PY32F410 series

PUY’) 32-bit ARM® Cortex®-M4 microcontroller

LL Library Sample Manual

PY32F410 series
32-bit ARM® Cortex®-M4 microcontroller
LL Library Sample Manual



PY32F410 Reference Manual V0.0.5

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_MulChannels_TriggerTimer_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

HAEBIER 7 ADC FI#TThEE.

This sample demonstrates the Interrupt function of ADC

1.4 ADC_Tempsensor_Polling

IWHBliEZR T ADC 1REREY Tempsensor g8, HiEIL &R OFTEIHIRE(E.

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

1.5 ADC_Vrefbuf

I 5iER T ADC B9 Vrebuf ZHEE.

This example demonstrates the Vrebuf function of ADC.

1.6 ADC_Vrefint

ItERFiE7R 7 ADC B Vrefint THaE, @IJ Vrefint BHE, ATLAURHEL MCU RYHEBEEEE,

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_WakeUpFromStop

HAFGFIER T COMP EUARERIREETNRE, PA1 YEALLIERIE RN, 1/2VCC {EtuiREaimiaN, HA
stop &RIf5, BILEEE PA1 LHMINEBE, F4UTIEEE stop 1RR,
This example demonstrates the COMP comparator wake-up function, with PA1 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 PA1.

2.2 COMP_CompareGpioVs1_2VCC_Window

IEEREBEZR 7 COMP LEERERRT window IHEE, LUERRS 1 [EimFBLLERES 2 RUIEIR(PAOWEHIN, 1/2VCC
VERLVIRBE TimEIN, 2 PA9 UEB/E(E/NF 1.65V BF,LED JT3R, ATF 1.65V it,LED JT=.

This example demonstrates the window function of the COMP. The positive terminal of the COMP1 is
connected the positive terminal of the COMP2(PA9).1/2VCC used as the negative terminal of the

COMP1.When the voltage value of PA9 is less than 1.65V, the LED is off, and when it is greater than
1.65V, the LED is on.

2.3 COMP_CompareGpioVs1_2Vrefbuf_Polling

I BER T COMP LUiRasie1a1Thae, PA1 {EILVIRESIEimN , 1/2VREFBUF {ESLLIRES ThimEIN ,
X PA1 B9BBJEATF 1/2VREFBUF BB/ERY, LED ¥J=, /\F 1/2VREFBUF EBJERT,LED ¥T°K.

This example demonstrates the polling function of the COMP comparator, with PA1 as the positive
input and 1/2VREFBUF as the negative input. When the voltage of PA1 is greater than 1/2VREFBUF
voltage, the LED lights up, and when it is less than 1/2VREFBUF voltage, the LED lights up.
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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.

Puya Semiconductor 5/ 31



PY32F410 Reference Manual V0.0.5

4 DMA
4.1 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).
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5> EXTI
5.1 EXTI_Toggled_IT_Init

HHEBER T GPIO SMERRITINEE, PBO 5 EAYS— P EFHaEbar=4Ehif, irRE+ LED &
IR,

This example demonstrates the GPIO external interrupt function, where each rising edge on the PB0O
pin generates an interrupt and the LED flips once in the interrupt function.
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6 FLASH
6.1 FLASH_PageEraseAndWrite

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

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

6.2 FLASH_SectorEraseAndWrite

IHEGIER T flash sector &% page SINEE.

This sample demonstrates the flash sector erase and page write functions.
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7 GPIO
7.1 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.

7.2 GPIO_Toggle

tEREpiER 7 GPIO HititRz\, BCE LED SIRI/v#rintitszl, FESkE 250ms &% —IX LED 5|
BB, iz17i2R, FILAEE) LED KTLA 2Hz AUSRERIANE.
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.

7.3 GPIO_Toggle_lInit

AR T GPIO iRz, BCE LED SIMIAHFRERT, FEE 250ms FiEE—IX LED 3|i
BB, =17ER, HJLAEE LED KTLA 2Hz RISRERANE,

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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8 12C
8.1 12C_TwoBoards_Com_DMA_Init

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

This sample demonstrates I2C 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.

