT.
* init.general_call_mode: 12Ci# Y F-hbAE e $E, Wik
#£12C_GENERALCALL_DISABLE. 12C_GENERALCALL_ENABLE.
2. 2CEEFRIARTL
void hal i2c msp init(i2c_handle t * p i2c)
{
gpio init t gpio config = GPIO DEFAULT CONFIG;
gpio _config.mode = GPIO MODE MUX;
gpio config.pull = GPIO PULLUP;
gpio config.pin = I2C SCL PIN | I2C SDA PIN;
gpio _config.mux = I2C GPIO_MUX;
hal gpio init (I2C_GPIO_PORT, &gpio_config) ; D)
_ HAL LINKDMA (p i2c, p dmatx, s dma handle);
/* Configure the DMA handler for Transmission process */
hi2c->p dmatx->channel DMA ChannelO;
hi2c->p dmatx->init.direction = DMA PERIPH TO PERIPH; (2)
hi2c->p dmatx->init.src request = DMA REQUEST UARTO0 RX; (3)
hi2c->p dmatx->init.dst request = DMA REQUEST I2CO TX; (4)
hi2c->p dmatx->init.src increment = DMA SRC NO CHANGE; (5)
hi2c->p dmatx->init.dst increment = DMA DST NO CHANGE; (6)
hi2c->p dmatx->init.src data alignment = DMA SDATAALIGN BYTE;  (7)
hi2c->p dmatx->init.dst data alignment = DMA DDATAALIGN BYTE;  (8)
hi2c->p dmatx->init.mode = DMA NORMAL;
hi2c->p dmatx->init.priority = DMA PRIORITY LOW;
hal dma deinit(p i2c->p dmatx);
hal dma init (p_i2c->p dmatx) ;
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AR UL AN -
(1)« WAFIOYILGIL, H12CHU 1Y 5] BIRC & 2o
(2) : FLEDMANP2PHEE.
(3) ~ (4) : FEDMARIEFF H 555 7 HUART RXHT2C TX.
(5) ~ (6) : DMAIBEIEJEN H b dik#8 g i i
(7) ~ (8) : DMAIEIELHiH 0L % A8 bits.
3. MEMN Bl
FEARY 2 T 75 B 12CI B N Master,  FFRCE M B &bt . ARRSU0F .

/* Enable Master Mode and Set Slave Address */

11 i2c disable(p i2c handle->p instance);

11 i2c enable master mode(p i2c handle->p instance);

11 i2c set slave address(p_i2c handle->p instance, SLAVE DEV_ADDR) ;

11 i2c enable(p i2c handle->p instance);

4. P HUARTHHE S5 DMA Burst K & . LS4 T -

11 i2c set dma_tx data level (p_i2c handle->p instance, 4U);
11 uart set rx fifo threshold(LOG UART GRP, LL UART RX FIFO TH CHAR 1);
11 dma set source burst length(DMA, p i2c handle->p dmatx->channel,
LL DMA SRC BURST LENGTH 1);
11 dma set destination burst length(DMA, p i2c handle->p dmatx->channel,
LL DMA DST BURST LENGTH 4);

5. ZERFUARTHILEIHE . LT

/* Wait until receive any data */

while (!11 uart is active flag rfne (SERIAL PORT GRP)) ;

6.  JHADMAfEHIFER LR . AR UIF:

hal dma start(p i2c handle->p dmatx, (uint32 t)&UARTO->RBR DLL THR,
(uint32 t)& p_i2c handle->p instance->DATA CMD, TEST LENGTH) ;

/* Enable DMA Request */

11 i2c enable dma reqg tx(p i2c handle->p instance);

hal dma poll for transfer(p i2c handle->p dmatx, 1000);

7. RCEIEALFINIR G AT R B RESTOP(E 5, I EDMAIL S 52 i 75 B INSTOPR FE . ARG
T

/* Disable DMA Request */
11 i2c disable dma req tx(p i2c_handle->p instance);
while (RESET == 11 i2c is active flag status tfnf(p i2c handle->p instance));
11 i2c transmit data8(p i2c handle->p instance, 0, LL I2C CMD MST WRITE |
LL I2C CMD MST GEN STOP) ;
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3.6.1.2 KT IE
1.  FHGProgrammer F#%i2c_dma_uart_sk_r2_fw .bin = FF K .

2. IR MCE EREEPCH, T IR B GRUart.
3. fEGRUartff]Receive Data T I H #5522 7n 12 Cif ik DMA T 30K 328 A UART R 2280 AR 508 O $HUAT 45 S

3.6.2 12C ADXL345

12C ADXL345 7~ S B 1 12CER ) 5 12C K 443815, 1B IL12CHADXL34S KL HE, 1 MADXL345 3B HdE .

12C ADXL345 7~ 51 IR ACHS A1 TR S T-SDK_Folder\projects\peripherall\i2c
\i2c_master adx1345, HH TRESCIAAECFFKeil 5.

3.6.2.1 {XHBIRAR

N TR AR B P 3-16 7 :

[&] 3-16 12C ADXL345 7~ 5] T2 F2 &

P © 2020 PRI TOURNE: i 4y R A ]
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1. JeERCH,

R2CIE4HAC B S 15 2 7%3.6.1 12C DMA UART. IRl TR, speedid

$£12C_SPEED_400K, addressing_modei%$£12C_ADDRESSINGMODE_7BIT, general_call_modei%

#12C_GENERALCALL_DISABLE.

2. RCHEEMHIIRIE.

void hal i2c msp init (i2c_handle t *p i2c)
{
gpio init t

gpio config = GPIO DEFAULT CONFIG;

A Configure the I2C Pins ———-—-———~——~-——————-
gpio config.mode = GPIO MODE MUX;
gpio config.pull = GPIO_ PULLUP;
gpio _config.mux = I2C GPIO_MUX;
gpio config.pin = I2C SCL PIN | I2C SDA PIN;
hal gpio init(I2C_GPIO_PORT, &gpio_config); (@)
A Configure the DMA for I2C ——————-—-—————————-—

/* Configure the DMA handler for Transmission process */
DMA ChannelO;
DMA REQUEST MEM;

s _dma tx handle.channel =

s dma tx handle.init.src request =

s _dma tx handle.init.dst request =
DMA REQUEST I2Cl TX;

s dma tx handle.init.direction = DMA MEMORY TO PERIPH;

s _dma tx handle.init.src increment = DMA SRC INCREMENT;

s _dma tx handle.init.dst increment = DMA DST NO CHANGE;

s dma tx handle.init.src data alignment = DMA SDATAALIGN BYTE;

s_dma tx handle.init.dst data alignment =
DMA NORMAL;

DMA PRIORITY LOW;

DMA DDATAALIGN BYTE;
s dma tx handle.init.mode =
s dma tx handle.init.priority =
hal dma deinit (&s dma tx handle) ;
hal dma init (&s_dma tx handle);

/* Associate the initialized DMA handle to the I2C handle */

__HAL LINKDMA (p_iZ2c, p_dmatx, s _dma tx handle); (6)

/* Configure the DMA handler for reception process */

s _dma rx handle.channel = DMA Channell;
s dma rx handle.init.src request =

DMA REQUEST I2Cl RX;

s_dma rx handle.init.

(p_i2c->p instance ==

dst request = DMA REQUEST MEM;

s _dma rx handle.init.direction = DMA PERIPH TO MEMORY;

s _dma rx handle.init.src increment = DMA SRC NO CHANGE;

s dma rx handle.init.dst increment = DMA DST INCREMENT;

s _dma rx handle.init.src data alignment = DMA SDATAALIGN BYTE;

s dma rx handle.init.dst data alignment = DMA DDATAALIGN BYTE;

p_i2c->p instance == I2CO0)

I2C0)

? DMA REQUEST I2C0_TX

(2)

(3)
(4)
(5)

? DMA REQUEST I2C0O_ RX

7
(8)
(9
(10)
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s _dma rx handle.init.mode = DMA NORMAL;
s dma rx handle.init.priority = DMA PRIORITY LOW;

hal dma deinit (&s_dma rx handle);

hal dma init (&s_dma rx handle);

/* Associate the initialized DMA handle to the the I2C handle */

_ HAL LINKDMA (p i2c, p dmarx, s dma rx handle); (11)

/* NVIC for DMA */

hal nvic set priority(DMA IRQOn, 0, 1);
hal nvic clear pending irqg(DMA IRQn) ;
hal nvic enable irg(DMA IRQn) ;

/* NVIC for I2C */

hal nvic set priority(I2C GET IRQNUM(p i2c->p instance), 0, 1);
hal nvic clear pending irg(I2C_ GET IRQNUM(p i2c->p instance));
hal nvic enable irg(I2C GET IRQNUM (p i2c->p instance));}

ARSI G0 R -
(1) : FEIRI0WIEEAY, 20K (1 5] L & 20k,

(2) ~ (5) : BLETX DMAIEE JFEAT B Fr i Hhk 38 K A5 ARE 4 B o7 98 . 12C TXIHIEJE NRAMPY
B, Hihbov B, HARNI2C TX FIFOMbE, HihEASTE B K. 12C TXGHIE &4 B oAz 55 N8
bits.

(6) : J4TX DMAETE AJAR M 12C 2B AR I .

(7) ~ (10) : [ ERX DMAIEIEJEAT H A i Hh bk 38K A AL B0 AL 55 12C RXGEIE YR N12C RX
FIFOMibE, HMEATFERK, HARARAMMNEAL, bty E AR, 12C RXEIE F A& B 0L 58 N8
bits.

(11) : KfRX DMAIEE )R A iE 12 CSE 1 A AH P o
3. PR MRIEAEN2CH & AE12CTHK Sl F Sl R % I S R . ARES R

void i2c write adx1345(uint8 t reg addr, uint8 t *buf, uint8 t size)

{

uint8 t wdatal[256] = {0};

wdata[0] = reg addr;
memcpy (&wdatal[l], buf, size);
hal i2c master transmit (&g i2c handle, SLAVE DEV ADDR, wdata, size + 1, 5000);

void i2c read adx1345(uint8 t reg addr, uint8 t *buf, uint8 t size)

{

uint8 t wdatall] = {0};

wdata[0] = reg addr;
hal i2c master transmit (&g i2c handle, SLAVE DEV ADDR, wdata, 1, 5000);
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hal i2c master receive (&g i2c handle, SLAVE DEV ADDR, buf, size, 5000);

}
3.6.2.2 K IGE
1.  JHGProgrammer [N #%i2c_adx/345 sk r2 fw.bin =T K .

2. BITRMCE HiEREPCHT, 1Tl B GRUart.

3. fEGRUartffJReceive Datafd I H 2 7~ i 1I2C R ADXL345 4% [ 2% 1% K di,  FF MADXL3454% 45 13t
H 4 1T EDADXL345 0 B ) P AT I 2 .

3.6.3 12C Master & Slave

12C Master & Slavers I SEEL 1 12CHE L 2 (B i@ 5, HA—f N Master, 55— NSlave.

12C Master & Slaves~ {7l YA AN TAZ U7 T SDK_Folder\projects\peripherall\i2c
\i2c master slave, HH TFECAFAESC M KeKeil 5T .

3.6.3.1 {XHB IR AR

A TR K 3-17:
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HIa1I2C0F12C I T 43R

MasterbA DMA TS 74 12 253,

MasterB U R % B3 1R, Slave LADMA 7y S I3

Slave LB 75 UHEUCHGE

FTEPSlave FEEUEI Y 247
FTENSlave USRI RO ¥R

Slave LADMA T T, % 1% #0478,
Slave Bl A R & 3242, MasteriADMATS SUIE IR

Mster EUSEIE1 75 SRR

FTENMaste FE YR RO 232 $TENMaste USRI #Y 20

[& 3-17 12C Master & Slaverx il T2 i2E

1. [EE12CH .,

2CTELAD B 24015 2 %3.6.1 12C DMA UART. Hnfl T2, speedik
F$£12C_SPEED_400K, addressing_modei%$:12C_ADDRESSINGMODE_7BIT, general_call_modei%
$12C_GENERALCALL_DISABLE .

