m UM3363

User manual

Description of STM32WBO0 HAL and LL drivers

Introduction

STM32Cube is an STMicroelectronics original initiative to significantly improve developer productivity by reducing development
effort, time, and cost. STM32Cube covers the STM32 portfolio.

STM32Cube includes:

. STM32CubeMX, a graphical software configuration tool that allows the generation of C initialization code using graphical
wizards.

. A comprehensive embedded software platform, delivered per series (such as STM32CubeWBO0 for STM32WBO0 devices)

- The STM32Cube HAL, STM32 abstraction layer embedded software ensuring maximized portability across the
STMB32 portfolio. HAL APIs are available for all peripherals.

— Low-layer APIs (LL) offering a fast light-weight expert-oriented layer which is closer to the hardware than the HAL.
LL APIs are available only for a set of peripherals.

— A consistent set of middleware components such as RTOS, FAT file system, STM32_BLE including Bluetooth® LE,
services and stack, certified with Bluetooth® SIG.

- All embedded software utilities, delivered with a full set of examples.

The HAL driver layer provides a simple, generic multi-instance set of APIs (application programming interfaces) to interact with
the upper layer (application, libraries, and stacks). The HAL driver APIs are split into two categories: generic APIs, which
provide common and generic functions for all the STM32 series and extension APls, which include specific and customized
functions for a given line or part number. The HAL drivers include a complete set of ready-to-use APIs that simplify the user
application implementation. For example, the communication peripherals contain APlIs to initialize and configure the peripheral,
manage data transfers in polling mode, handle interrupts or DMA, and manage communication errors. The HAL drivers are
feature-oriented instead of peripheral-oriented. For example, the timer APIs are split into several categories following the
peripheral functions, such as basic timer, capture, and pulse width modulation (PWM). The HAL driver layer implements runtime
failure detection by checking the input values of all functions. Such dynamic checking enhances the firmware robustness.
Runtime 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 by 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
content of the associated peripheral registers. Unlike the HAL, 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 a complex upper-level stack.

The HAL and LL are complementary and cover a wide range of application requirements:

. The HAL offers high-level and feature-oriented APIs with a high-portability level. These hide the MCU and peripheral
complexity from the end user.

. The LL offers low-level APIs at register level, with better optimization but less portability. These require deep knowledge
of the MCU and peripheral specifications.

The HAL- and LL-driver source code is developed in Strict ANSI-C, which makes it independent of the development tools. It is
fully documented.

This user manual is structured as follows:

. Overview of HAL drivers

. Overview of low-layer drivers

. Cohabiting of HAL and LL drivers

. Detailed description of each peripheral driver: configuration structures, functions, and how to use the given API to build

your application
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1 General information

The STM32CubeWB0 MCU Package runs on STM32WBO0 32-bit microcontrollers based on the Arm® Cortex®-M
processor.

Note: Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

arm
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2 Acronyms and definitions

Table 1. Acronyms and definitions

ADC Analog-to-digital converter
AES Advanced encryption standard
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
COMP Comparator
CPU Central processing unit
CRC CRC calculation unit
CSS Clock security system
DAC Digital-to-analog converter
DMA Direct memory access
DMAMUX Direct memory access request multiplexer
DTS Digital temperature sensor
EXTI External interrupt/event controller
FLASH Flash memory
FW Firewall
GPIO General-purpose 1/Os
HAL Hardware abstraction layer
HCD USB host controller driver
12C Inter-integrated circuit
128 Inter-integrated sound
IRDA Infrared data association
IWDG Independent watchdog
JPEG Joint photographic experts group
LPTIM Low-power timer
LPUART Low-power universal asynchronous receiver/transmitter
MCO Microcontroller clock output
MMC MultiMediaCard
MPU Memory protection unit
MSP MCU specific package
NAND NAND flash memory
NOR NOR flash memory
NVIC Nested vectored interrupt controller
OTG-FS USB on-the-go full-speed
PKA Public key accelerator
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PCD USB peripheral controller driver
PPP STM32 peripheral or block
PWR Power controller
RAMECC RAM ECC monitoring
RCC Reset and clock controller
RNG Random number generator
RTC Real-time clock
SD Secure digital
SDMMC SD/SDIO/MultiMediaCard card host interface
SMARTCARD Smartcard IC
SMBUS System management bus
SPI Serial peripheral interface
SRAM SRAM external memory
SysTick System tick timer
TIM Advanced-control, general-purpose or basic timer
UART Universal asynchronous receiver/transmitter
USART Universal synchronous receiver/transmitter
usB Universal serial bus
VREFBUF Voltage reference buffer
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3 Overview of HAL drivers

The HAL drivers are 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 include 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:

. Cross-family portable set of APIs covering the common peripheral features as well as extension APIs in
case of specific peripheral features.

. Three API programming models: polling, interrupt, and DMA.
. APIs are RTOS-compliant:

- Fully reentrant APIs

- Systematic usage of timeouts in polling mode

. Support of peripheral multi-instance allowing concurrent API calls for multiple instances of a given
peripheral (such as USART1 or USART2)
. All HAL APIs implement a 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

. Object locking mechanism: safe hardware access to prevent multiple spurious accesses to shared
resources.
. Timeout used for all blocking processes: the timeout can be a simple counter or a timebase.
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3.1 HAL and user-application files

3141 HAL driver files
HAL drivers are composed of the following set of files:

Table 2. HAL driver files

Main peripheral/module driver file

stm32wb0_hal_ppp.c It includes the APIs that are common to all STM32 devices.
Example: stm32wb0_hal_adc.c, stm32wb0_hal_irda.c.
Header file of the main driver C file

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

Example:stm32wb0_hal_adc.h,stm32wb0_hal_irda.h.

stm32wb0_hal_ppp.h

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 APlIs if
stm32wb0_hal_ppp_ex.c the internal process is implemented in a different way.

Example:stm32wb0_hal_adc_ex.c,stm32wb0_hal_flash_ex.c.
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: stm32wb0_hal_adc_ex.h,stm32wb0_hal_flash_ex.h.

stm32wb0_hal_ppp_ex.h

This file is used for HAL initialization and contains DBGMCU, remap and time delay based
on SysTick APls.

stm32wb0_hal.h stm32wb0_hal.c header file

stm32wb0_hal.c

Template file to be copied to the user application folder

stm32wb0_hal_msp_template.c | |t contains the MSP initialization and deinitialization (main routine and callbacks) of the
peripheral used in the user application.

stm32wb0_hal_conf_template.h Template file allowing the drivers to be customized for a given application

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

stm32wb0_hal_def.h
- = macros

3.1.2 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

I

This file contains SystemInit() that 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 APlIs in the user files. It allows the relocation of the vector table in
internal SRAM.

system_stm32wb0.c

Toolchain specific file that contains reset handler and exception vectors.

startup_stm32wb0.s | For some toolchains, it allows the adaptation of the stack/heap size to fit the application
requirements.

stm32wb0_flash.icf Linker file for EWARM toolchain allowing mainly the adaptation of the stack/heap size to fit the
(optional) application requirements.

This file contains the MSP initialization and deinitialization (main routine and callbacks) of the

stm32wb0_hal_msp.c peripheral used in the user application.

stm32wb0_hal_conf.h | This file allows the HAL drivers to be customized for a specific application.
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It is not mandatory to modify this configuration. The application can use the default configuration
without any modification.

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 stm32wb0_hal.c)
stm32wb0 it.c/h used as HAL timebase. By default, this function is called each 1 ms in SysTick ISR.

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

This file contains the main program routine, mainly:
. Call to HAL_Init()

main.c/.h . 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 an 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.

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

. It defines the STM32 device supported, and configures the CMSIS and HAL drivers accordingly.

. It provides ready to use user files preconfigured as defined below:

- HAL is initialized
- SysTick ISR implemented for HAL_GetTick()
- System clock configured with the selected device frequency.

Note: If an existing project is copied to another location, then include paths must be updated.

Figure 1. Example of project template

B | Templates

&~ | EWARM

(= Y

----- c| mainh

----- c| stm32whik_hal_confh
----- c| stm32wblke_it h

----- | stm32wbx_nucleo_caonfh
- MODK-ARM

Bl | &

----- C| main.c

----- c| stm32wbl_hal_msp.c
----- c| stm32wblx_it.c

----- c| system_stm32whbi.c
- | 5TM32CubelDE

E readme htr

----- #| READMEmd

3.2 HAL data structures
Each HAL driver can contain the following data structures:
. Peripheral handle structures
. Initialization and configuration structures
. Specific process structures.
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3.21 Peripheral handle structures
The APIls have a modular generic multi-instance architecture that enables working with several peripheral
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:

. Multi-instance support: each peripheral/module instance has its own handle. As a result instance resources
are independent.
. Peripheral process intercommunication: the handle is used to manage shared data resources between the

process routines.
Example: global pointers, DMA handles, state machine.

. Storage: this handle is also used 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 */
uintl6é t RxXferSize; /* Usart Rx Transfer size */

IO 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 */

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

Note: 1. The multi-instance feature implies that all the APIs used in the application are reentrant and avoid using
global variables because subroutines can fail to be reentrant 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:

- Reentrant code does not hold any static (or global) nonconstant data: reentrant functions can work with
global data. For example, a reentrant interrupt service routine can grab a piece of hardware status to
work with (for example 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.

- Reentrant code does not modify its own code.

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_Handle TypeDef.

3. For the shared and system peripherals, no handle or instance object is used. The peripherals concerned by
this exception are the following:

- GPIO

- SYSTICK
- NVIC

- PWR

- RCC

- FLASH
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3.2.2

Note:

3.2.3

UM3363 - Rev 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 fram
e.x/

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 disabl
ed.*/

uint32_ t OverSampling; /*!< Specifies wether the Over sampling 8 is enabled or disabled, to a
chieve higher speed (up to f£PCLK/8).*/

}UART InitTypeDef;

The config structure is used to initialize the submodules or subinstances. See below example:

HAL ADC ConfigChannel (ADC HandleTypeDef* hadc, ADC ChannelConfTypeDef* sConfig)

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)
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3.3 API classification
The HAL APIs are classified into the following categories:

. Generic APIs: common generic APIls applying to all STM32 devices. These APIs are consequently present
in the generic HAL driver files of all STM32 microcontrollers.

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 IRQHandler (ADC HandleTypeDef* hadc);

. Extension APls:
This set of APIs contains family-specific APls that apply 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 Si
ngleDiff); uint32_ t HAL ADCEx_Calibration_GetValue (ADC_HandleTypeDef* hadc, uint32
_t SingleDiff);

Note: 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 APlIs in the driver files.

Table 4. API classification

Common APIs X X
Family specific APIs - X
Device specific APls - X
Note: Family specific APIs are only related to a given family. This means that if a specific API is implemented in
another family, and the arguments of this latter family are different, additional structures and arguments might
need to be added.

The IRQ handlers are used for common and family specific processes.
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3.4 Devices supported by HAL/LL drivers

Table 5. List of devices supported by HAL/LL drivers

Peripheral/Module STM32WB09xx STM32WBO07xx STM32WB06xx STM32WB05xx
yes yes yes yes

stm32wb0x_hal.c

stm32wb0x_hal_adc.c yes yes yes yes
stm32wb0x_hal_adc_ex.c yes yes yes yes
stm32wb0x_hal_cortex.c yes yes yes yes
stm32wb0x_hal_crc.c yes yes yes yes
stm32wb0x_hal_crc_ex.c yes yes yes yes
stm32wb0x_hal_dma.c yes yes yes yes
stm32wb0x_hal_flash.c yes yes yes yes
stm32wb0x_hal_flash_ex.c yes yes yes yes
stm32wb0x_hal_gpio.c yes yes yes yes
stm32wb0x_hal_i2c.c yes yes yes yes
stm32wb0x_hal_i2c_ex.c yes yes yes yes
stm32wb0x_hal_i2s.c yes yes yes yes
stm32wb0x_hal_irda.c yes yes yes yes
stm32wb0x_hal_iwdg.c yes yes yes yes
stm32wb0x_hal_pka.c yes yes yes yes
stm32wb0x_hal_pwr.c yes yes yes yes
stm32wb0x_hal_pwr_ex.c yes yes yes yes
stm32wb0x_hal_radio.c yes yes yes yes
stm32wb0x_hal_radio_timer.c yes yes yes yes
stm32wb0x_hal_rcc.c yes yes yes yes
stm32wb0x_hal_rcc_ex.c yes yes yes yes
stm32wb0x_hal_rng.c yes yes yes yes
stm32wb0x_hal_rtc.c yes yes yes yes
stm32wb0x_hal_rtc_ex.c yes yes yes yes
stm32wb0x_hal_smartcard.c yes yes yes yes
stm32wb0x_hal_smartcard_ex.c yes yes yes yes
stm32wb0x_hal_smbus.c yes yes yes yes
stm32wb0x_hal_smbus_ex.c yes yes yes yes
stm32wb0x_hal_spi.c yes yes yes yes
stm32wb0x_hal_spi_ex.c yes yes yes yes
stm32wb0x_hal_tim.c yes yes yes yes
stm32wb0x_hal_tim_ex.c yes yes yes yes
stm32wb0x_hal_uart.c yes yes yes yes
stm32wb0x_hal_uart_ex.c yes yes yes yes
stm32wb0x_hal_usart.c yes yes yes yes
stm32wb0x_hal_usart_ex.c yes yes yes yes
stm32wb0x_II_adc.c yes yes yes yes
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Peripheral/Module STM32WB09xx STM32WB07xx STM32WB06xx STM32WBO05xx

stm32wbOx_Il_crc.c

stm32wb0x_II_dma.c yes yes yes yes
stm32wb0x_II_gpio.c yes yes yes yes
stm32wb0x_II_i2c.c yes yes yes yes
stm32wb0x_II_i2s.c yes yes yes yes
stm32wbOx_II_lpuart.c yes yes yes yes
stm32wbO0x_lI_pka.c yes yes yes yes
stm32wbO0x_II_pwr.c yes yes yes yes
stm32wb0x_II_rcc.c yes yes yes yes
stm32wb0x_II_rng.c yes yes yes yes
stm32wb0x_|I_rtc.c yes yes yes yes
stm32wb0x_II_spi.c yes yes yes yes
stm32wb0x_II_system.c yes yes yes yes
stm32wb0x_II_tim.c yes yes yes yes
stm32wb0x_|I_usart.c yes yes yes yes
stm32wbO0x_|I_utils.c yes yes yes yes
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3.5 HAL driver rules

3.51 HAL API naming rules
The following naming rules are used in HAL drivers:

Table 6. HAL APl naming rules

File names stm32wb0_hal_ppp (c/h) stm32wb0_hal_ppp_ex (c/h) stm32wb0_ hal_ppp_ex (c/h)
Module HAL_PPP_ MODULE
name
Function HAL_PPP_Function HAL_PPPEX_Function HAL_PPPEXx_Function
name HAL_PPP_FeatureFunction_MODE HAL_PPPEx_FeatureFunction_ MODE HAL_PPPEXx_FeatureFunction_MODE
Handle PPP_HandleTypedef NA NA
name
Init
structure PPP_InitTypeDef NA PPP_InitTypeDef
name
Enum name HAL_PPP_StructnameTypeDef NA NA
. The PPP prefix refers to the peripheral functional mode and not to the peripheral itself. For example, if the
USART, PPP can be USART, IRDA, UART, or SMARTCARD depending on the peripheral mode.
. The constants used in one file are defined within this file. A constant used in several files is defined in a
header file. All constants are written in uppercase, except for peripheral driver function parameters.
. typedef variable names should be suffixed with _TypeDef.
. Registers are considered as constants. In most cases, their name is in uppercase and uses the same

acronyms as in the STM32WBO reference manuals.

. Peripheral registers are declared in the PPP_TypeDef structure (for example ADC_TypeDef) in
stm32wb0x.h header file: stm32wb0xxx.h corresponds to stm32wb05.h, stm32wb06.h, stm32wb07.h, and
stm32wb09.h.

. Peripheral function names are prefixed by HAL_, then the corresponding peripheral acronym in uppercase
followed by an underscore. The first letter of each word is in uppercase (for example
HAL_UART_Transmit()). Only one underscore is allowed in a function name to separate the peripheral
acronym from the rest of the function name.

. The structure containing the PPP peripheral initialization parameters are named PPP_InitTypeDef (for
example ADC_InitTypeDef).

. The structure containing the specific configuration parameters for the PPP peripheral are named
PPP_xxxxConfTypeDef (for example ADC_ChannelConfTypeDef).

. Peripheral handle structures are named PPP_HandleTypedef (e.g DMA_HandleTypeDef)

. The functions used to initialize the PPP peripheral according to parameters specified in PPP_InitTypeDef
are named HAL_PPP_lInit (for example HAL_TIM_lInit()).

. The functions used to reset the PPP peripheral registers to their default values are named
HAL_PPP_Delnit (for example HAL_TIM_Delnit()).

. The MODE suffix refers to the process mode, which can be polling, interrupt or DMA. As an example, when

the DMA is used in addition to the native resources, the function should be called:
HAL_PPP_Function_DMA().

. The Feature prefix should refer to the new feature.
Example: HAL_ADCEX_InjectedStart() refers to the injection mode.
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3.5.2 HAL general naming rules

. For the shared and system peripherals, no handle or instance object is used. This rule applies to the
following peripherals:

- GPIO
- SYSTICK
- NVIC
- RCC
- FLASH
Example: The HAL_GPIO_Init() requires only the GPIO address and its configuration parameters.

HAL StatusTypeDef HAL GPIO Init (GPIO TypeDef* GPIOx, GPIO InitTypeDef *Init)

{
/*GPIO Initialization body */

}

. The macros that handle interrupts and specific clock configurations are defined in each peripheral/module
driver. These macros are exported in the peripheral driver header files so that they can be used by the
extension file. The list of these macros is defined below:

Note: This list is not exhaustive and other macros related to peripheral features can be added, so that they can
be used in the user application.

Table 7. Macros handling interrupts and specific clock configurations

e T e

__HAL_PPP_ENABLE_IT(_ HANDLE_ , _ INTERRUPT__) Enables a specific peripheral interrupt
—HAL_PPP_DISABLE_IT(__HANDLE__, Disables a specific peripheral interrupt
__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__, __ S
INTERRUPT _ ) Checks the source of the specified interrupt
. NVIC and SYSTICK are two Arm® Cortex® core features. The APIs related to these features are located in

the stm32wb0_hal_cortex.c file.
. The PPP handles are valid before using the HAL_PPP_lInit() API. The init function performs a check before
modifying the handle fields.
HAL PPP_Init (PPP_HandleTypeDef)
if (hppp == NULL)

{
return HAL ERROR;

}
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. The macros defined below are used:
- Conditional macro:
#define ABS(x) (((x) > 0) 2 (x) : —(x))
- Pseudocode macro (multiple instructions macro):

#define HAL LINKDMA( HANDLE , PPP DMA FIELD ,  DMA HANDLE ) \

do{ \
(__HANDLE )-> PPP DMA FIELD = &(_ DMA HANDLE ); \
(__DMA HANDLE ) .Parent = (_HANDLE ); \
} while (0)
3.5.3 HAL interrupt handler and callback functions

Besides the APIls, HAL peripheral drivers include:
. HAL_PPP_IRQHandler() peripheral interrupt handler that should be called from stm32wb0_it.c
. User callback functions.

The user callback functions are defined as empty functions with “weak” attribute. They have to be defined in the
user code.

There are three types of user callbacks functions:

. Peripheral system level initialization/ de-Initialization callbacks: HAL_PPP_Msplnit() and
HAL_PPP_MspDelnit
. Process complete callbacks: HAL_PPP_ProcessCpltCallback

. Error callback: HAL_PPP_ErrorCallback.

Table 8. Callback functions

Example: HAL_USART_Msplnit()

HAL_PPP_Msplnit() / _Delnit() ' called from HAL_PPP_Init() API function to perform peripheral system level initialization
(GPIOs, clock, DMA, interrupt)

Example: HAL_USART_TxCpltCallback

HAL_PPP_ProcessCpltCallback
Called by the peripheral or DMA interrupt handler when the process completes
Example: HAL_USART_ErrorCallback

Called by the peripheral or DMA interrupt handler when an error occurs

HAL_PPP_ErrorCallback

3.6 HAL generic APIs

The generic APIs provide common generic functions applying to all STM32 devices. They are composed of four
APls groups:

. Initialization and deinitialization functions:HAL_PPP_Init(), HAL_PPP_Delnit()

. I/0 operation functions: HAL_PPP_Read(), HAL_PPP_Write(),HAL_PPP_Transmit(),
HAL_PPP_Receive()

. Control functions: HAL_PPP_Set (), HAL_PPP_Get ().
. State and error functions: HAL_PPP_GetState (), HAL_PPP_GetError ().

For some peripheral/module drivers, these groups are modified depending on the peripheral/module
implementation.

Example: in the timer driver, the API grouping is based on timer features (such as PWM, OC, and IC).

The initialization and deinitialization functions initialize a given peripheral and configure the low-level resources,
mainly clocks, GPIO, alternate functions (AF) and possibly DMA and interrupts. The HAL_Delnit() function
restores the peripheral default state, frees the low-level resources and removes any direct dependency with the
hardware.

The I/O operation functions perform a row access to the peripheral payload data in write and read modes.

The control functions are used to dynamically change the peripheral configuration and set another operating
mode.
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The peripheral state and errors functions retrieve in runtime the peripheral and data flow states, and identifying
the type of errors that occurred. The example below is based on the ADC peripheral. The list of generic APIs is
not exhaustive. It is only given as an example.

Table 9. HAL generic APIs

. This function initializes the peripheral and configures the low-level
HAL_ADC_Init() resources (such as clocks, GPIO, AF)

Initialization group This function restores the peripheral default state, frees the low-

HAL_ADC_Delnit() level resources and removes any direct dependency with the
hardware.

This function starts ADC conversions when the polling method is

HAL_ADC_Start () Leod

This function stops ADC conversions when the polling method is

HAL_ADC_Stop () Leod

This function waits for the end of conversions when the polling
HAL_ADC_PollForConversion() method is used. In this case, a timeout value is specified by the user
according to the application.

HAL_ADC_Start IT() This function starts ADC conversions when the interrupt method is

I/O operation group used
HAL_ADC_Stop_IT() Ig;sdfunctlon stops ADC conversions when the interrupt method is
HAL_ADC_IRQHandler() This function handles ADC interrupt requests
Callback function called in the IT subroutine to indicate the end of
HAL_ADC_ConvCpltCallback() the current process or when a DMA transfer has been completed
HAL_ADC_ErrorCallback() Callback function called in the IT subroutine if a peripheral error or a
DMA transfer error occurred
HAL_ADC._ConfigChannel() This funct(lj(_)n con&ngu;ﬁs the selected dA;LDC regulla:_ channel, the
Control group corresponding rank in the sequencer and the sample time
HAL_ADC_AnalogWDGConfig = This function configures the analog watchdog for the selected ADC
HAL_ADC_GetState() This function gets in runtime the peripheral and the data flow states.
State and errors group ; i i ; ;
HAL_ADC_GetError() Thls_ fuction gets in runtime the error that occurred during an IT
routine
3.7 HAL extension APIs
3.71 HAL extension model overview

The extension APIs provide specific functions or overwrite modified APIs for a specific family (series) or specific
part number within the same family.

The extension model consists of an additional file, stm32wb0_hal_ppp_ex.c, that includes all the specific
functions and define statements (stm32wb0_hal_ppp_ex.h) for a given part number.

Below is an example based on the ADC peripheral:

Table 10. HAL extension APIs

Function group Common APl name

HAL_ADCEXx_CalibrationStart() This function is used to start the automatic ADC calibration
3.7.2 HAL extension model cases
The specific peripheral features can be handled by the HAL drivers in five different ways. They are described

below.
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Adding a part number-specific function

When a new feature specific to a given device is required, the new APIs are added in the
stm32wb0_hal_ppp_ex.c extension file. They are named HAL_PPPEx_Function().

Figure 2. Adding device-specific functions

stm32won_hal_ppp_ex.c stm3Zwon_hal_ppp_ex.h

stm32xxxx_hal_ppp.c Ll

Adding a family-specific function

In this case, the APl is added in the extension driver C file and named HAL_PPPEx_Function ().

Figure 3. Adding family-specific functions
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Adding a new peripheral (specific to a device belonging to a given family)

When a peripheral which is available only in a specific device is required, the APIs corresponding to this new
peripheral/module (newPPP) are added in a new stm32wb0_hal_newppp.c. However, the inclusion of this file is
selected in the stm32wb0_hal_conf.h using the macro:

#define HAL NEWPPP_MODULE ENABLED

Figure 4. Adding new peripherals
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Example: stm32wb0_hal_adc.c/h

Updating existing data structures

The data structure for a specific device part number (for example PPP_InitTypeDef) can have different fields. In
this case, the data structure is defined in the extension header file and delimited by the specific part number
define statement.
Example:

#1if defined (STM32WBO09xx)

typedef struct

{

(™)
}PPP_InitTypeDef;
#endif

3.8 File inclusion model
The header of the common HAL driver file (stm32wb0_hal.h) includes the common configurations for the whole
HAL library. It is the only header file that is included in the user sources and the HAL C sources files to be able to
use the HAL resources.
Figure 5. File inclusion model

Stm32xuc_hal_ppp.c

Sten3 2 _hal.h StmBZxx_hal_confh Stm3Zxxex_hal_ppph  Stm32ouo_hal_ppp_ex.h
- : = '_.'..'.L.. | KN
— h—h—h—h
a2 L 2 o o
/ Stm3Za_hal_defh
Stm3dcxxx_hal_ppp.c .'h
'i L‘ s
EAmEIWDAEN, 1.
cer ey 4 = Y Stm3zouh
2 | e h _—
® Root Part el
= Number Define =i

A PPP driver is a standalone module which is used in a project. The user must enable the corresponding
USE_HAL_PPP_MODULE define statement in the configuration file.

/*********************************************************************

* @file stm32wb0_hal conf.h

* Qauthor MCD Application Team

* @version VX.Y.Z * @date dd-mm-yyyy

* @brief This file contains the modules to be used
EEE RS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE ST
()

#define HAL USART MODULE ENABLED

#define HAL IRDA MODULE ENABLED

#define HAL DMA MODULE ENABLED

#define HAL RCC MODULE ENABLED

()
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3.9 HAL common resources

The common HAL resources, such as common define enumerations, structures, and macros, are defined in
stm32wb0_hal_def.h.The main common define enumeration is HAL _StatusTypeDef.
. HAL status
The HAL status is used by almost all HAL APlIs, except for boolean functions and the IRQ handler. It
returns the status of the current API operations. It has four possible values as described below:

Typedef enum

{

HAL OK = 0x00,

HAL ERROR = 0x01,
HAL BUSY = 0x02,
HAL TIMEOUT = 0x03

} HAL StatusTypeDef;

. HAL locked
The HAL lock is used by all HAL APlIs to prevent accessing by accident shared resources.

typedef enum

{

HAL UNLOCKED = 0x00, /*!<Resources unlocked */
HAL LOCKED = 0x01 /*!< Resources locked */

} HAL LockTypeDef;

In addition to common resources, the stm32wb0_hal_def.h file calls the stm32wb0.h file in the CMSIS
library to get the data structures and the address mapping for all peripherals:
- Declarations of peripheral registers and bits definition.
— Macros to access peripheral registers hardware (such as write register or read register).
. Common macros
— Macro defining HAL_MAX_DELAY

#define HAL MAX DELAY OxFFFFFFFF
- Macro linking a PPP peripheral to a DMA structure pointer:

#define HAL LINKDMA( HANDLE , PPP DMA FIELD ,  DMA HANDLE ) \

do{ \
(__HANDLE )-> PPP DMA FIELD = &(_ DMA HANDLE ); \
(__DMA HANDLE ) .Parent = (_HANDLE ); \
} while (0)
3.10 HAL configuration

The configuration file, stm32wb0_hal_conf.h, performs the customization of the drivers for the user application.
Modifying this configuration is not mandatory: the application can use the default configuration without any
modification.

To configure these parameters, the user should enable, disable, or modify some options by uncommenting,
commenting, or modifying the values of the related define statements as described in the table below:

Table 11. Define statements used for HAL configuration

Value of the external oscillator (HSE) expressed in Hz.

HSE_VALUE The user must adjust this define statement when using a 32 000 000 Hz
different crystal value.
HSE_STARTUP_TIMEOUT Timeout for HSE startup, expressed in ms 100 ms
HSI_VALUE Value of the internal oscillator (HSI) expressed in Hz. 64 000 000 Hz

Default value of the low-speed internal oscillator (LSI)

LSI_VALUE :
expressed in Hz.

32000 Hz

Value of the external oscillator (LSE) expressed in Hz.
LSE_VALUE The user must adjust this define statement when using a 32768 Hz
different crystal value.
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LSE_STARTUP_TIMEOUT Timeout for LSE startup, expressed in ms 5000 ms
VDD_VALUE VDD value 3300 mV
USE_RTOS Enables the use of RTOS FALSEugg)r future
RC64MPLL_VALUE Value of the Internal oscillator in Hz 64 000 000 Hz
LSE_DRIVE_LEVEL Drive level for LSE oscillator 0
CFG_HW_RCC_HSE_CAPACITOR_TUNE HSE capacitor tuning 32
Note: The stm32wb0_hal _conf _template.h file is located in the HAL drivers Inc folder. It should be copied to the user

folder, renamed and modified as described above.

By default, the values defined in the stm32wb0_hal_conf_template.h file are the same as the ones used for the
examples and demonstrations. All HAL include files are enabled so that they can be used in the user code
without modifications.

3.1 HAL system peripheral handling

This section gives an overview of how the system peripherals are handled by the HAL drivers. The full API list is
provided within each peripheral driver description section.

3.11.1 Clocks
Two main functions can be used to configure the system clock:

. HAL_RCC_OscConfig (RCC_OsclnitTypeDef *RCC_OsclInitStruct). This function configures/enables
multiple clock sources (HSE, HSI, LSE, LSI, PLL).

. HAL_RCC_ClockConfig (RCC_ClIkInitTypeDef *RCC_ClIkInitStruct, uint32_t FLatency). This function
- Selects the system clock source
- Configures SYSCLK clock dividers
- Configures the number of flash memory wait states

Updates the SysTick configuration when the HCLK clock changes.

Some peripheral clocks are not derived from the system clock (such as RTC and RF). In this case, the clock
configuration is performed by an extended API defined in stm32wb0_hal_rcc_ex.c:
HAL_RCCEXx_PeriphCLKConfig(RCC_PeriphCLKInitTypeDef *PeriphClkinit).

Additional RCC HAL driver functions are available:

. HAL_RCC_Delnit() clock deinitialization function that returns clock configuration to the reset state
. Get clock functions that retrieve the various clock configurations (such as system clock, HCLK, PCLK1 or
PCLK2)

. MCO and CSS configuration functions

A set of macros are defined in stm32wb0_hal_rcc.h and stm32wb0_hal_rcc_ex.h. They enable the execution of
elementary operations on RCC block registers, such as peripheral clock gating/reset control:

. __HAL_PPP_CLK_ENABLE/__HAL_PPP_CLK_DISABLE to enable/disable the peripheral clock.

. __HAL_PPP_FORCE_RESET/__HAL_PPP_RELEASE_RESET to force/release peripheral reset

. _ HAL_PPP_CLK_SLEEP_ENABLE/__HAL_PPP_CLK_SLEEP_DISABLE to enable/disable the
peripheral clock during Sleep mode.

. _ HAL_PPP_IS_CLK_ENABLED/__HAL_PPP_IS_CLK_DISABLED to query about the enabled/disabled
status of the peripheral clock.

. HAL_PPP_IS_CLK_SLEEP_ENABLED/__HAL_PPP_IS_CLK_SLEEP_DISABLED to query about the

enabled/disabled status of the peripheral clock during Sleep mode.

3.11.2 GPIOs
GPIO HAL APIs are the following:
. HAL_GPIO_Init() / HAL_GPIO_Delnit()
. HAL_GPIO_ReadPin() / HAL_GPIO_WritePin()

UM3363 - Rev 2 page 20/1476



‘_ UM3363
,l Overview of HAL drivers

. HAL_GPIO_TogglePin ().

In addition to standard GPIO modes (input, output, analog), the pin mode can be configured as EXTI with interrupt
or event generation.

When selecting EXTI mode with interrupt generation, the user must call HAL_GPIO_EXTI_IRQHandler() from
stm32wb0_it.c and implement HAL_GPIO_EXTI_Callback().

The table below describes the GPIO_InitTypeDef structure field.

Table 12. Description of GPIO_InitTypeDef structure

Specifies the GPIO pins to be configured.

Pin
Possible values: GPIO_PIN_x or GPIO_PIN_AIl, where x[0..15]
Specifies the operating mode for the selected pins: GPIO mode or EXTI mode.
Possible values are:
. GPIO mode
- GPIO_MODE_INPUT: Input floating
- GPIO_MODE_OUTPUT_PP: Output push-pull
- GPIO_MODE_OUTPUT_OD: Output open drain
- GPIO_MODE_AF_PP: Alternate function push-pull
- GPIO_MODE_AF_OD: Alternate function open drain
Mode - GPIO_MODE_ANALOG: Analog mode
—  GPIO_MODE_ANALOG_ADC_CONTROL: ADC analog mode
. External interrupt mode
- GPIO_MODE_IT_RISING: Rising edge trigger detection
- GPIO_MODE_IT_FALLING: Falling edge trigger detection
- GPIO_MODE_IT_RISING_FALLING: Rising/Falling edge trigger detection
. External event mode
- GPIO_MODE_EVT_RISING: Rising edge trigger detection
- GPIO_MODE_EVT_FALLING: Falling edge trigger detection
—  GPIO_MODE_EVT_RISING_FALLING: Rising/Falling edge trigger detection
Specifies the pull-up or pull-down activation for the selected pins.
Possible values are:
Pull GPIO_NOPULL
GPIO_PULLUP
GPIO_PULLDOWN
Specifies the speed for the selected pins
Possible values are:
GPIO_SPEED_FREQ_LOW
Speed

GPIO_SPEED_FREQ_MEDIUM
GPIO_SPEED_FREQ_HIGH
GPIO_SPEED_FREQ_VERY_HIGH

Below typical GPIO configuration examples:
. Configuring GPIOs as output push-pull to drive external LEDs:

GPIO InitStruct.Pin = GPIO PIN 12 | GPIO PIN 13 | GPIO PIN 14 | GPIO PIN 15;
GPIO_InitStruct.Mode = GPIO MODE_OUTPUT PP;

GPIO InitStruct.Pull = GPIO PULLUP;

GPIO InitStruct.Speed = GPIO SPEED FREQ MEDIUM;

HAL GPIO Init (GPIOD, &GPIO InitStruct);
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. Configuring PAO as an external interrupt with falling edge sensitivity:

GPIO InitStructure.Mode GPIO MODE IT FALLING;
GPIO_InitStructure.Pull = GPIO_NOPULL;

GPIO InitStructure.Pin = GPIO PIN O;

HAL GPIO_Init (GPIOA, &GPIO_InitStructure);

3.11.3 Cortex® NVIC and SysTick timer

The Cortex® HAL driver, stm32wb0_hal_cortex.c, provides APIs to handle NVIC and SysTick. The supported
APIs include:

. HAL_NVIC_SetPriority()/ HAL_NVIC_SetPriorityGrouping()

. HAL_NVIC_GetPriority() / HAL_NVIC_GetPriorityGrouping()

. HAL_NVIC_EnablelRQ()/HAL_NVIC_DisablelRQ()

. HAL_NVIC_SystemReset()

. HAL_SYSTICK_IRQHandler()

. HAL_NVIC_GetPendinglRQ() / HAL_NVIC_SetPendingIRQ () / HAL_NVIC_ClearPendingIRQ()
. HAL_NVIC_GetActive(IRQn)

. HAL_SYSTICK_Config()

. HAL_SYSTICK_CLKSourceConfig()

. HAL_SYSTICK_Callback()

3.11.4 PWR

The PWR HAL driver handles power management. The features shared between all STM32 series are listed
below:

. PVD configuration, enabling/disabling, and interrupt handling
- HAL_PWR_ConfigPVD()
- HAL_PWR_EnablePVD() / HAL_PWR_DisablePVD()
- HAL_PWR_PVD_IRQHandler()
- HAL_PWR_PVDCallback()
. Wake-up pin configuration
- HAL_PWR_EnableWakeUpPin() / HAL_PWR_DisableWakeUpPin()
- HAL_PWR_GetClearWakeupSource()
. Low-power mode entry
- HAL_PWR_EnterSLEEPMode()
- HAL_PWR_EnterDEEPSTOPMode()
. STM32WBO low-power configuration features:
- HAL_PWR_ConfigDEEPSTOP()
- HAL_PWR_ConfigSHUTDOWNY()

. STM32WBO0 low-power management features:
- HAL_PWREx_EnterSHUTDOWNMode()
. Sleep-on-exit and SEV on pending configuration functions:

- HAL_PWR_EnableSleepOnExit(void)
- HAL_PWR_DisableSleepOnExit(void)
- HAL_PWR_EnableSEVOnPend(void)
- HAL_PWR_DisableSEVOnPend(void);
. Interrupt handler functions:
- HAL_PWR_WKUP_IRQHandler(void)
- HAL_PWR_WKUPx_Callback(uint32_t WakeuplOs)
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3.11.5 EXTI

The EXTl is not considered as a standalone peripheral but rather as a service used by other peripheral, that are
handled through EXTI HAL APIs. In addition, each peripheral HAL driver implements the associated EXTI
configuration and function as macros in its header file.

The first 16 EXTI lines connected to the GPIOs are managed within the GPIO driver. The GPIO_InitTypeDef
structure configures a given /O as an external interrupt or external event.

The EXTI lines connected internally to the PVD, RTC, USB, and Ethernet, are configured within the HAL drivers
of these peripherals through the macros given in the table below.

The EXTI internal connections depend on the targeted STM32 microcontroller (refer to the product datasheet for
more details):

Table 13. Description of EXTI configuration macros

e e T i

Enables a given EXTI line interrupt
_ HAL_PPP_{SUBLOCK}__EXTI_ENABLE_IT() Example:
_ HAL_PWR_PVD_EXTI_ENABLE_IT()
Disables a given EXTI line.
_ HAL_PPP_{SUBLOCK}__EXTI_DISABLE_IT() Example:
__ HAL_PWR_PVD_EXTI_DISABLE_IT()
Gets a given EXTI line interrupt flag pending bit status.
__HAL_PPP_{SUBLOCK}__EXTI_GET_FLAG() Example:
_ HAL_PWR_PVD_EXTI_GET_FLAG()
Clears a given EXTI line interrupt flag pending bit.
__HAL_PPP_{SUBLOCK}_EXTI_CLEAR_FLAG() Example;
_ HAL_PWR_PVD_EXTI_CLEAR_FLAG()
Generates a software interrupt for a given EXT] line.
__HAL_ PPP_{SUBLOCK}_EXTI_GENERATE_SWIT() Example:
_ HAL_PWR_PVD_EXTI_ GENERATE_SWIT ()
Enable a given EXTI line event
_ HAL_PPP_SUBBLOCK_EXTI_ENABLE_EVENT() Example:
_ HAL_RTC_WAKEUP_EXTI_ENABLE_EVENT()
Disable a given EXTI line event
_ HAL_PPP_SUBBLOCK_EXTI_DISABLE_EVENT() Example:
_ HAL_RTC_WAKEUP_EXTI_DISABLE_EVENT()
__HAL_PPP_SUBBLOCK_EXTI_ENABLE_RISING_EDGE() Configure an EXTI interrupt or event on rising edge
_ HAL_ PPP_SUBBLOCK_EXTI_ENABLE_FALLING_EDGE() | Enable an EXTI interrupt or event on falling edge
_ HAL_ PPP_SUBBLOCK_EXTI_DISABLE_RISING_EDGE() | Disable an EXTI interrupt or event on rising edge
_ HAL_ PPP_SUBBLOCK_EXTI_DISABLE_FALLING_EDGE() Disable an EXTI interrupt or event on falling edge

__HAL_ Enable an EXTl interrupt or event on Rising/Falling edge
PPP_SUBBLOCK_EXTI_ENABLE_RISING_FALLING_EDGE()

__HAL_ Disable an EXTI interrupt or event on Rising/Falling edge
PPP_SUBBLOCK_EXTI_DISABLE_RISING_FALLING_EDGE()

If the EXTI interrupt mode is selected, the user application must call HAL_PPP_FUNCTION_IRQHandler() (for
example HAL_PWR_PVD_IRQHandler()), from stm32wb0_it.c file, and implement
HAL_PPP_FUNCTIONCallback() callback function (for example HAL_PWR_PVDCallback()).
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3.11.6 DMA

The DMA HAL driver enables and configures the peripheral to be connected to the DMA channels (except for
internal SRAM/flash memory which do not require any initialization). Refer to the product reference manual for
details on the DMA request corresponding to each peripheral.

For a given channel, HAL_DMA_Init() API programs the required configuration through the following parameters:

. Transfer direction

. Source and destination data formats

. Circular and normal control modes

. Channel priority level

. Source and destination increment mode

. Hardware request connected to the peripheral

Two operating modes are available:
. Polling mode I/O operation

1. Use HAL_DMA_Start() to start DMA transfer when the source and destination addresses and the length
of data to be transferred have been configured.

2. Use HAL_DMA_PollForTransfer() to poll for the end of the current transfer. In this case, a fixed timeout
can be configured depending on the user application.

. Interrupt mode 1/O operation
1. Configure the DMA interrupt priority using HAL_NVIC_SetPriority().
2. Enable the DMA IRQ handler using HAL_NVIC_EnablelRQ().

3. Use HAL_DMA_Start_IT() to start DMA transfer when the source and destination addresses and the
length of data to be transferred have been configured. In this case, the DMA interrupt is configured.

4. Use HAL_DMA_IRQHandler() called under DMA_IRQHandler() interrupt subroutine.

5. When data transfer is complete, HAL_DMA_IRQHandler() function is executed and a user function can
be called by customizing XferCpltCallback and XferErrorCallback function pointer (that is a member of
DMA handle structure).

Additional functions and macros are available to ensure efficient DMA management:

. Use the HAL_DMA_GetState() function to return the DMA state and HAL_DMA_GetError() in case of error
detection.

. Use the HAL_DMA_Abort() function to abort the current transfer.
The most used DMA HAL driver macros are the following:

. _ HAL_DMA_ENABLE: enables the specified DMA channel
. _ HAL_DMA_DISABLE: disables the specified DMA channel
. _ HAL_DMA_GET_FLAG: gets the DMA channel pending flags
. _ HAL_DMA_CLEAR_FLAG: clears the DMA channel pending flags
. _ HAL_DMA_ENABLE_IT: enables the specified DMA channel interrupts
. _ HAL_DMA_DISABLE_IT: disables the specified DMA channel interrupts
. _ HAL_DMA_GET_IT_SOURCE: checks whether the specified DMA channel interrupt has been enabled
or not
Note: When a peripheral is used in DMA mode, the DMA initialization must be done in the HAL_PPP_Msplnit()

callback. In addition, the user application must associate the DMA handle to the PPP handle (refer to section
“HAL 1/O operation functions”).

Note: DMA channel callbacks need to be initialized by the user application only in case of memory-to-memory transfer.
However, when peripheral-to-memory transfers are used, these callbacks are automatically initialized by calling
a process API function that uses the DMA.

3.12 How to use HAL drivers

3.12.1 HAL usage models

The following figure shows the typical use of the HAL driver and the interaction between the application user, the
HAL driver and the interrupts.
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Figure 6. HAL driver model
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Note: The functions implemented in the HAL driver are shown in green, the functions called from interrupt handlers in

dotted lines, and the msp functions implemented in the user application in red. Nondotted lines represent the
interactions between the user application functions.

Basically, the HAL driver APIs are called from user files and optionally from interrupt handlers file when the APIs
based on the DMA or the PPP peripheral dedicated interrupts are used.

When DMA or PPP peripheral interrupts are used, the PPP process complete callbacks are called to inform the
user about the process completion in real-time event mode (interrupts). Note that the same process completion
callbacks are used for DMA in interrupt mode.

3.12.2 HAL initialization

3.12.2.1 HAL global initialization

In addition to the peripheral initialization and deinitialization functions, a set of APIs are provided to initialize the
HAL core implemented in file stm32wb0_hal.c.

. HAL_Init(): this function must be called at application startup to
- Initialize data/instruction cache and prefetch queue
- Set SysTick timer to generate an interrupt each 1 ms (based on HSI clock) with the lowest priority

- Call HAL_Msplnit() user callback function to perform system level initializations (clock, GP1Os, DMA,
interrupts). HAL_Msplnit() is defined as a “weak” empty function in the HAL drivers.
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. HAL_Delnit()
— Resets all peripherals
- Calls function HAL_MspDelnit() which is a user callback function to do system level deinitalizations.

. HAL_GetTick(): this function gets the current SysTick counter value (incremented in SysTick interrupt) used
by peripheral drivers to handle timeouts.
. HAL_Delay(): this function implements a delay (expressed in milliseconds) using the SysTick timer.

Care must be taken when using HAL_Delay() since this function provides an accurate delay (expressed in
milliseconds) based on a variable incremented in SysTick ISR. This means that if HAL_Delay() is called
from a peripheral ISR, then the SysTick interrupt must have the highest priority (numerically lower) than the
peripheral interrupt, otherwise the caller ISR is blocked.

3.12.2.2 System clock initialization

The clock configuration is done at the beginning of the user code. However, the user can change the configuration
of the clock in his own code.

Below the typical clock configuration sequence to reach the maximum clock frequency of 64 MHz based on the
HSE clock and PLL:

void SystemClock Config(void)

{

RCC_OscInitTypeDef RCC OscInitStruct = {0};
RCC_ClkInitTypeDef RCC_ClkInitStruct = {0};

/** Configure the SYSCLKSource and SYSCLKDivider

=/

RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE HSE;
RCC_OscInitStruct.HSEState = RCC_HSE ONj;

if (HAL RCC_OscConfig(&RCC_OscInitStruct) != HAL OK)

{

Error_ Handler () ;

}

/** Configure the SYSCLKSource clocks dividers */
RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE RC64MPLL;
RCC_ClkInitStruct.SYSCLKDiVider = RCC_RC64MPLL_DIV1;

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_WAIT_STATES_I) I= HAL_OK)
{

Error_ Handler () ;

}

}

3.12.2.3 HAL MSP initialization process

The peripheral initialization is done through HAL_PPP_Init() while the hardware resources initialization used by a
peripheral (PPP) is performed during this initialization by calling the MSP callback function HAL_PPP_Msplnit().

The Msplnit callback performs the low-level initialization related to the different additional hardware resources:
RCC, GPIO, NVIC, and DMA.

All the HAL drivers with handles include two MSP callbacks for initialization and deinitialization:

/**

* @brief Initializes the PPP MSP.

* @param hppp: PPP handle

* @Qretval None */

void  weak HAL PPP MspInit (PPP_HandleTypeDef *hppp) {

/* NOTE : This function Should not be modified, when the callback is needed,
the HAL PPP_MspInit could be implemented in the user file */

}

/**

* @brief DeInitializes PPP MSP.

* @param hppp: PPP handle

* @Qretval None */

void = weak HAL PPP MspDelInit (PPP_HandleTypeDef *hppp) {

/* NOTE : This function Should not be modified, when the callback is needed,
the HAL PPP_MspDelInit could be implemented in the user file */

}

The MSP callbacks are declared empty as weak functions in each peripheral driver. The user can use them to set
the low-level initialization code or omit them and use their own initialization routine.
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The HAL MSP callback is implemented inside the stm32wb0_hal_msp.c file in the user folders. An
stm32wb0_hal_msp.c file template is located in the HAL folder and should be copied to the user folder. It can be
generated automatically by the STM32CubeMX tool and further modified. Note that all the routines are declared
as weak functions and could be overwritten or removed to use user low-level initialization code.

stm32wb0_hal_msp.c file contains the following functions:

Table 14. MSP functions

I

void HAL_Msplnit() Global MSP initialization routine
void HAL_MspDelnit() Global MSP deinitialization routine
void HAL_PPP_Msplnit() PPP MSP initialization routine
void HAL_PPP_MspDelnit() PPP MSP deinitialization routine

By default, if no peripheral needs to be deinitialized during the program execution, the whole MSP initialization is
done in Hal_MsplInit() and MSP deinitialization in the Hal_MspDelnit(). In this case, the HAL_PPP_Msplnit() and
HAL_PPP_MspDelnit() are not implemented.

When one or more peripherals needs to be deinitialized in runtime and the low-level resources of a given
peripheral need to be released and used by another peripheral, HAL_PPP_MspDelnit() and HAL_PPP_Msplnit()
are implemented for the concerned peripheral and other peripherals initialization and de-Initialization are kept in
the global HAL_MsplInit() and the HAL_MspDelnit().

If there is nothing to be initialized by the global HAL Msplnit() and HAL_MspDelnit(), the two routines can simply
be omitted.

3.12.3 HAL 1/O operation process

The HAL functions with internal data processing like transmit, receive, write, and read are generally provided with
three data processing modes as follows:

. Polling mode
. Interrupt mode
. DMA mode

3.12.3.1 Polling mode

In polling mode, the HAL functions return the process status when the data processing in blocking mode is
complete. The operation is considered complete when the function returns the HAL_OK status, otherwise an error
status is returned. The user can get more information through the HAL_PPP_GetState() function. The data
processing is handled internally in a loop. A timeout (expressed in ms) is used to prevent process hanging.

The example below shows the typical polling mode processing sequence:

HAL StatusTypeDef HAL PPP Transmit ( PPP_HandleTypeDef * phandle, uint8_ t pData,
intl6_tSize,uint32 tTimeout)

{

if ((pData == NULL ) || (Size == 0))

{

return HAL ERROR;

}

(..) while (data processing is running)
{

if ( timeout reached )

{

return HAL TIMEOUT;

}

}

(&)

return HAL OK; }
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3.12.3.2 Interrupt mode

In interrupt mode, the HAL function returns the process status after starting the data processing and enabling the
appropriate interruption. The end of the operation is indicated by a callback declared as a weak function. It can be
customized by the user to be informed in real time about the process completion. The user can also get the
process status through the HAL _PPP_GetState() function.

In interrupt mode, four functions are declared in the driver:

. HAL_PPP_Process_IT(): launches the process

. HAL_PPP_IRQHandler(): global PPP peripheral interruption

. __weak HAL_PPP_ProcessCpltCallback (): callback relative to the process completion.
. __weak HAL_PPP_ProcessErrorCallback(): callback relative to the process error.

To use a process in interrupt mode, HAL_PPP_Process_IT() is called in the user file and HAL_PPP_IRQHandler
in stm32wb0_it.c.

The HAL_PPP_ProcessCpltCallback() function is declared as a weak function in the driver. This means that the
user can declare it again in the application. The function in the driver is not modified.

An example of use is illustrated below:
main.c file:

UART HandleTypeDef UartHandle;

int main (void)

{

/* Set User Parameters */

UartHandle.Init.BaudRate = 9600;
UartHandle.Init.WordLength = UART DATABITS 8;
UartHandle.Init.StopBits = UART STOPBITS 1;
UartHandle.Init.Parity = UART PARITY NONE;
UartHandle.Init.HwFlowCtl = UART HWCONTROL_ NONE;
UartHandle.Init.Mode = UART MODE TX RX;
UartHandle.Init.Instance = USARTL;

HAL UART Init (&UartHandle);

HAL UART SendIT (&UartHandle, TxBuffer, sizeof (TxBuffer));
while (1);

}

void HAL UART TxCpltCallback (UART HandleTypeDef *huart)

(3
void HAL UART ErrorCallback (UART HandleTypeDef *huart)

{
}

stm32wb0_it.c file:

extern UART HandleTypeDef UartHandle;
void USART1 IRQHandler (void)

{
HAL UART IRQHandler (&UartHandle) ;

}

3.12.3.3 DMA mode

In DMA mode, the HAL function returns the process status after starting the data processing through the DMA
and after enabling the appropriate DMA interruption. The end of the operation is indicated by a callback declared
as a weak function and can be customized by the user to be informed in real time about the process completion.
The user can also get the process status through the HAL_PPP_GetState() function. For the DMA mode, three
functions are declared in the driver:

. HAL_PPP_Process_DMA(): launch the process

. HAL_PPP_DMA_IRQHandler(): the DMA interruption used by the PPP peripheral

. __weak HAL_PPP_ProcessCpltCallback(): the callback relative to the process completion.

. __weak HAL_PPP_ErrorCpltCallback(): the callback relative to the process error.

To use a process in DMA mode, HAL_PPP_Process_DMA() is called in the user file and the
HAL_PPP_DMA_IRQHandler() is placed in the stm32wb0_it.c. When DMA mode is used, the DMA initialization is

done in the HAL_PPP_Msplnit() callback. The user should also associate the DMA handle with the PPP handle.
For this purpose, the handles of all the peripheral drivers that use the DMA must be declared as follows:
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typedef struct

{

PPP TypeDef *Instance; /* Register base address */

PPP InitTypeDef Init; /* PPP communication parameters */
HAL StateTypeDef State; /* PPP communication state */
()

DMA_ HandleTypeDef *hdma; /* associated DMA handle */

} PPP_HandleTypeDef;

The initialization is done as follows (UART example):

int main (void)

{

/* Set User Parameters */
UartHandle.Init.BaudRate = 9600;
UartHandle.Init.WordLength = UARTiDATABIT878;
UartHandle.Init.StopBits = UART STOPBITS 1;
UartHandle.Init.Parity = UART PARITY NONE;
UartHandle.Init.HwFlowCtl = UART HWCONTROL NONE;
UartHandle.Init.Mode = UART MODE TX RX;
UartHandle.Init.Instance = UART1;

HAL UART Init (&UartHandle);

(..)

}

void HAL USART MspInit (UART_HandleTypeDef * huart)
{

static DMA HandleTypeDef hdma tx;

static DMA HandleTypeDef hdma rx;

(...)

~ HAL LINKDMA (UartHandle, DMA Handle tx, hdma tx);
~ HAL LINKDMA (UartHandle, DMA Handle rx, hdma rx);
(...)

}

The HAL_PPP_ProcessCpltCallback() function is declared as a weak function in the driver that means. The user
can declare it again in the application code. The function in the driver must not be modified.

An example of use is illustrated below:
main.c file:

UART_ HandleTypeDef UartHandle;

int main (void)

{

/* Set User Paramaters */

UartHandle.Init.BaudRate = 9600;

UartHandle.Init.WordLength = UART_DATABITS_S;
UartHandle.Init.StopBits = UART STOPBITS 1;
UartHandle.Init.Parity = UART PARITY NONE;
UartHandle.Init.HwFlowCtl = UART HWCONTROL_ NONE;
UartHandle.Init.Mode = UART MODE TX RX; UartHandle.Init.Instance = USART1;
HAL UART Init (&UartHandle);

HAL UART_ Send DMA (&UartHandle, TxBuffer, sizeof (TxBuffer)) ;
while (1);

}

void HAL UART TxCpltCallback (UART HandleTypeDef *phuart)

{}

void HAL UART TxErrorCallback (UART HandleTypeDef *phuart)

{

}

stm32wb0_it.c file:

extern UART HandleTypeDef UartHandle;
void DMAx TRQHandler (void)

{
HAL DMA TRQHandler (&UartHandle.DMA Handle tx);

}

HAL_USART_TxCpltCallback() and HAL_USART_ErrorCallback() should be linked in the
HAL_PPP_Process_DMA() function to the DMA transfer complete callback and the DMA transfer error callback
by using the following statement:
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HAL PPP Process DMA (PPP_HandleTypeDef *hppp, Params...)

{

()

hppp->DMA Handle->XferCpltCallback = HAL UART TxCpltCallback ;
hppp->DMA Handle->XferErrorCallback = HAL UART ErrorCallback ;
()

}

3124 Timeout and error management

3.12.4.1 Timeout management

The timeout is often used for the APIs that operate in polling mode. It defines the delay during which a blocking
process should wait until an error is returned. An example is provided below:

HAL StatusTypeDef HAL DMA PollForTransfer (DMA HandleTypeDef *hdma, uint32 t Completelevel, ui
nt32 t Timeout)

The timeout possible values are the following:

Table 15. Timeout values

0 No poll: Immediate process check and exit
1... (HAL_MAX_DELAY -1) () Timeout in ms
HAL_MAX_DELAY Infinite poll until the process is successful

1. HAL_MAX_DELAY is defined in the stm32wb0_hal_def.h as OxFFFFFFFF

However, in some cases, a fixed timeout is used for system peripherals or internal HAL driver processes. In these
cases, the timeout has the same meaning and is used in the same way, except when it is defined locally in the
drivers and cannot be modified or introduced as an argument in the user application.

Example of fixed timeout:

#define LOCAL PROCESS TIMEOUT 100
HAL StatusTypeDef HAL PPP Process (PPP_HandleTypeDef *hppp)
{
((oo)
tickstart = HAL GetTick();
((oo)
while (ProcessOngoing)
{
((oo)
if ((HAL_GetTiCk() - tickstart) > LOCAL PROCESS TIMEOUT)
{
hppp->ErrorCode |= HAL PPP _ERROR TIMEOUT;
hppp->State= HAL PPP STATE READY;
return HAL ERROR;

The following example shows how to use the timeout inside the polling functions:

HAL StatusTypeDef HAL PPP Poll (PPP_HandleTypeDef *hppp, uint32 t Timeout)
{
(&)
tickstart = HAL GetTick();
(&)
while (ProcessOngoing)
{
(&)
if (((HAL GetTick() - tickstart) > Timeout) || (Timeout == 0))
{
hppp->ErrorCode |= HAL_PPP ERROR TIMEOUT;
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hppp->State= HAL_ PPP_STATE READY;
return HAL_ERROR;

3.12.4.2 Error management
The HAL drivers implement a check on the following items:

Valid parameters: for some process the used parameters should be valid and already defined, otherwise

the system may crash or go into an undefined state. These critical parameters are checked before being
used (see example below).

HAL StatusTypeDef HAL PPP Process (PPP_HandleTypeDef* hppp, uint32 t *pdata, uint32 Size
)

{

if ((pbata == NULL ) || (Size == 0))
{

return HAL ERROR;

}

}

Valid handle: the PPP peripheral handle is the most important argument since it keeps the PPP driver vital
parameters. It is always checked in the beginning of the HAL_PPP_Init() function.

HAL StatusTypeDef HAL PPP Init (PPP_HandleTypeDef* hppp)
{

if (hppp == NULL) //the handle should be already allocated
{
return HAL ERROR;
}
}

Timeout error: the following statement is used when a timeout error occurs:

while (Process ongoing)

{

timeout = HAL GetTick() + Timeout; while
{

if (timeout) { return HAL TIMEOUT;

}

}

(data processing is running)

When an error occurs during a peripheral process, HAL_PPP_Process () returns with a HAL_ERROR status. The
HAL PPP driver implements the HAL_PPP_GetError () to retrieve the origin of the error.

