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1 ADC
1.1 ADC_AnalogWatchdog

R T ADC RIRINET ThRE, SFEENENEENEEEET TR, SHAEIE
cRT.

This example demonstrates the analog watchdog function of ADC. When the voltage value of the
analog watchdog channel exceeds the upper and lower limits, it will enter the watchdog interrupt.
1.2 ADC_MultiChannelSingleConversion_TriggerSW_DMA

Lt pIiEZR 7 ADC RI DMA ZiEiateimiise, £ DMA SeaihifrhiIENZBiErIE E(E.

This example demonstrates the DMA multi-channel transmission function of ADC, which prints the
voltage values of multiple channels during the DMA completion interrupt.

1.3 ADC_SingleConversion_TriggerSW_IT

AR 7 ADC RYFHRTHRE, £ ADC RIRRBTR¥ TEDZHRIRIEE(E,

This example demonstrates the interrupt function of ADC, which prints the current voltage value in the
interrupt of ADC.

1.4 ADC_SingleConversion_TriggerTimer_Polling

LtEEEpIEZR T ADC RY TIM A THEE, TIM 5258 1s i’k ADC #HT5RFE FHBid B8 OFTENHSE,

This example demonstrates the TIM triggering function of ADC. TIM triggers ADC for sampling every 1
second and prints it out through the serial port.

1.5 ADC_TempSensor

IEEEGIER 7 ADC 1&ERAY Tempsensor ThaE, FHEEEOFTENHIEEE.

This example demonstrates the Tempsensor function of the ADC module and prints the temperature
value through the serial port.

1.6 ADC_Vrefbuf

IEEEpIEZR T ADC #E5REY Vrefouf THEE, FIR vrefbuf {ENEERRIFEENE, FIERMEEETS
CFJENHE,
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This example demonstrates the Vrefbuf function of the ADC module, which uses Vrefbuf as the
reference to sample channel values and convert them into voltage Print it out through the serial port.

1.7 ADC _Vrefint

BRI T ADC HEERAY Vrefint SREFTNRE, BIREF Vrefint BYE, HEEH VCC RYE, FEIIHEO
FTENHE,

This example demonstrates the Vrefint sampling function of the ADC module. By sampling the value of
Vrefint, the VCC value is calculated and printed through the serial port.
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2 COMP
2.1 COMP_CompareGpioVsVrefint_IT

LEREEpIiER 7 EUAERAYRIATORE, TEPET-RERSE LED.

This example demonstrates the interrupt function of the comparator, flipping the LED during the
interrupt.

2.2 COMP_CompareGpioVsVrefint_Polling

A BIER 7 EUIRRRRIECIAITNGE, BELIRERAIIEIREEEAT Vrefint B, LED XI5, /\VF Vrefint EBJERY,
LED JTK.
This example demonstrates the polling function of the comparator. When the positive terminal voltage

of the comparator is greater than Vrefit, the LED light will turn on, and when the voltage is less than
Vrefit, the LED light will turn off.

2.3 COMP_CompareGpioVsVrefint_WakeUpFromStop

IEEREBER 7 COMP LUIRERIREEINRE, PAO {EALLIRERIEIRIAAN, VREFINT fEALLREE RN, £
R LED JT&eE=, AFPREERE, LED KK, #HA stop #23, BITIEFE PA0 LAVMNEE, £
WTIEAEE stop f&ixt,

This example demonstrates the COMP comparator wake-up function, with PAO as the positive input
and VREFINT as the negative input. After power on, the LED light will remain on. When the user clicks

the button, the LED light will go out and enter stop mode. By adjusting the input voltage on PAO, an
interrupt wake-up stop mode is generated.
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3 CRC

3.1 CRC_CalculateCheckValue

HHEFER T CRC #3aTheE, WIS — M EARREEHTTRIE, BRI ESIEICRILERITIE
B, #8550 LED {J=, &N LED {TEK,

This sample demonstrates the CRC function, which performs a CRC calculation on the data in an array
and compares the result with the theoretical value; if equal,the LED is on, otherwise the LED is off.
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4 DIV
4.1 DIV_Signed

HRBER T B R ERRIT BB ShRE.

This example demonstrates how a hardware divider calculates signed division.

4.2 DIV_Unsigned

R T B BRI ERRIT BT SR,

This example demonstrates how a hardware divider calculates unsigned division.
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5 DMA

5.1 DMA_SramToSram

LEEHIiEZR T DMA )\ SRAM 2| SRAM S48 ERITIRE(SRAM FSMR Z ENEMBIEHIESERRIMR
=TSN

This example demonstrates the function of DMA transferring data from SRAM to SRAM (please refer
to the relevant peripheral sample project for the example of transfer between SRAM and peripherals).

Puya Semiconductor 7 / 30



PY32F040EP Reference Manual V1.0.0

6 EXTI

6.1 EXTI_Toggled_IT_Init

tHBIER 7 GPIO SNERHRifThEE, PBO S| ERYE— N TIEoEi= £, MERE+ LED I=
#E—IR,

This example demonstrates the GPIO external interrupt function, where each falling edge on the PB0O
pin generates an interrupt, and the LED light in the interrupt function flips once.