Master fliSlave 75 ¥ & 7% H AN [F] [ % &tk :

#define MASTER DEV_ ADDR 0x4D
#define SLAVE DEV ADDR 0x55
g_i2cs_handle.init.own address = SLAVE DEV_ADDR;

g_i2cm handle.init.own address = MASTER DEV_ ADDR;

2. ChEEYIEELL .
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void hal i2c msp init(i2c handle t *p i2c)
{

gpio init t gpio config = GPIO DEFAULT CONFIG;
MSIO DEFAULT CONFIG;

msio init t msio config

if (p _i2c->p instance == I2C MASTER MODULE)
{
msio config.pin = I2C MASTER SCL PIN | I2C MASTER SDA PIN;
msio config.pull = MSIO PULLUP;
msio config.mux = I2C MASTER GPIO MUX;
hal msio init(&msio config);
}
else if (p_i2c->p instance == I2C SLAVE MODULE)
{
gpio config.mode = GPIO MODE MUX;
gpio config.pull = GPIO PULLUP;
gpio_config.pin = I2C SLAVE SCL PIN | I2C SLAVE SDA PIN;
gpio config.mux = I2C SLAVE GPIO MUX;
hal gpio init (I2C_SLAVE GPIO PORT, &gpio config);
}
NVIC ClearPendingIRQ (I2C GET IRQNUM(p i2c->p instance));
NVIC EnableIRQ (I2C GET IRQNUM(p i2c->p instance));

if (p i2c->p instance == I2C MASTER MODULE)

{
__HAL LINKDMA (p i2c, p _dmatx, s i2cm dma tx handle);
_ HAL LINKDMA (p i2c, p dmarx, s i2cm dma rx handle);
S _i2cm dma tx handle.p parent = p i2c;

S 12cm dma rx handle.p parent = p i2c;

s 12cm dma tx handle.channel = DMA ChannelO;
S _i2cm dma rx handle.channel = DMA Channell;
}
else if (p_i2c->p instance == I2C SLAVE MODULE)

{
__HAL LINKDMA (p i2c, p dmatx, s i2cs _dma tx handle);
_ HAL LINKDMA (p i2c, p dmarx, s i2cs dma rx handle);
s _i2cs_dma tx handle.p parent = p i2c;
s _i2cs_dma rx handle.p parent = p i2c;
s 12cs _dma tx handle.channel = DMA Channel2;
S _i2cs_dma rx handle.channel = DMA Channel3;
}
p_i2c->p dmatx->init.src request = DMA REQUEST MEM;
p_i2c->p dmarx->init.dst request = DMA REQUEST MEM;
if (p_i2c->p instance == I2C0)
{
p_i2c->p dmatx->init.dst request = DMA REQUEST I2CO TX;
DMA REQUEST I2CO RX;

p_i2c->p dmarx->init.src_ request
}
else if (p_i2c->p instance == I2Cl)
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p_12c->p dmatx->init.dst request =

DMA REQUEST I2C1 TX;

p_i2c->p dmarx->init.src request = DMA REQUEST I2Cl RX;

p_i2c->p dmatx->init.
p_i2c->p dmatx->init.
p_i2c->p dmatx->init.
p_i2c->p dmatx->init.

p_i2c->p dmatx->init.

p_i2c->p dmatx->init

p_i2c->p dmatx->init

p_i2c->p dmarx->init.
p_i2c->p dmarx->init.
p_i2c->p dmarx->init.
p_i2c->p dmarx->init.

p_i2c->p dmarx->init.

.mode =

.priority =

direction
src_increment
dst_increment
src_data alignment
dst data alignment
DMA NORMAL;

direction
src_increment

dst increment

src _data alignment

dst data alignment

DMA MEMORY TO PERIPH;
DMA SRC_INCREMENT;
DMA DST_NO_CHANGE;
DMA SDATAALIGN BYTE;
DMA DDATAALIGN BYTE;

DMA PRIORITY LOW;

DMA PERIPH TO MEMORY;
DMA SRC_NO_CHANGE;
DMA DST_INCREMENT;
DMA SDATAALIGN BYTE;
DMA DDATAALIGN BYTE;

p_i2c->p dmarx->init.mode = DMA NORMAL;

p_i2c¢c->p dmarx->init.priority = DMA PRIORITY LOW;
hal dma init(p i2c->p dmatx);

hal dma init(p i2c->p dmarx);

hal nvic clear pending irqg(DMA IRQn) ;
hal nvic enable irg(DMA IRQn) ;

BB UL LS ER BARE X, 1E257%3.6.2 12C ADXL345,

3. Slave bl 77 Sz, Master LA 77 O HE, KslaveR FAEFHZE T X, #(7E fe 80 R
Fwhile 2 BrSlave & 582 e . AR

hal i2c slave receive it (&g i2cs handle, rdata, 256);
SLAVE DEV ADDR, 256,

!= HAL I2C_STATE READY);

hal i2c master transmit (&g i2cm handle, wdata, 5000) ;

while (hal i2c get state(&g i2cs handle)

4. Slave k7 ARGEHE, Master DA 17 AR, Kslave R AR IE 730, #irE J b Skrh
Flwhile ] WrSlave & 1 A8 7E . AARGAIT :
hal i2c slave transmit it (&g i2cs handle, wdata, 256);

SLAVE DEV_ADDR, 256,
!= HAL I2C_STATE READY);

hal i2c master receive (&g i2cm handle, rdata, 5000) ;

while

5. MasterfiISlaves}Ji| EADMAJT S HEAT SOl HMCR R . DR IARBZE 7 30, #ide J5 220 Bk b il while
i 7 ROk B e . ARASATT
hal i2c slave receive dma (&g i2cs handle, rdata, 256);

hal i2c master transmit dma (&g i2cm handle, SLAVE DEV ADDR, wdata,
!= HAL I2C STATE READY);

(hal 1i2c get state (&g i2cs handle)

256) ;
while (hal i2c get state(&g i2cs_handle)

hal i2c slave transmit dma (&g i2cs handle, wdata, 256);
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hal i2c master receive dma (&g i2cm handle, SLAVE DEV ADDR, rdata, 256);
while (hal i2c get state(&g i2cs handle) != HAL I2C STATE READY) ;

3.6.3.2 X 5IE
1. FHGProgrammer N#%i2c_master_slave_sk_r2 fw.binZ T K .
2. EEEMNBE IR EXRII05] .
3. WP RMCR IERBEPCH, TR E GRUart.

4.  fEGRUartff]Receive Dataf I H0Kf 2 loR12CH L 2 [8] £ A B.45 R
3.7 12S

12S CInter-1C Sound Bus) & YR A ] A E T 5 M5 25 < [ (1) 8 ACECH A& S i 1) o 1 — Pl e bl o — M
2 a7 S| 7 = € X = 1B G T

DLR 25 35 3 B A 4848 12582 1 Llinterrupt. Query. DMA = f 7 2 S BB (10330 5 A 3 M2 1R {3 FH
e
3.7.1 12S Master Audio

12S Master AudioZ~ 5 H112S1E A Master, % R2SE AR E TRE, H PR EREMNSE, s
P BHEKE. SPREER, R RBAYIMGEE O RECE, &5 1H A P FIDMAIT) &Ik Rz O 58 il g s
R

12S Master Audio7~ 7 YR ACRS A1 A2 X447 T°SDK_Folder\projects\peripherall\i2s
\i2s master audio, HH TRESCARAE SO KeKeil 5T .

3.7.1.1 (X hBIR AR

A TREURE B B A] 3-18 175 :
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3-18 12S Master Audiosx 5l TIZRF2E

1. FRE12SHb,
R PRI2S IR AL B AR H 4 K 32 bit, BFEREN96 MHz, =S 48 kHz, XSS HInI il & N
HoAhAH

g i2sm handle.p instance = I2S M;

g _i2sm handle.init.data size = I2S DATASIZE 32BIT;
g _i2sm handle.init.clock source = I2S CLOCK SRC 96M;
g i2sm handle.init.audio freq = 48000;

hal i2s deinit (&g i2sm handle);
hal i2s init (&g i2sm handle) ;

*  init.data_size: 12SfEHIEIEAL TEIERE, Wik
T%|2$_DATAS|ZE_IZB|T\ 12S_DATASIZE_16BIT. 12S_DATASIZE_20BIT. 12S_DATASIZE_24BIT.

12S_DATASIZE_32BIT.
*  init.clock_source: 12SHJ#hik#¥, HIiE#EI2S_CLOCK_SRC_96M. 12S_CLOCK_SRC_32M.
*  initaudio_freq: 1RE FW AWM, NHEATFERE.
125551l LW R, F P ATk YE 2% (GR551x Datasheet) Hfipin_muxfic B %, ¥ & HAthw] 5

i
#define I2S MASTER WS_PIN AON_GPIO PIN 2
#define I2S MASTER TX SDO_PIN AON_GPIO PIN 3
#define I2S MASTER RX SDI_PIN AON_GPIO PIN 4
#define I2S MASTER SCLK PIN AON _GPIO PIN 5

2. A hal_i2s_transmit()$z 0 LAFS ) 7 R EEE . AL

hal i2s transmit (&g i2sm handle, wdata, sizeof (wdata) >> 2, 1000);
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3. JAHhal_i2s_transmit_it()$8z 1 CAA 7 OB IE B, R EBRZE 550, 7R f5 2220 B b F while 4]
R RIETE . ARSI T
hal i2s transmit it (&g i2sm handle, wdata, sizeof (wdata) >> 2);
while (hal i2s get state (&g i2sm handle) != HAL I2S STATE READY);

4. i Hhal_i2s_transmit_dma()# 1 LADMA T X R I%, RERAAERZE X, W7E f5 8225 B b Fwhile 2 B
R RIBTER . AU

hal i2s transmit dma (&g i2sm handle, wdata, sizeof (wdata) >> 2);
while (hal i2s get state(&g i2sm handle) != HAL I2S STATE READY) ;

3.7.1.2 MK 5IE

1. JiGProgrammer F#i2s_audio_sk_r2_fw.binZ T K .

2. CHIFRIRE DEEEPCH, TR EGRUart.

3. fE£GRUartfJReceive Data & F Hof £ B oR 125 bR 2 [A] ) Hs <2 BLAE 2
3.7.2 12S Master DMA UART

12S Master DMA UART /5 F T30 UIEDMA p2p D RE, £ 18 I DMA M UART & 1% 22128
12S Master DMA UART /5 (ARG A T2 U2 T SDK_Folder\projects\peripherall\i2s
\i2s master dma_uart, HHTREIAAEM;RKeil 5T

3.7.2.1 K312 H7

A TREURE B & 3-19 7k :

[%] 3-19 12S Master DMA UART /<5 T2 72 E

1. FCERSHH,

hi2s->p instance = I2S M;
hi2s->init.data size = I2S DATASIZE 16BIT;
hi2s->init.clock source = I2S CLOCK SRC 32M;
hi2s->init.audio freq = 4000;

hal i2s deinit (hi2s);
hal i2s init (hiZ2s);
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© 12STEYHIC B 2 %05 23.7.1 12S Master Audio. JHnfil TFEH, init.data_sizeik
#12S_DATASIZE_16BIT, init.clock_sourcei%#¥12S_CLOCK_SRC_32M, init.audio_freqi% %4000,

*  UARTHE I FHapp_log init)HH4THECE , RN AT/E N H EITEL,
2. f#HEI2S DMA. RIFITX FIFO, DLEfERETXIEIE . TX block. QAL :

__HAL I2S ENABLE DMA (hi2s);

/* Flush TX FIFO */

11 i2s clr txfifo all(hi2s->p instance);
/* Enable channel TX */

11 i2s enable tx(hi2s->p instance, 0);
/* Enable TX block */
11 i2s enable txblock(hi2s->p instance);

3. W HUARTHE:LHI(E 5DMA Burst K & . LS4 T -

11 uart set rx fifo threshold(SERIAL PORT GRP, LL UART RX FIFO TH QUARTER FULL);
11 dma set source burst length(DMA, hi2s->p dmatx->channel,
LL DMA SRC BURST LENGTH 8);
11 dma set destination burst length (DMA, hi2s->p dmatx->channel,
LL DMA DST BURST LENGTH 8);

4. EfFUARTERILEN SR . RIS

/* Wait until receive any data */

while (!11 uart is active flag rfne (SERIAL PORT GRP));

5. JFAEDMALEH. fHRETX FIFOZS Il i k. [ RBI2Si #h,  FF2& 1 DMAG e L. ARt .

hal dma start (hi2s->p dmatx, (uint32 t)&UARTO->RBR DLL THR,
(uint32 t)&hi2s->p instance->TXDMA, TEST LENGTH) ;
__HAL I2S ENABLE IT (hi2s, I2S IT TXFE);

/* Enable clock */

11 i2s enable clock(hi2s->p instance);

hal dma poll for transfer (hi2s->p_dmatx, 1000);

3.7.2.2 X EEIE

1. HGProgrammer F#i2s_dma_uart_sk_r2_fw.bin® I KK »

2. CHIFRIRER D AEPCH, $TJTIFEC B GRUart.

3. fEGRUartfJReceive Data & F " 43 /R # 4l i DMAMUART £ 128 SR Bl A2 H. 45 2R
3.7.3 12S Master & Slave

12S Master & Slaves~ il F T I E12S I B AL 4 DhAg,  1Eid %2 MASTER_BOARD/ iE A MasterZiSlave
o B R, —HufE IMaster, —HE NSlave.

12S Master & Slaverr il JYEACAG AN THE UL T SDK_Folder\projects\peripherall\i2s
\i2s master salve\, HH THREAFAESAF FeKeil 5T -
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3.7.3.1 (X RBIR AR

A LRESURE B A 3-20 7k :

v
v
v
3-20 12S Master & Slave R 5l T2 RIZE

1. FElERSHiHR,

12STEYHIC B 240152 %53.7.1 12S Master Audio.

#ifdef MASTER BOARD

g _i2s handle.p instance = I2S M;
g _i2s handle.init.audio freq = 48000;
#else
g i2s handle.p instance = I2S S;
#endif /* MASTER BOARD */
g i2s handle.init.data size = I2S DATASIZE 32BIT;

g _i2s handle.init.clock source = I2S CLOCK SRC 96M;
hal i2s init(&g_i2s handle);

2. Master7 A fEFHDMA. k. #1077 sURISlavedt AT 04 22 B .

o HFIRSHETCRAMH PRSI OORE, B0 TP IR EE ROEA LB EGE, R
Hi2s_flush_rx_fifo()5#i2s_flush_tx_fifo()# 1, & FRRX/TX FIFOH [ 54 .

