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/* STM32F4xx Peripheral Interrupt Handlers */
/* Add here the Interrupt Handlers for the used peripherals.

/* For the available peripheral interrupt handler names, */
/* please refer to the startup file (startup_stm32f4xx.s). */

/ /
/**

* @brief This function handles TIM1 update interrupt and TIM10 global interrupt.
*
void TIM1_UP_TIM10_IRQHandler (void )

{
/* USER CODE BEGIN TIM1_UP_TIM10_IRQn 0 */
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/* USER CODE END TIM1_UP_TIM10_IRQn 0 */
HAL_TIM_IRQHandler (&htim1 );
/* USER CODE BEGIN TIM1_UP_TIM10_IRQn 1 */

/* USER CODE END TIM1_UP_TIM10_IRQn 1 */
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273 EXPORT EXTI% 5 TRQHandler [WELFE ]
274 EXPCORT TIM1 BRE TIMS IRQHandler [WERE]
275 EXPCORT TIM1 UP TIM10 TRQHandler [WERE]
276 EXPORT TIMl TRG COM TIM11 TIRQHandler [WERE]
277 EXPORT TIMl CC TRQHandler [WELFE ]
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152 ; Reset handler
153 Reset Handler FROC
154 EXPCRT Reset Handler [WELE.]
155 IMECRT SystemInit
196 IMECRT _ main
157
158 LDE k0, =8ystemInit
155 BLX RO
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202 ENDE
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/* #define HAL_CRC_MODULE_ENABLED */

/* #define HAL_CRYP_MODULE_ENABLED */
/* #define HAL_DAC_MODULE_ENABLED */

* #define HAL_DCMI_MODULE_ENABLED */
#define HAL_DMA_MODULE_ENABLED

/* #define HAL_DMA2D_MODULE_ENABLED */
* #define HAL_ETH_MODULE_ENABLED */
#define HAL_FLASH_MODULE_ENABLED

/* #define HAL_NAND_MODULE_ENABLED */
/* #define HAL_NOR_MODULE_ENABLED */

/* #define HAL_PCCARD_MODULE_ENABLED */
/* #define HAL_SRAM_MODULE_ENABLED */
#define HAL_SDRAM_MODULE_ENABLED

/* #define HAL_HASH_MODULE_ENABLED */
#define HAL_GPIO_MODULE_ENABLED
#define HAL_|2C_MODULE_ENABLED

/* #define HAL_I2S_MODULE_ENABLED */

[* #define HAL_IWDG_MODULE_ENABLED */
/* #define HAL_LTDC_MODULE_ENABLED */
#define HAL_PWR_MODULE_ENABLED
#define HAL_RCC_MODULE_ENABLED

* #define HAL_RNG_MODULE_ENABLED */

/* #define HAL_RTC_MODULE_ENABLED */

/* #define HAL_SAI_MODULE_ENABLED */
#define HAL_SD_MODULE_ENABLED

[* #define HAL_SPI_MODULE_ENABLED */

/* #define HAL_TIM_MODULE_ENABLED */
#define HAL_UART_MODULE_ENABLED

/* #define HAL_USART_MODULE_ENABLED */
* #define HAL_IRDA_MODULE_ENABLED */
/* #define HAL_SMARTCARD_MODU LE_ENABLED */
/* #define HAL_WWDG_MODULE_ENABLED */
#define HAL_CORTEX_MODULE_ENABLED

* #define HAL_PCD_MODULE_ENABLED */

/* #define HAL_HCD_MODULE_ENABLED */
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*

@brief

*  @param
* @retval
*/

None

EXTI line detection callbacks.
GPIO_Pin: Specifies the pins connected EXTI line

HAL_GPIO_EXTI_Callback (uintl6_t GPIO_Pin )

/* Prevent unused argument(s) compilation warning */

__ 1O uint32_t tmpreg
UNUSEDtmpreg );

i

/* NOTE: This function Should not be modified, when the callback is needed,

the HAL_GPIO_EXTI_Callback could be imple

*

mented in the user file
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* @brief EXTI line detection callbacks
* @m@ram GPIO_Pin: Specifies the pins connected EXTI line
* @retval None
id HAL_GPIO_EXTI_Callback (uintl6_t GPIO_Pin )
if (GPIO_Pin == KEY_BUTTON_PIN
/* Toggle LED2 */
BSP_LED_Toggle ( LED2);

if (GPIO_Pin == WAKEUP_BUTTON_P)N

/* Toggle LED1 */
BSP_LED_ Toggle (LEDI);
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Figure 2. System architecture for STM32F42xxx and STM32F43xxx devices
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Table 6. Flash module - 2 Mbyte dual bank organization (STM32F42xxx and STM32F43xxx)

Block Bank Name Block base addresses Size

Sector 0 0x0800 0000 - 0x0800 3FFF 16 Kbytes

Sector 1 0x0800 4000 - 0x0800 7FFF 16 Kbytes

Sector 2 0x0800 8000 - 0x0800 BFFF 16 Kbytes

Sector 3 0x0800 C000 - 0x0800 FFFF 16 Kbyte

Sector 4 0x0801 0000 - 0x0801 FFFF 64 Kbytes
Bank 1 Sector 5 0x0802 0000 - 0x0803 FFFF 128 Kbytes
Sector 6 0x0804 0000 - 0x0805 FFFF 128 Kbytes
Sector 11 0x080E 0000 - 0x080F FFFF 128 Kbytes

Main memory Sector 12 0x0810 0000 - 0x0810 3FFF 16 Kbytes
Sector 13 0x0810 4000 - 0x0810 7FFF 16 Kbytes

Sector 14 0x0810 8000 - 0x0810 BFFF 16 Kbytes

Sector 15 0x0810 C0O00 - 0x0810 FFFF 16 Kbytes

Sector 16 0x0811 0000 - 0x0811 FFFF 64 Kbytes
Bank 2 Sector 17 0x0812 0000 - 0x0813 FFFF 128 Kbytes
Sector 18 0x0814 0000 - 0x0815 FFFF 128 Kbytes
Sector 23 0x081E 0000 - 0x081F FFFF 128 Kbytes

System memory Ox1FFF 0000 - Ox1FFF 77FF 30 Kbytes

OTP Ox1FFF 7800 - Ox1FFF 7AOQF 528 bytes

Bank 1 O0x1FFF C000 - 0x1FFF COOF 16 bytes

Option bytes
Bank 2 0x1FFE C000 - 0x1FFE COOF 16 bytes
¢Av jyweaeesda Cai Ywe. wA



Table 7. 1 Mbyte Flash memory single bank vs dual bank organization

(STM32F42xxx and STM32F43xxx)

a° vy

1 Mbyte single bank Flash memory (default) 1 Mbyte dual bank Flash memory
DB1M=0 DB1M=1

Main memory Sector number Sector size Main memory Sector number Sector size

Sector 0 16 Kbytes Sector 0 16 Kbytes

Sector 1 16 Kbytes Sector 1 16 Kbytes

Sector 2 16 Kbytes Sector 2 16 Kbytes

Sector 3 16 Kbytes Bank 1 Sector 3 16 Kbytes

Sector 4 64 Kbytes 512KB Sector 4 64 Kbytes

Sector 5 128 Kbytes Sector 5 128 Kbytes

Sector 6 128 Kbytes Sector 6 128 Kbytes

Sector 7 128 Kbytes Sector 7 128 Kbytes

1MB Sector 8 128 Kbytes Sector 12 16 Kbytes

Sector 9 128 Kbytes Sector 13 16 Kbytes

Sector 10 128 Kbytes Sector 14 16 Kbytes

Sector 11 128 Kbytes Bank 2 Sector 15 16 Kbytes

- - 512KB Sector 16 64 Kbytes

- - Sector 17 128 Kbytes

- - Sector 18 128 Kbytes

- - Sector 19 128 Kbytes
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Table 11. Number of wait states according to CPU clock (HCLK) frequency
(STM32F42xxx and STM32F43xxx)

Wait states (WS)

HCLK (MHz)

Voltage range

Voltage range

Voltage range

Voltage range

(LATENCY) 18V-21V
27V-36V 24V-27V 21V-24V
Prefetch OFF
0 WS (1 CPU cycle) 0 <HCLK <30 0 <HCLK <24 0 <HCLK <22 0 <HCLK <20
1 WS (2 CPU cycles) 30 <HCLK <60 24 < HCLK < 48 22 <HCLK < 44 20 <HCLK < 40
60 <HCLK <90 48 <HCLK <72 44 < HCLK < 66 40 < HCLK <60

2 WS (3 CPU cycles)

3 WS (4 CPU cycles)

90 <HCLK £120

72 <HCLK <96

66 <HCLK < 88

60 < HCLK < 80

4 WS (5 CPU cycles)

120 <HCLK < 150

96 <HCLK <120

88 < HCLK <110

80 < HCLK < 100

5 WS (6 CPU cycles)

150 <HCLK = 180

120 <HCLK = 144

110 <HCLK £132

100 < HCLK <120

6 WS (7 CPU cycles)

144 <HCLK < 168

132 <HCLK < 154

120 < HCLK < 140

7 WS (8 CPU cycles)

168 <HCLK = 180

154 <HCLK <176

140 < HCLK < 160

8 WS (9 CPU cycles)

176 <HCLK < 180

160 < HCLK < 168
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Table 62. Vector table for STM32F42xxx and STM32F43xxx

c >,

[=] -t

= | £ | Typeof ipti

E .g priority Acronym Description Address

o o
- - Reserved 0x0000 0000
-3 fixed Reset Reset 0x0000 0004
2 fixed NMI Non maskable interrupt, Clock Security 0x0000 0008

System
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E | £ | npeo Acronym Description Add
§ ".Fo_ priority crony scriptio ress
-1 fixed HardFault All class of fault 0x0000 0000
0 settable MemManage Memory management Ox0000 0010
1 settable BusFault Pre-fetch fault, memory access fault 0x0000 0014
2 settable UsageFault Undefined instruction or illegal state 0x0000 0018
- - - Reserved Dgfﬁc?gguggg%
3 settable SVCall System Service call via SWI instruction 0x0000 DO2C
4 settable Debug Monitor Debug Maonitor 0x0000 0030
- - Reserved 0x0000 0034
o settable PendsSW Pendable request for system service 0x0000 0038
6 settable Systick System tick timer 0x0000 003C
0 7 settable WWDG Window Watchdog interrupt 0x0000 0040
1 8 settable PvD PWD through EXTI line detection interrupt | Ox0000 0044
2 | 9 | settable TAMP_STAMP Tamper and TimeStamp interrupts through | -, 6500 go4g
the EXTI line
3 10 settable RTC_WKUP RTC Wakeup interlzﬁt thraugh the EXTI 0x0000 004C
4 1 settable FLASH Flash global interrupt Ox0000 0050
& 12 settable RCC RCC global interrupt Q0000 0054
6 13 | settable EXTIO EXTI Linel interrupt 0x0000 0058
7 14 settable EXTI EXTI Line1 interrupt 0x0000 005C
B 15 settable EXTIZ EXTI Line2 interrupt 0x0000 D060
9 16 | settable EXTI3 EXTI Line3 interrupt 0x0000 0064
10 17 settable EXTI4 EXTI Lined interrupt 0x0000 D068
11 18 settable DMAT_Stream0 DMAT Stream( global interrupt 0x0000 M0&C
12 19 | settable DMA1_Stream DMA1 Stream1 global interrupt 0x0000 0070
13 20 | settable DMA1_Stream?2 DMAT Stream?2 global interrupt 0x0000 0074
14 21 settable DMAT_Stream3 DMAT Stream3 global interrupt 0x0000 0078
15 | 22 | settable DMAT_Streamd DMA1 Stream4 global interrupt 0x0000 007C
16 23 | settable DMA1_Streamb DMAT Stream5 global interrupt 0x0000 0080
17 24 settable DMAT_Stream DMAT Streamb global interrupt 0x0000 0084




c =

% % B‘i’:::i;fr Acronym Description Address
18 25 settable ADC ADC1, ADCZ and ADC3 global interrupts Q0000 0088
19 | 26 | settable |CAN1_TX CAN1 TX interrupts 0x0000 DDBC
20 27 settable | CAN1_RX0 CAMN1 RX0 interrupts 00000 0020
21 28 settable | CANT_RX1 CAMT RX1 interrupt 00000 0094
22 29 | settable |CAN1_SCE CAMN1 SCE interrupt 0x0000 0098
23 an settable EXTI9 & EXTI Ling[9:5] interrupts 00000 008C
24 | 31 | settable | TIMA_BRK TIMg TIM1 Break i'”‘;i';';'rf:l;”d TIM3 global |, 6000 00A0
25 | 32 | settable TIM1_UP_TIM10 TIM1 Lipdata "”t;rt;“rf_’:l:t“d TIM10 global | 5, 5000 00A4
26 | 33 | seftable |TIM1_TRG_COM_TIMi1[ "™ T’;‘ﬁ“}m;’&’;‘;}r;l“it:;f:‘u;m"” PIS | 0x0000 00AS
27 3 settable TIM1_CC TIM1 Capture Compare interrupt (0000 00AC
28 | 35 | settable TiM2 TIM2 global interrupt 0x0000 00BO
29 36 | settable TiM3 TIM3 global interrupt 0=0000 00B4
a0 a7 settable TIh4 TIM4 global interrupt (x0000 00BS
31 | 38 | settable 12C1_EV 12C1 event interrupt 0x0000 00BC
32 39 | settable 12C1_ER 12C1 error interrupt Ox0000 00C0
33 40 settable [2C2_EV 12C2 event interrupt 0x0000 D0C4
34 | 41 | settable 12C2_ER 12C2 error interrupt 0x0000 00C8
35 42 | settable sPN SPI1 global interrupt 0x0000 00CC
a6 43 settable SPI2 SPI2 global interrupt 0x0000 00D0
37 44 | settable USART1 USART1 global interrupt 0x0000 00D
a8 45 settable USARTZ USART2Z glabal interrupt 0x0000 00D8
39 46 settable | USART3 USARTS global interrupt 0x0000 00DC
40 | 47 | settable EXTI15_10 EXTI Line[15:10] interrupts 0x0000 00EOD
41 | 48 | settable RTC_Alarm RTC Alarms [A ?:;53;’“9'1 EXTlline | 0000 00E4
42 | 49 | settable otG Fswkup | USB G”‘ThE‘GﬁEnﬁiu"“;P through EXTU | 60000 00ES
43 | 50 | settable |TIM8 BRK TIM12 TIM8 Break interrupt and TIM12 global 0x0000 00EC

interrupt
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§ | £ | ypoo Acronym Description Add

