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LineXX FFFA 19 GPIO 3 0 GPIO[LA..G 1. XX 5, K T A k<, iZ 1/0 511
WO A AR

s

111



112

| Arm Cortex-M4HR N E R i——E T STM32Cube FIHAL & 8971 & J5 7%

2. EHHEH
STM32 fid il 28 JL-F- &4 1/0 51 (BRI F HL G A9 514 & a] FIVE S R4 s . 4
A SEV 454 7= A ik vl i i = O i 4E SR STM32 IR S AE A e i

5.2.13 GPIO % 3= 24k

25 BTk, STM32F407 fltda il & 19 GP1O £ 2 BA7 LR bk,

(D $##tEZ 112 2 Tae s 1/0 S, 80 Y6 iy 51 BFI FH %

(2) JLFEA1/0 51 (B ADC S # 3 45 5V 84 1/0 51 EA 20mA JK 5 g

(3) A 1/0 5l m HA 84MHz (%) Bif% .30 pF B2 100 MHz #i i, 15 pF B}
h SOMHz % i .

(4) HA1/0 514 8 Ff TAER X, 28 & 1 i AR &2 475 . B F T RER I 55 . 1/0 51
B F 2 e AR

(5) i 1/0 5 # E42 g, 2045 JTAG/SWD, Timer , USART ,12C,SPI 4%,

(6) k53 HITh g 5| v 3@ ik &2 o e = it A 50 — A~ = T dg, 7 il PCB ik it

() JiA 1/0 51 BER AT AE g S0 rb e A 6] BT LA 16 S i A

(&) JLFHEA T/O 51 (R 10 F A1 G A0 #80T /E d

(9) PAO AIAE A R AL 2 [ 1% 5 A0, PC13 W] AE g AR A 1 5 1 A

5.3 GPIO B HAL IR zh 2+

GPIO 5| B 454 32 ZALHG 07 b 1k L2 O | I S A R iss 2 5 1 04 Hh  AH G 1 HAL 3K 3
TP 58 XA stm32f4xx_hal_gpio. h X, GPIO $#:AEH 56 s n £ 5-1 frs , %&b 13
BT RS AR T RS

* 5-1 GPIO B 1EH X EH

S Ih Bt # &
HAL_GPIO_InitO) GPIO 5| i#1 45 4k

HAL_GPIO_Delnit() GPIO 5| I B4 ba 16 WK B o B A7 5 iR A
HAL GPIO WritePinO) 5] A 0 B 1

HAL_GPIO_ReadPin() PP TDE NGRS

HAL_GPIO_TogglePin() B 51 B0 Y i o

HAL_GPIO_LockPin() BiE 51 AT & L A 2 e IR A S RS

il STM32CubeMX £ BUARHS S . GPIO 5] #1464k i A% 25 B gh A e, F P s R
GPIO #24E REUR AT 5 RIS 325 1 R R .

1. #ME & E HAL_GPIO_InitO)

HAL_GPIO_InitO) R F X5 — > i F A — 4> 3 2 4> 41 R D) 68 09 5 10 32E 17 90 46 1k %
B AL/ A R e R RIS, JFRE R,
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void HAL GPIO Init(GPIO TypeDef * GPIOx,GPIO InitTypeDef * GPIO Init);

Hrp 45 1 2% GPIOx & GPIO_TypeDef 24

R 25 R R B B SC T B A4S B A

S0 RS ik L S BR I HAL_GPIO_Init O &5 Bl v 1 09 Bt ik 75 o GPIOx RO1{H , 78

stm32f407xx. h SCPFHRE LT 454 S 11 B S M ik,

# define GPIOA ((GPIO _TypeDef * )GPIOA BASE)
#define GPIOB ((GPIO_TypeDef * )GPIOB_BASE)
# define GPIOC ((GPIO_TypeDef * )GPIOC BASE)
# define GPIOD ((GPIO_TypeDef * )GPIOD_BASE)

5 2 N2 GPIO Init /& — GPIO InitTypeDef 2%

S e Ve, XA S A AR E AT .

typedef struct

{
uint32_t Pin;
uint32_t Mode; /5| Iy e =
uint32 t Pull; VA% R A X A
uint32_t Speed; /75| W B v o
uint32_t Alternate; /12 TRk

}GPIO InitTypeDef;

XA G5 R PR B 45 i D3 AR ) B R BUE AN
(1) Pin

W% . AR R L2 AT | A T 6E , B0 i 28 1y sl i
Zdefine GPIO PIN 0 ((uintlé t)0x0001) /% Pin 0
#define GPIO PIN 1  ((uintlé t)0x0002) /% Pin 1
Zdefine GPIO PIN 2  ((uintl6é_t)0x0004) /% Pin 2
#define GPIO PIN 3  ((uintlé_t)0x0008) /% Pin 3
#define GPIO PIN 4 ((uintl6 t)0x0010) /% Pin 4
#define GPIO PIN 5 ((uintlé t)0x0020) /* Pin 5
#define GPIO PIN 6 ((uintl6_t)0x0040) /% Pin 6
#define GPIO PIN 7 ((uintl6_t)0x0080) /% Pin 7
#define GPIO PIN 8 ((uintlé_t)0x0100) /% Pin 8
#define GPIO PIN 9  ((uintlé_t)0x0200) /% Pin 9
#define GPIO PIN 10 ((uintl6 t)0x0400) /% Pin 10
#define GPIO PIN 11 ((uintl6 t)0x0800) /% Pin 11
#define GPIO PIN 12 ((uintl6 t)0x1000) /% Pin 12
#define GPIO PIN 13 ((uintl6 t)0x2000) /% Pin 13
#define GPIO PIN 14 ((uintl6_t)0x4000) /% Pin 14
#define GPIO PIN 15 ((uintl6 t)0x8000) /% Pin 15
#define GPIO PIN All ((uintl6 t)OxFFFF) /% All

BB 2540 (A4 5

pins

BEXT GPIO

[TETCER G, 7T LR Z A5

EHFEAE R GPIO 51, 7£ stm32f4xx hal_gpio. h Iﬁ:EF'HEXT 16 4~ 5]

s H AT .

selected x/
selected x /
selected x /
selected %/
selected %/
selected %/
selected */
selected %/
selected x /
selected x /
selected * /
selected */
selected */
selected */
selected %/
selected x /
selected * /
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(2) Mode J& 51 I 2 RE AR B L, HEAT AT B LT .

# define GPIO MODE INPUT 0x00000000U /1 ATR A B

# define GPIO MODE OUTPUT PP 0x00000001U /7R e AR K

# define GPIO_MODE_OUTPUT_OD 0x000000110 /73 T R AR K

# define GPIO MODE _AF PP 0x000000020 /75 Dy R e A =X

# define GPIO MODE AF OD 0x000000120 //E T Re TR X

# define GPIO MODE ANALOG 0x000000030 /1B RE SR

# define GPIO MODE IT RISING 0x10110000U //ANER A, b T i A
# define GPIO MODE IT FALLING 0x10210000U //ENER T, R R U kR
# define GPIO MODE IT RISING FALLING 0x10310000U /1 BT R BRI il &

(3) Pull %E SCH: Al FH AR 1 o7 s i ri B HG ] o i LIl

# define GPIO NOPULL 0x00000000U VY 8 e A= A A
# define GPIO PULLUP 0x00000001U // b
# define GPIO_PULLDOWN 0x00000002U /I F i

(4) Speed 5& SChay Hi AL | HEN ) F5 s it BT R T s LA

# define GPIO SPEED FREQ LOW 0x00000000U //2MHz

# define GPIO SPEED FREQ MEDIUM 0x00000001U //12.5~50MHz
# define GPIO SPEED FREQ HIGH 0x00000002U //25~100MHz
# define GPIO SPEED FREQ VERY HIGH 0x000000030 / /50~ 200MHz

(5) Alternate & X5 M) & HIIEE , 7E stm32{4xx hal gpio_ex. h XFHPE X T XA
B AT 5 S L3 46 5 DI RR 1Y 258 X5 LRI MCU BISA7 56 B 40 SUR BTN F

#define GPIO AF1 TIM1

# define GPIO AF1 TIM2 uint8 t)0x01 // TIM2 & FH Th fig w5

# define GPIO_AFS5 SPI1 uint8 t)0x05 // SPI1 % FH I it it

((uint8_t)0x01)
(( ) )
(( ) )
# define GPIO_AFS5 SPI2 ((uint8_t)0x05) // SPI2 & FH T RE mit &
(( ) )
(( ) )
(( ) )

// TIM1 & H T fg e it

# define GPIO AF7 USART1 uint8 t)0x07 // USART1 % F ¥ fig we 5
# define GPIO AF7_ USART2 uint8 t)0x07 // USART2 4 F 1) fig e 55
# define GPIO AF7_ USART3 uint8 t)0x07 // USART3 % FH ¥J) fiE e 55

2. BB 5| % H A HAL GPIO_ WritePin() & £
i HAL_GPIO_WritePinO) pREL ] — >k 245 | il far i s i S sl IR S, JRALE )
wr,

void HAL_GPIO WritePin(GPIO TypeDef * GPIOx, uintl6 t GPIO Pin, GPIO PinState PinState);

Hirp, 250 GPIOx & B0 1 3 itk ; GPIO_Pin 251 % ; PinState & 5| 1% i f o,
T2 GPIO_PinState #2425 8, 7 stm32{4xx_hal gpio. h R HE XTF .,

typedef enum
{
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GPIO_PIN RESET =0,
GPIO PIN SET
}GPIO PinState;

GPIO PIN RESET #RALHE.GPIO PIN SET /& & . fFilin., Bl PF9 F
PF10 fy HAK H S L ml (i F R ARHS

HAL GPIO WritePin (GPIOF,GPIO PIN 9|GPIO PIN 10,GPIO PIN RESET);

A4 B L R B O IR AR

HAL GPIO WritePin(GPIOF,GPIO PIN 9|GPIO PIN 10,GPIO PIN SET);

3. EELS| i N B9 HAL GPIO_ReadPin() & %
HAL_GPIO_ReadPinO pREH T2 B — A5 A 5 ACKRES . JRALE LanF

GPIO PinState HAL GPIO ReadPin(GPIO_TypeDef * GPIOx,uintl6 t GPIO Pin);

PR B IR [P {E J& GPIO_PinState #2268, GPIO_PIN_RESET /=% AN 0 (K H
F),GPIO_PIN SET £t AN 1(EHAF) .

