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Description of STM32F7 HAL and Low-layer drivers

Introduction
STMCube™ is STMicroelectronics's original initiative to ease developers' life by reducing development
efforts, time and cost. STM32Cube covers the STM32 portfolio.
STM32Cube Version 1.x includes:
e The STM32CubeMX, a graphical software configuration tool that allows generating C initialization
code using graphical wizards.
e A comprehensive embedded software platform, delivered per series (such as STM32CubeF7 for
STM32F7 Series)
—  The STM32Cube Hardware Abstraction Layer (HAL), an STM32 abstraction layer embedded
software, ensuring maximized portability across the STM32 portfolio
— A consistent set of middleware components such as RTOS, USB, TCP/IP, Graphics
— The Low Layer APIs (LL) offering a fast, light-weight, expert-oriented layer which is closer to
the hardware than the HAL. The LL APIs are available only for a set of peripherals.
— All embedded software utilities coming with a full set of examples.
The HAL driver layer provides a generic multi-instance simple set of APIs (application programming
interfaces) to interact with the upper layer (application, libraries and stacks).
The HAL driver APlIs are split into two categories: generic APIs which provide common and generic
functions for all the STM32 series and extension APIs which include specific and customized functions
for a given family or part number. The HAL drivers include a complete set of ready-to-use APIs which
simplify the user application implementation. As an example, the communication peripherals contain
APIs to initialize and configure the peripheral, to manage data transfers based on polling, to handle
interrupts or DMA, and to manage communication errors.
The HAL drivers are feature-oriented instead of IP-oriented. As an example, the timer APIs are split into
several categories following the functions offered by the IP: basic timer, capture, pulse width modulation
(PWM), etc. The HAL driver layer implements run-time failure detection by checking the input values of
all functions. Such dynamic checking contributes to enhance the firmware robustness. Run-time
detection is also suitable for user application development and debugging.
The LL drivers offer hardware services based on the available features of the STM32 peripherals. These
services reflect exactly the hardware capabilities and provide atomic operations that must be called
following the programming model described in the product line reference manual. As a result, the LL
services are not based on standalone processes and do not require any additional memory resources to
save their states, counter or data pointers: all operations are performed by changing the associated
peripheral registers content. Contrary to the HAL, the LL APIs are not provided for peripherals for which
optimized access is not a key feature, or for those requiring heavy software configuration and/or
complex upper level stack (such as FSMC, USB, SDMMC).
The HAL and LL are complementary and cover a wide range of applications requirements:
e  The HAL offers high-level and feature-oriented APls, with a high-portability level. They hide the
MCU and peripheral complexity to end-user.
e The LL offers low-level APIs at registers level, with better optimization but less portability. They
require deep knowledge of the MCU and peripherals specifications.
The source code of HAL and LL drivers is developed in Strict ANSI-C which makes it independent from
the development tools. It is checked with CodeSonar™ static analysis tool. It is fully documented and is
MISRA-C 2004 compliant.

February 2017 DocID027932 Rev 3 1/1967

www.st.com



Contents UM1905
Contents

1 Acronyms and definitioNS........oooeii i, 33

2 Overview Of HAL dlIVEIS ... 35

2.1 HAL and user-application fileS.............ooovviiiiiii e, 35

211 HAL driVer filES ... 35

21.2 User-application fileS ... 36

2.2 HAL data SITUCIUIES .....coeeieeeeieii e 38

221 Peripheral handle StruCtUres ..........cccoviiiiiiiii e, 38

222 Initialization and configuration StrUCTUre ............cccoveeiiiieeniiieee e, 39

2.2.3 SpPeCific Process StrUCIUIeS .......oooeeeeeeiiiiee e, 39

2.3 AP ClasSIfICAION .......uiieee i e e eeeees 39

2.4 Devices supported by HAL driVErS ... 40

2.5 HAL driVEr TUIES ..o 46

251 HAL API NAMING FUIES .....ovvviiiiieieieeiieeieeeeeeeseeeeeeveeeeeeeveeesaeeeeeesanennnenes 46

252 HAL general Nnaming rules ...........ccceiiiiiiiiiniiie e 47

253 HAL interrupt handler and callback functions..........cccccccoeccvveeeneeenn. 48

2.6 HAL gENETIC APIS ... 48

2.7 HAL exXtension APIS ..o, 50

2.7.1 HAL extension model OVEIVIEW ...........c..eeevveeeeiiiciiiiiieee e eeieee e 50

2.7.2 HAL extension Model CASES........covviiiiiiiiieeee e eieen e 50

2.8 File INCIUSION MOdEl........ccoovieiiiie e 52

2.9 HAL COMMON FESOUICES.......ceieiiieeeieiieeeeeeii e et e e e e e eeii e eeees 53

2.10  HAL cONfIQUIatioN.........cooviiiiiiiiiiiiiieieeeeeeeeeeeeeeee e 53

2.11  HAL system peripheral handling ..........ccccccoiiiiiiiiee 54

220 5 0 1 o o] USSR 54

2012 GPIOS ..ttt bbb 55

2.11.3 Cortex NVIC and SysTick timer............cccccooi 56

2014 PWR it 56

0 5 R T G I 57

2016 DIMA ettt eeas 58

2.12  HOW tO USE HAL AIVEIS ...coeeeeeiiiii ettt e e e e e e eeanes 59

2121 HAL USAJE MOEIS .....oeiiiiiiieeiiiiie et 59

2.12.2  HAL INItialiZation ..........eeeiiieiiiiieiee e 60

2.12.3  HAL IO OpEration PrOCESS .....cccuuvieiieeeeeiiiiiieeeea e e e aiiiee e e e e e e enibeeeeeas 63

2.12.4  Timeout and error ManagemMent..........ccouiurrieiiieeeerniieeesiiieeessneeeens 66

3 Overview of LOW Layer driVerS. ... 70

2/1967 DoclD027932 Rev 3 ‘W




UM1905 Contents

3.1 LOW Layer fil€S ..eevvieiii e e e 70

3.2 Overview of Low Layer APIs and naming rules...........cccccccvvvvveeennen. 72

3.2.1 Peripheral initialization functions ............cccoociiiini e, 72

3.2.2 Peripheral register-level configuration functions .............c.cccccvcveennee. 75

4 Cohabiting of HAL @and LL ....coooviiiiiiiieieie e 78
4.1 Low Layer driver used in standalone mode...........cccccccceeeiveeeennnnnnns 78

4.2 Mixed use of Low Layer APIs and HAL drivers ..........cccceeveeeeeeeennnnns 78

5 HAL SYSTEM DIV ... e e 79
5.1 HAL Firmware driver APl description ..........cccoooeeeviiiiiiiiiiiieeeeeeeeenn, 79

51.1 HOW t0 USE thiS driVEI ... 79

51.2 Initialization and de-initialization functions ...........cccccccoov e, 79

5.1.3 HAL Control fUNCHIONS.......coociieeiiiiiec e 79

514 Detailed description of fUNCLIONS ...........cvvvvviiiiiiiiiiiiieeeeeeeeeeaens 80

5.2 HAL Firmware driver defines.........ccccceeeii e, 85

521 [ o IO P P PP PP PPPPPPPPPPPPPPNE 85

6 HAL ADC GENEIIC DIV ..cieiiiieieii et e e e e 88
6.1 ADC Firmware driver registers StruCtures ...........cccevvvvvvviiiiieeeeeeennnns 88

6.1.1  ADC _INITYPEDES ...ttt 88

6.1.2 ADC_ChannelConfTypeDef ... 89

6.1.3 ADC_AnalogWDGCONTTYPEDET ... 90

6.1.4 ADC_HandleTypeDef ... 90

6.2 ADC Firmware driver APl desCription...............uueueeiieiiiiiiiiiiiiiiiiinnes 91

6.2.1 ADC Peripheral features..........cccccvvviviiiiiiii 91

6.2.2 HOW t0 USE thiS ArVET .....cceiiiiiie i 91

6.2.3 Initialization and de-initialization functions .............ccccocoeeiiiiieennnn, 93

6.2.4 IO operation fUNCLIONS ..........ueiiiiieei e 94

6.2.5 Peripheral Control fUNCLIONS ..........vvviviiiiiiiiiiieeeeeeeeeeeeeeeee e 94

6.2.6 Peripheral State and errors fuNCtioNS.............cvvvvivivviviveeiieiiieiiieiienns 94

6.2.7 Detailed description of fUNCLIONS ........ccceeiiiiiiiei e, 95

6.3 ADC Firmware driver defiNes .........ccoooeiiiiiiiiiiiiiieeecceeeeiii e 100

6.3.1 ADC .. 100

7 HAL ADC EXteNSIioN DIIVEr ....ccovuiieiiii e 107
7.1 ADCEX Firmware driver registers Structures ............cccccveeeeevennnnnnn. 107

7.1.1 ADC_InjectionConfTypeDef .......ccuuveiiiiiiiiiii s 107

7.1.2 ADC_MultiModeTypeDES........cooiiiieiiiii e 108

7.2 ADCEX Firmware driver APl description ...........ccccoevevviiiiiieeeennnnnnn. 109

‘Yl DoclD027932 Rev 3 3/1967




Contents UM1905

7.2.1 HOW t0 USE thiS ArVET .....cciiiiiiii i 109

7.2.2 Extended features fUNCLIONS .........ocociiiiiiiiii e 110

7.2.3 Detailed description of fUNCLIONS .........ccueeeiiiiiiiiiiiiiee e 111

7.3 ADCEX Firmware driver definesS.........ccoovvviiiiiiiiieeeieceeiien e 114
7.3.1 AADCEX ..ttt ettt bttt ettt sttt sttt ettt et n et nennnnennees 114

8 HAL CAN GENEIIC DIIVEI ...ccieeiiiiieeeeeii e 116
8.1 CAN Firmware driver registers StruCtures ..........cccccvvvveeeeeeeeeeeeenn. 116
8.1.1 CAN _INIETYPEDET ...t 116

8.1.2 CAN_FilterConfTypPeDET.....ccciiieeee e 117

8.1.3 CanTxXMsgTypeDef.......ccooo i 118

8.14 CanRXMSGTYPEDES ..o 118

8.1.5 CAN_HaNdIETYPEDET ...t 119

8.2 CAN Firmware driver APl descCription............cceuvvvviviiiiiiiiiiieieeennnnn. 119
8.2.1 HOW t0 USE thiS driVEN ... 119

8.2.2 Initialization and de-initialization functions ............ccccccoviiiiienneenn. 120

8.2.3 IO operation fUNCLIONS ..........evuiiiiiiiieiiieiieeeeeeeeeeeveeeeeeeeeeeeeeeeereeeeanane 121

8.24 Peripheral State and Error functions ................eevvvveveiiveeeeevevenennnnnns 121

8.2.5 Detailed description of fUNCLIONS .........cueeeiiiiiiiiiii e 121

8.3 CAN Firmware driver defines .........ccuvvvviiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeee 125
8.3.1 [0 N U 125

9 HAL CEC GENEriC DIIVEl oo 133
9.1 CEC Firmware driver registers StruCtures ..........cccccvvvvveeeeeeeeeeeennn. 133
9.1.1 CEC_INITYPEDET ... 133

9.1.2 CEC_HandleTypeDef.....c.uuiiiiiiee et 134

9.2 CEC Firmware driver APl descCription............cceuvvvviiiiiiiiiiiieeieeeennen. 135
9.2.1 HOW t0 USE thiS driVEN ... 135

9.2.2 Initialization and Configuration functions............cccccvvvvvvivieveivieiinnns 135

9.2.3 IO operation fUNCLIONS .........ueviiiiiiiiiiiiiiieeeee e eeeeeeeeeeenenes 136

9.24 Peripheral Control fUNCLION .........ocuviiiiiii e 136

9.25 Detailed description of fUNCLIONS .........cceeiiiiiiiiii e 136

9.3 CEC Firmware driver defines .........ouuuviiiiiiieiiieeeicieee e 139
9.3.1 CEC 139

10 HAL CORTEX GENEriC DIIVEr....cccuviiiieeiiiiiiis e 148
10.1 CORTEX Firmware driver registers Structures............ccccceeeeeeeennn. 148
10.1.1  MPU_Region_INitTypeDef.........cooiiiiiiiiiiie e 148

10.2  CORTEX Firmware driver APl description ..., 149
10.2.1  HOW 10 USE thiS ArVET ...cceeie i 149

4/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents

10.2.2  Initialization and de-initialization functions .............ccccccceeiiiiiiiinneen. 149
10.2.3  Peripheral Control fuNCioNS ..........ccuviviiiiiiiciiie e 150
10.2.4  Detailed description of fUNCLIONS .........ccvvvveeveeiiiiceee e, 150
10.3 CORTEX Firmware driver defineS.........coovvvviiiiiiiiieiiieeiiiiiee e 155
0 R B0 R 10 1 = i I ) U 155
11  HAL CRC GENEIIC DIIVEI ..ccuuiiiiiiiiiiiiee e 158
11.1  CRC Firmware driver registers StruCtures ............cccoeeeeeeeeeeeeeeeeenn. 158
11.1.1  CRC_INIETYPEDET ..ottt 158
11.1.2 CRC_HandleTypeDef ...t 159
11.2  CRC Firmware driver APl description ..........ccccoeevvieeiiiiiiiiiien e, 159
11.2.1 CRC How to use thiS driVer ... 159
11.2.2  Initialization and de-initialization functions .............ccccccceeeviniiinineen. 159
11.2.3  Peripheral Control fuNCtioNS ..........cceiiiiiiiiiiiiiie e 160
11.2.4  Peripheral State fUNCLONS ........oeiiiiiiiieiiiie e 160
11.2.5 Detailed description of fuNCHIONS ........cccooiiiiiiiiiiicicccee s 160
11.3 CRC Firmware driver defineS........ccovvviieiiiiiiiiiiiiee e 162
I TR T R 1 = LR 162
12 HAL CRC EXtenSioN DIiVEer ....cccoveuiiiiiiiiiiiiiis e 165
12.1 CRCEx Firmware driver APl description ...........ccccceeevvvviiiiieneeeenn. 165
12.1.1 CRC Extended features fuNCtionS .............cceveeiiiiiiiiiieieeeeeiiee, 165
12.1.2  Detailed description of funNCtions .........ccccoeiiiiiiiiiiiiiiccic e, 165
12.2  CRCEx Firmware driver defines..........cccceeviiiii, 166
I R O = {01 = USSP 166
13 HAL CRYP GeNeriC DIVl ....ccocieeiiiiii e 168
13.1 CRYP Firmware driver registers StruCturesS............ccccvvvvvvvveeeeennn. 168
13.1.1  CRYP_INETYPEDES ...oiiiie ettt 168
13.1.2 CRYP_HandleTypeDef..... .o 168
13.2 CRYP Firmware driver APl description ...........cccooeeeeiiiiiiiiiiienieeen, 169
13.2.1 HOW 1o USE thiS ArVET ..ccceeie i 169
13.2.2 Initialization and de-initialization functions ...........cccccccevee e iciiennnn. 170
13.2.3  AES processing fUNCHONS ..........coiiiiiiiiiiiiiie e 170
13.2.4  DES processing fUNCLIONS ..........ccoooiiiiiiiiiiieeiieee e 171
13.2.5 TDES processing funCtioNS ..........cceoiviiiiiieiiee i 171
13.2.6 DMA callback fUNCLIONS .......c.evviiiiieee e 172
13.2.7 CRYP IRQ handler management..............eeeeeeeiniiiiineeneee e, 172
13.2.8  Peripheral State fUNCLIONS ...........cccoiiiiiiiii e 172
‘W DoclD027932 Rev 3 5/1967




