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1 ADC

1.1 ADC_AnalogWatchdog

ItEREpliER 7 ADC ROIIET ThaE, SFEE THNEERNREEMEREN L TRY, SHAE
[ Sl

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

IHEBIER Y ADC REIEIT DMA EEiFMNEB OFTENFIMEERIREE, PA4/PAS/PAG/PAT Jot&Eiilta)
N, B8 1s M8 PA2/PA3 FTEDX4FIAVEE(E.

This sample demonstrates ADC data acquisition using DMA and printing the voltage values of four
channels via the serial port. PA4/PA5/PAG/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

/)

LEEpIiEZR T ADC RIFRITINGE, B0 1s, BX(4HRA ADC RiF, FEPiTPIEIgER OFTENEE 4 B DR E
M E(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

IHAEBIER 7 ADC #RIRAVIR AR FIECIEITNRE,

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

1.5 ADC_TempSensor

IEEEGIER 77 ADC 1EERAY Tempsensor ThaE, FHEZEOFTENHIEEE.

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

AR T ADC HRERAY Vrefbuf F1 Vrefint SRAFINEE, @IS RAF VREFINT BYE, IHH{SH VrefBuf #Y
8, FHETHBOFTEDHE,

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_Polling_Init

AR 7 COMP LUEREIEIINRE, PA1 YEALLERERIE RN, 32/64VCC {EAtLiRER RN, =
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, EEVEFEE 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_CompareGpioVs32 _64VCC_Window

I REGIER 7 COMP LR8I window THEE, EUAREE 1 faik FALVAREE 2 uthik(PASWEREN , VREFCMP
VERLVIRBEIEIREIN, 2 PA3 FUEB/E(E/NNF 1.65V BF,LED JT3R, ATF 1.65V it,LED JT=.

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

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 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

LEEHIEZR T DMA )\ SRAM 2| SRAM {E4i#ERITIRE(SRAM FSMR Z [EHEMBIEHIESERRIMNR
=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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6 EXTI

6.1 EXTI_ToggleLed_IT_Init

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

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

IHAEGIER 78IS PA6 5 |FIEEE MCU B9IhRE. TEFERHIZEIT/E, LED TTFESRT, K TARAFR
/3, LED {TFHEEPAZ, B MCU #A STOP #2=; Hi{f PA6 5|#If5, MCU IE&EE, LED ¥TbFN
This sample demonstrates the function to wake up the MCU via the PAG 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

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.
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8 GPIO
8.1 GPIO_FastlO

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

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

8.2 GPIO_Toggle

LGSR 7 GPIO itiiEs, EcE LED 5| AEmdiEt, HEEER 100ms i —IX LED 5|
B, =17fERF, aLAEZR LED JTINMER,

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_Init

HHABIRER T GPIO iRz, BCE LED SIMIAHFHEERT, FEEME 100ms FEE—IX LED 3§
BB, =171, FILAEE) LED KTk,

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
BB R T I R A S A,

This example demonstrates how a hardware divider calculates signed division.

9.2 HDIV_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 _Init

IEEGEZR 7 12C 1813 DMA SN TER, ENSRMLALE 15byte #UE, SASERERMIIAIZY
15byte ##iE, ENFIMNEKEUERINE, ENFIMTMR LA NTF BRI,

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

IEEREBER 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,
FHR ERVINT T ESIRTE,

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

LEREplEZR 7B 12C AT TIER. ENSRRMAE 15 FHRIEEE, AEBRIMAILAIERT
15 FTRVEIRE. SEVAIMBIHREEGRR, ETAMUR CRYNTBREF BRI,

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

10.4 12C_TwoBoard_CommunicationMaster_Polling_lInit

IEEREGER 78I 12C Az TER. ENSERMURE 15 FHREE, ARBERKRMILEN
16 FURYEEE. SEVFIMATHREEEES, EVFMTIR LA NTERIF ERIRE,

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.
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10.512C_TwoBoard_CommunicationSlave_DMA _Init

RGN 78IY DMA J303 T 12C Bifl. ENSTRMILRIE 15 FHREERE, ARBRKRMILLE
B9 15 FRVEGE. SETFIMIAIHERREEES, EVFMTIR LA/ NTERIF BRI,

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

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

10.6 12C_TwoBoard_CommunicationSlave_IT_Init

tEEEpEZR 78I 12C ATV TIER. EVSCRMIAE 15 FHRIEEE, AEBRIMAILAIERT
15 FTRVEIE. SEVAIMBIHREEGER, ETAMUR CRY NIRRT E=RES.

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

tEREplER T B o, ENREREREEE, MURRAEREE. ETRMUAE 10 FPE)
IR (0~9), AEMVEKEEE (0~9) FBISEOFIED; EHEMHLAX 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_Init

HEREGER T B lTEE0, ENVRERNEREE, MURRAREREIE. EVRMUAEX 10 FPE
iR (0~9), AEMVEEKEEE (0~9) FEBISEOFIED; 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 I12S 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 EHTH 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 I12S 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
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.

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 12S slave using interrupts.
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 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 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.
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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, EFRs—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_Init

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_ContinuousMode_WakeUp_WFE

LHEBERT LPTIM EEiE 4 I%EE STOP &1,

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

14.2 LPTIM_ContinuousMode WakeUp_WFI

LRGSR T LPTIM ISR AR ifTIERE STOP 1=,

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

14.3 LPTIM_OnceMode WakeUp WFE

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

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

14.4 LPTIM_OnceMode_WakeUp_WFI

HEEEAEZR T LPTIM BRI HIfTIREE STOP &5,

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

15.1 OPA_VoltageFollow

LEFEIiE R 7 OPA BUEB/EERBETNEE, PA9 AlEimiA, PA10 AfaimisAN, PA8 ki, PA8 SigiHiFN
PA9 tHEHIEBE(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.
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16 PWR

16.1 PWR_PVD

HEEGER T PVD BB/EINITHRE, FEGIRELS PBO7 3|HIBYEES VREF(1.2v#{TELER, 24 PBO7 3|
HIBIEBJESTF VREF BY,LED ¥T°K, H{kF VREF Y, LED {T%=.

