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1 ADC

1.1 ADC_AnalogWatchdog

IbEEHIET Y ADC ROUIRIUEIIAIEE, SHBELENNEENBEEEE L TR, SEANEN
FRif.

This example demonstrates the analog watchdog function of ADC. When the voltage value of
the analog watchdog channel exceeds the upper and lower limits, it will enter the watchdog
interrupt.

1.2 ADC_MultiChannelSingleConversion_TriggerSW_DMA

IR T ADC i DMA SiBiE(EMINEE, 7 DMA SeRFRiirR{TENZ iBiERIE E(E.

This example demonstrates the DMA multi-channel transmission function of ADC, which prints
the voltage values of multiple channels during the DMA completion interrupt.

1.3 ADC_SingleConversion_TriggerSW_IT

IbEBIEZRT ADC RIFRBRTNEE, 7 ADC RIFRERFRFTENAEIRIRE(E,

This example demonstrates the interrupt function of ADC, which prints the current voltage
value in the interrupt of ADC.

1.4 ADC_SingleConversion_TriggerTimer_Polling

IbHEEGIRR T ADC B TIM fZTNEE, TIM 507 1s fi& ADC #HTHREE HiBIROFTENLE.

This example demonstrates the TIM triggering function of ADC. TIM triggers ADC for sampling
every 1 second and prints it out through the serial port.
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1.5 ADC_TempSensor

WHBIERT ADC tEREY Tempsensor INgE, FiBidEBOITENLBE(E.

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

1.6 ADC_Vrefbuf

BbHEEBIETT 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

BbEEBIET T ADC 1RIREY Vrefint SREEINEE, &iTREE Vrefint (8, 1HGH veC BY(E, FHiEIH
CHTENHISE.

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_CompareGpioVsVrefint_IT

BbHEGliER T LLERERROThRRTNAE, TE-RERFPENSE LED.

This example demonstrates the interrupt function of the comparator, flipping the LED during
the interrupt.

2.2 COMP_CompareGpioVsVrefint_Polling

LG GIET T LR R0ECIDINGE, SHELERESRIIEIREBEXTF Vrefint B, LED kTR, /IF Vrefint EBIE
B3, LED iT°K,
This example demonstrates the polling function of the comparator. When the positive terminal

voltage of the comparator is greater than Vrefit, the LED light will turn on, and when the voltage
is less than Vrefit, the LED light will turn off.

2.3 COMP_CompareGpioVsVrefint_WakeUpFromStop

ILHEBIETR T COMP ELERERIREETNRE, PAO {EJNELEERIEIRIMA, VREFINT {EJOLbi=E RN, £
5H LED T&ER, APSEHIRE, LED XX, #A stop iRz, ETIEE PA0 LRSABE, =%
FRETIREE stop Rz,

This example demonstrates the COMP comparator wake-up function, with PA0O as the positive
input and VREFINT as the negative input. After power on, the LED light will remain on. When

the user clicks the button, the LED light will go out and enter stop mode. By adjusting the input
voltage on PAO, an interrupt wake-up stop mode is generated.
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3 CRC

3.1 CRC_CalculateCheckValue

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

This sample demonstrates the CRC function, which performs a CRC calculation on the data in
an array and compares the result with the theoretical value; if equal,the LED is on, otherwise
the LED is off.
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4 DIV

41 DIV_Signed

BbEGlER T B HRESR T ERFSIRE.

This example demonstrates how a hardware divider calculates signed division.

4.2 DIV_Unsigned

B GlER T bR AT BT SIRE.

This example demonstrates how a hardware divider calculates unsigned division.
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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_Toggled_IT_Init

IbEEBIESR Y GPIO SMaRFRERTDEE, PBO S| LRYE—ANTIFEinHES =L, hERRLK LED TS
BEE—IR,

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

6.2 EXTI_WakeUp_Event

IbHFGIiEZ T i8IS PA6 SIEIIAEE MCU RITDEE. TRIEFHIEITE, LED TLAFERRE: KTHR
1R, LED STR-FHEIFIRS, H MCU A STOP {&30; Hiflf PA6 SIHIfS, MCU I6EEE, LED AT4F
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_PageEraseAndWrite

IbtFBliER T flash page #Bi&F page SIEE.