Contents UM1905

13.2.9 Detailed description of fUNCLIONS .........cccovvveeieeeiiieee e, 172

13.3  CRYP Firmware driver defines..........ccceeeii, 187

13,301 CRY P ittt e 187

14 HAL CRYP EXtension DriVer.....cccccooiiiiiiiiiecii e 191
14.1 CRYPEXx Firmware driver APl description ...........cccccevvvvvviiiiinneeennn. 191

14.1.1 HOW to USE thiS ArVET .....eeviieiiiiiee e 191

14.1.2 Extended AES processing functions .........cccoccuvvveiiiieeeiiiieee e, 192

14.1.3 CRYPEx IRQ handler management..........cccooveeeeiiireeenniieeenniinennn 192

14.1.4  Detailed description of fUNCLIONS .........cccvvvveeieeeiiiceec e, 192

14.2  CRYPEX Firmware driver definesS..........ccovvvvviiiiiieieeeieeeiiicee e 197

14.2.1 CRYPEX oottt 197

15 HAL DAC GENEIIC DIIVEI .ccuuiiiiiiiiiiie e 198
15.1  DAC Firmware driver registers StruCtures ............ccceeeeeeeeeeeeeeeeeenn. 198

15.1.1 DAC_HandleTypeDef ... 198

15.1.2 DAC_ChannelConfTypeDef ........ccoooiiiiiiiiiiiiici 198

15.2  DAC Firmware driver APl description............cccooeeeiiiiieeeieee 198

15.2.1 DAC Peripheral features.........cccoooiiiiiiiiiiiiiiciiccs s 198

15.2.2  HOW 10 USE thiS ArVEr ....ccoiiiiiiiiiii e 200

15.2.3 Initialization and de-initialization functions ............ccccccceeeeviviiinnnnen. 200

15.2.4 10 operation fUNCLONS .........coouiiiiiiiiiieiii e 201

15.2.5 Peripheral Control funClioNS ..........coiiiiiiiiiic 201

15.2.6  Peripheral State and Errors functions ...........cccooeeeeeiiiiiiiiiiiescneeennnn, 201

15.2.7 Detailed description of functions ............ccccceiiiiiiiiniiienie e, 202

15.3 DAC Firmware driver defines ..., 206

L15.3.1 DA C i e a e 206

16 HAL DAC EXtension DIiVer ......ccoocviiiiiiiiiie e 210
16.1 DACEXx Firmware driver APl description .........cccooeeeeviviviiiiiiinneeene. 210

16.1.1 HOW to USE thiS AriVEr ....ceeie e 210

16.1.2  Extended features fUNCLONS .........c.cccoeviiiiiiiiie e 210

16.1.3  Detailed description of fUNCLIONS ............oviiiiiiiiiie e, 210

16.2 DACEX Firmware driver defineS.........cccovvvvviiiiiiiee e 214

L16.2.1  DACEX cuuiiiiiiiiiiiiiie sttt et aaaaaa 214

17 HAL DCMI GENEIIC DIIVEN w.uvuiiiiiiiiiiie ettt eeenee 216
17.1  DCMI Firmware driver registers Structures............ccceeeeeeeeeeeeeeeeenn. 216

17.1.1  DCMI_CodeSINtTYPEDES........uuiiiiiiiiiiiiiee e 216

17.1.2  DCMILINItTYPEDET ... 216

6/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents

17.1.3 DCMI_HandIeTypeDef .......ccoiiiiiiiiiiieiieee e 217

17.2  DCMI Firmware driver APl description ..........ccceevvveeevvvveiiiiiiiieeeen, 218
17.2.1 HOW 1o USE thiS driVEr ....ccoiiiiiieiiee e 218

17.2.2  Initialization and Configuration funNCtions...........cccoccuvvveiiiiereiniinnen. 218

17.2.3 10 operation fUNCLIONS ........cccvviiiiiie e 219

17.2.4  Peripheral Control funCtionS ...........cccoveciviieiiee e 219

17.2.5 Peripheral State and Errors functions ............ccccceviieveiiiiieciniinnn, 219

17.2.6  Detailed description of funCtions ............cccceiiiiiiiiiieeeiece i, 219

17.3  DCMI Firmware driver definesS........ccoooveiiiiiiiiiiiiieee e 223
L17.3. 1 DCMIiiiiiiiii s 223

18 HAL DFSDM GENEIIC DIIVEl ...ciiiiiii i 229
18.1 DFSDM Firmware driver registers StruCtures ............cccceeeeeeeeeeeenn. 229
18.1.1 DFSDM_Channel_OutputClockTypeDef........cccccviiiiiiiniiireiiiieeen, 229

18.1.2 DFSDM_Channel_InputTypeDef........cccccviiiiiiiiiiiiiiiie e 229

18.1.3 DFSDM_Channel_SerialinterfaceTypeDef ........ccccoiiiiiiiiiiiiiiiiiennn. 229

18.1.4 DFSDM_Channel_AwWdTypeDef.......cccooiiiiiiiiiiiiicccie e 230

18.1.5 DFSDM_Channel_INitTypeDef.......ccccciiiiiiiiiiiiiiiiee e 230

18.1.6 DFSDM_Channel_HandleTypeDef ........ccccciiiiiiiiiiiiiiice i, 230

18.1.7 DFSDM_Filter_RegularParamTypeDef........cccoooiiiiiiiiiiiiiiiiiiiiiinn, 231

18.1.8 DFSDM_Filter_InjectedParamTypeDef.......cccoiiiiiiiiiiiiiiieiiiieeenn 231

18.1.9 DFSDM_Filter_FilterParamTypeDef ........ccccoviiiiiiiiiiiiiiiceiien 231

18.1.10 DFSDM_Filter_INitTYpeDef .....ccooviiiiiiiiiie e 232

18.1.11 DFSDM_Filter_HandleTypeDef........cccoooiiiiiiiiiiiieccccecceccceeeen 232

18.1.12 DFSDM_Filter_ AwdParamTypeDef .......ccccccviiiiiiiiiiiiiiee i, 233

18.2 DFSDM Firmware driver APl description .........cccooeeevvvvviiiiiineeeenns. 233
18.2.1  HOW to USE thiS drVET .......evviiiiiiiiiieee e 233

18.2.2  Channel initialization and de-initialization functions........................ 236

18.2.3  Channel operation funCtioNS...........ceeviiiiiiieiiiiie e 236

18.2.4  Channel state fuNCiON...........ccvvviiiiiiiei e 236

18.2.5 Filter initialization and de-initialization functions ................cccuueeeee. 237

18.2.6  Filter control fUNCLIONS .....cocceiiiiiiiie e 237

18.2.7  Filter operation fUNCHONS ..........ceiiiiiiiiiiiiiie e 237

18.2.8  Filter state fUNCHONS .......oooiiiiiiiiiii e 238

18.2.9  Detailed description of fUNCLIONS .........c..vvviiiiiiiii e, 238

18.3 DFSDM Firmware driver defines.........ooovviiiiiiiiieeeiieeeiie e 252
18.3.1  DIFSDM ...ttt ettt ettt bbb 252

19 HAL DMA2D GENEIIC DIIVEl ...iiiii i 256

‘Yl DoclD027932 Rev 3 7/1967




Contents UM1905

19.1 DMAZ2D Firmware driver registers Structures ............cccceeeeeeeeeeenn. 256
19.1.1 DMA2D_ColorTYPEDES ... 256

19.1.2 DMA2D_CLUTCHYTYPEDES ..ottt 256

19.1.3  DMA2D _INitTYPEDES....coii i 256

19.1.4 DMA2D_LayerCfgTypeDef........cooiiiiiiiiiiiie e 257

19.1.5 _ DMA2D HandleTypeDef ..o 258

19.2 DMAZ2D Firmware driver APl description............oooeeeeviieiiieeeeeee, 258
19.2.1 HOW 1o USE thiS driVEr ....ccoiiiiiiiiiee e 258

19.2.2 Initialization and Configuration functions.............cccccceeveeevivciinnnnen. 259

19.2.3 10 operation fUNCLIONS ........cccuvviiiiiie e e 260

19.2.4  Peripheral Control fuNClIONS .........occuviiiiiiiiiiiii e 260

19.2.5 Peripheral State and Errors functions ..........ccccccevvieeeiniiiceinienen, 261

19.2.6  Detailed description of fuNCtioNS ........cccccoiiiiiiiiiiiiicce e, 261

19.3 DMA2D Firmware driver defines ..........cccovvvevvviiiiiieeeeeeeiien e 268
19.3.1  DMAZD .o 268

20 HAL DMA GENEIIC DIIVEI ..oiiiiiiiiiieeeeeiis e 275
20.1 DMA Firmware driver registers StruCtures..........ccccccvvevevevieeeeeeennen. 275
20.1.1  DMA_INHTYPEDES ...ttt 275

20.1.2 _ DMA HandleTypeDef.......cccoiiiiiiii 276

20.2  DMA Firmware driver AP1 description ...........cccooeveeeiiiiiiiiiiien e, 277
20.2.1  HOW t0 USE thiS ArVEr ......coiiiiiiiiiiiiiiee e 277

20.2.2 Initialization and de-initialization functions ..............cccccocvvveeniinnns 278

20.2.3 10 operation fUNCLIONS ........eeveiiiiiie it 278

20.2.4  State and Errors funCtionS...........c..eeeviiiiiiiiiiiii s 279

20.2.5 Detailed description of functions .......................cc 279

20.3 DMA Firmware driver defineS.........cccccvvviiiiiiiiiiiiieeeeeeeeeee 282
20.3.1 DM A 282

21 HAL DMA EXtenSion DIrIVEr......cooviuiiiii e 286
21.1  DMAEX Firmware driver APl description ............ccccceeiveiviiiineeeeennnn, 286
21.1.1  HOW tO USE thiS ArVEr .....cciiiiiiiiiiiiiii e 286

21.1.2 Extended features fuNCtioNS.........cccceveeiiiiiiiiiiiee e 286

21.1.3 Detailed description of fUNCHIONS .........ccooviiiiiiiiiiei e, 286

21.2 DMAEX Firmware driver definesS..........ccovvvviviiiiiiieeeeeeeeeiee e 287
A O N I 1V N 287

22  HAL DSI GENEIIC DIIVEI .. 289
22.1 DSl Firmware driver registers StruCtUresS.........cccccvvvveeeeeeeieeeeeennnnn. 289
22.1.1  DSIL_INITTYPEDET ..ot 289

8/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents
22.1.2  DSI_PLLINKTYPEDES.....ueiiiiieeiiiiee e 289
22.1.3  DSI_VidCfgTYPEDET ....eeeiiieieei e 289
22.1.4  DSI_CmACIGTYPEDE ...ttt 291
22.1.5 DSI_LPCMATYPEDES ...ttt 292
22.1.6  DSI_PHY_TIimerTypeDef ... 293
22.1.7 DSI_HOST_TimeoutTypeDef.......cciiiiiiiiiiiiee e 294
22.1.8  DSI_HandleTypeDES.......cccuiiiiiiiiie et 294
22.2 DSl Firmware driver APl desCription .........cccovvvviiiiiiiiiiiiiiiiiiieeeeeen, 295
22.2.1 Initialization and Configuration functions..........ccccccoeevvviierereeeiinnnns 295
22.2.2 10 operation fUNCLONS ......cccceeiiiiiiieire e e e e e 295
22.2.3  Peripheral Control funCtionS ..........ccccoviiiiiiiin e, 295
22.2.4  Peripheral State and Errors fUnCtions ..........cccoccveeeviieeeniiiieee e, 296
22.2.5 Detailed description of fUNCLIONS .........ccoiiiiiiiiiiiiiiiiiiee s 296
22.3  DSI Firmware driver defiNesS........cccovvviiiiiiiiiiiiiieee e 306
2231 DSl 306
23  HAL ETH GENEIiC DIIVEN ..iiiiiiiiiieeeeeeit et 314
23.1  ETH Firmware driver registers StruCtures..........ccccccevvvveeevevineeennnn. 314
23.1.1  ETH _INETYPEDET ... e 314
23.1.2  ETH_MACINItTYPEDES ....coiiiiiiiiieit e 314
23.1.3 ETH_DMAINItTYPEDES ....oiiiie et 317
23.1.4 ETH_DMADESCTYPEDES....cci i 318
23.1.5 ETH_DMARXFramelnfoS........ooocuiiiiiiiiiiiiiieceee e 319
23.1.6  ETH_HandIeTypeDES ......cooiiiiiiiiiiiiiei e 319
23.2  ETH Firmware driver APl description ...........cccccoivieeeiiiiiiiiiiiiee e, 320
23.2.1  HOW t0 USE thiS ArVEr .....cciiiiiiiiiiiiiiiie e 320
23.2.2 Initialization and de-initialization functions ..............ccccvveeieierninnns 320
23.2.3 10O operation fUNCLIONS ........ceveiiiiiie it 321
23.2.4  Peripheral Control fuNCHiONS ..........coocviiiiiiiiie e 321
23.2.5 Peripheral State functions .............ccccc 321
23.2.6  Detailed description of fUNCLIONS .........cooiiiiiiiiiiiiieieee e 322
23.3  ETH Firmware driver definesS.........ccooooiiiiiiiiiiiiiieeeeeeeee e 326
23.3. 1 ETHu 326
24  HAL FLASH GENEriC DIiVer....c.oiiiiiiii e 354
24.1  FLASH Firmware driver registers Structures .........ccccoeeevvvvieeeeennnnn. 354
24.1.1  FLASH_ProcessSTYpPeDEef ... 354
24.2  FLASH Firmware driver APl description............cccoevviiveiviiiineceeennnn, 354
24.2.1  FLASH peripheral features ...t 354
‘W DoclD027932 Rev 3 9/1967