6.2 EXTI_WakeUp_Event

RGN 78IS PAG 5IRIEEE MCU RITHRE. TEGERHIEITE, LED TATFERRE, HTRFR
5, LED JTbFERRE, B MCU A STOP 2=, Ik PA6 5|15, MCU I&EE, LED AT4-FN
This sample demonstrates the function to wake up the MCU via the PA6 pin. After downloading the
program and running, the LED remains on; After pressing the user button, the LED remains off, and

the MCU enters the STOP mode; After pulling down the PA6 pin, the MCU wakes up and the LED
light is toggling.
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7 Flash
7.1 FLASH_PageEraseAndWrite

IAEGIER T flash page #2F&F0 page BIHRE,

This sample demonstrates the flash page erase and page write functions.

7.2 FLASH_SectorEraseAndWrite

IR T flash sector &% page SINREE.

This sample demonstrates the flash sector erase and page write functions.
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8 GPIO

8.1 GPIO_FastlO

REHFIEZERT GPIO RY FAST 10 $itHINgE, FAST 10 SERTLUAEIS EHARIEERE,

This sample demonstrates the FAST 10 output function of GPIO, and the FAST IO speed can reach
the single cycle toggled speed.
8.2 GPIO_Toggle

ISR 7 GPIO iEs, EE LED 5| AEmdiEt, HEEHR 100ms i —IX LED 5|
B, =17fERF, aLAEZR LED JTINMER,

This sample demonstrates the GPIO output mode, configure the LED pin as digital output mode and
toggle the LED pin level every 100ms, run the program,you can see the LED toggle.
8.3 GPIO_Toggle_Init

HpliEZR T GPIO MithtRz(, Ec& LED SIMNE=tEs, FHESMR 100ms #%—X LED 5|
B, BfTiERF, FILUEER LED KRR,

This sample demonstrates the GPIO output mode, configure the LED pin as digital output mode and
toggle the LED pin level every 100ms, run the program,you can see the LED toggle.

Puya Semiconductor 10 / 30



PY32F040EP Reference Manual V1.0.0

9 I12C
9.1 12C_TwoBoard_CommunicationMaster_10BitAddr_IT_Init

LHFERT 12C BB TER, ENSEEMILAIE 15byte iR, AEBREMILAIER
15byte #dE, ENMIMTRIEGRERTIHE, ETMMUIR LAV NTLETERRES.

This sample demonstrates 12C communication using interrupts. The master device first sends 15
bytes of data to the slave device, and then receives 15 bytes of data from the slave. When both the
master and slave successfully receive the data, the LEDs on the master and slave boards are
continuously on.

9.2 12C_TwoBoard_CommunicationMaster DMA Init

HHEBER T 12C B8 DMA SR TEN, ENEEMILAIE 15byte #dE, ARBREMTIAIER
15byte #E, EHFIMNTUREEIERTIE, ETAIMUR EAINTG T ERIRE.

This sample demonstrates 12C communication using DMA. The master device first sends 15 bytes of
data to the slave device, and then receives 15 bytes of data from the slave. When both the master
and slave successfully receive the data, the LEDs on the master and slave boards are continuously
on.

9.3 12C_TwoBoard_CommunicationMaster_DMA_MEM_Init

IEEREBER 7 M 12C @i DMA HR#HTIER, MALER EEPROM SMEITH P24C32, I NRAFIR
g, ENTEMNEN 15 FTRIEHE (0x1-0xf) , ZAFEN EEPROM HissENE NRIEEE. IZEATNfE,
FHWR ERINTETF BERRE.

This sample demonstrates communication between the master device and the slave device using
I2C with DMA. The slave device uses the EEPROM peripheral chip P24C32. When the user button
is pressed, the master device first writes 15 bytes of data (0x1-0xf) to the slave device, and then

reads the written data from the EEPROM. Upon successful read, the LED on the master board
remains continuously on.

9.4 12C_TwoBoard_CommunicationMaster_DualAddr_IT_Init

HEEEpEZR 78I 12C ATV TIER. EVSRRMIAE 15 FHRIEEE, AEBRIMILAIERT
5 FHRIEEE. SETIMTIBIHZEETER, EMFMTWR ERYMTREERRF BRI,

This sample demonstrates communication between the master device and the slave device using
12C with interrupt. The master device first sends 15 bytes of data to the slave device and then receives
15 bytes of data from the slave device. Upon successful data transmission and reception, the LEDs
on both the master and slave boards will remain continuously on.
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9.5 12C_TwoBoard _CommunicationMaster_IT_Init

tEEpEZR 78I 12C ATV TIER. EVSRRMIAE 15 FHRIEEE, AEBRIMNILAIERT
15 FHRYEUE. SETFIMTAIIREEDERS, ETAMIR ERV T RS BRI,

This sample demonstrates communication between the master device and the slave device using
I2C with interrupt. The master device first sends 15 bytes of data to the slave device and then receives
15 bytes of data from the slave device. Upon successful data transmission and reception, the LEDs
on both the master and slave boards will remain continuously on.

