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mEmg e (KPU)

1.1 #A

KPU Z@ARHEMEAIESE, ©RIUTERINFENRER TRMEREEMEITE, KERIRENE
RBYAN BIRATRSE, WARSEMREITRNF 2. £ kpu BY, K55S model compilers

1.2 IheemiR
KPU B&LITILNMEF A

© FERINGESIZIRSE RBIMNINLR LRI E R URE

© WMBERYBLEERY], IHEEERHENESHRMEE, SFERNGHEBEERE. AR
HITEIE

© XFFMERAZ 1x1 M 3x3

© XFERHRIBIERER

© IR TERRASFHENESHA/NA 5.5MiB Z 5.9MiB

© IFERTEREAFNESHANA (Flash BE-RHFEFR)

1.3 API &

X RZAYSK M kpu.h
ARAFP R TEO

- kpu_task_init (0.6.0 LUEFREBXIE, &AM kpu_single_task_init)
- kpu_run (0.6.0 LUGREXIE, EMEMA kpu_start)
- kpu_get_output_buf (0.6.0 LUERELHE)




H1E HEMKLIER (KPU)

+ kpu_release_output_buf (0.6.0 LIEREXF)
* kpu_start

+ kpu_single_task_init

+ kpu_single_task_deinit

+ kpu_model_load_from_buffer

* kpu_load_kmodel

+ kpu_model_free

* kpu_get_output

* kpu_run_kmodel

1.3.1 kpu_task_init

1.3.1.1 #&
A1 kpu ES AR, ZEREREASLIE nodel compiler 4 ALAY gencode_output.c A,

1.3.1.2 REEX

kpu_task_t* kpu_task_init(kpu_task_t= task)

1.3.1.3 &%

SEEM R BN
task KPU EEZa® WA

1.3.1.4 RENE
KPU £33 511",

1.3.2 Kkpu-run

1.3.2.1 #ERk
B KPU, #17 Al &5,

1.3.2.2 RERE

int kpu_run(kpu_task_t* v_task, dmac_channel_number_t dma_ch, const veoid =*src, void=
dest, plic_irg_callback_t callback)




H1E HEMKLIER (KPU)

1.3.2.3 B8
SEEM  #ER BN
task KPU 1E55a1% LD
dma_ch DMA @38 DN
src WNBEGREE LD
dest BEREHER i
callback ZEEREIARE A

1.3.2.4 R[EE

RMEE R

0 BXf)
3k 0 KPU 1, KK

1.3.3 kpu_get_output_buf

1.3.3.1 ##ER
FREX KPU Sl tH 45 RV T

1.3.3.2 R#RE

uint8_t skpu_get_output_buf(kpu_task_t* task)

1.3.3.3 &%

SEEM R WANRH
task KPU ESAW WA

1.3.3.4 RENE
KPU %1t 5 RV R TF RIS




H1E HEMKLIER (KPU)

1.3.4 kpu_release_output_buf

1.3.4.1 ##ER
FERR KPU Saith 45 R& 7o

1.3.4.2 RERE

void kpu_release_output_buf(uint8_t =output_buf)

1.3.4.3 B
SHAFR BN PN i)
output_buf KPURIHEREE WA
1.3.4.4 sR[OE
I

1.3.5 kpu_start

1.3.5.1 #ERk
Bzh KPU, #17 Al B8,

1.3.5.2 RERE

int kpu_start(kpu_task_t =task)

1.3.5.3 &#
SEEIR R BWANEH
task KPU E5a A
1.3.5.4 R[EE

ROE #R
0 58]




H1E HEMKLIER (KPU)

REE #R
3k 0 KPU 1T, RIK

1.3.6 Kkpu_single_task_init

1.3.6.1 @R
#8a1E kpu £S5 TR,

1.3.6.2 RERE

int kpu_single_task_init(kpu_task_t =task)

1.3.6.3 B
SHET R LD T
task KPU a1 A
1.3.6.4 R[E1E

REE R
0 58%)]
3E0 ES

1.3.7 kpu_single_task_deinit

1.3.7.1 #&
S kpu £53,

1.3.7.2 RERE

int kpu_single_task_deinit(kpu_task_t =task)

1.3.7.3 &%




H1E HEMKLIER (KPU)

SHEM R BN
task KPU E5EW BN

1.3.7.4 REE
REE
0 972

3k 0 ESIe

1.3.8 kpu_model_load_from_buffer

1.3.8.1 ##HR
fi#tr kmodel H#IE kpu A,

1.3.8.2 RERE

int kpu_model_load_from_buffer (kpu_task_t *task, uint8_t =buffer,
kpu_model_layer_metadata_t **meta);

1.3.8.3 &#
SHEM R BB
task KPU 1E2911% LD
buffer kmodel %1 LD
meta REBMIREIE, APIRERNULL
1.3.8.4 R[EE

REE R

0 9725
k0 ES




H1E HEMKLIER (KPU)

1.3.9 kpu_load_kmodel

1.3.9.1 ##R
& kmodel, HFES5 nncase BL&fER.

1.3.9.2 RERE

int kpu_load_kmodel (kpu_model_context_t *ctx, const uint8_t =buffer)

1.3.9.3 &
SHET  #ER LD il
ctx KPUESAE AN

buffer kmodel ##E %A

1.3.9.4 R[ENE
REME fERl
0 58]
iE0 KM

1.3.10 kpu_model_free

1.3.10.1 #Ek

B kpU Hilo

1.3.10.2 RERE

void kpu_model_free(kpu_model_context_t =*ctx)

1.3.10.3 =¥

S R BN
ctx KPU ES500M  HIAN




H1E HEMKLIER (KPU)

1.3.10.4 R[ENE
P

1.3.11 kpu_get_output

1.3.11.1 #aR
FREY KPU SR RMIERIER,

1.3.11.2 R#HRE

int kpu_get_output(kpu_model_context_t =ctx, uint32_t index, uint8_t =+data, size_t =»
size)

1.3.11.3 &#

BB ER LN Tl
ctx KPU 15584 N
index ZRMZI5|{E, W kmodel HX A
data Z#£R LDN
size KN (FTH) LN

1.3.11.4 R[E1E
REME R
0 Fh
30 et

1.3.12 Kkpu_run_kmodel

1.3.12.1  #Ek

iz1T kmodel,

1.3.12.2 R#HRE

int kpu_run_kmodel (kpu_model_context_t *ctx, const uint8_t =src, dmac_channel_number_t
dma_ch, kpu_done_callback_t done_callback, void *userdata)




H1E HEMKLIER (KPU)

1.3.12.3 ¥

SHAFR R PN i)
ctx KPU 1£5504% LZDN
src REUR LZTIN
dma_ch DMA @i LN
done_callback SEREENARE WA
userdata ElEANSE LT

1.3.12.4 RENE

1.3.13  Z4l

3k 0

REE R

5745
ES

/* BEMCLE B kpu_task_gencode_output_init, R EFHKIE g _ai_buf, @HDMAS, kpuE B /5 8

MHai_done & */

kpu_task_t task;

volatile uint8_t g_ai_done_flag;

static int ai_done(void *ctx)

{
g_ai_done_flag = 1;
return 0;

}

/* A kkpu =/

kpu_task_gencode_output_init(&task); /+ MCERBI & H +/

task.src = g_ai_buf;
task.dma_ch = 5;
task.callback = ai_done;
kpu_single_task_init(&task);

/* B &kpu =/
kpu_start (&task);

1.4 #HiEzxRE

MEXEHESRE, BUREMEXIT:
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+ kpu_task_t: kpu fES3£EM1A,

1.4.1 Kkpu-task-t

1.4.1.1 #ERk
Kpu fES5 454018,

1.4.1.2 EX

typedef struct

kpu_layer_argument_t =+layers;

kpu_-layer_argument_t =*remain_layers;

plic_irq-callback_t callback;

void *ctx;

uinté4_t =*src;

uint64_t =dst;

uint32_t src_length;
uint32_t dst_length;
uint32_t layers_length;

uint32_t remain_layers_length;

dmac_channel_number_t dma_ch;

uint32_t eight_bit_mode;
float output_scale;
float output_bias;
float input_scale;
float input_bias;

} kpu_task_t;

1.4.1.3 A

AR ik
layers KPU Z#kf55t (MC #0841k, BFRBELD)

remain_layers
callback

ctx

src

dst

src_length
dst_length
layers_length
remain_layers_length

KPU B%i55t GEERRRER, AR RBED)
EEERERAZYS (FEAFIRE)

EHERHHNEH (F=EERFRE)

CERNMIE (EEAFKRSE)
EELEREHIEH (KPU IR LIRE, APRUED)
TEHIRKE (MC Mtk BRRGED)
EEERKE (NC Mk, BRRBELD)

B3 (MC Matk, BPRRBED)

FSEH (SEIRPER, ARRSELD)
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R RZ R R
dma_ch AN DMA BES (RERFILE)

eight_bit_mode
output_scale
output_bias
input_scale
input_bias

BEE 8 thisE (MC Matk, BRRUED)
it scale {8 (MC #0841k, FAFRFRHBED)
i5t bias & (MC #0%a1k, ARPFRLRED)
i scale {8 (MC #0381k, FHRRBELD)
i\ bias & (MC #1%a1k, BPFRLRED)
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Z R X FEFIRbiESE (APU)

2.1 H#hR

APU =7 NFEFIESHIEMEITELAESE, EBENITERRLANESTERRME, BIXMER
HEMEE SR, URERE—SRERIES IR,

2.2 IhaeEiR
APU B&LITILANMFA:

© XFREZ/\ T ERXEEE
© ATLASCEHER 16 N A MBIESERN RNE
© FREES REERIES R

2.3 API &%

X RZAYSK X apu.h
ARAFRMLUTEO

* audio_bf_dir_set_prev_fir

+ audio_bf_dir_set_post_fir

+ audio_bf_voc_set_prev_fir

+ audio_bf_voc_set_post_fir

+ audio_bf_set_delay

+ audio_bf_voc_set_direction

+ audio_bf_set_channel_enabled

12
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« audio_bf_dir_enable
« audio_bf_voc_enable

2.3.1 audio_bf_dir_set_prev_fir

2.3.1.1 &R
FHESNHRNEREIMEZRR fir KRR,

2.3.1.2 REEX

void audio_bf_dir_set_prev_fir(uint16_t *fir_coef)

2.3.1.3 &%

SHEF  ER NI
fir_coef 17 {ERARIEEH WA
2.3.1.4 R[EE
To
2.3.2 audio_bf_dir_set_post_fir
2.3.2.1 ##Hk
EHEE N ABENERN BINEZEH fir IEER.
2.3.2.2 REER
void audio_bf_dir_set_post_fir(uint16_t =fir_coef)
2.3.2.3 B¥
SHEF B BN
fir_coef 17 (LERRLEEH HA
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2.3.2.4 R[ENE
P

2.3.3 audio_bf_voc_set_prev_fir

2.3.3.1 &R
FEHBEIRE S RVENRINEZFN fir BRRER.

2.3.3.2 H¥RE

void audio_bf_voc_set_prev_fir(uint16_t =fir_coef)

2.3.3.3 ¥

SHEF  ER BN
fir_coef 17 fiDREREIET HWA
2.3.3.4 iR[E{E
oo
2.3.4 audio_bf_voc_set_post_fir
2.3.4.1 #HRR
EiIHEREAMNER BMNEZER fir IEERE.
2.3.4.2 RIRE
void audio_bf_voc_set_post_fir(uintl16_t *fir_coef)
2.3.4.3 B¥
SR HER BN
fir_coef 17 (EKRZIEH HA

2.3.4.4 R[ENE
P



®2E ZHERMEFIESR (APU)

2.3.5 audio_bf_set_delay

2.3.5.1 &R
IR Z =R ETIRF EZ 7 N2 B AR ER S,

2.3.5.2 RERE

void audio_bf_set_delay(float R, uint8_t mic_num_a_circle, uint8_t center, float I2s_fs

)

2.3.5.3 B¥

BB iR BN
R ERNERHNEFEF LTHN
micnuma_circle TEERALMZEZRXIE A
center B LEBEEERX WA
I2s_fs ERXEEER LN

2.3.5.4 R[ENE
o

2.3.6 audio_bf_voc_set_direction

2.3.6.1 @R
PERIE SRR T o

2.3.6.2 HERE

void audio_bf_voc_set_direction(enum en_bf_dir direction)

2.3.6.3 ¥

%

IR ik BN
direction EFETILENSME, BXO~15 HA

[

\
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2.3.6.4 R[EA
Too
2.3.7 audio_bf_set_channel_enabled

2.3.7.1 &R
EREANZNEE, 2SR 4K, SRALEEGRE, 8 NlE, AN 1, NEFRERX

MEE,

2.3.7.2 R#RE

void audio_bf_set_channel_enabled(uint8_t channel_bit)

2.3.7.3 &
SHER R BN
channel_bit #MRfIA 1, WEFEFERXMMEE, WA
2.3.7.4 R[OlE
To

2.3.8 audio_bf_dir_enable

2.3.8.1 &R
fERER 77 MAVER RN,

2.3.8.2 HRERE

void audio_bf_dir_enable(void)

2.3.8.3 ¥
o

2.3.8.4 R[EIE
7o
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2.3.9 audio_bf_voc_enable

2.3.9.1 &R
fEREIERE 77 MAYRERY RN H,

2.3.9.2 RERE

void audio_bf_voc_enable(uint8_t enable_flag)

2.3.9.3 ¥
7o

2.3.9.4 R[ENE
o

2.3.10  #

uint16_t fir_prev_t[17] = {
0x8000, 0, 0, 0, 0, 0, 0, 0
@, e, 0,0, 0,0, 0,0,0,
};

,@,

audio_bf_dir_set_prev_fir(fir_prev_t);
audio_bf_dir_set_post_fir(fir_post_t);
audio_bf_voc_set_prev_fir(fir_prev_t);
audio_bf_voc_set_post_fir(fir_post_t);

audio_bf_set_delay(3, 7, 1, 44100);
audio_bf_voc_set_direction(@);
audio_bf_set_channel_enabled (@xff);

audio_bf_dir_enable();
audio_bf_voc_enable(1);

2.4 HHERE
RBIERE. BURAWESIT:

- apu_reg_t: apu ESLEME,
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2.4.1 apu_reg_t

2.4.1.1 Rk
kpu fES 5915,

2.4.1.2 EX

typedef struct _apu_reg

{
//8x200
apu_ch_cfg_t bf_ch_cfg_reg;
//8x204
apu_ctl_t bf_ctl_reg;
//0x208
apu_dir_bidx_t bf_dir_bidx[16][2];
//08x288
apu_fir_coef_t bf_pre_fir@_coef[9];
//8x2ac
apu_fir_coef_t bf_post_fir@_coef[9];
//8x2de
apu_fir_coef_t bf_pre_firl_coef[9];
//0x2f4
apu_fir_coef_t bf_post_firl_coef[9];
//8x318
apu_dwsz_cfg_t bf_dwsz_cfg_reg;
//8x31c
apu_fft_cfg_t bf_fft_cfg_reg;
// 8x320
volatile uint32_t sobuf_dma_rdata;
// 0x324
volatile uint32_t vobuf_dma_rdata;
/*0x328+/
apu_int_stat_t bf_int_stat_reg;
/*8x32c+/
apu_int_mask_t bf_int_mask_reg;
/*8x330+/
uint32_t saturation_counter;
/*0x334%/
uint32_t saturation_limits;

} __attribute__((packed, aligned(4))) apu_reg_t;

2.4.1.3 HA

B 53R #R R
bf_ch_cfg_reg BERE

bf_ctl_reg THISFERS
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1D

bf_dir_bidx[16][2]
bf_pre_fir@_coef[9]
bf_post_fir@_coef[9]
bf_pre_fir1_coef[9]
bf_post_firl_coef[9]
bf_dwsz_cfg_reg
bf_fft_cfg_reg
sobuf_dma_rdata
vobuf_dma_rdata
bf_int_stat_reg
bf_int_mask_reg
saturation_counter
saturation_limits

BN R RNt EAT R R K
BN RN RN BEIEKRK
HEEE 7S MR RINMEZBIRIKR R
TEEE 7S MR RINMEZ FRKREK
TRIFRLK

fft I=HF 7R

73 RS R R

WETE 75 R AR TRt

PETRSFFSE

FREmEE H 7
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SR NESE (AES)

3.1 Iheefaid

K210 B AES (BRMZEZNELR), B FRER LR ARIZEES AES TERE, AES MR ZIFZ N
= [mzwa= (ECB,CBC,GCM), MR KEY(128,192,256) MIIEE,

3.2 API &F

FTZHYSL XM aes.h
NAFPRHUTEO

+ aes_ech128_hard_encrypt
+ aes_ecb128_hard_decrypt
+ aes_ech192_hard_encrypt
+ aes_ech192_hard_decrypt
+ aes_ech256_hard_encrypt
+ aes_ech256_hard_decrypt
+ aes_chc128_hard_encrypt
+ aes_cbc128_hard_decrypt
+ aes_chc192_hard_encrypt
+ aes_cbc192_hard_decrypt
+ aes_chc256_hard_encrypt
+ aes_chc256_hard_decrypt
+ aes_gcm128_hard_encrypt
+ aes_gcm128_hard_decrypt
+ aes_gcm192_hard_encrypt
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+ aes_gcm192_hard_decrypt

+ aes_gcm256_hard_encrypt

+ aes_gcm256_hard_decrypt

+ aes_ech128_hard_encrypt_dma
+ aes_echb128_hard_decrypt_dma
+ aes_ech192_hard_encrypt_dma
+ aes_ecb192_hard_decrypt_dma
+ aes_ech256_hard_encrypt_dma
+ aes_ech256_hard_decrypt_dma
+ aes_chc128_hard_encrypt_dma
+ aes_chc128_hard_decrypt_dma
+ aes_chc192_hard_encrypt_dma
+ aes_cbc192_hard_decrypt_dma
+ aes_chc256_hard_encrypt_dma
+ aes_chc256_hard_decrypt_dma
+ aes_gcm128_hard_encrypt_dma
+ aes_gcm128_hard_decrypt_dma
+ aes_gcm192_hard_encrypt_dma
+ aes_gcem192_hard_decrypt_dma
+ aes_gcm256_hard_encrypt_dma
+ aes_gcm256_hard_decrypt_dma
+ aes_init

* aes_process

+ gcem_get_tag

3.2.1 aes_ech128_hard_encrypt

3.2.1.1 fERk
AES-ECB-128 MNZEIzH. WNmHEIEERER cpu £, ECB MERFBASHZIREIE A/)\ 16bytes AIIR
HITINERY, RANREMHITIETR. ECB RAKAAEEE.,

3.2.1.2 HR¥RE

void aes_ecb128_hard_encrypt(uint8_t =input_key, uint8_t =input_data, size_t input_len,
uint8_t =output_data)
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3.2.1.3 &%

BHE R PN
input_key AES-ECB-128 nn#ry A DN
input_data AES-ECB-128 REINZHYBES DN

iR
input_len AES-ECB-128 REMNZABAS#K DN
BOKE
output_data AES-ECB-128 mZ=&E G Rt

FEREREXA buffers
XA buffer WANEER
iE 16bytes 3F5%,

3.2.1.4 R[ENE
o

3.2.2 aes_ech128_hard_decrypt

3.2.2.1 #&1RR

AES-ECB-128 fRZinH, M Nt BURERER cpu &, ECB MNZRFEASIZIREE K /)N 16bytes AR
HITINERY, RANRRMHITIET. ECB RAULKBAEIME,

3.2.2.2 R#RE

void aes_ecb128_hard_decrypt(uint8_t =input_key, uint8_t *input_data, size_t input_len,

uint8_t =output_data)

3.2.2.3 B¥

BB R PN
input_key AES-ECB-128 f#=mI%EA WA
input_data AES-ECB-128 f3fRZ T TN

iR
input_len AES-ECB-128 1HRE BN

ENKE
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SR Do PN il

output_data AES-ECB-128 f@Ziz &g Wit
EREFBIEXA buffers
X buffer BIANEER
IE 16bytes 3475,

3.2.2.4 R[EE
o

3.2.3 aes_ech192_hard_encrypt

3.2.3.1 fEk
AES-ECB-192 IIZH, N EIRERER cpu £, ECB MZERFEASIZIREE K /)\ 16bytes AR
HITINERY, RANREMHITETR. ECB RAKBREIBE.,

3.2.3.2 R#RE

void aes_ech192_hard_encrypt(uint8_t =input_key, uint8_t =input_data, size_t input_len,
uint8_t =output_data)

3.2.3.3 ¥

BHE R PN
input_key AES-ECB-192 hn#ryz A EZTDN
input_data AES-ECB-192 ¥ 1% RIBAST DN

R
input_len AES-ECB-192 ¥ N2 RASIEL DN
BOKE
output_data AES-ECB-192 mMZEHEM Wit
LEREFHREX buffer,
XA buffer WA/NEER
IiE 16bytes 3455,

3.2.3.4 RENE
o



E3E BRIMBMESE (AES) 24

3.2.4 aes_ech192_hard_decrypt

3.2.4.1 &R
AES-ECB-192 fRZinH, M N BURERER cpu £, ECB MNZRFEASIZIREE K /)N 16bytes AR
HITINERY, RANRRMHITIET. ECB RALKBRAEIME.,

3.2.4.2 R#RE

void aes_ecb192_hard_decrypt(uint8_t =input_key, uint8_t *input_data, size_t input_len,
uint8_t =output_data)

3.2.4.3 B
SHZFR R RN
input_key AES-ECB-192 = m% £ WA
input_data AES-ECB-192 1HREMZE X DN
iR
input_len AES-ECB-192 1HRE BN
BOKE
output_data AES-ECB-192 f@Zz & e Wit
EREFBITXA buffer,
XA buffer A/ NEER
IiE 16bytes 3475,
3.2.4.4 iR[OE
Tco

3.2.5 aes_ech256_hard_encrypt

3.2.5.1 fEk
AES-ECB-256 INZEH, N EIRERER cpu £, ECB MERFEASIZIREE K /)N 16bytes IR
HITINERY, RANREMHITIETR. ECB RALKBRAEIBE,

3.2.5.2 HR#RE
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void aes_ecb256_hard_encrypt(uint8_t =input_key, uint8_t =input_data, size_t input_len,
uint8_t =output_data)

3.2.5.3 &¥

SEETR N RN
input_key AES-ECB-256 MNZHIZEEA DN
input_data AES-ECB-256 #FNN%EHYBASL DN

iz
input_len AES-ECB-256 #FNN%5RASEK DN
BHKE
output_data AES-ECB-256 mZz&E G Wit
HEREREX buffer,
XA buffer WA/NEER
IE 16bytes 355,

3.2.5.4 iR[OlE
Tco
3.2.6 aes_ech256_hard_decrypt

3.2.6.1 R
AES-ECB-256 fRZH. i Niai i BEER L cpu &4, ECB MIEFEASIZEREE A/ 16bytes AYER
BITNER, RANFEMN#HITETE. ECB RAZEAEIME,

3.2.6.2 HR#RE

void aes_ecb256_hard_decrypt(uint8_t =input_key, uint8_t *input_data, size_t input_len,
uint8_t routput_data)

3.2.6.3 &¥

SHZFR 3N RN
input_key AES-ECB-256 2RI A TN
input_data AES-ECB-256 #FARZ YL DN

R
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input_len AES-ECB-256 FAR% 34K DN
BKE
output_data AES-ECB-256 f@Ziz B G Rt
SEREFREX buffer,
XA buffer WA/NEER
iE 16bytes 3335,

3.2.6.4 R[ENE
P

3.2.7 aes_chc128_hard_encrypt

3.2.7.1 &R
AES-CBC-128 &= H, i Nk th BEERREF cpu &%, CBC MZERFEASIZIREE K /)N 16bytes AR
HITINERY, RANRRUHITET,

3.2.7.2 R#RE

void aes_chc128_hard_encrypt(cbc_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =*output_data)

3.2.7.3 &%

SHAFR R RN
context AES-CBC-128 M+ EAILE DN
WiE, BENEBHR5RE
mE
input_data AES-CBC-128 REMNZHYBE BN
iR
input_len AES-CBC-128 #FNN%5RAS#K DN
BHKE
output_data AES-CBC-128 miZEHEEH i
HEREFREX buffer,

XA buffer X/ NEER
iF 16bytes 335,
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3.2.7.4 iR[OE
Tco
3.2.8 aes_chc128_hard_decrypt

3.2.8.1 &R
AES-CBC-128 fRZimH, i Niaith BEER(EF cpu &%, CBC MZRFEASIZIREE K /)N 16bytes AR
HITINERY, RANRRUHITET,

3.2.8.2 HR#RE

void aes_chc128_hard_decrypt(cbc_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =*output_data)

3.2.8.3 &K
SHAFR 3N I
context AES-CBC-128 fREITE VLS 2D
WiE, BEREBRS5RE
HE
input_data AES-CBC-128 #FfRZ I DN
iz
input_len AES-CBC-128 FfR% % 3 DN
BHKE
output_data AES-CBC-128 == H G Wit
HEREREX buffer,
XA buffer WA/NEER
IE 16bytes 355,
3.2.8.4 iR[EME
To

3.2.9 aes_chc192_hard_encrypt

3.2.9.1 ##R
AES-CBC-192 MNZEIZH. WNAHEIEELER cpu 24, CBC MZEFBASIZIREE A\ 16bytes AIR
BITNER, RANFENHEHITETE.
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3.2.9.2 RERE

void aes_chc192_hard_encrypt(cbc_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =output_data)

3.2.9.3 B¥

SEETR 3N BN
context AES-CBC-192 mNEE i+ B ALE TN
i, BENEBR5RE
B
input_data AES-CBC-192 #FNNEEAYAASC HWA
i
input_len AES-CBC-192 13 /NZRBASI K TN
BIKE
output_data AES-CBC-192 & z&E G Wit
HEREFHREX buffer,

XA buffer WANEER
IE 16bytes 3475,

3.2.9.4 iR[OlE
o
3.2.10 aes_chc192_hard_decrypt

3.2.10.1 #ER
AES-CBC-192 Rz, %o Niai i B ER(ER cpu &4, CBC MIERFEASIZEREE A/ 16bytes YR
BITINERY, RANRRUHITET,

3.2.10.2 ®#RE

void aes_chc192_hard_decrypt(cbc_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =*output_data)

3.2.10.3 ¥
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context AES-CBC-192 figZ i+ B4 DN
WiE, BERETRS5RE
HE
input_data AES-CBC-192 RHRZIIE XX DN
iR
input_len AES-CBC-192 1HRE DN
BOKE
output_data AES-CBC-192 i@z &g Rt
EREFBATX buffers
XA buffer A/ NEER
iE 16bytes 3F5%,

3.2.10.4 R[EHE
To
3.2.11 aes_chc256_hard_encrypt

3.2.11.1 #@R
AES-CBC-256 MNZTH, Nk #EERER cpu &4, CBC MZERFEAIZIREE K /)N 16bytes IR
HITINERY, RANRRUHITET,

3.2.11.2 RERE

void aes_chc256_hard_encrypt(cbc_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =xoutput_data)

3.2.11.3 &%

SHAFR TN RINEH
context AES-CBC-256 m#Z&it+EmILE DN
MiE, BENEBR5RE
mE
input_data AES-CBC-256 REMNZHYBESC DN
iz
input_len AES-CBC-256 #FNN%RASEK EZTDN

ENKE
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output_data AES-CBC-256 mZ=& G Wit
EREFBIEXA buffers
X buffer BIANEER
IE 16bytes 3475,

3.2.11.4 RMEE
o
3.2.12 aes_chc256_hard_decrypt

3.2.12.1 #ER
AES-CBC-256 fRZLH, M N EURERER cpu 4. CBC MZERFEASIZIREE K /)N 16bytes IR
HITINERY, RANRRBUHITER,

3.2.12.2 R#RE

void aes_cbc256_hard_decrypt(uint8_t =input_key, uint8_t =input_data, size_t input_len,
uint8_t =output_data)

3.2.12.3 ¥

BHE R PN
context AES-CBC-256 fi#Z it B4 DN
Wik, GEREZRASRHS
HE
input_data AES-CBC-256 $RERIZ X DN
R
input_len AES-CBC-256 1SRE BN
BOKE
output_data AES-CBC-256 fRZIEH G Rt
EREFBATX buffers

XA buffer WA/NEER
iE 16bytes 3F5%,
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3.2.12.4 R[EE
P

3.2.13 aes_gcm128_hard_encrypt

3.2.13.1 R
AES-GCM-128 Iz H. M Nk EIEE(ER cpu fFh.

3.2.13.2 RERE

void aes_gcm128_hard_encrypt(gcm_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =output_data, uint8_t +gcm_tag)

3.2.13.3 ¥

SEER PN BN
context AES-GCM-128 NI+ BHLEHE, BENERE/RBHE/aad/aad KE DN
input_data  AES-GCM-128 #FINZZRYBE S IR HWA
input_len  AES-GCM-128 RFMNZREANEURMIKE EZTHN
output_data AES-GCM-128 MEFEEENLEREMREX T buffer Wit

gem_tag AES-GCM-128 INZiEHIGHY tag TEIEX 1 buffer, XA buffer A/NEBRIEA 16bytes Hit

3.2.13.4 R[ENE
P

3.2.14 aes_gcm128_hard_decrypt

3.2.14.1 R
AES-GCM-128 @iz H, M Nk EIEE(ER cpu f£4.

3.2.14.2 RERE

void aes_gcm128_hard_decrypt(gcm_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =output_data, uint8_t +gcm_tag)

3.2.14.3 ¥
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SHAFR R RN
context AES-GCM-128 RZit B psiik, BB EH/wmiEmE/aad/aad KE TN
input_data  AES-GCM-128 #FfR= MY S EIE TN
input_len  AES-GCM-128 #REBXHIBNKE DN
output_data AES-GCM-128 f@ZizBENEREMREX ] buffer Rt

gem_tag AES-GCM-128 @&z HE Gt tag FMAEX " buffer, X4 buffer A/NFEERIEA 16bytes Wit

3.2.14.4 R[EE
o

3.2.15 aes_gcm192_hard_encrypt

3.2.15.1 &R
AES-GCM-192 MNZEIizH, MmN EUEERMER cpu £,

3.2.15.2 R#RE

void aes_gcm192_hard_encrypt(gem_context_t =context, uint8_t =input_data, size_t
input_len, uint8_t *output_data, uint8_t =gcm_tag)

3.2.15.3 ¥

SHAFR DU RN
context AES-GCM-192 It B Rk, BEMBER/wiEmE/aad/aad KE TN
input_data  AES-GCM-192 #FINZAYBE S IR DN
input_len  AES-GCM-192 #INZBAXEURRIKE DN
output_data AES-GCM-192 MZEEEENLEREREX ] buffer Wit

gem_tag AES-GCM-192 INZz&E G tag FMAEX 1 buffer, X4 buffer A/NFEERIEA 16bytes Wit

3.2.15.4 R[EE
o

3.2.16 aes_gcm192_hard_decrypt

3.2.16.1 R
AES-GCM-192 @&z, MmNt EUEERMER cpu £,
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3.2.16.2 RERE

void aes_gcm192_hard_decrypt(gcm_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =output_data, uint8_t +gcm_tag)

3.2.16.3 ¥

SR ik NI
context AES-GCM-192 MR+ BMLEHE, BERER/RiBmE/aad/aad KE DN
input_data  AES-GCM-192 #FRZRIZRSCEE DN
input_len  AES-GCM-192 RFR&E N EHIERIKE DN
output_data AES-GCM-192 RZIEH EHEREMEX A buffer Wit

gem_tag AES-GCM-192 Rz B G tag TEIEX D buffer, XA buffer A/NEBRIEA 16bytes Wit

3.2.16.4 R[ENE
o

3.2.17 aes_gcm256_hard_encrypt

3.2.17.1 #ERk
AES-GCM-256 MNEEH, N EIEEER cpu £,

3.2.17.2 RERE

void aes_gcm256_hard_encrypt(gcm_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =output_data, uint8_t =gcm_tag)

3.2.17.3 &%

SHE iR NI
context AES-GCM-256 NIt EMLEHE, BENER/RiBmE/aad/aad KE TN
input_data  AES-GCM-256 #FINZZRIBE S IR DN
input_len  AES-GCM-256 FiNZEASEIBHKE DN
output_data AES-GCM-256 m#EIEHEHIEREREX S buffer Wit

gem_tag AES-GCM-256 MNZiEHIGHY tag TEEX " buffer, XA buffer A/NEBIRIEA 16bytes Wit




E3E BRIMBMESE (AES) 34
3.2.17.4 iR[EE
To
3.2.18 aes_gcm256_hard_decrypt
3.2.18.1 #HER
AES-GCM-256 fRZIEH, M NiaHEUEERER cpu £,
3.2.18.2 R¥FE
void aes_gcm256_hard_decrypt(gcm_context_t *context, uint8_t =input_data, size_t
input_len, uint8_t =output_data, uint8_t +gcm_tag)
3.2.18.3 ¥
SHE DU PN e
context AES-GCM-256 fRZITE /LMK, BAMEEA/RiEME/aad/aad KE DN
input_data  AES-GCM-256 #HARZZIZR S EIE HWA
input_len  AES-GCM-256 fH#ZE B EIENKE DN
output_data AES-GCM-256 fRZizBEENLEREMREX T buffer Wit
gcm_tag AES-GCM-256 f@Zz B G tag X buffer, X4 buffer A/NEERIEA 16bytes Hit

3.2.18.4 R[ENE
o

3.2.19 aes_ecb128_hard_encrypt_dma

3.2.19.1 #ER
AES-ECB-128 IIEEH. WNEIEGEMA cpu 5, RLEHIEERMER dna £, ECB MNEIFEASIRERE
A/ 16bytes BBRFITIELT, RANRRBMHEITIET, ECB RN KBAEIME.

