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1.2V %,
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(2) 7= b AR R B RIIE E RN BB VLvRs
(3) ARIATLS 7= 5k N R E S BEAE X ), A4 H AT32F402xx/405xx, H:Ah % 5% PLszprDatasheet Ak .

2.3.2 WHED

A Ko
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B WA 28 T T SR W A A R R YR R A, DA N — S K R4S
H B A8 B S, PVMOF #2545~ VDD 5% @ BB L 45 5. 24 VDD kit 35 52 10
PVM BMEL S0, F2AER) PVMOF A7 AR AT LB L AN R T 58 16 5287242 PVM A k.
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i e R [
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R 2. BHEEMEPiERE
"5 B %M B/ME | HREUE | BKfE | B
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2024.01.17 % 101 k2 2.0.1




1[-% AT32F402/405 PWCA [ 1345

X TR 2.57 2.68 2.79 \Y

VpPvms PVMEE5 (PVMSEL[2:0] = 101) -
TR 2.47 2.58 2.69 \%
X LA 2.66 2.78 2.9 v

VPvMe PVM#EE6 (PVMSEL[2:0] = 110) -
T B 2.56 2.68 2.8 \Y;
) T 2.76 2.88 3 \Y

Vevmr PVMEE{E7 (PVMSEL[2:0] = 111) -
TR 2.66 2.78 2.9 \Y;
Vhys p PVMIE - - 100 - mv
loopvmy | PYMHALY T #E - - 18 40 PA

(1) HEEIHEEH, AEEF IR,
(2) RIFETLS 7= o) B R S BUEE X I, AR B AT32F402xx/405xx, HiAth 751 DL szfrDatasheet itk .

242 WHEEDO

P LS U A e 5, 00 A S e B S B, LR S T
/* set the threshold voltage to 2.9v */
pwc_pvm_level_select(PWC_PVM_VOLTAGE_2V9);

R SN DO REAERE,  BAF Hy B ity s A DS, RSB an T

/* enable power voltage monitor */

pwc_power_voltage_monitor_enable(TRUE);
L M I D) e 8 7 45 S AN T o SRR R AN T2 16 #EATHIARAG, AR SL T

exint_init_type exint_init_struct;

/* config the exint line of the power voltage monitor */
exint_init_struct.line_select = EXINT_LINE_16;
exint_init_struct.line_enable = TRUE;

exint_init_struct.line_mode = EXINT_LINE_INTERRUPUT;
exint_init_struct.line_polarity = EXINT_TRIGGER_BOTH_EDGE;

exint_init(&exint_init_struct);

/* enable power voltage monitor interrupt */
nvic_irq_enable(PVM_IRQn, 0, 0);

1) L E B EIGERSEITHA AT 77 2 HEE EXTI_LINE_16 197 B9 4014 ;
2)  HIEHLSE E T R RN TR SR 2R 75774 EXTI_LINE_16 "1 119/6 77, WA g iR SE B K diad
EXTI #9278 12 B BT JE AT 22 9 1 F 1 o

25 HERETE
2.5.1 ThEEN 4R

AT32F402/405 MCU N & H K3 4% LDO, HEEH T MCU K 1.2V S84 i fk e .

LDO A YA TAEM: IEFEA, IR, BOMERIFERAOC B

> IR T CPU MIER ST, BEARAIC. IR 8 AR AR X

> FAMKThEERE S T CPU VR B BEAR AL

> K HT CPU AN . LDO HIfiH A BRAS, WA I HE I, 27 f73 0
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SRAM K 75K 5k

HrpfE MCU E 175 LDO fRAFFAE IEH TARR IR
R 3. WEEREAT AR BREER

HREM BKRE®
ias] 2% * Vob = Vop = Ta= Ta= Ta= LA

24V 33V 25°C 85°C 105 °C

LDO 4t Fizf7#s, HICK H

HEXT %, WDT % 895 900 7600 12600

Iob IRERIRR LDO 4b-FRIhFEA H. Z L@ pA
R A4 B FL Y i
VREXLPEN % &~ 1, HICK 463 465 4200 7300
HEXT 5CH], WDT 5]

@

JURUE RAETA = 25 °C FIRAF 2

(2) HIZEEVEARAFH, ATEA = R
(3) RIRIAENSF= b5t B IRE I S AE X A, A4 HAT32F402xx/405xx, A% 51 DL sEBRrDatasheet Ay ;
(4) BE T ZmFenl fE A S B 3
FH P i o] AR 52 B 75 SR 1 AT32F402/405 MCU 14 B HL T 545 LDO Fy i H H SR 5 4 B LTh

FEo

LDO A 2 FASIE] # i i i M - sk . 13N [) B i s Pl P e 75 R IR A R PR

K 4. LDO A% i i R FR <

5 SH * BME | BAE | B
1.3V 0 216
fHeLk N ERAHBES £ 451 % LDOHL & 1.2V 0 168M MHz
1.0V 0 108
feowki | P9 HEAPBTI p i LDOH & 9V, 12V 0 201 ke
1.0V 0 fHeLk
froike | PYEBAPB2HT £ 4% - 0 frHoLk MHz
P S U A Y R R R AR A IR T D YR AT
1) RGHEPYIH 2 HICK 5t HEXT
2) &2 LDO % #iJE (PWC_LDOOV % {7 %1 LDOOVSEL)
3) WEWNFMRIEEFT/F4 (FLASH_PSR)
4) wE PLLARAAF A E HBAR, JFE PLL, 254§ PLL_STBL
5) BE AHB J APB TR MR KL
6) # PLLJIF KT 108MHz, $TFFIi )ik
7) VMR RG B R PLL
252 gD
TR PERENR AR A LDO TARRE g #E, HBAF L T -
/* congfig the voltage regulator mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);
7ERC: X CPU H9R/Z HEIR I ZC T AT & LDO A9 L1FHFC.
2024.01.17 T % 127 - T T k201




1A= AT32F402/405 PWC [1#45
3 PWC 4 EAEET

MCU ) TAEA T G 2 A — € IThFE, X TR SEPrIn &, BRI B &+ EE, 458
MCU Rtk SR 264, BUR B3 3 SR B AR DD RE R U7 i

> CPUIBITIRE T, & 4L RGN 4,
>  CPUIZITIRA R, 55 AHB 1 APB st 2k R4k A FH B 5 st 4
> CPU LFFIEITH, MCU HEAA B (R, RS, AR AD .

3.1 ERER
3.1.1 IhEENH

FEMENRAE T, CPU I BhoCH], HAhmd b 0rd I TAE, MR E8 5% TR, B i /O 4 B4R
REFENEIZATHE BPRES, LDO LAIER DIFEREUEEHt 1.2V il (CPU W%, AT IR S
B

Cortex™-M4F Wit 472 SLEEPONEXIT, H.IhfEtn K.

& 5. SLEEPONEXIT Thfgvi B B

[1] SLEEPONEXIT Indicates sleep-on-exit when returning from Handler mode to Thread mode:
0 = do not sleep when returning to Thread mode.
1 = enter sleep, or deep sleep, on retun from an ISR.

Setting this bit to 1 enables an interrupt driven application to avoid returning to an empty
main application.