9.6 12C_TwoBoard_CommunicationMaster_Polling_Init

HAEGER 78I 12C 3G TER. ENERMILE 15 FHIEEE, REBERMTIREN
16 FRRUEEE. SEVAIMAIHEREEIES, EVFRMTUIR ERNMNTERIF BRI,

This sample demonstrates communication between the master device and the slave device using
I2C with polling. The master device first sends 15 bytes of data to the slave device and then receives

15 bytes of data from the slave device. Upon successful data transmission and reception, the LEDs
on both the master and slave boards will remain continuously on.

9.7 12C_TwoBoard _CommunicationSlave 10BitAddr_IT Init

A BIER 7B BT T 12C @ifl. ENERMIIAIE 15 FHHEEE, REBEERNTIREN
16 FRRIEEE. SEVFOMAIHEREEEES, EVFRMTIR ERNMNTERIF BRI,

This sample demonstrates communication between the master device and the slave device using
12C with interrupt. The master device first sends 15 bytes of data to the slave device and then receives

15 bytes of data from the slave device. Upon successful data transmission and reception, the LEDs
on both the master and slave boards will remain continuously on.

9.8 12C_TwoBoard_CommunicationSlave_DMA_Init

tEEEpiEZR 78IS DMA F50T 12C @ifl. EFSTEMUAE 15 FHRVEEE, AEBRKMILAIE
B9 15 FHRIEEE. JETIMTAIIEREER, VMR ER/NTBRF BRI,

This sample demonstrates communication between the master device and the slave device using
I2C with DMA. The master device first sends 15 bytes of data to the slave device and then receives
15 bytes of data from the slave device. Upon successful data transmission and reception, the LEDs
on both the master and slave boards will remain continuously on.

9.9 12C_TwoBoard_CommunicationSlave_DualAddr_IT_Init

LRGN T RIS RS TUAT 12C @il. EVSRMILALE 15 FTRVEHE, ARBEERIATAIZER
15 FHRVEUE. SETFIMTAIIREEDER, ETAMIR ERINTIB R BRI,
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This sample demonstrates communication between the master device and the slave device using
[12C with interrupts. The master device first sends 15 bytes of data to the slave device and then
receives 15 bytes of data from the slave device. Upon successful data transmission and reception,
the LEDs on both the master and slave boards will remain continuously on.

9.10 12C_TwoBoard_CommunicationSlave_IT_Init

tEEEpliER 7B RSz T 12C @i, EVSSRMIAE 15 FHRIEEE, AEBRIMILAIERT
15 FHRYEUE. SETFIMTAIIREEDER, ETMMIUR ER T RS BRI,

This sample demonstrates communication between the master device and the slave device using
I2C with interrupts. The master device first sends 15 bytes of data to the slave device and then
receives 15 bytes of data from the slave device. Upon successful data transmission and reception,
the LEDs on both the master and slave boards will remain continuously on.

9.11 12C_TwoBoard_MasterTxIndefiniteLengthData_IT_Init

tEREpliER T B Ro0, ENREREREEE, MURRAEREE. ENRMUAE 10 FPE)
IR (0~9), AEMVEEKEEE (0~9) FBISEOFIED; EHEMHLAIX 100 FHEHE (1~100), A
FEMHEKEEEE (1~100) FHEEEROFTED; EHBEMTAE 10 FHREEE (0~9), AREMYEREL
#& (0~9) FEIBOFTED,

This example demonstrates how the host sends variable length data and the slave receives variable
length data through interrupt mode. The host sends 10 bytes of data (0-9) to the slave, and then the
slave receives the data (0-9) and prints it through the serial port; The host sends 100 bytes of data (1-
100) to the slave, and then the slave receives the data (1-100) and prints it through the serial port; The

host sends 10 bytes of data (0-9) to the slave, and then the slave receives the data (0-9) and prints it
through the serial port.

9.12 12C_TwoBoard_SlaveRxIndefiniteLengthData_IT_Init

HEREGER T B A0, ENVRERNEREE, MURKRAREREIE. EVRMUAX 10 FPH
IR (0~9), AEMIEEKEGE (0~9) FEIIHBOFIED,; ENEMILAIX 100 FHEHE (1~100), 24
[EMAERIESE (1~100) FHEISEROIFTED; EHRMIULIE 10 FLRIEEE (0~9), ARMUIZIES
& (0~9) FEIEOFTED,

This example demonstrates how the host sends variable length data and the slave receives variable
length data through interrupt mode. The host sends 10 bytes of data (0-9) to the slave, and then the
slave receives the data (0-9) and prints it through the serial port; The host sends 100 bytes of data (1-
100) to the slave, and then the slave receives the data (1-100) and prints it through the serial port; The

host sends 10 bytes of data (0-9) to the slave, and then the slave receives the data (0-9) and prints it
through the serial port.
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10 12S
10.112S_TwoBoard_CommunicationMaster_DMA

LEEEGIE R 7 18Id DMA 52017 128 =415 12S MAATIE(S. 12S F=H158ME 12S MLAIEEEE 0x1~0x10,
12S MHEKRIEEERS, BM 12S EHEIASIE 0x1~0x10, 24 12S 410 12S MHAIHIEKEEERT,
LED {THRFESIRE; BN LED JTEAFIRMRIRE.

This sample demonstrates communication between an 12S master and an 12S slave using DMA. The
I12S master device first sends data from 0x1 to 0x10 to the I12S slave device. The 12S slave device
receives the data and then sends data from 0x1 to 0x10 back to the I12S master device. When both

the 12S master and 12S slave successfully receive the data, the LED lights remain continuously on.
Otherwise, the LED lights will blink.