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

7.2 FLASH_SectorEraseAndWrite

WHBIERT flash sector RN page SINEE.

This sample 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 function of GPIO, and the FAST IO speed can
reach the single cycle toggled 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 the GPIO output mode, configure the LED pin as digital output
mode and toggle the LED pin level every 100ms, run the program,you can see the LED toggle.

8.3 GPIO_Toggle_lInit

WHGIERT GPIO ftitRst, BLE LED SIil&=FmibiEst, FHHESIR 100ms EitE—X LED 5|
B, 151712, aJLAFE LED XTI,

This sample demonstrates the GPIO output mode, configure the LED pin as digital output
mode and toggle the LED pin level every 100ms, run the program,you can see the LED toggle.
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9 12C

9.1 12C_TwoBoard_CommunicationMaster_10BitAddr_IT_Init

IbHEGIER T 12C BidrpErAN#TER, ENSRMINAE 15byte iR, ARBIRITMINZIER
15byte &iiE, EHFIMTIRIEIRERINGE, EMAMMIURLEIMTLTF "ER" KE.

This sample demonstrates 12C communication using interrupts. 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.

9.2 12C_TwoBoard_CommunicationMaster DMA _Init

IbEEBIETRT 12C &id DMA FR#{TIET, ENFSRMILLE 15byte HiiE, REBZITMNAER
15byte &iiE, ENFIMTIRIERERRING, EMHMMIURLEITLTF "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.

9.3 12C_TwoBoard_CommunicationMaster_DMA_MEM_Init

IbHEGIEZ T 4 12C i@id DMA FXi#{TiEiH, MALER EEPROM MRS R P24C32, ZTFHFIR
R, EtERAMINSA 15 FHRIEEHE (0x1-0xf), #AFR EEPROM FREEVS \RYEIHE. BTN,
ERERITRTF “ER" KE.

This sample demonstrates communication between the master device and the slave device
using 12C with DMA. The slave device uses the EEPROM peripheral chip P24C32. When the
user button is pressed, the master device first writes 15 bytes of data (0x1-0xf) to the slave

device, and then reads the written data from the EEPROM. Upon successful read, the LED on
the master board remains continuously on.
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9.4 12C_TwoBoard_CommunicationMaster_DualAddr_IT_Init

BbEEGliER T8 12C REGNHTER. ENSRMLEE 15 FHR0ENE, AEBIRIMILIERD
15 FHRIEIE. SENFMNEINEIEIRR, ENMMIRLRIMTEERS "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.

9.5 12C_TwoBoard _CommunicationMaster_IT Init

BbHEBIER T8l 12C FREAGNHTER. ENSRMMIEE 15 FHRENE, AEBIRIMIALIERD
15 FHREE. SENMMNAIHEINERER, ENMMIURLIMTIEERS "8R8 K&

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.

9.6 12C_TwoBoard_CommunicationMaster_Polling_Init

BbHEGliER T8 12C G NEHTER. ENSRMNEE 15 FHR0ENE, AEBIRIMILIERD
15 FHRIEIE. SENFMNRINEIEIRR, ENMMMIIRLRIMTEERS "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.

9.7 12C_TwoBoard _CommunicationSlave 10BitAddr_IT Init

It fliER T BE RS #T 12C Bifl. ENNSERMIAIE 15 FHRIEE, AEBIEKIANLIER
15 FHRYERE. HENMMNETHEIEURRE, ENMMAINR LTSRS "ER" RS,
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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.

9.8 12C_TwoBoard CommunicationSlave DMA Init

BbHEBIER 781 DMA FRi#TT 12C i8ifl. EHNSRMIEE 15 FHRENE, AEBIRIANLE
B9 15 FHR0EE. SENMFMMINEIEINEIRER, ENAMMNRLBMTERS: "E8" 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.

9.9 12C_TwoBoard_CommunicationSlave_DualAddr_IT_Init

BbHEBER T B R AT 12C @ifl. ENSRMNEE 15 FHREE, AEBIRIMIALIERD
15 FHREE. SENMMNAIHEINERER, ENMMIURLIMTIEERS "ER" K&

This sample demonstrates communication between the master device and the slave device
using 12C with interrupts. 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.