#ity SLEEPONEXIT AL IBERE, MCU SZRF I Ff AL -
» SLEEPONEXIT =0, $ATHEIRTES, SO A) 57 R A BEIRAR 20

> SLEEPONEXIT =1, $ATHENGTE S, BRI 62 RGN GARPE S W AL BRE Fr rPIR I, 2
LB R N BRI .

R ARASE TORE N J2 3R HY

WFI

HEN At SLEEPDEEP =0, F447 WFI #1417

AR SK . AT RAMEPIT (ZAMAI T W e A e NVIC (ERe A3 A RED 1 i

WFE
#EN%M: SLEEPDEEP =0, 4T WFE 6417
N i 2% A«

> AREAME W GZAMER W RE L K NVIC {E BEA SR RED 1w B 5
> AEE EXINT 48 (i% EXINT 280 ific B FAREAD) b AR e g 4
» SEVONPEND =1, fEmFMEHlT GZAMEE NVIC fERERLARMIRE) W= . FEE NBEIR 2
AT B LR AN P TR A A0 NVIC i HE A I AR T BADRES . Bty e 5, B4+ =5
TEBRAMNE AT ALAT NVIC S8 IE kA7 .
Hrp, SLEEPDEEP. SEVONPEND #J4 Cortex™-M4F ¥ itz 667, HINRENHIn T (4
FIUL B I 2% Cortex™-M4F F-i):
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3.1.2

%] 6. SLEEPDEEP/SEVONPEND &8 1 B &

[4] SEVONPEND Send Event on Pending bit:
0 = only enabled interrupts or events can wakeup the processor, disabled mterrupts are
excluded
1 = enabled events and all interrupts, including disabled interrupts, can wakeup the
processor.
When an event or interrupt enters pending state, the event signal wakes up the processor
from WFE. If the processor is not waiting for an event, the event is registered and aftects the
next WFE.

The processor also wakes up on execution of an SEV instruction or an external event.

3] - Reserved.
2] SLEEPDEEP Controls whether the processor uses sleep or deep sleep as its low power mode:
0 =sleep

1 = deep sleep.

RO

M RRASE S A HE N B O BB AR 42 TSI, LR AR sl an T -

/* enter sleep mode */
pwc_sleep_mode_enter(PWC_SLEEP_ENTER_WFI);

1)  WFE HAFIRERR R IRy i I B3 At A1 978 I ) 20 56 2 P BT A BB L ;

2) SLEEPONEXIT #Jlfrj 45 2 WFI 2§ WFE (&/], (ER/H 5 011 75 /17 -5 I JoE 35 1 1T L 7+
3) MR ATF PWC LI A1 T AT AN 2 BT 2528 CPU B 1 517 1 B 2 FE i

AR

3.2
3.21

3.2.2

2024.01.17

HARRIYFEA 912 [N o

IR EEARAR
g4

TERFEREIRAENN, BT 1.2V INEPCH], HICK F HEXT k% 28 #04 0C P,  Ho R 15 28 LA IEH AR
BURINFE TARIRAS 1.2V it i, Frf 1/0 B HIER R R EA RS AT FRAS, SRAM FIarf74%
SEEVSEN

RIEREAR A 7T 5 LDO M IEE AR, ARDIFERA, BUME D AERE Uil & 8 H DAtk — 25 4548 Dt .
R BERRAR TN BB

WFI

HENZAF: SLEEPDEEP =1, LPSEL =0, 4T WFI 417

MR 25 At AER EXINT 28 (1% EXINT &R E ATl H NVIC RO AERE) by i i
WFE

#EN%AF: SLEEPDEEP =1, LPSEL =0, f347r WFE f447;

MRl A (TR EXINT 28 (3% EXINT & F AL E N FAE D Br= A it 44

Hr, SLEEPDEEP A Cortex"-M4F Py it 456 . AR A HESH 3.1.1 T,

RGN IREHEARB R B, HICK RC #%3% #8545 2h JT I8 JFIE AR a5 B RGeS B

RO

TR PEE R RASE S HE N e ST R B2 S, LR A S o
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VLR :

[* condfig the voltage regulator mode */
pwc_voltage_regulate_set(PWC_REGULATOR_LOW_POWER);

[* enter deep sleep mode */
pwc_deep_sleep_mode_enter(PWC_DEEP_SLEEP_ENTER_WFI);

1) EBHFEEREE, HICK RC k7 et 9 R # - B F i IR 7 KT R LI P 18+
2) BRI, LDO SfRIFIE (LA IR T & T ICIFERACHT 17, LDO HIFE(L)
i B JEFENT, M SIS TN H] -

3.3
3.3.1

3.3.2

A
JEE

PR
DIREN 4

FEUB TR R IR B BAS R G FE, (EIRB T, HUFE TR 60, S et by 2 A B AL
AR (L, SU0 1.2V LB, PLL. HICK FI HEXT #2988 AFMENTH . 27772570 SRAM s
CIRL P T

ERHLBER R, TR T STROAE I R\ SR 0 TAMPER 25 1A% 5 Al 4 )
286, I 1O DAL T LS.

AR BE N KB HY
HEN%fF: SLEEPDEEP =1, LPSEL =1, P47 WFIWFE #4475
B H A

>  WKUP IR EFAus RAMeEER 2 B A7 SEF. SWEF frid

> NRST &M AR EAL; RAERAMN 2 EA SEF. NRSTF fr&

> WDT &47; KAEZAN BN SEF. WDTRSTF. NRSTF 5

> SERTEFER SRR BT RAEMGEERT S B AL SEF. SWEF. K SEH B B S A0 AR &
SERFEHEP SRy ERTC 84 ERTC AR F. ERTC Wf[H#. ERTC J&HI1: H sk
R FA .

SCI I B AEFR 73 B 508 RTC, #4085y ERTC, #84) ERTC LS ANSCRe A ITE B 2, #5551
FEFUR . Hr RS B2 WKUP B IS, X822 7l 0l LLSE Pl i i it

L]

RN A HEN ST 32 1SS B, AR Sl an

/* enter standby mode */

pwc_standby_mode_enter();

TR R R ) WKUP 8 IS 8 p T i R R4 Vs B, R Sl an
/* enable wakeup pin */
pwc_wakeup_pin_enable(PWC_WAKEUP_PIN_1, TRUE);

1) SWEF tnd ot bl el F  Ftni, BT EINE FRITHA GRS, LB s A
FFPLIEZCHT, 21T 7 0 (% SWEF . C#EE i

2) PG R ZN WKUP B, A LS G T8

3) LI AR E N RTC, G ERTC, A g LIS G Tt

4)  #h7 ERTC 5 NSEIF TR B 50 E, a0 25 R i B, Bk LUSE R /i P97t o
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3.4.2

2024.01.17

A B A R
& R AR S L TH AR

AN IR FE S U L EC,  Datasheet #7220 VEAH IS I BHE . Wi R R plic

%:
£ 5. GEERMAEN TR BREER
HRUEM BARER
#E ES * M Vop = Vbp = Ta= Ta= Ta= LA
24V | 33V | 25°C | 85°C | 105°C
LDO 4 Tiaf7#Eat, HICK Al
X : 895 900 7600 | 12600
VRHEIRAE S | HEXT >/, WDT <4
(LRI | LDO b TR FeRiat A Z 6 HA
oo |® VREXLPEN # &5 1, HICK fil | 463 465 4200 7300
HEXT X, WDT XM
R R | LEXTFIERTCEH 2.4 3.7 47 6.1 8.6
BERIHR | LEXTHIERTCIH A 34 5.1 6.3 7.8 10.3 hA