10.212S_TwoBoard_CommunicationMaster_IT

IEEREBIERS 128 £S5 128 WTLAFRBTS U TBERYED, 12S EA55M 12S MLAIEEE 0x1~0x10,
128 MHIZIRRIEERESS, FBIA 128 EAEREGE 0x0x1~0x10, =128 EAHl. 128 MHEIIEZKEGET,
INTRTFESRES, BUINTETFIVRRES.

This sample demonstrates communication between an 12S master and an 12S slave using interrupt
mode. The 12S master sends data 0x1 to 0x10 to the 12S slave. After receiving the data, the I12S slave

sends data 0x1 to 0x10 back to the I2S master. When the 12S master and slave successfully receive
the data, the LED remains lit. Otherwise, the LED blinks.

10.312S_TwoBoard_CommunicationMaster_Polling

EEREBIZERS 128 EHLS 128 MHLLA polling FTEHTEERIED, 12S LR 128 MUAIEEGE
0x1~0x10, 128 MHEKEIEUES, BE 12S ENEAEEE 0x0x1~0x10, = 12S EAl. 12S MHLEKIN
EWEUER, NTTFESRE, BUINTETFARRE.

This sample demonstrates communication between an 12S master and an 12S slave using polling
mode. The 12S master sends data 0x1 to 0x10 to the 12S slave. After receiving the data, the I12S slave

sends data 0x1 to 0x10 back to the 12S master. When the 12S master and slave successfully receive
the data, the LED remains lit. Otherwise, the LED blinks.

10.4 12S_TwoBoard_CommunicationSlave_DMA

IEEREBIERT 128 E415 128 MILLADMA STV TR ERYEDS, 12S EA55HE 128 MLAIEEEE 0x1~0x10,
128 \NZWZIEIER, B 12S EHURIAEEE 0x0x1~0x10, = 12S EHl. 128 MIATHEUEEERT,
INTRETFTEERES, BUWNTLTF IR,

This sample demonstrates communication between an 12S master and an 12S slave using DMA. The
I12S master sends data 0x1 to 0x10 to the 12S slave. After receiving the data, the I12S slave sends data
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0x1 to 0x10 back to the 12S master. When the 12S master and slave successfully receive the data,
the LED remains lit. Otherwise, the LED blinks.

10.512S_TwoBoard _CommunicationSlave IT

IEAFBIZERT 128 £S5 12S MLLAFRBTS U TIBERYER, 128 EH5TH 128 MLAIXEEE 0x1~0x10,
128 MHIZIEIEEESS, BIA 128 EHEREHE 0x0x1~0x10, =128 EAHL. 128 MHEIHEKEEERT,
INTREFESINES, BUINTTFIRMFIRTE,

This sample demonstrates communication between an 12S master and an 12S slave using interrupt.
The 12S master sends data 0x1 to 0x10 to the 12S slave. After receiving the data, the 12S slave sends

data Ox1 to Ox10 back to the I12S master. When the 12S master and slave successfully receive the
data, the LED remains lit. Otherwise, the LED blinks.

10.6 12S_TwoBoard_CommunicationSlave_Polling

HEREBIRRS 128 EHLS 128 MHLLA polling 7S TBERYED, 128 EHSEE 128 MHUAIXEUE
0x1~0x10, 128 MHIZIEEESS, B 12S EAEIAREYE 0x0x1~0x10, = 128 EAL. 128 MHLEKIN
EREEER, NTETFESRS, BUINTETF IR,

This sample demonstrates communication between an 12S master and an 12S slave using polling.
The 12S master sends data 0x1 to 0x10 to the 12S slave. After receiving the data, the 12S slave sends

data 0x1 to 0x10 back to the 12S master. When the 12S master and slave successfully receive the
data, the LED remains lit. Otherwise, the LED blinks.
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11 IWDG

11.1 IWDG_RESET

HGER 7 IWDG B PaTheE, EEERIWERIHUE, 118 1s BEAM, AREBTREESRREN
A (main ERi#L while EIRFEE), ATLAURERE], MIRSRIBEEENT 1s, BFE—HIERIET
(LED XTINKR), SNRISEEEEE 1s, BFa—HE[ (LED JTF%).

This sample demonstrates the IWDG (Independent Watchdog) functionality. It configures the
watchdog reload value to count for 1 second before resetting. By adjusting the time interval for feeding
the watchdog (code in the main function's while loop), you can observe the behavior: if the feeding

time is less than 1 second, the program runs normally (LED blinks), but if the feeding time exceeds
1 second, the program keeps resetting (LED remains off).
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12 LCD

12.1 LCD_Display_Init

PR BB TRRRATE T (LCORETR, BRE-EEREE IREEESE, FfLCD 28, 8
7"88:88"F ¥,

This sample demonstrates the usage of a monochrome passive LCD (Liquid Crystal Display). The

bias generation circuit is configured with internal resistor voltage division to achieve a fully displayed
LCD showing the "88:88" characters.
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13 LPTIM
13.1 LPTIM_ContinuousMode_WakeUp_WFE

LHEBERT LPTIM EEiE 4 I%EE STOP &1,

This example demonstrates the LPTIM continuous mode event wake-up STOP mode.