Contents UM1905

24.2.2 Howto use thiS driVer.......cccccceeiiiiiii 354

24.2.3  Programming operation functions ............ccccevviiiieiniiieeenniiee e, 355

24.2.4  Peripheral Control fuNCtioNS ..........coocviiiiiiiie e, 355

24.2.5 Peripheral Errors functions..........ccccceeveeiiiiiiieiiee e 356

24.2.6  Detailed description of fUNCLIONS .........ccooiiiiiiiiiee e, 356

24.3  FLASH Firmware driver defines .........ccccccvvvviiiiiiiiiiiiiiiieeeee, 358

24.3.1  FLASH 358

25 HAL FLASH EXtension DIrIVEr .......coovvuiiiiieeieeeee e, 364
25.1  FLASHEX Firmware driver registers structures .........cccccccceeeeeeennnn. 364

25.1.1 FLASH_EraselnitTypeDef.......cccoiiiiii e 364

25.1.2 FLASH_OBProgramInitTypeDef .........cccoviviiiiiiiiiiiiieeeiee e 364

25.2  FLASHEX Firmware driver APl description............cccovvvvivviieneeeennn. 365

25.2.1  Flash EXtension fEAtUreS .........cccuuviiiiiiieiiiiiiieie et 365

25.2.2  HOW tO USE thiS ArVEr .....ccvvieiiiiiiiiiiiiiee e 365

25.2.3 Extended programming operation functions .............ccccceevieeennnn. 365

25.2.4  Detailed description of functions .................ccccc 366

25.3  FLASHEX Firmware driver defines.........ccccvvviiiiiieeiieeeeiiiciee e 367

25.3.1  FLASHEX .o 367

26  HAL GPIO GENEIIC DIVl ...cciieiiiieeeieiiiie et 372
26.1  GPIO Firmware driver registers StruCtureS............cceevvvevvvvvieeeeennn. 372

26.1.1  GPIO_INItTYPEDES ...ttt 372

26.2  GPIO Firmware driver APl descCription ..........cccccvvvvviiiiiiiiiiiieneennnn. 372

26.2.1 GPIO Peripheral features ... 372

26.2.2  HOW t0 USE thiS ArVEr ......coiiiiiiiiiiiiiiiie e 373

26.2.3 Initialization and de-initialization functions ...........cccccceeiriiiiennnn. 373

26.2.4 10 operation fUNCLIONS .........eveiiiiiieiiiiie e 373

26.2.5 Detailed description of functions .........................c 374

26.3  GPIO Firmware driver definesS.......ccoooevvviiiiiiiiiiiiee e 376

26.3.1  GPIO . 376

27 HAL GPIO EXteNSION DriVEr ......oiiiiiiiiiiiieeeeeiis e 381
27.1  GPIOEx Firmware driver definesS..........ccoovvvvviiiiiieeeeeeeeeiiee e 381

2711 GPIOEX oo 381

28 HAL HASH GEeNEriC DIIVEN ..coveviiiiiiiiiiii e 382
28.1 HASH Firmware driver registers StruCtures..........ccccccvveveeeeeeeeennnnn. 382

28.1.1  HASH_INHTYPEDES ...t 382

28.1.2 HASH_HandleTypeDef........coiiiieeeie e 382

10/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents
28.2  HASH Firmware driver APl description .........cccoooeeeevviveeiiiiiiinieeenn, 383
28.2.1  HOW t0o USE thiS driVEr ......ciiiiiiiie e 383
28.2.2  HASH processing using polling mode functions ...........c..cccceeeveee. 384
28.2.3  HASH processing using interrupt mode functions................c..c...... 384
28.2.4  HASH processing using DMA mode functions............cccccceeeeeiinnns 384
28.2.5 HMAC processing using polling mode functions..........c.cccccceevnne 384
28.2.6 HMAC processing using DMA mode functions ............cccocceveennnen. 385
28.2.7  Peripheral State funCtioNS ...........ccooiiiiiiiiiiiiee e 385
28.2.8 Initialization and de-initialization functions ............cccccevvverierennnen, 385
28.2.9  Detailed description of fUNCONS .........ccoeriveiiiieiiieiee e 385
28.3  HASH Firmware driver definesS.........ccccccvvvviiiiiiiiiiiiiiiiieieeeeeeeee 392
28.3. 1 HASH .o 392
29 HAL HASH EXteNSION DIV ...cuiiiiiiiiiiiie e 395
29.1 HASHEX Firmware driver APl description .............cccevvvvvviiinieeennn. 395
29.1.1  HOW tO USE thiS driVEr ......c.eviiiiiiiie e 395
29.1.2 HASH processing using polling mode functions ........................... 396
29.1.3 HMAC processing using polling mode functions...............cccceeveee. 396
29.1.4  HASH processing using interrupt functions...........ccoccceeeeviiieeenenee. 396
29.1.5 HASH processing using DMA functions.......................cc. 396
29.1.6 HMAC processing using DMA functions ...........cccccoviiiieiniiineennnn. 396
29.1.7 Detailed description of fUNCHIONS ..........cooiiiiiiiiiiiie e, 397
30 HAL HCD GENEIIC DIIVEI ..cciiieiiii et 402
30.1 HCD Firmware driver registers StruCtures .........ccccccvveveeveieeneeeennn. 402
30.1.1  HCD_HandleTypeDef.....cccuuiiiiiiiie e 402
30.2 HCD Firmware driver APl description .........ccccccvviviiiiiiiiiiiiiiiiinnnen. 402
30.2.1  HOW t0 USE thiS ArVEr .....cciveeeiiiiiiiiiieee et 402
30.2.2 Initialization and de-initialization functions ...........cccccccveiviiiennnn. 403
30.2.3 1O operation functions ............cccoeeeeiei 403
30.2.4  Peripheral Control fuNCHONS ..........coeiiiiiiiiiiiii e 403
30.2.5  Peripheral State funCtionS ...........ccoviviiiiiiiiie e, 403
30.2.6  Detailed description of fUNCHIONS .........ccooiiiiiiiiiiie e, 403
30.3 HCD Firmware driver definesS........cccccoiviiiiiiiiiiiiieeeeee 408
10T 0 R [ S 408
31  HAL I2C GENEIIC DIIVEL ccvniiiiei e 410
31.1 12C Firmware driver registers StruCtures .........ccccccvvvveeeeieeieeeeeeennen. 410
3111 12C _INItTYPEDET...ciiieiii e 410
31.1.2 _ 12C_HandleTypeDef ... 410
‘W DoclD027932 Rev 3 11/1967




Contents UM1905

31.2 12C Firmware driver APl descCription..........cccccccvvivviiiiiiiiiiiiiieeiennen. 411
31.2.1  Howto use thiS driVer........ccccceeeiiiiii 411

31.2.2 Initialization and de-initialization functions ............cccccevverieninnnen, 416

31.2.3 1O operation fUNCLIONS .........oveiiiiiieiiiiiie et 416

31.2.4  Peripheral State, Mode and Error functions ............cccccceveieeniinnns 418

31.2.5 Detailed description of fUNCLIONS .........cccoiiiiiiiiiieee e, 418

31.3  12C Firmware driver defiNeS .........cccooveeieiiiiiiiiiiiieee e 430
3100 750 R 1 SRR 430

32  HAL 12C EXtenSIioN DIV ..occuueiiiiieeiiiie et 436
32.1 12CEx Firmware driver APl description .........ccccccevvviiiiiiiiiiiiienennnn. 436
32.1.1  12C peripheral Extended features.........cccocvveiniiieiiiiiee e 436

32.1.2  HOW O USE thiS driVEr ......c.eveiiiiiiie e 436

32.1.3 Extended features fUNCLIONS...........occovveiiiiieiie e 436

32.1.4  Detailed description of fUNCHONS .........cccoviiiiiiiiiie e, 436

32.2  12CEx Firmware driver defineS........ccccccvvviiiiiiiiiiiiiiiiiiiieeeeeeeee 438
K R /. 1 3 SR 438

33 HAL 12S GENEIIC DIV ..ceviiieiiei et 439
33.1  12S Firmware driver registers StruCtures .........ccooeeeeevvveevvvniieeeeens. 439
3311 128 _INIETYPEDET ...ciiiiiiieie e 439

33.1.2 12S_HandleTypeDef ... 439

33.2  12S Firmware driver APl descCription..........ccovvviiiiiiiiiiiiiiiiiiiiieeieeee, 440
33.2.1 HOW t0 USE thiS ArVEr .....ccvveieiiiiiiiiiiee e 440

33.2.2 Initialization and de-initialization fuNCtioNS ...........ccccccoveiviieeeennnn. 442

33.2.3 10 operation functions ...........cccceeeei i 442

33.2.4  Peripheral State and Errors fUnNCtions ..........cccocceeeiniieeenniiiee e, 443

33.2.5 Detailed description of fUNCHONS ..........cooviiiiiiiiiiie e, 443

33.3  12S Firmware driver defines .........ceoviviieiiieiecciee e 448
K 1 T Tt 1 SR 448

34  HAL IRDA GENEIIC DIIVEL ..cuuiiiii i 453
34.1 IRDA Firmware driver registers StruCtures ..........ccccccvveveeeeeeeeennnn. 453
34.1.1  IRDA_INETYPEDET ... i 453

34.1.2 IRDA _HandleTypeDef ... 453

34.2 IRDA Firmware driver APl description..........cccccccvvviiviiiiiiiiiiinnnnnnnn. 454
34.2.1  HOW t0O USE thiS ArVEN .....ccvvieeiiiiiiieiiee e e 454

34.2.2 Initialization and Configuration functions............ccccoeeiiiiiiieiennnnnins 456

34.2.3 10 operation fFUNCHONS ........cooiiiiiiiiiiiiae e 456

34.2.4  Peripheral State and Error functions ...........cccoecveiiiieinniee e, 458

12/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents

34.2.5 Detailed description of fUNCHONS ..........ccoviiiiiiiiie e, 458

34.3 IRDA Firmware driver defines .........ccccccvviiiiiiiiiiiiiiieeeeecee 466

34.3.1 IR A 466

35 HAL IRDA EXtensSion DIiVEr .....cooiiiiiiiiiii e 474
35.1 IRDAEX Firmware driver defineS........cccccovviiiiiiiiiiiiiiiiiiiiiiieieeeeee 474

35.1. 1 IRDAEX e it 474

36 HAL IWDG GENEIIC DIIVEI ...iiiiiiieiiiiee e 475
36.1 IWDG Firmware driver registers StruCtures ...........ccccvvvvvvvvvineeeennn. 475

36.1.1  IWDG_INItTYPEDES ...t 475

36.1.2  IWDG_HandleTypeDef........cooiiiiiieiiiiie it 475

36.2 IWDG Firmware driver APl description .........ccccccvvvvviiiiiiiiiiiininnnen. 475

36.2.1  IWDG GENEIIC fEAUIES ...evvvee ittt e 475

36.2.2  HOW t0 USE thiS ArVEr .....ccviviiiiiiiiiiiiiee e 476

36.2.3 Initialization and Start fUNCHONS...........cooiiiiiiiiiiiiee s 476

36.2.4 10 operation functions ...........cccoe oo 476

36.2.5 Detailed description of fUNCHONS ..........cooviiiiiiiiii e, 477

36.3 IWDG Firmware driver defiNeS .......ccoouuiiiiiiiiiiiiieiieeeee e 477

36.3. 1 IWDG .. e 477

37  HAL JPEG GENEIIC DIV ...t e e 479
37.1 JPEG Firmware driver registers StruCtures...........ccccccvveveeieenenennnn. 479

37.1.1  JPEG_CONfTYPEDET ....ciiiiiiie e 479

37.1.2  JPEG_HandIeTypeDef ........oooiiiiiiiiie e 479

37.2  JPEG Firmware driver APl descCription.........ccccccvvvvviiiiiiiiiiiiieenennen. 480

37.2.1 HOW t0 USE thiS ArVEr .....ccvviieiiiiiiiiiieee e 480

37.2.2 Initialization and de-initialization functions ..............ccccvveeveienninnns 482

37.2.3  Configuration functions..............ccccccii 483

37.2.4  JPEG processing fUNCLIONS .........cooiiiiiieiiiiiieiieee e 483

37.2.5 JPEG Decode and Encode callback functions.............cccocvveeennen. 483

37.2.6 JPEG IRQ handler management...........cooouuveieieeeeeiiiiiiieieee e e 484

37.2.7 Peripheral State and Error functions ............ccccceeeiiiiiiiiiiieceeeins 484

37.2.8  Detailed description of fUNCHIONS .........ccooviiiiiiiiiie e, 484

37.3 JPEG Firmware driver defines ... 491

B7.3. 1 JPEG .o 491

38 HAL LPTIM GENEeriC DIIVEN ...t 497
38.1  LPTIM Firmware driver registers Structures ..........cccoeeeevvvvneeeeennnn. 497

38.1.1 LPTIM_ClockConfigTypeDef.......cccooiiiiiiiiiiiiiieeeiee e 497

‘Yl DoclD027932 Rev 3 13/1967




Contents UM1905

38.1.2 LPTIM_ULPClockConfigTypeDef.......ccccoviiiiiiiiiiie i 497

38.1.3 LPTIM_TriggerConfigTypeDef .......ccoiiiiiiiiiiiiiiiieeee e 497

38.1.4  LPTIM_INTYPEDET... .ottt 498

38.1.5 LPTIM_HandleTypeDef......ccccviiiiiiiiiie it 498

38.2  LPTIM Firmware driver APl description..........cccccccvvvvveveiniiiineninnnn. 499
38.2.1  HOW tO USE thiS driVEr .....ccueveieiiiiiie it 499