«  Master?E4AE 52 %5 V8 FH__HAL_I12S_DISABLE_CLOCK()J% I o 5 3 B 901 46 4k12S, 7 1 B Ao e
ReiR & —EATWCR Y EL.

o CRMARMEZETT AR D, FHAEESP RS Hwhile W SUSCR e AT

i2s flush rx fifo(&g i2s handle);

hal i2s transmit receive dma (&g i2s handle, wdata, rdata, sizeof (wdata) >> 2);
while (!tx rx flag);

while (hal i2s get state(&g i2s handle) != HAL I2S STATE READY);
sys_delay ms (1) ;

hal i2s deinit (&g i12s handle);

hal i2s init (&g _i2s handle);

hal i2s transmit receive it (&g i2s handle, wdata, rdata, sizeof (wdata) >> 2);
while (!tx rx flag);

while (hal i2s get state(&g i2s handle) != HAL I2S STATE READY);
sys_delay ms (1) ;

hal i2s deinit (&g i12s handle);
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hal i2s init (&g _i2s handle);

i2s flush rx fifo (&g i2s handle);

hal i2s transmit receive (&g i2s handle, wdata, rdata, sizeof (wdata) >> 2, 2000);
while (hal i2s get state(&g i12s handle) != HAL I2S STATE READY);

sys_delay ms(1);

hal i2s deinit (&g _i2s handle);

hal i2s init (&g _i2s handle);

i2s flush rx fifo(&g i2s handle);

hal i2s transmit it (&g i2s handle, wdata, sizeof (wdata) >> 2);
while (hal i2s get state(&g i2s handle) != HAL I2S STATE READY);
sys _delay ms (1) ;

hal i2s deinit (&g i12s handle) ;

hal i2s init (&g _i2s handle);

sys_delay ms (10);

i2s flush rx fifo(&g i2s handle);

hal i2s receive it (&g i2s handle, rdata, sizeof (rdata) >> 2);
while (hal i2s get state(&g i2s handle) != HAL I2S STATE READY);
sys _delay ms(1);

hal i2s deinit (&g i12s handle);

hal i2s init (&g _i2s handle);

3. SlaveZ B HDMA, ¥, il 7 XA Master AT EHEA B,

N T BB ROEAR DB BE, 75 Ai2s_flush_rx_fifo()Ei#i2s_flush_tx_fifo()# 1,

TX FIFOHR i . AR 40T -

i2s_flush rx fifo(&g_i2s handle);

hal i2s transmit receive dma (&g i2s handle, wdata, rdata, sizeof (wdata) >> 2);
while (!tx rx flag);

while (hal i2s get state (&g i2s handle) != HAL I2S STATE READY) ;

hal i2s deinit (&g i12s handle);

hal i2s init (&g _i2s handle);

i2s flush rx fifo(&g i2s handle);

hal i2s transmit receive it (&g i2s handle, wdata, rdata, sizeof (wdata) >> 2);
while (!tx rx flag);

while (hal i2s get state(&g i12s handle) != HAL I2S STATE READY);

hal i2s deinit (&g _i2s handle);

hal i2s init (&g _1i2s_handle);

i2s flush rx fifo(&g i2s handle);

hal i2s transmit receive (&g i2s handle, wdata, rdata, sizeof (wdata) >> 2, 2000);
while (hal i2s get state(&g i12s handle) != HAL I2S STATE READY) ;

hal i2s deinit (&g _i2s handle);

hal i2s init (&g _1i2s_ handle);

i2s flush rx fifo (&g i2s handle);

hal i2s receive it (&g i2s handle, rdata, sizeof (rdata) >> 2);

THRFRRX/
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while (hal i2s get state(&g i2s handle) != HAL I2S STATE READY);

hal i2s deinit (&g i12s handle) ;
hal i2s init (&g _i2s handle);

i2s flush rx fifo(&g i2s handle);

hal i2s transmit it (&g i2s handle, wdata, sizeof (wdata) >> 2);
while (hal i2s get state(&g i2s handle) != HAL I2S STATE READY);
sys_delay ms(2);

hal i2s deinit (&g i12s handle);

3.7.3.2 X 50IE
1 AETRERETE CFEMASTER_BOARD, % IF NEE LB &I AN, TR E HHHGH 2 €
X MASTER_BOARD, #i i I T & & M & T KA -
2. EETMBETFRIIIN R0 .
3. KBTI RIRI & D REE R PCH, $TIFIFIC B GRUart.

4. fEGRUartfJReceive Data?d [ H kS 2 2 7 12S ) B A& 45 5 .
3.8 PKC

PRCRHEIEN ok RNz BUS S SR, ARz Be il 320 I Bs AT 0 ek, Rz I ss:
B — BT A N 1 S P R SR T
3.8.1 PKC

RN RREDSTNEN- U N0 NN ¢ SN 0N (¢ SUNIPN- ¢ Y Z AN - |
e KHeR. KRERSABR . KAECCHIRIZF

A FE T LURBUEIE A5, AT PRCS B A RS A IR EGUE i B o HoAthis 55 AR S AU T 225 - 1) TR
(iR

PKC/~ 3 TR AR A1 TR SR T SDK_Folder\projects\peripheral\pkc\pkc, HH TIEI/FLE
XAFFKeil _5F o

3.8.1.1 {XRBIEAR

PKCRB TFE CREBEINIZE) AZEEWE 3-21F17:
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1. JiEPKCHLH:,

pkc_modular add t PKC ModularAddStruct

.p_A

.p_B

.p_P
}i

PKCHandle
PKCHandle
PKCHandle

hal pkc deinit (&PKCHandle) ;

In a,
In b,

In n

.p_instance

.p_result

.init.p ecc curve
PKCHandle.
PKCHandle.
PKCHandle.

init.data bits
init.secure mode

init.random func

hal pkc init (&PKCHandle) ;

if (HAL OK != hal pkc modular add(&PKCHandle,

{

init.p_ecc_curve: M7 #iZk A TEE .

3-21 PKCR I THERFEE

= PKC;

= Out c;

= &ECC_CurvelInitStruct;

256;

PKC_SECURE_MODE DISABLE;

NULL;

init.data_bits: FUdEALEO /.

init.secure_mode: ZEMILE, Wik

$EPKC_SECURE_MODE_DISABLE. PKC_SECURE_MODE_ENABLE.
init.random_func: BRZEIREL, 48 A B M LA T R 2L

2. AR FHZE8E M hal_pkc_modular_add()akH 4% T hal_pkc_modular_add_it(), #E4TIn_aflin_bkE¥
s, diffitElout_c, FF5Exc_cli TR ARBBUNTF:

&PKC ModularAddStruct,

printf ("\r\n%dth add operation got error\r\n", count++);

continue;

1000))
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if (check result ((uint8 t*)"pkc modular add", Out c¢, Exc c¢, PKCHandle.init.data bits))
{

error++;

if (HAL OK != hal pkc modular add it (&PKCHandle, &PKC ModularAddStruct))

printf ("\r\n%dth add it operation got error\r\n", count++);
continue;
}
while (int done flag == 0);
if (check result((uint8 t*)"pkc modular add it", Out c, Exc c, PKCHandle.init.data bits))
{

error++;

}
3.8.1.2 i 3G E

1. JHGProgrammer | #ipkc_sk_r2_fw.bin 2t KA -
2. BT RMCE DEREEPCHE, FTIT I B GRUart.

3. fFGRUart[tJReceive Data T [ H ¥ & 7k PKCII BAR HAT 45 3 .
3.9 PWM

Jik 5 B #1] (Pulse width modulation, BJPWM) & —F X #4005 5 T T 8 s 1 5. — M H
T ] S AR B 7 i B E RS LED KT DA ] 5 A5 TR ik o

DL 32795 3 B 438 B PwM DA AR Qe P i s A A G S LU AT 38 M5 5, I HILEDYT 1 5%
Ko
3.9.1 PWM Breath

PWM Breath 7~ 5l 2 FH T SZBPWMIFEI AR X . 2o A2 TAERY, AT DLE I 32 55 2 B AOW 28 o FE 1)
b= L0 100% 754k, [H] A3 i LED ) TN BRI 12 A8 40k 2 20

PWM Breath7~ il (YR ACAS AN TAZ L7 T-SDK_Folder\projects\peripheral\pwm

\pwm_ breath, o TR SRR S JeKeil 5 F o

3.9.1.1 {XHBIEAR

A AR K 3-22 17 :
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[&] 3-22 PWM Breath7< {5l T2 125

1. FoEPWMASL,

ledl handle.p instance = PWM1 MODULE;

ledl handle.active channel = HAL PWM ACTIVE CHANNEL B;

ledl handle.init.mode = PWM MODE BREATH;

ledl handle.init.freq = 100; //PWM output freq = 100Hz

ledl handle.init.bperiod = 500; //breath period = 500ms

ledl handle.init.hperiod = 200; //hold period = 200ms, max = 262ms
ledl handle.init.channel b.duty = 50;

ledl handle.init.channel b.drive polarity = PWM DRIVEPOLARITY POSITIVE;
hal pwm init (&ledl handle);

led2 handle.p instance = PWMO_ MODULE;

led2 handle.active channel = HAL PWM ACTIVE CHANNEL C;

led2 handle.init.mode = PWM MODE BREATH;

led2 handle.init.freq = 100; //PWM output freq = 100Hz

led2 handle.init.bperiod = 500; //breath period = 500ms

led2 handle.init.hperiod = 200; //hold period = 200ms, max = 262ms

led2 handle.init.channel c.duty = 50;

led2 handle.init.channel c.drive polarity = PWM DRIVEPOLARITY POSITIVE;
hal pwm init (&led2 handle);
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«  active_channel: PWMIEIEEFE, Alik
FEHAL PWM_ACTIVE_CHANNEL_A. HAL_PWM_ACTIVE_CHANNEL_B-

HAL_PWM_ACTIVE_CHANNEL_C. HAL_PWM_ACTIVE_CHANNEL_ALL.
HAL_PWM_ACTIVE_CHANNEL_CLEARED.
*  init.mode: PWMM %L, ni%E$FEPWM_MODE_FLICKER. PWM_MODE_BREATH.

* initfreq: PWMAIZE, HUEEEO ~ SystemCoreClock/2.

* init.bperiod: FPFIRARST 48 PWMIFEIL JE 3, HU{E V5 FE0 ~ OXFFFFFFFF/SystemCoreClock *

1000, B4 (ms) .

* init.hperiod: PR FKIPWMARFEI[R]), HUE IO ~ OXFFFFFFFF/SystemCoreClock *

1000, HA7 (ms) o
* init.channel_b.duty: PWM B & A 525 b, HUEEH0 ~ 10.

* init.channel_b.drive_polarity: PWM B ifi& % H AR IR Bh 28 F 1, mridk
*%PWM_DRlVEPOLAR|TY_NEGAT|VE\ PWM_DRIVEPOLARITY_POSITIVE,

2. i led_breath_on()J G PWM BREATHAR X . ARSI :

void led breath on(uint8 t id)

{

}

if (id == LED1)
{
hal pwm start (&ledl handle);
}
else 1if (id == LED2)
{
hal pwm start (&led2 handle);

3.9.1.2 M BGE

1.  JHGProgrammer | #pwm_breath_sk_r2_fw.bin %t K -
2. CBIFRMUR DEREPCH, FTIFIFACEGRUart.
3. fEGRUartffJReceive Datafd I H#% 2 lE ZRPWMAA T IL FE

4. WMEZ T OB I 5 2 0 A 100% A2 4L -

3.9.2 PWM Flicker

PWM Flicker ffI7~ ] TAEH] T SEBPWME [ % 5 23 bR sl on il TRE TARRS, ALt i24
FLPTE N 5 2 LR, BOWSELED I MRAI R Oy — [ 8 #9158

PWM Flicker7~ 7 (R EARAS AN TR LA T SDK_Folder\projects\peripheral\pwm

\pwm_ flicker, HH T IKeil 5T
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3.9.2.1 X RSB AR

TR E I 3-23f775s:

3-23 PWM Flicker;~ 5| TIERIEE

1. BECEPWMAELH:,

ledl handle.p instance = PWM1 MODULE;

ledl handle.active channel = HAL PWM ACTIVE CHANNEL B;

ledl handle.init.mode = PWM MODE FLICKER;

ledl handle.init.freqg = 1000; //1000Hz

ledl handle.init.channel b.duty = 50;

ledl handle.init.channel b.drive polarity = PWM DRIVEPOLARITY NEGATIVE;
hal pwm init (&ledl handle);

led2 handle.p instance = PWMO_ MODULE;

led2 handle.active channel = HAL PWM ACTIVE CHANNEL C;

led2 handle.init.mode = PWM MODE FLICKER;

led2 handle.init.freqg = 1000; //1000Hz

led2 handle.init.channel c.duty = 50;

led2 handle.init.channel c.drive polarity = PWM DRIVEPOLARITY NEGATIVE;
hal pwm init (&led2 handle);

PWMit4HAL B S %15 2 %3.9.1 PWM Breath. 7”1 Finit. modei #PWM_MODE_FLICKER .
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2. i Hled_light()JF 3 PWM FLICKERfRE 3. ARSI T -

void led light(uint8 t id, uint8 t light)
{

pwm channel init t pwm channel;

pwm_channel.drive polarity = PWM DRIVEPOLARITY NEGATIVE;

pwm channel.duty = (uintlé6_t)light * 100 / 255;

if (id == LED1)

{
hal pwm stop(&ledl handle);
hal pwm config channel (&ledl handle, é&pwm channel, HAL PWM ACTIVE CHANNEL B);
hal pwm start (&ledl handle);

}

else if (id == LED2)

{
hal pwm stop(&led2 handle);
hal pwm config channel (&led2 handle, &pwm channel, HAL PWM ACTIVE CHANNEL C);
hal pwm start (&led2 handle) ;

}
3.9.2.2 MK 5IE

1. FGProgrammer | #pwm_flicker_sk_r2_fw.bin % FF KA »

2. CHIFRIRE DEEEPCH, TR EGRUart.

3. fEGRUart[!JReceive Data%i F F16 2 B/RPWMBHAT IE 2 .