3.2.19.2 RERE

void aes_ech128_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num, uint8_t
*input_key, uint8_t =input_data, size_t input_len, uint8_t *output_data)

3.2.19.3 ¥
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SHAFR R RN
dma_receive_channel_num AES HH#iERY DMA @B S WA
input_key AES-ECB-128 INZHIZEEA DN
input_data AES-ECB-128 #FNN%EHYBASL BN
iz

input_len AES-ECB-128 f¥INZBAS 2L TN

BHKE
output_data AES-ECB-128 MZ =& GH Rt

FEREHREXD buffer,
XA buffer AR/ NEER
JE 16bytes 3455,

3.2.19.4 R[EE
o

3.2.20 aes_ech128_hard_decrypt_dma

3.2.20.1 R

AES-ECB-128 @& s H. WINTIEGEMA cpu F5, RLEIEERMER dna £, ECB MNEIFEASIRIRE

AR/ 16bytes BISGHITIIERY, RA/NRRUBHITIET. ECB B ZAERERE,

3.2.20.2 RERE

void aes_ecb128_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num, uint8_t

~input_key, uint8_t =input_data, size_t input_len, uint8_t =xoutput_data)

3.2.20.3 ¥

SEZTR N RN
dma_receive_channel_num AES %l #4ERY DMA BES DN
input_key AES-ECB-128 f#=mI%EA EZTDN
input_data AES-ECB-128 1¥RERIZE X DN
iR
input_len AES-ECB-128 1HRE DN

ENKE
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output_data AES-ECB-128 f@Ziz &g Wit
EREFBIEXA buffers
X buffer BIANEER
IE 16bytes 3475,

3.2.20.4 iR[EE
o

3.2.21 aes_ech192_hard_encrypt_dma

3.2.21.1 #ER
AES-ECB-192 IIZEH, WAEIEGER cpu &4, MHEIEEREA dma £, ECB IIENFEASURIRE
EA/N 16bytes BIRFIHITINEL, RANREMHITIET. ECB RAKBEREIBE.,

3.2.21.2 R#RE

void aes_ech192_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num, uint8_t
*input_key, uint8_t =input_data, size_t input_len, uint8_t *output_data)

3.2.21.3 ¥

SHRAFR TN RN
dma_receive_channel_num AES HiH#iERY DMA @B S WA
input_key AES-ECB-192 INZHIZEA DN
input_data AES-ECB-192 #FNN#5HYBASL DN
iz
input_len AES-ECB-192 ¥ INZBAS#K LT
EBHKE
output_data AES-ECB-192 mZ =BG Wit
HEREFHIEX buffer,
XA buffer WA/NEER
IE 16bytes 345%,

3.2.21.4 R[EE
o
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3.2.22 aes_ech192_hard_decrypt_dma

3.2.22.1 R
AES-ECB-192 fRZEH, WMATIEER cpu 54, MHEIEEMER dma £, ECB MIEIFEASURIRE
EA/N 16bytes BIRFIFITIER, RANREMHITIET. ECB RAKBRAEIME,

3.2.22.2 RERE

void aes_ecb192_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num, uint8_t
*input_key, uint8_t =input_data, size_t input_len, uint8_t *output_data)

3.2.22.3 &%

SHZFR R RN
dma_receive_channel_num AES Jaith #UERY DMA BES DN
input_key AES-ECB-192 fRZ %A DN
input_data AES-ECB-192 #FARZ I XL 2D
i
input_len AES-ECB-192 f3fRZZ 32K TN
BHKE
output_data AES-ECB-192 f@Ziz B a Wit
LEREFHRIX buffer,
XA buffer BA/NEER
IE 16bytes 345%

3.2.22.4 R[EE
o

3.2.23 aes_ech256_hard_encrypt_dma

3.2.23.1 #ER
AES-ECB-256 MIEEH. WNKIEGEA cpu X5, RLEIEERMER dna %%, ECB MEIFEASIRIRE
EAR/N 16bytes BBRFITIIED, RANREMNH#ITET. ECB RAGERAEIME,

3.2.23.2 RERE
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void aes_ecb256_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num, uint8_t
=input_key, uint8_t =input_data, size_t input_len, uint8_t =output_data)

3.2.23.3 &%

SEZTR N RN
dma_receive_channel_num AES %aith #4ERY DMA IBES TN
input_key AES-ECB-256 mnZry% A WA
input_data AES-ECB-256 1¥1N%HIBASC LD
R
input_len AES-ECB-256 1¥1N%RASIEL B
EBHKE
output_data AES-ECB-256 mNZEEEH Hitd
EREFBATXA buffer,
XA buffer A/ NEER
iE 16bytes 3155,

3.2.23.4 iR[EE
o
3.2.24 aes_ech256_hard_decrypt_dma

3.2.24.1 @R
AES-ECB-256 fRZEH. WMATIEER cpu £, MHHBIEERER dma £, ECB IIENFEASURIRE
EA/N 16bytes BIRFIFITIER, RANREMHITET. ECB RAKBEREBE.,

3.2.24.2 RERE

void aes_ech256_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num, uint8_t
*input_key, uint8_t =input_data, size_t input_len, uint8_t *output_data)

3.2.24.3 ¥

SEER R BN
dma_receive_channel_num AES i EER DMA IBES LD

input_key AES-ECB-256 fRZHIZEEA DN
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SHAFR R RN
input_data AES-ECB-256 #FARZ YL DN
iz
input_len AES-ECB-256 FAR% % 3K BN
BHKE
output_data AES-ECB-256 f#=ZEHGHY Wit

FEREFREX buffer,
XA buffer A/ NEER
IE 16bytes 355,

3.2.

24.4 R[ENE

P

3.2.25 aes_chc128_hard_encrypt_dma

3.2.

25.1 #aR

AES-CBC-128 IIEEH. WNSIEREMA cpu F5, RLEIEERMER dna £, CBC MNEIFEASIRRE
EAR/N 16bytes BRFITINERY, RANREUHITER,

3.2.

25.2 RERE

void aes_chc128_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num,
cbc_context_t *context, uint8_t *input_data,

output_data)

size_t input_len, uint8_t =

3.2.25.3 ¥

ok CL i

1P

PN il

dma_receive_channel_num
context

input_data

input_len

AES i %iBA0 DMA B3 S
AES-CBC-128 &I+ &ML
ftk, BEMBBB5HEE
CE

AES-CBC-128 ¥ INZRYBAX
MR

AES-CBC-128 EMNZBAS #K
BRI

BN
BN

BN

BN
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SR Do PN il

output_data AES-CBC-128 mZ =& G Wit
EREFBIEXA buffers
X buffer BIANEER
IE 16bytes 3475,

3.2.25.4 iR[EE
o
3.2.26 aes_chc128_hard_decrypt_dma

3.2.26.1 R
AES-CBC-128 fRZEH, WMATIEGER cpu 54, MHEIEERMER dma £, CBC MIEIFEASURIRE
EA/N 16bytes BIRFITINERY, RANRRBUHITET,

3.2.26.2 RERE

void aes_cbc128_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num,
cbc_context_t =*context, uint8_t *input_data, size_t input_len, uint8_t =
output_data)

3.2.26.3 ¥

SHZTR R RN
dma_receive_channel_num AES % tH ¥k #ERY DMA SBE S EEIDN
context AES-CBC-128 fREITH AL WA
WiE, BERETHRS5RE
HE
input_data AES-CBC-128 1¥RERZE X DN
iR
input_len AES-CBC-128 1HRE DN
EBHKE
output_data AES-CBC-128 f@Z==BE g Wit
EREFBAEXA buffer,

XA buffer ANEER
IiE 16bytes 3475,
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3.2.26.4 iR[EE
P

3.2.27 aes_chc192_hard_encrypt_dma

3.2.27.1 #aR

AES-CBC-192 IIEEH. WNEIEGEMA cpu £5, RLEHIEERER dna £, CBC MNEIFEASIRERE
EA/N 16bytes BIRFITINERY, RANRRBUHITET,

3.2.27.2 R#RE

void aes_chc192_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num,

cbc_context_t *context, uint8_t *input_data,

output_data)

size_t input_len, uint8_t =

3.2.271.3 &%

SEZIR 3N RN
dma_receive_channel_num AES it #3ERY DMA @B S TN
context AES-CBC-192 M+ E AL DN
WiE, BENEBHR5RE
mE
input_data AES-CBC-192 R¥MNZEHYBEC BN
iz
input_len AES-CBC-192 #FNN%5 A #K DN
BHKE
output_data AES-CBC-192 miZEHEEH it

FEREREXA buffers
XA buffer WA/NEER
iE 16bytes 335,

3.2.27.4 R[EE
P
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3.2.28 aes_chc192_hard_decrypt_dma

3.2.28.1 R
AES-CBC-192 fRZEH, WMATIERER cpu 54, MHEBIEERMER dma £, CBC MEIFEASURIRE
EA/N 16bytes BIRFITINERY, RANRRBUHITET,

3.2.28.2 RERE

void aes_chc192_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num,
cbc_context_t =*context, uint8_t *input_data, size_t input_len, uint8_t =
output_data)

3.2.28.3 ¥

o € R RN
dma_receive_channel_num AES % tH¥#ERY DMA SBE S TN
context AES-CBC-192 fREITHIVLE WA
WiE, BERETRS5RE
mE
input_data AES-CBC-192 RHRZHIE XX DN
iR
input_len AES-CBC-192 HRZ B S ¥ BN
EBHKE
output_data AES-CBC-192 i@z B g Hitd
HEREFREX buffer,
XA buffer BWA/NEER
iE 16bytes 3F5%,

3.2.28.4 R[ENE
o

3.2.29 aes_chc2b6_hard_encrypt_dma

3.2.29.1 R
AES-CBC-256 MIZEH. HMALIEGER cpu &4, MHHBIEERMER dma £, CBC MIEIFEASURIRE
EA/N 16bytes BIRFITINERY, RANRRBUHITET,



3.2.29.2 RERE

void aes_chc256_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num,
cbc_context_t *context, uint8_t =input_data, size_t input_len, uint8_t =
output_data)

3.2.29.3 ¥

SHAFR TN RINH
dma_receive_channel_num AES i #4ERY DMA @B S WA
context AES-CBC-256 mZitEILE TN
i, BENEBR5RE
mE
input_data AES-CBC-256 #FNN%ERYAASC DN
i
input_len AES-CBC-256 fFINZBASI#K TN
EBHKE
output_data AES-CBC-256 MZz&E G Wit
LEREFHRIEX buffer,

XA buffer WA/ NEER
IE 16bytes 345%

3.2.29.4 iRME{AE
To
3.2.30 aes_cbc256_hard_decrypt_dma

3.2.30.1 #ER
AES-CBC-256 fREEH. WNTIEMEMA cpu X5, RLEHIEERMER dna £, CBC MNEIFEASIRRE
EAR/N 16bytes BBRFIITINERY, RANREUHITET,

3.2.30.2 RERE

void aes_chc256_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num, uint8_t
=input_key, uint8_t =input_data, size_t input_len, uint8_t =xoutput_data)




a4

3.2.30.3 ¥

SHAFR R RN
dma_receive_channel_num AES %aith #ERY DMA BB S DN
context AES-CBC-256 fREITE LS TN
i, BERETRSRE
mE
input_data AES-CBC-256 HRZERIZE X DN
iR
input_len AES-CBC-256 1SREZSE DN
ENKE
output_data AES-CBC-256 f@Zi=H G Wit
EREFBIEXA buffer,
XA buffer WANFEER
IiE 16bytes 3475,

3.2.30.4 R[EE
o

3.2.31 aes_gcm128_hard_encrypt_dma

3.2.31.1 #ER

AES-GCM-128 MNEzH. MABUEGEMA cpu &, MHHIERMER dna i,

3.2.31.2 ®#RE

void aes_gcm128_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num,
gecm_context_t *context, uint8_t *input_data, size_t input_len, uint8_t =
output_data, uint8_t =gcm_tag)

3.2.31.3 ¥

SIRBMR R PN i

dma_receive_channel_num AES iaitH #k3ERY DMA BES LIDN
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SHAFR R RN
context AES-GCM-128 it B LS DN
ik, BEmBREA/ RS
& /aad/aad K&
input_data AES-GCM-128 REINZ2rYBExC DN
iR
input_len AES-GCM-128 1¥1N%&RAS EL DN
EHKE,
output_data AES-GCM-128 mZ=& G Rt

SEREFREX buffers,
T DMA #iE BRI &) vhiL
E7 4bytes,
FRARERIEX A buffer
KNEDF 4bytes BUEE
g,
gcm_tag AES-GCM-128 mE= &G Wit
tag FHRIEX buffer,
XA buffer KINVEER
IEJ9 16bytes

3.2.31.4 R[ENE
P

3.2.32 aes_gcm128_hard_decrypt_dma

3.2.32.1 @R
AES-GCM-128 @8z, MANBURMER cpu £, HHEIEEMER dma i,

3.2.32.2 RERE

void aes_gcm128_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num,
gcm_context_t *context, uint8_t =input_data, size_t input_len, uint8_t =
output_data, uint8_t =gcm_tag)

3.2.32.3 ¥
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SHAFR R RN
dma_receive_channel_num AES HH#iERY DMA @B S WA
context AES-GCM-128 fi@Zit B LS TN
1wk, BEREEA/RE
B2 /aad/aad KE
input_data AES-GCM-128 fHRZ I XX TN
i
input_len AES-GCM-128 ¥R SLEL DN
BIKE,
output_data AES-GCM-128 f@Ziz B at Wit
HEREFHREX buffer,

T DMA #RIZ#IERI &R/ VL
R 4bytes,
FRAEERIEX A buffer
KNEDN 4bytes FUEE
e,
gem_tag AES-GCM-128 f@Ziz B ety Rt
tag FHIEX A buffer,
XA buffer KNEEF
IE/9 16bytes

3.2.32.4 R[EE
P

3.2.33 aes_gem192_hard_encrypt_dma

3.2.33.1 R
AES-GCM-192 MNZEizH, MANEBUEGEMA cpu &, MHEIEAHMER dna Fi.

3.2.33.2 RERE

void aes_gcm192_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num,
gcm_context_t *context, uint8_t xinput_data, size_t input_len, uint8_t =
output_data, uint8_t =gcm_tag)

3.2.33.3 ¥



B3E SHRMEBIMESE (AES)

47

SHAFR R RN
dma_receive_channel_num AES HH#iERY DMA @B S WA
context AES-GCM-192 mzZit+ B /LS TN
1wk, BEmEEA/wE
B2 /aad/aad KE
input_data AES-GCM-192 fFINZB9BA L TN
i
input_len AES-GCM-192 ¥ 1025 RS EL DN
BIKE,
output_data AES-GCM-192 mZ& =& G Wit
HEREFHREX buffer,

T DMA #RIZ#IERI &R/ VL
R 4bytes,
FRAEERIEX A buffer
KNEDN 4bytes FUEE
e,
gem_tag AES-GCM-192 mZ= =BG Rt
tag FHIEX A buffer,
XA buffer KNEEF
IE/9 16bytes

3.2.33.4 R[EE
P

3.2.34 aes_gcem192_hard_decrypt_dma

3.2.34.1 R
AES-GCM-192 fRZiz R, MANBUEGEM cpu &, MHEIEAHMER dna Fi.

3.2.34.2 RERE

void aes_gcm192_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num,
gcm_context_t *context, uint8_t xinput_data, size_t input_len, uint8_t =
output_data, uint8_t =gcm_tag)

3.2.34.3 ¥
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SHAFR R RN
dma_receive_channel_num AES HH#iERY DMA @B S WA
context AES-GCM-192 f@Zit B LS TN
1wk, BEREEA/RE
B2 /aad/aad KE
input_data AES-GCM-192 fFEZHIZ XX TN
i
input_len AES-GCM-192 ¥R EL DN
BIKE,
output_data AES-GCM-192 i@z B Wit
HEREFHREX buffer,

T DMA #RIZ#IERI &R/ VL
R 4bytes,
FRAEERIEX A buffer
KNEDN 4bytes FUEE
e,
gem_tag AES-GCM-192 @iz B e Rt
tag FHIEX A buffer,
XA buffer KNEEF
IE/9 16bytes

3.2.34.4 R[EE
P

3.2.35 aes_gem256_hard_encrypt_dma

3.2.35.1 #ER
AES-GCM-256 MNZIizH, MANEUEGEMA cpu &, MHEHIEAHMER dna Fi.

3.2.35.2 RERE

void aes_gcm256_hard_encrypt_dma(dmac_channel_number_t dma_receive_channel_num,
gcm_context_t *context, uint8_t xinput_data, size_t input_len, uint8_t =
output_data, uint8_t =gcm_tag)

3.2.35.3 ¥
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SHAFR R RN
dma_receive_channel_num AES HH#iERY DMA @B S WA
context AES-GCM-256 it EmILE TN
1wk, BEmEEA/wE
B2 /aad/aad KE
input_data AES-GCM-256 fFINZHIBASL TN
i
input_len AES-GCM-256 11025 RASIEL DN
BIKE,
output_data AES-GCM-256 mZz&E G Wit
HEREFHREX buffer,

T DMA #RIZ#IERI &R/ VL
R 4bytes,
FRAEERIEX A buffer
KNEDN 4bytes FUEE
e,
gem_tag AES-GCM-256 mZ=z=E M Rt
tag FHIEX A buffer,
XA buffer KNEEF
IE/9 16bytes

3.2.35.4 R[EE
P

3.2.36 aes_gcm256_hard_decrypt_dma

3.2.36.1 fER
AES-GCM-256 fRZInH, MANEUEGEM cpu &, MHEIEAHMER dna Fi.

3.2.36.2 RERE

void aes_gcm256_hard_decrypt_dma(dmac_channel_number_t dma_receive_channel_num,
gcm_context_t *context, uint8_t xinput_data, size_t input_len, uint8_t =
output_data, uint8_t =gcm_tag)

3.2.36.3 ¥
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$£38 BRMEMESE (AES)
SHAFR R RN
dma_receive_channel_num AES HH#iERY DMA @B S WA
context AES-GCM-256 figZ it B ILE TN
1wk, BEREEA/RE
B2 /aad/aad KE
input_data AES-GCM-256 f3HRZ IV XX TN
i
input_len AES-GCM-256 1SR STEL DN
BIKE,
output_data AES-GCM-256 @iz B G Wit
HEREFHREX buffer,
T DMA iz ¥R /) Vil
R 4bytes,
FRAEERIEX A buffer
KNEDN 4bytes FUEE
e,
gem_tag AES-GCM-256 fRZz B faHY Rt

tag FHIEX A buffer,
XA buffer KINEERF
IE/9 16bytes

3.2.36.4 R[EE

P

3.2.37 aes_init

3.2.37.1 fER
AES BEHIRIRBIAIIA1L

3.2.37.2 RERE

void aes_init(uint8_t =input_key, size_t input_key_len, uint8_t =iv,size_t iv_len,
uint8_t *gcm_aad,aes_cipher_mode_t cipher_mode, aes_encrypt_sel_t encrypt_sel,
size_t gcm_aad_len, size_t input_data_len)

3.2.37.3 ¥
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a5 € R BN
input_key IS/ RE NS DN
input_key_len %/ MBEZRHENKE =TI
iv AES INZAFZE IR iv HUE DN
iv_len AES MR EIM iv BURMIKE, CBC EEA 16bytes, GCM EEH 12bytes Wit
gem_aad AES-GCM MZ#RZ A SR aad ¥4E Wit
cipher_mode  AES BEFIEIRHITAINZARZ A, 5 AES_CBC/AES_ECB/AES_GCM DN
encrypt_sel AES FEHIEIRITIRT . INBHRE PN
gem_aad_len  AES-GCM g% B EIMY aad #iBMIKE DN
input_data_len ¥R /MREBIEURKE PN

3.2.37.4 R[ENE
o

3.2.38 aes_process

3.2.38.1 R

AES BEHEIRITIN AR R R

3.2.38.2 R#RE

void aes_process(uint8_t *input_data, uint8_t =output_data, size_t input_data_len,
aes_cipher_mode_t cipher_mode)

3.2.38.3 ¥

BEAMR R WA
input_data X4 buffer SN/ FRZHIEIE PN
output_data XA buffer ZHINE/REHIEHLER Wit
input_data_len #&NN%/MRZEREIRNKE PN

cipher_mode

AES FEMHESRIITRUMBMRE LR, F#5 AES_CBC/AES_ECB/AES_GCM DN

3.2.38.4 R[EE
oo
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3.2.39 gcm_get_tag

3.2.39.1 #HR
FREX AES-GCM It EERGHY tag

3.2.39.2 RERE

void gcm_get_tag(uint8_t +gcm_tag)

3.2.39.3 &#

SHET  HR LN T
gem_tag XA buffer 723K AES-GCM 1127/ fRZ2fSHY tag, EITEN 16bytes BOA/)N  HaH

3.2.39.4 R[EE
o

3.2.40 Zl

cbc_context_t cbc_context;
cbc_context.input_key = cbc_key;
chbc_context.iv = cbhc_iv;

aes_chc128_hard_encrypt (&cbc_context, aes_input_data, 16L, aes_output_data);
memcpy (aes_input_data, aes_output_data, 16L);
aes_cbc128_hard_decrypt(&cbc_context, aes_input_data, 16L, aes_output_data);

3.3 HUERE
FEXHIRAEL, HUBEMEXIT:

* aes_cipher_mode_t: AES /%2 /fREHIA o

3.3.1 aes_cipher_mode_t

3.3.1.1 &
AES N2 [RBme9 5 Ko
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3.3.1.2 EX

typedef enum _aes_cipher_mode

{
AES_ECB = @,
AES_CBC = 1,
AES_GCM = 2,

AES_CIPHER_MAX
} aes_cipher_mode_t;

* gem_context_t: AES-GCM hNZ3/#RE3EY S48 A B OS5 (K

3.3.2 gcm_context_t

3.3.2.1 ##R
AES-GCM S AEIMNEME, BIERHA. RIZME. aad BUE. aad BIEKE.

3.3.2.2 EX

typedef struct _gcm_context
{
uint8_t =input_key;
uint8_t =*iv;
uint8_t *gcm_aad;
size_t gcm_aad_len;
} gcem_context_t;

« cbc_context_t: AES-CBC /N%%/fRZRRYS 4 B FIMLE MK

3.3.3 cbc_context_t

3.3.3.1 R
AES-CBC S AEINEME, BIERNA. REEE,

3.3.3.2 EX

typedef struct _cbc_context
{
uint8_t *input_key;
uint8_t *iv;
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’} cbc_context_t;

3.3.3.3 HA

RAZRF  #Hid

AES_ECB  ECB mn%/fR%
AES_CBC  CBC fnz%/#@z
AES_GCM  GCM mnz5/ @z
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4.1 #R

AILUSE MR FUTR RIS TRIE N CPU BOSMIIFUR Lo SIRHET BANREN, SEEMT RN
RIFTR.

4.2 IhgetR
PLIC #sRAHIUTI8E:

© EBRERATE
- IRERETNERER
 ECEERLRSR

4.3 API&ZF

MK plic.h
ARAFRMLUTEO

+ plic_init

+ plic_irg_enable

+ plic_irg-disable

+ plic_set_priority

+ plic_get_priority

+ plic_irg-register

+ plic_irg-deregister
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4.3.1 plic_init

4.3.1.1 &R
PLIC #D4afe5MaR ko

4.3.1.2 R#RE

void plic_init(void)

4.3.1.3 &%
7o

4.3.1.4 R[ENE
o

4.3.2 plic_irg-enable

4.3.2.1 &R
fERESMNER R R

4.3.2.2 R#RE

int plic_irqg_enable(plic_irq_t irg_number)

4.3.2.3 ¥

SHRIF R BARL

irg_number =S =D

4.3.2.4 RENE

REE R
0 B
3k 0 ESL
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4.3.3 plic_irg-disable

4.3.3.1 #ER
RRASMNER AR

4.3.3.2 R#RE

int plic_irg_disable(plic_irq_t irg_number)

4.3.3.3 B¥

SRR R BWARL

irg_number HlfS TP

4.3.3.4 RENE

REE #ER
0 972%)
3k 0 ESL

4.3.4 plic_set_priority

4.3.4.1 #ER
RERETLER.

4.3.4.2 ®R¥RE

int plic_set_priority(plic_irq_t irqg_number, uint32_t priority)

4.3.4.3 B¥

BB i3 PN e
irg_number HlFS DN

priority AT Sk LZTDN
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4.3.4.4 R[ENE

REE
0 972

3k 0 ESIe

4.3.5 plic_get_priority

4.3.5.1 $ER
FREX B R0

4.3.5.2 R#RE

uint32_t plic_get_priority(plic_irq_t irg_number)

4.3.5.3 ¥

SEBIR faR BN
irg_number H#FS A

4.3.5.4 R[EIE
irg-number ARBTEIL IS

4.3.6 plic_irqg-register

4.3.6.1 &R
TERSNER SR BT BRI A

4.3.6.2 HR#RE

int plic_irg_register(plic_irq_t irq, plic_irqg_callback_t callback, void* ctx)

4.3.6.3 B¥

SHEZF R BN
irg kTS LTDN
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SHEZF R BN
callback HR¥f[EliE R ER LD

ctx ERRHHSH WA

4.3.6.4 R[EE

REE #R
0 98%)]
3k 0 ESL

4.3.7 plic_irg_deregister

4.3.7.1 &R
A SHIMNER AR BT ER 2K

4.3.7.2 ®R¥RE

int plic_irq_deregister(plic_irq_t irq)

4.3.7.3 &%

BHEM  HER BB
irq FRlT= A

4.3.7.4 R[ENE

REE #R

0 5729
3E0 eI

4.3.8

[+ & BGPIOHSO 89 fis % b i +/
int count = 0;
int gpiohs_pin_onchange_isr(void #*ctx)
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int »userdata = (int *)ctx;
*userdata++;
}
plic_init();
plic_set_priority (IRQN_GPIOHS@_INTERRUPT, 1);
plic_irq_register (IRQN_GPIOHS@_INTERRUPT, gpiohs_pin_onchange_isr, &count);
plic_irq_enable (IRQN_GPIOHS@_INTERRUPT);
sysctl_enable_irq();

4.4 FHERE
FEXHIBARL, MUBEME T

« plic_irqg_t: MERFRERS,
+ plic_irg-callback_t: ZMEBARUREIEREL,

4.4.1 plic_irqg-t

4.4.1.1 R
SMERRET S,

4.4.1.2 EX

typedef enum _plic_irq

{

IRQN_NO_INTERRUPT
IRQN_SPI@_INTERRUPT
IRQN_SPIT_INTERRUPT
IRQN_SPI_SLAVE_INTERRUPT
IRQN_SPI3_INTERRUPT =
IRQN_I2S@_INTERRUPT =
IRQN_I2S1_INTERRUPT =
IRQN_I2S2_INTERRUPT =
IRQN_TI2CO_INTERRUPT =
IRQN_I2C1_INTERRUPT =

/*1< The non-existent interrupt =*/
/1< SPI@ interrupt =/

/#!1< SPI1 interrupt =/

/1< SPI_SLAVE interrupt =/

/1< SPI3 interrupt =/

/#1< 1280 interrupt =/

/*1< I2S1 interrupt =/

/1< 12S2 interrupt =/

/#1< 12C0 interrupt =/

/*1< I2C1 interrupt =/

0 NN BN,

0

IRQN_I2C2_INTERRUPT = 10, /+!< I2C2 interrupt =/
IRQN_UARTT_INTERRUPT = 11, /*!< UART1 interrupt =/
IRQN_UART2_INTERRUPT = 12, /*!< UART2 interrupt =/
IRQN_UART3_INTERRUPT = 13, /*!< UART3 interrupt =/
IRQN_TIMERGA_INTERRUPT = 14, /*!< TIMER@ channel @ or 1 interrupt =/
IRQN_TIMER@B_INTERRUPT = 15, /*!< TIMER@ channel 2 or 3 interrupt =/
IRQN_TIMERTA_INTERRUPT = 16, /*!< TIMERT channel @ or 1 interrupt =/
IRQN_TIMER1B_INTERRUPT = 17, /*!< TIMERT channel 2 or 3 interrupt =/
IRQN_TIMER2A_INTERRUPT = 18, /x!< TIMER2 channel @ or 1 interrupt */
IRQN_TIMER2B_INTERRUPT = 19, /*!< TIMER2 channel 2 or 3 interrupt =*/
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IRQN_RTC_INTERRUPT
IRQN_WDT@_INTERRUPT
IRQN_WDT1_INTERRUPT
IRQN_APB_GPIO_INTERRUPT
IRQN_DVP_INTERRUPT
IRQN_AI_INTERRUPT
IRQN_FFT_INTERRUPT
IRQN_DMA@_INTERRUPT
IRQN_DMAT_INTERRUPT
IRQN_DMA2_INTERRUPT
IRQN_DMA3_INTERRUPT
IRQN_DMA4_INTERRUPT
IRQN_DMAS_INTERRUPT
IRQN_UARTHS_INTERRUPT
IRQN_GPIOHS@_INTERRUPT
IRQN_GPIOHST_INTERRUPT
IRQN_GPIOHS2_INTERRUPT
IRQN_GPIOHS3_INTERRUPT
IRQN_GPIOHS4_INTERRUPT
IRQN_GPIOHS5_INTERRUPT
IRQN_GPIOHS6_INTERRUPT
IRQN_GPIOHS7_INTERRUPT
IRQN_GPIOHS8_INTERRUPT
IRQN_GPIOHS9_INTERRUPT
IRQN_GPIOHST1@_INTERRUPT
IRQN_GPIOHST1_INTERRUPT
IRQN_GPIOHS12_INTERRUPT
IRQN_GPIOHS13_INTERRUPT
IRQN_GPIOHS14_INTERRUPT
IRQN_GPIOHS15_INTERRUPT
IRQN_GPIOHS16_INTERRUPT
IRQN_GPIOHS17_INTERRUPT
IRQN_GPIOHS18_INTERRUPT
IRQN_GPIOHST9_INTERRUPT
IRQN_GPIOHS2@_INTERRUPT
IRQN_GPIOHS21_INTERRUPT
IRQN_GPIOHS22_INTERRUPT
IRQN_GPIOHS23_INTERRUPT
IRQN_GPIOHS24_INTERRUPT
IRQN_GPIOHS25_INTERRUPT
IRQN_GPIOHS26_INTERRUPT
IRQN_GPIOHS27_INTERRUPT
IRQN_GPIOHS28_INTERRUPT
IRQN_GPIOHS29_INTERRUPT
IRQN_GPIOHS3@_INTERRUPT
IRQN_GPIOHS31_INTERRUPT
IRQN_MAX

} plic_irq_t;
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fere
/1<
fer<
fere
Jo1<
fer<
fere
/1<
for<
fere
/1<
fer<
fere
/1<
fer<
fere
/1<
L
fere
/1<
L
/1<
/*!<
Joi<
fere
/*!<
Ji<
/1<
/*!<
fere
fere
/*!<
fere
/1<
/*!<
fere
fere
/*!<
fere
/1<
/*!<
fere
fere

RTC tick
Watching
Watching
APB GPIO

and alarm interrupt =/

dog timer® interrupt =/
dog timer1 interrupt =*/
interrupt */

Digital video port interrupt =/
AI accelerator interrupt =/

FFT accelerator interrupt =/
DMA channel® interrupt =/

DMA channell interrupt =/

DMA channel2 interrupt =*/

DMA channel3 interrupt =/

DMA channel4 interrupt =/

DMA channelb5 interrupt =*/

Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed
Hi-speed

UART@ interrupt =/
GPIO® interrupt =/
GPIOT interrupt =/
GPIO2 interrupt =/
GPIO3 interrupt =/
GPI04 interrupt =/
GPIO5 interrupt =/
GPIO6 interrupt =/
GPIO7 interrupt =/
GPIO8 interrupt =/
GPIO9 interrupt =/
GPIO18 interrupt =/
GPIOT1 interrupt =/
GPIO12 interrupt =+/
GPIOT13 interrupt =/
GPIO14 interrupt =/
GPIOT5 interrupt =+/
GPIOT16 interrupt =/
GPIO17 interrupt =/
GPIOT18 interrupt =*/
GPIOT19 interrupt =/
GPI020 interrupt =/
GPI021 interrupt =+/
GPI022 interrupt =/
GPI023 interrupt =/
GPI024 interrupt =+/
GPI025 interrupt =/
GPI026 interrupt =/
GPI027 interrupt =+/
GPI028 interrupt =/
GPI029 interrupt =*/
GPI038 interrupt =+/
GPI0O31 interrupt =/

4.4.1.3 HA
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B 51F R EE::pu
TRQN_NO_INTERRUPT RFE
TRQN_SPI@_INTERRUPT SPI@ ity
TRQN_SPIT_INTERRUPT SPIT Al
TRQN_SPI_SLAVE_INTERRUPT M SPI Hul#f
TRQN_SPI3_INTERRUPT SPI3 it
TRQN_I2S@_INTERRUPT 1250 i
TRQN_I2ST1_INTERRUPT 1251 rhitf
TRQN_I2S2_INTERRUPT 1252 Rl
TRQN_I2C@_INTERRUPT 12C0 Rl
TRQN_I2CT1_INTERRUPT 12C1 rhitf
TRQN_I2C2_INTERRUPT 12C2 Rl
TRQN_UARTT_INTERRUPT UARTT FhEft
TRQN_UART2_INTERRUPT UART2 sl
TRQN_UART3_INTERRUPT UART3 =l

TRQN_TIMER@GA_INTERRUPT
TRQN_TIMER@B_INTERRUPT
TRQN_TIMERTA_INTERRUPT
TRQN_TIMERTB_INTERRUPT
TRQN_TIMER2A_INTERRUPT
TRQN_TIMERZB_INTERRUPT
TRQN_RTC_INTERRUPT
TRQN_WDT@_INTERRUPT
TRQN_WDT1_INTERRUPT
TRQN_APB_GPIO_INTERRUPT
TRQN_DVP_INTERRUPT
TRQN_AI_INTERRUPT
TRQN_FFT_INTERRUPTFFT
TRQN_DMA@_INTERRUPT
TRQN_DMAT_INTERRUPT
TRQN_DMA2_INTERRUPT
TRQN_DMA3_INTERRUPT
TRQN_DMA4_INTERRUPT
TRQN_DMA5_INTERRUPT
TRQN_UARTHS_INTERRUPT
TRQN_GPIOHS@_INTERRUPT

TIMER® 3&3& @ 70 1 Hlf
TIMER® 3&i& 2 #0 3 i
TIMERT i@3& @ #0 1 Fkf
TIMERT 3&i& 2 70 3 i
TIMER2 i@3& @ #0 1 Fkf
TIMER2 3&3& 2 701 3 i

RTC AZErAfRE i

&)%) 0 ity
A1 1 kT
=@ GPIO i
#HrR&k (DVP) dhiy
Al fnEZshER
EEM RSP
DMA @i 0 i
DMA i@83& 1 kT
DMA @i 2 i
DMA @& 3 Il
DMA @i 4 FRlf
DMA @i 5 Rl
3 UART =it
& GPI0O Hritf