38.2.2 Initialization and de-initialization functions ...........cccccccceviiiieennnnen. 500

38.2.3 LPTIM Start Stop operation fUNCLIONS ..........coocveveiiiiireiiiiee e, 500

38.2.4 LPTIM Read operation funCtionS..........ccoccvvieiiiiiieiniiiee e 501

38.25 LPTIMIRQ handler........coioiiiiiiiiie et 501

38.2.6  Peripheral State funCtioNS ...........c..eeiiiiiiiiiie s 501

38.2.7  Detailed description of fUNCLIONS .........cooviiiiiiiiiiiee e 501

38.3  LPTIM Firmware driver defines .........ccccccvviiiiiiiiiiiiiiiiicecee, 509
38.3. 1 LPTIM 509

39 HAL LTDC GENEriC DIIVEl c.uuiii i 519
39.1 LTDC Firmware driver registers StruCturesS...........cccevvvvevvvvvineeeennn. 519
39.1.1 LTDC_COlOrTYPEDET ... .ottt 519

39.1.2 LTDC _INitTYPEDES ... . it 519

39.1.3 LTDC_LayerCfgTypeDef.....ccoiiiiiiiiiiie e 520

39.1.4 LTDC_HandleTypPeDef ...t 521

39.2 LTDC Firmware driver APl description..........ccccoeeeeeeviiiiiiiiiieneeeennn, 522
39.2.1  HOW t0 USE thiS ArVEr .....cciiiiiiiiiiiiiii e 522

39.2.2 Initialization and Configuration functions........................................ 523

39.2.3 10O operation fUNCLIONS ........eeveiiiiiie it 523

39.2.4  Peripheral Control fuNCtioNS ..........coocuiiiiiiiiiii e, 523

39.2.5 Peripheral State and Errors functions ............................ 524

39.2.6  Detailed description of functions ........................ 524

39.3 LTDC Firmware driver defines .........ccccccvvvviiiiiiiiiiiiiiieieeeeeee 534
39.3. 1 LTDC i 534

40 HAL LTDC EXtension DIiVEr ....ccc.ceviiiiiiiiiciie e 540
40.1 LTDCEx Firmware driver APl description..........ccccceeveevvviiiieeeiinnnnnn. 540
40.1.1 Initialization and Configuration functions...........cccccooviiiiiiiiennnnnins 540

40.1.2 Detailed description of fUNCHONS .........coeiiiiiiieiiiiee e, 540

41 HAL MDIOS GENEriC DIiVEr .....ccieviiiie e 541
41.1  MDIOS Firmware driver registers Structures ............cccccveeeeeeennnnnnn. 541
41.1.1  MDIOS_INItTYPEDES ......ooeceeeeeeeeeeeeeeeeee e 541

41.1.2 MDIOS_HandleTypeDef ..o 541

14/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents
41.2  MDIOS Firmware driver API descCription ...........ccccvvvviiiiiieeeeeeennnns 541
41.2.1 Howto use thiS driVer........ccccceevvviiiii 541
41.2.2 Initialization and Configuration functions..............cccoecveeiniiieennne. 542
41.2.3 1O operation fUNCLONS .......ceeeeiiiiiee it 542
41.2.4  Peripheral Control fUNCLIONS ........c.cvviiieeeii e 543
41.2.5 Detailed description of functions ...........ccccccvviivieeiiiiicciiiee e 543
41.3  MDIOS Firmware driver defines........ccccccvvviviiiiiiiiiiiiiiiiiiiiiiiieeeeeee 546
41.3.1  MDIOS ...ttt e ennes 546
42  HAL MMC GENEIIC DIIVEN c.ccuuiiiieiiiiiie et 554
42.1  MMC Firmware driver registers Structures ..........cccccceveeeeeeeeeeeeennnns 554
42.1.1 HAL_MMC_CardInfoTypeDef .......cccooiiiiiiii, 554
42.1.2 MMC_HandleTypeDef ..., 554
42.1.3 HAL_MMC_CardCSDTypeDef.....cccoiiiiiiiiiiieeiie e 555
42.1.4 HAL_MMC_CardCIDTypeDef ......ccoviiiiiiiiieeee e 557
42.2  MMC Firmware driver APl descCription............cccevvvvviiiiiiiiiiiieeeennnnn. 558
42.2.1  HOW tO USE thiS drVEN .....ueeiiiiiiiiiiiiiiiie et 558
42.2.2 Initialization and de-initialization functions ............ccecccviieeeieernnnins 561
42.2.3 1O operation fUNCLIONS .......ccoovviiiiii, 561
42.2.4  Peripheral Control fUNCHONS .........ccooviiiiiiiiii e, 561
42.2.5 Detailed description of fUNCHONS ........c.coevviiiiiiiiiiieee e, 562
42.3  MMC Firmware driver defines ........coovvveiiiiiiiii e 568
42.3. 1 MMOC it et sr e e naeete e 568
43  HAL NAND GeNeriC DIIVEr ....oiiiiiiiiiiieeieeie e 577
43.1  NAND Firmware driver registers StruCtures...........cccccvvvvveeveeeeeeennn. 577
43.1.1  NAND_IDTYPEDES ..o 577
43.1.2 NAND_AddressTypeDef......ccccoiiiiii 577
43.1.3 NAND_DeviceConfigTypeDef ..., 577
43.1.4 NAND_HandleTypeDef ... 578
43.2  NAND Firmware driver APl descCription............cccceeevieeiiiiiieeeiiinnnnn, 578
43.2.1  HOW tO USE thiS ArVEN .....uveiiieeiiiiiiiiiie e e e e e e 578
43.2.2  NAND Initialization and de-initialization functions....................c..... 579
43.2.3  NAND Input and Output FUNCLIONS ........coiiiiiiiiiiiiieeiiiieece e 579
43.2.4  NAND Control fuNCHONS .......cooiiiiiiiiiiiae e 580
43.2.5 NAND State fUNCLONS.......covviiiiiiiiiiire e 580
43.2.6  Detailed description of fUNCHONS .......cccoevviiiiieiiiiie e, 580
43.3  NAND Firmware driver defines..........ooovuviiiiiiiiiieieeiiee e 586
43.3.1  NAND. .. e 586
‘W DoclD027932 Rev 3 15/1967




Contents UM1905

44  HAL NOR GENEriC DIVl ...ccuuiiii i 587
44.1  NOR Firmware driver registers StruCtures..........cccccvveveeeeeeeeeeeennn. 587

44.1.1  NORL_IDTYPEDES ...ttt 587

44.1.2  NOR_CFITYPEDES ..ottt 587

44.1.3  NOR_HandIeTypeDES.......ccuiieiiiiiie e 587

44.2  NOR Firmware driver APl description ..........cccevvvevviiiiiiieeeeeeeennnns 588

44.2.1  HOW tO USE thiS AIVEN .....ueeiiiiiiiiiiiiiiiiie et 588

44.2.2 NOR Initialization and de_initialization functions ........................... 588

44.2.3 NOR Input and Output fUNCLIONS .......cccceviiiiiiiiiiee e 589

44.2.4  NOR Control fuNCIONS.........uuieiiiiiie it 589

44.2.5 NOR State fuNCHONS........eeiiiiiiiiiiiiieiie e 589

44.2.6  Detailed description of fUNCHONS ........c.ceovviiiiiiiniiiie e, 589

44.3  NOR Firmware driver defineS.........coovvvviiiiiiiiieeeeeeeeecie e 593

A4.3. 1 NOR .. 593

45 HAL PCD GENEIIC DIV ..uiieiiieiiei e 594
45.1 PCD Firmware driver registers StruCtures .........ccccccvveeeeeeeeeeeeeennn. 594

45.1.1 PCD_HandIeTypeDEf ..o 594

45.2  PCD Firmware driver APl description...........ccccevvveviviiiiiiieeeeeeeeinnns 595

45.2.1  HOW tO USE thiS ArVEN .....ueeiiiiiiiiiiiiiiiie et 595

45.2.2 Initialization and de-initialization functions ............cccecccccveveeiiinnns 595

45.2.3 1O operation fuNCtionS ... 595

45.2.4  Peripheral Control functions............cccccoeiii 595

45.2.5  Peripheral State funCtions .........cccccooiiiiiiiiiie e, 596

45.2.6  Detailed description of fUNCHONS ..........coovviiiiiiiiiiie e, 596

45.3  PCD Firmware driver defin@s ........coovvvveiiiiiiiie e 602

45.3.1  PCD ittt ettt e e ne e 602

46 HAL PCD EXtension DIIVEr ....ccocoiviiiiiieiiiiiee e 605
46.1 PCDEx Firmware driver APl description ..........ccccccvvvveiiiiiiiiiininnnnn. 605

46.1.1 Extended features funCtionS..........ccccceeeiiiiiiiiiieie e 605

46.1.2  Detailed description of fuNCtONS ..........cooiiiiiiiiiiiiiiiiee s 605

47 HAL PWR GENEIIC DIIVE ..ccvveiiiiiiiiiie et 607
47.1 PWR Firmware driver registers StruCtures .........ccccccvvvevevvvieenennnn. 607

47.1.1  PWR_PVDTYPEDET ...ttt 607

47.2  PWR Firmware driver APl descCription...........ccovvvviviiiiiiiiiiiiiieeiennen. 607

47.2.1 Initialization and de-initialization functions ............cccocccviiieiieiinnns 607

47.2.2  Peripheral Control fUNCLIONS ..........eveiiiiiiiiiie e 607

16/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents

47.2.3  Detailed description of fUNCHONS ..........ccovviiiiiiiiiiiee e, 609

47.3  PWR Firmware driver defines .........covvvviiviiiiiiiiiiiiiiiiiiiiiiiieiieeeeee 614

A7.3.1  PWR ittt e bbb 614

48 HAL PWR EXteNSION DIIVEr .o.uiiiiiiiiiiiiieeeees e 619
48.1 PWREX Firmware driver APl description............ccoevvvviiiiiieeeeeeennnn, 619

48.1.1 Peripheral extended features functions...........ccccccevvviiiiineneeniinnns 619

48.1.2 Detailed description of fUNCHONS ..........ccoviiiiieiiiiiie e 620

48.2 PWREX Firmware driver defines ..., 623

48.2.1  PWREX .tiiiiuiiiiiiie ittt ettt sttt nbe ettt b e 623

49 HAL QSPI GENErIC DIIVEr c.uuciiiiiiii e 627
49.1  QSPI Firmware driver registers StruCtures .........ccccccvvveveveeeeeeeeeenn. 627

49.1.1  QSPLINItTYPEDET ...t 627

49.1.2  QSPI_HandleTypeDef ......ccuviiiiiiee e 627

49.1.3 QSPI_CommandTypeDef......ccccoiriiii 628

49.1.4  QSPI_AutoPollingTypeDef ... 628

49.1.5 QSPI_MemoryMappedTypeDef ........cocceiviiiiiiiiiiie e 629

49.2  QSPI Firmware driver APl description.............ccoevvvevviiiiiieeeeeeeeennns 629

49.2.1  HOW t0 USE thiS TIVEr ....ccoiiiiiiiiiiii et 629

49.2.2 Initialization and Configuration functions...........ccccccovcieiiniiennnnn. 631

49.2.3 10O operation fUNCLIONS .......ccceeeiiiiieeiiiie e 631

49.2.4  Peripheral Control and State functions................c.ccc. 632

49.2.5 Detailed description of fUNCLONS ........c.coovviiiiiiiiiieeeeee, 632

49.3 QSPI Firmware driver defin€S ......cocovvvviiieiiiiiieieiieeeeeeeeeeeee 640

LT 70 © 1] = OO R 640

50 HAL RCC GENEIIC DIIVEl ..cuuiiiiiii it e e 646
50.1 RCC Firmware driver registers Structures ............ccceeevvevvvvvieneeennn. 646

50.1.1 RCC_OSCINITYPEDES ...ttt 646

50.1.2 RCC_CIKINIETYPEDET ..ot 646

50.2 RCC Firmware driver APl description .........ccccccvvvviiiiiiiiiiiiiieninnnnn. 647

50.2.1 RCC SPECIfiC fEAIUIES.....ccuuieie et 647

50.2.2  RCC LIMITAtIONS.....ciiiiiiiieee ettt e e 647

50.2.3 Initialization and de-initialization functions ..............cccccveeieierninins 647

50.2.4  Peripheral Control fuNCtionS ...........cccoiiiiiiiiiii e, 648

50.2.5 Detailed description of fUNCHIONS .........cccoviiiieiiiiie e, 649

50.3 RCC Firmware driver defines........cccccoiviiiiiiiiiiiiieeeeeee 653

LS00 01 R = SR 653

‘W DoclD027932 Rev 3 17/1967




Contents UM1905

51 HAL RCC EXtenSioNn DIIVEr .....cuciiiiiiiiiiiiieieeeis e 676
51.1 RCCEXx Firmware driver registers StruCtures..........cccccccvvvvvereeennnnn. 676
51.1.1 RCC_PLLINKTYPEDES ... .oiiiiiiiiie e 676

51.1.2 RCC_PLLI2SINItTYPEDES......ciiiiiiiiiereeee e 676

51.1.3 RCC_PLLSAIINItTYPEDE .....ciiiiiiiiiieiieree e 677

51.1.4 RCC_PeriphCLKINItTYPEDES......oiiiiiiiiieiiiiie e 677

51.2 RCCEXx Firmware driver APl description ..........ccccccevvvvvviniiiiieennnnn. 680
51.2.1  Extended Peripheral Control functions..........cc.ccccevviiiieinniieeennnn. 680

51.2.2 Detailed description of fUNCLIONS ..........ccooiiiiiiiieeee e, 680

51.3 RCCEx Firmware driver defines.........cccccovvviiiiiiiiiiiiiiiiiiiiiiieieee, 681
51.3.1  RCCEX ittt 681

52 HAL RNG GENEIIC DIVEI...cciieiiiiiieeieiiiis e 726
52.1 RNG Firmware driver registers StruCtures..........ccccccvvvereviveneerennen. 726
52.1.1 RNG_HandIeTYpPEDET......c.ueiieiiiiie e 726

52.2  RNG Firmware driver APl descCription ..........cccccccvvvviiiiiiiiiiiiiieenennen. 726
52.2.1  HOW tO USE thiS driVEr......c.eviiiiiiiie it 726

52.2.2 Initialization and de-initialization funcCtions ............cc.ccoceevvcieeennnn. 726

52.2.3  Peripheral Control functions..............cccccc 727

52.2.4  Peripheral State funCtionNS ...........ccooviieiiiiiiiie e, 727

52.2.5 Detailed description of fUNCHIONS ..........ccoiiiiiiiiiiiiee, 727

52.3 RNG Firmware driver defines.........ccccccvviiiiiiiiiiiiiiieeeeee 730
B52.3. 1 RNG ..ttt nnne s 730

53 HAL RTC GENEIIC DIIVEN ..oiiieiiiiieeeieiiit e 733
53.1 RTC Firmware driver registers StruCtures .........cccccccvvveereiiineneennn. 733
53.1.1  RTC_INIETYPEDET ... et 733