§ ".% priority crony scriptio ress
44 | 51 | seftable |TIM8_UP TIM13 I:t':f:u";fdata interrupt and TIM13 global | 4, 5000 0oFo
45 52 settable IIMB_TRG_CDM_TIM1 ;’II_:;IQF;I;;?EE' s;;ll iit;‘;?:::‘::ttarjun interrupts 0x0000 00F4
46 | 53 | settable |TIME_CC TIM& Capture Compare interrupt 0x0000 DOF8
47 54 | settable DMAT_Stream? DMAT Stream? global interrupt 0x0000 0OFC
48 55 settable |FSMC FSMC global interrupt Q0000 0100
48 | 56 | settable SDIO SDIO global interrupt 0x0000 0104
50 57 settable TIMS TIMS global interrupt 0x0000 0108
51 58 settable SPI3 SPI3 global interrupt 0x0000 010C
52 59 | settable |[UART4 UART4 global interrupt 0x0000 0110
53 60 seftable | UARTS UARTS global interrupt 0x0000 0114
%4 | 61 | setable |TIMG_DAC BAC! and DACS underrun error nforupts | 0X0000 0118
58 62 settable | TIMY TIMT global interrupt 0x0000 011C
56 63 settable DMAZ Stream0 DMAZ Stream global interrupt 0x0000 0120
57 | 64 | settable DMAZ_Stream1 DMAZ Stream global interrupt 0x0000 0124
58 65 | settable DMAZ_Stream?2 DMAZ Stream?2 global interrupt 0x0000 0128
59 66 settable DMAZ Stream3 DMAZ Stream3 global interrupt 0x0000 0M12C
60 | 67 | settable DMAZ_Streamd DMAZ Stream4 global interrupt 0x0000 0130
61 68 | settable |ETH Ethernet global interrupt Ox0000 0134
62 | 69 | settable |ETH WKUP E&';f::’g: Wakeup through EXTI line 0x0000 0138
63 70 settable | CANZ_TX CAMZ TX interrupts 0x0000 M3C
64 7 seftable | CANZ_RX0 CAMZ RXD interrupts 0x0000 0140
65 | 72 | seitable |CANZ_RX1 CANZ RX1 interrupt 0x0000 0144
66 73 | settable |CAN2_SCE CAMNZ SCE interrupt 0x0000 0148
67 74 settable OTG_FS LUSE On The Go FS global interrupt 00000 014C
68 | 75 | settable DMAZ_Stream5 DMAZ Stream5 global interrupt 0x0000 0150
69 76 | settable DMAZ_Streamb DMAZ StreamE global interrupt 0x0000 0154
il i7 settable DMAZ Stream7 DMAZ StreamT global interrupt 0x0000 0158
71 T8 | settable USARTE USARTE global interrupt 0x0000 015C
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E Q Type of
- = a "
g g priority Acronym Description Address
o o
72 79 sattable [2C3_EV 12C3 event interrupt 0x0000 0160
73 | 80 | settable 12C3_ER 12C:3 error interrupt 0x0000 0164
74 | 81 | setable |OTG HS EP1 oyt  |USBOnThe GoHS End Point 1 Outglobal | o 004 5168
- = - interrupt
75 | 82 | seftable |OTG_HS_EP1_IN USB On The Go HS End Point 1 inglobal | 46400 g16c
interrupt
76 | 83 | seftable |OTG_HS WKUP USB On The Go HS Wakeup through EXTI | 4, 6000 0170
- = interrupt
77 84 | settable |OTG_HS USE On The Go HS global interrupt Ox0000 0174
78 as settable | DCMI DCMI global interrupt 0x0000 0178
79 | 86 | settable |CRYP CRYF crypto global intermupt 0x0000 017C
a0 87 | settable |[HASH_RNG Hash and Rng global interrupt 0x0000 0180
a1 a8 Settable FFPU FRU global interrupt 0x0000 0184
82 89 | settable |UARTT UART 7 global interrupt 0x0000 0188
a3 90 | settable |UARTS UART 8 global interrupt 0x0000 018C
a4 91 settable SPI4 SPI 4 global interrupt 0x0000 0180
85 | 92 | settable |SPI5 SPI 5 global interrupt Ox0000 0194
a6 93 | settable |SPI6 SPI 6 global interrupt 0x0000 0198
ar G settable [ SAI1 SAI1 global interrupt 0x0000 18C
88 | 95 | seftable |LCD-TFT LTDC global interrupt 0x0000 01A0
a9 96 | settable |LCD-TFT LTDC global Emor interrupt 0x0000 01A4
a0 a7 settable | DMAZD DMAZD global interrupt 0000 O1A8
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request mask interrupt trlgggr tngggr
register register event selection selection
register register register
A
To NVIC interrupt 23 23 23 23
controller
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Table 2. Boot modes

Boot mode selection pins
Boot mode Aliasing
BOOT1 BOOTO
X 0 Main Flash memory | Main Flash memory is selected as the boot space
0 1 System memory System memory is selected as the boot space
1 1 Embedded SRAM |Embedded SRAM is selected as the boot space
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Table 4. Memory mapping vs. Boot modelphysical remap
in STM32F42xxx and STM32F43xxx

Boot/Remap in Boot/Remap in | Boot/Remap in
Addresses main Flash memory | embedded SRAM | System memory Remap in FMC

0x2002 0000 - 0x2002 FFFF | SRAM3 (64 KB) | SRAM3 (54 KB) | SRAM3 (64 KB) | SRAM3 (64 KB)
0x2001 COO0 - 0x2001 FFFF | SRAM2 (16 KB) | SRAM2 (16 KB} | SRAM2 (16 KB) | SRAM2 (16 KB)
SRAM1T (112 KB) || SRAM1T (112 KB) | SRAM1 (112 KBE)

02000 0000 - 0x2001 BFFF SRAMT (112 KB)
0x1FFF 0000 - 0x1FFF T7YFF System memory

System memaory

0x0810 0000 - 0xOFFF FFFF Reserved o —— Eeearan
0x0B00 0000 - 0x081F FFFF | || Flash memory Flash|memory Fras.h r{.emnrg Flash memory

FMC bank 1
NOR/PSRAM 2
(128 B 7 iasad)

0x0400 0000 - OxO7FF FFFF

Reserved Rﬂe%wed
0x0000 0000 -

|| SRAM1 (112 KB) Il System memory Al

bank 1 (128 MB
Aliased)

1. Whan the FMC iz ramapped at addrass 0x0000 0000, anly the first twa regians of bank 1 memary contraller (bank 1
MNOR/PERAM 1 and NOR/PSRAM 2) or SDRAM bank 1 can be remapped. In remap mode, the CPU can access the
external memory via |Code bus instead of System bus which boosts up the performance.

2. [Even when aliased in the boot memory space, the related memory is still accessible at its original memony space.
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Figure 455. FMC memory banks

Bit 8 FB_MODE: Flash Bank mode selection

Set and cleared by software. This bit

+Hash Bank 1 is mapped at 0x0800

Address Bank Supported memory type
0x6000 0000
Bank 1 NOR/PSRAM/SRAM
4 x 64 MB
Ox6FFF FFFF
0x7000 0000
Bank 2
4 x 64 MB
OXTFFF FFFF NAND Flash memory
0x8000 0000
Bank 3
4 x 64 MB
Ox8FFF FFFF
0x9000 0000
Bank 4
4x64 MB PC Cad
0x9FFF FFFF
0xC000 0000
SDRAM Bank 1
4 x 64 MB
OXCFFF FFFF SDRAM
0xD000 0000
SDRAM Bank 2
4 x 64 MB
OxDFFF FFFF
MS30444V2
controls the Flash Bank 1/2 mapping )
0000 (and aliased at 0x0000 0000) and

Flash Bank 2 is mapped at 0x0810 0000 (and aliased at 0x0010 0000)

, Bash Bank 2 is mapped at 0x0800

0000 (and aliased at 0x0000 0000) and

Flash Bank 1 is mapped at 0x0810 0000 (and aliased at 0x0010 0000)

Bits 7:3 Reserved, must be kept at re

Bits 2:0 MEM_MODE: Memory mapp

setvalue )

ing selection

Set and cleared by software. This bit controls the memory internal mapping

at

address 0x0000 0000. After reset these bits take the value selected by the

Boot

pins (except for FMC) )




+5Main Flash memo ry mapped at 0x0000 0000

+58ystem Flash memory mapped at 0x0000 0000

+5FMC Bankl (NOR/PSRAM 1 and 2) mapped at 0x0000 0000
+5Embedded SRAM (SRAM1) mapped at 0x0000 0000

, 5FMC/SDRAM Bank 1 mapped at 0x0000 0000

Other configurations are reserved

51vl +wayv VY% HAWU&WS3 wé %% Wwd waw

_ HAL_SYSCFG_REMAPMEMORY_FLASH

_ HAL_SYSCFG_REMAPMEMORY_SYSTEMFLASH
_ HAL_SYSCFG_REMAPMEMORY_SRAM

_ HAL_SYSCFG_REMAPMEMORY_FMC

_ HAL_SYSCFG_REMAPMEMORY_FMC_SDRAM
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5¢Av 61T E Gév Akl 6)C WV Keil Wbv TAENARICEBING € © { £ o4

fromelf  -- bin mycode.axf -- output mycode.bin
5¢Av 617 E Uév Az 6&wad UEv Uo0 bat® HWE waAw-AW\A £%
SET FROM_ELF_PATH'C: \ Keil_v5 \ ARM ARMCKEBIn \ fromelf.exe"

%FROM_ELF_PATH% ". \ STM324x91_EVAL\ mycode.axf" -- bin -- output
". \ STM324x91_EVAL\ mycode.bin"
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e Systemn = 5
1+ 1B » Control Panel » All Control Panel ltems » %ysfe.ﬂ B VErEEES
File Edit View To System Propefties
Control Panel Home | Computer Name | Hardware <Wdvanced | System Protection | Remote Ml R
Variable Value
“You must be |pgded on as an Administrator to make most of these changes.
) Device Manager TEMP %GUSERPROFILE%:\AppData'Local \Temp
_ Pegsifnance
. . TMP SElSERPROFILE % \AppDataiLocal Temp
E‘-’ Remote settings Visual effects, processor scheduling, memarny usage, and virtual memony
#y System protectjper
B Advanced system se Seftings...
- New... Edit... Delete
User Profiles
Desktop settings related to your sign-n System variables
2310 Variable Value 2
Settings... o0s Windows _NT
1sed p Path C:\ProgramData'\Orade\Java\javapath;...
Startup and Recavery e PATHEXT .COM;.EXE; .BAT; .CMD; .VBS; .VBE;.J5;....
Syetem startup, system failure, and debugging information preto PROCESSOR_A... AMD&4 v
Settings... New... Ediit.... Delete
Environment Variables... oK Cancel
QK Cancel Apply
. Edit System Vaiiable r
Full computer name: Elec2
See also Computer description: Variable name: Path
Action Center Workgroup: WORKGROUP Variable value:
Windows Update Windaows activation
I~ N k3 ~ s - ~ n
. - fo)
Keil %€ A& AY ¥ COA
UCua Az 0%x0208000C U h O& v Yafi Yalwa wy %z UEv Vv ¥#HE¢e ) vl Yy %é
AU wy %x¥aged ANOwy %z %t ow 0 év¥%z )rtvi T AE Y%wz ¢Av
Al 1 i Yam U | °twz ACyTagete AR #w3 LEISC2@00 KN AYL%\CYO VMV 3.84C

CE¥ )ag wi +E0NiworaH+rwRAELY v agveoyv ACOYy %UCUAABEV

At ¢Av UoEAYy ¢év¥%z A¥%o Al %l #&w A VeRiviéd iVEL A Wl /4

L AE a°yvA.- E®6& E,z %' %eECz jw CNAE

5

Melec.Ir

00



Options for Target 'STM32F429Z1_NUCLEQ_144'

Device  Target |O|.rtp|.rt| Listingl User I CJ'CHI Asm I Linkerl Debugl Lhili‘tiesl

STMicroelectronics STM32F425B1Tx
r Code Generation
Htal (MHz): I ARM Compiler: IUse default compiler version ;I
Cperating system: | Mone LI
System Viewer File: [” Use Cross-Module Optimization
ISTM32F425:¢.svd J ¥ Use MicroLIB ™ BigEndian
™ Use Custem File Foating Peint Hardware: IUse Single Precision 'I
r— Read/Only Memory Areas r Read\Write Memory Areas
default  off-chip Start Size Startup default  off-chip Start Size Malnit
I Rowmi: | | s I Rami: | | r
I~ RoMZ | | e ™ RAMZ: | | r
r  row: | | [a r  RaM3: | | r
=hip on-chip
¥  IROMI: Itb-:ﬂﬂ?ﬂ-l}uﬂ I{bdﬂﬂlﬂﬂﬂ Iﬂ M IRAMI: |cb<2mu-u-um I{bdﬂﬂﬂﬂ r
I~ IROMZ: | | (e I IRaMZ: |cmﬂ-uu-u-um I[bdﬂ-l]}ﬂ r

[ ok |[ cancel || Defauts |

#CAEEL] $ Ciio ¢ ysyster_&me2faxxa ¢ w & CinAv At w)ac Aweé §  %v ! %z Ayl
Yopi a¥%wEv °¢&°« Auwy¥%z U0y %UE A