4. WEZIE NI TE N E 2 5 A LY, BOW SR LED I N RT3 S — [ 52 AR
3.10 RNG

FENLECE %% (Random Numeral Generator, BJRNG) & H T4 s BB FE P el i f . — R F 1 2E e
LB AL FL A S A

PLR 37 B A E FH InterruptFlQuery 5 Fh 77 A2 BRNGEL
3.10.1 RNG Interrupt

RNG Interruptzn i SEBL 1385 i 5 2ERIRNGRENLE . 7] TARE AR A P 4R A 1 BLR T ORI
A SOTTHL A 1 WAy 30 A B L K

RNG Interrupt/~ Gl I YEACAS AN TAE SCAF47 T SDK_Folder\projects\peripheral\rng
\rng interrupt, HH TFECHAE ST IKeil 5.

3.10.1.1 /K A3 IR A%

A TREURE B & 3-24 75k -
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.
]

END

3-24 RNG Interrupt7 <5l T2 T2 E

Lo R SR AR AR AR BB N TR 1L .

uintl6 t g random seed[8] = {0x1234, 0x5678, 0x90AB, OxCDEF, 0x1468, 0x2345,
0x5329, 0x2411};

g _rng handle.init.seed mode RNG SEED USER;
g _rng handle.init.lfsr mode RNG_ LFSR MODE 59BIT;
g _rng handle.init.out mode = RNG_OUTPUT LFSR;

RNG POST_ PRO NOT;

g _rng handle.init.post mode

hal rng deinit (&g _rng handle);
hal rng init (&g _rng handle);
*  seed_mode: FPTIHMIESRE, FIEPFRNG_SEED_FRO_SO. RNG_SEED_USER.
*  Ifsr_mode: MNLFSRIEFAX, F1%EFERNG_LFSR_MODE_59BIT. RNG_LFSR_MODE_128BIT.

*  out_mode: #iti A, Ak
FERNG_OUTPUT_FRO_SO. RNG_OUTPUT CYCLIC_PARITY. RNG_OUTPUT CYCLIC.

RNG_OUTPUT_LFSR.

*  post_mode: JEAbHEIAE, Wik
FERNG_POST_PRO_NOT. RNG_POST PRO_SKIPPING. RNG_POST PRO_COUNTING-

RNG_POST_PRO_NEUMANN.

2. (EHIJTRR ae SO 1 AL iR BE LB I AT 4R 1L

g _rng handle.init.seed mode = RNG SEED FRO SO;
g _rng handle.init.lfsr mode = RNG LFSR MODE 128BIT;
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g_rng handle.init.out mode = RNG_OUTPUT FRO SO;

hal rng deinit (&g rng handle);
hal rng init (&g _rng handle);

*  seed_mode: FhTURMIIESE, HALIEFERNG_SEED_FRO_SO, JFIKHRY; #sOFE AT T
*  Ifsr_mode: LFSRIE#E, M AbIEFERNG_LFSR_MODE_128BIT.
*  out_mode: Hiti 7z, ALIEFERNG_OUTPUT_FRO_SO.

3. iy S AR L. ARSI

hal rng generate random number it (&g rng handle, g random seed);
3.10.1.2 X 3G E
1. FIGProgrammer N#irng_interrupt_sk_r2_fw.binZ T KK .
2. CBFFRMUR DIEREPCH, T IFACEGRUart.

3. 7EGRUartffJReceive Data ' 1 W #5275 B 3 F) BE ML EL
3.10.2 RNG Query

RNG Query7~ il SEEL 1 38 5 FHL2E 75 sUIREKRNGREHLE . 75 1) A% A R F AT P SR AR (1 AR T SRR
A SOTTHL MM 1 WAy 30 A B L

RNG Query /=il (P AR F TR X7 T-SDK_Folder\projects\peripheral\rng
\rng query, H I TFEAFLEAHeKeil 5T .

3.10.2.1 X A3 I %

A CRESURE B & 3-25 7k :
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HIHEILRNG
SR A PR BB T BB 2
HIERILRNG
R FIBEALEH T £ ARBEAL 2
[E] 3-25 RNG Query R il A2[E
Lo BEAR BT AR AL BTAG L
uintl6é t g random seed[8] = {0x1234, 0x5678, 0x90AB, OxCDEF, 0x1468,
0x2345, 0x5329, 0x2411};
g_rng handle.init.seed mode = RNG SEED USER;
g_rng_handle.init.lfsr mode = RNG_LFSR MODE 59BIT;
g _rng handle.init.out mode = RNG_OUTPUT LFSR;
g_rng handle.init.post mode = RNG POST PRO_NOT;
hal rng deinit (&g rng handle);
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hal rng init (&g _rng handle);

RNGIEAIAC B 240152 7%3.10.1 RNG Interrupt.

2. JFRIRG ARSORIRRT A i REAL AL T AR AL -

g _rng handle.init.seed mode = RNG SEED FRO SO;
g _rng handle.init.lfsr mode = RNG LFSR MODE 128BIT;
g rng handle.init.out mode = RNG OUTPUT FRO SO;

hal rng deinit (&g rng handle) ;
hal rng init (&g _rng handle);

RNGIEAIAC & 240115 2 %3.10.1 RNG Interrupt.

3. PHZETT A A R

hal rng generate random number (&g rng handle, g random seed, &data);
3.10.2.2 X IIE

1.  JHGProgrammer N #irng_query sk r2_fw.bin =¥ K o

2. CHIFRBUR DR EPCH, TR EGRUart.

3. fEGRUartJReceive Data ' [ 71 2> B 7= 3R B R 1 B LA -
3.11 RTC

RTC (Real-Time Clock) RISZIFIFf, SRAUEHHRISENTISE], = o0 BT RGHR AR TN A 3 k. —
P I B ] ok B

PLR 24 B 44 R FHRTCEZ Hl Calendar H T3 T RE .
3.11.1 Calendar

Calendars< i SEEL 7 H G LA i8R Eh g FEFP o & BEADIT B — CH AT A5 S

Calendar7~ ] FIJEACKS A1 TR LA T-SDK_Folder\projects\peripheral\rtc\calendar, HH
TRESCAFAE ST kel 5T

3.11.1.1 K H3 32 #%

B AR RE E N 1] 3-26 7
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“«— — —

v

3-26 Calendar;~ il F2E

1. calendarffJ#]iG1k..

calendar time t time;
calendar alarm t alarm;

g_systick flag = 0;

hal calendar init (&g calendar handle);

* alarm_sel: AERCHE T, AL
FECALENDAR_ALARM_SEL_DATE. CALENDAR_ALARM_SEL_WEEKDAY.

*  alarm_date_week_mask: [H#hA4 s BIHERS, 415 E JYCALENDAR_ALARM_SEL_WEEKDAYH, 1]k
$#CALENDAR_ALARM_WEEKDAY_SUN - CALENDAR_ALARM_WEEKDAY SATH: —mifEm[ZH&, ik
B NCALENDAR_ALARM_SEL_DATEN}, w#E#1 ~ 31.
*  hour: [iBHAE RIS B R
© min: [RER AR RO A B TR]
2. wiis H I B N194E5 H20H 8 51053080 . ARAG U T

time.year = 19;
time.mon = 5;

time.date = 20;

time.hour = 8;
time.min = 0;
time.sec = 0;

hal calendar init time (&g calendar handle, &time)

3. WEMMANED TN EF8r017. LR EULIERIR I E RGN 85 EHR M. AT
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alarm.alarm sel = CALENDAR ALARM SEL WEEKDAY;

alarm.alarm date week mask = 0x3E;

alarm.hour = 8;
alarm.min = 1;

hal calendar set alarm(&g calendar handle, &alarm);

4. FRECURETIEE . AL

hal calendar get time (&g calendar handle, &time);
3.11.1.2 M 3EIE

1.  FGProgrammer | #icalendar sk _r2 fw.bin &R -

2. CWIFRBUR D ERZPCH, 1T HACEGRUart.

3. fEGRUart[!JReceive Data i [ H &FFPFT Bl — S BT IS [H)4E S
3.11.2 Alarm

AlarmzR B SEEL T 2 Wl R EhRE o 7= BIRE 2 BERDHT BN — CH AT R I TR 2

Alarm7 ] FRARES A1 THE SR T SDK_Folder\projects\peripheral\rtc\alarm, HH T

HAE S JeKeil _5F o

3.11.2.1 K I3 #%

N TR R B an P 3-27 s :

[&] 3-27 Alarm < iR F2 &

1. AlarmHIEE4E

app_time t s time = {0, 8, 9, 28, 10, 19 , 0, 0};

app_alarm t s_alarm;
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app_drv _err t app err code;

app_err code = app alarm init(alarm data tag, app_alarm fun);

if (app_err code != APP DRV SUCCESS)

{
printf (" Initializing the alarm failed!\r\n");
return;

}

app_err code = app alarm set time(&s time);

if (app_err code != APP DRV SUCCESS)

{
printf (" Initializing the alarm time failed!\r\n");
return;

app_alarm reload();

app_alarm del all();

s_alarm.hour = 9;

s alarm.min = 10;

s alarm.alarm sel = CALENDAR ALARM SEL WEEKDAY;
s_alarm.alarm date week mask = 0x7F;

app_alarm add(&s_alarm, alarm 0);

ALARMH B £ 280K &, 12 %3.11.1 Calendar.

2. AIaeAL I Bl v E B R e AU IR

app_alarm init(alarm data tag, app_alarm fun);

3. WHERGARGAAINE. AL

app_alarm set time (&s time);

4. EPAGMB, MWRBLIHERRR I E RGN E R AT

app alarm reload();

5. MBRZHETHTA B, AT IR

app_alarm del all();

6.  WNINRGIw B ARELT:
app_alarm add(&s_alarm, alarm 0);
3.11.2.2 WX 3G E
1.  FHGProgrammer | #alarm_sk_r2_fw.bin =¥ KK
2. BT RMER IR EPCHE, FTJT I B GRUart.

3. FEGRUartffJReceive Data i L FHAEFD T EI— K 24 /1 IR S TR B .
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3.12 SPI

AT E T (Serial Peripheral Interface, BISPD J&—FhEifr), XL, [FPHEERL. —KH T4
Pt I B FLASHAT At 2% o

PR 2795 E B AE A SPIE [ linterrupt. Query. DMA =Ry s BLAIE 13 5 A0 2 g3 I R A6

?‘/23.0

3.12.1 SPIM DMA

SPIM DMAZR I S T SPIER i 3245 X FH DMA 7 A& S Bl

SPIM DMAZR 1 R AR A1 THE SR T SDK_Folder\projects\peripheral\spi

\spi master dma, HH TFESCARAESCHKeKeil 5T

3.12.1.1 K I3 #%

B TREURE B A 3-28 7 :

1. SPIM DMAFK#ILELL. .

g_spim handle.
g_spim handle.
g _spim handle.
g_spim handle.
g_spim handle.

init
init
init
init

init

.data size

“«— — «— <« @ —

END

3-28 SPIM DMAR 555 F2 &

= SPI_DATASIZE 8BIT;

.clock polarity = SPI POLARITY LOW;
.clock phase = SPI PHASE 1EDGE;

.baudrate prescaler = SystemCoreClock / 2000000;

.ti mode

= SPI TIMODE DISABLE;
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g_spim handle.init.slave select = SPI_SLAVE SELECT O;

hal spi_init (&g _spim handle);
*  data_size: SPIE¥ERI%TEE, W k$ESPI_DATASIZE_4BIT ~ SPI_DATASIZE_32BIT.
*  clock_polarity: ZSAAREHS HIR {55, TIEFESPI_POLARITY_LOW. SPI_POLARITY_HIGH.
*  clock_phase: W& fr)rf[a], A% FESPI_PHASE_1EDGE. SPI_PHASE_2EDGE.
*  baudrate_prescaler: SPIFJES%F, 1Ak NSystemCoreClock / 20000008[120 MHz.
*  ti_mode: TIEI{FRE/2EKE, Ti%EFXSPI_TIMODE_DISABLE. SPI_TIMODE_ENABLE.

*  slave_select: M &HIESE, Ak
FESPI_SLAVE_SELECT 0. SPI_SLAVE_SELECT 1. SPI_SLAVE_SELECT ALL.

2. SPIDMAKIEH T, AR

hal spi transmit dma (&g spim handle, tx buffer, sizeof (tx buffer));

3. SPIDMAFUHEE . ARALGUWIT:

hal spi receive dma (&g spim handle, rx buffer, sizeof (rx buffer));

4.  SPIDMAKEHNHEE . AR UF:

hal spi transmit receive dma (&g spim handle, tx buffer, rx buffer, sizeof (rx buffer));
3.12.1.2 R BEE

1. fGProgrammer [ #spim_dma_sk_r2_fw.bin&JF KR

2. BRI RMCE &R PCY, T IEAC E GRUart.

3. f{EGRUart[fJReceive Datafd 1 H K 2 W/ SPIT B AL fn 45 3
3.12.2 SPIM DMA UART

SPIM DMA UART/ I SZ 3 7 # UART Hf ) 8540 38 i DMATT 20k 2% 2 sPidb I SPI DMA T Rk B, o3l
TR 18 P 22 B4 T O S F IE AR

SPIM DMA UART/R 1 FJEARES A1 TR SCAFf7 T-SDK_Folder\projects\peripheral\spi
\spim dma uart, HHTREAESFFKeil 5T,

3.12.2.1 R ISR

A TREURE B & 3-29 7k :
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[%] 3-29 SPIM DMA UART = {55 2

1. SPIM DMA UARTIIHIEEAL

g _spim handle.init.data size = SPI DATASIZE 32BIT;

g_spim handle.init.clock polarity = SPI_POLARITY LOW;

g _spim handle.init.clock phase = SPI_PHASE 1EDGE;

g_spim handle.init.baudrate prescaler = SystemCoreClock/2000000;
g_spim handle.init.ti mode = SPI_TIMODE DISABLE;

g_spim handle.init.slave select = SPI SLAVE SELECT O;

hal spi init (&g _spim handle) ;
SPIVFANNC & 2 (1% 2%3.12.1 SPIM DMA.