53.1.2 RTC_TIMETYPEDET.....ci it 733

53.1.3 RTC_DateTypeDef. ...t 734

53.1.4 RTC_AlarmTypeDEf ....cooiiiiii e 734

53.1.5 RTC_HandleTypeDef ......ccouiiiiiiiieiee e 735

53.2  RTC Firmware driver APl descCription.........ccccvvviiiiiiiiiiiiiiiiiiiiieeen, 735
53.2.1  Backup Domain Operating Condition ..........cccoeevvveiniiiiennniiee e, 735

53.2.2  Backup DOMAaIN RESEL.......cccoiiiiiiiiiiiiie e 736

53.2.3  Backup DOMAIN ACCESS...c.ccceiiiiiiiiiiieaaaeaaiiiiieee e e e e et ee e e e e e 736

53.2.4  HOW tO USE thiS driVEr ......cuuviiiiiiiiii it 736

53.2.5 RTC and low pOWEr MOAES .........ceeiiiiiieiiiiiieeiiiee e 737

53.2.6 Initialization and de-initialization functions ..............ccccceeieieriiinns 737

53.2.7 RTC Time and Date fuNCLONS .........ccceeriiiiiiiiiiieeee e 737

18/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents

53.2.8 RTC Alarm fUNCHONS ......coiiiiiiiiiiiiiiie e 738
53.2.9  Peripheral Control funCtioNS ..........cccccviiiiiiiiiiie e, 738
53.2.10 Peripheral State funCtions ..........cccceveve i 738
53.2.11 Detailed description of fUNCLIONS .........ccooiiiiiiiiieee e, 738
53.3 RTC Firmware driver defines ........cccccviiiiiiiiiiiiiieeeeeeee 744
53,3 L RTC 744
54 HAL RTC EXtension DIV ....c..coiviiiiiiieiiieeeeee e 754
54.1 RTCEXx Firmware driver registers Structures ..........cccccvvvvvvvieneeeennn. 754
54.1.1 RTC_TamperTypeDef.....cccociiiii 754
54.2  RTCEX Firmware driver APl description..........ccccceeevivviiiiiiinieeennn, 755
54.2.1  HOW t0 USE thiS ArVEr ......coiiiiiiiiiiiiiiiii e 755
54.2.2 RTC TimeStamp and Tamper functions...................ccccoeeeeeeenn. 755
54.2.3 RTC Wake-up fUNCHONS ......cooiiiiiiiiiiiie e 756
54.2.4  Extension Peripheral Control functions ............cccccevviiiieiinieeennnn, 756
54.2.5 Extended features fUNCLONS ...........cceiiiiiiiiiiiiiiieee e 757
54.2.6  Detailed description of fUNCLIONS ..........cooiiiiiiiiiiiiiiiiieee e 757
54.3 RTCEx Firmware driver defines ........cccccccvvviiiiiiiiiiiiiiiccee, 766
54.3.1 RTCEX i 766
55 HAL SAI GENEriC DIV covveiieeii e 788
55.1  SAl Firmware driver registers StruCturesS .........ccooeeeeevvveevviiieneeeennn. 788
55.1.1  SAL INITYPEDES ...ttt 788
55.1.2  SAIl_FramelnitTypeDef ... 789
55.1.3  SAI_SIotINtTYPEDET ....coiiiiiieie e 790
55.1.4 _ SAl_HandleTypeDef.......ccccoriiiii 790
55.2  SAl Firmware driver API description ..........ccccccvvviiiiiiiiiiiiiiiiineeeenen. 791
55.2.1  HOW t0 USE thiS ArVEr ......ccoiiiiiiiiiiiiiiiie e 791
55.2.2 Initialization and de-initialization functions ..............cccccuveiieienninnns 793
55.2.3 10 operation fUNCLIONS .........oveiiiiiieiiiiie e 794
55.2.4  Peripheral State and Errors functions ..........cccoccevevviieeennniiee e, 795
55.2.5 Detailed description of fUNCLIONS ..........cooiiiiiiiiiiieiiee s 795
55.3  SAl Firmware driver defineS........ccccovviiiiiiiiiiiiiiii e 800
B55.3. 1 Sl 800
56 HAL SDRAM GENEriC DIIVEN c.cuviiiiiiiiiiiieeeeeis e 808
56.1 SDRAM Firmware driver registers StruCtures..........ccccccvvvveveeeennnnn. 808
56.1.1 SDRAM_HandleTypeDef........oooiiiiiiiiiiiiiiieie e 808
56.2 SDRAM Firmware driver APl description ..........ccccccvvvveiiiiiiiieinnnnn. 808
‘W DoclD027932 Rev 3 19/1967




Contents UM1905
56.2.1  HOW t0 USE thiS driVEr ......coiiiiiiiiie e 808

56.2.2 SDRAM Initialization and de_initialization functions ..................... 809

56.2.3 SDRAM Input and Output fUNCLIONS .........cceveiiiiiieiiiiie e, 809

56.2.4  SDRAM Control fUNCHONS........ccveiiiieireeree e 809

56.2.5 SDRAM State fUNCHONS .......coiiiieiiiierireesee e 810

56.2.6  Detailed description of fUNCHONS ..........ccoviiiiiiiiiie e, 810

56.3 SDRAM Firmware driver defines.........ccccccvviviiiiiiiiiiiiiiiiiiiiiiieeieee, 815

56.3.1  SDRAM ...ttt bbb 815

57 HAL SD GENEriC DIIVEI ..cieveiiieii e 816
57.1  SD Firmware driver registers StruCtUres.........ccccccvveveeeeeeiiieeeeeeennnn. 816

57.1.1 HAL_SD_CardInfOTypeDEef ........evviiiiiiiiiiie e 816

57.1.2  SD_HandleTYPEDET......ccoiiiiiiiiiete e 816

57.1.3 HAL_SD_CardCSDTypedef.......ccccoiiiiiiiiieiiee e 817

57.1.4 HAL_SD_CardCIDTypedef ......ccccociiiiiieiiieiiiee e 819

57.1.5 HAL_SD_CardStatusTypedef .......cccceiiiiiiiiiiiie e 820

57.2  SD Firmware driver APl description ............ccccceeivieeeiiivieiiiciee e, 821

57.2.1  HOW O USE thiS driVEr .......ceevviiiiiii e 821

57.2.2 Initialization and de-initialization functions .............ccccccveveveeiiinnns 824

57.2.3 10 operation fUNCLIONS .........eveiiiiiieiiiiiee e 824

57.2.4  Peripheral Control functions..............ccccccc 824

57.2.5 Detailed description of fUNCHONS ..........ccovviiiiiiiiiei e, 825

57.3  SD Firmware driver definesS..........cccvviiiiiiiiie 831

B7.3.1 S it 831

58 HAL SMARTCARD GeneriC DIVer......ccccoeivieiiiiiiiiieeeeie e 839
58.1 SMARTCARD Firmware driver registers structures ...................... 839

58.1.1 SMARTCARD_INItTYPEDES ...cocviiiiiiiiiiieee e 839

58.1.2 SMARTCARD_AdvFeaturelnitTypeDef........ccoooviiiiiiiiniiiieen, 840

58.1.3 SMARTCARD_HandleTypeDef.......cccoceiiiiiiiiiiee e 841

58.2 SMARTCARD Firmware driver APl description..........cccccccvvveveeeeen. 842

58.2.1  HOW t0 USE thiS ArVEr .....ccvvveeiiiiiiiiiiiee e 842

58.2.2 Initialization and Configuration functions...........cccccoeeiiiiiiiiiinninnins 844

58.2.3 10 operation fUNCHONS .........coiiiiiiiiiiiiiee e 844

58.2.4  Peripheral State and Errors funNCtions ..........cccoccevevviieeennniiee e, 846

58.2.5  Detailed description of fUNCHIONS ..........cooiiiiiiiiiie e, 846

58.3 SMARTCARD Firmware driver defines.........cccoovveeeiviriiiiiiiiinieeenn. 853

58.3.1  SMARTCARD ...t 853

59 HAL SMARTCARD EXtension DriVer......cccccceeiieiiiiiiiiieeeeiiiineee 864

20/1967

DoclD027932 Rev 3 ‘Yl




UM1905 Contents

59.1 SMARTCARDEX Firmware driver API description ............ccc......... 864
59.1.1 Howto use thiS driVer.......cccccceeiiiiiiii 864
59.1.2  Peripheral Control fuNCtioNS ..........coccviiiiiiiie e, 864
59.1.3  Detailed description of fUNCHIONS ..........ccoviiiiiiiiiiiee e, 864
59.2 SMARTCARDEX Firmware driver defines...........ccccevvvveiviiiinnnnenn. 865
59.2.1  SMARTCARDEX......ciitiiieieiee e 865
60 HAL SMBUS GENEriC DIiVer...c..oiiiiiiiiiieeiieeeeie e 868
60.1 SMBUS Firmware driver registers Structures ..........cccccvvveveeeeennenn. 868
60.1.1  SMBUS _INItTYPEDES ....eeeiiieieiiie e 868
60.1.2 SMBUS_HandleTypeDef. ... 869
60.2  SMBUS Firmware driver APl description .........ccccccvvvvviiiiiiiieninnnnn. 869
60.2.1  HOW t0 USE thiS ArVEr ......covveiiiiiiiiiiiiei e 869
60.2.2 Initialization and de-initialization functions ..............cccccvviveienninnns 871
60.2.3 10 operation functions ...........ccccoe oo 872
60.2.4  Peripheral State and Errors functions ...........cccccceeviiiiiiiiineneee s 872
60.2.5 Detailed description of fUNCHONS ..........cooviiiiiiiiiie e, 873
60.3  SMBUS Firmware driver definesS..........covvviviiiiiiieeeieeeeiiicie e 879
60.3.1  SMBUS ... 879
61 HAL SPDIFRX GENEeriC DIIVEr ...cccoiviiiiiiieeieiis e 886
61.1 SPDIFRX Firmware driver registers Structures .........cccccccevvveeeeeeen. 886
61.1.1  SPDIFRX_INItTYPEDET ... it 886
61.1.2 SPDIFRX_SetDataFormatTypeDef.............cccc, 887
61.1.3  SPDIFRX_HaNAIETYPEDES .......vveeeeeeeeeeeeeeeeeeeeeeees e 887
61.2 SPDIFRX Firmware driver APl description.............ccccevvvvviiieneeennn. 888
61.2.1  HOW t0 USE thiS ArVEr .....ccoiiiiiiiiiiiiiiie e 888
61.2.2 Initialization and de-initialization functions .............ccccccccvvveeiiinns 889
61.2.3 10 operation fUNCLIONS .........eveiiiiiie e 890
61.2.4  Peripheral State and Errors functions ............................. 891
61.2.5 Detailed description of fUNCLIONS .........ccooiiiiiiiiiiiiii s 891
61.3  SPDIFRX Firmware driver defines .........cooovviiiiiiiiiiiiiiiiiiiiie e 895
61.3.1  SPDIFRX .. 895
62 HAL SPI GENEIiC DIIVEI . .ciiiiieiiii et 900
62.1  SPI Firmware driver registers StruCtures ...........ocoevvveiveeviiiiieeeeennnn, 900
62.1.1  SPLINIETYPEDET . 900
62.1.2 _ SPI_HandleTypeDef. ... 901
62.2  SPI Firmware driver APl description ...........cccooevevviiiiiieviiie e, 902
‘W DoclD027932 Rev 3 21/1967




Contents UM1905
62.2.1  HOW tO USE thiS driVEr ......cuvviiiiiiiiie it 902

62.2.2 Initialization and de-initialization functions .............cccccvceieeiiinns 903

62.2.3 10 operation fUNCLIONS .........oveiiiiiieiiiiiie et 903

62.2.4  Peripheral State and Errors functions ..........ccccceceeviiviivieeneeee i, 904

62.2.5 Detailed description of fUNCIONS .........cccoviiviiiiiiie e, 905

62.3  SPI Firmware driver defines.........cccccoviiiiiiiiiiieeeeee 911
B2.3.1  SPl et 911

63 HAL SRAM GENEriC DIIVEr ....ccovviiiieei e 917
63.1 SRAM Firmware driver registers StruCtureS............cccvvvevvvvvineeeennn. 917
63.1.1 SRAM_HandleTypeDef ..o 917

63.2 SRAM Firmware driver APl description..........cccooeeeevviiiiiiiiiineeeenn, 917
63.2.1  HOW t0 USE thiS ArVEr ......cviiiiiiiiiiiiiiei e 917

63.2.2 SRAM Initialization and de_initialization functions ........................ 918

63.2.3  SRAM Input and Output FUNCLIONS .........coociiiiiiiiieee e, 918

63.2.4  SRAM Control fUNCLIONS .........ooiiiiiiiiii e 918

63.2.5 SRAM State fUNCLONS .....coeeeiiiiiiiiiiiee e 919

63.2.6  Detailed description of fUNCHONS .........ccooiiiiiiiiiiiiiiie s 919

63.3 SRAM Firmware driver defines .........cccccvvvviiiiiiiiieeeee 923
B3.3.1  SRAM oo 923

64 HAL TIM GENEriC DIIVEN ...coveiiiieeeeee e 924
64.1  TIM Firmware driver registers StruCtures............coeeeevevvevvviieeeeeennn. 924
64.1.1 TIM_Base_InitTypeDef........ccccooiiii 924

64.1.2  TIM_OC_INItTYPEDET.....ci ittt 924

64.1.3 TIM_OnePulse_InitTypeDef ... 925

64.1.4  TIM_IC_INItTYPEDET ...ociiieiieeee ettt 926

64.1.5 TIM_Encoder_InitTypeDef ........cuuiiiiiiiiiiieeee s 926

64.1.6 TIM_ClockConfigTypeDef ... 927

64.1.7 TIM_ClearlnputConfigTypeDef........covviiiiiiiiiiie e 927

64.1.8 TIM_SlaveConfigTypeDef ... 928

64.1.9  TIM_HandleTypeDES .......oouii e 928

64.2  TIM Firmware driver APl description ..........ccccoeeveeviiiiiieciiiee e, 929
64.2.1 TIMER GENEriC fEAIUIES.......uueiiiiei et 929