HAL PPP ErrorTypeDef HAL PPP GetError (PPP_HandleTypeDef *hppp) ;

In all peripheral handles, a HAL_PPP_ErrorTypeDef is defined and used to store the last error code.

typedef struct

{

PPP TypeDef * Instance; /* PPP registers base address */
PPP InitTypeDef Init; /* PPP initialization parameters */
HAL LockTypeDef Lock; /* PPP locking object */

IO HAL PPP StateTypeDef State; /* PPP state */

IO HAL PPP ErrorTypeDef ErrorCode; /* PPP Error code */
(..)

/* PPP specific parameters */
}
PPP_HandleTypeDef;

The error state and the peripheral global state are always updated before returning an error:

PPP->State = HAL PPP READY; /* Set the peripheral ready */
PP->ErrorCode = HAL ERRORCODE ; /* Set the error code */
__HAL UNLOCK (PPP) ; /* Unlock the PPP resources */

return HAL ERROR; /*return with HAL error */

HAL_PPP_GetError () must be used in interrupt mode in the error callback:

UM3363 - Rev 2

page 31/1476




‘_ UM3363
’l Overview of HAL drivers

void HAL PPP ProcessCpltCallback (PPP_HandleTypeDef *hspi)

{

ErrorCode = HAL PPP GetError (hppp); /* retreive error code */
}

3.12.4.3 Runtime checking

The HAL implements runtime failure detection by checking the input values of all HAL driver functions. The
runtime checking is achieved by using an assert_param macro. This macro is used in all the HAL driver functions
which have an input parameter. It verifies that the input value lies within the parameter allowed values.

To enable the runtime checking, use the assert_param macro, and leave the define USE_FULL_ASSERT
uncommented in the stm32wb0_hal_conf.h file.

void HAL UART Init (UART HandleTypeDef *huart)

{

(..) /* Check the parameters */

assert param (IS UART INSTANCE (huart->Instance)) ;

assert param(IS_UART BAUDRATE (huart->Init.BaudRate));
assert param(IS_UART WORD LENGTH (huart->Init.WordLength)) ;
assert param(IS_UART STOPBITS (huart->Init.StopBits));
assert param (IS _UART PARITY (huart->Init.Parity));

assert param(IS_UART MODE (huart->Init.Mode)) ;

assert param (IS _UART HARDWARE FLOW CONTROL (huart->Init.HwFlowCtl));
(..)

/** @defgroup UART Word Length *

@

wy

#define UART WORDLENGTH 8B ((uint32 t)0x00000000)

#define UART WORDLENGTH 9B ((uint32 t)USART CR1 M)

#define IS_UART_WORD_LENGTH(LENGTH) (((LENGTH) == UART_WORDLENGTH_BB) |
\ ((LENGTH) == UART_WORDLENGTH_9B) )

If the expression passed to the assert_param macro is false, theassert_failed function is called and returns the
name of the source file and the source line number of the call that failed. If the expression is true, no value is
returned.

The assert_param macro is implemented in stm32wb0_hal_conf.h:

/= THpeEtEEl MAGED o —o e e e s e e e e e e e e e S S S S S S oSS S e oo S eo= =y
#ifdef USE FULL ASSERT
/**

* @brief The assert param macro is used for function's parameters check.
@param expr: If expr is false, it calls assert failed function

which reports the name of the source file and the source

line number of the call that failed.

If expr is true, it returns no value.

* @Qretval None */

R S

#define assert param(expr) ((expr)?(void)O:assert failed((uint8 t *) FILE , LINE ))
/* Exported functions —-——-————————————— - */

void assert failed(uint8 t* file, uint32 t line);

#else

#define assert param(expr) ((void)O0)
#endif /* USE FULL ASSERT */

The assert_failed function is implemented in the main.c file or in any other user C file:

#ifdef USE FULL ASSERT /**

* @brief Reports the name of the source file and the source line number

* where the assert param error has occurred.

* @param file: pointer to the source file name

* @param line: assert param error line source number

* @retval None */

void assert failed(uint8 t* file, uint32 t line)

{

/* User can add his own implementation to report the file name and line number,
ex: printf ("Wrong parameters value: file %s on line %d\r\n", file, line) */
/* Infinite loop */

while (1)

{
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}
}

Attention:  Because of the overhead runtime checking introduces, it is recommended to use it during application
code development and debugging, and to remove it from the final application to improve code size and
speed.
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4 Overview of low-layer drivers

The low-layer (LL) drivers are designed to offer a fast light-weight expert-oriented layer which is closer to the
hardware than the HAL. Contrary to the HAL, LL APIs are not provided for peripherals where optimized access is
not a key feature, or those requiring heavy software configuration and/or complex upper-level stack (such as
USB).

The LL drivers feature:

. A set of functions to initialize peripheral main features according to the parameters specified in data
structures

. A set of functions used to fill initialization data structures with the reset values of each field

. Functions to perform peripheral deinitialization (peripheral registers restored to their default values)

. A set of inline functions for direct and atomic register access

. Full independence from HAL since LL drivers can be used either in standalone mode (without HAL drivers)
or in mixed mode (with HAL drivers)

. Full coverage of the supported peripheral features

The low-layer drivers provide hardware services based on the available features of the STM32 peripherals. These
services reflect exactly the hardware capabilities and provide one-shot operations that must be called following
the programming model described in the microcontroller line reference manual. As a result, the LL services do not
implement any processing and do not require any additional memory resources to save their states, counter, or
data pointers: all the operations are performed by changing the associated peripheral registers content.

4.1 Low-layer files

The low-layer drivers are built around header/C files (one per each supported peripheral) plus five header files for
some system and Cortex related features.

Table 16. LL driver files

L T

This is the h-source file for core bus control and peripheral clock activation and deactivation

stm32wbO0_II_bus.h
Example: LL_AHB1_GRP1_EnableClock

stm32wb0_II_ppp.c provides peripheral initialization functions such as LL_PPP_lInit(),
LL_PPP_Structlnit(), LL_PPP_Delnit(). All the other APIs are defined within the stm32wb0_II_ppp.h

stm32wb0_Il_ppp.h/.c  file.
The low-layer PPP driver is a standalone module. To use it, the application must include it in the
stm32wb0_Il_ppp.h file.

Cortex-M related register operation APIs including the SysTick, low power (such as

stm32wb0_Il_cortex.h LL_SYSTICK_xxxxx and LL_LPM_xxxxx "Low Power Mode")

This file covers the generic APIs:

stm32wb0_Il_utils.h/.c . Read of device unique ID and electronic signature
. Timebase and delay management
. System clock configuration.

System-related operations.

stm32wb0_II_system.h
Example: LL_SYSCFG_xxx and LL_FLASH_xxx

Template file defines the assert_param macro that is used when runtime checking is enabled.

stm32_assert_template.h | Thjs file is required only when the LL drivers are used in standalone mode (without calling the HAL
APIs). It should be copied to the application folder and renamed to stm32_assert.h.

Note: There is no configuration file for the LL drivers.

The low-layer files are located in the same HAL driver folder.
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Figure 7. Low-layer driver folders
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Application files have to include only the used low-layer driver header files.

4.2 Overview of low-layer APIs and naming rules

421 Peripheral initialization functions
The LL drivers offer three sets of initialization functions. They are defined in the stm32wb0_II_ppp.c file:
. Functions to initialize peripheral main features according to the parameters specified in data structures
. A set of functions used to fill initialization data structures with the reset values of each field
. Function for peripheral deinitialization (peripheral registers restored to their default values)

The definition of these LL initialization functions and associated resources (structure, literals, and prototypes) is
conditioned by a compilation switch: USE_FULL_LL _DRIVER. To use these functions, this switch must be added
in the toolchain compiler preprocessor or to any generic header file which is processed before the LL drivers.

The below table shows the list of the common functions provided for all the supported peripherals:

Table 17. Common peripheral initialization functions

Initializes the peripheral main features according to the

: PPP_TypeDef* PPPx  parameters specified in PPP_InitStruct.
LL_PPP_lInit ErrorStatus | - LL_PPP_InitTypeDef* . N
PPP_InitStruct Example: LL_USART_Init(USART_TypeDef *USARTX,

LL_USART_InitTypeDef *USART_InitStruct)

Fills each PPP_InitStruct member with its default value.
LL_PPP_InitTypeDef*
PPP InitStruct Example. LL_USART_Structinit(LL_USART_InitTypeDef

*USART_InitStruct)

LL_PPP_Structlnit void

Deinitializes the peripheral registers that is restore them to
LL_PPP_Delnit = ErrorStatus +  PPP_TypeDef*PPPx  their default reset values.
Example. LL_USART_Delnit(USART_TypeDef *USARTX)

Additional functions are available for some peripherals (refer to Table 18. Optional peripheral initialization
functions ).

Table 18. Optional peripheral initialization functions

Return
Parameters
type

Initializes peripheral features according to the parameters
specified in PPP_InitStruct.

Example:

LL_ADC_INJ_Init(ADC_TypeDef *ADCx,
LL_ADC_INJ_InitTypeDef *ADC_INJ_InitStruct)

PPP TypeDef* PPPx LL_RTC_TIME_Init(RTC_TypeDef *RTCx, uint32_t

LL_PPP{ CATEGORY} Init  ErrorStatus +  LL_PPP{ CATEGORY} InitTypeDef* RTC_Format, LL_RTC_TimeTypeDef "RTC_TimeStruct)
PPP{ CATEGORY} InitStruct
LL_RTC_DATE_Init(RTC_TypeDef *RTCx, uint32_t
RTC_Format, LL_RTC_DateTypeDef *RTC_DateStruct)

LL_TIM_IC_Init(TIM_TypeDef* TIMx, uint32_t Channel,
LL_TIM_IC_InitTypeDef* TIM_IC_InitStruct)

LL_TIM_ENCODER_Init(TIM_TypeDef* TIMx,
LL_TIM_ENCODER_InitTypeDef* TIM_EncoderlnitStruct)

Fills each PPP{_CATEGORY]}_InitStruct member with its

LL_PPP{_CATEGORY)_ InitTypeDef+ | fult value.

LL_PPP{ CATEGORY}_Structlnit void PPP{ GATEGORY) InitStruct

Example: LL_ADC_INJ_Structlnit(LL_ADC_INJ_InitTypeDef
*ADC_INJ_InitStruct)
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Return
Parameters
type

LL_PPP_Commonlnit ErrorStatus | » LL_PPP_CommoninitTypeDef*

Initializes the common features shared between different
. PPP_TypeDef* PPPx instances of the same peripheral.

Example: LL_ADC_Commonlnit(tADC_Common_TypeDef
*ADCxy_COMMON, LL_ADC_CommonlinitTypeDef
*ADC_CommonlnitStruct)

PPP_CommonlnitStruct

Fills each PPP_CommoninitStruct member with its default
value
LL_PPP_CommoninitTypeDef*

LL_PPP_CommonStructinit void PPP_CommoninitStruct Example:
LL_ADC_CommonStructlnit(LL_ADC_CommonlnitTypeDef
*ADC_CommonlnitStruct)
Initializes the peripheral clock configuration in synchronous
. PPP_TypeDef* PPPx mode.
LL_PPP_ClocklInit ErrorStatus | » LL_PPP_ClockinitTypeDef*
PPP_ClocklnitStruct Example: LL_USART_ClockInit(tUSART_TypeDef *USARTX,
LL_USART_ClocklInitTypeDef *USART_ClockInitStruct)
Fills each PPP_ClockinitStruct member with its default value
LL_PPP_ClockStructinit void LL—PPPPPP—ggg;{‘,'g;g}t’r ’Z‘Z?ef* Example:
- LL_USART_ClockStructlnit(LL_USART_ClockInitTypeDef
*USART_ClockInitStruct)
4.2.1.1 Runtime checking

Note:

4.2.2
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Like HAL drivers, LL initialization functions implement runtime failure detection by checking the input values of all
LL driver functions. For more details, refer to Section 3.12.4.3: Runtime checking.

When using the LL drivers in standalone mode (without calling HAL functions), the following actions are required
to use runtime checking:

1. Copy stm32_assert_template.h to the application folder and rename it to stm32_assert.h. This file defines the
assert_param macro which is used when runtime checking is enabled.

2. Include the stm32_assert.h file within the application main header file.
3. Add the USE_FULL_ASSERT compilation switch in the toolchain compiler preprocessor or in any generic
header file which is processed before the stm32_assert.h driver.

Runtime checking is not available for LL inline functions.

Peripheral register-level configuration functions

On top of the peripheral initialization functions, the LL drivers offer a set of inline functions for direct atomic
register access. Their format is as follows:

__STATIC_INLINE return_ type LL_PPP Function (PPPx TypeDef *PPPx, args)

The “Function” naming is defined depending on the action category:

. Specific interrupt, DMA request and status flags management: Set/Get/Clear/Enable/Disable flags on
interrupt and status registers

Table 19. Specific interrupt, DMA request and status flags management

LL_RCC_IsActiveFlag_LSIRDY
LL_RCC_IsActiveFlag_FWRST()
LL_ADC_ClearFlag_EOC(ADC1)
LL_DMA_ClearFlag_TCx(DMA_TypeDef* DMAXx)

LL_PPP_{ CATEGORY} Actionltem_BITNAME
LL PPP{ CATEGORY} Isitem_BITNAME _Action

Table 20. Available function formats

I T . N

Get LL_PPP_IsActiveFlag BITNAME
Flag
Clear LL_PPP_ClearFlag_BITNAME
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Enable LL_PPP_EnablelT_BITNAME
Interrupts Disable LL_PPP_DisablelT_BITNAME
Get LL_PPP_IsEnabledIT_BITNAME
Enable LL_PPP_EnableDMAReq_BITNAME
DMA Disable LL_PPP_DisableDMAReq_BITNAME
Get LL_PPP_IsEnabledDMAReq_BITNAME

BITNAME refers to the peripheral register bit name as described in the product line reference manual.

. Peripheral clock activation/deactivation management: Enable/Disable/Reset a peripheral clock

Table 21. Peripheral clock activation/deactivation management

«  LL_AHB2 GRP1_EnableClock (LL_AHB2_GRP1_PERIPH_GPIOA
LL_BUS_GRPx_ActionClock{Mode} LL_AHB2_GRP1_PERIPH_GPIOB)
< LL_APB1_GRP1_EnableClockSleep (LL_APB1_GRP1_PERIPH_DAC1)

'x' corresponds to the group index and refers to the index of the modified register on a given bus. 'bus’
corresponds to the bus name.

. Peripheral activation/deactivation management: Enable/disable a peripheral or activate/deactivate
specific peripheral features

Table 22. Peripheral activation/deactivation management

. LL _ADC_Enable ()

LL_PPP{ CATEGORY}_ Action{ltem} . LL_ADC_StartCalibration();
. LL _ADC_IsCalibrationOnGoing;
LL_PPP{ CATEGORY}_IsltemAction . LL_RCC_HSI_Enable ()

. LL RCC_HSI_IsReady()
. Peripheral configuration management: Set/get a peripheral configuration setting

Table 23. Peripheral configuration management

LL_PPP{ CATEGORY}_Set{ or Get}Configltem | LL_USART_SetBaudRate (USART2, Clock, LL_USART_BAUDRATE_9600)

. Peripheral register management: \rite/read the content of a register/retrun DMA relative register
address

Table 24. Peripheral register management

LL_PPP_WriteReg(__INSTANCE__, __ REG__, _ VALUE_)
LL_PPP_ReadReg(_INSTANCE _, _REG_)
LL_PPP_DMA_GetRegAddr (PPP_TypeDef *PPPx,{Sub Instance if any ex: Channel} , {uint32_t Propriety})

The Propriety is a variable used to identify the DMA transfer direction or the data register type.
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5 Cohabiting of HAL and LL

The low-ayer APIs are designed to be used in standalone mode or combined with the HAL. They cannot be
automatically used with the HAL for the same peripheral instance. If you use the LL APIs for a specific instance,
you can still use the HAL APIs for other instances. Be careful that the low-layer APls might overwrite some
registers which content is mirrored in the HAL handles.

5.1 Low-layer driver used in standalone mode

The low-layer APls can be used without calling the HAL driver services. This is done by simply including
stm32wbO0_II_ppp.h in the application files. The LL APIs for a given peripheral are called by executing the same
sequence as the one recommended by the programming model in the corresponding product line reference
manual. In this case, the HAL drivers associated to the used peripheral can be removed from the workspace.
However, the STM32Cube\WBO0 framework should be used in the same way as in the HAL drivers case which
means that system file, startup file and CMSIS should always be used.

Note: When the BSP drivers are included, the used HAL drivers associated with the BSP functions drivers should be
included in the workspace, even if they are not used by the application layer.

5.2 Mixed use of low-layer APIs and HAL drivers

In this case, the low-layer APIs are used in conjunction with the HAL drivers to achieve direct and register level-

based operations.

Mixed use is allowed, however some consideration should be taken into account:

. It is recommended to avoid using simultaneously the HAL APIs and the combination of low-layer APIs for a
given peripheral instance. If this is the case, one or more private fields in the HAL PPP handle structure
should be updated accordingly.

. For operations and processes that do not alter the handle fields including the initialization structure, the
HAL driver APIs and the low-layer services can be used together for the same peripheral instance.

. The low-layer drivers can be used without any restriction with all the HAL drivers that are not based on
handle objects (RCC, common HAL, FLASH, and GPIO).

Several examples showing how to use HAL and LL in the same application are provided within the stm32wb0
firmware package (refer to Examples_MIX projects).

Note: 1. When the HAL Init/Delnit APIs are not used and are replaced by the low-layer macros, the InitMsp()
functions are not called and the MSP initialization should be done in the user application.

2. When process APls are not used and the corresponding function is performed through the low-layer APIs,
the callbacks are not called and post processing or error management should be done by the user
application.

3. When the LL APIs is used for process operations, the IRQ handler HAL APIs cannot be called and the IRQ
should be implemented by the user application. Each LL driver implements the macros needed to read and
clear the associated interrupt flags.
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6 HAL system driver

6.1 HAL Firmware driver APl description
The following section lists the various functions of the HAL library.

6.1.1 How to use this driver
The common HAL driver contains a set of generic and common APls that can be used by the PPP peripheral
drivers and the user to start using the HAL.
The HAL contains two APIs' categories:
. Common HAL APIs
. Services HAL APIs

6.1.2 HAL Initialization and Configuration functions

This section provides functions allowing to:

. Initialize the flash interface the NVIC allocation and initial time base clock configuration.

. De-initialize common part of the HAL.

. Configure the time base source to have 1ms time base with a dedicated Tick interrupt priority.

- SysTick timer is used by default as source of time base, but user can eventually implement his proper
time base source (a general purpose timer for example or other time source), keeping in mind that
Time base duration should be kept 1 ms since PPP_TIMEOUT_VALUEs are defined and handled in
milliseconds basis.

- Time base configuration function (HAL_InitTick ()) is called automatically at the beginning of the
program after reset by HAL_Init() or at any time when clock is configured, by
HAL_RCC_ClockConfig().

- Source of time base is configured to generate interrupts at regular time intervals. Care must be taken
if HAL_Delay() is called from a peripheral ISR process, the Tick interrupt line must have higher
priority (numerically lower) than the peripheral interrupt. Otherwise the caller ISR process will be
blocked.

- functions affecting time base configurations are declared as __weak to make override possible in
case of other implementations in user file.

This section contains the following APlIs:
. HAL_Init()

. HAL_Delnit()

. HAL_Msplnit()

. HAL_MspDelnit()

. HAL_InitTick()

6.1.3 HAL Control functions
This section provides functions allowing to:
. Provide a tick value in millisecond
. Provide a blocking delay in millisecond
. Suspend the time base source interrupt
. Resume the time base source interrupt
. Get the HAL API driver version
. Get the device revision identifier
. Get the device identifier
. Get the unique device identifier

This section contains the following APlIs:
. HAL_IncTick()
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. HAL_GetTick()

. HAL_GetTickPrio()

. HAL_SetTickFreq()
. HAL_GetTickFreq()
. HAL_Delay()

. HAL_SuspendTick()
. HAL_ResumeTick()
. HAL_GetHalVersion()
. HAL_GetREVID()

. HAL_GetVERID()

. HAL_GetDEVID()

. HAL_GetJTAGID()

. HAL_GetUIDwO()

. HAL_GetUIDw1()

. HAL_GetUIDw2()

6.1.4 Detailed description of functions

HAL_Init

Function name
HAL_StatusTypeDef HAL_Init (void )

Function description

This function is used to initialize the HAL Library; it must be the first instruction to be executed in the main
program (before to call any other HAL function), it configures the SysTick to generate an interrupt each 1 ms,
clocked by the system clock.

Return values
. HAL.: status

Notes

. SysTick is used as time base for the HAL_Delay() function, the application need to ensure that the
SysTick time base is always set to 1 ms to have correct HAL operation.

HAL_Delnit

Function name
HAL_StatusTypeDef HAL_Delnit (void )

Function description

This function de-Initializes common part of the HAL and stops the source of time base.

Return values
. HAL.: status

Notes
. This function is optional.
HAL_Msplnit
Function name
void HAL_Msplnit (void )

Function description
Initialize the MSP.
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Return values

. None:

HAL_MspDelnit
Function name
void HAL_MspDelnit (void )
Function description

Delnitializes the MSP.

Return values

. None:

HAL _InitTick
Function name
HAL_StatusTypeDef HAL_InitTick (uint32_t TickPriority)

Function description

This function configures the source of the time base: The time source is configured to have 1 ms time base with
a dedicated Tick interrupt priority.

Parameters

. TickPriority: Tick interrupt priority.
Return values

. HAL: status

Notes
. This function is called automatically at the beginning of program after reset by HAL_Init() or at any time
when clock is reconfigured by HAL_RCC_ClockConfig().
. In the default implementation, SysTick timer is the source of time base. It is used to generate interrupts at

regular time intervals. Care must be taken if HAL_Delay() is called from a peripheral ISR process, The
SysTick interrupt must have higher priority (numerically lower) than the peripheral interrupt. Otherwise the
caller ISR process will be blocked. The function is declared as __weak to be overwritten in case of other
implementation in user file.

HAL_IncTick
Function name
void HAL _IncTick (void )
Function description
This function is called to increment a global variable "uwTick" used as application time base.
Return values
B None:

Notes

. In the default implementation, this variable is incremented each 1 ms in SysTick ISR.
This function is declared as __weak to be overwritten in case of other implementations in user file.

HAL_Delay

Function name
void HAL_Delay (uint32_t Delay)
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Function description

This function provides minimum delay (in milliseconds) based on variable incremented.

Parameters

. Delay: specifies the delay time length, in milliseconds.

Return values

B None:
Notes
. In the default implementation , SysTick timer is the source of time base. It is used to generate interrupts at
regular time intervals where uwTick is incremented.
. This function is declared as __weak to be overwritten in case of other implementations in user file.
HAL_GetTick

Function name
uint32_t HAL_GetTick (void )

Function description

Provides a tick value in millisecond.

Return values

. tick: value

Notes

. This function is declared as __weak to be overwritten in case of other implementations in user file.

HAL_GetTickPrio

Function name
uint32_t HAL_GetTickPrio (void )

Function description

This function returns a tick priority.
Return values
. tick: priority
HAL_SetTickFreq

Function name
HAL_StatusTypeDef HAL_SetTickFreq (HAL_TickFreqTypeDef Freq)

Function description

Set new tick Freq.

Return values
. Status:
HAL_GetTickFreq

Function name
HAL_TickFreqTypeDef HAL_GetTickFreq (void )

Function description

Return tick frequency.
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Return values

. tick: period in Hz

HAL_SuspendTick

Function name
void HAL_SuspendTick (void )

Function description

Suspend Tick increment.

Return values

. None:

Notes

. In the default implementation , SysTick timer is the source of time base. It is used to generate interrupts at
regular time intervals. Once HAL_SuspendTick() is called, the SysTick interrupt will be disabled and so
Tick increment is suspended.

. This function is declared as __weak to be overwritten in case of other implementations in user file.
HAL_ResumeTick

Function name
void HAL_ResumeTick (void )

Function description

Resume Tick increment.

Return values

. None:

Notes

. In the default implementation , SysTick timer is the source of time base. It is used to generate interrupts at
regular time intervals. Once HAL_ResumeTick() is called, the SysTick interrupt will be enabled and so
Tick increment is resumed.

. This function is declared as __weak to be overwritten in case of other implementations in user file.
HAL_GetHalVersion

Function name
uint32_t HAL_GetHalVersion (void )

Function description

Returns the HAL revision.
Return values
. version: : OxXYZR (8bits for each decimal, R for RC)
HAL_GetREVID

Function name
uint32_t HAL_GetREVID (void )

Function description

Returns the device revision identifier.

Return values

. Device: revision identifier
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HAL_GetVERID

Function name
uint32_t HAL_GetVERID (void )

Function description

Returns the device revision identifier.

Return values

. Device: revision identifier

HAL_GetDEVID

Function name
uint32_t HAL_GetDEVID (void )

Function description

Returns the device device identifier.
Return values
. Device: identifier
HAL_GetJTAGID

Function name
uint32_t HAL_GetJTAGID (void )

Function description

Returns the Jtag device identifier.
Return values
. Device: identifier
HAL_GetUIDWO

Function name
uint32_t HAL_GetUIDwO (void )

Function description

Return the first word of the unique device identifier (UID based on 64 bits)
Return values
. Device: identifier
HAL_GetUIDw1

Function name
uint32_t HAL_GetUIDw1 (void )

Function description

Return the second word of the unique device identifier (UID based on 64 bits)

Return values

. Device: identifier
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HAL_GetUIDw2
Function name
uint32_t HAL_GetUIDw2 (void )

Function description

6.2 HAL Firmware driver defines
The following section lists the various define and macros of the module.

6.2.1 HAL
HAL
HAL Exported Macros

__HAL_SYSCFG_REMAPMEMORY_FLASH
__HAL_SYSCFG_REMAPMEMORY_SRAM

__HAL_SYSCFG_GET_BOOT_MODE
Description:
. Return the boot mode as configured by user.
Return value:
. The: boot mode as configured by user. The returned value can be one of the following values:
- SYSCFG_BOOT_MAINFLASH
- SYSCFG_BOOT_SRAM

__HAL_SYSCFG_FASTMODEPLUS_ENABLE

Description:

. Fast mode Plus driving capability enable/disable macros.
Parameters:

. __FASTMODEPLUS__: This parameter can be a value of

__HAL_SYSCFG_FASTMODEPLUS_DISABLE

HAL state definition

HAL_SMBUS_STATE_RESET

SMBUS not yet initialized or disabled
HAL_SMBUS_STATE_READY

SMBUS initialized and ready for use
HAL_SMBUS_STATE_BUSY

SMBUS internal process is ongoing
HAL_SMBUS_STATE_MASTER_BUSY_TX

Master Data Transmission process is ongoing
HAL_SMBUS_STATE_MASTER_BUSY_RX

Master Data Reception process is ongoing

HAL_SMBUS_STATE_SLAVE_BUSY_TX

Slave Data Transmission process is ongoing
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HAL_SMBUS_STATE_SLAVE_BUSY_RX

Slave Data Reception process is ongoing

HAL_SMBUS_STATE_LISTEN

Address Listen Mode is ongoing

BOOT Mode

SYSCFG_BOOT_MAINFLASH
Main flash memory mapped at 0x00000000

SYSCFG_BOOT_SRAM
SRAM1 mapped at 0x00000000

Fast-mode Plus on GPIO

SYSCFG_FASTMODEPLUS_PAO
Enable Fast-mode Plus on PAO

SYSCFG_FASTMODEPLUS_PA1
Enable Fast Mode Plus on PA1
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7 HAL ADC Generic Driver

71 ADC Firmware driver registers structures

711 ADC_AnalogWDGConfTypeDef
ADC_AnalogWDGConfTypeDef is defined in the stm32wbO0x_hal_adc.h
Data Fields

. uint32_t LowThreshold
. uint32_t HighThreshold
. uint32_t ChannelMask

. uint32_t EventType
Field Documentation

. uint32_t ADC_AnalogWDGConfTypeDef::LowThreshold
Set the lower threshold for the watchdog. This parameter is a 12-bit value.

. uint32_t ADC_AnalogWDGConfTypeDef::HighThreshold
Set the higher threshold for the watchdog. This parameter is a 12-bit value.

. uint32_t ADC_AnalogWDGConfTypeDef::ChannelMask
Select the input channels the watchdog has to use. This parameter can be a value of
ADC_AWD_CHANNEL.

. uint32_t ADC_AnalogWDGConfTypeDef::EventType
Select the event type used for the watchdog. This parameter can be a value of ADC_AWD_EVENTTYPE.

71.2 ADC_CalibrationPointTypeDef
ADC_CalibrationPointTypeDef is defined in the stm32wbO0x_hal_adc.h
Data Fields
. uint32_t Number
. uint32_t Offset
. uint32_t Gain
Field Documentation

. uint32_t ADC_CalibrationPointTypeDef::Number
Select the calibration point number This parameter can be a value of ADC_HAL_CALIB_POINT Caution:
Only one offset is allowed per input mode (Single positive, single negative and differential) and voltage
range. This parameter overwrites the last setting. Note: Use the ADC_CALIB_NONE to skip calibration
parameter for this channel and leave offset and gain untouched.

. uint32_t ADC_CalibrationPointTypeDef::Offset
Define the offset to be subtracted from the raw converted data. Offset value must be a positive number.
This parameter must be a number between Min_Data = 0x00 and Max_Data = OxFF.

. uint32_t ADC_CalibrationPointTypeDef::Gain
Specify the ADC gain compensation coefficient to be applied to ADC raw conversion data, based on
following formula: DATA = DATA(raw) * (gain compensation coef) / 4096 This parameter value can be:

- value "0": Gain will be set to default parameters
- value in range [0x001; OxFFF]: Gain compensation will be set to specified value

713 ADC_ChannelConfTypeDef
ADC_ChannelConfTypeDef is defined in the stm32wb0x_hal_adc.h
Data Fields
. uint32_t Channel
. uint32_t Rank
. uint32_t VoltRange
. ADC_CalibrationPointTypeDef CalibrationPoint
Field Documentation
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. uint32_t ADC_ChannelConfTypeDef::Channel
Specify the channel type the channel number code for the 1st conversion of the sequence. This parameter
can be a value of ADC_HAL_CH_NUM_CODE.

. uint32_t ADC_ChannelConfTypeDef::Rank
Assign a specific sequence number to the channel. This parameter can be a value of
ADC_HAL_EC_SEQ_RANKS.

. uint32_t ADC_ChannelConfTypeDef::VoltRange
Specify the voltage range for the selected channel. This parameter can be a value of
ADC_HAL_INPUT_VOLTAGE_RANGE.

. ADC_CalibrationPointTypeDef ADC_ChannelConfTypeDef::CalibrationPoint
Specify the calibration parameter for the selected channel.

71.4 ADC_DSConfTypeDef
ADC_DSConfTypeDef is defined in the stm32wb0x_hal_adc.h
Data Fields
. uint32_t DataWidth
. uint32_t DataRatio
Field Documentation

. uint32_t ADC_DSConfTypeDef::DataWidth
Specify the width of the output data from the Down Sampler (DS). This parameter can be a value of
ADC_HAL_DS_DATA_WIDTH.

. uint32_t ADC_DSConfTypeDef::DataRatio
Specify the ratio of the output data from the Down Sampler (DS). This parameter can be a value of
ADC_HAL_DS_RATIO.

71.5 ADC_DFConfTypeDef
ADC_DFConfTypeDef is defined in the stm32wbO0x_hal_adc.h
Data Fields
. uint32_t DynamicMode
. uint32_t HighPassFilter
. uint32_t OutputDataFormatMode
. uint32_t InputDataFormatMode
. uint32_t Fractionallnterpolator
. uint32_t CICFilterDecimatorHalfFactor
. uint32_t MCICOutputFrequency
Field Documentation

. uint32_t ADC_DFConfTypeDef::DynamicMode
Specify the input dynamic range for the Decimation Filter (DF). This parameter can be a value of
ADC_HAL_DF_DYN_RANGE.

. uint32_t ADC_DFConfTypeDef::HighPassFilter
Specify whether the high pass filter feature is enabled or disabled. This parameter can be set to ENABLE
or DISABLE.

. uint32_t ADC_DFConfTypeDef::OutputDataFormatMode
Specify the signed/unsigned output data format. This parameter can be a value of
ADC_HAL_DF_DATA_FORMAT.

. uint32_t ADC_DFConfTypeDef::InputDataFormatMode
Specify the signed/unsigned input data format. This parameter can be a value of
ADC_HAL_DF_DATA_FORMAT.

. uint32_t ADC_DFConfTypeDef::Fractionallnterpolator
Specify whether fractional interpolator is enabled or disabled. This parameter can be set to ENABLE or
DISABLE.

. uint32_t ADC_DFConfTypeDef::CICFilterDecimatorHalfFactor
Specify if the decimator factor of the CIC filter is using integer or half. Note: this bit must be set only for the
generation of a data rate at 44.1 kps from ADC data at 1 MHz. Unpredictable result may happen if set for
other configuration. This parameter can be a value of ADC_HAL_CIC_DECIMATOR_HALF_FACTOR.
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. uint32_t ADC_DFConfTypeDef::MCICOutputFrequency
Specify the output frequency of the CIC filter. This parameter can be a value of
ADC_HAL_MICROPHONE_OUT_FREQ.

7.1.6 ADC_PDMConfTypeDef
ADC_PDMConfTypeDef is defined in the stm32wb0x_hal_adc.h
Data Fields
. uint32_t ClockDivider
Field Documentation

. uint32_t ADC_PDMConfTypeDef::ClockDivider
Specify the clock divider for the (PDM) Interface. This parameter can be a value of
ADC_HAL_PDM_CLK_DIVIDER.

71.7 ADC_PGAConfTypeDef
ADC_PGAConfTypeDef is defined in the stm32wb0x_hal_adc.h
Data Fields
. uint32_t Bias
. uint32_t Gain
Field Documentation

. uint32_t ADC_PGAConfTypeDef::Bias
Specify the bias voltage (offset) for the Programmable Gain Amplifier (PGA). This parameter can be a
value of ADC_HAL_ PGA BIAS.

. uint32_t ADC_PGAConfTypeDef::Gain
Specify the gain for the Programmable Gain Amplifier (PGA). This parameter can be a value of
ADC_HAL_PGA_GAIN.

71.8 ADC_InitTypeDef
ADC_InitTypeDef is defined in the stm32wb0x_hal_adc.h
Data Fields
. uint32_t ConversionType
. FunctionalState ContinuousConvMode
. uint32_t Sequencelength
. uint32_t SamplingMode
. uint32_t SampleRate
. ADC_DSConfTypeDef DownSamplerConfig
. uint32_t InvertOutputMode
. uint32_t Overrun
Field Documentation

. uint32_t ADC_InitTypeDef::ConversionType
Specifies the conversion type: through the Down Sampler (DS) or through the Decimation Filter (DF). This
parameter can be a value of ADC_HAL_CONVERSION_TYPE.

. FunctionalState ADC_InitTypeDef::ContinuousConvMode
Specify whether the conversion is performed in single mode (one conversion) or continuous mode for ADC
group regular, after the first ADC conversion start trigger occurred (software start or external trigger). This
parameter can be set to ENABLE or DISABLE.

. uint32_t ADC_InitTypeDef::SequencelLength
Specify the length of the conversion sequence. This parameter must be a number between Min_Data = 1
and Max_Data = 16.
. uint32_t ADC_InitTypeDef::SamplingMode
Specifies the input sampling mode. This parameter can be a value of ADC_HAL_SAMPLING_METHOD.
. uint32_t ADC_InitTypeDef::SampleRate
Specify the ADC sample rate. This parameter can be a value of ADC_HAL_SAMPLE_RATE.
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. ADC_DSConfTypeDef ADC_InitTypeDef::DownSamplerConfig
Specifies the Down Sampler parameters.

. uint32_t ADC_InitTypeDef::InvertOutputMode
Specifies the bit to bit inversion (1' complement) for differential input and/or single negative input. This
parameter can be a value of ADC_HAL_DATA_INVERT.

. uint32_t ADC_InitTypeDef::Overrun
Specifies the overrung policy applied to the data. This parameter can be a value of
ADC_HAL_OVERRUN_CONFIG.

71.9 __ADC_HandleTypeDef
__ADC_HandleTypeDef is defined in the stm32wb0x_hal_adc.h
Data Fields
. ADC_TypeDef * Instance
. ADC_InitTypeDef Init
. DMA_HandleTypeDef * DMA_Handle
. HAL_LockTypeDef Lock
. __10 uint32_t State
. __10 uint32_t ErrorCode
. void(* ConvCpltCallback
. void(* ConvHalfCpltCallback
. void(* LevelOutOfWindowCallback
. void(* ErrorCallback
. void(* MsplnitCallback
. void(* MspDelnitCallback
Field Documentation

. ADC_TypeDef* __ADC_HandleTypeDef::Instance
Register base address

. ADC_InitTypeDef __ADC_HandleTypeDef::Init
Parameters for ADC initialization

. DMA_HandleTypeDef* __ADC_HandleTypeDef::DMA_Handle
Pointer DMA Handler

. HAL_LockTypeDef __ADC_HandleTypeDef::Lock
ADC locking object

. _ 10 uint32_t __ADC_HandleTypeDef::State
ADC communication state (bitmap of ADC states)
. _ 10 uint32_t __ADC_HandleTypeDef::ErrorCode

ADC Error code

. void(* __ADC_HandleTypeDef::ConvCpltCallback)(struct _ ADC_HandleTypeDef *hadc)
ADC conversion complete callback

. void(* __ADC_HandleTypeDef::ConvHalfCpltCallback)(struct __ADC_HandleTypeDef *hadc)
ADC conversion DMA half-transfer callback

. void(* __ADC_HandleTypeDef::LevelOutOfWindowCallback)(struct __ADC_HandleTypeDef *hadc)
ADC analog watchdog 1 callback

. void(* __ADC_HandleTypeDef::ErrorCallback)(struct __ADC_HandleTypeDef *hadc)
ADC error callback

. void(* __ADC_HandleTypeDef::MsplnitCallback)(struct __ADC_HandleTypeDef *hadc)
ADC Msp Init callback

. void(* __ADC_HandleTypeDef::MspDelnitCallback)(struct _ ADC_HandleTypeDef *hadc)
ADC Msp Delnit callback

7.2 ADC Firmware driver API description

The following section lists the various functions of the ADC library.
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7.21 ADC peripheral features
. Conversion frequency is up to 1 Msps.
. Three input voltage ranges are supported (0V:1.2V,0V:24V,0V:3.6V).
. Up to eight analog single ended channels or four analog differential inputs or a mix of both.
. Temperature sensor conversion.
. Battery level conversion up to 3.6 V.
. Continuous or single acquisition.
. ADC Down Sampler for multi-purpose applications to improve analog performance while off-loading the
CPU (ratio adjustable from 1 to 128).
. A watchdog feature to inform when data is outside thresholds.
. DMA capability.
. Interrupt sources with flags.
7.2.2 How to use this driver

Configuration of top level parameters related to ADC

1. Enable the ADC interface
- As prerequisite, ADC clock must be configured at RCC top level.

- Example: Into HAL_ADC_Msplnit() (recommended code location) or with other device clock parameters
configuration:

o _ HAL_RCC_ADC_CLK_ENABLE(); (mandatory)
2. ADC pins configuration
- Enable the clock for the ADC GPIOs using macro _ HAL_RCC_GPIOx_CLK_ENABLE()
- Configure these ADC pins in analog mode using function HAL_GPIO_Init()
3. Optionally, in case of usage of ADC with interruptions:
- Configure the NVIC for ADC using function HAL_NVIC_EnablelRQ(ADCx_IRQn)

- Insert the ADC interruption handler function HAL_ADC_IRQHandler() into the function of corresponding
ADC interruption vector ADC_IRQHandler().

4. Optionally, in case of usage of DMA:
- Configure the DMA (DMA channel, mode normal or circular, ...) using function HAL_DMA_Init().
- Configure the NVIC for DMA using function HAL_NVIC_EnablelRQ(DMAx_Channelx_IRQn)

- Insert the ADC interruption handler function HAL_ADC_IRQHandler() into the function of corresponding
DMA interruption vector DMAx_Channelx_IRQHandler().

Configuration of ADC, channels parameters

1. Configure the ADC parameters using function HAL_ADC_Init().
2. Configure the channels using the function HAL_ADC_ConfigChannel().

3. Optionally, configure the analog watchdog parameters (channels monitored, thresholds, ...) using function
HAL_ADC_AWDConfig().
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Execution of ADC conversions

1. ADC driver can be used among three modes: polling, interruption, transfer by DMA.

- ADC conversion by polling:
° Activate the ADC peripheral and start conversions using function HAL_ADC_Start()
° Wait for ADC conversion completion using function HAL_ADC_PollForConversion()
° Retrieve conversion results using function HAL_ADC_GetValue()
° Stop conversion and disable the ADC peripheral using function HAL_ADC_Stop()

- ADC conversion by interruption:
° Activate the ADC peripheral and start conversions using function HAL_ADC_Start_IT()

° Wait for ADC conversion completion by call of function HAL_ADC_ConvCpltCallback() (this
function must be implemented in user program)

° Retrieve conversion results using function HAL_ADC_GetValue()
° Stop conversion and disable the ADC peripheral using function HAL_ADC_Stop_IT()
- ADC conversion with transfer by DMA:
° Activate the ADC peripheral and start conversions using function HAL_ADC_Start_ DMA()

° Wait for ADC conversion completion by call of function HAL_ADC_ConvCpltCallback() or
HAL_ADC_ConvHalfCpltCallback() (these functions must be implemented in user program)

° Conversion results are automatically transferred by DMA into destination variable address.
° Stop conversion and disable the ADC peripheral using function HAL_ADC_Stop_DMA()

Note: Callback functions must be implemented in user program:
. HAL_ADC_ErrorCallback()
. LevelOutOfWindowCallback() (callback of analog watchdog)
. HAL_ADC_ConvCpltCallback()
. HAL_ADC_ConvHalfCpltCallback

Deinitialization of ADC

1. Disable the ADC interface
- ADC clock can be hard reset and disabled at RCC top level.
- Hard reset of ADC peripherals using macro _ ADCx_FORCE_RESET(), _ ADCx_RELEASE_RESETY().
- ADC clock disable using the equivalent macro/functions as configuration step.
° Example: Into HAL_ADC_MspDelnit() (recommended code location).
2. ADC pins configuration
- Disable the clock for the ADC GPIOs using macro _ HAL_RCC_GPIOx_CLK_DISABLE()
3. Optionally, in case of usage of ADC with interruptions:
- Disable the NVIC for ADC using function HAL_NVIC_EnableIRQ(ADCx_IRQn)
4. Optionally, in case of usage of DMA:
- Deinitialize the DMA using function HAL_DMA_Init().
- Disable the NVIC for DMA using function HAL_NVIC_EnablelRQ(DMAx_Channelx_IRQn)

Callback registration

The compilation flag USE_HAL_ADC_REGISTER_CALLBACKS, when set to 1, allows the user to configure
dynamically the driver callbacks. Use Functions @ref HAL_ADC_RegisterCallback() to register an interrupt
callback.

Function @ref HAL_ADC_RegisterCallback() allows to register following callbacks:
. ConvCpltCallback : ADC conversion complete callback

. ConvHalfCpltCallback : ADC conversion DMA half-transfer callback

. LevelOutOfWindowCallback : ADC analog watchdog callback

. ErrorCallback : ADC error callback

. MsplnitCallback : ADC Msp Init callback
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. MspDelnitCallback : ADC Msp Delnit callback This function takes as parameters the HAL peripheral
handle, the Callback ID and a pointer to the user callback function.
Use function @ref HAL_ADC_UnRegisterCallback to reset a callback to the default weak function.

@ref HAL_ADC_UnRegisterCallback takes as parameters the HAL peripheral handle, and the Callback ID. This
function allows to reset following callbacks:

. ConvCpltCallback : ADC conversion complete callback

. ConvHalfCpltCallback : ADC conversion DMA half-transfer callback
. LevelOutOfWindowCallback : ADC analog watchdog callback

. ErrorCallback : ADC error callback

. MsplnitCallback : ADC Msp Init callback

. MspDelnitCallback : ADC Msp Delnit callback

By default, after the @ref HAL_ADC_Init() and when the state is @ref HAL_ADC_STATE_RESET all callbacks
are set to the corresponding weak functions: examples @ref HAL_ADC_ConvCpltCallback(), @ref
HAL_ADC_ErrorCallback(). Exception done for Msplnit and MspDelnit functions that are reset to the legacy weak
functions in the @ref HAL_ADC_Init()/ @ref HAL_ADC_Delnit() only when these callbacks are null (not registered
beforehand).

If Msplnit or MspDelnit are not null, the @ref HAL_ADC_Init()/ @ref HAL_ADC_Delnit() keep and use the user
Msplnit/MspDelnit callbacks (registered beforehand) whatever the state.

Callbacks can be registered/unregistered in @ref HAL_ADC_STATE_READY state only. Exception done Msplnit/
MspDelnit functions that can be registered/unregistered in @ref HAL_ADC_STATE_READY or @ref
HAL_ADC_STATE_RESET state, thus registered (user) MsplInit/Delnit callbacks can be used during the Init/
Delnit.

Then, the user first registers the Msplnit/MspDelnit user callbacks using @ref HAL_ADC_RegisterCallback()
before calling @ref HAL_ADC_Delnit() or @ref HAL_ADC_ Init() function.

When the compilation flag USE_HAL_ADC_REGISTER_CALLBACKS is set to 0 or not defined, the callback
registration feature is not available and all callbacks are set to the corresponding weak functions.

7.2.3 Analog Timing Control functions

This section provides functions allowing to:

. Configure the synchronisation between SMPS and ADC start of conversion
. Configure the ADC PGA VBias precharge duration

. Configure the ADC LDO delay

This section contains the following APls:

. HAL_ADC_SMPSSyncEnable()

. HAL_ADC_SMPSSyncDisable()

. HAL_ADC_LDODelayConfig()

. HAL_ADC_VBiasPrechargeDelayConfig()

7.24 Peripheral Control functions

This section provides functions allowing to:

. Configure channels on a conversion sequence
. Configure the analog watchdog

This section contains the following APlIs:

. HAL_ADC_ConfigChannel()

. HAL_ADC_AnalogWDGConfig()

. HAL_ADC_DFConfig()

7.2.5 Peripheral state and errors functions

This subsection provides functions to get in run-time the status of the peripheral.
. Check the ADC state
. Check the ADC error code
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This section contains the following APls:
. HAL_ADC_GetState()
. HAL_ADC_GetError()

7.2.6 Detailed description of functions

HAL_ADC_Init

Function name

HAL_StatusTypeDef HAL_ADC_Init (ADC_HandleTypeDef * hadc)

Function description

Initialize the ADC peripheral according to parameters specified in structure "ADC_InitTypeDef".

Parameters

. hadc: ADC handle

Return values
. HAL.: status

Notes

. As prerequisite, ADC clock must be configured at RCC top level (refer to description of RCC configuration
for ADC in header of this file).

. Possibility to update parameters on the fly: This function initializes the ADC MSP (HAL_ADC_Mspilnit())
only when coming from ADC state reset. Following calls to this function can be used to reconfigure some
parameters of ADC_InitTypeDef structure on the fly, without modifying MSP configuration. If ADC MSP
has to be modified again, HAL_ADC_Delnit() must be called before HAL_ADC _Init(). The setting of these
parameters is conditioned to ADC state. For parameters constraints, see comments of structure
"ADC_InitTypeDef".

HAL_ADC_Delnit

Function name

HAL_StatusTypeDef HAL_ADC_Delnit (ADC_HandleTypeDef * hadc)

Function description

Deinitialize the ADC peripheral registers to their default reset values, with deinitialization of the ADC MSP.

Parameters

. hadc: ADC handle

Return values
. HAL.: status

HAL_ADC_Msplnit
Function name
void HAL_ADC_Msplnit (ADC_HandleTypeDef * hadc)

Function description
Initialize the ADC MSP.

Parameters

. hadc: ADC handle

Return values

. None
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HAL_ADC_MspDelnit

Function name
void HAL_ADC_MspDelnit (ADC_HandleTypeDef * hadc)

Function description
Delnitialize the ADC MSP.

Parameters
. hadc: ADC handle

Return values

. None
Notes
. All ADC instances use the same core clock at RCC level, disabling the core clock reset all ADC
instances).

HAL_ADC_RegisterCallback

Function name

HAL_StatusTypeDef HAL_ADC_RegisterCallback (ADC_HandleTypeDef * hadc,
HAL_ADC_CallbackiDTypeDef CallbackiD, pADC_CallbackTypeDef pCallback)

Function description

Register a User ADC Callback To be used instead of the weak predefined callback.

Parameters
. hadc: Pointer to a ADC_HandleTypeDef structure that contains the configuration information for the
specified ADC.
. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:

- HAL_ADC_CONVERSION_COMPLETE_CB_ID ADC conversion complete callback 1D
- HAL_ADC_CONVERSION_HALF_CB_ID ADC conversion complete callback ID
- HAL_ADC_LEVEL_OUT_OF_WINDOW_1_CB_ID ADC watchdog callback ID
- HAL_ADC_ERROR_CB_ID ADC error callback ID
- HAL_ADC_MSPINIT_CB_ID ADC Msp Init callback ID
- HAL_ADC_MSPDEINIT_CB_ID ADC Msp Delnit callback ID
. pCallback: pointer to the Callback function

Return values
. HAL.: status

HAL_ADC_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_ADC_UnRegisterCallback (ADC_HandleTypeDef * hadc,
HAL_ADC_CallbackiDTypeDef CallbackID)

Function description

Unregister a ADC Callback ADC callback is redirected to the weak predefined callback.
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Parameters
. hadc: Pointer to a ADC_HandleTypeDef structure that contains the configuration information for the
specified ADC.
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:

- HAL_ADC_CONVERSION_COMPLETE_CB_ID ADC conversion complete callback ID
- HAL_ADC_CONVERSION_HALF_CB_ID ADC conversion complete callback ID

- HAL_ADC_LEVEL_OUT_OF_WINDOW_1_CB_ID ADC watchdog callback ID

- HAL_ADC_ERROR_CB_ID ADC error callback ID

- HAL_ADC_MSPINIT_CB_ID ADC Msp Init callback ID

- HAL_ADC_MSPDEINIT_CB_ID ADC Msp Delnit callback ID

Return values
. HAL.: status

HAL_ADC_Start

Function name
HAL_StatusTypeDef HAL_ADC_Start (ADC_HandleTypeDef * hadc)

Function description

Enable ADC, start conversion.

Parameters
. hadc: ADC handle

Return values
. HAL.: status

Notes

. Interruptions enabled in this function: None.

HAL_ADC_Stop

Function name
HAL_StatusTypeDef HAL_ADC_Stop (ADC_HandleTypeDef * hadc)

Function description

Stop ADC conversion and disable ADC peripheral.

Parameters
. hadc: ADC handle

Return values
. HAL.: status.

Notes
. : ADC peripheral disable is forcing stop of potential conversion.
HAL_ADC_PollForConversion

Function name
HAL_StatusTypeDef HAL_ADC_PollForConversion (ADC_HandleTypeDef * hadc, uint32_t Timeout)

Function description

Wait for a conversion to be completed.
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Parameters

. hadc: ADC handle
. Timeout: Timeout value in millisecond.

Return values
. HAL.: status

Notes

. ADC conversion flags EOS (end of sequence) and EOC (end of conversion) are cleared by this function.

. This function cannot be used in a particular setup: ADC configured in DMA mode and polling for end of
each conversion. In this case, DMA resets the flag EOC and polling cannot be performed on each
conversion. Nevertheless, polling can still be performed on the complete sequence.

HAL_ADC_PollForEvent

Function name
HAL_StatusTypeDef HAL_ADC_PollForEvent (ADC_HandleTypeDef * hadc, uint32_t EventType, uint32_t
Timeout)

Function description
Poll for ADC event.

Parameters

. hadc: ADC handle

. EventType: the ADC event type. This parameter can be one of the following values:
ADC_IRQ_FLAG_OVRFL ADC decimation filter saturated event (1) ADC_IRQ_FLAG_OVRDF ADC
decimation filter overrun event (1) ADC_IRQ_FLAG_EODF ADC decimation filter conversion completed
event (1) ADC_IRQ_FLAG_OVRDS ADC Down Sampler overrun event ADC_IRQ_FLAG_AWD1 ADC
analog watchdog event ADC_IRQ_FLAG_EOS ADC sequence of conversion completed event
ADC_IRQ_FLAG_EODS ADC Down Sampler conversion completed Event (1) todo: Only available on
STM32WBO0x

. Timeout: Timeout value in millisecond.
Return values
. HAL.: status

Notes

. The relevant flag is cleared if found to be set, except for ADC_IRQ_FLAG_OVRDS. Indeed, the latter is
reset only if hadc->Init.Overrun field is set to ADC_NEW_DATA_IS_KEPT. Otherwise, data register may
be potentially overwritten by a new converted data as soon as OVR is cleared. To reset OVR flag once the
preserved data is retrieved, the user can resort to macro __ HAL_ADC_CLEAR_FLAG(hadc,
ADC_IRQ_FLAG_OVRDS);

HAL_ADC_Start_IT

Function name
HAL_StatusTypeDef HAL_ADC_Start_IT (ADC_HandleTypeDef * hadc)

Function description

Enable ADC and start conversion with interruption.

Parameters
. hadc: ADC handle

Return values
. HAL.: status
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Notes
. Interruptions enabled in this function according to initialization setting : EOC (end of conversion), EOS
(end of sequence), OVR overrun. Each of these interruptions has its dedicated callback function.
. To guarantee a proper reset of all interruptions once all the needed conversions are obtained,

HAL_ADC_Stop_IT() must be called to ensure a correct stop of the IT-based conversions.

HAL_ADC_Stop_IT

Function name
HAL_StatusTypeDef HAL_ADC_Stop_IT (ADC_HandleTypeDef * hadc)

Function description

Stop ADC conversion, disable interrution of end-of-conversion, disable ADC peripheral.

Parameters
. hadc: ADC handle

Return values
. HAL.: status.

HAL_ADC_Start_DMA

Function name

HAL_StatusTypeDef HAL_ADC_Start_ DMA (ADC_HandleTypeDef * hadc, const uint32_t * pData, uint32_t
Length)

Function description

Enable ADC, start conversion and transfer result through DMA.

Parameters

. hadc: ADC handle

. pData: Destination Buffer address.

. Length: Number of data to be transferred from ADC peripheral to memory
Return values

. HAL: status.

Notes

. Interruptions enabled in this function: overrun (if applicable), DMA half transfer, DMA transfer complete.
Each of these interruptions has its dedicated callback function. The ADC continuous mode is enabled in
this DMA acquisition mode.

HAL_ADC_Stop_DMA

Function name
HAL_StatusTypeDef HAL_ADC_Stop_DMA (ADC_HandleTypeDef * hadc)

Function description
Stop ADC conversion, disable ADC DMA transfer, disable ADC peripheral.

Parameters
. hadc: ADC handle

Return values
. HAL: status.
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HAL_ADC_GetValue

Function name

uint32_t HAL_ADC_GetValue (const ADC_HandleTypeDef * hadc)
Function description

Get ADC conversion result (raw value).
Parameters

. hadc: ADC handle
Return values

. ADC: conversion data
Notes

. Occurrence of flag EOS rising: If sequencer is composed of 1 rank, flag EOS is equivalent to flag EOC.If
sequencer is composed of several ranks, during the scan sequence flag EOC only is raised, at the end of
the scan sequence both flags EOC and EOS are raised. The flag EODS is rising when the Down Sampler
conversion is completed. To clear those flags, either use function: in programming model IT:
HAL_ADC_IRQHandler(), in programming model polling: HAL_ADC_PollForConversion() or
_ HAL_ADC_CLEAR_FLAG(&hadc, ADC_IRQ_FLAG_EOS).

HAL_ADC_GetValue_DF

Function name
uint32_t HAL_ADC_GetValue_DF (const ADC_HandleTypeDef * hadc)

Function description

HAL_ADC_IRQHandler

Function name
void HAL_ADC_IRQHandler (ADC_HandleTypeDef * hadc)

Function description

Handle ADC interrupt request.

Parameters
. hadc: ADC handle

Return values

. None

HAL_ADC_ConvCpltCallback

Function name
void HAL_ADC_ConvCpltCallback (ADC_HandleTypeDef * hadc)

Function description

Conversion complete callback in non-blocking mode.

Parameters
. hadc: ADC handle

Return values

. None
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HAL_ADC_ConvHalfCpltCallback

Function name
void HAL_ADC_ConvHalfCpltCallback (ADC_HandleTypeDef * hadc)

Function description

Conversion DMA half-transfer callback in non-blocking mode.

Parameters
. hadc: ADC handle

Return values

. None

HAL_ADC_LevelOutOfWindowCallback
Function name
void HAL_ADC_LevelOutOfWindowCallback (ADC_HandleTypeDef * hadc)
Function description
Analog watchdog callback in non-blocking mode.
Parameters
. hadc: ADC handle

Return values

. None

HAL_ADC_ErrorCallback

Function name
void HAL_ADC_ErrorCallback (ADC_HandleTypeDef * hadc)

Function description

ADC error callback in non-blocking mode (ADC conversion with interruption or transfer by DMA).

Parameters
. hadc: ADC handle

Return values

. None

Notes

. In case of error due to overrun when using ADC with DMA transfer (HAL ADC handle parameter
"ErrorCode" to state "HAL_ADC_ERROR_OVR"): Reinitialize the DMA using function
"HAL_ADC_Stop_DMA()".If needed, restart a new ADC conversion using function
"HAL_ADC_Start_ DMA()" (this function is also clearing overrun flag)

HAL_ADC_ConfigChannel

Function name

HAL_StatusTypeDef HAL_ADC_ConfigChannel (ADC_HandleTypeDef * hadc, const
ADC_ChannelConfTypeDef * sConfigChannel)

Function description

Configure a channel to be assigned to ADC conversion sequence.
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Parameters

. hadc: ADC handle
. sConfigChannel: Structure of ADC channel configuration and position in ADC conversion sequence.

Return values
. HAL.: status

HAL_ADC_DFConfig

Function name

HAL_StatusTypeDef HAL_ADC_DFConfig (ADC_HandleTypeDef * hadc, const ADC_DFConfTypeDef *
ConfigDF)

Function description

HAL_ADC_AnalogWDGConfig

Function name

HAL_StatusTypeDef HAL_ADC_AnalogWDGConfig (ADC_HandleTypeDef * hadc, const
ADC_AnalogWDGConfTypeDef * ConfigWatchdog)

Function description

Configure the watchdog

Parameters

. hadc: ADC handle
. ConfigWatchdog: Structure of ADC watchdog configuration

Return values
. HAL.: status

Notes

. Possibility to update parameters on the fly: This function initializes the watchdog, successive calls to this
function can be used to reconfigure some parameters of structure "ADC_AnalogWDGConfTypeDef" on
the fly, without resetting the ADC. The setting of these parameters is conditioned to ADC state.