8.2 12C_TwoBoards_Com_IT_Init

HHEPER T 12C BTV TIER, ENSTEMIULE 15byte EiE, AEBEHREMILAIZRT
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.

8.3 12C_TwoBoards_Com_Pollig_Init

HEIER T 12C B EEEIUH TER, ENSEMILAIE 15byte iR, AEBIREMIAIER
15byte #E, £, MHUREEIERIIE, ETFIMUR ERINTGET 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.

8.4 12C_TwoBoard_Com_DMA_MEM_Init

IEEREGIER 7 M 12C @i DMA R TIEN, MALER EEPROM SMEIT A P24C32, I NRAFIR
e, ENEREMINBAN 15 FTRIEHE (0x1-0xf) , PAIEM EEPROM HrisEERE NRIEE. SEENAINIE,
FHWRERVINT T E= IR,

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.

Puya Semiconductor 10 / 31



PY32F410 Reference Manual V0.0.5

8.5 12C_TwoBoard_Com_DualAddr_IT_Init

HHEPER T 12C BIHERATVHITIER, ENSTEMIULE 15byte EiE, AEBEHREMILAIZRT
15byte #iE, £, MHUREEIERTINE, ETFIMUR EAINTGET 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.

8.6 12C_TwoBoard_IndefiniteLengthData_IT_Init

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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9 12S
9.1 12S_TwoBoard_Communication_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 12S 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.

9.2 12S_TwoBoard_Communication_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 12S master. When both the 12S master and 12S slave successfully receive the
data, the LED will be constantly on. Otherwise, the LED will be blinking.

9.3 12S_TwoBoard_Communication_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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10 IWDG

10.1 IWDG_Reset

tHGER Y IWDG B PaTheE. BRI MUNERITEEN 17, St 1 e, ZAasEE
i, WBILEESREEIAIE (main EZL while fEFRFAMTEE), STLIREREIAT™ER: WIREXER
BHENT 170, RFReBIERIEIT (LED KTIANE); WSRRAATERET 1 70, BFRs—BEWENR (LED
KTHEK)

This sample demonstrates the IWDG (Independent Watchdog) functionality. The watchdog is
configured with a reload value of 1 second. Once the watchdog timer reaches 1 second, the system
will be reset. By adjusting the time for feeding the watchdog (code in the main loop), the following
observations can be made:lf the feeding time is less than 1 second, the program can run normally

(LED blinks);If the feeding time exceeds 1 second, the program will be continuously reset (LED turns
off).
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11 LPTIM
11.1 LPTIM_ContinuousMode_WakeUp_WFE

LHEBERT LPTIM EEiE 4 I%EE STOP &1,

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

11.2 LPTIM_ContinuousMode 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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12 LPUART
12.1 LPUART_HyperTerminal_DMA

AR 7 LPUART B9 DMA SRUVRIXFIEREHE, LPUART BCEJY 9600, HUEAL8, FIEAI 1, &
193z None, FEFHIZITIERFfG, FIEMRNMER, AREE LA NA& 12 PEE, Fig0 0x1~0xC, N MCU
SIERKEIRNEIRBEIRREE LR, AEHIENERER.

This example demonstrates how to use LPUART to send an amount of data in DMA mode. LPUART
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.

12.2 LPUART_HyperTerminal_IT

IHEREBER 7 LPUART AR TURIXMHRISEE, LPUART BC&J9 9600, R 8, fFIEAI1, &
¥z None, FEFHE TIERFfG, FIEPRMER, AREE LU FA 12 14UE, 4120 0x1~0xC, 1 MCU
SEREKEIRIEIERR X LA, ARHTENERIER.

This example demonstrates how to use LPUART to send an amount of data in interrupt mode. LPUART
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.

12.3 LPUART_HyperTerminal_Polling

IEREBER 7 LPUART RUECIESTURIXMHRISEE, LPUART BC&Jy 9600, IR 8, fFIEAI1, &2
¥z None, FEFHIE TIERFfG, FIEMRMER, RREE LU FA 12 1N4UE, 5120 0x1~0xC, N MCU
SERKEIRIEIERR X LA, ARHTENERER.

