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1 ADC

1.1 ADC_AnalogWatchdog

R T ADC RIRINET ThEE, SHEE HREENEEEAMEREN L TRS, SHNE
[ IR,

This example demonstrates the analog watchdog function of ADC. When the voltage value of the
channel that opens the watchdog is not within the set upper or lower limits,Will enter watchdog
interrupt.

1.2 ADC_MultiChannelsSingleConversion_TriggerSW_DMA

IEHEBIETR 7 ADC RYZiEiE DMA (EimRIThEE,

This example demonstrates the functionality of multi-channel DMA transmission in ADC.

1.3 ADC_TempSensor_TriggerTimer_IT

IR R T ADC #&HAY Tempsensor THEEFN/MER A THRE, FEIT SR OFIENHIEEE.

This example demonstrates the Tempsensor function and external trigger function of the ADC module,
and prints the temperature value through the serial port.
1.4 ADC_Vrefbuf

LGSR~ 7 ADC B Vrebuf IhBE,

This example demonstrates the Vrebuf function of ADC.

1.5 ADC_Vrefint

IHAFGER T ADC Y Vrefint hEE, 18id Vrefint BB, BJLARMERH MCU RIHEREEE(E.

This example demonstrates the Vrefint function of ADC. By using the value of Vrefint, the power supply
voltage value of MCU can be inferred
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2 COMP
2.1 COMP_CompareGpioVs1_2VCC_IT

A pIER 7 COMP LEEREEHITINGE, PDO {FNLLEESIEiRiA, 1/2VCC {E/utiiRasthiniN, =
PDO RIEB/EATF 1/2VCC EBJERY, LED XT%, /vF 1/2VCC EEJERY,LED fT°K,
This example demonstrates the interrupt function of the COMP comparator, with PDO as the positive

input and 1/2VCC as the negative input. When the voltage of PDO is greater than 1/2VCC voltage, the
LED lights up, and when it is less than 1/2VCC voltage, the LED lights out.

2.2 COMP_CompareGpioVs1_2VCC_WakeUpFromStop

IEEREGER 7 COMP LUIRERIREETNRE, PDO {EALLIRERIEIRIAIA, 1/2VCC {EALLR R RN, BN
stop t&zlf5, EIIIEE PDO LRYMIARE, FAEhi#flele stop &z,
This example demonstrates the COMP comparator wake-up function, with PDO as the positive input

and 1/2VCC as the negative input of the comparator. After entering stop mode, the interrupt wake-up
stop mode is generated by adjusting the input voltage on PDO.

2.3 COMP_CompareGpioVs1_2VREFBUF_Polling

IHEEBIiER T COMP LUiRzsEeiaIThEE, PDO {E/ILLIRERIEmIIAN, 1/2Vrebuf2.048V {EALLIRES Tl
BN, = PDO RYEEEKTF 1/2Vrebuf2.048V EBERY, LED XT5, /IVF 1/2Vrebuf2.048V EB/ERT,LED T
This example demonstrates the COMP comparator polling function, with PDO as the positive input

and 1/2Vrebuf2.048V as the negative input. When the voltage of PDO is greater than 1/2Vrebuf2.048V
voltage, the LED lights up, and when it is less than 1/2Vrebuf2.048V voltage, the LED lights off.
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3 CRC
3.1 CRC_Bytes_Stream_7bit_CRC

HEFLETR T, BPENNERZIIE HAL_CRC_Init() BiE. FERT, @SN\ LGRS
1, (ERRADRE, FHECRNSIERENFT.
In this example, the user-defined generating polynomial is configured by HAL_CRC_Init(). At the

same time, it is set that neither input or output data must be reversed, the default init value is used and
it is specified that input data type is byte.

3.2 CRC_CalculateCheckValue

HAEGIER T CRC BEGTHRE, BN —MHERIEIEH TR, BRI ESECRIEFITLL
&, 1N LED ¥T=, &N LED kTR,
This example demonstrates the CRC verification function. By verifying the data in an array, the obtained

verification value is compared with the theoretical verification value. If it is equal, the LED light will be
on, otherwise the LED light will be off.

3.3 CRC_Data_Reversing_16bit_ CRC

GRS T P ENRERZIEH HAL_CRC_Init)ECE. BT, BASIEREINAGRE NS T
¥, BHEIEREIIGRBERR (RBMRREENAA). itHH 16 f7KAY CRC &, SHEHFMEE
uwCRCValue TEH, AES5FETE uwExpectedCRCValue_reversed ZEHHY CRC FRERE#HITEL
e,

In this example, the user-defined generating polynomial is configured by HAL_CRC_Init(). At the
same time, input data reversal feature is setto bit  reversal on full word.Output data reversal is enabled
as well (only bit-level reversal option is available).Additionally, the default init value is discarded and

a user-defined one is used instead. The 16-bit long CRC is computed, stored in uwCRCValue variable
then compared to the CRC expected value stored in  uwExpectedCRCValue_reversed variable.

3.4 CRC_UserDefinedPolynomial

LEEpiEZR T CRC (B TARISE), HHEBRTRIERFPENXRIEMZIE, PEER 32 EIEFE
PXITE 8 i CRC L.

This sample demonstrates CRC (Cyclic Redundancy Check), where the calculation unit calculates
an 8-bit CRC code for a given 32-bit data word buffer based on a user-defined generating polynomial.
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4 DAC
4.1 DAC_SingleGeneration

ItEREBIiEZR 7 DAC BYSRIHRATHEE, )& PC6 BETSHIL 1/2 AUHEBFEE(E,

This example demonstrates the software triggering function of DAC, where channel PC6 can output
1/2 of the supply voltage value.
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5 DMA

5.1 DMA_SramToSram_IT

LEEHIiEZR T DMA M\ SRAM || SRAM fEEiiERIZNEE (SRAM FISMRZ IBHEMBIEHIESEEXRIN
IREFBITAE).