HAL_ADC_SetMicrophoneChannel

Function name

HAL_StatusTypeDef HAL_ADC_SetMicrophoneChannel (ADC_HandleTypeDef * hadc, uint32_t
MicrophoneChannel)

Function description

HAL_ADC_PDMConfig

Function name

HAL_StatusTypeDef HAL_ADC_PDMConfig (ADC_HandleTypeDef * hadc, const ADC_PDMConfTypeDef *
ConfigPDM)

Function description

HAL_ADC_PDMStart

Function name
HAL_StatusTypeDef HAL_ADC_PDMStart (ADC_HandleTypeDef * hadc)

Function description
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HAL_ADC_PDMStop

Function name
HAL_StatusTypeDef HAL_ADC_PDMStop (ADC_HandleTypeDef * hadc)

Function description

HAL_ADC_PGAConfig

Function name

HAL_StatusTypeDef HAL_ADC_PGAConfig (ADC_HandleTypeDef * hadc, const ADC_PGAConfTypeDef *
ConfigPGA)

Function description

HAL_ADC_SetOccasionalSource

Function name
HAL_StatusTypeDef HAL_ADC_SetOccasionalSource (ADC_HandleTypeDef * hadc, uint32_t Source)

Function description

HAL_ADC_StartOccasionalMode

Function name
HAL_StatusTypeDef HAL_ADC_StartOccasionalMode (ADC_HandleTypeDef * hadc)

Function description

HAL_ADC_SMPSSyncEnable

Function name
HAL_StatusTypeDef HAL_ADC_SMPSSyncEnable (ADC_HandleTypeDef * hadc)

Function description

Enable the synchronization of the ADC start conversion with a pulse generated by the SMPS.

Parameters
. hadc: ADC handle
Notes
. The synchronization should only be enabled when using the SMPS with an ADC clock different from 32
MHz.

HAL_ADC_SMPSSyncDisable

Function name
HAL_StatusTypeDef HAL_ADC_SMPSSyncDisable (ADC_HandleTypeDef * hadc)

Function description

Disable the synchronization of the ADC start conversion with a pulse generated by the SMPS.

Parameters
. hadc: ADC handle
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. The synchronization should only be enabled when using the SMPS with an ADC clock different from 32
MHz.

HAL_ADC_VBiasPrechargeDelayConfig

Function name

HAL_StatusTypeDef HAL_ADC_VBiasPrechargeDelayConfig (ADC_HandleTypeDef * hadc, uint32_t
Delay_us)

Function description

HAL_ADC_LDODelayConfig
Function name
HAL_StatusTypeDef HAL_ADC_LDODelayConfig (ADC_HandleTypeDef * hadc, uint32_t Delay_us)
Function description

Configure the LDO stabilization time.

Parameters
. hadc: ADC handle
. Delay_us: delay in us. This parameter must be a number between Min_Data = 4 and Max_Data = 1020.
Notes
. The delay in microseconds corresponding to the duration of a waiting time to be inserted between the
ADC_LDO enable and the ADC ON to let the LDO stabilize before starting a conversion.
. The delay value should be an increment of 4us. Otherwise the function configure an approximate
available value close to the input value.
. This value is configured at reset to a default value. This value can be reconfigured using

ADC_DEFAULT_LDO_DELAY_US.

HAL_ADC_GetState

Function name
uint32_t HAL_ADC_GetState (const ADC_HandleTypeDef * hadc)
Function description

Return the ADC handle state.

Parameters
. hadc: ADC handle

Return values
. ADC: handle state (bitfield on 32 bits)

Notes

. ADC state machine is managed by bitfields, ADC status must be compared with states bits. For example:
" if (HAL_ADC_GetState(hadc) & HAL_ADC_STATE_DS_BUSY) = 0UL) " " if
((HAL_ADC_GetState(hadc) & HAL_ADC_STATE_AWD1) = 0UL) "

HAL_ADC_GetError

Function name
uint32_t HAL_ADC_GetError (const ADC_HandleTypeDef * hadc)

Function description

Return the ADC error code.
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Parameters

. hadc: ADC handle

Return values

7.3

7.31

ADC_AWD_

ADC_AWD _

ADC_AWD _

ADC_AWD_

ADC_AWD_

ADC_AWD_

ADC_AWD_

ADC_AWD _

ADC_AWD _

ADC_AWD _

ADC_AWD_

ADC_AWD_

ADC_AWD_

ADC_AWD _

ADC_AWD _

. ADC: error code (bitfield on 32 bits)

ADC Firmware driver defines
The following section lists the various define and macros of the module.

ADC
ADC

ADC watchdog channel selection for bit mask definitions

CH_VINMO

ADC watchdog channel selection

CH_VINM1

ADC watchdog channel selection:

CH_VINM2

ADC watchdog channel selection:

CH_VINM3

ADC watchdog channel selection:

CH_VINPO

ADC watchdog channel selection:

CH_VINP1

ADC watchdog channel selection:

CH_VINP2

ADC watchdog channel selection:

CH_VINP3

ADC watchdog channel selection:

CH_MICROM

ADC watchdog channel selection:

CH_MICROP

ADC watchdog channel selection:

CH_VBAT

ADC watchdog channel selection:

CH_TEMPSENSOR

ADC watchdog channel selection:

CH_GND_NEG

ADC watchdog channel selection:

CH_GND_POS

ADC watchdog channel selection:

CH_VDDA_NEG

ADC watchdog channel selection:
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: VINMO to ADC negative input

VINM1 to ADC negative input

VINM2 to ADC negative input

VINM3 to ADC negative input

VINPO to ADC positive input

VINP1 to ADC positive input

VINP2 to ADC positive input

VINP3 to ADC positive input

MICROM to ADC negative input

MICROP to ADC positive input

VBAT to ADC negative input

TEMPSENSOR to ADC positive input

GND to ADC negative input

GND to ADC positive input

VDDA to ADC negative input
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ADC_AWD_CH_VDDA_POS
ADC watchdog channel selection: VDDA to ADC positive input

ADC watchdog event type definitions
ADC_AWD_EVENT_POLLING
ADC watchdog event type polling

ADC_AWD_EVENT_INTERRUPT
ADC watchdog event type interrupt

ADC Error Code

HAL_ADC_ERROR_NONE

No error
HAL_ADC_ERROR_INTERNAL

Internal error
HAL_ADC_ERROR_OVR

Data overrun error
HAL_ADC_ERROR_DMA

DMA transfer error

HAL_ADC_ERROR_INVALID_CALLBACK

Invalid Callback error

ADC Exported Constants

ADC_DEFAULT_LDO_DELAY_US
Default delay for LDO stabilization (uS)

ADC_DEFAULT_VBIAS_PRECH_DELAY_US
Default delay for the VBIAS precharge pulse duration (uS)

ADC calibration points definitions

ADC_CALIB_POINT_1
ADC calibration point 1

ADC_CALIB_POINT_2
ADC calibration point 2

ADC_CALIB_POINT_3
ADC calibration point 3

ADC_CALIB_POINT_4
ADC calibration point 4

ADC_CALIB_NONE

ADC calibration point disabled: correction are left untouched for the selected channel

ADC channel number code for conversion definitions

ADC_CHANNEL_VINMO
ADC channel for VINMO to single negative input
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ADC_CHANNEL_VINM1
ADC channel for VINM1 to single negative input

ADC_CHANNEL_VINM2

ADC channel for VINM2 to single negative input
ADC_CHANNEL_VINM3

ADC channel for VINM3 to single negative input
ADC_CHANNEL_VINPO

ADC channel for VINPO to single positive input
ADC_CHANNEL_VINP1

ADC channel for VINP1 to single positive input
ADC_CHANNEL_VINP2

ADC channel for VINP2 to single positive input
ADC_CHANNEL_VINP3

ADC channel for VINP3 to single positive input
ADC_CHANNEL_VINPO_VINMO

ADC channel for VINPO - VINMO to differential input
ADC_CHANNEL_VINP1_VINM1

ADC channel for VINP1 - VINM1 to differential input
ADC_CHANNEL_VINP2_VINM2

ADC channel for VINP2 - VINM2 to differential input
ADC_CHANNEL_VINP3_VINM3

ADC channel for VINP3 - VINM3 to differential input
ADC_CHANNEL_VBAT

ADC channel for VBAT, battery level detector

ADC_CHANNEL_TEMPSENSOR

ADC channel for temperature sensor

ADC conversion type definitions
ADC_CONVERSION_WITH_DS
ADC conversion through the Down Sampler (DS)

ADC_CONVERSION_WITH_DF
ADC conversion through the Decimation Filter (DF)

ADC invert bit to bit data output for differential or
ADC_DATA_INVERT_NONE
No inversion
ADC_DATA_INVERT_DIFF
Inversion only for differential input

ADC_DATA_INVERT_SING

Inversion only for single negative input
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ADC_DATA_INVERT_BOTH

Inversion for both input type

ADC Down Sampler data width definitions

ADC_DS_DATA_WIDTH_12_BIT

ADC Down Sampler data width 12 bits
ADC_DS_DATA_WIDTH_13_BIT

ADC Down Sampler data width 13 bits
ADC_DS_DATA_WIDTH_14_BIT

ADC Down Sampler data width 14 bits
ADC_DS_DATA_WIDTH_15_BIT

ADC Down Sampler data width 15 bits
ADC_DS_DATA_WIDTH_16_BIT

ADC Down Sampler data width 16 bits

ADC Down Sampler ratio definitions

ADC_DS_RATIO_1

ADC Down Sampler ratio 1, no down sampling (default)
ADC_DS_RATIO_2

ADC Down Sampler ratio 2
ADC_DS_RATIO_4

ADC Down Sampler ratio 4
ADC_DS_RATIO_8

ADC Down Sampler ratio 8
ADC_DS_RATIO_16

ADC Down Sampler ratio 16
ADC_DS_RATIO_32

ADC Down Sampler ratio 32
ADC_DS_RATIO_64

ADC Down Sampler ratio 64

ADC_DS_RATIO_128
ADC Down Sampler ratio 128

ADC Sequencer ranks
ADC_RANK_1

ADC sequencer rank 1
ADC_RANK_2

ADC sequencer rank 2
ADC_RANK_3

ADC sequencer rank 3
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ADC_RANK_4

ADC sequencer rank 4

ADC_RANK_5

ADC sequencer rank 5
ADC_RANK_6

ADC sequencer rank 6
ADC_RANK_7

ADC sequencer rank 7
ADC_RANK_38

ADC sequencer rank 8
ADC_RANK_9

ADC sequencer rank 9
ADC_RANK_10

ADC sequencer rank 10
ADC_RANK_11

ADC sequencer rank 11
ADC_RANK_12

ADC sequencer rank 12
ADC_RANK_13

ADC sequencer rank 13
ADC_RANK_14

ADC sequencer rank 14
ADC_RANK_15

ADC sequencer rank 15
ADC_RANK_16

ADC sequencer rank 16

HAL ADC macro to manage HAL ADC handle,
__HAL_ADC_RESET_HANDLE_STATE

Description:

. Reset ADC handle state.
Parameters:

. __HANDLE__: ADC handle

Return value:
. None
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__HAL_ADC_ENABLE_IT

Description:
. Enable ADC interrupt.
Parameters:
. _ _HANDLE__: ADC handle
. __INTERRUPT__: ADC Interrupt This parameter can be a combination of the following values:
- ADC_IRQ_EN_OVRFL ADC Decimation Filter saturated interrupt source
- ADC_IRQ_EN_OVRDF ADC Decimation Filter overrung interrupt source
- ADC_IRQ_EN_OVRDS ADC Down Sampler overrun interrupt source
- ADC_IRQ_EN_AWD1 ADC Watchdog alert interrupt source
- ADC_IRQ_EN_EOC ADC End of conversion interrupt source
- ADC_IRQ_EN_EOS ADC End of conversion of a sequence interrupt source
- ADC_IRQ_EN_EODF ADC End of conversion from Decimation Filter interrupt source
- ADC_IRQ_EN_EODS ADC End of conversion from Down Sampler interrupt source
Return value:

. None

__HAL_ADC_DISABLE_IT

Description:
. Disable ADC interrupt.
Parameters:
. __HANDLE__: ADC handle
. __INTERRUPT___: ADC Interrupt This parameter can be a combination of the following values:
- ADC_IRQ_EN_OVRFL ADC Decimation Filter saturated interrupt source
- ADC_IRQ_EN_OVRDF ADC Decimation Filter overrung interrupt source
- ADC_IRQ_EN_OVRDS ADC Down Sampler overrun interrupt source
- ADC_IRQ_EN_AWD1 ADC Watchdog alert interrupt source
- ADC_IRQ_EN_EOC ADC End of conversion interrupt source
- ADC_IRQ_EN_EOS ADC End of conversion of a sequence interrupt source
- ADC_IRQ_EN_EODF ADC End of conversion from Decimation Filter interrupt source
- ADC_IRQ_EN_EODS ADC End of conversion from Down Sampler interrupt source
Return value:
. None

__HAL_ADC_GET_IT_SOURCE
Description:
. Checks if the specified ADC interrupt source is enabled or disabled.
Parameters:
. _ _HANDLE__: ADC handle
. __INTERRUPT__: ADC interrupt source to check This parameter can be one of the following values:
- ADC_IRQ_EN_OVRFL ADC Decimation Filter saturated interrupt source
- ADC_IRQ_EN_OVRDF ADC Decimation Filter overrung interrupt source
- ADC_IRQ_EN_OVRDS ADC Down Sampler overrun interrupt source
- ADC_IRQ_EN_AWD1 ADC Watchdog alert interrupt source
- ADC_IRQ_EN_EOC ADC End of conversion interrupt source
- ADC_IRQ_EN_EOS ADC End of conversion of a sequence interrupt source
- ADC_IRQ_EN_EODF ADC End of conversion from Decimation Filter interrupt source
- ADC_IRQ_EN_EODS ADC End of conversion from Down Sampler interrupt source
Return value:
. State: of interruption (SET or RESET)
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__HAL_ADC_GET_FLAG

Description:
. Check whether the specified ADC flag is set or not.
Parameters:
. _ _HANDLE__: ADC handle
. _ _FLAG__: ADC flag This parameter can be one of the following values:
- ADC_IRQ_FLAG_OVRFL ADC Decimation Filter saturated interrupt source
- ADC_IRQ_FLAG_OVRDF ADC Decimation Filter overrung interrupt source
- ADC_IRQ_FLAG_OVRDS ADC Down Sampler overrun interrupt source
- ADC_IRQ_FLAG_AWD1 ADC Watchdog alert interrupt source
- ADC_IRQ_FLAG_EOC ADC End of conversion interrupt source
- ADC_IRQ_FLAG_EOS ADC End of conversion of a sequence interrupt source
- ADC_IRQ_FLAG_EODF ADC End of conversion from Decimation Filter interrupt source
- ADC_IRQ_FLAG_EODS ADC End of conversion from Down Sampler interrupt source
Return value:
. State: of flag (TRUE or FALSE).

__HAL_ADC_CLEAR_FLAG

Description:
. Clear the specified ADC flag.
Parameters:
. __HANDLE__: ADC handle
. __FLAG__: ADC flag This parameter can be a combination of the following values:
- ADC_IRQ_FLAG_OVRFL ADC Decimation Filter saturated interrupt source
- ADC_IRQ_FLAG_OVRDF ADC Decimation Filter overrung interrupt source
- ADC_IRQ_FLAG_OVRDS ADC Down Sampler overrun interrupt source
- ADC_IRQ_FLAG_AWD1 ADC Watchdog alert interrupt source
- ADC_IRQ_FLAG_EOC ADC End of conversion interrupt source
- ADC_IRQ_FLAG_EOS ADC End of conversion of a sequence interrupt source
- ADC_IRQ_FLAG_EODF ADC End of conversion from Decimation Filter interrupt source
- ADC_IRQ_FLAG_EODS ADC End of conversion from Down Sampler interrupt source
Return value:
. None

HAL ADC helper macro
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__HAL_ADC_IS_CHANNEL_INTERNAL

Description:

. Helper macro to determine whether the selected channel corresponds to literal definitions of driver.
Parameters:

. __ CHANNEL__: This parameter can be one of the following values:

- ADC_CHANNEL_VINMO

- ADC_CHANNEL_VINM1

- ADC_CHANNEL_VINM2

- ADC_CHANNEL_VINM3

- ADC_CHANNEL_VINPO

- ADC_CHANNEL_VINP1

- ADC_CHANNEL_VINP2

- ADC_CHANNEL_VINP3

- ADC_CHANNEL_VINPO_VINMO

- ADC_CHANNEL_VINP1_VINM1

- ADC_CHANNEL_VINP2_VINM2

- ADC_CHANNEL_VINP3_VINM3

- ADC_CHANNEL_VBAT

- ADC_CHANNEL_TEMPSENSOR
Return value:

. Value: "0" if the channel corresponds to a parameter definition of a ADC external channel (channel
connected to a GPIO pin). Value "1" if the channel corresponds to a parameter definition of a ADC internal
channel.

__HAL_ADC_CONVERT_DATA_RESOLUTION

Description:

. Helper macro to convert the ADC conversion data from a resolution to another resolution.
Parameters:

. __DATA__: ADC conversion data to be converted

. __ADC_WIDTH_CURRENT__: Resolution of the data to be converted This parameter can be one of the
following values:

- ADC_DS_DATA WIDTH_12_BIT
- ADC_DS_DATA WIDTH_13_BIT
-  ADC_DS_DATA WIDTH_14_BIT
- ADC_DS_DATA WIDTH_15_BIT
- ADC_DS_DATA WIDTH_16_BIT

. __ADC_WIDTH_TARGET__: Resolution of the data after conversion This parameter can be one of the
following values:

- ADC_DS_DATA_WIDTH_12_BIT
- ADC_DS _DATA WIDTH_13_BIT
- ADC_DS_DATA WIDTH_14_BIT
- ADC_DS_DATA WIDTH_15_BIT
- ADC_DS_DATA _WIDTH_16_BIT
Return value:
. ADC: conversion data to the requested resolution
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__HAL_ADC_CALC_DATA_TO_VOLTAGE

Description:

. Helper macro to calculate the voltage (unit: mVolt) corresponding to a ADC conversion data (unit: digital
value).

Parameters:

. __INPUT_VOLTAGE_RANGE__: Analog reference voltage (unit: mV)

- ADC_VIN_RANGE_3V6
- ADC_VIN_RANGE_2V4
- ADC_VIN_RANGE_1V2
. __ADC_DATA__: ADC conversion data (unit: digital value).
. __ ADC_WIDTH__: This parameter can be one of the following values:
- ADC_DS_DATA_WIDTH_12_BIT
- ADC_DS_DATA_WIDTH_13_BIT
- ADC_DS_DATA_WIDTH_14_BIT
- ADC_DS_DATA_WIDTH_15_BIT
- ADC_DS_DATA_WIDTH_16_BIT
Return value:
. ADC: conversion data equivalent voltage value (unit: mVolt)

__HAL_ADC_CALC_DIFF_DATA_TO_VOLTAGE
Description:

. Helper macro to calculate the voltage (unit: mVolt) corresponding to a ADC conversion data (unit: digital
value) in differential ended mode.

Parameters:
. __INPUT_VOLTAGE_RANGE__: Analog reference voltage (unit: mV)
- ADC_VIN_RANGE_3V6
- ADC_VIN_RANGE_2V4
- ADC_VIN_RANGE_1V2
. __ADC_DATA__: ADC conversion data (unit: digital value).
. __ADC_WIDTH__: This parameter can be one of the following values:
- ADC_DS_DATA_WIDTH_12_BIT
- ADC_DS_DATA_WIDTH_13_BIT
- ADC_DS_DATA_WIDTH_14_BIT
- ADC_DS_DATA_WIDTH_15_BIT
- ADC_DS_DATA_WIDTH_16_BIT
Return value:
. ADC: conversion data equivalent voltage value (unit: mVolt)
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__HAL_ADC_CALC_TEMPERATURE

Description:

. Helper macro to calculate the temperature (unit: degree Celsius) from ADC conversion data of internal
temperature sensor.

Parameters:

. _ TEMPSENSOR_ADC_DATA__: ADC conversion data of internal temperature sensor (unit: digital
value).

. __ADC_WIDTH__: This parameter can be one of the following values:

- ADC_DS_DATA WIDTH_12_BIT

- ADC_DS_DATA WIDTH_13_BIT

- ADC_DS _DATA WIDTH_14_BIT

- ADC_DS _DATA WIDTH_15 BIT

- ADC_DS _DATA WIDTH_16_BIT
Return value:

. Temperature: (unit: degree Celsius)
Notes:
. Computation is using temperature sensor calibration values stored in system memory for each device

during production. Caution: Calculation relevancy under reserve that calibration parameters are correct
(address and data). To calculate temperature using temperature sensor datasheet typical values (generic
values less, therefore less accurate than calibrated values), use helper macro

_ LL_ADC_CALC_TEMPERATURE_TYP_PARAMS().

__HAL_ADC_CALC_TEMPERATURE_TYP_PARAMS

Description:

. Helper macro to calculate the temperature (unit: degree Celsius) from ADC conversion data of internal
temperature sensor.

Parameters:

. _ TEMPSENSOR_ADC_DATA__: ADC conversion data of internal temperature sensor (unit: digital
value).

. __ADC_WIDTH__: This parameter can be one of the following values:

- ADC_DS DATA_WIDTH_12_BIT

- ADC_DS DATA_WIDTH_13_BIT

- ADC_DS DATA_WIDTH_14_BIT

- ADC_DS DATA_WIDTH_15_BIT

- ADC_DS_DATA WIDTH_16_BIT
Return value:

. Temperature: (unit: degree Celsius)
Notes:
. Computation is using temperature sensor typical values (refer to device datasheet).

ADC input voltage range definitions

ADC_VIN_RANGE_1V2
ADC input voltage range up to 1.2 V

ADC_VIN_RANGE_2V4
ADC input voltage range up to 2.4 V

ADC_VIN_RANGE_3V6
ADC input voltage range up to 3.6 V

ADC interrupts enable definitions
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ADC_IRQ_EN_OVRDS
ADC IRQ enable OVRDS

ADC_IRQ_EN_AWD1
ADC IRQ enable AWD1

ADC_IRQ_EN_EOS
ADC IRQ enable EOS

ADC_IRQ_EN_EOC
ADC IRQ enable EOC

ADC_IRQ_EN_EODS
ADC IRQ enable EODS

ADC IRQ_ENABLE register mask definitions
ADC_IRQ_EN_MASK

ADC IRQ_STATUS register mask definitions

ADC_IRQ_FLAG_OVRDS
ADC IRQ flag OVRDS Down Sampler overrun

ADC_IRQ_FLAG_AWD1
ADC IRQ flag AWD1 Analog watchdog event

ADC_IRQ_FLAG_EOS
ADC IRQ flag EOS End of conversion Sequence

ADC_IRQ_FLAG_EOC
ADC IRQ flag EOC End of conversion

ADC_IRQ_FLAG_EODS
ADC IRQ flag EODS End of Down Sampler conversion

ADC_IRQ_FLAGS_MASK

ADC operation modes definitions

ADC_OP_MODE_ADC
ADC operation mode ADC

ADC_OP_MODE_AUDIO
ADC operation mode AUDIO

ADC_OP_MODE_FULL
ADC operation Full mode
ADC overrun configuration definitions

ADC_NEW_DATA_IS_LOST

Previous data is preserved, new data is lost.

ADC_NEW_DATA_IS_KEPT

Previous data is overwritten, new data is kept.

ADC sample rate definitions
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ADC_SAMPLE_RATE_16
ADC conversion rate at F_ADC_CLK/ 16

ADC_SAMPLE_RATE_20
ADC conversion rate at F_ADC_CLK /20

ADC_SAMPLE_RATE_24
ADC conversion rate at F_ADC_CLK /24

ADC_SAMPLE_RATE_28
ADC conversion rate at F_ ADC_CLK /28

ADC_SAMPLE_RATE_32
ADC conversion rate at F_ADC_CLK/ 32

ADC_SAMPLE_RATE_36
ADC conversion rate at F_ADC_CLK/ 36

ADC_SAMPLE_RATE_40
ADC conversion rate at F_ADC_CLK /40

ADC_SAMPLE_RATE_44
ADC conversion rate at F_ADC_CLK /44

ADC_SAMPLE_RATE_48
ADC conversion rate at F_ADC_CLK /48

ADC_SAMPLE_RATE_52
ADC conversion rate at F_ ADC_CLK /52

ADC_SAMPLE_RATE_56
ADC conversion rate at F_ADC_CLK / 56

ADC_SAMPLE_RATE_60
ADC conversion rate at F_ADC_CLK /60

ADC_SAMPLE_RATE_64
ADC conversion rate at F_ADC_CLK / 64

ADC_SAMPLE_RATE_68
ADC conversion rate at F_ADC_CLK /68

ADC_SAMPLE_RATE_72
ADC conversion rate at F_ADC_CLK /72

ADC_SAMPLE_RATE_76
ADC conversion rate at F_ ADC_CLK /76

ADC_SAMPLE_RATE_80
ADC conversion rate at F_ADC_CLK/ 80

ADC_SAMPLE_RATE_84
ADC conversion rate at F_ADC_CLK / 84

ADC_SAMPLE_RATE_88
ADC conversion rate at F_ADC_CLK/ 88
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ADC_SAMPLE_RATE_92
ADC conversion rate at F_ADC_CLK /92

ADC_SAMPLE_RATE_96

ADC conversion rate at F_ADC_CLK /96
ADC_SAMPLE_RATE_100

ADC conversion rate at F_ADC_CLK /100
ADC_SAMPLE_RATE_104

ADC conversion rate at F_ ADC_CLK /104
ADC_SAMPLE_RATE_108

ADC conversion rate at F_ADC_CLK /108
ADC_SAMPLE_RATE_112

ADC conversion rate at F_ADC_CLK /112
ADC_SAMPLE_RATE_116

ADC conversion rate at F_ADC_CLK/ 116
ADC_SAMPLE_RATE_120

ADC conversion rate at F_ADC_CLK /120
ADC_SAMPLE_RATE_124

ADC conversion rate at F_ADC_CLK /124
ADC_SAMPLE_RATE_128

ADC conversion rate at F_ ADC_CLK /128
ADC_SAMPLE_RATE_132

ADC conversion rate at F_ADC_CLK /132
ADC_SAMPLE_RATE_136

ADC conversion rate at F_ADC_CLK /136

ADC_SAMPLE_RATE_140
ADC conversion rate at F_ADC_CLK /140

ADC input sampling method definitions
ADC_SAMPLING_AT_START

Sampling only at conversion start (default)

ADC_SAMPLING_AT_END

Sampling sampling phase starts after end of conversion, and stops upon trigger event (Also known as Bulb
sampling mode).
ADC States
HAL_ADC_STATE_RESET

Notes:

. ADC state machine is managed by bitfields, state must be compared with bit by bit. For example: " if
((HAL_ADC_GetState(hadc) & HAL_ADC_STATEBUSY) != 0UL) " " if (HAL_ADC_GetState(hadc) &
HAL_ADC_STATE_AWD1) != 0UL) " ADC not yet initialized or disabled

HAL_ADC_STATE_READY
ADC peripheral ready to use
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HAL_ADC_STATE_BUSY_INTERNAL

ADC is busy due to an internal process (initialization, calibration)

HAL_ADC_STATE_TIMEOUT
TimeOut occurrence

HAL_ADC_STATE_ERROR_INTERNAL

Internal error occurrence
HAL_ADC_STATE_ERROR_CONFIG

Configuration error occurrence
HAL_ADC_STATE_ERROR_DMA

DMA error occurrence
HAL_ADC_STATE_DS_BUSY

A conversion on down sampler data path is ongoing or can occur
HAL_ADC_STATE_DS_EOC

Converted data available in downsampler data register
HAL_ADC_STATE_DS_OVR

Overrun on down sampler data path occurrence
HAL_ADC_STATE_DF_BUSY

A conversion on decimation filter path is ongoing or can occur
HAL_ADC_STATE_DF_EOC

Converted data available in decimation filter data register
HAL_ADC_STATE_DF_OVR

Overrun occurrence in decimation filter data

HAL_ADC_STATE_AWD1

Out-of-window occurrence of ADC analog watchdog
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8 HAL CORTEX Generic Driver

8.1 CORTEX Firmware driver registers structures

8.1.1 MPU_Region_InitTypeDef
MPU_Region_InitTypeDef is defined in the stm32wb0x_hal_cortex.h
Data Fields
. uint8_t Enable
. uint8_t Number
. uint32_t BaseAddress
. uint8_t Size
. uint8_t SubRegionDisable
. uint8_t TypeExtField
. uint8_t AccessPermission
. uint8_t DisableExec
. uint8_t IsShareable
. uint8_t IsCacheable
. uint8_t IsBufferable
Field Documentation

. uint8_t MPU_Region_InitTypeDef::Enable
Specifies the status of the region. This parameter can be a value of CORTEX_MPU_Region_Enable
. uint8_t MPU_Region_InitTypeDef::Number
Specifies the number of the region to protect. This parameter can be a value of
CORTEX_MPU_Region_Number
. uint32_t MPU_Region_InitTypeDef::BaseAddress
Specifies the base address of the region to protect.
. uint8_t MPU_Region_InitTypeDef::Size
Specifies the size of the region to protect. This parameter can be a value of CORTEX_MPU_Region_Size
. uint8_t MPU_Region_InitTypeDef::SubRegionDisable
Specifies the number of the subregion protection to disable. This parameter must be a number between
Min_Data = 0x00 and Max_Data = OxFF
. uint8_t MPU_Region_InitTypeDef::TypeExtField
Specifies the TEX field level. This parameter can be a value of CORTEX_MPU_TEX_ Levels
. uint8_t MPU_Region_InitTypeDef::AccessPermission
Specifies the region access permission type. This parameter can be a value of
CORTEX_MPU_Region_Permission_Attributes
. uint8_t MPU_Region_InitTypeDef::DisableExec
Specifies the instruction access status. This parameter can be a value of
CORTEX_MPU_Instruction_Access
. uint8_t MPU_Region_InitTypeDef::IsShareable
Specifies the shareability status of the protected region. This parameter can be a value of
CORTEX_MPU_Access_Shareable
. uint8_t MPU_Region_InitTypeDef::IsCacheable
Specifies the cacheable status of the region protected. This parameter can be a value of
CORTEX_MPU_Access_Cacheable
. uint8_t MPU_Region_InitTypeDef::IsBufferable
Specifies the bufferable status of the protected region. This parameter can be a value of
CORTEX_MPU_Access_Bufferable

8.2 CORTEX Firmware driver API description

The following section lists the various functions of the CORTEX library.
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8.2.1 How to use this driver

How to configure Interrupts using CORTEX HAL driver

This section provides functions allowing to configure the NVIC interrupts (IRQ). The Cortex MO+ exceptions are
managed by CMSIS functions.

1. Enable and Configure the priority of the selected IRQ Channels. The priority can be 0..3.
Note: Lower priority values gives higher priority.

Note: Priority Order:
1. Lowest priority.
2. Lowest hardware priority (IRQn position).
2. Configure the priority of the selected IRQ Channels using HAL_NVIC_SetPriority()
3. Enable the selected IRQ Channels using HAL_NVIC_EnablelRQ()

Note: Negative value of IRQn_Type are not allowed.

How to configure Systick using CORTEX HAL driver

Setup SysTick Timer for time base.
. The HAL_SYSTICK_Config() function calls the SysTick_Config() function which is a CMSIS function that:
- Configures the SysTick Reload register with value passed as function parameter.
- Configures the SysTick IRQ priority to the lowest value (0x03).
- Resets the SysTick Counter register.
- Enables the SysTick Interrupt.
- Starts the SysTick Counter.

. You can change the SysTick IRQ priority by calling the HAL_NVIC_SetPriority(SysTick_IRQn,...) function
just after the HAL_SYSTICK_Config() function call. The HAL_NVIC_SetPriority() call the
NVIC_SetPriority() function which is a CMSIS function.

. To adjust the SysTick time base, use the following formula: Reload Value = SysTick Counter Clock (Hz) x
Desired Time base (s)

- Reload Value is the parameter to be passed for HAL_SYSTICK_Config() function
- Reload Value should not exceed OxFFFFFF

8.2.2 Initialization and Configuration functions

This section provides the CORTEX HAL driver functions allowing to configure Interrupts SysTick functionalities
This section contains the following APlIs:

. HAL_NVIC_SetPriority()

. HAL_NVIC_EnablelRQ()

. HAL_NVIC_DisablelRQ()

. HAL_NVIC_SystemReset()

. HAL_SYSTICK_Config()

8.2.3 Peripheral Control functions
This subsection provides a set of functions allowing to control the CORTEX (NVIC, SYSTICK, MPU)
functionalities.
This section contains the following APls:
. HAL_NVIC_GetPriority()
. HAL_NVIC_SetPendingIRQ()
. HAL_NVIC_GetPendingIRQ()
. HAL_NVIC_ClearPendingIRQ()
. HAL_SYSTICK_IRQHandler()
. HAL_SYSTICK_Callback()
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. HAL_MPU_Disable()
. HAL_MPU_Enable()
. HAL_MPU_ConfigRegion()

8.24 Detailed description of functions

HAL_NVIC_SetPriority

Function name

void HAL_NVIC_SetPriority (IRQn_Type IRQn, uint32_t PreemptPriority, uint32_t SubPriority)

Function description

Sets the priority of an interrupt.

Parameters
. IRQnN: External interrupt number . This parameter can be an enumerator of IRQn_Type enumeration (For
the complete STM32 Devices IRQ Channels list, please refer to stm32wb0x.h file)
. PreemptPriority: The preemption priority for the IRQn channel. This parameter can be a value between 0
and 3. A lower priority value indicates a higher priority
. SubPriority: the subpriority level for the IRQ channel. with stm32wb0x devices, this parameter is a

dummy value and it is ignored, because no subpriority supported in Cortex MO+ based products.

Return values

. None:

HAL_NVIC_EnablelRQ

Function name
void HAL_NVIC_EnablelRQ (IRQn_Type IRQn)
Function description

Enable a device specific interrupt in the NVIC interrupt controller.

Parameters

. IRQn: External interrupt number. This parameter can be an enumerator of IRQn_Type enumeration (For
the complete STM32 Devices IRQ Channels list, please refer to the appropriate CMSIS device file)

Return values

. None:

HAL_NVIC_DisablelRQ
Function name
void HAL_NVIC_DisablelRQ (IRQn_Type IRQn)
Function description
Disable a device specific interrupt in the NVIC interrupt controller.
Parameters

. IRQn: External interrupt number. This parameter can be an enumerator of IRQn_Type enumeration (For
the complete STM32 Devices IRQ Channels list, please refer to the appropriate CMSIS device file)

Return values

. None:
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HAL_NVIC_SystemReset

Function name
void HAL_NVIC_SystemReset (void )

Function description

Initiate a system reset request to reset the MCU.

Return values

. None:

HAL_SYSTICK_Config

Function name
uint32_t HAL_SYSTICK_Config (uint32_t TicksNumb)

Function description

Initialize the System Timer with interrupt enabled and start the System Tick Timer (SysTick): Counter is in free
running mode to generate periodic interrupts.

Parameters

. TicksNumb: Specifies the ticks Number of ticks between two interrupts.

Return values

. status: - 0 Function succeeded.
— 1 Function failed.
HAL_NVIC_GetPriority

Function name
uint32_t HAL_NVIC_GetPriority (IRQn_Type IRQn)

Function description

Get the priority of an interrupt.

Parameters

IRQnN: External interrupt number. This parameter can be an enumerator of IRQn_Type enumeration (For
the complete STM32 Devices IRQ Channels list, please refer to the appropriate CMSIS device file)

Return values

. None:

HAL_NVIC_GetPendingIRQ

Function name
uint32_t HAL_NVIC_GetPendingIRQ (IRQn_Type IRQnN)

Function description

Get Pending Interrupt (read the pending register in the NVIC and return the pending bit for the specified
interrupt).

Parameters

IRQnN: External interrupt number. This parameter can be an enumerator of IRQn_Type enumeration (For
the complete STM32 Devices IRQ Channels list, please refer to the appropriate CMSIS device file)
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Return values

. status: - 0 Interrupt status is not pending.
- 1 Interrupt status is pending.
HAL_NVIC_SetPendinglRQ

Function name
void HAL_NVIC_SetPendingIRQ (IRQn_Type IRQnN)

Function description

Set Pending bit of an external interrupt.

Parameters

IRQn: External interrupt number This parameter can be an enumerator of IRQn_Type enumeration (For
the complete STM32 Devices IRQ Channels list, please refer to the appropriate CMSIS device file)

Return values

. None:

HAL_NVIC_ClearPendingIlRQ

Function name
void HAL_NVIC_ClearPendingIRQ (IRQn_Type IRQn)

Function description

Clear the pending bit of an external interrupt.

Parameters

IRQnN: External interrupt number. This parameter can be an enumerator of IRQn_Type enumeration (For
the complete STM32 Devices IRQ Channels list, please refer to the appropriate CMSIS device file)

Return values
. None:
HAL_SYSTICK_IRQHandler

Function name
void HAL_SYSTICK_IRQHandler (void )

Function description
Handle SYSTICK interrupt request.

Return values

. None:

HAL_SYSTICK_Callback

Function name
void HAL_SYSTICK_Callback (void )

Function description
SYSTICK callback.

Return values

. None:
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HAL_MPU_Enable

Function name
void HAL_MPU_Enable (uint32_t MPU_Control)

Function description
Enable the MPU.

Parameters

. MPU_Control: Specifies the control mode of the MPU during hard fault, NMI and privileged access to the
default memory This parameter can be one of the following values:

- MPU_HFNMI_PRIVDEF_NONE

- MPU_HARDFAULT_NMI

- MPU_PRIVILEGED_DEFAULT

- MPU_HFNMI_PRIVDEF
Return values

. None:

HAL_MPU_Disable

Function name
void HAL_MPU_Disable (void )

Function description
Disables the MPU

Return values

. None:

HAL_MPU_ConfigRegion
Function name
void HAL_MPU_ConfigRegion (MPU_Region_InitTypeDef * MPU_lInit)
Function description

Initialize and configure the Region and the memory to be protected.

Parameters

. MPU_Init: Pointer to a MPU_Region_InitTypeDef structure that contains the initialization and
configuration information.

Return values

. None:
8.3 CORTEX Firmware driver defines
The following section lists the various define and macros of the module.
8.3.1 CORTEX
CORTEX

CORTEX MPU Instruction Access Bufferable
MPU_ACCESS_BUFFERABLE

MPU_ACCESS_NOT_BUFFERABLE
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CORTEX MPU Instruction Access Cacheable

MPU_ACCESS_CACHEABLE
MPU_ACCESS_NOT_CACHEABLE

CORTEX MPU Instruction Access Shareable
MPU_ACCESS_SHAREABLE
MPU_ACCESS_NOT_SHAREABLE

CORTEX MPU HFNMI and PRIVILEGED Access control
MPU_HFNMI_PRIVDEF_NONE
MPU_HARDFAULT_NMI
MPU_PRIVILEGED_DEFAULT
MPU_HFNMI_PRIVDEF

CORTEX MPU Instruction Access
MPU_INSTRUCTION_ACCESS_ENABLE
MPU_INSTRUCTION_ACCESS_DISABLE

CORTEX MPU Region Enable
MPU_REGION_ENABLE
MPU_REGION_DISABLE

CORTEX MPU Region Number
MPU_REGION_NUMBERO0
MPU_REGION_NUMBER1
MPU_REGION_NUMBER2
MPU_REGION_NUMBERS3
MPU_REGION_NUMBER4
MPU_REGION_NUMBERS5
MPU_REGION_NUMBERG6
MPU_REGION_NUMBER?7

CORTEX MPU Region Permission Attributes
MPU_REGION_NO_ACCESS

MPU_REGION_PRIV_RW
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MPU_REGION_PRIV_RW_URO

MPU_REGION_FULL_ACCESS
MPU_REGION_PRIV_RO
MPU_REGION_PRIV_RO_URO
CORTEX MPU Region Size
MPU_REGION_SIZE_256B
MPU_REGION_SIZE_512B
MPU_REGION_SIZE_1KB
MPU_REGION_SIZE_2KB
MPU_REGION_SIZE_4KB
MPU_REGION_SIZE_8KB
MPU_REGION_SIZE_16KB
MPU_REGION_SIZE_32KB
MPU_REGION_SIZE_64KB
MPU_REGION_SIZE_128KB
MPU_REGION_SIZE_256KB
MPU_REGION_SIZE_512KB
MPU_REGION_SIZE_1MB
MPU_REGION_SIZE_2MB
MPU_REGION_SIZE_4MB
MPU_REGION_SIZE_8MB
MPU_REGION_SIZE_16MB
MPU_REGION_SIZE_32MB
MPU_REGION_SIZE_64MB
MPU_REGION_SIZE_128MB
MPU_REGION_SIZE_256MB
MPU_REGION_SIZE_512MB

MPU_REGION_SIZE_1GB
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MPU_REGION_SIZE_2GB

MPU_REGION_SIZE_4GB

CORTEX MPU TEX Levels
MPU_TEX_LEVELO

MPU_TEX_LEVEL1

MPU_TEX_LEVEL2

CORTEX IRQ NVIC Priority

NVIC_CRITICAI_PRIORITY

Critical Priority
NVIC_HIGH_PRIORITY

High Priority
NVIC_MED_PRIORITY

Medium Priority
NVIC_LOW_PRIORITY

Low Priority
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9 HAL CRC Generic Driver

9.1 CRC Firmware driver registers structures

9.1.1 CRC_InitTypeDef
CRC_InitTypeDef is defined in the stm32wb0x_hal_crc.h
Data Fields
. uint8_t DefaultPolynomialUse
. uint8_t DefaultinitValueUse
. uint32_t GeneratingPolynomial
. uint32_t CRCLength
. uint32_t InitValue
. uint32_t InputDatalnversionMode
. uint32_t OutputDatalnversionMode
Field Documentation

. uint8_t CRC_InitTypeDef::DefaultPolynomialUse
This parameter is a value of CRC_Default_Polynomial and indicates if default polynomial is used. If set to
DEFAULT_POLYNOMIAL_ENABLE, resort to default X*32 + X"26 + X"23 + X"22 + X6 + X2 + XM1 +
XMO +XA8 + XAT + XA5 + XM + XA2+ X +1. In that case, there is no need to set GeneratingPolynomial
field. If otherwise set to DEFAULT_POLYNOMIAL_DISABLE, GeneratingPolynomial and CRCLength fields
must be set.

. uint8_t CRC_InitTypeDef::DefaultinitValueUse
This parameter is a value of CRC_Default_InitValue_Use and indicates if default init value is used. If set
to DEFAULT_INIT_VALUE_ENABLE, resort to default OxFFFFFFFF value. In that case, there is no need to
set InitValue field. If otherwise set to DEFAULT_INIT_VALUE_DISABLE, InitValue field must be set.

. uint32_t CRC_InitTypeDef::GeneratingPolynomial
Set CRC generating polynomial as a 7, 8, 16 or 32-bit long value for a polynomial degree respectively
equal to 7, 8, 16 or 32. This field is written in normal, representation e.g., for a polynomial of degree 7, X7
+ X726 + XA5 + XA2 + 1 is written 0x65. No need to specify it if DefaultPolynomialUse is set to
DEFAULT_POLYNOMIAL_ENABLE.

. uint32_t CRC_InitTypeDef::CRCLength
This parameter is a value of CRC_Polynomial_Sizes and indicates CRC length. Value can be either one
of

- CRC_POLYLENGTH_32B (32-bit CRC),
- CRC_POLYLENGTH_16B (16-bit CRC),
- CRC_POLYLENGTH_8B (8-bit CRC),
- CRC_POLYLENGTH_7B (7-bit CRC).

. uint32_t CRC_InitTypeDef::InitValue
Init value to initiate CRC computation. No need to specify it if DefaultInitValueUse is set to
DEFAULT_INIT_VALUE_ENABLE.

. uint32_t CRC_InitTypeDef::InputDatalnversionMode
This parameter is a value of CRCEx_Input_Data_Inversion and specifies input data inversion mode. Can
be either one of the following values

- CRC_INPUTDATA_INVERSION_NONE no input data inversion
- CRC_INPUTDATA_INVERSION_BYTE byte-wise inversion, 0x1A2B3C4D becomes 0x58D43CB2

- CRC_INPUTDATA_INVERSION_HALFWORD halfword-wise inversion, 0x1A2B3C4D becomes
0xD458B23C

- CRC_INPUTDATA_INVERSION_WORD word-wise inversion, 0x1A2B3C4D becomes 0xB23CD458
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. uint32_t CRC_InitTypeDef::OutputDatalnversionMode
This parameter is a value of CRCEx_Output_Data_Inversion and specifies output data (i.e. CRC)
inversion mode. Can be either
- CRC_OUTPUTDATA_INVERSION_DISABLE no CRC inversion,
- CRC_OUTPUTDATA_INVERSION_ENABLE CRC 0x11223344 is converted into 0x22CC4488

9.1.2 CRC_HandleTypeDef
CRC_HandleTypeDef is defined in the stm32wbO0x_hal_crc.h
Data Fields
. CRC_TypeDef * Instance
. CRC_InitTypeDef Init
. HAL_LockTypeDef Lock
. __IO HAL_CRC_StateTypeDef State
. uint32_t InputDataFormat
Field Documentation

. CRC_TypeDef* CRC_HandleTypeDef::Instance
Register base address
. CRC_InitTypeDef CRC_HandleTypeDef::Init
CRC configuration parameters
. HAL_LockTypeDef CRC_HandleTypeDef::Lock
CRC Locking object
. _ IO HAL_CRC_StateTypeDef CRC_HandleTypeDef::State
CRC communication state
. uint32_t CRC_HandleTypeDef::InputDataFormat
This parameter is a value of CRC_Input_Buffer_Format and specifies input data format. Can be either
- CRC_INPUTDATA_FORMAT_BYTES input data is a stream of bytes (8-bit data)
- CRC_INPUTDATA_FORMAT_HALFWORDS input data is a stream of half-words (16-bit data)
- CRC_INPUTDATA_FORMAT_WORDS input data is a stream of words (32-bit data)

Note that constant CRC_INPUT_FORMAT_UNDEFINED is defined but an initialization error must occur if
InputBufferFormat is not one of the three values listed above

9.2 CRC Firmware driver API description
The following section lists the various functions of the CRC library.

9.21 How to use this driver
. Enable CRC AHB clock using _ HAL_RCC_CRC_CLK_ENABLE();
. Initialize CRC calculator

specify generating polynomial (peripheral default or non-default one)
specify initialization value (peripheral default or non-default one)

specify input data format

specify input or output data inversion mode if any

. Use HAL_CRC_Accumulate() function to compute the CRC value of the input data buffer starting with the
previously computed CRC as initialization value

. Use HAL_CRC_Calculate() function to compute the CRC value of the input data buffer starting with the
defined initialization value (default or non-default) to initiate CRC calculation

9.2.2 Initialization and de-initialization functions

This section provides functions allowing to:

. Initialize the CRC according to the specified parameters in the CRC_InitTypeDef and create the associated
handle

. Delnitialize the CRC peripheral

UM3363 - Rev 2 page 89/1476



‘_ UM3363
,l HAL CRC Generic Driver

. Initialize the CRC MSP (MCU Specific Package)
. Delnitialize the CRC MSP

This section contains the following APlIs:

. HAL_CRC_lInit()

. HAL_CRC_Delnit()

. HAL_CRC_Msplnit()

. HAL_CRC_MspDelnit()

9.2.3 Peripheral Control functions

This section provides functions allowing to:

. compute the 7, 8, 16 or 32-bit CRC value of an 8, 16 or 32-bit data buffer using combination of the previous
CRC value and the new one.

or

. compute the 7, 8, 16 or 32-bit CRC value of an 8, 16 or 32-bit data buffer independently of the previous
CRC value.

This section contains the following APlIs:
. HAL_CRC_Accumulate()
. HAL_CRC_Calculate()

9.24 Peripheral State functions

This subsection permits to get in run-time the status of the peripheral.
This section contains the following APlIs:
. HAL_CRC_GetState()

9.25 Detailed description of functions

HAL_CRC_Init

Function name
HAL_StatusTypeDef HAL_CRC_Init (CRC_HandleTypeDef * hcrc)

Function description

Initialize the CRC according to the specified parameters in the CRC_InitTypeDef and create the associated
handle.

Parameters
. hcrc: CRC handle

Return values
. HAL: status

HAL_CRC_Delnit

Function name
HAL_StatusTypeDef HAL_CRC_Delnit (CRC_HandleTypeDef * hcrc)

Function description

Delnitialize the CRC peripheral.

Parameters
. hcrc: CRC handle

Return values
. HAL: status
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HAL_CRC_Msplnit
Function name
void HAL_CRC_MsplInit (CRC_HandleTypeDef * hcrc)

Function description
Initializes the CRC MSP.

Parameters
. hcrc: CRC handle

Return values

. None:

HAL_CRC_MspDelnit

Function name
void HAL_CRC_MspDelnit (CRC_HandleTypeDef * hcrc)

Function description
Delnitialize the CRC MSP.

Parameters
. herc: CRC handle

Return values

. None:

HAL_CRC_Accumulate

Function name
uint32_t HAL_CRC_Accumulate (CRC_HandleTypeDef * hcrc, uint32_t pBuffer, uint32_t BufferLength)

Function description

Compute the 7, 8, 16 or 32-bit CRC value of an 8, 16 or 32-bit data buffer starting with the previously computed
CRC as initialization value.

Parameters

. hcrc: CRC handle
. pBuffer: pointer to the input data buffer, exact input data format is provided by hcrc->InputDataFormat.

. BufferLength: input data buffer length (number of bytes if pBuffer type is * uint8_t, number of half-words
if pBuffer type is * uint16_t, number of words if pBuffer type is * uint32_t).

Return values
. uint32_t: CRC (returned value LSBs for CRC shorter than 32 bits)

Notes

. By default, the API expects a uint32_t pointer as input buffer parameter. Input buffer pointers with other
types simply need to be cast in uint32_t and the API will internally adjust its input data processing based
on the handle field hcrc->InputDataFormat.

HAL_CRC_Calculate

Function name
uint32_t HAL_CRC_Calculate (CRC_HandleTypeDef * hcrc, uint32_t pBuffer, uint32_t BufferLength)
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Function description

Compute the 7, 8, 16 or 32-bit CRC value of an 8, 16 or 32-bit data buffer starting with hcrc->Instance->INIT as
initialization value.

Parameters

. hcrc: CRC handle
. pBuffer: pointer to the input data buffer, exact input data format is provided by hcrc->InputDataFormat.

. BufferLength: input data buffer length (number of bytes if pBuffer type is * uint8_t, number of half-words
if pBuffer type is * uint16_t, number of words if pBuffer type is * uint32_t).

Return values

. uint32_t: CRC (returned value LSBs for CRC shorter than 32 bits)

Notes
. By default, the API expects a uint32_t pointer as input buffer parameter. Input buffer pointers with other
types simply need to be cast in uint32_t and the API will internally adjust its input data processing based
on the handle field hcrc->InputDataFormat.
HAL_CRC_GetState
Function name
HAL_CRC_StateTypeDef HAL_CRC_GetState (const CRC_HandleTypeDef * hcrc)
Function description
Return the CRC handle state.
Parameters

. herc: CRC handle

Return values
. HAL: state

9.3 CRC Firmware driver defines
The following section lists the various define and macros of the module.

9.31 CRC
CRC
Default CRC computation initialization value

DEFAULT_CRC_INITVALUE
Initial CRC default value

Indicates whether or not default init value is used

DEFAULT_INIT_VALUE_ENABLE
Enable initial CRC default value

DEFAULT_INIT_VALUE_DISABLE
Disable initial CRC default value

Indicates whether or not default polynomial is used

DEFAULT_POLYNOMIAL_ENABLE
Enable default generating polynomial 0x04C11DB7
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DEFAULT_POLYNOMIAL_DISABLE
Disable default generating polynomial 0x04C11DB7

Default CRC generating polynomial
DEFAULT_CRC32_POLY
XA32 + XA26 + X723 + X722 + XM6 + XM2 + XM + XMO +XA8 + XAT + XA5 + XM + X2+ X +1
CRC Exported Macros
_ HAL_CRC_RESET_HANDLE_STATE

Description:

. Reset CRC handle state.
Parameters:

. _ _HANDLE__: CRC handle.

Return value:
. None

__HAL_CRC_DR_RESET

Description:

. Reset CRC Data Register.
Parameters:

. _ HANDLE__: CRC handle

Return value:
. None

__HAL_CRC_INITIALCRCVALUE_CONFIG
Description:
. Set CRC INIT non-default value.
Parameters:
. _ HANDLE__: CRC handle
. __INIT__: 32-bit initial value
Return value:
. None

__HAL_CRC_SET_IDR
Description:
. Store data in the Independent Data (ID) register.
Parameters:
. __HANDLE__: CRC handle
. _ _VALUE__: Value to be stored in the ID register
Return value:
. None
Notes:
. Refer to the Reference Manual to get the authorized __ VALUE___ length in bits
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__HAL_CRC_GET_IDR

Description:
. Return the data stored in the Independent Data (ID) register.

Parameters:

. __HANDLE__: CRC handle

Return value:

. Value: of the ID register

Notes:

. Refer to the Reference Manual to get the authorized _ VALUE__ length in bits

Input Buffer Format
CRC_INPUTDATA_FORMAT_UNDEFINED
Undefined input data format
CRC_INPUTDATA_FORMAT_BYTES
Input data in byte format
CRC_INPUTDATA_FORMAT_HALFWORDS

Input data in half-word format

CRC_INPUTDATA_FORMAT_WORDS

Input data in word format

Polynomial sizes to configure the peripheral
CRC_POLYLENGTH_32B
Resort to a 32-bit long generating polynomial
CRC_POLYLENGTH_16B
Resort to a 16-bit long generating polynomial
CRC_POLYLENGTH_8B

Resort to a 8-bit long generating polynomial

CRC_POLYLENGTH_7B
Resort to a 7-bit long generating polynomial

CRC polynomial possible sizes actual definitions

HAL_CRC_LENGTH_32B
32-bit long CRC

HAL_CRC_LENGTH_16B
16-bit long CRC

HAL_CRC_LENGTH_8B
8-bit long CRC

HAL_CRC_LENGTH_7B
7-bit long CRC
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10 HAL CRC Extension Driver

10.1 CRCEXx Firmware driver API description

The following section lists the various functions of the CRCEX library.

10.1.1 How to use this driver

. Set user-defined generating polynomial through HAL_CRCEx_Polynomial_Set()

. Configure Input or Output data inversion
10.1.2 Extended configuration functions

This section provides functions allowing to:

. Configure the generating polynomial

. Configure the input data inversion

. Configure the output data inversion

This section contains the following APlIs:

. HAL_CRCEX_Polynomial_Set()

. HAL_CRCEXx_Input_Data_Reverse()

. HAL_CRCEXx_Output_Data_Reverse()

10.1.3 Detailed description of functions

HAL_CRCEx_Polynomial_Set

Function name
HAL_StatusTypeDef HAL_CRCEx_Polynomial_Set (CRC_HandleTypeDef * hcrc, uint32_t Pol, uint32_t
PolyLength)

Function description

Initialize the CRC polynomial if different from default one.

Parameters

. hcrc: CRC handle

. Pol: CRC generating polynomial (7, 8, 16 or 32-bit long). This parameter is written in normal
representation, e.g.

- for a polynomial of degree 7, XA7 + X6 + X5 + X2 + 1 is written 0x65
- for a polynomial of degree 16, X*6 + X2 + X5 + 1 is written 0x1021

. PolyLength: CRC polynomial length. This parameter can be one of the following values:
- CRC_POLYLENGTH_7B 7-bit long CRC (generating polynomial of degree 7)
- CRC_POLYLENGTH_8B 8-bit long CRC (generating polynomial of degree 8)
- CRC_POLYLENGTH_16B 16-bit long CRC (generating polynomial of degree 16)
- CRC_POLYLENGTH_32B 32-bit long CRC (generating polynomial of degree 32)

Return values
. HAL: status
HAL_CRCEXx_Input_Data_Reverse

Function name

HAL_StatusTypeDef HAL_CRCEXx_Input_Data_Reverse (CRC_HandleTypeDef * hcrc, uint32_t
InputReverseMode)
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Function description

Set the Reverse Input data mode.

Parameters
. hcrc: CRC handle
. InputReverseMode: Input Data inversion mode. This parameter can be one of the following values:
- CRC_INPUTDATA_INVERSION_NONE no change in bit order (default value)
- CRC_INPUTDATA_INVERSION_BYTE Byte-wise bit reversal
- CRC_INPUTDATA_INVERSION_HALFWORD HalfWord-wise bit reversal
- CRC_INPUTDATA_INVERSION_WORD Word-wise bit reversal

Return values
. HAL.: status

HAL_CRCEx_Output_Data_Reverse

Function name
HAL_StatusTypeDef HAL_CRCEx_Output_Data_Reverse (CRC_HandleTypeDef * hcrc, uint32_t
OutputReverseMode)

Function description

Set the Reverse Output data mode.

Parameters
. hcrc: CRC handle
. OutputReverseMode: Output Data inversion mode. This parameter can be one of the following values:
- CRC_OUTPUTDATA_INVERSION_DISABLE no CRC inversion (default value)

- CRC_OUTPUTDATA_INVERSION_ENABLE bit-level inversion (e.g. for a 8-bit CRC: 0xB5 becomes
0xAD)

Return values
. HAL.: status

10.2 CRCEXx Firmware driver defines
The following section lists the various define and macros of the module.

10.2.1 CRCEXx
CRCEXx
CRC Extended Exported Macros

__HAL_CRC_OUTPUTREVERSAL_ENABLE

Description:

. Set CRC output reversal.
Parameters:

. __HANDLE__: CRC handle

Return value:
. None
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__HAL_CRC_OUTPUTREVERSAL_DISABLE

Description:
. Unset CRC output reversal.
Parameters:
. __HANDLE__: CRC handle

Return value:
. None
__HAL_CRC_POLYNOMIAL_CONFIG

Description:
. Set CRC non-default polynomial.