13.2 LPTIM_ContinuousMode_ WakeUp_WFI

LRGSR T LPTIM ISR AR ifTIERE STOP 1=,

This sample demonstrates waking up from stop mode by LPTIM(contiunus mode) interrupt request.

13.3 LPTIM_OnceMode WakeUp WFE

LEEEAIEZR T LPTIM RIS SE4-I%EE STOP 5,

This example demonstrates the LPTIM once mode event wake-up STOP mode.

13.4 LPTIM_OnceMode_WakeUp_WFI

EEEAEZR T LPTIM BRI HIfTIREE STOP 52,

This sample demonstrates waking up from stop mode by LPTIM(once mode) interrupt request.
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14 OPA

14.1 OPA_VoltageFollow

ItEREGiER 7 OPA RIFEIEERFETNAE, PA7 SIEimEIAN, PAS AN, PA6 i, PA6 &I
PA7 fEREIAVEEE(E.
This sample demonstrates the voltage follower functionality of the OPA (Operational Amplifier). PA7

is the positive input, PA5 is the negative input, and PAG is the output. PA6 will output the same voltage
as PA7.
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15 PWR

15.1 PWR_PVD

IEEBER T PVD (BBEHSNTHAES) . #£5)hERE PBO7 BIBIEYEEES VREF (1.2V) THEER. 24 PBO7
S|V EST VREF BY, LED ¥T°K; Z{EF VREF BY, LED {T=.

This sample demonstrates the PVD (Voltage Detection) function. The voltage at PBO7 pin is
compared with VREF (1.2V). When the voltage at PB07 is higher than VREF, the LED light is off.
When the voltage is lower than VREF, the LED light is on.

15.2 PWR_SLEEP_WFE

HEEEAIEZR 7 sleep #22UT, R GPIO S{4HIREE,

This sample demonstrates the usage of GPIO event to wake up the MCU from sleep mode.

15.3 PWR_SLEEP_WFI

HEEEAIEZR T sleep #22UTS, R GPIO FhfilREeE,

This sample demonstrates the usage of GPIO interrupt to wake up the MCU from sleep mode.

15.4 PWR_STOP_WFE

LRGSR 71 stop BT, fEF GPIO SH{HI%EE,

This sample demonstrates the usage of GPIO event to wake up the MCU from stop mode.

15.5 PWR_STOP_WFI

IHEREBRDR 77 stop #RZUT, {£F GPIO FlfisEs,

This sample demonstrates the usage of GPIO interrupt to wake up the MCU from stop mode.

Puya Semiconductor 20 / 30



PY32F040EP Reference Manual V1.0.0

16 RCC
16.1 RCC_HSE_OUTPUT
IR 7RSSR TORE, ATt HSE iKY,

This sample demonstrates the clock output feature that can output the HSE waveform.

16.2 RCC_HSI_OUTPUT

EEEpliER 7 RIshEEIHINRE, ATt HSI K.

This sample demonstrates the clock output feature that can output the HSI waveform.

16.3 RCC_LSE_OUTPUT
HREBIE R TSR SRR E R LSE, FHEiT MCO 2 |Hite R Fmdeh,

This example demonstrates setting the system clock to LSE and outputting the system clock through
the MCO pin.

16.4 RCC_LSI_OUTPUT

HHEGIER 7B R SRS HNEE S LS|, FH@id MCO 5|k R Ferd 4,

This example demonstrates setting the system clock to LS| and outputting the system clock through
the MCO pin.

16.5 RCC_Sysclock_Switch

HEEEpER TRISREIHR, B LS| (32.768KHz) {RZE HSE (24MHz),

This sample demonstrates clock switching from LSI (32.768KHz) to HSE (24MHz).
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17 RTC

17.1 RTC_Alarm_lInit

I EEBER RTC BOREhRRRThARE, 722048 aShowTime RERUSFIATE, 7E54A aShowDate HERY
BIHER, HXZRHER, LED J&%=

This sample demonstrates the alarm interrupt function of the RTC. It displays the current time in the
aShowTime array and the current date in the aShowDate array. When the alarm value is reached,
the LED will light up.

17.2 RTC_WakeUpAlarm_lInit

IEREpEREE RTC Mg 1S 241 MCU ) STOP &z MIREE, &RIREESENE LED, LED
EEEEpRA 1s £,

This sample demonstrates waking up the MCU from STOP mode approximately every 1 second using
RTC alarm interrupt. Each time the MCU wakes up, the LED will toggle, with an interval of
approximately 1 second between each toggle.

17.3 RTC_WakeUpSecond_Init

tEEpliE B RTC FOehlf STOP RV TNIREE, IREESS, AMTATINRRRE, SULTIRRRE.

This sample demonstrates waking up the MCU from STOP mode using RTC second interrupt. After
waking up, the LED will either blink or remain off.
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18 SPI
18.1 SPI_TwoBoards_FullDuplexMaster_DMA _Init

LEHEGIZFIR DMA XSEEOFMEZEO (SP1) S4MRIREIUEN T ETANHTEENER WROKE
HFEEL, FIMEBNIREIREESAT R SCK, FAET MOSI 5 |BIAIEEWE M MISO 5 | B MHNAY
R, BUBELAEVIRMAY SCKIBRSHMBAI, TRENTIEE.

