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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_MultiChannels_TriggerTimer_DMA

IEHEBIETR 7 ADC RYZiEiE DMA (EimRIThEE,

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

1.3 ADC_SingleConversion_TriggerSW_IT

ItHEBIER 7 ADC RIFRIRINRE, SFR 1s, i4HitAR ADC K&, EHihiEdEO+IENEE 4 B9 DR
{E.

This example demonstrates the interrupt function of ADC. Every 1 second, the software triggers ADC
sampling and prints the DR value of channel 4 through the serial port during the interrupt.

1.4 ADC_SingleConversion_TriggerSW_Polling

IEEREBETR 7 ADC 1RIRATER (iR FNECIEITIRE,

This example demonstrates the software triggering and polling functions of the ADC module.

1.5 ADC_TempSensor

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

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

1.6 ADC_VrefintAndVrefbuf

ItEHEfIER 7 ADC #823RAY Vrefouf 1 Vrefint SEAEINEE, BT AE VREFINT BYE, itESH VrefBuf A9
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8, FETHBEOFTENHE,

This example demonstrates the Vrefbuf and Vrefint sampling functions of the ADC module. By sampling
the value of VREFINT, the VrefBuf value is calculated and printed through the serial port.
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2 COMP
2.1 COMP_CompareGpioVs32_64VCC_IT

A BIER 7 COMP LUREEHIINGE, PA1 {ENLLEERIE RN, 32/64VCC {EALLIRER iRt =
PA1 BB EAT 32/64VCC BERY, LED XJ%, /T 32/64VCC E3ERT,LED fT3K,
This example demonstrates the interrupt function of the COMP comparator, with PA1 as the positive

input and VREFINT as the negative input. When the voltage of PA1 is greater than 32/64 voltage, the
LED lights up, and when itis less than 32/64VCC voltage, the LED lights up.

2.2 COMP_CompareGpioVs32_64VCC_WakeUpFromStop

IEEREGIER 7 COMP LUIRERIREEINRE, PA1 {E/LLIRERIEIRIAIAN , 32/64VCC {EALLREERIRMIN, i#
A stop &[5, EEEHEE PA1 EAYMINREIE, FAE-hUfIREE stop R,
This example demonstrates the COMP comparator wake-up function, with PA1 as the positive input

and 32/64VCC 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.

2.3 COMP_CompareGpioVsVrefbuf_Polling

ISR Y COMP LUIREsECIEThAE, PA1 {EALLIRSRIEIMIAN, Vrefbuf2.5V {EALLIEE TaimiiN ,
4 PA1 BUEBJERTF Vrefouf EB/ERY, LED ¥J=, /INTF Vrefouf EBJERT,LED ¥T3K.

This example demonstrates the COMP comparator polling function, with PA1 as the positive input and
Vrefbuf2.5V as the negative input. When the voltage of PA1 is greater than Vrefbuf voltage, the LED
lights up, and when it is less than Vrefbuf voltage, the LED light off.

Puya Semiconductor 4 / 34



PY32F031 Reference Manual V0.0.1

3 CORDIC
3.1 CORDIC_CalculateArctanMod_IT

I GER T BT R AitE arctan, mod BY(E.

This example demonstrates calculating the values of arctan and mod through interruption.

3.2 CORDIC_CalculateSinCos

I ER T Ed a5 =i E sin, cos AYE.

This example demonstrates calculating the values of sin and cos through polling.

3.3 CORDIC_CalculateSqrt_IT

tEEEpliEZR 7B TS0 R sart AY(E,

This example demonstrates calculating the value of sqrt through interruption.
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4 CRC
4.1 CRC_CalculateCheckValue

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

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.
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5 DMA

5.1 DMA_SramToSram

LEEHIiEZR T DMA M\ SRAM || SRAM fEiEiERIZNEE (SRAM FISMRZ IBHEMBIEHIESEERIN
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

HERHBER T GPIO SMERARITINEE, %32 (PBO) SIM)_EAYE— NiinERaT A hif, SPiTRER+ LED
KTEEE—IR,

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

6.2 EXTI_WakeUp_Event

IEEREBIER 78IS PAG 5IRIEEE MCU RITHRE. TEGERHIEITE, LED TATFERRE, ETRFR
5, LED JTbFERRE, B MCU A STOP 2=, Ik PA6 5|15, MCU I&EE, LED AT4-FN
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 STOP mode; After pulling down the PA6 pin, the MCU
wakes up and the LED light is in a flashing state.
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7 FLASH
7.1 FLASH_OptionByteWrite_RST

ItEREpliER 7B 47508 RESET 5|HIBUsE#E GPIO.

