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1 ADC

1.1 ADC_AnalogWatchdog

LGRS T ADC RISEIEI)MINEE, HAREIVENBENBEEARELEN L TRA, SHEANE
[ I3,
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_MultiChannelSingleConversion_TriggerSW_DMA

IHBIETRT ADC EEiEid DMA (EiH MR OFTENIMEERIFBE(E, PA4/PAS/PAG/PAT JatsEiise
A, 5% 1s SMEBO PA2/PA3 $TEDHRIRIBE(E.
This sample demonstrates ADC data acquisition using DMA and printing the voltage values

of four channels via the serial port. PA4/PA5/PA6/PA7 are analog inputs, andthe current
voltage values will be printed every 1s via the serial port PA2/PA3.

1.3 ADC_SingleConversion_TriggerSW_IT

IHGIESRT ADC RIRERTHEE, B8 1s, I{HilA& ADC ¥, ErhEithiEd ROFTENSEE 4 A9 DR
{EFNEBE(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

ILHEBIIET T ADC {ERAYER (it FI%EIDTNEE,
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This example demonstrates the software triggering and polling functions of the ADC module.

1.5 ADC_TempSensor

WHBIER T ADC tEREY Tempsensor INgE, FiBidEOITENLIBE(E.

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

1.6 ADC_Vrefbuf

BbHEBIET T ADC 1RIREY Vrefbuf IDEE, FUF vrefbuf (EABEEREEERE, FHiFHREEEET
EROFTENHSE,

This example demonstrates the Vrefbuf function of the ADC module, which uses Vrefbuf as
the reference to sample channel values and convert them into voltage Print it out through the
serial port.

1.7 ADC_Vrefint

IbHEGIER Y ADC fRIRAY VREFINT SREFINGE, @idRHEE VREFINT R(E, i1HSH VvCC ifE, Hi&@
I EROFTENLE.

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

2.1 COMP_CompareGpioVs32_64VCC_Polling_lInit

IbHEGIET T COMP ELERSR4CIATNGE, PA1 {EJILLERESIEIRIAAN, 32/64VCC {EJILLEEEGAlmIMA |
& PA1 BUBBEATF 32/64VCC BBFERY, LED XI5, /vF 32/64VCC B[ERT,LED (TR,
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 it is less than 32/64VCC voltage, the LED lights up.

2.2 COMP_CompareGpioVs32 64VCC_WakeupFromStop

LHEGIER T COMP LUEkESIRERINEE, PA1 {ERLLERZBIEIRIAAN, 32/64VCC {EJILLEZEGIRMA
A stop ERF, FETFE PA1 ERYESABE, ~=4EREIGEE stop &,

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_CompareGpioVs32 64VCC_Window

I BIEZR T COMP ELAEkE8RY window ThEE, LLEES 1 faimFALLERER 2 ROGAIR (PAS)ERA ,

VREFCMP {EJILLERZRIEIRIMAN . 25 PA3 RYRBE(E/VF 1.65V BY,LED TR, AF 1.65V BY,LED kT=.
This example demonstrates the window function of the COMP. The negative terminal of the
COMP1 is connected the negative terminal of the COMP2(PA3).VREFCMP used as the

positive terminal of the COMP1.When the voltage value of PA3 is greater than 1.65V, the LED
is on, and when it is less than 1.65V, the LED is off.
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3 CORDIC

3.1 CORDIC_CalculateArctanMod_IT

BbEEGliER T B PR T E arctan, mod RY(E.

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

3.2 CORDIC_CalculateSinCos

I fliER 7 BidimA it E sin, cos fIE.

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

3.3 CORDIC_CalculateSqrt_IT

IbEGlER T Bid R A TR sart BY(E.

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

4.1 CRC_CalculateCheckValue

IbHEHETR Y CRC I8I06E, BEN— M HMABNEIRHTERIE, FHNREESECHRIEEHRTLL
¥, 18N LED }T5=, &M LED TIEXK.

This sample demonstrates the CRC checksum function. It performs a checksum on the data
in an array and compares the calculated checksum with the expected checksum. If they are
equal, the LED turns on; otherwise, the LED turns off.
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5 DMA

5.1 DMA_SramToSram

It {iEa 7 DMA )\ SRAM El SRAM (s EHERITIEE(SRAM FIIMZ Z IAUEMAIFHIESEHRRING
HHIIEE).