#define VECT_TAB_OFFSET 0x020000 [*1< Vector Table base offs et field.
# ¢ Bx@8000000 YFLASBLBASE “hv° éu $ )°E °avA- %éE¢ ¢w

/* Configure the Vector Table location add offset address == */

SCB >VTOR = FLASH_BASE | VECT_TAB_OFFSET /* Vector Table Relocation in
Interna | FLASH */
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# dolerlayer $ICEw~ AEdEWaAaAaUEV EWERE 0&GCUCYM A v

#1 AE @B@ éai wiossefixx hathv ¥ si$32f4xx_hal.c 1
°© g wz  #nm32f4Axohal \conf detnplae § dtm32f4xx_hal_msp_template.c 1
#) ¢Av at % at weo AwWsSPuy wCu AEWS Ad wik { Bavwhip ABA 6 A
Wd a°py¢ awnwiuE | 8A%e E & YoERXhBioondandeth Ao (T« ° pywu
#WA V ¥%i wlenufperatiods @ wuwo - wA | #

- Hardware Abstraction Layer

. I standard peripheral library
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1 NE ¢

B | STM324xG_EVAL
- |, Applications
- |, Demonstrations
£) Bamples
= | Templates =3
4| EWARM
=1 Inc
mainh
stm32i%x0x_hal_confh
stm32i%x0c_ith
4} MDK-ARM
=k, Stc
main.c
stm32#4xx_hal_msp.c
stm32fx_itc
system_stm32fxxc
d 1 TrueSTUDIO
readme.txi
| Release_Notes html

A©6 atvi ¢wa Gwdu
YLAE Cu +w-yv C{yw« 06EwWAy ¢¢wAgwaj Ev&@ BHao, 0

oyAE Cu A4CG%UPE %e¢ O61E Az C{y

PPP_HandleTypeDef *handle
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1 AE Cu  a° 01 whye 0veia aG{whw Ay Ay

typedef struct
{

USART TypeDef *Instance; /* USART registers base address */
USART InitTypeDef Init; /* Usart communication parameters */
uint8 t *pTxBuffPtr;/* Pointer to Usart Tx transfer Buffer */
uintle t TxXferSize; /* Usart Tx Transfer size */

10 uintlé t© TxXferCount;/* Usart Tx Transfer Counter * )
uint8 t *pReBULfPtr;/* Pointer to Usart Rx transfer Buffer */
uintle t© RxXferSize; /* Usart Rx Transfer size */

I0 uintle t© RxXferCount; /* Usart Rx Transfer Counter */
DMA HandleTypeDef *hdmatx; /* Usart Tx DMA Handle parameters */
DMA HandleTypeDef *hdmarx; /* Usart Rx DMA Handle parameters */
HAL LockTypeDef Lock; /* Locking object */

IO HAL USART StateTypeDef State; /* Usart communication state */

I0 HAL USART ErrorTypeDef ErrorCode;/* USART Error code */

}USART HandleTypeDef;
Wiy

°oyAE a¢¥%ubEf wo/Eev 01 E (Awz° APE P yC Wiz e, anwclli i ABYOSB0 I all oW 14

Yoy UChH GGy # ¢ 4awz¥ChavBa °Gic wo

Az © & wbpMAOzéwh¥:aa °WWav CSMiizAY RzwRBA U CUAGHobpev %A © |
) 1 A EPPPA HamdIiNTypeDef

5¢AwApév O6UwE C{yw« 08¢EWwWAY uéw )¢ AECyY

GPIO

SYSTICK

NVIC

PWR

RCC

FLASH

@UpPE Vv ¢¢owAhAewa

A°E QCOPEEARHN OCwA M2 PPEWzZATPov HbOODEanBwaEE%UDE

wé %A Ow{ £%v RC{y:

O O OO 0O

typedef struct

{

uint32_t BaudRate; /*!'< This member configures the UART communication baudrate.*/
uint32 t WordLength; /*!< Specifies the number of data bits transmitted or received

in a frame.*/

uint3Z t StopBits; /*1< Specifies the number of stop bits transmitted.*/
uint32 t Parity; /*!< Specifies the parity mode. */
uinti2 t Mode; /*1< Specifies wether the Receive or Transmit mode is enabled or

disabled.*/

uint32 t HwFlowCtl; /*!< Specifies wether the hardware flow control mode is enabled
ocr disakbled.*/

uint32 t OverSampling; /*!< Specifies wether the Over sampling 8 is enabled or
dizabled,

to achieve higher speed (up to fPCLE/8).*/

JURRT TnitTypeDef;

0 4



WAPI ¢°pz AgA
°oywvt AoAr AA
) ©y Yoy LACKY WPEVCVD BAVME wa  BEM320a VA AY WE VvV AMOY AR UEWAz 5
ApOé awwuE O6uwE Coéy oOow U0 ¢Ev¥z )oAPy % way Uszwif Az
faxx atvAyw- ¢v Céwa Abp0Oé avwluBASABLZ] Wic ¢cA2 i° WAE QU
)t AE G0 ac°e:
#if defined (STM32F427xx) ||
defined (STM32F437xx) | |
defined (STM32F42%xx) | |
defined (STM32F439%x)
HAL StatusTypeDef HAL FLASHEx OB SelectPCROP (void);
HAL StatusTypeDef HAL FLASHEx OB DeSelectPCROP(void);
$endif /* STM32F427xx || STM32F437xx || STM32F429xx || STM32F439xx || */
yoyv atvt w%vyvé Acdwé CuoEi O6E6wd %t ACPN GvApY A
YL AE AcEWEg CAVv aBPEwWhzwsr 2 ¢
Devices E,z Az AbP«v¥%u wz OGVvAE Cu0u wov ¢ AGE Aweve z @é ¢
)° &l vi% wa ¢&lyo A §avw Caéughortdl byirbiadiekd Oé awa E
AGCO API cwa Uz wfvycC 2V i
yopi i ai wa Q] Ly, iAo i€ W@ © @l’ZW& BLhv W & AN
Generic Family specific Device specific
File names stm32f4xx_hal_ppp (c/h) stm32f4xx_hal_ppp_ex (c/h) stm32f4xx_ hal_ppp_ex (c/h)
Module HAL_PPP_ MODULE
name
Function HAL_PPP_Function HAL_PPPEXx_Function HAL_PPPEXx_Function
name HAL_PPP_FeatureFunction | HAL_PPPEXx_FeatureFunction_ | HAL_PPPEx_FeatureFunction_
_MODE MODE MODE
Handle PPP_Handle Typedef NA NA
name
Init PPP_InitTypeDef NA PPP_InitTypeDef
structure
name
Enum HAL_PPP_StructnameType NA NA
name Def
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° EstniBF4xE  ° p ¢ v XK _TgpéDefd © pAPVIgpdDef G wu o - WAC W& G{{Bw«
ouj Uzwf % BLwi +wy wAwR ywAWAA YR i BN @) televanA y C¢
TEPPPAZC{ yw« ASCAY ¢ ¢ wA gHMA DART Trandnditle O v éow™~0 0 6 wiz $0

i WaCUpE Ew- ¢ wdDmitTypenet ~ dwWwWE &wkz APwanATypend® B ¢ %v Y
YADC_ChannelConfTypeDef 6 W™ U ¢ Vv %z PPPoOXConfTy@BeE 6 BEWURz + MCYy C{
DMA_HandleTypeDef O w"™ O ¢ v % 2PPP) Handl&Tiped€r i 661VE YAz ~GMyy w«A 6 ¢ wA Yy

Uzwe ¢v 1 %8 Ba@~CoyneR vé giw 2Aat ¢ PRRL it wikd PAESVOAAZY CACGwa C{ y w«
) 1 AE PRPUDeldit! weea Av

Q1 n

(@}

at onadeAwvwY Uzwpu %z agMBYwECo gy Adwy ul €F opk) YyAVERE a4 &
¢V ¥z ) ! Y%V lFeaturkow B W AREPPR HuAciion BMA 0AZAE Cu CyvA-v¥%a 61
) L Y%yl alhwHAL ABRCE IiedtifnStd dmve A w T A

Yy CAv C{yw« 06&WAYy Ue&v wel wEa 08A%CGWén Aite v¢ v) ! dAE/EQ

GPIO
SYSTICK

NVIC
RCC
FLASH

=A =4 =4 —a A

YAVt o wCBPIOOA Y jwAlAGRIO A E Uz wE 6w’ U

HAL_StatusTypeDef HAL_GPIO Init (GPIO_TypeDef* GPIOx, GPIO_InitTypeDef
*Init)

* @10 Initialization body %*
}
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Macros Description
__HAL_PPP_ENABLE_IT(__ HANDLE__, _ INTERRUPT_ ) Enables a specific peripheral
interrupt
__HAL_PPP_DISABLE_IT(__HANDLE__, __ INTERRUPT_ ) Disables a specific peripheral
interrupt
_ HAL_PPP_GET_IT (__HANDLE_ , _ INTERRUPT _) Gets a specific peripheral interrupt
status
_ HAL_PPP_CLEAR_IT (_ HANDLE_ , _ INTERRUPT _ ) Clears a specific peripheral
interrupt status
_ _HAL_PPP_GET_FLAG (_ HANDLE_ ,_ FLAG_ ) Gets a specific peripheral flag
status
__HAL_PPP_CLEAR_FLAG (_ HANDLE__, _FLAG_) Clears a specific peripheral flag
status
__HAL_PPP_ENABLE(__HANDLE_ ) Enables a peripheral
_ _HAL_PPP_DISABLE(__HANDLE_ ) Disables a peripheral
__HAL_PPP_XXXX (_HANDLE__, _ PARAM_ ) Specific PPP HAL driver macro
__HAL_PPP_GET_IT_SOURCE (__HANDLE_ , Checks the source of specified
INTERRUPT _) interrupt
i wiy
stm32f4xx_hal_cortex.c Y%l wAM Edwaw z CaekE Ad)  TomcRANVIC T

) L Yav it Yoy é
Az ¢CpPNy A A y T AE Cu at! v#an ¢dCETHZLBERNWE %A €z Caw
YLAE Cu -®97¢v! %z C
YTAE Cu a°yvi %Az wO- Uzawgaji &WrRRASCOwWHZ \ah HATD wskAw 24

HAL_PPP_Init(PPP_HandleTypeDef)
ifthppp == NULL)
{

return HAL_ERROR ;
}
ACy ©°i A{E #defidelpBsixwWx) >P) 2?28y v a°E -&xhpwaddhkv Az CO%UE ¢\
53%€¢ °pywl
#define _ HAL_LINKDMA(__HANDLE__, PPP_DMA FIELD_ , _DMA_HANDLE_)\
dof{ \
(_HANDLE_ )->_ PPP_DMA FIELD_=&( DMA_HANDLE_);\
(__DMA_HANDLE_).Parent = (_ HANDLE_ );\
Jwhile(0)

- Melec.ir
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Timer

Timer Counter

Counter

type resolution | type

Prescaler
factor

DMA
request
generation

Capture/
compare
channels

Complementary
output

Max
interface
clock
(MHz)

Max
timer
clock

MH
( mZJ

Advanced | TIM1,
-control | TIM8

16-bit

Up,
Down,
Up/down

Any
integer
between 1
and
65536

Yes

Yes

90

180

TIMZ,
TIMS

32-bit

Up,
Down,
Up/down

Any
integer
between 1
and
65536

Yes

No

45

90/180

TIM3,
TiM4

16-bit

Up
Down,
Up/down

Any
integer
between 1
and
65536

Yes

No

45

90/180

TIMS

General

16-bit

Up

Any
integer
between 1
and
65536

No

No

90

180

purpose
TIM10

TIM11

16-bit

Up

Any
integer
between 1
and
65536

No

No

90

180

TIM12

16-bit

Up

Any
integer
between 1
and
65536

No

No

45

90/180

TIM13

TIM14

16-bit

Up

Any
integer
between 1
and
65536

No

No

45

90/180

TIMS,

Basic TIM7

16-bit

Up

Any
integer
between 1
and
65536

Yes

No

45

90/180

1. The maximum timer clock is either 90 or 180 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR register.
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) stmBofaxx &8l Bc.ha € %kRE  JRTC HamdieTypéDef 0 T ¢Ev CAVEVE va va® y %4C o
eV °pEWBW{Y a°cyxucCo

av' L 30

RTC_TypeDef * Instance % A4t
RTC_InitTypeDef Init ¢cYwhay
HAL_LockTypeDef Lock ¢ Y@l pEE

_ 10 HAL_RTCStateTypeDef State 0 wWawg b i

uint32_t HourFormat
uint32_t AsynchPrediv

uint32_t SynchPrediv

uint32_t OutPutPolarity

uint32_tOu  tPutType

¢YWA y
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OX7F Gx00 U Cz ¢ ¥%ve° el

OX7TFFF k00 U Cz ¢ %a°phpi

uint32_t OutPut yeatr Cu

YCAvV %e¢ atvi ¢wa 0RTC QateTypeDébv + wy AL E T & &WE

av! L i

uint8_t WeekDay Ao ae
uint8_t Month av
uint8_t Date ¢Av, wliCz ¢t
uint8_t  Year ¢ Avaw i Cz ¢
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HAL_StatusTypeDef HAL_RTC _Init (RTC_HandleTypeDef *hrtc )
)t AE ®IC PWWEU v £ RTONahd@WpeBei ¢RwU o - wA ¢ hdc° yAiCo o A1
yoepi Cuy Cywiiy wouf{zs8 ¢ poi CLWw{ GALRFC, Behing BmaL{ yw
YLy Cu Ywi Az Eow A cyveadl | IOTAE Magkiw [fioEd) 2 & £

TC»wey QGwuyg
1 AE GAL_RTGvSetfDate () WAL RTC SetTime() wz (& %wWE o

HAL_StatusTypeDefHAL RTC_SetTime (RTC_HandleTypeDef* hrtc, RTC_TimeTypeDef
* sTime,uint32_t Format)

°Ewz °yvAEf Cu j ®%AI
FORMAT_BIN : Binary data format
FORMAT_BCD : BCD data format
) 1 AE HBLWRTE GetDat®() WAL RTC GetTime() ¢wa Uzwf wz ACy