This example demonstrates changing the RESET pin to regular GPIO through software.

7.2 FLASH_PageEraseAndWrite

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

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

7.3 FLASH_SectorEraseAndWrite

It HEIER T flash sector #2f&F0 Page SINEE,

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

7.4 FLASH_UserDataEraseAndWrite

IHEBIER T UserData #BFNISIHAE.,

This example demonstrates the UserData erase and write functions.
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8 GPIO

8.1 GPIO_FastlO

REHBIEZERET GPIO B FAST 10 HithTgE. FAST 10 RERILUAZIS EERRIHERE,

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

8.2 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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9 HDIV
9.1 Division_signed

HRBER T B R ERRIT BB ShRE.

This example demonstrates how a hardware divider calculates signed division.

9.2 Division_unsigned

R T B BRI AR BT SR,

This example demonstrates how a hardware divider calculates unsigned division.
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10 12C
10.112C_TwoBoard_CommunicationMaster DMA

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

This sample demonstrates communication between 12C devices using DMA. The master device
sends 15 bytes of data to the slave device and then receives 15 bytes of data from the slave. After
successful data transmission and reception between the master and slave, the LEDs on both boards
remain constantly lit.

10.212C_TwoBoard_CommunicationMaster DMA_MEM

IEEREBIER 7 A 12C @i DMA U TSN, MHLER EEPROM SNRIE H P24C32, X user i%2
#, EHSTRMILE 15bytes EiE/9 0x1~0xf, AfFHBM EEPROM FiGE NRYEUEEEH, EEENAINSS,
FHWR ERINTRE T BERRE.

This sample demonstrates communication between the master device using I2C and the slave device
using the EEPROM peripheral chip P24C32. When the user button on the master device is pressed,
the master device first writes 15 bytes of data to the slave device, ranging from 0x1 to OxF. Then it

reads the written data from the EEPROM. Once the data is successfully read, the LED on the master
board will remain constantly lit.

10.312C_TwoBoard_CommunicationMaster_IT

HHFIERT 12C BB TER, EHSEEMILAIE 15byte iR, AEBIREEMIAIER
15byte #E, £, MHUREEIERTINE, ETFIMUR ERINTGET ERRE.

This sample demonstrates communication between 12C devices using interrupts. The master device
sends 15 bytes of data to the slave device and then receives 15 bytes of data from the slave. After
successful data transmission and reception between the master and slave, the LEDs on both boards
remain constantly lit.

10.412C_TwoBoard_CommunicationMaster_Polling

HEPER T 12C BRI TUHTIER, ENSTEMIULE 15byte iR, AEBEHREMILAIZRT
15byte #E, £, MHUREEIERINE, ETFIMUWR EAINTGET ERIRE.

This sample demonstrates communication between 12C devices using polling. The master device
sends 15 bytes of data to the slave device and then receives 15 bytes of data from the slave. After
successful data transmission and reception between the master and slave, the LEDs on both boards
remain constantly lit.
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10.512C_TwoBoard_CommunicationSlave_ DMA

tEEHIEZR T 12C @i DMA SBHTIER, EHSRMILAIE 15byte HiE, AEBRIIMILAIERT
15byte #iE, £, MHUREEIERTINE, ETFIMUR EAINTGET ERRE.

This sample demonstrates communication between 12C devices using DMA. The master device
sends 15 bytes of data to the slave device and then receives 15 bytes of data from the slave. After
successful data transmission and reception between the master and slave, the LEDs on both boards
remain constantly lit.