4. FES| B4 B A HAL_GPIO_TogglePin(O) iR %1

HAL _GPIO_TogglePinO) eREUH T 815 51 I 00 B IR A8 . B, 51 0> i i s oy o Hi
L BT IL SRS 51 I AR R AR, R A LS R

void HAL_GPIO TogglePin (GPIO TypeDef * GPIOx,uintl6_t GPIO Pin)

5.4 STM32 By GPIO £ Hifi 72

HRAE 1/O S 171 A4 4 RE B AR 4R AE L 1/ O S 11 A REA 5 IRV T LAl 3R T B 22 il TAEAR K

TEIB AT RE P 2 00 6200 B4 20 /) 51 B2 BE 47 e & .

(D R es | W 2 e A A, vl LUBE & 5 GPIO,

(2) QSRS s| Y 52 S BER A T B 2 0 1/0 S 10 R TG E .

(3) 1/0 ¥ 1 BA BUENLH,, RVFES 1/0 0, 47— 00 EAT 788
(LOCKYRE )5 16 F — R B AL Z | B A BE T 58 B 17 AG Tic &,

5.4.1 i GPIO id &

GPIO s A iy W i, HIE AL B 52 R,

(1) B E GPIO B4, 52 v g4k

(2) A HAL_GPIO_InitC) pR KCBCE 51 I, G135 510 44 B | 5| DA% o 3 % L 5] A0 T A
5
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(3) 528 HAL _GPIO InitO) RE M E .
5.4.2 170 ZHYiE AFIO fid ¥

1/O Z e AFTO % R B) S5 ik At D g . I, 75 226 ic . 17O A2
IRE ATIF AFTO BBl SR )5 FEAR I AN A 09 52 FH D BE b AT B . X 1 A1 B2 ) i A i b Zh B
LR 3 F i .

(1) ANEOGE LA 5 |0 Ay it R AR B S ] L 35 ) T 5 32 9% 00 B2 14 5 1 A oA 52 T ) i )
B i 4 852 S RE A T s e

(2) AN BL A 5| s A« ARl S [ A S A TG B T L R S A LA e A B
R 1PN

(3) ADC X} 52 51 I8 . IE 8 5 | o Bt A

5.5 3% STM32CubeMX F1 HAL EE B GPIO % 1 iz B SE 4

R GPIO iy H v 5245 =2 A 1144 28 55 %2 LED,
5.5.1 STMB32 [ GPIO %y Hs v B8 PR VE

STM32F407 5§ LED Wi #: & 5-6 frx. XJ&—1 RGB LED I, B 4L, . %% 3 1
LED #4 5% . i I PWM 8 il i AT RATR A AN [7) B4 B30 €5 4700 R ¥ -

X2 LED MY B AR AR 3% #2 8] STM32F407 /) GPIO 5], 3300 G ¥
FUELE ) GPIO 31 I 9 P 4 R 25 L B AT 45 ) LED #9 2% “V“‘E%W
K, NS B R AR LED (3% 8207 s IR —#E L H Pr8
T 1B BT e 169 AF OG5 1 150 B AT e 19 4 o) D B A ) 5-6  STM32F407 5 LED f#

LED M H A% 3.3V ®IRIRSIAY . 24 GPIO 5] 4
o4 0 WL LED giges Sy 11, LED 2K,

FEASL B AR R B 5-6 B HL K BT — N R L LED 83 BoRan R .

(1) £04T 5% 1s, K 1s;

(2) )5 1s, K s

(3) WITHE 1s, K 1s;

(1) 4T3 1s, K 1s;

(5) RN 40 5% B VB L T LS S Lss

(6) AT s,

5.5.2 STM32 1) GPIO & 1w & ki)

1. @3t STM32CubeMX #T & T 72
Wit STM32CubeMX #Hrad TR BT,

N
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D) B s

12 D AR H & T B Demo SUHFJE X 2 R A7 T A LA A 3 )7 . 781% H sk P& LED
SCAJE o 3 I PR AT AR S A5 7 TR 8 SO

2) #Hr STM32CubeMX T.72

WK 5-7 fs A8 STM32CubeMX JT & 3 55 /b $h 47 File—>New Project 3¢ By 2 8% 18
1 STM32CubeMX Ji 8l 51 119 New Project #2715 & 187t T2,

New Project

| need to :

Start My project from MCU

File Window ACCESS TO MCU SELECTOR
I New Project ...  CtrknN -
Load Project ...  ctriL Start My project from ST Board

ACCESS TO BOARD SELECTOR

Start My project from Example

ACCESS TO EXAMPLE SELECTOR
Recent Projects »

Exit Ctrl-X

5-7 STM32CubeMX #7iE T 72

3) ®EH MCU =T & M

LI MCU M|, Commercial Part Number BE#¢ STM32F407ZGT6, W& 5-8 7w .

Hifi Start Project #& 41, 3 2h T2 5 i A1 A 5-9 Fros .

4 AR-FFE STM32Cube MX T2

4T File—>Save Project £ iy 4 -7 TR F| LED X3, & 5-10 frzR . A= wi iy
STM32CubeMX {4} LED. ioc,

Ab B TR AR E 5 224 A9 TR N 45 #9 (Application Structure)
4 Advanced £, B Inc,Sre SUFIAFT T Core SCHFIETR WK 5-11 iR,

5) AR TR

47 File>Generate Report ¢ Hiiy 4 A 1l 24 A7 T2 A9 25 X4 LED. pdf, @& 5-12
N

6) Mt & MCU B4

7t Pinout & Configuration TAET I I, #E# System Core—>RCC, H 4§ JF & # 5 br 1
., High Speed Clock(HSE) 1% 4% 2}y Crystal/Ceramic Resonator (/i 14/ B & i 98) , a1 18 5-13
N
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@ New Project from a MCU/MPU X

MCU/MPU Fil

B B O Features Block Diagram Docs & Resources CAD Resources [ patasheet 4 Buy
Commercial Svszraozets | STM32F4 Series
Part Number e 4
STM32F407ZG T High-performance foundation line, Arm Cortex-M4 core with DSP and FPU, 1 Mbyte
Q ‘/\ + - of Flash memory, 168 MHz CPU, ART Accelerator, Ethernet, FSMC

Unit Price for 10kU (USS): 8.4543

PRODUCT INFO v [&eTivE] .
Productis in mass production LOFP 144 20:20x1.4 mm
Segment >
Series > The STM32F405xx and STM32F407xx family is based on the high-performance Arm® Cortex®-M4 32-bit RISC core operating at a frequency
N of up to 168 MHz. The Cortex-M4 core features a Floating point unit (FPU) single precision which supports all Amm single-precision data-
Line and data types. It also implements a full set of DSP instructions and a memory protection unit (MPU) which enhances
Marketing Status > application security.
The STM32F405xx and STM32F407xx family incorporates high-speed embedded memories (Flash memory up to 1 Mbyte, up to 192 Kbytes
Price > of SRAM), up to 4 Kbytes of backup SRAM, and an extensive range of enhanced /Os and peripherals connected to two APB buses, three
AHB buses and a 32-bit multi-AHB bus matrix
Package > Al devices offer three 12-bit ADCs, two DACS, a low-power RTC, twelve general-purpose 16-bit timers including two PWM timers for motor
control, two general-purpose 32-bit timers. a true random number generator (RNG). They aiso feature standard and advanced
Core i communication interfaces.
Coprocessor >
Features
MEMORY v arnm
Flash = 1024 (kBytes)
10;1 MCUs/MPUs List: 3 items Display similar items ™ Export
EEPROM =0 (Bytes) -m—
L 4 +r STM32F4072GT6 Tk 84543 LQFP 144 20x20x14 ... 'wk_.ﬂumm 1‘4 168 M..
q ¥ STM32F4072GT6) ST STM32F407 NRND 97225 LQFP 144 20x20x14 .. 1024 k... 192kB... 114 168 M
RAM Total = 192 (kBytes) ¥ STM32FA40TZGTETR STM32F407... Active 8.4543 LQFP 144 20x20x1.4 ... 1024 k... 192kB... 114 168 M
®
192
RAM =192 (kBytes)
192
CCMRAM =0 (kBytes)
@
0
On-chip SRAM = 0 (kBytes)
®
0
£ STM32F407ZGT6
[T STMs2Cube Urited: STMRZFATZGTH — 5 X
s @ File Window Help ® oy X &

Clock Configure
fiware Packs v Pinout

Sysomcoe >
Aoy >
Tes >

Comecinty > g

wineda > =

=

— > =

=

compung > =
idoars >

[ EEEE]

E]

STM32F407ZGT:
LQFP144
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m STM32CubeMX Untitled: STM32F407ZGTx

STM32 ﬁ File Window Help
CubeMX

New Project .. ctrin

Load Project ...  ctriL

« Import Project ... CtrHl
Save Project Ctris

Save ProjegiA
J_ Save the current Project
Close Proje

Generate Report  ctrir

Clock Configu
v Softwa

System Core > Recent Projects »

Exit CirkX

5-10 REIR

=2 ERE ESic) Fh
| Core 2022/12/8 11:16 =S
| Drivers 2022/12/8 11:16 pris =3
| MDK-ARM 2022/12/8 11:16 i
[ .mxproject 2022/12/8 11:16 MXPROJECT 3244 8 KB
[ LED.ioc 2022/12/8 11:16 STM32CubeMX 5 KB
[%] LED.pdf 2022/12/8 10:50 Foxit PDF Reade... 249 KB
LED.txt 2022/12/8 10:50 SCASH 1KB
=2 E e =3 Fh
) Inc 2022/12/8 11:16 peat=S
i Src 2022/12/8 11:16 =
B 511 IREEA%H
[ sTM32CubeMX LED.ioc: STM32F407ZGTx
STM32 f‘ File Window Help
CubeMX
Home New Project ... ctrin
Load Project ...  ctriL
Import Project ... ctrHl
Save Project Cirls

Save Project As .. CtriA
Close Project
Generate Report Ctri-R

System Core 5 [P ts) Cenerate Project report files (pdf and txt)

Exit CrkX

5-12 £ IERE

Acal

Pinout & Configuration | Clock Configuration
v Software Packs

“ RCC Mode and Configuration

‘” Mode

S High Speed Clock (HSE) [Crystal/Ceramic Resonator v]
R Low Speed Clock (LSE) [Disable v]
DMA [ Master Clock Output 1
GPIO [ Master Clock Output 2
IWDG

[ Audio Clock Input (125 CKIN)

INIViTa

5-13 HSE i£#% Crystal/Ceramic Resonator
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P18 Clock Configuration T AE W I, AR 35 T & M AN 5% 1 4 e B S 2 i g, b Ak fid
& Input frequency & 25MHz, PLL Source Mux & HSE, 4345 &2 %0 25, PLLMul 545 N
336MHz,PLLCLK 2 /34 J5 & 168MHz, System Clock Mux 5§ PLLCLK, APB1 Prescaler
H/4, APB2 Prescaler JJy/2, HiAx BRIN U BRI AT . L & 52 18 0% B g o 18] 5-14 FTR .