9.10 12C_TwoBoard_CommunicationSlave_IT_Init

BbHEBER T B PG UEHT 12C @ifl. ENSRMNEE 15 FHREE, AEBIRIMIALIERD
15 FHREE. SENMMNAIHEINERER, ENMMIURLIMTIEERS "8R8 K&

This sample demonstrates communication between the master device and the slave device
using 12C with interrupts. 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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9.11 12C_TwoBoard_MasterTxIndefiniteLengthData_IT_Init

IHAIETR T BEHRETAN, ENREREREE, MUBRIARERERE, EMRMNLE 10 FHH9
8iE (0~9), ARMIRITEME (0~9) FHiEBTBOFTED; EHMRMILZEE 100 FHEHE (1~100), &
BMTIRIRER (1~100) FH@EIROFTED; ENRMINEE 10 FHRIEE (0~9), REMIIEINE
#& (0~9) FHiEIHROIFTEN,

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.

9.12 12C_TwoBoard_SlaveRxIndefiniteLengthData_IT_Init

IHEGIER T EIPEAAR, ENREREREE, MUSKAEREE. ENRMANLE 10 FH50
8iE (0~9), ARMHIRIZEME (0~9) FHiEITBEOFTED; EHMRMILZLEE 100 FHEHE (1~100), A
BMIRILERE (1~100) FH@ETBROFTED; ENRMIKZEE 10 FHRIEEE (0~9), SARMHTIEINE
& (0~9) FHiEBOFTED,

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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10 12S

10.1 12S_TwoBoard_CommunicationMaster_DMA

LGRS 7B DMA B Ri#1T 128 EH15 128 MULEYE(S. 12S EHN55M 12S MHNAZIEEE 0x1~0x10,
128 MHSWEIERE, B 12S EHEREHE 0x1~0x10, = 12S EHIF 125 MHLEINEWEERT,
LED ¥TiSRISERIE; BN LED TELFIARIKS.

This sample demonstrates communication between an 12S master and an I12S slave using
DMA. The I2S master device first sends data from 0x1 to 0x10 to the I12S slave device. The I12S
slave device receives the data and then sends data from 0x1 to 0x10 back to the I12S master

device. When both the 12S master and 12S slave successfully receive the data, the LED lights
remain continuously on. Otherwise, the LED lights will blink.

10.2 12S_TwoBoard_CommunicationMaster_IT

BEHEBIERS 128 LS 128 MHLLARBIG U TIE(SAYER, 12S EH15EM 128 MNA&iXEHRE 0x1~0x10,
12S MURINEIERES, B 12S EHEIREHE 0x0x1~0x10, = 12S E#l. 12S MHLEXIHRINEIIER],
IMTRFERIRE, BUWIKTLFRFERE.,

This sample demonstrates communication between an 12S master and an I12S slave using
interrupt mode. The 12S master sends data 0x1 to 0x10 to the 12S slave. After receiving the

data, the 12S slave sends data 0x1 to 0x10 back to the 12S master. When the 12S master and
slave successfully receive the data, the LED remains lit. Otherwise, the LED blinks.

10.3 12S_TwoBoard_CommunicationMaster_Polling

LIRS 128 EH5 12S MHLEL polling BN #TE(SRYETR, 125 EH5%EME 12S AN RiXEHE
0x1~0x10, 12S MHIEWNEIEIER, BF 12S EHEILEHE 0x0x1~0x10, 2128 E#l. 12S MHLEETH
BIGEIER, MTRFERIRES, SUWINTLFRFIRE.