Parameters:
. _ _HANDLE__: CRC handle
. _ POLYNOMIAL__: 7, 8, 16 or 32-bit polynomial

Return value:
. None

Input Data Inversion Modes
CRC_INPUTDATA_INVERSION_NONE
No input data inversion
CRC_INPUTDATA_INVERSION_BYTE
Byte-wise input data inversion
CRC_INPUTDATA_INVERSION_HALFWORD

HalfWord-wise input data inversion

CRC_INPUTDATA_INVERSION_WORD

Word-wise input data inversion

Output Data Inversion Modes
CRC_OUTPUTDATA_INVERSION_DISABLE

No output data inversion

CRC_OUTPUTDATA_INVERSION_ENABLE

Bit-wise output data inversion
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11 HAL DMA Generic Driver

1.1 DMA Firmware driver registers structures

1.11 DMA_InitTypeDef
DMA_InitTypeDef is defined in the stm32wb0x_hal_dma.h
Data Fields
. uint32_t Request
. uint32_t Direction
. uint32_t Periphinc
. uint32_t Meminc
. uint32_t PeriphDataAlignment
. uint32_t MemDataAlignment
. uint32_t Mode
. uint32_t Priority
Field Documentation

. uint32_t DMA_InitTypeDef::Request
Specifies the request selected for the specified channel. This parameter can be a value of DMA_request

. uint32_t DMA_InitTypeDef::Direction
Specifies if the data will be transferred from memory to peripheral, from memory to memory or from
peripheral to memory. This parameter can be a value of DMA_Data_transfer_direction

. uint32_t DMA_InitTypeDef::Periphinc
Specifies whether the Peripheral address register should be incremented or not. This parameter can be a
value of DMA_Peripheral_incremented_mode

. uint32_t DMA_InitTypeDef::Meminc
Specifies whether the memory address register should be incremented or not. This parameter can be a
value of DMA_Memory_incremented_mode

. uint32_t DMA_InitTypeDef::PeriphDataAlignment
Specifies the Peripheral data width. This parameter can be a value of DMA_Peripheral _data_size

. uint32_t DMA_InitTypeDef::MemDataAlignment
Specifies the Memory data width. This parameter can be a value of DMA_Memory_data_size

. uint32_t DMA_InitTypeDef::Mode
Specifies the operation mode of the DMAy Channelx. This parameter can be a value of DMA_mode
Note:

- The circular buffer mode cannot be used if the memory-to-memory data transfer is configured on the
selected Channel

. uint32_t DMA_InitTypeDef::Priority
Specifies the software priority for the DMAy Channelx. This parameter can be a value of
DMA_Priority_level

11.1.2 __DMA_HandleTypeDef
__DMA_HandleTypeDef is defined in the stm32wb0x_hal_dma.h
Data Fields
. DMA_Channel_TypeDef * Instance
. DMA_InitTypeDef Init
. HAL_LockTypeDef Lock
. _ 10 HAL_DMA_StateTypeDef State
. void * Parent
. void(* XferCpltCallback
. void(* XferHalfCpltCallback
. void(* XferErrorCallback
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. void(* XferAbortCallback

. __10 uint32_t ErrorCode

. DMA_TypeDef * DmaBaseAddress

. uint32_t Channellndex

. DMAMUX_Channel_TypeDef * DMAmuxChannel

Field Documentation

. DMA_Channel_TypeDef* __DMA_HandleTypeDef::Instance
Register base address

. DMA_InitTypeDef _ DMA_HandleTypeDef::Init
DMA communication parameters

. HAL_LockTypeDef __DMA_HandleTypeDef::Lock
DMA locking object

. __ IO HAL_DMA_StateTypeDef _ DMA_HandleTypeDef::State
DMA transfer state

. void* __DMA_HandleTypeDef::Parent
Parent object state

. void(* __DMA_HandleTypeDef::XferCpltCallback)(struct __DMA_HandleTypeDef *hdma)
DMA transfer complete callback

. void(* __DMA_HandleTypeDef::XferHalfCpltCallback)(struct __DMA_HandleTypeDef *hdma)
DMA Half transfer complete callback

. void(* __DMA_HandleTypeDef::XferErrorCallback)(struct __DMA_HandleTypeDef *hdma)
DMA transfer error callback

. void(* __DMA_HandleTypeDef::XferAbortCallback)(struct __DMA_HandleTypeDef *hdma)
DMA transfer abort callback

. _ 10 uint32_t _ DMA_HandleTypeDef::ErrorCode
DMA Error code

. DMA_TypeDef* __DMA_HandleTypeDef::DmaBaseAddress
DMA Channel Base Address

. uint32_t _ DMA_HandleTypeDef::Channellndex
DMA Channel Index

. DMAMUX_Channel_TypeDef* __DMA_HandleTypeDef::DMAmuxChannel
Register base address

11.2 DMA Firmware driver API description

The following section lists the various functions of the DMA library.

11.2.1 How to use this driver

1. Enable and configure the peripheral to be connected to the DMA Channel (except for internal SRAM / FLASH
memories: no initialization is necessary). Please refer to the Reference manual for connection between
peripherals and DMA requests.

2. For a given Channel, program the required configuration through the following parameters: Channel request,
Transfer Direction, Source and Destination data formats, Circular or Normal mode, Channel Priority level,
Source and Destination Increment mode using HAL_DMA_Init() function. Prior to HAL_DMA _Init the CLK shall
be enabled for both DMA & DMAMUX thanks to: DMA1 : _ HAL_RCC_DMA1_CLK_ENABLE()

3. Use HAL_DMA_GetState() function to return the DMA state and HAL_DMA_GetError() in case of error
detection.

4. Use HAL_DMA_Abort() function to abort the current transfer

Note: In Memory-to-Memory transfer mode, Circular mode is not allowed.

Polling mode 10 operation

. Use HAL_DMA_Start() to start DMA transfer after the configuration of Source address and destination
address and the Length of data to be transferred

. Use HAL_DMA_PollForTransfer() to poll for the end of current transfer, in this case a fixed Timeout can be
configured by User depending from his application.
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Interrupt mode 10 operation

. Configure the DMA interrupt priority using HAL_NVIC_SetPriority()
. Enable the DMA IRQ handler using HAL_NVIC_EnablelRQ()

. Use HAL_DMA_Start_IT() to start DMA transfer after the configuration of Source address and destination
address and the Length of data to be transferred. In this case the DMA interrupt is configured

. Use HAL_DMA_IRQHandler() called under DMA_Handler() Interrupt subroutine

. At the end of data transfer HAL_DMA_IRQHandler() function is executed and user can add his own
function by customization of function pointer XferCpltCallback and XferErrorCallback (i.e. a member of
DMA handle structure).

DMA HAL driver macros list

Below the list of most used macros in DMA HAL driver.

. __HAL_DMA_ENABLE: Enable the specified DMA Channel.
. __HAL_DMA_DISABLE: Disable the specified DMA Channel.
. __HAL_DMA_GET_FLAG: Get the DMA Channel pending flags.
. __HAL_DMA_CLEAR_FLAG: Clear the DMA Channel pending flags.
. __HAL_DMA_ENABLE_IT: Enable the specified DMA Channel interrupts.
. __HAL_DMA _DISABLE_IT: Disable the specified DMA Channel interrupts.
. __HAL_DMA_GET_IT_SOURCE: Check whether the specified DMA Channel interrupt has occurred or
not.
Note: You can refer to the DMA HAL driver header file for more useful macros
11.2.2 Initialization and de-initialization functions

This section provides functions allowing to initialize the DMA Channel source and destination addresses,
incrementation and data sizes, transfer direction, circular/normal mode selection, memory-to-memory mode
selection and Channel priority value.

The HAL_DMA_Init() function follows the DMA configuration procedures as described in reference manual.
This section contains the following APlIs:

. HAL_DMA_Init()

. HAL_DMA_Delnit()

11.2.3 10 operation functions
This section provides functions allowing to:
. Configure the source, destination address and data length and Start DMA transfer
. Configure the source, destination address and data length and Start DMA transfer with interrupt
. Abort DMA transfer
. Poll for transfer complete

. Handle DMA interrupt request

This section contains the following APlIs:

. HAL_DMA_Start()

. HAL_DMA_Start_IT()

. HAL_DMA_Abort()

. HAL_DMA_Abort_IT()

. HAL_DMA_PolIForTransfer()

. HAL_DMA_IRQHandler()

. HAL_DMA_RegisterCallback()

. HAL_DMA_UnRegisterCallback()

11.2.4 Peripheral State and Errors functions
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This subsection provides functions allowing to
. Check the DMA state
. Get error code

This section contains the following APls:
. HAL_DMA_GetState()
. HAL_DMA_GetError()

11.2.5 Detailed description of functions

HAL_DMA _Init

Function name
HAL_StatusTypeDef HAL_DMA_Init (DMA_HandleTypeDef * hdma)

Function description

Initialize the DMA according to the specified parameters in the DMA_InitTypeDef and initialize the associated
handle.

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

Return values
. HAL: status

HAL_DMA_Delnit
Function name
HAL_StatusTypeDef HAL_DMA_Delnit (DMA_HandleTypeDef * hdma)
Function description
Delnitialize the DMA peripheral.

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

Return values
. HAL.: status

HAL_DMA_Start

Function name

HAL_StatusTypeDef HAL_DMA_Start (DMA_HandleTypeDef * hdma, uint32_t SrcAddress, uint32_t
DstAddress, uint32_t DatalLength)

Function description
Start the DMA Transfer.

Parameters
. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.
. SrcAddress: The source memory Buffer address
. DstAddress: The destination memory Buffer address
. DatalLength: The length of data to be transferred from source to destination
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Return values
. HAL: status

HAL_DMA_Start_IT

Function name

HAL_StatusTypeDef HAL_DMA_Start_IT (DMA_HandleTypeDef * hdma, uint32_t SrcAddress, uint32_t
DstAddress, uint32_t DatalLength)

Function description
Start the DMA Transfer with interrupt enabled.

Parameters
. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.
. SrcAddress: The source memory Buffer address
. DstAddress: The destination memory Buffer address
. DataLength: The length of data to be transferred from source to destination

Return values
. HAL: status

HAL_DMA_Abort

Function name
HAL_StatusTypeDef HAL_DMA_Abort (DMA_HandleTypeDef * hdma)

Function description
Abort the DMA Transfer.

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

Return values
. HAL: status

HAL_DMA_Abort_IT

Function name
HAL_StatusTypeDef HAL_DMA_Abort_IT (DMA_HandleTypeDef * hdma)

Function description

Aborts the DMA Transfer in Interrupt mode.

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

Return values
. HAL.: status
HAL_DMA_PollForTransfer

Function name

HAL_StatusTypeDef HAL_DMA_PollForTransfer (DMA_HandleTypeDef * hdma,
HAL_DMA_LevelCompleteTypeDef CompleteLevel, uint32_t Timeout)
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Function description

Polling for transfer complete.

Parameters
. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.
. CompleteLevel: Specifies the DMA level complete.
. Timeout: Timeout duration.

Return values
. HAL.: status

HAL_DMA_IRQHandler

Function name
void HAL_DMA_IRQHandler (DMA_HandleTypeDef * hdma)

Function description

Handle DMA interrupt request.

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

Return values

. None:

HAL_DMA_RegisterCallback

Function name

HAL_StatusTypeDef HAL_DMA_RegisterCallback (DMA_HandleTypeDef * hdma,
HAL_DMA_CallbackiDTypeDef CallbackID, void(*)(DMA_HandleTypeDef *_hdma) pCallback)

Function description

Register callbacks.

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

. CallbacklD: User Callback identifier a HAL_DMA_CallbacklDTypeDef ENUM as parameter.

. pCallback: Pointer to private callback function which has pointer to a DMA_HandleTypeDef structure as
parameter.

Return values
. HAL: status

HAL_DMA_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_DMA_UnRegisterCallback (DMA_HandleTypeDef * hdma,
HAL_DMA_CallbackiDTypeDef CallbackID)

Function description

UnRegister callbacks.

UM3363 - Rev 2 page 103/1476



‘_ UM3363
,l HAL DMA Generic Driver

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

. CallbackID: User Callback identifier a HAL_DMA_CallbackIDTypeDef ENUM as parameter.

Return values
. HAL: status

HAL_DMA_GetState
Function name
HAL_DMA_StateTypeDef HAL_DMA_GetState (DMA_HandleTypeDef * hdma)
Function description

Return the DMA handle state.

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

Return values
. HAL: state

HAL_DMA_GetError
Function name
uint32_t HAL_DMA_GetError (DMA_HandleTypeDef * hdma)
Function description

Return the DMA error code.

Parameters

. hdma: Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.

Return values
. DMA: Error Code

1.3 DMA Firmware driver defines
The following section lists the various define and macros of the module.

11.3.1 DMA
DMA
DMA Data transfer direction

DMA_PERIPH_TO_MEMORY

Peripheral to memory direction

DMA_MEMORY_TO_PERIPH

Memory to peripheral direction

DMA_MEMORY_TO_MEMORY

Memory to memory direction

DMA Error Code
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HAL_DMA_ERROR_NONE

No error
HAL_DMA_ERROR_TE

Transfer error
HAL_DMA_ERROR_NO_XFER

Abort requested with no Xfer ongoing
HAL_DMA_ERROR_TIMEOUT

Timeout error

HAL_DMA_ERROR_NOT_SUPPORTED
Not supported mode

DMA Exported Macros
__HAL_DMA_RESET_HANDLE_STATE

Description:

. Reset DMA handle state.
Parameters:

. _ _HANDLE__: DMA handle

Return value:
. None

__HAL_DMA_ENABLE

Description:

. Enable the specified DMA Channel.
Parameters:

. __HANDLE__: DMA handle

Return value:
. None

__HAL_DMA_DISABLE

Description:

. Disable the specified DMA Channel.
Parameters:

. __HANDLE__: DMA handle

Return value:
. None

__HAL_DMA_GET_TC_FLAG_INDEX

Description:

. Returns the current DMA Channel transfer complete flag.
Parameters:

. _ _HANDLE__: DMA handle

Return value:
. The: specified transfer complete flag index.
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__HAL_DMA_GET_HT_FLAG_INDEX

Description:

. Returns the current DMA Channel half transfer complete flag.
Parameters:

. _ _HANDLE__: DMA handle

Return value:
. The: specified half transfer complete flag index.

__HAL_DMA_GET_TE_FLAG_INDEX

Description:

. Returns the current DMA Channel transfer error flag.
Parameters:

. _ _HANDLE__: DMA handle

Return value:
. The: specified transfer error flag index.

__HAL_DMA_GET_GI_FLAG_INDEX
Description:
. Returns the current DMA Channel Global interrupt flag.
Parameters:
. __HANDLE__: DMA handle
Return value:
. The: specified transfer error flag index.

__HAL_DMA_GET_FLAG

Description:
. Get the DMA Channel pending flags.
Parameters:
. _ _HANDLE__: DMA handle
. _ FLAG__: Get the specified flag. This parameter can be any combination of the following values:
- DMA_FLAG_TCx: Transfer complete flag
- DMA_FLAG_HTx: Half transfer complete flag
- DMA_FLAG_TEx: Transfer error flag
- DMA_FLAG_GLx: Global interrupt flag Where x can be from 1 to 8 to select the DMA Channel x
flag.
Return value:
. The: state of FLAG (SET or RESET).
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__HAL_DMA_CLEAR_FLAG

Description:

. Clear the DMA Channel pending flags.

Parameters:

. _ _HANDLE__: DMA handle

. _ FLAG__: specifies the flag to clear. This parameter can be any combination of the following values:
- DMA_FLAG_TCx: Transfer complete flag
- DMA_FLAG_HTx: Half transfer complete flag
- DMA_FLAG_TEx: Transfer error flag

- DMA_FLAG_GLx: Global interrupt flag Where x can be from 1 to 8 to select the DMA Channel x
flag.

Return value:
. None

__HAL_DMA_ENABLE_IT

Description:
. Enable the specified DMA Channel interrupts.

Parameters:
. _ _HANDLE__: DMA handle
. __INTERRUPT__: specifies the DMA interrupt sources to be enabled or disabled. This parameter can be

any combination of the following values:
- DMA_IT_TC: Transfer complete interrupt mask
- DMA_IT_HT: Half transfer complete interrupt mask
- DMA_IT_TE: Transfer error interrupt mask
Return value:
. None

__HAL_DMA_DISABLE_IT
Description:
. Disable the specified DMA Channel interrupts.
Parameters:

- _HANDLE__: DMA handle

. __INTERRUPT__: specifies the DMA interrupt sources to be enabled or disabled. This parameter can be
any combination of the following values:

- DMA_IT_TC: Transfer complete interrupt mask
- DMA_IT_HT: Half transfer complete interrupt mask
- DMA _IT_TE: Transfer error interrupt mask

Return value:

. None
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__HAL_DMA_GET_IT_SOURCE

Description:
. Check whether the specified DMA Channel interrupt is enabled or not.

Parameters:
. _ _HANDLE__: DMA handle

. __INTERRUPT__: specifies the DMA interrupt source to check. This parameter can be one of the
following values:

- DMA_IT_TC: Transfer complete interrupt mask
- DMA_IT_HT: Half transfer complete interrupt mask
- DMA_IT_TE: Transfer error interrupt mask

Return value:

. The: state of DMA_IT (SET or RESET).

__HAL_DMA_GET_COUNTER

Description:

. Returns the number of remaining data units in the current DMA Channel transfer.
Parameters:

. _ _HANDLE__: DMA handle

Return value:

. The: number of remaining data units in the current DMA Channel transfer.

DMA flag definitions

DMA_FLAG_GL1

Channel 1 global flag
DMA_FLAG_TC1

Channel 1 transfer complete flag
DMA_FLAG_HT1

Channel 1 half transfer flag
DMA_FLAG_TE1

Channel 1 transfer error flag
DMA_FLAG_GL2

Channel 2 global flag
DMA_FLAG_TC2

Channel 2 transfer complete flag
DMA_FLAG_HT2

Channel 2 half transfer flag
DMA_FLAG_TE2

Channel 2 transfer error flag
DMA_FLAG_GL3

Channel 3 global flag
DMA_FLAG_TC3

Channel 3 transfer complete flag

DMA_FLAG_HT3

Channel 3 half transfer flag
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DMA_FLAG_TE3

Channel 3 transfer error flag

DMA_FLAG_GL4
Channel 4 global flag

DMA_FLAG_TC4

Channel 4 transfer complete flag
DMA_FLAG_HT4

Channel 4 half transfer flag
DMA_FLAG_TE4

Channel 4 transfer error flag
DMA_FLAG_GL5

Channel 5 global flag
DMA_FLAG_TC5

Channel 5 transfer complete flag
DMA_FLAG_HT5

Channel 5 half transfer flag
DMA_FLAG_TE5

Channel 5 transfer error flag
DMA_FLAG_GL6

Channel 6 global flag
DMA_FLAG_TC6

Channel 6 transfer complete flag
DMA_FLAG_HT6

Channel 6 half transfer flag
DMA_FLAG_TEG6

Channel 6 transfer error flag
DMA_FLAG_GL7

Channel 7 global flag
DMA_FLAG_TC7

Channel 7 transfer complete flag
DMA_FLAG_HT7

Channel 7 half transfer flag
DMA_FLAG_TE7

Channel 7 transfer error flag
DMA_FLAG_GLS8

Channel 8 global flag
DMA_FLAG_TC8

Channel 8 transfer complete flag
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DMA_FLAG_HTS

Channel 8 half transfer flag

DMA_FLAG_TES

Channel 8 transfer error flag

TIM DMA Handle Index

TIM_DMA_ID_UPDATE

Index of the DMA handle used for Update DMA requests
TIM_DMA_ID_CC1

Index of the DMA handle used for Capture/Compare 1 DMA requests
TIM_DMA_ID_CC2

Index of the DMA handle used for Capture/Compare 2 DMA requests
TIM_DMA_ID_CC3

Index of the DMA handle used for Capture/Compare 3 DMA requests
TIM_DMA_ID_CC4

Index of the DMA handle used for Capture/Compare 4 DMA requests

DMA interrupt enable definitions
DMA_IT_TC
Transfer complete interrupt
DMA_IT_HT
Half Transfer interrupt
DMA_IT_TE

Transfer error interrupt

DMA Memory data size
DMA_MDATAALIGN_BYTE
Memory data alignment : Byte
DMA_MDATAALIGN_HALFWORD
Memory data alignment : HalfWord
DMA_MDATAALIGN_WORD

Memory data alignment : Word

DMA Memory incremented mode

DMA_MINC_ENABLE

Memory increment mode Enable

DMA_MINC_DISABLE

Memory increment mode Disable

DMA mode
DMA_NORMAL

Normal mode
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DMA_CIRCULAR

Circular mode

DMA Peripheral data size
DMA_PDATAALIGN_BYTE
Peripheral data alignment : Byte
DMA_PDATAALIGN_HALFWORD
Peripheral data alignment : HalfWord

DMA_PDATAALIGN_WORD

Peripheral data alignment : Word

DMA Peripheral incremented mode
DMA_PINC_ENABLE

Peripheral increment mode Enable

DMA_PINC_DISABLE

Peripheral increment mode Disable

DMA Priority level

DMA_PRIORITY_LOW

Priority level : Low
DMA_PRIORITY_MEDIUM

Priority level : Medium
DMA_PRIORITY_HIGH

Priority level : High
DMA_PRIORITY_VERY_HIGH

Priority level : Very_High

DMA request
DMA_REQUEST_MEM2MEM

memory to memory transfer

DMA_REQUEST_ADC1_DS
DMAMUX ADC Channel 0 request

DMA_REQUEST_SPI3_RX
DMAMUX SPI3 RX request

DMA_REQUEST_SPI3_TX
DMAMUX SPI3 TX request

DMA_REQUEST_I2C1_RX
DMAMUX 12C1 RX request

DMA_REQUEST_I2C1_TX
DMAMUX 12C1 TX request

DMA_REQUEST_USART1_RX
DMAMUX USART1 RX request
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DMA_REQUEST_USART1_TX
DMAMUX USART1 TX request

DMA_REQUEST_LPUART1_RX
DMAMUX LP_UART1_RX request

DMA_REQUEST_LPUART1_TX
DMAMUX LP_UART1_RX request

DMAMUX_REQ_TIM2_CH1
DMAMUX TIM2 CH1 request

DMAMUX_REQ_TIM2_CH2
DMAMUX TIM2 CH3 request

DMAMUX_REQ_TIM2_CH3
DMAMUX TIM2 CH3 request

DMAMUX_REQ_TIM2_CH4
DMAMUX TIM2 CH4 request

DMAMUX_REQ_TIM2_UP
DMAMUX TIM2 UP request

DMAMUX_REQ_TIM16_CH1
DMAMUX TIM16 CH1 request

DMAMUX_REQ_TIM16_UP
DMAMUX TIM16 UP request

DMAMUX_REQ_TIM17_CHf1
DMAMUX TIM17 CH1 request

DMAMUX_REQ_TIM17_UP
DMAMUX TIM17 UP request

DMA_MAX_REQUEST
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12 HAL FLASH Generic Driver
121 FLASH Firmware driver registers structures
1211 FLASH_EraselnitTypeDef
FLASH_EraselnitTypeDef is defined in the stm32wb0x_hal_flash.h
Data Fields

. uint32_t TypeErase
. uint32_t Page

. uint32_t NbPages
Field Documentation

. uint32_t FLASH_EraselnitTypeDef::TypeErase
Mass erase or page erase. This parameter can be a value of FLASH_TYPE_ERASE

. uint32_t FLASH_EraselnitTypeDef::Page
Initial flash page to erase when page erase is enabled This parameter must be a value between 0 and
(max number of pages - 1)

. uint32_t FLASH_EraselnitTypeDef::NbPages
Number of pages to be erased. This parameter must be a value between 1 and (max number of pages -
value of initial page)

12.1.2 FLASH_ProcessTypeDef
FLASH_ProcessTypeDef is defined in the stm32wb0x_hal_flash.h
Data Fields
. HAL_LockTypeDef Lock
. uint32_t ErrorCode
. uint32_t ProcedureOnGoing
. uint32_t Address
. uint32_t Page
. uint32_t NbPagesToErase
Field Documentation

. HAL_LockTypeDef FLASH_ProcessTypeDef::Lock
FLASH locking object

. uint32_t FLASH_ProcessTypeDef::ErrorCode
FLASH error code

. uint32_t FLASH_ProcessTypeDef::ProcedureOnGoing
Internal variable to indicate which procedure is ongoing or not in IT context

. uint32_t FLASH_ProcessTypeDef::Address
Internal variable to save address selected for program in IT context

. uint32_t FLASH_ProcessTypeDef::Page
Internal variable to define the current page which is erasing in IT context

. uint32_t FLASH_ProcessTypeDef::NbPagesToErase
Internal variable to save the remaining pages to erase in IT context

12.1.3 FLASH_PageProtectionTypeDef
FLASH_PageProtectionTypeDef is defined in the stm32wb0x_hal_flash.h
Data Fields
. uint32_t pageProt_0
. uint32_t pageProt_1
. FunctionalState state
Field Documentation
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. uint32_t FLASH_PageProtectionTypeDef::pageProt_0
For cut 1.0 indicate the group to configure.

- This parameter can be a value of FLASH_PAGEPROT_GROUP For cut 2.0 it is a bitfield built as
follows:

- bit[6:0] = SIZE: number of 2kB pages to protect including the starting page pageProt_0 param
(provided in the offset bits)

- bit[7] = reserved
- bit[14:8] = OFFSET: page number to start the write protection (value between 0 and 0x7F)
- bit[15] = reserved
- bit[22:16] = SIZE: same meaning of bit[6:0]
- bit[23] = reserved
- bit[30:24] = OFFSET: same meaning of bit[22:16]
- bit[31] = reserved
. uint32_t FLASH_PageProtectionTypeDef::pageProt_1
Valid only for cut 2.0 same meaning of pageProt_0 parameter

. FunctionalState FLASH_PageProtectionTypeDef::state
The new state of the group. This parameter can be a value of FunctionalState enumeration

12.2 FLASH Firmware driver API description

The following section lists the various functions of the FLASH library.

12.2.1 FLASH peripheral features

The flash memory interface implements the erase and program flash memory operations and write/erase
protection mechanisms.

The FLASH main features are:

. Flash memory read operations
. Flash memory program/erase operations
. Read / write protections

12.2.2 How to use this driver

This driver provides functions and macros to configure and program the FLASH memory.
1. Flash Memory IO Programming functions:
- Program functions: word and burst program
- There are two modes of programming:
° Polling mode using HAL_FLASH_Program() function
° Interrupt mode using HAL_FLASH_Program_IT() function
° Polling mode using HAL_FLASH_BurstProgram() function
° Interrupt mode using HAL_FLASH_BurstProgram_IT() function
2. Interrupts and flags management functions:
- Handle FLASH interrupts by calling HAL_FLASH_IRQHandler()

- Callback functions are called when the flash operations are finished :
HAL_FLASH_EndOfOperationCallback() when everything is ok, otherwise
HAL_FLASH_OperationErrorCallback()

- Get error flag status by calling HAL_GetError()
In addition to these functions, this driver includes a set of macros allowing to handle the following operations:

. Set the wait state latency

. Enable/Disable the flash interrupts

. Monitor the flash flags status
12.2.3 Programming operation functions

This subsection provides a set of functions allowing to manage the FLASH program operations.
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This section contains the following APls:

. HAL_FLASH_Program()

. HAL_FLASH_Program_IT()

. HAL_FLASH_IRQHandler()

. HAL_FLASH_EndOfOperationCallback()
. HAL_FLASH_OperationErrorCallback()

12.2.4 Peripheral Errors functions

This subsection permits to get in run-time Errors of the FLASH peripheral.
This section contains the following APls:
. HAL_FLASH_GetError()

12.2.5 Detailed description of functions

HAL_FLASH_Program

Function name
HAL_StatusTypeDef HAL_FLASH_Program (uint32_t TypeProgram, uint32_t Address, uint32_t Data)

Function description

Program a data at a specified address.

Parameters
. TypeProgram: Indicate the way to program at a specified address This parameter can be a value of
FLASH Program Type
. Address: Specifies the address to be programmed.
. Data: Specifies the data to be programmed This parameter is the data for the word program and the

address where are stored the data for the burst program.

Return values
. HAL_StatusTypeDef: HAL Status

HAL_FLASH_Program_IT

Function name
HAL_StatusTypeDef HAL_FLASH_Program_IT (uint32_t TypeProgram, uint32_t Address, uint32_t Data)

Function description

Program a word or burst program of a row at a specified address with interrupt enabled.

Parameters
. TypeProgram: Indicate the way to program at a specified address. This parameter can be a value of
FLASH Program Type
. Address: Specifies the address to be programmed.
. Data: Specifies the data to be programmed This parameter is the data for the double word program and

the address where are stored the data for the row fast program.
Return values
. HAL: Status
HAL_FLASH_IRQHandler

Function name
void HAL_FLASH_IRQHandler (void )
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Function description

Handle FLASH interrupt request.

Return values

. None:

HAL_FLASH_EndOfOperationCallback
Function name

void HAL_FLASH_EndOfOperationCallback (uint32_t ReturnValue)

Function description

FLASH end of operation interrupt callback.

Parameters

. ReturnValue: The value saved in this parameter depends on the ongoing procedure Mass Erase: 0 Page
Erase: Page which has been erased Program: Address which was selected for data program

Return values

. None:

HAL_FLASH_OperationErrorCallback

Function name
void HAL_FLASH_OperationErrorCallback (uint32_t ReturnValue)

Function description
FLASH operation error interrupt callback.

Parameters

. ReturnValue: The value saved in this parameter depends on the ongoing procedure Mass Erase: 0 Page
Erase: Page number which returned an error Program: Address which was selected for data program

Return values

. None:

HAL_FLASH_GetError

Function name

uint32_t HAL_FLASH_GetError (void )
Function description

Get the specific FLASH error flag.

Return values

. FLASH_ErrorCode: The returned value can be
- HAL_FLASH_ERROR_NONE No error set
- HAL_FLASH_ERROR_OP FLASH Operation error
- HAL_FLASH_ERROR_ILLCMD FLASH lllegal command

FLASH_WaitForLastOperation

Function name
HAL_StatusTypeDef FLASH_WaitForLastOperation (uint32_t Timeout)

Function description

Wait for a FLASH operation to complete.
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Parameters

. Timeout: Maximum flash operation timeout

Return values
. HAL_StatusTypeDef: HAL Status

12.3 FLASH Firmware driver defines

The following section lists the various define and macros of the module.
12.3.1 FLASH

FLASH

PROTECTION_level FLASH Protection level
PROT_LEVEL_NONE

PROT_LEVEL_1
PROT_LEVEL_2

PROT_LEVEL_3

FLASH Command

FLASH_CMD_ERASE_PAGES

Flash pages erase command
FLASH_CMD_MASSERASE

Flash mass erase command
FLASH_CMD_WRITE

Flash write command
FLASH_CMD_MASSREAD

Flash mass read command
FLASH_CMD_SLEEP

Flash in sleep mode command
FLASH_CMD_WAKEUP

Flash wakeup command
FLASH_CMD_BURSTWRITE

Flash burst write command

FLASH_CMD_OTPWRITE

Flash OTP write command

FLASH_CMD_KEYWRITE

Flash keywrite command

FLASH Configuration Macros
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__HAL_FLASH_SET_WAIT_STATES

Description:

. Set the FLASH Wait States.

Parameters:

. _ WAIT_STATES__: FLASH WAIT States This parameter can be one of the following values :

- FLASH_WAIT_STATES_0 FLASH Zero wait state
- FLASH_WAIT_STATES_1 FLASH One wait state
Return value:
. None

_ HAL_FLASH_GET_WAIT_STATES
Description:
. Get the FLASH Wait States.
Return value:
. FLASH: Wait States Returned value can be one of the following values :
- FLASH_WAIT_STATES_0 FLASH Zero wait state
- FLASH_WAIT_STATES_1 FLASH One wait state

__HAL_FLASH_BURSTWRITE_ENABLE
Description:
. Enable the FLASH burst write operations.
Return value:
. None

__HAL_FLASH_BURSTWRITE_DISABLE

Description:

. Disable the FLASH burst write operations.
Return value:

. None

__HAL_FLASH_SET_VECT_TABLE

Description:

. Set the FLASH Interrupt Vector Table location.

Parameters:

. __VECT_TABLE__: Vector Table Configuration This parameter can be one of the following values :

- FLASH_CONFIG_IRQ_VECT_TABLE_FLASH Vector Table located in FLASH
- FLASH_CONFIG_IRQ_VECT_TABLE_RAM Vector Table located in RAM
Return value:
. None

__HAL_FLASH_GET_VECT_TABLE

Description:

. Get the FLASH Interrupt Vector Table location.

Return value:

. Vector: Table Configuration Returned value can be one of the following values :
- FLASH_CONFIG_IRQ_VECT_TABLE_FLASH Vector Table located in FLASH
- FLASH_CONFIG_IRQ_VECT_TABLE_RAM Vector Table located in RAM

FLASH Configuration Interrupt Vector Table
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FLASH_CONFIG_IRQ_VECT_TABLE_FLASH
Vector Table located in FLASH

FLASH_CONFIG_IRQ_VECT_TABLE_RAM
Vector Table located in RAM

FLASH Error
HAL_FLASH_ERROR_NONE

HAL_FLASH_ERROR_OP

HAL_FLASH_ERROR_ILLCMD

FLASH Flags Macros
__HAL_FLASH_GET_FLAG

Description:

. Check whether the specified FLASH flag is set or not.

Parameters:

. _ FLAG__: specifies the FLASH flag to check. This parameter can be one of the following values:

- FLASH_FLAG_CMDDONE FLASH command done flag
- FLASH_FLAG_CMDSTART FLASH command started flag
- FLASH_FLAG_CMDERR FLASH command error flag
- FLASH_FLAG_ILLCMD FLASH illegal command flag
- FLASH_FLAG_READOK FLASH mass read flag
Return value:
. The: new state of FLASH_FLAG (SET or RESET).

__HAL_FLASH_CLEAR_FLAG

Description:

. Clear the FLASH's pending flags.

Parameters:

. __FLAG__: specifies the FLASH flags to clear. This parameter can be any combination of the following
values:

- FLASH_FLAG_CMDDONE FLASH command done flag
- FLASH_FLAG_CMDSTART FLASH command started flag
- FLASH_FLAG_CMDERR FLASH command error flag
- FLASH_FLAG_ILLCMD FLASH illegal command flag
- FLASH_FLAG_READOK FLASH mass read flag
Return value:
. None

FLASH Flags Definition

FLASH_FLAG_CMDDONE

FLASH command done flag
FLASH_FLAG_CMDSTART

FLASH command started flag

FLASH_FLAG_CMDERR

FLASH command error flag
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FLASH_FLAG_ILLCMD
FLASH illegal command flag

FLASH_FLAG_READOK

FLASH mass read command flag

FLASH_FLAG_ALL_ERRORS

FLASH Interrupts Macros
__HAL_FLASH_ENABLE_IT

Description:

. Enable the specified FLASH interrupt.

Parameters:

. __INTERRUPT__: FLASH interrupt This parameter can be any combination of the following values:

- FLASH_IT_CMDDONE Command Done Interrupt
- FLASH_IT_CMDSTART Command Started Interrupt
- FLASH_IT_CMDERR Command Error Interrupt
- FLASH_IT_ILLCMD lllegal Command Interrupt
- FLASH_IT_READOK Mass read Command Interrupt
Return value:
. none

__HAL_FLASH_DISABLE_IT

Description:

. Disable the specified FLASH interrupt.

Parameters:

. __INTERRUPT__: FLASH interrupt This parameter can be any combination of the following values:

- FLASH_IT_CMDDONE Command Done Interrupt
- FLASH_IT_CMDSTART Command Started Interrupt
- FLASH_IT_CMDERR Command Error Interrupt
- FLASH_IT_ILLCMD lllegal Command Interrupt
- FLASH_IT_READOK Mass read Command Interrupt
Return value:
. none

__HAL_FLASH_GET_IT

Description:

. Check whether the specified FLASH interrupt has occurred or not.

Parameters:

. __INTERRUPT__: FLASH interrupt This parameter can be any combination of the following values:

- FLASH_IT_CMDDONE Command Done Interrupt
- FLASH_IT_CMDSTART Command Started Interrupt
- FLASH_IT_CMDERR Command Error Interrupt
- FLASH_IT_ILLCMD lllegal Command Interrupt
- FLASH_IT_READOK Mass read Command Interrupt
Return value:
. The: new state of _ INTERRUPT__ (SET or RESET).
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__HAL_FLASH_CLEAR_IT

Description:

. Clear the specified FLASH interrupt flag.

Parameters:

. __INTERRUPT__: FLASH interrupt This parameter can be any combination of the following values:

- FLASH_IT_CMDDONE Command Done Interrupt
- FLASH_IT_CMDSTART Command Started Interrupt
- FLASH_IT_CMDERR Command Error Interrupt
- FLASH_IT_ILLCMD lllegal Command Interrupt
- FLASH_IT_READOK Mass read Command Interrupt
Return value:
. None

FLASH Interrupts Definition

FLASH_IT_CMDDONE

FLASH command done Interrupt source
FLASH_IT_CMDSTART

FLASH command started Interrupt source
FLASH_IT_CMDERR

FLASH command error Interrupt source
FLASH_IT_ILLCMD

FLASH illegal command Interrupt source

FLASH_IT_READOK

FLASH mass read command Interrupt source

FLASH Keys

FLASH_KEYO
Flash keyO

FLASH_KEY1
Flash key1

FLASH_KEY2
Flash key2

FLASH_DATAKEY2

FLASH_DATAKEY3

FLASH write/page erase protection for group
FLASH_PAGEPROT_GROUP_15
write/page erase protection for group 15 containing flash pages 120 to 127
FLASH_PAGEPROT_GROUP_14
write/page erase protection for group 14 containing flash pages 112 to 119

FLASH_PAGEPROT_GROUP_13

write/page erase protection for group 13 containing flash pages 104 to 111
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FLASH_PAGEPROT_GROUP_12

write/page erase protection for group 12 containing flash pages 96 to 103

FLASH_PAGEPROT_GROUP_11

write/page erase protection for group 11 containing flash pages 88 to 95
FLASH_PAGEPROT_GROUP_10

write/page erase protection for group 10 containing flash pages 80 to 87
FLASH_PAGEPROT_GROUP_9

write/page erase protection for group 9 containing flash pages 72 to 79
FLASH_PAGEPROT_GROUP_8

write/page erase protection for group 8 containing flash pages 64 to 71
FLASH_PAGEPROT_GROUP_7

write/page erase protection for group 7 containing flash pages 56 to 63
FLASH_PAGEPROT_GROUP_6

write/page erase protection for group 6 containing flash pages 48 to 55
FLASH_PAGEPROT_GROUP_5

write/page erase protection for group 5 containing flash pages 40 to 47
FLASH_PAGEPROT_GROUP_4

write/page erase protection for group 4 containing flash pages 32 to 39
FLASH_PAGEPROT_GROUP_3

write/page erase protection for group 3 containing flash pages 24 to 31
FLASH_PAGEPROT _GROUP_2

write/page erase protection for group 2 containing flash pages 16 to 23
FLASH_PAGEPROT_GROUP_1

write/page erase protection for group 1 containing flash pages 8 to 15
FLASH_PAGEPROT_GROUP_0

write/page erase protection for group 0 containing flash pages 0 to 7

FLASH Erase Type
FLASH_TYPEERASE_PAGES

Pages erase

FLASH_TYPEERASE_MASSERASE

Flash mass erase

FLASH Program Type
FLASH_TYPEPROGRAM_WORD

FLASH_TYPEPROGRAM_BURST

FLASH Wait States

FLASH_WAIT_STATES 0
FLASH Zero wait state
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FLASH_WAIT_STATES_1
FLASH One wait state
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13 HAL FLASH Extension Driver

13.1 FLASHEXx Firmware driver APl description

The following section lists the various functions of the FLASHEX library.

13.1.1 Flash Extended features

The FLASH interface contains the following additional features
. Single bank memory organization

. Readout protection

. WRERP protection

13.1.2 How to use this driver

This driver provides functions to configure and program the FLASH memory. It includes
1. Flash Memory Erase functions:
- Erase function: Erase page, erase all sectors
- There are two modes of erase :
° Polling Mode using HAL_FLASHEXx_Erase()
° Interrupt Mode using HAL_FLASHEx_Erase_IT()
2. OTP Memory Programming functions:
- There are two modes of OTP program :
° Polling Mode using HAL_FLASHEx_OTPWRite()
° Interrupt Mode using HAL_FLASHEx_OTPWrite_IT()

13.1.3 Extended programming operation functions
This subsection provides a set of functions allowing to manage the Extended FLASH programming operations
Operations.

This section contains the following APlIs:

. HAL_FLASHEXx_Erase()

. HAL_FLASHEXx_Erase_IT()

. HAL_FLASHEx_OTPWrite()

. HAL_FLASHEx_OTPWrite_IT()

. HAL_FLASHEXx_PageProtection()

. HAL_FLASHEX_Protection_Config()

. HAL_FLASHEX_GetProtection_Level()
. HAL_FLASHEx_MassRead()

. HAL_FLASHEx_LFSRSignature()

13.1.4 Detailed description of functions

HAL_FLASHEXx_Erase

Function name
HAL_StatusTypeDef HAL_FLASHEx_Erase (FLASH_EraselnitTypeDef * pEraselnit, uint32_t * PageError)

Function description

Perform a mass erase or erase the specified FLASH memory pages.
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Parameters
. pEraselnit: Pointer to an FLASH_EraselnitTypeDef structure that contains the configuration information
for the erasing.
. PageError: Pointer to variable that contains the configuration information on faulty page in case of error

(OXFFFFFFFF means that all the pages have been correctly erased)

Return values
. HAL: Status

HAL_FLASHEXx_Erase_IT

Function name
HAL_StatusTypeDef HAL_FLASHEx_Erase_IT (FLASH_EraselnitTypeDef * pEraselnit)

Function description

Perform a mass erase or erase the specified FLASH memory pages with interrupt enabled.

Parameters

. pEraselnit: Pointer to an FLASH_EraselnitTypeDef structure that contains the configuration information
for the erasing.

Return values
. HAL: Status

HAL_FLASHEx_OTPWrite

Function name
HAL_StatusTypeDef HAL_FLASHEx_OTPWrite (uint32_t Address, uint32_t Data)

Function description
Program a word at a specified OTP address.
Parameters

. Address: Specifies the address to be programmed.
. Data: Specifies the data to be programmed.

Return values
. HAL_StatusTypeDef: HAL Status

HAL_FLASHEx_OTPWrite_IT

Function name
HAL_StatusTypeDef HAL_FLASHEx_OTPWrite_IT (uint32_t Address, uint32_t Data)

Function description
Program a word at a specified OTP address with interrupt enabled.
Parameters

. Address: Specifies the address to be programmed.
. Data: Specifies the data to be programmed.

Return values
. HAL: Status
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HAL_FLASHEx_PageProtection

Function name

HAL_StatusTypeDef HAL_FLASHEx_PageProtection (FLASH_PageProtectionTypeDef *
pageProtectionStruct)

Function description

Page Protection function.

Parameters

. pageProtectionStruct: Pointer to a FLASH_PageProtectionTypeDef enumeration. Bitfield with the write/
page erase protection for group of 8 pages (group 0: Flash pages 0 to 7, group 1: Flash pages 8 to 15...
i.e. if pageProt=0x0C the function will protect pages from 16 to 31).

Return values
. HAL: Status

HAL_FLASHEX_GetProtection_Level

Function name
uint32_t HAL_FLASHEXx_GetProtection_Level (void )

Function description
Return the FLASH Protection level.

Return values

. FLASH: Protection Level: This return value can be one of the following values:
- PROT_LEVEL_NONE
- PROT_LEVEL_1
- PROT_LEVEL_2
- PROT_LEVEL_3

HAL_FLASHEXx_Protection_Config

Function name
HAL_StatusTypeDef HAL_FLASHEXx_Protection_Config (uint32_t ProtectionLevel)

Function description

Set Protection level configuration.

Parameters
. ProtectionLevel: Level of protection This parameter can be a combination of all the following values:
- PROT_LEVEL_NONE
- PROT_LEVEL_1
- PROT_LEVEL_2
- PROT_LEVEL_3
Return values

. None:

HAL_FLASHEx_MassRead

Function name
HAL_StatusTypeDef HAL_FLASHEx_MassRead (uint32_t pattern)
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Function description

Perform a mass read.

Parameters

. pattern: Specifies the expected value.

Return values
. HAL_StatusTypeDef: HAL Status

HAL_FLASHEx_LFSRSignature

Function name
HAL_StatusTypeDef HAL_FLASHEx_LFSRSignature (uint32_t * LFSR_Result)

Function description
Perform a LFSR signature issued by a MASSREAD command.

Return values
. HAL: Status

FLASH_PageErase
Function name
void FLASH_PageErase (uint32_t Page)
Function description
Erase the specified FLASH memory page.
Parameters

. Page: FLASH page to erase This parameter must be a value between 0 and (max number of pages in
flash memory - 1)

Return values

. None:
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14 HAL GPIO Generic Driver
14.1 GPIO Firmware driver registers structures
1411 GPIO_InitTypeDef
GPIO_InitTypeDef is defined in the stm32wb0x_hal_gpio.h
Data Fields

. uint32_t Pin
. uint32_t Mode
. uint32_t Pull
. uint32_t Speed
. uint32_t Alternate
Field Documentation
. uint32_t GPIO_InitTypeDef::Pin
Specifies the GPIO pins to be configured. This parameter can be any value of GPIO_pins
. uint32_t GPIO_InitTypeDef::Mode
Specifies the operating mode for the selected pins. This parameter can be a value of GPIO_mode

. uint32_t GPIO_InitTypeDef::Pull
Specifies the Pull-up or Pull-Down activation for the selected pins. This parameter can be a value of
GPIO_pull

. uint32_t GPIO_InitTypeDef::Speed
Specifies the speed for the selected pins. This parameter can be a value of GPIO_speed

. uint32_t GPIO_InitTypeDef::Alternate
Peripheral to be connected to the selected pins This parameter can be a value of
Section 15.1.1: GPIOEx_Alternate_function_selection

14.2 GPIO Firmware driver API description
The following section lists the various functions of the GPIO library.
14.2.1 GPIO Peripheral features
. Each port bit of the general-purpose 1/0 (GPIO) ports can be individually configured by software in several
modes:
- Input mode

- Output mode
- Alternate function mode
- External interrupt/event lines

. Open-drain and analog features are not available on all IO ports, refer to reference manual for available
pins.

. During and just after reset, the alternate functions and external interrupt lines are not active and the 1/0
ports are configured in input pull-up mode.

. All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated or not.

. In Output or Alternate mode, each 10 can be configured on push-pull type and the 10 speed can be
selected depending on the VDD value.

. The microcontroller 10 pins are connected to onboard peripherals/modules through a multiplexer that

allows only one peripheral alternate function (AF) connected to an 10 pin at a time. In this way, there can
be no conflict between peripherals sharing the same 10 pin.

. All ports have external interrupt/event capability. To use external interrupt lines, the port must be configured
in input mode. All available GPIO pins are connected to the 16 external interrupt/event lines from EXTIO to
EXTI15.
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. The external interrupt/event controller consists of up to 28 edge detectors (16 lines are connected to GPIO)
for generating event/interrupt requests (each input line can be independently configured to select the type
(interrupt or event) and the corresponding trigger event (rising or falling or both). Each line can also be
masked independently.

14.2.2 How to use this driver

1. Enable the GPIO AHB clock using the following function: _ HAL_RCC_GPIOx_CLK_ENABLE().

2. Modify the control of the product's pull-up/-down of the 10 ports from PWR registers (which is the default state)
using either LL_PWR_EnableGPIOPullUp or LL_PWR_EnableGPIOPullDown APIs depending on the
requested pull mode. This will allow to switch the control to the GPIO register.

3. Configure the GPIO pin(s) using HAL_GPIO_Init().
- Configure the IO mode using "Mode" member from GPIO_InitTypeDef structure
- Activate Pull-up, Pull-down resistor using "Pull" member from GPIO_InitTypeDef structure.

- In case of Output or alternate function mode selection: the speed is configured through "Speed" member
from GPIO_InitTypeDef structure.

- In alternate mode is selection, the alternate function connected to the IO is configured through
"Alternate" member from GPIO_InitTypeDef structure.

- Analog mode is required when a pin is to be used as ADC channel or DAC output.

- In case of external interrupt/event selection the "Mode" member from GPIO_InitTypeDef structure select
the type (interrupt or event) and the corresponding trigger event (rising or falling or both).

4. In case of external interrupt/event mode selection, configure NVIC IRQ priority mapped to the EXTI line using
HAL_NVIC_SetPriority() and enable it using HAL_NVIC_EnablelRQ().

5. To get the level of a pin configured in input mode use HAL_GPIO_ReadPin().
6. To set/reset the level of a pin configured in output mode use HAL_GPIO_WritePin()/HAL_GPIO_TogglePin().

7. To set the level of several pins and reset level of several other pins in same cycle, use
HAL_GPIO_WriteMultipleStatePin().

8. To lock pin configuration until next reset use HAL_GPIO_LockPin().

9. During and just after reset, the alternate functions are not active and the GPIO pins are configured in input
pull-up mode (except JTAG pins).

10. The LSE oscillator pins OSC32_IN and OSC32_OUT can be used as general purpose (PB12 and PB13,
respectively) when the LSE oscillator is off. The LSE has priority over the GPIO function.

11. The HSE oscillator pins OSC_IN/OSC_OUT are dedicated oscillator IOs and can not be used as general
purpose.

14.2.3 Initialization and de-initialization functions

This section contains the following APlIs:
. HAL_GPIO_Init()
. HAL_GPIO_Delnit()

14.2.4 Detailed description of functions

HAL_GPIO_Init
Function name
void HAL_GPIO_Init (GPIO_TypeDef * GPIOx, GPIO_InitTypeDef * GPIO_lInit)
Function description
Initialize the GPIOx peripheral according to the specified parameters in the GPIO_lInit.

Parameters

. GPIOx: where x can be (A..B) to select the GPIO peripheral for STM32WBO0x family

. GPIO_Init: pointer to a GPIO_InitTypeDef structure that contains the configuration information for the
specified GPIO peripheral.
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Return values

. None:

HAL_GPIO_Delnit

Function name
void HAL_GPIO_Delnit (GPIO_TypeDef * GPIOXx, uint32_t GPIO_Pin)

Function description

De-initialize the GPIOx peripheral registers to their default reset values.

Parameters

. GPIOx: where x can be (A..B) to select the GPIO peripheral for STM32WBO0x family

. GPIO_Pin: specifies the port bit to be written. This parameter can be one of GPIO_PIN_x where x can be
(0..15).

Return values

. None:

HAL_GPIO_ReadPin

Function name

GPIO_PinState HAL_GPIO_ReadPin (GPIO_TypeDef * GPIOX, uint16_t GPIO_Pin)
Function description

Read the specified input port pin.

Parameters

. GPIOx: where x can be (A..B) to select the GPIO peripheral for STM32WBO0x family
. GPIO_Pin: specifies the port bit to read. This parameter can be GPIO_PIN_x where x can be (0..15).

Return values
. The: input port pin value.
HAL_GPIO_WritePin
Function name
void HAL_GPIO_WritePin (GPIO_TypeDef * GPIOXx, uint16_t GPIO_Pin, GPIO_PinState PinState)
Function description
Set or clear the selected data port bit.

Parameters
. GPIOx: where x can be (A..B) to select the GPIO peripheral for STM32WBO0x family

. GPIO_Pin: specifies the port bit to be written. This parameter can be one of GPIO_PIN_x where x can be
(0..15).
. PinState: specifies the value to be written to the selected bit. This parameter can be one of the

GPIO_PinState enum values:

- GPIO_PIN_RESET: to clear the port pin

- GPIO_PIN_SET: to set the port pin
Return values

. None:

Notes

. This function uses GPIOx_BSRR and GPIOx_BRR registers to allow atomic read/modify accesses. In this
way, there is no risk of an IRQ occurring between the read and the modify access.
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HAL_GPIO_WriteMultipleStatePin

Function name
void HAL_GPIO_WriteMultipleStatePin (GPIO_TypeDef * GPIOXx, uint16_t PinReset, uint16_t PinSet)
Function description

Set and clear several pins of a dedicated port in same cycle.

Parameters

. GPIOx: where x can be (A..F) to select the GPIO peripheral for STM32WLxx family

. PinReset: specifies the port bits to be reset This parameter can be any combination of GPIO_Pin_x
where x can be (0..15) or zero.
. PinSet: specifies the port bits to be set This parameter can be any combination of GPIO_Pin_x where x

can be (0..15) or zero.

Return values

. None:
Notes
. This function uses GPIOx_BSRR and GPIOx_BRR registers to allow atomic read/modify accesses.
. Both PinReset and PinSet combinations shall not get any common bit, else assert would be triggered.
. At least one of the two parameters used to set or reset shall be different from zero.

HAL_GPIO_TogglePin
Function name
void HAL_GPIO_TogglePin (GPIO_TypeDef * GPIOXx, uint16_t GPIO_Pin)
Function description
Toggle the specified GPIO pin.

Parameters

. GPIOx: where x can be (A..B) to select the GPIO peripheral for STM32WBO0x family
GPIO_Pin: specifies the pin to be toggled.

Return values

. None:

HAL_GPIO_LockPin

Function name

HAL_StatusTypeDef HAL_GPIO_LockPin (GPIO_TypeDef * GPIOx, uint16_t GPIO_Pin)
Function description

Lock GPIO Pins configuration registers.

Parameters

. GPIOx: where x can be (A..B) to select the GPIO peripheral for STM32WBO0x family

. GPIO_Pin: specifies the port bits to be locked. This parameter can be any combination of GPIO_Pin_x
where x can be (0..15).

Return values

. None:
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. The locked registers are GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR,
GPIOx_AFRL and GPIOx_AFRH.

. The configuration of the locked GPIO pins can no longer be modified until the next reset.

HAL_GPIO_EXTI_IRQHandler

Function name
void HAL_GPIO_EXTI_IRQHandler (GPIO_TypeDef * GPIOx, uint16_t GPIO_Pin)

Function description

Handle EXTI interrupt request.

Parameters

. GPIOx: where x can be (A..B) to select the GPIO peripheral

. GPIO_Pin: Specifies the port pin connected to corresponding EXTI line.
Return values

. None:

HAL_GPIO_EXTI_Callback

Function name
void HAL_GPIO_EXTI_Callback (GPIO_TypeDef * GPIOXx, uint16_t GPIO_Pin)

Function description
EXTI line detection callback.

Parameters

. GPIOx: where x can be (A..B) to select the GPIO peripheral
. GPIO_Pin: Specifies the port pin connected to corresponding EXTlI line.

Return values

. None:

14.3 GPIO Firmware driver defines
The following section lists the various define and macros of the module.

14.3.1 GPIO
GPIO
GPIO Exported Macros

__HAL_GPIO_EXTI_GET_FLAG
Description:
. Check whether the specified EXTI line flag is set or not.
Parameters:
. __ EXTI_PORT__: specifies the EXTI port to check. This parameter can be GPIOA or GPIOB.

. __ EXTI_LINE__: specifies the EXTI line flag to check. This parameter can be GPIO_PIN_x where x can
be(0..15)

Return value:
. The: new state of __ EXTI_LINE__ (SET or RESET).
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__HAL_GPIO_EXTI_CLEAR_FLAG

Description:

. Clear the EXTI's line pending flags.

Parameters:

. _ EXTI_PORT__: specifies the EXTI port to check. This parameter can be GPIOA or GPIOB.

. __EXTI_LINE__: specifies the EXT]I lines flags to clear. This parameter can be any combination of

GPIO_PIN_x where x can be (0..15)
Return value:
. None

__HAL_GPIO_EXTI_GET_IT

Description:

. Check whether the specified EXTI line is asserted or not.

Parameters:

. __ _EXTI_PORT__: specifies the EXTI port to check. This parameter can be GPIOA or GPIOB.

. __ EXTI_LINE__: specifies the EXTI line to check. This parameter can be GPIO_PIN_x where x can
be(0..15)

Return value:
. The: new state of _ EXTI_LINE__ (SET or RESET).

__HAL_GPIO_EXTI_CLEAR_IT

Description:

. Clear the EXTI's line pending bits.

Parameters:

. __ EXTI_PORT__: specifies the EXTI port to check. This parameter can be GPIOA or GPIOB.
. _ EXTI_LINE__: specifies the EXTI lines to clear. This parameter can be any combination of

GPIO_PIN_x where x can be (0..15)
Return value:
. None

GPIO mode

GPIO_MODE_INPUT

Input Floating Mode
GPIO_MODE_OUTPUT_PP

Output Push Pull Mode
GPIO_MODE_OUTPUT_OD

Output Open Drain Mode
GPIO_MODE_AF_PP

Alternate Function Push Pull Mode
GPIO_MODE_AF_OD

Alternate Function Open Drain Mode
GPIO_MODE_ANALOG

Analog Mode

GPIO_MODE_IT_RISING

External Interrupt Mode with Rising edge trigger detection
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GPIO_MODE_IT_FALLING

External Interrupt Mode with Falling edge trigger detection

GPIO_MODE_IT_RISING_FALLING
External Interrupt Mode with Rising/Falling edge trigger detection

GPIO_MODE_IT_LEVEL_HIGH

External Interrupt Mode with High level trigger detection

GPIO_MODE_IT_LEVEL_LOW

External Interrupt Mode with Low level trigger detection

GPIO_MODE_EVT_RISING

External Event Mode with Rising edge trigger detection

GPIO_MODE_EVT_FALLING

External Event Mode with Falling edge trigger detection

GPIO_MODE_EVT_RISING_FALLING
External Event Mode with Rising/Falling edge trigger detection

GPIO_MODE_EVT_LEVEL_HIGH
External Event Mode with High level trigger detection

GPIO_MODE_EVT_LEVEL_LOW

External Event Mode with Low level trigger detection

GPIO pins
GPIO_PIN_0O

GPIO_PIN_1
GPIO_PIN_2
GPIO_PIN_3
GPIO_PIN_4
GPIO_PIN_5
GPIO_PIN_6
GPIO_PIN_7
GPIO_PIN_8
GPIO_PIN_9
GPIO_PIN_10
GPIO_PIN_11
GPIO_PIN_12

GPIO_PIN_13
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GPIO_PIN_14

GPIO_PIN_15
GPIO_PIN_ALL

GPIO_PIN_MASK

GPIO pull
GPIO_NOPULL
No Pull-up or Pull-down activation
GPIO_PULLUP
Pull-up activation

GPIO_PULLDOWN
Pull-down activation

GPIO speed

GPIO_SPEED_FREQ_LOW

Low speed
GPIO_SPEED_FREQ_MEDIUM

Medium speed
GPIO_SPEED_FREQ_HIGH

High speed
GPIO_SPEED_FREQ_VERY_HIGH

Very high speed
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15 HAL GPIO Extension Driver

15.1 GPIOEx Firmware driver defines
The following section lists the various define and macros of the module.

15.1.1 GPIOEx
GPIOEx
GPIOEXx Get Port Index

GPIO_GET_INDEX

UM3363 - Rev 2 page 136/1476



‘_ UM3363
,l HAL I12C Generic Driver

16 HAL 12C Generic Driver
16.1 I2C Firmware driver registers structures
16.1.1 12C_InitTypeDef
12C_InitTypeDef is defined in the stm32wb0x_hal_i2c.h
Data Fields

. uint32_t Timing

. uint32_t OwnAddress1

. uint32_t AddressingMode

. uint32_t DualAddressMode

. uint32_t OwnAddress2

. uint32_t OwnAddress2Masks

. uint32_t GeneralCallMode

. uint32_t NoStretchMode

Field Documentation

. uint32_t 12C_InitTypeDef::Timing
Specifies the 12C_TIMINGR _register value. This parameter calculated by referring to 12C initialization
section in Reference manual

. uint32_t 12C_InitTypeDef::OwnAddress1
Specifies the first device own address. This parameter can be a 7-bit or 10-bit address.