Clock Configuration Project Manager

O Resolve Clock Issues @ ) Q

Clock Mux

weerre [

LsiRC L—':‘. ®
> To IWDG (KHz)

o System Clock Mux
HSI

32768
R 168 |Ethernet PTP clock (MHz)
HCLK to AHB bus, core,
e e A
—{ " v“ To Cortex System timer (MHz)
FCLK Cortex clock (MHz)
APBI Prescaier
T APBA peripheral clocks (MHz)
“ APBA Timer clocks (MHz)
AP timer cocks (MHe)
D 48Hz clocks (MHz]

= ;
JI I

SYSCLK (MHz) | AHB Prescaler HCLK (MHz)

APB2 peripheral clocks (MHz)

Input frequency

®

Mux
’—-[:]us clocks (MHz)

(e)
L

5-14 [t E 5 B9 B $h A

7 BiE MCU 4hi%
AR LED B %, 23 MCU ¥ 8:19 GPIO 21 m&E A/ B BE S, I3k 5-2 TR,

#£ 52 MCUS|IHEE
ARIRE 5| B & FR 5| B Th B GPIO # = LRI T % O 3% &
LEDI_RED PF6 GPIO_Output I 40 i 11 Hr =]
LED2_GREEN PF7 GPIO_Output I 0 i o S =1
LED3_BLUE PF8 GPIO_Output e 5 Sk =

MR 5-2 #4T GPIO 51 BIBCE . 785 B0 L, 5k A0 R B 5 1B, 78 55 A9 3% 5 v Bk
BSIMIhaE. 5 LED #8095 & & 5, 5 & 51 M 3h 88 8 GPIO_Output, H 44 4 5
wmr,



TE Pinout & Configuration T./F 0 %+ System Core—>GPIO, it} 7] LI & F| 5 RCC

MRBPA GPIO B H 3t & 5E L, K 5-15 Fis .,

Pinout & Configuration

Clock Configuration
v Software Packs v

5% STM32 GPIO |

Q o] GPIO Mode and Configuration
M [ Configuration
System Core Ao |Group By Peripherals v ‘
¢ ® GPIO | @ RCC
DMA
GPIO Search Signals
oG O sh ly Modified Pi
NVIC arch (Ct ow only ins
v RCC
o e GPIO output || GPIO mode |GPIO Pull-up/... User Label Modnﬁed
WWDG PHO-OSC_IN  RCC_OSC_IN n/a n/a n/a nla
PH1-0SC OUT RCC OSC O...n/a n/a n/a n/a |:|

& 5-15 RCC #H3% GPIO Bt &

PAFEHIZL 6 LED 1 PE6 5 4] i i 8 A AR 28 T LU AL 1/ O i 5 I L B sl 7 5 | AR

& |1k # PF6 LR Fh & Nk s L Bid B PF6 5| B)E 15 GPIO_Output, 7118l 5-16 fi7s .,

10F Pinout view === System view

GPIO_Output

RCC_0SC_IN
RCC_0SC_OUT

E HEER

STM32F407ZGTx
LQFP144

5-16 BLE PF6 5| HIE %4 GP1O_Output

121
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1E GPIO 4 4 iR R A & (GPIO Mode and Configuration) %1 %f &4~ GPIO 5| i ik
T ZMECE B, GPIO S A ST FROE & T B, GPIO i i 5] B2 ik 4 i 38 2 JF
T 4R BRER 52 M A BCE S I P R4 . In A I8 2l i PR REFER . GPIO
?ﬁtﬂglﬂiﬂlﬁ@ fix e A L R Y T B R Y R R A L DA e i A AR A P B T

E S I TR LED BN il & B F BT AR SRS, BIR LI .

W 5-17 iR, B & PF6 51 S 24 . GPIO output level # 4% High, GPIO mode % #
Output Push Pull, GPIO Pull-up/Pull-down i # Pull-up, Maximum output speed i #
High, User Label & X & LED1_RED,

Pinout & Configuration ‘ Clock Configuration
v Software Packs
i GPIO Mode and Configuration
ﬂ] Configuration B
System Core v ‘Group By Peripherals ~ |
DMA
Search Signals
IWDG S St [ Show only Modified Pi
NVIC Search (Ct ow only ified Pins
v RCC
G m S[gnal on Pin GPIO output |...| GPIO mode  [GPIO Pull-up/... User Label Modlﬁad
i Output Push . Pull-up. LED‘I RED
—
Analog >
Timers >
Connectivity >
Multimedia >
Security >
Computing >
Middleware > PF6 Configuration :
GPIO output level [High v]
GPIO mode [Output Push Pull v]
GPIO Pull-up/Pull-down [Pullup M
Maximum output speed \High v |
User Label |LED1_RED] |

5-17 PF6 5| fic &

FHRIRE DT L LED2_GREEN(PE7) #1 LED3_BLUE(PFS),

BATA BB E T H P AR E AR, STM32CubeMX £ 7E main, h SCHFH R X
e | X E LA SRIE E GPIO %1 HA A4k o& B0 il B X 6455

Bt & 5E 8RB GP1O SN 5-18 Fis .,



5% STM32 GPIO ||

Pinout & Configuration

Clock Configuration
v Software Packs

Q & GPIO Mode and Configuration
| 7CnnﬂguratMF
System Core b ’Group By Peripherals v
- © GPIO | @ RCC
DI
Search Signals
NVIC [ Show only Modified Pins
v RCC
o ave Svgnal on Pin_[GPIO output || GPIO mode |GPIO Pull-up/ User Label
WWDG High Output Push .. Pull-up ngh LED1_RED
PF7 n/a High Output Push .. Pull-up High LED2_GREEN
PF8 n/a High Output Push ... Pull-up High LED3_BLUE

B 5-18 BELESXEMKER GPIO 5|

8 BLE T2
TE Project Manager L. {E W M Project £2, % # Toolchain/IDE & MDK-ARM, Min
Version 4 V5, Al 42§ Keil MDK T.#; # 4 STM32CubelDE, #] 4 j§, STM32CubelDE
B LA E R BRI AT, (&l 5-19 TR,

LED.ioc - Project Manager

Pinout & Configuration Clock Configuration Project Manager

Project Setting:

Project Name 1) ]

Project Location [p:\Demo

]

Code Generator

Advanced Settings

Application Structure [Advanced | 0 Do not generate the main()
Toolchain Folder Location [p\Demo\LED ]
Toolchain / IDE MinVersion V& <] []Generate Unde

Linker Setting

Minimum Heap Size l0x200

Minimum Stack Size

Thread-safe S

Cortex-M4NS

[ Enable multi-threaded support

Thread-safe Locking Strategy

Default — Mapping suitable strategy depending on RTOS selection

Mcu and Firmware Packag

Mecu Reference

Firmware Relative Path

Firmware Package Name and Version

Use Default Firmware Location

[sTM32F4072GTx

[sTM32Cube FW_F4 V127 1

| M Use latest available version

Browse

B 519 BGEETTRE
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A4 I T 22 PR AT I TR S A B TR I T 25 R BRI Advanced 5, e Ab AN AT #0K 1&
s R TE OR PR AT TR AL AT B TR 44 A7 L B A AR S A A TR N A5 A A

Basic Bz, ]I Inc, Sre 5 1 SO AAFCT Core SCHFRIN L TAIET 5-20 Fos .