This sample demonstrates communication between an 12S master and an I12S slave using
polling mode. The I12S master sends data 0x1 to 0x10 to the I12S slave. After receiving the data,

the 12S slave sends data 0x1 to 0x10 back to the I12S master. When the 12S master and slave
successfully receive the data, the LED remains lit. Otherwise, the LED blinks.
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10.412S_TwoBoard CommunicationSlave DMA

BEHEBIERS 128 5 128 MILEL DMA B HTIEERYET , 12S EH5EM 12S MHLARIXELHE 0x1~0x10,
12S MHIZRILEIENRERS, BIE 128 EHEIALEHE 0x0x1~0x10, 24 128 E#l. 12S MHLREIIRITERERS,

IMTRFERIRES, BUWIKTLFRFERE.,

This sample demonstrates communication between an 12S master and an I12S slave using

DMA. The I12S master sends data 0x1 to 0x10 to the I12S slave. After receiving the data, the 12S

slave sends data 0x1 to 0x10 back to the 12S master. When the 12S master and slave
successfully receive the data, the LED remains lit. Otherwise, the LED blinks.

10.512S_TwoBoard_CommunicationSlave_IT

LGRS 128 45 12S MILLAFRERS HTIE(SAIED, 12S EH15ER 12S MHNALIXEHE 0x1~0x10,
12S MHIZIREIEURRR, B 12S EHEREME 0x0x1~0x10, 24128 E#l, 12S MAETIEUTEERT,
IMTRFERIRE, SUWITLFIRRIRTE.

This sample demonstrates communication between an 12S master and an I12S slave using
interrupt. The I12S master sends data 0x1 to 0x10 to the I12S slave. After receiving the data, the

I12S slave sends data 0x1 to 0x10 back to the I12S master. When the 12S master and slave
successfully receive the data, the LED remains lit. Otherwise, the LED blinks.

10.6 12S_TwoBoard_CommunicationSlave_Polling

BbEEGIRRS 12S £H5 12S MHLEA polling R H{TESHIER, 12S EH5EM 128 MNZELIE
0x1~0x10, 128 MHUZWIEIEGRER, BF 12S EHEREME 0x0x1~0x10, & 12S EHl. 12S LRI
BIGEER, MTRFERIRS, BWITLFRFIRTES.

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

I12S slave sends data 0x1 to 0x10 back to the 12S master. When the 12S master and slave
successfully receive the data, the LED remains lit. Otherwise, the LED blinks.
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11 IWDG

11.1 IWDG_RESET

IHFIETRT IWDG & 11058, BREEIINERITAE, T4 1s RS, ARG REZESRIRDAY
A (main &Y while IEIFRNE), LMD, MRESXIRGEIENTF 1s, EFGE—HIEEET
(LED XTP3%5), MNRIRMEIEED 1s, BFEE—HSE( (LED IXR).

This sample demonstrates the IWDG (Independent Watchdog) functionality. It configures the
watchdog reload value to count for 1 second before resetting. By adjusting the time interval
for feeding the watchdog (code in the main function's while loop), you can observe the

behavior: if the feeding time is less than 1 second, the program runs normally (LED blinks),
but if the feeding time exceeds 1 second, the program keeps resetting (LED remains off).
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12 LCD

12.1 LCD_Display_lInit

I FI R R T FRRETReR(LCD)RIET, BREF-ERIBEENAEBESE, ELCD 28, &
7 “88:88" FHE,
This sample demonstrates the usage of a monochrome passive LCD (Liquid Crystal Display).

The bias generation circuit is configured with internal resistor voltage division to achieve a
fully displayed LCD showing the "88:88" characters.
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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

IHEGIiER T OPA RIEBIEIRIEINGE. PA7 HIEIRIMA, PA5S JHRIRMA, PA6 Aiath, PA6 Siahfl
PA7 tERIAYEBIE(E.

This sample demonstrates the voltage follower functionality of the OPA  (Operational
Amplifier). PA7 is the positive input, PA5 is the negative input, and PAG6 is the output. PA6 will
output the same voltage as PA7.
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15 PWR

15.1 PWR_PVD

IHGliERT PVD (BBERNINEE) . HGIREE PB07 SIRIAYEBES VREF (1.2V) i#{TLLER. 2§ PBO7
SRR ESF VREF B3, LED (T°K; Z{KF VREF B, LED XT=.

This sample demonstrates the PVD (Voltage Detection) function. The voltage at PBO07 pin is
compared with VREF (1.2V). When the voltage at PB07 is higher than VREF, the LED light is
off. When the voltage is lower than VREF, the LED light is on.