This example demonstrates that SPI uses DMA for full-duplex communication with external
devices.This interface is set in master mode to provide communication clock SCK for external and
slave devices.The host sends data through the MOSI pin, receives data from the MISO pin, and the

data is shifted synchronously along the SCK provided by the host, completing the full-duplex
communication.

18.2 SPI_TwoBoards_FullDuplexMaster_IT_Init

A HIZFI BB SR MO (SPI) SSMNBIREUEN T RITHRTERE MER MEORESN
FEH, HINPNIRERABERE SCK, EHEIY MOSI 5 |BIAIEEHE M MISO 5 | BMHZKMATEL
12, BURLAENRRMA SCKInRLHBNAL, THREWNTIEE,

This example demonstrates that SPI uses interrupt for full-duplex communication with external
devices.This interface is set in master mode to provide communication clock SCK for external and
slave devices.The host sends data through the MOSI pin, receives data from the MISO pin, and the

data is shifted synchronously along the SCK provided by the host, completing the full-duplex
communication.

18.3 SPI_TwoBoards_FullDuplexMaster_Polling_Init

IR BT R TR OIMREN (SPI) SHMNBIREUEN T HITHIUH TRERERENIR
BRFEN, HINENSERABERTT SCK, EHEIT MOSI 5 |BIRIEEHE M MISO 5 |FHEKIAN
HIEHE, EUELAETRME SCKIGRIPHBAL, TlRENTIBIE,

This example demonstrates that SPI uses polling mode for full-duplex communication with external
devices.This interface is set in master mode to provide communication clock SCK for external and
slave devices.The host sends data through the MOSI pin, receives data from the MISO pin, and the

data is shifted synchronously along the SCK provided by the host, completing the full-duplex
communication.

18.4 SPI_TwoBoards_FullDuplexSlave_DMA_Init

LRI RIA DMA XJEaOSMRIEO (SPI) S5MRIREIUEN T BT A TEERYER WEORE
AEE, PINBNRERAIEEH SCK, EHUEBIT MOSI 5 |BIAIEEEE M MISO 5 IBPEEIKMNAY
iR, BUELAENIRMA SCKIBALSHBAL, FTThlENTIEE.
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This example demonstrates that SPI uses DMA for full-duplex communication with external
devices.This interface is set in master mode to provide communication clock SCK for external and
slave devices.The host sends data through the MOSI pin, receives data from the MISO pin, and the
data is shifted synchronously along the SCK provided by the host, completing the full-duplex
communication.

18.5 SPI_TwoBoards_FullDuplexSlave IT Init

HAFFIERFIFFEIXT R OIMEEED (SPI) S/MBIREFEILEN T HITHEHTERE NER HEOKREN
FiEN, PPN FIREBEEE SCK, @D MOSI 5|HIREEWE N MISO 5 |BIHEEKUNATES
12, #ARLAENRMRY SCKInRLWBAL, THRENTEE.

This example demonstrates that SPI uses interrupt for full-duplex communication with external
devices.This interface is set in master mode to provide communication clock SCK for external and
slave devices.The host sends data through the MOSI pin, receives data from the MISO pin, and the

data is shifted synchronously along the SCK provided by the host, completing the full-duplex
communication.

18.6 SPI_TwoBoards_FullDuplexSlave_Polling_Init

IR BT 2R TR OMREN (SPI) SHMNBIREUEN T HITHIVH TREREDHENIR
BFELN, HINMTNRERAEEET SCK, EHUEIT MOSI 5 |BlARIEEHE M MISO 5 |BHZITMIN
BIBUE, BUBLAEHIRMEN SCKEEEEBAI, SeleNTIEE,

This example demonstrates that SPI uses polling mode for full-duplex communication with external
devices.This interface is set in master mode to provide communication clock SCK for external and
slave devices.The host sends data through the MOSI pin, receives data from the MISO pin, and the

data is shifted synchronously along the SCK provided by the host, completing the full-duplex
communication.
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19 TIM

19.1 TIM1_6Step_lInit

R TR TIM1 7242752 PWM (S5, H{AIRR 1ms 1E SysTick FRlfihfifAdter, SCHLFTRIF
AR,

This sample demonstrates how TIM1 can be used to generate a "six-step PWM signal." The
commutation is triggered in the SysTick interrupt every 1ms to realize the commutation of the brushless
motor.

19.2 TIM1_ComplementarySignals_Init

IHAEBIER 78R TIM1 i =E&EIER D 10Hz S==EED 500 25%. 50%. 75%H) PWM isRZLAR (]
HEAMSS, FHLIT 250ns FIFEXFIRZEINRE.
This sample demonstrates the generation of three PWM waveforms with  frequencies of 10Hz and

duty cycles of 25%, 50%, and 75% using TIM1. It also generates their complementary signals. It also
generates their complementary signals and implements a 250ns dead-time and brake function.