10.6 12C_TwoBoard_CommunicationSlave_IT

HHEAER T 12C BT TVHITIER, ENSTEMIULE 15byte EiE, AEBEHREMILAIZRT
15byte #7E, EH. MRWEGERINE, ETFIMUR ERVNTLET BRI,

This sample demonstrates communication between 12C devices using interrupts. The master device
sends 15 bytes of data to the slave device and then receives 15 bytes of data from the slave. After
successful data transmission and reception between the master and slave, the LEDs on both boards
remain constantly lit.

10.7 12C_TwoBoard_MasterTxIndefiniteLengthData_IT

tEREplER T B o, ENREREREEE, MURRAEREE. ETRMUAE 10 FPE)
IR (0~9), AEMVEEKEEE (0~9) FBISEOFIED; EHNEMHLAIX 100 FHEEE (1~100), A
JEMHEBEEE (1~100) FHEEEROFTED; EHEMTILE 10 FHREEE (0~9), ARMIEKEL
& (0~9) FiEidanFTEn,

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.

10.8 12C_TwoBoard_SlaveRxIndefiniteLengthData_IT

HREGER T B A0, ENVRERNEREE, MURRAREREIE. EVRMUAEX 10 FPH
iR (0~9), AEMVEKEEE (0~9) FBISEOFIED; ENEMILAIX 100 FHEHE (1~100), A
JEMHEEEEERE (1~100) FHBITEROSTED; FHUAMIURE 10 FHHEER (0~9), SEMIUEEE
& (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
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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_TwoBoard_CommunicationMaster_DMA

IEEEGIERT 12S 15 12S MLLADMA ST TBEREDR, 12S EA15TM 12S MLAIEEEE 0x1~0x10,
12S MIZWEIEERRE, BF 12S EAEIREYE 0x1~0x10, = 12S FAIFN 12S MHLEIHEKEURERT, )\
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 12S master and 12S slave successfully receive the
data, the LED will be constantly on. Otherwise, the LED will be blinking.

11.212S_TwoBoard _CommunicationMaster IT

IEAFEBIZERT 128 E415 12S MLLAFBTS U TIBERYER, 128 EATH 128 MUAIXEEE 0x1~0x10,
128 WHEEREEYES, B0 128 EHEIREEE 0x1~0x10, =5 128 A 128 MLaTHEMETERT, /)
TAETFESRE, SUWINTEFIRNRRES.

This sample demonstrates communication between the 12S master and I12S slave using interrupts.
The 12S 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 masterand 12S slave successfully receive
the data, the LED will be constantly on. Otherwise, the LED will be blinking.

11.312S_TwoBoard_CommunicationMaster_Polling

IEEREGIRRS 128 S 128 MHLLARIES VB TIBERYER, 128 5T 12S MHLARIEEHE 0x1~0x10,
128 WHEEREEUES, BE 128 EHEIREEE 0x1~0x10, = 128 A 128 MLATHEMETERT, /)
TEFESRE, BUITLTFANFRIRE,

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

11.412S_TwoBoard_CommunicationSlave_DMA

IEEAFBIZERT 128 £S5 12S MLLADMA IS0 TB(ERYER, 128 SR 128 MUAIEEEE 0x1~0x10,
128 NEICEIELER, 1R 128 EHURIAEGEE 0x1~0x10, =5 12S A 128 MHLRIHIZITEERERT, /N
TEFESRE, BWITRTARRIRE,

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
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data, the LED will be constantly on. Otherwise, the LED will be blinking.

11.512S_TwoBoard_CommunicationSlave_IT

IAFFIRERT 128 45 128 WHLAFRRT A TIBERYEDR, 128 EA5EA 12S MUARIEEWE 0x1~0x10,
128 MHEKEIRUES, B 128 EAEREWE 0x1~0x10, = 128 EA1H1 12S MHLAIHEIEUERT, /)
TATFESRES, SWINTEFINRRES.

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

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

11.6 12S_TwoBoard_CommunicationSlave_Polling

LEEEGIERT 128 A5 12S MNLARSIE A R TEEANER, 12S 155 12S MLAIEETE 0x1~0x10,
12S MHIZIEIEEES, B 12S EHEAEYE 0x1~0x10, = 12S 4140 12S MLEIIEWEUER, )\
KAFEERS, SUWNTLTFIRRIRES.