. uint32_t 12C_InitTypeDef::AddressingMode
Specifies if 7-bit or 10-bit addressing mode is selected. This parameter can be a value of
12C_ADDRESSING_MODE

. uint32_t 12C_InitTypeDef::DualAddressMode
Specifies if dual addressing mode is selected. This parameter can be a value of
12C_DUAL_ADDRESSING_MODE

. uint32_t 12C_InitTypeDef::OwnAddress2
Specifies the second device own address if dual addressing mode is selected This parameter can be a 7-
bit address.

. uint32_t 12C_InitTypeDef::OwnAddress2Masks
Specifies the acknowledge mask address second device own address if dual addressing mode is selected.
This parameter can be a value of I2C_OWN_ADDRESS2_MASKS

. uint32_t 12C_InitTypeDef::GeneralCallMode
Specifies if general call mode is selected. This parameter can be a value of
12C_GENERAL_CALL_ADDRESSING_MODE

. uint32_t I12C_InitTypeDef::NoStretchMode
Specifies if nostretch mode is selected. This parameter can be a value of 2C_NOSTRETCH_MODE

16.1.2 __12C_HandleTypeDef
__12C_HandleTypeDef is defined in the stm32wb0x_hal_i2c.h
Data Fields
. 12C_TypeDef * Instance
. 12C_InitTypeDef Init
. uint8_t * pBuffPtr
. uint16_t XferSize

. __10 uint16_t XferCount
. __10 uint32_t XferOptions
. __10 uint32_t PreviousState

. HAL_StatusTypeDef(* XferISR
. DMA_HandleTypeDef * hdmatx
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. DMA_HandleTypeDef * hdmarx
. HAL_LockTypeDef Lock

. _ IO HAL_I2C_StateTypeDef State
. _ IO HAL_I2C_ModeTypeDef Mode
. __I0 uint32_t ErrorCode

. __10 uint32_t AddrEventCount

. __I0 uint32_t Devaddress

. __10 uint32_t Memaddress

. void(* MasterTxCpltCallback
. void(* MasterRxCpltCallback
. void(* SlaveTxCpltCallback

. void(* SlaveRxCpltCallback
. void(* ListenCpltCallback

. void(* MemTxCpltCallback

. void(* MemRxCpltCallback

. void(* ErrorCallback

. void(* AbortCpltCallback

. void(* AddrCallback

. void(* MsplnitCallback

. void(* MspDelnitCallback
Field Documentation

. 12C_TypeDef* __12C_HandleTypeDef::Instance
12C registers base address

. 12C_InitTypeDef __I12C_HandleTypeDef::Init
12C communication parameters

. uint8_t* __12C_HandleTypeDef::pBuffPtr
Pointer to 12C transfer buffer

. uint16_t __I12C_HandleTypeDef::XferSize
12C transfer size

. _ 10 uint16_t __12C_HandleTypeDef::XferCount

12C transfer counter
. _ 10 uint32_t __12C_HandleTypeDef::XferOptions

12C sequantial transfer options, this parameter can be a value of 12C_XFEROPTIONS
. _ 10 uint32_t __12C_HandleTypeDef::PreviousState

12C communication Previous state

. HAL_StatusTypeDef(* __12C_HandleTypeDef::XferISR)(struct __12C_HandleTypeDef *hi2c, uint32_t
ITFlags, uint32_t ITSources)
12C transfer IRQ handler function pointer

. DMA_HandleTypeDef* __I12C_HandleTypeDef::hdmatx
12C Tx DMA handle parameters

. DMA_HandleTypeDef* __I12C_HandleTypeDef::hdmarx
12C Rx DMA handle parameters

. HAL_LockTypeDef __12C_HandleTypeDef::Lock
12C locking object

. _ IO HAL_I2C_StateTypeDef __I12C_HandleTypeDef::State
I12C communication state

. _ IO HAL_I2C_ModeTypeDef __12C_HandleTypeDef::Mode
I12C communication mode

. _ 10 uint32_t __12C_HandleTypeDef::ErrorCode
12C Error code

. 10 uint32_t __12C_HandleTypeDef::AddrEventCount

EC Address Event counter
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. __I0 uint32_t __12C_HandleTypeDef::Devaddress
12C Target device address
. __10 uint32_t __12C_HandleTypeDef::Memaddress

12C Target memory address

. void(* __12C_HandleTypeDef::MasterTxCpltCallback)(struct __I12C_HandleTypeDef *hi2c)
12C Master Tx Transfer completed callback

. void(* __12C_HandleTypeDef::MasterRxCpltCallback)(struct __I12C_HandleTypeDef *hi2c)
12C Master Rx Transfer completed callback

. void(* __12C_HandleTypeDef::SlaveTxCpltCallback)(struct __12C_HandleTypeDef *hi2c)
12C Slave Tx Transfer completed callback

. void(* __I12C_HandleTypeDef::SlaveRxCpltCallback)(struct __12C_HandleTypeDef *hi2c)
12C Slave Rx Transfer completed callback

. void(* __I12C_HandleTypeDef::ListenCpltCallback)(struct __I12C_HandleTypeDef *hi2c)
12C Listen Complete callback

. void(* __I12C_HandleTypeDef::MemTxCpltCallback)(struct __I12C_HandleTypeDef *hi2c)
12C Memory Tx Transfer completed callback

. void(* __I12C_HandleTypeDef::MemRxCpltCallback)(struct __I12C_HandleTypeDef *hi2c)
12C Memory Rx Transfer completed callback

. void(* __I12C_HandleTypeDef::ErrorCallback)(struct __I12C_HandleTypeDef *hi2c)
12C Error callback

. void(* __I12C_HandleTypeDef::AbortCpltCallback)(struct __I12C_HandleTypeDef *hi2c)
I12C Abort callback

. void(* __I12C_HandleTypeDef::AddrCallback)(struct __12C_HandleTypeDef *hi2c, uint8_t
TransferDirection, uint16_t AddrMatchCode)
I12C Slave Address Match callback

. void(* __I12C_HandleTypeDef::MsplnitCallback)(struct __I12C_HandleTypeDef *hi2c)
12C Msp Init callback

. void(* __I12C_HandleTypeDef::MspDelnitCallback)(struct __12C_HandleTypeDef *hi2c)
12C Msp Delnit callback

16.2 12C Firmware driver API description

The following section lists the various functions of the 12C library.

16.2.1 How to use this driver

The 12C HAL driver can be used as follows:
1. Declare a 12C_HandleTypeDef handle structure, for example: 12C_HandleTypeDef hi2c;
2. Initialize the 12C low level resources by implementing the HAL_12C_Msplnit() API:
a. Enable the 12Cx interface clock
b. 12C pins configuration
° Enable the clock for the 12C GPIOs
° Configure 12C pins as alternate function open-drain
c. NVIC configuration if you need to use interrupt process
° Configure the 12Cx interrupt priority
° Enable the NVIC 12C IRQ Channel
d. DMA Configuration if you need to use DMA process

° Declare a DMA_HandleTypeDef handle structure for the transmit or receive channel
° Enable the DMAX interface clock using
° Configure the DMA handle parameters

° Configure the DMA Tx or Rx channel
° Associate the initialized DMA handle to the hi2c DMA Tx or Rx handle

° Configure the priority and enable the NVIC for the transfer complete interrupt on the DMA Tx or Rx
channel
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3. Configure the Communication Clock Timing, Own Address1, Master Addressing mode, Dual Addressing
mode, Own Address2, Own Address2 Mask, General call and Nostretch mode in the hi2c Init structure.

4. Initialize the 12C registers by calling the HAL_I2C_Init(), configures also the low level Hardware (GPIO,
CLOCK, NVIC...etc) by calling the customized HAL_12C_Msplnit(&hi2c) API.

5. To check if target device is ready for communication, use the function HAL_I2C_IsDeviceReady()
6. For I12C IO and 10 MEM operations, three operation modes are available within this driver :

Polling mode 10 operation

. Transmit in master mode an amount of data in blocking mode using HAL_12C_Master_Transmit()
. Receive in master mode an amount of data in blocking mode using HAL_I2C_Master_Receive()
. Transmit in slave mode an amount of data in blocking mode using HAL_I2C_Slave_Transmit()

. Receive in slave mode an amount of data in blocking mode using HAL_12C_Slave_Receive()

Polling mode 10 MEM operation

. Write an amount of data in blocking mode to a specific memory address using HAL_[2C_Mem_Write()
. Read an amount of data in blocking mode from a specific memory address using HAL_12C_Mem_Read()

Interrupt mode 10 operation

. Transmit in master mode an amount of data in non-blocking mode using HAL_I2C_Master_Transmit_IT()

. At transmission end of transfer, HAL_12C_MasterTxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_MasterTxCpltCallback()

. Receive in master mode an amount of data in non-blocking mode using HAL_I2C_Master_Receive_IT()

. At reception end of transfer, HAL_I2C_MasterRxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_MasterRxCpltCallback()

. Transmit in slave mode an amount of data in non-blocking mode using HAL_12C_Slave_Transmit_IT()

. At transmission end of transfer, HAL_12C_SlaveTxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_SlaveTxCpltCallback()

. Receive in slave mode an amount of data in non-blocking mode using HAL_12C_Slave_Receive_IT()

. At reception end of transfer, HAL_12C_SlaveRxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_SlaveRxCpltCallback()

. In case of transfer Error, HAL_I2C_ErrorCallback() function is executed and users can add their own code
by customization of function pointer HAL_12C_ErrorCallback()

. Abort a master or memory 12C process communication with Interrupt using HAL_12C_Master_Abort_IT()

. End of abort process, HAL_I2C_AbortCpltCallback() is executed and users can add their own code by
customization of function pointer HAL_I2C_AbortCpltCallback()

. Discard a slave 12C process communication using __ HAL_12C_GENERATE_NACK() macro. This action
will inform Master to generate a Stop condition to discard the communication.

Interrupt mode or DMA mode 10 sequential operation

Note: These interfaces allow to manage a sequential transfer with a repeated start condition when a direction change
during transfer

. A specific option field manage the different steps of a sequential transfer
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. Option field values are defined through 12C_XFEROPTIONS and are listed below:

- 12C_FIRST_AND_LAST_FRAME: No sequential usage, functional is same as associated interfaces
in no sequential mode

- 12C_FIRST_FRAME: Sequential usage, this option allow to manage a sequence with start condition,
address and data to transfer without a final stop condition

- 12C_FIRST_AND_NEXT_FRAME: Sequential usage (Master only), this option allow to manage a
sequence with start condition, address and data to transfer without a final stop condition, an then
permit a call the same master sequential interface several times (like
HAL_I2C_Master_Seq_Transmit_IT() then HAL_12C_Master_Seq_Transmit_IT() or
HAL_I2C_Master_Seq_Transmit_ DMA() then HAL_I2C_Master_Seq_Transmit_DMA())

- 12C_NEXT_FRAME: Sequential usage, this option allow to manage a sequence with a restart
condition, address and with new data to transfer if the direction change or manage only the new data
to transfer if no direction change and without a final stop condition in both cases

- 12C_LAST_FRAME: Sequential usage, this option allow to manage a sequance with a restart
condition, address and with new data to transfer if the direction change or manage only the new data
to transfer if no direction change and with a final stop condition in both cases

- 12C_LAST_FRAME_NO_STOP: Sequential usage (Master only), this option allow to manage a
restart condition after several call of the same master sequential interface several times (link with
option 12C_FIRST_AND_NEXT_FRAME). Usage can, transfer several bytes one by one using
HAL 12C_Master_Seq_Transmit_IT or HAL_12C_Master Seq_Receive IT or
HAL 12C_Master_Seq_Transmit DMA or HAL 12C_Master_Seq_Receive DMA with option
12C_FIRST_AND_NEXT_FRAME then 12C_NEXT_FRAME. Then usage of this option
12C_LAST_FRAME_NO_STOP at the last Transmit or Receive sequence permit to call the opposite
interface Receive or Transmit without stopping the communication and so generate a restart
condition.

- 12C_OTHER_FRAME: Sequential usage (Master only), this option allow to manage a restart
condition after each call of the same master sequential interface. Usage can, transfer several bytes
one by one with a restart with slave address between each bytes using
HAL_12C_Master_Seq_Transmit_IT or HAL_12C_Master Seq_Receive IT or
HAL 12C_Master_Seq_Transmit DMA or HAL 12C_Master_Seq_Receive DMA with option
12C_FIRST_FRAME then 12C_OTHER_FRAME. Then usage of this option
12C_OTHER_AND_LAST_FRAME at the last frame to help automatic generation of STOP condition.
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. Different sequential 12C interfaces are listed below:

- Sequential transmit in master 12C mode an amount of data in non-blocking mode using
HAL_I2C_Master_Seq_Transmit_IT() or using HAL_I2C_Master_Seq_Transmit_DMA()

° At transmission end of current frame transfer, HAL_12C_MasterTxCpltCallback() is executed
and users can add their own code by customization of function pointer
HAL_I2C_MasterTxCpltCallback()

- Sequential receive in master 12C mode an amount of data in non-blocking mode using
HAL_I12C_Master_Seq_Receive_IT() or using HAL_I2C_Master_Seq_Receive_ DMA()

° At reception end of current frame transfer, HAL_I2C_MasterRxCpltCallback() is executed and
users can add their own code by customization of function pointer
HAL_I2C_MasterRxCpltCallback()

- Abort a master or memory IT or DMA 12C process communication with Interrupt using
HAL_I12C_Master_Abort_IT()
° End of abort process, HAL_I2C_AbortCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_I2C_AbortCpltCallback()
- Enable/disable the Address listen mode in slave 12C mode using HAL_I12C_EnableListen_IT()
HAL_I2C_DisableListen_IT()

° When address slave 12C match, HAL_12C_AddrCallback() is executed and users can add their
own code to check the Address Match Code and the transmission direction request by master
(Write/Read).

° At Listen mode end HAL_I12C_ListenCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_ListenCpltCallback()

— Sequential transmit in slave 12C mode an amount of data in non-blocking mode using

HAL_12C_Slave_Seq_Transmit_IT() or using HAL_12C_Slave_Seq_Transmit_ DMA()

° At transmission end of current frame transfer, HAL_I2C_SlaveTxCpltCallback() is executed and
users can add their own code by customization of function pointer
HAL_I2C_SlaveTxCpltCallback()

- Sequential receive in slave 12C mode an amount of data in non-blocking mode using

HAL_I2C_Slave_Seq_Receive_IT() or using HAL_I2C_Slave_Seq_Receive_ DMA()

° At reception end of current frame transfer, HAL_I2C_SlaveRxCpltCallback() is executed and
users can add their own code by customization of function pointer
HAL_12C_SlaveRxCpltCallback()

- In case of transfer Error, HAL_12C_ErrorCallback() function is executed and users can add their own
code by customization of function pointer HAL_12C_ErrorCallback()

- Discard a slave 12C process communication using __ HAL_12C_GENERATE_NACK() macro. This
action will inform Master to generate a Stop condition to discard the communication.

Interrupt mode 10 MEM operation

. Write an amount of data in non-blocking mode with Interrupt to a specific memory address using
HAL_I2C_Mem_Write_IT()

. At Memory end of write transfer, HAL_12C_MemTxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_MemTxCpltCallback()

. Read an amount of data in non-blocking mode with Interrupt from a specific memory address using
HAL_I2C_Mem_Read_IT()

. At Memory end of read transfer, HAL_12C_MemRxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_MemRxCpltCallback()

. In case of transfer Error, HAL_12C_ErrorCallback() function is executed and users can add their own code

by customization of function pointer HAL_I2C_ErrorCallback()

DMA mode IO operation

. Transmit in master mode an amount of data in non-blocking mode (DMA) using
HAL_I2C_Master_Transmit_ DMA()
. At transmission end of transfer, HAL_12C_MasterTxCpltCallback() is executed and users can add their own

code by customization of function pointer HAL_12C_MasterTxCpltCallback()
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. Receive in master mode an amount of data in non-blocking mode (DMA) using
HAL_12C_Master_Receive_ DMA()

. At reception end of transfer, HAL_12C_MasterRxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_MasterRxCpltCallback()

. Transmit in slave mode an amount of data in non-blocking mode (DMA) using
HAL_I2C_Slave_Transmit_ DMA()

. At transmission end of transfer, HAL_I12C_SlaveTxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_SlaveTxCpltCallback()

. Receive in slave mode an amount of data in non-blocking mode (DMA) using
HAL_I2C_Slave_Receive_DMA()

. At reception end of transfer, HAL_I2C_SlaveRxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_SlaveRxCpltCallback()

. In case of transfer Error, HAL_12C_ErrorCallback() function is executed and users can add their own code
by customization of function pointer HAL_I2C_ErrorCallback()

. Abort a master or memory 12C process communication with Interrupt using HAL_12C_Master_Abort_IT()

. End of abort process, HAL_I2C_AbortCpltCallback() is executed and users can add their own code by
customization of function pointer HAL_I2C_AbortCpltCallback()

. Discard a slave 12C process communication using _ HAL_12C_GENERATE_NACK() macro. This action
will inform Master to generate a Stop condition to discard the communication.

DMA mode 10 MEM operation

. Write an amount of data in non-blocking mode with DMA to a specific memory address using
HAL_I12C_Mem_Write_ DMA()

. At Memory end of write transfer, HAL_12C_MemTxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_MemTxCpltCallback()

. Read an amount of data in non-blocking mode with DMA from a specific memory address using
HAL_I2C_Mem_Read_DMA()

. At Memory end of read transfer, HAL_12C_MemRxCpltCallback() is executed and users can add their own
code by customization of function pointer HAL_12C_MemRxCpltCallback()

. In case of transfer Error, HAL_12C_ErrorCallback() function is executed and users can add their own code

by customization of function pointer HAL_I2C_ErrorCallback()

12C HAL driver macros list

Below the list of most used macros in 12C HAL driver.

. __HAL_I12C_ENABLE: Enable the 12C peripheral

. __HAL_12C_DISABLE: Disable the 12C peripheral

. _ HAL_12C_GENERATE_NACK: Generate a Non-Acknowledge 12C peripheral in Slave mode
. _ HAL_12C_GET_FLAG: Check whether the specified 12C flag is set or not

. _ HAL_12C_CLEAR_FLAG: Clear the specified 12C pending flag

. __HAL_12C_ENABLE_IT: Enable the specified 12C interrupt

. __HAL_12C_DISABLE_IT: Disable the specified 12C interrupt

Callback registration

The compilation flag USE_HAL_12C_REGISTER_CALLBACKS when set to 1 allows the user to configure
dynamically the driver callbacks. Use Functions HAL_I2C_RegisterCallback() or
HAL_I2C_RegisterAddrCallback() to register an interrupt callback.

Function HAL_I2C_RegisterCallback() allows to register following callbacks:

. MasterTxCpltCallback : callback for Master transmission end of transfer.
. MasterRxCpltCallback : callback for Master reception end of transfer.

. SlaveTxCpltCallback : callback for Slave transmission end of transfer.

. SlaveRxCpltCallback : callback for Slave reception end of transfer.

. ListenCpltCallback : callback for end of listen mode.

. MemTxCpltCallback : callback for Memory transmission end of transfer.
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. MemRxCpltCallback : callback for Memory reception end of transfer.

. ErrorCallback : callback for error detection.

. AbortCpltCallback : callback for abort completion process.

. MsplnitCallback : callback for Msp Init.

. MspDelnitCallback : callback for Msp Delnit. This function takes as parameters the HAL peripheral handle,

the Callback ID and a pointer to the user callback function.
For specific callback AddrCallback use dedicated register callbacks : HAL_12C_RegisterAddrCallback().

Use function HAL_12C_UnRegisterCallback to reset a callback to the default weak function.
HAL_I2C_UnRegisterCallback takes as parameters the HAL peripheral handle, and the Callback ID. This function
allows to reset following callbacks:

. MasterTxCpltCallback : callback for Master transmission end of transfer.
. MasterRxCpltCallback : callback for Master reception end of transfer.

. SlaveTxCpltCallback : callback for Slave transmission end of transfer.

. SlaveRxCpltCallback : callback for Slave reception end of transfer.

. ListenCpltCallback : callback for end of listen mode.

. MemTxCpltCallback : callback for Memory transmission end of transfer.
. MemRxCpltCallback : callback for Memory reception end of transfer.

. ErrorCallback : callback for error detection.

. AbortCpltCallback : callback for abort completion process.

. MsplnitCallback : callback for Msp Init.
. MspDelnitCallback : callback for Msp Delnit.
For callback AddrCallback use dedicated register callbacks : HAL_12C_UnRegisterAddrCallback().

By default, after the HAL_12C_Init() and when the state is HAL_12C_STATE_RESET all callbacks are set to the
corresponding weak functions: examples HAL_|12C_MasterTxCpltCallback(), HAL_12C_MasterRxCpltCallback().
Exception done for Msplnit and MspDelnit functions that are reset to the legacy weak functions in the
HAL_12C_Init()/ HAL_I2C_Delnit() only when these callbacks are null (not registered beforehand). If Msplnit or
MspDelnit are not null, the HAL_12C_Init()/ HAL_I2C_Delnit() keep and use the user Msplnit/MspDelnit callbacks
(registered beforehand) whatever the state.

Callbacks can be registered/unregistered in HAL_I2C_STATE_READY state only. Exception done Msplnit/
MspDelnit functions that can be registered/unregistered in HAL_12C_STATE_READY or
HAL_12C_STATE_RESET state, thus registered (user) Msplnit/Delnit callbacks can be used during the Init/Delnit.
Then, the user first registers the Msplnit/MspDelnit user callbacks using HAL _12C_RegisterCallback() before
calling HAL_12C_Delnit() or HAL_I2C_Init() function.

When the compilation flag USE_HAL_I2C_REGISTER_CALLBACKS is set to 0 or not defined, the callback
registration feature is not available and all callbacks are set to the corresponding weak functions.

Note: You can refer to the 12C HAL driver header file for more useful macros

16.2.2 Initialization and de-initialization functions

This subsection provides a set of functions allowing to initialize and deinitialize the 12Cx peripheral:

. User must Implement HAL_I2C_Msplnit() function in which he configures all related peripherals resources
(CLOCK, GPIO, DMA, IT and NVIC).

. Call the function HAL_12C_Init() to configure the selected device with the selected configuration:
- Clock Timing

- Own Address 1

- Addressing mode (Master, Slave)

- Dual Addressing mode

- Own Address 2

- Own Address 2 Mask

- General call mode

- Nostretch mode
. Call the function HAL_I2C_Delnit() to restore the default configuration of the selected 12Cx peripheral.
This section contains the following APlIs:
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. HAL_I2C_lInit()

. HAL_I2C_Delnit()

. HAL_I2C_Msplnit()

. HAL_I2C_MspDelnit()

. HAL_I2C_RegisterCallback()

. HAL_I2C_UnRegisterCallback()

. HAL_I2C_RegisterAddrCallback()

. HAL_I2C_UnRegisterAddrCallback()

16.2.3 10 operation functions

This subsection provides a set of functions allowing to manage the 12C data transfers.
1. There are two modes of transfer:

- Blocking mode : The communication is performed in the polling mode. The status of all data processing
is returned by the same function after finishing transfer.

- No-Blocking mode : The communication is performed using Interrupts or DMA. These functions return
the status of the transfer startup. The end of the data processing will be indicated through the dedicated
I12C IRQ when using Interrupt mode or the DMA IRQ when using DMA mode.

2. Blocking mode functions are :
- HAL_I2C_Master_Transmit()
- HAL_I2C_Master_Receive()
- HAL_I2C_Slave_Transmit()
- HAL_I2C_Slave_Receive()
- HAL_I12C_Mem_Write()
- HAL_I12C_Mem_Read()
- HAL_I2C_IsDeviceReady()
3. No-Blocking mode functions with Interrupt are :
- HAL_I2C_Master_Transmit_IT()
- HAL_I2C_Master_Receive_IT()
- HAL_I2C_Slave_Transmit_IT()
- HAL_I2C_Slave_Receive IT()
- HAL_I2C_Mem_Write_IT()
- HAL_I2C_Mem_Read_IT()
- HAL_I2C_Master_Seq_Transmit_IT()
- HAL_I2C_Master_Seq_Receive_IT()
- HAL_I2C_Slave_Seq_Transmit_IT()
- HAL_I2C_Slave_Seq_Receive_IT()
- HAL_I2C_EnableListen_IT()
- HAL_I2C_DisableListen_IT()
- HAL_I2C_Master_Abort_IT()
4. No-Blocking mode functions with DMA are :
- HAL_I2C_Master_Transmit_DMA()
- HAL_I2C_Master_Receive_ DMA()
- HAL_I2C_Slave_Transmit_DMA()
- HAL_I12C_Slave_Receive_ DMA()
- HAL_I12C_Mem_Write_ DMA()
- HAL_I12C_Mem_Read_DMA()
- HAL_12C_Master_Seq_Transmit_ DMA()
- HAL_I2C_Master_Seq_Receive_ DMA()
- HAL_I2C_Slave_Seq_Transmit_DMA()
- HAL_I2C_Slave_Seq_Receive_ DMA()
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5. A set of Transfer Complete Callbacks are provided in non Blocking mode:
- HAL_I2C_MasterTxCpltCallback()
- HAL_I2C_MasterRxCpltCallback()
- HAL_I2C_SlaveTxCpltCallback()
- HAL_I2C_SlaveRxCpltCallback()
- HAL_I2C_MemTxCpltCallback()
- HAL_I2C_MemRxCpltCallback()
- HAL_I2C_AddrCallback()
- HAL_I2C_ListenCpltCallback()
- HAL_I2C_ErrorCallback()
- HAL_I2C_AbortCpltCallback()
This section contains the following APlIs:
. HAL_I2C_Master_Transmit()
. HAL_I2C_Master_Receive()
. HAL_I2C_Slave_Transmit()
. HAL_I2C_Slave_Receive()
. HAL_I2C_Master_Transmit_IT()
. HAL_I2C_Master_Receive_IT()
. HAL_I2C_Slave_Transmit_IT()
. HAL_I2C_Slave_Receive_IT()
. HAL_I2C_Master_Transmit_DMA()
. HAL_I2C_Master_Receive_DMA()
. HAL_I2C_Slave_Transmit_DMA()
. HAL_I2C_Slave_Receive_DMA()
. HAL_I2C_Mem_Write()
. HAL_I2C_Mem_Read()
. HAL_I2C_Mem_Write_IT()
. HAL_I2C_Mem_Read_IT()
. HAL_I2C_Mem_Write_ DMA()
. HAL_I2C_Mem_Read_DMA()
. HAL_I2C_IsDeviceReady()
. HAL_I2C_Master_Seq_Transmit_IT()
. HAL_I2C_Master_Seq_Transmit_DMA()
. HAL_I2C_Master_Seq_Receive_IT()
. HAL_I2C_Master_Seq_Receive_DMA()
. HAL_I2C_Slave_Seq_Transmit_IT()
. HAL_I2C_Slave_Seq_Transmit_DMA()
. HAL_I2C_Slave_Seq_Receive_IT()
. HAL_I2C_Slave_Seq_Receive_DMA()
. HAL_I2C_EnableListen_IT()
. HAL_I2C_DisableListen_IT()
. HAL_I2C_Master_Abort_IT()

16.2.4 Peripheral State, Mode and Error functions

This subsection permit to get in run-time the status of the peripheral and the data flow.
This section contains the following APls:

. HAL_I2C_GetState()

. HAL_I2C_GetMode()

HAL_I2C_GetError()
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16.2.5 Detailed description of functions

HAL_I2C_Init

Function name
HAL_StatusTypeDef HAL_I2C_Init (I2C_HandleTypeDef * hi2c)

Function description

Initializes the 12C according to the specified parameters in the 12C_InitTypeDef and initialize the associated
handle.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values
. HAL: status

HAL_I2C_Delnit

Function name
HAL_StatusTypeDef HAL_I2C_Delnit (12C_HandleTypeDef * hi2c)

Function description

Delnitialize the 12C peripheral.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values
. HAL: status

HAL_I2C_Msplnit
Function name
void HAL_I2C_Msplnit (12C_HandleTypeDef * hi2c)

Function description
Initialize the 12C MSP.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values
. None:
HAL_I2C_MspDelnit

Function name
void HAL_I2C_MspDelnit (12C_HandleTypeDef * hi2c)

Function description
Delnitialize the 12C MSP.
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Parameters

. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_RegisterCallback

Function name

HAL_StatusTypeDef HAL_I2C_RegisterCallback (12C_HandleTypeDef * hi2c, HAL_I2C_CallbackiDTypeDef
CallbacklID, pl2C_CallbackTypeDef pCallback)

Function description

Register a User 12C Callback To be used instead of the weak predefined callback.

Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:

- HAL_12C_MASTER_TX_COMPLETE_CB_ID Master Tx Transfer completed callback ID
- HAL_12C_MASTER_RX_COMPLETE_CB_ID Master Rx Transfer completed callback 1D
- HAL_12C_SLAVE_TX_COMPLETE_CB_ID Slave Tx Transfer completed callback ID
- HAL_12C_SLAVE_RX_COMPLETE_CB_ID Slave Rx Transfer completed callback ID
- HAL_I12C_LISTEN_COMPLETE_CB_ID Listen Complete callback ID
- HAL_12C_MEM_TX_COMPLETE_CB_ID Memory Tx Transfer callback ID
- HAL_I2C_MEM_RX_COMPLETE_CB_ID Memory Rx Transfer completed callback ID
- HAL _12C_ERROR_CB_ID Error callback ID
- HAL_12C_ABORT_CB_ID Abort callback ID
- HAL_12C_MSPINIT_CB_ID Msplnit callback ID
- HAL_12C_MSPDEINIT_CB_ID MspDelnit callback ID
. pCallback: pointer to the Callback function

Return values
. HAL.: status

Notes

. The HAL_I2C_RegisterCallback() may be called before HAL_I2C_Init() in HAL_I2C_STATE_RESET to
register callbacks for HAL_12C_MSPINIT_CB_ID and HAL_I2C_MSPDEINIT_CB_ID.

HAL_I2C_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_I2C_UnRegisterCallback (I2C_HandleTypeDef * hi2c,
HAL_I2C_CallbackiDTypeDef CallbackID)

Function description

Unregister an 12C Callback 12C callback is redirected to the weak predefined callback.
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Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values: This

parameter can be one of the following values:

- HAL_12C_MASTER_TX_COMPLETE_CB_ID Master Tx Transfer completed callback ID
- HAL _12C_MASTER_RX_COMPLETE_CB_ID Master Rx Transfer completed callback 1D
- HAL_12C_SLAVE_TX _COMPLETE_CB_ID Slave Tx Transfer completed callback ID

- HAL 12C_SLAVE_RX_COMPLETE_CB_ID Slave Rx Transfer completed callback ID

- HAL 12C_LISTEN_COMPLETE_CB_ID Listen Complete callback ID

- HAL_I2C_MEM_TX_COMPLETE_CB_ID Memory Tx Transfer callback ID

- HAL_I2C_MEM_RX_COMPLETE_CB_ID Memory Rx Transfer completed callback ID

- HAL 12C_ERROR_CB_ID Error callback ID

- HAL_12C_ABORT_CB_ID Abort callback ID

- HAL_12C_MSPINIT_CB_ID Msplnit callback ID

- HAL_12C_MSPDEINIT_CB_ID MspDelnit callback ID

Return values
. HAL.: status

Notes

. The HAL_I2C_UnRegisterCallback() may be called before HAL_I2C_Init() in HAL_I2C_STATE_RESET to
un-register callbacks for HAL_I12C_MSPINIT_CB_ID and HAL_I2C_MSPDEINIT_CB_ID.

HAL_I2C_RegisterAddrCallback

Function name

HAL_StatusTypeDef HAL_I2C_RegisterAddrCallback (12C_HandleTypeDef * hi2c,
pl2C_AddrCallbackTypeDef pCallback)

Function description

Register the Slave Address Match 12C Callback To be used instead of the weak HAL_I2C_AddrCallback()
predefined callback.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

. pCallback: pointer to the Address Match Callback function

Return values
. HAL: status

HAL_I2C_UnRegisterAddrCallback

Function name
HAL_StatusTypeDef HAL_I2C_UnRegisterAddrCallback (12C_HandleTypeDef * hi2c)

Function description

UnRegister the Slave Address Match 12C Callback Info Ready 12C Callback is redirected to the weak
HAL_I2C_AddrCallback() predefined callback.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
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Return values
. HAL: status

HAL_I2C_Master_Transmit

Function name

HAL_StatusTypeDef HAL_I2C_Master_Transmit (12C_HandleTypeDef * hi2c, uint16_t DevAddress, uint8_t
* pData, uint16_t Size, uint32_t Timeout)

Function description

Transmits in master mode an amount of data in blocking mode.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. Timeout: Timeout duration
Return values
. HAL: status

HAL_I2C_Master_Receive

Function name

HAL_StatusTypeDef HAL_I2C_Master_Receive (12C_HandleTypeDef * hi2c, uint16_t DevAddress, uint8_t
* pData, uint16_t Size, uint32_t Timeout)

Function description

Receives in master mode an amount of data in blocking mode.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. Timeout: Timeout duration
Return values
. HAL: status

HAL_I2C_Slave_Transmit

Function name

HAL_StatusTypeDef HAL_I2C_Slave_Transmit (12C_HandleTypeDef * hi2c, uint8_t * pData, uint16_t Size,
uint32_t Timeout)

Function description

Transmits in slave mode an amount of data in blocking mode.
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Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. Timeout: Timeout duration

Return values
. HAL.: status

HAL_I2C_Slave_Receive

Function name

HAL_StatusTypeDef HAL_I2C_Slave_Receive (12C_HandleTypeDef * hi2c, uint8_t * pData, uint16_t Size,
uint32_t Timeout)

Function description

Receive in slave mode an amount of data in blocking mode.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. Timeout: Timeout duration

Return values
. HAL: status

HAL_I2C_Mem_Write

Function name

HAL_StatusTypeDef HAL_I12C_Mem_Write (I12C_HandleTypeDef * hi2c, uint16_t DevAddress, uint16_t
MemAddress, uint16_t MemAddSize, uint8_t * pData, uint16_t Size, uint32_t Timeout)

Function description

Write an amount of data in blocking mode to a specific memory address.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the
left before calling the interface

. MemAddress: Internal memory address

. MemAddSize: Size of internal memory address

. pData: Pointer to data buffer

. Size: Amount of data to be sent

. Timeout: Timeout duration

Return values
. HAL: status
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HAL_I2C_Mem_Read

Function name

HAL_StatusTypeDef HAL_I2C_Mem_Read (12C_HandleTypeDef * hi2c, uint16_t DevAddress, uint16_t
MemAddress, uint16_t MemAddSize, uint8_t * pData, uint16_t Size, uint32_t Timeout)

Function description

Read an amount of data in blocking mode from a specific memory address.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the
left before calling the interface

. MemAddress: Internal memory address

. MemAddSize: Size of internal memory address

. pData: Pointer to data buffer

. Size: Amount of data to be sent

. Timeout: Timeout duration

Return values
. HAL.: status

HAL_I2C_lsDeviceReady

Function name

HAL_StatusTypeDef HAL_I2C_lsDeviceReady (12C_HandleTypeDef * hi2c, uint16_t DevAddress, uint32_t
Trials, uint32_t Timeout)

Function description

Checks if target device is ready for communication.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the
left before calling the interface
. Trials: Number of trials
. Timeout: Timeout duration

Return values
. HAL: status

Notes

This function is used with Memory devices

HAL_I2C_Master_Transmit_IT

Function name

HAL_StatusTypeDef HAL_I2C_Master_Transmit_IT (I2C_HandleTypeDef * hi2c, uint16_t DevAddress,
uint8_t * pData, uint16_t Size)

Function description

Transmit in master mode an amount of data in non-blocking mode with Interrupt.
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Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
Return values
. HAL: status

HAL_I2C_Master_Receive_IT

Function name
HAL_StatusTypeDef HAL_I2C_Master_Receive_IT (12C_HandleTypeDef * hi2c, uint16_t DevAddress,
uint8_t * pData, uint16_t Size)

Function description

Receive in master mode an amount of data in non-blocking mode with Interrupt.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
Return values
. HAL.: status

HAL_I2C_Slave_Transmit_IT

Function name
HAL_StatusTypeDef HAL_I2C_Slave_Transmit_IT (12C_HandleTypeDef * hi2c, uint8_t * pData, uint16_t
Size)

Function description

Transmit in slave mode an amount of data in non-blocking mode with Interrupt.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent

Return values
. HAL: status

HAL_I2C_Slave_Receive_IT

Function name

HAL_StatusTypeDef HAL_I2C_Slave_Receive_IT (12C_HandleTypeDef * hi2c, uint8_t * pData, uint16_t
Size)

Function description

Receive in slave mode an amount of data in non-blocking mode with Interrupt.
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Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent

Return values
. HAL.: status

HAL_I2C_Mem_Write_IT

Function name

HAL_StatusTypeDef HAL_I12C_Mem_Write_IT (12C_HandleTypeDef * hi2c, uint16_t DevAddress, uint16_t
MemAddress, uint16_t MemAddSize, uint8_t * pData, uint16_t Size)

Function description

Write an amount of data in non-blocking mode with Interrupt to a specific memory address.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the
left before calling the interface

. MemAddress: Internal memory address

. MemAddSize: Size of internal memory address

. pData: Pointer to data buffer

. Size: Amount of data to be sent

Return values
. HAL.: status

HAL_I2C_Mem_Read_IT

Function name

HAL_StatusTypeDef HAL_12C_Mem_Read_IT (12C_HandleTypeDef * hi2c, uint16_t DevAddress, uint16_t
MemAddress, uint16_t MemAddSize, uint8_t * pData, uint16_t Size)

Function description

Read an amount of data in non-blocking mode with Interrupt from a specific memory address.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the
left before calling the interface

. MemAddress: Internal memory address

. MemAddSize: Size of internal memory address

. pData: Pointer to data buffer

. Size: Amount of data to be sent

Return values
. HAL: status
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HAL_I2C_Master_Seq_Transmit_IT

Function name

HAL_StatusTypeDef HAL_I2C_Master_Seq_Transmit_IT (I12C_HandleTypeDef * hi2c, uint16_t
DevAddress, uint8_t * pData, uint16_t Size, uint32_t XferOptions)

Function description

Sequential transmit in master 12C mode an amount of data in non-blocking mode with Interrupt.

Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. XferOptions: Options of Transfer, value of 1I2C Sequential Transfer Options
Return values
. HAL: status

Notes

. This interface allow to manage repeated start condition when a direction change during transfer

HAL_I2C_Master_Seq_Receive_IT

Function name
HAL_StatusTypeDef HAL_I2C_Master_Seq_Receive_IT (I2C_HandleTypeDef * hi2c, uint16_t DevAddress,
uint8_t * pData, uint16_t Size, uint32_t XferOptions)

Function description

Sequential receive in master 12C mode an amount of data in non-blocking mode with Interrupt.

Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. XferOptions: Options of Transfer, value of 12C Sequential Transfer Options
Return values
. HAL: status

Notes

. This interface allow to manage repeated start condition when a direction change during transfer

HAL_I2C_Slave_Seq_Transmit_IT

Function name

HAL_StatusTypeDef HAL_I2C_Slave_Seq_Transmit_IT (12C_HandleTypeDef * hi2c, uint8_t * pData,
uint16_t Size, uint32_t XferOptions)

Function description

Sequential transmit in slave/device I12C mode an amount of data in non-blocking mode with Interrupt.
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Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. XferOptions: Options of Transfer, value of 1I2C Sequential Transfer Options

Return values
. HAL.: status

Notes

. This interface allow to manage repeated start condition when a direction change during transfer

HAL_I2C_Slave_Seq_Receive_IT

Function name

HAL_StatusTypeDef HAL_I2C_Slave_Seq_Receive_IT (I2C_HandleTypeDef * hi2c, uint8_t * pData,
uint16_t Size, uint32_t XferOptions)

Function description

Sequential receive in slave/device 12C mode an amount of data in non-blocking mode with Interrupt.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. XferOptions: Options of Transfer, value of 1I2C Sequential Transfer Options

Return values
. HAL.: status

Notes

. This interface allow to manage repeated start condition when a direction change during transfer

HAL_I2C_EnableListen_IT

Function name
HAL_StatusTypeDef HAL_I2C_EnableListen_IT (12C_HandleTypeDef * hi2c)

Function description

Enable the Address listen mode with Interrupt.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values
. HAL.: status
HAL_I2C_DisableListen_IT

Function name
HAL_StatusTypeDef HAL_I2C_DisableListen_IT (I12C_HandleTypeDef * hi2c)

Function description

Disable the Address listen mode with Interrupt.
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Parameters

. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C

Return values
. HAL: status

HAL_I2C_Master_Abort_IT

Function name
HAL_StatusTypeDef HAL_I2C_Master_Abort_IT (12C_HandleTypeDef * hi2c, uint16_t DevAddress)

Function description

Abort a master or memory 12C IT or DMA process communication with Interrupt.

Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface

Return values
. HAL: status

HAL_I2C_Master_Transmit_DMA

Function name
HAL_StatusTypeDef HAL_I2C_Master_Transmit_DMA (12C_HandleTypeDef * hi2c, uint16_t DevAddress,
uint8_t * pData, uint16_t Size)

Function description

Transmit in master mode an amount of data in non-blocking mode with DMA.

Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent

Return values
. HAL: status

HAL_I2C_Master_Receive_DMA

Function name

HAL_StatusTypeDef HAL_I2C_Master_Receive_DMA (12C_HandleTypeDef * hi2c, uint16_t DevAddress,
uint8_t * pData, uint16_t Size)

Function description

Receive in master mode an amount of data in non-blocking mode with DMA.
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Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
Return values
. HAL: status

HAL_I2C_Slave_Transmit_DMA

Function name
HAL_StatusTypeDef HAL_I2C_Slave_Transmit_DMA (12C_HandleTypeDef * hi2c, uint8_t * pData, uint16_t
Size)

Function description

Transmit in slave mode an amount of data in non-blocking mode with DMA.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent

Return values
. HAL: status

HAL_I2C_Slave_Receive_DMA

Function name
HAL_StatusTypeDef HAL_I2C_Slave_Receive_DMA (12C_HandleTypeDef * hi2c, uint8_t * pData, uint16_t
Size)

Function description

Receive in slave mode an amount of data in non-blocking mode with DMA.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent

Return values
. HAL: status

HAL_I2C_Mem_Write_DMA

Function name

HAL_StatusTypeDef HAL_I2C_Mem_Write_DMA (12C_HandleTypeDef * hi2c, uint16_t DevAddress,
uint16_t MemAddress, uint16_t MemAddSize, uint8_t * pData, uint16_t Size)

Function description

Write an amount of data in non-blocking mode with DMA to a specific memory address.
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Parameters

. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the
left before calling the interface

. MemAddress: Internal memory address

. MemAddSize: Size of internal memory address

. pData: Pointer to data buffer

. Size: Amount of data to be sent

Return values
. HAL.: status

HAL_I2C_Mem_Read_DMA

Function name

HAL_StatusTypeDef HAL_I2C_Mem_Read_DMA (12C_HandleTypeDef * hi2c, uint16_t DevAddress,
uint16_t MemAddress, uint16_t MemAddSize, uint8_t * pData, uint16_t Size)

Function description

Reads an amount of data in non-blocking mode with DMA from a specific memory address.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the
left before calling the interface

. MemAddress: Internal memory address

. MemAddSize: Size of internal memory address

. pData: Pointer to data buffer

. Size: Amount of data to be read

Return values
. HAL.: status

HAL_I2C_Master_Seq_Transmit_DMA

Function name

HAL_StatusTypeDef HAL_I2C_Master_Seq_Transmit_DMA (12C_HandleTypeDef * hi2c, uint16_t
DevAddress, uint8_t * pData, uint16_t Size, uint32_t XferOptions)

Function description

Sequential transmit in master 12C mode an amount of data in non-blocking mode with DMA.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. XferOptions: Options of Transfer, value of 1I2C Sequential Transfer Options

Return values
. HAL.: status
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. This interface allow to manage repeated start condition when a direction change during transfer

HAL_I2C_Master_Seq_Receive_DMA

Function name

HAL_StatusTypeDef HAL_I2C_Master_Seq_Receive_DMA (12C_HandleTypeDef * hi2c, uint16_t
DevAddress, uint8_t * pData, uint16_t Size, uint32_t XferOptions)

Function description

Sequential receive in master 12C mode an amount of data in non-blocking mode with DMA.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. DevAddress: Target device address: The device 7 bits address value in datasheet must be shifted to the

left before calling the interface
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. XferOptions: Options of Transfer, value of 12C Sequential Transfer Options
Return values
. HAL: status

Notes

. This interface allow to manage repeated start condition when a direction change during transfer

HAL_I2C_Slave_Seq_Transmit_DMA

Function name

HAL_StatusTypeDef HAL_I2C_Slave_Seq_Transmit_DMA (12C_HandleTypeDef * hi2c, uint8_t * pData,
uint16_t Size, uint32_t XferOptions)

Function description

Sequential transmit in slave/device 12C mode an amount of data in non-blocking mode with DMA.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. XferOptions: Options of Transfer, value of 1I2C Sequential Transfer Options

Return values
. HAL: status

Notes

. This interface allow to manage repeated start condition when a direction change during transfer

HAL_I2C_Slave_Seq_Receive_DMA

Function name

HAL_StatusTypeDef HAL_I2C_Slave_Seq_Receive_DMA (12C_HandleTypeDef * hi2c, uint8_t * pData,
uint16_t Size, uint32_t XferOptions)

Function description

Sequential receive in slave/device 12C mode an amount of data in non-blocking mode with DMA.
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Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. pData: Pointer to data buffer
. Size: Amount of data to be sent
. XferOptions: Options of Transfer, value of 1I2C Sequential Transfer Options

Return values
. HAL.: status

Notes

. This interface allow to manage repeated start condition when a direction change during transfer

HAL_I2C_EV_IRQHandler
Function name
void HAL_I2C_EV_IRQHandler (12C_HandleTypeDef * hi2c)
Function description
This function handles 12C event interrupt request.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_ER_IRQHandler

Function name
void HAL_I12C_ER_IRQHandler (12C_HandleTypeDef * hi2c)

Function description

This function handles 12C error interrupt request.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_MasterTxCpltCallback

Function name
void HAL_I2C_MasterTxCpltCallback (12C_HandleTypeDef * hi2c)
Function description

Master Tx Transfer completed callback.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:
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HAL_I2C_MasterRxCpltCallback

Function name
void HAL_I2C_MasterRxCpltCallback (12C_HandleTypeDef * hi2c)
Function description

Master Rx Transfer completed callback.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_SlaveTxCpltCallback
Function name
void HAL_I2C_SlaveTxCpltCallback (12C_HandleTypeDef * hi2c)
Function description
Slave Tx Transfer completed callback.
Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_SlaveRxCpltCallback

Function name
void HAL_I2C_SlaveRxCpltCallback (12C_HandleTypeDef * hi2c)

Function description
Slave Rx Transfer completed callback.
Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_AddrCallback

Function name

void HAL_I2C_AddrCallback (I12C_HandleTypeDef * hi2c, uint8_t TransferDirection, uint16_t
AddrMatchCode)

Function description
Slave Address Match callback.
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Parameters
. hi2c: Pointer to a 1I2C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
. TransferDirection: Master request Transfer Direction (Write/Read), value of I12C Transfer Direction

Master Point of View
. AddrMatchCode: Address Match Code

Return values

. None:

HAL_I2C_ListenCpltCallback

Function name
void HAL_I2C_ListenCpltCallback (12C_HandleTypeDef * hi2c)

Function description

Listen Complete callback.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_MemTxCpltCallback

Function name
void HAL_I2C_MemTxCpltCallback (I12C_HandleTypeDef * hi2c)

Function description
Memory Tx Transfer completed callback.
Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_MemRxCpltCallback

Function name
void HAL_I2C_MemRxCpltCallback (I12C_HandleTypeDef * hi2c)

Function description
Memory Rx Transfer completed callback.
Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:
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HAL_I2C_ErrorCallback

Function name
void HAL_I2C_ErrorCallback (12C_HandleTypeDef * hi2c)

Function description

12C error callback.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_AbortCpltCallback

Function name
void HAL_I2C_AbortCpltCallback (I12C_HandleTypeDef * hi2c)

Function description
12C abort callback.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values

. None:

HAL_I2C_GetState

Function name
HAL_I2C_StateTypeDef HAL_I2C_GetState (const 12C_HandleTypeDef * hi2c)

Function description
Return the 12C handle state.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.

Return values
. HAL: state

HAL_I2C_GetMode

Function name
HAL_I2C_ModeTypeDef HAL_I2C_GetMode (const I12C_HandleTypeDef * hi2c)

Function description

Returns the I12C Master, Slave, Memory or no mode.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for 12C module
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Return values
. HAL: mode

HAL_I2C_GetError

Function name
uint32_t HAL_I2C_GetError (const 12C_HandleTypeDef * hi2c)

Function description

Return the 12C error code.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12C.
Return values
. 12C: Error Code
16.3 12C Firmware driver defines

The following section lists the various define and macros of the module.

16.3.1 12C
12C
12C Addressing Mode

12C_ADDRESSINGMODE_7BIT

12C_ADDRESSINGMODE_10BIT

12C Dual Addressing Mode
12C_DUALADDRESS_DISABLE

12C_DUALADDRESS_ENABLE

12C Error Code definition

HAL_I2C_ERROR_NONE
No error

HAL_I2C_ERROR_BERR
BERR error

HAL_I2C_ERROR_ARLO
ARLO error

HAL_I2C_ERROR_AF
ACKF error

HAL_I2C_ERROR_OVR
OVR error

HAL_I2C_ERROR_DMA

DMA transfer error
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HAL_I2C_ERROR_TIMEOUT

Timeout error

HAL_I2C_ERROR_SIZE

Size Management error

HAL_I2C_ERROR_DMA_PARAM

DMA Parameter Error

HAL_12C_ERROR_INVALID_CALLBACK

Invalid Callback error

HAL_I2C_ERROR_INVALID_PARAM

Invalid Parameters error

12C Exported Macros
__HAL_I12C_RESET_HANDLE_STATE

Description:

. Reset 12C handle state.

Parameters:

. _ HANDLE__: specifies the 12C Handle.

Return value:
. None

__HAL_I2C_ENABLE_IT

Description:

. Enable the specified 12C interrupt.

Parameters:

. _ HANDLE__: specifies the 12C Handle.

. __INTERRUPT__: specifies the interrupt source to enable. This parameter can be one of the following
values:

- I2C_IT_ERRI Errors interrupt enable
- 12C_IT_TCI Transfer complete interrupt enable
- 12C_IT_STOPI STOP detection interrupt enable
- I12C_IT_NACKI NACK received interrupt enable
- I2C_IT_ADDRI Address match interrupt enable
- 12C_IT_RXI RX interrupt enable
- 12C_IT_TXI TX interrupt enable

Return value:

. None
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__HAL_I2C_DISABLE_IT

Description:
. Disable the specified 12C interrupt.

Parameters:

. _ HANDLE__: specifies the 12C Handle.

. __INTERRUPT__: specifies the interrupt source to disable. This parameter can be one of the following
values:

- I2C_IT_ERRI Errors interrupt enable
- 12C_IT_TCI Transfer complete interrupt enable
- 12C_IT_STOPI STOP detection interrupt enable
- I12C_IT_NACKI NACK received interrupt enable
- I2C_IT_ADDRI Address match interrupt enable
- I12C_IT_RXI RX interrupt enable
- 12C_IT_TXI TX interrupt enable

Return value:

. None

__HAL_I2C_GET_IT_SOURCE

Description:

. Check whether the specified 12C interrupt source is enabled or not.

Parameters:

. _ HANDLE__: specifies the I12C Handle.

. __INTERRUPT___: specifies the 12C interrupt source to check. This parameter can be one of the following
values:

- 12C_IT_ERRI Errors interrupt enable
- 12C_IT_TCI Transfer complete interrupt enable
- 12C_IT_STOPI STOP detection interrupt enable
- 12C_IT_NACKI NACK received interrupt enable
- 12C_IT_ADDRI Address match interrupt enable
- 12C_IT_RXI RX interrupt enable
- 12C_IT_TXI TX interrupt enable

Return value:

. The: new state of _ INTERRUPT__ (SET or RESET).
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I2C_FLAG_MASK

Description:
. Check whether the specified 12C flag is set or not.
Parameters:
. _ HANDLE__: specifies the 12C Handle.
. _ FLAG__: specifies the flag to check. This parameter can be one of the following values:
- 12C_FLAG_TXE Transmit data register empty
- I12C_FLAG_TXIS Transmit interrupt status
- 12C_FLAG_RXNE Receive data register not empty
- I2C_FLAG_ADDR Address matched (slave mode)
- 12C_FLAG_AF Acknowledge failure received flag
- 12C_FLAG_STOPF STOP detection flag
- 12C_FLAG_TC Transfer complete (master mode)
- 12C_FLAG_TCR Transfer complete reload
- 12C_FLAG_BERR Bus error
- 12C_FLAG_ARLO Arbitration lost
- 12C_FLAG_OVR Overrun/Underrun
- 12C_FLAG_PECERR PEC error in reception
- 12C_FLAG_TIMEOUT Timeout or Tlow detection flag
- I2C_FLAG_ALERT SMBus alert
- I2C_FLAG_BUSY Bus busy
- I2C_FLAG_DIR Transfer direction (slave mode)
Return value:
. The: new state of _ FLAG__ (SET or RESET).

__HAL_I2C_GET_FLAG

__HAL_I12C_CLEAR_FLAG
Description:
. Clear the 12C pending flags which are cleared by writing 1 in a specific bit.
Parameters:
. __HANDLE__: specifies the 12C Handle.
. _ FLAG__: specifies the flag to clear. This parameter can be any combination of the following values:
- I12C_FLAG_TXE Transmit data register empty
- I2C_FLAG_ADDR Address matched (slave mode)
- 12C_FLAG_AF Acknowledge failure received flag
- I12C_FLAG_STOPF STOP detection flag
- 12C_FLAG_BERR Bus error
- 12C_FLAG_ARLO Arbitration lost
- 12C_FLAG_OVR Overrun/Underrun
- 12C_FLAG_PECERR PEC error in reception
- 12C_FLAG_TIMEOUT Timeout or Tlow detection flag
- I2C_FLAG_ALERT SMBus alert
Return value:
. None
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__HAL_I2C_ENABLE

Description:

. Enable the specified 12C peripheral.
Parameters:

. _ HANDLE__: specifies the 12C Handle.

Return value:
. None

__HAL_I2C_DISABLE

Description:

. Disable the specified 12C peripheral.
Parameters:

. _ _HANDLE__: specifies the 12C Handle.

Return value:
. None

__HAL_I2C_GENERATE_NACK

Description:
. Generate a Non-Acknowledge 12C peripheral in Slave mode.
Parameters:
. _ _HANDLE__: specifies the 12C Handle.
Return value:
. None
12C Flag definition
12C_FLAG_TXE
12C_FLAG_TXIS

I2C_FLAG_RXNE
12C_FLAG_ADDR
I2C_FLAG_AF
I2C_FLAG_STOPF
I2C_FLAG_TC
I2C_FLAG_TCR
I2C_FLAG_BERR
12C_FLAG_ARLO
I2C_FLAG_OVR
I2C_FLAG_PECERR
I2C_FLAG_TIMEOUT

12C_FLAG_ALERT
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I2C_FLAG_BUSY

12C_FLAG_DIR

12C General Call Addressing Mode
I2C_GENERALCALL_DISABLE
I2C_GENERALCALL_ENABLE

12C Interrupt configuration definition
12C_IT_ERRI
12C_IT_TCI
12C_IT_STOPI
12C_IT_NACKI
12C_IT_ADDRI
I2C_IT_RXI
12C_IT_TXI

12C Memory Address Size
12C_MEMADD_SIZE_8BIT
12C_MEMADD_SIZE_16BIT

12C No-Stretch Mode
I2C_NOSTRETCH_DISABLE
12C_NOSTRETCH_ENABLE

12C Own Address2 Masks
12C_OA2_NOMASK
12C_OA2_MASKO1
12C_OA2_MASKO02
12C_OA2_MASKO03
12C_OA2_MASKO04
12C_OA2_MASKO05
12C_OA2_MASKO06

12C_OA2_MASKO07
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12C Reload End Mode

I2C_RELOAD_MODE
12C_AUTOEND_MODE
12C_SOFTEND_MODE

12C Start or Stop Mode
I2C_NO_STARTSTOP
I2C_GENERATE_STOP
I2C_GENERATE_START_READ
12C_GENERATE_START_WRITE

12C Transfer Direction Master Point of View
12C_DIRECTION_TRANSMIT
12C_DIRECTION_RECEIVE

12C Sequential Transfer Options
12C_FIRST_FRAME
12C_FIRST_AND_NEXT_FRAME
12C_NEXT_FRAME
I2C_FIRST_AND_LAST_FRAME
12C_LAST_FRAME
I2C_LAST_FRAME_NO_STOP
12C_OTHER_FRAME

I2C_OTHER_AND_LAST_FRAME
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17 HAL I12C Extension Driver

171 I2CEx Firmware driver API description
The following section lists the various functions of the 12CEx library.

1711 12C peripheral Extended features

Comparing to other previous devices, the 12C interface for STM32WBO0x devices contains the following additional
features

. Possibility to disable or enable Analog Noise Filter
. Use of a configured Digital Noise Filter
. Disable or enable Fast Mode Plus

17.1.2 How to use this driver
This driver provides functions to:
1. Configure 12C Analog noise filter using the function HAL_I2CEx_ConfigAnalogFilter()
2. Configure 12C Digital noise filter using the function HAL_12CEx_ConfigDigitalFilter()
3. Configure the enable or disable of fast mode plus driving capability using the functions :
- HAL_I2CEx_EnableFastModePlus()
- HAL_I2CEx_DisableFastModePlus()

171.3 Filter Mode Functions

This section provides functions allowing to:
. Configure Noise Filters

This section contains the following APlIs:

. HAL_I2CEx_ConfigAnalogFilter()
. HAL_I2CEx_ConfigDigitalFilter()

1714 Fast Mode Plus Functions

This section provides functions allowing to:

. Configure Fast Mode Plus

This section contains the following APlIs:

. HAL_I2CEx_EnableFastModePlus()
. HAL_I2CEx_DisableFastModePlus()

17.1.5 Detailed description of functions

HAL_I2CEx_ConfigAnalogFilter

Function name
HAL_StatusTypeDef HAL_I2CEx_ConfigAnalogFilter (I2C_HandleTypeDef * hi2c, uint32_t AnalogFilter)

Function description

Configure 12C Analog noise filter.

Parameters
. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12Cx peripheral.
. AnalogFilter: New state of the Analog filter.
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Return values
. HAL: status

HAL_I2CEx_ConfigDigitalFilter

Function name
HAL_StatusTypeDef HAL_I2CEx_ConfigDigitalFilter (12C_HandleTypeDef * hi2c, uint32_t DigitalFilter)

Function description
Configure 12C Digital noise filter.

Parameters

. hi2c: Pointer to a 12C_HandleTypeDef structure that contains the configuration information for the
specified 12Cx peripheral.

. DigitalFilter: Coefficient of digital noise filter between Min_Data=0x00 and Max_Data=0x0F.