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).
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6 EXTI
6.1 EXTI_Toggleled_IT

IEREGEZR 7 GPIO SMNERRRRINEE, 125 (PAO) 31 ERYE— LFHEERRF=4E T, “hlTeRE+ LED
KTEEE—IR,

This example demonstrates the GPIO external interrupt function, where each rising edge on the key
(PAO) 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 {TRFERIRE, B MCU A STOPO#R=; $Im PA6 5|5, MCU 1%, LED iT&F
MRS,

This example demonstrates the function of waking up an MCU through the PAG pin. After downloading
the program and running it, the LED light is constantly on; After pressing the user button, the LED light

is in a constant dark state and the MCU enters STOPO mode; After pulling up the PA6 pin, the MCU
wakes up and the LED light is in a flashing state.
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7 FDCAN

7.1 FDCAN_Classic_StandardID_IT

IAEBITETR 7 SR CAN2.0 MR ENR TS5 PCAN-View RUE(EIN8E, MCU B5tE50rA PCAN-
View &% ID 73 0x111 #Y 2 i, PCAN-View EWEIEUER, A/EFahiEd PCAN-View [() MCU &
1% ID 79 0x111 B9 2 ISz,

This sample demonstrates the communication function between CAN2.0 protocol standard frame
interrupt mode and PCAN-View. MCU automatically sends 2 frames of data with ID 0x111 to PCAN-

View at first. After PCAN-View receives the data, MCU manually sends 2 frames of data with ID 0x111
to MCU through PCAN-View.

7.2 FDCAN_Classic_StandardID_Loopback_polling

IR 7 5RAE CAN2.0 1Y, HuiEni, eI/ VAYAIBREIEAE(S.

This sample demonstrates internal loopback communication using CAN2.0 protocol, standard frames,
polling.

7.3 FDCAN_ExtendID_polling

AR 7SR CANFD il Rmieifl/5z05 PCAN-View RUB(SIEE, MCU B55Ham PCAN-
View &iX 64byte £ 0x0~0x3F, PCAN-View 1ZWEIEUES, AEFNEIL PCAN-View [ MCU &
1% ID 9 0x12345678 {1 64byte FE, MCU £BEshEEKNEISIRETSEOITH.

This example demonstrates the communication function between the CANFD protocol extension frame
polling method and the PCAN View. The MCU first automatically sends 64byte data 0x0~0x3F to the
PCAN View. After the PCAN View receives the data, it manually sends 64byte data with ID 0x12345678

to the MCU through the PCAN View. The MCU will automatically print the received data through the
serial port.
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8 FLASH
8.1 FLASH_PageEraseAndWrite

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

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

8.2 FLASH_SectorEraseAndWrite

IHEIEZR T flash sector #&F0 Page SINEE,

This example demonstrates the flash sector erase and page write functions.
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9 GPIO

9.1 GPIO_FastlO
BHEFIEER GPIO BY FAST 10 $itHIhEE. FAST 10 RE R LUKXEI B EHARIHEIRE .,

This sample demonstrates the FAST IO output functionality of GPIO. FAST IO speed can achieve
single-cycle toggling speed.

9.2 GPIO_Toggle

LGSR 7 GPIO iiiEs, EE LED 5| AE=mtiEt, HEER 250ms i —IX LED 5|
BB, 1E{TRERs, BILAEZ LED JTLA 2Hz BUSRERINIR,

This sample demonstrates GPIO output mode. It configures the LED pin as a digital output and toggles
the LED pin level every 250ms. When the program runs, you can observe the LED blinking at a
frequency of 2Hz.
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10 12C
10.112C_TwoBoards_Com_DMA

REFER T 12C E8d DMA SRBHTEN, ENSERMTLALIE 15byte #iE, ARBRIMTIAER
15byte #dE, EH. MREGERINE, ETFIMUR LAV NTLET BRI,

This sample demonstrates |12C communication using DMA. The master device 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 transmit and receive data, the LEDs on both boards will be constantly lit.

10.212C_TwoBoards_Com_DMA_MEM

IEEREBEZR 7 M 12C (@i DMA SR TIEM, MHLER EEPROM SNRIE H P24C32, £ user #%2
#, EHSTRMILE 15bytes EiE/9 0x1~0xf, AfFHBM EEPROM FiGE NRYEUEEEH, EEENAINSS,
FHRERVINT T E=IRTE,

This sample demonstrates the host 12C communication through DMA, the slave using EEPROM
peripheral chip P24C32, press the user button, the host first to the slave to write 15bytes of data for
the 0x1 ~ Oxf, and then from the EEPROM will be written to read out the data, read the success of the

host board, the small light is in the “always on” state! After successful reading, the small light on the
host board is in “always on” state.

10.312C_TwoBoards Com_IT

HHEAIER Y 12C Bzl @R, EVTEMILRIE 15byte #iE, ARBIRIMTIAIERN
15byte #UiE, 4. MYIRKEUEERINE, EVFIMUR ERNTATFBERRE.
This sample demonstrates 12C communication using interrupt. The master device 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 transmit and receive data, the LEDs on both boards will be constantly lit.

10.412C_TwoBoards_Com_IT_DualAddr

HWHFIERT 12C BB UH @R, EHSEEMILAIE 15byte iR, AEBIREMIAIER
15byte #E, £, MHUREEIERINE, ETFIMUR ERINTGET ERRE.