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_Init

IbHEGIEZR T GPIO JMaBrhERTNEE, PBO SR ERYS—ANTREGES A~ PR, PEREET LED TS
BlsE—IX.
This example demonstrates the GPIO external interrupt function, each falling edge on the

PBO pin will generate an interrupt, and the LED will toggle once in the interrupt handle
function.

6.2 EXTI _WakeUp_ Event

ILHBIETR T 81 PA6 SIMIIREE MCU fITNEE. THERHIETHE, LED IATFERRKS, THR
iR, LED AT-FEIRIAE, H MCU #A STOP #83; #iff PA6 SIMIfS, MCU I%EE, LED (TRF
This sample demonstrates the function to wake up the MCU via the PA6 pin. After downloading
the program and running, the LED remains on; After pressing the user button, the LED remains

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

7.1 FLASH_OptionByteWrite_RST

BbEEGliER T iBid 5018 RESET 5|BIER/EiE GPIO,

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

7.2 FLASH_PageEraseAndWrite

IHBIER T flash page #EFRF page SLIRE.

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

7.3 FLASH_SectorEraseAndWrite

LEHEGIEZR T flash sector BIRF Page BINgE,

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

8.1 GPIO_FastlO

FHEFIEZERT GPIO B9 FAST 10 ithThEE, FAST 10 EERILUAEI SRR HIEEERE.

This sample demonstrates the FAST 10 output functionality of GPIO, which can achieve a
single-cycle toggling speed.

8.2 GPIO_Toggle

WHEGliERT GPIO ftitRst, BLE LED SIilh&=FmibiEzt, FHHESIR 100ms EitE—)X LED 5|
B, 151712/, aJLAFE LED kTN,

This sample demonstrates GPIO output mode by configuring the LED pin as a digital output.
The LED pin’s level is toggled every 100ms, causing the LED to blink. Run the program to
observe the LED blinking.

8.3 GPIO_Toggle_lInit

IbEEBIETR T GPIO HithiRzt, ECE LED SIHAEFMbiRt, FHEME 100ms BliE—IX LED S|k
¥, i&f7iER, TILIEE LED TPk,

This sample demonstrates GPIO output mode by configuring the LED pin as a digital output.
The LED pin level is toggled every 100ms. When running the program, the LED will blink.
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9 HDIV

9.1 HDIV_Signed

BbEGlER T B HRESR T ERFSIRE.

This example demonstrates how a hardware divider calculates signed division.

9.2 HDIV_Unsigned

B GlER T bR AT BT SIRE.

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

10.1 12C_TwoBoard_CommunicationMaster_DMA _Init

IbHEEBIER T 12C &3 DMA FRETTIEN, ENFSRMILLE 15byte FiiE, REBHRITMINAZER
15byte &iiE, EHFIMTIRIEIRERINGE, EMAMMIURLEIMTLTF "ER" KE.

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

10.212C_TwoBoard_CommunicationMaster DMA_ MEM _Init

ILHEBIEZR T £ 12C i@ DMA 5Ui#{TiEiR, MLEER EEPROM JMZit R P24C32, #XF user 1%
&, EH%ERMINS 15bytes £EJ9 0x1~0xf, AFEI EEPROM HRISSARIEEET , iEBNATNE,
FIRLRIMTRTF "BR" RS,

This sample demonstrates communication between the master device using 12C 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_Init

BbHEBER T8l 12C FREGNHTER. ENSRMMIEE 15 FHRENE, AEBIRIMINALIERD
15 FHREE. SENMMNAIHEINERER, ENMMIURLIMTIEERS "ER" KT

This sample demonstrates communication between the master device and the slave device
using 12C with interrupt. The master device first sends 15 bytes of data to the slave device
and then receives 15 bytes of data from the slave device. Upon successful data transmission
and reception, the LEDs on both the master and slave boards will remain continuously on.
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10.4 12C_TwoBoard_CommunicationMaster_Polling_lInit