This sample demonstrates communication between the 12S master and I12S slave using polling. 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.
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12 IWDG

12.1 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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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_OnceModeWakeup_WFE

IWHEEGER T LPTIM BRIE T (4 IREE STOP 181,

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

14.2 LPTIM_OnceModeWakeup_WFI

IWHEGER Y LPTIM BRET hififEE STOP 151,

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

14.3 LPTIM_Wakeup_WFE

LEEEAIEZR T LPTIM AR S4-I%EE STOP &5,

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

14.4 LPTIM_Wakeup_WFI

LEEEAIEZR T LPTIM AR HIfTIREE STOP 52,

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

15.1 OPA_VoltageFollow

LEFEiE R 7 OPA BUEB/EERBETNEE, PA9 AlEImiA, PA10 AfaimisAN, PA8 ki, PA8 SigHiFn
PA9 tHEHIEBE(E.

This sample demonstrates the voltage follower functionality of the OPA. PA9 s the positive input,
PA10 is the negative input, and PAS8 is the output. PA8 will output the same voltage as PA9.
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16 PWR

16.1 PVD

LRGSR T PVD EB/EASNITHRE, HE5IhEIE PBO7 S |HIYEB/ES VREF (1.2V) HH{THHER. ¥4 PBO7
S|V EST VREF BY, LED ¥T°K; Z{EF VREF BY, LED {T=.

This sample demonstrates the PVD (Programmable Voltage Detector) voltage monitoring
functionality. In this example, PB07 pin is configured to compare its voltage with VREF (1.2V). When
the voltage at PBO7 is higher than VREF, the LED light turns off. When it is lower than VREF, the LED
light turns on.

16.2 PWR_SLEEP_WFE

LRGSR 7 1E sleep 1RV T, {#F3 GPIO SB{4I%EE,

This example demonstrates using GPIO event wake-up in sleep mode.

16.3 PWR_SLEEP_WFI
HREBIETR TE sleep T, {88 GPIO FREFIER,

This example demonstrates using GPIO interrupt wake-up in sleep mode.

16.4 PWR_STOP_WFE

ItEEEpIER 77 stop 82U, (R GPIO SH4IREE,

This example demonstrates using GPIO event wake-up in stop mode.

16.5 PWR_STOP_WFI

EAFBIER T 1E stop #HIUT, R GPIO ShlfIiEE,

This example demonstrates using GPIO interrupt wake-up in stop mode.
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17 RCC
17.1 RCC_HSEOutput

BB E R FRTh HSE, FH@id MCO (PA08) S,

This sample configures the system clock as HSE and outputs it through the MCO (PAO08) pin.

17.2 RCC_HSIOutput

I GIRCE R SRt s HSI, FHE@id MCO (PA08) 3R,

This sample configures the system clock as HSI and outputs it through the MCO (PAQ8) pin.

17.3 RCC_LSEOutput

ILEREAIERE LSE, FiE@id MCO (PA08) 5IRimItH.

This sample enables the LSE and is output via the MCO (PAQ08) pin.

17.4 RCC_LSIOutput

LEEERIERE LSI, FHiEid MCO (PA08) 5IRimIH.

This sample enables the LS| and is output via the MCO (PAO08) pin.

17.5 RCC_PLLOutput

HEREBIBCE R FeRI /9 PLL, FHEIE MCO (PA08) 5lflitH. PLL A NBTSRRIERR HSI,

This sample configures the system clock as PLL and outputs it through the MCO (PAO08) pin. The PLL
input clock source is set to HSI.
17.6 RCC_SysclockSwitch

R BRR AR SRISHIIRINRE, #FHIhECERSFERTTPA HSI IJHREI HSE, FHiE@id MCO (PA08) 5 |Bii%s
HERSRI .

This sample demonstrates the system clock switching functionality. The sample configures the
system clock to switch from HSI to HSE and outputs the system clock through the MCO (PAOQ8) pin.
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18 RTC
18.1 RTC_AlarmSecond_IT

ItEREGER RTC BIRDRURFNIRIERIITIRE. BRFO i, ERTREIPSFTEN=FRF'RTC_IT_SEC"H4
tH SCRT A A,
This sample demonstrates the RTC's second interrupt and alarm interrupt functionality. Each time the

second interrupt occurs, the interrupt function prints the string "RTC_IT_SEC" and outputs the current
RTC count time.