This sample demonstrates 12C communication using interrupt. The master device 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 transmit and receive data, the LEDs on both boards will be constantly lit.
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10.512C_TwoBoards_Com_Polling

HEAER T 12C BITRIRGTVHTER, ENSTEMIULE 15byte EiE, AEBEHREMILAIZRT
15byte #iE, £, MHUREEIERTIIE, ETFIMUR EAINTGET ERRE.

This sample demonstrates 12C communication using polling. The master device 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 transmit and receive data, the LEDs on both boards will be constantly lit.

10.6 12C_TwoBoards_MasterTxSlaveRxIndefiniteLengthData_IT

teREpliER TS o0, ENAREREREE, MURRAEREE. ETRMUAE 10 FPE)
IR (0~9), AEMVEEKEEE (0~9) FEIIEOFIED; ENEMILAIX 100 FHEHE (1~100), A
FEMHEBEEE (1~100) FHEEEROFTED; EHEMTILE 10 FHREEE (0~9), ARMIEELEL
#& (0~9) FEIEBOFTED,

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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11 12S
11.112S_TwoBoards_Com_DMA

LEREGFIZRT 12S E415 128 MTLLADMA B TBERYEDR, 12S FAN5TA 12S MLAIEEE 0x1~0x10,
12S MHIZIREIEERES, B 12S EHEAREWE 0x1~0x10, = 12S AU 12S MUAIHZRWEEERT, /)
ITRTFESIRE, BUWINT TR,

This sample demonstrates communication between the 12S master and 12S slave using DMA. The
I12S master sends data 0x1 to 0x10 to the 12S slave. The I12S slave receives the data and sends back

data 0x1 to 0x10 to the 12S master. When both the I12S master and 12S slave successfully receive the
data, the LED will be constantly on. Otherwise, the LED will be blinking.

11.212S_TwoBoards Com_IT

IEEREBIERS 128 £S5 128 MNTLLAFRBTS U TBERYED, 12S EAN55M 12S MLAIEEE 0x1~0x10,
128 NIEIEEER, B1R 128 EHURIAEGEE 0x1~0x10, =5 12S A 128 MHLBTHIZITEERRT, /)
TAETFESRE, SUWINTEFIRNRRES.

This sample demonstrates communication between the 12S master and 12S slave using interrupt. The
I2S master sends data 0x1 to 0x10 to the I2S slave. The I12S slave receives the data and sends back

data Ox1 to Ox10 to the I12S master. When both the 12S master and I12S slave successfully receive the
data, the LED will be constantly on. Otherwise, the LED will be blinking.

11.312S_TwoBoards_Com_Polling

IEEREGIRRS 128 S 128 MHLLARIES VB TIBERYER, 128 5T 12S MHLARIEEHE 0x1~0x10,
128 NHEIEEHER, B1R) 128 EHURIAEGE 0x1~0x10, =5 12S A 128 MHLBTHIZIREERRT, /)
TAEFESRE, BUINTLTFIRMFRE,

This sample demonstrates communication between the 12S master and I12S slave using polling. The
I12S master sends data 0x1 to 0x10 to the I12S slave. The I12S slave receives the data and sends back

data 0x1 to 0x10 to the I12S master. When both the I12S master and I12S slave successfully receive the
data, the LED will be constantly on. Otherwise, the LED will be blinking.
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12 IWDG

12.1 IWDG_Reset

HAFFIER T IWDG &I PThee, BB PUEHITEIE, 1141 1000ms FE1, AEBESEAESRIR
HIRYATE] (main EREL while BFAHAAD), BTLAIERE], WISRERIBAATE 900ms, 2FE—HIERIE
17 (LED TIAKR), SNERIEAtE 1100ms, FEFS—EHENM (LED KTIEX).

This example demonstrates the function of IWDG (Independent Watchdog).Set IWDG to count
1000ms and then reset.By adjusting the time of refresh the dog each time (code in the main function

while loop), it can be observed that if the time is 900ms, the program can always run normally (LED
blink), if the time is  1000ms, the program will always reset (LED off).
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13 LCD

13.1 LCD_Display

R R TR B TR E s (LCD) RYEM(E. KREERKECENASEESE, LAELCD
28, HER'88:88"FH,

This sample demonstrates the operation of a monochrome passive liquid crystal display (LCD). The
biasing circuit is configured with internal resistor division to ensure full display on the LCD, showing

the text "88:88".
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14 LPTIM

14.1 LPTIM_Wakeup_WFE

LHEBERT LPTIM EEiE 4 I%EE STOP &1,

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

14.2 LPTIM_Wakeup_WFI

LRGSR T LPTIM ISR AR ifTIERE STOP 1=,

This example demonstrates the LPTIM continuous mode interrupt wake-up STOP mode.
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15 LPUART

15.1 LPUART_TwoBoards_Com_DMA

LRGSR 7 FRSREB IR Z [B17E DMA 12 (T LPUART (&5, AIXAZWTERREBIEIR Z BT,
LPUART BEE&8 9600, HUE(I 8, =1L 1, RRI&{I None,
This sample demonstrates LPUART transmission between two boards in DMA mode, with

transmit/receive taking place between the two boards.The LPUART is configured for 9600, with data
bit 8, stop bit 1, and parity bit None.

15.2 LPUART_TwoBoards_Com_IT

AR 7 FREREB R 2 [BITE P TR T LPUART (&5, ARX/AZKIERREBEEIRZ BT,
LPUART BC& 79 9600, #UfE(8, fF1EAZ 1, 1E&I None,
This sample demonstrates LPUART transmission between two boards in interrupt mode, with

transmit/receive taking place between the two boards.The LPUART is configured for 960000, with data
bit 8, stop bit 1, and parity bit None.