" ©#£xa8m E-Sidl Fuh

[[] Drivers 2022/12/8 11:20 i |
| | Inc 2022/12/8 11:20 =

|| MDK-ARM 2022/12/8 11:20 it

[ ] sre 2022/12/8 11:20 i

[} .mxproject 2022/12/8 11:20 MXPROJECT 37 8KB
[@ LeDiioc 2022/12/8 11:20 STM32CubeMX 4KB
[¢] LED.pdf 2022/12/8 11:20 Foxit PDF Reade... 241 KB
LED.txt 2022/12/8 11:20 STATTHS 1KB

5-20 Basic#EX TENALEWN

7E Project Manager T {E T Ifi Code Generator £2, % [# 5-21 ) % Generated files £,

STM32Cube MCU packages and embedded software packs

O Copy all used libraries into the project folder
® Copy only the necessary library files

Project

O Add necessary library files as refe in the toolchain project ion file

Code Generator

MG it ipheral initialization as a pair of ".c/.h’ files per
[ Backup previ d files when

Yy g g

Keep User Code when re-generating

Delete previously d files when not

HAL Settings
[ Set all free pins as analog (to optimize the power
[ Enable Full Assert

Template Settings

Select a template to generate customized code Settings

& 5-21 Generated files it &

9) AR C AU T A2

ik [A] STM32CubeMX F T . 873 GENERATE CODE #5241 2E 5 C O/ T 72, 4 52k

B MDK-ARM #1 STM32CubelDE T.#,



%5% STM32 GPIO

2. i&3t Keil MDK 231 T 72

i1t Keil MDK SE8 TRER 2P IRANF

D T T

F77F LED/MDK-ARM 3C{F3 T i TR SCHF LED. uvprojx, W&l 5-22 FiR

E=4 =] =3 Fh

[] LED.uvoptx 2022/12/8 11:20 UVOPTX 3744 4KB
K3 LED.uvprojx 2022/12/8 11:20 B&ision5 Project 20 KB
[7] startup_stm32f4070cs 2022/12/8 11:20 S i 29 KB

5-22 MDK-ARM X £ R E

2) ¥ STM32CubeMX H 854k 89 MDK T &
T— MDK ﬁﬁ%iﬁ EP?}L 1T Project—Rebuild all target files 3% ¥4y 4 5 8 i T H#2
3) STM32CubeMX H 34 i1 MDK T.7£
main. ¢ XA mainO KK BEAH T LT 3 4R,
(1) HAL_InitO BEH: HAL FERIwI IR 1L sl %, AT E A A M w1 iRk Flash #£10
N SysTick ERf 48, HAL InitO REUETE stm32{4xx_hal. ¢ XA E LW RE B LIS
WH T MSP %l HAL_MspInitO , H FXF B A& MCU #4157 #1 thfbab 3. HAL_MsplnitO
PRVEICTE T H 1Y P R Y SO stm32f4xx_hal_msp. ¢ HVE BT S, SCEE RO AC RS 2S5 4T, Dy R
EITB &I RS,
void HAL MspInit(void)
{
_ HAL RCC_SYSCFG CLK ENABLE();
_ HAL RCC PWR CLK ENABLE();

/ % System interrupt init * /

}

(2) SystemClock_ConfigO) PR%Y : 7€ main. ¢ SCHF & CRISEIL, B2 MR STM32CubeMX
H) RCC FIET b () BE B 1 3l A= il i A5, B T B0 45 A B 45 5 %

void SystemClock Config(void)

{
RCC OscInitTypeDef RCC OscInitStruct = {0};
RCC_ClkInitTypeDef RCC ClkInitStruct {0};

/ %% Configure the main internal regulator output voltage

*/

__HAL_RCC_PWR_CLK_ENABLE();

_ HAL_PWR VOLTAGESCALING CONFIG(PWR REGULATOR VOLTAGE SCALE1);

/ %% Initializes the RCC Oscillators according to the specified parameters



126 «| Arm Cortex-M4#x AN R G ——E T STM32CubeFIHALE M FF & 7%

* 1in the RCC_OscInitTypeDef structure
*/
RCC_OscInitStruct. OscillatorType = RCC_OSCILLATORTYPE HSI;
RCC_OscInitStruct. HSIState = RCC_HSI_ON;
RCC OscInitStruct.HSICalibrationValue = RCC HSICALIBRATION DEFAULT;
RCC_OscInitStruct. PLL. PLLState = RCC_PLL NONE;
if (HAL_RCC OscConfig(&RCC OscInitStruct) != HAL_OK)
{
Error_Handler();

}

/ %% Initializes the CPU, AHB and APB buses clocks
*/
RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE HCLK|RCC CLOCKTYPE SYSCLK
| RCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLK2;
RCC_ClkInitStruct. SYSCLKSource = RCC_SYSCLKSOURCE_HSI;
RCC_ClkInitStruct. AHBCLKDivider = RCC_SYSCLK DIV1,
RCC_ClkInitStruct. APBICLKDivider = RCC_HCLK DIV1;
RCC ClkInitStruct.APB2CLKDivider = RCC_HCLK DIV1;

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, Flash LATENCY 0) != HAL OK)
{

Error Handler();
1
}

(3) GPIO 3t 4] #a 4k s %k MX_GPIO_InitO) : 7 gpio. h 3L 5E X GPIO 5|1 %)
TRIE PR AL B S STM32CubeMX Ht GPIO 5| I I JE Ak fic ' 1) 2 BRARAS

TE mainO BEEH . HAL InitO) F1 SystemClock Config() J& 26 9% ¥ B B9 P> 26 85 B AR
i 055 FH 1) 015 0 IR 2% S A R0 B R R B SRR HE A while SEAE IR .

£ STM32CubeMX H1, 8 LED iE# # GPIO 5| BIBE B T F FARES L 3X 8 ] P bR 25 1Y 72
JE SCAE main. h SCfFrf, SR,

/ % Private defines ———————————————————— %/
# define LED1_RED Pin GPIO PIN 6

# define LED1_RED GPIO Port GPIOF

# define LED2_GREEN Pin GPIO PIN 7

# define LED2_GREEN GPIO Port GPIOF

# define LED3 BLUE_Pin GPIO PIN 8

# define LED3 BLUE_GPIO Port GPIOF

/ % USER CODE BEGIN Private defines * /

f£ STM32CubeMX HHE f—4> GPIO 51 B P 43R 28 o 2 78 WA P A~ 2 58 S0 53 5
SR B ORI 5 22 5% X, B0 PR6 5] I B8 (9 M bR 45 5 LEDL_RED, £ i T
LED1 _RED Pin #1 LED1_RED GPIO_Port Fif % & X,

GPIO 5| %1 i 4k SCF gpio. ¢ 1 gpio. h & STM32CubeMX 4= sACHS iF [ 3l 2k Bl
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PR, R WAIIE STM32CubeMX Project Manager TAE % i Code Generator #2
AR R o/ h SCHFXT 7RI, A 2 S — AN SN A . o/ h SCEEXT S K] 5-23 BT

Pinout & Configuration Clock Configuration Project Manager Tools

¢STM32Cube MCU p ges and software packs

Project © Copy all used libraries into the project folder

@ Copy only the necessary library files
O Add necessary library files as reference in the toolchain project configuration file

Code Generator

files

Generate peripheral initialization as a pair of ".c/.h’ files per peripheral |
[ Backup previ files when

Advanced Settings
Keep User Code when re-generating

Delete previously d files when not

(HAL Settings
[ Set all free pins as analog (to optimize the power consumption)
[ Enable Full Assert

(Template Settings

Select a template to generate customized code

B 5-23 & c¢/.h XHEXEE

gpio. h XXE X T —4 MX_GPIO_InitO B #, X JE1E STM32CubeMX H1 E AL &
B GPIO 51 4B 7 4k Ak bR 8
gpio. h SXFRUARIB AN T . 8 X T MX_GPIO_InitO) B A,

# include "main. h"
void MX_GPIO Init(void);

gpio. ¢ A E T MX_GPIO InitO A0 SZIACHS , R F

# include "gpio. h"
void MX_GPIO Init(void)
{
GPIO_InitTypeDef GPIO InitStruct = {0};
/ % GPIO Ports Clock Enable * /
__HAL RCC_GPIOF CLK_ENABLE();
__HAL RCC_GPIOH CLK_ENABLE();
/ % Configure GPIO pin Output Level x /
HAL_GPIO_ WritePin(GPIOF, LED1 RED Pin|LED2 GREEN Pin|LED3 BLUE Pin, GPIO PIN SET);
/ % Configure GPIO pins : PFPin PFPin PFPin * /
GPIO_InitStruct.Pin = LED1 RED Pin|LED2 GREEN Pin|LED3 BLUE Pin;
GPIO InitStruct.Mode = GPIO MODE OUTPUT PP;
GPIO InitStruct.Pull = GPIO PULLUP;
GPIO_InitStruct.Speed = GPIO SPEED FREQ HIGH;
HAL GPIO Init(GPIOF, &GPIO InitStruct);
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GPIO 7| B0 b Ak 75 22T )i 5| I A 76 3t 1 A sE 4, SR 05 (8 — 4~ GPIO _InitTypeDef 45
PR AR B B 5 A & F GPIO 280, B8 A HAL_GPIO_InitO B 4T GPIO 5| 4 4
FEFLE . i HAL_GPIO_InitO R AT LI — -5 1 19 24 H0 R B & 0 51 B0 2E1 T 00 46 1k
S T) g 11 BAS [R) 2 BE A9 51095 2243 9 98 A HAL_GPIO_Init O BB AT 90 8 1k, 78
MX_GPIO_InitO R BACES o L ] T main. h SCEFF R4S GPIO 31HIE X2 . %k
9 5 AR AT Y A 2 R AT AAR i b S A 3 LA R Al

4) Hra P sk

1E LED/Core/Src U3¢ T # #E bsp_led. ¢ 3, 7£ LED/ IProject e
Core/Inc X3 F#Hi 22 bsp_led. h X, ¥ bsp_led. ¢ X BzéojfgLED
W INE] Application/User/Core SCAFJCT W 5-24 7R D e e,
5) 4w H AR ) maine
LRI P47 P 90 4650 L 0 9 0 2 B0 T e
FRER P 1O P A 7 A0 5 2 1 8 B T L 2 e
STM32CubeMX HHE 2 MCU ¥ '8 , 53 A= A L 1A 2 i Dtk L b
WP E W e B r AR, v A Br— i L USER & cmsis

CODE BEGIN # USER CODE END #5iH. M4, P A 5-24 RN #EE MDK T8
FE SR 52 STM32CubeMX 2B AR B 5 i

/ * USER CODE BEGIN * /
JP A E SRS
/ * USER CODE END x /

T S LED, #8 LED % A9 5% L O B R A B0 e it 42 T B 48 8 SO 8 SUFE
bsp_led. h X+,

[ xx Pl LED XT38 K 1Y %
* LED fIiH ¥ 52, 5% ® ON=0,0FF = 1
* 7 LED i ML P58, B B AL ON=1 ,0FF = 0 Rl Al
x/

# define ON GPIO_PIN_ RESET

# define OFF GPIO PIN SET

[ S, AR N — R« /

# define LED1(a) HAL GPIO WritePin(LED1 GPIO PORT,LED1 PIN,a)
# define LED2(a) HAL_GPIO WritePin(LED2 GPIO PORT,LED2 PIN,a)
# define LED3(a) HAL_GPIO WritePin(LED2 GPIO PORT,LED3_ PIN,a)