Return values
. HAL: status

HAL_I2CEx_EnableFastModePlus

Function name
void HAL_I2CEx_EnableFastModePlus (uint32_t ConfigFastModePlus)

Function description
Enable the 12C fast mode plus driving capability.
Parameters

. ConfigFastModePlus: Selects the pin. This parameter can be one of the I12C Extended Fast Mode Plus
values

Return values

. None:

HAL_I2CEx_DisableFastModePlus
Function name
void HAL_I2CEx_DisableFastModePlus (uint32_t ConfigFastModePlus)
Function description
Disable the 12C fast mode plus driving capability.
Parameters

. ConfigFastModePlus: Selects the pin. This parameter can be one of the I12C Extended Fast Mode Plus

values
Return values
. None:
17.2 I2CEx Firmware driver defines

The following section lists the various define and macros of the module.

17.21 12CEx
12CEx
12C Extended Analog Filter

I2C_ANALOGFILTER_ENABLE
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12C_ANALOGFILTER_DISABLE

12C Extended Fast Mode Plus

12C_FASTMODEPLUS_PA0
Enable Fast Mode Plus on PAO

12C_FASTMODEPLUS_PA1
Enable Fast Mode Plus on PA1

12C_FASTMODEPLUS_PB6
Enable Fast Mode Plus on PB6

12C_FASTMODEPLUS_PB7
Enable Fast Mode Plus on PB7
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18 HAL 12S Generic Driver
18.1 I12S Firmware driver registers structures
18.1.1 12S_InitTypeDef
12S_InitTypeDef is defined in the stm32wb0x_hal_i2s.h
Data Fields

. uint32_t Mode

. uint32_t Standard

. uint32_t DataFormat

. uint32_t MCLKOutput
. uint32_t AudioFreq

. uint32_t CPOL

Field Documentation

. uint32_t 12S_InitTypeDef::Mode

Specifies the 12S operating mode. This parameter can be a value of I12S_Mode
. uint32_t 12S_InitTypeDef::Standard

Specifies the standard used for the 12S communication. This parameter can be a value of 12S_Standard
. uint32_t 12S_InitTypeDef::DataFormat

Specifies the data format for the I12S communication. This parameter can be a value of 12S_Data_Format

. uint32_t 12S_InitTypeDef::MCLKOutput
Specifies whether the 12S MCLK output is enabled or not. This parameter can be a value of
12S_MCLK_Output

. uint32_t 12S_InitTypeDef::AudioFreq
Specifies the frequency selected for the I12S communication. This parameter can be a value of
12S_Audio_Frequency

. uint32_t 12S_InitTypeDef::CPOL
Specifies the idle state of the 12S clock. This parameter can be a value of 12S_Clock_Polarity

18.1.2 12S_HandleTypeDef
12S_HandleTypeDef is defined in the stm32wb0x_hal_i2s.h
Data Fields
. SPI_TypeDef * Instance
. 12S_InitTypeDef Init
. uint16_t * pTxBuffPtr

. __10 uint16_t TxXferSize

. __10 uint16_t TxXferCount
. uint16_t * pRxBuffPtr

. __10 uint16_t RxXferSize

. __10 uint16_t RxXferCount

. DMA_HandleTypeDef * hdmatx
. DMA_HandleTypeDef * hdmarx

. _ IO HAL _LockTypeDef Lock
. _ IO HAL_I2S_StateTypeDef State
. _ 10 uint32_t ErrorCode

Field Documentation
. SPI_TypeDef* 12S_HandleTypeDef::Instance
I12S registers base address

. 12S_InitTypeDef I12S_HandleTypeDef::Init
I12S communication parameters
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. uint16_t* 12S_HandleTypeDef::p TxBuffPtr
Pointer to 12S Tx transfer buffer

. _ 10 uint16_t 12S_HandleTypeDef::TxXferSize
I12S Tx transfer size
. __10 uint16_t 12S_HandleTypeDef::TxXferCount

12S Tx transfer Counter

. uint16_t* 12S_HandleTypeDef::pRxBuffPtr
Pointer to 12S Rx transfer buffer

. _ 10 uint16_t 12S_HandleTypeDef::RxXferSize
I12S Rx transfer size
. __10 uint16_t 12S_HandleTypeDef::RxXferCount

I12S Rx transfer counter (This field is initialized at the same value as transfer size at the beginning of the
transfer and decremented when a sample is received NbSamplesReceived = RxBufferSize-RxBufferCount)

. DMA_HandleTypeDef* I12S_HandleTypeDef::hdmatx
12S Tx DMA handle parameters

. DMA_HandleTypeDef* 12S_HandleTypeDef::hdmarx
12S Rx DMA handle parameters

. _ IO HAL_LockTypeDef I12S_HandleTypeDef::Lock
I12S locking object

. _ IO HAL_I2S_StateTypeDef I12S_HandleTypeDef::State
I12S communication state

. _ 10 uint32_t 12S_HandleTypeDef::ErrorCode

12S Error code This parameter can be a value of I12S_Error

18.2 I12S Firmware driver API description
The following section lists the various functions of the 12S library.

18.2.1 How to use this driver

The 12S HAL driver can be used as follow:
1. Declare a 12S_HandleTypeDef handle structure.
2. |Initialize the I12S low level resources by implement the HAL_I2S_Msplnit() API:
a. Enable the SPIx interface clock.
b. 12S pins configuration:
° Enable the clock for the 12S GPIOs.
° Configure these 128 pins as alternate function pull-up.

c. NVIC configuration if you need to use interrupt process (HAL_I2S_Transmit_IT() and
HAL_I12S_Receive_IT() APIs).

° Configure the 12Sx interrupt priority.
° Enable the NVIC 12S IRQ handle.

d. DMA Configuration if you need to use DMA process (HAL_I2S_Transmit_DMA() and
HAL_I2S_Receive_ DMA() APlIs:

° Declare a DMA handle structure for the Tx/Rx Stream/Channel.
° Enable the DMAX interface clock.
° Configure the declared DMA handle structure with the required Tx/Rx parameters.

° Configure the DMA Tx/Rx Stream/Channel.
° Associate the initialized DMA handle to the 12S DMA Tx/Rx handle.

° Configure the priority and enable the NVIC for the transfer complete interrupt on the DMA Tx/Rx
Stream/Channel.
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3. Program the Mode, Standard, Data Format, MCLK Output, Audio frequency and Polarity using HAL_I2S_Init()
function.

Note: The specific 12S interrupts (Transmission complete interrupt, RXNE interrupt and Error Interrupts) will be
managed using the macros __HAL_12S_ENABLE_IT() and __HAL_12S_DISABLE_IT() inside the transmit
and receive process.

Note: Make sure that either:

- External clock source is configured after setting correctly the define constant
EXTERNAL_CLOCK_VALUE in the stm32wb0x_hal_conf.h file.

4. Three mode of operations are available within this driver :

Polling mode 10 operation

. Send an amount of data in blocking mode using HAL_I2S_Transmit()
. Receive an amount of data in blocking mode using HAL_I2S_Receive()

Interrupt mode 10 operation

. Send an amount of data in non blocking mode using HAL_I12S_Transmit_IT()

. At transmission end of half transfer HAL_12S_TxHalfCpltCallback is executed and user can add his own
code by customization of function pointer HAL_I12S_TxHalfCpltCallback

. At transmission end of transfer HAL_I2S_TxCpltCallback is executed and user can add his own code by
customization of function pointer HAL_I2S_TxCpltCallback

. Receive an amount of data in non blocking mode using HAL_I2S_Receive_IT()

. At reception end of half transfer HAL_I2S_RxHalfCpltCallback is executed and user can add his own code
by customization of function pointer HAL_I12S_RxHalfCpltCallback

. At reception end of transfer HAL_|2S_RxCpltCallback is executed and user can add his own code by
customization of function pointer HAL_I2S_RxCpltCallback

. In case of transfer Error, HAL_12S_ErrorCallback() function is executed and user can add his own code by

customization of function pointer HAL_I2S_ErrorCallback

DMA mode IO operation
. Send an amount of data in non blocking mode (DMA) using HAL_I12S_Transmit_DMA()

. At transmission end of half transfer HAL 12S_TxHalfCpltCallback is executed and user can add his own
code by customization of function pointer HAL_12S_TxHalfCpltCallback
. At transmission end of transfer HAL_I2S_TxCpltCallback is executed and user can add his own code by

customization of function pointer HAL_I2S_TxCpltCallback
. Receive an amount of data in non blocking mode (DMA) using HAL_12S_Receive_ DMA()

. At reception end of half transfer HAL_I2S_RxHalfCpltCallback is executed and user can add his own code
by customization of function pointer HAL_I12S_RxHalfCpltCallback

. At reception end of transfer HAL_|2S_RxCpltCallback is executed and user can add his own code by
customization of function pointer HAL_12S_RxCpltCallback

. In case of transfer Error, HAL_12S_ErrorCallback() function is executed and user can add his own code by

customization of function pointer HAL_I2S_ErrorCallback
. Pause the DMA Transfer using HAL_12S_DMAPause()
. Resume the DMA Transfer using HAL_12S_DMAResume()

. Stop the DMA Transfer using HAL_12S_DMAStop() In Slave mode, if HAL_I2S_DMAStop is used to stop
the communication, an error HAL_I2S_ERROR_BUSY_LINE_RX is raised as the master continue to
transmit data. In this case _ HAL_I12S_FLUSH_RX_DR macro must be used to flush the remaining data
inside DR register and avoid using Delnit/Init process for the next transfer.

12S HAL driver macros list

Below the list of most used macros in 12S HAL driver.

. __HAL_I2S_ENABLE: Enable the specified SPI peripheral (in 12S mode)
. __HAL_I2S_DISABLE: Disable the specified SPI peripheral (in 12S mode)
. _ HAL_I2S_ENABLE_IT : Enable the specified I12S interrupts
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. __HAL_I12S_DISABLE_IT : Disable the specified 12S interrupts
. __HAL_I12S_GET_FLAG: Check whether the specified 12S flag is set or not
. _ HAL_I12S_FLUSH_RX_DR: Read DR Register to Flush RX Data

Note: You can refer to the I12S HAL driver header file for more useful macros

12S HAL driver macros list

Callback registration:

1. The compilation flag USE_HAL_I2S_REGISTER_CALLBACKS when set to 1U allows the user to configure
dynamically the driver callbacks. Use Functions HAL _12S_RegisterCallback() to register an interrupt callback.
Function HAL_12S_RegisterCallback() allows to register following callbacks:

- TxCpltCallback : 12S Tx Completed callback

- RxCpltCallback : 12S Rx Completed callback

- TxHalfCpltCallback : 12S Tx Half Completed callback
- RxHalfCpltCallback : 12S Rx Half Completed callback
- ErrorCallback : 12S Error callback

- MsplnitCallback : I12S Msp Init callback

- MspDelnitCallback : 12S Msp Delnit callback This function takes as parameters the HAL peripheral
handle, the Callback ID and a pointer to the user callback function.

2. Use function HAL_I2S_UnRegisterCallback to reset a callback to the default weak function.
HAL_I2S_UnRegisterCallback takes as parameters the HAL peripheral handle, and the Callback ID. This
function allows to reset following callbacks:

- TxCpltCallback : 12S Tx Completed callback

- RxCpltCallback : 12S Rx Completed callback

- TxHalfCpltCallback : 12S Tx Half Completed callback
- RxHalfCpltCallback : 12S Rx Half Completed callback
- ErrorCallback : 12S Error callback

- MsplnitCallback : I12S Msp Init callback

- MspDelnitCallback : 12S Msp Delnit callback

By default, after the HAL_I2S_Init() and when the state is HAL_I2S_STATE_RESET all callbacks are set to the

corresponding weak functions: examples HAL_I2S_MasterTxCpltCallback(), HAL_12S_MasterRxCpltCallback().

Exception done for Msplnit and MspDelnit functions that are reset to the legacy weak functions in the

HAL_12S_Init()/ HAL_I2S_Delnit() only when these callbacks are null (not registered beforehand). If Msplnit or

MspDelnit are not null, the HAL_I2S_Init()/ HAL_I2S_Delnit() keep and use the user Msplnit/MspDelnit callbacks
(registered beforehand) whatever the state.

Callbacks can be registered/unregistered in HAL_I12S_STATE_READY state only. Exception done Msplnit/
MspDelnit functions that can be registered/unregistered in HAL_I2S_STATE_READY or
HAL_I2S_STATE_RESET state, thus registered (user) Msplnit/Delnit callbacks can be used during the Init/Delnit.
Then, the user first registers the Msplnit/MspDelnit user callbacks using HAL_12S_RegisterCallback() before
calling HAL_I2S_Delnit() or HAL_I2S_Init() function.

When the compilation define USE_HAL_I2S_REGISTER_CALLBACKS is set to 0 or not defined, the callback
registering feature is not available and weak (surcharged) callbacks are used.

18.2.2 Initialization and de-initialization functions
This subsection provides a set of functions allowing to initialize and de-initialize the 12Sx peripheral in simplex
mode:
. User must Implement HAL_I2S_Msplnit() function in which he configures all related peripherals resources

(CLOCK, GPIO, DMA, IT and NVIC).
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. Call the function HAL_12S_Init() to configure the selected device with the selected configuration:
- Mode
- Standard
- Data Format
- MCLK Output
- Audio frequency
- Polarity
. Call the function HAL_12S_Delnit() to restore the default configuration of the selected 12Sx peripheral.

This section contains the following APls:
. HAL_I2S_Init()

. HAL_I2S_Delnit()

. HAL_I2S_Msplnit()

. HAL_I2S_MspDelnit()

18.2.3 10 operation functions

This subsection provides a set of functions allowing to manage the 12S data transfers.
1. There are two modes of transfer:

- Blocking mode : The communication is performed in the polling mode. The status of all data processing
is returned by the same function after finishing transfer.

- No-Blocking mode : The communication is performed using Interrupts or DMA. These functions return
the status of the transfer startup. The end of the data processing will be indicated through the dedicated
I12S IRQ when using Interrupt mode or the DMA IRQ when using DMA mode.

2. Blocking mode functions are :
- HAL_I2S_Transmit()
- HAL_I2S_Receive()

3. No-Blocking mode functions with Interrupt are :
- HAL_I2S_Transmit_IT()
- HAL_I2S_Receive_IT()

4. No-Blocking mode functions with DMA are :
- HAL_I2S_Transmit_DMA()
- HAL_I2S_Receive_DMA()

5. A set of Transfer Complete Callbacks are provided in non Blocking mode:
- HAL_I2S_TxCpltCallback()
- HAL_I2S_RxCpltCallback()
- HAL_I2S_ErrorCallback()

This section contains the following APls:

. HAL_I2S_Transmit()

. HAL_I2S_Receive()

. HAL_I2S_Transmit_IT()

. HAL_I2S_Receive_IT()

. HAL_I2S_Transmit_DMA()

. HAL_I2S_Receive_DMA()

. HAL_I2S_DMAPause()

. HAL_I2S_DMAResume()

. HAL_I2S_DMAStop()

. HAL_I2S_IRQHandler()

. HAL_I2S_TxHalfCpltCallback()

. HAL_I2S_TxCpltCallback()

. HAL_I2S_RxHalfCpltCallback()

. HAL_I2S_RxCpltCallback()

UM3363 - Rev 2 page 179/1476



‘_ UM3363
,l HAL 12S Generic Driver

. HAL_I2S_ErrorCallback()

18.2.4 Peripheral State and Errors functions

This subsection permits to get in run-time the status of the peripheral and the data flow.
This section contains the following APlIs:

. HAL_I2S_GetState()

. HAL_I2S_GetError()

18.2.5 Detailed description of functions

HAL_I2S_Init

Function name
HAL_StatusTypeDef HAL_I2S_Init (12S_HandleTypeDef * hi2s)

Function description

Initializes the 12S according to the specified parameters in the 12S_InitTypeDef and create the associated
handle.

Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values
. HAL.: status

HAL_I2S_Delnit

Function name
HAL_StatusTypeDef HAL_I2S_Delnit (12S_HandleTypeDef * hi2s)

Function description

Delnitializes the 12S peripheral.

Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module
Return values
. HAL: status
HAL_I2S_Msplnit

Function name
void HAL_I2S_Msplnit (12S_HandleTypeDef * hi2s)

Function description

12S MSP Init.
Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module
Return values

. None:

HAL_I2S_MspDelnit

Function name
void HAL_I2S_MspDelnit (12S_HandleTypeDef * hi2s)
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Function description

12S MSP Delnit.
Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module
Return values

. None:

HAL_I2S_Transmit

Function name

HAL_StatusTypeDef HAL_I2S_Transmit (12S_HandleTypeDef * hi2s, uint16_t * pData, uint16_t Size,
uint32_t Timeout)

Function description

Transmit an amount of data in blocking mode.

Parameters
. hi2s: pointer to a I2S_HandleTypeDef structure that contains the configuration information for 12S module
. pData: a 16-bit pointer to data buffer.
. Size: number of data sample to be sent:
. Timeout: Timeout duration

Return values
. HAL.: status

Notes

. When a 16-bit data frame or a 16-bit data frame extended is selected during the 12S configuration phase,
the Size parameter means the number of 16-bit data length in the transaction and when a 24-bit data
frame or a 32-bit data frame is selected the Size parameter means the number of 24-bit or 32-bit data
length.

. The 12S is kept enabled at the end of transaction to avoid the clock de-synchronization between Master
and Slave(example: audio streaming).

HAL_I2S_Receive

Function name

HAL_StatusTypeDef HAL_I2S_Receive (12S_HandleTypeDef * hi2s, uint16_t * pData, uint16_t Size,
uint32_t Timeout)

Function description

Receive an amount of data in blocking mode.

Parameters
. hi2s: pointer to a I2S_HandleTypeDef structure that contains the configuration information for 12S module
. pData: a 16-bit pointer to data buffer.
. Size: number of data sample to be sent:
. Timeout: Timeout duration

Return values
. HAL.: status
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. When a 16-bit data frame or a 16-bit data frame extended is selected during the 12S configuration phase,
the Size parameter means the number of 16-bit data length in the transaction and when a 24-bit data
frame or a 32-bit data frame is selected the Size parameter means the number of 24-bit or 32-bit data

length.

. The I12S is kept enabled at the end of transaction to avoid the clock de-synchronization between Master
and Slave(example: audio streaming).

. In 12S Master Receiver mode, just after enabling the peripheral the clock will be generate in continuous

way and as the 12S is not disabled at the end of the 12S transaction.

HAL_I2S_Transmit_IT
Function name
HAL_StatusTypeDef HAL_I2S_Transmit_IT (12S_HandleTypeDef * hi2s, uint16_t * pData, uint16_t Size)
Function description

Transmit an amount of data in non-blocking mode with Interrupt.

Parameters
. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module
. pData: a 16-bit pointer to data buffer.
. Size: number of data sample to be sent:

Return values
. HAL: status

Notes

. When a 16-bit data frame or a 16-bit data frame extended is selected during the 12S configuration phase,
the Size parameter means the number of 16-bit data length in the transaction and when a 24-bit data
frame or a 32-bit data frame is selected the Size parameter means the number of 24-bit or 32-bit data
length.

. The I12S is kept enabled at the end of transaction to avoid the clock de-synchronization between Master
and Slave(example: audio streaming).

HAL_I2S_Receive_IT
Function name
HAL_StatusTypeDef HAL_I12S_Receive_IT (12S_HandleTypeDef * hi2s, uint16_t * pData, uint16_t Size)
Function description

Receive an amount of data in non-blocking mode with Interrupt.

Parameters
. hi2s: pointer to a 12S_HandleTypeDef structure that contains the configuration information for 12S module
. pData: a 16-bit pointer to the Receive data buffer.
. Size: number of data sample to be sent:

Return values
. HAL: status
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. When a 16-bit data frame or a 16-bit data frame extended is selected during the 12S configuration phase,
the Size parameter means the number of 16-bit data length in the transaction and when a 24-bit data
frame or a 32-bit data frame is selected the Size parameter means the number of 24-bit or 32-bit data

length.

. The I12S is kept enabled at the end of transaction to avoid the clock de-synchronization between Master
and Slave(example: audio streaming).

. It is recommended to use DMA for the 12S receiver to avoid de-synchronization between Master and

Slave otherwise the I12S interrupt should be optimized.

HAL_I2S_IRQHandler

Function name
void HAL_I2S_IRQHandler (12S_HandleTypeDef * hi2s)

Function description

This function handles 12S interrupt request.

Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values

. None:

HAL_I2S_Transmit_DMA

Function name
HAL_StatusTypeDef HAL_I2S_Transmit_DMA (12S_HandleTypeDef * hi2s, uint16_t * pData, uint16_t Size)

Function description

Transmit an amount of data in non-blocking mode with DMA.

Parameters
. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module
. pData: a 16-bit pointer to the Transmit data buffer.
. Size: number of data sample to be sent:

Return values
. HAL: status

Notes

. When a 16-bit data frame or a 16-bit data frame extended is selected during the 12S configuration phase,
the Size parameter means the number of 16-bit data length in the transaction and when a 24-bit data
frame or a 32-bit data frame is selected the Size parameter means the number of 24-bit or 32-bit data
length.

. The 12S is kept enabled at the end of transaction to avoid the clock de-synchronization between Master
and Slave(example: audio streaming).

HAL_I2S_Receive_DMA

Function name
HAL_StatusTypeDef HAL_I2S_Receive_DMA (12S_HandleTypeDef * hi2s, uint16_t * pData, uint16_t Size)

Function description

Receive an amount of data in non-blocking mode with DMA.
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Parameters
. hi2s: pointer to a 12S_HandleTypeDef structure that contains the configuration information for 12S module
. pData: a 16-bit pointer to the Receive data buffer.
. Size: number of data sample to be sent:

Return values
. HAL.: status

Notes

. When a 16-bit data frame or a 16-bit data frame extended is selected during the 12S configuration phase,
the Size parameter means the number of 16-bit data length in the transaction and when a 24-bit data
frame or a 32-bit data frame is selected the Size parameter means the number of 24-bit or 32-bit data
length.

. The 12S is kept enabled at the end of transaction to avoid the clock de-synchronization between Master
and Slave(example: audio streaming).

HAL_I2S_DMAPause

Function name
HAL_StatusTypeDef HAL_I12S_DMAPause (I12S_HandleTypeDef * hi2s)

Function description

Pauses the audio DMA Stream/Channel playing from the Media.

Parameters

. hi2s: pointer to a I2S_HandleTypeDef structure that contains the configuration information for 12S module

Return values
. HAL.: status

HAL_I2S_DMAResume

Function name
HAL_StatusTypeDef HAL_I2S_DMAResume (12S_HandleTypeDef * hi2s)

Function description

Resumes the audio DMA Stream/Channel playing from the Media.

Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values
. HAL: status

HAL_I2S_DMAStop

Function name
HAL_StatusTypeDef HAL_I12S_DMAStop (12S_HandleTypeDef * hi2s)

Function description

Stops the audio DMA Stream/Channel playing from the Media.

Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values
. HAL: status
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HAL_I2S_TxHalfCpltCallback

Function name
void HAL_I2S_TxHalfCpltCallback (I12S_HandleTypeDef * hi2s)

Function description

Tx Transfer Half completed callbacks.

Parameters

. hi2s: pointer to a 12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values

. None:

HAL_I2S_TxCpltCallback

Function name
void HAL_I2S_TxCpltCallback (I12S_HandleTypeDef * hi2s)

Function description

Tx Transfer completed callbacks.

Parameters

. hi2s: pointer to a 12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values

. None:

HAL_I2S_RxHalfCpltCallback

Function name
void HAL_I2S_RxHalfCpltCallback (12S_HandleTypeDef * hi2s)

Function description

Rx Transfer half completed callbacks.

Parameters

. hi2s: pointer to a 12S_HandleTypeDef structure that contains the configuration information for I2S module

Return values

. None:

HAL_I2S_RxCpltCallback

Function name
void HAL_I2S_RxCpltCallback (12S_HandleTypeDef * hi2s)

Function description

Rx Transfer completed callbacks.

Parameters

. hi2s: pointer to a 12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values

. None:

UM3363 - Rev 2 page 185/1476



‘_ UM3363
,l HAL 12S Generic Driver

HAL_I2S_ErrorCallback

Function name
void HAL_I2S_ErrorCallback (12S_HandleTypeDef * hi2s)

Function description

12S error callbacks.

Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values

. None:

HAL_I2S_GetState

Function name
HAL_I2S_StateTypeDef HAL_I2S_GetState (12S_HandleTypeDef * hi2s)

Function description
Return the 12S state.

Parameters

. hi2s: pointer to a I12S_HandleTypeDef structure that contains the configuration information for 12S module

Return values
. HAL: state

HAL_I2S_GetError

Function name
uint32_t HAL_I2S_GetError (12S_HandleTypeDef * hi2s)

Function description

Return the 12S error code.

Parameters

. hi2s: pointer to a 12S_HandleTypeDef structure that contains the configuration information for I2S module

Return values
. 12S: Error Code

18.3 I12S Firmware driver defines
The following section lists the various define and macros of the module.

18.3.1 128
12S
12S Audio Frequency

I2S_AUDIOFREQ_192K
I2S_AUDIOFREQ_96K
I2S_AUDIOFREQ_48K

12S_AUDIOFREQ_44K
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I2S_AUDIOFREQ_32K

12S_AUDIOFREQ_22K
12S_AUDIOFREQ_16K
125_AUDIOFREQ_11K
12S_AUDIOFREQ_8K

I2S_AUDIOFREQ_DEFAULT

12S Clock Polarity
12S_CPOL_LOW

12S_CPOL_HIGH

12S Data Format
12S_DATAFORMAT_16B

12S_DATAFORMAT_16B_EXTENDED
12S_DATAFORMAT_24B

12S_DATAFORMAT_32B

12S Error
HAL_I2S_ERROR_NONE

No error
HAL_I2S_ERROR_TIMEOUT
Timeout error
HAL_I2S_ERROR_OVR
OVR error
HAL_I2S_ERROR_UDR
UDR error

HAL_I2S_ERROR_DMA
DMA transfer error

HAL_I12S_ERROR_PRESCALER

Prescaler Calculation error

HAL_I2S_ERROR_BUSY_LINE_RX

Busy Rx Line error

12S Exported Macros
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__HAL_I2S_RESET_HANDLE_STATE

Description:

. Reset 12S handle state.

Parameters:

. _ HANDLE__: specifies the 12S Handle.

Return value:
. None

__HAL_I2S_ENABLE
Description:
. Enable the specified SPI peripheral (in 12S mode).
Parameters:
. _ _HANDLE__: specifies the 12S Handle.
Return value:
. None

__HAL_I2S_DISABLE
Description:
. Disable the specified SPI peripheral (in 12S mode).
Parameters:
. _ _HANDLE__: specifies the 12S Handle.
Return value:
. None

__HAL_I2S_ENABLE_IT

Description:
. Enable the specified 12S interrupts.

Parameters:
. _ _HANDLE__: specifies the 12S Handle.
. __INTERRUPT__: specifies the interrupt source to enable or disable. This parameter can be one of the

following values:
- 12S_IT_TXE: Tx buffer empty interrupt enable
- 12S_IT_RXNE: RX buffer not empty interrupt enable
- I12S_IT_ERR: Error interrupt enable
Return value:
. None

__HAL_I2S_DISABLE_IT

Description:
. Disable the specified 12S interrupts.

Parameters:
. _ HANDLE__: specifies the 12S Handle.
. __INTERRUPT__: specifies the interrupt source to enable or disable. This parameter can be one of the

following values:
- 12S_IT_TXE: Tx buffer empty interrupt enable
- 12S_IT_RXNE: RX buffer not empty interrupt enable
- 12S_IT_ERR: Error interrupt enable
Return value:
. None
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__HAL_I2S_GET_IT_SOURCE

Description:

. Checks if the specified 12S interrupt source is enabled or disabled.

Parameters:

. __ HANDLE__: specifies the 12S Handle. This parameter can be 12S where x: 1, 2, or 3 to select the 12S
peripheral.

. __INTERRUPT__: specifies the 12S interrupt source to check. This parameter can be one of the following
values:

- 12S_IT_TXE: Tx buffer empty interrupt enable
- 12S_IT_RXNE: RX buffer not empty interrupt enable
- I12S_IT_ERR: Error interrupt enable

Return value:

. The: new state of __IT__ (TRUE or FALSE).

__HAL_I2S_GET_FLAG

Description:
. Checks whether the specified I12S flag is set or not.
Parameters:
. _ HANDLE__: specifies the 12S Handle.
. __ FLAG__: specifies the flag to check. This parameter can be one of the following values:
- 12S_FLAG_RXNE: Receive buffer not empty flag
- 12S_FLAG_TXE: Transmit buffer empty flag
- 12S_FLAG_UDR: Underrun flag
- 12S_FLAG_OVR: Overrun flag
- I12S_FLAG_FRE: Frame error flag
- I12S_FLAG_CHSIDE: Channel Side flag
- I12S_FLAG_BSY: Busy flag
Return value:
. The: new state of _ FLAG__ (TRUE or FALSE).

__HAL_I2S_CLEAR_OVRFLAG

Description:

. Clears the 12S OVR pending flag.
Parameters:

. __HANDLE__: specifies the 12S Handle.

Return value:
. None

__HAL_I12S_CLEAR_UDRFLAG

Description:

. Clears the 12S UDR pending flag.
Parameters:

. __HANDLE__: specifies the 12S Handle.

Return value:
. None
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__HAL_I2S_FLUSH_RX_DR
Description:
. Flush the 12S DR Register.
Parameters:
. _ HANDLE__: specifies the 12S Handle.
Return value:

. None

12S Flags Definition
12S_FLAG_TXE

12S_FLAG_RXNE
12S_FLAG_UDR
12S_FLAG_OVR
12S_FLAG_FRE
I12S_FLAG_CHSIDE
12S_FLAG_BSY
12S_FLAG_MASK

128 Interrupts Definition
12S_IT_TXE
I2S_IT_RXNE
I2S_IT_ERR

12S MCLK Output
12S_MCLKOUTPUT_ENABLE
12S_MCLKOUTPUT_DISABLE

12S Mode
I2S_MODE_SLAVE_TX
I2S_MODE_SLAVE_RX
12S_MODE_MASTER_TX
12S_MODE_MASTER_RX

12S Standard
12S_STANDARD_PHILIPS

12S_STANDARD_MSB
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I2S_STANDARD_LSB
I2S_STANDARD_PCM_SHORT

I2S_STANDARD_PCM_LONG

UM3363 - Rev 2 page 191/1476



‘_ UM3363
,l HAL IRDA Generic Driver

19 HAL IRDA Generic Driver
19.1 IRDA Firmware driver registers structures
19.1.1 IRDA_InitTypeDef
IRDA_InitTypeDef is defined in the stm32wb0x_hal_irda.h
Data Fields

. uint32_t BaudRate

. uint32_t WordLength
. uint32_t Parity

. uint32_t Mode

. uint8_t Prescaler
. uint16_t PowerMode
. uint32_t ClockPrescaler

Field Documentation

. uint32_t IRDA_InitTypeDef::BaudRate
This member configures the IRDA communication baud rate. The baud rate register is computed using the
following formula: Baud Rate Register = ((usart_ker_ckpres) / ((hirda->Init.BaudRate))) where
usart_ker_ckpres is the IRDA input clock divided by a prescaler

. uint32_t IRDA_InitTypeDef::WordLength
Specifies the number of data bits transmitted or received in a frame. This parameter can be a value of
IRDAEXx_Word_Length

. uint32_t IRDA_InitTypeDef::Parity
Specifies the parity mode. This parameter can be a value of IRDA_Parity
Note:

— When parity is enabled, the computed parity is inserted at the MSB position of the transmitted data
(9th bit when the word length is set to 9 data bits; 8th bit when the word length is set to 8 data bits).

. uint32_t IRDA_InitTypeDef::Mode
Specifies whether the Receive or Transmit mode is enabled or disabled. This parameter can be a value of
IRDA_Transfer_Mode

. uint8_t IRDA_InitTypeDef::Prescaler
Specifies the Prescaler value for dividing the UART/USART source clock to achieve low-power frequency.
Note:

— Prescaler value 0 is forbidden

. uint16_t IRDA_InitTypeDef::PowerMode
Specifies the IRDA power mode. This parameter can be a value of IRDA_Low_Power

. uint32_t IRDA_InitTypeDef::ClockPrescaler
Specifies the prescaler value used to divide the IRDA clock source. This parameter can be a value of
IRDA_ClockPrescaler.

19.1.2 __IRDA_HandleTypeDef
__IRDA_HandleTypeDef is defined in the stm32wbO0x_hal_irda.h
Data Fields
. USART_TypeDef * Instance
. IRDA_InitTypeDef Init
. const uint8_t * pTxBuffPtr
. uint16_t TxXferSize
. __10 uint16_t TxXferCount
. uint8_t * pRxBuffPtr
. uint16_t RxXferSize
. __10 uint16_t RxXferCount
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. uint16_t Mask

. DMA_HandleTypeDef * hdmatx
. DMA_HandleTypeDef * hdmarx
. HAL_LockTypeDef Lock

. __ 10 HAL_IRDA_StateTypeDef gState
. __I0 HAL_IRDA_StateTypeDef RxState
. __I0 uint32_t ErrorCode

. void(* TxHalfCpltCallback

. void(* TxCpltCallback

. void(* RxHalfCpltCallback

. void(* RxCpltCallback

. void(* ErrorCallback

. void(* AbortCpltCallback

. void(* AbortTransmitCpltCallback
. void(* AbortReceiveCpltCallback
. void(* MsplnitCallback

. void(* MspDelnitCallback

Field Documentation

. USART_TypeDef* __IRDA_HandleTypeDef::Instance
USART registers base address

. IRDA_InitTypeDef __IRDA_HandleTypeDef::Init
IRDA communication parameters

. const uint8_t* _ IRDA_HandleTypeDef::p TxBuffPtr
Pointer to IRDA Tx transfer Buffer

. uint16_t __IRDA_HandleTypeDef::TxXferSize
IRDA Tx Transfer size

. __10 uint16_t __IRDA_HandleTypeDef::TxXferCount
IRDA Tx Transfer Counter

. uint8_t* __IRDA_HandleTypeDef::pRxBuffPtr
Pointer to IRDA Rx transfer Buffer

. uint16_t __IRDA_HandleTypeDef::RxXferSize
IRDA Rx Transfer size

. _ 10 uint16_t __IRDA_HandleTypeDef::RxXferCount
IRDA Rx Transfer Counter

. uint16_t __IRDA_HandleTypeDef::Mask
USART RX RDR register mask

. DMA_HandleTypeDef* __IRDA_HandleTypeDef::hdmatx
IRDA Tx DMA Handle parameters

. DMA_HandleTypeDef* __IRDA_HandleTypeDef::hdmarx
IRDA Rx DMA Handle parameters

. HAL_LockTypeDef __IRDA_HandleTypeDef::Lock
Locking object

. _ IO HAL_IRDA_StateTypeDef __IRDA_HandleTypeDef::gState
IRDA state information related to global Handle management and also related to Tx operations. This
parameter can be a value of HAL_IRDA_StateTypeDef

. _ IO HAL_IRDA_StateTypeDef __IRDA_HandleTypeDef::RxState
IRDA state information related to Rx operations. This parameter can be a value of
HAL_IRDA_StateTypeDef

. _ 10 uint32_t __IRDA_HandleTypeDef::ErrorCode
IRDA Error code

. void(* __IRDA_HandleTypeDef::TxHalfCpltCallback)(struct __IRDA_HandleTypeDef *hirda)
IRDA Tx Half Complete Callback

. void(* __IRDA_HandleTypeDef::TxCpltCallback)(struct _ IRDA_HandleTypeDef *hirda)
IRDA Tx Complete Callback
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. void(* __IRDA_HandleTypeDef::RxHalfCpltCallback)(struct __IRDA_HandleTypeDef *hirda)
IRDA Rx Half Complete Callback
. void(* __IRDA_HandleTypeDef::RxCpltCallback)(struct __IRDA_HandleTypeDef *hirda)
IRDA Rx Complete Callback
. void(* __IRDA_HandleTypeDef::ErrorCallback)(struct __IRDA_HandleTypeDef *hirda)
IRDA Error Callback
. void(* __IRDA_HandleTypeDef::AbortCpltCallback)(struct _ IRDA_HandleTypeDef *hirda)
IRDA Abort Complete Callback
. void(* __IRDA_HandleTypeDef::AbortTransmitCpltCallback)(struct _ IRDA_HandleTypeDef *hirda)
IRDA Abort Transmit Complete Callback
. void(* __IRDA_HandleTypeDef::AbortReceiveCpltCallback)(struct _ IRDA_HandleTypeDef *hirda)
IRDA Abort Receive Complete Callback
. void(* __IRDA_HandleTypeDef::MsplnitCallback)(struct _ IRDA_HandleTypeDef *hirda)
IRDA Msp Init callback
. void(* __IRDA_HandleTypeDef::MspDelnitCallback)(struct _ IRDA_HandleTypeDef *hirda)
IRDA Msp Delnit callback

19.2 IRDA Firmware driver API description

The following section lists the various functions of the IRDA library.

19.2.1 How to use this driver

The IRDA HAL driver can be used as follows:
1. Declare a IRDA_HandleTypeDef handle structure (eg. IRDA_HandleTypeDef hirda).

2. Initialize the IRDA low level resources by implementing the HAL_IRDA_Msplnit() API in setting the associated
USART or UART in IRDA mode:

- Enable the USARTx/UARTX interface clock.
- USARTXx/UARTX pins configuration:
° Enable the clock for the USARTX/UARTx GPIOs.
° Configure these USARTXx/UARTX pins (TX as alternate function pull-up, RX as alternate function
Input).
- NVIC configuration if you need to use interrupt process (HAL_IRDA_Transmit_IT() and
HAL_IRDA_Receive_IT() APIs):
° Configure the USARTX/UARTX interrupt priority.
° Enable the NVIC USARTx/UARTx IRQ handle.

° The specific IRDA interrupts (Transmission complete interrupt, RXNE interrupt and Error
Interrupts) will be managed using the macros _ HAL_IRDA_ENABLE_IT() and
_ HAL_IRDA_DISABLE_IT() inside the transmit and receive process.

- DMA Configuration if you need to use DMA process (HAL_IRDA_Transmit_DMA() and
HAL_IRDA_Receive_ DMA() APIs):

° Declare a DMA handle structure for the Tx/Rx channel.
° Enable the DMAX interface clock.
° Configure the declared DMA handle structure with the required Tx/Rx parameters.

° Configure the DMA Tx/Rx channel.
° Associate the initialized DMA handle to the IRDA DMA Tx/Rx handle.

° Configure the priority and enable the NVIC for the transfer complete interrupt on the DMA Tx/Rx
channel.

3. Program the Baud Rate, Word Length and Parity and Mode(Receiver/Transmitter), the normal or low power
mode and the clock prescaler in the hirda handle Init structure.
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4. Initialize the IRDA registers by calling the HAL_IRDA _Init() API:
- This API configures also the low level Hardware GPIO, CLOCK, CORTEX...etc) by calling the
customized HAL_IRDA_Msplnit() API.

Note: The specific IRDA interrupts (Transmission complete interrupt, RXNE interrupt and Error Interrupts) will
be managed using the macros __ HAL _IRDA_ENABLE IT() and __HAL IRDA_DISABLE_IT() inside
the transmit and receive process.

5. Three operation modes are available within this driver :

Polling mode 10 operation

. Send an amount of data in blocking mode using HAL_IRDA_Transmit()
. Receive an amount of data in blocking mode using HAL_IRDA_Receive()

Interrupt mode 10 operation

. Send an amount of data in non-blocking mode using HAL_IRDA_Transmit_IT()

. At transmission end of transfer HAL_IRDA_TxCpltCallback() is executed and user can add his own code
by customization of function pointer HAL_IRDA_TxCpltCallback()

. Receive an amount of data in non-blocking mode using HAL_IRDA_Receive_IT()

. At reception end of transfer HAL_IRDA_RxCpltCallback() is executed and user can add his own code by
customization of function pointer HAL_IRDA_RxCpltCallback()

. In case of transfer Error, HAL_IRDA_ErrorCallback() function is executed and user can add his own code
by customization of function pointer HAL_IRDA_ErrorCallback()

DMA mode IO operation
. Send an amount of data in non-blocking mode (DMA) using HAL_IRDA_Transmit_DMA()

. At transmission half of transfer HAL_IRDA_TxHalfCpltCallback() is executed and user can add his own
code by customization of function pointer HAL_IRDA_TxHalfCpltCallback()
. At transmission end of transfer HAL_IRDA_TxCpltCallback() is executed and user can add his own code

by customization of function pointer HAL_IRDA_TxCpltCallback()
. Receive an amount of data in non-blocking mode (DMA) using HAL_IRDA_Receive_DMA()

. At reception half of transfer HAL_IRDA_RxHalfCpltCallback() is executed and user can add his own code
by customization of function pointer HAL_IRDA_RxHalfCpltCallback()

. At reception end of transfer HAL_IRDA_RxCpltCallback() is executed and user can add his own code by
customization of function pointer HAL_IRDA_RxCpltCallback()
. In case of transfer Error, HAL_IRDA_ErrorCallback() function is executed and user can add his own code

by customization of function pointer HAL_IRDA_ErrorCallback()

IRDA HAL driver macros list

Below the list of most used macros in IRDA HAL driver.

. __HAL_IRDA_ENABLE: Enable the IRDA peripheral

. _ HAL_IRDA_DISABLE: Disable the IRDA peripheral

. _ HAL_IRDA_GET_FLAG : Check whether the specified IRDA flag is set or not

. _ HAL_IRDA_CLEAR_FLAG : Clear the specified IRDA pending flag

. __HAL_IRDA_ENABLE_IT: Enable the specified IRDA interrupt

. __HAL_IRDA_DISABLE_IT: Disable the specified IRDA interrupt

. _ HAL_IRDA_GET_IT_SOURCE: Check whether or not the specified IRDA interrupt is enabled
Note: You can refer to the IRDA HAL driver header file for more useful macros
19.2.2 Callback registration

The compilation define USE_HAL_IRDA_REGISTER_CALLBACKS when set to 1 allows the user to configure
dynamically the driver callbacks.

Use Function HAL_IRDA_RegisterCallback() to register a user callback. Function HAL_IRDA_RegisterCallback()
allows to register following callbacks:
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. TxHalfCpltCallback : Tx Half Complete Callback.

. TxCpltCallback : Tx Complete Callback.

. RxHalfCpltCallback : Rx Half Complete Callback.

. RxCpltCallback : Rx Complete Callback.

. ErrorCallback : Error Callback.

. AbortCpltCallback : Abort Complete Callback.

. AbortTransmitCpltCallback : Abort Transmit Complete Callback.
. AbortReceiveCpltCallback : Abort Receive Complete Callback.
. MsplnitCallback : IRDA Msplnit.

. MspDelnitCallback : IRDA MspDelnit. This function takes as parameters the HAL peripheral handle, the
Callback ID and a pointer to the user callback function.

Use function HAL_IRDA_UnRegisterCallback() to reset a callback to the default weak function.
HAL_IRDA_UnRegisterCallback() takes as parameters the HAL peripheral handle, and the Callback ID. This
function allows to reset following callbacks:

. TxHalfCpltCallback : Tx Half Complete Callback.

. TxCpltCallback : Tx Complete Callback.

. RxHalfCpltCallback : Rx Half Complete Callback.

. RxCpltCallback : Rx Complete Callback.

. ErrorCallback : Error Callback.

. AbortCpltCallback : Abort Complete Callback.

. AbortTransmitCpltCallback : Abort Transmit Complete Callback.
. AbortReceiveCpltCallback : Abort Receive Complete Callback.
. MsplnitCallback : IRDA Msplnit.

. MspDelnitCallback : IRDA MspDelnit.

By default, after the HAL_IRDA_Init() and when the state is HAL_IRDA_STATE_RESET all callbacks are set to
the corresponding weak functions: examples HAL_IRDA_TxCpltCallback(), HAL_IRDA_RxHalfCpltCallback().
Exception done for Msplnit and MspDelnit functions that are respectively reset to the legacy weak functions in the
HAL_IRDA_Init() and HAL_IRDA_Delnit() only when these callbacks are null (not registered beforehand). If not,
Msplnit or MspDelnit are not null, the HAL_IRDA_Init() and HAL_IRDA_Delnit() keep and use the user Msplnit/
MspDelnit callbacks (registered beforehand).

Callbacks can be registered/unregistered in HAL_IRDA_STATE_READY state only. Exception done Msplnit/
MspDelnit that can be registered/unregistered in HAL_IRDA_STATE_READY or HAL_IRDA_STATE_RESET
state, thus registered (user) Msplnit/Delnit callbacks can be used during the Init/Delnit. In that case first register
the Msplnit/MspDelnit user callbacks using HAL_IRDA_RegisterCallback() before calling HAL_IRDA_Delnit() or
HAL_IRDA_Init() function.

When The compilation define USE_HAL_IRDA REGISTER_CALLBACKS is set to 0 or not defined, the callback
registration feature is not available and weak callbacks are used.

19.2.3 Initialization and Configuration functions

This subsection provides a set of functions allowing to initialize the USARTX in asynchronous IRDA mode.
. For the asynchronous mode only these parameters can be configured:

- Baud Rate

- Word Length

- Parity: If the parity is enabled, then the MSB bit of the data written in the data register is transmitted
but is changed by the parity bit.

- Power mode
- Prescaler setting
- Receiver/transmitter modes

The HAL_IRDA_Init() API follows the USART asynchronous configuration procedures (details for the procedures
are available in reference manual).

This section contains the following APls:
. HAL_IRDA_Init()
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. HAL_IRDA_Delnit()

. HAL_IRDA_Msplnit()

. HAL_IRDA_MspDelnit()

. HAL_IRDA_RegisterCallback()

. HAL_IRDA_UnRegisterCallback()

19.2.4 10 operation functions

This subsection provides a set of functions allowing to manage the IRDA data transfers.

IrDA is a half duplex communication protocol. If the Transmitter is busy, any data on the IrDA receive line will be
ignored by the IrDA decoder and if the Receiver is busy, data on the TX from the USART to IrDA will not be
encoded by IrDA. While receiving data, transmission should be avoided as the data to be transmitted could be
corrupted.

1. There are two modes of transfer:

- Blocking mode: the communication is performed in polling mode. The HAL status of all data processing
is returned by the same function after finishing transfer.

- Non-Blocking mode: the communication is performed using Interrupts or DMA, these API's return the
HAL status. The end of the data processing will be indicated through the dedicated IRDA IRQ when
using Interrupt mode or the DMA IRQ when using DMA mode. The HAL_IRDA_TxCpltCallback(),
HAL_IRDA_RxCpltCallback() user callbacks will be executed respectively at the end of the Transmit or
Receive process The HAL_IRDA_ErrorCallback() user callback will be executed when a communication
error is detected

2. Blocking mode APlIs are :
- HAL_IRDA_Transmit()
- HAL_IRDA_Receive()
3. Non Blocking mode APIs with Interrupt are :
- HAL_IRDA_Transmit_IT()
- HAL_IRDA_Receive_IT()
- HAL_IRDA_IRQHandler()
4. Non Blocking mode functions with DMA are :
- HAL_IRDA_Transmit_DMA()
- HAL_IRDA_Receive_DMA()
- HAL_IRDA_DMAPause()
- HAL_IRDA_DMAResume()
- HAL_IRDA_DMAStop()
5. A set of Transfer Complete Callbacks are provided in Non Blocking mode:
- HAL_IRDA_TxHalfCpltCallback()
- HAL_IRDA_TxCpltCallback()
- HAL_IRDA_RxHalfCpltCallback()
- HAL_IRDA_RxCpltCallback()
- HAL_IRDA_ErrorCallback()
6. Non-Blocking mode transfers could be aborted using Abort API's :
- HAL_IRDA_Abort()
- HAL_IRDA_AbortTransmit()
- HAL_IRDA_AbortReceive()
- HAL_IRDA_Abort_IT()
- HAL_IRDA_AbortTransmit_IT()
- HAL_IRDA_AbortReceive_IT()

7. For Abort services based on interrupts (HAL_IRDA_Abortxxx_IT), a set of Abort Complete Callbacks are
provided:

- HAL_IRDA_AbortCpltCallback()
- HAL_IRDA_AbortTransmitCpltCallback()
- HAL_IRDA_AbortReceiveCpltCallback()
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8. In Non-Blocking mode transfers, possible errors are split into 2 categories. Errors are handled as follows :

- Error is considered as Recoverable and non blocking : Transfer could go till end, but error severity is to
be evaluated by user : this concerns Frame Error, Parity Error or Noise Error in Interrupt mode
reception . Received character is then retrieved and stored in Rx buffer, Error code is set to allow user to
identify error type, and HAL_IRDA_ErrorCallback() user callback is executed. Transfer is kept ongoing
on IRDA side. If user wants to abort it, Abort services should be called by user.

- Error is considered as Blocking : Transfer could not be completed properly and is aborted. This concerns
Overrun Error In Interrupt mode reception and all errors in DMA mode. Error code is set to allow user to
identify error type, and HAL_IRDA_ErrorCallback() user callback is executed.

This section contains the following APls:

. HAL_IRDA_Transmit()

. HAL_IRDA_Receive()

. HAL_IRDA_Transmit_IT()

. HAL_IRDA_Receive_IT()

. HAL_IRDA_Transmit_DMA()

. HAL_IRDA_Receive_DMA()

. HAL_IRDA_DMAPause()

. HAL_IRDA_DMAResume()

. HAL_IRDA_DMAStop()

. HAL_IRDA_Abort()

. HAL_IRDA_AbortTransmit()

. HAL_IRDA_AbortReceive()

. HAL_IRDA_Abort_IT()

. HAL_IRDA_AbortTransmit_IT()

. HAL_IRDA_AbortReceive_IT()

. HAL_IRDA_IRQHandler()

. HAL_IRDA_TxCpltCallback()

. HAL_IRDA_TxHalfCpltCallback()
. HAL_IRDA_RxCpltCallback()

. HAL_IRDA_RxHalfCpltCallback()
. HAL_IRDA_ErrorCallback()

. HAL_IRDA_AbortCpltCallback()
. HAL_IRDA_AbortTransmitCpltCallback()
. HAL_IRDA_AbortReceiveCpltCallback()

19.2.5 Peripheral State and Error functions

This subsection provides a set of functions allowing to return the State of IrDA communication process and also
return Peripheral Errors occurred during communication process

. HAL_IRDA_GetState() API can be helpful to check in run-time the state of the IRDA peripheral handle.
. HAL_IRDA_GetError() checks in run-time errors that could occur during communication.

This section contains the following APls:

. HAL_IRDA_GetState()

. HAL_IRDA_GetError()

19.2.6 Detailed description of functions

HAL_IRDA_Init

Function name
HAL_StatusTypeDef HAL_IRDA_Init (IRDA_HandleTypeDef * hirda)
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Function description

Initialize the IRDA mode according to the specified parameters in the IRDA_InitTypeDef and initialize the
associated handle.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values
. HAL.: status

HAL_IRDA_Delnit
Function name
HAL_StatusTypeDef HAL_IRDA_Delnit (IRDA_HandleTypeDef * hirda)
Function description
Delnitialize the IRDA peripheral.
Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values
. HAL: status

HAL_IRDA_Msplnit

Function name
void HAL_IRDA_Msplnit (IRDA_HandleTypeDef * hirda)

Function description
Initialize the IRDA MSP.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:

HAL_IRDA_MspDelnit

Function name
void HAL_IRDA_MspDelnit (IRDA_HandleTypeDef * hirda)
Function description

Delnitialize the IRDA MSP.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:
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HAL_IRDA_RegisterCallback

Function name

HAL_StatusTypeDef HAL_IRDA_RegisterCallback (IRDA_HandleTypeDef * hirda,
HAL_IRDA_CallbackiDTypeDef CallbackID, pIRDA_CallbackTypeDef pCallback)

Function description

Register a User IRDA Callback To be used to override the weak predefined callback.

Parameters

. hirda: irda handle
. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:
- HAL_IRDA_TX_HALFCOMPLETE_CB_ID Tx Half Complete Callback ID
- HAL_IRDA_TX_COMPLETE_CB_ID Tx Complete Callback ID
- HAL_IRDA_RX_HALFCOMPLETE_CB_ID Rx Half Complete Callback ID
- HAL_IRDA_RX_COMPLETE_CB_ID Rx Complete Callback ID
- HAL_IRDA_ERROR_CB_ID Error Callback ID
- HAL_IRDA_ABORT_COMPLETE_CB_ID Abort Complete Callback ID
- HAL_IRDA_ABORT_TRANSMIT_COMPLETE_CB_ID Abort Transmit Complete Callback ID
- HAL_IRDA_ABORT_RECEIVE_COMPLETE_CB_ID Abort Receive Complete Callback ID
- HAL_IRDA_MSPINIT_CB_ID Msplnit Callback ID
- HAL_IRDA_MSPDEINIT_CB_ID MspDelnit Callback ID
. pCallback: pointer to the Callback function

Return values
. HAL.: status

Notes

. The HAL_IRDA_RegisterCallback() may be called before HAL_IRDA_Init() in HAL_IRDA_STATE_RESET
to register callbacks for HAL_IRDA_MSPINIT_CB_ID and HAL_IRDA_MSPDEINIT_CB_ID

HAL_IRDA_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_IRDA_UnRegisterCallback (IRDA_HandleTypeDef * hirda,
HAL_IRDA_CallbacklDTypeDef CallbackID)

Function description

Unregister an IRDA callback IRDA callback is redirected to the weak predefined callback.

Parameters

. hirda: irda handle
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:
- HAL_IRDA_TX_HALFCOMPLETE_CB_ID Tx Half Complete Callback ID
- HAL_IRDA_TX_COMPLETE_CB_ID Tx Complete Callback ID
- HAL_IRDA_RX_HALFCOMPLETE_CB_ID Rx Half Complete Callback ID
- HAL_IRDA_RX_COMPLETE_CB_ID Rx Complete Callback ID
- HAL_IRDA_ERROR_CB_ID Error Callback ID
- HAL_IRDA_ABORT_COMPLETE_CB_ID Abort Complete Callback ID
- HAL_IRDA_ABORT_TRANSMIT_COMPLETE_CB_ID Abort Transmit Complete Callback ID
- HAL_IRDA_ABORT_RECEIVE_COMPLETE_CB_ID Abort Receive Complete Callback ID
- HAL_IRDA_MSPINIT_CB_ID Msplnit Callback ID
- HAL_IRDA_MSPDEINIT_CB_ID MspDelnit Callback ID
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Return values
. HAL: status

Notes

. The HAL_IRDA_UnRegisterCallback() may be called before HAL_IRDA_Init() in
HAL_IRDA_STATE_RESET to un-register callbacks for HAL_IRDA_MSPINIT_CB_ID and
HAL_IRDA_MSPDEINIT_CB_ID

HAL_IRDA_Transmit

Function name

HAL_StatusTypeDef HAL_IRDA_Transmit (IRDA_HandleTypeDef * hirda, const uint8_t * pData, uint16_t
Size, uint32_t Timeout)

Function description

Send an amount of data in blocking mode.

Parameters
. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.
. pData: Pointer to data buffer (u8 or u16 data elements).
. Size: Amount of data elements (u8 or u16) to be sent.
. Timeout: Specify timeout value.

Return values
. HAL: status

Notes

. When UART parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-MO = 01), the
sent data is handled as a set of u16. In this case, Size must reflect the number of u16 available through
pData.

. When IRDA parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-M0 = 01),
address of user data buffer containing data to be sent, should be aligned on a half word frontier (16 bits)
(as sent data will be handled using u16 pointer cast). Depending on compilation chain, use of specific
alignment compilation directives or pragmas might be required to ensure proper alignment for pData.

HAL_IRDA_Receive

Function name

HAL_StatusTypeDef HAL_IRDA_Receive (IRDA_HandleTypeDef * hirda, uint8_t * pData, uint16_t Size,
uint32_t Timeout)

Function description

Receive an amount of data in blocking mode.

Parameters
. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.
. pData: Pointer to data buffer (u8 or u16 data elements).
. Size: Amount of data elements (u8 or u16) to be received.
. Timeout: Specify timeout value.

Return values
. HAL: status
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. When UART parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-MO0 = 01), the
received data is handled as a set of u16. In this case, Size must reflect the number of u16 available
through pData.

. When IRDA parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-M0 = 01),
address of user data buffer for storing data to be received, should be aligned on a half word frontier (16
bits) (as received data will be handled using u16 pointer cast). Depending on compilation chain, use of
specific alignment compilation directives or pragmas might be required to ensure proper alignment for
pData.

HAL_IRDA_Transmit_IT

Function name

HAL_StatusTypeDef HAL_IRDA_Transmit_IT (IRDA_HandleTypeDef * hirda, const uint8_t * pData,
uint16_t Size)

Function description

Send an amount of data in interrupt mode.

Parameters
. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.
. pData: Pointer to data buffer (u8 or u16 data elements).
. Size: Amount of data elements (u8 or u16) to be sent.

Return values
. HAL: status

Notes

. When UART parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-M0 = 01), the
sent data is handled as a set of u16. In this case, Size must reflect the number of u16 available through
pData.

. When IRDA parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-M0 = 01),
address of user data buffer containing data to be sent, should be aligned on a half word frontier (16 bits)
(as sent data will be handled using u16 pointer cast). Depending on compilation chain, use of specific
alignment compilation directives or pragmas might be required to ensure proper alignment for pData.

HAL_IRDA_Receive_IT

Function name
HAL_StatusTypeDef HAL_IRDA_Receive_IT (IRDA_HandleTypeDef * hirda, uint8_t * pData, uint16_t Size)

Function description

Receive an amount of data in interrupt mode.

Parameters
. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.
. pData: Pointer to data buffer (u8 or u16 data elements).
. Size: Amount of data elements (u8 or u16) to be received.

Return values
. HAL: status
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. When UART parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-MO0 = 01), the
received data is handled as a set of u16. In this case, Size must reflect the number of u16 available
through pData.

. When IRDA parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-M0 = 01),
address of user data buffer for storing data to be received, should be aligned on a half word frontier (16
bits) (as received data will be handled using u16 pointer cast). Depending on compilation chain, use of
specific alignment compilation directives or pragmas might be required to ensure proper alignment for
pData.

HAL_IRDA_Transmit_DMA

Function name

HAL_StatusTypeDef HAL_IRDA_Transmit_DMA (IRDA_HandleTypeDef * hirda, const uint8_t * pData,
uint16_t Size)

Function description

Send an amount of data in DMA mode.

Parameters
. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.
. pData: pointer to data buffer (u8 or u16 data elements).
. Size: Amount of data elements (u8 or u16) to be sent.

Return values
. HAL: status

Notes

. When UART parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-MO0 = 01), the
sent data is handled as a set of u16. In this case, Size must reflect the number of u16 available through
pData.

. When IRDA parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-M0 = 01),
address of user data buffer containing data to be sent, should be aligned on a half word frontier (16 bits)
(as sent data will be handled by DMA from halfword frontier). Depending on compilation chain, use of
specific alignment compilation directives or pragmas might be required to ensure proper alignment for
pData.

HAL_IRDA_Receive_DMA

Function name
HAL_StatusTypeDef HAL_IRDA_Receive_DMA (IRDA_HandleTypeDef * hirda, uint8_t * pData, uint16_t
Size)

Function description

Receive an amount of data in DMA mode.