18.2 RTC_WakeUpAlarm

IHHEBIENBIE RTC mfhRlTErE 1 7% MCU M STOP &= FIEE, FEESRIEESE LED, LED
ENEEiEpRY 1 7,
This sample demonstrates waking up the MCU from STOP mode every 1 second using RTC alarm

interrupt. Each time the MCU wakes up, the LED will toggle its state. The LED toggling interval is 1
second.

18.3 RTC_WakeUpSecond

ItEREGER 7i8iY RTC RORDARIRIGEE MCU RYTHRE. TEMERFE(T/E, LED ITTESRRE, &T
FF#EE, LED JITRbFERIAZ, B MCU A STOP #&x(; RTC forhiffI%EE MCU /5, LED JT&F
MRS

This sample demonstrates waking up the MCU using RTC second interrupt. After downloading and
running the program, the LED is continuously on. Pressing the user button turns off the LED and puts

the MCU into STOP mode. When the RTC second interrupt wakes up the MCU, the LED starts
blinking.
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19 SPI
19.1 SPI_TwoBoards_FullDuplexMaster_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.

19.2 SPI_TwoBoards_FullDuplexMaster_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 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.

19.3 SPI_TwoBoards_FullDuplexMaster_Polling

A RES I TT BB OIMRIRO (SPI) SIMNBIREUEN T RTH AR TBRENER. £IRE
IRABERTH SCK, B MOSIMISO 3 |lREAZKEYE. MIREEIE MOSI/MISO 5 | B &%
2. BIRAENRMAY SCKInRLHWM AL, TRENTEE.

This sample is a demonstration of the Serial Peripheral Interface (SPI) communicating with an
external device in full-duplex serial mode by polling. The master device provides the communication
clock SCK and sends/receives data via 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.

19.4 SPI_TwoBoards_FullDuplexSlave_DMA

WG 2R)F DMA X388 O4M&IED (SP1) SHMRERIENT RTARHTEEER, T8R4
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 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.

19.5 SPI_TwoBoards_FullDuplexSlave IT

HAFFIEFIE T EOIMNIEO (SPl) S/MRREAEN T BTN TEEESR, TiREett
BERTH SCK, BT MOSI/MISO 3|RlAEAZINEEE. MREIEIT MOSI/MISO 3 |RHEI &= ETE.
FARLAENIRMHAY SCKIGRIEHWBAL, STRENTE(E.,

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.

19.6 SPI_TwoBoards_FullDuplexSlave_Polling

tRpIR B I TSR OIMNRIED (SP1) SHMNBIREUEN T BTH NI TEERER. ERE
IRALEERITR SCK, BiT MOSIMISO 5 |BlAIXAZIEEE. MIREEIE MOSIMISO 5 |BlEIUAIEE
2. FIRLAENRMRY SCKInRLWRAL, THRENTEE.

This sample is a demonstration of the Serial Peripheral Interface (SPI) communicating with an
external device in full-duplex serial mode by polling. The master device provides the communication
clock SCK and sends/receives data via 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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20 TIM
20.1 TIM14_LSICalibrate

IEERBIBCE LS| BIFRM MCO (PA8) EithFHi§ TIM14 BYEIE 1 iEEE] MCO, BRFRIFECE S 32MHz
(HSI16MHz, PLL F2E 2 {Z4R), TIM14 Bt§hy 320KHz, 8B EE(E /9 10001, {HRE TIM14 AU

{B3RThAE, JEEE LS| trimming {8, LED MINKKERERRTMIETTHL.