HAL_StatusTypeDefHAL RTC_GetTime (RTC_HandleTypeDef * hrtc , RTC_TimeTypeDef
* sTime , uint32_t Format )

YLAE Cu +w-yv %ée¢e ¢wa U
HAL_StatusTypeDefHAL RTC_GetDate (RTC_HandleTypeDef * hrtc , RTC_DateTypeDef
* sDate , uint32_t Format )

HAL_StatusTypeDef HAL_RTC_SetDate ( RTC_HandleTypeDef * hrtc ,
RTC_DateTypeDef * sDate, uint32_t Format )
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HAL RTC_WaitForSynchro # $

RTC_EnterlnitMode # $
RTC_ByteToBcd2 # $

RTC_Bcd2ToByte # $

HAL_RTC_GetState # $
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Application Code
main thread interrupt

CMSIS-RTOS API

Objects
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RAM End (high) —
Main Stack

!
I

«— 8P

«— Heap End

Thread 1
|

Thread 2

I

+— 8P thread 1

«— SP thread 2

+— Heap Start

Data

RAM Start (low) —

ACs ey MG wwyEadw §y CuAadv ¢cwaz@acGu obwEs AC3wy AEv 061
Coilv AcE~ )Y°ozwé Cu ChapZEd AGAWY a%pAT: gl UEVORAAS
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) vy

void threadFunction(void *params){
while (1) {
// do something
}
}

wz MaelNly CwW) vidawe Ciyer AAiv ¥A8 Avzbu ¢ wa © [A &fiuY %z v ¥ i
¢ Av %UéE¢ 61T E Az °atrt Cu +wayvwlh¥% Ac

portBASE_TYPE xTaskCreate (
pdTASK_CODE pvTaskCode,
const portCHAR * const pcName,
unsigned portSHORT usStackDepth,
void *pvParameters,
unsigned portBASE_TYPE uxPriority,
xTaskHandle *pvCreatedTask

)
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main () {

—

// include misc.h

NVIC_PriorityGroupConfig( NVIC_PriorityGroup_4 );

// Initialize hardware

// Create tasks

xTaskCreate( ... );

// Start Scheduler

vTaskStartSchedule

!

r();
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static void Threadl(void =*arg) {
int dir = 0O;
while (1) {
vTaskDelay (300/portTICK_RATE_MS);
GPIOD WriteBit (GPIODC, GPID_Pin 9, dir 7 Bit_SET : Eit_RESET);
dir = 1 - dir;
¥
¥

static void Thread2{void =arg) {
int dir = 0;
while (1) {
vTaskDelay (500/portTICK_RATE_MS) ;
GPI0_WriteBit (GPIDC, GPID_Pin_8, dir 7 Bit_SET : Bit_RESET);

dir = 1 - dir;
3
¥
int main{veoid)
{
A4 set up interrupt priovities for FreeRTOS !
NVIC _PriorityGroupConfig( NVIC_PriorityGroup_4 J;
A4 initialize hardware
init_hardwvare();
A7 Create tasks
xTaskCreate{Threadl, S Function to exzecute
"Thread 1", A4S Name
128, A4 Stack size
NULL , A4 Parameter (none)
tskIDLE_PRIORITY + 1 , A4 Scheduling priority
NULL A/ Storage for handle (none)
1
*TaskCreate (Thread2, "Thread 2", 128,
NULL, tskxIDLE_PRIORITY + 1 , NULL);
S Start scheduler
vTaskStartScheduler () ;
A/ Schedule never ends
¥
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http://sourceforge.net/projects/freertos/files/

FreeRT0S/
Demo/CORTEX_STM32F100_Atollic/Simple_Demo_Source/
| FreeRTOSConfig.h
Source/

| include/

| list.c

| _portable/

MemMang/

L_heap_l.c

GCC/ARM_CM3/

t:port.c
portmacro.h

| _queue.c

| tasks.c

| timers.c
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int getchar(void){
while (USART_GetFlagStatus(USART1, USART_FLAG_RXNE)} == RESET);
return USARTx->DR & Oxff;
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¥S5emaphoreHandle uartRevMutex;
uart_init(...)}{

uwartRcvMutex = xSemaphoreCreateMutex();

¥
int getchar (void){
int c;
if (xSemaphoreTake (uartRcvMutex, portMAX_DELAY) == pdTRUE)
{
while (USART_GetFlagStatus(USART1, USART_FLAG_RXNE) == RESET);

c = USARTx->DR & Oxff;
xSemaphoreGive (uartRcvMutex) ;

}

return c;

}
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void putstring(char *s){
while (s && =*s)
putchar (*s++) ;
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Active Threads

event occurs

WAITING

terminate

iV

A

y¢CAv a°E &a¢%wbE 6

enum osPriority

#define

#define

22

osPriorityldle
osPriorityLow
osPriorityBelowNormal
osPriorityNormal
osPriorityAboveNormal
osPriorityHigh
osPriorityRealtime
osPriorityError

osThreadDef (name, priority, instances, stacksz)

Aodwé Ewlio.-v AoE-~

osThread (name) &os_thread_def ##name
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Semaphore
wait 0 A
elease o gt
#1 {3"1.3
#2
e
Dl Yoo
1@6 - f‘% Sy
#5 €
shared resource
UzwEg I BgaAllv bWz wpatr tvoebeg )Y)TAE CO0 ¢é%né°u | AzwEun
16 | %A&WEACHC @séseindohorewait y Uz %8 z w¥%asSemapioleCreatd G wCz
Uzweg ¢v | ga %AAWOUA QO % v ¢v¥mz )e¢auni avAE

Uzwe ¢eéwAy %t )oatrt Cu EE&vAA&av osSemaghoreReleasev %2 %A & w
) © b i A&Zw dsBemdplbpbelete
a°E aé%uUbPE ¢\

osSemaphoreld osSemaphoreCreate (const  osSemaphoreDef t *semaphore_def,
int32_t count)

LAAWUAWAE Wh

scheduler . ©

token 1
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int32_t

osStatus

osStatus

#define

#define

#define

Uzwes
11/2\/1

Ai ¢é
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osFeature_Semaphore

osSemaphoreDef (name)

osSemaphoreWait ( osSemaphoreld semaphore_id, uint32_t

millisec)

)L AE gav %a GoA&w av

osSemaphoreRelease (osSemaphoreld semaphore_id)

¢Coz 1¢

osSemaphoreDelete (osSemaphoreld semaphore_id)

vAAwUA i
A°CE a4¢é %ub£E
30

osSemaphoreCreate Uzwg ¢Ev

const osSemaphoreDef_t

os_semaphore_def ##name ={0}

osSemaphore (name)

¢Av AoCodz

BLAAWOUA s

&o0s_semaphore_def_##name

wmAAwaA i
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#include "cmsis_os.h"

osThreadld tid_threadl ; /1'|D for thread 1

osThreadld tid_thread2 ; /1'|D for thread 2

osSemaphoreld semaphore ; // Semaphore 1D
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osSemaphoreDef (semaphore ); // Semaphore definition
/%
Thread 1 - High Priority - Active every 3m S
*/
void threadl (void const *argument ) {

int32_t value ;

while (1) {

osDelay (3); /I Pass control to other tasks for 3ms

val = osSemaphoreWait (semaphore, 1); //Waitlms forthe free
semaphore

if (val > 0)

{
/I If there was no time -outthe  semaphore was acquired
/I OK, the interface is free now, use it.
osSemaphoreRelease  (semaphore ); // Return a token back to a

semaphore

}

}
J*
Thread 2 - Normal Priority - looks for a free semaphore and uses
the resource whenever it is available

*/

void thread2 (void const *argument ) {

while (1)

osSemaphoreWait (semaphore , osWaitForever ); //Waitindefinitely for
a free semaphore

/I OK, the interface is free now, use it.

osSemaphoreRelease (semaphore ); /I Return a token back to a
semaphore.

}

/* Thread definitions */

osThreadDef (threadl , osPriorityHigh , 1, 0);
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#define

#define

osThreadDef (thread2 , osPriorityNormal , 1, 0);

void StartApplication (void )

{
semaphore = osSemaphoreCreate (osSemaphore ( semaphore ), );
tid_thread1l = osThreadCreate (osThread (threadl ), NULL;
tid_thread?2 = osThreadCreate (osThread (thread2 ), NULL;

AT £AU
Cv¥%z )!ARBWE “WEEBRE waO&EAWA T £ PERAEL %wi Az

Y¢CAv ¢Codz 1i¢ WAPE wz LechPAAwWGATI 1 BUAWE A

Mutex

release release

shared resource
a° E aciwsap & U

osMutexDef (name) const osMutexDef t  os_mutex_def ##name ={0

}

osMutex (name) &0s_mutex_def ##name

a° E aASTYEPAED



osMutexId osMutexCreate  (const osMutexDef t  *mutex_def)
AT £EA0 sE i ¢
osStatus osMutexWait  (osMutexld mutex_id, uint32_t millisec)
YL AE gav %a Al
osStatus osMutexRelease  (osMutexld mutex_id)
1 Az oaMutexwdita awzi Ai C
osStatus osMutexDelete  (osMutexld mutex_id)
AT £AuU 1 €
Yy ¢Av a°E atv: GwEy
#include "cmsis_os.h" #include "cmsis_os.h"
osMutexDef ( Mutexlsr ); // Mutex name osMutexDef ( Mutexlsr ); /I Mutex name
definition definition
osMutexld mutex_id ;. /l Mutex id
) ) populated by the function
void CreateMutex (void ) { CreateMutex()
osMutexid mutex_id ~; osMutexld CreateMutex (void ); 1
mutex id - osMutexCreate function prototype that creates the
(osMutex ( Mutexlsr )); Mutex
if (mutex_id != NULD { void DeleteMutex ( osMutexId
- mutex_id ) {
/l Mutex object created
osStatus status ;
J if (mutex_id != NULD {

status =
osMutexDelete ( mutex_id );

0sOK) {

if (status !=

-

pdl
c



/I handle failure code

}
}
}
#include "cmsis_os.h" #include "cmsis_os.h"
osMutexDef (MutexIsr ); //Mutex name osMutexDef ( Mutexlsr );
definition . . .
void WaitMutex (void ) {
osMutexld mutex_id /[ Mutex id , _
populated by the function osMutexid mutex_id
CreateMutex() osStatus status ;
osMutexld CreateMutex (void ); I mutex _id - osMutexCreate
function prototype that creates the ( osMutex (Mutexlsr ):
Mutex
_ if (mutex_id != NULL {
void ReleaseMutex ( osMutexId
mutex_id ) { status = osMutexWait
(mutex_id , 0);
osStatus status ;
) ) if (status = 0sOK) {
if (mutex_id != NULL {
// handle failure code
status =
osMutexRelease (mutex_id ); }
if (status != 0sOK) { }
/I handle failure code }
}
}
}
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#define

#define

#define

osMailQld

void *

31/

osFeature_MailQ

Mail Queue

Thread
or
ISR

memary blocks

1

osMailQDef (name, queue_sz, type)

osMailQ (name)

osMailCreate
thread_id)

osMailAlloc

&0s_mailQ_def_##name

a°E acwbe ¢ A
a°E 4&ac
(const osMailQDef t *queue_def, osThreadld
Adwy aMA ;iwea |
(osMailQld  queue_id, uint32_t millisec)
Aowy 1¢& ¢v Al

ac yupb£E

Cw



void * osMailCAlloc (osMailQld  queue_id, uint32_t millisec)

Yol wz Yzv¥g APwyavP @ U¢ W

osStatus osMailPut  (osMailQld queue_id, void *mail)
al %t Auw
osEvent osMailGet (osMailQld queue_id, uint32_t millisec)
al ¢v Al
osStatus osMailFree  (osMailQld queue_id, void *mail)
Auowy ¢v AUa
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#include "cmsis_os.h"

osThreadld tid_threadl ; /1'ID for thread 1

osThreadld tid_thread2 ; /1'|D for thread 2

typedef struct  { // Mail object structure
float  voltage ; // AD result of measured voltage
float  current ; // AD result of measured current
int  counter ; // A counter value
} T_MEAS

osMailQDef ( malil , T_MEAS; // Define mail queue

osMailQld mail :

30
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void send thread (void const *argument ); //forward reference

void recv_thread (void const *argument );
osThreadDef (send_thread , osPriorityNormal , 1, 0); [/lthread definitions
osThreadDef (recv_thread , osPriorityNormal , 1, );

void

/*
Thread 1: Send thread
*/

send_thread  (void const *argument ) {

T_MEAS * mptr ;

mptr = osMailAlloc (mail , osWaitForever ); // Allocate memory

mptr - >voltage =

;. /] Set the mail content
mptr - >current = ;

mptr - >counter = ;

osMailPut (mail , mptr); // Send Mail

osDelay ( );

mptr = osMailAlloc  (mail , osWaitForever ); // Allocate memory

mptr - >voltage

= ; Il Prepare 2nd mail
mptr - >current = ;

mptr - >counter = ;

osMailPut (mail , mptr); // Send Mall

osThreadYield

0;

/I Cooperative multitasking

/I We are done here, exit this thread

}
[*
Thread 2: Receive thread

*/
void recv_thread (void const *argu ment) {

T_MEAS *rptr ;

osEventevt ;

for () |

evt = osMailGet (mail , osWaitForever ); // waitfor mail
if (evt.status == osEventMail ) ({



rptr = evt . value . p;

printf ("\ nVoltage: %.2f V \'n", rptr ->voltage );
printf ("Current: %.2f A \'n", rptr ->current );
printf ("Number of cycles: %d \'n", rptr ->counter );

osMailFree (mail ,

rptr ); // free memory allocated for

mail
}
}
}
void StartApplication (void ) {
mail = osMailCreate (osMailQ (mail ), NULLD; // create mail queue
tid_threadl = osThreadCreate (osThread (send_thread ), NULLD;
tid_thread2 = osThreadCreate (osThread (recv_thread ), NULD;
}
+wC~ al
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osMessageQld

osStatus

osEvent

32
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Message Queue
or
ISR int / pointer values

a°E ac¥ubE ¢

osMessageCreate (const osMessageQDef t *queue_def,
osThreadld thread_id)