15.3 LPUART_TwoBoards_Com_Polling

HREBIER 7 PR R Z (BRI T T LPUART &1, AX/AZKTERREB R IR 2 BT,
LPUART BC& 79 9600, #UE(8, fFIEAZ 1, 1E&I None,

This sample demonstrates LPUART transmission between two boards in polling mode, with
transmit/receive taking place between the two boards.The LPUART is configured for 9600, with data
bit 8, stop bit 1, and parity bit None.
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16 OPA

16.1 OPA_VoltageFollow

LEEpIiEZR 7 OPA RIFBIEERRELNRE, PC2 AIEWIIA, PC1 AthinAN, PC8 JfiH, PC8 Rkl
PC2 HREIRVFEE(E.

This sample demonstrates the voltage follower functionality of the OPA. PC2 is the positive input,
PC1 is the negative input, and PC8 is the output. PC8 will output the same voltage as PC2.
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17 PWM

17.1 PWM_PWM1

AR 4 B8 PWM, 1BiE 1 G 20%, @& 2 3 40%, &BiE 3 560%, 1&iE 4 5980%, &
BIFESTER/9 8000000/50/800=200Hz

This sample outputs 4 channels PWM, the duty cycle of channel 1 is 20%,channel 2 is 40%, channel
3 is 60%,channel 4 is 80%.The frequency is 8000000/50/800=200Hz
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18 PWR
18.1 PWR_LPRUN

R THAFDRE lprun 1820,

This example demonstrates entering and exiting the Iprun mode.

18.2 PWR_LPSLEEP_WFI

ISR T Ipsleep #&IU T, GPIO SMEBRRIGEZINAE,

This sample demonstrates the GPIO external interrupt wake-up feature in Ipsleep mode.

18.3 PWR_PVD

HHEBIER T PVD BB EMENIThEE, HHEBBEETF 3.1V AF, LED 285, &7F 3.1V AY, LEDJTEkE
Wo

This sample demonstrates the PVD (Programmable Voltage Detector) voltage detection functionality.
When the supply voltage is lower than 3.1V, the LED will light up. When the supply voltage is higher
than 3.1V, the LED  will turn off.

18.4 PWR_SLEEP_WFI

LGSR T sleep 1RILT, GPIO #MEBARUIREETHEE.

This sample demonstrates the GPIO external interrupt wake-up feature in sleep mode.

18.5 PWR_STANDBY

IHEBER T standby # R T, 181 wakeuppin IREETHEE,

This sample demonstrates the wake-up feature using the wakeup pin in standby mode.

18.6 PWR_STOPO_WFE

LR T 7E stop0 80T, fiEA GPIO S{4IREE,

This example demonstrates using GPIO Event wake-up in stop0 mode.
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18.7 PWR_STOPO_WFI

LEEEAIER 7 E stop0 =2V, R GPIO HhlflEe,

This example demonstrates using GPIO interrupt wake-up in stopO mode.
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19 RCC
19.1 RCC_HSEOutput

I FIECE R SRt HSE, FiEiE MCO1 (PA14) S|,

This sample configures the system clock as HSE and outputs it through the MCO (PA14) pin.

19.2 RCC_HSIOutput
HAFPIECE R FRI$0 HSISYS, Fi@id MCO1 (PA14) 3R,

This sample configures the system clock as HSISYS and outputs it through the MCO1 (PA14) pin.

19.3 RCC_LSEOutput

IHHEBIfERE LSE, FHEE MCO1 (PA14) S|HIEIH.

This sample enables the LSE and is output via the MCO1 (PA14) pin.

19.4 RCC_LSIOutput

LEEERIERE LSI, FHiEid MCO (PA14) Sk,

This sample enables the LS| and is output via the MCO (PA14) pin.

19.5 RCC_MSIOutput

LEEHIECERSRIH/ MSISYS, FHiEIT MCO1 (PA14) Sk,

This sample configures the system clock as HSISYS and outputs it through the MCO1 (PA14) pin.

19.6 RCC_PLLOutput

LRBIECE R SRS T PLL, FHi@iE MCO1 (PA14) SllEH, PLL RYBIARTEFRIRIERE HSI,

This sample configures the system clock as PLL and outputs it through the MCO1 (PA14) pin. The
input clock source for the PLL is set to HSI.
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20 RTC
20.1 RTC_Alarm_IT

LEREpliER RTC ROMTFeRBTINEE. EmiRRreR P T EDSRR AR F AT RTC_IT_ALARMA’,

This sample demonstrates the RTC's alarm interrupt functionality. In the alarm interrupt function, the
current alarm time and the character "RTC_IT_ALARMA" will be printed.

20.2 RTC_Calendar

IteRHER RTC BYRAINEE. SRIRJEA B EIEFHTES/E3EE aShowTime #1 aShowDate H,

This example demonstrates the calendar function of the RTC. The current time and date are updated
in the global variables aShowTime and aShowDate.

20.3 RTC_Tamper

BRI NN B HEIRE D S 17e8 088, £ TAMP_IN 5|H)(PA8)F=4 N IEIB N BB aIRIRE D
BrashrIEIE.

This example demonstrates the function of erasing backup registers by external tamper events. A
tamper event generated on the TAMP_IN pin (PA8) with a falling edge can erase the data in the
backup registers.

20.4 RTC_TimeStamp

IHHEBIER RTC BIRTIEIERNEE.