—_

=
=]
'EJ

B,
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B 51F R EE::pu
TRQN_GPIOHST_INTERRUPT =IR GPIOT Hpif
TRQN_GPIOHS2_INTERRUPT =i GPI02 Al
TRQN_GPIOHS3_INTERRUPT =IR GPI03 HAlf
TRQN_GPIOHS4_INTERRUPT =i GPI04 Al
TRQN_GPIOHS5_INTERRUPT =i GPI05 Al
TRQN_GPIOHS6_INTERRUPT =IR GPI06 HAkfT
TRQN_GPIOHS7_INTERRUPT =i GPIO7 Al
TRQN_GPIOHS8_INTERRUPT =IR GPI08 HAlf
TRQN_GPIOHS9_INTERRUPT =i GPI09 Al
IRQN_GPIOHST@_INTERRUPT =i GPI010 Al
IRQN_GPIOHST1_INTERRUPT  &=i& GPIO11 Fhith
IRQN_GPIOHS12_INTERRUPT  &i& GPI012 Al
IRQN_GPIOHST3_INTERRUPT  w&=i& GPIO013 Fhith
IRQN_GPIOHST4_INTERRUPT  &=i& GPI014 Fith
IRQN_GPIOHST5_INTERRUPT =& GPI015 FRith
IRQN_GPIOHS16_INTERRUPT  &=i& GPI016 ity
IRQN_GPIOHS17_INTERRUPT  &i& GPI017 Al
IRQN_GPIOHS18_INTERRUPT =& GPI018 Fhith
IRQN_GPIOHST9_INTERRUPT  &i& GPI019 Fith
IRQN_GPIOHS2@_INTERRUPT =& GPI1020 Fhith
IRQN_GPIOHS21_INTERRUPT  &i& GPI021 ity
IRQN_GPIOHS22_INTERRUPT  &i& GPI1022 Al
IRQN_GPIOHS23_INTERRUPT  &i& GPI023 Fhith
IRQN_GPIOHS24_INTERRUPT =i GPI1024 =l
IRQN_GPIOHS25_INTERRUPT  w&i& GPI025 Fhith
IRQN_GPIOHS26_INTERRUPT  &i& GPI1026 Hith
IRQN_GPIOHS27_INTERRUPT  w&i& GPI027 Fhith
IRQN_GPIOHS28_INTERRUPT  &i& GPI1028 Frith
IRQN_GPIOHS29_INTERRUPT &3 GPI029 Al
TRQN_GPIOHS3@_INTERRUPT =& GPI030 ity
IRQN_GPIOHS31_INTERRUPT  &i& GPI031 Frith

4.4.2 plic_irg_callback_t

4.4.2.1 &R
SMER R R IE] R R 2K
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4.4.2.2 EX

typedef int (#plic_irqg_callback_t)(void =ctx);




%ﬁ'fSSE

@AmAN/mE (GPIO)

5.1 #A

SHE 8 M&H GPIO,

5.2 IJEEfER
6PI0 HiRAH U TIEE:

- EERE ETHIRHE

5.3 API &=

ITRZBYL S gpio.h
NRAFREUTEO
+ gpio_init
+ gpio_set_drive_mode
+ gpio_set_pin
+ gpio_get_pin

5.3.1 gpio_init

5.3.1.1 #aERk
#9416 GPI0,

65
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5.3.1.2 HR#RE

int gpio_init(void)

5.3.1.3 R[EN&E

REE R
0 B
k0 ESL

5.3.2 gpio_set_drive_mode

5.3.2.1 Rk
1% 8 GPIO Rapi&zlo

5.3.2.2 HR¥RE

void gpio_set_drive_mode(uint8_t pin, gpio_drive_mode_t mode)

5.3.2.3 B¥

SHEF  ER LD i)
pin GPIO Eh LN

mode GPIO IXEhiEZL %@

5.3.2.4 R[ENE
P

5.3.3 gpio_set_pin

5.3.3.1 ##&R
128 GPI0 BHME,

5.3.3.2 H¥RE
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void gpio_set_pin(uint8_t pin, gpio_pin_value_t value)

5.3.3.3 &%

SHEM  ER BN
pin GPIO BBl WA

value GPIO & LD

5.3.3.4 R[ENE
o

5.3.4 gpio_get_pin

5.3.4.1 &R
FREX GPI0 ERME,

5.3.4.2 R¥RE

gpio_pin_value_t gpio_get_pin(uint8_t pin)

5.3.4.3 B¥

SHEM  ER BN
pin GPIO BRI A

5.3.4.4 R[ENE
FREXHY GPIO0 BRE,

5.3.5 %l

[x REI3HEHHENG */
gpio_init();

fpioa_set_function (13, FUNC_GPIO03);
gpio_set_drive_mode (3, GPIO_DM_OUTPUT);
gpio_set_pin(3, GPIO_PV_High);
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5.4 #iERE
FERBIBRR, BRAIE ST

- gpio_drive_mode_t: GPIO IEEhiE=,
- gpio_pin_value_t: GPIO {&,

5.4.1 gpio_drive_mode_t

5.4.1.1 #aRk
GPIO IE=piEt,

5.4.1.2 EX

typedef enum _gpio_drive_mode

{
GPIO_DM_INPUT,
GPIO_DM_INPUT_PULL_DOWN,
GPIO_DM_INPUT_PULL_UP,
GPIO_DM_QUTPUT,

} gpio_drive_mode_t;

5.4.1.3 A

DARE=Y i DU
GPIO_DM_INPUT DN
GPIO_DM_INPUT_PULL_DOWN %\ TFHI
GPIO_DM_INPUT_PULL-UP BN LA
GPIO_DM_QUTPUT i

5.4.2 gpio_pin_value_t

5.4.2.1 %R
GPIO f&.

5.4.2.2 EX

typedef enum _gpio_pin_value
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{
GPIO_PV_LOW,

GPIO_PV_HIGH
} gpio_pin_value_t;

5.4.2.3 HA
AR E1::pU
GPIO_PV_LOW 1%
GPIO_PV_HIGH &




wEEEEN /i (GPIOHS)

6.1 #hR

ShE 32 15% GPI0, 5@ GPI0 M8, BfRIZEEIER,

6.2 IhEEHER
GPIOHS #ith A% LU FIH8E:

© AECE L TMURKEHRT
© XFEFA. TRAMICAMA

6.3 API &=

AKX gpiohs.h
ARRPRMLTEO

+ gpiohs_set_drive_mode

+ gpiohs_set_pin

+ gpiohs_get_pin

+ gpiohs_set_pin_edge

- gpiohs_set_irq (0.6.0 FAREXIE, &M gpiohs_irg_register)
+ gpiohs_irqg-register

+ gpiohs_irg_unregister

70
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6.3.1 gpiohs_set_drive_mode

6.3.1.1 ##&R
128 GPIO0 Raht&R=o

6.3.1.2 HR#HRE

void gpiohs_set_drive_mode(uint8_t pin, gpio_drive_mode_t mode)

6.3.1.3 &¥

SHBF  ER BNt
pin GPIO Eh LN

mode GPIO IX=hiE=, A

6.3.1.4 R[EE
o

6.3.2 gpio_set_pin

6.3.2.1 f&Eik
1% E GPIO0 EMIME,

6.3.2.2 HR#RE

void gpiohs_set_pin(uint8_t pin, gpio_pin_value_t value)

6.3.2.3 B¥

BB  ER BWNH
pin GPIO ER) A

value GPIO & LD

6.3.2.4 R[EE
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6.3.3 gpio_get_pin

6.3.3.1 &R
FREX GPIO ERME,

6.3.3.2 HRERE

gpio_pin_value_t gpiohs_get_pin(uint8_t pin)

6.3.3.3 ¥

SHEM  ER BN
pin GPIO BB A

6.3.3.4 R[ENE
FREXAY GPIO ERME.

6.3.4 gpiohs_set_pin_edge

6.3.4.1 ##ERR
RESRE GPI0 it R &1,

6.3.4.2 HRERE

void gpiohs_set_pin_edge(uint8_t pin, gpio_pin_edge_t edge)

6.3.4.3 B¥

BB  ER DN i)
pin GPIO EH TN
edge it A AN A

6.3.4.4 R[ENE
P
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6.3.5 gpiohs_set_irq

6.3.5.1 #&®Rk
RESIE GPI0 AYFRHER[EIE R L

6.3.5.2 HRERE

void gpiohs_set_irq(uint8_t pin, uint32_t priority, void(*func)());

6.3.5.3 B¥

SHEM  ER DN Tl
pin GPIO &Rt A
priority FRERfLAELR LD
func FRErEIERER WA

6.3.5.4 R[ENE
o

6.3.6 gpiohs_irg_register

6.3.6.1 #ER
RESRE GPI0 Rk R,

6.3.6.2 HRERE

void gpiohs_irq_register(uint8_t pin, uint32_t priority, plic_irq_callback_t callback,
void *ctx)

6.3.6.3 &

BHER R AR
pin GPIO Ehi WA
priority FREfT RS2k 2PN

plic_irg_callback_t HIBFEIEARE WA
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BEZHF R BN
ctx EEAREEBE WA

6.3.6.4 IR[ENE
P

6.3.7 gpiohs_irg_unregister

6.3.7.1 #&iR
754 GPIOHS =l

6.3.8 HREIRE

void gpiohs_irqg_unregister(uint8_t pin)

6.3.8.1 &

SHER  ER PN
pin GPIO BRI A

6.3.8.2 R[ENE
P

6.3.9 4l

void irqg_gpiohs2(void *ctx)

{

}
[+ BEBIVI3HEEGPIO, WHBEAHENS */
fpioa_set_function (13, FUNC_GPIOHS3);

gpiohs_set_drive_mode (3, GPIO_DM_OUTPUT);

gpiohs_set_pin(3, GPIO_PV_High);

/* REION49ZZEGCPIO A\ # =t WA M % b bf A7 #T E0Hello world */
plic_init();

fpioa_set_function (14, FUNC_GPIOHS2);

gpiohs_set_drive_mode (2, GPIO_DM_INPUT);

gpiohs_set_pin_edge (2, GPIO_PE_BOTH);

printf("Hello_world\n");
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gpiohs_irqg_register(2, 1, irq_gpiohs2, NULL);
sysctl_enable_irq();

6.4 IHERE
LS O SN Dy G

+ gpio_drive_mode_t: GPIO JXzhiE=,
+ gpio_pin_value_t: GPIO {&,
- gpio_pin_edge_t: GPIO AfAIER,

6.4.1 gpio_drive_mode_t

6.4.1.1 #&R
GPIO IXEntE o

6.4.1.2 EX

typedef enum _gpio_drive_mode

GPIO_DM_INPUT,
GPIO_DM_INPUT_PULL_DOWN,
GPIO_DM_INPUT_PULL_UP,
GPIO_DM_QUTPUT,

} gpio_drive_mode_t;

6.4.1.3 mA

DR ik
GPIO_DM_INPUT DN
GPIO_DM_INPUT_PULL_DOWN %\ TFHL
GPIO_DM_INPUT-PULL-UP BN LA
GPIO_DM_OUTPUT T

6.4.2 gpio_pin_value_t

6.4.2.1 1R
GPIO 1&,
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6.4.2.2 EX

typedef enum _gpio_pin_value

{
GPIO_PV_LOW,
GPIO_PV_HIGH

} gpio_pin_value_t;

6.4.2.3 BHA
B R ER &R
GPIO_PV_LOW 1%
GPIO_PV_HIGH &=
6.4.3 gpio_pin_edge_t
6.4.3.1 ##HR
=iR GPI0 AR AR,
6.4.3.2 EX
typedef enum _gpio_pin_edge
{
GPIO_PE_NONE,
GPIO_PE_FALLING,
GPIO_PE_RISING,
GPIO_PE_BOTH,
GPIO_PE_LOW,
GPIO_PE_HIGH = 8,
} gpio_pin_edge_t;
6.4.3.3 HHA
AR iR
GPIO_PE_NONE N
GPIO_PE_FALLING TFF&GfA&
GPIO_PE_RISING EFIBRME

GPIO_PE_BOTH

PUVEY::Y S



6= @AmEEMA/HE (GPIOHS)

BX 53R R EE::pu

GPIO_PE_LOW REFAA
GPIO_PE_HIGH =RETME




N7 w32 10 %% (FPIOA)

7.1 #ER

FPIOA (Mi7AI4REE 10 [551) AR 255 MAERTHEERST BT A IMEIRY 48 B/ 10 Lo

7.2 IhBetER

© 3§% 10 BRI RAZTNAEE R

3 10 A 8 MIRRNEE 1k E

* 3<§% 10 B9 EP LB pRIERR

* 328% 10 B9 ER T hIFR PR R

© X85 10 MARREEES A SRR E
© 3<FF 10 B BRI IE

© XFABHMANZENBETIRE

7.3 API &%

FTRZAYSL X fpioa.h
NAFRHEUTEO

+ fpioa_set_function

+ fpioa_get_io_by_function
+ fpioa_set_io

+ fpioa_get_io

+ fpioa_set_tie_enable

+ fpioa_set_tie_value

78
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+ fpioa_set_io_pull
+ fpioa_get_io_pull
+ fpioa_set_io_driving
+ fpioa_get_io_driving

7.3.1 fpioa_set_function

7.3.1.1 &R
1R E 100-1047 EMIE FBINEE,

7.3.1.2 RERE

int fpioa_set_function(int number, fpioa_function_t function)

7.3.1.3 &%

SEEM  #ER BN
number 10 EfS LN

function FPIOA THEES %A

7.3.1.4 RENE

REE R
0 972%)
3k 0 ESLY

7.3.2 fpioa_get_io_by_function

7.3.2.1 R
RIETHEESIREN 10 BRI S,

7.3.2.2 R#RE

int fpioa_get_io_by_function(fpioa_function_t function)
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7.3.2.3 B¥

o CT U S 15 PN il

function FPIOAZHEES %A

7.3.2.4 R[ENE

R[EE DU

AKFETO I0EMS
T 0 ES

7.3.3 fpioa_get_io

7.3.3.1 fER
K13 10 ERBVECE.

7.3.3.2 HR#RE

int fpioa_get_io(int number, fpioa_io_config_t =*cfg)

7.3.3.3 B¥

SHEM R BN
number 10 EfI= LD
cfg ERITHRELEMIE

7.3.3.4 R[E1E

REE R

0 525
30 ES
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7.3.4 fpioa_set_io

7.3.4.1 fER
RE 10 EMECE.

7.3.4.2 R#RE

int fpioa_set_io(int number, fpioa_io_config_t *cfg)

7.3.4.3 &
SHBM  ER BN
number 10 EfI= LD
cfg ERITHEELEMAE A

7.3.4.4 R[ENE

REE #R

0 5725
3E0 ES

7.3.5 fpioa_set_tie_enable

7.3.5.1 ##&RR
fEREEN A A FPI0A ZhEEk N\ {5 S HISEHIAN BB F IhRE.

7.3.5.2 R#RE

int fpioa_set_tie_enable(fpioa_function_t function, int enable)

7.3.5.3 B¥

SHEM  #ER BN
function FPIOA IhgES LN

enable SREIMINEBTAEREAL 0: 22 1: fFRE WA
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7.3.5.4 R[ENE

R[El{E

3k 0

7.3.6 fpioa_set_tie_value

7.3.6.1 $ER

i
B

972
ESIe

RE FPIOA DhEEMNESHBHIMNBTSHER, NERHIRNETIEERBIER,

7.3.6.2 HRERE

int fpioa_set_tie_value(fpioa_function_t function, int value)

7.3.6.3 &
SEEM  #ER BN
function FPIOA IhEES LD
value BEBSANEBTE 0: K 1: 5 WA

7.3.6.4 R[EIE

7.3.7 fpioa_set_pull

7.3.7.1 fEk
®E 10 B LI FAL

7.3.7.2 RERE

R[EE

3k 0

it
B

H

9745
ESL

int fpioa_set_io_pull(int number, fpioa_pull_t pull)
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7.3.7.3 &%
SEEM  HR BN
number I04FS A
pull LTHIE WA
7.3.7.4 R[EME

REE R
0 972%)
3k 0 ESL

7.3.8 fpioa_get_pull

7.3.8.1 ##ER
FREX 10 ER)_ETHIE,

7.3.8.2 HR¥RE

int fpioa_get_io_pull(int number)

7.3.8.3 &
ST R BN
number VA= DN
7.3.8.4 R[EE

REHE R

0 T LTH
1 T
2 LHI
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7.3.9 fpioa_set_io_driving
7.3.10 faik

RE 10 EMBIKEHRES T,

7.3.10.1 RERE

int fpioa_set_io_driving(int number, fpioa_driving_t driving)

7.3.10.2 &%

SRMm R PN i

number I04FS  fA
driving IR@pEES] WA

7.3.10.3 R[ENE

REE

R
0 BXZh

3k 0 KW

7.3.11 fpioa_get_io_driving

7.3.11.1 R
FREVIRENEE ST,

7.3.11.2 ®ERE

int fpioa_get_io_driving(int number)

7.3.11.3 &¥%

ok C 1S e PN il

number I0RS %A
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7.3.11.4 R[EE

R[El{E R

ARFEF O WRzhaeh
NF 0 ESL

7.4 EoiEsRE
FEXHURAEL, MUBEWE T

+ fpioa_function_t: BEHIKIIHEERS.

+ fpioa_io_config_t: FPIOA KYECE.,

+ fpioa_pull_t: FPIOA Lhigha& TFhidF4,
+ fpioa_driving_t: FPIOA IEEhEESI4%S.

7.4.1 fpioa_io_config_t

7.4.1.1 R
FPIOA BYECE,

7.4.1.2 EX

typedef struct _fpioa_io_config

{
uint32_t ch_sel : 8;
uint32_t ds : 4;
uint32_t oe_en : 1;
uint32_t oe_inv : 1;
uint32_t do_sel : 1;
uint32_t do_inv : 1;
uint32_t pu : 1;
uint32_t pd : 1;
uint32_t resve : 1;
uint32_t sl : 1;
uint32_t ie_en : 1;
uint32_t ie_inv : 1
uint32_t di_inv : 1
uint32_t st : 1;
uint32_t resvl : 7;
uint32_t pad_di : 1;

} __attribute__((packed, aligned(4))) fpioa_io_config_t;
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7.4.1.3 HA

RUSIRM AR

ch_sel  FPIOA IfE4RS, M 256 FIHREERIEIZE—H,

ds IREhERMERE LR, SRIRGHEBMBER.
oe_en wmiteeae (0F) (FohiER). 1:58E 0: 2/
oe_inv  HitHifEEEENR. 1:1E8E 0:2H

do_sel HHESER. 1:HH 0EES 0:HHRAES
do_inv  WHESIR. 1:1E6 0:2H

pu LhifERE, 1:1E8E 0: 24

pd THIfdgE, 1:1F8E 0:228

resve R

sl RHEEREE, 1RIER, BE 0: 518K, R

ie_en wfERE (IE) (FoiE=R). 1:486 0: 28
ie_inv HINTEREE R, 1:fERE 0:ZZH
di_inv HMNESER, 1:{88E 0:2H

st MNFERSM A2, 1.6 0:2H
resvi REB L,

pad_di  ZEISIAPEVRIANEF

7.4.2 IREHRESERRE
7.4.2.1 {REBFHRAER

ds Min(mA) Typ(mA) Max(mA)
0 3.2 5.4 8.3
1 4.7 8.0 12.3
2 6.3 10.7 16.4
3 7.8 13.2 20.2
4 9.4 15.9 24.2
5 10.9 18.4 28.1
6 12.4 20.9 31.8
7 13.9 23.4 35.5

7.4.2.2 SEREFRHER
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ds  Min(mA) Typ(mA) Max(mA)
@ 5.0 7.6 11.2
1 7.5 11.4 16.8
2 10.0 15.2 22.3
3 12.4 18.9 27.8
4 14.9 22.6 33.3
5 17.4 26.3 38.7
6 19.8 30.0 44 1
7 22.3 33.7 49.5
7.4.3 fpioa_pull_t
7.4.3.1 R
FPIOA EHisk®E THIFFM,
7.4.3.2 EX
typedef enum _fpioa_pull
{
FPIOA_PULL_NONE,
FPIOA_PULL_DOWN,
FPIOA_PULL_UP,
FPIOA_PULL_MAX
} fpioa_pull_t;
7.4.3.3 W&
Y 53 B #R iR
FPIOA_PULL_NONE FT ETFHI
FPIOA_PULL_DOWN i
FPIOA_PULL_UP fiatavi

RIEER B RS AERY RS T
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7.4.4 fpioa_driving_t

7.4.4.1 $#ERR

FPIOA IXzhEESIRS , S WIKEDE

7.4.4.2 EX

ETERR,

typedef enum _fpioa_driving

{
FPIOA_DRIVING-9O,
FPIOA_DRIVING-1,
FPIOA_DRIVING.2,
FPIOA_DRIVING-3,
FPIOA_DRIVING_4,
FPIOA_DRIVING_5,
FPIOA_DRIVING-6,
FPIOA_DRIVING.7,

} fpioa_driving_t;

7.4.4.3 BA

7.4.5 fpioa_function_t

7.4.5.1 &R
ERIEITHEER S

7.4.5.2 EX

BX A2 R DU
FPIOA_DRIVING_@ 3RzhHEEST O

FPIOA_DRIVING_1
FPIOA_DRIVING-2
FPIOA_DRIVING_3
FPIOA_DRIVING-4
FPIOA_DRIVING-5
FPIOA_DRIVING-6
FPIOA_DRIVING-7

IXzheeST 1
IxzheES] 2
Ix=hEES] 3
IxzheES] 4
IxzhAES] 5
IXzhEEST 6
IxzheES] 7

typedef enum _fpioa_function
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{
FUNC_JTAG_TCLK =0, /*1< JTAG Test Clock =*/
FUNC_JTAG_TDI =1, /1< JTAG Test Data In =/
FUNC_JTAG_TMS = 2, /*!1< JTAG Test Mode Select */
FUNC_JTAG_TDO = 3, /*1< JTAG Test Data Out =/
FUNC_SPI@_D® = 4, /+!< SPI@ Data @ =/
FUNC_SPI@_D1 = 5, /+!< SPI@ Data 1 */
FUNC_SPI@_D2 = 6, /+!< SPI@ Data 2 =/
FUNC_SPI@_D3 =7, /+!< SPI@ Data 3 =/
FUNC_SPIQ_D4 = 8, /+!< SPI@ Data 4 =/
FUNC_SPI@_D5 =9, /+!< SPI@ Data 5 =/
FUNC_SPI@_D6 = 10, /+!< SPI@ Data 6 =/
FUNC_SPI@_D7 = 11, /+!< SPI@ Data 7 */
FUNC_SPI@_SS@ = 12, /+!< SPI@ Chip Select @ =/
FUNC_SPI@_SS1 = 13, /*1< SPI@ Chip Select 1 */
FUNC_SPI@_SS?2 = 14, /*!< SPI@ Chip Select 2 =/
FUNC_SPI@_SS3 = 15, /+!< SPI@ Chip Select 3 =/
FUNC_SPI@_ARB = 16, /*I< SPI@ Arbitration */
FUNC_SPI@_SCLK =17, /*!< SPI@ Serial Clock =/
FUNC_UARTHS_RX = 18, /*!< UART High speed Receiver =/
FUNC_UARTHS_TX =19, /*1< UART High speed Transmitter =/
FUNC_CLK_IN1 = 20, /*!< Clock Input 1 =/
FUNC_CLK_IN2 = 21, /*!I< Clock Input 2 +/
FUNC_CLK_SPI1 = 22, /*1< Clock SPI1 =/
FUNC_CLK_I2C1 = 23, /*!< Clock I12C1 */
FUNC_GPIOHS® = 24, /*!< GPIO High speed @ =/
FUNC_GPIOHS1 = 25, /*1< GPIO High speed 1 =/
FUNC_GPIOHS? = 26, /*!< GPIO High speed 2 =/
FUNC_GPIOHS3 = 27, /*!< GPIO High speed 3 =/
FUNC_GPIOHS4 = 28, /*1< GPIO High speed 4 =/
FUNC_GPIOHS5 = 29, /*!< GPIO High speed 5 =/
FUNC_GPIOHS6 = 30, /*!< GPIO High speed 6 =/
FUNC_GPIOHS7 = 31, /*1< GPIO High speed 7 */
FUNC_GPIOHSS8 = 32, /*1< GPIO High speed 8 =*/
FUNC_GPIOHS9 = 33, /*!< GPIO High speed 9 =/
FUNC_GPIOHS10 = 34, /*1< GPIO High speed 18 =/
FUNC_GPIOHS11 = 35, /*!< GPIO High speed 11 =/
FUNC_GPIOHS12 = 36, /*1< GPIO High speed 12 =/
FUNC_GPIOHS13 = 37, /*1< GPIO High speed 13 =/
FUNC_GPIOHS14 = 38, /*!< GPIO High speed 14 =/
FUNC_GPIOHS15 = 39, /+1< GPIO High speed 15 =/
FUNC_GPIOHS16 = 40, /*1< GPIO High speed 16 =/
FUNC_GPIOHS17 = 41, /*!< GPIO High speed 17 =/
FUNC_GPIOHS18 = 42, /+1< GPIO High speed 18 =/
FUNC_GPIOHS19 = 43, /*1< GPIO High speed 19 =/
FUNC_GPIOHS20 = 44, /*!< GPIO High speed 20 =/
FUNC_GPIOHS21 = 45, /+1< GPIO High speed 21 =/
FUNC_GPIOHS22 = 46, /*1< GPIO High speed 22 =/
FUNC_GPIOHS23 = 47, /*!1< GPIO High speed 23 =/
FUNC_GPIOHS24 = 48, /+1< GPIO High speed 24 =/
FUNC_GPIOHS25 = 49, /*1< GPIO High speed 25 =/
FUNC_GPIOHS26 = 50, /*!< GPIO High speed 26 =/
FUNC_GPIOHS27 = 51, /+1< GPIO High speed 27 =/
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FUNC_GPIOHS28 = 52,
FUNC_GPIOHS29 = 53,
FUNC_GPIOHS30 = 54,
FUNC_GPIOHS31 = 55,
FUNC_GPIO@ = 56,
FUNC_GPIO1 = 57,
FUNC_GPIO2 = 58,
FUNC_GPI03 = 59,
FUNC_GPIO4 = 60,
FUNC_GPIO5 = 61,
FUNC_GPIO6 = 62,
FUNC_GPIO7 = 63,
FUNC_UARTT_RX = 64,
FUNC_UART1_TX = 65,
FUNC_UART2_RX = 66,
FUNC_UART2_TX = 67,
FUNC_UART3_RX = 68,
FUNC_UART3_TX = 69,
FUNC_SPI1_D@ = 70,
FUNC_SPI1_D1 =7,
FUNC_SPI1_D2 = 72,
FUNC_SPI1_D3 = 73,
FUNC_SPI1_D4 = 74,
FUNC_SPI1_D5 = 75,
FUNC_SPI1_D6 = 76,
FUNC_SPI1_D7 =77,
FUNC_SPI1_SS8 = 78,
FUNC_SPI1_SS1 = 79,
FUNC_SPI1_SS2 = 80,
FUNC_SPI1_SS3 = 81,
FUNC_SPI1_ARB = 82,
FUNC_SPI1_SCLK = 83,
FUNC_SPI_SLAVE_D® = 84,
FUNC_SPI_SLAVE_SS = 85,
FUNC_SPI_SLAVE_SCLK = 86,
FUNC_I2S@_MCLK = 87,
FUNC_I2S8_SCLK = 88,
FUNC_I2S0_WS = 89,
FUNC_I2S@_IN_D@ = 90,
FUNC_I2S@_IN_D1 = 91,
FUNC_I2S@_IN_D2 = 92,
FUNC_I2S@_IN_D3 = 93,
FUNC_I2S8_0UT_D8 = 94,
FUNC_I2S0_0UT_D1 = 95,
FUNC_I2S0_0UT_D2 = 96,
FUNC_I2S8_0UT_D3 = 97,
FUNC_I2S1_MCLK = 98,
FUNC_I2S1_SCLK = 99,
FUNC_I2S1_WS = 100,
FUNC_I2S1_IN_D® = 101,
FUNC_I2S1_IN_D1 = 102,
FUNC_I2S1_IN_D2 = 103,
FUNC_I2S1_IN_D3 = 104,

fere
/1<
L
fere
/1<
L
fere
/1<
L
fere
/1<
L
fere
/1<
L
fere
/i<
L
fere
/*!<
L
fere
/*!<
L
/1<
/*!<
Ji<
fere
/*!<
Ji<
/1<
/*!<
A
fere
/*!<
Ji<
/1<
/*!<
AP
fere
/*!<
A
/1<
/*!<
Joi<
fere
/*!<
AP
/1<
/*!<
Joi<
fere
/*!<

GPIO High speed 28 =/
GPIO High speed 29 =/
GPIO High speed 30 =/
GPIO High speed 31 =/
GPIO pin 8 +/

G6PIO pin 1 +/

GPIO pin 2 +/

GPIO pin 3 =*/

GPIO pin 4 +/

GPIO pin 5 +/

GPIO pin 6 =/

6PIO pin 7 +/

UART1 Receiver */
UART1 Transmitter =/
UART2 Receiver =*/
UART2 Transmitter */
UART3 Receiver =/
UART3 Transmitter =/
SPI1 Data @ */
SPI1 Data 1 */
SPI1 Data 2 =/
SPI1 Data 3 */
SPIT Data «/
SPIT Data */
SPI1 Data 6 */
SPI1 Data 7 */
SPIT Chip Select @
SPIT Chip Select 1
SPIT Chip Select 2 =
SPIT Chip Select 3
SPI1 Arbitration */
SPI1 Serial Clock */

SPI Slave Data @ */

SPI Slave Select */

SPI Slave Serial Clock */
1250 Master Clock =*/

1250 Serial Clock(BCLK) =/
1250 Word Select(LRCLK) */
1250 Serial Data Input 8 */
1250 Serial Data Input 1 =/
1280 Serial Data Input 2 */
1250 Serial Data Input 3 */
1250 Serial Data Output 8 =/
1250 Serial Data Output 1 =/
1250 Serial Data Output 2 +/
1250 Serial Data Output 3 =/
1281 Master Clock =/

1251 Serial Clock(BCLK) =/
1251 Word Select(LRCLK) */
12581 Serial Data Input @ =/
1251 Serial Data Input 1 +/
1281 Serial Data Input 2 =/
12581 Serial Data Input 3 */

(S NNE, I NI VU N )

N O AN W N
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FUNC_I2S1_0UT_D® = 105, /*1< I2S1 Serial Data Output 8 =/
FUNC_I2S1_0UT_D1 = 106, /*1< 12S1 Serial Data Output 1 =/
FUNC_I2S1_.0UT_-D2 = 107, /*1< 1251 Serial Data Output 2 =/
FUNC_I2S1_0UT_D3 = 108, /1< I2S1 Serial Data Output 3 =/
FUNC_I2S2_MCLK = 109, /*1< 1252 Master Clock */
FUNC_I2S2_SCLK = 110, /*1< 1252 Serial Clock(BCLK) */
FUNC_I2S2_WS = 111,  /+!< 1252 Word Select(LRCLK) +/
FUNC_I2S2_IN_D@ = 112, /*1< 1252 Serial Data Input 8 =/
FUNC_I2S2_IN_D1 = 113, /*1< 12582 Serial Data Input 1 +/
FUNC_I2S2_IN_D2 = 114, /*1< 1252 Serial Data Input 2 */
FUNC_I2S2_IN_D3 = 115, /*1< 1252 Serial Data Input 3 */
FUNC_I2S2_0UT_D®@ = 116, /*1< 1252 Serial Data Output 8 =/
FUNC_I2S2_0UT_D1 = 117, /*1< 1252 Serial Data Output 1 =/
FUNC_I2S2_0UT_D2 = 118, /*1< 12§82 Serial Data Output 2 =/
FUNC_I2S2_0UT_D3 = 119, /*1< 1282 Serial Data Output 3 =/
FUNC_RESVO = 120, /*1< Reserved function =*/
FUNC_RESV1 = 121, /*!< Reserved function */
FUNC_RESV?2 = 122, /*!1< Reserved function */
FUNC_RESV3 = 123, /*1< Reserved function =*/
FUNC_RESV4 = 124, /*!< Reserved function */
FUNC_RESV5 = 125, /*!1< Reserved function */
FUNC_I2C0_SCLK = 126, /*1< 12C@ Serial Clock */
FUNC_I2C@_SDA = 127, /*1< 12C@ Serial Data =/
FUNC_I2C1_SCLK = 128, /*1< I2C1 Serial Clock */
FUNC_I2C1_SDA = 129,  /+!< I2C1 Serial Data +/
FUNC_I2C2_SCLK = 130, /*1< 12C2 Serial Clock */
FUNC_I2C2_SDA = 131, /*1< I12C2 Serial Data */
FUNC_CMOS_XCLK = 132, /*1< DVUP System Clock =/
FUNC_CMOS_RST = 133, /1< DVP System Reset =/
FUNC_CMOS_PWND = 134, /*1< DUP Power Down Mode */
FUNC_CMOS_VSYNC = 135, /1< DVP Vertical Sync =/
FUNC_CMOS_HREF = 136, /*!< DVUP Horizontal Reference output =/
FUNC_CMOS_PCLK = 137, /*1< Pixel Clock =/

FUNC_CM0S_D® = 138,  /+!< Data Bit 8 «/

FUNC_CMOS_D1 = 139, /*!< Data Bit 1 */

FUNC_CMOS_D2 = 140, /*1< Data Bit 2 */

FUNC_CMOS_D3 = 141,  /+I< Data Bit 3 +/

FUNC_CMOS_D4 = 142, /*!< Data Bit 4 +/

FUNC_CMOS_D5 = 143, /*1< Data Bit 5 */

FUNC_CMOS_D6 = 144,  /+I< Data Bit 6 +/

FUNC_CMOS_D7 = 145, /*!< Data Bit 7 */

FUNC_SCCB_SCLK = 146, /*1< SCCB Serial Clock =/
FUNC_SCCB_SDA = 147, /*1< SCCB Serial Data =/
FUNC_UART1_CTS = 148, /*!1< UART1 Clear To Send =/
FUNC_UART1_DSR = 149, /*!< UART1 Data Set Ready */
FUNC_UART1_DCD = 150, /*!< UART1 Data Carrier Detect =/
FUNC_UARTT_RI = 151, /*!< UART1 Ring Indicator =*/
FUNC_UARTT_SIR_IN = 152,  /+I< UART1 Serial Infrared Input +/
FUNC_UART1_DTR = 153, /*!< UART1 Data Terminal Ready =/
FUNC_UART1_RTS = 154, /*!1< UART1 Request To Send =/
FUNC_UART1_0UT2 = 155, /*1< UART1 User-designated Output 2 =/
FUNC_UART1_0UT1 = 156, /*1< UART1 User-designated Output 1 =/