64.2.2  HOW t0 USE thiS ArVEN .....ccvveeeiiiciiiieieee e e 929

64.2.3  Time Base fUNCLONS ........covviiiiiiiiieiie e 930

64.2.4  Time Output Compare fUNCLIONS .........cooiiiiiiiiiiiieeiiieeee e 930

64.2.5  Time PWM fUNCHONS ......coiiiiiiiiiiiiiieee e 931

64.2.6  Time Input Capture fUNCLIONS .........occviieiiiiieiie e 931

22/1967

DoclD027932 Rev 3 ‘Yl




UM1905 Contents

64.2.7 Time One Pulse fUNCIONS ........ccuuviiiiiieiiii e 932

64.2.8  Time Encoder fUNCLONS..........oiiiiiiiiiiie e 932

64.2.9 IRQ handler management.........ccccvvereeeeeiiiiiiieee e e 933

64.2.10 Peripheral Control funNCtioNS .........cceeveveiiiiiiiiieee e 933

64.2.11 TIM Callbacks funCtions ..........cccuviiiiiiiiiii e 933

64.2.12 Peripheral State funCtioNS ...........ccooiiiiiiiiiiie e 933

64.2.13 Detailed description of fUNCLIONS .........ccooiiiiiiiiieee e, 934

64.3  TIM Firmware driver definesS........cccoovviiiiiiiiiiiiiii e 961
B4.3.1  TIMueiiii e 961

65 HAL TIM EXtENSION DIV ...cccvviiiieiiiiiieee e 974
65.1 TIMEx Firmware driver registers StruCtures..........cccccccvvvveverenennnn. 974
65.1.1 TIM_HallSensor_InitTypeDef ........ccccoi 974

65.1.2 TIM_MasterConfigTypeDef .........ccciii 974

65.1.3 TIM_BreakDeadTimeConfigTypeDef .......ccccccoviiiiiiiiiiiiiniieeeee, 974

65.1.4  TIMEx_BreakinputConfigTypeDef........ccccoviiiiiiiiiiiiieiee e, 975

65.2  TIMEx Firmware driver APl descCription.........ccccccvvvvvviiiiiiiiiiieeeennen. 976
65.2.1 TIMER Extended features ..........ccceeveieeiiiiiiiiiiiee e 976

65.2.2  HOW t0 USE thiS ArVEr .....ccvviiiiiiiiiiiiiiii e 976

65.2.3  Timer Hall SENSOr fUNCLIONS ..........cooiiiiiiiiiiei e 976

65.2.4  Timer Complementary Output Compare functions...............c.co...... 977

65.2.5  Timer Complementary PWM functions..........ccccccceevviiiieinniiee e, 977

65.2.6  Timer Complementary One Pulse functions................................... 978

65.2.7  Peripheral Control functions...............cccccc 978

65.2.8  Extension Callbacks funNCtions..........cccccoeeiiiiiiiieeei i 978

65.2.9  Extension Peripheral State functions ..........ccccoccveiniiienniiiie e, 979

65.2.10 Detailed description of functions ......................... 979

65.3  TIMEX Firmware driver defines ..........coovvvviiiiiiiiiieeeeeeeeeeee e 991
B5.3. 1  TIMEX oot 991

66 HAL UART GENEIIC DIVl ....ccuvviiiiiiiiiiii e 996
66.1 UART Firmware driver registers Structures ..........cccccvvevveieeienennnn. 996
66.1.1  UART_INItTYPEDET ....eeiiiiiiiie e 996

66.1.2 UART_AdvFeaturelnitTypeDef. ... 996

66.1.3 UART_HandleTypeDef. ... 997

66.2 UART Firmware driver API description ........ccccooeeviiiiiiiiiiiine e, 998
66.2.1  HOW t0 USE thiS ArVEr .....ccoeiiiiiiiiiiiiieie e 998

66.2.2 Initialization and Configuration fuNCtions.............cccoecveeiiieeeennene. 1000

66.2.3 10 operation fUNCLIONS ........cccoviiiieiiiiiiee e 1001

3

DocID027932 Rev 3 23/1967




Contents UM1905

66.2.4  Peripheral Control funCtionS .........ccccceeiiiiiiiiiieec e 1001

66.2.5 Detailed description of fuNCtions ..........ccocceeiiiiiiinniie e, 1002

66.3  UART Firmware driver defineS........cccccccviviiiiiiiiiiiiiiiiiiiiieeeee 1010

B6.3.1  UART o 1010

67 HAL UART EXtension DriVer ......ccoooeiiiiiiiiiii e, 1024
67.1 UARTEX Firmware driver APl description ............ccccovvvvvvvineeeennn. 1024

67.1.1 Detailed description of fUNCtioNS ..........cccoveeiiiiiiiii e, 1024

67.2 UARTEX Firmware driver defines.........ccccccvviiiiiiiiiiiiiiiiiiiiiiiinee, 1025

67.2.1 UARTEX ittt e e e eenanes 1025

68 HAL USART GeneriCc DIIVer .....cocovieiiieei e 1026
68.1 USART Firmware driver registers Structures...........ccccccvveeeeennnn. 1026

68.1.1  USART _INHTYPEDE . ..eeeeeeeeeeeeeeeeeeeeeeee e 1026

68.1.2 USART_HandleTypeDef ... 1027

68.2  USART Firmware driver APl description ............ccccevvvvvviiiineeeennn. 1027

68.2.1  HOW t0 USE thiS ArVEr .....ccceeeiiiiiiiiiiie e 1027

68.2.2 Initialization and Configuration functions............ccccecciveieieeniinnns 1028

68.2.3 10 operation functions ...........cccceoe i 1029

68.2.4  Peripheral State and Errors functions ........................... 1030

68.2.5 Detailed description of fUNCLIONS .........cooviiiiiiiiieeiie e, 1030

68.3  USART Firmware driver defines.........ccccccvvviiiiiiiiiiiiiiiiiiiiieieeeee, 1036

B8.3. 1  USART e 1036

69 HAL USART EXtension DriVer ......cccccooeviiiiiiiiieceeceeee e, 1042
69.1 USARTEX Firmware driver defines ........cccccvvvvviiiiiiiiiiiiiiiiiiiieee, 1042

B9.1.1  USARTEX sttt ittt e e et e e e e e e e e e e e aaaanan 1042

70  HAL WWDG GEeNEriC DIIVEr ...c.uieveiiieieeeeeeeeeeeeeeeee e 1043
70.1  WWDG Firmware driver registers Structures...........cccccceeeeennnn. 1043

70.1.1 WWDG_INItTYPEDET ...coiiiiiiiiee e 1043

70.1.2  WWDG_HandleTypeDef ... 1043

70.2  WWDG Firmware driver API description ..........ccccccvvvvviiiiiiiiinnnnn. 1043

70.2.1  WWDG Specific features ........ocoveeiiiiieiniiee e 1043

70.2.2  HOW t0 USE thiS AriVEr .....ccoiiiiiiiiiiiiiie et 1044

70.2.3 Initialization and Configuration functions............ccooecuviieiiieininnins 1044

70.2.4 10 operation fUNCLIONS ........ccooiiiiieiiiiiee e 1045

70.2.5 Detailed description of fuNCtions ..........cccccceeeiiiieine e, 1045

70.3  WWDG Firmware driver definesS.........cccovvvvivciiiiieieeeeeecee e 1046

T0O.3.1  WWDG.. . ittt e e e e e e e e e e e eeaanen 1046

24/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents

71

72

73

74

75

76

3

LL ADC GENEIIC DIIVEN ...cceiiicii e 1049
71.1  ADC Firmware driver registers StruCtures ...........ccccvvvvvvvvviineeennn. 1049
71.1.1 LL_ADC_CommonInitTypeDef......cccccciiiiiiiiiiiee e, 1049

71.1.2  LL_ADC_INItTYPEDET.....cevivieireietctieeieeeeeeeee et 1049

71.1.3 LL_ADC_REG_INItTYPEDE ......ocvcviviiiceeeeieieieteeee e 1050

71.1.4  LL_ADC_INJ_INItTYPEDES ....oovirriicicicreeveieeeeeeees e 1050

71.2  ADC Firmware driver APl description..........cccccccvvviiiiiiiiiiiininnnnnnn. 1051
71.2.1 Detailed description of fUNCLIONS ...........ccccviiiiiie e, 1051

71.3  ADC Firmware driver defines .........cooooviiiiiiiiiiiii e 1109
TL3.1 ADC oottt 1109

LL BUS GENEIIC DIIVEr ... ciiiii i 1144
72.1  BUS Firmware driver APl descCription..........ccvvvviiiiiiiiiiiiiiiieennennn. 1144
72.1.1  Detailed description of fuNCtions ..........ccccoceeeiniiiiiiniie e, 1144

72.2  BUS Firmware driver defines ........coooevviiiiiiiiiiiiieeecineeeeeee e 1177
7221 BUS oottt 1177

LL CORTEX GEeNEeriC DIiVer.....cccuuiiiiiiiiieeeie e 1181
73.1 CORTEX Firmware driver API description ..........cccccccvvvvevevieennnnn. 1181
73.1.1  Detailed description of fuNCtions ..........cccccceeeiiiiiiiniiiee e, 1181

73.2 CORTEX Firmware driver defines.........ccooeevveviiieiiiiiiiieeeieeeeees 1188
73.2.1  CORTEX .iiuiiieieeeeeeeteteee ettt en et en s 1188

LL CRC GENEriC DIV ....cciiiii i 1191
74.1  CRC Firmware driver APl description ........cccccccvvviiiiiiiiiiiiiiinnnnnn. 1191
74.1.1  Detailed description of functions ..........ccoccceeiiiiiiiniiie e, 1191

74.2 CRC Firmware driver defineS........coooevviiiiiiiiiiii e 1197
TA2 1 CRC oottt 1197

LL DAC GENEIIC DIVl ....cciiii i 1199
75.1 DAC Firmware driver registers StruCtures ..........ccccccvvvveveeeeeeennnn. 1199
75.1.1  LL_DAC_INITYPEDET.....ceviveeieeeeeeeeeeeeeeee et 1199

75.2  DAC Firmware driver APl description..........ccccccvvvviiiiiiiiiiiiiiennnn. 1199
75.2.1  Detailed description of fuNCtions ..........c.cccceeiiiiiiniiee e, 1199

75.3 DAC Firmware driver defineS .........cooevviiiiiiiiiiiiccin e 1215
75.3.1  DAC oottt n et n s 1215

LL DMAZ2D GENEriC DIIVEl ...cccviiiii e, 1221
76.1  DMAZ2D Firmware driver registers Structures ...........ccoeeeevvvieeenns 1221
76.1.1  LL_DMA2D _INItTYPEDET.......ceevvevieeeereieeeeeeieeteeeee e 1221

DocID027932 Rev 3 25/1967




Contents UM1905

76.1.2 LL_DMA2D_LayerCfgTypeDef.........ccccceveverererererirercrceeeeeea, 1222

76.1.3  LL_DMA2D_COIOITYPEDES........orivirerririiiieieieieieeeseeiee e 1224

76.2  DMA2D Firmware driver API description.............cccevvvevvviienneeenn. 1225

76.2.1  Detailed description of functions ..........cccccceeeiiiiieeiniiie e, 1225

76.3  DMA2D Firmware driver defines ........coovviiiiiiiiiiceeeieee e, 1263

76.3. 1 DMAZ2D ...ooiiiicieeceeeeeee ettt 1263

77 LL DMA GENEriC DIIVEr c.uceeiicii e 1266
77.1  DMA Firmware driver registers StruCturesS...........ccccvvvvvvvvvineeeenn. 1266

77.1.1  LL_DMA_INItTYPEDES ..ot 1266

77.2  DMA Firmware driver APl description ..........ccccoeeeeeviviviiiiiineeeenn, 1268

77.2.1 Detailed description of functions ...................c.ccc 1268

77.3  DMA Firmware driver definesS.........ccooeviiiiiiiiiiiiieeeiee e, 1320

T7.3. 1 DMA oottt 1320

78 LL EXTI GENEriC DIVEr ...ccoveiiii e 1324
78.1  EXTI Firmware driver registers StruCtureS...........ccceevvvvvvvveneneennn. 1324

78.1.1  LL_EXTIINItTYPEDES ...cvivivieiiiiicieieieie e 1324

78.2  EXTI Firmware driver APl description ..........cccoeoeeeevviviiiiiiiineeeenn, 1324

78.2.1  Detailed description of fUNCLIONS ..........oooiiiiiiiiieiiiiiee s 1324

78.3  EXTI Firmware driver defines........cooooeiiiiiiiiiiii e, 1338

78.3.1  EXTliiiioiiicieeeeeeeeee ettt 1338

79 LL GPIO GENEriC DIIVEN .....uveiiii e 1340
79.1  GPIO Firmware driver registers StruCturesS...........cccovvvvvvvveeeeennn. 1340

79.1.1  LL_GPIO_INITYPEDES ...ovivivieiiiieieicveeeeeee e 1340

79.2  GPIO Firmware driver APl descCription ..........ccccccvvvvviiiiiiiiiiiinnnnn. 1340

79.2.1  Detailed description of functions .......................... 1340

79.3  GPIO Firmware driver defineS........cooeevvvveeiiiiiiiieeeeeeeeee e 1355

79.3.1  GPlO ..ottt 1355

80 LL I2C GENEIIC DIIVEr ..uuciiii et 1358
80.1 12C Firmware driver registers StruCtures .........ccccccvvvveeeeeeeeeeeennn. 1358

80.1.1  LL_I2C_INItTYPEDES ....c.ciuiuieiiiieieieieieeee e 1358

80.2  12C Firmware driver APl description..........cccccccvvviviiiiiiiiiiiniiennnnen. 1359

80.2.1 Detailed description of fUNCLIONS ........ccoovciiiiiiiie e, 1359

80.3  12C Firmware driver defiNesS ........ccooeeeeiiiiieiiiiiiiee e 1398

80.3.1  12C oo 1398

81l  LL I2S GENEIIC DIV vt e e 1403

26/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents

82

83

84

85

86

3

81.1 12S Firmware driver registers StruCtures ...........cccceevvvevvvvniieeeenn. 1403
81.1.1  LL_I2S_INItTYPEDET....c.ciiieiiiiieieieieieee et 1403

81.2  12S Firmware driver APl description............cccceevieeeeeiiveiiiiiinieeeee, 1403
81.2.1 Detailed description of fUNCLIONS ...........cccviiiiiiee e, 1403

81.3  12S Firmware driver defines ..........oiiiiiiiiiiieiceie e 1417
BL.3.1  I2S o 1417