This example demonstrates how to use LPUART to send an amount of data in polling mode. LPUART
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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13 OPA

13.1 OPA_COMP

ItEREBiEZR 7 OPA ##82J9 COMP BYTHRE,PA7 J91EiR,PCS Juthim, = PA7 RIEBIEEAT PC5 RIREE
{8, BEAUTLED /=,
This example demonstrates the function of converting OPA to COMP, with PA7 as the positive

terminal and PC5 as the negative terminal. When the voltage value of PA7 is greater than that of
PC5,Enter interrupt, LED light on.

13.2 OPA_VoltageFollow

tEEEpIEZR T OPA RUFBIEERBETNRE, PA1 JSIERMIA, PA3 AfaimiiAN, PA2 i, PA2 2
PA1 fHEAYEBE(E.

This sample demonstrates the voltage follower functionality of the OPA. PA1 is the positive input, PA3
is the negative input, and PA2 is the output. PA2  will output the same voltage as PA1.
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14 PWM

14.1 PWM_PWM_Init

LEREEpliEZR 7 R PWM PWM2 #R2UHH = BIER DD 10Hz AZSEED B 25%. 50%. 75%H PWM i
.

This example demonstrates the use of PWM PWM2 mode to output three PWM waves with a
frequency of 10Hz and a duty cycle of 25%, 50% and 75%, respectively.
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15 PWR
15.1 PWR_LPRUN

R THAFDRE lprun 1820,

This example demonstrates entering and exiting the Iprun mode.

15.2 PWR_LPSLEEP_WFI

ISR T Ipsleep #&IU T, GPIO 4MEBRRIGEZINAE,

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

15.3 PWR_PVD

IHAEGIER T PVD BBIEMGITHEE. H{HFBEBEET 3.0V Y, LED 285, =T 3.0V A, LED \TSIR
WO

This sample demonstrates the PVD (Programmable Voltage Detector) voltage detection functionality.
When the supply voltage is lower than 3.0V, the LED will light up. When the supply voltage is higher
than 3.0V, the LED  will turn off.

15.4 PWR_SLEEP_WFI

LGSR T sleep 1RILT, GPIO #MEBARUIREETHEE.

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

15.5 PWR_STANDBY

IHEBER T standby # R T, 181 wakeuppin IREETHEE,

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

15.6 PWR_STOPO_WFE

HEEFAIEZR T stop0 &RV, GPIO SMBEAIREETIRE,

This sample demonstrates the GPIO external event wake-up feature in stopO mode.
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15.7 PWR_STOP1_WFI

LEEEAIEZR 7 stop1 BV, R GPIO Hhlfige,

This example demonstrates using GPIO interrupt wake-up in stop1 mode.
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16 RCC
16.1 RCC_HSE_OUTPUT

LEEEpliEZR 7RSS hEEIHI0RE, BI%t HSE iRz,

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

IR T fE8E LSE, FH@id MCO S|l LSE A,

This example demonstrates enabling LSE and outputting LSE clock through MCO pin.

16.4 RCC_LSI_OUTPUT

IR T fE8E LSI, FiEiE MCO 5| LS| Adsd,

This example demonstrates enabling LS| and outputting LSI clock through MCO pin.

16.5 RCC_PLL_OUTPUT

LEREEplEDR 7RSS hEEIHINGE, Rt PLL iR,

This sample demonstrates the clock output function, which can output the PLL waveform.

16.6 RCC_Sysclock_Switch
RGN 7 BS$hE0iR, B HSI (8MHz) JJ#RZ HSE (24MHz),

This sample demonstrates clock switching from HSI (8MHz) to HSE (24MHz).
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17 RTC
17.1 RTC_Alarm_lInit

IHHEBIETR RTC RUREIRHITHAE, 7E284H aShowTime AR R4AIATE), 7EEE aShowDate hRERY
AIEHE, ZAFRFMERS, LED TeSiE.
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

BB EIE RTC [REhhErEig 1S 2415 MCU M STOP &= NItfE, S/XIRRESENEE LED, LED
BEEErRA 1s £A.