This example configures the LSI clock to output from MCO (PA8) and connects channel 1 of TIM14

to MCO. Set the system clock to 32MHz (HSI 16MHz, PLL frequency doubling), set the clock of TIM14

to 320KHz, set the overload value to 10001, enable the input capture function of TIM14, adjust the
value of LSI trimming, When the LED changes from blinking to steady on, the calibrationis complete

20.2 TIM1_6Step

PR SRERSRRINEE "7 PWM B RYER, 1B systick {9 COM commutation 55
HRYRRARIR, SCIL (FTRIEBHAY) A RERELER, Lhans—2+r7 CH1 #1 CH3N 9 1, BNREH]
FHXFMEER PWM it

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

20.3 TIM1_AutoReloadPreload

IHAFFISCIN 7 ERT BRROE AT #0h8E, LARSER T ARR BZhEETINEE, HATEERI e E=ahihEne
LED T & & manc & B F B  TimHandle.Init AutoReloadPreload =
TIM_AUTORELOAD_PRELOAD_ENABLE;{$8¢EzhEE#IN8E, #TAY ARR {BETEEIDRHFRTATERL,
BtE TimHandle.Init. AutoReloadPreload = TIM_AUTORELOAD_PRELOAD_DISABLE;Z: | RIS,
ThEE, #AY ARR (BEESIXAMIATERLERS, LED KTLA 2.5HZ AOSTERERE

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.

20.4 TIM1_ComplementarySignals

ICAHBISEIL 7 ERT R B #Ma HTINRE, =HBE#MLSEE pwm i, HHFAIRBSCIIFEXTINEE CH1 >
PASCHIN -> PA7CH2 -> PA9CH2N -> PA1CH3 -> PA10CH3N -> PB1
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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

20.5 TIM1_ComplementarySignals_break

IEAEFISCER 7 ERTESRYRIZETNBE, CH1 #0 CHIN BE4h pwm i, H2UEISMNER 10 OMNRIEES (K8
¥) I, PWM {§5X4, B8F BDTR.AOE &fz, FTLANEESEHE (BHR¥) fF, 448 pwm Hit,
WHFISI TIHXINE., CH1T > PASCHIN -> PA7 RIZEHA -> PA6 BT A
OCXE,CCxP,0ISx,CCxNE,CCxNP,OISxN HIECE, nISCHIRIZEIHRERYSZFhN B

This sample demonstrates brake function of the timer,the CH1 and CHI1N 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 -> PA8 CH1N -> PA7 Brake input -> PA6 By
adjusting the OCxE, CCxP, OISx, CCxNE, CCxNP, OISxN configuration, which can realize the brake
function of a variety of applications

20.6 TIM1_ComplementarySignals_break_it

IAFBISCIN T ERTBRRORIZEDORE, CH1 #0 CHIN BE4h pwm B, BRUGEISNER 10 ORINIEES (K8
¥) /&, PWM {§5X4, B8 BDTR.AOE &fu, FRLANZEESEIE (BEY) [, 4K5E pwm &,
WHAISSMTHAXINEE. AEFAFETREDE, AEMNETERE LED TR HE
OCXE,CCxP,0ISx,CCxNE,CCxNP,OISxN fIEEE, BISLEIRIZEINAEAIS TR

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 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

20.7 TIM1_ComplementarySignals_DeadTime

A BISCER 7 ERTBSAORIZETEE, CH1 #0 CHIN BE4b pwm i, BKEISNEE 10 OMRIEES (K8
) &, PWM {§5XF, BT BDTR.AOE &fiI, FrLANEESEE (BBF) /&, 4048 pwm i,
IAEBISCEN TOEX ThEE, 1@idiE%EE OCXE,CCxP,0ISx,CCXNE,CCxNP,OISxN JIEEE, AIsCHIFIZEIHRE
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
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20.8 TIM1_DmaBurst_twice

IHHEGER 7 17E TIM1 S5 DMA ZELERIR burst (SAEUEAIINEE, burst B{EMI— KRB =1 27758,

PSC,ARR,RCR, EEHEBHFUH, PA0 St TEIE, J_D_‘ﬁiaﬁa\ww'* W, aT&Z PAO RIERELIEIRE
SME—IRHT 400ms, X 400ms, F=R 20ms, EINR G425/ 200us, AR burst (&5
. F¥H PCS,ARR,RCR HE#5ELE,

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,
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.