2. fEERTECESPL AT

_ HAL SPI DISABLE (hspi) ;
11 spi set transfer direction(hspi->p instance, LL SSI SIMPLEX TX);
__HAL SPI ENABLE (hspi);

3. W HUARTH R (E 5 DMA Burst K& . LS4 -

11 uart set rx fifo threshold(SERIAL PORT GRP, LL UART RX FIFO TH CHAR 1);
11 dma set source burst length (DMA, hspi->p dmatx->channel, LL DMA SRC BURST LENGTH 1);
11 dma set destination burst length (DMA,

hspi->p dmatx->channel, LL DMA DST BURST LENGTH 4);
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4. EfFUARTERILENE R . RIS

while (!11 uvart is active flag rfne (SERIAL PORT GRP));

5. JFUDMAMES AR e . ST

hal dma start (hspi->p dmatx, (uint32 t)&UARTO->RBR DLL THR,
(uint32 t)shspi->p instance->DATA, TEST LENGTH);

__HAL SPI ENABLE DMATX (hspi);

hal dma poll for transfer (hspi->p dmatx, 1000);

3.12.2.2 IR IEHE
1. FGProgrammer [N #spim_dma_uart_sk_r2_fw.bin & K AR »
2. CBIFRMUR DIEREPCH, TP IHFACEGRUart.
3. {EGRUart[fJReceive Datafd [l Ff 2 SR SPIKI A4 AL 4 48 2R
4. AR AE TR S HE (Y IE AR .

3.12.3 SPIM ADXL345

SPIM ADXL3457~ 17 S 1 SPIS L ADXL345 [ 3 i %4 3147 B £ UART £ 3 o

SPIM ADXL345 1l (IR ARAS A1 TFE L7 F: SDK_Folder\projects\peripheral\spi
\spi_master adx1345, HH TRESCIAEX FHKeil 5.

3.12.3.1 K I3 IR

A TREURE B & 3-30 7k

i
&

3-30 SPIM ADXL345/R {57 2 &

1. ¥l4E4kSPIM ADXL345,

g_spim handle.init.data size = SPI DATASIZE 8BIT;
g _spim handle.init.clock polarity = SPI POLARITY HIGH;
g _spim handle.init.clock phase = SPI PHASE 2EDGE;
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g_spim handle.init.baudrate prescaler = SystemCoreClock / 2000000;

g _spim handle.init.ti mode = SPI TIMODE DISABLE;
g spim handle.init.slave select = SPI SLAVE SELECT 0;

hal spi init (&g spim handle) ;
SPIVELNIC & 8% B 152 %3.12.1 SPIM DMA.

2. jEidhal_spi_read_eeprom()#% 1 NADXL345 1AL . ARAS A0 -

wdata[0] = read cmd + 0xO0;

hal spi read eeprom(&g spim handle, wdata, rdata, 1, 1, 5000);

3. jEilhal_spi_transmit()#% 1 A ADXL345 K6 5 . RS T:

/* normal, 100Hz */

wdata[0] = write cmd + 0x2C;
wdata[l] = O0xO0A;
wdata[2] = 0x08;
wdata[3] = 0x00;

hal spi transmit (&g spim handle, wdata, 4, 5000);

/* full-bits, 4mg/LSB */

wdata[0] = write cmd + 0x31;

wdata[l] = 0x09;

hal spi transmit (&g spim handle, wdata, 2, 5000);

/* FIFO flow */

wdata[0] = write cmd + 0x38;

wdata[l] = 0x80;

hal spi transmit (&g spim handle, wdata, 2, 5000);

4. j@ithal_spi_read_eeprom()FZ 1 JMADXL345 15 HU A

wdata[0] = read cmd + 0x1D;
hal spi read eeprom(&g spim handle, wdata, rdata, 1, 29, 5000);

wdata[0] = read cmd + 0x32;
hal spi read eeprom(&g spim handle, wdata, rdata, 1, 6, 5000);

3.12.3.2 MK 3EE

1. JlGProgrammer | #ispim_adxI345_sk r2_fw.binZ T K -

2. CBIFRBUCR D ERZEPCH;, FIFHACEGRUart.

3. fE£GRUartffJReceive Data i H " 23 B 75 MAADXL3454% [ 2% S B A 04
3.12.4 SPI Master & Slave

SPI Master & Slave 51| SEE T SPIZE MR & 2 [ I 22 B o 1Zn 9 P [R] I SE B 1 32 e 48 BARAS, A3 FH I
1% F % %€ UMASTER_BOARD[X 43 - M i% %% .
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SPI Master & Slave 7l (IR AL A1 TFE S T SDK_Folder\projects\peripheral\spi
\spi master slave, HH TFECAFHAESH:KeKeil 5T .

3.12.4.1 K133 /%

B AR AR E N 1] 3-31 7R

v
v

!
!
SN

v
v
v

«n

[& 3-31 SPI Master & Slave = {5 F2 &

1. SPI Master & Slavelt) = &AL

g _spi handle.p instance = SPIM;
g_spi handle.init.data size = SPI_DATASIZE 32BIT;
g spi handle.init.clock polarity = SPI POLARITY LOW;

g spi handle.init.clock phase = SPI PHASE 1EDGE;
g _spi handle.init.baudrate prescaler = SystemCoreClock / 1000000;
g spi handle.init.ti mode = SPI TIMODE DISABLE;

g _spi handle.init.slave select = SPI SLAVE SELECT O0;

hal spi init (&g_spim handle) ;

SPIVEAIL & Z 215 57%3.12.1 SPIM DMA.

2. SPI Master & Slave '] \ & 41141k, .

g _spi handle.p instance = SPIS;

g _spi handle.init.data size = SPI DATASIZE 32BIT;

g _spi handle.init.clock polarity = SPI_ POLARITY LOW;

g _spi handle.init.clock phase = SPI PHASE 1EDGE;
g _spi handle.init.ti mode = SPI TIMODE DISABLE;

hal spi init (&g spim handle) ;

SPIVELIAC B 240152 %3.12.1 SPIM DMA.
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3. SPIEBLA LAy AR B B . PR ARRHZE D AN 1, JRAE )5 220 SR b Hlwhile ) W72
TR SN ARG .

g tx done = 0;

hal spi transmit it (&g spi handle, wdata, sizeof (wdata));
/* Wait for send done */

while(!g tx done);

g rx done = 0;
hal spi receive it (&g spi handle, rdata, sizeof (rdata));
/* Wait for receive done */

while(!g rx done);

4. SPIN T A b7 RS s A s Wesidts . RR I ARFR 2877 e 1, F5 7R J5 20 B8 b H while ) 7 /2
BCR 5E K. ARG :
hal spi receive it (&g spi handle, rdata, sizeof (rdata))

/* Wait for receive done */

while (!g rx done);

g _tx done = 0;
hal spi transmit it (&g spi handle, wdata, sizeof (wdata))

while (!g tx done);

5. FEMNWERHIAEE 7 008 DT BOR BE, R B 45 R ECE IR 18
idhal_spi_rx_cplt_callback()~ hal_spi_tx_cplt_callback()-

hal_spi_tx_rx_cplt_callback(). hal_spi_abort_cplt_callback()#% 0z [4],
P AT E X e R 4 H € AT AT ARSI R

void hal spi rx cplt callback(spi handle t *hspi)
{

g_rx_done = 1;

void hal spi tx cplt callback(spi handle t *hspi)
{
g_tx done = 1;

void hal spi tx rx cplt callback(spi_handle t *p spi)
{

g rx done = 1;

g_tx done

Il
=
~

void hal spi abort cplt callback(spi_handle t *hspi)
{
if (hspi->p instance == SPIM)
printf ("This is Abort complete Callback in SPIM.\r\n");
else if (hspi->p instance == SPIS)
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printf ("This is Abort complete Callback in SPIS.\r\n");

}
3.12.4.2 MK 564

1. fELFERCE T2 L MASTER_BOARD, 4mikif FEE L& R, £ TFEACE FR
JHMASTER_BOARDZZ5E X, 9w I TN #E K& TF KRR o

2. EBFENRETT KRBT RI05] .

3. B BT R M 4 A& B PC, T IFAC B GRUart.

4. {EGRUartffJReceive Data ' H HKf £ 2 7w SPIE M 15 26 T AR B4 A2 HLAS 2.
3.13 UART

UARTRIIE I 3 I R &% 2% (Universal Asynchronous Receiver/Transmitter) , A] LASZFL4 X T A% fay A4z
W o — R TR 7 B 5 LA A i 152 4 22 3 8 o

DL ZADK A 4HDMA. Interrupt. FHZE =Fi 77 XA UARTE A A4 i
3.13.1 UART DMA

UART DMAT 7~ T F2 H T 52 Bluart FIDMA 5 20k 2

UART DMAZR B R YEACAS A1 TR UL T-SDK_Folder\projects\peripheral\uart
\uart dma, HHTREAE A HKeil 5T

3.13.1.1 K A3 I %

A TREURE B A 3-32 ik

3-32 UART DMA LiZR T2 E
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1. Wit B UARTHIHER,

g uart handle.p instance = SERIAL PORT GRP;
g uart handle.init.baud rate = 1152007

g uart handle.init.data bits = UART_ DATABITS 8;
g uart handle.init.stop bits = UART_ STOPBITS 1;
g uart handle.init.parity = UART PARITY NONE;

g uart handle.init.hw flow ctrl = UART HWCONTROL NONE;

g uart handle.init.rx timeout mode = UART RECEIVER TIMEOUT ENABLE;
hal uart deinit (&g uart handle);

hal uart init (&g uart handle);

*  init.baud_rate: UARTIEHFR,

*  init.data_bits: UARTH{HEANL .

*  init.stop_bits: UART{%1E47.

*  init.parity: UARTZFEAZIEAT

* init.hw_flow_ctrl: AR ERENL .

*  init.rx_timeout_mode: JEGHEF{F EEAT

2. i hal_uart_transmit_dma()¥% K & EEdE, s B S5IRESE B g
#hal_uart_rx_cplt_callback()iR [Fl, FH P AI7ELLRE H & AT HATHAE . RIR A JERR 28 5 i
M, FR7EJE 820k HwhileHIWHE BICR ER. ARSI -

void hal uart rx cplt callback(uart handle t *p uart)

{
rdone = 1;
rlen = p uart->rx xfer size - p uart->rx xfer count;
memcpy (g_tdata, g rdata, rlen);

memset (g rdata, 0, sizeof (g rdata)):;

void hal uart tx cplt callback(uart handle t *p uart)

{
tdone = 1;

void hal uart error callback(uart handle t *p uart)

{

1
1;

tdone

rdone
}
hal uvart transmit dma (&g uart handle, g print strl, 55);
while (hal uart get state (&g uart handle) != HAL UART STATE READY) ;
hal uart transmit dma (&g uart handle, g print str2, 8);
while (hal uart get state (&g uart handle) != HAL UART STATE READY) ;
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3. JHhal_uart_transmit_dma() &KX IR B B s, ik gh BSIRASE L R
Hhal_uart_tx_cplt_callback()iR[7], EZULBIMEIE A 07 B, MWHEKLEH. REBWT:

do {
rdone = 0;

hal uart receive dma (&g uart handle, g rdata, sizeof (g rdata));

while (0 == rdone);
tdone = 0;
hal uart transmit dma (&g uart handle, g tdata, rlen);
while (0 == tdone);
} while (g _tdata[0] != '0");

3.13.1.2 IR 36 E

1. FGProgrammer N #uart_dma_sk_r2_fw.bin & AR

2. CHIFRIE R EPCH, TR E GRUart.

3. fEGRUart/fJReceive Datafi F {2 /R il i UARTH S ik B 5 =L
3.13.2 UART Interrupt

UART Interrupt )7~ TAZSZEL 1 UART I H 7 SRS 308k

UART Interrupt/ 7 RARHS A1 TFE S T SDK_Folder\projects\peripheral\uart
\uart interrupt, HH TSRS ReKeil 5.

3.13.2.1 K I3 #%

B TR B 1A 3-33 775 :
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3-33 UART Interrupt L2R 12 &

1. BB UARTHLER,

g uart handle.p instance = SERIAL PORT GRP;

g uart handle.init.baud rate = 115200;

g uart handle.init.data bits = UART DATABITS 8;

g uart handle.init.stop bits = UART STOPBITS 1;

g uart handle.init.parity = UART PARITY NONE;

g uart handle.init.hw flow ctrl = UART HWCONTROL NONE;

g uart handle.init.rx timeout mode = UART RECEIVER TIMEOUT ENABLE;
hal uart deinit (&g uart handle);

hal uvart init (&g uart handle);

UARTVEIC B 23015 2% 3.13.1 UART DMA &1,

2. A hal_uart_transmit_it()F F A IR 2R, Blksh R SR8 B K $hal _uart_rx_cplt_callback()ik

[, FH Al R b R H A 8 SCATHAT A . RORIARRLZE T R, (e Ja S0 B whileF] 2
BCR TERR

hal uart transmit it (&g uart handle, (uint8 t *)"\r\nPlease input characters(<126)

and end with newline.\r\n", 55);

while (!g tx done);

g tx done = 0;

hal uart transmit it (&g _uart handle, (uint8 t *)"Input:\r\n", 8);

while (!g tx done);
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3. i Hhal_uart_receive_it()E: N HUC s, Bl B 5IRAS @ IS [ e6 thal _uart_rx_cplt_callback()iR&
B, ZEHWSE R B B A F hal_uart_receive_it()4% 2450k, [FIRiEEhal_uart_transmit_it() &%
BRI B, Rk sE R SRS [0] 1 p& ithal _uart_tx_cplt_callback()iz [7], E 2 21 i) E 4

N ‘0T i, AR, ST

void hal uart tx cplt callback(uart handle t *huart)

{
g tx done = 1;

void hal uart rx cplt callback(uart handle t *huart)

{

g rx done = 1;
g rx len = g uart handle.rx xfer size - g uart handle.rx xfer count;
hal uart receive it (&g uart handle, rx data, 128);
}
do {
while (!g rx done);
g rx done = 0;
g tx done = 0;
hal uvart transmit it (&g uart handle, rx data, g rx len);

while (!g _tx done);
} while (rx data[0] != '0'");

3.13.2.2 MK 56 E

1. JHGProgrammer F#kuart _interrupt_sk_r2_fw.binE T KK

2. CRIFARMCR NEREPCHT, FTITIFICEGRUart.

3. fEGRUart[fJReceive Datafd F F# 2 Wil Id UARTHZ N 5 R IE B B -

3.13.3 UART TX & RX

UART TX & RXI 7~ TRESEHR 1 LAUART 46 10 77 s &k 28 -

UART TX & RX7~ 5 U ARRS A A2 S T-SDK_Folder\projects\peripherall\uart

\uart_tx rx, HHTREAE;KKeil 5T

3.13.3.1 K312 %

N AR AR EE N 1] 3-34 7R

FRALITA © 2020 ERINTTICITRHS I 4 BRA 7

69



GA@DIiX

JS2 P A

[& 3-34 UART TX & RXT 12 R12E

1. [ B UARTALHR,

g uart handle.p instance = SERIAL PORT GRP;

g _uart handle.
g uart handle.
g uart handle.
g _uart handle.
g uart handle.
g uart handle

hal uvart deinit (&g

init

init

init.

init

init

.init.