15.2 PWR_SLEEP_WFE

WHGERTTE sleep HXT, 5 GPIO H{HIREE,

This sample demonstrates the usage of GPIO event to wake up the MCU from sleep mode.

15.3 PWR_SLEEP_WFI

IWHFERTTE sleep 2T, A GPIO FERIRER,

This sample demonstrates the usage of GPIO interrupt to wake up the MCU from sleep mode.

15.4 PWR_STOP_WFE

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

This sample demonstrates the usage of GPIO event to wake up the MCU from stop mode.
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15.5 PWR_STOP_WFI

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

This sample demonstrates the usage of GPIO interrupt to wake up the MCU from stop mode.
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16 RCC

16.1 RCC_HSE_OUTPUT

BbHEGliER T RSP LETEE, "ML HSE iRRZ.

This sample demonstrates the clock output feature that can output the HSE waveform.

16.2 RCC_HSI_OUTPUT

BbHEGUiETR 7 RIShasLEINGE, mIiath HSI R,

This sample demonstrates the clock output feature that 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

BbEEGlER T RSP LETIIEE, "M PLL B2 (32MHz).,

This sample demonstrates the clock output function, which can output the PLL waveform
(32MHz).

16.6 RCC_Sysclock_Switch

BbEEGIER 7 RISPENIR, H LS| (32.768KHz) {JH&ZE HSE (24MHz).

This sample demonstrates clock switching from LSI (32.768KHz) 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 aShowTime array and the current date in the aShowDate array. When the alarm
value is reached, the LED will light up.

17.2 RTC_WakeUpAlarm_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, with an
interval of approximately 1 second between each toggle.

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 either blink or remain off.
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18 SPI

18.1 SPI_TwoBoards_FullDuplexMaster_DMA_Init

IEHEGIZFIAE DMA 3FEROM&IEDO (SPI) SMReEUENTHRITAAHTERRET RORE
AEER, AIMEBMEERLESRIS SCK, EHED MOSI 5|I&ZIXEHE, A MISO 5| BIEITMNAY
g, BELAENIRMAY SCKiBRIPHBAL, <HREWITEE.

This example demonstrates that SPl uses DMA for full-duplex communication with external
devices.This interface is set in master mode to provide communication clock SCK for
external and slave devices.The host sends data through the MOSI pin, receives data from the

MISO pin, and the data is shifted synchronously along the SCK provided by the host,
completing the full-duplex communication.

18.2 SPI_TwoBoards_FullDuplexMaster_IT_Init

LG R2FI AR E O/MZIEDO (SPI) SHMRRBEMEN T RITHNETERE MESR HEORER
FiR, AIMNBMISFIRMEEHIF SCK, EHiEBIE MOSI 51HIA&ZIEEHE M MISO S1BIEITANAYEY
2, BUELAEMIRMAY SCKIBRSERGL, RTEEWTIEE.

This example demonstrates that SPl uses interrupt for full-duplex communication with
external devices.This interface is set in master mode to provide communication clock SCK
for external and slave devices.The host sends data through the MOSI pin, receives data from

the MISO pin, and the data is shifted synchronously along the SCK provided by the host,
completing the full-duplex communication.

18.3 SPI_TwoBoards_FullDuplexMaster_Polling_lInit

LG RBIER A ROIMIIEO (SPI) S/MERRBEAENMITRITHNHITEERIET, RO
BREERN, PIMEBNSFIREESAIFh SCK, EHIEE MOSI S|BIAIEEE, M MISO S| BIZUTIAN
ROEE, BUELAEHIRMAY SCKBRLSHEAL, RSN ILEE.

This example demonstrates that SPI uses polling mode for full-duplex communication with
external devices.This interface is set in master mode to provide communication clock SCK

for external and slave devices.The host sends data through the MOSI pin, receives data from
the MISO pin, and the data is shifted synchronously along the SCK provided by the host,
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completing the full-duplex communication.