BbHEGliER T8 12C G NEHTER. ENSRMNEE 15 FHR0ENE, AEBIRIMILIERD
15 FHRIEIE. SENFMNEINEIEIRR, ENMMIRLRIMTEERS "ER" KT

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

10.512C_TwoBoard_CommunicationSlave_ DMA _Init

BbEEGIET 7812 DMA FRi#1T 12C iBifl. ENFSRMILE 15 FHREE, AERBERIANELE
89 15 FHR0&E. SENMMMINAEIHRINEIRR, ENMMNR LBITERS: "8%" KRS,

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

10.6 12C_TwoBoard_CommunicationSlave_IT_Init

BbHEGliER T8l 12C REGNEHTER. ENSRMMIEE 15 FHR0ENE, AEBIRIMILIERD
15 FHRIEIE. SENFMNRINEIEIRR, ENMMMIIRLRIMTEERS "ER" KT

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

10.7 12C_TwoBoard_MasterTxIndefiniteLengthData_IT_Init

IHEFGIER T EIPEAI, ENRERERERE, MUSKAEREE. ENRMALE 10 FHE
iE (0~9), ARMIIEITENE (0~9) FHiETHROFTED; EHEMIKLE 100 FHEME (1~100), #A
Puya Semiconductor 14 / 37



PY32M031 Reference Manual V1.3

BEIHUERIZEE (1~100) FETROITED; EHRMIAE 10 FHRIEHE (0~9), ABMNIEIE
& (0~9) FEIHOFTED,

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_Init

SRR T ESHREAN, ENRERERSE, MURMREREE. TNMEMNLE 10 FH59
IR (0~9), ABMHILIRUILEIE (0~9) FHBTHROFTED; EMEMILLE 100 FHEIE (1~100), A
BEMIEIREE (1~100) Fi@ETROITED; ENREMIEE 10 FHROEE (0~9), ABMIIEIRE
& (0~9) FiEIHROITED,

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

11.1 12S_TwoBoard_CommunicationMaster_DMA

LEHEEGIRERS 12S EH5S 12S ML DMA BB {TIEERYEDR, 12S EHN5EM 12S MNZEEE 0x1~0x10,
128 MHISWEIERE, B 12S EHEREHE 0x1~0x10, = 12S EHIF 125 MHEINEUEERT,
IMNTRFERIKES: SUWMNTLFREIKE.

This sample demonstrates communication between the 12S master and 12S slave using DMA.
The 12S 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 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.

11.2 12S_TwoBoard_CommunicationMaster_IT

IHEGIEXT 128 15 12S MLLARETG i TESAYEDR, 12S EH5R 12S MNAZEEE 0x1~0x10,
128 MHISWREIERE, B 12S EHEREHE 0x1~0x10, = 12S EHIF 125 MHLEINEUETERT,
IMNTRFERIRE: SUWMNTLFREIKE.

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

11.3 12S_TwoBoard_CommunicationMaster_Polling

IEHEBIERS 128 LS 128 LA N ITIESRYESR, 12S EHL5EM 128 MHNAIXEE 0x1~0x10,
12S MHRISEIERR, B 128 EMEREME 0x1~0x10, 4 12S EHFN 125 MIREIIERIZEIERS,
IMTRFERIRE: BUWIKTLFRFERE.,

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

Puya Semiconductor 16 / 37



PY32M031 Reference Manual V1.3

blinking.

11.4 12S_TwoBoard_CommunicationSlave_DMA

LEHEEFIEXT 12S 45 12S ML DMA BB TESAYED. 12S EH5EM 12S MINAZIEEE 0x1~0x10,
128 MHISWEIERE, B 12S EHEREHE 0x1~0x10, 25 12S EHIF 12S MHLEINEUEERT,
INTRFESIRE, SWNTLFRAFRE.

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

11.512S_TwoBoard _CommunicationSlave IT

LGRS 128 45 12S MILLAFRERS HTIE(SAIED, 128 EH15ER 12S MHNALIXEHE 0x1~0x10,
12S MRISEIEERR, FBIE 12S EHNEILLEHE 0x1~0x10, 2 12S EH1F1 12S MHLRTHEITEERT,
IMTRFERIRE: BT FRRIRE.,

This sample demonstrates communication between the 12S master and 12S slave using
interrupts. 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 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.