This example demonstrates the timestamp function of RTC.

20.5 RTC_WakeUpTimer

IHEREfERIEE RTC IEFRERIRR ISR 1s 4§ MCU M STOPO &z MIREE, SRIGEESENE LED,
LED EBELEIFRT 1s.

This example demonstrates waking up the MCU from STOPO mode every 1 second using an RTC
WakeUpTimer interrupt. Each wake-up will flip the LED, with an interval of 1 second between LED
flips.
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21 SPI
21.1 SPI_FullDuplex_ExternalFLASH

LRGSR 7 4 SPI B ieiaa U TEN, MLER FLASH SMZiEH P25Q64, 1£T user &8,
FHFCAMINE 15bytes EE/ 0x1~0xf, AEEM FLASH RIEENRIEUEIEY, SEEEIE, F
R ERVINTFERRE.

This sample demonstrates the host SPI communication through polling, the slave uses FLASH
peripheral chip P25Q64, press the user button, the host first to the slave to write 15bytes of data for
the 0x1 ~ Oxf, and then from the FLASH will be written to read out the data, read the success of the

host board, the small light is in the “always on” state! After successful reading, the small light on the
host board is in the “always on” state.

21.2 SPI_TwoBoards_Com_DMA

HAEGIZFIFE DMA XFEOSMSEEO (SPI) SMERRE e T ETAHTIBERYER, TIRERM
BISAI$H SCK, BT MOSIMISO 5|BlAIX/ARIEHE. MIREIET MOSIMISO 3B AIXETE.
FIRIAENIRMHAY SCKIGREPWBAL, STiEXNTEE.

This sample is a demonstration of using DMA to communicate with a serial peripheral interface (SPI)
and an external device in full-duplex serial mode. The master device provides the communication
clock SCK and sends/receives data through the MOSI/MISO pin. The slave device receives/transmits

data through the MOSI/MISO pins. The data is shifted synchronously along the SCK provided by the
master to complete full-duplex communication.

21.3 SPI_TwoBoards_Com_IT

HAFHIRF AT R OIMREEO (SPI) SMNRREUESN T BRTAIUHTIREER, EiRERHE
BISAI$H SCK, BT MOSIMISO 3|BlAIX/AIEHE. MIREIET MOSIMISO 3| RIXEUE.
FIRIAENIRMHAY SCKIGREEWBAL, STRENTEE.

This sample is a demonstration of using interrupts to communicate with a serial peripheral interface
(SPI) and an external device in full-duplex serial mode. The master device provides the
communication clock SCK and sends/receives data through the MOSI/MISO pin. The slave device

receives/transmits data through the MOSI/MISO pins. The data is shifted synchronously along the
SCK provided by the master to complete full-duplex communication.

21.4 SPI_TwoBoards_Com_Polling

LG 2R BRI R OSMZIEDO (SPI) S9MBIREUEN T HRITANEHTEEER, FiIRSERM
B{SHEh SCK, @12 MOSI/MISO 5|ilaiXAzWEdE. Mig&EiEid MOSI/MISO 5|l AXEEE.
BT RMAY SCK BRI HEAL, hENTIEE.
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This sample is a demonstration of using polling to communicate with a serial peripheral interface (SPI)
and an external device in full-duplex serial mode. The master device provides the communication
clock SCK and sends/receives data through the MOSI/MISO pin. The slave device receives/transmits
data through the MOSI/MISO pins. The data is shifted synchronously along the SCK provided by the
master to complete full-duplex communication.
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22 TIM

22.1 TIM1_6Step

LGRS R ERTESINEE "7 PWM B4 E’J/;iiT, Bid systick F#T{E/A COM commutation
HRUBAIR, SN (FORIEEANAY) #RA TREMRELER, tHNsE—P5+a0 CH1 #1 CHIN /9 1, BHRET
FHXFEMEER PWM i,

This sample demonstrates advanced timer function 'six-step PWM generation’, systick interrupt as
COM commutation event trigger source to achieve commutation (brushless motor). The following table

shows the commutating steps. For example, CH1 and CH3N in the first step are set to 1, that mean
the PWM output of these two channels is  set to start

22.2 TIM1_AutoReloadPreload

LEEEGISCER 7 EERTESAIEATTEENRE, LARERT ARR BshEZINeE, HHEERTzsE=zirrEse
LED T & 2 manc & B F &H  TimHandle.InitAutoReloadPreload =
TIM_AUTORELOAD_PRELOAD_ENABLE;{F8EEZIEEINAE, FTHY ARR (BT IR FHRATARY,
EgE TimHandle.Init. AutoReloadPreload = TIM_AUTORELOAD_PRELOAD_DISABLE;Z|FBrE#H;
ThEE, #HY ARR (BESZIRFEMIRTERL ERE, LED KTLA 2.5HZ RUSTERN:

This sample demonstrates base count function of the timer,and show ARR register autoreload
function.Example toggle LED in timer update interrupt. Modify in main.c. Set

TimHandle.Init. AutoReloadPreload = TIM_AUTORELOAD_PRELOAD_ENABLE to enable
autoreload,and new ARR value will takes effect on the fourth interrupt generate. Set
TimHandle.Init. AutoReloadPreload = TIM_AUTORELOAD_PRELOAD_DISABLE to disable

autoreload,and new ARR value will takes effect on the third interrupt generate. After taking effect, the
LED lights blinked at a frequency of 2.5HZ.