FUNC_UARTT_SIR_OUT = 157, /*1< UART1 Serial Infrared Output =/
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FUNC_UART1_BAUD
FUNC_UART1T_RE
FUNC_UART1_DE
FUNC_UART1_RS485_EN
FUNC_UART2_CTS
FUNC_UART2_DSR
FUNC_UART2_DCD
FUNC_UART2_RI
FUNC_UART2_SIR_IN
FUNC_UART2_DTR
FUNC_UART2_RTS
FUNC_UART2_0UT2
FUNC_UART2_0UT1
FUNC_UART2_SIR_OUT
FUNC_UART2_BAUD
FUNC_UART2_RE
FUNC_UART2_DE
FUNC_UART2_RS485_EN
FUNC_UART3_CTS
FUNC_UART3_DSR
FUNC_UART3_DCD
FUNC_UART3_RI
FUNC_UART3_SIR_IN
FUNC_UART3_DTR
FUNC_UART3_RTS
FUNC_UART3_0UT2
FUNC_UART3_0UT1
FUNC_UART3_SIR_OUT
FUNC_UART3_BAUD
FUNC_UART3_RE
FUNC_UART3_DE
FUNC_UART3_RS485_EN
FUNC_TIMER@O_TOGGLEN
FUNC_TIMER®_TOGGLE2
FUNC_TIMER®_TOGGLE3
FUNC_TIMER@O_TOGGLE4
FUNC_TIMERT_TOGGLE1
FUNC_TIMER1_TOGGLE?2
FUNC_TIMERT_TOGGLE3
FUNC_TIMER1_TOGGLE4
FUNC_TIMER2_TOGGLE1
FUNC_TIMER2_TOGGLE?2
FUNC_TIMER2_TOGGLE3
FUNC_TIMER2_TOGGLE4
FUNC_CLK_SPI2
FUNC_CLK_I2C2
FUNC_INTERNAL®
FUNC_INTERNAL1
FUNC_INTERNAL2
FUNC_INTERNAL3
FUNC_INTERNAL4
FUNC_INTERNALS
FUNC_INTERNAL6

158,
159,
160,
161,
162,
163,
164,
165,
166,
167,
168,
169,
170,
171,
172,
173,
174,
175,
176,
177,
178,
179,
180,
181,
182,
183,
184,
185,
186,
187,
188,
189,
190,
191,
192,
193,
194,
195,
196,
197,
198,
199,
200,
201,
202,
203,
204,
205,
206,
207,
208,
209,
210,

fere
/1<
L
fere
/1<
L
fere
/1<
L
fere
/1<
L
fere
/1<
L
fere
/i<
L
fere
/*!<
L
fere
/*!<
L
/1<
/*!<
Ji<
fere
/*!<
Ji<
/1<
/*!<
A
fere
/*!<
Ji<
/1<
/*!<
AP
fere
/*!<
A
/1<
/*!<
Joi<
fere
/*!<
AP
/1<
/*!<
Joi<
fere
/*!<

UART1
UART1
UART1
UART1
UART2
UART2
UART2
UART2
UART2
UART2
UART2
UART2
UART2
UART2
UART2
UART2
UART2
UART2
UART3
UART3
UART3
UART3
UART3
UART3
UART3
UART3
UART3
UART3
UART3
UART3
UART3
UART3
TIMER®
TIMER®
TIMER®
TIMER®
TIMER1
TIMER1
TIMER1
TIMER1
TIMER2
TIMER2
TIMER2
TIMER2
Clock
Clock
Intern
Intern
Intern
Intern
Intern
Intern
Intern

Transmit Clock Output =/
Receiver Output Enable =/
Driver Output Enable =*/
RS485 Enable =/
Clear To Send */
Data Set Ready */
Data Carrier Detect */
Ring Indicator */
Serial Infrared Input */
Data Terminal Ready =/
Request To Send =/
User-designated Output 2 +/
User-designated Output 1 =/
Serial Infrared Output =/
Transmit Clock Output */
Receiver Output Enable =/
Driver Output Enable */
RS485 Enable =/
Clear To Send =/
Data Set Ready */
Data Carrier Detect */
Ring Indicator =/
Serial Infrared Input =/
Data Terminal Ready */
Request To Send =/
User-designated Output 2 =/
User-designated Output 1 =/
Serial Infrared Output =/
Transmit Clock Output =/
Receiver Output Enable */
Driver Output Enable */
RS485 Enable =/

Toggle Output 1 =/

Toggle Output 2 =/

Toggle Output 3 =/

Toggle Output 4 =/

Toggle Output 1 =/

Toggle Output 2 =/

Toggle Output 3 =/

Toggle Output 4 =/

Toggle Output 1 =/

Toggle Output 2 =/

Toggle Output 3 =/

Toggle Output 4 =/
SPI2 +/
12c2 +/
al function signal
al function signal
al function signal
al function signal
al function signal
al function signal
al function signal

A WN = AN WN = AN WN =

*/

*/
*/

*/
*/

(S S B N R )
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FUNC_INTERNAL? = 211, /*!< Internal function signal 7 =/
FUNC_INTERNALS8 = 212, /*!< Internal function signal 8 =/
FUNC_INTERNAL9 = 213, /*1< Internal function signal 9 */
FUNC_INTERNAL1@ = 214, /*!< Internal function signal 18 =/
FUNC_INTERNAL11 = 215, /*!< Internal function signal 11 =/
FUNC_INTERNAL12 = 216, /+!< Internal function signal 12 =/
FUNC_INTERNAL13 = 217, /*!< Internal function signal 13 =/
FUNC_INTERNAL14 = 218, /*!< Internal function signal 14 =/
FUNC_INTERNAL15 = 219, /+!1< Internal function signal 15 =/
FUNC_INTERNAL16 = 220, /*!< Internal function signal 16 =/
FUNC_INTERNAL17 = 221, /*!< Internal function signal 17 =/
FUNC_CONSTANT = 222, /*!1< Constant function */
FUNC_INTERNAL18 = 223, /*!< Internal function signal 18 */
FUNC_DEBUG® = 224, /*!< Debug function 8 =/
FUNC_DEBUG1 = 225, /*1< Debug function 1 */
FUNC_DEBUG?2 = 226, /*1< Debug function 2 =/
FUNC_DEBUG3 = 227, /*!< Debug function 3 =/
FUNC_DEBUG4 = 228, /*1< Debug function 4 */
FUNC_DEBUG5 = 229, /*1< Debug function 5 =/
FUNC_DEBUG6 = 230, /*!< Debug function 6 =/
FUNC_DEBUG7 = 231, /*1< Debug function 7 */
FUNC_DEBUGS = 232, /*!< Debug function 8 =/
FUNC_DEBUGY = 233, /*!< Debug function 9 =/
FUNC_DEBUG1@ = 234,  /+I< Debug function 18 +/
FUNC_DEBUG11 = 235, /*1< Debug function 11 =/
FUNC_DEBUG12 = 236, /*!< Debug function 12 =/
FUNC_DEBUG13 = 237, /*1< Debug function 13 =/
FUNC_DEBUG14 = 238, /*1< Debug function 14 =/
FUNC_DEBUG15 = 239, /*!< Debug function 15 =/
FUNC_DEBUG16 = 240, /*1< Debug function 16 =/
FUNC_DEBUG17 = 241, /*1< Debug function 17 =/
FUNC_DEBUG18 = 242, /*!< Debug function 18 =/
FUNC_DEBUG19 = 243, /*1< Debug function 19 =/
FUNC_DEBUG2@ = 244, /*1< Debug function 20 =*/
FUNC_DEBUG21 = 245, /*!< Debug function 21 =/
FUNC_DEBUG22 = 246, /*1< Debug function 22 =/
FUNC_DEBUG23 = 247, /*1< Debug function 23 =/
FUNC_DEBUG?24 = 248, /*!< Debug function 24 =/
FUNC_DEBUG25 = 249, /*1< Debug function 25 =/
FUNC_DEBUG26 = 250, /*1< Debug function 26 =/
FUNC_DEBUG27 = 251, /*!< Debug function 27 =*/
FUNC_DEBUG28 = 252, /*1< Debug function 28 =/
FUNC_DEBUG29 = 253, /*1< Debug function 29 =*/
FUNC_DEBUG3#0 = 254, /*!< Debug function 38 =/
FUNC_DEBUG31 = 255, /*1< Debug function 31 =/

FUNC_MAX = 256, /*!< Function numbers =/

} fpioa_function_t;

7.4.5.3 HA
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AR DU
FUNC_JTAG_TCLK JTAG B
FUNC_JTAG_TDI JTAG BB AEDO
FUNC_JTAG_TMS JTAG #zfll TAP ARESH BV HE %
FUNC_JTAG-TDO JTAG #iEkm O
FUNC_SPI@_D@ SPI0 %iEL: 0
FUNC_SPI@_D1 SPIQ #hiELk 1
FUNC_SPI@_D2 SPI0 ¥iELk: 2
FUNC_SPI@_D3 SPIQ #hifEk 3
FUNC_SPI@_D4 SPI0 %iELk: 4
FUNC_SPI@_D5 SPI0 %¥iELk 5
FUNC_SPI@_D6 SPI0 #hiELk 6
FUNC_SPI@_D7 SPI0 ¥uiEL: 7

FUNC_SPI@_SS@
FUNC_SPI@_SS1
FUNC_SPI@_SS2
FUNC_SPI@_SS3
FUNC_SPI@_ARB
FUNC_SPI@_SCLK
FUNC_UARTHS_RX
FUNC_UARTHS_TX

SPI0 Fi%&(ES @
SPI0 FikfES 1
SPI0 Fi%EfES 2
SPI0 /ikf(ES 3
SPIO fh&E(ES
SPI0 BY$H

UART &Rz
UART &R & X EuERO

FUNC_RESV6 REThae

FUNC_RESV7 REINEE

FUNC_CLK_SPI1 SPI1 BY%H

FUNC_CLK_I2C1 I2C1 By

FUNC_GPIOHS@ =% GP100
FUNC_GPIOHS1 =& GPI01
FUNC_GPIOHS2 =& GPI02
FUNC_GPIOHS3 =& GPI03
FUNC_GPIOHS4 =& GPI04
FUNC_GPIOHS5 =% GPI05
FUNC_GPIOHS6 =& GPI06
FUNC_GPIOHS7 =% GPI07
FUNC_GPIOHS8 =& GPI08
FUNC_GPIOHS9 =& GPI09

FUNC_GPIOHS1@

=% GP1010
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AR

B
5

FUNC_GPIOHS11
FUNC_GPIOHS12
FUNC_GPIOHS13
FUNC_GPIOHS14
FUNC_GPIOHS15
FUNC_GPIOHS16
FUNC_GPIOHS17
FUNC_GPIOHS18
FUNC_GPIOHS19
FUNC_GPIOHS20
FUNC_GPIOHS21
FUNC_GPIOHS22
FUNC_GPIOHS23
FUNC_GPIOHS24
FUNC_GPIOHS25
FUNC_GPIOHS26
FUNC_GPIOHS27
FUNC_GPIOHS28
FUNC_GPIQOHS29
FUNC_GPIOHS30
FUNC_GPIOHS31
FUNC_GPIO@

FUNC_GPIO1

FUNC_GPI02

FUNC_GPI03

FUNC_GPI04

FUNC_GPI05

FUNC_GPI06

FUNC_GPIO7

FUNC_UART1_RX
FUNC_UART1_TX
FUNC_UART2_RX
FUNC_UART2_TX
FUNC_UART3_RX
FUNC_UART3_TX

il

=& GPION

=i GPI012

X GPI013

=i GPI014

=X GPI015

=& GPI016

=i GPI017

X GPI018

= GPI019

X GPI020

IR GPI021
rjﬁEGPIOZZ

=% GPI1023

=% GP1024

=& GPI1025

=% GP1026

=& GPI027

=% GP1028

=% GPI1029

=% GP1030

=& GPI031

GPIO0@

GPIO1

GPIO02

GPIO3

GPI04

GPIO05

GPI06

GPIO7

UARTT fli iRzl
UARTT Rix#iEiEC
UARTZ fla izl
UART2 &Rix#iEizCl
UART3 £ #iEiz O
UART3 &Rix#iEiECl

ﬂ} ]ﬂP ﬂ}

u} u}

ﬂl

} ZIUP ]ﬂ} Zlﬂ} :IUP
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DU

FUNC_SPI1_D@
FUNC_SPI1_D1
FUNC_SPI1_D2
FUNC_SPI1_D3
FUNC_SPI1_D4
FUNC_SPI1_D5
FUNC_SPI1_Dé
FUNC_SPI1_D7
FUNC_SPI1_SS@
FUNC_SPI1_SS1
FUNC_SPI1_SS2
FUNC_SPI1_SS3
FUNC_SPI1_ARB
FUNC_SPI1_SCLK

SPI1 #iELk 0
SPI1 HuiEL: 1
SPI1 #4#E4 2
SPIT #¥E4k 3
SPI1 #4#E4 4
SPIT #3E4k 5
SPI1 #iELk 6
SPIT Lk 7
SPI1 /%55 0
SPI1 FiEfES 1
SPI1 FikfES 2
SPI1 FiE(ES 3
SPI1 fh&E(ES
SPI1 Bd%h

FUNC_SPI_SLAVE_D@ SPT MART{EHEL 0
FUNC_SPI_SLAVE_SS SPI MEEHIR(ES

FUNC_SPI_SLAVE_SCLK SPI M#ZEz{EI¢Hh

FUNC_I2S@_MCLK
FUNC_I2S@_SCLK
FUNC_I2S@_WS
FUNC_I2S@_IN_D@
FUNC_I2S@_IN_D1
FUNC_I2S@_IN_D2
FUNC_I2S@_IN_D3
FUNC_I12S@_0UT_D@
FUNC_I2S0_0UT_D1
FUNC_I2S@_0UT_D2
FUNC_12S@_0UT-D3
FUNC_I2S1_MCLK
FUNC_12S1_SCLK
FUNC_I2S1_WS
FUNC_I2S1_IN_D@
FUNC_I2S1_IN_D1
FUNC_I2S1_IN_D2
FUNC_I2S1_IN_D3

1250 £r¥3 (RAESHH)
1250 sB1T7RSFh (AT sH)
1250 A ¢

1250 BTN EIERZD 0
1250 SR1Th NS ERZO 1
1250 sBITHINEIERDO 2
1250 BTN SIERED 3
1250 =it kRO 0
1250 s RO 1
1250 it EkdEzRO 2
1250 it RO 3
1281 Em% (RGESH)
1281 &R17R38h ((IBSHh)
1251 hyiBs e

[2S1 sRiTHINERIEZ O 0
[2S1 BITHINEIERO 1
1251 SR1Th N ERIERR O 2
1251 RITHI NSO 3
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FUNC_I2S1_0UT_D@
FUNC_I2S1_0UT_D1
FUNC_I2S1_0UT_D2
FUNC_I2S1_-0UT-D3
FUNC_I2S2_MCLK
FUNC_12S2_SCLK
FUNC_I2S2_WS
FUNC_I2S2_IN_D@
FUNC_I2S2_IN_D1
FUNC_I2S2_IN_D2
FUNC_I2S2_IN_D3
FUNC_I2S2_0UT_D@
FUNC_12S2_0UT_D1
FUNC_I2S2_0UT_D2
FUNC_I2S2_0UT_D3
FUNC_RESV@
FUNC_RESV1
FUNC_RESV?2
FUNC_RESV3
FUNC_RESV4
FUNC_RESV5
FUNC_I2C@_SCLK
FUNC_I2C0_SDA
FUNC_I2C1_SCLK
FUNC_I2C1_SDA
FUNC_I2C2_SCLK
FUNC_I2C2_SDA
FUNC_CMOS_XCLK
FUNC_CMOS_RST
FUNC_CMOS_PWDN
FUNC_CMOS_VSYNC
FUNC_CMOS_HREF
FUNC_CMOS_PCLK
FUNC_CMOS_D@
FUNC_CMOS_D1

[2S1 sRfTHa i EkIER O 0
1251 sRiTH RO 1
[2S1 sRfTha a0 2
1251 sBiTH kRO 3
1252 Erd3 (REGESH)
1252 &=17R38h ({BSHh)
1252 tyiBs e

[2S2 sRiTHINER RO 0
[2S2 RITHINEIERZO 1
[2S2 sR1Th N g RO 2
[2S2 sRITHI SRR O 3
1252 sBiTH kRO 0
[2S2 sRiTha kRO 1
1252 sRiTh iR O 2
[2S2 srfTha a0 3
REINRE

REE
REA
=B
REBINRE
REINEE

1200 =173
1200 =1T8EZRO
12C1 sR1TRSFH
1207 &1T8ERO
12C2 sR1TRSHH
[2C2 &=178dERO
DVP R&Rd$h

DVP REEES
DVP fEREfE S

DVP ZRE%

DVP 1785 (ES
LN
RERHIE 0
BREYUE 1

=3
B
1=
=}
=3
B
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AR DU

FUNC_CMOS_D2 BEHE 2
FUNC_CMOS_D3 BEHIE 3
FUNC_CMOS_D4 BRERUE 4
FUNC_CMOS_D5 BEHIES
FUNC_CMOS_Dé6 BEHIE6
FUNC_CMOS_D7 BERHE7
FUNC_SCCB_SCLK SCCB By

FUNC_SCCB_SDA
FUNC_UART1_CTS
FUNC_UART1_DSR
FUNC_UART1_DCD
FUNC_UART1_RI
FUNC_UART1_SIR_IN
FUNC_UART1_DTR
FUNC_UART1_RTS
FUNC_UART1-0UT2
FUNC_UART1_0UT1
FUNC_UART1_SIR_OUT
FUNC_UART1_-BAUD
FUNC_UART1_RE
FUNC_UART1_DE
FUNC_UART1_RS485_EN
FUNC_UART2_CTS
FUNC_UARTZ2_DSR
FUNC_UART2_DCD
FUNC_UART2_RI
FUNC_UART2_SIR_IN
FUNC_UART2_DTR
FUNC_UART2_RTS
FUNC_UART2_0UT2
FUNC_UART2_0UT1
FUNC_UART2_SIR_OUT
FUNC_UART2_BAUD
FUNC_UARTZ2_RE
FUNC_UART2_DE

SCCB RITHURRES

UART1 BERAIEIES
UARTT BiEIREHEEES
UARTT #dE2rs e
UARTT fREe%E7T

UARTT &R1TLISMANES
UART1 BUER IR EEES
UARTT RiXIERIES
UARTT APfEERHIES 2
UART1 BFfEERIHES 1
UARTT SBITLI5MaLHIES
UART1 B

UART $zUkfiEgE

UART1 &ixfERE

UART1 fsERE RS485

UARTZ iBRR&RIXES
UART2 BUEIREEERES
UART2 Bt SHRAS
UART2 #R$2%67R

UART2 &R1TLISMANES
UART2 SRR IR EEES
UART2 RIXIFRIES
UART2 APfEERIHIES 2
UART2 BF{EERIHES 1
UARTZ2 BBITLI5MaLHIES
UART2 B

UART? #zUkfiEse

UART2 &ixfERE
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FXRABZ R R
FUNC_UART2_RS485_EN  UART?2 figE RS485
FUNC_UART3_CTS BRRIEES
FUNC_UART3_DSR HRIREEEES
FUNC_UART3_DCD UART3 EtE&iRAa
FUNC_UART3_RI UART3 %5

FUNC_UART3_SIR-IN
FUNC_UART3_DTR
FUNC_UART3_RTS
FUNC_UART3_0UT2
FUNC_UART3_0UT1
FUNC_UART3_SIR_OUT
FUNC_UART3_BAUD
FUNC_UART3_RE
FUNC_UART3_DE
FUNC_UART3_RS485_EN
FUNC_TIMER@_TOGGLE1
FUNC_TIMER@_TOGGLE2
FUNC_TIMER@_TOGGLE3
FUNC_TIMER@_TOGGLE4
FUNC_TIMER1_TOGGLE1
FUNC_TIMER1_TOGGLE?2
FUNC_TIMERT_TOGGLE3
FUNC_TIMERT_TOGGLE4
FUNC_TIMERZ2_TOGGLE1
FUNC_TIMER2_TOGGLE?2
FUNC_TIMER2_TOGGLE3
FUNC_TIMERZ2_TOGGLE4
FUNC_CLK_SPI2
FUNC_CLK_I2C2
FUNC_INTERNAL®
FUNC_INTERNAL1
FUNC_INTERNALZ2
FUNC_INTERNAL3
FUNC_INTERNAL4
FUNC_INTERNALS

UART3 &R1TLISMANES
UART3 BUERInEEES
UART3 RiXIERIES
UART3 AFPfEERHIES 2
UART3 BF{EERIHES 1
UART3 BITLI5MALHIES
UART3 B

UART3 $zUkfiEge

UART3 k&ixfERE

UART3 fiEgE RS485
TIMERO HiHES 1
TIMERO %t (=S 2
TIMERO faith{=S 3
TIMER® HitH{ES 4
TIMERT (@HHIES 1
TIMERT HIHES 2
TIMERT faith{5 S 3
TIMERT HiIHH1ES 4
TIMERZ HHH{ES 1
TIMER? kit {5 S 2
TIMER2 itH1ES 3
TIMERZ tith{E5 4

SPI2 Bd%h

12C2 Bp

MEBIHAE 0

AEBThRE 1

RIEBIHEE 2

AEBTHAE 3

EBThAE 4

MEBIHEE 5
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AR DU
FUNC_INTERNAL6 RBRIIEE 6
FUNC_INTERNAL7 MERThEE 7
FUNC_INTERNALS MERIIRE
FUNC_INTERNAL9 MBRLIEE 9
FUNC_INTERNAL1@ AEBThAE 10
FUNC_INTERNAL11 MERIEE 11
FUNC_INTERNAL12 MERThAEE 12
FUNC_INTERNAL13 MIERIIEE 13
FUNC_INTERNAL14 MBRIIEE 14
FUNC_INTERNAL15 MEBThEE 15
FUNC_INTERNAL16 MRIBRIIEE 16
FUNC_INTERNAL17 MERTNREE 17
FUNC_CONSTANT BE
FUNC_INTERNAL18 MERTHEE 18
FUNC_DEBUG@ I ThEE 0
FUNC_DEBUG1 TR ThEE 1
FUNC_DEBUG2 TR ThiEe
FUNC_DEBUG3 T ThEE 3
FUNC_DEBUG4 TRl ThaEE 4
FUNC_DEBUGS WL ThEE 5
FUNC_DEBUG6 TR ThEE 6
FUNC_DEBUG7 L IhRE
FUNC_DEBUGS TR ThAEE 8
FUNC_DEBUGY TRl ThaEE 9
FUNC_DEBUG1@ i TheE 10
FUNC_DEBUG11 TEELThEE 11
FUNC_DEBUG12 Wi ThEE 12
FUNC_DEBUG13 Tl ThEE 13
FUNC_DEBUG14 i ThEE 14
FUNC_DEBUG15 WL ThEE 15
FUNC_DEBUG16 TRl ThEE 16
FUNC_DEBUG17 RitZhee 17
FUNC_DEBUG18 TRl ThEE 18

FUNC_DEBUG19
FUNC_DEBUG20

L ThEE 19
TIRIIRE 20
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AR DU

FUNC_DEBUG21 i ThEE 21
FUNC_DEBUG22 TRl ThaEE 22
FUNC_DEBUG23 WL ThEE 23
FUNC_DEBUG24 IislThae 24
FUNC_DEBUG25 IR INEE 25
FUNC_DEBUG26 TR ThAEE 26
FUNC_DEBUG27 Wil Thae 27
FUNC_DEBUG28 Wi ThEE 28
FUNC_DEBUG29 TRl ThaEE 29
FUNC_DEBUG3@ i ThEE 30

FUNC_DEBUG31 T ThEE 31
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% gi;ii

¥FiEskEO (DVP)

8.1 iR
DVP RIEGMEOMIR, THBEGELANEGRIBRES Al BRRENTE,

8.2 IfEEfmiR
DVP R EE U FIO4E:

* 2%7RGB565. RGB422 55iBiE Y IRERMAKE

© PRI BT

- XFEFgEREtiE

© ZFRENEFE NS HE (Gt 52 RGB888 5 RGB565)
© XFBEFFCRERENM

8.3 API &=

FITRZAISLSCHE dup.h
NEFRHEUTEO

+ dvp_init

+ dvp_set_output_enable
+ dvp_set_image_format
* dvp_set_image_size

+ dvp_set_ai_addr

+ dvp_set_display_addr
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+ dvp_config_interrupt
+ dvp_get_interrupt

* dvp_clear_interrupt

+ dvp_start_convert

+ dvp_enable_burst

+ dvp_disable_burst

+ dvp_enable_auto

* dvp-disable_auto

+ dvp_scch_send_data

+ dvp_sccbh_receive_data
* dvp_sccb_set_clk_rate
+ dvp_set_xclk_rate

8.3.1 dvp_init

8.3.1.1 ##ERR
#441€ DVP,

8.3.1.2 HR#RE

void dvp_init(uint8_t reg_len)

8.3.1.3 ¥

SHER R PN
reg_len scch HFSREKE A

8.3.1.4 R[EE
I

8.3.2 dvp_set_output_enable

8.3.2.1 ##&k
REREEERNEA,
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8.3.2.2 HRERE

void dvp_set_output_enable(dvp_output_mode_t index, int enable)

8.3.2.3 &#
BEHEM  ER BN
index B&HEERERN AL BN
enable 0: A 1. fF&E N

8.3.2.4 R[EE

To

8.3.3 dvp_set_image_format

8.3.3.1 fEik
REEGIZWEIRTIN, RGB 3 YUV,

8.3.3.2 H¥RE

void dvp_set_image_format(uint32_t format)

8.3.3.3 B¥

SHEMm R PN il

format  E&#Ez{ DVP_CFG_RGB_FORMAT RGB #2={ DVP_CFG_YUV_FORMAT YUV 1=z %A\

8.3.3.4 R[ENE
x

8.3.4 dvp_set_image_size

8.3.4.1 R
RE DVP EERERT,
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8.3.4.2 HRERE

void dvp_set_image_size(uint32_t width, uint32_t height)

8.3.4.3 B¥

SHRMm R PN il

width BBREE A
height RE&EE #A

8.3.4.4 iR[E{E
x

8.3.5 dvp_set_ai_addr

8.3.5.1 #&®R
RE Al FIREGRMIL, Al RRHFITRIRGE,

8.3.5.2 H¥RE

void dvp_set_ai_addr(uint32_t r_addr, uint32_t g_addr, uint32_t b_addr)

8.3.5.3 B¥

S R PN il

r_addr geosiit BN
g_addr ZEBHEMHE WA
b_addr HE@&o=it WA

8.3.5.4 R[EIH
x
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8.3.6 dvp_set_display_addr

8.3.6.1 &Rk
REXREEGEAFFFRIL, JURRET.

8.3.6.2 HERE

void dvp_set_display_addr(uint32_t addr)

8.3.6.3 B¥
SHRMm R PN il
addr FHREGHIAEIE  BA
8.3.6.4 R[E{E
x

8.3.7 dvp_config_interrupt

FCE DVP HrifEEy,

8.3.7.1 HR#RE

void dvp_config_interrupt(uint32_t interrupt, uint8_t enable)

8.3.7.2 R
REEGTFIEMERPETRT, ErEER.

8.3.7.3 B¥
SR 1D PN il
interrupt FRETSERY DVP_CFG_START_INT_ENABLE E%FF BN
R &l DVP_CFG_FINISH_INT_ENABLE E&
SRR

enable 0: I 1: fERE LN
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8.3.7.4 R[EE
P

8.3.8 dvp_get_interrupt

8.3.8.1 #&®Rk
FIkT R D Z NI FRTE,

8.3.8.2 ¥R

int dvp_get_interrupt(uint32_t interrupt)

8.3.8.3 &¥
SHER fik BABLE
interrupt FREfT2EAY DVP_CFG_START_INT_ENABLE E&F BN
Gkl DVP_CFG_FINISH_INT_ENABLE E&
LSRR
8.3.8.4 R[EIE

8.3.9 dvp_clear_interrupt

8.3.9.1 #&®R
AR,

8.3.9.2 HR#RE

R[EE

3k 0

i
B

fD I

void dvp_clear_interrupt(uint32_t interrupt)

8.3.9.3 &¥
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SHE DU RN
interrupt FRirE R DVP_CFG_START_INT_ENABLE E&F BN
R & AT DVP_CFG_FINISH_INT_ENABLE El#%
LR FRE T
8.3.9.4 R[ENE
o

8.3.10 dvp_start_convert

8.3.10.1 &R
FaRER G, ETHREEBGREFEFEEM.

8.3.10.2 RERE

void dvp_start_convert(void)

8.3.10.3 =¥
P

8.3.10.4 R[ENE
o

8.3.11 dvp_enable_burst

8.3.11.1 Rk
fERER R IT IR,

8.3.11.2 ®#RE

void dvp_enable_burst(void)

8.3.11.3 &#
o
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8.3.11.4 REE
o

8.3.12 dvp_disable_burst

8.3.12.1 #@aR
BRAREREEIRN

8.3.12.2 ®#RE

void dvp_disable_burst(void)

8.3.12.3 ¥
o

8.3.12.4 R[EIE
oo

8.3.13 dvp_enable_auto

8.3.13.1 R
fErE BRI E BIE T,

8.3.13.2 RERE

void dvp_enable_auto(void)

8.3.13.3 &#
o

8.3.13.4 R[EE
7o
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8.3.14 dvp_disable_auto

8.3.14.1 #R
ZABMZREEGIR.

8.3.14.2 RERE

void dvp_disable_auto(void)

8.3.14.3 &#
7o

8.3.14.4 R[EE
o

8.3.15 dvp_sccb_send_data

8.3.15.1 #EA
@i scch ZXEHE,

8.3.15.2 R#/RE

void dvp_scch_send_data(uint8_t dev_addr, uint16_t reg_addr, uint8_t reg_data)

8.3.15.3 &¥

SR

faR PN e

dev_addr
reg_addr
reg_data

SMgEGR RS SCCB ik A
IMEEG LR T FSE BN
RIXBVERIRE A

8.3.15.4 R[ENE
x
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8.3.16 dvp_sccb_receive_data

8.3.16.1 #ak
i@d SCCB 2 Uk ELHE,

8.3.16.2 RERE

uint8_t dvp_sccb_receive_data(uint8_t dev_addr, uintl16_t reg_addr)

8.3.16.3 &#

o CT L S 15 N

dev_addr SMgEG{ZRE2s SCCB ik SN
reg_addr IMSERIERBEFFH LETUN

8.3.16.4 IR[EfE
BRENEF 7R IR,

8.3.17 dvp_set_xclk_rate

8.3.17.1 #R
%8 xclk FIERZEK,

8.3.17.2 ®#RE

uint32_t dvp_set_xclk_rate(uint32_t xclk_rate)

8.3.17.3 &#

SEBHR R BN
xclk_rate xclk BOIEZR @A\

8.3.17.4 R[El1{E
xclk BYSEPRIREE,
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8.3.18 dvp_scch_set_clk_rate

8.3.18.1 #R
188 scch BIEREK,

8.3.18.2 RERE

uint32_t dvp_sccb_set_clk_rate(uint32_t clk_rate)

8.3.18.3 &#

SEEM R BN
clk_rate scch BUEZER @A

8.3.18.4 R[EIE

REE R

0 K, REMERXBETERE, BER 12C
E0 SEPRAY sceb EER

8.3.19 4l

[+ RE320 ~ 240F9RGBE 5 # B £ 45 = led_gramd, R 0x40600000 0x40612000 0x40625800 b4k &
*/
uint32_t lcd_gram@[38400] __attribute__((aligned(64)));
int on_irq_dvp(void* ctx)
{
if (dvp_get_interrupt(DVP_STS_FRAME_FINISH))
dvp_clear_interrupt (DVP_STS_FRAME_FINISH);
}
else
{
dvp_start_convert();
dvp_clear_interrupt (DVP_STS_FRAME_START);
}
return 0;
}
plic_init();
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dvp_init (8);

dvp_set_xclk_rate (12000000);

dvp_enable_burst();

dvp_set_output_enable (DVP_OUTPUT_AI, 1);

dvp_set_output_enable (DVP_OUTPUT_DISPLAY, 1);

dvp_set_image_format (DVP_CFG_RGB_FORMAT);

dvp_set_image_size (320, 240);

dup_set_ai_addr ((uint32_t)@x406080000, (uint32_t)@x48612C00, (uint32_t)0x48625800):
dvp_set_display_addr(lcd_gram@);

dvp_config_interrupt(DVP_CFG_START_INT_ENABLE | DVP_CFG_FINISH_INT_ENABLE, 8);
dvp_disable_auto();

plic_set_priority (IRQN_DVP_INTERRUPT, 1);

plic_irq_register (IRQN_DVP_INTERRUPT, on_irq_dvp, NULL);

plic_irg_enable (IRQN_DVP_INTERRUPT);

de_clear_interrupt(DVP_STS_FRAME_START | DVP_STS_FRAME_FINISH);
dvp_config_interrupt(DVP_CFG_START_INT_ENABLE | DVP_CFG_FINISH_INT_ENABLE, 1);
sysctl_enable_irq();

/* iz SCCBE b 4iE Ox60 B9 5 iR OXFF E 2 88 X % 0x01 , M F 7 850x1D N ¥ #E +/
dvp_sccb_send_data(0x60, @xFF, 8x01);

dvp_scch_receive_data(@x60, 0x1D)

8.4 HERE
LS O SN Dy G

- dvp_output_mode_t: DVP %t EI&EIRT,

8.4.1 dvp_output_mode_t

8.4.1.1 #E®R
DVP f NEIREVIE T

8.4.1.2 EX

typedef enum _dvp_output_mode
{
DVP_OUTPUT_AI,
DVP_OUTPUT_DISPLAY,
} dvp_output_mode_t;

8.4.1.3 HA
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BX5IF R 1P

DVP_OUTPUT-AI AT
DVP_OUTPUT_DISPLAY mMREHmLEHAFER
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R E T anEse (FFT)

9.1 #id
FFT SRR AR TR FFT 89K 2 B39 EEE.