°opi Cu ¢é¢wAhAew

osMessagePut (osMessageQld queue_id,uint32_tinfo, uint32_t
millisec)

osMessageGet (osMessageQld queue_id, uint32_t millisec)



#define osFeature_MessageQ 1
yopi Cu Cyw{CoE~ +w@voa
#define osMessageQDef (name, queue_sz, type)
+wC~ 4
#define osMessageQ (name) &0s_messageQ_def ##name
+wC~ ail 1i¢
yLAE E€wcCa° al 0! %z wi
#include "cmsis_os.h"
osThreadld tid_threadl ; /1'ID for thread 1
osThreadld tid_thread2 ; Il for thread 2

typedef struct { // Message object structure
float  voltage ; // AD result of measured voltage
float  current ; //AD result of measured current
int  counter ; // A counter value
} T_MEAS
osPoolDef ( mpool, , T_MEAS; // Define memory pool
osPoolld mpool
osMessageQDef ( MsgBox, , T_MEAS; /I Define message queue
osMessageQld MsgBox
void send_thread (void const *argument ); //forward reference
void recv_thread (void const *argument ); // forward reference
/I Thread definitions
osThreadDef (send_thread , osPriorityNormal , 1, 0);

osThreadDef (recv_thread , osPriorityNormal , 1, );

33
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[*
Thread 1: Send thread
*/
void send thread (void const *argument ) {
T_MEAS * mptr ;
mptr = osPoolAlloc  (mpool); // Allocate memory for the message
mptr - >voltage = ; I/ Set the message content
mptr - >current = ;
mptr - >counter = ;
osMessagePut ( MsgBox, (uint32_t ) mptr, osWaitForever ); // Send Message
osDelay ( );
mptr = osPoolAlloc  (mpool); // Allocate memory for the message
mptr - >voltage = ; Il Prepare a 2nd message
mptr - >current = ;
mptr - >counter = ;
osMessagePut (MsgBox, (uint32_t ) mptr, osWaitForever ); // Send Message
osThreadYield (); // Cooperative multitasking

/I We are done here, exit this thread

I
Thread 2: Receive thread

*/

void recv_thread (void const *argument ) {

T_MEAS *rptr ;

osEventevt ;

for () |

evt = osMessageGet ( MsgBox, osWaitForever ); // waitfor message
if (evt.status == osEventMessage ) ({
rptr - = evt . value . p;

printf ("\ nVoltage: %.2f V \'n", rptr ->voltage );
printf ("Current: %.2f A \'n", rptr ->current );

printf ( "Number of cycles: %d \'n", rptr ->counter );



osPoolFree (mpool, rptr ); //free memory allocated for message

}
}
}
void StartApplication (void ) {

mpool = osPoolCreate (0sPool (mpool)); // create memory pool

MsgBox = osMessageCreate (osMessageQ( MsgBox), NULL); //create msgqueue
tid_threadl = osThreadCreate (osThread (send_thread ), NULLD;
tid_thread2 = osThreadCreate (osThread (recv_thread ), NULD;
}

Ewl o v 6wpoCA ¢éwa @ %~ C¢vwmv!

#include "cmsis_os.h"

DigitalOut led (LEDY);

void led_thread (void const
while  (true ) {
/I Signal flags that are reported as event are automatically cleared.
osSignalWait  ( , 0sWaitForever );

*args ) {

a éwb(‘)C)
CywaEE¥% %a )°opi
)y ¢Av atwvi?

led = !led;
}
}
osThreadDef (led_thread osPriorityNormal DEFAULT_STACK_SIZE;
int  main (void ) {
osThreadld tid = osThreadCreate (osThread (led_thread ), NULL);
while  (true ) {
osDelay ( );
osSignalSet  (tid , );
}
}
« o o ~ =
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. osTimerStart
osTimerStart (restart timer) )
osTimerStop
¥ £ ¥ 20 Time
Callback Callback Callback Callback
¢cwa Uzwfg °pyvAE Cu y °yAE CosTime¥thraad 0 0 WAEKES Y50 &4 GV

#define osTimerDef (name, function)
Define a Timer object.
#define osTimer (name) &os_timer_def ##name
Access a Timer definition.
enum os_timer_type {
osTimerOnce =0,
osTimerPeriodic =1
}
osTimerld osTimerCreate (const osTimerDef t

void *argument)

Create a timer.

Yo pbpi CyvA-v%a

w a ac ¥%ub£

CE%WUE Qwac
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*timer_def, 0s_timer_type type,



http://www.keil.com/pack/doc/CMSIS/RTOS/html/cmsis__os_8h.html#ab8530dd4273f1f5382187732e14fcaa7
http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___timer_mgmt.html#gaedd312bfdca04e0b8162b666e09a1ae6
http://www.keil.com/pack/doc/CMSIS/RTOS/html/structos_timer_def__t.html
http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___timer_mgmt.html#gadac860eb9e1b4b0619271e6595ed83d9

timer_id, uint32_t millisec)

osStatus osTimerStart (osTimerld
Start or restart a timer.
osStatus osTimerStop  (osTimerld  timer_id)
Stop the timer.
osStatus osTimerDelete (osTimerld _ timer_id)
Delete a timer that was created by osTimerCreate
é

YauCwE¢gveEy
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); //when the timer expires, the function
start_machine is called

osTimerDef (one_shot , start machine
osTimerDef (periodic , toggle power ); // when the timer expires, the function
toggle_power s called
osTimerld one_shot_id , periodic_id ;
U A OwuA&EE Y% ¢ YW OuEweE
one_shot_id = osTimerCreate (osTimer (one_shot ), osTimerOnce , (void *) 0); /I
creates aone - shottimer;
/I (void*)0 is passed as an argument to the callback function
periodic_id = osTimerCreate (osTimer (periodic ), osTimerPeriodic , (void *) 5);
/] creates a periodic timer;

/I (void*)5 is passed as an argument to the callback function

osTimerStart  (one_shot_id

osTimerStart  ( periodic

()


http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___status.html#gae2e091fefc4c767117727bd5aba4d99e
http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___timer_mgmt.html#ga27a797a401b068e2644d1125f22a07ca
http://www.keil.com/pack/doc/CMSIS/RTOS/html/cmsis__os_8h.html#ab8530dd4273f1f5382187732e14fcaa7
http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___status.html#gae2e091fefc4c767117727bd5aba4d99e
http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___timer_mgmt.html#ga58f36b121a812936435cacc6e1e0e091
http://www.keil.com/pack/doc/CMSIS/RTOS/html/cmsis__os_8h.html#ab8530dd4273f1f5382187732e14fcaa7
http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___status.html#gae2e091fefc4c767117727bd5aba4d99e
http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___timer_mgmt.html#ga746b8043d906849bd65e3900fcb483cf
http://www.keil.com/pack/doc/CMSIS/RTOS/html/cmsis__os_8h.html#ab8530dd4273f1f5382187732e14fcaa7
http://www.keil.com/pack/doc/CMSIS/RTOS/html/group___c_m_s_i_s___r_t_o_s___timer_mgmt.html#gaedd312bfdca04e0b8162b666e09a1ae6

Melec.Ir

DigitalOut  (LED1), DigitalOut

osTimerld timer_0 =

osTimerld timer_1 =
osTimerld timer_2 =

osTimerld timer_3 =

51 i

osTimerCreate

osTimerCreate

osTimerCreate

osTimerCreate

#include "cmsis_os.h"

DigitalOut LEDs

(LED2), DigitalOut

void  blink

LEDs[( int ) n]

osTimerDef
osTimerDef
osTimerDef

osTimerDef

(osTimer (blink_0 ),

(osTimer (blink_ 1 ),

(osTimer (blink_2 ),

(osTimer (blink_3 ),

osTimerStart
osTimerStart
osTimerStart

osTimerStart

(LED3),

(41 =A{

DigitalOut  (LED4)

h
(void const *n) {
= I LEDs[( int )n];

}
(blink_0 , blink );
(blink_1 , blink );
(blink_2 , blink );
(blink_3 , blink );

int main(void ) {

osTimerPeriodic ,

(void *) 0);
osTimerPeriodic ,
(void *) 1);
osTimerPeriodic ,
(void *) 2);
osTimerPeriodic ,
(void *) 3);
(timer_ 0 );
(timer_1 );
(timer_2 );
(timer_3 );

osDelay (osWaitForever );

tcewY¥% °¢&wz V¥

}
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#i nclude "cmsis_os.h"

osMessageQDef (queue, 5, message t );

osMessageQld queue ;

DigitalOut myled (LEDY);

void queue_isr () {

osMessagePut (queue, (uint32_t )2, 0);

myled = ! myled ;
}

void queue_thread (void const *args) {
while  (true ) {
osMessagePut (queue, 1, 0);

osDelay ( );
}
}

osThreadDef (queue_thread , osPriorityNormal , DEFAULT_STACK_SIZE;

int main (void ) {

gueue = osMessageCreate (o0sMessageQ(queue), NULD;

osThreadCreate (osThread (queue thread ), NULL);

Ticker ticker

ticker . attach (queue_isr |, );

while  (true ) {



osEvent evt = osMessageGet (queue, osWaitForever );

if (evt.status != osEventMessage ) {
printf  ("queue - >get() returned %02x status \n\r", evt.status );
} else {
printf  ("queue - >get() returned %d \n\r", evt.value .v);
}
}
}
wO- y ¢CbNy ¢
yoyv a°E aé¢%ubf %ue, CE%WUE OwaocowlhYvbowlkvEeaa O
enum osStatus  {
0sOK_ =0,
osEventSignal = 0x08,
osEventMessage = 0x10,
os EventMail __ = 0x20,
osEventTimeout = 0x40,
osErrorParameter = 0x80,
osErrorResource = 0x81,
osErrorTimeoutResource = 0xC1,
osErrorl SR =0x82,
osErrorISRRecursive = 0x83,
osErrorPriority = 0x84,
osErrorNoMemory = 0x85,
osErrorValue = 0x86,
0SErrorOS = OxFF,
0s_status_reserved = OX7FFFFFFF
}
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Application

FatFs Module

Device I/F ‘

Storage device controls
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FRESULT f_open (
FIL* fp, /* [OUT] Pointer to the file object structure */

const TCHAR path , /*[IN] File name */
BYTE mode /* [IN] Mode flags */
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FAWRITE y GFAREAD wz ) °yAE AcEAYy 06&wa %%t ©
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FA_OPEN_EXISTING #1 %48 EC~$ )t %A. Cu ¢A E |
FA_CREATE_NEV Y Ewz ! A«AUu 6REXEBT wizv Uz@A& V&S

FA_CREATE_ALWAY:! Yt AE Cu AcEAY 0] ¢y¥% |
FA_OPEN_ALWAY! Yyt ewA CU °6°« O0c&wa 6

FA_OPEN_APPENL ) ¢ Ay a°E @CUpPpE O6Cwa CPRAAPENVAWAYS ° {
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FR_OK, FR_DISK_ERR, FR_INT_ERR, FR_NOT_READY, FR_NO_FILE, FR_NO_PATH, FR_INVALID_NAME,
FR_DENIED, FR_EXIST, FR_INVALID_OBJECT, = FR_WRITE_PROTECTED, FR_INVALID_DRIVE, FR_NOT_ENABLED,
FR_NO_FILESYSTEM, FR_TIMEOUT, FR_LOCKED, FR_NOT_ENOUGH_CORE, FR_TOO_MANY_OPEN_FILES
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/* Copy a file "file.bin" on the drive 1 to drive 0 */

int main (void )

{
FATFSfs [ 2]; /* Work area (file system object) for logical drives
*
FIL fsrc , fdst ; /* File objects */
BYTE buffer [ I /* File copy buffer */
FRESULT fr ; /* FatFs function common result code */
UINT br , bw; /* File read/write count */

o)

ow



/* Register work area for each logical drive */
f mount (&fs [0], "0:" , 0);
f mount (&fs [1], "1 , 0);

/* Open source file on the drive 1 */
fr = f_open (&fsrc , "l:file.bin" , FA_READ;

if (fr) return (int )fr ;

/* Create destination file on the drive 0 */
fr = f open (&fdst , "O:file.bin” , FA_WRITE | FA_CREATE_ALWAYS

if (fr) return (int )fr ;

/* Copy source to destination */

for () |

fr = f read (&fsrc , buffer , sizeof buffer , &br); /* Read a chunk of
source file */
if (fr || br == 0) break ; /*error oreof */
fr = f write (&fdst , buffer , br, &bw); [* Write it to the

destination file */

if (fr || bw < br) break ; /*error ordisk full */

/*Cl ose open files */
f close (&fsrc );

f close (&fdst );
/* Unregister work area prior to discard it */
f mount (NULL "O:" , 0);

f mount (NULL "1:" , 0);

return  (int )fr ;



/* Read a text file and display it */

FATFES FatFs ; /* Work area (file system object) for logical drive */
int main (void )
{
FIL fil ; [* File object */
char line [82]; /*Line buffer*/
FRESULT fr ; /* FatFs return code */
/* Register work area to the default drive */
f_mount (&FatFs , "™, 0);
/* Open a text file */
fr = f_open (&fil , "message.ixt" , FA_READ;
if (fr) return (int )fr ;
/* Read all lines and display it */
while (f_gets (line , sizeof line , &fil ))
printf  (line );
/* Close the file */
f close (&fil );
return ;
}
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FRESULT f_write (

FIL* fp, /* [IN] Pointer to the file object structure */

const void* buff , /*[IN] Pointer to the data to be written */

UINT btw, /* [IN] Number of bytes to write */

UINT* bw /* [OUT] Pointer to the variable to return number of bytes written */

);
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FRESULT f_lIseek (
FIL*  fp, /*[IN] File object */
FSIZE_t ofs /*[IN] File read/write pointer */
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FRESULT f_readdir (
DIR*dp,  /*[IN] Directory object */
FILINFO* fno /* [OUT] File information structure */