Parameters
. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.
. pData: Pointer to data buffer (u8 or u16 data elements).
. Size: Amount of data elements (u8 or u16) to be received.

Return values
. HAL: status
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. When UART parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-MO0 = 01), the
received data is handled as a set of u16. In this case, Size must reflect the number of u16 available
through pData.

. When the IRDA parity is enabled (PCE = 1), the received data contains the parity bit (MSB position).

. When IRDA parity is not enabled (PCE = 0), and Word Length is configured to 9 bits (M1-M0 = 01),
address of user data buffer for storing data to be received, should be aligned on a half word frontier (16
bits) (as received data will be handled by DMA from halfword frontier). Depending on compilation chain,
use of specific alignment compilation directives or pragmas might be required to ensure proper alignment
for pData.

HAL_IRDA_DMAPause
Function name
HAL_StatusTypeDef HAL_IRDA_DMAPause (IRDA_HandleTypeDef * hirda)
Function description
Pause the DMA Transfer.
Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values
. HAL: status

HAL_IRDA_DMAResume
Function name
HAL_StatusTypeDef HAL_IRDA_DMAResume (IRDA_HandleTypeDef * hirda)
Function description
Resume the DMA Transfer.
Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified UART module.

Return values

. HAL.: status

HAL_IRDA_DMAStop
Function name
HAL_StatusTypeDef HAL_IRDA_DMAStop (IRDA_HandleTypeDef * hirda)
Function description
Stop the DMA Transfer.
Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified UART module.

Return values
. HAL.: status
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HAL_IRDA_Abort

Function name
HAL_StatusTypeDef HAL_IRDA_Abort (IRDA_HandleTypeDef * hirda)

Function description

Abort ongoing transfers (blocking mode).

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified UART module.

Return values
. HAL: status

Notes

. This procedure could be used for aborting any ongoing transfer started in Interrupt or DMA mode. This
procedure performs following operations : Disable IRDA Interrupts (Tx and Rx)Disable the DMA transfer in
the peripheral register (if enabled)Abort DMA transfer by calling HAL_DMA_Abort (in case of transfer in
DMA mode)Set handle State to READY

. This procedure is executed in blocking mode : when exiting function, Abort is considered as completed.

HAL_IRDA_AbortTransmit

Function name
HAL_StatusTypeDef HAL_IRDA_AbortTransmit (IRDA_HandleTypeDef * hirda)

Function description

Abort ongoing Transmit transfer (blocking mode).

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified UART module.

Return values
. HAL: status

Notes

. This procedure could be used for aborting any ongoing Tx transfer started in Interrupt or DMA mode. This
procedure performs following operations : Disable IRDA Interrupts (Tx)Disable the DMA transfer in the
peripheral register (if enabled)Abort DMA transfer by calling HAL_DMA_Abort (in case of transfer in DMA
mode)Set handle State to READY

. This procedure is executed in blocking mode : when exiting function, Abort is considered as completed.
HAL_IRDA_AbortReceive
Function name
HAL_StatusTypeDef HAL_IRDA_AbortReceive (IRDA_HandleTypeDef * hirda)
Function description
Abort ongoing Receive transfer (blocking mode).
Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified UART module.
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Return values
. HAL: status

Notes

. This procedure could be used for aborting any ongoing Rx transfer started in Interrupt or DMA mode. This
procedure performs following operations : Disable IRDA Interrupts (Rx)Disable the DMA transfer in the
peripheral register (if enabled)Abort DMA transfer by calling HAL_DMA_Abort (in case of transfer in DMA
mode)Set handle State to READY

. This procedure is executed in blocking mode : when exiting function, Abort is considered as completed.

HAL_IRDA_Abort_IT

Function name
HAL_StatusTypeDef HAL_IRDA_Abort_IT (IRDA_HandleTypeDef * hirda)

Function description

Abort ongoing transfers (Interrupt mode).

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified UART module.

Return values
. HAL: status

Notes

. This procedure could be used for aborting any ongoing transfer started in Interrupt or DMA mode. This
procedure performs following operations : Disable IRDA Interrupts (Tx and Rx)Disable the DMA transfer in
the peripheral register (if enabled)Abort DMA transfer by calling HAL_DMA_Abort_IT (in case of transfer
in DMA mode)Set handle State to READYAt abort completion, call user abort complete callback

. This procedure is executed in Interrupt mode, meaning that abort procedure could be considered as
completed only when user abort complete callback is executed (not when exiting function).

HAL_IRDA_AbortTransmit_IT

Function name
HAL_StatusTypeDef HAL_IRDA_AbortTransmit_IT (IRDA_HandleTypeDef * hirda)

Function description

Abort ongoing Transmit transfer (Interrupt mode).

Parameters
. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified UART module.
Return values
. HAL: status

Notes

. This procedure could be used for aborting any ongoing Tx transfer started in Interrupt or DMA mode. This
procedure performs following operations : Disable IRDA Interrupts (Tx)Disable the DMA transfer in the
peripheral register (if enabled)Abort DMA transfer by calling HAL_DMA_Abort_IT (in case of transfer in
DMA mode)Set handle State to READYAt abort completion, call user abort complete callback

. This procedure is executed in Interrupt mode, meaning that abort procedure could be considered as
completed only when user abort complete callback is executed (not when exiting function).
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HAL_IRDA_AbortReceive_IT

Function name
HAL_StatusTypeDef HAL_IRDA_AbortReceive_IT (IRDA_HandleTypeDef * hirda)

Function description

Abort ongoing Receive transfer (Interrupt mode).

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified UART module.

Return values
. HAL: status

Notes

. This procedure could be used for aborting any ongoing Rx transfer started in Interrupt or DMA mode. This
procedure performs following operations : Disable IRDA Interrupts (Rx)Disable the DMA transfer in the
peripheral register (if enabled)Abort DMA transfer by calling HAL_DMA_Abort_IT (in case of transfer in
DMA mode)Set handle State to READYAt abort completion, call user abort complete callback

. This procedure is executed in Interrupt mode, meaning that abort procedure could be considered as
completed only when user abort complete callback is executed (not when exiting function).

HAL_IRDA_IRQHandler

Function name
void HAL_IRDA_IRQHandler (IRDA_HandleTypeDef * hirda)

Function description

Handle IRDA interrupt request.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:

HAL_IRDA_TxCpltCallback

Function name
void HAL_IRDA_TxCpltCallback (IRDA_HandleTypeDef * hirda)

Function description

Tx Transfer completed callback.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values
. None:
HAL_IRDA_RxCpltCallback

Function name
void HAL_IRDA_RxCpltCallback (IRDA_HandleTypeDef * hirda)
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Function description

Rx Transfer completed callback.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:

HAL_IRDA_TxHalfCpltCallback
Function name
void HAL_IRDA_TxHalfCpltCallback (IRDA_HandleTypeDef * hirda)
Function description
Tx Half Transfer completed callback.
Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified USART module.

Return values

. None:

HAL_IRDA_RxHalfCpltCallback

Function name
void HAL_IRDA_RxHalfCpltCallback (IRDA_HandleTypeDef * hirda)

Function description

Rx Half Transfer complete callback.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:

HAL_IRDA_ErrorCallback

Function name
void HAL_IRDA_ErrorCallback (IRDA_HandleTypeDef * hirda)
Function description

IRDA error callback.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:
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HAL_IRDA_AbortCpltCallback

Function name
void HAL_IRDA_AbortCpltCallback (IRDA_HandleTypeDef * hirda)

Function description
IRDA Abort Complete callback.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:

HAL_IRDA_AbortTransmitCpltCallback

Function name
void HAL_IRDA_AbortTransmitCpltCallback (IRDA_HandleTypeDef * hirda)

Function description
IRDA Abort Complete callback.
Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:

HAL_IRDA_AbortReceiveCpltCallback

Function name
void HAL_IRDA_AbortReceiveCpltCallback (IRDA_HandleTypeDef * hirda)

Function description
IRDA Abort Receive Complete callback.
Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. None:

HAL_IRDA_GetState

Function name
HAL_IRDA_StateTypeDef HAL_IRDA_GetState (const IRDA_HandleTypeDef * hirda)
Function description

Return the IRDA handle state.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.
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Return values
. HAL: state

HAL_IRDA_GetError

Function name
uint32_t HAL_IRDA_GetError (const IRDA_HandleTypeDef * hirda)
Function description

Return the IRDA handle error code.

Parameters

. hirda: Pointer to a IRDA_HandleTypeDef structure that contains the configuration information for the
specified IRDA module.

Return values

. IRDA: Error Code
19.3 IRDA Firmware driver defines
The following section lists the various define and macros of the module.
19.3.1 IRDA
IRDA

IRDA Clock Prescaler

IRDA_PRESCALER_DIV1
fclk_pres = fclk

IRDA_PRESCALER_DIV2
fclk_pres = fclk/2

IRDA_PRESCALER_DIV4
fclk_pres = fclk/4

IRDA_PRESCALER_DIV6
fclk_pres = fclk/6

IRDA_PRESCALER_DIV8
fclk_pres = fclk/8

IRDA_PRESCALER_DIV10
fclk_pres = fclk/10

IRDA_PRESCALER_DIV12
fclk_pres = fclk/12

IRDA_PRESCALER_DIV16
fclk_pres = fclk/16

IRDA_PRESCALER_DIV32
fclk_pres = fclk/32

IRDA_PRESCALER_DIV64
fclk_pres = fclk/64

IRDA_PRESCALER_DIV128
fclk_pres = fclk/128
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IRDA_PRESCALER_DIV256
fclk_pres = fclk/256

IRDA DMA Rx
IRDA_DMA_RX_DISABLE
IRDA DMA RX disabled

IRDA_DMA_RX_ENABLE
IRDA DMA RX enabled

IRDA DMA Tx
IRDA_DMA_TX_DISABLE
IRDA DMA TX disabled

IRDA_DMA_TX_ENABLE
IRDA DMA TX enabled

IRDA Error Code Definition
HAL_IRDA_ERROR_NONE

No error
HAL_IRDA_ERROR_PE
Parity error
HAL_IRDA_ERROR_NE
Noise error
HAL_IRDA_ERROR_FE
frame error
HAL_IRDA_ERROR_ORE

Overrun error

HAL_IRDA_ERROR_DMA
DMA transfer error

HAL_IRDA_ERROR_BUSY

Busy Error

HAL_IRDA_ERROR_INVALID_CALLBACK

Invalid Callback error

IRDA Exported Macros
_ HAL_IRDA_RESET_HANDLE_STATE

Description:

. Reset IRDA handle state.
Parameters:

. _ HANDLE__: IRDA handle.

Return value:
. None
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__HAL_IRDA_FLUSH_DRREGISTER

Description:

. Flush the IRDA DR register.

Parameters:

. __HANDLE__: specifies the IRDA Handle.

Return value:
. None
__HAL_IRDA_CLEAR_FLAG

Description:
. Clear the specified IRDA pending flag.

Parameters:
. __HANDLE__: specifies the IRDA Handle.
. __ FLAG__: specifies the flag to check. This parameter can be any combination of the following values:

- IRDA_CLEAR_PEF

- IRDA_CLEAR_FEF

- IRDA_CLEAR_NEF

- IRDA_CLEAR_OREF

- IRDA_CLEAR_TCF

- IRDA_CLEAR_IDLEF
Return value:
. None

__HAL_IRDA_CLEAR_PEFLAG

Description:

. Clear the IRDA PE pending flag.
Parameters:

. __ HANDLE__: specifies the IRDA Handle.

Return value:
. None

__HAL_IRDA_CLEAR_FEFLAG

Description:

. Clear the IRDA FE pending flag.
Parameters:

. __ HANDLE__: specifies the IRDA Handle.

Return value:
. None

__HAL_IRDA_CLEAR_NEFLAG

Description:

. Clear the IRDA NE pending flag.
Parameters:

. __HANDLE__: specifies the IRDA Handle.

Return value:
. None
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__HAL_IRDA_CLEAR_OREFLAG

Description:

. Clear the IRDA ORE pending flag.
Parameters:

. __ HANDLE__: specifies the IRDA Handle.

Return value:
. None

__HAL_IRDA_CLEAR_IDLEFLAG

Description:

. Clear the IRDA IDLE pending flag.
Parameters:

. __HANDLE__: specifies the IRDA Handle.

Return value:
. None
__HAL_IRDA_GET_FLAG

Description:
. Check whether the specified IRDA flag is set or not.

Parameters:
. __HANDLE__: specifies the IRDA Handle.
. _ FLAG__: specifies the flag to check. This parameter can be one of the following values:

- IRDA_FLAG_REACK Receive enable acknowledge flag
- IRDA_FLAG_TEACK Transmit enable acknowledge flag
- IRDA_FLAG_BUSY Busy flag
- IRDA_FLAG_ABRF Auto Baud rate detection flag
- IRDA_FLAG_ABRE Auto Baud rate detection error flag
- IRDA_FLAG_TXE Transmit data register empty flag
- IRDA_FLAG_TC Transmission Complete flag
- IRDA_FLAG_RXNE Receive data register not empty flag
- IRDA_FLAG_ORE OverRun Error flag
- IRDA_FLAG_NE Noise Error flag
- IRDA_FLAG_FE Framing Error flag
- IRDA_FLAG_PE Parity Error flag

Return value:

. The: new state of _ FLAG__ (TRUE or FALSE).
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__HAL_IRDA_ENABLE_IT

Description:

. Enable the specified IRDA interrupt.
Parameters:

. __ HANDLE__: specifies the IRDA Handle.

. __INTERRUPT__: specifies the IRDA interrupt source to enable. This parameter can be one of the
following values:

- IRDA_IT_TXE Transmit Data Register empty interrupt

- IRDA_IT_TC Transmission complete interrupt

- IRDA_IT_RXNE Receive Data register not empty interrupt

- IRDA_IT_IDLE Idle line detection interrupt

- IRDA_IT_PE Parity Error interrupt

- IRDA_IT_ERR Error interrupt(Frame error, noise error, overrun error)
Return value:
. None

__HAL_IRDA_DISABLE_IT

Description:

. Disable the specified IRDA interrupt.
Parameters:

. __ HANDLE__: specifies the IRDA Handle.

. __INTERRUPT__: specifies the IRDA interrupt source to disable. This parameter can be one of the
following values:

- IRDA_IT_TXE Transmit Data Register empty interrupt

- IRDA_IT_TC Transmission complete interrupt

- IRDA_IT_RXNE Receive Data register not empty interrupt

- IRDA_IT_IDLE Idle line detection interrupt

- IRDA_IT_PE Parity Error interrupt

- IRDA_IT_ERR Error interrupt(Frame error, noise error, overrun error)
Return value:
. None

__HAL_IRDA_GET_IT

Description:

. Check whether the specified IRDA interrupt has occurred or not.
Parameters:

. __HANDLE__: specifies the IRDA Handle.

. __INTERRUPT __: specifies the IRDA interrupt source to check. This parameter can be one of the
following values:

- IRDA_IT_TXE Transmit Data Register empty interrupt
- IRDA_IT_TC Transmission complete interrupt
- IRDA_IT_RXNE Receive Data register not empty interrupt
- IRDA_IT_IDLE Idle line detection interrupt
- IRDA_IT_ORE OverRun Error interrupt
- IRDA_IT_NE Noise Error interrupt
- IRDA_IT_FE Framing Error interrupt
- IRDA_IT_PE Parity Error interrupt
Return value:
. The: new state of __IT__ (SET or RESET).
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__HAL_IRDA_GET_IT_SOURCE

Description:
. Check whether the specified IRDA interrupt source is enabled or not.

Parameters:
. __ HANDLE__: specifies the IRDA Handle.

. __INTERRUPT__: specifies the IRDA interrupt source to check. This parameter can be one of the
following values:

- IRDA_IT_TXE Transmit Data Register empty interrupt
- IRDA_IT_TC Transmission complete interrupt
- IRDA_IT_RXNE Receive Data register not empty interrupt
- IRDA_IT_IDLE Idle line detection interrupt
- IRDA_IT_ERR Framing, overrun or noise error interrupt
- IRDA_IT_PE Parity Error interrupt
Return value:
. The: new state of __IT__ (SET or RESET).

__HAL_IRDA_CLEAR_IT

Description:

. Clear the specified IRDA ISR flag, in setting the proper ICR register flag.
Parameters:

. __ HANDLE__: specifies the IRDA Handle.

. __IT_CLEAR__: specifies the interrupt clear register flag that needs to be set to clear the corresponding
interrupt This parameter can be one of the following values:

- IRDA_CLEAR_PEF Parity Error Clear Flag

- IRDA_CLEAR_FEF Framing Error Clear Flag

- IRDA_CLEAR_NEF Noise detected Clear Flag

- IRDA_CLEAR_OREF OverRun Error Clear Flag

- IRDA_CLEAR_TCF Transmission Complete Clear Flag
Return value:
. None

__HAL_IRDA_SEND_REQ

Description:

. Set a specific IRDA request flag.

Parameters:

. __HANDLE__: specifies the IRDA Handle.

. _ REQ__: specifies the request flag to set This parameter can be one of the following values:
- IRDA_AUTOBAUD_REQUEST Auto-Baud Rate Request
- IRDA_RXDATA_FLUSH_REQUEST Receive Data flush Request
- IRDA_TXDATA_FLUSH_REQUEST Transmit data flush Request

Return value:

. None

__HAL_IRDA_ONE_BIT_SAMPLE_ENABLE

Description:

. Enable the IRDA one bit sample method.
Parameters:

. __HANDLE__: specifies the IRDA Handle.

Return value:
. None
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__HAL_IRDA_ONE_BIT_SAMPLE_DISABLE

Description:
. Disable the IRDA one bit sample method.
Parameters:
. __ HANDLE__: specifies the IRDA Handle.
Return value:
. None

__HAL_IRDA_ENABLE
Description:
. Enable UART/USART associated to IRDA Handle.
Parameters:
. __HANDLE__: specifies the IRDA Handle.
Return value:
. None

__HAL_IRDA_DISABLE

Description:

. Disable UART/USART associated to IRDA Handle.
Parameters:

. __HANDLE__: specifies the IRDA Handle.

Return value:

. None

IRDA Flags
IRDA_FLAG_REACK

IRDA receive enable acknowledge flag

IRDA_FLAG_TEACK

IRDA transmit enable acknowledge flag
IRDA_FLAG_BUSY

IRDA busy flag
IRDA_FLAG_ABRF

IRDA auto Baud rate flag
IRDA_FLAG_ABRE

IRDA auto Baud rate error
IRDA_FLAG_TXE

IRDA transmit data register empty
IRDA_FLAG_TC

IRDA transmission complete
IRDA_FLAG_RXNE

IRDA read data register not empty

IRDA_FLAG_ORE
IRDA overrun error
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IRDA_FLAG_NE

IRDA noise error

IRDA_FLAG_FE

IRDA frame error

IRDA_FLAG_PE
IRDA parity error

IRDA interruptions flags mask

IRDA_IT_MASK

IRDA Interruptions flags mask
IRDA_CR_MASK

IRDA control register mask
IRDA_CR_POS

IRDA control register position
IRDA_ISR_MASK

IRDA ISR register mask

IRDA_ISR_POS
IRDA ISR register position

IRDA Interrupts Definition

IRDA_IT_PE

IRDA Parity error interruption
IRDA_IT_TXE

IRDA Transmit data register empty interruption
IRDA_IT_TC

IRDA Transmission complete interruption
IRDA_IT_RXNE

IRDA Read data register not empty interruption
IRDA_IT_IDLE

IRDA Idle interruption
IRDA_IT_ERR

IRDA Error interruption
IRDA_IT_ORE

IRDA Overrun error interruption
IRDA_IT_NE

IRDA Noise error interruption

IRDA_IT_FE

IRDA Frame error interruption

IRDA Interruption Clear Flags
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IRDA_CLEAR_PEF
Parity Error Clear Flag

IRDA_CLEAR_FEF

Framing Error Clear Flag
IRDA_CLEAR_NEF

Noise Error detected Clear Flag
IRDA_CLEAR_OREF

OverRun Error Clear Flag
IRDA_CLEAR_IDLEF

IDLE line detected Clear Flag

IRDA_CLEAR_TCF

Transmission Complete Clear Flag

IRDA Low Power
IRDA_POWERMODE_NORMAL

IRDA normal power mode

IRDA_POWERMODE_LOWPOWER

IRDA low power mode

IRDA Mode

IRDA_MODE_DISABLE
Associated UART disabled in IRDA mode

IRDA_MODE_ENABLE
Associated UART enabled in IRDA mode

IRDA One Bit Sampling

IRDA_ONE_BIT_SAMPLE_DISABLE
One-bit sampling disabled

IRDA_ONE_BIT_SAMPLE_ENABLE

One-bit sampling enabled

IRDA Parity
IRDA_PARITY_NONE
No parity
IRDA_PARITY_EVEN
Even parity

IRDA_PARITY_ODD
Odd parity

IRDA Request Parameters

IRDA_AUTOBAUD_REQUEST
Auto-Baud Rate Request
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IRDA_RXDATA_FLUSH_REQUEST

Receive Data flush Request

IRDA_TXDATA_FLUSH_REQUEST

Transmit data flush Request

IRDA State

IRDA_STATE_DISABLE
IRDA disabled

IRDA_STATE_ENABLE
IRDA enabled

IRDA State Code Definition

HAL_IRDA_STATE_RESET

Peripheral is not initialized Value is allowed for gState and RxState
HAL_IRDA_STATE_READY

Peripheral Initialized and ready for use Value is allowed for gState and RxState
HAL_IRDA_STATE_BUSY

An internal process is ongoing Value is allowed for gState only
HAL_IRDA_STATE_BUSY_TX

Data Transmission process is ongoing Value is allowed for gState only
HAL_IRDA_STATE_BUSY_RX

Data Reception process is ongoing Value is allowed for RxState only

HAL_IRDA_STATE_BUSY_TX_RX

Data Transmission and Reception process is ongoing Not to be used for neither gState nor RxState. Value is
result of combination (Or) between gState and RxState values

HAL_IRDA_STATE_TIMEOUT

Timeout state Value is allowed for gState only

HAL_IRDA_STATE_ERROR

Error Value is allowed for gState only

IRDA Transfer Mode

IRDA_MODE_RX
RX mode

IRDA_MODE_TX
TX mode

IRDA_MODE_TX_RX
RX and TX mode
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20 HAL IRDA Extension Driver
201 IRDAEX Firmware driver defines

The following section lists the various define and macros of the module.
20.11 IRDAEX

IRDAEX

IRDAEx Word Length

IRDA_WORDLENGTH_7B
7-bit long frame

IRDA_WORDLENGTH_8B
8-bit long frame

IRDA_WORDLENGTH_9B

9-bit long frame
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21 HAL IWDG Generic Driver
21.1 IWDG Firmware driver registers structures
2111 IWDG_InitTypeDef
IWDG_InitTypeDef is defined in the stm32wb0x_hal_iwdg.h
Data Fields
. uint32_t Prescaler

. uint32_t Reload
. uint32_t Window
Field Documentation

. uint32_t IWDG_InitTypeDef::Prescaler
Select the prescaler of the IWDG. This parameter can be a value of IWDG_Prescaler

. uint32_t IWDG_InitTypeDef::Reload
Specifies the IWDG down-counter reload value. This parameter must be a number between Min_Data = 0
and Max_Data = OxOFFF

. uint32_t IWDG_InitTypeDef::Window
Specifies the window value to be compared to the down-counter. This parameter must be a number
between Min_Data = 0 and Max_Data = OxOFFF

211.2 IWDG_HandleTypeDef
IWDG_HandleTypeDef is defined in the stm32wb0x_hal_iwdg.h
Data Fields
. IWDG_TypeDef * Instance
. IWDG_InitTypeDef Init
Field Documentation

. IWDG_TypeDef* IWDG_HandleTypeDef::Instance
Register base address

. IWDG_InitTypeDef IWDG_HandleTypeDef::Init
IWDG required parameters

21.2 IWDG Firmware driver API description

The following section lists the various functions of the IWDG library.

21.2.1 IWDG Generic features

. The IWDG can be started by either software or hardware (configurable through option byte).

. The IWDG is clocked by the low-speed internal clock (LSI) and thus stays active even if the main clock
fails.

. Once the IWDG is started, the LSl is forced ON and both cannot be disabled. The counter starts counting
down from the reset value (OxFFF). When it reaches the end of count value (0x000) a reset signal is
generated (IWDG reset).

. Whenever the key value 0x0000 AAAA is written in the IWDG_KR register, the IWDG_RLR value is
reloaded into the counter and the watchdog reset is prevented.

. The IWDG is implemented in the VDD voltage domain that is still functional in STOP and STANDBY mode
(IWDG reset can wake up the CPU from STANDBY). IWDGRST flag in RCC_CSR register can be used to
inform when an IWDG reset occurs.

. Debug mode: When the microcontroller enters debug mode (core halted), the IWDG counter either
continues to work normally or stops, depending on DBG_IWDG_STOP configuration bit in DBG module,
accessible through _ HAL_DBGMCU_FREEZE_IWDG() and _ HAL_DBGMCU_UNFREEZE_IWDG()
macros.
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Min-max timeout value at 32 KHz (LSI): ~125 ys / ~32.7 s The IWDG timeout may vary due to LSI clock
frequency dispersion. STM32WBO0x devices provide the capability to measure the LSI clock frequency (LS| clock
is internally connected to TIM16 CH1 input capture). The measured value can be used to have an IWDG timeout
with an acceptable accuracy.

Default timeout value (necessary for IWDG_SR status register update): Constant LSI_VALUE is defined based on
the nominal LSI clock frequency. This frequency being subject to variations as mentioned above, the default
timeout value (defined through constant HAL_IWDG_DEFAULT_TIMEOUT below) may become too short or too
long. In such cases, this default timeout value can be tuned by redefining the constant LSI_VALUE at user-
application level (based, for instance, on the measured LSI clock frequency as explained above).

21.2.2 How to use this driver

1. Use IWDG using HAL_IWDG_Init() function to :

- Enable instance by writing Start keyword in IWDG_KEY register. LSI clock is forced ON and IWDG
counter starts counting down.

- Enable write access to configuration registers: IWDG_PR, IWDG_RLR and IWDG_WINR.

- Configure the IWDG prescaler and counter reload value. This reload value will be loaded in the IWDG
counter each time the watchdog is reloaded, then the IWDG will start counting down from this value.

- Depending on window parameter:

° If Window Init parameter is same as Window register value, nothing more is done but reload
counter value in order to exit function with exact time base.
° Else modify Window register. This will automatically reload watchdog counter.

- Wait for status flags to be reset.

2. Then the application program must refresh the IWDG counter at regular intervals during normal operation to
prevent an MCU reset, using HAL_IWDG_Refresh() function.

IWDG HAL driver macros list

Below the list of most used macros in IWDG HAL driver:

. __HAL_IWDG_START: Enable the IWDG peripheral
. _ HAL_IWDG_RELOAD_COUNTER: Reloads IWDG counter with value defined in the reload register
21.23 Initialization and Start functions

This section provides functions allowing to:

. Initialize the IWDG according to the specified parameters in the IWDG_InitTypeDef of associated handle.
. Manage Window option.
. Once initialization is performed in HAL_IWDG_ Init function, Watchdog is reloaded in order to exit function

with correct time base.
This section contains the following APls:
. HAL_IWDG_Init()

21.2.4 10 operation functions

This section provides functions allowing to:
. Refresh the IWDG.

This section contains the following APlIs:

. HAL_IWDG_Refresh()

21.2.5 Detailed description of functions

HAL_IWDG_Init

Function name
HAL_StatusTypeDef HAL_IWDG_Init (IWDG_HandleTypeDef * hiwdg)
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Function description

Initialize the IWDG according to the specified parameters in the IWDG_InitTypeDef and start watchdog.

Parameters

. hiwdg: pointer to a IWDG_HandleTypeDef structure that contains the configuration information for the
specified IWDG module.

Return values
. HAL.: status
HAL_IWDG_Refresh

Function name
HAL_StatusTypeDef HAL_IWDG_Refresh (IWDG_HandleTypeDef * hiwdg)

Function description
Refresh the IWDG.

Parameters
. hiwdg: pointer to a IWDG_HandleTypeDef structure that contains the configuration information for the
specified IWDG module.
Return values
. HAL: status

21.3 IWDG Firmware driver defines

The following section lists the various define and macros of the module.
21.31 IWDG

IWDG

IWDG Exported Macros

__HAL_IWDG_START

Description:
. Enable the IWDG peripheral.
Parameters:
. __HANDLE__: IWDG handle

Return value:
. None
__HAL_IWDG_RELOAD_COUNTER

Description:

. Reload IWDG counter with value defined in the reload register (write access to IWDG_PR, IWDG_RLR
and IWDG_WINR registers disabled).

Parameters:

. _ HANDLE__: IWDG handle
Return value:

. None

IWDG Prescaler

IWDG_PRESCALER_4
IWDG prescaler set to 4
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IWDG_PRESCALER_8

IWDG prescaler set to 8

IWDG_PRESCALER_16
IWDG prescaler set to 16

IWDG_PRESCALER_32
IWDG prescaler set to 32

IWDG_PRESCALER_64
IWDG prescaler set to 64

IWDG_PRESCALER_128
IWDG prescaler set to 128

IWDG_PRESCALER_256
IWDG prescaler set to 256

IWDG Window option
IWDG_WINDOW_DISABLE
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22 HAL PKA Generic Driver

22.1 PKA Firmware driver registers structures

2211 __PKA_HandleTypeDef
__PKA_HandleTypeDef is defined in the stm32wb0x_hal_pka.h
Data Fields
. PKA_TypeDef * Instance
. __ 10 HAL_PKA_StateTypeDef State
. __10 uint32_t ErrorCode
. void(* OperationCpltCallback
. void(* ErrorCallback
. void(* MsplnitCallback
. void(* MspDelnitCallback
Field Documentation

. PKA_TypeDef* __PKA_HandleTypeDef::Instance
Register base address

. __I0O HAL_PKA_StateTypeDef __PKA_HandleTypeDef::State
PKA state
. 10 uint32_t __PKA_HandleTypeDef::ErrorCode

PKA Error code
. void(* __PKA_HandleTypeDef::OperationCpltCallback)(struct _ PKA_HandleTypeDef *hpka)
PKA End of operation callback
. void(* __PKA_HandleTypeDef::ErrorCallback)(struct _ PKA_HandleTypeDef *hpka)
PKA Error callback
. void(* __PKA_HandleTypeDef::MsplnitCallback)(struct _ PKA_HandleTypeDef *hpka)
PKA Msp Init callback

. void(* __PKA_HandleTypeDef::MspDelnitCallback)(struct _ PKA_HandleTypeDef *hpka)
PKA Msp Delnit callback

22.1.2 PKA_ECCMulinTypeDef
PKA_ECCMulinTypeDef is defined in the stm32wb0x_hal_pka.h
Data Fields
. uint32_t scalarMulSize
. uint32_t modulusSize
. const uint8_t * pointX
. const uint8_t * pointY
. const uint8_t * scalarMul

Field Documentation
. uint32_t PKA_ECCMulinTypeDef::scalarMulSize

Number of element in scalarMul array
. uint32_t PKA_ECCMulinTypeDef::modulusSize

Number of element in modulus, coefA, pointX and pointY arrays
. const uint8_t* PKA_ECCMulinTypeDef::pointX

Pointer to point P coordinate xP (Array of modulusSize elements)
. const uint8_t* PKA_ECCMulinTypeDef::pointY

Pointer to point P coordinate yP (Array of modulusSize elements)

. const uint8_t* PKA_ECCMulinTypeDef::scalarMul
Pointer to scalar multiplier k (Array of scalarMulSize elements)
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221.3 PKA_ECCMulOutTypeDef
PKA_ECCMulOutTypeDef is defined in the stm32wb0x_hal_pka.h
Data Fields
. uint8_t * ptX
. uint8_t * pty
Field Documentation

. uint8_t* PKA_ECCMulOutTypeDef::ptX
Pointer to point P coordinate xP (Array of modulusSize elements)

. uint8_t* PKA_ECCMulOutTypeDef::ptY
Pointer to point P coordinate yP (Array of modulusSize elements)

22.2 PKA Firmware driver API description

The following section lists the various functions of the PKA library.

22.2.1 How to use this driver

The PKA HAL driver can be used as follows:
1. Declare a PKA_HandleTypeDef handle structure, for example: PKA_HandleTypeDef hpka;
2. Initialize the PKA low level resources by implementing the HAL_PKA_Msplnit() API:
a. Enable the PKA interface clock
b. NVIC configuration if you need to use interrupt process
° Configure the PKA interrupt priority
° Enable the NVIC PKA IRQ Channel
3. Initialize the PKA registers by calling the HAL_PKA_Init() API which trig HAL_PKA_Msplnit().

4. Fill entirely the input structure corresponding to your operation: For instance: PKA_ECCMulinTypeDef for
HAL_PKA_ECCMul().

5. Execute the operation (in polling or interrupt) and check the returned value.

6. Retrieve the result of the operation (For instance, HAL_PKA_ModExp_GetResult for HAL_PKA_ModExp
operation). The function to gather the result is different for each kind of operation. The correspondence can be
found in the following section.

7. Call the function HAL_PKA_Delnit() to restore the default configuration which trig HAL_PKA_MspDelnit().

High level operation

. Input structure requires buffers as uint8_t array.
. Output structure requires buffers as uint8_t array.
. ECC Scalar Multiplication operation for stm32wb05, stm32wb06, stm32wb07, stm32wb09:
. ECC Scalar Multiplication using:
- HAL_PKA_ECCMul().
- HAL_PKA_ECCMul_IT().
- HAL_PKA_ECCMul_GetResult() to retrieve the result of the operation.
. Others operation for stm32wb05, stm32wb09 only:
. Modular exponentiation using:
- HAL_PKA_ModExp().
- HAL_PKA_ModExp_IT().
- HAL_PKA_ModExpFastMode().
- HAL_PKA_ModExpFastMode_IT().
- HAL_PKA_ModExp_GetResult() to retrieve the result of the operation.
. RSA Chinese Remainder Theorem (CRT) using:
- HAL_PKA_RSACRTEXxp().
- HAL_PKA_RSACRTExp_IT().
- HAL_PKA_RSACRTExp_GetResult() to retrieve the result of the operation.

UM3363 - Rev 2 page 226/1476



‘_ UM3363
,l HAL PKA Generic Driver

. ECC Point Check using:
- HAL_PKA_PointCheck().
- HAL_PKA_PointCheck_IT().
- HAL_PKA_PointCheck_IsOnCurve() to retrieve the result of the operation.
. ECDSA Sign
- HAL_PKA_ECDSASIgn().
- HAL_PKA_ECDSASign_IT().
- HAL_PKA_ECDSASIgn_GetResult() to retrieve the result of the operation.
. ECDSA Verify
- HAL_PKA_ECDSAVerif().
- HAL_PKA_ECDSAVerif_IT().
- HAL_PKA_ECDSAVerif_lsValidSignature() to retrieve the result of the operation.
. ECC Scalar Multiplication using:
- HAL_PKA_ECCMulFastMode().
- HAL_PKA_ECCMulFastMode_IT().
. High level operation for stm32wb09 only:
. ECC double base ladder using:
- HAL_PKA_ECCDoubleBaseladder().
- HAL_PKA_ECCDoubleBaselLadder_IT().
- HAL_PKA_ECCDoubleBaselLadder_GetResult() to retrieve the result of the operation.
. ECC complete addition using:
- HAL_PKA_ECCCompleteAddition().
- HAL_PKA_ECCCompleteAddition_IT().
- HAL_PKA_ECCCompleteAddition_GetResult() to retrieve the result of the operation.

Low level operation for stm32wb05, stm32wb09 only

. Input structure requires buffers as uint32_t array.
. Output structure requires buffers as uint32_t array.
. Arithmetic addition using:

- HAL_PKA_Add().

- HAL_PKA_Add_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation. The resulting size can be the
input parameter or the input parameter size + 1 (overflow).

. Arithmetic subtraction using:

- HAL_PKA_Sub().

- HAL_PKA_Sub_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation.
. Arithmetic multiplication using:

- HAL_PKA_Mul().

- HAL_PKA_Mul_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation.
. Comparison using:

- HAL_PKA_Cmp().

- HAL_PKA_Cmp_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation.
. Modular addition using:

- HAL_PKA_ModAdd().

- HAL_PKA_ModAdd_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation.
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. Modular subtraction using:

- HAL_PKA_ModSub().

- HAL_PKA_ModSub_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation.
. Modular inversion using:

- HAL_PKA_ModInv().

- HAL_PKA_ModInv_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation.
. Modular reduction using:

- HAL_PKA_ModRed().

- HAL_PKA_ModRed_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation.
. Montgomery multiplication using:

- HAL_PKA_MontgomeryMul().

- HAL_PKA_MontgomeryMul_IT().

- HAL_PKA_Arithmetic_GetResult() to retrieve the result of the operation.

Montgomery parameter for stm32wb05, stm32wb09 only

Polling mode operation

. When an operation is started in polling mode, the function returns when:
- A timeout is encounter.
- The operation is completed.

Interrupt mode operation

. Add HAL_PKA_IRQHandler to the IRQHandler of PKA.
. Enable the IRQ using HAL_NVIC_EnablelRQ().

. When an operation is started in interrupt mode, the function returns immediately.
. When the operation is completed, the callback HAL_PKA_OperationCpltCallback is called.
. When an error is encountered, the callback HAL_PKA_ErrorCallback is called.

. To stop any operation in interrupt mode, use HAL_PKA_Abort().
Utilities
. To clear the PKA RAM, use HAL_PKA_RAMReset().

. To get current state, use HAL_PKA_GetState().
. To get current error, use HAL_PKA_GetError().

Callback registration

The compilation flag USE_HAL_PKA_REGISTER_CALLBACKS, when set to 1, allows the user to configure
dynamically the driver callbacks. Use Functions HAL_PKA_RegisterCallback() to register an interrupt callback.
Function HAL_PKA_RegisterCallback() allows to register following callbacks:

. OperationCpltCallback : callback for End of operation.

. ErrorCallback : callback for error detection.
. MsplnitCallback : callback for Msp Init.
. MspDelnitCallback : callback for Msp Delnit. This function takes as parameters the HAL peripheral handle,

the Callback ID and a pointer to the user callback function.
Use function HAL_PKA_UnRegisterCallback to reset a callback to the default weak function.

HAL_PKA_UnRegisterCallback takes as parameters the HAL peripheral handle, and the Callback ID. This
function allows to reset following callbacks:

. OperationCpltCallback : callback for End of operation.
. ErrorCallback : callback for error detection.
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. MsplnitCallback : callback for Msp Init.
. MspDelnitCallback : callback for Msp Delnit.

By default, after the HAL_PKA _Init() and when the state is HAL_PKA_STATE_RESET all callbacks are set to the
corresponding weak functions: examples HAL_PKA_OperationCpltCallback(), HAL_PKA_ErrorCallback().
Exception done for Msplnit and MspDelnit functions that are reset to the legacy weak functions in the
HAL_PKA_Init()/ HAL_PKA_Delnit() only when these callbacks are null (not registered beforehand).

If MsplInit or MspDelnit are not null, the HAL_PKA_Init()/ HAL_PKA_Delnit() keep and use the user Msplnit/
MspDelnit callbacks (registered beforehand) whatever the state.

Callbacks can be registered/unregistered in HAL_PKA_STATE_READY state only. Exception done Msplnit/
MspDelnit functions that can be registered/unregistered in HAL_PKA_STATE_READY or
HAL_PKA_STATE_RESET state, thus registered (user) Msplnit/Delnit callbacks can be used during the Init/
Delnit.

Then, the user first registers the Msplnit/MspDelnit user callbacks using HAL_PKA_RegisterCallback() before
calling HAL_PKA_Delnit() or HAL_PKA_Init() function.

When the compilation flag USE_HAL_PKA_REGISTER_CALLBACKS is set to 0 or not defined, the callback
registration feature is not available and all callbacks are set to the corresponding weak functions.

22.2.2 Initialization and de-initialization functions

This subsection provides a set of functions allowing to initialize and deinitialize the PKAXx peripheral:

. User must implement HAL_PKA_Msplnit() function in which he configures all related peripherals resources
(CLOCK, IT and NVIC).

. Call the function HAL_PKA _Init() to configure the device.

. Call the function HAL_PKA_Delnit() to restore the default configuration of the selected PKAXx peripheral.
This section contains the following APlIs:

. HAL_PKA_Init()

. HAL_PKA_Delnit()

. HAL_PKA_Msplnit()

. HAL_PKA_MspDelnit()

. HAL_PKA_RegisterCallback()

. HAL_PKA_UnRegisterCallback()

22.2.3 10 operation functions

This subsection provides a set of functions allowing to manage the PKA operations.
1. There are two modes of operation:

- Blocking mode : The operation is performed in the polling mode. These functions return when data
operation is completed.

- No-Blocking mode : The operation is performed using Interrupts. These functions return immediately.
The end of the operation is indicated by HAL_PKA_ErrorCallback in case of error. The end of the
operation is indicated by HAL_PKA_OperationCpltCallback in case of success. To stop any operation in
interrupt mode, use HAL_PKA_Abort().
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2. Blocking mode functions are : (+) Operation for stm32wb05, stm32wb06, stm32wb07, stm32wb09:
- HAL_PKA_ECCMul()
- HAL_PKA_ECCMul_GetResult(); (+) Operation for stm32wb05, stm32wb09 only:
- HAL_PKA_ModExp()
- HAL_PKA_ModExpFastMode()
- HAL_PKA_ModExp_GetResult();
- HAL_PKA_ECDSASIgn()
- HAL_PKA_ECDSASiIgn_GetResult();
- HAL_PKA_ECDSAVerif()
- HAL_PKA_ECDSAVerif_IsValidSignature();
- HAL_PKA_RSACRTExp()
- HAL_PKA_RSACRTExp_GetResult();
- HAL_PKA_PointCheck()
- HAL_PKA_PointCheck_IsOnCurve();
- HAL_PKA_ECCMulFastMode()
- HAL_PKA_Add()
- HAL_PKA_Sub()
- HAL_PKA_Cmp()
- HAL_PKA_Mul()
- HAL_PKA_ModAdd()
- HAL_PKA_ModSub()
- HAL_PKA_ModInv()
- HAL_PKA_ModRed()
- HAL_PKA_MontgomeryMul()
- HAL_PKA_Arithmetic_GetResult(P);
- HAL_PKA_MontgomeryParam()
- HAL_PKA_MontgomeryParam_GetResult(); (+) Operation for stm32wb09 only:
- HAL_PKA_ECCDoubleBaseladder()
- HAL_PKA_ECCDoubleBaselLadder_GetResult();
- HAL_PKA_ECCCompleteAddition()
- HAL_PKA_ECCCompleteAddition_GetResult();
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3. No-Blocking mode functions with Interrupt are : (+) Operation for stm32wb05, stm32wb06, stm32wb07,
stm32wb09:

- HAL_PKA_ECCMul_IT();

- HAL_PKA_ECCMul_GetResult();

- HAL_PKA_Abort(); (+) Operation for stm32wb05, stm32wb09:
- HAL_PKA_ModExp_IT();

- HAL_PKA_ModExpFastMode_IT();

- HAL_PKA_ModExp_GetResult();

- HAL_PKA_ECDSASign_IT();

- HAL_PKA_ECDSASign_GetResult();

- HAL_PKA_ECDSAVerif_IT();

- HAL_PKA_ECDSAVerif_IsValidSignature();

- HAL_PKA_RSACRTExp_IT();

- HAL_PKA_RSACRTExp_GetResult();

- HAL_PKA_PointCheck_IT();

- HAL_PKA_PointCheck_IsOnCurve();

- HAL_PKA_ECCMulFastMode_IT();

- HAL_PKA_Add_IT();

- HAL_PKA_Sub_IT();

- HAL_PKA_Cmp_IT();

- HAL_PKA_Mul_IT();

- HAL_PKA_ModAdd_IT();

- HAL_PKA_ModSub_IT();

- HAL_PKA_ModInv_IT();

- HAL_PKA_ModRed_IT();

- HAL_PKA_MontgomeryMul_IT();

- HAL_PKA_Arithmetic_GetResult();

- HAL_PKA_MontgomeryParam_IT();

- HAL_PKA_MontgomeryParam_GetResult(); (+) Operation for stm32wb09:
- HAL_PKA_ECCDoubleBaselLadder_IT()

- HAL_PKA_ECCDoubleBaselLadder_GetResult();
- HAL_PKA_ECCCompleteAddition_IT()

- HAL_PKA_ECCCompleteAddition_GetResult();

This subsection provides a set of functions allowing to manage the PKA operations. (#) There are two modes of
operation: (++) Blocking mode : The operation is performed in the polling mode. These functions return when data
operation is completed. (++) No-Blocking mode : The operation is performed using Interrupts. These functions
return immediately. The end of the operation is indicated by HAL_PKA_ErrorCallback in case of error. The end of
the operation is indicated by HAL_PKA_OperationCpltCallback in case of success. To stop any operation in
interrupt mode, use HAL_PKA_Abort(). (#) Blocking mode functions are :

. Operation for stm32wb05, stm32wb06, stm32wb07, stm32wb09:
- HAL_PKA_ECCMul()
- HAL_PKA_ECCMul_GetResult();
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. Operation for stm32wb05, stm32wb09 only:

- HAL_PKA_ModExp()

- HAL_PKA_ModExpFastMode()

- HAL_PKA_ModExp_GetResult();

- HAL_PKA_ECDSASIgn()

- HAL_PKA_ECDSASiIgn_GetResult();

- HAL_PKA_ECDSAVerif()

- HAL_PKA_ECDSAVerif_IsValidSignature();

- HAL_PKA_RSACRTExp()

- HAL_PKA_RSACRTExp_GetResult();

- HAL_PKA_PointCheck()

- HAL_PKA_PointCheck_IsOnCurve();

- HAL_PKA_ECCMulFastMode()

- HAL_PKA_Add()

- HAL_PKA_Sub()

- HAL_PKA_Cmp()

- HAL_PKA_Mul()

- HAL_PKA_ModAdd()

- HAL_PKA_ModSub()

- HAL_PKA_ModInv()

- HAL_PKA_ModRed()

- HAL_PKA_MontgomeryMul()

- HAL_PKA_Arithmetic_GetResult(P);

- HAL_PKA_MontgomeryParam()

- HAL_PKA_MontgomeryParam_GetResult();
. Operation for stm32wb09 only:

- HAL_PKA_ECCDoubleBaselLadder()

- HAL_PKA_ECCDoubleBaselLadder_GetResult();

- HAL_PKA_ECCCompleteAddition()

- HAL_PKA_ECCCompleteAddition_GetResult(); (#) No-Blocking mode functions with Interrupt are :
. Operation for stm32wb05, stm32wb06, stm32wb07, stm32wb09:

- HAL_PKA_ECCMul_IT();

- HAL_PKA_ECCMul_GetResult();

- HAL_PKA_Abort();
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. Operation for stm32wb05, stm32wb09:
- HAL_PKA_ModExp_IT();
- HAL_PKA_ModExpFastMode_IT();
- HAL_PKA_ModExp_GetResult();
- HAL_PKA_ECDSASIgn_IT();
- HAL_PKA_ECDSASIgn_GetResult();
- HAL_PKA_ECDSAVerif_IT();
- HAL_PKA_ECDSAVerif_IsValidSignature();
- HAL_PKA_RSACRTExp_IT();
- HAL_PKA_RSACRTExp_GetResult();
- HAL_PKA_PointCheck_IT();
- HAL_PKA_PointCheck_IsOnCurve();
- HAL_PKA_ECCMulFastMode_IT();
- HAL_PKA_Add_IT();
- HAL_PKA_Sub_IT();
- HAL_PKA_Cmp_IT();
- HAL_PKA_Mul_IT();
- HAL_PKA_ModAdd_IT();
- HAL_PKA_ModSub_IT();
- HAL_PKA_ModInv_IT();
- HAL_PKA_ModRed_IT();
- HAL_PKA_MontgomeryMul_IT();
- HAL_PKA_Arithmetic_GetResult();
- HAL_PKA_MontgomeryParam_IT();
- HAL_PKA_MontgomeryParam_GetResult();
. Operation for stm32wb09:
- HAL_PKA_ECCDoubleBaselLadder_IT()
- HAL_PKA_ECCDoubleBaselLadder_GetResult();
- HAL_PKA_ECCCompleteAddition_IT()
- HAL_PKA_ECCCompleteAddition_GetResult();
This section contains the following APls:
. HAL_PKA_ECCMul()
. HAL_PKA_ECCMul_IT()
. HAL_PKA_ECCMul_GetResult()
. HAL_PKA_Abort()
. HAL_PKA_RAMReset()
. HAL_PKA_IRQHandler()
. HAL_PKA_OperationCpltCallback()
. HAL_PKA_ErrorCallback()

22.2.4 Peripheral State and Error functions

This subsection permit to get in run-time the status of the peripheral.
This section contains the following APlIs:

. HAL_PKA_GetState()

. HAL_PKA_GetError()
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22.25 Detailed description of functions

HAL_PKA_Init
Function name
HAL_StatusTypeDef HAL_PKA_Init (PKA_HandleTypeDef * hpka)

Function description

Initialize the PKA according to the specified parameters in the PKA_InitTypeDef and initialize the associated
handle.

Parameters

. hpka: PKA handle

Return values

. HAL: status

HAL_PKA_Delnit

Function name

HAL_StatusTypeDef HAL_PKA_Delnit (PKA_HandleTypeDef * hpka)

Function description

Delnitialize the PKA peripheral.

Parameters

. hpka: PKA handle

Return values

. HAL.: status

HAL_PKA_Msplnit
Function name
void HAL_PKA_Msplnit (PKA_HandleTypeDef * hpka)

Function description
Initialize the PKA MSP.

Parameters
. hpka: PKA handle

Return values

. None:

HAL_PKA_MspDelnit

Function name
void HAL_PKA_MspDelnit (PKA_HandleTypeDef * hpka)

Function description
Delnitialize the PKA MSP.

Parameters
. hpka: PKA handle

Return values

. None:
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HAL_PKA_RegisterCallback

Function name

HAL_StatusTypeDef HAL_PKA_RegisterCallback (PKA_HandleTypeDef * hpka,
HAL_PKA_CallbackiDTypeDef CallbackID, pPKA_CallbackTypeDef pCallback)

Function description

Register a User PKA Callback To be used instead of the weak predefined callback.

Parameters
. hpka: Pointer to a PKA_HandleTypeDef structure that contains the configuration information for the
specified PKA.
. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:

- HAL_PKA_OPERATION_COMPLETE_CB_ID End of operation callback ID
- HAL_PKA_ERROR_CB_ID Error callback ID
- HAL_PKA_MSPINIT_CB_ID Msplnit callback ID
- HAL_PKA_MSPDEINIT_CB_ID MspDelnit callback ID
. pCallback: pointer to the Callback function

Return values
. HAL.: status
HAL_PKA_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_PKA_UnRegisterCallback (PKA_HandleTypeDef * hpka,
HAL_PKA_CallbackiDTypeDef CallbackiD)

Function description
Unregister a PKA Callback PKA callback is redirected to the weak predefined callback.

Parameters
. hpka: Pointer to a PKA_HandleTypeDef structure that contains the configuration information for the
specified PKA.
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:

- HAL_PKA_OPERATION_COMPLETE_CB_ID End of operation callback ID
- HAL_PKA ERROR_CB_ID Error callback ID
- HAL_PKA_MSPINIT_CB_ID Msplnit callback ID
- HAL_PKA_MSPDEINIT_CB_ID MspDelnit callback ID
Return values
. HAL: status

HAL_PKA_ECCMul

Function name

HAL_StatusTypeDef HAL_PKA_ECCMul (PKA_HandleTypeDef * hpka, PKA_ECCMulinTypeDef * in,
uint32_t Timeout)

Function description

ECC scalar multiplication in blocking mode.
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Parameters

. hpka: PKA handle
. in: Input information
. Timeout: Timeout duration

Return values
. HAL.: status

HAL_PKA_ECCMul_IT

Function name
HAL_StatusTypeDef HAL_PKA_ECCMul_IT (PKA_HandleTypeDef * hpka, PKA_ECCMulinTypeDef * in)

Function description

ECC scalar multiplication in non-blocking mode with Interrupt.

Parameters

. hpka: PKA handle
. in: Input information

Return values
. HAL: status

HAL_PKA_ECCMul_GetResult

Function name
void HAL_PKA_ECCMul_GetResult (PKA_HandleTypeDef * hpka, PKA_ECCMulOutTypeDef * out)

Function description

Retrieve operation result.

Parameters

. hpka: PKA handle
. out: Output information

Return values
. HAL: status

HAL_PKA_Abort

Function name
HAL_StatusTypeDef HAL_PKA_Abort (PKA_HandleTypeDef * hpka)

Function description

Abort any ongoing operation.

Parameters
. hpka: PKA handle

Return values
. HAL: status

HAL_PKA_RAMReset

Function name
void HAL_PKA_RAMReset (PKA_HandleTypeDef * hpka)
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Function description
Reset the PKA RAM.

Parameters
. hpka: PKA handle

Return values

. None:

HAL_PKA_OperationCpltCallback

Function name
void HAL_PKA_OperationCpltCallback (PKA_HandleTypeDef * hpka)

Function description

Process completed callback.

Parameters
. hpka: PKA handle

Return values

. None:

HAL_PKA_ErrorCallback

Function name
void HAL_PKA_ErrorCallback (PKA_HandleTypeDef * hpka)

Function description

Error callback.

Parameters
. hpka: PKA handle

Return values

. None:

HAL_PKA_IRQHandler

Function name
void HAL_PKA_IRQHandler (PKA_HandleTypeDef * hpka)

Function description

This function handles PKA event interrupt request.

Parameters
. hpka: PKA handle

Return values
. None:
HAL_PKA_GetState

Function name
HAL_PKA_StateTypeDef HAL_PKA_GetState (const PKA_HandleTypeDef * hpka)

Function description
Return the PKA handle state.
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Parameters

. hpka: PKA handle
Return values
. HAL: status
HAL_PKA_GetError

Function name
uint32_t HAL_PKA_GetError (const PKA_HandleTypeDef * hpka)

Function description

Return the PKA error code.

Parameters
. hpka: PKA handle

Return values

. PKA: error code

22.3 PKA Firmware driver defines
The following section lists the various define and macros of the module.

22.3.1 PKA
PKA
PKA Error Code definition

HAL_PKA_ERROR_NONE
HAL_PKA_ERROR_ADDRERR
HAL_PKA_ERROR_RAMERR
HAL_PKA_ERROR_TIMEOUT
HAL_PKA_ERROR_OPERATION

HAL_PKA_ERROR_INVALID_CALLBACK
Invalid Callback error

PKA Exported Macros
__HAL_PKA_RESET_HANDLE_STATE

Description:

. Reset PKA handle state.

Parameters:

. __HANDLE__: specifies the PKA Handle

Return value:
. None
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23 HAL PWR Generic Driver
23.1 PWR Firmware driver registers structures
2311 PWR_PVDTypeDef
PWR_PVDTypeDef is defined in the stm32wb0x_hal_pwr.h
Data Fields

. uint32_t PVDLevel
. uint32_t Mode
Field Documentation

. uint32_t PWR_PVDTypeDef::PVDLevel
PVDLevel: Specifies the PVD detection level. This parameter can be a value of
PWR_PVD_Detection_Level.

. uint32_t PWR_PVDTypeDef::Mode
Mode: Specifies the operating mode for the selected pins. This parameter can be a value of
PWR_PVD_Mode.

23.1.2 PWR_DEEPSTOPTypeDef
PWR_DEEPSTOPTypeDef is defined in the stm32wb0x_hal_pwr.h
Data Fields
. uint32_t deepStopMode
Field Documentation

. uint32_t PWR_DEEPSTOPTypeDef::deepStopMode
Specifies the configuration of the slow clock in DEEPSTOP. This parameter can be one of the following
value:

- PWR_DEEPSTOP_WITH_SLOW_CLOCK_OFF
- PWR_DEEPSTOP_WITH_SLOW_CLOCK_ON

23.1.3 PWR_SHUTDOWNTypeDef
PWR_SHUTDOWNTypeDef is defined in the stm32wb0x_hal_pwr.h
Data Fields
. uint8_t BORStatus
. uint8_t WakeUpPinStatus
. uint8_t WakeUpPol
Field Documentation

. uint8_t PWR_SHUTDOWNTypeDef::BORStatus
Specifies the BOR status ENABLE or DISABLE

. uint8_t PWR_SHUTDOWNTypeDef::WakeUpPinStatus
Specifies if the PB0 wake up source is ENABLE or DISABLE

. uint8_t PWR_SHUTDOWNTypeDef::WakeUpPol
Specifies the wake up source polarity

23.2 PWR Firmware driver APl description

The following section lists the various functions of the PWR library.

23.2.1 Initialization and De-Initialization Functions

This section provides functions allowing to deinitialize power peripheral.
This section contains the following APlIs:
. HAL_PWR_Delnit()
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23.2.2 Peripheral Control functions
. The Power control (PWR) provides an overview of the supply architecture for the different power domains
and of the supply configuration controller.
. Every entity has low power mode as described below:

- The CPU low power modes are : (+) CPU CRun. (+) CPU Sleep WFI. (+) CPU DeepSleep.

- The Core low power modes are : (+) Run. (+) Sleep. (+) DEEPSTOP with with retention and low
speed clock enabled. (+) DEEPSTOP with with retention and low speed clock disabled. (+)
Shutdown.
(#) The Power control (PWR) provides an overview of the supply architecture for the different power domains and
of the supply configuration controller. (#) Every entity has low power mode as described below : (#) The CPU low
power modes are :

. CPU CRun.
. CPU Sleep WFI.

. CPU DeepSleep. (#) The Core low power modes are :
. Run.
. Sleep.

. DEEPSTOP with with retention and low speed clock enabled.
. DEEPSTOP with with retention and low speed clock disabled.
. Shutdown.

PVD configuration

. The PVD is used to monitor the VDD power supply by comparing it to a threshold selected by the PVD
Level (PVDLS[2:0] bits in PWR_CR2 register).

. PVDO flag is available to indicate if VDD/VDDA is higher or lower than the PVD threshold. This event can
generate an interrupt if enabled. This is done through _ HAL_PVD_ENABLE_IT() macro.

. The PVD is stopped in Shutdown mode.

WakeUp pin configuration

. Wake-up pin is used to wake up the system from DEEPSTOP mode. The pin selection is configurable
through the CR3 and CRG6 registers to map signal to wake up pin line. The pin polarity is configurable
through the CR4 and CRY7 registers to be active on rising or falling edges.

. When a wakeup pin event is received the appropriate flag is set in the SR1 and SR3 registers. Then the
wakeup pin flag will be cleared and the 10s user callback will be called. The user can add his own code by
customization of this function HAL_PWR_WKUPx_Callback.