[ x BEBAEFARNIERES 1/0 «/

# define digitalHi(p, 1) {p—>BSRR=i;} /B8 B
# define digitalLo(p, 1) {p—>BSRR= (uint32_t)i<<16;}  //&i K

# define digitalToggle(p,i) {p—->ODR" =1i;} / /% BRI ES
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[ 58 SR T/0 MR+ /

# define LED1_TOGGLE
# define LED1 OFF
# define LED1_ON

# define LED2 TOGGLE
# define LED2_OFF
# define LED2_ON

# define LED3_TOGGLE
# define LED3_OFF
# define LED3_ON

digitalToggle(LED1_GPIO PORT,LEDL PIN)
digitalHi(LEDl GPIO_PORT,LEDl PIN)
digitalLo(LEDl GPIO PORT,LEDl PIN)

digitalToggle(LED2_GPIO PORT,LED2 PIN)
digitalHi(LED2_GPIO PORT,LED2 PIN)
digitalLo(LED2_GPIO_ PORT,LED2_ PIN)

digitalToggle(LED3_GPIO_ PORT,LED3_PIN)
digitalHi(LED3_GPIO_PORT,LED3_PIN)
digitallo(LED3_GPIO_ PORT,LED3_PIN)

/o BEATR G, 5 T e SO R pad TR 2R g, HRCR A+ /

//4
# define LED RED \

/1%

# define LED GREEN \

/15
# define LED BLUE\

[/ (40 + 5)
# define LED_YELLOW

/18 (40 + HE)
# define LED PURPLE

/1 (G + i)
# define LED_CYAN \

[/ (L + 5+ i)

# define LED WHITE \

LED1 ON;\
LED2 OFF\
LED3_OFF

LED1_OFF;\
LED2_ON\
LED3_OFF

LED1 OFF;\
LED2 OFF\
LED3_ON

\

LED1 _ON;\
LED2_ON\
LED3_OFF

\

LED1 ON;\
LED2 OFF\
LED3_ON

LED1_OFF;\
LED2_ON\
LED3_ON

LED1 ON;\
LED2 ON\
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LED3 ON

/B (&)

# define LED RGBOFF \
LED1 OFF;\
LED2_OFF\
LED3_OFF

XHR > AR LED 58 K 0 #AF &l 1 1 4% m) BSRR 27 77 #n 5 A3 il 45 4 52 3L, %
BSRR ZF /7451 16 75 1 fig b & HL S, Xt BSRR 277748 & 16 (25 1 % i K F . X ODR
A AT v e L AT S B AE AT B LIRS

FFH F T2, bsp_led. ¢ SCHSEEE LED M1 iR 1L R4 LED_GPIO_Config() . BANMY
KM RGB AT P nl AR 5 20 4R 1k RGB AT HYARZS

void LED GPIO Config(void)
{

/ * KM RGBT = /

LED RGBOFF;
}

TE main. ¢ CHFH MY bsp_led. h SCHAIE .,

/ * Private includes - - ———————---"-""""""""—"———— */
/ * USER CODE BEGIN Includes * /

# include "bsp led.h"

/ % USER CODE END Includes * /

TE mainO BRECHAIMXT LED B . 98 AT & X7 LED_GPIO_Config O) &)
11k LED, SR J5 B R A& R FE il LED KT 52 K 22 5230 LED AT py 42 1, 48 B >R F 2 A 4
14 & T 25 I B SE B R R HAL  Delay O, B4 ms, B 4% 98 J B AT, 3X B2 HAL _Delay
(1000) FI/RHER] 1s,

int main(void)
{
/ * MCU Configuration—-———-----""-"""-"""-""-"-------- -~ %/
/ % Reset of all peripherals, initializes the Flash interface and the Systick * /
HAL Init();
/ % Configure the system clock * /
SystemClock Config();
/ % Initialize all configured peripherals * /
MX_GPIO_ Init();
/ % USER CODE BEGIN 2 * /
/ » LED I 946 4L * /
LED GPIO Config();
/ % USER CODE END 2 * /
/ % Infinite loop * /
/ % USER CODE BEGIN WHILE x /



while (1)

{

}

/ % USER CODE END 3 * /

LED1( ON );
HAL Delay(1000);
LED1( OFF );
HAL Delay(1000);

LED2( ON );
HAL Delay(1000);
LED2( OFF );

LED3( ON );
HAL Delay(1000);
LED3( OFF );

/1 5%

/1K

/15

/1K

/1 5%

/1R

/xR MR GE R EE H </

LED_RED;
HAL Delay(1000);

LED GREEN;
HAL Delay(1000);

LED BLUE,;
HAL Delay(1000);

LED YELLOW;
HAL Delay(1000);

LED_PURPLE;
HAL Delay(1000);

LED_CYAN;
HAL Delay(1000);

LED WHITE;
HAL Delay(1000);

LED_RGBOFF;
HAL Delay(1000);

/ * USER CODE END WHILE * /

/ * USER CODE BEGIN 3 x* /

#5=Z STM32 GPIO |
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JF R F RGB LED 7] DL SE R @, feJa — B Id 32 0l 4% Fh B 66 i S EE
6) FHTH I TR
EHRIFEHR MG MDK T2, an &l 5-25 iR .

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
MBS % BR[| e@= | B R8E R I | B eeniedire T RR | Q-|e oo @B X
S E e W e FEIE R A
oo #8 ) manc | ) ospeac [[1) mann | TNSRSSHRRREN 0 JNSR0ENA Joean)
£ Project: LED 11
) &5 LED 119 LED_YELLOW;
3 Application/MDK-ARM 120 HAL,; DEIAF{000)F
=15 Application/User/Core ii; LED PURPLE;
D main.c 123 HAL Delay(1000);
[ gpio.c 124
1] stm32fdc it.c s LED, CYAN;
1] stm32f4xc_hal_msp.c ig_‘; HAL_Delay(1000);
11 bsp_led.c 128 LED_WHITE;
3 Drivers/STM32F4xx_HAL Driv 129 HAL Delay(1000);:
£ Baiaes igg LED_RGBOFF.
& cmsis 132 HAL Delay(1000);
133 /* USER CODE END WHILE */
134
135 /* USER CODE BEGIN 3 */
136 - 1}
137 /* USER CODE END 3 */
138 | }
139 -
140 F/**
141 * @brief System Clock Configuration
142 * @retval None
143 wf
144 void SystemClock Config(void)
145 [H{
146 RCC_OscInitTypeDef RCC_OscInitStruct = {0};
147 RCC_ClkInitTypeDef RCC_ClkInitStruct = {0};
148
(ALY /** Configure the main internal regulator output voltage
< | 150 [ */
&l Project| @ Books | {} Func...| Oy Temp..] || <
Build Output
compiling stm32f4xx hal rcc ex.c...
compiling stm32f4xx hal flash.c...
compiling stm32f4xx hal flash ex.c...
compiling stm32f4xx hal gpio.c...
compiling stm32f4xx hal flash ramfunc.c...
compiling stm32f4xx hal dma ex.c...
compiling stm32f4xx hal pwr_ex.cC...
compiling stm32f4xx hal pwr.c...
compiling stm32f4xx hal dma.c...
compiling stm32f4xx hal.c...
compiling system stm32f4xx.c...
compiling stm32f4xx hal exti.c...
compiling stm32f4xx hal cortex.c...
linking...
Program Size: Code=3430 RO-data=442 RW-data=16é ZI-data=1632
FromELF: creating hex file...
"LED\LED.axf" - 0 Error(s), O Warning(s) .
Build Time Elapsed: 00:00:16

5-25 E#H%i¥F MDK Lig

D ECETRERDTES T

£ MDK JF & #1555 147 Project—Options for Target x4 o By T B A% & %41
B & T/, &l 5-26 P,

YJ# & Debug & I, & £ M F H T # 4% ST-Link Debugger., Bt & Flash
Download, ) i% Reset and Run & #EHE , 5“0 " #2 £, WKl 5-27 s

8) M T T

HERELER #ds I R R B,
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Options for Target 'LED' X

Devicel Taxgetl Dutputl Listingl User I C/C++ I Asm I Linker Debug |[Utilities I

 Use Simul with restrictions Settings | @ Use: IST—I.H( Debugger L]
I~ Limit Speed to Real-Time
¥ Load Application at Startup ¥ Run to main() ¥ Load Application at Startup ¥ Run to main()
Initialization File: Initialization File:
[ ] e | ] ] Edt |
Restore Debug Session Settings ————————————————— Restore Debug Session Settings ————————————————
¥ Breakpoints ¥ Toolbox ¥ Breakpoints ¥ Toolbox
¥ Watch Windows & Performance Analyzer ¥ Watch Windows ¥ Tracepoints
¥ Memory Display ¥ System Viewer ¥ Memory Display ¥ System Viewer
CPUDLL: Parameter: Driver DLL: Parameter:
|SARMCM3DLL [REMAP -MPU [sARMCM3DLL [MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
{pempLL [pC4 TcmDLL [pC4
I~ Wam f outdated Executable is loaded [~ Wam if outdated Executable is loaded
Manage Component Viewer Description Files ... |

0K | Cancel | Defaults | Help I

5-26 EiE MDK L7

Cortex-M Target Driver Setup X

Debug I Trace Flash Download | Pack I

—Download Function RAM for Algorithm
g ' " Erase Full Chip ¥ Program
“J k¥ Erase Sectors [V Verify Start:IOxZOOOOOOO Size: |0x00000800
" Do notErase [# Reset and Run

—Programming Algorithm

Description I Device Size | Device Type Address Range
STM32F4xx Flash ™ On-chip Flash 08000000H - 0BOFFFFFH
Start:l Size:

Add | Remove |

wE | B B4

5-27 # & Flash Download % Iil
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7 MDK JT % ¥ 85 th 447 Flash—Download 3¢ B4y 2 8% 20 7
T HAF o R T8 TR K 5-28 Fiw,

TR T s &l 5-29 FioR .

TR TG - WEEFF LM LED YNSRI RGB T4
RN N G LR

Flash | Debug Peripherals Toq

% Download F8

Erase

Configure Flash Tools...