)
5AyAay Auw
FRESULT scan_files (

char * path /* Start node to be scanned (***also used as work area***)
*

)

{

FRESULT res ;
DIR dir

UINTi ;

static FILINFO fno ;

res = f_opendir (&dir , path); * Open the directory */
if (res == FR_OKR {
for () |

res = f readdir (&dir , &fno); [* Read a directory item */

/* Break on error or end of dir */

if (res != FR_OK|| fno.fname[0O] == 0) break ;

if (fno . fattrib & AM_DIR { [* It is a directory */



+/

res =

} else {

scan_files

sprintf
(path );

printf

i = strlen (path);
(&path [i], "/%s" , fno .fname);

/* Enter the directory */
if (res !'= FR_OK break ;
path [i] = 0

[* Itis afile. */

("%s/%s\n", path, fno .fname);

}

}

f closedir  (&dir )
}

return  res ;

}

int main (void )
{

FATFS fs ;
FRESULT res ;
char buff [ l;

res = f_mount (&fs, ™, 1)
if (res == FR_OKR {
strcpy (buff , /"),

res = scan_files (buff );

}

return res ;

}
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FSIZE_tf tell (
FIL* fp /* [IN] File object */

);
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"sd:filel.txt" , "ram:swapfile.dat"
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[*Example: Logical drive O - 2 are tied to three pri - partitions on the physical
drive O (fixed drive)

Logical drive 3 is tied to an FAT volume on the physical drive 1
(removable drive)

*
PARTITION VolToPart [| = {

{0, 1}, /*"0:" ==> Physical drive 0, 1st partition */

{o, 2}, /*"1:" ==> Physical drive 0, 2nd partition */

{0, 3}, [*"2:" ==> Physical drive 0, 3rd partition */
{1, 0} /*"3:" ==> Physical drive 1, auto detection */
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_MULTI_PARTITION =0

Logical drive
number

Logical drive
numb

Physical drive 0

_MULTI_PARTITION =1

LD-PD resolution table

er VolToPart[ ]

Physical drive O (partitionecl)

[N\ /

ficonf.h integer.h

wavAav ¢, A v

1 AE

C- %z

S —Y |

— 3 include

Dashed modules depend on each project.

Wz

Cu a°¢é¢r yCEWUE Az

FAT Veolume "@:photol.jpg" — |0 |pd=0, pt=1 ____—:-
"3 Filename . txt"—= "l:table.dat” —[1[pd=0, pt=2 |- |[FAT Volume2 |
"3:setup.txt" —=| 3 |pd=1l, pt=auto
Physical drive 1 \Physical drive 1 (removable)
FAT Volume FAT Volume
"1:datall®.bin” >
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User Low level disk /'O layer .
Application Fall=agae Lz {provided by implementer} b))
disk_read() spi_xchg()
ff.c ,.:
/ \ MMC/SD
diskio.h
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(a) Single Drive System

Application Application
f_open() f_open()
f_read() f_read()
FatFs FatFs
disk read(} disk_read()
disk wrne[} get_fattime() disk_writel) get_fattime()
MMC/SD module EatFs never care about ‘ Glue functions to attach existing drivers to FatF
written for FatFs implementations in this @ 5
Pl 12C T
| wmmcisp || usswsc |
sn. usn. NAND
{optional) B i
{opl]onal}
tAE Cu a°ér Ew ¢Wa?l ¥z Ybwi
A Ai ¢Av Uz
oewa %t Céwa Ayl?l a Yy disk_status
) disk_initialize
) ffsamApIe.2|p disk read
) ¢tawé GVAE Cu ¢y a
_FS_READONL disk_write
0 get_fattime
disk_ioctl (CTRL_SYNC)
_USE_MKFS == disk _ioctl
(GET_SECTOR_COUNT
disk_ioctl
(GET_BLOCK_SIZE)
_MAX_SS I= disk_ioctl
_MIN_SS (GET_SECTOR_SIZE)
_USE_TRIM == disk_ioctl (CTRL_TRIM)
6¢ wa WAD £ yeoicC _USE_LFN!=0 ff_convert
. - N ; ff_wtoupper
) °Chpi A eptwwrduvicode. A § ¥4~

w a

ow”

(b) Multiple Drive System

0 Ay A

) 1 Youption/Sysealté

_USE_LFN ==

_FS_REENTRANT

ff_cre_syncobj

== ff_del_syncobj
ff_req_grant

ff_rel_grant

ff_mem_alloc
ff_mem_free

A ]
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°oChpi
Functi _FS_ _FS_ _USE
on MINIMIZ READO  _
E NLY  STRF
UNC
0123 0 1 O
f_moun
t
f_open
f_clos
e
f read
f_writ X
e
f_sync X
f_Isee X
k
f_open X X
dir
f clos X X
edir
f read X X
dir
f find X X
first
f find X X
next
f stat X X X
f_getf X X X X
ree
f_trun X X X X
cate

-

XW, ayvV

FS_ _US
RPATH E_
FIN
D

exFat

VvV 2

_US
E

¢Av a

C 0¢, wzw a

51
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_USE _US
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_US _USE _MULT
E |

CHM EXPA LAB MKF FORW PARTI

oD

ND EL

S ARD  TION

10120101 010101 0 1 0 1



f_unli X X X X

nk
f_mkdi X X X X
r
f rena X X X X
me
f_chdi X
r
f _chdr X
ive
f_getc X X
wd
f_chmo X X
d
f_utim X X
e
f_getl X
abel
f_setl X X
abel
f_expa X X
nd
f_forw X
ard
f_mkfs X X
f_fdis X X X
k
f_putc X X
f_puts X X
f_prin X X
tf
f_gets X
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1 AE_ BANIRAC_SDIO_CLK_ENABLE(); ¢ ¥ ¥%i stion OX WA
__HAL_RCC_GPIOx_CLK_ENABLE(); attia %l YEPIYE v BawAC YWA ¢ ¢
wiE ¢ wa HALCGPIOHM(C ~ aé{wlec Av wz Ei dwzgpidd Uydne Ul Wi U@
HAL_SD_WriteBlocks DMA()  WAL_SD_ReadBlocks DMA() ¢ Vv a ! wadmivi wwzC P piesy
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SDIO_CK = SDIOCLK / (ClockDiv + 2)
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HAL_SD_GéStatus()
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HAL_SD_SendSDStatus()

~
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__HAL_SD_SDIO_ENABLE : Enable the SD device

_ HAL_SD_SDIO_DISABLE : Disable the SD device

_ HAL_SD_SDIO_DMA_EABLE: Enable the SDIO DMA transfer
__HAL_SD_SDIO_DMA_DISABLE: Disable the SDIO DMA transfer
__HAL_SD_SDIO_ENABLE_IT: Enable the SD device interrupt

_ HAL_SD_SDIO_DISABLE_IT: Disable the SD device interrupt

__HAL _SD_SDIO_GET_FLAG:Check whether the spec ified SD flag is set or not
__HAL_SD_SDIO_CLEAR_FLAG: Clear the SD's pending flags

This file provides firmware functions to manage the following
functionalities of the SDMMC peripheral:

+ Initialization/de - initialization functions

+1/O  operation functions

+ Peripheral Control functions

+ Peripheral State functions

*

@verbatim




#HH#H SDMMC peripheral features #####

[..] The SD/SDIO MMC card host interface (SDIO) provides an interface
between the APB2

peripheral bus and MultiMedia cards (MMCs), SD memory cards, SDIO
cardsand C E- ATA

devices.

[..] The SDIO features include the following:

(+) Full compliance with MultiMedia Card System Specification
Version 4.2. Card support

for three different databus modes: 1 - bit (default), 4 - bit and
8- bit

(+) Full compatibility with previous versions of MultiMedia Cards
(forward compatibility)

(+) Full compliance with SD Memory Card Specifications Version 2.0

(+) Full compliance with SD 1/0O Card Specification Version 2.0:
card suppor tfor two

different data bus modes: 1 - bit (default) and 4 - bit
(+) Full support of the CE - ATA features (full compliance with CE -
ATA digital protocol
Rev1.1)
(+) Data transfer up to 48 MHz for the 8 bit mode
(+) Data and command output enable signals to control external
bidirectional drivers.
#iHH## How to use this driver #####
[]
This driver is a considered as a driver of service for external devices
drivers
that interfaces with the SDIO peripheral.
According to the device used (SD card/ MMC card / SDIO card ...), a
set of APIs



is used in the devi ce's driver to perform SDIO operations and
functionalities.

This driver is almost transparent for the final user, it is only used
to implement other

functionalities of the external device.

(]

(+) The SDIO clock (SDIOCLK =48 MHz) is coming from a specific output
of PLL

(PLL48CLK). Before start working with SDIO peripheral make sure
that the

PLL is well configured.
The SDIO peripheral uses two clock signals:
(++) SDIO adapter clock (SDI OCLK =48 MHz)
(++) APB2 bus clock (PCLK2)

- @@ PCLK2 and SDIO_CK clock frequencies must respect the following
condition:

Frequency(PCLK2) >= (3 / 8 x Frequency(SDIO_CK))

(+) Enable/Disable peripheral clo ck using RCC peripheral macros related
to SDIO

peripheral.

(+) Enable the Power ON State using the SDIO_PowerState_ ON(SDIOX)

function and disable it using the function
SDIO_PowerState_ OFF(SDIOX).

(+) Enable/Disable the clock using the
__ SDIO_ENABLE()/__SDIO_DISABLE() macros.

(+) Enable/Disable the peripheral interrupts using the macros
__SDIO_ENABLE_IT(hsdio, IT)

and __ SDIO_DISABLE_IT(hsdio, IT) if you need to use interrup t
mode.

(+) When using the DMA mode



(++) Configure the DMA in the MSP layer of the external device
(++) Active the needed channel Request

(++) Enable the DMA using __SDIO_DMA_ENABLE() macro or Disable it
using the macro

__SDIO_DMA_DISABLE().

(+) To control the CPSM (Command Path State Machine) and send
commands to the card use the SDIO_SendCommand(SDIOXx),

SDIO_GetCommandResponse() and SDIO_GetResponse() functions. First,
user has

to fill the command structure (pointer to SDIO_CmdInitTypeDef)
according

to the selected command to be sent.
The parameters that should be filled are:
(++) Command Argument
(++) Command Index
(++) Command Response type
(++) Command Wait

(++) CPSM Status (Enable or Disable).

-@@ To check if the command is well received, read the
SDIO_CMDRESP

register using the SDIO_GetCommandResponse().

The SDIO responses registers (SDIO_RESP1 to SDIO_RESP2), use

the
SDIO_GetResponse() function.
(+) To control the DPSM (Data Path State Machine) and send/receive
data to/from the card use the SDIO_DataConfig(),
SDIO_GetDataCounter(),
SDIO_ReadFIFO(), DIO_WriteFIFO() and SDIO_GetFIFOCount()
functions.

*** Read Operations ***

(]

(#) First, user has to fill the data structure (pointer to



SDIO_DatalnitTypeDef) according to the selected data type to be
received.

The parameters that should be filled are:
(++) Data Timeout
(++) Data Length
(++) Data Blo ck size
(++) Data Transfer direction: should be from card (To SDIO)
(++) Data Transfer mode

(++) DPSM Status (Enable or Disable)

(#) Configure the SDIO resources to receive the da ta from the card

according to selected transfer mode (Refer to Step 8, 9 and 10).

(#) Send the selected Read command (refer to step 11).

(#) Use the SDIO flags/interrupts to check the transfer status.

** * \Write Operations ***

[]
(#) First, user has to fill the data structure (pointer to

SDIO_DatalnitTypeDef) according to the selected data type to be
received.

The parameters that should be filled are:
(++) Data Timeout
(++) Data Length
(++) Data Block size
(++) Data Transfer direction: should be to card (To CARD)
(++) Data Transfer mode

(++) D PSM Status (Enable or Disable)

(#) Configure the SDIO resources to send the data to the card according
to

selected transfer mode.



(#) Send the selected Write command.