22.3 TIM1_ComplementarySignals

EAFBISCEL T ERS BRI E A MEILHINRE, =HBEMEL/NES pwm B, WHAIIRESCINSEIXIORE CH1 >
PB12CHIN -> PB13CH2 -> PC13CH2N -> PC11CH3 -> PCO5CH3N -> PCO06

This sample demonstrates complementary output function of the timer,Three sets of complementary
outputs total six pwm outputs, this example does not implement the dead zone function

22.4 TIM1_ComplementarySignals_break

IAEHBISCIL T ERTESAIRIZEINEE, CH1 1 CHIN BEfb pwm Hi, ZWEIFMNEB 10 ORRIEES (K8
) &, PWM {§5%7, BBF BDTR.AOE &fI, FRLANEESECE (BBY) &, 4aE pwm Wi,
WHGISTIM TIXINEE, CH1  -> PB12CHIN -> PB13 FIZEBA -> PA13 @i AR
OCXE,CCxP,0ISx,CCxNE,CCxNP,0ISxN HIECE, BISCIIRIZEThRERZFh N B
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This sample demonstrates brake function of the timerthe CH1 and CH1N complementary pwm
outputs.After receiving the brake signal (low level)from the external 10 port, the PWM signal is turned
off. Because BDTR.AOE is set, the pwm output continues after the brake signal is cancelled (high level).
This example realizes the dead zone function CH1 -> PB12 CH1N -> PB13 Brake input -> PA13 By
adjusting the OCXxE, CCxP, OISx, CCxNE, CCxNP, OISxN configuration, which can realize the brake
function of a variety of applications

22.5 TIM1_ComplementarySignals_break_it

IEAEFISCER 7 ERTBSRURIZETDBE, CH1 #0 CHIN BE4#h pwm i, H2UEISMNER 10 ONRIEES (K8
¥) 5, PWM {55X7, B8F BDTR.AOE &fI, FLANEESEE (BHR¥) 5, 448 pwm HiH,
WHAILMTHXINEE. AFEFAFETNEFRY, HEMNEFPUEME LED TEIT AR
OCXE,CCxP,0ISx,CCxNE,CCxNP,0OISxN HIECE, nIsCHIRIZEIHRERYSZFhN B

This sample demonstrates brake function of the timerthe CH1 and CH1N complementary pwm
outputs.After receiving the brake signal (low level)from the external 10 port, the PWM signal is turned
off. Because BDTR.AOE is set, the pwm output continues after the brake signal is cancelled (high level).
This example realizes the dead zone function. This example turns on the brake interrupt and toggle
the LED light in the brake interrupt. By adjusting the OCxE, CCxP, OISx, CCxNE, CCxNP, OISxN
configuration, which can realize the brake function of a variety of applications

22.6 TIM1_ComplementarySignals_DeadTime

IHAEBISCER 7 ERTESAIRIZETNEE, CH1 #0 CHIN BE4b pwm i, BKEISNEE 10 OBRIEES (K8
¥) f&, PWM {F5Xi, BF BDTRACE &fi, FILNEESEE (BB¥) &, 444 pwm i,
IHREFISCIR T EXINEE, BidiEE OCXE,CCxP,01Sx,CCxNE,CCxNP,OISxN RUBLE, BISCIIRIZEINRE
AR

This sample demonstrates brake function of the timer,the CH1 and CH1N complementary pwm
outputs.After receiving the brake signal (low level)from the external IO port, the PWM signal is turned
off. Because BDTR.AOE is set, the pwm output continues after the brake signal is cancelled (high level).
This example realizes the dead zone function. By adjusting the OCxE, CCxP, OISx, CCxNE, CCxNP,
OISxN configuration, which can realize the brake function of a variety of applications

22.7 TIM1_DmaBurst_twice

AR 7 7E TIM1 Sh{s5F DMA ZELEFRIR burst {EEURAYINAE, burst B{EM—REHT =1 5178,
PSC,ARR,RCR, EEFHHEHFHTH, PA0 QFHTEIE, BEBESTEN, A& PAC KIEN%ERR
SME—IXRY 400ms, IR 400ms, SB=IX 20ms,FEINRR[FEL2E/9 200us, LHEAIFRIR burst (&S
f%. FH PCS,ARR,RCR IY&F#H5=tL,

This sample demonstrates the function to transfer data in TIM1 using DMA in two consecutive
bursts.burst updates three registers(PSC,ARR,RCR) per transfer.In the interruption of update event,
PAO will be flipped. Through the monitoring of logic analyzer, it can be seen that the flipping interval of
PAO will change from 400ms for the first time, 400ms for the second time, 20ms for the third time,
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and 200us for the fourth and subsequent times. At this time, the two burst transmission is completed,
and PCS,ARR and RCR are all updated.

22.8 TIM1_EncoderTI2AndTI1

IEREFISEER Y TIM1 ShR94RASESITHERThRE, TIM(PB12)F0 T|2(P013)1’E?9éﬁ65%§$ﬁ)\§lﬂiﬂ BT CNT &
FRETTER I E0E8Z L, @i uwDirection ZEERTIEREHEIEEAOITES A, BITFTENEUREH AT
THEUS R0 CNT 77881 H8E, FTENEURE Direction = 0 J9MA_Eit#), Direction = 1 AE L.

This sample demonstrates encoder count function of the TIM1,TI1(PB12) and TI2(PC13) configured
as encoder input pins.The change of the counter can be observed through the CNT register, and the
counting direction of the counter can be observed through the uwDirection variable.The counting
Direction and CNT register can also be observed by printing data. The printed data Direction = 0
indicates CounterMode:Up, and direction = 1 indicates CounterMode:down.