5-28 T#I#E

Build Output

Build started: Project: LED

Build target 'LED'

"LED\LED.axf" - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:00

Load "LEDA\LED.axf"

Erase Done.

Programming Done.

Verify OK.

Application running ...

Flash Load finished at 11:43:53

**%* Using Compiler 'V5.06 update 7 (build 960)', folder: 'C:\Keil v5\ARM\ARMCC\Bin'

B 5-29 IRETHBINETR
3. 1@ iT STM32CubelDE 323 T 2

J# 1 STM32CubelDE SZH TR AL F .

Fuh

24 KB
6 KB
6 KB

D 3T TH
FTH LED/STM32CubelDE T3 T By, project T.FE3C{4F, &l 5-30 fis .,
E=4 ==k ESicl]
Application 2022/12/8 11:45 pre-=3
Drivers 2022/12/8 11:45 pra=<3
[E .cproject 2022/12/8 11:45 CPROJECT Szi
2022/12/8 11:45 PROJECT 324
D STM32F407ZGTX_FLASH.Id 2022/12/8 11:45 LD %
[] STM32F407ZGTX_RAM.Id 2022/12/8 11:45 LD 3zf4

6 KB

5-30 STM32CubelDE TR XHEXH A

2) iR TR

f& STM32CubelDE JF % ¥ 853 1 #UAT Project—>Build All 5% #.4iy 4 sl 8oy T H A% Build

All %4 & a3 T8

STM32CubeMX HzhA: iy STM32CubelDE T2 5 H A 314 i MDK T. /82—

IR TR A TR U
3) Bt s

1E LED/Core/Src 343 F # 8 bsp_led. ¢ X, 7£ LED/Core/Inc X432 FHi & bsp_
led. h 3¢, ¥ bsp_led. ¢ XM B Application/User/Core X3, 4 i Core 1
S, e g A bR B 52 B 1 £ Import—File System, & ££ %4 LED/Core/Src, 2] 1% bsp
led. ¢ 30, YEMEEEEIE 41k Create links in workspace & %30, B8 Finish 240, W0 & 5-31

R . SRIGEHINSC ] STM32CubelDE T8, WKl 5-32 Fiw.
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5 import ] X
File system E 2
Import resources from the local file system. '
From directory: |D:\Demo\LED\Core\Src V| | Browse... |
] (= Sre M [ bsp_led.c
0 [¢ gpio.c
[ [¢ stm32f1xx_hal_msp.c
[ [g] stm32f1xx it.c
[ [ system_stm32fixx.c
| Filter Types... | | select All | | Deselect Al |
Into folder: |LED/AppIication/User/Core | I Browse...
Options
[] Overwrite existing resources without warning
[J Create top-level folder
[V Create virtual folders
[A Create link locations relative to: |PROJECT_LOC v
® [ < Back ” Next > | | Finish | 1 Cancel
5-31 SARMXHF
) Project Explorer X = {5
5V ¢
v [ LED (in STM32CubelDE)
> # Binaries
> @) Includes
v (= Application
¥ (= User
v (= Core
> [¢ bsp_led.c
> [ gpio.c
> [ main.c

> [ stm32f4xx_hal_msp.c
> [y stm32fdxx itc
> [ syscalls.c
> @ sysmem.c
> (= Startup
> (= Debug
> (= Drivers
[ LED.ioc
LED Debug.launch
@ STM32F407ZGTX_FLASH.Id
@ STM32F407ZGTX_RAM.Id

5-32 AN E] STM32CubelDE T 72
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4) T B SO G Ak X

S 1 B 1k STM32CubeIDE Xt 2 58 % H SC 10 7 L A% 350 5 1 % o 5L A% 1 ) 20, #F 47 4n
THERAE,

4T Project—>Properties SZ L4742, # H Properties for LED X IEHE AR K Hiy C/CH+
Build—>Settings>MCU GCC Compiler—Miscellaneous, By € #4158 # GCC 4iF+s 2,
W 5-33 FiR.

— fexec — charset = GBK
— finput — charset = UTF — 8

[[3 Properties for LED a X
|| Settings i v 8
> Resource
Builders =
v C/C++ Build Configuration: |Debug [ Active ] v| l Manage Configurations... |

Build Variables

Environment

Logging & Tool Settings & Build Steps 40 Build Artifact Binary Parsers @ Error Parsers
& geﬁ:ll;gs , # MCU Toolchain Other flags 8 4% &
> C/C++ Genera @ MCU Settings
CMSIS-SVD 28

& MCU Post build outputs
v 3 MCU GCC Assembler
(2 General
(&2 Debugging

Project References -finput-charset=UTF-8

Run/Debug Settings

(2 Preprocessor

(2 Include paths

(2 Miscellaneous
v & MCU GCC Compiler

(= General

(2 Debugging

@ Preprocessor

(2 Include paths

(2 Optimization

(&2 Warnings

(£ Miscellaneous
v 3 MCU GCC Linker

(2 General

(2 Libraries

(& Miscellaneous

[Jverbose (-v)
[JPosition Independent Code (-fPIC)
[ Enable stack usage analysis (-fstack-usage)

| Restore De'faults| [ Apply ‘

@ |Apply and Ciosel ‘ Cancel ‘

5-33 BE4HF GCC HIFES
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AT Edit—>Set Encoding 3 #674 . #F Other F 4§
g bk B GBK (A& A, F ol A, W& 5-34
7N, ) Defaitinhentei o eor e i E5)

M e SO B S IR TR R A B B | ©Other
ik R UTF-8, H STM32CubelDE i 4E i At %

[ Set Encoding X

e e . ‘ Apply H OK H Cancel ‘
JG. B E PR REAEEIS ., STM32CubelDE % H 3T H)
SRR - s i BTN I U == G LA T R Y - S W £ E 5-34 0S50

Yl

5) 4’5 H P AL

WA P AR AR R LR T E RS B A O R AR, AW PR e E
TEARI Y FE B 80T LAFE STM32CubeMX H& 8 MCU # 8 , 58 Az AR A 11 AN 25 52 i
AP egimpfr R, WB— Ll USER CODE BEGIN #il USER CODE END #3
W A P E SRS STM32CubeMX A A% 50, 7] 2 2% 38 53 Keil MDK
LI TR GRS H P A,

6) BT g i T

-8 X

Qs
© O 5 Oulne X ®Buld Targers g=n
There s no sctv editor thet provides an cutine.

xR -&E20-0-"0 &sa

2
e -
$¥R4

H

11:50:26 Build Finished. @ errors, @ warnings. (took 233ms)

& 5-35 EF4R1¥ STM32CubelDE T &

WRAE S STM32CubelDE T F2 i, 4 B840 8] 5-36 FF 75 19 B% 42 A5 4%, W 34T Project—
Clean 3544, W& 5-37 FroR , A LUf# P g i3 STM32CubelDE TR B H 30 9 6 A2 4 15

FE A R R R A B R . ISR AE D ST STM32CubelDE T8 &2 il 21 HoAth 4%, 4n
F £, FER 4k STM32CubelDE T.F 4 1 B IR A2 4t i
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B Console X 1 Debug = Disassembly

DT Build Console [EXTI)

|08:38:24 **** Build of configuration Debug for project EXTI ****

nake -j8 all

lmake: *** No rule to make target 'D:/Demo/CubeIDE/3-EXTI/Drivers/STM32F4xx_HAL_Driver/Src/stm32fdxx_hal.c', needed by 'Drivers/STM32F4xx HAL Driver/stm32faxx_hal.o'. Stop.
'make -j8 all” terminated with exit code 2. Build might be incomplete.

5-36  #®i¥ STM32CubelDE T 72 Bf H I B4 BR 12§ iR

7 _F?éz]:ﬂ:ﬁlz | Project | Run  Window Help
ﬁ?ﬁ%’fﬁﬁ_l:ﬁ%%’%ﬁ*ﬁi%o Open Project

Close Project

ibﬂffj—‘ Run—>Run %ﬁéﬁé\ﬂjifﬁiﬁ‘*é o H%ﬂ ’ ﬁ Build All Ctrl+B
Uz A7 IR 2 58 H IE B A A e 5 R Sk O ST-LINK, B“‘:: ok ?
’ NN . Build Project
P JTAG HATEUR A 5 L W 5-38 % e ,

TEFRGEHIR W% A L LED i, |
uild Automatically
RGB EAT#M B ARAR AT, T2 STM32CubelDE T. C/C++ Index >
BUR R 5 BN 5-39 iR S| o epert
. . o &; Generate Code
4. i#if STM32CubeProgrammer T T2

Properties
WA LU STM32CubeProgrammer F # T2, 4
5-37 1T Project—>Clean 3% B iy &
AR . & 5 HU4T Projec ean SEEE A S
[[ edit Configuration a X
Edit launch configuration properties @
Name: |LED |
Main ] g ﬁﬁ%] > Startup| 7 Source| =] Common[
GDBEZRE ~
© SAEAABCGDBIRERE TSP localhost
OissBinEcBESE =058
iRk ‘ST*LlNK (ST-LINK GDB server) VI
GDBRESZ@E<S{TiEn
#0
Oswp @ JTAG
O] SRRetsT-LinksF1S -| [
Frequency (kHz): |Auto vl
Access port: |0 - Cortex-M4 vl
Reset behaviour
o
Device settings v
o oo ]
@ [ ok ] cancel |

5-38 & & STM32CubelDE T 21 ix 28



#5=Z STM32 GPIO |I» 139

[#] Problems %] Tasks B Console X B Properties
<terminated > LED Debug [STM32 C/C++ Application] ST-LINK (ST-LINK GDB server) (Terminated 2022812888 F411:53:16) [pid: 103]
Log output file: C:\Users\LEOVEO\AppData\Local\Temp\STM32CubeProgrammer_a®4180.log

ST-LINK SN : 13130808C315303030303032
ST-LINK FW : V234057

Board £ o=

Voltage : 3.14v

JTAG freg : 9800 KHz
Connect mode: Under Reset
Reset mode : Hardware reset
Device ID : Bx413

Revision ID : Rev 2.0

Device name : STM32F405xx/F407xx/FA415xx/FA417xx
Flash size : 1 MBytes (default)

Device type : MCU

Device CPU : Cortex-M4

BL Version --

Memory Programming ...
Opening and parsing file: ST-LINK_GDB_server_a®4180.srec

File : ST-LINK_GDB_server_a®4180.srec
Size : 6.4 KB
Address : Bx08000000

Erasing memory corresponding to segment ©:
Erasing internal memory sector ©
Download in Progress:

File download complete
Time elapsed during download operation: ©0:00:00.353

Verifying ...