(1) A RAETA = 25 °C Rl

(2) HZAEIHERH, AEAE RN,

(3) HEMRALA T HIRHESBITEAMZERANRLEIKR, ARAMP Y], AfkiES#Datasheet;

(4) RIFRASF= 55T PR S X A, AR A HAT32F402xx/405xx, A% 51 Ll sEBRrDatasheet Ay ;
(5) BE T Z ke nlAE N AU E B fr

4 e A X g R e )

A S e i S 75 S5 S AR e I IR],  Datasheet #5648 1 AN S 8 10 5% . W RERd

e
R 6. & BB KRB AR
=) ¥ %15 S RUE BAr
twusLEEP PIN W - 34 us
LDO& Tz 4Tk 450

t MR IR A
WUDEEPSLEEP AR R A e L DOMF LI FE it 500 Hs
twusTbBY MRERLASE 2nge - 800 us

(1) AFBLGP G5 RSB E DO, A4 5 AT32F402xx/405xx, HAhAY 5% DL Sz frDatasheet y it .
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ZH PWC HBEBRN
ThRe A

PWC {147 H s o 00 5 B oK 42 (1t i AR R A, DAy I — B8 58 G 55
ASAG 4655 73 T ] P A5 P P MO0 T i

IR

1)

2)

(a7
o N TS ) AT-START BOARD

BAEIAEE

project\at_start_f405\examples\pwc\power_voltage _monitor

LG a7

1)

2)

fic & AR

A PWC 4

W PR I S

8 RE FU MR I T e

B & EXINT 2k 16 v i = (% 6
B AR R NVIC Hr i fE
RS/

M EXINT £ 16 fic & s 500G

void pvm_exint_config(void)

{

exint_init_type exint_init_struct;

[* config the exint line of the power voltage monitor */
exint_init_struct.line_select = EXINT_LINE_16;
exint_init_struct.line_enable = TRUE;

exint_init_struct.line_mode = EXINT_LINE_INTERRUPUT;
exint_init_struct.line_polarity = EXINT_TRIGGER_BOTH_EDGE;

exint_init(&exint_init_struct);

}

iR S R A

I* R E HE A e BORES
void PVM_IRQHandler(void)
{
if(exint_flag_get(EXINT_LINE_16) != RESET)
{
/* clear exint line flag */
exint_flag_clear(EXINT_LINE_16);

/* toggle led */
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at32_led_toggle(LED2);
at32_led_toggle(LED3);
at32_led_toggle(LED4);
* user code add */

}
B main REALHD
int main(void)

{
__ 1O uint32_t index = 0;

[* congfig the system clock */

system_clock_config();

/* init at start board */
at32_board_init();

[* config priority group */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* turn on the led light */
at32_led_on(LED2);
at32_led_on(LED3);
at32_led_on(LED4);

/* enable pwc clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

[* set the threshold voltage to 2.9v */
pwc_pvm_level_select(PWC_PVM_VOLTAGE_2V9);

[* enable power voltage monitor */

pwc_power_voltage_monitor_enable(TRUE);

[* config the exint line of the power voltage monitor */

pvm_exint_config();

[* when power voltage monitor enable,exint line16 flag will be set */
while(exint_flag_get(EXINT_LINE_16) == RESET);

[* clear the unexpected exint line flag */
exint_flag_clear(EXINT_LINE_16);

[* clear the unexpected nvic pending flag */
NVIC_ClearPendinglRQ(PVM_IRQn);
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[* enable power voltage monitor interrupt */
nvic_irq_enable(PVM_IRQn, 0, 0);

while(1)
{
}

}

4.4 SR
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void tmr2_config(void)

{

crm_clocks_freq_type crm_clocks_freq_struct = {0};

/* enable tmr 2 clock */
crm_periph_clock_enable(CRM_TMR2_PERIPH_CLOCK, TRUE);

/* get system clock */

crm_clocks_freq_get(&crm_clocks_freq_struct);

/* (systemclock/(systemclock/10000))/10000 = 1Hz(1s) */
tmr_base_init(TMR2, 9999, (crm_clocks_freq_struct.sclk_freq/10000 - 1));

/* config the counting direction */
tmr_cnt_dir_set(TMR2, TMR_COUNT_UP);

/* config the clock divider value */
tmr_clock_source_div_set(TMR2, TMR_CLOCK_DIV1);

/* enable tmr 2 interrupt */
tmr_interrupt_enable(TMR2, TMR_OVF_INT, TRUE);

[* config tmr 2 nvic */
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nvic_irq_enable(TMR2_GLOBAL_IRQn, 0, 0);

[* enable tmr 2 */
tmr_counter_enable(TMR2, TRUE);

}

PR ST R A

void TMR2_GLOBAL_IRQHandler(void)

{
if(tmr_flag_get(TMR2, TMR_OVF_FLAG) = RESET)

{

[* clear timer 2 ovf flag */
tmr_flag_clear(TMR2, TMR_OVF_FLAG);

[* toggle led */
at32_led_toggle(LED4);

}

B main RKECHG

int main(void)
{
__ 10 uint32_t index = 0;
__ 10O uint32_t systick_index = 0;

/* congfig the system clock */
system_clock_config();

/* init at start board */
at32_board_init();

/* config priority group */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* turn on the led light */
at32_led_on(LED2);
at32_led_on(LED3);
at32_led_on(LED4);

/* enable pwc clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* config tmr 2 */
tmr2_config();

while(1)

{
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at32_led_off(LED2);

[* save systick register configuration */
systick_index = SysTick->CTRL;
systick_index &= ~((uint32_t)OxFFFFFFFE);

[* disable systick */
SysTick->CTRL &= (uint32_t)OxFFFFFFFE;

[* enter sleep mode */
pwc_sleep_mode_enter(PWC_SLEEP_ENTER_WFI);

[* restore systick register configuration */
SysTick->CTRL |= systick_index;

[* wake up from sleep mode */
at32_led_on(LED2);
delay_ms(500);

5.4  SERFCR
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void usart1_config(uint32_t baudrate)

{
gpio_init_type gpio_init_struct;

/* enable the uart1 and gpio clock */
crm_periph_clock_enable(CRM_USART1_PERIPH_CLOCK, TRUE);
crm_periph_clock_enable(CRM_GPIOA_PERIPH_CLOCK, TRUE);

gpio_default_para_init(&gpio_init_struct);

/* configure the uart1 tx pin */

gpio_init_struct.gpio_drive_strength = GPIO_DRIVE_STRENGTH_STRONGER;
gpio_init_struct.gpio_out_type = GPIO_OUTPUT_PUSH_PULL;
gpio_init_struct.gpio_mode = GPIO_MODE_MUX;

gpio_init_struct.gpio_pins = GPIO_PINS_9;

gpio_init_struct.gpio_pull = GPIO_PULL_NONE;

gpio_init(GPIOA, &gpio_init_struct);

gpio_pin_mux_config(GPIOA, GPIO_PINS_SOURCEY9, GPIO_MUX_7);