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.
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18 SPI
18.1 SPI_TwoBoards_FullDuplex_DMA

HAEBIRFFE DMA X8 O5MEREEO (SPI) SMRgE SN T BTAHTBERER, TIRESEH
BISETH SCK, BT MOSI/MISO 3IRIRIEAZINEEE. NIREIEIT MOSI/MISO 3 |BHEI RIZETE.
FIRLAENIRMAY SCKIERISHEAL, TlENTEE,

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.

18.2 SPI_TwoBoards_FullDuplex_IT

HAFHIRF AT R O/MREEO (SPI) SHMNRREIUEN T BT HIUHTRERER, EiRERHE
BSETH SCK, BT MOSI/MISO 3|BIRIEAZINEEE. MIREIEIT MOSI/MISO 3 |BHEI RIZETE.
HARLAENIRMAY SCKinELWANL, TRENTIEE,

This sample is a demonstration of using interrupt 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.

18.3 SPI_TwoBoards_FullDuplex_Polling

IEEREFILERFRRIIXT R OIMRIEEN (SPI) SIMBRFUESN T BT A TEEER, TRERM
BISAI$H SCK, BT MOSIMISO 3|BlAIX/AIEHE. MIREIET MOSIMISO 3| RIXEUE.
FIRIAENIRMHAY SCKIGREEWBAL, STRENTEE.

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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19 TIM

19.1 TIM1_6Step_lInit

LEHEEGIRITSRERTZRINEE "7~ PWM BUF=4"AYiE R, 18IY systick Flf{EJ/9 COM commutation 25
HaOfAIR, S (TRIEBHAT) #amA,

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

19.2 TIM1_ComplementarySignals_Init

IR 7R TIM1 B =BREER A 10HZz (5ZSEEDEI9 25%., 50%. 75%H9 PWM iRZLAR it
HNE*MSS.

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.

19.3 TIM1_DmaBurst_lInit

IEEREBEZR 7 TIM1 B9 DMA Burst (£, EcE TIM1 75 PWM RR, EFiffitR DMA EHsK. &
IXFEEEFTHRTETHE TIM1DataBuff[PRYEIRIRFS A RCR #1 CCR1 1788, 238 PWM BKHRISZ
EEFmZ S =SEURYRKIPELE.

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_Init

HAEAER 7 TIM1 fO4RREesEE R, TIM1 BCEdmiDesizt&=\ 3, PA8 #1 PA9 BcENiEIE 1 M
BIE 2,24 PA8 INESHILFATERT, PAQ MINGS EFHAfEES TIM1 R LEIHR, RE . 7
EEE 1 f0EE 2 AT, EhRrP+IEN=RT CNT (&,

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 RS RRPYT, 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, BEIR PAS, Bl 2 NN, BEIEIPA9, 24 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_TIM2_Cascade

IREFIER T TIM1 0 TIM2 ZREXRRE 48 RIATHEREE, TIM2 =1, TIM2 BUEHSS/ER TIM1 B NAT
., TIM2 8 1ms 11—, 1137 1000 REF=4&EE, TIM1 iHE—IX,
This sample demonstrates the cascading of TIM1 and TIM2 as a 48-bit counter, with TIM2 as the

master and the overflow signal of TIM2 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—IRiEH /G LED Sk, RN 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 UART
20.1 UART_HyperTerminal_DMA

AR 7 UART B9 DMA JSTURIEFIEREE, UART BCE/9 115200, HUE(Z8, FIL 1, RIS
{iZ None, FEFHEITIERF/R, HIEMENER, ARET LA TR 12 MNEEE, B0 0x1~0xC,N MCU
SR RIRVEIERIRRIER LA, AEHTENERER.

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

20.2 UART_HyperTerminal_IndefiniteLengthData_IT

IHEREBER 7 UART RSP S TURESF A IREWE, UART ECE 9 115200, #4E(78, FIEA 1,
I None, FHFEITIEFE, AEBE LU TREBKENHIE (R 128bytes), U0
0x1~0xC,U MCU 1BV EHE B AR IE R AN,

This example demonstrates the interrupt method of UART to send and receive variable length data.
UART 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.