18.4 SPI_TwoBoards_FullDuplexSlave_DMA _Init

IbHEGIEFIA DMA M&OIMEIEO (SPI) SHMRREIAER T HITANETEENER EORE
AERR, PIHINBMSEIREBEESIT SCK. EHiBIE MOSI 5| BIZIXEIE M MISO 5| BHEITMHAEY
g, BURLAENIREE SCKIBRISIRIBGL, TREWNTE(S.

This example demonstrates that SPI uses DMA for full-duplex communication with external
devices.This interface is set in master mode to provide communication clock SCK for
external and slave devices.The host sends data through the MOSI pin, receives data from the
MISO pin, and the data is shifted synchronously along the SCK provided by the host,
completing the full-duplex communication.

18.5 SPI_TwoBoards_FullDuplexSlave IT_Init

It G 2R AREEROMZIED (SPI) S/MERHgEUENTRITANHITER MHER EOEER
FiEU, FIMERMIRFIRHIBEEHS SCK, EHED MOSI SIIAIEEE, A MISO S|BIHEITMINAIEL
2, BUELAEMRMAY SCKIBRIZSERAL, REEWNIEE.

This example demonstrates that SPl uses interrupt for full-duplex communication with
external devices.This interface is set in master mode to provide communication clock SCK
for external and slave devices.The host sends data through the MOSI pin, receives data from

the MISO pin, and the data is shifted synchronously along the SCK provided by the host,
completing the full-duplex communication.

18.6 SPI_TwoBoards_FullDuplexSlave_Polling_lInit

IHEfIRiEIZ AR BOIMNEED (SP1) SHNREEIMENTHRITHANHTEEER.WEOER
BAEEN, HINBNRSEIRHIESEE SCK. EHiEE MOSI 5|IZXEE M MISO S|EHEZITMN
ROERHE, EURELAEHURMAY SCKIBRLHBGL, =RENMTEE.

This example demonstrates that SPI uses polling mode for full-duplex communication with
external devices.This interface is set in master mode to provide communication clock SCK
for external and slave devices.The host sends data through the MOSI pin, receives data from
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the MISO pin, and the data is shifted synchronously along the SCK provided by the host,
completing the full-duplex communication.
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19 TIM

19.1 TIM1_6Step_Init

BbHEHIETR 7R TIM1 7=4£ “738 PWM (55", SR 1ms 7£ SysTick RERfit&iRm, SCIRTRI
AR,

This sample demonstrates how TIM1 can be used to generate a "six-step PWM signal." The
commutation is triggered in the SysTick interrupt every 1ms to realize the commutation of the
brushless motor.

19.2 TIM1_ComplementarySignals_Init

LEEGESR T EA TIM1 i =0852%A 10Hz GBI 25%, 50%. 75%09 PWM iERZLAR ftbfi]
HEMSS, FHETMT 250ns PHFEEFFIEINEE,

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. It also generates their complementary signals and implements a 250ns dead-time
and brake function.

19.3 TIM1_DmaBurst_lInit

ILHEBIEZ T TIM1 9 DMA Burst (&4, BoE TIM1 79 PWM 1830, SEHirhififid’s DMA (5K, 5
IXF=EEFTRERETE TIM1DataBuff[]FRRIEIZIRFFS A RCR #1 CCR1 H1F:5, o3E PWM BkidRISS

tbFNiZ h==LERRk I E,
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.
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19.4 TIM1_EncoderTI2AndTI1_Init

BEEBIER Y TIM1 RI4RASEREOIRIL. TIM1 BEEARIE=REOER 3, PA8 1 PAI BeEAEIE 1
B8 2,5 PA8 BAESHILHIGTERI, PA BAES LAGER TIM1 LS, RZETHE. 7
[BiBiE 1 Fi8iE 2 poiRrhiR, 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

ILEFIERT TIM1 B NE3RTIEE, BCE PAS AIiEE 1 RS, S5 HEEHM LA GRS
IR, HER R IR P 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 PA8, 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. 2581 SIHBEEEANSMALHIRPE, HEPERLERELE 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

IHEBIET T TIM1 ROSHHELEMEC, ISHER/LLENEIE 1(CH1)RYELHERGIE] PAS, FSHEsR/ELEIEE
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1(CHY)FEEALLERIm LR

This sample demonstrates the output compare mode of TIM1. The output of capture/compare
channel 1 (CH1) is mapped to pin PA8. Capture/compare channel 1 (CH1) is enabled and set
to compare output toggle mode.