(#) Use the SDIO f lags/interrupts to check the transfer status.
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SDIO- >POWER&= PWRPWRCTRL_MASK
SDIO- > POWER= SDIO_PowerState ;
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if (SDIO_PowerState == SDIO_PowerState_ ON)
SDIO- >POWER |= SDIO_PowerState;
else
SDIO- >POWER &= PWR_PWRCTRL_MASK;
Ay v SetidSDSttus() 1 A-  Ai SDAGetC&idbtat@y v A LD M) Uz £ %!
errorstatus = SD_SendSDStatus (( uint32_t  *) SDSTATUS_ Tab;
i LWAMDIB Z2Aa A1 $ ) °opi ¢ AaAweE %l0,i-Adwi ¢ Aw JAR-~a OWEANEZ ]
YCAV wedgvnadwLag:)°opi Cu twaév wO- Ai
static uint8_t SDSTATUS Talp 16];
i Yowi Az (DMA %g why wa f %8A g ADMABELWA A 1911 ATy vAAe w A ¢ wilda) E A
)L AE at %yj

é set up bl ock si ze
€ setup SDI O data configur e

SDIO_ITConfig ( SDIO_IT_DATAEND, ENABLE );

SDIO_DMACmd ( ENABLE );

SD_LowLevel_DMA_RxConfig ( (uint32_t *)pReadBuff );
€ send READ_MULTIBLOCK or READ_BLOCK comm

SDIO ° 3 vy
Yo pbuo Eavediwd ABRDO AWy ywa 0wl %IDIO)oMB Owz ) AFw?R ¢RWU %D wé

at least 8 SDIO_CK cycles
SDIO_CK ( Response Command )

State  Idie ! ldle ! Send

Send Receive

SDIO_CMD Hi-Z Controller drives:  Hi-Z Carddrives + Hi-Z! Controller drives '

ai14707

Yoeel 2WEZz ¢v wa OGwte
Bit position Width Value Description
47 1 0 Start bit
46 1 1 Transmission bit
[45:40] 6 - Command index
[39:8] 32 - Argument
[7:1] 7 - CRC7
0 1 1 End bit
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Table 152. Short response format

Bit position Width Value Description
47 1 0 Start bit
46 1 0 Transmission bit
[45:40] 6 - Command index
[39:8] 32 - Argument
[7:1] 7 - CRC7(or 1111111)
0 1 1 End bit

Table 153. Long response format

Bit position Width Value Description
135 1 0 Start bit
134 1 0 Transmission bit
[133:128] 6 111111 Reserved
[127:1] 127 - CID or CSD (including internal CRC7)
0 1 1 End bit
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The CRC checksum is a 7-bit value:
CRCI[6:0] = Remainder [(M(x) * x”) / G(x)]
G(x)=x" +x3+ 1
M(x) = (start bit) * x32 + ... + (last bit before CRC) * x°, or
M(x) = (start bit) * x'12 + ... + (last bit before CRC) * x°

Owo%ad %CAEL ¢CbhbNYy

Table 154. Command path status flags

Flag Description
CMDREND Set if response CRC is OK.
CCRCFAIL Set if response CRC fails.
CMDSENT Set when command (that does not require response) is sent
CTIMEOUT Response timeout.
CMDACT Command transfer in progress.
8 Y~ Wiv °pi Cu) Aeé yo whnd- ewls ¢.OPANYY 1oVBATR- CAwEE A &é Y
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Table 156. Transmit FIFO status flags

Flag Description
TXFIFOF Set to high when all 32 transmit FIFO words contain valid data.
TXFIFOE Set to high when the transmit FIFO does not contain valid data.
TXFIFOHE Set to high when 8 or more transmit FIFO words are empty. This flag can be used
as a DMA request.
TXDAVL Set to high when the transmit FIFO contains valid data. This flag is the inverse of
the TXFIFOE flag.
TXUNDERR Set to high whep an underrun error occurs. This flag is cleared by writing to the
SDIO Clear register.
Table 157. Receive FIFO status flags
Flag Description
RXFIFOF Set to high when all 32 receive FIFO words contain valid data
RXFIFOE Set to high when the receive FIFO does not contain valid data.
RXFIFOHF Set to high when 8 or more receive FIFO words contain valid data. This flag can be
used as a DMA request.
RXDAVL Set to high when the receive FIFO is not empty. This flag is the inverse of the
RXFIFOE flag.
RXOVERR Set to high when an overrun error occurs. This flag is cleared by writing to the SDIO

Clear register.
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ARGB8888
RGB888
RGB565
ARGB1555
ARGB4444
L8 (8 - bit Luminance or CLUT)
AL44 (4 - bit alpha + 4 - bit luminance)
AL88 (8 - bitalpha +8 - bit luminance)
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Figure 76. LCD-TFT horizontal timing diagram
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Figure 77. LCD-TFT vertical timing diagram
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LTDC registers

Clock domain

LTDC_LxCR

LTDC_LxCFBAR

LTDC_LxCFBLR

LTDC_LxCFBLNR

HCLK

LTDC_SRCR

LTDC_IER

LTDC_ISR

LTDC_ICR

PCLK2

LTDC_SSCR

LTDC_BPCR

LTDC_AWCR

LTDC_TWCR

LTDC_GCR

LTDC_BCCR

LTDC_LIPCR

LTDC_CPSR

LTDC_CDSR

LTDC_LxWHPCR

LTDC_LxWVPCR

LTDC_LxCKCR

LTDC_LxPFCR

LTDC_LxCACR

LTDC_LxDCCR

LTDC_LxBFCR

LTDC_LxCLUTWR

Pixel Clock (LCD_CLK)
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LcCD 6wpoCA OzvYy

LCD-TFT /o Description
signals
LCD_CLK 0 Clock Output
LCD_HSYNC O Horizontal Synchronization
LCD_VSYNC 0] Vertical Synchronization
LCD_DE 0] Not Data Enable
LCD_R[7:0] o) Data: 8-bit Red data
LCD G[7:0] 0] Data: 8-bit Green data
LCD_B[7:0] 0 Data: 8-bit Blue data

-

dy% 1wez Cuo £AZCA 6w 0 ¢év¥z )t 3%y atwesAv 3%z%wi av.
$ °yuUChd AV %é wa !l QIRGBEESY~ WA

L&D R[7:3],LCD_G[7:2]and LCD_B [7:3]

) ¢ Av  Chesedun @@{(#Ed (v Ai AR vo SCpnid ¥

MSYNC width - 1 C&a?! %v° él VWRCC#AHGYNET AUz WQWA OwoAGa ¢w
) L AE @0c_S$aRGib £AVEYAIC Width - 1

» Total width -
HBP HFP
2o -
52 Active width :
T = -+ >
!
VSYNC widthy
A
VBP |
. U [ I
1 Dataf, Line1
z
=
@
I
= Active Display Area
=) Active Height
¥ | Data(n), Line(n)
r
VFP
Y
MSv19674V1
VSYNC HKSYNC Width + HBP 1 1 °E Uul« déwa®nveeéeu wz Cé&aweéew ¢rAQY
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WSYNC Width + HBP + ActiveWidth i1 a°yAE UG« ¢wad¥®voeéu $AEY% Auwy
A AN1L 36+ -wWE Wy T AE VEINGEIE VN + VBP + Active Height -1
) %6 AT £ o6wba ¢uLEé “%voeélnu TA. Ay

¥SYNC Width + HBP + Active Width + HFP i1 ¢ a°yAE UG« pemtéu ¢AEw%
LTDC_TWCR

¥3IYNC Height + VBP + Active Height + VFP 1 a°yAE Uul« %veteu ¢EACY |
LTDC_THCR
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ATDC_SSCR: 0x00070001. ( HSW [11:0] is 0x7 and VSH[10:0] is 0x3)

,ZLTDC_BPCR: 0x000EO0005. (AHBP[11:0] is OXE(0x8 + 0x6) and AVBP[10:0] is
0x5(0x4 + 0x1))

ATDC_AWCR: 0x028E01E5. (AAW[11:0] is 0x28E(0x8+0x7 +0x27F) and AAH[10:0] is
0x1E5(0x4 +0x2 + 0x1DF)

ATDC_TWCR: 0x00000294. (TOTALW[11:0] is 0x294(0x8 +0x7 +0x280 + OX5)

ATDC_THCR: 0x000001E7. (TOTALH[10:0] is OX1E7(0x4 +0x2 + OX1EO + 1)
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Active Data Area
WVSTPOS bits in L

LTDC_LxWHPCR —

WHSTPOS bits in WVSPPOS bits in

Wind
LTDC_LxWHPCR L LTDC_|LxWHPCR

WHSPPOS bits in
LTDC_LxWHPCR
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Components which have a width of less than 8 bits get expanded to 8 bits by
bit replication. The selected bit range is concatenated multiple times until

bits. Of the resulting vector, the 8 MSB bits are chosen. 3tis longer than

Example: 5 bits of an RGB565 red channel become (bit positions): 43210 432
#the 3 LSBs are filled with the 3 MSBs of the 5 bits
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Line

Register Reload D

LTDC global interrupt

FIFO Underrun

LTDC global Error interrupt
Transfer error 9 P

MS19678V1

°opar CuOewaBLELL A

1 AE Cipc ieoBRbk: a°E ¢Aé¥% Auwyxz O ) §A%uz accE

, = .z

oy AE Cu ¢ %y % Ywz ¢ AN Do@gy KB4 vesiwaw za YAjaaé y+ w
tAE CuCAw-AvAAGd ¢AxeCad 1€ ¢vi 6A& C~ i
°o3:r Cu p¥% mBAwzo wavdy v i €wAplra Ck¥ey 56
Interrupt event Event flag Enable Control bit

Line LIF LIE

Register Reload RRIF RRIEN

FIFO Underrun FUDERRIF FUDERRIE

Transfer Error TERRIF TERRIE

LTDC ¢ AE Y% Auwy ¥

RCC%A Y4Lt{D€ ¢ YwWA QOf %i O6wba
dyw~ atvi Afd¥%uz e{10 a°E Axa,
e{ 0 CEeAb« 0dv! ¢°pPz¢UNAWNORYECPRGGE A0 & ad Wa " @° pLed
) atvi Af¥%z

LTDC_ GCR %! ¢ YwWA ¢ Q% oy iw uAQGp £ \
LTDC BCCR %2t ApCug¢ O0y% oCUpE |
LTDC_LIPCR WIDC_IER %! ¢wCy A0 ¢wa
5¢6A¢% JAAWNG e wiua 0 v aw~

LTDC_LxPFCR %! 0 A dCwé ¢ 1 y %y
LTDC_LXCFBAR %! 8y % xwé& ¥awz Uy %E £

LTDC_LxCFBLR %! & yPVicHx Wwé O¥%ia wA O
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yTDC_GCR 31

LTDC_SSCR

LTDC_BPCR

LTDC_AWCR

LTDC_TWCR

LTDC_GCR

3y ¥

Synchronization
Size
Configuration

Reg

Back Porch
Configuration
Reg

Active Width
Configuration
Reg

Total Width
Configuration
Reg

Global Control
Reg

€9 ¢w Coi

A

VAN 20T AERIGG C &, Wz
g CUp £

vV %LTOG_LxCKCR £

i T2A I Yol

Cu ACy

LTDC_SRCR %21 % Wi{48A3% fiv BG40 SE Yow z

LTDC_GCR ¥CD%¥%A
°©y AELTOGLSREZR ¢pwzatl wen Av wz

Bits 27:16
HSWI11:0]:
Horizontal
Synchronization
Width

Bits 10:0
VSH[10:0]: Vertical
Synchronization
Height

Bits 27:16
AHBP[11:0]:
Accumulated
Horizontal
porch

Bits 10:0
AVBP[10:0]:
Accumulate d
Vertical back porch
Bits 27:16
AAWI11:0]:
Accumulated Active
Width

Bits 10:0
AAH[10:0]:
Accumulated Active
Height

Bits 27:16
TOTALWI[11:0]: Total
Width

Bits 10:0
TOTALH[10:0]: Total
Height
Bit 31
Horizontal
Synchronization
Polarity

Bit 30 VSPOL

Bit 29 DEPOL

Bit 28 PCPOL: Pixel
Clock Polarity

Bit 16 DEN: Dither

back

Enable

Bits 14:12
DRWI2:0]: Dither
Red Width

Bits 10:8 DGW][2:0]
Bits 6:4 DBWJ[2:0]

¢t ALY

HSPOL:

6Fm BT 6wba

¢ewA Cow-

a vy 1
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LTDC_SRCR

LTDC_BCCR

LTDC_IER

LTDC_ISR

LTDC_ICR

Shadow Reload
Configuration
Reg

Background
Color
Configuration
Reg

Interrupt

Enable Reg

Interrupt
Status Reg

Interrupt Clear
Register

Bit 0 LTDCEN: LCD
TFT controller
enable bit

Bit 1 VBR: Vertical
Blanking Reload

Bit 0 IMR:
Immediate Reload
Bits 23:16
BCRED[7:0]:

Background Color
Red value

Bits 15:8
BCGREEN[7:0]

Bits 7:0
BCBLUEJ[7:0]:

Bit 3 RRIE:
Register Reload
interrupt enable

Bit 2 TERRIE:
Transfer Error
Interrupt Enable

Bit 1 FUIE: FIFO
Underrun Interrupt
Enable

Bit O LIE: Line
Interrupt Enable
Bit 3 RRIF:

Register Reload
Interrupt Flag
Register Reload

interrupt generated
when a vertical
blanking reload
occurs (and the

first line after
the active area is
reached)

Bit 2 TERRIF:
Transfer Error
interrupt flag

(Bus error occurs)

Bit 1 FUIF: FIFO
Underrun Interrupt
flag

if one of the layer
FIFOs is empty and
pixel

data is read from
the FIFO

Bit O LIF: Line
Interrupt flag

Bit 3 CRRIF: Clears
Register Reload



LTDC_LIPCR

LTDC_CPSR

LTDC_CDSR

LTDC_LxCR
x=1..2

LTDC_LxWHPCF
x=1..2

Line Interrupt
Position
Configuration
Register
Current
Position Status
Register

Current Display
Status Register

Layerx Control
Register

Layerx  Window
Horizontal
Position
Configuration

Register

Bit 2 CTERRIF:
Clears the Transfer
Error Interrupt
Flag

Bit 1 CFUIF: Clears
the FIFO Underrun
Interrupt flag

Bit O CLIF: Clears
the Line Interrupt

Flag

Bits 10:0
LIPOS[10:0]:  Line
Interrupt Position

Bits 31:16:

CXPOSJ[15:0]:
Current X Position

Bits
CYPOS[15:0]:
Current Y Position

15:0

Bit 3 HSYNCS:
Horizontal
Synchronization
display Status

Bit 2 VSYNCS:
Vertical

Synchronization
display Status

Bit 1 HDES:
Horizontal Data
Enable display
Status

Bit 0 VDES:
Vertical Data
Enable display
Status

Bit 4 CLUTEN: Color
Look - Up Table
Enable

Bit 1 COLKEN: Color
Keying Enable

Bit 0 L EN: Layer
Enable
Bits 27:16

WHSPPOS[11:0]:
Window Horizontal
Stop Position
Bits 11:0
WHSTPOS[11:0]:
Window Horizontal
Start Position

The LTDC_BPCR
register is
configured to

0x000E0005(AHBP[11:0]
is OXE) and the
LTDC_AWCR register is

configured to
0x028E01E5(AAW[11:0]
is 0x28E). To

configure the



LTDC_LXWVPCF Layerx

LTDC_LxCKCR

LTDC_LxPFCR

LTDC_LxCACR

LTDC_LxDCCR

Window
Vertical
Position
Configuration
Register
Layerx Color
Keying
Configuration
Register
Layerx Pixel
Format
Configuration
Register

Layerx Constant
Alpha
Configuration
Register

Layerx Default
Color
Configuration
Register

Bits 26:16
WVSPPOSJ[10:0]:
Window Vertical
Stop Position

Bits 10:0
WVSTPOS[10:0]:

Window Vertical
Start Position

Bits 23:16
CKRED][7:0]

Bits 15:8

CKGREEN][7:0

Bits 7:0
CKBLUE][7:0]
Bits 2:0 PF[2:0]:

Bits 7:0
CONSTA[7:0]

Bits 31:24
DCALPHA[7:0]

Bits 23:16
DCRED][7:0]

Bits 15:8

DCGREEN][7:0]

horizontal  position

of a window size of
630x460, with
horizontal start
offset of 5 pixels in

the

Active data area.