LL IWDG GENEIIC DIV ...cceviieeeiie e 1420
82.1 IWDG Firmware driver APl description .........ccccccevvvviiiiiiiiieiinnnnen. 1420
82.1.1 Detailed description of fUNCLIONS ...........cccviiiiiiei e, 1420

82.2 IWDG Firmware driver defines..........ccooveiiiiiiiiiiicciin e 1424
82.2.1  IWDG ..ottt 1424

LL LPTIM GENEriC DIIVEr....cuuiiiiiie e 1425
83.1 LPTIM Firmware driver registers StruCtures ..........ccccccvevevveeeennnnn. 1425
83.1.1 LL_LPTIM_INITYPEDES......oiiiiiiiiiireievcveeee e 1425

83.2  LPTIM Firmware driver APl description..........cccccccvvvvvviiiiinninnnnnn. 1425
83.2.1 Detailed description of fuNCtioNS ..........cccveeiiiiiiiii e, 1425

83.3  LPTIM Firmware driver define€s .........coovviiiiiiiiiiiieciii e 1448
83.3.1  LPTIM ittt 1448

LL PWR GeNeriC DIIVEr ....cccuuiiiiiiie i 1452
84.1 PWR Firmware driver APl descCription.........ccccccvvvvviviiiiiiiiiiinennnn. 1452
84.1.1 Detailed description of fuNCtions ..........ccccceeiiiiiiiiinii e, 1452

84.2 PWR Firmware driver defines .......ccooeeviiiiiiiiiiii e 1468
B4.2. 1 PWR oottt ettt 1468

LL RCC GENEriC DIVl ....cciiii e 1471
85.1 RCC Firmware driver registers Structures ..........cccccevvvveveeeeenennnn. 1471
85.1.1 LL_RCC_CIOCKSTYPEDES ...ccoiiiiiiiiiiiiie et 1471

85.2 RCC Firmware driver API description .........ccccccvvvviiiiiiiiiiiiinnnnnnn. 1471
85.2.1 Detailed description of fuNCtioNS ..........cooceeiiiiiiiin e, 1471

85.3 RCC Firmware driver defineS........cooeeviiiiiiiiiiiiiieeeineeeeeeeeeee 1537
ST e R = L @ R 1537

LL RNG GENEIIC DIIVEI ..cceviiiii e 1570
86.1 RNG Firmware driver APl descCription .........cccccccvvveviiiiiiiiiiiinnnnnnn. 1570
86.1.1 Detailed description of fuNCtioNS ..........cooceeiiiiie i, 1570

86.2 RNG Firmware driver definesS........ccooevviiiiiiiiiiiiiicceii e 1573
86.2.1  RNG ..oiiiicecececeeecee ettt n s 1573

DoclD027932 Rev 3 27/1967




Contents UM1905

87 LL RTC GENEriC DIV ..ccceveii e 1575
87.1 RTC Firmware driver registers StruCtures ..........ccccccevvveveeveeeennnn. 1575

87.1.1 LL_RTC_INITYPEDET ....ciiiiiiiiiicieicteee et 1575

87.1.2 LL_RTC_TiMeTYPEDET......cociiiiiiieiiiciceceveeeeeeiere e 1575

87.1.3 LL _RTC_DateTypeDef.......cccceireririeircieeeeeeeeteeeee e 1576

87.1.4 LL_RTC_AlarmTypeDef ...t 1576

87.2 RTC Firmware driver APl descCription..........ccovvvviiiiiiiiiiiiiiiiinnnnen. 1577

87.2.1 Detailed description of fUNCtiONS ..........ccccveeiiiiiiieie e, 1577

87.3 RTC Firmware driver defines ........cooooiviiiiiiiiiiiii i 1645

87.3.1  RTC oottt ettt 1645

88 LL SPI GENEriC DIiVer....cocieiiii e 1654
88.1  SPI Firmware driver registers StruCtures ..........cccccvvvvveeieeieenennnnn. 1654

88.1.1  LL_SPIL_INItTYPEDES ...oiiiiiiiieeeie e 1654

88.2  SPI Firmware driver APl description ..........ccccoevveieeviiiiiiiiiiie e, 1655

88.2.1  Detailed description of fuNCtioNS ..........cccceeiiiiiiiiini e, 1655

88.3  SPI Firmware driver defineS.......cccooeeeeiiiiiiiiiiiii e, 1677

88.3.1  SPluiiiiieeeeee ettt 1677

89 LL SYSTEM GeneriC DIiVer....cccocuiiiiiiieeieeeeeeeeeee e, 1681
89.1 SYSTEM Firmware driver APl description ...........ccccevvvvvvieieeennn. 1681

89.1.1 Detailed description of fuNCtions ..........ccccceeiiiiiiiiinii e, 1681

89.2  SYSTEM Firmware driver defines.........ccccccceeeiiiiieeeiiieicee e, 1695

89.2.1  SYSTEM ..ottt 1695

90 LL TIM GENEeriC DIiVEr ...ciieiiii e 1699
90.1 TIM Firmware driver registers StruCtures............ceeeevvvevvvvvceeeeeennn. 1699

90.1.1  LL_TIM_INItTYPEDET ...cciiiiiiiiieee e 1699

90.1.2 LL_TIM_OC_INItTYpeDET....cciiiiiiiiiiiiieee e 1699

90.1.3  LL_TIM_IC_INItTYPEDES ...o.oiiiirireieveieeeeeeee e 1700

90.1.4 LL_TIM_ENCODER_INItTYPEDES .......c.cocvevererererererererireeeeeea, 1701

90.1.5 LL_TIM_HALLSENSOR_INitTYPEDEf........ccererrriririrrreereieene, 1702

90.1.6 LL_TIM_BDTR_INItTYPEDES ......ovvvevereeeeeeeeeeeeeeeee e 1702

90.2 TIM Firmware driver API description ..........cccccccvviviiiiiiiiiiiininnnnnn. 1704

90.2.1  Detailed description of fuNCtioNS ..........cccceeiiiiie i, 1704

90.3  TIM Firmware driver definesS..........coovevviiiiiiiiiiii e 1778

90.3.1  TIMuiiioeoeeeeeeeee ettt 1778

91 LL USART GENEriC DIIVEN ...civiiiiiieeeeee e 1793
91.1  USART Firmware driver registers StruCturesS.........ccccoeeeevevvineeenns 1793

28/1967 DoclD027932 Rev 3 ‘Yl




UM1905 Contents

91.1.1 LL USART_INtTYPEDET .....cocuiviieririiiceceeeeeteteeee e 1793
91.1.2 LL _USART_ClocKINitTYPEDET .......cevvveveeiieieiereeeieeeeeee e 1793
91.2 USART Firmware driver APl description ...........cccccvvviviiiiiiiinnnnn. 1794
91.2.1 Detailed description of fUNCiONS .........ccoocveiiiiiiee e, 1794
91.3 USART Firmware driver defines.........cccoeiviiiiiiiiieiiiii e 1858
91.3.1  USART .ottt 1858
92 LL UTILS GENErIC DIIVEI ..coveieeiieee e 1864
92.1  UTILS Firmware driver registers StruCturesS...........cccvvvvvvvnineeeennn. 1864
92.1.1  LL_UTILS_PLLINIETYPEDES ....ovvvvivieeieieeeeeeteteeeee e 1864
92.1.2  LL_UTILS_CIKINTYPEDES....ci it 1864
92.2  UTILS Firmware driver API description ...........ccccccvvvviviiiiiiininnnnnn. 1864
92.2.1  System Configuration funCtioNS...........coocuviiiiiieei i, 1864
92.2.2  Detailed description of fUNCLIONS ..........ooviiiiiiiiiiiiii e, 1865
92.3  UTILS Firmware driver defines..........ccooviiiiiiiiiiiieiieiiiceeeeieeeeee 1868
02.3.1  UTILS ittt 1868
93 LL WWDG GeNEriC DIIVEr ....ccveiiiieiiiie e 1869
93.1 WWDG Firmware driver APl description ..........ccccccvvvvviiiiininennnn. 1869
93.1.1 Detailed description of functions ...................c.ccc 1869
93.2 WWNDG Firmware driver defines..........cccoevviiiiiiiiiiiiiei e 1873
93.2.1  WWDG......oiiiiiieiiiietetee ettt 1873

94 Correspondence between API registers and API low-layer driver
10T Yo 4 1o 1 1PN 1874
041 ADC oo 1874
04.2  BUS . o 1880
94.3  CORTEX it e e e aees 1896
S O = { PRSP 1897
045 DA e 1898
0.6 DM A e 1900
947  DMAZD ..o 1904
S G I PPN 1908
94,9  GPIO e 1909
04,10  12C e e e aan 1909
S I O 2 PPN 1914
94,12 IWDG ... i 1915
94,13  LPTIM ..t 1916

‘W DoclD027932 Rev 3 29/1967




Contents UM1905
94,14  PWR.ooiiiiiiieie ittt sttt sttt ns 1918
94.15 RCC oiviiiiiiieie ettt ettt 1921
94.16  RNG .ovioeiieieieeieiee ettt sttt 1927
94.17  RTCoiiieiiieiee ettt b e 1928
94,18  SPluiiiiciiciee et 1937
94.19  SYSTEM .ottt 1939
94.20  TIM .iiiiiiiiiee ettt 1942
94.21  USART ..ottt sttt 1953
94,22 WWDG ... ciieiiieieiesieeete sttt ne st eneene e e e 1960
LS o N PP 1962
96  REVISION NISTOY .ovuuiiiiii e 1966

30/1967

3

DocID027932 Rev 3




UM1905

List of tables

List of tables

Table 1: Acronyms and definitiONS..........oiiiiiiiieiiiie e 33
TabIE 2: HAL AFIVEE fllES. ..ttt e e e e et e e e e e s st et e e e e e e s e annbeenaeaeeas 35
Table 3: User-appliCation filES .........ooi e 36
Table 4: APIS ClasSIfICALION ........oi e e st e e e e s s st r e e e e e e e e s nbreaeeeaeas 40
Table 5: List of devices supported by HAL and LL AriVEIS ......ccooiuiiiiieie et e e 41
Table 6: HAL AP NAMING FUIES .......uviiiiieie ittt s s e e e e e e s et e e e e e s s s ntaae e e e e e e s e e snnnrnneeeaens 46
Table 7: Macros handling interrupts and specific clock configurations ...........cccccceev i, a7
Table 8: CallDACK fUNCHIONS ...t s st e e et e e e s st ae e e e nnbee e e e nnees 48
Table 9: HAL GENETIC APIS .ooii ittt e et e e e s e e e e e e e e s st e e e e ae e s s nstaaeeeeeeeessnnsrnnneeaens 49
Table 10: HAL XIENSION APIS ... ..ttt ettt e et e e st e e s e st e e e e bt e e s e nbaeeeennbeeeeennees 50
Table 11: Define statements used for HAL CONfiQUration ............c.ueeiiiiiiieiiiiiie e 53
Table 12: Description of GPIO_INitTYPEDEf STIUCIUIE ......cocuuiiiiiiiiiie it 55
Table 13: Description of EXTI configuration MaCIOS ..........ccuveieiiiiiieiiiiie e 57
Table 14: MSP fUNCHIONS .....eeiiiii it e et e e e e e e s st et e e e e ee s e s nntataeeeeeeseannnreaneeaeens 62
Table 15: TIMEOUL VAIUES ....coiiiiiiiiiiiiiiie ettt e s s et e e e e e s e ettt e e e e e e s st et e e e ee s s s nnbetaeeeaeessaannsnnaneeaens 66
QLIS Lo] Lo G I o )= o ][ PSR SPTPR 70
Table 17: Common peripheral initialization fUNCHONS ..........uuuiiiiiiiieiiieiiiieieee e 73
Table 18: Optional peripheral initialization FUNCLONS .............uuvuiiiiiiiiiiii .. 74
Table 19: Specific Interrupt, DMA request and status flags management ............cccccvvvvvvvevninieieinininnnnn. 76
Table 20: Available FUNCHON FOMMALS. ........ooi i e e e s neeee s 76
Table 21: Peripheral clock activation/deactivation management ................eeuererermiminimimiminrernin.. 76
Table 22: Peripheral activation/deactivation Management..........cc.ceoiiiiiiiiiee e 77
Table 23: Peripheral configuration ManagemMeNt............eieiiiiieiiiie e 77
Table 24: Peripheral register ManagemMeENT ............eiiiiiiieiiiii et 77
Table 25: Correspondence between ADC registers and ADC low-layer driver functions ................... 1874
Table 26: Correspondence between BUS registers and BUS low-layer driver functions..................... 1880
Table 27: Correspondence between CORTEX registers and CORTEX low-layer driver functions .....1896
Table 28: Correspondence between CRC registers and CRC low-layer driver functions.................... 1897
Table 29: Correspondence between DAC registers and DAC low-layer driver functions .................... 1898
Table 30: Correspondence between DMA registers and DMA low-layer driver functions ................... 1900
Table 31: Correspondence between DMA2D registers and DMA2D low-layer driver functions........... 1904
Table 32: Correspondence between EXTI registers and EXTI low-layer driver functions ................... 1908
Table 33: Correspondence between GPIO registers and GPIO low-layer driver functions ................. 1909
Table 34: Correspondence between I2C registers and 12C low-layer driver functions ...............c..c..... 1909
Table 35: Correspondence between 12S registers and 12S low-layer driver functions......................... 1914
Table 36: Correspondence between IWDG registers and IWDG low-layer driver functions................ 1915
Table 37: Correspondence between LPTIM registers and LPTIM low-layer driver functions .............. 1916
Table 38: Correspondence between PWR registers and PWR low-layer driver functions................... 1918
Table 39: Correspondence between RCC registers and RCC low-layer driver functions.................... 1921
Table 40: Correspondence between RNG registers and RNG low-layer driver functions ................... 1927
Table 41: Correspondence between RTC registers and RTC low-layer driver functions..................... 1928
Table 42: Correspondence between SPI registers and SPI low-layer driver functions........................ 1937
Table 43: Correspondence between SYSTEM registers and SYSTEM low-layer driver functions...... 1939
Table 44: Correspondence between TIM registers and TIM low-layer driver functions....................... 1942
Table 45: Correspondence between USART registers and USART low-layer driver functions........... 1953
Table 46: Correspondence between WWDG registers and WWDG low-layer driver functions............ 1960
Table 47: DOCUMENL FEVISION NISTOY .....ciiiiiiiieiiiiie ettt e et e e et e e e sbaeeeeans 1966
[S71 DoclD027932 Rev 3 31/1967