11.6 12S_TwoBoard_CommunicationSlave_Polling

IEHEBIRRT 128 45 128 MILLAR A HITIESAIED, 128 EH15ER 12S MHNALIXEEE 0x1~0x10,
12S MRISRIEERR, BIE 12S EHEILLEHE 0x1~0x10, 2 12S EH1F1 12S MHLRTHEITEERT,
IMTRFERIRE: BT FRRIRE,

This sample demonstrates communication between the 12S master and 12S slave using

polling. 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
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slave successfully receive the data, the LED will be constantly on. Otherwise, the LED will be
blinking.

Puya Semiconductor 18 / 37



PY32M031 Reference Manual V1.3

12 IWDG

12.1 IWDG_Reset

ILHEBIESR T IWDG &I 1aTN6E. BEEI OMERITEIEMN 17, Hiteks 1 R, RRIMWSLL.
B EEESERIREAEIE (main BE] while IBIFAPRINEE), RILIMZRSEILITER: MRSRXIRIEE
IVF 18, IEFEEBIERIETT (LED XTHK%); MRRMASEEE 1%, EFS—B#SEM (LED kTR
K.

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 LPTIM

13.1 LPTIM_ContinuousMode_WakeUp_WFE

BbEEBIERT LPTIM &L HIREE STOP 1854,

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

13.2 LPTIM_ContinuousMode WakeUp_WFI

BbHEGIETR T LPTIM ELHR rhETI%ER STOP 23X,

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

13.3 LPTIM_OnceMode WakeUp_ WFE

BbHEGIETR T LPTIM BIRIR R I%ER STOP 123K,

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

13.4 LPTIM_OnceMode_WakeUp_WFI

BbHEEGIER T LPTIM SRR FREIREE STOP 185U,

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

14.1 OPA_VoltageFollow

IHGIRSR T OPA RIEBEIRFEINGE, PA9 BIEIRIEA, PA10 BGIRIEA, PA8 Bidl, PAS £fath
1 PA9 tHRIRYEE E(E.

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

Puya Semiconductor 21 / 37



PY32M031 Reference Manual V1.3

15 PWR

15.1 PWR_PVD

IHGliERT PVD BBEWRNINEE, H#6IPEE PBO7 SIHIAIEES VREF(1.2v)i#{TLbEE, 2§ PBO7 5]
g9 ESF VREF B3,LED ¥T°K, Z{KF VREF B}, LED {T=.

This sample demonstrates the PVD (Power Voltage Detector) voltage detection function. It
configures PB07 pin to compare its voltage with VREF (1.2V). When the voltage of PB07
exceeds VREF, the LED turns off. When it is lower than VREF, the LED lights up.

15.2 PWR_SLEEP_WFE

WHGERTTE sleep HXT, 5 GPIO H{HIREE,

This sample demonstrates waking up in sleep mode using GPIO events.

15.3 PWR_SLEEP_WFI

IWHFERTTE sleep 2T, A GPIO FERIRER,

This sample demonstrates waking up in sleep mode using GPIO interrupt.

15.4 PWR_STOP_WFE

B GIETR 7 7E stop IRVF, (M GPIO SH{HIREE.

This sample demonstrates waking up in stop mode using GPIO event.
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15.5 PWR_STOP_WFI

B BIiEaR 7 7E stop 1RVF, (M GPIO FRERIREE.

This sample demonstrates waking up from stop mode using GPIO interrupt.
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16 RCC

16.1 RCC_HSE_OUTPUT

BbHEGliER T RSP LETEE, "ML HSE iRRZ.

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

16.2 RCC_HSI_OUTPUT

BbHEGUiETR 7 RIShasLEINGE, mIiath HSI R,

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

16.3 RCC_LSE_OUTPUT

IHBIER TISRGRNE B LSE, Hidid MCO SIHISLE KGRI,

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

16.4 RCC_LSI_OUTPUT

IEEGER TSR AR EH LS|, FHiBid MCO SRS RFRH.

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

BbHEGliER T RIehisLETEE, AIMELEL HSI JOiERY PLL iBHZ.