/* configure the uart1 rx pin */

gpio_init_struct.gpio_drive_strength = GPIO_DRIVE_STRENGTH_STRONGER;
gpio_init_struct.gpio_out_type = GPIO_OUTPUT_PUSH_PULL,;
gpio_init_struct.gpio_mode = GPIO_MODE_MUX;
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gpio_init_struct.gpio_pins = GPIO_PINS_10;
gpio_init_struct.gpio_pull = GPIO_PULL_NONE;
gpio_init(GPIOA, &gpio_init_struct);

gpio_pin_mux_config(GPIOA, GPIO_PINS_SOURCE10, GPIO_MUX_7);

nvic_irq_enable(USART1_IRQn, 0, 0);

/* configure uart param */

usart_init(USART1, baudrate, USART_DATA_8BITS, USART _STOP_1_BIT);
usart_parity_selection_config(USART1, USART_PARITY_NONE);

usart_transmitter_enable(USART1, TRUE);
usart_receiver_enable(USART1, TRUE);

usart_hardware_flow_control_set(USART1,USART_HARDWARE_FLOW_NONE);

usart_interrupt_enable(USART1, USART_RDBF_INT, TRUE);
usart_enable(USART1, TRUE);

}

PR S R AR

void USART1_IRQHandler(void)
{
if(lusart_flag_get(USART1, USART_RDBF_FLAG) != RESET)
{
[* clear rdbf flag */
usart1_index = usart_data_receive(USART1);

/* toggle led */
at32_led_toggle(LED4);

}

B main KLY

int main(void)
{
__ 1O uint32_t index = 0;
__ 10O uint32_t systick_index = 0;

/* congfig the system clock */
system_clock_config();

/* init at start board */
at32_board_init();

/* config priority group */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* turn on the led light */

at32_led_on(LED2);
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at32_led_on(LED3);
at32_led_on(LED4);

/* enable pwc clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* config usart1 */
usart1_config(115200);

printf("exit sleep mode by usart1 rdbf interrupt \r\n");

while(1)

{
at32_led_off(LED2);
at32_led_off(LED3);
printf("now enter sleep mode \r\n");

[* save systick register configuration */
systick_index = SysTick->CTRL;
systick_index &= ~((uint32_t)OxFFFFFFFE);

[* disable systick */
SysTick->CTRL &= (uint32_t)OxFFFFFFFE;

[* enter sleep mode */
pwc_sleep_mode_enter(PWC_SLEEP_ENTER_WFI);

[* restore systick register configuration */
SysTick->CTRL |= systick_index;

[* wake up from sleep mode */

printf("now exit sleep mode by usart1 rdbf interrupt \r\n");
printf("\r\n");

at32_led_on(LED2);

delay_ms(500);
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void ertc_config(void)

{

/* allow access to ertc */

pwc_battery_powered_domain_access(TRUE);

/* reset ertc domain */
crm_battery_powered_domain_reset(TRUE);
crm_battery_powered_domain_reset(FALSE);

/* enable the lext osc */
crm_clock_source_enable(CRM_CLOCK_SOURCE_LEXT, TRUE);

/* wait till lext is ready */
while(crm_flag_get(CRM_LEXT_STABLE_FLAG) == RESET);

2024.01.17 #2TH k2 2.0.1




o[- AT32F402/405 PWCA [ 1345

/* select the ertc clock source */
crm_ertc_clock_select(CRM_ERTC_CLOCK_LEXT);

/* enable the ertc clock */
crm_ertc_clock_enable(TRUE);

/* deinitializes the ertc registers */
ertc_reset();

/* wait for ertc apb registers synchronisation */
ertc_wait_update();

/* configure the ertc data register and ertc prescaler
ck_spre(1hz) = ertcclk(lext) /(ertc_clk_div_a + 1)*(ertc_clk_div_b + 1)*/
ertc_divider_set(127, 255);

/* configure the hour format is 24-hour format*/
ertc_hour_mode_set(ERTC_HOUR_MODE_24);

/* set the date: friday june 11th 2021 */
ertc_date_set(21, 6, 11, 5);

/* set the time to 06h 20mn 00s am */
ertc_time_set(6, 20, 0, ERTC_AM);
}
B ERTC [il o & s LD
void ertc_alarm_config(void)

{

exint_init_type exint_init_struct;

[* config the exint line of the ertc alarm */
exint_init_struct.line_select = EXINT_LINE_17;
exint_init_struct.line_enable = TRUE;
exint_init_struct.line_mode = EXINT_LINE_INTERRUPUT;
exint_init_struct.line_polarity = EXINT_TRIGGER_RISING_EDGE;

exint_init(&exint_init_struct);

[* set the alarm 05h:20min:10s */

ertc_alarm_mask_set(ERTC_ALA, ERTC_ALARM_MASK_DATE_WEEK | ERTC_ALARM_MASK_HOUR
| ERTC_ALARM_MASK_MIN);

ertc_alarm_week_date_select(ERTC_ALA, ERTC_SLECT_DATE);

ertc_alarm_set(ERTC_ALA, 31, 6, 20, 5, ERTC_AM);

/* enable the ertc interrupt */
nvic_irq_enable(ERTCAlarm_IRQn, 0, 0);
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[* enable ertc alarm a interrupt */
ertc_interrupt_enable(ERTC_ALA_INT, TRUE);

/* enable the alarm */
ertc_alarm_enable(ERTC_ALA, TRUE);

}

B ERTC [fil#9E % s Eay

void ertc_alarm_value_set(uint32_t alam_index)

{

ertc_time_type ertc_time_struct;

/* disable the alarm */

ertc_alarm_enable(ERTC_ALA, FALSE);

ertc_calendar_get(&ertc_time_struct);

ertc_alarm_set(ERTC_ALA, ertc_time_struct.day, ertc_time_struct.hour, ertc_time_struct.min,
(ertc_time_struct.sec + alam_index)% 60, ertc_time_struct.ampm);

/* disable the alarm */
ertc_alarm_enable(ERTC_ALA, TRUE);

}

B ARG AR E RS

void system_clock_recover(void)

{

/* enable external high-speed crystal oscillator - hext */
crm_clock_source_enable(CRM_CLOCK_SOURCE_HEXT, TRUE);

/* wait till hext is ready */
while(crm_hext_stable_wait() == ERROR);

/* enable pll */
crm_clock_source_enable(CRM_CLOCK_SOURCE_PLL, TRUE);

/* wait till pll is ready */
while(crm_flag_get(CRM_PLL_STABLE_FLAG) == RESET);

/* enable auto step mode */
crm_auto_step_mode_enable(TRUE);

/* select pll as system clock source */
crm_sysclk_switch(CRM_SCLK_PLL);

/* wait till pll is used as system clock source */
while(crm_sysclk_switch_status_get() '= CRM_SCLK_PLL);
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void ERTCAlarm_IRQHandler(void)
{
if(ertc_flag_get(ERTC_ALAF_FLAG) != RESET)
{
[* clear ertc alarm flag */
ertc_flag_clear(ERTC_ALAF_FLAG);

[* clear exint line flag */
exint_flag_clear(EXINT_LINE_17);

/* toggle led */
at32_led_toggle(LED4);

}
B main KA
int main(void)
{
__ 10O uint32_t systick_index = 0;
__ 10O uint32_t delay_index = 0;

/* congfig the system clock */
system_clock_config();

/* init at start board */
at32_board_init();

at32_led_on(LED2);
at32_led_on(LED3);
at32_led_on(LED4);