.baud rate = 115200;

.data bits = UART DATABITS 8;

stop bits = UART STOPBITS 1;

.parity = UART PARITY NONE;

.hw flow ctrl = UART HWCONTROL NONE;

rx_timeout mode = UART RECEIVER TIMEOUT ENABLE;

uart handle) ;

hal uart init (&g uart handle);

UARTHAIAC E 24152 %53.13.1 UART DMA.

2. M hal_uart_receive()#% 11 Hpolling /7 s, 7E RN 58 5 @it hal_uart_transmit() A& 1% 25 3]
s, BERWRIMESE N 00 B, MNREEHR. AR

do {

hal uvart receive (&g uart handle, rdata, 128, 20);

rlen = g uart handle.rx xfer size - g uart handle.rx xfer count;

hal uart transmit (&g uart handle, rdata, rlen, 1000);
} while (rdatal[O0]

3.13.3.2 JMK 58 UE

= r0");

1. HGProgrammer [ #uart_tx_rx_sk_r2_fw.binZ ¥ K .
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2. CRIFRARCE DR REPCHT, TP IR E GRUart.

3. {EGRUartftJReceive Data & I 5% 2 . nilih UARTHR IR 5 A& I BdE (R .

3.14 DMA

DMA (Direct Memory Access) , BRI EEAFMERRATHL, A& —FPPRE AL L5 1ML, RVFZEZMES 15 24 1
fAfitgs < M EHE S HE, CPURR T R AE T an A 45 SR il — s AR R A (R U R0 5 o sk L4+ iy b
), fefERnd R rpcpunT PLBEAT HoAth B TAE

3.14.1 DMA Memory to Memory

DMA Memory to Memory ()75 T2 H TS IDMATT 20k B A — B N AF s 3 55 — BN 17

DMA Memory to Memory i (USRS A TR U427 T-SDK_Folder\projects\peripheral\dma
\dma memory to memory, FtH TFESARAE A JeKeil 5,

3.14.1.1 K I3 #%

A TREURE B A 3-35 75k :

3-35 DMA Memory to Memory T 2R &

1. FEEDMARH:,

g dma handle.channel = DMA ChannelO;

g _dma handle.init.direction = DMA MEMORY TO MEMORY;

g _dma handle.init.src increment = DMA SRC INCREMENT;

g dma handle.init.dst increment = DMA DST INCREMENT;

g _dma handle.init.src data alignment = DMA SDATAALIGN BYTE;
g _dma handle.init.dst data alignment = DMA DDATAALIGN BYTE;
g dma handle.init.mode = DMA NORMAL;

g _dma handle.init.priority = DMA PRIORITY LOW;

hal dma init (&g dma handle);
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Channel: DMAJEIEEPE, TJi%E$EDMA_Channel0 ~ DMA_Channel7.

direction: DMAHE LS /7 M), Wik

#DMA_MEMORY_TO_MEMORY. DMA_MEMORY_TO_PERIPH. DMA_PERIPH_TO_MEMORY.

DMA_PERIPH_TO_PERIPH.

src_increment: JEHIHEBF AR OB A, Tk
FEDMA_SRC_INCREMENT. DMA_SRC_DECREMENT. DMA_SRC_NO_CHANGE.

dst_increment: H b AR EH 7, Wik
FEDMA_DST_INCREMENT. DMA_DST_DECREMENT. DMA_DST_NO_CHANGE.

src_data_alignment: JREHE %5 E, Wik
FEDMA_SDATAALIGN_BYTE. DMA_SDATAALIGN_HALFWORD. DMA_SDATAALIGN_WORD.

dst_data_alignment: H %55, nlik
FEDMA_DDATAALIGN_BYTE. DMA_DDATAALIGN_HALFWORD. DMA_DDATAALIGN_WORD.

mode: DMAJHE/ERER, T i%£FFDMA_NORMAL. DMA_CIRCULAR.

priority: DMAHIE IR AL, Wik
F£DMA_PRIORITY_LOW. DMA_PRIORITY_MEDIUM. DMA_PRIORITY_HIGH.

hal dma poll for transfer (&g dma handle, 10);

3.

Wi Fhal_dma_start_it() LA 1 5 KOT a A& 5 A . A& 4mss
iFTdma_tfr_callback(), dma_blk_callback(), dma_err callback(), dma_abort_callback()ﬁﬁ)i'?’%IIIJB
1, FH P ATfE BIR R EUAN B AT HAT AR, AT

void dma_ tfr callback(struct dma handle * hdma)

{

g tfr flag = 1;

//

printf ("tfr interrupt\r\n");

void dma blk callback(struct dma handle * hdma)

{

g blk flag = 1;

//

printf ("blk interrupt\r\n");

void dma_ err callback(struct dma handle * hdma)

{

g err flag = 1;

//

printf ("err interrupt\r\n");

A FH BH ZE 4% [ hal_dma_start() &g, 8 I BHZE4% 1 hal_dma_poll_for_transfer()5¢ B4k AUk
Ko ARRGUTF:

hal dma start (&g dma handle, (uint32 t)&g src data, (uint32 t)&g dst data, DMA DATA LEN) ;
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void dma abort callback(struct dma handle * hdma)

{

g abt flag = 1;
// printf ("abort interrupt\r\n");

hal dma start (&g dma handle, (uint32 t)&g src data, (uint32 t)sg dst data, DMA DATA LEN);
3.14.1.2 MK IE

1. fIGProgrammer F#idma_m2m_sk_r2_fw.binZJF KX

2. BRI RMCE &R PCY, T IFAC E GRUart.

3. {EGRUartffJReceive Datal H H145 4> /s DMAZ Hidls Jo Hedla xof EL 45 R
3.15 QSPI

QSPI (Queued SPI) , SPHEIIMIY &, H4hN T AZIMERIALE], & —FL HAIEERE D, SRR, XE
CGREHEZ) SPIFlash i N . — M T-AM % Flash A7 it &5 .

3.15.1 QSPI Flash

QSPI Flash[¥)7s 5] A2 H T S2BlQsPIy RO/ Flash, I 5 £k

QSPI Flashzs i IJEACAS AN TRE SO T SDK_Folder\projects\peripheral\gspi
\gspi_ flash, A TSSO KeKeil 5.

3.15.1.1 K F3 I %

] AR AURE E N 1] 3-36 7
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3-36 QSPI Flash L1255 12E

1. [ EQSPIFEL:,

g gspi handle.init.clock prescaler = SystemCoreClock / 1000000;
g _gspi handle.init.clock mode = QSPI CLOCK MODE O;
g _gspi _handle.init.rx sample delay = 0;

hal gspi deinit (&g gspi handle) ;
if (HAL OK != hal gspi init (&g _gspi_handle))
{

printf ("\r\nFlash initial failed.\r\n");

return 0;

* init.clock_prescaler: QSPIFJ &4,

* init.clock_mode: QSPIFf#ifz0ik$E, wIik
$QSPI_CLOCK_MODE_0. QSPI_CLOCK_MODE_1. QSPI_CLOCK_MODE_2. QSPI_CLOCK_MODE_3.
2. JAHhal_gspi_init() W4 LQSPIBHR . AU
hal gspi_init (&g gspi handle)
3. i HSPI_FLASH_Read_Device_ ID()3KEFlashf{J ¥ 451D, ARG :

device id = SPI_FLASH Read Device ID();
printf ("Read Device ID = 0x%06X\r\n", device id);

4. i HSPI_FLASH_Page_Program()[n]Flash’5 4 . AXHSU1 T -
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printf ("Page Program...\r\n");
SPI_FLASH Page Program (FLASH PROGRAM START ADDR, write buffer);

printf ("Page Program Success.\r\n");

5. Y FISPI_FLASH_Read() i FlashH % . ARAS40 T

SPI FLASH Read(FLASH PROGRAM START ADDR, read buffer, FLASH OPERATION LENGTH) ;

6. I SPI_FLASH_Enable_Quad()f fEQSPIf DY ZAsi=. ARSanT:

SPI FLASH Enable Quad();

7. AT D SEHlQSPIR MU LR B A, RS EIfEspi_flash.cIESCAFH, P T A JLSE LA

SPI FLASH Dual Output Fast Read(FLASH PROGRAM START ADDR, read buffer,
FLASH OPERATION LENGTH) ;
printf ("Dual Output Fast Read.");
gspi flash memcmp (FLASH PROGRAM START ADDR, write buffer, read buffer,
FLASH OPERATION LENGTH) ;
printf ("\r\n");

SPI_FLASH Dual IO Fast Read(FLASH PROGRAM START ADDR, read buffer,
FLASH OPERATION LENGTH) ;
printf ("Dual IO Fast Read.");
gspi flash memcmp (FLASH PROGRAM START ADDR, write buffer, read buffer,
FLASH OPERATION LENGTH) ;
printf ("\r\n");

SPI_FLASH Quad Output Fast Read (FLASH PROGRAM START ADDR, read buffer,
FLASH OPERATION LENGTH) ;
printf ("Quad Output Fast Read.");
gspi_ flash memcmp (FLASH PROGRAM START ADDR, write buffer, read buffer,
FLASH OPERATION LENGTH) ;
printf ("\r\n");

SPI_FLASH_Quad_IO_Fast_Read(FLASH_PROGRAM_START_ADDR, read_buffer,
FLASH OPERATION LENGTH) ;
printf ("Quad IO Fast Read.");
gspi flash memcmp (FLASH PROGRAM START ADDR, write buffer, read buffer,
FLASH OPERATION LENGTH) ;
printf ("\r\n");

3.15.1.2 MK 36 E

1. FGProgrammer [ #gspi_flash_sk_r2_fw.bin = JT KL -
2. CBIFRMRCE EREZEPCHT, 1T IR E GRUart.

3. {EGRUartff]Receive Data i I H 4% 2 .7 QSPIEEEFlash B (5 .
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3.15.2 QSPI DMA SPI

QSPI DMA SPIZR I SEL T 5K F QSPIH2E I i #M i Flash,  S2HX Flash /R (R 55048 38 1 SPI Master DMA T 20 AL Sk

P

QSPI DMA SPIZ 5 S ARRS A T2 -7 T-SDK_Folder\projects\peripherall\gspi
\gspi_flash dma_spim, HH TREIALE M KKeil 5.

3.15.2.1 K H3 IR #%

A TREURE B A 3-37 s :

END

3-37 QSPI DMA SPIR IR 2

1. [ EQSPI DMA SPI.

g _gspi handle.init.clock prescaler = SystemCoreClock / 1000000;
g gspi handle.init.clock mode = QSPI CLOCK MODE 3;
g _gspi handle.init.rx sample delay = 0;

hal gspi deinit (&g gspi handle);
if (HAL OK != hal gspi init (&g gspi handle))
{

printf ("\r\nFlash initial failed.\r\n");

return 0;

p_spi handle->init.data size SPI_DATASIZE 32BIT;
p_spi handle->init.clock polarity = SPI POLARITY LOW;
SPI_PHASE 1EDGE;

p_spi handle->init.clock phase
p_spi handle->init.baudrate prescaler = SystemCoreClock / 1000000;
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SPI_TIMODE DISABLE;
SPI_SLAVE SELECT 0;

p_spi handle->init.ti mode

p_spi handle->init.slave select
hal spi deinit(p spi handle);
hal spi init(p_spi handle);

(1) MEasPifid,
e B QSPII 191 MHz, T B 25 RDIRAS I B85 5 A m i or.
(2) FCESPIfsdk.
*  init.data_size: SPIEUJEKILTESE, T[i%FE: SPI_DATASIZE_4BIT ~ SPI_DATASIZE_32BIT.

* init.clock_polarity: SPIZRARZSET IR $0{5 5, Wik
£%: SPI_POLARITY_LOW. SPI_POLARITY_HIGH.

*  init.clock_phase: SPIF&f{JJ eIt (a], W iEPESPI_PHASE_1EDGE. SPI_PHASE_2EDGE.
*  baudrate_prescaler: SPIFJRf i+, LAk NSystemCoreClock / 1000000811 MHz;
e initti_mode: SPITIEZfHRE, Ti%E+%: SPI_TIMODE_DISABLE. SPI_TIMODE_ENABLE.