20.9 TIM1_EncoderTI2AndTI1

IEEGISCER T TIM1 PRVYRADEEITHEThAE, TI1(PA8)FD TI2(PAWEAYRISESHINGIf], @d CNT FHF
BETTIZREITE028251t, 1@1T uwDirection TERIWIEREITEESANTETS A, EBIFIENEHEH TRt
#7570 CNT SZE51T80E, FTEDEYE Direction = 0 AM_EiHEYL, Direction = 1 AMETITEL.

This sample demonstrates encoder count function of the TIM1,TI1(PA8) and TI2(PA9) 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.

20.10 TIM1_ExternalClockMode1

IHAEBER 7 TIM1 BOFNERRTEER, 1 THRE, 15%68% ETR(PA12)3 |BIERSMERRTERENIE, FHEREEZ
Wr, EPRTREREE LED KT

This sample demonstrates external clock mode 1 function of the TIM1.Select the ETR(PA12) pin as
the external clock input source and enable the update interrupt to flip the LED light in the interrupt.

20.11 TIM1_ExternalClockMode1_TI1F

LRGSR 7 TIMA BO7NERRTERET 1 THBE, 15E8E TI1FD(PA8)S | BMERSMEBRTEFREINIR, FHEEEEEFT
Wr, EPRTREREE LED T

This sample demonstrates the external clock mode 1 function of TIM1, selects the TI1FD(PA8) pin
as the external clock input source, and enables the update interrupt and toggle the LED light in the
interrupt
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20.12 TIM1_ExternalClockMode2

IHEEBER T TIM1 BYSMNEBRTEMRS 2 THEE, 5E1% ETR(PA12)5 |WEASMERRTHEINIR, FHEREEF+
7, FERRTREREE LED AT,

This sample demonstrates the external clock mode 2 function of TIM1, selects the ETR(PA12) pin as

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

20.13 TIM1_InputCapture_TI1FP1

LEEHIEZR T TIM1(PASYIAIGIRIORE, PA8 MINRTIMSS, TIM1 FERRAINE, SEHNRERRUHT,
Sit—IRhlr, BE—IRLED

This sample demonstrates the input capture function of TIM1(PA8), PA8 input clock signal, when
TIM1 capture success, will enter the capture interrupt,and toggle the LED in the interrupt

20.14 TIM1_InputCapture_XORCh1Ch2Ch3

LEREEGIER 71E TIM1 SINFESRTINEE, PA8 Y PA9 Bf PA10 MINRTHMES, TIM1 #REIHE, SN
fxkchly, E—Rhir, E9%E—X LED

This sample demonstrates the input capture function of TIM1, input clock signal into PA8 or PA9 or
PA10 will generate the capture interrupt after TIM1 capture successfully.Toggle the LED once per
interruption

20.15 TIM1_OCToggle

W ## fl E =7 TM & &KX TR OC # 8% & I Ih g8, fF &
CH1(PA08),CH2(PA09),CH3(PA10),CH4(PA11) UMEERHI HIhEE, HEHiTEES TIMX_CNT 5§
TIMx_CCRx PLEcAYHH S S &%, S%/9 100KHz

This sample demonstrates the OC toggle output function in TIM1 comparison mode, enabling
CH1(PAQ8),CH2(PA09),CH3(PA10),CH4(PA11) four channel output function, then the output signal
toggle when the counter TIMx_CNT matches TIMx_CCRXx. The frequency is 100KHz

20.16 TIM1_OnePulseOutput

HREAIEZR T TIM1 ROBREKHARTU, CH2(PA09)S BN LR EFHG, ALRIHEEEFHAITER, SiHEES
CCR1 [LFcHS, CH1(PAOS)MIEEEYF, BENTEESEL, CH1 BXBMLREY, H#EsatE, St
=T E, APFEROPEREITE (TIM1_ARR-TI1_CCR1)/CLK= (65535-16383) /32000000=1.536ms
This sample demonstrates the one pulse mode of TIM1.The rising edge on the CH2(PAQ09) pin
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triggers the counter to start counting. when the count value matches CCR1,CH1(PA08) 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)/ 32,000,000 =1.536ms