9.2 IheeiER

BRNZIEIRA LA 64 =, 128 =, 256 mLAK 512 =B9 FFT LAK IFFT, 7E FFT REFERRA/N
73 512*32bit 9 SRAM, TEECESER/E FFT <@ DMA &3% TX 15K, 5 DMA BERAEIBREIEFH—R
SRAM thZ%, HEIRE LA FFT zEAMEENSIEEHRSA FFT 28, B EESTNEBEREHE
B9 SRAM FRIZUEEIE, EREREFHIES EISIM—IR SRAM fhk, TXRBRFIZEBMNE AR SRAM
BRHEHE, SEEAREHEASIN—IR SRAM, Ntk EXEHITERITTRE FFTIEE,

9.3 API &%

IR A9SK ST fPt.h
NAFPRHUTED

+ fft_complex_uint16_dma

9.3.1 fft_complex_uint16_dma

9.3.1.1 ##&®R
FFT &5,

115
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9.3.1.2 HR#RE

void fft_complex_uintlé6_dma(dmac_channel_number_t dma_send_channel_nunm,
dmac_channel_number_t dma_receive_channel_num, uint16_t shift, fft_direction_t
direction, const uinté4_t =input, size_t point_num, uinté4_t =output);

9.3.1.3 ¥

SHER R BN
dma_send_channel_num RIRFIRFE AR DMA BES DN
dma_receive_channel_num EWEIRFERL DMA BES LN
shift FFT 3R 16 UFERSHREIEE WA

4 (-32768~32767), FFT i
BIRE, shift REW—REE
WBMigrE (a0 Ox1ff =T 9 BB
MIE(IIRIE; Ox03 REHE—E
SE"RMBAIRME), P
Ho MRBAIT, MTIRGERIIE
EARZIES FFT THRAIEE, Xt
NMXZRZAUEZE fft_test Mk
demo F., BE 7T KAMES.
A, TBERRE

direction FFT ETREF LT B

input BABEBIEREY, & =D
RIRI.., LEE5 RIS EE A
16bit

point_num FzENEIERE, REEN TP
512/256/128/64

output BEELER, B ARIRL.., = @&H

BB 5 HEEPRIAEEEER 7 16bit

9.3.1.4 R[ENE
7o
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9.3.2 4l

fdefine FFT_N

fdefine FFT_FORWARD_SHIFT
fdefine FFT_BACKWARD_SHIFT
fdefine PI

complex_hard_t data_hard[FFT_N] = {0};

for (i = @; i < FFT_N; i++)

tempf1[@] = 0.3 = cosf(2 = PI = i / FFT_N + PI / 3) = 256;

tempf1[1] = 0.1 = cosf(16 » 2 = PI = i [/ FFT_N - PI / 9) = 256;

8.5 « cosf((19 « 2 » PI « i / FFT_N) + PI / 6) * 256;
data_hard[i].real = (int16_t)(tempf1[0] + tempf1[1] + tempf1[2] + 10);

input_data = (fft_data_t *)&buffer_input[i];

input_data->R2 = data_hard[2 * i + 1].real;
data_hard[2 = i + 1].imag;

{
tempf1[2] =
data_hard[i].imag = (int16_t)e;

}

for (int i = @; i < FFT_N / 2; ++i)

{
input_data->R1 = data_hard[2 * i].real;
input_data->I1 = data_hard[2 * i].imag;
input_data->I2 =

}

fft_complex_uint16_dma(DMAC_CHANNELB, DMAC_CHANNEL1, FFT_FORWARD_SHIFT, FFT_DIR_FORWARD
, buffer_input, FFT_N, buffer_output);

for (i = @; i < FFT_N / 2; i++)
output_data = (fft_data_t=)&buffer_output[i];

data_hard[2 « i + 1].imag = output_data->I2 ;
data_hard[2 = i + 1].real = output_data->R2 ;

input_data = (fft_data_t *)&buffer_input[i];

input_data->R2 = data_hard[2 * i + 1].real;
data_hard[2 = i + 1].imag;

{
data_hard[2 * i].imag =
data_hard[2 * i].real =

}

for (int i = @; i < FFT_N / 2; ++i)

{
input_data->R1 = data_hard[2 * i].real;
input_data->I1 = data_hard[2 * i].imag;
input_data->I2 =

}

fft_complex_uint16_dma (DMAC_CHANNEL®, DMAC_CHANNEL1, FFT_BACKWARD_SHIFT,
FFT_DIR_BACKWARD, buffer_input, FFT_N, buffer_output);
for (i = 0; i < FFT_N / 2; i++)

{

output_data = (fft_data_t=)&buffer_output[i];

data_hard[2 « i].imag
data_hard[2 * i].real

data_hard[2 = i + 1].imag = output_data->I2 ;
data_hard[2 *» i + 1].real = output_data->R2 ;

512U

oxou

ox1ffU
3.14159265358979323846

output_data->I1 ;
output_data->R1 ;

output_data->I1 ;
output_data->R1 ;
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'}

9.4 HERE

MAXREHERE. BUREMEXIT:

- fft_data_t: FFT EBEENRIEIEREI
« fft_direction_t: FFT ==,

9.4.1 fft_data_t

9.4.1.1 #&ER
FFT EBBRENNEIER.

9.4.1.2 EX

typedef struct tag_fft_data
{
int16_t I1;
int16_t R1;
int16_t I2;
int16_t R2;
} fft_data_t;

9.4.1.3 mWA

9.4.2 fft_direction_t

9.4.2.1 fERk
FFT ZEHRT

DR Vi e

I B EIERES

R1 5 €721 SEA
I2 B RIERES

R2 A EIERYLER
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9.4.2.2 EX

typedef enum _fft_direction

{
FFT_DIR_BACKWARD,
FFT_DIR_FORWARD,
FFT_DIR_MAX,

} fft_direction_t;

9.4.2.3 HA

AR 1P

FFT_DIR_BACKWARD  FFT #¥Z5if
FFT_DIR_FORWARD  FFT IEZi




. 10.

L BFIEENESE (SHA256)

10.1 IhAEHR
- S¥5 SHA-256 HOIHE

10.2 API &&

FTRIHYSL S sha256.h
FNAFRHUTEO

+ shaz2b6_init

+ sha2b6_update

+ sha2b6_final

+ sha2b6_hard_calculate

10.2.1 shaz2b6_init

10.2.1.1 #aR
#4a1k SHA256 fMiE2ZIME.

10.2.1.2 R#HRE

void sha256_init(sha256_context_t =*context, size_t input_len)

10.2.1.3 &

120
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SEEHR R BN
context SHA256 B9 E 3 HR LD

input_len #Fit% SHA256 hash FUHEMKE HA

10.2.1.4 RENE
7o

10.2.2  Z3l

sha256_context_t context;
sha256_init (&context, 128U);

10.2.3 sha2b56_update

10.2.3.1 #ER
EN—PEIERS S SHA256 Hash it&

10.2.3.2 RERE

void sha256_update(sha256_context_t *context, const void *input, size_t input_len)

10.2.3.3 =¥

SHEM R BN
context  SHA256 By E T x% LD

input FEIINITER SHA256 i+ E B #IEIR BN
buf_len  FFIOIAITERY SHAZ56 IHEHIBRIIKE it

10.2.3.4 R[EE
Too
10.2.4 sha2b6_final

10.2.4.1 R
LERERIERY SHA256 Hash i+&
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10.2.4.2 R#HRE

void sha256_final(sha256_context_t *context, uint8_t =output)

10.2.4.3 &

SHEM  #ER BN
context  SHA256 MY LT3 H&R LD

output  7EHR SHA256 IHERIER, FRIEENX buffer BRIV 32Bytes LI E i

10.2.4.4 R[E1E
o

10.2.5 sha2b6_hard_calculate

10.2.5.1 ##R
—IRMEXESAVEIEITEERY SHA256 Hash

10.2.5.2 R#HRE

void sha256_hard_calculate(const uint8_t =*input, size_t input_len, uint8_t =output)

10.2.5.3 &

M R BN
input 5 SHA256 1+ ERIEE BN
input_len #F SHA256 I+ EHIEMKE LETDN

output ik SHA256 ITBERZER, FBRIEFENX buffer BIA/NA 32Bytes LIE  Hith

10.2.5.4 R[ENE
P

10.2.6 %3l
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uint8_t hash[32];
sha256_hard_calculate((uint8_t =)"abc", 3, hash);

10.3 fliE
10.3.1 #T—RItHE

sha256_context_t context;
sha256_init(&context, input_len);
sha256_update (&context, input, input_len);
sha256_final (&context, output);

HE R LU EIZIER sha256_hard_calculate %X

sha256_hard_calculate(input, input_len, output);

10.3.2 #HTHRIHE

sha256_context_t context;

sha256_init(&context, input_piecel_len + input_piece2_len);
sha256_update (&context, input_piecel, input_piecel_len);
sha256_update (&context, input_piece2, input_piece2_len);
sha256_final (&context, output);
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11,

BRARSBELREE (UART)

1.1 #R

BMARN ABEBER— MG SENH B SRRARRL NG ZRERHIE. BRARL K LREHSE (UART)
BIRTLUAEXEER, EREBRIEMSIMNNEEITEN TR,

11.2  TheetsEk
UART #EsRELE T I8E:

+ BCE UART &%
© BEWEEEEEIZ X

11.3 API &%

I HIL X uart.h
FNAFEEUTEDO

+ uart_init

- uart_config (0.6.0 EREX#F, &M uart_configure)
+ uart_configure

+ uart_send_data

+ uart_send_data_dma

+ uart_send_data_dma_irqg

+ uart_receive_data

+ uart_receive_data_dma
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+ uart_receive_data_dma_irq
+ uart_irqg_register

+ uart_irg-deregister

+ uart_set_work_mode

+ uart_set_rede_polarity

+ uart_set_rede_enable

+ uart_set_tat

+ uart_set_det

+ uart_debug_init

+ uart_handle_data_dma

11.3.1 wuart_init

11.3.1.1 #A
¥ vart.

11.3.1.2 R#HRE

void uart_init(uart_device_number_t channel)

11.3.1.3 &#

SHEMT  #HR BN
channel UART S #A

11.3.1.4 R[EHE
Tco
11.3.2 uart_configure
11.3.2.1 #RR
% E UART X S#. ZRHEEF, BRKE vart_configure,
11.3.3 uart_configure

11.3.3.1 #aR
188 UART XS,
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11.3.3.2 R#HRE

void uart_configure(uart_device_number_t channel, uint32_t baud_rate, uart_bitwidth_t
data_width, uart_stopbit_t stopbit, uart_parity_t parity)

11.3.3.3 ¥

SEEIR R RN
channel UART RS TN
baud_rate  EFE DN
data_width ##Ef(i (5-8) A
stopbit 1L BN
parity rEmai =D

11.3.3.4 R[ENE
o

11.3.4 uart_send_data

11.3.4.1 #R
@it UART ZiEEUE.

11.3.4.2 R#HRE

int uart_send_data(uart_device_number_t channel, const char *buffer, size_t buf_len)

11.3.4.3 &%

BEHEM  ER BN
channel UART &H=S LD
buffer  FRIXHUE N
buf_len RFREIHBEHVEKE HMA
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11.3.4.4 R[ENE
BREHIENKE,

11.3.5 uart_send_data_dma

11.3.5.1 &Rk
UART i@:d DMA RIXEUE, #iE2EAETERFRE,

11.3.5.2 R#HRE

void uart_send_data_dma(uart_device_number_t uart_channel, dmac_channel_number_t
dmac_channel, const uint8_t xbuffer, size_t buf_len)

11.3.5.3 &#

SHBR iR LD Tl
uart_channel UART &S LN
dmac_channel DMA @& LD
buffer FREUE L DN
buf_len BREBIBNKE WA

11.3.5.4 R[ENE
P

11.3.6 wuart_send_data_dma_irq

11.3.6.1 #@R
UART i@xd DMA RXEUE, HiRE DMA RIXFerPHTREs, XRRFET,

11.3.6.2 R#HRE

void uart_send_data_dma_irq(uart_device_number_t uart_channel, dmac_channel_number_t
dmac_channel,
const uint8_t *buffer, size_t buf_len, plic_irq-callback_t
uart_callback,
void *ctx, uint32_t priority)

11.3.6.3 &#
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BB R TN RN H
uart_channel  UART RS TP
dmac_channel  DMA&& DN
buffer RFRIEEIR DN
buf_len REFBIBIKE WA
uart_callback DMA rlf[EliE LD
ctx HRlTERES R TP
priority PR TR LZTHN

11.3.6.4 RENE
7o

11.3.7 wuart_receive_data

11.3.7.1 #E&
iE@id UART 32ENE3E,

11.3.7.2 RERE

int uart_receive_data(uart_device_number_t channel, char *buffer, size_t buf_len);

11.3.7.3 &#

SHET  HER BN
channel UART H=S LD
buffer EUEE L]

buf_len $ZFWEIENKE WA

11.3.7.4 RE1E
B EIMEEKE,
11.3.8 wuart_receive_data_dma

11.3.8.1 #aR
UART i@5d DMA $2UEUE,
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11.3.8.2 H#HRE

void uart_receive_data_dma(uart_device_number_t uart_channel, dmac_channel_number_t
dmac_channel, uint8_t =buffer, size_t buf_len)

11.3.8.3 &¥

SEER A BN
uart_channel UART &S LIDN
dmac_channel DMA @& LD
buffer R i
buf_len BEBIUERKE A

11.3.8.4 R[ENE
o

11.3.9 uart_receive_data_dma_irq

11.3.9.1 #@R
UART i@3d DMA $Z2UREUE, HIEAR DMA HEUSE R i eRiE, (XER BT,

11.3.9.2 R#HRE

void uart_receive_data_dma_irq(uart_device_number_t uart_channel, dmac_channel_number_t
dmac_channel,
uint8_t *buffer, size_t buf_len,
plic_irgq_callback_t uart_callback,
void =ctx, uint32_t priority)

11.3.9.3 &#

BEZFF R BN
uart_channel UART &= LN
dmac_channel  DMA @& LN
buffer EUEE LTl

buf_len BSIENKE BN
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BEZHF R NG
uart_callback DMA =hitf[E]iE LPN
ctx FRiT R 2B 3K LTDN
priority FRERL Sk LN

11.3.9.4 RENE
o

11.3.10 uart_irq_register

11.3.10.1 ##d
AR} UART FREfTERI %K,

11.3.10.2 =R#HRE

void uart_irq_register(uart_device_number_t channel, uart_interrupt_mode_t
interrupt_mode, plic_irq_callback_t uart_callback, void =ctx, uint32_t priority)

11.3.10.3 &#

BB R N BN
channel UART &= TP
interrupt_mode HhlfFZER LETDN
uart_callback  HEFEIE WA
ctx FRHTERERSE WA
priority FRERF ST WA

11.3.10.4 R[ENA
oo

11.3.11 uart_irq_deregister

11.3.11.1 #&R
7255 UART FREfTERI %K,
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11.3.11.2 R#HRE

void uart_irq_deregister(uart_device_number_t channel, uart_interrupt_mode_t
interrupt_mode)

11.3.11.3 &¥

BB iR BN
channel UART S #@A

interrupt_mode HEFFEE WA

11.3.11.4 R[ENE
P

11.3.12 uart_set_work_mode

11.3.12.1 #&=
8 vart TIRIER,. MR Ei8 uart. £I5h. RS485 £IWT. RS485 W T,

11.3.12.2 REURE

void uart_set_work_mode(uart_device_number_t uart_channel, uart_work_mode_t work_mode)

11.3.12.3 &¥

BB iR BN
channel UART RS LD

work_mode T fFEZ, JF4AN uartworkmode_t EMAIREE WA

11.3.12.4 R[ENA
P
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11.3.13 uart_set_rede_polarity

11.3.13.1 ##&1R
12 E RS485 re de ERIBEMEIBIRIE.

11.3.13.2 =H#HRE

void uart_set_rede_polarity(uart_device_number_t uart_channel, uart_rs485_rede_t rede,
uart_polarity_t polarity)

11.3.13.3 &¥

BB iR BN
uart_channel UART &= DN
rede re @y de ER A
polarity BRI DN

11.3.13.4 R[EME
o

11.3.14 uart_set_rede_enable

11.3.14.1 #1R

fERE re de Bf, TEM7E rs485 2WTHR, re #M de BAFohiEHl, BEMTRAFBIFHZE

#, BNIREHEBIRE re de

11.3.14.2 REIRE

void uart_set_rede_enable(uart_device_number_t uart_channel, uart_rs485_rede_t rede,
bool enable)

11.3.14.3 =¥

SHBW DU PN il

uart_channel UART &= DN
rede re I de Ef A
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SEEZHR R BN
enable BEEEX LD

11.3.14.4 R[ENA
P

11.3.15 wuart_set_tat

11.3.15.1 #&k
FCE re de EARRYRTENEIFR, X1N55MERRY 485 RIRE X,

11.3.15.2 =R#HRE

void uart_set_tat(uart_device_number_t uart_channel, uart_tat_mode_t tat_mode, size_t
time)

11.3.15.3 &#

BB iR BN
uart_channel UART &S N
tat_mode ZiEiEN re Bldesf de Elre A
time BYiE] (4hFd LN

11.3.15.4 R[EE
o

11.3.16 uart_set_det

11.3.16.1 ##R
RE de BT IR RIERIBS BIRERT

11.3.16.2 R#HIRE

void uart_set_det(uart_device_number_t uart_channel, uart_det_mode_t det_mode, size_t
time)
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11.3.16.3 &¥

BB TR R BN
uart_channel UART &= LD
det_mode BRIGIEL, de TRREVNTERELTR B
time BYiEl (hFD) LD

11.3.16.4 RE{E
o
11.3.17 uart_debug_init

11.3.17.1 #&R
EEFEREO. RERINER UART MAiERED, AR ZRSAA A UBEXERAE vart
WO, WSRAEER UARTT 8¢ UART2 FEEMA fpica REEM. EIIEHMARRT fpioad. 5

11.3.17.2 =R#HRE

void uart_debug_init(uart_device_number_t uart_channel)

11.3.17.3 &%

BB R BN
uart_channel UART &S, -1 MEGAFERLERISEN UART WA

11.3.17.4 R[EME
o

11.3.18 wuart_handle_data_dma

11.3.18.1 #&iR
UART &332 DMA & 543,

11.3.18.2 H#RE
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void uart_handle_data_dma(uart_device_number_t uart_channel ,uart_data_t data,
plic_interrupt_t =cb)

11.3.18.3 &¥

S BM EE::pu

PN i

uart_channel UART &S

data UART #5iEMBXHVS2L, 13 i2cdatat PR
cb dma FETENERE, NRIKEN NULL NABREER, BEEFRTERRERE

FIN
LETUN
FIN

11.3.18.4 R[EE
x

11.3.19  Z41

/* UART1 R 453115200, 8{u# 18, T{IfEik fiI, BRI ~/
uart_init (UART_DEVICE_1);

uart_config (UART_DEVICE_1, 115200, UART_BITWIDTH_8BIT, UART_STOP_1, UART_PARITY_NONE);

char *v_hel = {"hello_world!\n"};

/* %% hello world! +/
uart_send_data(UART_DEVICE_1, hel, strlen(v_hel));
[x B HIE

while (uart_receive_data(UART_DEVICE_1, &recv, 1))

{
}

printf("%c_", recv);

11.4 #HiExRE
BRBURRE, BIRAWE ST

+ uart_device_number_t: UART &S,

+ uart_bitwidth_t: UART #iEfIZ,

- uart_stopbits_t: UART {ZLEfiL,

« uart_parity_t: UART #%B&i,

« uart_interrupt_mode_t: UART FRBREEY, ZREIARX,
 uart_send_trigger_t: &Rixrhlfay DMA itk FIFO SRE,

+ uart_receive_trigger_t: #UgrhiRaE DMA fii’k FIFO SRE,
« uart_data_t: {EF dma ZiHEEIEHE XIS,
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« uart_interrupt_mode_t: fEHE=(, ZXIIZFU,
+ uart_work_mode_t: UART I{Fi&E=t,

« uart_rs485_rede_t: i%#F re de B,

- uart_polarity_t: de re &%

-+ uart_tat_mode_t: de re $#%ifRiERR,

- uart_det_mode_t: de BMTHIERE,

11.4.1 uart_device_number_t

11.4.1.1 R
UART RS-

11.4.1.2 EX

typedef enum _uart_device_number

{
UART_DEVICE_1,
UART_DEVICE_2,
UART_DEVICE_3,
UART_DEVICE_MAX,

} uart_device_number_t;

11.4.1.3 &R

DAE=Eu R

UART_DEVICE-1 UART 1
UART_DEVICE_2 UART 2
UART_DEVICE-3 UART 3

11.4.2 uart_bitwidth_t

11.4.2.1 &R
UART #4138,

11.4.2.2 EX

typedef enum _uart_bitwidth

{
UART_BITWIDTH_5BIT = @,
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UART_BITWIDTH_6BIT,

UART_BITWIDTH_7BIT,

UART_BITWIDTH_8BIT,
} uart_bitwidth_t;

11.4.2.3 &R

DA EE::pu

UARTBITWIDTHSBIT 5 b4
UARTBITWIDTH6BIT 6 tbis
UARTBITWIDTH7BIT 7 tb4s
UARTBITWIDTH8BIT 8 bk

11.4.3 wuart_stopbits_t

11.4.3.1 #ER
UART {ZLE1iL,

11.4.3.2 EX

typedef enum _uart_stopbits

{
UART_STOP_1,
UART_STOP_1_5,
UART_STOP_2

} uart_stopbits_t;

11.4.3.3 &R

A= R

UART_STOP-1 1 MBI
UART_STOP_1_5 1.5 “M=LEfi
UART_STOP_2 2 MELEAL

11.4.4 wuart_parity_t

11.4.4.1 #R
UART &AL,
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11.4.4.2 EX

typedef enum _uart_parity
{
UART_PARITY_NONE,
UART_PARITY_ODD,
UART_PARITY_EVEN
} uart_parity_t;

11.4.4.3 BRA

B R B#R faR
UART_PARITY_NONE FE#I&fi
UART_PARITY_0ODD TR
UART_PARITY_EVEN (BRI
11.4.5 wuart_interrupt_mode_t
11.4.5.1 R
UART FREfERY, BIRE&RIX.
11.4.5.2 EX
typedef enum _uart_interrupt_mode
UART_SEND = 1,
UART_RECEIVE = 2,
} uart_interrupt_mode_t;
11.4.5.3 W&
B¢ R #R R

UART_SEND UART &ix
UART_RECEIVE UART #&Uk
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11.4.6 wuart_send_trigger_t

11.4.6.1 #@R
AIXFRUTEL DMA fif% FIFO R, = FIFO REVEER/N\TF T4 B AR % HETEL DMA f%4, FIFO BOR
ER 16 F%,

11.4.6.2 EX

typedef enum _uart_send_trigger
{
UART_SEND_FIF0.0@,
UART_SEND_FIF0.2,
UART_SEND_FIF0_4,
UART_SEND_FIF0_.8,
} uart_send_trigger_t;

11.4.6.3 &R

DAAE=Eu EE::pu

UART_SEND_FIF0_@ FIF0 R=

UART_SEND_FIF0_2 FIFO flk 2 1
UART_SEND_FIF0_4 FIFO Flsx 4 =15
UART_SEND_FIF0_-8 FIFO Fls 8 =11

11.4.7 vuart_receive_trigger_t

11.4.7.1 #R
FEURREEL DMA fif% FIFO RE. = FIFO REBUEATF T 4B AR % RETEL DMA f£4, FIFO BUR
EHR 16 F%,

11.4.7.2 EX

typedef enum _uart_receive_trigger
{
UART_RECEIVE_FIFO0_-1,
UART_RECEIVE_FIFO0_4,
UART_RECEIVE_FIF0_8,
UART_RECEIVE_FIF0_14,
} uart_receive_trigger_t;
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11.4.7.3 &R

TP

UART_RECEIVE_FIFO0_1
UART_RECEIVE_FIFO0-4
UART_RECEIVE_FIFO_8

FIFO ®IR 115
FIFO R 2 =15
FIFO ®IR 4 =15

UART_RECEIVE_FIF0_14 FIFO ®ik 8 T

11.4.8 wuart_data_t

11.4.8.1 #@R
&R dma fZRT IR X BIS .

11.4.8.2 EX

typedef struct _uart_data_t
{
dmac_channel_number_t tx_channel;
dmac_channel_number_t rx_channel;
uint32_t *tx_buf;
size_t tx_len;
uint32_t *rx_buf;
size_t rx_len;

uart_interrupt_mode_t transfer_mode;

} uart_data_t;

11.4.8.3 B&RE

DAAE=Eu

EE::pu

tx_channel
rx_channel
tx_buf

tx_len

rx_buf

rx_len
transfer_mode

RIXBIEFR DMA BES
REURATERRY DMA 1BE S
RIXBVERIRE
RIEBIRENKE
ERsEE
BRIESIERE

RHRT, AR
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11.4.9 wuart_interrupt_mode_t

11.4.9.1 #@R
UART BUEZ iR

11.4.9.2 EX

typedef enum _uart_interrupt_mode

{
UART_SEND = 1,

UART_RECEIVE = 2,
} uart_interrupt_mode_t;

11.4.9.3 BA

AR E1i:pU

UART_SEND Aix
UART_RECEIVE #xUK

11.4.10 uartworkmode_t

11.4.10.1 ##iR
UART TfFHE=,

11.4.10.2 TEX

typedef enum _uart_work_mode
{
UART_NORMAL,
UART_IRDA,
UART_RS485_FULL_DUPLEX,
UART_RS485_HALF_DUPLEX,
} uart_work_mode_t;

11.4.10.3 m&E

BX A AR U
UART_NORMAL =i UART

UART_IRDA £I5h
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AR

EE::pu

UART_RS485_FULL_DUPLEX
UART_RS485_HALF_DUPLEX

2T RS485
F XN T RS485

11.4.11 uart_rs485_rede_t

11.4.11.1 &R
RS485 re de ERl,

11.4.11.2 EX

typedef enum _uart_rs485_rede

{
UART_RS485_DE,
UART_RS485_RE,
UART_RS485_REDE,

} uart_rs485_rede_t;

11.4.11.3 A

DAL 1D

UART_RS485_DE 1EE de B
UART_RS485_RE %4 re BRI
UART_RS485_REDE  [AIRYi%E#E de re B

11.4.12 uart_polarity_t

11.4.12.1 #7

re de BMAETEIMIME.

11.4.12.2 X

typedef enum _uart_polarity

{
UART_LOW,
UART_HIGH,

} uart_polarity_t;
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11.4.12.3 B&E

BB R

UART_LOW  {EEBF
UART_HIGH m&SHBF

11.4.13 uart_tat_mode_t

11.4.13.1 #ER
re de EiAVIET.

11.4.13.2 EX

typedef enum _uart_tat_mode
{
UART_DE_TO_RE,
UART_RE_TO_DE,
UART_TAT_ALL,
} uart_tat_mode_t;

11.4.13.3 B&R

PR 51 F R EEiipU

UART_DE_TO_RE de BX% re BN
UART_RE_TO_DE re BX% de BN
UART_TAT_ALL de¥ re re%de

11.4.14 uart_det_mode_t

11.4.14.1 #8
de BRHELHERE.

11.4.14.2 EX

typedef enum _uart_det_mode
{
UART_DE_ASSERTION,
UART_DE_DE_ASSERTION,
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UART_DE_ALL,
} uart_det_mode_t;

11.4.14.3 &R

AR TP
UART_DE_ASSERTION de B
UART_DE_DE_ASSERTION de FEX&

UART_DE_ALL

de B X
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2.

SEEAS S EH%E (UARTHS)

12.1  #R

BARZAREER—NMEENHELSBARERTRONGEREESE SERBASS WL EHSE
(UARTHS) BPRILUHBXLER, THEBREMHSIIMHEHITENIHIERR. BNRAER RS0
BREREO, printf NREMAZEOKLH,

12.2 TheeiaR
UARTHS #5R L8 LU FohAE:

+ ECE UARTHS &%
© BEEEHREIE X

12.3 API &%

FTRZAYSL S uarths.h
FNAFRHEUTEO

+ uarths_init

+ uarths_config

+ uarths_receive_data

+ uarths_send_data

+ uarths_set_irq

+ uarths_get_interrupt_mode
+ uarths_set_interrupt_cnt
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12.3.1 wuarths_init

12.3.1.1 #@R
#9A1€ UARTHS, RZFINKAFEF 115200 8bit 1 (fRFIEfITHRIEAL. ) uarths BS$PIR7 PLLO,
FIRE PLLO RREEMARZRMLERGER, SUNSITENEL.

12.3.1.2 R#HRE

void uarths_init(void)

12.3.1.3 &#
oo

12.3.1.4 R[ENE
P

12.3.2 uarths_config

12.3.2.1 #R
1% & UARTHS R9&%, 2RIA 8bit HUE, TRIEML,

12.3.2.2 R#HRE

void uarths_config(uint32_t baud_rate, uarths_stopbit_t stopbit)

12.3.3 ¥

SHHM R AR

baud_rate EIFE A
stopbit fEIEG BN

12.3.3.1 RENE
7o
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12.3.4 uarths_receive_data

12.3.4.1 #R
@it UARTHS IREX#KiE,

12.3.4.2 R#RE

size_t uarths_receive_data(uint8_t =buf, size_t buf_len)

12.3.4.3 &%

SR R PN i
buf RURERIE it

buf_len EWHIENKE A

12.3.4.4 R[E1A
ERREINSIERE,

12.3.5 uarths_send_data

12.3.5.1 #&R
@ UART Rix#dE.

12.3.5.2 HRERE

size_t uarths_send_data(const uint8_t =buf, size_t buf_len)

12.3.5.3 =¥

ok C2R 1 G o PN i
buf R&IEERE TP

buf_len FRELXEHIFENKE A

12.3.5.4 R[EME
BREHIENKE,
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12.3.6 uarths_set_irq

12.3.6.1 ##R
IR E UARTHS FRUf[E]iEER #K.

12.3.6.2 HHRE

void uarths_set_irq(uarths_interrupt_mode_t interrupt_mode, plic_irq_callback_t
uarths_callback, void =*ctx, uint32_t priority)

12.3.6.3 &

BB R DN Tl
interrupt_mode  FRHFZEHE! TN
uarths_callback HrBF[E]IE R %L WA
ctx EIERENSE WA
priority FRETIL R HA

12.3.6.4 R[ENE
o

12.3.7 uarths_get_interrupt_mode

12.3.7.1 &R
FREX UARTHS RYFRBRERS, U, RIXSHRWCRIER R kT,

12.3.7.2 R#HRE

uarths_interrupt_mode_t uarths_get_interrupt_mode(void)

12.3.7.3 ¥
I

12.3.7.4 R[E1&E
E sl P S
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12.3.8 wuarths_set_interrupt_cnt

12.3.8.1 #R
1KE UARTHS FREFRYRY FIFO SRE., ZHrblre3Y )y UARTHS_SEND_RECEIVE, %iX##ZUK FIFO RRBTRE
79 ent;

12.3.8.2 H#MRE

void uarths_set_interrupt_cnt(uarths_interrupt_mode_t interrupt_mode, uint8_t cnt)

12.3.8.3 &#

SEBIR fa LD i
interrupt_mode HREFFEE! A
cnt FIFORE A

12.3.8.4 R[ENE
o

12.3.9 %4

[x BB FHFIFORENO, NEKRIMIETE RN HERNERIHIE, +/
int uarths_irq(void =*ctx)

{
if(luarths_receive_data((uint8_t =*)&receive_char, 1))
printf("Uarths_receive FRR!\n");
return 0;
}

plic_init();

uarths_set_interrupt_cnt (UARTHS_RECEIVE , 0);
uarths_set_irq(UARTHS_RECEIVE ,uarths_irq, NULL, 4);
sysctl_enable_irq();

12.4 #HiERE
BRBURRE, BIRAWE ST
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+ uarths_interrupt_mode_t: FEFEEY,
+ uarths_stopbit_t: {11,

12.4.1 wuarths_interrupt_mode_t
12.4.2 #R

UARTHS HREfr3eEY,

12.4.2.1 EX

typedef enum _uarths_interrupt_mode
{
UARTHS_SEND = 1,
UARTHS_RECEIVE = 2,
UARTHS_SEND_RECEIVE = 3,
} uarths_interrupt_mode_t;

12.4.2.2 &R

DAAE=Eu EE::pu
UARTHS_SEND b gedasliii
UARTHS_RECEIVE U e
UARTHS_SEND_RECEIVE &iXizUg-hitn

12.4.3 uarths_stopbit_t

12.4.3.1 #@R:
UARTHS {Z1E1iLo

12.4.3.2 EX

typedef enum _uarths_stopbit

{
UART_STOP_1,
UART_STOP_2

} uarths_stopbit_t;

12.4.3.3 A
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DAL EE::pu

UART_STOP_1 1 fif®LEfiL
UART_STOP_2 2 fi{f®LEfiL
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. 13.

& IErse (WDT)

13.1  #a
UDT $RAE RSt S IRT BT AR B

13.2 ThaetEk
WDT iREH LT In8E:

- ECEERTAYIE]
© FEHERITHE

13.3 API &%

XHRZAYSK X wdt.h
ARRPRMLTEO

+ wdt_init

- wdt_start(0.6.0 FAREXH, BEM wdt_init)
+ wdt_stop

+ wdt_feed

+ wdt_clear_interrupt
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13.3.1 wdt_init

13.3.1.1 #@R
REZY, BohEE. AMERPERYE, ¥ on_irqigE7 NULL.

13.3.1.2 R#HRE

uint32_t wdt_init(wdt_device_number_t id, uinté64_t time_out_ms, plic_irq_callback_t
on_irq, void *ctx)

13.3.1.3 &¥

SEBR iR BN
id EITRERES LETDN
time_out_ms HBEEYE (ZF) A
on_irq Fh 7 [E] 8 B K LD
ctx ElERERS K LTPN

13.3.1.4 R[EE
E BN ERNLMREE (Zf), 5 tine_out_ms BER, —RIBEREATFXNEE, EIMPSE
#x 26M BYIER T, EAHBEIBYIE] D 330 =F,
13.3.2 wdt_start
13.3.2.1 ##R
BEhE I,

13.3.2.2 H#RE

void wdt_start(wdt_device_number_t id, uinté4_t time_out_ms, plic_irg_callback_t on_irq

)

13.3.2.3 &¥

SR R WML
id B HERES BN
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SHBM DU

PN il

time_out_ms HBEEYE (ZF) A

on_irq PR [E] ) R X TN
13.3.2.4 iR[EE
.
13.3.3 wdt_stop
13.3.3.1 iR
XHAEI A,
13.3.3.2 H#IRER
void wdt_stop(wdt_device_number_t id)
13.3.3.3 &#
SHAT  HR WL
id B WES WA

13.3.3.4 R[ENE
P

13.3.4 wdt_feed

13.3.4.1 @R
PRI,

13.3.4.2 R#MRE

void wdt_feed(wdt_device_number_t id)

13.3.4.3 &%
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SHHMm R PN il
id BlINRES A

13.3.4.4 R[ENE
P

13.3.5 wdt_clear_interrupt

13.3.5.1 #aR
AR WREPERSPERTET, WENBEFZER.