* init.slave_select: SPIMWAHIIER:, nlik
£%: SPI_SLAVE_SELECT 0. SPI_SLAVE SELECT 1. SPI_SLAVE SELECT ALL.

2. i Hhal_gspi_init()¥JiEtbQSPIFEBR . AAH U T

hal gspi init (&g gspi handle);

3. HHISPI_FLASH_Read_Device ID()#HUFlashffji% £ ID. fLASNTR:

device id = SPI_FLASH Read Device ID();
printf ("Read Device ID = 0x%06X\r\n", device id);

4. iFFHSPI_FLASH_Page_ Program()[f]Flash’5%i# . 4N T

printf ("Page Program...\r\n");
SPI FLASH Page Program(FLASH PROGRAM START ADDR, flash buffer);

printf ("Page Program Success.\r\n");

5. FoEQSPIHER ANSPIFE R, Ml E AR % 3267, &% H Y NEEPROM, %t k7NN (FLASH_PAGE_SIZE
>>2)-1. RIS R:

/* Config QSPI in SPI mode, data size is 32bits */

___HAL QSPI DISABLE (p_gspi handle) ;

11 spi set frame format (p gspi handle->p instance, LL SSI FRF SPI);

11 spi set data size(p gspi handle->p instance, LL SSI DATASIZE 32BIT);

11 spi set transfer direction(p gspi handle->p instance, LL SSI READ EEPROM) ;
11 spi set receive size(p gspi handle->p instance, (FLASH PAGE SIZE >> 2) - 1);
___HAL QSPI ENABLE (p _gspi_ handle);

6. WCESPIAEREA. AT

/* Config SPI in write mode */

__HAL SPI DISABLE (p spi handle) ;

11 spi set transfer direction(p spi handle->p instance, LL SSI SIMPLEX TX) ;
__HAL SPI ENABLE (p _spi handle);
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7. T EDMA burst length. ARSI T :

/* Config burst length of DMA */

11 dma set source burst length(DMA, p gspi handle->p dma->channel,
LL DMA SRC BURST LENGTH 1) ;
11 dma set destination burst length(DMA, p gspi handle->p dma->channel,
LL DMA DST BURST LENGTH 4);

8. JHADMAMEHIFERH LR . AR UIT:

/* Start read SPI flash */
uint32 t cmd addr = ((uint32 t)SPI_FLASH CMD READ << 24) | FLASH PROGRAM START ADDR;
hal dma start(p _gspi handle->p dma, (uint32 t)& p gspi handle->p instance->DATA, (uint32 t)&
p_spi handle->p instance->DATA, FLASH PAGE SIZE >> 2);
p_gspi_handle->p_instance->DATA = cmd_addr;
__HAL QSPI ENABLE DMARX (p_gspi handle);
_ HAL SPI ENABLE DMATX (p_spi handle);
hal status t status = hal dma poll for transfer(p gspi handle->p dma, 1000);
if (status == HAL OK)
{
printf ("Transfer finished.\r\n");
}
else

{

printf ("Transfer failed, hal status = %d\r\n", status);

3.15.2.2 X 3G E

1. JilGProgrammer | #igspi_flash_dma_spim_sk_r2_fw.binZFF K -

2. CHIFRIRE EEEPCH, TR EGRUart.

3. fEGRUart[fJReceive Data%i F K 23 i 7N QSPI FLASH SPI#E 128 A5 &
3.15.3 QSPI DMA UART

QSPI DMA UART/R I S2HL 7 S FHQSPIE L& 840 i Falsh, 152 B Flash = 8504 38 - UART DMA T AL Hi 5k
%o

QSPI DMA UART /= R ARES A1 TFE SR T-SDK_Folder\projects\peripheral\gspi
\gspi_flash dma_ uart, HHITREIALEMFRKeil 5T .

3.15.3.1 X133 #%

A TREURE B A 3-38 7k :
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[%] 3-38 QSPI DMA UART/ =i F2 &

1. P2 EQSPI DMA UART.

g _gspi handle.init.clock prescaler = SystemCoreClock / 1000000;
g _gspi handle.init.clock mode = QSPI CLOCK MODE 3;
g _gspi _handle.init.rx sample delay = 0;

hal gspi deinit (&g gspi handle) ;
if (HAL OK != hal gspi init (&g gspi handle))
{

printf ("\r\nFlash initial failed.\r\n");

return 0;
}
uart handle.p instance = UARTL1;
uart handle.init.baud rate = 115200;
uart handle.init.data bits = UART_ DATABITS 8;
uart handle.init.stop bits = UART STOPBITS 1;
uart handle.init.parity = UART PARITY NONE;
uart handle.init.hw flow ctrl = UART HWCONTROL NONE;

uart handle. init. rx_timeout_mode = UART RECEIVER TIMEOUT DISABLE;
hal uart deinit (&uart handle);

hal uvart init (&uart handle);
(1) BlEQSPIFEH.
Fic B QSPIFIIT B N1 MHz, e 2 PRARZS I (I B0 55 0 i T
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(2) il UARTAE R,
UART P 4HMC B 5 572 473.13.1 UART DMA. L UARTC B JUARTL.

2. A hal_gspi_init()¥iH1kaSPIiE . ARSI

hal gspi init (&g gspi handle)

3. iHISPI_FLASH_Read_Device_ ID()3KEUFlashf{J ¥ 451D, ARG -

device id = SPI FLASH Read Device ID();
printf ("Read Device ID = 0x%06X\r\n", device id);

4. I HSPI_FLASH_Read()izz it Flash T [t 545 . ARRS 40 -

SPI_FLASH Read(FLASH PROGRAM START ADDR, flash buffer, FLASH PAGE SIZE);
for (1 = 0; i < FLASH PAGE SIZE; i++) {
if (flash buffer[i] != OxFF)

break;

if (i < FLASH PAGE SIZE)
{

printf ("Erase Sector...\r\n");
SPI FLASH Sector Erase (FLASH PROGRAM START ADDR) ;

printf ("Erase Sector Success.\r\n");

5. EFISPI_FLASH_Page_Program()[fFlash’S ¥4 . 1S54 R

printf ("Page Program...\r\n");
SPI_FLASH Page Program (FLASH PROGRAM START ADDR, flash buffer);

printf ("Page Program Success.\r\n");

6. i EQSPEI NQSPIRRT, Fe & BUEAL T ~324L, A£4% H ) NEEPROM, i Hi K/
N(FLASH_PAGE_SIZE >>2)-1. R4

/* Config QSPI in SPI mode, data size is 32bits */

__HAL QSPI DISABLE (p_gspi handle) ;

11 spi set frame format (p_gspi handle->p instance, LL SSI FRF SPI);

11 spi set data size(p gspi handle->p instance, LL SSI DATASIZE 8BIT);

11 spi set transfer direction(p gspi handle->p instance, LL SSI READ EEPROM) ;
11 spi set receive size(p gspi handle->p instance, FLASH PAGE SIZE - 1);

_ HAL QSPI ENABLE (p gspi handle);

7. EUART1 FIFO threshold Fliburst length. ARSI :

/* Config FIFO threshold of UART and burst length of DMA */

11 uart set tx fifo threshold(uart handle.p instance, LL UART TX FIFO TH QUARTER FULL);

11 uvart enable it (uart handle.p instance, UART IT THRE);

11 dma set source burst length(DMA, p gspi handle->p dma->channel,
LL DMA SRC BURST LENGTH 1);
11 dma set destination burst length(DMA, p gspi handle->p dma->channel,
LL DMA DST BURST LENGTH 8);
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8. JHADMAfEHIFER LR . AR UIF

uint32_t cmd_addr = ((uint32 t)SPI_FLASH CMD READ << 24) | FLASH PROGRAM START ADDR;

hal dma start(p gspi handle->p dma, (uint32 t)& p gspi handle->p instance->DATA,
(uint32 t)&UART1->RBR DLL THR, FLASH PAGE SIZE);
(cmd _addr >> 24 ) & Oxff;

p_gspi handle->p instance->DATA

p_gspi handle->p instance->DATA = (cmd addr >> 16 ) & Oxff;
p_gspi_handle->p instance->DATA = (cmd addr >> 8 ) & Oxff;
p_gspi handle->p instance->DATA = (cmd addr >> 0 ) & Oxff;

__HAL QSPI ENABLE DMARX (p_gspi_ handle) ;
11 spi enable ss(p gspi handle->p instance, LL SSI SLAVEO);
hal status t status = hal dma poll for transfer(p gspi handle->p dma, 1000);
if (status == HAL OK)
{
printf ("Transfer finished.\r\n");

}

else

{

printf ("Transfer failed, hal status = %d\r\n", status);

3.15.3.2 X 3G E

1.  FlGProgrammer | #igspi_flash_dma_uart_sk_r2_fw.binZ ¥ K -

2. CHIFRIRE DEEEPCH, TR EGRUart.

3. fEGRUartfJReceive Data % F "R 2> & 78QSPI FLASH UART 22 HA 415 /5.
3.16 Timer

Timer, SEN &%, TEFEE I E] A1 R A S B2 Mk 48 8 AP ERE AR S5 . — A T A0 B — S8 @ I A1 55
3.16.1 Dual Timer

Dual Timer 7~ TAESEEL 1 LADual Timer ) r i 77 € T TR 7 P AR SRR B

Dual Timer/~ il I YRAASFN A2 /47 TSDK_Folder\projects\peripheral\timer
\dual timer, HH TFECAAEMTKeil 5T o

3.16.1.1 X133 A%

B TR B A 3-39 7 -
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[&] 3-39 Dual Timer TIZ5 12 &

1. Fd B Dual Timerfiide,

g dual tim0 handle.p instance = DUAL TIMERO;

g dual tim0 handle.init.prescaler = DUAL TIM PRESCALER DIVO;

g dual tim0 handle.init.counter mode = DUAL TIM COUNTERMODE LOOP;
g dual tim0 handle.init.auto reload = SystemCoreClock - 1;

hal dual timer base init (&g dual tim0 handle);

g dual timl handle.p instance = DUAL TIMERI;

g dual timl handle.init.prescaler = DUAL TIM PRESCALER DIVO;

g dual timl handle.init.counter mode = DUAL TIM COUNTERMODE LOOP;
g dual timl handle.init.auto reload = SystemCoreClock / 100 - 1;

*  prescaler: T/r#l#RiEsE, nlik
FEDUAL_TIM_PRESCALER_DIVO, DUAL_TIM_PRESCALER_DIV16, DUAL TIM_PRESCALER_DIV256.

*  counter_mode: THE#EI, Tk
FEDUAL_TIM_COUNTERMODE_LOOP, DUAL_TIM_COUNTERMODE_ONESHOT.

*  auto_reload: HZNHEZE, DUAL_TIMEROIEFE1s/N%E —IX, DUAL_TIMERLIEF10 mshlE—IK.

2. i hal_dual_timer_base_start_it())i I H Wi 7 Uit i, auto_reload i i i ()i i 4%
hal_dual_timer_period_elapsed_callback()iz [F]. AXHL 41T :

void hal dual timer period elapsed callback(dual timer handle t *hdtim)
{

if (hdtim->p instance == DUAL TIMERO)

{
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printf ("\r\nThis is %dth call DUALTIMO.\r\n", g dtim0 cnt++);
}

else

{
g dtiml cnt++;

hal dual timer base start it (&g dual timl handle);
hal dual timer base start it (&g dual tim0 handle);

3. ifHhal_dual_timer_base_stop_it(){% 1L A W 7 =t ARSI T .

hal dual timer base stop it (&g dual timl handle);
hal dual timer base stop it (&g dual timO handle) ;

3.16.1.2 MK BEUE

1. fGProgrammer [ #dual_timer_sk_r2_fw.bin® T KK

2. CRIFRARCE DR ZEPCHT, 7T IR E GRUart.

3. f{EGRUart[fJReceive Datatd 1 FHFEF AT EI—IRIAAGE B, FTEN10RGREFIB1T45 1.

3.16.2 Timer
Timer )7~ TFESZIN T PATimer ) o W 77 252 B 47 ERFR 2 FR AR OG5 B

Timer7~ B PIPRAAS AN T2 UL T SDK Folder\projects\peripheral\timer\timer, HH T%

SAFAE LA JeKeil_5F o

3.16.2.1 X F3 I #%

B AR AR E N 1] 3-40T 7R
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3-40 Timer L1212 E

1. BB Timerfdidlk,

g tim0 handle.p instance = TIMERO;
g tim0 handle.init.auto reload = SystemCoreClock - 1;

hal timer base init (&g tim0 handle) ;

g timl handle.p instance = TIMERI;
g_timl handle.init.auto reload = SystemCoreClock / 100 - 1;

hal timer base init (&g timl handle);

auto_reload: HZNEFHE, TIMEROZER 1shIE—IX, TIMERLIZEFE10 mshnk—IX.

2. iHhal_timer_base_start_it()/5 F i 7 siHI, auto_reload e I I 7] 21 d i 2
[N hal_timer_period_elapsed_callback()i& [#] . ARHS41F

void hal timer period elapsed callback(timer handle t *htim)
{
if (htim->p instance == TIMERO)
{
printf ("\r\nThis is %dth call TIMERO.\r\n", g timO cnt++);
}

else

{
g _timl cnt++;

hal timer base start it (&g timl handle);
hal timer base start it (&g timO handle) ;

3. fHhal_timer_base_stop_it()45 A T 7 it . ARG R
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hal timer base stop it (&g timl handle);
hal timer base stop it (&g tim0 handle);

3.16.2.2 iR I E
1. FGProgrammer [ #timer_sk_r2_fw.bin %= KR
2. CBIFRMRCER EREEPCET, 1T IR E GRUart.