This sample demonstrates the clock output function, which can output PLL waveform with
HSI as the source.

16.6 RCC_Sysclock_Switch

LbEEGER T RIEhDI%, B LSI{J#RZE HSE (24MHz),

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

17.1 RTC_Alarm_lInit

IHEGIER RTC RIRShRRRINGE, 7E204E aShowTime RERLFIRIE, 7EEI4H aShowDate FER
SEiEH, SETRMER, LED TeRiE.

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

17.2 RTC_WakeUpAlarm_Init

Lt GiETEIE RTC [@fhrhEiEE 1S £A1% MCU M STOP & FIGER, 8/ IGEESENSE LED, LED
Bzt 1s &4,

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. The
interval between LED toggling is also approximately 1 second.

17.3 RTC_WakeUpSecond_Init

BbHEBlERES RTC #FRlTM STOP R FIREE, IREER, IMTRFINERE: SUWLFRRIRE.

This sample demonstrates waking up the MCU from STOP mode using RTC second interrupt.
After waking up, the LED will be in a blinking state. Otherwise, it will be turned off.
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18 SPI

18.1 SPI_TwoBoards_FullDuplexMaster_DMA_Init

IHFIRiED DMA AU EOIMZIED (SPI) S5MPRFELALEN T HRITHNRHTEEHER. 8T
12 E(SEIEh SCK, @i MOSI/MISO SIBIA&EAZUTENE. MIREIEIE MOSI/MISO 3| BliE/ &iXEk
1. BURLAENIREA SCK iBRSHIEAI, =REWMTIEE.

This sample is a demonstration of the Serial Peripheral Interface (SPI) communicating with
an external device in full-duplex serial mode by DMA. 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.

18.2 SPI_TwoBoards_FullDuplexMaster_IT_Init

IHGI 2RI ARERIEROIMEIED (SPI) S/MERREMEWNTHRITHNHITESER, ERERM
E{SHIEh SCK, &Eid MOSIMISO S| BilA&ixARITEE. MIREIET MOSI/MISO 5| BHEIL/Zix &R,
EIRLAEHUREN SCK IBRSHEBAL, SRESWNTEE.

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.

18.3 SPI_TwoBoards_FullDuplexMaster_Polling_lInit

LA RiEI BRI ROIMEIED (SPI) SIHMEREFUEWTHRITHNHITESHESR. 8T
IRB(SAIh SCK, BT MOSIMISO SII&EIXASITEE. NiREIEIT MOSIMISO SIS &%
&, EURELAEMNIRMAY SCKIBRISHBAL, SREWMTES.

This sample is a demonstration of the Serial Peripheral Interface (SPlI) 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
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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.

18.4 SPI_TwoBoards_FullDuplexSlave_DMA _Init

ISR EE DMA B EROINZIED (SPI) 55MEReSEIUEMTHRITHNHRITEGER, X8RS
IRB(SAIh SCK, @i MOSIMISO SIIEIXASITERE. NiREIEIT MOSIMISO SIS &%
&, EURELAENRMAY SCKIBRISHEBAL, SREMTIES.

This sample is a demonstration of the Serial Peripheral Interface (SPlI) communicating with
an external device in full-duplex serial mode by DMA. 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.

18.5 SPI_TwoBoards_FullDuplexSlave_IT_Init

LG 2RI ARERIEROIMEIED (SPI) SMERREMEWNTHRITHNHITESESR, ERERM
E{SHIEh SCK, &Eid MOSIMISO 5| iilA&ix/ARITEE. MIREIET MOSI/MISO 5| BHEILZix &R,
EURLAENIR IR SCKIBRISEBNL, RREMTIE(S.

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.

18.6 SPI_TwoBoards_FullDuplexSlave_Polling_lInit

IWHFIREI R IIFRITROAIMEIED (SP1) S/HMEREFULWMITHRITHARTEEHER. 8T
12HE(SHIEh SCK, @i MOSI/MISO BIBI&EAZUTENE. MREIEIE MOSI/MISO 3| BliE/ &iXEk
1. BURLAENNIRE SCK iBRSHIEAL, TREWTEE.