/* config priority group */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* enable pwc and bpr clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* congfig the voltage regulator mode.only used with deep sleep mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);

/* add a necessary delay to ensure that VVdd is higher than the operating
voltage of battery powered domain (2.57V) when the battery powered
domain is powered on for the first time and being operated. */

delay_ms(60);
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/* config ertc or other operations of battery powered domain */

ertc_config();

/* set the wakeup time: 06h:20min:5s */
ertc_alarm_config();
while(1)
{
[* turn off the led light */
at32_led_off(LED2);

[* save systick register configuration */
systick_index = SysTick->CTRL;
systick_index &= ~((uint32_t)OXFFFFFFFE);

[* disable systick */
SysTick->CTRL &= (uint32_t)OxFFFFFFFE;

ertc_alarm_value_set(1);

[* select system clock source as hick before Ido set */
crm_sysclk_switch(CRM_SCLK_HICK);

/* wait till hick is used as system clock source */
while(crm_sysclk_switch_status_get() '= CRM_SCLK_HICK)
{

}

pwc_optimization_level_set(PWC_ECONOMIZE_LEVEL);

[* congfig the voltage regulator mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);

[* enter deep sleep mode */
pwc_deep_sleep_mode_enter(PWC_DEEP_SLEEP_ENTER_WFI);

/* wake up from deep sleep mode, restore systick register configuration */
SysTick->CTRL |= systick_index;

/* turn on the led light */
at32_led_on(LED2);

/* wait clock stable */
delay_us(120);

/* resume pwc optimization level to normal level before system clock source enhance */
pwc_optimization_level_set(PWC_NORMAL_LEVEL);
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[* congfig the system clock */
system_clock_recover();

delay_ms(500);
}
}
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void ertc_config(void)

{
/* enable the pwc clock interface */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* allow access to ertc */
pwc_battery_powered_domain_access(TRUE);

/* reset ertc domain */
crm_battery_powered_domain_reset(TRUE);
crm_battery_powered_domain_reset(FALSE);

/* enable the lext osc */
crm_clock_source_enable(CRM_CLOCK_SOURCE_LEXT, TRUE);

/* wait till lext is ready */
while(crm_flag_get(CRM_LEXT_STABLE_FLAG) == RESET);
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/* select the ertc clock source */
crm_ertc_clock_select(CRM_ERTC_CLOCK_LEXT);

/* enable the ertc clock */
crm_ertc_clock_enable(TRUE);

/* deinitializes the ertc registers */
ertc_reset();

}
B ERTC MNZF/FNE R HUY

void ertc_tamper_config (void)

{

exint_init_type exint_init_struct;

[* config the exint line of the ertc tamper */
exint_init_struct.line_select = EXINT_LINE_21;
exint_init_struct.line_enable = TRUE;
exint_init_struct.line_mode = EXINT_LINE_INTERRUPUT;
exint_init_struct.line_polarity = EXINT_TRIGGER_RISING_EDGE;

exint_init(&exint_init_struct);

[* enable tamper irgchannel */
nvic_irq_enable(TAMP_STAMP_IRQn, 0, 0);

/* disable the tamper 1 detection */
ertc_tamper_enable(ERTC_TAMPER_1, FALSE);

[* clear tamper 1 pin event(tamp1f) pending flag */
ertc_flag_clear(ERTC_TP1F_FLAG);

[* configure the tamper 1 trigger */
ertc_tamper_valid_edge_set(ERTC_TAMPER_1, ERTC_TAMPER_EDGE_RISING);

[* enable the tamper interrupt */
ertc_interrupt_enable(ERTC_TP_INT, TRUE);

/* enable the tamper 1 detection */
ertc_tamper_enable(ERTC_TAMPER_1, TRUE);

}

B RGN RO R AR

void system_clock_recover(void)

{
/* enable external high-speed crystal oscillator - hext */
crm_clock_source_enable(CRM_CLOCK_SOURCE_HEXT, TRUE);
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/* wait till hext is ready */
while(crm_hext_stable_wait() == ERROR);

/* enable pll */
crm_clock_source_enable(CRM_CLOCK_SOURCE_PLL, TRUE);

/* wait till pll is ready */
while(crm_flag_get(CRM_PLL_STABLE_FLAG) == RESET);

/* enable auto step mode */
crm_auto_step_mode_enable(TRUE);

/* select pll as system clock source */
crm_sysclk_switch(CRM_SCLK_PLL);

/* wait till pll is used as system clock source */
while(crm_sysclk_switch_status_get() = CRM_SCLK_PLL);
}
W PRGSO AY
void TAMP_STAMP_IRQHandler(void)
{
if(ertc_flag_get(ERTC_TP1F_FLAG) != RESET)
{
[* clear ertc alarm flag */
ertc_flag_clear(ERTC_TP1F_FLAG);

[* clear exint line flag */
exint_flag_clear(EXINT_LINE_21);

/* toggle led */
at32_led_toggle(LED4);

}
B main KA/
int main(void)
{
__ 10O uint32_t systick_index = 0O;
__ 10O uint32_t delay_index = 0;

/* congfig the system clock */
system_clock_config();

/* init at start board */
at32_board_init();
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/* config priority group */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4),

/* enable pwc and bpr clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* congfig the voltage regulator mode.only used with deep sleep mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);

/* turn on the led light */
at32_led_on(LED2);
at32_led_on(LED3);
at32_led_on(LED4);

/* add a necessary delay to ensure that Vdd is higher than the operating
voltage of battery powered domain (2.57V) when the battery powered
domain is powered on for the first time and being operated. */

delay_ms(60);

/* config ertc or other operations of battery powered domain */
ertc_config();

ertc_tamper_config();

while(1)

{
/[* turn off the led light */
at32_led_off(LED2);

[* save systick register configuration */
systick_index = SysTick->CTRL;
systick_index &= ~((uint32_t)OxFFFFFFFE);

[* disable systick */
SysTick->CTRL &= (uint32_t)OXFFFFFFFE;

[* select system clock source as hick before Ido set */
crm_sysclk_switch(CRM_SCLK_HICK);

/* wait till hick is used as system clock source */
while(crm_sysclk_switch_status_get() '= CRM_SCLK_HICK)
{

}

pwc_optimization_level_set(PWC_ECONOMIZE_LEVEL);
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[* condgfig the voltage regulator mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);

[* enter deep sleep mode */
pwc_deep_sleep_mode_enter(PWC_DEEP_SLEEP_ENTER_WFI);

/* wake up from deep sleep mode, restore systick register configuration */
SysTick->CTRL |= systick_index;

[* turn on the led light */
at32_led_on(LED2);

/* wait clock stable */
delay_us(120);

[* resume pwc optimization level to normal level before system clock source enhance */
pwc_optimization_level_set(PWC_NORMAL_LEVEL);

[* congfig the system clock */
system_clock_recover();

delay_ms(500);

8.4  SERICR

AliEL AT-START BOARD L) LED H#1#% & & SEELRUR .
LED2 : MCU 4 Fizfriiat;
LED2 K: MCU 4b TR B HEAR AR s
LEDA IRA&HEF:  ERTC NREFAF WA A JFme g 1R R =