3. {EGRUart® H AR PR ATEI R BUE S, JTENL0R R R P is AT 45 3 -

3.16.3 Timer Wakeup

Timer WakeupH7~ 1 £ S2HL 1 LADual Timer (1) 7 Wi 77 2 I e 5 45

Timer Wakeup {7 ARG A T FE XA T-SDK_Folder\projects\peripheral\timer

\timer wakeup, H - TFESCAAE A KeKeil_5F .

3.16.3.1 KT3I %

A TRESURE B & 3-41 75k

END

3-41 Timer Wakeup L& 2 &

1.  fdEDual Timerf&itk,

g_dual tim0 handle.p_instance = DUAL TIMERO;
g dual tim0 handle.init.prescaler = DUAL TIM PRESCALER DIVO;

g dual tim0 handle.init.counter mode = DUAL TIM COUNTERMODE LOOP;
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g dual tim0 handle.init.auto reload = SystemCoreClock - 1;

hal dual timer base init (&g dual timO handle);
Dual Timer 41T & 2 %1% 2 #3.16.1 Dual Timer.
2. {fHIhal_dual_timer_base_start_it() /& F 1 Wi 77 e R 45, auto_reload & I I [ 3] ] RS i 5% 4 - e ik
10 hal_dual_timer_period_elapsed_callback()i% [F] 45 8. S Un T

void hal dual timer period elapsed callback(dual timer handle t *hdtim)
{
if (hdtim->p instance == DUAL TIMERO)
{
g dtim0 cnt++;

hal dual timer base start it (&g dual tim0 handle) ;

3. RGBEABEIRRS. RIS0TF:

while (g dtimO cnt < 10)
{

printf ("\r\nEnter sleep at timer counter = %d\r\n", g dtim0 cnt);
SCB->SCR |= 0x04;

__WEI();

printf ("Wakeup from sleep at timer counter = %d\r\n", g dtim0 cnt);

4. HIhal_dual_timer_base_stop_it()4h 5 H I 5 it A . AURS IR
hal dual timer base stop it (&g dual tim0 handle) ;
3.16.3.2 i3 E
1.  JHGProgrammer F#itimer_wakeup_sk_r2 fw.binZEJT K -
2. CKIFRARCE R EPCH, T B GRUart.
3. fEGRUart® HHFEFRFMTEI— ARG R, FTEN0R IR FIT 4 K.
3.17 WDT

WDT (Watchdog Timer) —AffFa0it & . 9 RGN EREF R AT LER IR FFIN,  WESEHLEIR &
A, WOTHl X ARG EE . ERIERHNES, HRGENEFRERER EFBERE. —BHTER
SN EE RS

3.17.1 WDT Reset

WDT Reset 7~ TAESZEL T PAWDT 5 RUE I 3 5 R4t

WDT Reset/~ il FIJEACRS A1 T#2 X447 TSDK_Folder\projects\peripheral\wdt\wdt reset, H
o AR SCAE S KeKeil 57T .
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B TREURE BB IE] 3-42 775 :

END

3-42 WDT Reset L1272

1. FlEWDTHEHR,

g wdt handle.init.counter = SystemCoreClock;
g wdt handle.init.reset mode = WDT RESET ENABLE;
hal wdt init (&g _wdt handle);

*  counter: WDTiI4ifin], Shib#:E MNis.
*  reset_mode: FR%iresetfiifE, 1Ak E NWDT_RESET_ENABLE.

2. YiHhal_wdt_refresh()iE4TWDTHES . ARG :

hal wdt refresh(sg wdt handle);
3.17.1.2 I UEMR

1.  fIGProgrammer F#iwdt_reset_sk_r2_fw.bin =TT K -

2. BT RMCE DEREEPCH, T B GRUart.

3. {EGRUart® H " AEFAE300 msHT EI—HAE R, FTENLI0IK, RAHE)H.
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3.18 COMP

COMP, LRSS, bRt i il LA A\ o ) R AT B P s AR K0, A i A [ v TS 485 SR v

Jeff, HHUE R T IEAN TTER o A e, 8 AR e s

3.18.1 COMP MSIO
COMP MSIO 7R TFESEIL T FASMSIO T Bl A h 22 v 4B (1) L%

COMP MSIOZR I I YEARRS A1 TAE U7 T-SDK_Folder\projects\peripheral\comp
\comp msio msio, HH TFESCARAE AT ReKeil 5.

3.18.1.1 K F3 I %

) TAERE E N 1] 3-43 7R

[&] 3-43 COMP MSIO Rl Ti R 2 &

1. fid EcomMPHilk,

g _comp_handle.init.input source

COMP_INPUT SRC_IOO;
COMP_REF_SRC I01;

g _comp_handle.init.ref source
g _comp_handle.init.ref value = (07
hal comp deinit (&g comp handle) ;

hal comp init (&g comp handle);

msio config.pin = COMP_ INPUT PIN | COMP VREF PIN;
msio config.direction = MSIO DIRECTION INPUT;
msio config.pull = MSIO PULLUP;
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msio config.mode = MSIO MODE ANALOG;

hal msio init (&msio config);

input_source: FCELERHA G HIESE, WESE: COMP_INPUT_SRC_IO0 ~
COMP_INPUT_SRC_I04, XM 5| HAMSIO0 - MSIO4.

ref_source: ZFEJ§iL+E, Ti%k#E: COMP_REF_SRC_IO0 ~ COMP_REF_SRC_VREF, *fN3|J%
MSIO0 - MSIO4 (4hiZ2) , VBAT (Hijth) , VREF (HIHE) .

ref_value: WEIASZSHEMANRIEAE, o] TR SN E Y FLCOMP_REF_SRC_IOL{E M4
N> TeiEhE BARME,  RATE B E B e BN ERIMEO.

fic. B COMP_INPUT_PIN (MSIO0) , COMP_VREF_PIN (MSIO 1) AL A G,

2. i hal_comp_start()i 7 ALk ds,  boicgd Ramid (5] ek $ithal_comp_trigger_callback()iz
[, PRI AE bR B e T AT R . AR R

void hal comp trigger callback(comp handle t *p comp)

{

printf ("Comp is triggered.\r\n");

hal comp start (&g comp handle) ;

3.18.1.2 JMiK 3G UE

1.  JHGProgrammer | #comp_msio_msio_fw.bin = JF K
2. CKIFRARCE CEREEPCH, T B GRUart.

3. fEGRUartffJReceive Datafd 1 HK5 2 i LU 2% 1 PL e 45

3.18.2 COMP VBAT

COMP VBAT 7~ TAZSEEL T FE it H s 5 MSIO 5| Il 44 F 1 4B A B e

COMP VBAT i FUEARRS A T2 XA T SDK_Folder\projects\peripheral\comp
\comp msio vbat, HH TIEICHFAE M KKeil 5T .

3.18.2.1 X133 #%

B TREGURE B A 3-44 7 :
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[& 3-44 cOMP VBAT L 12 1E2E

1. fii ECOMPHRER,

g comp handle.init.input source = COMP_ INPUT SRC IQOO0;
g _comp_handle.init.ref source = COMP_REF SRC VBAT;
5; // Reference = ((ref value + 1) / 10) * VBATT

g _comp_handle.init.ref value
hal comp deinit (&g comp handle) ;
hal comp init (&g comp handle);

msio config.pin = COMP_INPUT PIN;

msio config.direction = MSIO DIRECTION INPUT;
msio config.pull = MSIO PULLUP;

msio config.mode = MSIO MODE ANALOG;

hal msio init (&msio config);

hal timer base init(&g_timl handle) ;
*  input_source, ref _source: 155 3.18.1.1 UL R f T Y,
©  ref_value: HEERZSHEHIE, HRHIPIETEEEO ~ 7. N0, AFFE HEEE MG,
*  JZECOMP_INPUT_PIN (MSIO 0) ARSI A 51 .

2. ifHhal_comp_start())i 7 A Lb s, bhic s SRam i (5] ek $ithal_comp_trigger_callback()iz
1, AT E R A e SRR AR

void hal comp trigger callback (comp handle t *p comp)

{
printf ("Comp is triggered.\r\n");
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hal comp start (&g comp handle) ;
3.18.2.2 MK IGIE
1. FGProgrammer [N #.comp_msio_msio_fw .bin = FF K
2. CHIFRBUR DEREPCH, 1R EGRUart.
3. fEGRUart[fJReceive Data [ HV# 2 R LR AR I EL A 45 R
3.18.3 COMP Vref
COMP VreffRi7n i TAESEHL T A #8275 Hi s 5 MSIO 5| I i s AR A LA
COMP Vref = FIUEACRS A TR S AHA7 T-SDK_Folder\projects\peripheral\comp
\comp msio vref, HH TIEICHAES M HeKeil 5T
3.18.3.1 {KADIERR
A TREURE B & 3-45 71k :
v
3-45 Comp Vref TIZR 2]
1. ACECOMPHLHR.
g _comp_handle.init.input source = COMP INPUT SRC IOO0;
g comp handle.init.ref source = COMP_REF SRC VREF;
g _comp_handle.init.ref value = 30; // Reference = 30mv * ref value
hal comp deinit (&g comp handle) ;
hal comp init (&g comp handle);
. input_source, ref_source: 1#52Z%3.18.1 COMP MSIO.
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*  ref_value: WS HHIE, MIRHIFHEATERIO ~ 63, {HNOK, AFFA LA HIIE.
2. A hal_comp_start()i 7 AL ds,  bhicgd Ramad (5] ek $ithal_comp_trigger_callback()ik
[0, PRI AE bR B E SO . ARSI

void hal comp trigger callback(comp handle t *p comp)
{

printf ("Comp is triggered.\r\n");

hal comp start (&g comp handle);
3.18.3.2 A BuiE

1.  FHGProgrammer | #icomp_msio_vref fw.binZ T KA -
2. BT RMCE DEREEPCH, 1T AL B GRUart.

3. fEGRUartffJReceive Datafd 1 HK 2 s LU 2% 1 bh st 45
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4 % o)
REBERGIR T AHELUE S N AN R, TR BRI . R IR AP v,

4.1 SPI'E 1 jo) 2

7] R ik

1. S5l B A EEmINT, DMAKHE KR 7 .
2. HALZSPIIEF A BEIA 32 MHz.

i) 58 53 #

1. EE NG, —HTXFAFONZS, SO CRETE, BEBR ECSES . %M
FE] BE S SPIE KL IAE], W E AR SR AT S5 Th b I A B L S AT S5, P BB 3ITX
FIFOS:El.

2. {EHALEHTX FIFOAZ I CSIIS 4l H ahdi s, SR & 7 R 1132 MHzI 2. B FTAS [R5
AR E IR AN: DMA > Polling > Interrupt. 7E Mirrorfi 2 N & 1%8 it %, K HDMAR
A[7516 MHz, Pollingtz0A]i%4 ~ 8 MHz, Interruptiiz NI E1&

Kb TV
1. fHERPIN_MUX, FCS5| IR & N EGPIOBH T REERAE
2. K8 MHzLL N 13 R HEAT SPHEAT B & 18 F LLZ #5 1 HRE S5 A7 0%

4.2 QSPI'E Il 5]
i) A A
1. cSHlMECEMERmln, B RIER .
IFi] /53

1L BCEOVHEARERIN, —BTXFIFONZ, WU EE ke, KEfmcsES. %
IF) e AT B AL QSPIEAE ACE A, e DL Se AT 55 I OF L AL B IR S AT 55, AT Je it B4R

FITX FIFO S 3.
2. fEHiK M hal_gspi_transmit()3% 1, %3 ANGE S RE8 MHz 2 DL _E R QSPIFE firid R
LS LLpIeN

1. fEHPIN_MUX, $CST|HHIRLE A @EGPIOR T REHAE .
2. XFIDMAHEITQSPIELE .

4.3 ADCE Dl 8]
I LA A

1. ADCRM Hamim AT, FERA A RCRAHE, TS RIS
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2. BHULRAEFHIR, FEOHRG R,
3. WIRLADCZ IS, STZIfEARADCIRIURBERUE, B LA S A 7E R iR
) 53 1
Lo BB S
2. BHUHAR, TN BORAEIEMSIOs, VBATIENSH IR -

3. WIGALADCZJA, ADCRBESL G HEANBIRAEN TARES, WRILH B ADCRES IR, 2 FECK
ES

U ISEYIRFS
L AR R 2 5

S 3 V = (ADC-offset)/((-1)*slope)

offsetfllslope & JRAFLEAS 1 A FBIRIXT L A 15 2 2% i IR 1 IR IR R84S TE (BRI AF
e V = (ADC-offset)/(((-1)*slope*1.0f)/vref)
offsetfllslope & TRAFELS Fr A EB XS RL AN 2 2% HL 1.0 VI I 218 IEE AR A .
seamu. VT 2*(offset-ADC)/((-1)*slope)

offset H7EP = NI I HE [P codefH; slopese fRAFAE F PN IR IR B N 582256 HE IR R [R5

.o
= Pk ) ® At ®
S ph V = 2*(offset—=2*ADC)/(((-1)*slope*1.0f)/vref)
offset/EP = NI £ #E [P codeft; slopes& PRAF1ELS i SRR RIAN 2% HL R 1.0 VI IR
o

2. fEHSRSCH R E IS B TR .
3. iIhal_adc_init()# )5, {{fhal_gr551x_adc_voltage_intern()=hal_adc_start_dma(), 277
AT LR RSO ADCREEEEER RED
4.4 PWME IL (o] 3
e LA i
PWM 3EETEAG ML 22 LU, (E 2380 IEIE B E AR MR, TR 2% .
e Ly
PWMBA LA RIAC B S AL, ANSCRPAS R A
ARy i
K 30 T IE 10 B RAH [F] A
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