19.8 TIM1_OnePulseOutput

LEEEGIERZR T TIM1 F5BKHETC, 28 TIM1 AESUINRIESS, ZER TI2FP2, @& 1 5 PWM2
1B, MEiE] PAS, Bl 2 HAERL, BETE] PA9, ¥ PA9 HIF—4 EFHBRY, PAS IER 20ms
BFEE—1NEE D 80ms BIBKH,

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

BbEEGUiER T (R TIM1 PWM2 Rz =88R/ 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_TIM3_Cascade

BbEEGUER T TIM1 1 TIM3 ZREARY 32 {iit#4s8, TIM3 EH, TIM3 RYiEHESIEH TIM1 BB
B, TIM3 8 1ms iH#1—iX, 118 1000 XEF=EiiEH, TIM1 iH8—iR,

This sample demonstrates the cascading of TIM1 and TIM3 as a 32-bit counter, with TIM3 as
the master and the overflow signal of TIM3 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_lInit

BHEBIERT TIM1 RUSEFRFRIRTIEE, TESEH-RERPESE 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 (EiEEEAYTNEE, i DMA M SRAM HhifRiS&iiEE] ARR H1F=35E
I TIM1 SEFFFAIHAZEL, TIM1 F—iXish 5 LED SEiEE, LR EIFERIAIEFR 1000ms, DMA 1SEHREIRIE
2 TIM1_ARR,55 X LED ER¥: PR3 900ms, LAl 2K, 5= /5 LED ER¥:[EIRJ9 100msDMA #RiE4s
R,LED {&§F 100ms RIEREEIEIPRIINE.

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

ILHBERY USART Y DMA BIUAIEFIZICEE, USART BtEJ) 9600, £4E(L8, {SLEA1, &
36{i None, FRFIHZITIZERFRE, HEMETER, AREE LA T4 12 NEWE, HI40 0x1~0xC, M MCU
SRR EIEBRZXE LGN, ARITEERER.

This example demonstrates how to use USART to send an amount of data in DMA mode.
USART configuration is 9600 baud rate, data bit 8, stop bit 1, check bit None. After download
and run the program,Print the prompt message, and then send 12 data through the upper

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

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 RIFRBRA UAIEFIZULENHE, USART BEEJD 9600, #iE(i8, {S1bfi1, #I8
{if None, F&FHEITIEFE, FEMRRMER, AREIE LN TR 12 PNEHE, H40 0x1~0xC,W 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 9600 baud rate, data bit 8, stop bit 1, check bit None. After download
and run the program,Print the prompt message, and then send 12 data through the upper

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

20.5 USART_HyperTerminal_Polling_Init

IHFGIEZRT USART BRI TUAIEFIZULENE, USART BEEJD 9600, ¥E(i8, {S1bfi1, #I8
{ii None, FHFHEITIEFRE, FEMRTMER, ARBEE LM TR 12 PNEE, H40 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 9600 baud rate, data bit 8, stop bit 1, check bit None. After download
and run the program,Print the prompt message, and then send 12 data through the upper

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

21.1 UTILS_ConfigureSystemClock

FHHIEZEFRUAEE SYSCLK(RESiAI#h), HCLK(AHB B3$#), PCLK(APB B3$h). i&Eid MCO &tk
RARTEhAY 8 4355 OMHz,

This example shows how to configure SYSCLK(system clock), HCLK(AHB clock), and
PCLK(APB clock).Output the 8-frequency division(9MHz) of the system clock via MCO pin
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22 WWDG

22.1 WWDG_IT

IHBIERT WWDG RYIRRIIREERRATIEE, &I JIiTHRRTITEE] 0x40 BIF=Ehlth, iR,
AJLAIRE AR RE(L,
This sample demonstrates the early wake-up interrupt function of the WWDG. When the

watchdog counter counts down to 0x40, an interrupt is generated. In the interrupt handler,
refresh WWDG counter to ensure that the watchdog does not reset the system.

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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