2024.01.17 #3ITH k2 2.0.1




o[- AT32F402/405 PWCA [ 1345

9 ZH| ERTC AR B B i PWC IR BT REARAR
9.1 ThEeMEA

A KGR PWC VRS RERRAE U . oA, MefR 5l ERTC JE R nde o =4 v
9.2 RFEHESE
1) FEAFIREG:
Kot N TS [ AT-START BOARD

2)  HAFIAEE
project\at_start_f405\examples\pwc\deepsleep_ertc_wakeup

9.3  BAB

1) FERE
B FF)5 PWC 4
FE A Lt R X3 ) 5 N R
%45 VDD _ETFF)] 2,57V J5HAT ERTC #J4A1L
BB EXINT 2k 22 b = (% G
ERTC R 5& I 25 4] 45 A0 I BERG J E Bf 25% W & 3 NVIC Hi
W ERTC M i #4548
BeE HLUH T T 28 1T e A L
PAT BER PR R FRASE =X i 2 I 55 AR MG i
NG L J A2 A PR T T 2 O E SR )
HFAT RGO R e
B \“UE ERTC MefiE e I ZHE UGB R, SCIIR R M AR AR =X 478 B noie it
2) R HH
B ERTC it & & 3Ry

void ertc_config(void)

{
/* enable the pwc clock interface */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* allow access to ertc */
pwc_battery_powered_domain_access(TRUE);

/* reset ertc domain */
crm_battery_powered_domain_reset(TRUE);
crm_battery_powered_domain_reset(FALSE);

/* enable the lext osc */
crm_clock_source_enable(CRM_CLOCK_SOURCE_LEXT, TRUE);
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/* wait till lext is ready */
while(crm_flag_get(CRM_LEXT_STABLE_FLAG) == RESET);

/* select the ertc clock source */
crm_ertc_clock_select(CRM_ERTC_CLOCK_LEXT);

/* enable the ertc clock */
crm_ertc_clock_enable(TRUE);

/* deinitializes the ertc registers */
ertc_reset();

/* wait for ertc apb registers synchronisation */
ertc_wait_update();

/* configure the ertc data register and ertc prescaler
ck_spre(1hz) = ertcclk(lext) /(ertc_clk_div_a + 1)*(ertc_clk_div_b + 1)*/
ertc_divider_set(127, 255);

/* configure the hour format is 24-hour format*/
ertc_hour_mode_set(ERTC_HOUR_MODE_24);

/* set the date: friday june 11th 2021 */
ertc_date_set(21, 6, 11, 5);

/* set the time to 06h 20mn 00s am */
ertc_time_set(6, 20, 0, ERTC_AM);
}

B ERTC M 5E I 330 & ol £ s

void ertc_alarm_config(void)

{

exint_init_type exint_init_struct;

[* config the exint line of the ertc wakeup timer */
exint_init_struct.line_select = EXINT_LINE_22;
exint_init_struct.line_enable = TRUE;
exint_init_struct.line_mode = EXINT_LINE_INTERRUPUT;
exint_init_struct.line_polarity = EXINT_TRIGGER_RISING_EDGE;

exint_init(&exint_init_struct);

/* set wakeup timer clock 1hz */
ertc_wakeup_clock_set(ERTC_WAT_CLK_CK_B_16BITS);

/* enable the ertc interrupt */

nvic_irq_enable(ERTC_WKUP_IRQn, 0, 0);
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[* enable ertc wakeup timer a interrupt */
ertc_interrupt_enable(ERTC_WAT_INT, TRUE);
}
B ERTC Maff g I 48 BE ik HUaS
void ertc_alarm_value_set(uint32_t alam_index)

{

/* enable the wakeup timer */
ertc_wakeup_enable(FALSE);

while(ertc_flag_get(ERTC_WATWF_FLAG) == RESET);

/* set the wakeup time */

ertc_wakeup_counter_set(wakeup_index - 1);

/* enable the wakeup timer */
ertc_wakeup_enable(TRUE);

}

B ARG AR E RS

void system_clock_recover(void)

{
/* enable external high-speed crystal oscillator - hext */
crm_clock_source_enable(CRM_CLOCK_SOURCE_HEXT, TRUE);

/* wait till hext is ready */
while(crm_hext_stable_wait() == ERROR);

/* enable pll */
crm_clock_source_enable(CRM_CLOCK_SOURCE_PLL, TRUE);

/* wait till pll is ready */
while(crm_flag_get(CRM_PLL_STABLE_FLAG) == RESET);

/* enable auto step mode */
crm_auto_step_mode_enable(TRUE);

/* select pll as system clock source */
crm_sysclk_switch(CRM_SCLK_PLL);

/* wait till pll is used as system clock source */
while(crm_sysclk_switch_status_get() '= CRM_SCLK_PLL);

}

PR ST R A

void ERTC_WKUP_IRQHandler(void)
{
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if(ertc_flag_get(ERTC_WATF_FLAG) != RESET)
{

[* clear ertc wakeup timer flag */
ertc_flag_clear(ERTC_WATF_FLAG);

[* clear exint line flag */
exint_flag_clear(EXINT_LINE_22);

[* toggle led */
at32_led_toggle(LED4);

}

B main RKECHY

int main(void)

{
__ 10O uint32_t systick_index = 0;
__ 10O uint32_t delay_index = 0;

/* congfig the system clock */
system_clock_config();

/* init at start board */
at32_board_init();

/* config priority group */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* enable pwc and bpr clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* congfig the voltage regulator mode.only used with deep sleep mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);

/* turn on the led light */
at32_led_on(LED2);
at32_led_on(LED3);
at32_led_on(LED4);

/* add a necessary delay to ensure that VVdd is higher than the operating
voltage of battery powered domain (2.57V) when the battery powered
domain is powered on for the first time and being operated. */

delay_ms(60);

/* config ertc or other operations of battery powered domain */

ertc_config();

B MR
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/* config the wakeup timer */
ertc_wakeup_timer_config();

while(1)

{
[* turn off the led light */
at32_led_off(LED2);

ertc_wakeup_value_set(5);

[* save systick register configuration */
systick_index = SysTick->CTRL;
systick_index &= ~((uint32_t)OXFFFFFFFE);

[* disable systick */
SysTick->CTRL &= (uint32_t)OxFFFFFFFE;

[* select system clock source as hick before Ido set */
crm_sysclk_switch(CRM_SCLK_HICK);

/* wait till hick is used as system clock source */
while(crm_sysclk_switch_status_get() '= CRM_SCLK_HICK)
{

}

pwc_optimization_level_set(PWC_ECONOMIZE_LEVEL);

[* congfig the voltage regulator mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);

[* enter deep sleep mode */
pwc_deep_sleep_mode_enter(PWC_DEEP_SLEEP_ENTER_WFI);

/* wake up from deep sleep mode, restore systick register configuration */
SysTick->CTRL |= systick_index;

/* turn on the led light */
at32_led_on(LED2);

/* wait clock stable */
delay_us(120);

/* resume pwc optimization level to normal level before system clock source enhance */
pwc_optimization_level_set(PWC_NORMAL_LEVEL);
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[* congdfig the system clock */

system_clock_recover();

delay_ms(500);
}
}
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void ertc_config(void)

{

/* enable the pwc clock interface */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* allow access to ertc */
pwc_battery_powered_domain_access(TRUE);

/* reset ertc domain */
crm_battery_powered_domain_reset(TRUE);
crm_battery_powered_domain_reset(FALSE);