Download verified successfully

Shutting down...
Exit.

5-39 T # STM32CubelDE TR FRRER
(1) JERRLFOTE T 88w P i,
(2) 4TFF STM32CubeProgrammer, it & T H.Jy ST-LINK, ### Port 4 JTAG , {1 & 5-40
fi s o
(3) i Connect %4, STM32CubeProgrammer % ST-LINK, @1 & 5-41 s,
(4) B 220 ¥ B K bRk A Erasing & Programming W [ , 8% {7 Browse % £l 1t
LED/STM32CubelDE/Debug 33 1) LED. elf SC{F, &l 5-42 FiR .
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Not connected

nfiguration

Serial number

13130808C3153030303...

Lotk ITAG

Frequency (kH

9000

Normal

0

Software reset

Reliable

Disabled

Firmware upgrade

5-40 STM32CubeProgrammer fit & ST-LINK

STM32CubeProgrammer = 8 X

&
stz ©
CubeProg

Memory & File editing

Address | 0x08000000 | v | Size | oxa00 Datawidth | 32-bit = | Find Data

Address 4
20000670 080001cO 08000857 08000ACO
08000855 08000203 0800081 00000000
00000000 00000000 00000000 08000858
08000205 00000000 08000859 08000850
080001E7 0800017 08000167 08000167
080001£7 0800017 0800017 0800017
08000167 08000167 08000167 08000167
08000167 08000167 08000167 08000167
08000167 0800017 0800017 08000167
08000167 0800017 0800017 0800017
080001£7 080001€7 08000167 080001€7
080001€7 0800017 080001€7 0800017
080001€7 0800017 08000167 08000167
080001E7 0800017 0800017 08000167
08000167 08000167 08000167 08000167
080001E7 08000167 08000167 08000167
08000167 08000167 0800017 08000167
008000110 08000167 0800017 0800017 08000167

Log Live Update  Verbosity fevel (@

050355 Device D_:0cd14
0903155  Revision D :Rev X
Power mode s ot supported forthis device
UPLOADING OPTION BYTES DATA
Bork 000
Address £ 0i002201c
Sz :BBjes
Bank 001
Addvess < 011800
Sze  16Bytes
UPLOADING
5: Sz :1024 Bytes
Address £ 048000000
09035 : Read progress:

090355 Time elapsed during the read operaton i 0000.00.005

ammer iZ # ST-LINK

STM32CubeProgr
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Download Erase flash memory | Erase exter
B |
[ Start address 0x08000000 —
‘ ) E’»J . [ ] select Index
= ‘7| Skip flash erase before programming ‘ ‘ o
[SZUR (| verify programming [:‘ 1

[ | Run after programming [l 2
swv| [ J

U 3

Start Programming

(J Alomaticiiade [Z] Open File to program X

]

"REC (] Full chip erase 4 [l > 8 > 7% (D) > Demo > LED > STM32CubelDE > Debug > v ® O 7 Debug HEE
5| -
Download file |09 v T By ™M @O
\:| Option bytes comman: [ ek r 'R BREs ESid Fh
o === Application 2022/11/8 11551 i
P30S Drivers 2022/11/8 11:51 i
B s [ LED.elf 2022/11/9 8:31 ELF 824 KB
ek
3 =
= b BF
i CE
09:03:55 : UPLOADING OPTIO ‘i Windows (C:)
09:03:55: Bank : 0x00

09:03:55: Address  : 0x4Q1 - T (D)
090355: Size  :8Bytes S0k (F
09:03:55: Bank 10401 - REE)
09:03:55: Address  :Ox1ff - I1E(G)

090355: Size  :16Byte
PR | 09:03:55 : UPLOADING . o R N
(ﬂ 09:03:555: Size 11024 B 5 S
I 09:03:55: Address  :0x80 STEE(N): |LED.eIf v’ Firmware files (*.bin;*binary; v
i | 09:03:55 : Read progress: — r —
@ , o] = |
. } NQN3-55 - T; . el oy

5-42 STM32CubeProgrammer % ¥ T & 3 4

(5) 2)i% Verify programming #1 Run after programming & % HE , B Start Programming
R ITI T B T AR AT 5-43 R

TR A PR A 5-44 R

TR S UG ETT Rl b LED BN ERIRZS . RGB RAT 88 i /s A R Y B 42

Rl R . ARt STM32 5 (i SPID 5 JTAG #2 17 T 284 HAEHT 17 51 0 #f o -
HHTHETRE)EPATER, & BN E 5-45 Fis i “Target is not responding, retrying...”
[F) 723

PRI S R TTAG 515 SPIL 51 IEH T 78 T #8f2 )y i JTAG 1E# % 4%,
T EGE UG R B AT g AR SPT A T fE, STM32CubelDE JRUSEH . B JTAG i #2%
R, A X R R “ Target is not responding, retrying...”$&7~ . fEPEIpik 2 STM32 114k
B SPID AL JTAG BF F#iZENEH.

2 0] A 52 e B8 P 138 4T, T DL Z2
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& sSTM32CubeProgrammer

S 1
stmz2 O
CubeProgrammer

— ) :
== Erasing & Programming

,h’ Download

File path \ D:\Demo\LED\STM32CubelDE\Debug\LED.elf N? ‘

Start address

[:| Skip flash erase before programming
Verify programming

Run after programming

Start Programming

Automatic Mode

|:| Full chip erase

Download file

[:l Option bytes commands

Start automatic mode

5-43 STM32CubeProgrammer T T 7%

09:13:11 : Opening and parsing file: LED.elf

09:13:11: File : LED.elf

09:13:11: Size 1490 KB

09:13:11: Address : 0x08000000

09:13:11 : Erasing memory corresponding to segment 0:
09:13:11 : Erasing internal memory sectors [0 2]
09:13:11 : Download in Progress:

09:13:12 : Time elapsed during download operation: 00:00:00.334
09:13:12 : Verifying ...
09:13:12 : Read progress:

09:13:12 : RUNNING Program ...
09:13:12: Address:  :0x08000000

5-44 STM32CubeProgrammer T 72 T 5 T2 7R

& Build Analyzer [fl Problems ] Tasks B Console X [ Properties B Console 4’ Search % Debug
kterminated> SPI Debug [STM32 C/C++ Application] ST-LINK (ST-LINK GDB server) (Terminated Dec 13, 2022, 8:04:36 AM) [pid: 7]
Sl St B Pt At 2L

g

Farget is not responding, retrying...
farget is not responding, retrying...
Farget is not responding, retrying...
Farget is not responding, retrying...
Farget is not responding, retrying...

5-45 “Target is not responding, retrying...”
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5.6 XA STM32CubeMX #0 HAL EERY GPIO % A Rz A S5 i

A% GPILO i A FH 5% 1 J2 T 1 P R
5.6.1 STMB32 Ity GPIO iy A B HIBE = 1)

Uk £ DT T P 5 I Pl T Ak A SR PR R SR T OGN 2 b AR E 1 m ST TP
Wi T+ (P B I 2 77 2R B 2 55 L T 2R AP T Ak B R 33V
W AT A, A SO T M B AR R R pepye oo 5%
THEHIRE AN 5-46 B 7s . &R T H 4 S8 A A9 SE IR 9 B 1

TS WG 9 B O L0 5 i
H B
3 e T 4 96 AT A% YL GPIO 5] 33V

kO KEY2

A i AR 75 MK LT e T A (0 F B RS S  5 BE d) ; PAO——C3 5's
e g T I GPIO B3I 1 i AR 25 S 1 P ST G I 7
(L 5 L 5 A 0 M ) L R T S 1 i A o Qﬁm
S BT B R A F

A TF R AR i 3 1 7 a5 | R — R, R Bl 546 RN B
AR TR A6 e B T L R 0 ) BB I

TEA S AR I 5-46 10 FlL B U T — AN 9 )L aod 4 ) LED, ShAE AT

(D) #F KEY1, 2047 @055 .

(2) ¥ KEY2,%: 4] 8%t

5.6.2 STMB32 ¥ GPIO %if A i R v i

IR ST,

(1) f#5E GPIO ¥ O B4,

(2) ¥iafe GPIO HARS |G fir AR GFE = AD

(3) F 5 7 BN X AR P o A I B () RS S IR B ) LED,

1. @it STM32CubeMX #riE T 7%

(1) 7% Demo H 3 Nt KEY SCHF 2 , 302 (R A7 A S5 ) 37 TR 1 SC R

(2) 7E STM32CubeMX J¥ & ¥ 5E i g T2 .