19.3 TIM1_DmaBurst_Init

HEBIER T TIM1 89 DMA Burst (€4, BI&E TIM1 8 PWM &=, btk DMA EiiEk. &
IXFFEEFTHRRTETE TIM1DataBuffIPAYEZIIFS A RCR #1 CCR1 FHfFes, #Z PWM kA5
EERIZ S = EERYRKIPERE.

This sample demonstrates the DMA Burst transfer of TIM1. It configures TIM1 in PWM mode and
triggers DMA transfer requests on update interrupt. Each time an update interrupt occurs, the values

in TIM1DataBuff[] are sequentially written to RCR and CCR1 registers, changing the duty cycle and
the number of pulses for the PWM waveform.

19.4 TIM1_EncoderTI2AndTI1_lInit

IHEEFIER T TIM1 AUSRASES L, TIM1 BB N4RASEsIEIEL 3, PAS 1 PA9 ERENiEIE 1 1
BiE 2,24 PAS BINEERI LFHAERI, PA9 BINGES EFHAEER TIM1 @ EitE, kBT FF
[SEE 1 FIEE 2 AUkl TFETRFIEDZE0 CNT (B,

This sample demonstrates the encoder interface mode of TIM1. TIM1 is configured in encoder
interface mode 3, with PA8 and PA9 configured as channel 1 and channel 2, respectively. When the
rising edge of the input signal on PA8 occurs before the rising edge of the input signal on PA9, TIM1
counts up; otherwise, it counts down. The capture interrupts for channel 1 and channel 2 are enabled,
and the current CNT value is printed in the interrupt.
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19.5 TIM1_InputCapture

WHEGIERT TIM1 RUBINIEIATIEE. ECE PAS AEE 1 RUMIAG M), B85 B FHI EFHER <At
IR, FHER TR R ENEE LED,
This sample demonstrates the input capture functionality of TIM1 . Configure PAS8 as the input capture

pin. Whenever an rising edge is detected on PA8, it triggers the capture interrupt and toggles the LED
in the interrupt callback function.

19.6 TIM1_InputCapture_ XORCh1Ch2Ch3

IHFLRER T TIM1 N=BESEMARRIIEE. ECE PAS, PA9, PA10 AiBE 1. @& 2. @iE 3 /Y
BMANSIH, 83815 BT SARRPYT, FEFEEFEE: LED,

This sample demonstrates the XOR input capture functionality of TIM1 using three channels: PAS8,
PA9, and PA10 as the input pins for channel 1, channel 2, and channel 3, respectively. Whenever

there is a change in the level of any of the input pins, it triggers the capture interrupt and toggles the
LED in the interrupt handler.

19.7 TIM1_OC_Toggle

AR T TIM1 AU ECEHRR, IHR/ECEEIE 1(CH1)RTMMHIRETR] PAS, FHSHSA/LLIREE
1(CHN)FKE LR AR
This sample demonstrates the output compare mode of TIM1. The output of capture/compare

channel 1 (CH1) is mapped to pin PA8. Capture/compare channel 1 (CH1) is enabled and set to
compare output toggle mode.

19.8 TIM1_OnePulseOutput

IEEGIERT TIM1 BUEBKHETC. BiE TIM1 AMEAAES, fRIRD TI2FP2, @& 1 3 PWM2
B, BEIE PAS, Bl 2 NN, BEIEIPA9, 4 PA9 HIGMIEI—A EFHERS, PA8ZER 20ms
[EFrE—1BEE /9 80ms RIFKIH,

This sample demonstrates the single pulse mode of TIM1. TIM1 is configured in slave mode trigger
mode with TI2FP2 as the trigger source. Channel 1 is configured as PWM mode 2 and mapped to

pin PA8, while channel 2 is configured as input mode and mapped to pin PA9. When an rising edge
is detected on PA9, a 20ms delay is applied, and then PA8 will output a pulse with a width of 80ms.

19.9 TIM1_PWM_Init

LEEEpIEZR 7 6ER TIM1 PWM2 fRzUiH =ERERI9 10Hz G==EED 51 25%. 50%. 75%H) PWM i
.
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This example demonstrates the use of TIM1 PWM2 mode to output three PWM waves with a
frequency of 10Hz and a duty cycle of 25%, 50% and 75%, respectively.

19.10 TIM1_TIM3_Cascade

IREFIER T TIM1 0 TIM3 ZRERAE 32 RIAHE4EE, TIM3 =1, TIM3 BUEHSS/ER TIM1 BYE AT
., TIM3 & 1ms 15—k, 11#4 1000 REF=4&EE, TIM1 iHE—IX,
This sample demonstrates the cascading of TIM1 and TIM3 as a 32-bit counter, with TIM3 as the

master and the overflow signal of TIM3 as the input clock of TIM1. TIM3 counts every 1ms, and after
counting 1000 times, it overflows and TIM1 counts once.