List of figures UM1905

List of figures

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

32/1967

Example of Project teMPIALE ........cooiiiiiii e 37
Adding device-SpecifiC TUNCHIONS ........coiuiiiiiiiiie e 50
Adding family-SpecifiC TUNCHIONS .........coiuiiiiiiiie e 51
AddiNg NEW PEIIPRNETAIS .....ocoiiiie e e 51
UpPdating @XIStING APIS ...coii i ittt e s s s r e e e e e s s e e e e e e s s s s tnbereeeaeeesnarnraeeeeaeaeaann 51
File INCIUSION MOAEI ... e 52
HAL drVEN MO ... ittt e s n e e s e nnnees 60
LOW Layer driVer TOIAEIS ..ottt e e e e e e e e et e e e e e e s snnrnaeeeeeeeaeaanns 71
Low Layer driver CMSIS ilES .....uuuiiiiee ettt e e e e st e e e e e e s natnaae e e e e e s e aanns 72

3

DocID027932 Rev 3




UM1905

Acronyms and definitions

1

3

Acronyms and definitions

Table 1: Acronyms and definitions

Acronym Definition
ADC Analog-to-digital converter
ANSI American National Standards Institute
API Application Programming Interface
BSP Board Support Package
CAN Controller area network
CEC Consumer electronic controller
CMSIS Cortex Microcontroller Software Interface Standard
CPU Central Processing Unit
CRC CRC calculation unit
DAC Digital to analog converter
DFSDM Digital filter sigma delta modulators
DMA Direct Memory Access
DSl Display serial interface
ETH Ethernet controller
EXTI External interrupt/event controller
FLASH Flash memory
FMC Flexible memory controller
GPIO General purpose 1/0Os
HAL Hardware abstraction layer
HCD USB Host Controller Driver
12C Inter-integrated circuit
12S Inter-integrated sound
IRDA InfraRed Data Association
IWDG Independent watchdog
LCD Liquid Crystal Display Controler
LTDC LCD TFT Display Controller
MDIOS Management data input/output (MDIO) slave
MMC Multi Media Card
MSP MCU Specific Package
NAND NAND Flash memory
NOR Nor Flash memory
NVIC Nested Vectored Interrupt Controller
PCD USB Peripheral Controller Driver
PWR Power controller
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Acronym Definition
QSPI QUADSPI Flash memory Interface
RCC Reset and clock controller
RTC Real-time clock
SAl Serial Audio Interface
SD Secure Digital
SRAM SRAM external memory
SMARTCARD Smartcard IC
SPI Serial Peripheral interface
SPDIFRX SPDIF-RX Receiver interface
SysTick System tick timer
TIM Advanced-control, general-purpose or basic timer
UART Universal asynchronous receiver/transmitter
USART Universal synchronous receiver/transmitter
WWDG Window watchdog
usB Universal Serial Bus
PPP STM32 peripheral or block

DocID027932 Rev 3

3




UM1905 Overview of HAL drivers
2 Overview of HAL drivers
The HAL drivers were designed to offer a rich set of APIs and to interact easily with the
application upper layers.
Each driver consists of a set of functions covering the most common peripheral features.
The development of each driver is driven by a common API which standardizes the driver
structure, the functions and the parameter names.
The HAL drivers inlcude a set of driver modules, each module being linked to a standalone
peripheral. However, in some cases, the module is linked to a peripheral functional mode.
As an example, several modules exist for the USART peripheral: UART driver module,
USART driver module, SMARTCARD driver module and IRDA driver module.
The HAL main features are the following:
e  Cross-family portable set of APIs covering the common peripheral features as well as
extension APIs in case of specific peripheral features.
e  Three API programming models: polling, interrupt and DMA.
e APIs are RTOS compliant:
—  Fully reentrant APIs
—  Systematic usage of timeouts in polling mode.
e  Support of peripheral multi-instance allowing concurrent API calls for multiple
instances of a given peripheral (USART1, USART2...)
e All HAL APIs implement user-callback functions mechanism:
—  Peripheral Init/Delnit HAL APIs can call user-callback functions to perform
peripheral system level Initialization/De-Initialization (clock, GPIOs, interrupt,
DMA)
—  Peripherals interrupt events
—  Error events.
e  Object locking mechanism: safe hardware access to prevent multiple spurious
accesses to shared resources.
e Timeout used for all blocking processes: the timeout can be a simple counter or a
timebase.
2.1 HAL and user-application files
2.1.1 HAL driver files

3

A HAL drivers are composed of the following set of files:
Table 2: HAL driver files

File Description

Main peripheral/module driver file.
stm32f7xx_hal_ppp.c It includes the APIs that are common to all STM32 devices.
Example: stm32f7xx_hal_adc.c, stm32f7xx_hal_irda.c, ...

Header file of the main driver C file

It includes common data, handle and enumeration structures,
stm32f7xx_hal_ppp.h define statements and macros, as well as the exported generic
APls.

Example: stm32f7xx_hal_adc.h, stm32f7xx_hal_irda.h, ...
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File

Description

stm32f7xx_hal_ppp_ex.c

Extension file of a peripheral/module driver. It includes the specific
APIs for a given part number or family, as well as the newly
defined APIs that overwrite the default generic APIs if the internal
process is implemented in different way.

Example: stm32f7xx_hal_adc_ex.c, stm32f7xx_hal_dma_ex.c, ...

stm32f7xx_hal_ppp_ex.h

Header file of the extension C file.

It includes the specific data and enumeration structures, define
statements and macros, as well as the exported device part
number specific APls

Example: stm32f7xx_hal_adc_ex.h, stm32f7xx_hal_dma_ex.h, ...

stm32f7xx_hal.c

This file is used for HAL initialization and contains DBGMCU,
Remap and Time Delay based on systick APlIs.

stm32f7xx_hal.h

stm32f7xx_hal.c header file

Template file to be copied to the user application folder.

stm32f7xx_hal_msp_template.c | |t contains the MSP initialization and de-initialization (main routine

and callbacks) of the peripheral used in the user application.

stm32f7xx_hal_conf_template.h

Template file allowing to customize the drivers for a given
application.

stm32f7xx_hal_def.h

Common HAL resources such as common define statements,
enumerations, structures and macros.

User-application files

The minimum files required to build an application using the HAL are listed in the table

below:

Table 3: User-application files

File

Description

system_stm32f7xx.c

This file contains Systemlnit() which is called at startup just after reset and
before branching to the main program. It does not configure the system
clock at startup (contrary to the standard library). This is to be done using
the HAL APIs in the user files.

It allows relocating the vector table in internal SRAM.

startup_stm32f7xx.s

Toolchain specific file that contains reset handler and exception vectors.

For some toolchains, it allows adapting the stack/heap size to fit the
application requirements.

stm32f7xx_flash.icf
(optional)

Linker file for EWARM toolchain allowing mainly to adapt the stack/heap
size to fit the application requirements.

stm32f7xx_hal_msp.c

This file contains the MSP initialization and de-initialization (main routine
and callbacks) of the peripheral used in the user application.

stm32f7xx_hal_conf.h

This file allows the user to customize the HAL drivers for a specific
application.

It is not mandatory to modify this configuration. The application can use the
default configuration without any modification.

3
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File

Description

stm32f7xx_it.c/.h

This file contains the exceptions handler and peripherals interrupt service
routine, and calls HAL_IncTick() at regular time intervals to increment a
local variable (declared in stm32f7xx_hal.c) used as HAL timebase. By
default, this function is called each 1ms in Systick ISR. .

The PPP_IRQHandler() routine must call HAL_PPP_IRQHandler() if an
interrupt based process is used within the application.

main.c/.h

This file contains the main program routine, mainly:

the call to HAL_Init()

assert_failed() implementation

system clock configuration

peripheral HAL initialization and user application code.

The STM32Cube package comes with ready-to-use project templates, one for each
supported board. Each project contains the files listed above and a preconfigured project
for the supported toolchains.

Each project template provides empty main loop function and can be used as a starting
point to get familiar with project settings for STM32Cube. Its features are the following:

. It contains the sources of HAL, CMSIS and BSP drivers which are the minimal
components to develop a code on a given board.

e It contains the include paths for all the firmware components.

e It defines the STM32 device supported, and allows configuring the CMSIS and HAL
drivers accordingly.

e It provides ready to use user files preconfigured as defined below:
— HAL is initialized
—  SysTick ISR implemented for HAL_Delay()
—  System clock configured with the maximum frequency of the device

If an existing project is copied to another location, then include paths must be

updated.

Figure 1: Example of project template

= || STM32756G_EVAL

. Applications

- |, Demonstration

., Examples

0 e

w1 |, EWARM

=  Ine

----- || mainh

----- || stm32fAoc_hal_conf h
----- || stm32 o ith

+- |, MDK-ARM

----- || main.c

----- || stm32 Boc_hal_msp.c
----- || stm32 o itc

----- || system_stm3& Ao c

+- |y SW45TM32

----- || readme b

L & Release_Notes html

1)
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HAL data structures
Each HAL driver can contain the following data structures:

e  Peripheral handle structures
e Initialization and configuration structures
e  Specific process structures.

Peripheral handle structures

The APIs have a modular generic multi-instance architecture that allows working with
several IP instances simultaneously.

PPP_HandleTypeDef *handle is the main structure that is implemented in the HAL
drivers. It handles the peripheral/module configuration and registers and embeds all the
structures and variables needed to follow the peripheral device flow.

The peripheral handle is used for the following purposes:

e  Multi-instance support: each peripheral/module instance has its own handle. As a
result instance resources are independent.

o  Peripheral process intercommunication: the handle is used to manage shared data
resources between the process routines.
Example: global pointers, DMA handles, state machine.

e  Storage: this handle is used also to manage global variables within a given HAL
driver.

An example of peripheral structure is shown below:

typedef struct

{

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

IO uintl6_t TxXferCount;/* Usart Tx Transfer Counter */
uint8 t *pRxBuffPtr;/* Pointer to Usart Rx transfer Buffer */
uintl6 t RxXferSize; /* Usart Rx Transfer size */

~ TI0 uintl6 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 */

__TO HAL USART StateTypeDef State; /* Usart communication state */
IO HAL USART ErrorTypeDef ErrorCode;/* USART Error code */
}USART HandleTypeDef;

1) The multi-instance feature implies that all the APIs used in the application are
re-entrant and avoid using global variables because subroutines can fail to be re-
entrant if they rely on a global variable to remain unchanged but that variable is
modified when the subroutine is recursively invoked. For this reason, the following
rules are respected:

e Re-entrant code does not hold any static (or global) non-constant data: re-
entrant functions can work with global data. For example, a re-entrant
interrupt service routine can grab a piece of hardware status to work with
(e.g. serial port read buffer) which is not only global, but volatile. Still, typical
use of static variables and global data is not advised, in the sense that only
atomic read-modify-write instructions should be used in these variables. It
should not be possible for an interrupt or signal to occur during the execution
of such an instruction.

e Reentrant code does not modify its own code.
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2) When a peripheral can manage several processes simultaneously using the
DMA (full duplex case), the DMA interface handle for each process is added in the
PPP_HandleTypeDef.
3) For the shared and system peripherals, no handle or instance object is used.
The peripherals concerned by this exception are the following:
e GPIO
e SYSTICK
e NVIC
e PWR
e RCC
e FLASH.
2.2.2 Initialization and configuration structure
These structures are defined in the generic driver header file when it is common to all part
numbers. When they can change from one part number to another, the structures are
defined in the extension header file for each part number.
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.*/
uint32 t StopBits; /*!< Specifies the number of stop bits transmitted.*/
uint32 t Parity; /*!< Specifies the parity mode. */
uint32 t Mode; /*!< Specifies wether the Receive or Transmit mode is enabled or
disabled.*/
uint32 t HwFlowCtl; /*!< Specifies wether the hardware flow control mode is enabled
or disabled.*/
uint32 t OverSampling; /*!< Specifies wether the Over sampling 8 is enabled or
disabled,
to achieve higher speed (up to fPCLK/8).*/
}UART InitTypeDef;
The config structure is used to initialize the sub-modules or sub-instances. See
below example:
HAL ADC ConfigChannel (ADC HandleTypeDef* hadc, ADC ChannelConfTypeDef*
sConfig)
2.2.3 Specific process structures
The specific process structures are used for specific process (common APIs). They are
defined in the generic driver header file.
Example:
HAL PPP Process (PPP HandleTypeDef* hadc,PPP ProcessConfig* sConfig)
2.3 API classification

3

The HAL APIs are classified into three categories:

e  Generic APIs: common generic APIs applying to all STM32 devices. These APIs are
consequently present in the generic HAL driver files of all STM32 microcontrollers.
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HAL StatusTypeDef HAL ADC Init (ADC HandleTypeDef* hadc); HAL StatusTypeDef

HAL_ADC DelInit (ADC_HandleTypeDef *hadc); HAL_ StatusTypeDef

HAL_ADC_Start (ADC_HandleTypeDef* hadc); HAL StatusTypeDef

HAL ADC Stop (ADC HandleTypeDef* hadc); HAL StatusTypeDef

HAL ADC Start IT(ADC HandleTypeDef* hadc); HAL StatusTypeDef

HAL ADC Stop IT(ADC HandleTypeDef* hadc); void HAL ADC_TRQHandler (ADC_HandleTypeDef*
hadc) ;

e Extension APIs:
This set of API is divided into two sub-categories :
—  Family specific APIs: APIs applying to a given family. They are located in the
extension HAL driver file (see example below related to the ADC).
HAL StatusTypeDef HAL ADCEx Calibration Start (ADC HandleTypeDef* hadc, uint32 t

SingleDiff); uint32 t HAL ADCEx Calibration_GetValue (ADC_HandleTypeDef* hadc,
uint32 t SingleDiff);

—  Device part number specific APIs:
These APIs are implemented in the extension file and delimited by specific define
statements relative to a given part number.
#if defined (STM32F756xx)
HAL StatusTypeDef HAL HASHEx SHA224 Accumulate (HASH HandleTypeDef *hhash, uint8 t

*pInBuffer, uint32 t Size);
#endif /* STM32F756xx */

The data structure related to the specific APIs is delimited by the device part
number define statement. It is located in the corresponding extension header C
file.

The following table summarizes the location of the different categories of HAL APIs in the
driver files.

Table 4: APis classification

Generic file Extension file
Common APIs X x®
Family specific APIs X
Device specific APIs X

Notes:

Win some cases, the implementation for a specific device part number may change. In this case the generic API
is declared as weak function in the extension file. The APl is implemented again to overwrite the default function

Family specific APIs are only related to a given family. This means that if a
spe