This sample is a demonstration of the Serial Peripheral Interface (SPlI) communicating with
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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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19 TIM

19.1 TIM1_6Step_Init

BRI R REREEINEE 738 PWM RIF=E" B9iES, B@id systick FREi{EJS COM commutation
SRR, SEI (FERIEBHNAY) R,
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

IEHEBUIETR T (5 TIM1 Sth=RRSTRJ9 10Hz HZ=ELb3 U 25%, 50%., 75%H9 PWM iBERZLAR: fthfi)
HEMES.
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_Init

ILEEGIRTT TIM1 £ DMA Burst (&4, B2&E TIM1 J9 PWM iRz, EFPRIfLA DMA (E5EiER. 5
IXFEEFHTREREHS TIM1DataBuff[]FREYEIZIRFS A RCR 1 CCR1 H1F=8, 3% PWM BkiaI LS
LbFiZ S = LLRIRK R ET .

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
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BEEBIER T TIM1 RI4RASEREOIRIL. TIM1 BEEARIE=REOER 3, PAS #l PAI BeEAEIE 1
B8 2,5 PA8 BAESHILHIGTERI, PA BAES LAGTERE TIM1 @.LEHE, RZETHE. 7
[BiBiE 1 Fi8iE 2 podIRhiR, E-RERFPFTENZiRT CNT (B,

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

19.5 TIM1_InputCapture

ULHFIERT TIM1 RIS NEIRTDEE, BCE PAS AiEiE 1 RIS SIH, S55IHEEHM EF GRS
A AHERAPER, A ER R IR AP ESE LED,

This sample demonstrates the input capture functionality of TIM1 . Configure PA8 as the
input capture pin. Whenever an rising edge is detected on PAS8, it triggers the capture
interrupt and toggles the LED in the interrupt callback function.

19.6 TIM1_InputCapture_XORCh1Ch2Ch3

BEGIER T TIM1 I=BiERakMNHIATIEE. & PAS. PA9, PA10 BiBiE 1. iBiE 2, @E3 /Y
BASIH. S48 SIHBEEEANSMALHIRPE, HEPERLCERELE LED,

This sample demonstrates the XOR input capture functionality of TIM1 using three channels:
PA8, 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

BEBIERT TIM1 RYSathEC AR, 1SHER/ELEEE 1(CH1)AHIRGTZ] PAS, FEiEiR/LLIREE
1(CHY) g EA LB L EER

This sample demonstrates the output compare mode of TIM1. The output of capture/compare
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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

BbEEGIERT TIM1 RISEBKAPRL. BB TIM1 AMIRUARIRS, M%iE TI2FP2, @8 1 J3 PWM2
1=, MEIEI PAS, 1Bl 2 BRI, MEIEI PA9, 2§ PA9 LA&MFI—4 LHIAAT, PA8 TR 20ms
BFEE—NEEY 80ms AIBKH.

This sample demonstrates the single pulse mode of TIM1. TIM1 is configured in slave mode
trigger mode with TI2FP2 as the trigger source. Channel 1is 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_lInit

BbEEGIER T (R TIM1 PWM2 Rz = i8R/ 10Hz H23EL3 1A 25%, 50%, 75%A9 PWM iR
.

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

BbEEGUERT TIM1 1 TIM2 ZREARY 48 (iit#4ss, TIM2 £, TIM2 RYiEHESAER TIM1 BB
B, TIM2 8§ 1ms iH81—iX, 1188 1000 REF=EiREE, TIM1 iHE—IR,

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.
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19.11 TIM1_TimeBase_lnit

BbHEEGIER T TIM1 RUSEFRFRERTNGEE, TESEF-RERPENSE LED,

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

19.12 TIM1_Update_DMA _Init

BbEEBUEZ 7 7 TIM1 FR{EF DMA (EiaEEAYTNEE, Bid DMA I SRAM HhifRiS&IiEE] ARR HFs35E
I TIM1 SEHIFFHAZEML, TIM1 S5—iXifath /5 LED S#i%E, tXENEERIEEFRY 1000ms, DMA ISEIRHIE
2 TIM1_ARR, 55 =X LED Ei%:[EPE /0 900ms, LA 3, & f5 LED EAREIE)FR/0 100msDMA #RiE4
R,LED {5 100ms RIEHEEIEIPRPIRE.