(3) #fE MCU S R H. 8 STM32F4072GT6 #1555 3 TR,

(4) #4417 File—>Save Project SR HLfy 4 - A7 TFE

(5) 47 File>Generate Report 3 B4 A2 Y AT T8 1 i 45 S0

(6) Bc'® MCU WHh#, 7 Pinout & Configuration T./E UL I, % #& System Core—
RCC, # & IF & # 52 Fr 1% L » High Speed Clock (HSE) % £ & Crystal/Ceramic Resonator
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| Arm Cortex-M4# A=\ R ——& T STM32CubeFHALE I FF % 75 7&

R/ B 8 A i)

YI4: 3| Clock Configuration TAFE ST AR T A& Al S BC1F &0 I B S 4 b, It AR T
Input frequency & 25MHz, PLL Source Mux & HSE, 43 B & ${ 5 25, PLLMul £ 5 h
336MHz,PLLCLK 2 43 #il )5 & 168MHz, System Clock Mux &y PLLCLK, APB1 Prescaler
SN /4. APB2 Prescaler Jy/2, HA RN EEITT,

(7) T '# MCU b

A LED Ml KEY MU B B MCU #8509 GPIO 518 A9 fi A /i i B . 3k 5-3
B

%53 MCUSIMMEE

ARRE 5| B & #R 5| B Th &E GPIO =5 LRI T 4 iy O 338 2
LEDI_RED PF6 GPIO_Output I B 0 Sk A e
LED2_GREEN PF7 GPIO_Output 490 i 113 Sk 0 3
LED3_BLUE PF8 GPIO_Output e H Sk e
KEY1 PAO GPIO_Input Fa A x —
KEY?2 PC13 GPIO_Input Fa A J —

FRARE 2% 5-3 AT GPIO 5 I & . 7651 B0 &1 b 5o #H W 0 51 B, 6 530t ) 32 2R
WHELIIIRE . 5 LED #4200 5 S 5 b 510, 3 & 512 2 GPIO_Output; 5 KEY
B A G, 3 & 5 T 6E S GPIO Input, B L IRINTT ,

7t Pinout & Configuration T4F T 1 % £ System Core—GPIO, %I i F1 Y GP1O it 17
#E ., LED 5. LEDI_RED(PF6) .LED2_GREEN(PF7) 1 LED3_BLUE(PFS); %
BRG], KEY1(PAO) Al KEY2(PC13), [t & 5 )5 i GPIO 5| 4 ot i W & 5-47
FIiR

Pinout & Configuration ’ Clock Configuration

v Software Packs v

Q & GPIO Mode and Configuration
P Conigurtion
System Core b ‘Gmup By Peripherals ~ |
-
DMA
| Search Signals
NVIC Search (Ctri+F 1 Show only Modified Pins
v ggg Signal on Pin [GPIO output || GPIO mode [GPIO Pull-up/.. User Label Modlﬁed
WWDG PA0-WKUP n/a Input mode No pull-up an... n/a
PC13-ANTI_T... n/a n!a Input mode No pull-up an... n/a KEYZ
PF6 n/a High Output Push ... Pull-up High LED1_RED
N IPF7 n/a High Output Push __. Pull-up High LED2_GREEN
Analog | P8 nla High Output Push .. Pull-up High LED3 BLUE

B 547 mMEZKER GPIO S| HTTE
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(8) B T,

TE Project Manager T.{E U1 1 Project £, Toolchain/IDE i #: &4 MDK-ARM, Min
Version E£H4 V5, Al 4 i Keil MDK T-#2; #£4%5 STM32CubelDE, Al 4: j§, STM32CubelDE
T,

(9) AR CAUHS THE .,

iR [1] STM32CubeMX F 7 i #d37 GENERATE CODE #£14= Jii C A6 T %72,

2. @3t Keil MDK S£3] T 78

it Keil MDK S280 TR R340 F

(1) TJF KEY/MDK-ARM 3CF3 R 1 T8 30

(2) %% STM32CubeMX H 34 i MDK T2,

T MDK ﬂ:ﬁ%ft EP#M? Project— Rebuild all target files 3¢ B4y & ol 2 o T B £

(3) STM32CubeMX Eijjélzﬁilﬁ’ﬂ MDK TFUF,

main, ¢ CHH mainO BRI T . HAL_InitO BREC T &0 B 48, w1 1k 4k
Flash % O M1 SysTick E B} %% ; SystemClock_Config O B8 %, FH T B B 2 F i 40 5 5 5 K
MX_GPIO_InitO Rk, FH F#14f fk GPIO 51,

1t STM32CubeMX H, Jy LED I #2119 GPIO 51 & 1 HI P AR%E X S J] P bs
B 52 5 XAE main. h CHFHE , ARIEWF.,

/ % Private defines ————————— - %/
# define KEY2 Pin GPIO PIN 13

# define KEY2 GPIO Port GPIOC

# define LED1_RED_Pin GPIO_PIN 6

# define LED1 RED GPIO Port GPIOF

# define LED2 GREEN Pin GPIO PIN 7

# define LED2 GREEN GPIO Port GPIOF

# define LED3 BLUE_Pin GPIO_PIN 8

# define LED3 BLUE_GPIO Port GPIOF

# define KEY1 Pin GPIO PIN 0

# define KEY1 GPIO Port GPIOA

/ * USER CODE BEGIN Private defines x /

gpio. ¢ XA E T MX_GPIO InitO) B my S BALHS , B4R F .

void MX_GPIO Init(void)
{
GPIO InitTypeDef GPIO InitStruct = {0};
/ % GPIO Ports Clock Enable * /
__HAL RCC_GPIOC_CLK_ENABLE();
__HAL RCC_GPIOF CLK_ENABLE();
__HAL_RCC_GPIOH_CLK_ ENABLE();
__HAL_RCC_GPIOA_CLK ENABLE();

’
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/ % Configure GPIO pin Output Level x /
HAL GPIO WritePin(GPIOF, LED1 RED Pin|LED2 GREEN Pin|LED3 BLUE Pin, GPIO PIN_SET);

/ % Configure GPIO pin : PtPin x* /

GPIO InitStruct.Pin = KEY2 Pin;

GPIO_ InitStruct.Mode = GPIO MODE INPUT;

GPIO InitStruct.Pull = GPIO NOPULL;

HAL GPIO Init(KEY2 GPIO Port, &GPIO InitStruct);

/ % Configure GPIO pins : PFPin PFPin PFPin * /

GPIO_InitStruct.Pin = LED1_RED Pin|LED2_GREEN Pin|LED3_BLUE_Pin;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT PP;

GPIO_InitStruct.Pull = GPIO_ PULLUP;

GPIO_InitStruct. Speed = GPIO_SPEED FREQ HIGH,
HAL_GPIO_Init(GPIOF, &GPIO_InitStruct);

/ % Configure GPIO pin : PtPin * /

GPIO InitStruct.Pin = KEYl Pin;

GPIO_InitStruct.Mode = GPIO MODE_INPUT;

GPIO InitStruct.Pull = GPIO NOPULL;

HAL GPIO Init(KEY1 GPIO Port, &GPIO InitStruct);
}

(4) B P sk,
£ KEY/Core/Src XF3¢ T # 2 bsp_led. c.bsp_key. ¢ X4, 7E KEY/Core/Inc X {3
T bsp_led. h.bsp_key. h x4, ¥ bsp_led. ¢ #il bsp_key. ¢ X %% Application/
User/Core X3 T,
(5) %5 M AU .
bsp_led. h 1 bsp_led. ¢ XS LED #8245 /Y9 22 & X LED #1831k .
bsp_key. h SO S2 B GRS DU 5 | BAVRH OC /Y 22 5E .
[ HRBRAR T RR G R
* PN AE R, XS KEY ON=1, KEY OFF = 0
* A PREERE T AR E O, {825 i% M KEY ON=0 ,KEY OFF =1 HI 7]
x/

# define KEY ON 1
# define KEY_OFF 0

bsp_key. ¢ 3O 52 B2 8 49 40 B AL Key_Scan (O, GPIO 5] B8 f% iy A F ~F AT 3 5 352 B
IDR 25 77 25 X5 17 14 5508 4o J8 0 L 1t STM32HAL FE4R T s %t HAL_GPIO_ReadPinO 5
BUALARES iz R B A GPIO 3 S5 | IS 3% 113205 | e B SRS S e i AR [ 1, AR F
&0, Key_ScanO) BREH K HAL_GPIO_ReadPin O BRI BIE S A &€ X A% KEY _
ON FEAT AT BE 85 K 00 2 Fe B 4% T, WA Y while 77 B 43 G2 A6 I 422 SR 28 L 1 30 o B B L, 42
HERR Key_ScanO) BRBUR [Al— 4~ KEY_ON {H ; #5504 K i 21 $ 4% F L ) eR 50 320k
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KEY_OFF, 5 0 i 4 5 A O B B, 75 AR X A Key Scan O R U 38
W B 1 U SR sh 5 R R

uint8_t Key Scan(GPIO TypeDef * GPIOx,uintl6_t GPIO Pin)
{
[ KRS AR T * /
if (HAL GPIO ReadPin(GPIOx,GPIO Pin) == KEY ON )
{
[ x B H B RE < /
while(HAL GPIO ReadPin(GPIOx,GPIO Pin) == KEY ON);
return KEY ON;
}
else
return KEY OFF;

}
£ main. ¢ SCOFHRAS XTI A E K SCHERI ST

/% Private includes —————————————————————\——\——\————— x/
/ % USER CODE BEGIN Includes * /

# include " bsp led.h"

# include "bsp _key. h"

/ % USER CODE END Includes * /

TE main. ¢ XA INXT LED 4] 44 16 Fl Xt #2 8 i #2411, KEY1 ## LED1_RED,
KEY2 ##] LED2_GREEN, ##%— R4, LED RSB —IK,

/ * USER CODE BEGIN 2 x /
/ * LED %y A#IH 4L = /
LED GPIO Config();

/ * USER CODE END 2 * /

/% Infinite loop * /
/ * USER CODE BEGIN WHILE x /
while (1)
{
if( Key Scan(KEY1 GPIO PORT,KEYl PIN) == KEY ON )
{
/ % LED1 BH%E % /
LED1_TOGGLE;
}

if( Key_Scan(KEYZ_GPIO_PORT,KEYZ_PIN) == KEY ON )
{

/ % LED2 HH#E * /

LED2_ TOGGLE;

1
/ * USER CODE END WHILE * /
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WGt LED K #es# )5 . 76 while 7628 BLAS W FH Key_ Scan O 5R 2, IF 340 W7 H R [0 48,
iR [PME R A% L W B S LED R9IRES .

(6) FEHGIFH MG 0 TR,

(7) Pl & TR S T3,

£ MDK JF & 358 1 047 Project—Options for Target 3 Hiair 4 B T HAY & $H
[

YJ# & Debug 6 W F o 3% B4l FH 09 {5 B F 28 %% ST-Link Debugger. B Flash
Download,’a) # Reset and Run & EHE ,

(8) M T,

AR AT BN #ds  JF AR

7E MDK J & %858 th $4 T Flash—Download 3¢ fiir 2 s T HAS w #2480 T 8 TR

TR T8 G B AR s W T A #l - LED B,