22.9 TIM1_ExternalClockMode1

WEAFBIER T TIM1 BUSIERRT TR 1 2088, e ETR(PA11)3 I FASMNBITHBINIR, FHEREEHH
W, TEFRUTREREE LED AT

This sample demonstrates external clock mode 1 function of the TIM1.Select the ETR(PA11) pin as
the external clock input source and enable the update interrupt to flip the LED light in the interrupt.

22.10 TIM1_ExternalClockMode1 _TI1F

ERBER T TIM1 BOSNEBRI SR 1 TORE, 18R TIMFD(PB12)3 M EASMNERRI SR, FHEREEHT
R, fERETRERSE LED KT
This sample demonstrates the external clock mode 1 function of TIM1, selects the TI1FD(PB12) pin

as the external clock input source, and enables the update interrupt and toggle the LED light in the
interrupt

22.11 TIM1_ExternalClockMode2

LEEGIER 7 TIM1 ROSMERRTERMEC 2 THEE, 15E8E ETR(PA11)S |BIVE A/ NERRI VIR, FHEREEF+
W, 7EPRTREREE LED 4T,

This sample demonstrates the external clock mode 2 function of TIM1, selects the ETR(PA11) pin as
the external clock input source, and enables the update interrupt and toggle the LED light in the
interrupt
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22.12 TIM1_InputCapture_TI1FP1

LEEEAEZR 7 TIMA(PB12)BINIEZRINEE, PB12 MIARMES, TIM1 fB3REINIE, S NIRRT,
—IXPlfT, EEE—RX LED

This sample demonstrates the input capture function of TIM1(PB12), PB12 input clock signal, when
TIM1 capture success, will enter the capture interrupt,and toggle the LED in the interrupt

22.13 TIM1_InputCapture_XORCh1Ch2Ch3

Jtl:ﬁ{ﬁﬂ‘};izn_?TT TIM1 BIANFB5RINEE, PB12 8 PC13 B PC5 MIAREMES, TIM1 H3kaINfE, =i
NFERTbT, SH—IXeplf, #5%—R LED
This sample demonstrates the input capture function of TIM1, input clock signal into PB12 or PC13

or PC5 will generate the capture interrupt after TIM1 capture successfully.Toggle the LED once per
interruption

22.14 TIM1_OCToggle

= 6 & = 7 TIM &R & X TH OC & % W W Ih 88 , fF 88
CH1(PB12),CH2(PC13),CH3(PC05),CH4(PA0)UMNEBER B INEE, FFEAITEEE TIMx CNT 5
TIMx_CCRx ILECHitHESEIH:, ST%E/ 100KHz

This sample demonstrates the OC toggle output function in TIM1 comparison mode, enabling

CH1(PB12),CH2(PC13),CH3(PC05),CH4(PAO01) four channel output function, then the output signal
toggle when the counter TIMx_CNT matches TIMx_CCRXx. The frequency is 100KHz

22.15 TIM1_OnePulseOutput

HHFIER Y TIM1 BUEREKRRT, CH2(PC13)3IMI LRI EFHE, AAITEERFIAIHE, HitEES
CCR1 Itfchy, CH1(PB12)fitHSHEY, BEIT#ESEN, CH1 B REY, iH#Esatfs, &
S{=IET/E, ABIREBKTEEEITE (TIM1_ARR-TI1_CCR1)/CLK= (65535-16383) /8000000=6.144ms
This sample demonstrates the one pulse mode of TIM1.The rising edge on the CH2(PC13) pin
triggers the counter to start counting. when the count value matches CCR1,CH1(PB12) outputs a
high level. When the counter overflows ,CH1 outputs the low level again. After the counter overflows,

the timer stops working. This example pulse width calculation (TIM1_ARR-TI1_CCR1)/CLK=
(65,535-16383)/ 8,000,000 =6.144ms

22.16 TIM1_PWM

AGFEEEH 4 B PWM, Bl 1 95ZSEE 20%, @il 2 59 40%, @iE 3 9 60%, @84 59 80%, &
{5IF2EHA79 8000000/50/800=200Hz
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This sample outputs 4 channels PWM, the duty cycle of channel 1 is 20%,channel 2 is 40%, channel
3 is 60%,channel 4 is 80%.The period is 8000000/50/800=200Hz

22.17 TIM1_SynchronizationEnable

TERTES 1 ROFREHERTES 2 5%, HERTES 2 1HEMRT, LED 8=, ZERES 2 REFHSEMT, &
EHfAERTRE 1, THTER 1 FHAITEUS, LED 2L SHz AR TEE:
The enable of TIM1 is controlled by TIM2. When TIM2 counts, the LED will be steady on. The update

event generated by TIM2 will triggers TIM1, and when TIM1 starts counting, the LED is toggled at a
frequency of 5Hz

22.18 TIM1_TIM2_Cascade

RIS Y TIMA #0 TIM2 ZREXRY, 48 A/LTERRR, TIM2 £, TIM2 RUTHEGEHESFEA TIM1 A%
ANBSHH, BITECE TIM1 F] TIM2 EHEFRRE, (FE TIM1 ShifElERE) SE3 LED KTLA 0.5Hz 57
ESVN) O

This example realizes the cascade of TIM1 and TIM2 into a 48-bit counter, with TIM2 as the host.The

count overflow signal of TIM2 acts as the input clock of TIM1.By configuring the reloaded register
values of TIM1 and TIM2, the LED is toggled at 0.5Hz (in the TIM1 interrupt callback function).