/* enable the lext osc */
crm_clock_source_enable(CRM_CLOCK_SOURCE_LEXT, TRUE);

/* wait till lext is ready */
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while(crm_flag_get(CRM_LEXT_STABLE_FLAG) == RESET);

/* select the ertc clock source */
crm_ertc_clock_select(CRM_ERTC_CLOCK_LEXT);

/* enable the ertc clock */
crm_ertc_clock_enable(TRUE);

/* deinitializes the ertc registers */
ertc_reset();

}
B ERTC MNRF/FEE R HY

void ertc_tamper_config (void)

{

exint_init_type exint_init_struct;

[* config the exint line of the ertc tamper */
exint_init_struct.line_select = EXINT_LINE_21;
exint_init_struct.line_enable = TRUE;
exint_init_struct.line_mode = EXINT_LINE_INTERRUPUT;
exint_init_struct.line_polarity = EXINT_TRIGGER_RISING_EDGE;

exint_init(&exint_init_struct);

[* enable tamper irgchannel */
nvic_irq_enable(TAMP_STAMP_IRQn, 0, 0);

/* disable the tamper 1 detection */
ertc_tamper_enable(ERTC_TAMPER_1, FALSE);

[* clear tamper 1 pin event(tamp1f) pending flag */
ertc_flag_clear(ERTC_TP1F_FLAG);

[* configure the tamper 1 trigger */
ertc_tamper_valid_edge_set(ERTC_TAMPER_1, ERTC_TAMPER_EDGE_RISING);

/* enable the tamper interrupt */
ertc_interrupt_enable(ERTC_TP_INT, TRUE);

/* enable the tamper 1 detection */
ertc_tamper_enable(ERTC_TAMPER_1, TRUE);
}
B RGN B R R Y
void system_clock_recover(void)

{

/* enable external high-speed crystal oscillator - hext */
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crm_clock_source_enable(CRM_CLOCK_SOURCE_HEXT, TRUE);

/* wait till hext is ready */
while(crm_hext_stable_wait() == ERROR);

/* enable pll */
crm_clock_source_enable(CRM_CLOCK_SOURCE_PLL, TRUE);

/* wait till pll is ready */
while(crm_flag_get(CRM_PLL_STABLE_FLAG) == RESET);

/* enable auto step mode */
crm_auto_step_mode_enable(TRUE);

/* select pll as system clock source */
crm_sysclk_switch(CRM_SCLK_PLL);

/* wait till pll is used as system clock source */
while(crm_sysclk_switch_status_get() '= CRM_SCLK_PLL);
}
B PRGSO RAY
void TAMP_STAMP_IRQHandler(void)
{

if(ertc_flag_get(ERTC_TP1F_FLAG) != RESET)
{
[* clear ertc alarm flag */
ertc_flag_clear(ERTC_TP1F_FLAG);

[* clear exint line flag */
exint_flag_clear(EXINT_LINE_21);

/* toggle led */
at32_led_toggle(LED4);

}
B main REALED
int main(void)

{

__ 10O uint32_t systick_index = 0;
__10O uint32_t delay_index = 0;

/* congfig the system clock */

system_clock_config();

/* init at start board */
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at32_board_init();

/* config priority group */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4),

/* turn on the led light */
at32_led_on(LED2);
at32_led_on(LED3);
at32_led_on(LED4);

/* enable pwc clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* congfig the voltage regulator mode.only used with deep sleep mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);

/* add a necessary delay to ensure that Vdd is higher than the operating
voltage of battery powered domain (2.57V) when the battery powered
domain is powered on for the first time and being operated. */

delay_ms(60);

/* config ertc or other operations of battery powered domain */ ertc_config();

/* set the wakeup time: 06h:20min:5s */

ertc_tamper_config();

while(1)

{
[* turn off the led light */
at32_led_off(LED2);

[* save systick register configuration */
systick_index = SysTick->CTRL;
systick_index &= ~((uint32_t)OxFFFFFFFE);

[* disable systick */
SysTick->CTRL &= (uint32_t)OXFFFFFFFE;

[* select system clock source as hick before Ido set */
crm_sysclk_switch(CRM_SCLK_HICK);

/* wait till hick is used as system clock source */
while(crm_sysclk_switch_status_get() '= CRM_SCLK_HICK)
{

}
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pwc_optimization_level_set(PWC_ECONOMIZE_LEVEL);

[* congfig the voltage regulator mode */
pwc_voltage_regulate_set(PWC_REGULATOR_EXTRA_LOW_POWER);

/* enter deep sleep mode */
pwc_deep_sleep_mode_enter(PWC_DEEP_SLEEP_ENTER_WFI);

/* wake up from deep sleep mode, restore systick register configuration */
SysTick->CTRL |= systick_index;

/* turn on the led light */
at32_led_on(LED2);

/* wait clock stable */
delay_us(120);

/* resume pwc optimization level to normal level before system clock source enhance */
pwc_optimization_level_set(PWC_NORMAL_LEVEL);

/* congfig the system clock */
system_clock_recover();

delay_ms(500);
}
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void ertc_config(void)

/* enable the pwc clock interface */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

/* allow access to ertc */

pwc_battery powered_domain_access(TRUE);

/* reset ertc domain */
crm_battery_powered_domain_reset(TRUE);

crm_battery _powered_domain_reset(FALSE);

/* enable the lext osc */
crm_clock_source_enable(CRM_CLOCK_SOURCE_LEXT, TRUE);

/* wait till lext is ready */
while(crm_flag_get(CRM_LEXT_STABLE_FLAG) == RESET);

/* select the ertc clock source */
crm_ertc_clock_select(CRM_ERTC_CLOCK_LEXT);
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/* enable the ertc clock */

crm_ertc_clock_enable(TRUE);

/* deinitializes the ertc registers */
ertc_reset();

/* wait for ertc apb registers 50ynchronization */
ertc_wait_update();

/* configure the ertc data register and ertc prescaler
ck_spre(1hz) = ertcclk(lext) /(ertc_clk_div_a + 1)*(ertc_clk_div_b + 1)*/
ertc_divider_set(127, 255);

/* configure the hour format is 24-hour format*/
ertc_hour_mode_set(ERTC_HOUR_MODE_24);

/* set the date: Friday june 11t 2021 */
ertc_date_set(21, 6, 11, 5);

/* set the time to 06h 20mn 00s am */
ertc_time_set(6, 20, 0, ERTC_AM);
}

B ERTC [H#hAC & s Y

void ertc_alarm_config(void)
{

[* set the alarm 05h:20min:10s */

ertc_alarm_mask_set(ERTC_ALA, ERTC_ALARM_MASK_DATE_WEEK | ERTC_ALARM_MASK_HOUR
| ERTC_ALARM_MASK_MIN);

ertc_alarm_week_date_select(ERTC_ALA, ERTC_SLECT_DATE);

[* enable ertc alarm a interrupt */
ertc_interrupt_enable(ERTC_ALA_INT, TRUE);
}

B ERTC [l B € pR AU

void ertc_alarm_value_set(uint32_t alam_index)

{

ertc_time_type ertc_time_struct;

[* disable the alarm */

ertc_alarm_enable(ERTC_ALA, FALSE);

ertc_calendar_get(&ertc_time_struct);

ertc_alarm_set(ERTC_ALA, ertc_time_struct.day, ertc_time_struct.hour, ertc_time_struct.min,