1. Layer window fi rst
pixel: WHSTPOS[11:0]
should be programmed
to 0x14 (OXE+1+0x5)

2. Layer window last
pixel: WHSPPOS[11:0]
should be programmed
to Ox28A

condition:
WHSPPOS[11:0] must be
O AVBP[10: 0]
(programmed in
LTDC_BPCR

register)

Color Key Red value
Color Key Green value

Color Key Blue value

Pixel Format

These bits configures

the Pixel format

000: ARGB8888

001: RGB888

010: RGB565

011: ARGB1555

100: ARGB4444

101: L8 (8 -Bit

Luminance)

110: AL44 (4 -Bit
Alpha, 4 -Bit
Luminance)

111: AL88 (8 -Bit
Alpha, 8 -Bit
Luminance)

Constant Alpha

Default Color Alpha

Default Color Red

Default Color Green



LTDC_LxBFCR

LTDC_LxCFBAR

LTDC_LxCFBLR

LTDC_LxCFBLNR

LTDC_LxCLUTWF

LTDC_ColorTypeDef

Data Fields

Layerx Blending
Factors
Configuration
Register

Layer x Color
Frame Buffer
Address

Register

Layerx Color
Frame Buffer

Length Register

Layerx
ColorFrame
Buffer Line
Number Register

Layerx CLUT
Write Register

Bits 7:0
DCBLUE[7:0]:
Default Color Blue

Bits 10:8 BF1[2:0]
100: Constant Alpha

110: Pixel Alpha x
Constant Alpha

Bits 2:0 BF2[2:0]:
Blending Factor 2

101: 1 - Constant
Alpha

111: 1 - (Pixel
Alpha x Constant
Alpha)

Bits 31:0

CFBADD[31:0]: Color
Frame Buffer Start

Address

Bits 28:16
CFBP[12:0]: Color
Frame Buffer Pitch

in bytes

Bits 12:0
CFBLL[12:0]: Color
Frame Buffer Line
Length

Bits 10:0

CFBLNBR[10:0]:
Frame Buffer Line
Number

Bits
CLUTADDI[7:0]

31:24 CLUT Address

Bits
RED[7:0]:

23:16

Bits
GREEN]7:0]:

15:8

Bits 7:0 BLUE[7:0]:

LCD

9 uint8_t Blue: between Min_Data = btw 0x00 and OxFF.

Blending Factor 1



f
f
f

uint8_t Green
uint8_t Red
uint8_t Reserved: Oxff

LTDC OGwlao - wA

LTDC_InitTypeDef

Data Fields
1 uint32_t HSPolarity
1 uint32_t VSPolarity
1 uint32_t DEPolarity: data enable pol
1 uint32_t PCPolarity: 0/F C~ ¢YwWA ¢C{Oé
1 uint32_t HorizontalSync:0x000 and Oxfff Céeav ¢¢wA OwoAGad EwpA-~
1 uint32_t VerticalSync:0x000 and Ox7ff ¢t AWA owuAda ¢cwpA~ oClL
1 uint32_t AccumulatedHBP: btw LTDC_HorizontalSync  and Oxfff Gdvt CEwpA~ ¢
Ceadv CroE-~
T uint32_t AccumulatedVBP: btw LTDC VerticalSync and0x 7ff Co E~ QO0dv!i ¢éwp
¢t AGY
1 uint32_t AccumulatedActiveW: btw LTDC_AccumulatedHBP and Oxfff ¢cwpA~ sCUpD
Owwd AC:3
1 uint32_t AccumulatedActiveH . btw LTDC_AccumulatedVBP and Ox7ff Uwef %v @ CU
6wb& AC3 wy
I uint32_t TotalWidth : btw LTDC_AccumulatedActiveW and OxFFF
1 uint32_t TotalHeigh :btw  LTDC_AccumulatedActiveH and Ox7FF
1 LTDC_ColorTypeDef Backcolor

LTDC_LayerCfgTypeDef

Oxfff  @k000 U Cz ) & %-upt32 t@iddéwxko Uy E AQOé

oxfff  Gk000 U Cz ) & %-wipt32 t\Wikdéwxl 0 wf w~ AOéy
oxfff  Gk000 U Cz ) & %~ puint32ét Wikdowyo Uy E A Oéy 5
Oxffff @000 U Cz ) & ¥%- int32 ¢ Winklaw¥ 0O wle w~ AQéy

uint32_t PixelFormat i
0! %i OA®6, Wwinté2vtApha ¢ z WS ¢ waedj

Oxff @00 (U Cz waed jint32_BAfphaE C~ f%v° éu 5
uibt32_t BlendingFactorl 1

uint32_t BlendingFactor2 1
8y Y% x wéuiitdow EBStArtkdreps 5 1



Ox1fff ~ Gk0000  (ulGita2_t BnageWidth q
Ox7ff  Gx000  Uu@t32_t ImageHeight q
LTDC_ColorTypeDef Backcolor i

auConoA:l
5¢Aat %8 ; cEWwAROHaRypeDef ¢ & ¥%Co o Al

¥%h  ACE{WE~LTDE YIypgDef 5 Instance
LTDC ¢ w & L3uDCuInitbgmeDef Irfit
wa A ¢ dLTBCW dyétCigTypenat LayerBig
LTDC OHAE LobkTypeDef Lock
LTDC ¢ & WG HAILS LTDC_StateTypeDef State

= =4 =4 =4 -4 -2

LTDC ¢ w O - 10 Ginf32_tFErrorCode
Chi¢catjidvdew A
¢C{0Oé 1 6/&F C~ ¢YWA ¢C{ 0Oé | GALRDCYINitG * AdvY &§10nN aéxéA v EWf:

°oCcat +w-yv v¥% ApCu¢ o8y %
cweaedj %veeéelu | ¢¢wA OAOS HAL LG WorkfiglayerdEl Ce v y dywew sed WA Yaw 1

Yo Chi 1. E0 ApCucaBveohpCiycatbp~Aaduye
6wbP & V HAL CTDP Enable@ UT WALTDO ConfigCLUT() ¢v at waeesAv wz avA
yoCpi
° Cp HAL A TDB &nableDither() ¢v atwesAv wz v¥% wa 648 C~ Cg¢ v
Y HAL_LTDC_ConfigColorKeying() Wz vV Y dy ¥ Cy E M2 6 i avaA
Yo Cpi HAWIETAC BhableOoldi{eying
°Chi MALPLADC WtagrafiaméEyent() wz awA,é 6t o67E

wzApCue Az VWMEWY UAPMEN AYVEC~ yEvaBs-p~ OGwi o A a¥%-p~ a,
5°Cpi @CUpE ¥ °Ccatr wCcCa
HAL_LTDC_SetPixelFormat(), HAL_LTDC_SetAlpha 0
HAL_LTDC_SetWindowSize(), HAL_LTDC_SetWindowPosition 0

HAL_LTDC_SetAddress )
HAL_LTDC GetState() © Capd Ava 1 3e ¢LTDCUG w3 ¢ B 1LY ICW v AE ¥

a°E A4C%WPE Cway ¥%i
f __HAL_LTDC_ENABLE: Enable the LTDC )
f __ HAL_LTDC_DISABLE: Disable the LTDC )



=A =/ =4 4 -4 -4 -4 -4

__HAL_LTDC_LAYER_ENABLE: Enable the LTDC Layer )
__HAL_LTDC_LAYER_DISABLE: Disable the LTDC Layer )

__HAL LTDC_RELOAD_CONFIG:Reload Layer Configuration )

__HAL LTDC_GET_FLAG: Get the LTDC pending flags )

__HAL LTDC _CLEAR_FLAG: Clear the LTDC pending flags )

__HAL _LTDC_ENABLE_IT: Enable the specified LTDC interrupts )
__HAL _LTDC _DISABLE_IT: Disable the specified LTDC interrupts )

__HAL_LTDC_GET_IT_SOURCE: Check whether the specified LTDC interrupt
has occurred or not )

lcd %0 EEwUy | w
bz Owl¢ ¢Ewav¥%v?t Ady ¥)hc BukvAAF mdadig W zC |l E SROANRIE w vl

¢Av yCEWUE Uuév Az
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H Pulse Width )

HS: [
] L
eete UL UUUUUUUUUUL T UUUvvUUUUYT Uy Uy
(HV Mode) a1 2 31 4 5 € 71 4
re-r7. (X ) -O0OSEEEEEEES EEEEEEEE 1 OO0
s-¢. (U0 -OOGEEEEEEEE EECEEEEE 0 QOO0
s-e7. U0 - OOEEEEEEEEE — 8888888 0 BEE S

rerre - OO0 -0 — 68888easd ) —(O D
eer. (OO0 -OLSSEEEEEE6 €888eeae »— 00 0
s-s7. (00 -OOGEEEEEEEE e888aedd _O—0OC0o

(DE Mode)

DEJ P X x S
}4 Blanking (tw) Active Area(fa) H Front Porch(t) |
Total Area(h)
Fiqure 3. 1 Horizontal input timing diagram. v

Vs,  —j W J
= T T

- A

tvh

tv

Fiqure 3. 2 Vertical input timing diagram. "
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Ci %E ¢ %ywi A8 1 %Az

I/

Values
Item Symbol Unift Remark
Min. | Typ. | Max

Honzontal Display Area 1hd B - DCLK

DCLE Frequency felk 26.4 b 46.8 MHz

One Horizontal Lina th a52 1056 1200 | DCLK

HS pulse width thpw 1 - 40 DCLK

|H5 Blankang ihb A6 4E 46 DELK

|H5 Frond Posch thig 16 20 354 | DCLK
IVarur.al Display Araa bl - 480 - TH
W5 periad time e 510 525 | 650 | TH
[VS pulse width pw |1 - |20 |TH
[VS Blanking i 23 23 23 | TH
WS Front Porch i 7 22 147 | TH

%0 Eledw (B0 ECEwWBtzy

i i WYYEEGDN  UAGAVY: 234 66 eV
)y ¢Av a%stE at vt

Parameters Symbols | Condition | Min. | Typ. | Max. | Units
Horizontal Synchronization | Hsyne 2 10 16 | DOTCLK
Horizontal Back Porch HEF 2 20 24 | DOTCLK
Horizontal Address HAdr - 240 - DOTCLK
Horizontal Front Porch HFP 2 10 16 | DOTCLK
Vertical Synchronization Yayne 1 2 4 Line
Vertical Back Porch VEP 1 2 - Line
Vertical Address \Adr - 320 - Line
\ertical Front Porch WVEP 3 4 - Line

¢ Av %dcd AZ ECAwWA®%Y | wy



1 Frame

VSYNC | Vertical Back LCD Lines
Porch (VBP)
/ Line

HSYNC Horizontal LCD Columns Horizontal
(VBP) (HFP)

—

Vertical Front

| Porch (VFP)

\

480

LD RGeS LTI

LCD Data |

Enable

¢Av

/0

VAL VAT AG ALV

¢

0

o

E

AT

0



FPC Connector is used for the module electronics interface. The recommended model is

FH12A-50S-0.5SH manufactured bi Hirose.

1 Vieo+ P Power for LED backlight (Anode)

2 Viep+ P Power for LED backlight (Anode)

3 Viep- P Power for LED backlight (Cathode)

4 Viep- P Power for LED backlight (Cathode)

5 GND P Power ground

6 Veom | Common voltage

7 DVpo P Power for Digital Circuit

8 MODE | DE/SYNC mode select Note 1
9 DE | Data Input Enable

10 VS | Vertical Sync Input

11 HS | Horizontal Sync Input

12 B7 | Blue data(MSB)

13 B6 | Blue data

14 B5 I Blue data

15 B4 | Blue data

16 B3 I Blue data

17 B2 I Blue data

18 B1 | Blue data Note 2
19 BO I Blue data(LSB) Note 2
20 G7 | Green data(MSB)
21 G6 | Green data
22 G5 I Green data
23 G4 | Green data
24 G3 | Green data
25 G2 | Green data

1



26 G1 I Green data Note 2-
27 GO | Green data(LSB) MNote 2
28 R7 I Red data(MSB)

29 R6 I Red data

30 R5 I Red data

31 R4 I Red data

32 R3 I Red data

33 R2 I Red data

34 R1 I Red data Note 2
35 RO I Red data(LSB) Note 2
36 GND P Power Ground

37 DCLK I Sample clock Note 3
38 GND P Power Ground

39 L/R I Left / right selection Note 4,5
40 u/D | Up/down selection Mote 4,5
41 VGH_ P Gate ON Voltage k. *J

42 A\ P Gate OFF Voltage

43 AVpp P Power for Analog Circuit

44 RESET | Global reset pin. Mote 6
45 NC - No connection

46 Veom | Common Voltage

47 DITHB | Dithering function Mote 7
48 GND P Power Ground

49 NC - No connection

50 NC - No connection

I: input, O: output, P: Power

Note 1: DE/SYNC mode select. Normally pull high.
When select DE mode, MODE="1", VS and HS must pull high.
When select SYNC mode, MODE="0", DE must be grounded.

Note 2:
6T E Az Ai
L AE GwCz

/2

¢Cry°o3 vdCEWIiABEAY LAY CaOBHz

Czj

¢ Av

A{A | u%A

+¢d

¢ wa

When input 18 bits RGB data, the two low bits of R,G and B data must be

CT CAv % éwa 6c¢
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