19.11 TIM1_TimeBase_lInit

LEEpEZR T TIM1 RISEFTREFINRE, EEF-PRhENEE LED,

This sample demonstrates the update interrupt function of TIM1, and toggle the LED in update
interrupt

19.12 TIM1_Update DMA_Init

B 77 TIM1 Hh{EF3 DMA (E5aEdERYTNRE 81T DMA )\ SRAM FHRIZ#HEE] ARR FH1FEas8
I TIM1 EFRERREEM, TIM1 S5—IRiEHfE LED Sk, HRENEE A E)/E@/9 1000ms, DMA EEHRIRIE
Z| TIM1_ARRZEUX LED EB%£(EIRA 900ms LALLZEHE BRf5 LED EB4%1EMR/0 100msDMA izt
%,LED {£§% 100ms BIEREEEIRRINIE,

This sample demonstrates the use of DMA to transfer data in TIM1, copying data from SRAM to the
ARR register to achieve varying update periods for TIM1. After the first overflow of TIM1, the LED will
toggle, with a time interval of 1000ms. After the data is transferred to TIM1_ARR using DMA, the LED

toggling interval gradually decreases: 900ms, 800ms, 700ms, 600ms, 500ms, 400ms, 300ms, 200ms,
100ms. Finally, the LED will blink with a constant toggling interval of 100ms.
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20 USART

20.1 USART_HyperTerminal_AutoBaund_IT_Init

HGIER 7 USART BB aliR4SERIaNITHEE, EAMUAIX 1 FHRUBASZRIGNZRF 0x55, 4R MCU 1§
MIFLTH, NHREIZFRF: Auto BaudRate Test,
This example demonstrates the automatic baud rate detection function of USART. If the MCU detects

successfully after the upper computer sends 1 byte baud rate detection character 0x55, it will returns
the string: Auto BaudRate Test.

20.2 USART_HyperTerminal_DMA_Init

IHAFGFER T USART BY DMA AIUAEFIHEIEUE, USART ECEY 9600, #UENI8, =1L 1, K
i None, F&FHIEITIERE, TERRER, AREBI LA TR 12 NN, #Ia0 0x1~0xC,N MCU
SRR RRRIER LA, AEHTENEREE.

This example demonstrates how to use USART to send an amount of data in DMA mode. USART
configuration is 9600 baud rate, data bit 8, stop bit 1, check bit None. After download and run the
program,Print the prompt message, and then send 12 data through the upper computer, such as

0x1~0xC, the MCU will send the received data to the upper computer again, Then print the end
message.

20.3 USART_HyperTerminal_IndefiniteLengthData_IT

HREBER T USART RIS TURIXF IR EREUE, USART ECE/ 115200, #3E(Z8, {=1E
1, BRI None, FEFIEITIEFE, REBE LN FTRESKENEUE (RE1d 128bytes), Il
0x1~0xC, MCU 1EEMEIR SRR RIEE LA,

This example demonstrates the interrupt method of USART to send and receive variable length data.
USART is configured as 115200, with data bit 8, stop bit 1, and check bit None. After downloading and

running the program, the MCU will send any length of data (not exceeding 128bytes) through the upper
computer, such as 0x1~0xC. The MCU will send the received data to the upper computer again.

20.4 USART_HyperTerminal_IT_Init

IHAFFIER T USART RUFRBTATURIEFIEINEIE, USART ECEJ 9600, #UE( 8, =1L 1, BE&
i None, P& FHIEITIERG, IEDRNMER, AEEE LM TA 12 PNGE, HI0 0x1~0xC, N MCU
SEERIRESIR R RIZR LA, AEHTENEREE.

This example demonstrates how to use USART to send an amount of data in interrupt mode. USART
configuration is 9600 baud rate, data bit 8, stop bit 1, check bit None. After download and run the

program,Print the prompt message, and then send 12 data through the upper computer, such as
0x1~0xC, the MCU will send the received data to the upper computer again, Then print the end
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message.

20.5 USART_HyperTerminal_Polling_Init

HAEBIER 7 USART BUSIEIAUAIXFIEIEIRE, USART BEEN 9600, #UEAI 8, FLEAI 1, KI&
i None, F&FIEITIZERE, IEERER, AREBI LA TR 12 NN, fia0 0x1~0xC,N MCU
SEREIRNEIRBRRREE LA, ASHENERER.

This example demonstrates how to use USART to send an amount of data in polling mode. USART
configuration is 9600 baud rate, data bit 8, stop bit 1, check bit None. After download and run the
program,Print the prompt message, and then send 12 data through the upper computer, such as

0x1~0xC, the MCU will send the received data to the upper computer again, Then print the end
message.
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21 WWDG
21.1 WWDG_IT

ItEREBEZR 7 WWDG RUIRRIMREZRITINRE, B PEHELERR T iTHE8E] 0x40 BIF=4E i, FrihiRie,
LR E RS
This sample demonstrates the early wake-up interrupt function of the WWDG. When the watchdog

counter counts down to 0x40, an interrupt is generated. In the interrupt handler, refresh WWDG
counter to ensure that the watchdog does not reset the system.

21.2 WWDG_WINDOW

IHEFER Y WWDG B9 BOAI 1088, Bi& WWDG FIEH LR (TFERERER 0x3F), FEFFhiEd
delay FERTRREY, FRERFERZE WWDG HHEIEORBETIRIOME, B LED KTiAKk, sTLAFIEEOR
IRIEFHRES L

This example demonstrates the window watchdog function of WWDG. Set the upper limit of the window
of WWDG (the lower limit is fixed at Ox3F).The program ensures that the WWDG is refreshed in the

WWDG counting window through the delay function, and can judge that the WWDG is refreshed in the
window without resetting through the LED light blinking.
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