(ertc_time_struct.sec + alam_index)% 60, ertc_time_struct.ampm);
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/* disable the alarm */
ertc_alarm_enable(ERTC_ALA, TRUE);
}
B main R ERRY
int main(void)
{
__ 10 uint32_t index = 0;

/* congfig the system clock */
system_clock_config();

/* init at start board */
at32_board_init();

/* enable pwc and bpr clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

if(pwc_flag_get(PWC_STANDBY_FLAG) != RESET)

{
/* wakeup from standby */
pwc_flag_clear(PWC_STANDBY_FLAG);
at32_led_on(LED2);

}

if(pwc_flag_get(PWC_WAKEUP_FLAG) != RESET)

{
/* wakeup event occurs */
pwc_flag_clear(PWC_WAKEUP_FLAG);
at32_led_on(LED3);

}

/* delay to check led state */

delay_sec(1);

/* add a necessary delay to ensure that VVdd is higher than the operating
voltage of battery powered domain (2.57V) when the battery powered
domain is powered on for the first time and being operated. */

delay_ms(60);

/* config ertc or other operations of battery powered domain */
ertc_config();

at32_led_on(LEDA4);

ertc_alarm_config();

/* delay to check led state */

delay_sec(1);
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ertc_alarm_value_set(3);
/* enter standby mode */
pwc_standby_mode_enter();
while(1)
{
}

}
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B main KA

int main(void)

{
__ 10O uint32_t index = 0;

/* congdfig the system clock */

system_clock_config();

/* init at start board */
at32_board_init();

/* config priority group */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

/* turn on the led light */
at32_led_off(LED2);
at32_led_off(LED3);
at32_led_off(LED4);

/* enable pwc clock */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);
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if(pwc_flag_get(PWC_STANDBY_FLAG) != RESET)
{
/* wakeup from standby */
pwc_flag_clear(PWC_STANDBY_FLAG);
at32_led_on(LED2);

if(pwc_flag_get(PWC_WAKEUP_FLAG) != RESET)
{
/* wakeup event occurs */
pwc_flag_clear(PWC_WAKEUP_FLAG);
at32_led_on(LED3);

at32_led_on(LED4);
delay_ms(1000);

/* enable wakeup pin1 */
pwc_wakeup_pin_enable(PWC_WAKEUP_PIN_1, TRUE);

/* enter standby mode */
pwc_standby_mode_enter();

while(1)
{
}

12.4 SRR

AliEit AT-START BOARD _E ) USER_KEY kMefi, LED B3 EE SCHIBUER .
LED4 #: MCU 4 Fizfriiat;
LED4 K: MCU AT
MCU iz1TIR& T LED2: R AU AR EEAL, R KRB
MCU iZ47R& N LED3: SR RFHIMBEF bR E B, R KRB

2024.01.17

¥ 547 i 2.0.1




IRAM=R AT32F402/405 PWC [ 1387
13 CHERAE SR

T, XHERAE
H# IS RE
2023.09.11 2.0.0 |EHIRA
2024.01.17 2.0.1 |[Fdatasheetil s fi{id+ 1 “PWC_REGULATOR_LOW_POWER”

2024.01.17 # 5511 k2 2.0.1




AR AT32F402/405 PWC [ 1355

HEGRA - FFAbE

ST EAT FSTREASCIRMERE 777 AR 55 (KRN, R JO AN AR 5 1 5 5 P A S AR 0 7 B R 35 A G KT A 54T

Tt 2 HI R AR AR, AR LR 7 SRR R B AT AR W% BB R B B AT o SR AR 5338 S AT AT
B EURS, ARAATERS A F A =05 7 iRk 55, SRR R R TR, S R S DME T 7 2UAE A T
L5 = 7 7 i B 35 BCH P T R P AL PRALE

FERARFEAERS RO B A arh A BT, I, R OGRS 7 ) (8 R S G A T W R BRI PRAIE, BAREAIR T S 1k
EERFE S (RHARGE AT SRR DCAIE R RAE B0, BURIRAEAT &R AR B R R P B SR RALE

FERE 3P T AR BT BCE TTH T FOURBE I e (A XL EVERREZORIR, fln: Earscif. LA s e 2 e =
R ARG (B fiZERH: (O MIRRHEMIRIEE: (D) (3%, H/sl (B) HAbrTReSBASHH . Jer LUr=4E MR A . SR
FER AT AR, RIECRIGR R 0 A s 7 A8 R, XU g SR dh R R B MUR$H,  ER IR 2 g 01 S 7E TR R
R AT ISR R .

ZERH BUHERE 777 0 SR T AR SCRS rh 4R A 7 R BB LB RLRE 4 SR S BURERF ) 1506 ASOITIR RS /077 IR 5543 T B RAIE
KR I HARL MR Ui B KRS s R 54T

© 2024 FERF /IR REPTA A

2024.01.17 # 56 1 k2 2.0.1




	1 PWC简介
	2 PWC基本功能解析
	2.1 供电方案
	2.1.1 功能介绍
	2.1.2 软件接口

	2.2 电源域
	2.2.1 功能介绍
	2.2.2 软件接口

	2.3 上电低电压复位
	2.3.1 功能介绍
	2.3.2 软件接口

	2.4 电压监测器
	2.4.1 功能介绍
	2.4.2 软件接口

	2.5 电压调节器
	2.5.1 功能介绍
	2.5.2 软件接口


	3 PWC省电模式解析
	3.1 睡眠模式
	3.1.1 功能介绍
	3.1.2 软件接口

	3.2 深度睡眠模式
	3.2.1 功能介绍
	3.2.2 软件接口

	3.3 待机模式
	3.3.1 功能介绍
	3.3.2 软件接口

	3.4 省电模式特性
	3.4.1 省电模式电流消耗
	3.4.2 省电模式唤醒时间


	4 案例 PWC电压监测
	4.1 功能简介
	4.2 资源准备
	4.3 软件设计
	4.4 实验效果

	5 案例 TMR2溢出中断唤醒PWC睡眠模式
	5.1 功能简介
	5.2 资源准备
	5.3 软件设计
	5.4 实验效果

	6 案例 USART1接收中断唤醒PWC睡眠模式
	6.1 功能简介
	6.2 资源准备
	6.3 软件设计
	6.4 实验效果

	7 案例 ERTC闹钟唤醒PWC深度睡眠模式
	7.1 功能简介
	7.2 资源准备
	7.3 软件设计
	7.4 实验效果

	8 案例 ERTC入侵事件唤醒PWC深度睡眠模式
	8.1 功能简介
	8.2 资源准备
	8.3 软件设计
	8.4 实验效果

	9 案例 ERTC周期性唤醒事件唤醒PWC深度睡眠模式
	9.1 功能简介
	9.2 资源准备
	9.3 软件设计
	9.4 实验效果

	10 案例 设定内部电压调节器功耗等级
	10.1 功能简介
	10.2 资源准备
	10.3 软件设计
	10.4 实验效果

	11 案例 ERTC闹钟唤醒PWC待机模式
	11.1 功能简介
	11.2 资源准备
	11.3 软件设计
	11.4 实验效果

	12 案例 PWC待机模式
	12.1 功能简介
	12.2 资源准备
	12.3 软件设计
	12.4 实验效果

	13 文档版本历史