13.3.5.2 H#MRE

void wdt_clear_interrupt(wdt_device_number_t id)

13.3.5.3 &¥

S R PN il
id BIRES BN

13.3.5.4 R[ENE
o

13.3.6 %43l

[ 2HEHANEITH B ZHITEIHello_world, Bid2sE 1 */

int wdt@_irq(void =*ctx)

{
printf("Hello_world\n");
return 0;

}

plic_init();

sysctl_enable_irq();

wdt_init (WDT_DEVICE_®, 2000, wdte_irq, NULL);




£138& HIMEssse (W1)

156

13.4 HUERE
BRIBRE, BIBAIE ST

+ wdt_device_number_t

13.4.1 wdt_device_number_t

13.4.1.1 #@R
Bl RS,

13.4.1.2 EX

typedef enum _wdt_device_number

{
WDT_DEVICE.®,
WDT_DEVICE_1,
WDT_DEVICE_MAX,

} wdt_device_number_t;

13.4.1.3 A

AR DU
WDT_DEVICE_@ F&i1¥1 @

WDT_DEVICE-1

Al
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EIZENFEEEUTEI2R (DMAC)

14.1  #R

BiEzEipE (Direct Memory Access, DMA) FAFEIME S48 2 B R iz (%R 577 (%28 i8]
RESEHIEER. TUELTEEM CPU BEMNBER TED DMA REEEHEIE, MRS T CPU #9
M=,

14.2 Theetsk
DMA ESREE I T 308

© BmhEFE—RTHE DNA @BER TS
 IRIERMAULR] B ARsthit B e R R SR F X

© X5 L2048 FRMNREXN), BNMBRAKNAL—K
© RYHRPERINE

- ERLRINEE, ERTRNESNEMRKFIR

14.3 API &%

FTR AL dmac.h
NAFRHEUTEO

+ dmac_init

+ dmac_set_single_mode
+ dmac_is_done

+ dmac_wait_done

157
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+ dmac_set_irq

+ dmac_set_src_dest_length
+ dmac_is_idle

+ dmac_wait_idle

14.3.1 dmac_init

14.3.1.1 &R
#4a1E DMA.

14.3.1.2 R#HRE

void dmac_init(void)

14.3.1.3 &¥
o

14.3.1.4 RENE
7o

14.3.2 dmac_set_single_mode

14.3.2.1 R
KB RIK DMA S8,

14.3.2.2 RHRE

void dmac_set_single_mode(dmac_channel_number_t channel_num, const void *src, void *
dest, dmac_address_increment_t src_inc, dmac_address_increment_t dest_inc,

dmac_burst_trans_length_t dmac_burst_size, dmac_transfer_width_t dmac_trans_width,

size_t block_size)

14.3.2.3 &

SR

PN il

channel_num
src

HIA
LD
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SEEFR R BN
dest B rithit il
src_inc RN R R B LD
dest_inc BirtitREEE WA
dmac_burst_size RifEFHEE DN
dmac_trans_width ExEEEIEMSE @A
block_size EHEIERY 3R DN

14.3.2.4 SRENE
Too
14.3.3 dmac_is_done

14.3.3.1 #R

FiF DMAC Bohia¥ iR S semEi. AT DMAC Banffiifs, SIRTERAIHIMSTER.

14.3.3.2 R#HRE

int dmac_is_done(dmac_channel_number_t channel_num)

14.3.3.3 &¥

BB R BN
channel_num DMA BEEZ A

14.3.3.4 RENE

14.3.4 dmac_wait_done

14.3.4.1 #R
15 DMA SRR T1E,
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14.3.4.2 R#HRE

void dmac_wait_done(dmac_channel_number_t channel_num)

14.3.4.3 &%

SR TP PN i

channel_num DMA BEEZ A

14.3.4.4 RENE
o

14.3.5 dmac_set_irq

14.3.5.1 ##@R
1R E DMAC HrBRRIEIRER %L

14.3.5.2 R#HRE

void dmac_set_irq(dmac_channel_number_t channel_num , plic_irq_callback_t dmac_callback
, void =ctx, uint32_t priority)

14.3.5.3 &#

BB iR BN
channel_num DMA BES LN
dmac_callback HRBfr[ElIE R %R LN
ctx EARHENSE WA
priority FRERL TR LT

14.3.5.4 R[ENE
o
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14.3.6 dmac_set_src_dest_length

14.3.6.1 #aR

R E DMAC puiRstitt, BRUMNEFIKE, AEBTh DMAC £, 1R src 79 NULL MR E Rt
dest 79 NULL MR E BHRYME, len<=0 MFIREKE,

ZERE—ARFE T DMAC Hhitfi, i DMA (B insiE, MALERIZE DNAC B SH LTI B RYEl,

14.3.6.2 RHRE

void dmac_set_src_dest_length(dmac_channel_number_t channel_num, const void *src, void
~dest, size_t len)

14.3.6.3 &#

BB iR WML
channel_num DMA @ES DN
src P[] 8 R #K TN
dest EARENSE WA
len BraKE LD

14.3.6.4 RENE
7o

14.3.7 dmac_is_idle

14.3.7.1 @R
Fit DMAC HRlBER S TH, HRIMTE L AL R/EER LUA AT DMAC RS,

14.3.7.2 RHRE

int dmac_is_idle(dmac_channel_number_t channel_nunm)

14.3.7.3 =¥
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BEZHFR R BN
channel_num DMA BEEZ mA
14.3.7.4 R[EE
REE #ERA
0 i
1 =W
14.3.8 dmac_wait_idle
14.3.8.1 #EA
1% DMAC #HNT IR,
14.3.8.2 &
BB iR BN
channel_num DMA @EES A

14.3.8.3 R[ENE
o

14.3.9 Z3

[+ I2C8 i DMA £ %128 P int 18 +/
uint32_t buf[128];
dmac_wait_idle (SYSCTL_DMA_CHANNEL_@);

sysctl_dma_select(SYSCTL_DMA_CHANNEL_®, SYSCTL_DMA_SELECT_I2C@_TX_REQ);
dmac_set_single_mode (SYSCTL_DMA_CHANNEL_@, buf, (void+)(&i2c_adapter->data_cmd),

DMAC_ADDR_INCREMENT , DMAC_ADDR_NOCHANGE, DMAC_MSIZE_4, DMAC_TRANS_WIDTH_32, 128);

dmac_wait_done(SYSCTL_DMA_CHANNEL_Q);

14.4 #HiERE

MEXEBHERE, BUREMEXIT:

+ dmac_channel_number_t: DMA &E%HS.
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+ dmac_address_increment_t: bt AR,
-+ dmac_burst_trans_length_t: RAikZHiE,
+ dmac_transfer_width_t: B/R{EHEEERAIE,

14.4.1 dmac_channel_number_t

14.4.1.1 R
DMA iBiBZR S

14.4.1.2 EX

typedef enum _dmac_channel_number

{
DMAC_CHANNEL®
DMAC_CHANNEL1
DMAC_CHANNEL?2
DMAC_CHANNEL3
DMAC_CHANNEL4
DMAC_CHANNELS
DMAC_CHANNEL _MAX

} dmac_channel_number_t;

14.4.1.3 A

DR i 1P

DMAC_CHANNEL® DMA &i& @
DMAC_CHANNELT DMA &3& 1
DMAC_CHANNEL2 DMA i&3& 2
DMAC_CHANNEL3 DMA @& 3
DMAC_CHANNEL4 DMA &3& 4
DMAC_CHANNEL5 DMA i&3& 5

14.4.2 dmac_address_increment_t

14.4.2.1 @R
HHHER TG

14.4.2.2 EX
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typedef enum _dmac_address_increment

{
DMAC_ADDR_INCREMENT 0x
DMAC_ADDR_NOCHANGE 0x

} dmac_address_increment_t;

8,
1

14.4.2.3 mB&R

DR i ik
DMAC_ADDR_INCREMENT it Bzpigi
DMAC_ADDR_NOCHANGE it R3%

14.4.3 dmac_burst_trans_length_t

14.4.3.1 R
RELRBE,

14.4.3.2 EX

typedef enum _dmac_burst_trans_length

{

DMAC_MSIZE1 = 0x0,
DMAC_MSIZE_4 = 0x1,
DMAC_MSIZE_8 = 0x2,
DMAC_MSIZE_16 = 0x3,
DMAC_MSIZE_32 = 0x4,
DMAC_MSIZE_64 = @x5,
DMAC_MSIZE_128 = @x6,
DMAC_MSIZE_256 = @x7

} dmac_burst_trans_length_t;

14.4.3.3 BA

AR EE::pu

DMAC_MSIZE-1 BRERBER
DMAC_MSIZE_4 BREHER 4
DMAC_MSIZE_8 BRfEmER 8
DMAC_MSIZE_16  ZX{Lim%iE83k 16
DMAC_MSIZE_32  RfEim%iERk 32
DMAC_MSIZE_64  BR{Lim¥iEdk 64
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AR EE::pu

DMAC_MSIZE_128 ER{Eim¥iEsk 128
DMAC_MSIZE_256 ERf&im%ig@sk 256

14.4.4 dmac_transfer_width_t

14.4.4.1 @R
BRI R,

14.4.4.2 EX

typedef enum _dmac_transfer_width

{
DMAC_TRANS_WIDTH_8 = 0x0,
DMAC_TRANS_WIDTH_16 = @x1,
DMAC_TRANS_WIDTH_32 = @x2,
DMAC_TRANS_WIDTH_64 = @x3,
DMAC_TRANS_WIDTH_128 = 0x4,
DMAC_TRANS_WIDTH_256 = @x5
} dmac_transfer_width_t;
14.4.4.3 H&A
DB ik

DMAC_TRANS_WIDTH-8 BR{eH 8 (i
DMAC_TRANS_WIDTH-16 & xf&%i 16 i
DMAC_TRANS_WIDTH_32  #x{Z4m 32 {iI
DMAC_TRANS_WIDTH_64 & kf&%i 64 i
DMAC_TRANS_WIDTH-128 &k f&% 128 {iL
DMAC_TRANS_WIDTH_256 fr{&4a 256 fi




166

- 13.

EREBEERAEEZ (120)

15.1 #R

[2C BEATHSMIIMNRREHITERS. SMIIMNIRETUHA— 120 24,

15.2 ThaetEk
120 BHRAHUTFIEE:

© JRIzBY 120 igEEHEIMNEXSEHK
© BOAEZRESLEA

15.3 API &&

IRZBIK M i2c.h
NRAPREEUTEO
+ i2c_init
+ i2c_init_as_slave
+ i2c_send_data
+ i2c_send_data_dma
+ 1i2c_recv_data

« i2c_recv_data_dma
+ i2c_handle_data_dma
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15.3.1 1i2c_init

15.3.1.1 #@R
BCE I2C S[FMitbit, FERUTEM 12C &FX,

15.3.1.2 R#RE

void i2c_init(i2c_device_number_t i2c_num, uint32_t slave_address, uint32_t
address_width, uint32_t i2c_clk)

15.3.1.3 &¥

BB R W
i2c_num = LD
slave_address I2(C 284 Mithit LD
address_width I2C SZ7FR%=E (73 10) PN
i2c_clk 12C &= (Hz) PN

15.3.1.4 RENE
o

15.3.2 iZ2c_init_as_slave

15.3.2.1 #&R
& I12C AMER,

15.3.2.2 H#MRE

void i2c_init_as_slave(i2c_device_number_t i2c_num, uint32_t slave_address, uint32_t
address_width, const i2c_slave_handler_t =handler)

15.3.2.3 &#

SEZFR R BN
i2c_num I = LD

slave_address I2C MiEZAyHbHE TN
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BEBIR T NG
address_width I2C SR mE (7510) #HA
handler 12C MR R BTRbIERIZR LN

15.3.2.4 R[ENE
7o

15.3.3 i2c_send_data

15.3.3.1 #@R
SR,

15.3.3.2 RERE

int i2c_send_data(i2c_device_number_t i2c_num, const uint8_t *send_buf, size_t
send_buf_len)

15.3.3.3 &¥

SHEM R BWAEH
i2c_num I2cs LN
send_buf FHEEEE LN

send_buf_len fFEHmEIEBEKE LN

15.3.3.4 RENE

REE #R

0 5745
30 ESL

15.3.4 1i2c_send_data_dma

15.3.4.1 #R
& DMA kiR,
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15.3.4.2 R#HRE

void i2c_send_data_dma(dmac_channel_number_t dma_channel_num, i2c_device_number_t

i2c_num, const uint8_t *send_buf, size_t send_buf_len)

15.3.4.3 &¥

BB A BN
dma_channel_num {FER dna BES A
i2c_num I2cs LIPN
send_buf FEWEIE LN

send_buf_len FERIEKE BN

15.3.4.4 R[ENE
x

15.3.5 1iZ2c_recv_data

15.3.5.1 #&R
@i CPU 3%kiE.

15.3.5.2 H#MRE

int i2c_recv_data(i2c_device_number_t i2c_num, const uint8_t *send_buf, size_t
send_buf_len, uint8_t =*receive_buf, size_t receive_buf_len)

15.3.5.3 &#

SHAFR ik RNEH
i2c_num 12C 245 WA
send_buf AR, —MBERE 12c IMEHNFTFSR, NREHFIRENNILL WA
send_buf_len HERBIEKE, NRSENE 0 DN
receive_buf EIWEIRATEF HitH
receive_buf_len {ZWHIBRMEKE BN
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15.3.5.4 R[EE

REE

®
0 972

3k 0 ESIe

15.3.6 1i2c_recv_data_dma

15.3.6.1 #&EA
@i dma iEEKIE,

15.3.6.2 H#MRE

void i2c_recv_data_dma(dmac_channel_number_t dma_send_channel_num,
dmac_channel_number_t dma_receive_channel_num,
i2c_device_number_t i2c_num, const uint8_t *send_buf, size_t send_buf_len, uint8_t
«receive_buf, size_t receive_buf_len)

15.3.6.3 &#

SHEW TP DN Tl
dma_send_channel_num RIEBIRFEAN dma @& DN
dma_receive_channel_num ZUREIEFERAA dma @i TN
i2c_num 12C 245 WA
send_buf RHEWMBIE, —MERE i2c IMENFESR, MIREHEKEANNILL A
send_buf_len HEMBIEKE, IRSENE 0 DN
receive_buf BREIRRE Wit
receive_buf_len BREIENKE HWA

15.3.6.4 SR[EMA
=
15.3.7 i2c_handle_data_dma

15.3.7.1 &R
I2C {5/ dma fZHIEIE,

= RERE
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void i2c_handle_data_dma(i2c_device_number_t i2c_num, i2c_data_t data, plic_interrupt_t
*ch);

15.3.7.2 &¥

SRET R BWMANEH
i2c_num  I2C RB&= LD
data [2C #EMEXE9S%L, 1#0 i2cdatat HiEA LD
cb dma FRErEIARER, WRIGEHN NULL MAEERN, BEEZRHTEGERHEE WA

15.3.7.3 R[ENE
x

15.3.8 3l

/* 12cHMig Mt B Ox32, Tk Ht, #EZEK200K +/
i2c_init(12C_DEVICE_®, 0x32, 7, 200000);

uint8_t reg = 0;

uint8_t data_buf[2] = {0x00,0x01}

data_buf[@] = reg;

/* BO0F FH50x01 +/

i2c_send_data(I2C_DEVICE_@, data_buf, 2);

i2c_send_data_dma (DMAC_CHANNEL®, I2C_DEVICE_@, data_buf, 4);
[* MOBEREWIFHHIE «/

i2c_receive_data(I2C_DEVICE_®, &reg, 1, data_buf, 1);
i2c_receive_data_dma (DMAC_CHANNEL®, DMAC_CHANNEL1, I2C_DEVICE.®,8reg, 1, data_buf, 1);

15.4 ZhiERE
LS SN G D G

+ i2c_device_number_t: i2c S,

+ i2c_slave_handler_t: i2c MIEZCHY AU b IR R EL IR

+ i2c_data_t: {E/ dma (FHEEFIERXHNSE,

+ i2c_transfer_mode_t: {FFH DMA RiaiBER, RXFIZEW,
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15.4.1 1i2c_device_number_t

15.4.1.1 #R
i2c /5o

15.4.1.2 EX

typedef enum _i2c_device_number

{
12C_DEVICE_®@,
I12C_DEVICE_1,
I12C_DEVICE_2,
I12C_DEVICE_MAX,

} i2c_device_number_t;

15.4.2 1i2c_slave_handler_t

15.4.2.1 #E&R
i2c NIRRT IZR DR, RIFAREBIREOIRSRITAER IR IR E.

15.4.2.2 EX

typedef struct _i2c_slave_handler
{
void(*on_receive)(uint32_t data);
uint32_t(xon_transmit)();
void(*on_event)(i2c_event_t event);
} i2c_slave_handler_t;

15.4.2.3 HA

DAL EE::pu

I2C_DEVICE_@ 1I2C @
I2C_DEVICE_T I2C 1
I2C_DEVICE_2 1I2C 2
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15.4.3 1i2c_data_t

15.4.3.1 ##&RR
fEF dma ZHIETEIEE X B9E L

15.4.3.2 EX

typedef struct _i2c_data_-t
{
dmac_channel_number_t tx_channel;
dmac_channel_number_t rx_channel;
uint32_t *tx_buf;
size_t tx_len;
uint32_t =*rx_buf;
size_t rx_len;
i2c_transfer_mode_t transfer_mode;
} i2c_data_t;

15.4.3.3 mR&A

FX R B #R T3

tx_channel KIXBIEFRY DMA @8 S
rx_channel RIXEHMERRY DMA BES
tx_buf RIEHVEUIE

tx_len REHIRNKE

rx_buf U EE

rx_len BUREEKE

transfer_mode

RRIE, RIXEHR

15.4.4 iZ2c_transfer_mode_t

15.4.4.1 R
73 DMA R EUERIRT, RIXSEW.

15.4.4.2 EX

typedef enum _i2c_transfer_mode

{
I12C_SEND,
I2C_RECEIVE,

} i2c_transfer_mode_t;
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15.4.4.3 &R
DAERu EE::pu
I2C_SEND Kix
I2C_RECEIVE #2Uk
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. 16.

2175M&EO (SPI)

an

16.1 #R

SPI B—MEEs, 20T, APHBELSL.

16.2 Thaetsk
SPI iHRAHE LT INEE:

© JRIZBY SPI igEHEIMRBXSEK

- BEREZREEEFR

o IR, Wik, W&, \ERH

© XFESERMNENIRE

© XFBRE-HERNKEW, EATER. ERFMEBXEFIR

16.3 API &&

FITRZHISL S spi.h
NARPREENTEO

+ spi_init

+ spi_init_non_standard

+ spi_send_data_standard

+ spi_send_data_standard_dma

+ spi_receive_data_standard

+ spi_receive_data_standard_dma
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+ spi_send_data_multiple

+ spi_send_data_multiple_dma

+ spi_receive_data_multiple

+ spi_receive_data_multiple_dma
+ spi_fill_data_dma

+ spi_send_data_normal_dma

+ spi_set_clk_rate

+ spi_handle_data_dma

16.3.1 spi_init

16.3.1.1 #@R
RE SPI TIRER. ZLEAMMUBE,

16.3.1.2 REIRE

void spi_init(spi_device_num_t spi_num, spi_work_mode_t work_mode, spi_frame_format_t
frame_format, size_t data_bit_length, uint32_t endian)

16.3.1.3 &#

SHEFR R RINEH
spi_num SPI = TP
work_mode AR MEAR AR PR PN
frame_format SRR BN
data_bit_length EBRFRWAEFIBRGIZ B
endian Khim 00 /g 10 K A

16.3.1.4 EEIA
o
16.3.2 spi_config_non_standard

16.3.2.1 R
ZEBATIREFLSKE. HIKE. FREMH. Hoti R,
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16.3.2.2 H#HRE

void spi_init_non_standard(spi_device_num_t spi_num, uint32_t instruction_length,
uint32_t address_length, uint32_t wait_cycles,
spi_instruction_address_trans_mode_t instruction_address_trans_mode)

16.3.2.3 &#

SRR ik BN
spi_num SPI & TP
instruction_length RIXIESHINMIEN WA
address_length RIEHEAY (2K DN
wait_cycles LR WA

instruction_address_trans_mode 35<HbbHEMAIA T LN

16.3.2.4 R[ENE
x

16.3.3 spi_send_data_standard

16.3.3.1 #@R
SPI tRER AR haEh ez,

16.3.3.2 RHRE

void spi_send_data_standard(spi_device_num_t spi_num, spi_chip_select_t chip_select,
const uint8_t =cmd_buff, size_t cmd_len, const uint8_t =tx_buff, size_t tx_len)

16.3.3.3 &#

SHAFR R BNH
spi_num SPI 5 TN
chip_select HiEES TN
cmd_buff IMGIESHEUERRIRE, SEBENIEH NULL DN
cmd_len IMSGIESHUL BB, ZBMIEH 0 LT

tx_buff RIERV R BN
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SEER R WA
tx_len RIEFIRNKE LD

16.3.3.4 R[ENE
x

16.3.4 spi_send_data_standard_dma

16.3.4.1 @R
SPI tmEER=E U T 56/ DMA &5 ki,

16.3.4.2 R#HRE

void spi_send_data_standard_dma(dmac_channel_number_t channel_num, spi_device_num_t
spi_num, spi_chip_select_t chip_select, const uint8_t =*cmd_buff, size_t cmd_len,
const uint8_t *tx_buff, size_t tx_len)

16.3.4.3 =¥

SHAFR R BWNH
channel_num DMA@&S TN
spi_num SPI & B
chip_select FiEES A
cmd_buff IMGTESHEUERRIRE, EBENIEA NULL TN
cmd_len SMSIESHIME BB KE, ZBMIEN 0 L)
tx_buff RIERVERIE LZDN
tx_len REBIRNKE L)

16.3.4.4 R[ENE
x

16.3.5 spi_receive_data_standard

16.3.5.1 #ERk
RV MR IEE.
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16.3.5.2 H#HRE

void spi_receive_data_standard(spi_device_num_t spi_num, spi_chip_select_t chip_select,
const uint8_t =cmd_buff, size_t cmd_len, uint8_t =rx_buff, size_t rx_len)

16.3.5.3 &

SEEIR N BN
spi_num SPI & DN
chip_select FiEES A
cmd_buff IMGTESHEUERRIRE, EBENIEA NULL BN
cmd_len SMGTESHENE BB, 2B MigH 0 L)
rx_buff U EUE Wit
rx_len BUESENKE LN

16.3.5.4 R[ENE
x

16.3.6 spi_receive_data_standard_dma

16.3.6.1 #ER
R @D DMA U,

16.3.6.2 RHRE

void spi_receive_data_standard_dma(dmac_channel_number_t dma_send_channel_nunm,
dmac_channel_number_t dma_receive_channel_num, spi_device_num_t spi_num,
spi_chip_select_t chip_select, const uint8_t »cmd_buff, size_t cmd_len, uint8_t =«
rx_buff, size_t rx_len)

16.3.6.3 &#

BB iR BN
dma_send_channel_num KRiXfg<SHiatEAR DMA BES LD
dma_receive_channel_num $ZUxERFEAER DVA BES LD

spi_num SPI & EZTDN
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SHEFR R BN
chip_select RIXES DN
cmd_buff IMGIESHIAL SR, RBNIZA NULL DN
cmd_len IMEIESHINBUBEKE, &BMILH 0 DN
rx_buff B IR HitH
rx_len BREIENKE BN

16.3.6.4 R[ENE
7z

16.3.7 spi_send_data_multiple

16.3.7.1 R
E4570 bW oges ¢

16.3.7.2 HREIRE

void spi_send_data_multiple(spi_device_num_t spi_num, spi_chip_select_t chip_select,
const uint32_t *cmd_buff, size_t cmd_len, uint8_t *tx_buff, size_t tx_len)

16.3.7.3 =¥

SHAFR R BNH
spi_num SPI & A
chip_select RiEES LT
cmd_buff SMSIESHIUE SR, B NIEA NULL EZDN
cmd_len IMSTESHEUE BB K, B MIEH 0 TN
tx_buff RIXEHEAE LN
tx_len REBIRIKE DN

16.3.7.4 R[ENE
I



®16E= HTIMEED (SPI) 181

16.3.8 spi_send_data_multiple_dma

16.3.8.1 #@iR
Z AR UER DMA RiXEE.

16.3.8.2 H#IRE

void spi_send_data_multiple_dma(dmac_channel_number_t channel_num,spi_device_num_t
spi_num, spi_chip_select_t chip_select, const uint32_t =*cmd_buff, size_t cmd_len,
const uint8_t =tx_buff, size_t tx_len)

16.3.8.3 &#

SHEM R RNHH
channel_num DMA @&ES TN
spi_num SPI 5 LT
chip_select KHiEES WA
cmd_buff IMSIESHEUE RN, EBENIEA NULL DN
cmd_len SMGIESHENE BB KE, 2B MigH 0 LZDN
tx_buff RIXEBEIE TN
tx_len RIEEIRNKE L)

16.3.8.4 R[EA
x

16.3.9 spi_receive_data_multiple

16.3.9.1 ##R
SZEIRTUR IR IR,

16.3.9.2 RERE

void spi_receive_data_multiple(spi_device_num_t spi_num, spi_chip_select_t chip_select,
const uint32_t *cmd_buff, size_t cmd_len, uint8_t =*rx_buff, size_t rx_len)

16.3.9.3 &#
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SHAFR R BNH
spi_num SPI & A
chip_select RiEES LT
cmd_buff SMSIESHIUEEE, B NIEA NULL LZDN
cmd_len IMSIESHEUL BB K, B MiIEH 0 TN
rx_buff BRaEiE it
rx_len BREUENKE DN

16.3.9.4 R[ENE
I

16.3.10 spi_receive_data_multiple_dma

16.3.10.1 #&R
ZEAETET DMA 12U

16.3.10.2 R#HIRA

void spi_receive_data_multiple_dma(dmac_channel_number_t dma_send_channel_nunm,
dmac_channel_number_t dma_receive_channel_num, spi_device_num_t spi_num,
spi_chip_select_t chip_select, uint32_t const »cmd_buff, size_t cmd_len, uint8_t =«
rx_buff, size_t rx_len);

16.3.10.3 =¥

SEEFR R PN i)
dma_send_channel_num RiFIE<Hhu AR DMA BiES DN
dma_receive_channel_num IZUREIEFEARY DMA @iES EZTDN
spi_num SPI 5 TN
chip_select RIEES WA
cmd_buff IMGIESHIAE SR, RBENIE NULL =D
cmd_len IMGIESHIIL BB KE, ZBEMIZH 0 DN
rx_buff B IR Rt

rx-len BSIENKE BN
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16.3.10.4 R[EA
x

16.3.11 spi_fill_data_dma

16.3.11.1 ##iR
B DMA S8 RIXR— MR, A LU FRIFTEUE.

16.3.11.2 R#HRE

void spi_fill_data_dma(dmac_channel_number_t channel_num,spi_device_num_t spi_num,
spi_chip_select_t chip_select, const uint32_t «tx_buff, size_t tx_len);

16.3.11.3 &#

SHEBIR iR RN
channel_num DMA@&ES TN
spi_num SPI 5 HA
chip_select Hi%ES DN
tx_buff RIEMEIRE, (VAZ tx_buff X—MIE, FBE5HEMN TN
tx_len RIEIENKE DN

16.3.11.4 R[EA
x

16.3.12 spi_send_data_normal_dma

16.3.12.1 ##R
B DMA RiX¥dE. FRIRER<S L,

16.3.12.2 REURE

void spi_send_data_normal_dma(dmac_channel_number_t channel_num, spi_device_num_t
spi_num, spi_chip_select_t chip_select, const void =*tx_buff, size_t tx_len,
spi_transfer_width_t spi_transfer_width)

16.3.12.3 &#
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SHAFR TN BN
channel_num DMA BB S DN
spi_num SPI & =D
chip_select RIZES BN
tx_buff RIEHVEIE, (NRZE tx_buff X—PEIE, BN
tx_len REEIENKE TP
spi_transfer_width ZEHIEMMIZ BN

16.3.12.4
I

16.3.13

16.3.13.1

R[EE

spi_handle_data_dma

1D

SPI i@id DMA f&haEidE.

16.3.13.2

BRERREY

void spi_handle_data_dma(spi_device_num_t spi_num, spi_chip_select_t chip_select,
spi_data_t data, plic_interrupt_t =cb)

16.3.13.3 ¥
SHEM  ER LN
spi_num SPI S DN
data SPI #EME XS, ¥ spidatat #iAA A
cb dma FREREIEARE, NRIGER NULL NIABEEER, BEEFRTEERHEIE B
16.3.13.4 iR[Ol{&E

I
16.3.14 545

/* SPI0 T {EZEMODEQIE X #7 B SPIHE T B K £ X8 M IE +/
spi_init(SPI_DEVICE_®, SPI_WORK_MODE_@, SPI_FF_STANDARD, 8, 0);

uint8_t cmd[4];
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cmd[@] = 0x06;

cnd[1] = 0x01;

cnd[2] = 0x02;

cmd[3] = 0x04;

uint8_t data_buf[4] = {0,1,2,3};

/* SPIO {E F %0 %i%X15<50x06 mhak0x010204 (%0, 1, 2,3 O FHHKE »/
spi_send_data_standard (SPI_DEVICE_@, SPI_CHIP_SELECT_@, cmd, 4, data_buf, 4);

/* SPIO fEMB R %0 % %45 S0x06 # 4 0x010204 UK F HHHIE +/
spi_receive_data_standard (SPI_DEVICE_@, SPI_CHIP_SELECT_@, cmd, 4, data_buf, 4);

/* SPI0 T fE7EMODE@#E st PI4SPIE R 2K £ X8 HiE +/

spi_init(SPI_DEVICE_8, SPI_WORK_MODE_®, SPI_FF_QUAD, 8, 0);

[x SMUIESKE UM KE AXESHUGEERI P clk, ESELIFESPIA R L ¥, #ha &2
ms st -/

spi_init_non_standard (SPI_DEVICE_@, 8, 32, 4, SPI_AITM_ADDR_STANDARD);

uint32 cmd[2];

cnd[0] = 0x06;

cmd[1] = 8x010204;

uint8_t data_buf[4] = {0,1,2,3};

/* SPIO fEF %0 & X15<S0x06 A4 0x010204 %£:i%0, 1, 2,3 WAFHHIE «/

spi_send_data_multiple (SPI_DEVICE_@, SPI_CHIP_SELECT_@, cmd, 2, data_buf, 4);

/* SPIO fE/BH 0 % %45 <S0x06 4 0x010204 K4 F T HHIE +/

spi_receive_data_multiple (SPI_DEVICE_®, SPI_CHIP_SELECT_@, cmd, 2, data_buf, 4);

/* SPIO T fE7EMODE2#E = J\4SPIE R B R LEI2 M HMIE +/

spi_init (SPI_DEVICE_@, SPI_WORK_MODE_2, SPI_FF_OCTAL, 32, 0);

[* BES 2MiMuKE LEESHIUBEEHOPCLK, S BEL8L4 LK «/

spi_init_non_standard(SPI_DEVICE_@, @, 32, @, SPI_AITM_AS_FRAME_FORMAT);

uint32_t data_buf[256] = {@};

/* EHEDMABEO %0 % %256 int 1B/

spi_send_data_normal_dma(DMAC_CHANNEL®, SPI_DEVICE_@, SPI_CHIP_SELECT_@, data_buf, 256,
SPI_TRANS_INT);

uint32_t data = @x55AA55AA;

Jx EFHDMAEEO F %0 4 L %2561 0x55AA554A+/

spi_fill_data_dma(DMAC_CHANNEL®, SPI_DEVICE_@, SPI_CHIP_SELECT_0,&data, 256);

16.3.15 spi_set_clk_rate

16.3.15.1 ##k
®E SPI RUBTEhsR=R

16.3.15.2 R#HRE

uint32_t spi_set_clk_rate(spi_device_num_t spi_num, uint32_t spi_clk)

16.3.15.3 &#
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SHEM  ER BN
spi_num SPI & WA

spi_clk  B#x SPI g &AVRIHHIRK BN

16.3.15.4 R[E1E
RE5TEM SPI R EHRS PSR

16.4 #iELE
MEXBRLD, BIREMEXINT:
+ spi_device_num_t: SPI RS,
- spi_mode_t: SPI #={,
« spi_frame_format_t: SPI mit&zo
+ spi_instruction_address_trans_mode_t: SPI $5<FIibhtAE R,

+ spi_data_t: {#/ dma (FHEEFIERXHNSE,
- spi_transfer_mode_t: SPI f£#HRIA.