20.17 TIM1_PWM

ABIFEHIL 4 B PWM, BiE 1 B95=tE0 20%, 18B1E 2 /9 40%, 1BI1E 3 /960%, 1BiE 4 /980%, A&
{BIFREEAF 8000000/(50+1 )/800=196Hz

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+1)/800=196Hz

20.18 TIM1_SynchronizationEnable

TERTES 1 BOfEREAERTES 2 159, Z\TERTES 2 1H4MAY, LED KFR, HERIEs 2 REFMEMT, T
SR ERRS 1, AR 1 FHATEUS, LED 2L SHz RUSRERHITEIEE
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

20.19 TIM1_TIM2_Cascade

1tl:$‘$1ﬁU§EIJ”J TIM1 70 TIM2 ZREXRY, 48 i7it#4=s, TIM2 fEHL, TIM2 RUIHEURHESER TIM1 A%
ABStH, BEEE TIM1 ] TIM2 WEHSFERE, (£ TIM1 hif[EEERER+) SEBLED KTLL 1Hz 55
NN,

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 1Hz (in the TIM1 interrupt callback function).

20.20 TIM1_Update_DMA

RGN 7 TIM1 F{EF3 DMA (EEiERIThEE, 181 DMA )\ SRAM HfRiE#HES ARR FH17E8,
SCHL TIM1 FEERE{E, 7E TIM1 E—RiGHE, PA0 2E%, LEATENEEERR/9 400ms, DMA FHaissl
#E2 TIM1_ARR, 35—IR PAO EB4Z(RIFR /9 400ms , 55 )REWEL(AIPR/9 100ms, S5 =R ENH%iEIFRE /9 200ms,
SBIUREREEIPR/9 300ms, LAY DMA #RIZZESR, [R4@petialim@Y /9 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

PAOQ 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
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are 300ms

20.21 TIM1_Update_IT

LEEEIEZR 77 TIM1 hEARTHTHRE, FHERE T EHhlT, BIRESR ARR BERISFE—IREHTHHT,
FEFUTRERF LED AT, LED XT2LA 5Hz BSRERIF1TER:.

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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21 USART
21.1 USART_HyperTerminal_AutoBaund_IT

LHBER T USART IESR4FRICNIThEE, WIdBIFERE—NFRF 0x7F, MCU RIZFFFE: Auto
BaudRate Test,

This sample demonstrates automatic baud rate detection function of the USART. The serial assistant
sends a character 0x7F, the MCU feedback character string: Auto BaudRate Test.

21.2 USART_HyperTerminal_DMA

IHHEBIER 7 USART B9 DMA AUAIEFIZIETE, USART BCE 9 115200, HUEAL 8, S1EAI 1, %
¥z None, FEFHE TIERFfG, FIEPRMER, AREE LU A 12 14UE, 4120 0x1~0xC, M MCU
SEEKEIRIEIERR X LA, ARHTENERER.

This example demonstrates how to use USART to send an amount of data in DMA mode USART
configuration is 115200 baud rate, data bit 8, stop bit 1, check bit None. 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 USART_HyperTerminal_IndefiniteLengthData_IT

HRBER T USART RIS TURIXF R EIREUE, USART ECEZ 115200, &8, {=1EA
1, BEEAI None, FEFiEITIERE, AEEE LU FTRIESKENEIE (RHBIY 200byte), g0
0x1~0xC,U MCU 1B EIr VSR B ARIE R AN,

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 200bytes) through the upper
computer, such as 0x1~0xC. The MCU will send the received data to the upper computer again.

21.4 USART_HyperTerminal_IT

HAEBIER 7 USART RYFRBT D TUARIXFIEIESHE, USART Ec&Jy 115200, HUE(I 8, fFIEM71, 1%
¥e{i None, FEFIEITIER/G, FIEERER, KB LA TR 12 MNEE, 190 0x1~0xC, I 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 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 USART_HyperTerminal_Polling

IHEBIEZR T USART B9 POLLING HUAXFIRKENE, USART ECEN 115200, HUE(I 8, {=LEfI
1, BEG{I None, FEFZEITIERG, TENRRNMER, AREEE LA TR 12 MNEE, 0 0x1~0xC,
M MCU £BRINRIR SRR ARXE LA, AEFTENERER.

This example demonstrates how to use USART to send an amount of data in polling mode USART
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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22 WWDG

22.1 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.

22.2 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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