22.19 TIM1_Update_DMA

IHEREBRZR 77 TIM1 Sh{EFE DMA (Ei#diERITNEE, BT DMA )\ SRAM Sz #i#ES] ARR Z178s,
SCIE TIM1 FEHAZE L, 12 TIM1 S5—Kigttfs, PAO E0%E, ILRIEREEIEIRR/9 400ms, DMA FHAHRIZEN
&2 TIM1_ARR, 35—)X PAO E4%[RIFE /9 400ms, 55 RERFEIRIFE/Y 100ms, 5= RERFEIEIFE /T 200ms,
SEIYREREEEIRR/0 300ms, kAT DMA HIEZER, [RLeENt%Iallety/o 300ms

This sample demonstrates the function of using DMA to transfer data in TIM1, carrying data from
SRAM to ARR register by DMA to achieve TIM1 cycle change. After the first overflow of TIM1, PAO
will toggle, at this time the toggle interval is 400ms. DMA starts to carry data to TIM1_ARR, the first
PAO toggle interval is 400ms, the second toggle interval is 100ms, the third toggle interval is 200ms,

the fourth toggle interval is 300ms, at this time the DMA carrying ends, the subsequent toggle interval
are 300ms

22.20 TIM1_Update IT

HAEBIER 77 TIM1 FREATTHERTHRE, FHERE 7=, BRER ARR BRNRFE—XEFHTHHT,
FERUTRENE LED )T, LED XT=LA 5Hz RUSRERFH TE0EE,
This sample demonstrates basic count function of the TIM1 and enable update interrupt.Each time

an update interrupt is generated, the ARR value is reloaded and the LED light is toggled in the
interrupt.The LED light is toggled at a frequency of 5Hz.
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23 UART
23.1 UART_HyperTerminal_DMA

AR 7 UART B9 DMA JSTURIEFIEREE, UART BCE/9 115200, HUE(Z8, FIL 1, RIS
{i None, FEFIEITIEFfE, HEMERER, AEEE LU TR 12 MEE, 540 0x1~0xC, MCU
SHCRWEIREIERRREE LA, ARHTEERER.

This example demonstrates how to use UART to send an amount of data in DMA mode. UART
configuration is 115200 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

23.2 UART_HyperTerminal_IT

HERBER T UART RIFRBRS TUAIEARIEDE, UART ECEJ9 115200, HOE(L8, F1EAL 1, BEeM
None, FEFIEITIER/G, HIEMENMER, B U TA 12 MR, fl0 0x1~0xC.U MCU &
IBERNEIREUERIRXEE AN, AEFTENERER.

This example demonstrates how to use UART to send an amount of data in interrupt mode. UART
configuration is 115200 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

23.3 UART_HyperTerminal_Polling

IHHEGIETR 7 UART B9 TURIEFNIZIETE, UART BC&J9 115200, HUEAL 8, 21EAI 1, RIG(I
None, FEFHZITIERFG, FIERNMER, AEEE LUV A 12 N dE, fla0 0x1~0xC.U MCU &
BEIEREEERXRIZE LA, AEFIEERER.

This example demonstrates how to use UART to send an amount of data in polling mode. UART
configuration is 115200 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

Puya Semiconductor 32 / 35



PY32F092 Reference Manual V0.0.1

24 USART
24.1 SCI_HyperTerminal_AutoBaund_IT

IEFGER T SCI NEmNREERENIEE. BAXBFRE—NFERF 0x7F, MCU RIEFRFE: Auto
BaudRate Test,

This sample demonstrates the automatic baud rate detection feature of SClI When the debugging
assistant sends a character 0x7F, the MCU will respond with the string: "Auto BaudRate Test".

24.2 SCI_HyperTerminal_DMA

R T SCI B9 DMA SR AIRFIEKEEE, SCI EEER 115200, #UEAI 8, (E1EAL 1, RI&AI
None, F&FHiziTiEFE, FTEERER, AEEI EAATA 12 MNUE, Fia0 0x1~0xC,U MCU &
IBREINEIERRREE LA, ARFTENERER.

This example demonstrates how to use SCI to send an amount of data in DMA mode. SCI configuration
is 115200 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

24.3 SCI_HyperTerminal _IT

A BIER 7 SCI RYFRRTA TUARIEFIEINEIE, SCIBCE /Y 115200, #UE(L 8, F1E 1, K381 None,
THHETERGE, FIHERER, AEET LA NA 12 1M0E, 40 0x1~0xC, N MCU &4B#:1K
BINEEERRAREE BN, AEFIENERIER.

This example demonstrates how to use SCI to send an amount of data in interrupt mode. SCI
configuration is 115200 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

24.4 SCI_HyperTerminal_Polling

tHEBIETR T SCI RS T AEFIEIEE, SCIECE A 115200, #4EAL 8, 51EA7 1, KI&AI None,
THHFEITIERE, FIERNMER, REEE LA TA 12 MR, 5180 0x1~0xC, N MCU S4B1IT
BIREIREIRREE LR, ATSFTENERER.

This example demonstrates how to use SCI to send an amount of data in polling mode. SCI
configuration is 115200 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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24.5 USART_TwoBoards_FullDuplexMaster_Polling

HREBIETR T USART RISIEISINAE, USART @EIEREN. SPHREIEAMIL, RAREARIEE.
7E USART IR IRMHEIEAIEIT, MR TIEE,

This sample demonstrates USART synchronous communication, with USART devices as masters and
SPI devices as slaves, communicating in polling mode. With synchronous clock provided by USART
equipment, master and slave complete full duplex communication.
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25 WWDG
25.1 WWDG_IT

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

counter counts down to 0x40 will generates an interrupt.Refresh the WWDG in interrupt to ensure that
the WWDG does not reset.

25.2 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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