16.4.1 spi_device_num_t

16.4.1.1 R
SPI /=,

16.4.1.2 EX

typedef enum _spi_device_num

{
SPI_DEVICE_®,
SPI_DEVICE_1,
SPI_DEVICE_2,
SPI_DEVICE_3,
SPI_DEVICE_MAX,

} spi_device_num_t;

16.4.1.3 BEA

BX5IF R DU
SPI_DEVICE_@ SPI @ frEig#&
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BR5IF R EF::p%

SPI_DEVICE_1 SPI 1 fREi&&E
SPI_DEVICE_2 SPI 2 fAMi&H
SPI_DEVICE_3 SPI 3 fmFi&&

16.4.2 spi_mode_t

16.4.2.1 R
SPT &=,

16.4.2.2 EX

typedef enum _spi_mode
{
SPI_WORK_MODE_-®@,
SPI_WORK_MODE_1,
SPI_WORK_MODE_2,
SPI_WORK_MODE_3,
} spi_mode_t;

16.4.2.3 mRA

DAL= DU

SPI_WORK_MODE_@ SPI #&z={ ©
SPI_WORK_MODE_1 SPI #&={ 1
SPI_WORK_MODE_2 SPI #&z={ 2
SPI_WORK_MODE_3 SPI #&z{ 3

16.4.3 spi_frame_format_t

16.4.3.1 @R
SPT A& o

16.4.3.2 EX

typedef enum _spi_frame_format

{
SPI_FF_STANDARD,

SPI_FF_DUAL,
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SPI_FF_QUAD,
SPI_FF_OCTAL
} spi_frame_format_t;

16.4.3.3 HA

B 538 R DU
SPI_FF_STANDARD 7
SPI_FF_DUAL Wk
SPI_FF_QUAD Pu%

SPI_FF_OCTAL J\% (SPI3 F3z%f)

16.4.4 spi_instruction_address_trans_mode_t

16.4.4.1 @R
SPT 5<Mibi LR

16.4.4.2 EX

typedef enum _spi_instruction_address_trans_mode

{
SPI_AITM_STANDARD,
SPI_AITM_ADDR_STANDARD,
SPI_AITM_AS_FRAME_FORMAT

} spi_instruction_address_trans_mode_t;

16.4.4.3 mREA

FX R BT R
SPI_AITM_STANDARD BT ENAR T

SPI_AITM_ADDR_STANDARD ELEMEENE, MUERTENER
SPI_AITM_AS_FRAME_FORMAT 3 RECEME

16.4.5 spi_data_t

16.4.5.1 #@R
&R dma fZART IR X BIS .
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16.4.5.2 EX

typedef struct _spi_data_t

{

dmac_channel_number_t tx_channel;
dmac_channel_number_t rx_channel;
uint32_t *tx_buf;

size_t tx_len;

uint32_t *rx_buf;

size_t rx_len;

spi_transfer_mode_t transfer_mode;

bool fill_mode;
} spi_data_t;

16.4.5.3 &R

FX R B #R R

tx_channel KRIXEIEFRY DMA BES
rx_channel KRIXEIEFRY DMA BES
tx_buf RIXHVERIE

tx_len RIXREIENKE

rx_buf U IR

rx_len BUEEKE

transfer_mode
fill_mode

R, AR

RELUAEZR A IVEREEE, WHERT DNA (FRpvRIE IR = B

16.4.6 spi_transfer_mode_t

16.4.6.1 #ER
SPI fZ4aRy75 o

16.4.6.2 EX

typedef enum _spi_transfer_mode

{

SPI_TMOD_TRANS_RECV,

SPI_TMOD_TRANS,
SPI_TMOD_RECV,
SPI_TMOD_EEROM

} spi_transfer_mode_t;
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16.4.6.3 B&R

EE::pu

SPI_TMOD_TRANS_RECV
SPI_TMOD_TRANS
SPI_TMOD_RECV
SPI_TMOD_EEROM

EWT, BRBU
REE

[E
FRIERIRR
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17,

EREBERABESMEE (125)

17.1  #&

[2S fEREEXT=MES: IIHES BCK. BEEREFEES WS MBTHEES SD. —MEER
[2S BIREE4E—1TENN— M. ENAMTNABEBREIZRRIFIFAE, 125 FREEMITHY
RIXMEFWEE, REBRIEMNRIEEERE.

17.2 Thaetsk
125 BRAEUTIE:

© RIBSMEXNBoEEEIRE (2FF 160 24, 32 DR, 44100 RiEX, 1 - 4 =i@)
© RENBEREIREER
© BHEIEESEMEAREX

17.3 API &Z&

FTN AL i2s.h
RAPRELTED

+ i2s_init

+ 1i2s_send_data_dma

+ 1i2s_recv_data_dma

+ 1i2s_rx_channel_config
+ 1i2s_tx_channel_config
+ i2s_play



5175 ERBERNESMEL (125)

192

+ i2s_set_sample_rate
+ i2s_set_dma_divide_16
+ i2s_get_dma_divide_16
+ 1i2s_handle_data_dma

17.3.1 1i2s_init

17.3.1.1 &R
a1k 128,

17.3.1.2 R#HRE

void i2s_init(i2s_device_number_t device_num, i2s_transmit_t rxtx_mode, uint32_t

channel_mask)

17.3.1.3 &¥

B i BN
device_num I2s 2 LD
rxtx_mode B AEES WA
channel_mask @& LD

17.3.1.4 RENE
o

17.3.2 1i2s_send_data_dma

17.3.2.1 #aR
I12S RiXEE.

17.3.2.2 HRERE

void i2s_send_data_dma(i2s_device_number_t device_num, const void =buf, size_t buf_len,
dmac_channel_number_t channel_num)

17.3.2.3 &#
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MR ZFF R BN
device_num I2S = LN
buf RiIFFGEMAE WA
buf_len BEKE LTDN
channel_num DMABEE LN

17.3.2.4 R[E1A
o

17.3.3 1i2s_recv_data_dma

17.3.3.1 @R
128 #=ukssdRE.

17.3.3.2 HRERE

void i2s_recv_data_dma(i2s_device_number_t device_num, uint32_t =buf, size_t buf_len,

dmac_channel_number_t channel_num)

17.3.3.3 &%

IBAREZR iR BN
device_num I2S S N
buf EWEaE Wl
buf_len BIRKE LN
channel_num DMA ®ES LD

17.3.3.4 R[ENE
x

17.3.4 1i2s_rx_channel_config

17.3.4.1 @R
RERBEESH.
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17.3.4.2 R#HRE

void i2s_rx_channel_config(i2s_device_number_t device_num, i2s_channel_num_t
channel_num, i2s_word_length_t word_length, i2s_word_select_cycles_t
word_select_size, i2s_fifo_threshold_t trigger_level, i2s_work_mode_t word_mode)

17.3.4.3 =¥

% 53 & R DU BN
device_num 12s s A
channel_num BES LT
word_length BRI 2L Wit
word_select_size B MEIERIEEL B
trigger_level DMA fit & BS FIFO JREE AN
word_mode TEES TN

17.3.4.4 R[E1E
o

17.3.5 1i2s_tx_channel_config

17.3.5.1 #&Rk
RERZBESH,

17.3.5.2 H#HRE

void i2s_tx_channel_config(i2s_device_number_t device_num, i2s_channel_num_t
channel_num, i2s_word_length_t word_length, i2s_word_select_cycles_t
word_select_size, i2s_fifo_threshold_t trigger_level, i2s_work_mode_t word_mode)

17.3.5.3 &#

R B FF iR BN
device_num 2S5 LN
channel_num BES LTDN
word_length BRI Wit
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R ZFF R BN
word_select_size EBMEUERT#HER LN
trigger_level DMA fit & BY FIFO SREE @A
word_mode TEEL LN

17.3.5.4 R[ENE
o

17.3.6 1i2s_play

17.3.6.1 iR
K% PCM 2548, LCAIRBRE R

17.3.6.2 HRHRE

void i2s_play(i2s_device_number_t device_num, dmac_channel_number_t channel_nunm,
const uint8_t *buf, size_t buf_len, size_t frame, size_t bits_per_sample,

uint8_t track_num)

17.3.6.3 &

% R & FR R BN
device_num 2SS EZTDN
channel_num BES DN
buf PCM %3 TN
buf_len PCM #IEKE #WA
frame BREEHE BN
bits_per_sample HURFEHZT RN
track_num BRIEH DN

17.3.6.4 R[E1E
Tco
17.3.7 1i2s_set_sample_rate

17.3.7.1 @R

REFRER,



5175 ERBERNESMEL (125)

196

17.3.7.2 R#HRE

uint32_t i2s_set_sample_rate(i2s_device_number_t device_num, uint32_t sample_rate)

17.3.7.3 &¥

PRSI R Er RAEL

device_num  I2S S #EA
sample_rate REE A

17.3.7.4 sERE1HE
SFRBIRIEER,
17.3.8 1i2s_set_dma_divide_16

17.3.8.1 ##R
1% E dma_divide_16, 16 fiI¥#ERTIZE dma_divide_16, DMA 4B Han¥F 32 Lh4F INT32 #iB 5
BXFN 16 LEASRYE A AR E R,

17.3.8.2 HREIRE

int i2s_set_dma_divide_16(i2s_device_number_t device_num, uint32_t enable)

17.3.8.3 &#

R B FF P BN
device_num I2S & N
enable 0:Z/A 1. {Fae WA

17.3.8.4 R[ENE

REE #R

0 9725
3E0 ESL
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17.3.9 1i2s_get_dma_divide_16

17.3.9.1 A
JREX dma_divide_16 B, BTHIMEEEEIRE dna_divide_16,

17.3.9.2 R#HRE

int i2s_get_dma_divide_16(i2s_device_number_t device_num)

17.3.9.3 &#

DAL= mr ARG

device_num I2SE IGA

17.3.9.4 R[ENE

fiEdE
0 2A

<0 e

17.3.10 1i2s_handle_data_dma

17.3.10.1 ##&1R
128 @12 DMA f&ia%kiE.

17.3.10.2 REIRE

void i2s_handle_data_dma(i2s_device_number_t device_num, i2s_data_t data,

plic_interrupt_t =cb);

17.3.10.3 ¥

BIBM R

device_num I2S &
data 12S #UEMEXEIBEL, ¥ i2sdatat 3R
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SHBW DU PN il
cb dma FRERFEIEERLL, MRIKEN NULL WABRERN, BEEFRRTEGROIRE B

17.3.10.4 R[ENE
x

17.3.11 #4641

J* 1250 BHEO MENEWKEE, BKI6UKE, BREBZ I #, FIFOREN4, FEE X, &
W 8 40 4 18 +/

Jx 1252 BEE1 RENKXBEBE, EXIUHMIE, BREH2I t#h, FIFOREN 4, A3F#E R,
£ X8 1B~/

uint32_t buf[8];

i2s_init(I2S_DEVICE_@, I2S_RECEIVER, @x3);

i2s_init(I2S_DEVICE_2, I2S_TRANSMITTER, @xC);

i2s_rx_channel_config(I2S_DEVICE_@, I2S_CHANNEL_@, RESOLUTION_16_BIT, SCLK_CYCLES_32,
TRIGGER_LEVEL_4, STANDARD_MODE);

i2s_tx_channel_config (I2S_DEVICE_2, I2S_CHANNEL_1, RESOLUTION_16_BIT, SCLK_CYCLES_32,
TRIGGER_LEVEL_4, RIGHT_JUSTIFYING_MODE);

i2s_recv_data_dma(I2S_DEVICE_@, rx_buf, 8, DMAC_CHANNEL1);

i2s_send_data_dma(I2S_DEVICE_2, buf, 8, DMAC_CHANNEL®);

17.4 #EEE
FEXHIRAE, MUBEWEXIT:

- i2s_device_number_t: I2S %S,

+ i2s_channel_num_t: I2S&&S,

« i2s_transmit_t: I2S f£#E=,

-+ i2s_work_mode_t: I2S TR,

+ i2s_word_select_cycles_t: I2S B R{EimATEER,
+ i2s_word_length_t: 12S &R AIER.

+ i2s_fifo_threshold_t: I2S FIFO %R,

-+ i2s_data_t: & DMA {£RTEIEA RIS,

+ i2s_transfer_mode_t: I2S f&#HiAto

17.4.1 1i2s_device_number_t

17.4.1.1 #R
12§ /s
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17.4.1.2 EX

typedef enum _i2s_device_number

{
I12S_DEVICE_0 = @,
I2S_DEVICE_1 = 1,
I2S_DEVICE.2 = 2,

I2S_DEVICE_MAX
} i2s_device_number_t;

17.4.1.3 &R

PR 5IF R EE::pu

I2S_DEVICE_@ 1I2S @
I2S_DEVICE-1 I2S 1
I2S_DEVICE_2 1I2S 2

17.4.2 i2s_channel_num_t

17.4.2.1 #R
12§ @ES,

17.4.2.2 EX

typedef enum _i2s_channel_num

{
I2S_CHANNEL_© = 0,
I2S_CHANNEL_-1 = 1,
I2S_CHANNEL_2 = 2,
I2S_CHANNEL_-3 = 3
} i2s_channel_num_t;

17.4.2.3 BA

AR EE::pu

I2S_CHANNEL_@ I2S @& 0
I2S_CHANNEL_1  I2S @& 1
I2S_CHANNEL-2 I2S @& 2
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AR i R
I2S_CHANNEL_3 I2S @& 3

17.4.3 iZ2s_transmit_t

17.4.3.1 @R
I2S fZHitE.

17.4.3.2 EX

typedef enum _i2s_transmit

{
I2S_TRANSMITTER = @,

I2S_RECEIVER = 1
} i2s_transmit_t;

17.4.3.3 HA

DAL DU

I2S_TRANSMITTER &iFR=
I2S_RECEIVER R

17.4.4 i2s_work_mode_t

17.4.4.1 #R
128 TRiEo

17.4.4.2 EX

typedef enum _i2s_work_mode

{
STANDARD_MODE = 1,
RIGHT_JUSTIFYING_MODE = 2,
LEFT_JUSTIFYING_MODE = 4

} i2s_work_mode_t;

17.4.4.3 A
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AR iR
STANDARD_MODE TR
RIGHT_JUSTIFYING_MODE AFITFIE
LEFT_JUSTIFYING_MODE  AXFFEZR
17.4.5 1i2s_word_select_cycles_t
17.4.5.1 %R
12§ R AZ B S
17.4.5.2 EX
typedef enum _word_select_cycles
{
SCLK_CYCLES_16 = @x@,
SCLK_CYCLES_24 = @x1,
SCLK_CYCLES_32 = @x2
} i2s_word_select_cycles_t;
17.4.5.3 W&
X RE R iR

SCLK_CYCLES_16 16 ™Bd%H
SCLK_CYCLES_24 24 1 BEi#h
SCLK_CYCLES_32 32 1 Edh

17.4.6 1i2s_word_length_t

17.4.6.1 @R
12S fZ iR,

17.4.6.2 EX

typedef enum _word_length

{

IGNORE_WORD_LENGTH = 0x0,

RESOLUTION_12_BIT
RESOLUTION_16_BIT
RESOLUTION_20_BIT

0x1,
0x2,
0x3,
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RESOLUTION_24_BIT = 0x4,
RESOLUTION_32_BIT = @x5

} i2s_word_length_t;

17.4.6.3 BR&A

17.4.7

B

DU

IGNORE_WORD_LENGTH 7Z2B&KE

RESOLUTION_12_BIT 12 {u#iEKE
RESOLUTION_16_BIT 16 f#iEKE
RESOLUTION_20_BIT 20 fi#iEKE
RESOLUTION_24_BIT 24 {u#iEKE
RESOLUTION_32_BIT 32 fi#iEKE

17.4.7.1 #ER

I2S FIFO RE,

17.4.7.2 EX

i2s_fifo_threshold_t

typedef enum _fifo_threshold

{

/* Interrupt trigger when
TRIGGER_LEVEL_1 = @x@,
/* Interrupt trigger when
TRIGGER_LEVEL_2 = @x1,
/* Interrupt trigger when
TRIGGER_LEVEL_3 = @x2,
/* Interrupt trigger when
TRIGGER_LEVEL_4 = @x3,
/* Interrupt trigger when
TRIGGER_LEVEL_5 = @x4,
/* Interrupt trigger when
TRIGGER_LEVEL_6 = @x5,
/* Interrupt trigger when
TRIGGER_LEVEL_7 = @x6,
/* Interrupt trigger when
TRIGGER_LEVEL_8 = @x7,
/* Interrupt trigger when
TRIGGER_LEVEL_9 = @x8,
/* Interrupt trigger when
TRIGGER_LEVEL_10 = @x9,
/* Interrupt trigger when

FIFO

FIFO

FIFO

FIFO

FIFO

FIFO

FIFO

FIFO

FIFO

FIFO

FIFO

level

level

level

level

level

level

level

level

level

level

level

is

is

is

is

is

is

is

is

is

is

is
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TRIGGER_LEVEL_11

@xa,

/* Interrupt trigger when FIFO level is 12 =/
TRIGGER_LEVEL_12 = @xb,
/* Interrupt trigger when FIFO level is 13 =/
TRIGGER_LEVEL_13 = @xc,
/* Interrupt trigger when FIFO level is 14 =/
TRIGGER_LEVEL_14 0xd,
/* Interrupt trigger when FIFO level is 15 =/
TRIGGER_LEVEL_15 = @xe,
/* Interrupt trigger when FIFO level is 16 =/
TRIGGER_LEVEL_16 = @xf

} i2s_fifo_threshold_t;

17.4.7.3 HZ&

R iR

17.4.8 i2s_data-t

17.4.8.1 ##R

TRIGGER_LEVEL-1
TRIGGER_LEVEL_2
TRIGGER_LEVEL_3
TRIGGER_LEVEL_4
TRIGGER_LEVEL_b
TRIGGER-_LEVEL_6
TRIGGER_LEVEL_7
TRIGGER_LEVEL_8
TRIGGER_LEVEL-9
TRIGGER_LEVEL_10
TRIGGER_LEVEL_11
TRIGGER_LEVEL-12
TRIGGER-LEVEL-13
TRIGGER_LEVEL-14
TRIGGER_LEVEL-15
TRIGGER_LEVEL-16

1% FIFO RE
2FTFIFORE
3FTFIFORE
4 F15 FIFORE
5F% FIFORE
6 F1 FIFORE
7% FIFORE
8 FT FIFORE
9FT FIFORE
10 =% FIFO RE
11 =7 FIFO RE
12 F75 FIFO RE
13 % FIFO RE
14 =75 FIFO RE
15 % FIFO RE
16 =11 FIFO RE

@d DMA 1 5aiEd SRR AIS 2K,

17.4.8.2 EX
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typedef struct _i2s_data_t
{
dmac_channel_number_t tx_channel;
dmac_channel_number_t rx_channel;
uint32_t =tx_buf;
size_t tx_len;
uint32_t *rx_buf;
size_t rx_len;
i2s_transfer_mode_t transfer_mode;
bool nowait_dma_idle;
bool wait_dma_done;
} i2s_data_t;

17.4.8.3 BA

% 53 & #R IR

tx_channel RIXESEFRY DMA BIES
rx_channel KRIEEIEFRY DA BES
tx_buf RIXBEE

tx_len RRBIRNKE

rx_buf BRaEiE

rx_len BBEIEKE

transfer_mode FHED, &XTIEW
nowait_dma_idle DMA EHIBIREES DMA EBETN
wait_dma_done DMA RS R EEFEHTH, R ch RATNXNRITM

17.4.9 1i2s_transfer_mode_t

17.4.9.1 #R
128 £33

17.4.9.2 EX

typedef enum _i2s_transfer_mode

{
I12S_SEND,
I2S_RECEIVE,

} i2s_transfer_mode_t;

17.4.9.3 A
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BX 53R R DU

I2S_SEND RIE
I2S_RECEIVE %%
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. 18.

EAT28 (TIMER)

18.1 #R

SRE 3N ERRE, ST ENSEE 4 REE, sJUEERN PWM, 3¥0 PUM 5B,

18.2 Thaetak
TINER HEREH L FIAE:

- BRESZRAENSE
- BCEER 2K
- ICEERSMANIERR

18.3 API &%

I RISKXHF timer.h
NAPRELTED

+ timer_init

+ timer_set_interval

+ timer_set_irq (0.6.0 ERBXIE, & timer_irg_register)
+ timer_set_enable

+ timer_irqg-register

+ timer_irqg_deregister
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18.3.1 timer_init

18.3.1.1 #@R
IR E RS 2R,

18.3.1.2 H#RE

void timer_init(timer_device_number_t timer_number)

18.3.1.3 &¥

SR E1i:p% RAkL

timer_number EBIEES A

18.3.1.4 R[ENE
o

18.3.2 timer_set_interval

18.3.2.1 #aR
1B E BT ElPR.

18.3.2.2 H#MRE

size_t timer_set_interval(timer_device_number_t timer_number, timer_channel_number_t
channel, size_t nanoseconds)

18.3.2.3 &#

2 e iR BN
timer_number [EFEEES DN
channel ENZEES LN

nanoseconds  EYjE)[EIFR (49%D) FA
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18.3.2.4 R[EAE
KRR R IERR (D)o

18.3.3 timer_set_irq

18.3.3.1 iR
R E T2 L T EER K, ZRHREER, BRERE tiner_irg_register,

18.3.3.2 H#MRE

void timer_set_irq(timer_device_number_t timer_number, timer_channel_number_t channel,
void(«func)(), wuint32_t priority)

18.3.3.3 &#

BB iR BN
timer_number EBEES LD
channel EREHEES A
func EIRETEE LD
priority FRRTL TR TN

18.3.3.4 R[ENE
7o

18.3.4 timer_set_enable

18.3.4.1 #@R
fERERE A E Y280

18.3.4.2 H#MIRE

void timer_set_enable(timer_device_number_t timer_number, timer_channel_number_t
channel, uint32_t enable)

18.3.4.3 =¥
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B 1P

PN i

timer_number EKREES

channel ER g BES
enable fEREZAHER2E 0: 2 1: (F6E

LEIDN
BN
LEIDN

18.3.4.4 R[ENA
o

18.3.5 timer_irqg_register

18.3.5.1 ##RR
AR RE B 23 ik & SRR B R 2K

18.3.5.2 HHMRE

int timer_irq_register(timer_device_number_t device, timer_channel_number_t channel,
int is_single_shot, uint32_t priority, timer_callback_t callback, void *ctx);

18.3.5.3 &#

SHEW TP BN
device ENEES LD
channel EREES WA
is_single_shot RHHEXFU %A
priority FREfT STk WA
callback FRETEIERER A
ctx ElEREHSE WA

18.3.5.4 R[ENE

REE
0 972%)
3k 0 ESL

=
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18.3.6 timer_irqg_deregister

18.3.6.1 #ER
7 $H E BY 25 H BT R 2K

18.3.6.2 HHMIRE

int timer_irq_deregister(timer_device_number_t device, timer_channel_number_t channel)

18.3.6.3 &#

SHET  #ER LD il
device EREES LD

channel ENEHBES WA

18.3.6.4 R[EE

REE #R

0 BRI
E0 e
18.3.7 %45
/* ERTES0 EEO TAIMITEITime 0K! =/

void irg_time(void)

{

}
plic_init();

timer_init (TIMER_DEVICE.@):

timer_set_interval (TINER_DEVICE_8, TIMER_CHANNEL_®, 1e9);
timer_set_irq(TIMER_DEVICE_®, TIMER_CHANNEL_@, irg_time, 1):
timer_set_enable (TINER_DEVICE_@, TIMER_CHANNEL_®, 1):
sysctl_enable_irq();

printf("Time_OK!\n");

18.4 HERE
BRBURRE. BURAWE ST
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« timer_device_number_t: EB2EHES.
+ timer_channel_number_t: EREBEES,
« timer_callback_t: TEBY2E[E1ERE,

18.4.1 timer_device_number_t

18.4.1.1 #@R
ERT2RR S

18.4.1.2 EX

typedef enum _timer_deivce_number

{
TIMER_DEVICE_@,
TIMER_DEVICE_1,
TIMER_DEVICE_2,
TIMER_DEVICE_MAX,

} timer_device_number_t;

18.4.1.3 m&A

B DU

TIMER_DEVICE_@ ER‘2% 0
TIMER_DEVICE_1 ZEBI28 1
TIMER_DEVICE_2 7EBI2§ 2

18.4.2 timer_channel_number_t

18.4.2.1 #aRk
EREBEES,

18.4.2.2 EX

typedef enum _timer_channel_number

{
TIMER_CHANNEL_@,
TIMER_CHANNEL_1,
TIMER_CHANNEL_2,
TIMER_CHANNEL_3,
TIMER_CHANNEL_MAX,
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’} timer_channel_number_t;

18.4.2.3 &R

PR 518 R DU

TIMER_CHANNEL_@ ERT23iBIE 0
TIMER_CHANNEL_1 ZEBRS23iEE 1
TIMER_CHANNEL-2 7EBY2%i@iE 2
TIMER_CHANNEL_3 7EBJ23i@E 3

18.4.3 timer_callback_t

18.4.3.1 #aR
T B 23 [EE R 2K,

18.4.3.2 EX

typedef int (+«timer_callback_t)(veid =ctx);
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- 19.

SCEfBY e (RTC)

19.1 #R

RTC RARitIYR9E T, EIRENEEREITNIEE,
AR RTCRIRINY PLLO fE&E, F B CPU $IEKTF 30MHz BIfER

19.2 Theetsk
RTC HRAH T In8eE:

* FREX =) EHHRRYAY
- IRELETEHZ

19.3 API &%

RZAIK X rtc.h
AP REUTEO

+ rtc_init

+ rtc_timer_set

+ rtc_timer_get

+ rtc_alarm_set

+ rtc_alarm_get

* rtc_tick_irg_register

+ rtc_tick_irg-unregister
+ rtc_alarm_irg_register
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+ rtc_alarm_irg_unregister

19.3.1 rtec_init

19.3.1.1 #ER
#1851k RTCo

19.3.1.2 R#MRE

int rtc_init(void)

19.3.1.3 &¥
P

19.3.1.4 R[ENE

REE R
0 [972%)
3k 0 ESL

19.3.2 rtc_timer_set

19.3.2.1 #aR
1% E B HARYE,

19.3.2.2 H#MRE

int rtc_timer_set(int year, int month, int day, int hour, int minute, int second)

19.3.2.3 &¥

SR ER BAEL

year F LN
month A LN
day H TN

hour By LN
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SHRM R RAED

minute Vsl LD
second b LN

19.3.2.4 RENE
x

19.3.3 rtc_timer_get

19.3.3.1 #ER
FREY B #ARE],

19.3.3.2 RERE

int rtc_timer_get(int »year, int =month, int «day, int +hour, int *minute, int *second)

19.3.3.3 &#

SHEM HR AR

year &F Wit
month = it

day H Lo fa]
hour By L% Tl

minute oAl LTl
second LTl

19.3.3.4 R[ENE

REE R
0 972%)

3k 0 ESL

19.3.4 rtc_alarm_set

19.3.4.1 @R
RE B HRRYE,
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19.3.4.2 R#MRE

int rtc_alarmr_set(int year, int month, int day, int hour, int minute, int second)

19.3.4.3 &¥

SR ER BAEL

year F A
month = TN
day H LN
hour B A
minute % TN
second BN

19.3.4.4 R[ENE
x

19.3.5 rtc_alarm_get

19.3.5.1 #aR
FREX B H#RRY ],

19.3.5.2 H#MRE

int rtc_alarm_get(int =year, int =month, int =day, int =hour, int =minute, int =second)

19.3.5.3 &¥

SR ER BAEL

year F ot
month A Lot
day H Wit

hour By LTl
minute VAl LTl
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SHRM R RAED

second Lot

19.3.5.4 R[ENE

REE
0 972

3k 0 ESIe

19.3.6 rtc_tick_irqg-register

19.3.6.1 #ER

19.3.6.2 H#MRE

int rtc_tick_irq_register(bool is_single_shot, rtc_tick_interrupt_mode_t mode,
plic_irq_callback_t callback, void *ctx, uint8_t priority)

19.3.6.3 &

SHAFR TP BN
issingleshot REBERAE AN
mode TR IR R
callback (EIRTE[ESE5 ¢ BN
ctx ElEAREHSE WA
priority Lok TN

19.3.6.4 RENE

REE #R

0 549
30 ES
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19.3.7 rtc_tick_irg-unregister

19.3.7.1 R
7E5H tick Rk,

19.3.7.2 R#HRE

void rtc_tick_irq_unregister(void);

19.3.7.3 &#

19.3.7.4 R[ENE

19.3.8 rtc_alarm_irg_register

19.3.8.1 #&R
SEM alarm kR,

19.3.8.2 H#MRE

int rtc_alarm_irq_register(bool is_single_shot, rtc_mask_t mask, plic_irq_callback_t
callback, void *ctx, uint8_t priority)

19.3.8.3 &

SEEIR N BN
issingleshot RTREHRRME TN
mask alarm FRETERS, AT RIERESRHMASX WA
callback EINEEE EZTHN
ctx [ElE R E S #K DN
priority Tk EZTHN

19.3.8.4 R[ENE
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REE #R

0 5745
30 ES

19.3.9 rtc_alarm_irg_unregister

19.3.9.1 #@R
7E$H alarm i,

19.3.9.2 R#RE

void rtc_alarm_irqg_unregister(void)

19.3.9.3 &¥
o

19.3.9.4 RENE
o

19.3.10  Z4l

int tick_irq(void =ctx)

{
printk ("%s\n", __func__);
return 0;

}

int alarm_irq(void =*ctx)

{
printk ("%s\n", __func__);
return 0;

}

rtc_init();

rtc_timer_set (2019, 5, 7, 15, 4, 55);
rtc_tick_irq_register(true, RTC_INT_MINUTE, tick_irq, NULL, 1);

rtc_alarm_set (2019, 5, 7, 15, 5, 5);
rtc_mask_t mask = (rtc_mask_t)
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.second = 0,
.minute = 1,
.hour =1,

.day =1,
.month = 1,
.year =1,

b

rtc_alarm_irq_register(true, mask, alarm_irq, NULL, 1);

int year;

int month;

int day;

int hour;

int minute;

int second;

rtc_timer_get(&year, &month, &day, &hour, &minute, &second);

printf ("%4d-%d-%d_%d:%d:%d\n", year, month, day, hour, minute, second);
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.20,

B EEEE A2 (PUM)

20.1 #hR

PUM AFIEHBORRIHA ST, HARE—NENEE, FILUERIRE PN S5@ENFES TIMER
TE BT 28RS,

20.2 IhEEHIA
PUM SR EE LUFIhRE:

« ECE PWM Hhsmse
- & PUM S1ERBREILATEE

20.3 API &=

FFRZELSZHE pum.h
NRAFPRELTEZO
+ pwm_init
+ pwm_set_frequency
+ pwm_set_enable

20.3.1 pwm_init

20.3.1.1 @R
#4a1E PUM,
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20.3.1.2 RERE

void pwm_init(pwm_device_number_t pwm_number)

20.3.1.3 ¥

SR i BWAEL

pwm_number pwm S BN

20.3.1.4 R[EE
o

20.3.2 pwm_set_frequency

20.3.2.1 fER
REMER =L,

20.3.2.2 RERE

double pwm_set_frequency(pwm_device_number_t pwm_number, pwm_channel_number_t channel,
double frequency, double duty)

20.3.2.3 ¥

SHEM iR BN
pwm_number PWM & EZTHN
channel PWM iBIES DN
frequency  PWMEHSRE WA
duty GH=L DN

20.3.2.4 EEE
KPR,
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20.3.3 pwmsetenable

20.3.3.1 @R
fEREZA A PUM,

20.3.3.2 HERE

void pwm_set_enable(pwm_device_number_t pwm_number, uint32_t channel, int enable)

20.3.3.3 ¥

BB R BN
pwm_number PWM S WA
channel PWM iBiES N
enable fEREZEF PUMO: 2R 1: fFBE BN

20.3.3.4 R[EE
o

20.3.4  #

/* pwm@ channel 1 I 200KHI G =t #90.589 % & =/

[* BEIOISIE R PUNES 8t B B~/

fpioa_set_function (13, FUNC_TIMER@_TOGGLE1);

pwm_init (PWM_DEVICE_@);

pum_set_frequency (PWM_DEVICE_@, PWM_CHANNEL_1, 200000, 0.5);
pum_set_enable (PWM_DEVICE_8, PWM_CHANNEL_1, 1);

20.4 #iERE

+ pwm_device_number_t: pwm S,
+ pwm_channel_number_t: pwm@E&S,



E20E BohTEESIR (PUM) 224

20.4.1 pwm_device_number_t

20.4.1.1 @R

pwm S,

20.4.1.2 EX

typedef enum _pwm_device_number

{
PWM_DEVICE_.®,
PWM_DEVICE_1,
PWM_DEVICE.2,
PWM_DEVICE_MAX,

} pwm_device_number_t;

20.4.1.3 &R

DAAE=Ru EE::pu

PWM_DEVICE_@ PWM@
PWM_DEVICE-1 PWM1
PWM_DEVICE_2 PWM2

20.4.2 pwm_channel_number_t

20.4.2.1 R

pwm BIES,

20.4.2.2 EX

typedef enum _pwm_channel_number

{
PWM_CHANNEL_9,
PWM_CHANNEL_1,
PWM_CHANNEL_-2,
PWM_CHANNEL_3,
PWM_CHANNEL_MAX,

} pwm_channel_number_t;

20.4.2.3 &R
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AR EE::pu

PWM_CHANNEL_@ PWM i&i& 0
PWM_CHANNEL_1 PWMi&i& 1
PWM_CHANNEL_2 PWM i&3& 2
PWM_CHANNEL_3  PWM i&3& 3
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21,

E SR

21.1  #hd
RSB R R A E B

21.2 ZIhHEEHER
RUEHIRAE R IAE:

+ &8 PLL CPU BYPHTiE,

© IRER MR SIRE,
© RENEMERERS AR,
. fERe. BA. EUEMER,
%8 DMA IEKIR.