20.3 UART_HyperTerminal _IT

HAEBIER 7 UART RO sURIEFIEEE, UART BCE )9 115200, #UE(L 8, 1F1EG 1, BEG(
None, F&FIEITiERFE, FIEERER, REEI LA TR 12 MNUE, a0 0x1~0xC,U MCU &
IR NSRRI RIEE LA, 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

20.4 UART_HyperTerminal_Polling

HRBER T UART RURCIIS TUAIRAIRIEEE, UART ECE 9 115200, HUE(8, F1EAI 1, BRI
None, FEIFHZITIERFG, IERENMER, AEBE LUV A 12 N R, #l20 0x1~0xC.U MCU &
IEREIRTEHER X RER LN, ARFTEDERER.

This example demonstrates how to use UART to send an amount of data in polling mode. UART
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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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21 USART
21.1 SCI_HyperTerminal_AutoBaund_IT

AR 7 SCI B RTRFEIGNITHEE, EAMUARIX 1 FRATRIEEIG TR 0x55, WS MCU &
Fk%, MIREIZ#F: Auto BaudRate Test,
This example demonstrates the automatic baud rate detection function of SCI. 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.

21.2 SCI_HyperTerminal_DMA

R T SCI B9 DMA SR AIRFIEKEEE, SCI EEER 115200, #UEAI 8, (EIEAL 1, RI&AI
None, FEFHEITIERFG, HEENMER, REBE EAHTR 12 NMEE, 510 0x1~0xC, A MCU &
IR NSRRI RIEE LA, AEHENERER.

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.

21.3 SCI_HyperTerminal_IndefiniteLengthData_IT

IEEREBER 7 SCI AT TUREF A EIREUE, SCIECE 115200, HUEALI8, F1EA 1, B8
{iZ None, P& FHiEITIEFfE, RARET LA TRESKENEYE (REY 128bytes), Hl40 0x1~0xC,
W MCU B EIRIE R B RIER L.

This example demonstrates the interrupt method of SCI to send and receive variable length data. SCI
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.

21.4 SCI_HyperTerminal _IT

tHEBIETR T SCI RIFRl A T AEFIEIKEE, SCIECE A 115200, #4EAL 8, 51EA7 1, I&AI None,
THHEITIERE, FIERNMER, RREE LU TA 12 MR, 180 0x1~0xC, N MCU =4BiIT
BIREIREIRREE LR, ATSFTENERER.

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.
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21.5 SCI_HyperTerminal_Polling

IHEBIER T SCI BRI TN AXFIRKENE, SCIECEN 115200, HUE( 8, =147 1, BEE{TI None,
THEHETERE, HHERMEE, AEBE LT 12 18R, 510 0x1~0xC,N MCU =iB#E
BREEIRBIR AR LA, ASHENERER.

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.

21.6 USART_SyncCommunication_FullDuplex_Polling

RGN 7 USART EIEIBIETAE, USART iR&IEANZEN. SPIIZEIENMIL, RAFITTIEE.
7E USART i RIESIHT, TANERSNTEE,

This sample demonstrates USART synchronous communication, with USART devices as masters and
SPI devices as slaves, communicating in interrupt mode. With synchronous clock provided by USART
equipment, master and slave complete full duplex communication.
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22 UTILS

22.1 UTILS_ConfigureSystemClock

ARG EEENAIBCE SYSCLK(ZRFAT4), HCLK(AHB Bfh), PCLK1(APB1 B$). PCLK2(APB2
FIEh), FHEIT MCO Bt R FERTHPEY 8 55 OMHz,

This example mainly demonstrates how to configure SYSCLK (system clock), HCLK (AHB clock),
PCLK1 (APB1 clock), PCLK2 (APB2 clock), and output the 8-division 9MHz system clock through MCO.
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23 WWDG

23.1 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.

23.2 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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