This sample demonstrates the use of DMA to transfer data in TIM1, copying data from SRAM
to the ARR register to achieve varying update periods for TIM1. After the first overflow of
TIM1, the LED will toggle, with a time interval of 1000ms. After the data is transferred to
TIM1_ARR using DMA, the LED toggling interval gradually decreases: 900ms, 800ms, 700ms,
600ms, 500ms, 400ms, 300ms, 200ms, 100ms. Finally, the LED will blink with a constant
toggling interval of 100ms.
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20 USART

20.1 USART_HyperTerminal_AutoBaund_IT_Init

LbHEGIERT USART BB hiBAS R NINEE, ERINARE 1 FHRRIFERIIZFR 0x55, #58R MCU
&R, MHREI=RF: Auto BaudRate Test,

This example demonstrates the automatic baud rate detection function of USART. If the MCU
detects successfully after the upper computer sends 1 byte baud rate detection character 0x55,
it will returns the string: Auto BaudRate Test.

20.2 USART_HyperTerminal_DMA _Init

ILHBETR Y USART Y DMA BFRURIEFIZIGENE, USART BtE D 115200, ¥HEGL 8, (SIEfi1,
HREE{L None, FEFHIEITIEFR, TENMRRER, ARET LUNTAR 12 184#E, HI40 0x1~0xC,T
MCU SHBIRISRIRYEURBIRZIXE LI, PARHTENGRIER.

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. After
download and run the program,Print the prompt message, and then send 12 data through the

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

20.3 USART_HyperTerminal_IndefiniteLengthData_IT

IHBIRRT USART BRGNS FIHSINAEREWRE, USART BtED 115200, iR 8, (S
1, BEE(I None, THHIZETIEFE, ABREBI LUNTRESKENUE (R 128bytes), FIUN
0x1~0xC, W MCU SHERULEIRY R B IR &L E LRI,

This example demonstrates the interrupt method of USART to send and receive variable length
data. USART is configured as 115200, with data bit 8, stop bit 1, and check bit None. After
downloading and running the program, the MCU will send any length of data (not exceeding

128bytes) through the upper computer, such as 0x1~0xC. The MCU will send the received data
to the upper computer again.
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20.4 USART_HyperTerminal_IT_Init

IHFGIEZRT USART RIFRBRAG TURIEFNIZULENE, USART ECEJ 115200, #E(L8, {SLLf1, #%
B6{sI None, FEHIZTTIZFR, HIENRTER, AREE LA TR 12 MR, H40 0x1~0xC,l MCU
SICEEIR SRR ZIXE BN, ARITENERER.

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.

20.5 USART_HyperTerminal_Polling_Init

IHFGIEZRT USART RIRRIAA TURIEFNIZUIENE, USART EeEJD 115200, #E(L8, {SLLf1, %
36{i None, FRFHZITIZERFRE, HEMETER, AREE LA T4 12 NEWE, HI40 0x1~0xC, M MCU
SIBEEIREIEBRZXE LGN, ARITEERER.

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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21 UTILS

21.1 UTILS_ConfigureSystemClock

FHHIEZEFRUAEE SYSCLK(RESiAI#h), HCLK(AHB B3$#), PCLK(APB B3$h). i&Eid MCO &tk
REFRI%h 48MHz,

This sample demonstrates how to configure SYSCLK (system clock), HCLK (AHB clock),and
PCLK (APB clock), and outputs the system clock of 48MHz through MCO.
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22 WWDG

22.1 WWDG_IT

IEHEBIIEZR T WWDG RUIZRIIREEFRERTNGE, BT TiTEE 0x40 BIF=4rhiT, FhERFRIRGE,
AJLARGRE JBARSE .,
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

IEEGIER T WWDG Y BOEI5I08E, &8 WWDG BB O.LR (TIREZER 0x3F), EFERiEE
delay (ERJEREY, IRRIERFREE WWDG iHEOR#TIREENE, &id LED XTI, ILAHIEREOR
IRIHRF=ESLIL,

This example demonstrates the window watchdog function of WWDG. Set the upper limit of the
window of WWDG (the lower limit is fixed at 0x3F).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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