. fERER A RS,

21.3 API &%

STRZHISL S sysctl.h
NEFRENTEO

+ sysctl_cpu_set_freq
+ sysctl_pll_set_freq
+ sysctl_pll_get_freq
+ sysctl_pll_enable

+ sysctl_pll_disable
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+ sysctl_clock_set_threshold

+ sysctl_clock_get_threshold

+ sysctl_clock_set_clock_select
+ sysctl_clock_get_clock_select
+ sysctl_clock_get_freq

+ sysctl_clock_enable

+ sysctl_clock_disable

+ sysctl_reset

+ sysctl_dma_select

+ sysctl_set_power_mode

+ sysctl_enable_irq

+ sysctl_disable_irq

+ sysctl_get_time_us

+ sysctl_get_reset_status

21.3.1 sysctl_cpu_set_freq

21.3.1.1 ##R
RE CPU TR, 2@ 1Eck PLLO BYSRRSCIBY,

21.3.1.2 R#RE

uint32_t sysctl_cpu_set_freq(uint32_t freq)

21.3.1.3 B¥

SHEM R BN
freq EGERIE Hz) A

21.3.1.4 iR[EE
REBERENEMRMER (Hz),
21.3.2 sysctl_set_pll_frequency

21.3.2.1 #ER
18 PLL $7i,
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21.3.2.2 RERE

uint32_t sysctl_pll_set_freq(sysctl_pll_t pll, uint32_t pll_freq)

21.3.2.3 &%

BWMEH PN
pll PLL 45 DN

pll_freq ZTEERMAE (Hz) A

21.3.2.4 iR[EE
REBEHEMAER (H2),

21.3.2.5 H#HRE

uint32_t sysctl_pll_get_freq(sysctl_pll_t pll)

21.3.2.6 B

SHET B BN
pll PLLES A

21.3.2.7 R[EE
XM PLL B9$0ZE (Hz),

21.3.3 sysctl_pll_enable

21.3.3.1 R
fEREFTRZAY PLL,

21.3.3.2 RERE

int sysctl_pll_enable(sysctl_pll_t pll)
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21.3.3.3 &#

SHRMm R

pll PLL S

21.3.3.4 R[EE

REE R

0 BXZh

3k 0 ES

21.3.4 sysctl_pll_disable

21.3.4.1 #ER
BRAMNN PLL

21.3.4.2 ®#RE

int sysctl_pll_disable(sysctl_pll_t pll)

21.3.4.3 ¥

SHRM R

pll PLL S

21.3.4.4 R[EE

RME{E )
0 9727
3k 0 KW

[

21.3.5 sysctl_clock_set_threshold

21.3.5.1 #ER
REXN MR D SE,
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21.3.5.2 RERE

void sysctl_clock_set_threshold(sysctl_threshold_t which, int threshold)

21.3.5.3 &#

BEZHR R BN
which REREE WA
threshold 4 4iE LN

21.3.5.4 R[ENE

REE #ER
0 972%)
3k 0 ESL

21.3.6 sysctl_clock_get_threshold

21.3.6.1 R
FREN R BS $HEY 3 5B

21.3.6.2 RERE

int sysctl_clock_get_threshold(sysctl_threshold_t which)

SHEM HR AR

which BYEh BN

21.3.6.3 R[EIAE
Xt Nz B RT3 SR B
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21.3.7 sysctl_clock_set_clock_select

21.3.7.1 @R
BRI,

21.3.7.2 RERE

int sysctl_clock_set_clock_select(sysctl_clock_select_t which, int select)

21.3.7.3 ¥

SHRMm R BARELH

which B LTDN
select YR fN

21.3.7.4 iR[EE

REE R
0 9727
3k 0 ESL

21.3.8 sysctl_clock_get_clock_select

21.3.8.1 #ER
FREN BT 3 7 B9 B $HIR

21.3.8.2 RERE

int sysctl_clock_get_clock_select(sysctl_clock_select_t which)

21.3.8.3 ¥

BREMF  #ER EAEGH
which ENE I TN
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21.3.8.4 R[EE
B $ R BB $R

21.3.9 sysctl_clock_get_freq

21.3.9.1 faERk
FRENET $RAYSTER,

21.3.9.2 RERE

uint32_t sysctl_clock_get_freq(sysctl_clock_t clock)

21.3.9.3 ¥

SR ER BAED

clock ENE I =TDN

21.3.9.4 R[EE
BFEPRYSAER (Hz)

21.3.10 sysctl_clock_enable

21.3.10.1 R
fEgERTEh, PLL EFEA sysctl_pll_enable,

21.3.10.2 REURE

int sysctl_clock_enable(sysctl_clock_t clock)

21.3.10.3 &%

SHEM L WAEL

clock BYEr BN

21.3.10.4 R[EE
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REE #R

0 B

30 ES

21.3.11 sysctl_clock_disable

21.3.11.1 #&R
2B Eh, PLL £/ sysctl_pll_disable,

21.3.11.2 =H#HRE

int sysctl_clock_disable(sysctl_clock_t clock)

21.3.11.3 &%

SHRMm B RAEL

clock BYER A

21.3.11.4 REE

21.3.12 sysctl_reset

21.3.12.1 #&RR
EIEMER,

21.3.12.2 REURE

void sysctl_reset(sysctl_reset_t reset)

21.3.12.3 &%
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SHEM R BN
reset MELIRR WA

21.3.12.4 R[EE
P

21.3.13 sysctl_dma_select

21.3.13.1 &R
1258 DMA 1EKIR. 5 DMAC B9 API EE &R,

21.3.13.2 H¥RE

int sysctl_dma_select(sysctl_dma_channel_t channel, sysctl_dma_select_t select)

21.3.13.3 &

SRMm R PN il

channel DMAEES HIA
select DMAIERIE BN

21.3.13.4 R[EE

REE fEl
0 [58%)]
iE0 KK
21.3.14 sysctl_set_power_mode
21.3.14.1 ##R

RE FPI0A YRS AEIRIAY BB o

21.3.14.2 FH

void sysctl_set_power_mode(sysctl_power_bank_t power_bank, sysctl_io_power_mode_t

io_power_mode)
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21.3.14.3 &

SHAFR R BN
power_bank 10 BRI RS WA

io_power_mode IRERVEBE(E 1.8V E(3.3V A

21.3.14.4 R[EE
P

21.3.15 sysctl_enable_irq

21.3.15.1 &R
fERER R, WMRERAFET—EEF B RS,

21.3.15.2 H#RE

void sysctl_enable_irq(void)

21.3.15.3 &¥
7o

21.3.15.4 REE
o

21.3.16 sysctl_disable_irq

21.3.16.1 ##&R
BRARSHHR,

21.3.16.2 H¥IRE

void sysctl_disable_irq(void)

21.3.16.3 =¥
P
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21.3.16.4 R[EE
o

21.3.17 sysctl_get_time_us

21.3.17.1 @&
FHESHESE (RF) o

21.3.17.2 RERE

uint64_t sysctl_get_time_us(void)

21.3.17.3 &%
o

21.3.17.4 R[EME
FESHESE (RHED) o

21.3.18 sysctl_get_reset_status

21.3.18.1 ik
KENEALRTS. B sysctlresetenumstatust %A,

21.3.18.2 H¥MIRE

sysctl_reset_enum_status_t sysctl_get_reset_status(void)

21.3.18.3 &
o

21.3.18.4 R[EE
E DR

21.4 #HHERE

MEXEHESRE, BUREMEXIT:
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+ sysctl_pll_t: PLL RS,

+ sysctl_threshold_t: @B IMERNRIERES,
+ sysctl_clock_select_t: REBN#HRRNZERES,

+ sysctl_clock_t: EMERNES,

+ sysctl_reset_t: EMREMERNES,
+ sysctl_dma_channel_t: DMA @&S,

+ sysctl_dma_select_t: DMA EREHS,

- sysctl_power_bank_t: HEJRIH%&ES,

+ sysctl_io_power_mode_t: I0 #EHiEBEE.
-+ sysctl_reset_enum_status_t: EMDIRE,

21.4.1 sysctl_pll_t

21.4.1.1 R
PLL RS-

21.4.1.2 EX

typedef enum _sysctl_pll_t
{
SYSCTL_PLL®,
SYSCTL_PLL1T,
SYSCTL_PLL2,
SYSCTL_PLL_MAX
} sysctl_pll_t;

21.4.1.3 HA

BR5IF R DU
SYSCTL_PLL® PLL@
SYSCTL_PLLT PLL1
SYSCTL_PLL2 PLL2

21.4.2 sysctl_threshold_t

21.4.2.1 R
REDIMESRIRES
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21.4.2.2 EX

typedef enum _sysctl_threshold_t

{
SYSCTL_THRESHOLD_ACLK,
SYSCTL_THRESHOLD_APB®,
SYSCTL_THRESHOLD_APB1,
SYSCTL_THRESHOLD_APB2,
SYSCTL_THRESHOLD_SRAM®,
SYSCTL_THRESHOLD_SRAM1,
SYSCTL_THRESHOLD_ATI,
SYSCTL_THRESHOLD_DVP,
SYSCTL_THRESHOLD_ROM,
SYSCTL_THRESHOLD_SPI®@,
SYSCTL_THRESHOLD_SPIT,
SYSCTL_THRESHOLD_SPIZ2,
SYSCTL_THRESHOLD_SPI3,
SYSCTL_THRESHOLD_TIMER®,
SYSCTL_THRESHOLD_TIMERT,
SYSCTL_THRESHOLD_TIMER2,
SYSCTL_THRESHOLD_IZ2S@,
SYSCTL_THRESHOLD_I2S1,
SYSCTL_THRESHOLD_I2S2,
SYSCTL_THRESHOLD_I2S@_M,
SYSCTL_THRESHOLD_I2S1_M,
SYSCTL_THRESHOLD_I2S2_M,
SYSCTL_THRESHOLD_IZ2C@,
SYSCTL_THRESHOLD._I2C1,
SYSCTL_THRESHOLD_I2C2,
SYSCTL_THRESHOLD_WDT®,
SYSCTL_THRESHOLD_WDT1,
SYSCTL_THRESHOLD_MAX = 28

} sysctl_threshold_t;

21.4.2.3 &R

DAE=Ru ELi:pU
SYSCTL_THRESHOLD_ACLK ACLK
SYSCTL_THRESHOLD_APB@ APB@
SYSCTL_THRESHOLD_APB1 APB1
SYSCTL_THRESHOLD_APB2 ACLK
SYSCTL_THRESHOLD_SRAM@  SRAM@
SYSCTL_THRESHOLD_SRAMT  SRAM1
SYSCTL_THRESHOLD_AI Al
SYSCTL_THRESHOLD_DVP DVP
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L

[

SYSCTL_THRESHOLD_ROM

SYSCTL_THRESHOLD_SPI@
SYSCTL_THRESHOLD_SPI1
SYSCTL_THRESHOLD_SPI2
SYSCTL_THRESHOLD_SPI3

SYSCTL_THRESHOLD_TIMER®
SYSCTL_THRESHOLD_TIMER1
SYSCTL_THRESHOLD_TIMER2

SYSCTL_THRESHOLD_I2S@
SYSCTL_THRESHOLD_I2S1
SYSCTL_THRESHOLD_I2S2

SYSCTL_THRESHOLD_I2S@_M
SYSCTL_THRESHOLD_I2S1_M
SYSCTL_THRESHOLD_I2S2_M

SYSCTL_THRESHOLD_I2C@
SYSCTL_THRESHOLD_I2C1
SYSCTL_THRESHOLD_I2C2
SYSCTL_THRESHOLD_WDT®
SYSCTL_THRESHOLD_WDT1

ROM

SPIe
SPI1
SPI2
SPI3

TIMER®
TIMER1
TIMER2

1250
1251
1252
1250
1251
1252
I2Ce
I2C1
I2C2
WDT@
WDT1

MCLK
MCLK
MCLK

21.4.3 sysctl_clock_select_t

21.4.3.1 #ER
RENHRRSRIRES,

21.4.3.2 EX

typedef enum _sysctl_clock_select_t

{

SYSCTL_CLOCK_SELECT_PLL@O_BYPASS,
SYSCTL_CLOCK_SELECT_PLL1_BYPASS,
SYSCTL_CLOCK_SELECT_PLL2_BYPASS,
SYSCTL_CLOCK_SELECT_PLLZ,
SYSCTL_CLOCK_SELECT_ACLK,
SYSCTL_CLOCK_SELECT_SPI3,
SYSCTL_CLOCK_SELECT_TIMER®,
SYSCTL_CLOCK_SELECT_TIMERT,
SYSCTL_CLOCK_SELECT_TIMERZ,
SYSCTL_CLOCK_SELECT_SPI3_SAMPLE,
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SYSCTL_CLOCK_SELECT_MAX = 11
} sysctl_clock_select_t;

21.4.3.3 MR

DAAE=Eu

EEp%

SYSCTL_CLOCK_SELECT_-PLL@_BYPASS
SYSCTL_CLOCK_SELECT_PLL1_BYPASS
SYSCTL_CLOCK_SELECT_PLL2_BYPASS
SYSCTL_CLOCK_SELECT_PLL2
SYSCTL_CLOCK_SELECT_ACLK
SYSCTL_CLOCK_SELECT_SPI3
SYSCTL_CLOCK_SELECT_TIMER®
SYSCTL_CLOCK_SELECT_TIMER1
SYSCTL_CLOCK_SELECT_TIMER2
SYSCTL_CLOCK_SELECT_SPI3_SAMPLE

PLL@_BYPASS
PLL1_BYPASS
PLL2_BYPASS

PLL2

ACLK

SPI3

TIMER®

TIMER1

TIMER2

SPI3 BUER BT R IERE

21.4.4 sysctl_clock-t

21.4.4.1 R
BEMERIES

21.4.4.2 EX

typedef enum _sysctl_clock_t

{
SYSCTL_CLOCK_PLL®,
SYSCTL_CLOCK_PLLT1,
SYSCTL_CLOCK_PLL2,
SYSCTL_CLOCK_CPU,
SYSCTL_CLOCK_SRAM® ,
SYSCTL_CLOCK_SRAM1,
SYSCTL_CLOCK_APB®,
SYSCTL_CLOCK_APB1,
SYSCTL_CLOCK_APB2,
SYSCTL_CLOCK_RQOM,
SYSCTL_CLOCK_DMA,
SYSCTL_CLOCK_ATI,
SYSCTL_CLOCK_DVP,
SYSCTL_CLOCK_FFT,
SYSCTL_CLOCK_GPIO,
SYSCTL_CLOCK_SPI®,
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SYSCTL_CLOCK_SPIT1,
SYSCTL_CLOCK_SPI2,
SYSCTL_CLOCK_SPI3,
SYSCTL_CLOCK_I2S@,
SYSCTL_CLOCK_I2S1,
SYSCTL_CLOCK_I2S2,
SYSCTL_CLOCK_I2C@,
SYSCTL_CLOCK_I2C1,
SYSCTL_CLOCK_I2C2,
SYSCTL_CLOCK_UARTT1,
SYSCTL_CLOCK_UART2,
SYSCTL_CLOCK_UART3,
SYSCTL_CLOCK_AES,
SYSCTL_CLOCK_FPIOA,
SYSCTL_CLOCK_TIMER®,
SYSCTL_CLOCK_TIMERT,
SYSCTL_CLOCK_TIMERZ,
SYSCTL_CLOCK_WDT®,
SYSCTL_CLOCK_WDT1,
SYSCTL_CLOCK_SHA,
SYSCTL_CLOCK_OTP,
SYSCTL_CLOCK_RTC,
SYSCTL_CLOCK_ACLK = 4@,
SYSCTL_CLOCK_HCLK ,
SYSCTL_CLOCK_IN®,
SYSCTL_CLOCK_MAX

} sysctl_clock_t;

21.4.4.3 FA

BR 53R R EE::pu
SYSCTL_CLOCK-PLL® PLLO
SYSCTL_CLOCK_PLL1 PLL1
SYSCTL_CLOCK-PLL2 PLL2
SYSCTL_CLOCK_CPU CPU
SYSCTL_CLOCK_SRAM@  SRAM@
SYSCTL_CLOCK_SRAM1  SRAM1
SYSCTL_CLOCK_APB@ APB@
SYSCTL_CLOCK_APB1 APB1
SYSCTL_CLOCK-APB2 APB2
SYSCTL_CLOCK-ROM ROM
SYSCTL_CLOCK-DMA DMA
SYSCTL_CLOCK_AI AI
SYSCTL_CLOCK-DVP DvP
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EE::pu

SYSCTL_CLOCK-FFT
SYSCTL_CLOCK_GPIO
SYSCTL_CLOCK-SPI@
SYSCTL-CLOCK-SPI1
SYSCTL_CLOCK-SPI2
SYSCTL_CLOCK-SPI3
SYSCTL_CLOCK_I2S@
SYSCTL_CLOCK-I2S1
SYSCTL_CLOCK-12S2
SYSCTL_CLOCK-I2C@
SYSCTL-CLOCK-I2C1
SYSCTL_CLOCK-I2C2
SYSCTL_CLOCK-UART1
SYSCTL_CLOCK_UART?2
SYSCTL_CLOCK_UART3
SYSCTL_CLOCK-AES
SYSCTL_CLOCK_FPIOA

SYSCTL_CLOCK_-TIMER®
SYSCTL_CLOCK_TIMER1
SYSCTL_CLOCK_TIMER2

SYSCTL_CLOCK-WDT®
SYSCTL_CLOCK_WDT1
SYSCTL_CLOCK-SHA
SYSCTL_CLOCK_OTP
SYSCTL_CLOCK-RTC
SYSCTL_CLOCK_ACLK
SYSCTL_CLOCK-HCLK
SYSCTL_CLOCK-IN®

FFT
GPI0
SPI0
SPI1
SPI2
SPI3
1250
1251
1252
1200
121
12€2
UART1
UART2
UART3
AES
FPIOA
TIMER®
TIMERT
TIMER?
WDTO
WDT1
SHA
oTP
RTC
ACLK
HCLK
SMERTRINBY SR INO

21.4.5 sysctl_reset_t

21.4.5.1
SR MEROES .

1P

21.4.5.2 EX
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typedef enum _sysctl_reset_t

{
SYSCTL_RESET_SOC,
SYSCTL_RESET_ROM,
SYSCTL_RESET_DMA,
SYSCTL_RESET_AI,
SYSCTL_RESET_DVP,
SYSCTL_RESET_FFT,
SYSCTL_RESET_GPIO,
SYSCTL_RESET_SPI®@,
SYSCTL_RESET_SPI1,
SYSCTL_RESET_SPIZ2,
SYSCTL_RESET_SPI3,
SYSCTL_RESET_I2S@,
SYSCTL_RESET_I2S1,
SYSCTL_RESET_I2S2,
SYSCTL_RESET_I2C@,
SYSCTL_RESET_I2C1,
SYSCTL_RESET_I2C2,
SYSCTL_RESET_UART1,
SYSCTL_RESET_UART2,
SYSCTL_RESET_UART3,
SYSCTL_RESET_AES,
SYSCTL_RESET_FPIOA,
SYSCTL_RESET_TIMER®,
SYSCTL_RESET_TIMERT,
SYSCTL_RESET_TIMER2,
SYSCTL_RESET_WDT®,
SYSCTL_RESET_WDT1,
SYSCTL_RESET_SHA,
SYSCTL_RESET_RTC,
SYSCTL_RESET_MAX = 31

} sysctl_reset_t;

21.4.5.3 BA

AR P

SYSCTL_RESET_SOC SHREN
SYSCTL_RESET_ROM ROM
SYSCTL_RESET_DMA DMA
SYSCTL_RESET_AI Al
SYSCTL_RESET_DVP DVP
SYSCTL_RESET_FFT FFT
SYSCTL_RESET_GPIO GPIO
SYSCTL_RESET_SPI@ SPIo
SYSCTL_RESET-SPI1 SPI1
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AR Do
SYSCTL_RESET_SPI2 SPI2
SYSCTL_RESET_SPI3 SPI3
SYSCTL_RESET_I2S@ 1250
SYSCTL_RESET-I2S1 1281
SYSCTL_RESET_I2S2 1252
SYSCTL_RESET_I2C@ I2Ce
SYSCTL_RESET_I2C1 I2C1
SYSCTL_RESET_I2C2 I2C2
SYSCTL_RESET_UART1  UART1
SYSCTL_RESET_UARTZ2  UARTZ2
SYSCTL_RESET_UART3  UART3
SYSCTL_RESET_AES AES
SYSCTL_RESET_FPIOA  FPIOA
SYSCTL_RESET_TIMER® TIMER®
SYSCTL_RESET_TIMERT  TIMER1
SYSCTL_RESET_TIMER2 TIMER2
SYSCTL_RESET_WDT@ WDT@
SYSCTL_RESET_WDT1 WDT1
SYSCTL_RESET_SHA SHA
SYSCTL_RESET_RTC RTC

21.4.6 sysctl_dma_channel_t

21.4.6.1 R
DMA JBE S,

21.4.6.2 EX

typedef enum _sysctl_dma_channel_t

{
SYSCTL_DMA_CHANNEL_-@,
SYSCTL_DMA_CHANNEL_-1,
SYSCTL_DMA_CHANNEL_2,
SYSCTL_DMA_CHANNEL_3,
SYSCTL_DMA_CHANNEL_4,
SYSCTL_DMA_CHANNEL_5,
SYSCTL_DMA_CHANNEL_MAX

} sysctl_dma_channel_t;
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21.4.6.3 &R

BXSIF R EFi:pU

SYSCTL_DMA_CHANNEL_@ DMA i&3& 0
SYSCTL_DMA_CHANNEL_1  DMA i&3& 1
SYSCTL_DMA_CHANNEL-2  DMA @& 2
SYSCTL_DMA_CHANNEL_3  DMA @& 3
SYSCTL_DMA_CHANNEL_4  DMA i&i& 4
SYSCTL_DMA_CHANNEL_5 DMA &3& 5

21.4.7 sysctl_dma_select_t

21.4.7.1 #ER
DMA IERIRR S o

21.4.7.2 EX

typedef enum _sysctl_dma_select_t

SYSCTL_DMA_SELECT_SSI@_RX_REQ,
SYSCTL_DMA_SELECT_SSI@_TX_REQ,
SYSCTL_DMA_SELECT_SSIT_RX_REQ,
SYSCTL_DMA_SELECT_SSIT_TX_REQ,
SYSCTL_DMA_SELECT_SSI2_RX_REQ,
SYSCTL_DMA_SELECT_SSI2_TX_REQ,
SYSCTL_DMA_SELECT_SSI3_RX_REQ,
SYSCTL_DMA_SELECT_SSI3_TX_REQ,
SYSCTL_DMA_SELECT_I2C@_RX_REQ,
SYSCTL_DMA_SELECT_I2C@_TX_REQ,
SYSCTL_DMA_SELECT_I2C1_RX_REQ,
SYSCTL_DMA_SELECT_I2C1_TX_REQ,
SYSCTL_DMA_SELECT_I2C2_RX_REQ,
SYSCTL_DMA_SELECT_I2C2_TX_REQ,
SYSCTL_DMA_SELECT_UART1_RX_REQ,
SYSCTL_DMA_SELECT_UART1_TX_REQ,
SYSCTL_DMA_SELECT_UART2_RX_REQ,
SYSCTL_DMA_SELECT_UART2_TX_REQ,
SYSCTL_DMA_SELECT_UART3_RX_REQ,
SYSCTL_DMA_SELECT_UART3_TX_REQ,
SYSCTL_DMA_SELECT_AES_REQ,
SYSCTL_DMA_SELECT_SHA_RX_REQ,
SYSCTL_DMA_SELECT_AI_RX_REQ,
SYSCTL_DMA_SELECT_FFT_RX_REQ,
SYSCTL_DMA_SELECT_FFT_TX_REQ,




BN E Ry 246

SYSCTL_DMA_SELECT_I2S@_TX_REQ,
SYSCTL_DMA_SELECT_I2SO_RX_REQ,
SYSCTL_DMA_SELECT_I2S1_TX_REQ,
SYSCTL_DMA_SELECT_I2S1_RX_REQ,
SYSCTL_DMA_SELECT_I2S2_TX_REQ,
SYSCTL_DMA_SELECT_I2S2_RX_REQ,
SYSCTL_DMA_SELECT_MAX
} sysctl_dma_select_t;

21.4.7.3 H&

FL 53R EE::pu

SYSCTL_DMA_SELECT_SSI@_RX_REQ  SPIQ &k
SYSCTL_DMA_SELECT_SSI@_TX_REQ  SPI@ %kix
SYSCTL_DMA_SELECT_SSIT_RX_REQ  SPI1T #Zlk
SYSCTL_DMA_SELECT_SSIT_TX_REQ  SPI1 %ix
SYSCTL_DMA_SELECT_SSI2_RX_REQ  SPI2 ik
SYSCTL_DMA_SELECT_SSI2_TX_REQ  SPI2 &ix
SYSCTL_DMA_SELECT_SSI3_RX_REQ  SPI3 #zlx
SYSCTL_DMA_SELECT_SSI3_TX_REQ  SPI3 %kix
SYSCTL_DMA_SELECT_I2C@_RX_REQ  I2C@ #zlk
SYSCTL_DMA_SELECT_I2CO_TX_REQ  I2C@ %kix
SYSCTL_DMA_SELECT_I2C1_RX_REQ  I2C1 Uk
SYSCTL_DMA_SELECT_I2C1_TX_REQ  I2C1 %kix
SYSCTL_DMA_SELECT_I2C2_RX_REQ  I2C2 #ZUk
SYSCTL_DMA_SELECT_I2C2_TX_REQ  I2C2 %kix
SYSCTL_DMA_SELECT_UART1_RX_REQ  UART1 #ZUk
SYSCTL_DMA_SELECT_UART1_TX_REQ UART1 %&ix
SYSCTL_DMA_SELECT_UART2_RX_REQ  UART2 #ZUk
SYSCTL_DMA_SELECT_UART2_TX_REQ UART2 %&ix
SYSCTL_DMA_SELECT_UART3_RX_REQ  UART3 #Zlk
SYSCTL_DMA_SELECT_UART3_TX_REQ UART3 %kix
SYSCTL_DMA_SELECT_AES_REQ AES
SYSCTL_DMA_SELECT_SHA_RX_REQ SHA 1%
SYSCTL_DMA_SELECT_AI_RX_REQ Al IR
SYSCTL_DMA_SELECT_FFT_RX_REQ FFT 2k
SYSCTL_DMA_SELECT_FFT_TX_REQ FFT &ix
SYSCTL_DMA_SELECT_I2S@_TX_REQ  I2S@ %kix
SYSCTL_DMA_SELECT_I2S@_RX_REQ  I2S@ #Zlk
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BL 53T R DU

SYSCTL_DMA_SELECT_I2S1_TX_REQ  I2S1 %kix
SYSCTL_DMA_SELECT_I2S1_RX_REQ  I2S1 &k
SYSCTL_DMA_SELECT_I2S2_TX_REQ  I2S2 %kix
SYSCTL_DMA_SELECT_I2S2_RX_REQ  I2S2 #zlk

21.4.8 sysctl_power_bank_t

21.4.8.1 faERk
RIS

21.4.8.2 EX

typedef enum _sysctl_power_bank

{
SYSCTL_POWER_BANK® ,
SYSCTL_POWER_BANK1,
SYSCTL_POWER_BANK2 ,
SYSCTL_POWER_BANK3,
SYSCTL_POWER_BANK4 ,
SYSCTL_POWER_BANKS ,
SYSCTL_POWER_BANKG6 ,
SYSCTL_POWER_BANK7 ,
SYSCTL_POWER_BANK_MAX,

} sysctl_power_bank_t;

21.4.8.3 HA

AR D

SYSCTL_POWER_BANK@  E8jRiE 0, =l 100-105

SYSCTL_POWER_BANK1  E8iRis 1, #=l 106-1011

SYSCTL_POWER_BANK2  EBJRiz 2, %l 1012-1017
SYSCTL_POWER_BANK3  Egifis 3, #=l 1018-1023
SYSCTL_POWER_BANK4  E8iRi% 4, 1=l 1024-1029
SYSCTL_POWER_BANKS  E8iRis 5, #=l 1030-1035
SYSCTL_POWER_BANK6  EBJRIZ 6, 1%l 1036-1041
SYSCTL_POWER_BANK7  E8iRRis 7, =l 1042-1047
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21.4.9 sysctl_io_power_mode_t

21.4.9.1 &R
10 it BB R {E.

21.4.9.2 EX

typedef enum _sysctl_io_power_mode

{
SYSCTL_POWER_V33,
SYSCTL_POWER_V18

} sysctl_io_power_mode_t;

21.4.9.3 BA

EE::pu

SYSCTL_POWER_V33
SYSCTL_POWER-V18

®REN 3.3V
®EN 1.8V

21.4.10 sysctl_reset_enum_status_t

21.4.10.1 @R
E DR

21.4.10.2 EX

typedef enum _sysctl_reset_enum_status
{
SYSCTL_RESET_STATUS_HARD,
SYSCTL_RESET_STATUS_SOFT,
SYSCTL_RESET_STATUS_WDT®,
SYSCTL_RESET_STATUS_WDT1,
SYSCTL_RESET_STATUS_MAX,
} sysctl_reset_enum_status_t;

21.4.10.3 &R

DAAE=Eu iU

SYSCTL_RESET_STATUS_HARD &1, EH LBIAA reset Eff
SYSCTL_RESET_STATUS_SOFT #H4E1i
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AR 1P

SYSCTL_RESET_STATUS_WDT® FHiJ¥m 0 E1u
SYSCTL_RESET_STATUS_WDT1 &' 1% 1 &1
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22.1 #hd
BIERMGERRY, L2 EBHERRE,

22.2 IHEeER
IR FIETIZFH0 CPU R SHYIE O IR S E 8 = MERIN D

22.3 API &=

X RZAYSK X bsp.h
ARAFRMHUTEO

+ register_corel

+ current_coreid

+ read_cycle

+ spinlock_lock

+ spinlock_unlock

* spinlock_trylock

+ corelock_lock

+ corelock_trylock

+ corelock_unlock

+ sys_register_putchar
+ sys_register_getchar
+ sys_stdin_flush
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+ get_free_heap_size
+ printk

22.3.1 register_corel

22.3.1.1 ##R
1 ZCEMEREL, FHER 1 %

22.3.1.2 RHRE

int register_corel(core_function func, void *ctx)

22.3.1.3 B¥

SHRMm R PN il
func 1 ZERRIERER LETUN
ctx REEISER, 2EIRENNILL A

22.3.1.4 R[ENE

REE

R

0 RRIh
iE0 B

22.3.2 current_coreid

22.3.2.1 &R

FRERZHI CPU 4R S,
22.3.2.2 HRERE
#define current_coreid() read_csr(mhartid)

22.3.2.3 ¥
o
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22.3.2.4 R[EME
LHIFATE CPU IZVR S

22.3.2.5 read_cycle
22.3.2.6 R

RECPU ANMESHNHE. JUAEAXITRBBENBERFSZTHN. JUKES

sysctl_clock_get_freq(SYSCTL_CLOCK_CPU) it+EifTHYRTIE,

22.3.2.7 RERE

#define read_cycle() read_csr(mcycle)

22.3.2.8 ¥
o

22.3.2.9 R[ENE
FHZESH CPU BY$hER,

22.3.3 spinlock_lock

22.3.3.1 #aR
BhEs, FrRERE, FRINTERERER, FErPaLfER spinlock_trylock.

22.3.3.2 RERE

void spinlock_lock(spinlock_t =lock)

22.3.3.3 B
BiEs, EA2REE,

22.3.3.4 R[ENE
7o



$28 FatEX (BSP)

253

22.3.4 spinlock_trylock

22.3.4.1 R
FREXERES, BRZHIREXBIZIRME 0, KKLRE-1,

22.3.4.2 RERE

int spinlock_trylock(spinlock_t *lock)

22.3.4.3 B
Bhest, EEALREE,

22.3.4.4 R[EE

REE #R

0 BXLh

3E0 ES

22.3.5 spinlock_unlock

22.3.5.1 R
B hES

22.3.5.2 HRERE

void spinlock_unlock(spinlock_t =lock)

22.3.5.3 B¥
Ziag, EEReRTE, S0EF,

22.3.5.4 R[EE
o
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22.3.6 corelock_lock

22.3.6.1 @Rk

REZEY, RZEERNY, BEREHSHRE, RERERZEIRMAER, NENEPEERZERLEK,

FREFERET LA corelock_trylocks

22.3.6.2 RERE

void corelock_lock(corelock_t =lock)

22.3.6.3 B
Zia, ERAEREE, SNEF,

22.3.6.4 R[ENE
P

22.3.7 corelock_trylock

22.3.7.1 @R

REVZIEIS, FERAIBISERE, S%IYIEEZE, MINRESISERE 0, KBORE-1,

22.3.7.2 RERE

corelock_trylock(corelock_t =lock)

22.3.7.3 &%
Ziag, BEEReREE, SUEM.,

22.3.7.4 R[EE
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22.3.8 corelock_unlock

22.3.8.1 R
AR S

22.3.8.2 RERE

void corelock_unlock(corelock_t *lock)

22.3.8.3 B¥
Zia, ERAEREE, S0EF,

22.3.8.4 R[ENE
P

22.3.9 sys_register_getchar

22.3.9.1 A
AMARFHAEIERE, scanf RRARZEE. RAKIAER UART3, MIRFEEcL UART AR
uartdebuginit &%, B&KEE vart ENEFZERI.

22.3.9.2 RERE

void sys_register_getchar(sys_getchar_t getchar);

22.3.9.3 ¥

SHER R PN
getchar [ElERE WA

22.3.9.4 R[ENE
o
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22.3.10 sys_register_putchar

22.3.10.1 R
AMARSIAEEIERE, printf NBERZEEK. RAKIAER UART3, MRFE1ECK UART NIERA
uartdebuginit &%, B&XEE vart ENEFZERE.

22.3.10.2 REURE

void sys_register_putchar(sys_putchar_t putchar)

22.3.10.3 &%

SHER R NI
putchar [ElERE RA

22.3.10.4 iR[E1E

o
22.3.11 sys_stdin_flush
22.3.11.1  #R

B stdin &%

22.3.11.2 =¥
7o

22.3.11.3 REE
o

22.3.12 get_free_heap_size

22.3.12.1 @R
RENERAERN.

22.3.12.2 REURE
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size_t get_free_heap_size(void)

22.3.12.3 &
o

22.3.12.4 R[EME
TRAFEARN.

22.3.13 4l

[ 1 BEOBRE - RABERSH IR AFME g, @i #Ecycleit Eotig =/
#include <stdio.h>

#include "bsp.h"

#include <unistd.h>

#include "sysctl.h"

corelock_t lock;

uint64_t get_time(void)

{
uint64_t v_cycle = read_cycle();
return v_cycle » 1000000 / sysctl_clock_get_freq(SYSCTL_CLOCK_CPU);
}
int corel_function(void *ctx)
{
uint64_t core = current_coreid();
printf("Core_J1d_Hello_world\n", core);
while (1)
{
uint64_t start = get_time();
corelock_lock(&lock);
printf("Core_%1d_Hello_world\n", core);
sleep(1);
corelock_unlock (&lock);
uinté4_t stop = get_time();
printf("Core_%1d_lock_time_is_J%1d us\n",core, stop - start);
usleep (10);
}
}

int main(void)

{
uint64_t core = current_coreid();
printf("Core_%1d_Hello_world\n", core);
register_corel(corel_function, NULL);
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while (1)

{
corelock_lock (&lock);
sleep(1);
printf("1>_Core_%1d_sleep_1\n", core);
corelock_lock (&lock);
sleep(2);
printf("2>_Core_%1d_sleep_2\n", core);
printf("2>_Core_unlock\n");
corelock_unlock (&lock);
sleep(1);
printf("1>_Core_unlock\n");
corelock_unlock (&lock);
usleep (10);

22.4 HERE
BRMIBAE, BIBAIE ST

+ core_function: CPUiZiARRIRIER,
 spinlock_t: EIEd,
« corelock_t: #%ialgi.

22.4.1 core_function

22.4.1.1 #ER
CPU ¥ A BYER Ko

22.4.1.2 EX

typedef int (+*core_function)(veid =*ctx);

22.4.2 spinlock_t

22.4.2.1 EX

typedef struct _spinlock

{
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int lock;
} spinlock_t;

22.4.3 corelock_t

A

22.4.3.1 EX

typedef struct _corelock

{
spinlock_-t lock;
int count;
int core;

} corelock_t;
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