This sample demonstrates the PVD (Power Voltage Detector) voltage detection function. It configures
PBO07 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.

16.2 PWR_SLEEP_WFE

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

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

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

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

16.4 PWR_STOP_WFE

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

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

16.5 PWR_STOP_WFI
RGNS T1E stop #820F, {8F8 GPIO FUFIREE,

This sample demonstrates waking up from stop mode using GPIO interrupt.
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17 RCC
17.1 RCC_HSE_OUTPUT

LEEEpliEZR 7RSS hEEIHI0RE, BI%t HSE iRz,

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

17.2 RCC_HSI_OUTPUT

EEEpliER 7 RIshEEIHINRE, ATt HSI K.

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

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

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

HHEGIER TERFRMEEH LS, FHEL MCO 5|t ZFehdeh.

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

17.5 RCC_PLL_OUTPUT

RGN 7 BT SR tHInRE, ATl HSI Z9iRRY PLL R,

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

17.6 RCC_Sysclock_Switch

R T RSEhEE, FR LS| tHRE HSE (24MHz),

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

18.1 RTC_Alarm_lInit

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

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

18.2 RTC_WakeUpAlarm_Init

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

This sample demonstrates waking up the MCU from STOP mode approximately every 1 second using
RTC alarm interrupt. Each time the MCU wakes up, the LED will toggle. The interval between LED
toggling is also approximately 1 second.

18.3 RTC_WakeUpSecond_Init

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

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

IHAFFIRIEE DMA xS O5MIEO (SPI) S7MRREIEN T HITHH TIBEINER. FIRE
IRALESEITR SCK, @i MOSIMISO 5 |BlAIXAZIEIE. MiREEIE MOSI/MISO 5 |BMEIKY&IXEL
2. BUBLAENIRMA SCKIGRISHBAL, TRENTIEE

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.

19.2 SPI_TwoBoards_FullDuplexMaster_IT_Init

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

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_lInit

A RES I TT BB OIMRIRO (SPI) SIMNBIREUEN T RTH AR TBRENER. £IRE
IRAUBERTH SCK, B MOSIMISO 3 |lREAZKEYE. MIREEIE MOSI/MISO 5 | B &%
2. BORAENRMAY SCKIBRLHWMAL, THRENTERE

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_Init

ILEEEFIRIEIT DMA AT OM&IEO (SPI) S4MBIREIEN T BT ANHTEEER. FiIRT
IRALB(SEATER SCK, @IT MOSI/MISO 3 |IAIXAZKENE. MIREIEID MOSI/MISO 5 |/ & 1XE]
1B, SUELAENIRMAY SCKiBRIEMENL, THRENTIEE
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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.

19.5 SPI_TwoBoards_FullDuplexSlave IT Init

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_Init

tRpIR B I TSR OIMNRIED (SP1) SHMNBIREUEN T BTH NI TEERER. ERE
IRALEERITR SCK, BT 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 TIM1_6Step_Init

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

20.2 TIM1_ComplementarySignals_Init

R 7R TIM1 B =BREIER A 10HZz (5SEEDEI9 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.

20.3 TIM1_DmaBurst_lInit

IEEREBIEZR 7 TIM1 B9 DMA Burst (£, EcE TIM1 75 PWM RR, EFiffitR DMA EHEK. &
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.

20.4 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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20.5 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.

20.6 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: PAS,
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.

20.7 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.

20.8 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.

20.9 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.

20.10 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.

20.11 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

20.12 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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21 USART

21.1 USART_HyperTerminal_AutoBaund_IT_Init

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

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

21.2 USART_HyperTerminal_DMA_Init

IHAEFETR T USART B9 DMA AEAEFIHEIEUE, USART E&E A 115200, #UEAL8, EIE 1, &%
3o None, FEFHIZITIERG, FIEERER, REEBY LA TR 12 MNEE, fIa0 0x1~0xC, 1 MCU
SRR RRRIER LA, AEHTENEREE.

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.

21.3 USART_HyperTerminal_IndefiniteLengthData_IT

AR T USART RIS TURIXF A EREUE, USART ECE/ 115200, #3E(Z8, {=1EA
1, &N None, FEFHZEITERFE, AREBIE LU FTRESKEANEEE (i 200byte), FiIaN
0x1~0xC, MCU EEMEIR SRR RIEE_ 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_Init

HAEGIER 7 USART RYFRBT SN ARKFIHEIENHE, USART ECcE )9 115200, HUE(I 8, f=1EA71, &
¥z None, FEFIE TIERFfG, FIEMRMER, RREE LU FA& 12 14UE, 5120 0x1~0xC, I MCU
SERKEIRIESIRERRRER LA, ARFTENERIER.

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
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message.

21.5 USART_HyperTerminal_Polling_Init

HHEBIER Y USART BUEIE5 SAEFIRKENIE, USART ECEN 115200, HUE( 8, FLEAI1, &
¥e{i None, FEFIZITIERS, FIEERER, KB LA FA 12 NEE, 180 0x1~0xC, 1 MCU
SEREIRNEIRBRRREE LA, ASHENERER.

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 UTILS

22.1 UTILS_ConfigureSystemClock

ARG EEENAIBCE SYSCLK(ZRSAT4), HCLK(AHB Af4h), PCLK(APB Beh), 1@id MCO iHER
ZeRTEh 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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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 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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