This section contains the following APls:

. HAL_PWR_ConfigPVD()

. HAL_PWR_EnablePVD()

. HAL_PWR_DisablePVD()

. HAL_PWR_EnableWakeUpPin()

. HAL_PWR_DisableWakeUpPin()

. HAL_PWR_GetClearWakeupSource()

. HAL_PWR_EnterSLEEPMode()

. HAL_PWR_ConfigDEEPSTOP()

. HAL_PWR_EnterDEEPSTOPMode()

. HAL_PWR_ConfigSHUTDOWN()

. HAL_PWREx_EnterSHUTDOWNMode()

. HAL_PWR_EnableSleepOnExit()

. HAL_PWR_DisableSleepOnExit()

. HAL_PWR_EnableSEVOnPend()

. HAL_PWR_DisableSEVOnPend()

. HAL_PWR_PVD_IRQHandler()
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. HAL_PWR_PVDCallback()
. HAL_PWR_WKUP_IRQHandler()
. HAL_PWR_WKUPx_Callback()

23.2.3 Detailed description of functions

HAL_PWR_Delnit

Function name
void HAL_PWR_Delnit (void )

Function description

Deinitialize the HAL PWR peripheral registers to their default reset values.

Return values

. None.:

Notes

. This functionality is not available in this product. The prototype is kept just to maintain compatibility with
other products.

HAL_PWR_ConfigPVD

Function name

HAL_StatusTypeDef HAL_PWR_ConfigPVD (const PWR_PVDTypeDef * sConfigPVD)

Function description

Configure the voltage threshold detected by the Power Voltage Detector (PVD).

Parameters

. sConfigPVD: pointer to a PWR_PVDTypeDef structure that contains the PVD configuration information.

Return values

. None:

Notes

. Refer to the electrical characteristics of your device datasheet for more details about the voltage
thresholds corresponding to each detection level.

HAL_PWR_EnablePVD

Function name

void HAL_PWR_EnablePVD (void )

Function description
Enables the Power Voltage Detector(PVD).

Return values
. None:
HAL_PWR_DisablePVD

Function name
void HAL_PWR_DisablePVD (void )

Function description
Disables the Power Voltage Detector(PVD).
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Return values

. None:

HAL_PWR_PVDCallback

Function name
void HAL_PWR_PVDCallback (void )

Function description
PWR PVD interrupt callback.

Return values

. None:
HAL_PWR_EnableWakeUpPin
Function name
void HAL_PWR_EnableWakeUpPin (uint32_t WakeUpPin, uint32_t WakeUpPolarity)

Function description

Enable the WakeUp PINx functionality.
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Parameters

. WakeUpPin: Specifies which Wake-Up pin to enable. This parameter can be one of the following:
- PWR_WAKEUP_PAOQ
- PWR_WAKEUP_PA1
- PWR_WAKEUP_PA2
- PWR_WAKEUP_PA3
- PWR_WAKEUP_PA4 (*)
- PWR_WAKEUP_PA5 (*)
- PWR_WAKEUP_PABG (*)
- PWR_WAKEUP_PA7 (*)
- PWR_WAKEUP_PAS8
- PWR_WAKEUP_PA9
- PWR_WAKEUP_PA10
- PWR_WAKEUP_PA11
- PWR_WAKEUP_PA12 (*)
- PWR_WAKEUP_PA13 (*)
- PWR_WAKEUP_PA14 (*)
- PWR_WAKEUP_PA15 (*)
- PWR_WAKEUP_PBO0
- PWR_WAKEUP_PB1
- PWR_WAKEUP_PB2
- PWR_WAKEUP_PB3
- PWR_WAKEUP_PB4
- PWR_WAKEUP_PB5
- PWR_WAKEUP_PB6
- PWR_WAKEUP_PB7
- PWR_WAKEUP_PBS8 (*)
- PWR_WAKEUP_PB9 (*)
- PWR_WAKEUP_PB10 (*)
- PWR_WAKEUP_PB11 (*)
- PWR_WAKEUP_PB12 (**)
- PWR_WAKEUP_PB13 (**)
- PWR_WAKEUP_PB14 (**)

- PWR_WAKEUP_PB15 (**) (*) available only on STM32WB06 and STM32WB07 devices (**)
available only on STM32WB05 and STM32WB09 devices

. WakeUpPolarity: Specifies the polarity of the wake up pin source. This parameter can be one of the
following:

- PWR_WUP_RISIEDG
- PWR_WUP_FALLEDG

*

Return values
. None:
HAL_PWR_DisableWakeUpPin

Function name
void HAL_PWR_DisableWakeUpPin (uint32_t WakeUpPinx)

Function description
Disable the WakeUp PINx functionality.
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Parameters

. WakeUpPinx: Specifies the Power Wake-Up pin to disable. This parameter can be one of the following:
- PWR_WAKEUP_PAOQ
- PWR_WAKEUP_PA1
- PWR_WAKEUP_PA2
- PWR_WAKEUP_PA3
- PWR_WAKEUP_PA4 (*)
- PWR_WAKEUP_PA5 (*)
- PWR_WAKEUP_PABG (*)
- PWR_WAKEUP_PA7 (*)
- PWR_WAKEUP_PAS8
- PWR_WAKEUP_PA9
- PWR_WAKEUP_PA10
- PWR_WAKEUP_PA11
- PWR_WAKEUP_PA12 (*)
- PWR_WAKEUP_PA13 (*)
- PWR_WAKEUP_PA14 (*)
- PWR_WAKEUP_PA15 (*)
- PWR_WAKEUP_PBO0
- PWR_WAKEUP_PB1
- PWR_WAKEUP_PB2
- PWR_WAKEUP_PB3
- PWR_WAKEUP_PB4
- PWR_WAKEUP_PB5
- PWR_WAKEUP_PB6
- PWR_WAKEUP_PB7
- PWR_WAKEUP_PBS (*)
- PWR_WAKEUP_PB9 (*)
- PWR_WAKEUP_PB10 (*)
- PWR_WAKEUP_PB11 (*)
- PWR_WAKEUP_PB12 (**)
- PWR_WAKEUP_PB13 (**)
- PWR_WAKEUP_PB14 (**)

- PWR_WAKEUP_PB15 (**) (*) available only on STM32WB06 and STM32WB07 devices (**)
available only on STM32WB05 and STM32WB09 devices

*

Return values

. None:

HAL_PWR_GetClearWakeupSource

Function name
uint32_t HAL_PWR_GetClearWakeupSource (void )

Function description

Get and Clear Wake-up source.

Return values

. WakeUpPin: : This parameter can be a combination of PWR Wake-up pins define group
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HAL_PWR_ConfigDEEPSTOP

Function name
HAL_StatusTypeDef HAL_PWR_ConfigDEEPSTOP (PWR_DEEPSTOPTypeDef * sConfigDEEPSTOP)

Function description

Configures the system to allow the DEEPSTOP mode.

Parameters

. sConfigDEEPSTOP: : Pointer to a PWR_DEEPSTOPTypeDef structure that contains the DEEPSTOP
configuration information.

Return values

. None.:

HAL_PWR_ConfigSHUTDOWN

Function name
HAL_StatusTypeDef HAL_PWR_ConfigSHUTDOWN (PWR_SHUTDOWNTypeDef * sConfigSHUTDOWN)

Function description
Configures the system to allow the SHUTDOWN mode.

Parameters

. sConfigSHUTDOWN: : Pointer to a PWR_SHUTDOWNTypeDef structure that contains the SHUTDOWN
configuration information.

Return values

. None.:

HAL_PWR_EnterDEEPSTOPMode

Function name
void HAL_PWR_EnterDEEPSTOPMode (void )

Function description
Enter DEEPSTOP mode.

Return values

. None:

Notes

. The DEEPSTORP is the only low power mode of the device allowing to restart from a saved context
environment and go on running the application at wakeup.

. CPU clock and bus clocks are stopped, the VDD12i power domain is switched off, the VDD120 power
domain is ON and supplied at 1.0V. All the RAM banks are retained (by configuration in Systeminit()). The
slow clock can be running or stopped, depending on the software configuration. All the register content is
lost. Only few peripheral can save the setting if configured like wake up source.

HAL_PWREx_EnterSHUTDOWNMode
Function name

void HAL_PWREx_EnterSHUTDOWNMode() (void )

Function description
Enter SHUTDOWN mode.
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Return values

. None.:

Notes

. In Shutdown mode, all clocks are off as RC64MPLL, LS| and LSE are switched off. The system is
powered down as both regulators are OFF is powered off.

. The 1/Os can be configured either with a pull-up or pull-down or can be kept in analog state.
HAL_PWREx_EnableGPIOPullUp() and HAL_PWREx_EnableGPIOPullDown() respectively enable Pull
Up and Pull Down state.
HAL_PWREXx_DisableGPIOPullUp() & HAL_PWREXx_DisableGPIOPullDown() disable the same. These
states are effective in Standby mode only if APC bit is set through
HAL_PWREx_EnablePullUpPullDownConfig() API.

HAL_PWR_EnterSLEEPMode

Function name
void HAL_PWR_EnterSLEEPMode (void )

Function description

Enter the CPU in Sleep mode.

Return values

. None.:
Notes
. In Sleep mode, all I/O pins keep the same state as in Run mode.
. CPU clock is off and all peripherals including Cortex-M0+ core such as NVIC and SysTick can run and

wake up the CPU when an interrupt or an event occurs.

HAL_PWR_EnableSleepOnExit

Function name
void HAL_PWR_EnableSleepOnExit (void )

Function description

Indicate SLEEP-ON-EXIT feature when returning from handler mode to thread mode.
Return values

. None.:
Notes

. Set SLEEPONEXIT bit of SCR register. When this bit is set, the processor re-enters Sleep mode when an
interruption handling is over. Setting this bit is useful when the processor is expected to run only on
interruptions handling.

HAL_PWR_DisableSleepOnExit

Function name
void HAL_PWR_DisableSleepOnEXxit (void )

Function description

Disable SLEEP-ON-EXIT feature when returning from handler mode to thread mode.

Return values

. None.:
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. Clears SLEEPONEXIT bit of SCR register. When this bit is set, the processor re-enters Sleep mode when
an interruption handling is over.

HAL_PWR_EnableSEVOnPend

Function name
void HAL_PWR_EnableSEVOnPend (void )

Function description

Enable Cortex Sev On Pending feature.

Return values

. None:

Notes

. Set SEVONPEND bit of SCR register. When this bit is set, enabled events and all interrupts, including
disabled ones can wakeup processor from WFE.

HAL_PWR_DisableSEVOnPend

Function name
void HAL_PWR_DisableSEVOnPend (void )

Function description

Disable Cortex Sev On Pending feature.

Return values

. None:

Notes

. Clear SEVONPEND bit of SCR register. When this bit is clear, only enable interrupts or events can
wakeup processor from WFE

HAL_PWR_PVD_IRQHandler

Function name
void HAL_PWR_PVD_IRQHandler (void )

Function description

This function handles the PWR PVD interrupt request.

Return values

. None.:

Notes
. This API should be called under the PVD_IRQHandler().

HAL_PWR_WKUP_IRQHandler

Function name
void HAL_PWR_WKUP_IRQHandler (void )

Function description
This function handles the PWR WAKEUP interrupt request.

Return values

. None.:
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. This API should be called under the WKUP_IRQHandler().

HAL_PWR_WKUPx_Callback
Function name
void HAL_PWR_WKUPx_Callback (uint32_t WakeuplOs)

Function description

PWR WKUPXx interrupt callback.
Parameters

. WakeuplOs: |0 wakeup line

Return values

. None.:
23.3 PWR Firmware driver defines
The following section lists the various define and macros of the module.
23.31 PWR
PWR

Slow clock configuration in DEEPSTOP mode
PWR_DEEPSTOP_WITH_SLOW_CLOCK_OFF

PWR_DEEPSTOP_WITH_SLOW_CLOCK_ON

PWR Exported Macros
__HAL_PWR_GET_FLAG

Description:

. Check whether or not a specific PWR flag is set.

Parameters:

. _ FLAG__: specifies the flag to check. This parameter can be one of the following values:

Return value:
. The: new state of _ FLAG__ (TRUE or FALSE).
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__HAL_PWR_CLEAR_FLAG

Description:
. Clear a specific PWR flag.

UM3363 - Rev 2 page 249/1476



‘_ UM3363
,l HAL PWR Generic Driver

Parameters:

. _ FLAG__: specifies the flag to clear. This parameter can be one of the following values:

- PWR_FLAG_WUFO0 Wake Up Flag 0. Indicates that a wakeup event was received from the pin PBO.
- PWR_FLAG_WUF1 Wake Up Flag 1. Indicates that a wakeup event was received from the pin PB1.
- PWR_FLAG_WUF2 Wake Up Flag 2. Indicates that a wakeup event was received from the pin PB2.
- PWR_FLAG_WUF3 Wake Up Flag 3. Indicates that a wakeup event was received from the pin PB3.
- PWR_FLAG_WUF4 Wake Up Flag 4. Indicates that a wakeup event was received from the pin PB4.
- PWR_FLAG_WUF5 Wake Up Flag 5. Indicates that a wakeup event was received from the pin PB5.
- PWR_FLAG_WUF6 Wake Up Flag 6. Indicates that a wakeup event was received from the pin PB6.
- PWR_FLAG_WUF7 Wake Up Flag 7. Indicates that a wakeup event was received from the pin PB7.
- PWR_FLAG_WUF8 Wake Up Flag 8. Indicates that a wakeup event was received from the pin PAS.
- PWR_FLAG_WUF9 Wake Up Flag 9. Indicates that a wakeup event was received from the pin PA9.
- PWR_FLAG_WUF10 Wake Up Flag 10. Indicates that a wakeup event was received from the pin

PA10.

- ;\A/‘\ﬁ_FLAG_WUFﬂ Wake Up Flag 11. Indicates that a wakeup event was received from the pin

- EI\ENR._FLAG_WBLEF Wake Up Flag Indicates that a wakeup event was received from the Bluetooth

- PWR_FLAG_BHWF Wake Up Flag Indicates that a wakeup event was received from the Bluetooth
LE Host CPU.

- gpv‘\ﬁ._FLAG_IWUFZ Wake Up Flag 11. Indicates that a wakeup event was received from the pin

- EX\:)R_FLAG_WUFQ Wake Up Flag 12. Indicates that a wakeup event was received from the pin

- gp\/\\gl.?_FLAG_WUFm Wake Up Flag 13. Indicates that a wakeup event was received from the pin

- EAV\V;_FLAG_WUFM Wake Up Flag 14. Indicates that a wakeup event was received from the pin

- EX\:I)’I-?_FLAG_WUFH Wake Up Flag 15. Indicates that a wakeup event was received from the pin

- PWR_FLAG_WUF16 Wake Up Flag 16. Indicates that a wakeup event was received from the pin
PB12 or PA4 for STM32wb07.

- PWR_FLAG_WUF17 Wake Up Flag 17. Indicates that a wakeup event was received from the pin
PB13 or PA5 for STM32wb07.

- PWR_FLAG_WUF18 Wake Up Flag 18. Indicates that a wakeup event was received from the pin
PB14 or PAG6 for STM32wb07.

- PWR_FLAG_WUF19 Wake Up Flag 19. Indicates that a wakeup event was received from the pin
PB15 or PA7 for STM32wb07.

- PWR_FLAG_WUF20 Wake Up Flag 20. Indicates that a wakeup event was received from the pin
PB8.

- PWR_FLAG_WUF21 Wake Up Flag 21. Indicates that a wakeup event was received from the pin
PB9.

- PWR_FLAG_WUF22 Wake Up Flag 22. Indicates that a wakeup event was received from the pin
PB10.

- PWR_FLAG_WUF23 Wake Up Flag 23. Indicates that a wakeup event was received from the pin
PB11.

- PWR_FLAG_WUF24 Wake Up Flag 24. Indicates that a wakeup event was received from the pin
PB12.

- PWR_FLAG_WUF25 Wake Up Flag 25. Indicates that a wakeup event was received from the pin
PB13.

- PWR_FLAG_WUF26 Wake Up Flag 26. Indicates that a wakeup event was received from the pin
PB14.

- PWR_FLAG_WUF27 Wake Up Flag 27. Indicates that a wakeup event was received from the pin
PB15.
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- PWR_WU_FLAG_ALL all Wakeup flags.
- PWR_FLAG_DEEPSTOPF System DEEPTSTOP Flag
- PWR_FLAG_RFPHASEF RFPHASE Flag

Return value:

. The: new state of _ FLAG__ (TRUE or FALSE).

__HAL_PWR_PVD_ENABLE_IT
Description:
. Enable the PVD Line.
Return value:
. None
__HAL_PWR_PVD_DISABLE_IT
Description:
. Disable the PVD Interrupt Line.
Return value:
. None
__HAL_PWR_PVD_GET_FLAG

Description:

. Check whether or not the PVD interrupt flag is set.
Return value:

. PVD: Line Status.

__HAL_PWR_PVD_CLEAR_FLAG

Description:

. Clear the PVD interrupt flag.
Return value:

. None

PWR Low Power Mode Selection

PWR_LOWPOWERMODE_STOP
DeepStop mode

PWR_LOWPOWERMODE_SHUTDOWN

Shutdown mode

Power Voltage Detector Level selection

PWR_PVDLEVEL_0
PVD threshold around 2.0 V

PWR_PVDLEVEL_1
PVD threshold around 2.2 V

PWR_PVDLEVEL_2
PVD threshold around 2.4 V

PWR_PVDLEVEL_3
PVD threshold around 2.5 V

PWR_PVDLEVEL_4
PVD threshold around 2.6 V
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PWR_PVDLEVEL_5
PVD threshold around 2.8 V

PWR_PVDLEVEL_6
PVD threshold around 2.9 V

PWR_PVDLEVEL_7

External input analog voltage (Compare internally to VBGP)

PWR PVD interrupt and event mode
PWR_PVD_MODE_NORMAL

Basic mode is used
PWR_PVD_MODE_IT
Interrupt Mode detection
RAM Retention enable
PWR_RAMRET_1

PWR_RAMRET_2
PWR_RAMRET 3

PWR regulator mode
PWR_MAINREGULATOR_ON

Regulator in main mode

PWR_LOWPOWERREGULATOR_ON

Regulator in low-power mode
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24 HAL PWR Extension Driver
241 PWREXx Firmware driver defines

The following section lists the various define and macros of the module.
2411 PWREXx

PWREXx

PWR Status Flags

PWR_FLAG_WUF0

Wakeup event on wakeup pin PBO
PWR_FLAG_WUF1

Wakeup event on wakeup pin PB1
PWR_FLAG_WUF2

Wakeup event on wakeup pin PB2
PWR_FLAG_WUF3

Wakeup event on wakeup pin PB3
PWR_FLAG_WUF4

Wakeup event on wakeup pin PB4
PWR_FLAG_WUF5

Wakeup event on wakeup pin PBS
PWR_FLAG_WUF6

Wakeup event on wakeup pin PB6
PWR_FLAG_WUF7

Wakeup event on wakeup pin PB7
PWR_FLAG_WUF8

Wakeup event on wakeup pin PA8
PWR_FLAG_WUF9

Wakeup event on wakeup pin PA9
PWR_FLAG_WUF10

Wakeup event on wakeup pin PA10
PWR_FLAG_WUF11

Wakeup event on wakeup pin PA11
PWR_FLAG_WBLEF

Bluetooth LE WakeUp Flag
PWR_FLAG_BHWF

Bluetooth LE Host CPU WakeUp Flag

PWR_FLAG_WUFI

Wakeup on internal wakeup line
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PWR_FLAG_IWUF2

Wakeup on internal wakeup 2 line

PWR_FLAG_SR1_ALL

PWR_FLAG_SMPSBYPR
SMPS in SMPS PRECHARGE mode

PWR_FLAG_SMPSENR

SMPS in RUN mode Flag
PWR_FLAG_SMPSRDYF

SMPS Ready Flag
PWR_FLAG_REGLPS

Low-power regulator start flag
PWR_FLAG_PVDO

Power Voltage Detector output flag
PWR_FLAG_WUF12

Wakeup event on wakeup pin PAO
PWR_FLAG_WUF13

Wakeup event on wakeup pin PA1
PWR_FLAG_WUF14

Wakeup event on wakeup pin PA2
PWR_FLAG_WUF15

Wakeup event on wakeup pin PA3
PWR_FLAG_WUF16

Wakeup event on wakeup pin PB12
PWR_FLAG_WUF17

Wakeup event on wakeup pin PB13
PWR_FLAG_WUF18

Wakeup event on wakeup pin PB14
PWR_FLAG_WUF19

Wakeup event on wakeup pin PB15

PWR_FLAG_SR3_ALL
PWR_WU_FLAG_ALL

PWR_FLAG_DEEPSTOPF
System DEEPTSTOP Flag

PWR_FLAG_RFPHASEF
RFPHASE Flag

PWR status register

PWR_FLAG_REG_SR1
Bitfield to indicate PWR flag located in register PWR_SR1
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PWR_FLAG_REG_SR2
Bitfield to indicate PWR flag located in register PWR_SR2

PWR_FLAG_REG_SR3
Bitfield to indicate PWR flag located in register PWR_SR3

PWR_FLAG_REG_EXTSRR
Bitfield to indicate PWR flag located in register PWR_EXTSRR

PWR_FLAG_REG_MASK
Bitfield mask to indicate PWR flag location in PWR register

GPIO port

PWR_GPIO_A
GPIO port A

PWR_GPIO_B
GPIO port B

GPIO bit number I/O setting in shutdown mode

PWR_GPIO_BIT_0
GPIO port 1/0 pin 0

PWR_GPIO_BIT_1
GPIO port I/0 pin 1

PWR_GPIO_BIT_2
GPIO port 1/O pin 2

PWR_GPIO_BIT_3
GPIO port I/0 pin 3

PWR_GPIO_BIT_4
GPIO port I/O pin 4

PWR_GPIO_BIT_5
GPIO port I/0 pin 5

PWR_GPIO_BIT_6
GPIO port I/0 pin 6

PWR_GPIO_BIT 7
GPIO port I/0 pin 7

PWR_GPIO_BIT_8
GPIO port I/0 pin 8

PWR_GPIO_BIT_9
GPIO port I/0 pin 9

PWR_GPIO_BIT_10
GPIO port 1/0 pin 10

PWR_GPIO_BIT_11
GPIO port I/0 pin 11
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PWR_GPIO_BIT_12
GPIO port I/0 pin 12

PWR_GPIO_BIT_13
GPIO port I/0 pin 13

PWR_GPIO_BIT_14
GPIO port I/0 pin 14

PWR_GPIO_BIT_15
GPIO port I/0 pin 15

PWR Extended GPIO Pull-Down Port

PWR_GPIO_PULLDOWN_PORT_A
GPIO port A

PWR_GPIO_PULLDOWN_PORT_B
GPIO port B

PWR Extended GPIO Pull-Up Port

PWR_GPIO_PULLUP_PORT_A
GPIO port A

PWR_GPIO_PULLUP_PORT_B
GPIO port B

PWREX Pin Polarity configuration
PWR_WUP_RISIEDG

PWR_WUP_FALLEDG

PWREX Pin Pull configuration
PWR_PIN_NO_PULL

PWR_PIN_PULL_UP

PWR_PIN_PULL_DOWN

SMPS step down converter operating modes

PWR_SMPS_ON
SMPS step down ON

PWR_SMPS_OFF
SMPS step down OFF

PWR_SMPS_BYPASS
SMPS is disabled and bypassed in precharge mode

SMPS step down converter output voltage scaling voltage level

PWR_SMPS_OUTPUT_VOLTAGE_1V20
SMPS step down converter supply output voltage 1.20V
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PWR_SMPS_OUTPUT_VOLTAGE_1V25
SMPS step down converter supply output voltage 1.25V

PWR_SMPS_OUTPUT_VOLTAGE_1V30

SMPS step down converter supply output voltage 1.30V
PWR_SMPS_OUTPUT_VOLTAGE_1V35

SMPS step down converter supply output voltage 1.35V
PWR_SMPS_OUTPUT_VOLTAGE_1V40

SMPS step down converter supply output voltage 1.40V
PWR_SMPS_OUTPUT_VOLTAGE_1V45

SMPS step down converter supply output voltage 1.45V
PWR_SMPS_OUTPUT_VOLTAGE_1V50

SMPS step down converter supply output voltage 1.50V
PWR_SMPS_OUTPUT_VOLTAGE_1V55

SMPS step down converter supply output voltage 1.55V
PWR_SMPS_OUTPUT_VOLTAGE_1V60

SMPS step down converter supply output voltage 1.60V
PWR_SMPS_OUTPUT_VOLTAGE_1V65

SMPS step down converter supply output voltage 1.65V
PWR_SMPS_OUTPUT_VOLTAGE_1V70

SMPS step down converter supply output voltage 1.70V
PWR_SMPS_OUTPUT_VOLTAGE_1V75

SMPS step down converter supply output voltage 1.75V
PWR_SMPS_OUTPUT_VOLTAGE_1V80

SMPS step down converter supply output voltage 1.80V
PWR_SMPS_OUTPUT_VOLTAGE_1V85

SMPS step down converter supply output voltage 1.85V
PWR_SMPS_OUTPUT_VOLTAGE_1V90

SMPS step down converter supply output voltage 1.90V

PWR_SMPS_OUTPUT_VOLTAGE_1V95
SMPS step down converter supply output voltage 1.95V

PWR Wake-up pins
PWR_WAKEUP_CR3_ALL

PWR_WAKEUP_CR6_ALL

PWR_WAKEUP_ALL

Enable all the wakeup source

PWR_WAKEUP_PIN_RTC

Enable wakeup on Internal event (RTC)
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PWR_WAKEUP_PIN_LPUART
Enable wakeup on Internal event 2 (LPUART)

PWR_WAKEUP_BLEHOST
Enable wakeup on BLE Host CPU event

PWR_WAKEUP_BLE

Enable wakeup on BLE event
PWR_WAKEUP_PA11

Enable wakeup on PA11 1/0 event
PWR_WAKEUP_PA10

Enable wakeup on PA10 I/O event
PWR_WAKEUP_PA9

Enable wakeup on PA9 I/O event
PWR_WAKEUP_PA8

Enable wakeup on PA8 1/0O event
PWR_WAKEUP_PA3

Enable wakeup on PA3 1/O event
PWR_WAKEUP_PA2

Enable wakeup on PA2 1/O event
PWR_WAKEUP_PA1

Enable wakeup on PA1 1/O event
PWR_WAKEUP_PAO

Enable wakeup on PAO 1/O event
PWR_WAKEUP_PB7

Enable wakeup on PB7 1/O event
PWR_WAKEUP_PB6

Enable wakeup on PB6 I/O event
PWR_WAKEUP_PB5

Enable wakeup on PB5 I/O event
PWR_WAKEUP_PB4

Enable wakeup on PB4 I/O event
PWR_WAKEUP_PB3

Enable wakeup on PB3 I/O event
PWR_WAKEUP_PB2

Enable wakeup on PB2 I/O event
PWR_WAKEUP_PB1

Enable wakeup on PB1 I/O event

PWR_WAKEUP_PB0
Enable wakeup on PBO I/O event
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PWR_WAKEUP_PB15
Enable wakeup on PB15 I/O event

PWR_WAKEUP_PB14
Enable wakeup on PB14 I/O event

PWR_WAKEUP_PB13
Enable wakeup on PB13 I/O event

PWR_WAKEUP_PB12
Enable wakeup on PB12 I/O event

Wakeup Source Select

PWR_WUP_CR3

PWR_WUP_CR6

Shift to apply to retrieve polarity information from PWR_WAKEUP_PINy_xxx constants
PWR_WUP_POLARITY_SHIFT

Internal constant used to retrieve wakeup pin polarity
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25 HAL RADIO Generic Driver
25.1 RADIO Firmware driver registers structures
2511 RADIO_HandleTypeDef
RADIO_HandleTypeDef is defined in the stm32wb0x_hal_radio.h
Data Fields

. BLUE_TypeDef * Instance
Field Documentation

. BLUE_TypeDef* RADIO_HandleTypeDef::Instance
Register base address

251.2 ActionPacket
ActionPacket is defined in the stm32wbO0x_hal_radio.h
Data Fields
. uint8_t StateMachineNo
. uint8_t ActionTag
. uint8_t MaxReceivelLength
. uint32_t WakeupTime
. uint8_t * data

. uint32_t status

. uint32_t timestamp_receive

. int32_t rssi

. BlueTransStruct trans_packet
. ActionPacket * next_true

. ActionPacket * next_false

. uint8_t(* condRoutine

. uint8_t(* dataRoutine

. uint8_t trans_config

Field Documentation

. uint8_t ActionPacket::StateMachineNo

. uint8_t ActionPacket::ActionTag

. uint8_t ActionPacket::MaxReceiveLength
. uint32_t ActionPacket::WakeupTime

. uint8_t* ActionPacket::data

. uint32_t ActionPacket::status

. uint32_t ActionPacket::timestamp_receive

. int32_t ActionPacket::rssi

. BlueTransStruct ActionPacket::trans_packet
. ActionPacket* ActionPacket::next_true

. ActionPacket* ActionPacket::next_false

. uint8_t(* ActionPacket::condRoutine)(ActionPacket *)
. uint8_t(* ActionPacket::dataRoutine)(ActionPacket *, ActionPacket *)
. uint8_t ActionPacket::trans_config

251.3 RadioGlobalParameters_t
RadioGlobalParameters_t is defined in the stm32wb0x_hal_radio.h
Data Fields
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. uint32_t back2backTime
. uint8_t tone_start_stop_flag
. ActionPacket * current_action_packet

Field Documentation

. uint32_t RadioGlobalParameters_t::back2backTime

. uint8_t RadioGlobalParameters_t::tone_start_stop_flag

. ActionPacket* RadioGlobalParameters_t::current_action_packet

251.4 RxStats_t
RxStats_tis defined in the stm32wb0x_hal_radio.h
Data Fields
. int32_t rssi
. uint32_t timestamp_receive
Field Documentation
. int32_t RxStats_t::rssi
. uint32_t RxStats_t::timestamp_receive

25.2 RADIO Firmware driver API description

The following section lists the various functions of the RADIO library.

25.21 Detailed description of functions

HAL_RADIO_lInit

Function name

void HAL_RADIO_Init (RADIO_HandleTypeDef * hradio)

Function description

Initializes the radio.
Return values
. None:
HAL_RADIO_TXRX_IRQHandler

Function name
void HAL_RADIO_TXRX_IRQHandler (void )

Function description

HAL_RADIO_TXRX_SEQ_IRQHandler

Function name

void HAL_RADIO_TXRX_SEQ_IRQHandler (void )

Function description

HAL_RADIO_TxRxCallback

Function name
void HAL_RADIO_TxRxCallback (uint32_t flags)

Function description
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HAL_RADIO_TxRxSeqCallback

Function name
void HAL_RADIO_TxRxSeqCallback (void )

Function description

HAL_RADIO_ReadRSSI

Function name
int8_t HAL_RADIO_ReadRSSI (void )

Function description
Read RSSI.

Return values
. int8_t: RSSI in dBm
HAL_RADIO_Msplnit

Function name
void HAL_RADIO_Msplnit (RADIO_HandleTypeDef * hradio)

Function description

RADIO MSP Init.
Parameters
. hradio: pointer to a RADIO_HandleTypeDef structure that contains the configuration information for
RADIO module

Return values

. None:

HAL_RADIO_MspDelnit

Function name
void HAL_RADIO_MspDelnit (RADIO_HandleTypeDef * hradio)

Function description
RADIO MSP Delnit.

Parameters

. hradio: pointer to a RADIO_HandleTypeDef structure that contains the configuration information for
RADIO module

Return values
. None:
HAL_RADIO_GetStatus

Function name
uint8_t HAL_RADIO_GetStatus (uint32_t * time)

Function description

Get the status of the radio and if it is active the last programmed value in MTU.
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Parameters

. time: where to store the last value programmed.

Return values

. 0: if the radio controller is IDLE or no timer has been programmed
. 1: if the radio is ACTIVE and a radio timer has been programmed
HAL_RADIO_SetChannelMap

Function name
void HAL_RADIO_SetChannelMap (uint8_t StateMachineNo, uint8_t * chan_remap)

Function description

This routine sets the channel map.

Parameters
. StateMachineNo: state machine number in multi state.
. chan_remap: a 37-bit vector, one bit per channel from 0 to 36, with the LSB corresponding to the channel
0

Return values

. None:

HAL_RADIO_SetChannel

Function name
void HAL_RADIO_SetChannel (uint8_t StateMachineNo, uint8_t channel, uint8_t channel_increment)

Function description

This routine sets the channel and the channel increment.

HAL_RADIO_SetTxAttributes

Function name
void HAL_RADIO_SetTxAttributes (uint8_t StateMachineNo, uint32_t NetworklD, uint32_t crc_init)

Function description
This routine sets the NetworkID and the CRC init.

Parameters

. StateMachineNo: state machine number in multi state.

. NetworkID: The NetworkID is the ID of the device. The user shall ensure that the NetworklD meets the
following requirements:

- It shall have no more than six consecutive zeros or ones.

- It shall not have all four octets equal.

- It shall have no more than 24 transitions.

- It shall have a minimum of two transitions in the most significant six bits.

. crc_init: CRC initialization value. This value must be 0x555555 when channel frequency is one of these
values: 37, 38, 39.

Return values

. None:

HAL_RADIO_SetMaxReceivedLength

Function name
void HAL_RADIO_SetMaxReceivedLength (uint8_t StateMachineNo, uint8_t MaxReceivedLength)
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Function description

Set the maximum length of a received packet.

Parameters

. StateMachineNo: state machine number in multi state.
. MaxReceivedLength: Upper limit for the length of a received packet. From 0 to 255 bytes.

Return values

. None:

HAL_RADIO_SetBackToBackTime

Function name
void HAL_RADIO_SetBackToBackTime (uint32_t back_to_back_time)

Function description

Initializes the time between back-to-back radio transmissions.

Parameters

. back_to_back_time: time between two packets if wakeupTimer is not used. Resolution is 1 us.

Return values

. None:

HAL_RADIO_SetPhy

Function name
void HAL_RADIO_SetPhy (uint8_t StateMachineNo, uint8_t phy)
Function description

Phy selection.

Parameters

. StateMachineNo: state machine number in multi state.

. phy: 0x0 PHY is not coded 1Mbps 0x1 PHY is not coded 2Mbps 0x4 PHY is coded 1Mbps with S=8 0x6
PHY is coded 1Mbps with S=2

Return values

. None:

HAL_RADIO_SetTxPower

Function name
void HAL_RADIO_SetTxPower (uint8_t PowerLevel)

Function description

Configures the transmit power level.

Parameters

. PowerLevel: power level which should set to this value. See the documentation inside the datasheet.

Return values

. None:
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HAL_RADIO_StopActivity

Function name
uint8_t HAL_RADIO_StopActivity (void )

Function description

This routine force the radio to be stopped.

Return values

. 0: if the radio activity has been cleared successfully.
. 1: if it is too late to clear the last radio activity.
. 2: if it might not be possible to clear the last radio activity.

HAL_RADIO_SetGlobalReceiveTimeout

Function name
void HAL_RADIO_SetGlobalReceiveTimeout (uint32_t ReceiveTimeout)

Function description
Set the receive window length.
Parameters
. ReceiveTimeout: receive window length in microseconds.

Return values

. None:

HAL_RADIO_SetReservedArea

Function name
void HAL_RADIO_SetReservedArea (ActionPacket * p)

Function description

This routine should be called after writing/modifying an action packet, and before it is executed via either the API
mechanism, or the next mechanism.

Parameters
. p: pointer to action packet.
Return values

. None:

HAL_RADIO_MakeActionPacketPending
Function name
uint8_t HAL_RADIO_MakeActionPacketPending (ActionPacket * p)
Function description
This routine should be called for the first actionPacket that needs to be scheduled on the radio.
Parameters
. p: pointer to action packet.

Return values

. uint8_t: with following values:
- 0x00 : Success.
- 0xC4 : Radio is busy, action packet has not been executed.
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HAL_RADIO_StartTone

Function name
uint8_t HAL_RADIO_StartTone (uint8_t RF_Channel, uint8_t powerLevel, uint8_t freq_offset)

Function description

Starts tone transmission on selected channel.

Parameters

. RF_Channel: radio frequency channel number from 0 to 39. Note that RF channel index is different from
ble channel index due to advertising channels, Please refer following table: RF channel 0: 2402 MHz ->
ble channel index 37 RF channel 1: 2404 MHz -> ble channel index 0 RF channel 2: 2406 MHz -> ble
channel index 1 ... RF channel 11: 2424 MHz -> ble channel index 10 RF channel 12: 2426 MHz -> ble
channel index 38 RF channel 13: 2428 MHz -> ble channel index 11 RF channel 14: 2430 MHz -> ble
channel index 12 ... RF channel 38: 2478 MHz -> ble channel index 36 RF channel 39: 2480 MHz -> ble
channel index 39

. powerLevel: power level which should set.

. freq_offset: Specify if the tone must be emitted with an offset from the channel center frequency. If 0, the
tone is emitted at the channel center frequency. If 1 or 2, the device will continuously emit the tone at the
center frequency plus or minus 250 kHz respectively..

Return values
. None:
HAL_RADIO_StopTone

Function name
uint8_t HAL_RADIO_StopTone (void )

Function description

This routine stop tone transmission.
Return values
. None:
HAL_RADIO_SetEncryptionCount

Function name
void HAL_RADIO_SetEncryptionCount (uint8_t StateMachineNo, uint8_t * count_tx, uint8_t * count_rcv)

Function description

This routine sets the 40-bit receive and transmit packet count, to be used in encryption calculation.

Parameters
. StateMachineNo: state machine number in multi state.
. count_tx: 40-bit transmit packet count, to be used in encryption nounce calculation.
. count_rcv: 40-bit receive packet count, to be used in encryption nounce calculation.

Return values

. None:

HAL_RADIO_SetEncryptionAttributes

Function name
void HAL_RADIO_SetEncryptionAttributes (uint8_t StateMachineNo, uint8_t * enc_iv, uint8_t * enc_key)
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Function description

This routines sets the 8-byte encryption initial vector, and the 16-byte encryption key.

Parameters
. StateMachineNo: state machine number in multi state.
. enc_iv: 8-byte encryption initial vector.
. enc_key: 16-byte encryption key.

Return values

. None:

HAL_RADIO_SetEncryptFlags

Function name

void HAL_RADIO_SetEncryptFlags (uint8_t StateMachineNo, FunctionalState EncryptFlagTx,
FunctionalState EncryptFlagRcv)

Function description

This routine turns encrypt ON and OFF.

Parameters

. StateMachineNo: state machine number in multi state.

. EncryptFlagTx: DISABLE: encryption is turned OFF for both TX and RX operations. ENABLE: encryption
is turned OFF for both TX and RX operations. This parameter can be: ENABLE or DISABLE.

. EncryptFlagRcv: encryption is turned OFF for both TX and RX operations. ENABLE: encryption is turned
OFF for both TX and RX operations. This parameter can be: ENABLE or DISABLE.

Return values

. None:

HAL_RADIO_EncryptPlainData
Function name
void HAL_RADIO_EncryptPlainData (uint8_t * Key, uint8_t * plainData, uint8_t * cypherData)
Function description
Encrypts plain text data using AES encryption with given input key and 128 bit block size.
Parameters

. Key: encryption key to be used.
. plainData: text data to be encrypted.
. cypherData: contains the encrypted data.

Return values

. None:

HAL_RADIO_SetDefaultPreambleLen

Function name
void HAL_RADIO_SetDefaultPreambleLen (uint8_t StateMachineNo)

Function description

Restore default preamble length to one byte.

Parameters

. StateMachineNo: state machine number in multi state.
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Return values

. None:

HAL_RADIO_SetPreambleRep

Function name
void HAL_RADIO_SetPreambleRep (uint8_t StateMachineNo, uint8_t PrealLen)

Function description

Set how many times repeat the preamble.

Parameters

. StateMachineNo: state machine number in multi state.

. PrealLen: preamble length in byte for coded or uncoded phy.
Return values

. None:

HAL_RADIO_DisableCRC

Function name
void HAL_RADIO_DisableCRC (uint8_t StateMachineNo, FunctionalState hwCRC)

Function description

Enable or disable the CRC hardware functionality.

Parameters
. StateMachineNo: state machine number in multi state.
. hwCRC:
- ENABLE: enable the CRC hardware feature.
- DISABLE: disable the CRC hardware feature.
Return values

. None:

HAL_RADIO_SetNetworkID

Function name
uint8_t HAL_RADIO_SetNetworkID (uint32_t ID)

Function description

This routine sets the network ID field for packet transmission and filtering for the receiving.

Parameters

. ID: network ID based on bluetooth specification: 1. It shall have no more than six consecutive zeros or
ones. 2. It shall not have all four octets equal. 3. It shall have no more than 24 transitions. 4. It shall have
a minimum of two transitions in the most significant six bits.

Return values
. uint8_t: return value

- 0x00 : Success.
- 0xCO : Invalid parameter.

HAL_RADIO_CarrierSense

Function name
uint8_t HAL_RADIO_CarrierSense (uint8_t channel, int8_t * rssi)
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Function description

HAL_RADIO_Callback

Function name
uint8_t HAL_RADIO_Callback (ActionPacket * p, ActionPacket * next)

Function description

This routine is called when a RADIO event is complete.

Parameters

. p: Current action packet which its transaction has been completed.
. next: Next action packet which is going to be scheduled.

Return values
. return: value: TRUE

HAL_RADIO_CallbackRcvError

Function name
void HAL_RADIO_CallbackRcvError (RxStats_t * rxPacketStats)

Function description

HAL_RADIO_CallbackRcvTimeout

Function name
void HAL_RADIO_CallbackRcvTimeout (RxStats_t * rxPacketStats)

Function description

HAL_RADIO_CallbackRcvEncryptErr

Function name

void HAL_RADIO_CallbackRcvEncryptErr (RxStats_t * rxPacketStats)

Function description

HAL_RADIO_CallbackRcvOk

Function name
void HAL_RADIO_CallbackRcvOk (RxStats_t * rxPacketStats)

Function description

HAL_RADIO_CallbackTxDone

Function name
void HAL_RADIO_CallbackTxDone (void )

Function description

HAL_RADIO_SendPacket

Function name

uint8_t HAL_RADIO_SendPacket (uint8_t channel, uint32_t wakeup_time, uint8_t * txBuffer, uint8_t(*)
(ActionPacket *, ActionPacket *) Callback)
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Function description

This routine sends a packet on a specific channel and at a specific time.

Parameters
. channel: BLE channel index between 0 to 39.
. wakeup_time: Time of transmission in us. This is relative time regarding now. Minimum wakeup_time of
230 us. TBR
. txBuffer: Pointer to TX data buffer. Second byte of this buffer must be the length of the data.
. Callback: This function is being called as data routine. First ActionPacket is current action packet and the

second one is next action packet.

Return values
. uint8_t: return value
- 0x00 : Success.
- 0xCO : Invalid parameter.
- 0xC4 : Radio is busy, receiving has not been triggered.

HAL_RADIO_SendPacketWithAck

Function name

uint8_t HAL_RADIO_SendPacketWithAck (uint8_t channel, uint32_t wakeup_time, uint8_t * txBuffer,
uint8_t * rxBuffer, uint32_t receive_timeout, uint8_t receive_length, uint8_t(*)(ActionPacket *,
ActionPacket *) Callback)

Function description

This routine sends a packet on a specific channel and at a certain time then wait for receiving acknowledge.

Parameters

. channel: BLE channel index between 0 to 39.

. wakeup_time: Time of transmission based on us. This is relative time regarding now. Minimum
wakeup_time of 250 us. TBR

. txBuffer: Pointer to TX data buffer. Second byte of this buffer must be the length of the data.
. rxBuffer: Pointer to RX data buffer. Second byte of this buffer must be the length of the data.

. receive_timeout: Time of RX window used to wait for the packet on us.
. receive_length: number of bytes that the link layer accepts in reception.
. Callback: This function is being called as data routine. First ActionPacket is current action packet and the

second one is next action packet.

Return values

. uint8_t: return value
- 0x00 : Success.
- 0xCO : Invalid parameter.
- 0xC4 : Radio is busy, receiving has not been triggered.

HAL_RADIO_ReceivePacket

Function name

uint8_t HAL_RADIO_ReceivePacket (uint8_t channel, uint32_t wakeup_time, uint8_t * rxBuffer, uint32_t
receive_timeout, uint8_t receive_length, uint8_t(*)(ActionPacket *, ActionPacket *) Callback)

Function description

This routine receives a packet on a specific channel and at a certain time.
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Parameters

. channel: BLE channel index between 0 to 39.

. wakeup_time: Time of transmission based on us. This is relative time regarding now. Minimum
wakeup_time of 230 us. TBR

. rxBuffer: Pointer to RX data buffer. Second byte of this buffer must be the length of the data.

. receive_timeout: Time of RX window used to wait for the packet on us.
. receive_length: number of bytes that the link layer accepts in reception.
. Callback: This function is being called as data routine. First ActionPacket is current action packet and the

second one is next action packet.

Return values

. uint8_t: return value
- 0x00 : Success.
- 0xCO : Invalid parameter.
- 0xC4 : Radio is busy, receiving has not been triggered.

HAL_RADIO_ReceivePacketWithAck

Function name

uint8_t HAL_RADIO_ReceivePacketWithAck (uint8_t channel, uint32_t wakeup_time, uint8_t * rxBuffer,
uint8_t * txBuffer, uint32_t receive_timeout, uint8_t receive_length, uint8_t(*)(ActionPacket *,
ActionPacket *) Callback)

Function description

This routine receives a packet on a specific channel and at a certain time.

Parameters
. channel: BLE channel index between 0 to 39.
. wakeup_time: time of transmission based on us. This is relative time regarding now. Minimum
wakeup_time of 250 us. TBR
. rxBuffer: points to received data buffer. second byte of this buffer determines the length of the data.
. txBuffer: points to data buffer to send. second byte of this buffer must be the length of the buffer.
. receive_timeout: Time of RX window used to wait for the packet on us.
. receive_length: number of bytes that the link layer accepts in reception.
. Callback: This function is being called as data routine. First ActionPacket is current action packet and the

second one is next action packet.

Return values

. uint8_t: return value
- 0x00 : Success.
- 0xCO : Invalid parameter.
- 0xC4 : Radio is busy, receiving has not been triggered.
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26 HAL RADIO__TIMER Generic Driver

26.1 RADIO__TIMER Firmware driver registers structures

26.1.1 RADIO_TIMER_InitTypeDef
RADIO_TIMER_InitTypeDef is defined in the stm32wbO0x_hal_radio_timer.h
Data Fields
. uint16_t XTAL_StartupTime
. bool enablelnitialCalibration
. uint32_t periodicCalibrationinterval
Field Documentation

. uint16_t RADIO_TIMER_InitTypeDef::XTAL_StartupTime
XTAL startup in 2.44 us unit

. bool RADIO_TIMER_InitTypeDef::enablelnitialCalibration
Enable initial estimation of the frequency of the Low Speed Oscillator, otherwise it will be assumed fixed at
32.768 kHz. Ignored if periodic calibration is active (PeriodicCalibrationinterval != 0).

. uint32_t RADIO_TIMER_InitTypeDef::periodicCalibrationinterval
Periodic calibration interval in ms, to disable set to 0

26.1.2 VTIMER_HandleTypeS
VTIMER _HandleTypeS is defined in the stm32wb0x_hal_radio_timer.h
Data Fields
. uint64_t expiryTime
. VTIMER_CallbackType callback

. bool active
. struct VTIMER_HandleTypeS * next
. void * userData

Field Documentation

. uint64_t VTIMER_HandleTypeS::expiryTime
Managed internally when the timer is started

. VTIMER_CallbackType VTIMER_HandleTypeS::callback
Pointer to the user callback

. bool VTIMER_HandleTypeS::active
Managed internally when the timer is started

. struct VTIMER_HandleTypeS* VTIMER_HandleTypeS::next
Managed internally when the timer is started

. void* VTIMER_HandleTypeS::userData
Pointer to user data

26.2 RADIO__TIMER Firmware driver API description
The following section lists the various functions of the RADIO__TIMER library.

26.2.1 Detailed description of functions

HAL_RADIO_TIMER_Init

Function name
void HAL_RADIO_TIMER_Init (RADIO_TIMER_InitTypeDef * RADIO_TIMER_InitStruct)

Function description

Initialize the radio timer module.
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Parameters

. RADIO_TIMER_InitStruct: Radio Timer Initialization parameters

Return values

. None:

HAL_RADIO_TIMER_Tick

Function name
void HAL_RADIO_TIMER_Tick (void )

Function description

Timer module state machine.

Return values

. None:

HAL_RADIO_TIMER_GetRadioTimerStatus

Function name
RADIO_TIMER_Status HAL_RADIO_TIMER_GetRadioTimerStatus (uint64_t * time)

Function description

Return the status of the radio timer.

Parameters

. time: Pointer of the variable where the time of the last radio activity scheduled is stored The time is
expressed in STU.

Return values
. 0: if no radio timer is pending.
. 1: if a radio timer is pending.

HAL_RADIO_TIMER_SetRadioTimerValue

Function name
uint32_t HAL_RADIO_TIMER_SetRadioTimerValue (uint32_t time, uint8_t event_type, uint8_t cal_req)

Function description
Schedules a radio activity for the given absolute timeout value expressed in STU.

Parameters

. time: Absolute time expressed in STU.

. event_type: Specify if itis a TX (1) or RX (0) event.

. cal_req: Specify if PLL calibration is requested (1) or not (0).
Return values

. 0: if radio activity has been scheduled successfully.
. 1: if radio activity has been rejected (it is too close or in the past).

HAL_RADIO_TIMER_ClearRadioTimerValue

Function name
uint32_t HAL_RADIO_TIMER_ClearRadioTimerValue (void )

Function description

Clear the last radio activity scheduled disabling the radio timers too.
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Return values

. 0: if the radio activity has been cleared successfully.
. 1: if it is too late to clear the last radio activity.
. 2: if it might not be possible to clear the last radio activity.

HAL_RADIO_TIMER_SetRadioTimerRelativeUsValue

Function name

uint32_t HAL_RADIO_TIMER_SetRadioTimerRelativeUsValue (uint32_t rel_timeout_us, bool event_type,
bool cal_req)

Function description

Programs Timer1 with a relative timeout - expressed in us - wrt the previous radio event.

Parameters
. rel_timeout_us: relative delay, in us, wrt the previous radio event.
. event_type: 1 Tx event. 0 Rx event
. cal_req: 1 PLL calibartion is requested. 0 PLL calibartion is not requested.

Return values

. 0: if a correct timeout has been programmed in the timeout register
. 1: if a correct timeout cannot be programmed

HAL_RADIO_TIMER_GetRadioTimerValue

Function name
uint8_t HAL_RADIO_TIMER_GetRadioTimerValue (uint32_t * time)

Function description

Return the status of the Radio timers and the last value programmed in the register.

Parameters

. time: pointer to value which is going to have time value.

Return values

: if no timer has been programmed.

: if Timer1 has been programmed.

: if Timer2 has been programmed.

: if Wakeup Timer has been programmed.

.
W N = O

Notes

. When Timer2 is on schedule, the time is expressed in microseconds, otherwise in absolute machine time
units.

HAL_RADIO_TIMER_SetRadioCloseTimeout

Function name
void HAL_RADIO_TIMER_SetRadioCloseTimeout (void )

Function description

Program the radio timer (a.k.a Timer1) as close as possible.

HAL_RADIO_TIMER_RadioTimerlsr

Function name
void HAL_RADIO_TIMER_RadioTimerlsr (void )
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Function description

Radio activity finished.

Return values

. None:

HAL_RADIO_TIMER_EndOfRadioActivitylsr

Function name
void HAL_RADIO_TIMER_EndOfRadioActivitylsr (void )

Function description

Timer State machine semaphore to signal the radio activity finished.

Return values

. None:

HAL_RADIO_TIMER_GetAnchorPoint

Function name
uint64_t HAL_RADIO_TIMER_GetAnchorPoint (uint64_t * current_system_time)

Function description

Get the last anchorPoint in system time unit.

Parameters

. current_system_time: Current System Time

HAL_RADIO_TIMER_PowerSavelLevelCheck

Function name
PowerSavelLevels HAL_RADIO_TIMER_PowerSaveLevelCheck (void )

Function description

Returns the admitted low power mode according to the next timer activity.

HAL_RADIO_TIMER_UsToSystime

Function name
uint32_t HAL_RADIO_TIMER_UsToSystime (uint32_t time)

Function description

Translate time in microseconds into sys time units.

Parameters

. time: Microseconds to be converted in STU

HAL_RADIO_TIMER_MachineTimeToSysTime
Function name
uint32_t HAL_RADIO_TIMER_MachineTimeToSysTime (uint32_t time)
Function description
Return the STU corresponding to the MTU passed as parameter.

Parameters

. time: MTU amount to be converted in STU
. time: MTU amount to be converted in STU
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HAL_RADIO_TIMER_GetCurrentSysTime

Function name
uint64_t HAL_RADIO_TIMER_GetCurrentSysTime (void )

Function description

This function returns the current reference time expressed in system time units.

HAL_RADIO_TIMER_AddSysTimeMs

Function name
uint64_t HAL_RADIO_TIMER_AddSysTimeMs (uint64_t sysTime, int32_t msTime)

Function description

This function returns the sum of an absolute time and a signed relative time.

Parameters

. sysTime: Absolute time expressed in internal time units.
. msTime: Signed relative time expressed in ms.
HAL_RADIO_TIMER_DiffSysTimeMs

Function name
int64_t HAL_RADIO_TIMER_DiffSysTimeMs (uint64_t sysTime1, uint64_t sysTime2)

Function description

Returns the difference between two absolute times: sysTime1-sysTime2.

Parameters

. sysTime2: Absolute time expressed in internal time units.
. sysTime1: Absolute time expressed in internal time units.
HAL_RADIO_TIMER_GetSysTime64

Function name
uint64_t HAL_RADIO_TIMER_GetSysTime64 (uint32_t sys_time)

Function description

Returns the 64-bit system time, referred to the 32-bit system time parameter.
Parameters
. sys_time: system time
HAL_RADIO_TIMER_GetFutureSysTime64

Function name
uint64_t HAL_RADIO_TIMER_GetFutureSysTime64 (uint32_t sys_time)

Function description

Returns the next 64-bit system time in the future, referred to the 32-bit system time parameter.

Parameters

. sys_time: system time in the future (no more than 10485 s = 174 min in the future)
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HAL_RADIO_TIMER_StartVirtualTimer

Function name

uint32_t HAL_RADIO_TIMER_StartVirtualTimer (VTIMER_HandleType * timerHandle, uint32_t
msRelTimeout)

Function description

Starts a one-shot virtual timer for the given relative timeout value expressed in ms.

Parameters

. timerHandle: The virtual timer

. msRelTimeout: The relative time, from current time, expressed in ms
Return values

. 0: if the timerHandle is valid.
. 1: if the timerHandle is not valid. It is already started.
HAL_RADIO_TIMER_StartVirtualTimerSysTime

Function name

uint32_t HAL_RADIO_TIMER_StartVirtualTimerSysTime (VTIMER_HandleType * timerHandle, uint64_t
time)

Function description

Starts a one-shot virtual timer for the given absolute timeout value expressed in internal system time units.

Parameters

. timerHandle: The virtual timer
. time: Absolute time expressed in STU.

Return values

. 0: if the timerHandle is valid.
. 1: if the timerHandle is not valid. It is already started.
HAL_RADIO_TIMER_StopVirtualTimer

Function name
void HAL_RADIO_TIMER_StopVirtualTimer (VTIMER_HandleType * timerHandle)

Function description

Stops the one-shot virtual timer specified if found.

Parameters

. timerHandle: The virtual timer
Return values
. None:
HAL_RADIO_TIMER_ExpiryTime

Function name
uint64_t HAL_RADIO_TIMER_ExpiryTime (VTIMER_HandleType * timerHandle)

Function description

Returns the absolute expiry time of a running virtual timer expressed in internal system time units.
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Parameters

. timerHandle: The virtual timer

Return values

. sysTime: Absolute time expressed in internal system time units.

HAL_RADIO_TIMER_TimeoutCallback

Function name
void HAL_RADIO_TIMER_TimeoutCallback (void )

Function description

Virtual timer Timeout Callback.
Return values
. None:
HAL_RADIO_TIMER_GetPendingTimers

Function name
uint32_t HAL_RADIO_TIMER_GetPendingTimers (void )

Function description

Returns the number of timers in the queue.

HAL_RADIO_TIMER_CPU_WKUP_IRQHandler

Function name
void HAL_RADIO_TIMER_CPU_WKUP_IRQHandler (void )

Function description

HAL_RADIO_TIMER_TXRX_WKUP_IRQHandler

Function name
void HAL_RADIO_TIMER_TXRX_WKUP_IRQHandler (void )

Function description

HAL_RADIO_TIMER_ERROR_IRQHandler

Function name
void HAL_RADIO_TIMER_ERROR_IRQHandler (void )

Function description

HAL_RADIO_TIMER_CpuWakeUpCallback

Function name
void HAL_RADIO_TIMER_CpuWakeUpCallback (void )

Function description

HAL_RADIO_TIMER_TxRxWakeUpCallback

Function name
void HAL_RADIO_TIMER_TxRxWakeUpCallback (void )
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Function description

26.3 RADIO__TIMER Firmware driver defines

The following section lists the various define and macros of the module.
26.3.1 RADIO__TIMER

RADIO__TIMER

Radio Timer Exported Constants

HAL_RADIO_TIMER_SUCCESS
HAL_RADIO_TIMER_LATE

HAL_RADIO_TIMER_CRITICAL
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27 HAL RCC Generic Driver
271 RCC Firmware driver registers structures
2711 RCC_OscInitTypeDef
RCC_OsclInitTypeDef is defined in the stm32wbO0x_hal_rcc.h
Data Fields

. uint32_t OscillatorType

. uint32_t HSEState

. uint32_t HSIState

. uint32_t LSEState

. uint32_t LSIState

. uint32_t LSEBYPASSState
Field Documentation

. uint32_t RCC_OsclnitTypeDef::OscillatorType
The oscillators to be configured. This parameter can be a value of RCC_Oscillator_Type

. uint32_t RCC_OsclnitTypeDef::HSEState
The new state of the HSE. This parameter can be a value of RCC_HSE_Config

. uint32_t RCC_OsclInitTypeDef::HSIState
The new state of the HSI. This parameter can be a value of RCC_HSI_Config

. uint32_t RCC_OsclnitTypeDef::L SEState
The new state of the LSE. This parameter can be a value of RCC_LSE_Config

. uint32_t RCC_OsclnitTypeDef::LSIState
The new state of the LSI. This parameter can be a value of RCC_LSI_Config

. uint32_t RCC_OsclnitTypeDef::LSEBYPASSState
The new state of the LSE Bypass. This parameter can be a value of RCC_LSEBYPASS_Config

27.1.2 RCC_ClIkInitTypeDef
RCC_ClkinitTypeDef is defined in the stm32wb0x_hal_rcc.h
Data Fields
. uint32_t SYSCLKSource
. uint32_t SYSCLKDivider
Field Documentation

. uint32_t RCC_ClkInitTypeDef::SYSCLKSource
The clock source used as system clock (SYSCLK). This parameter can be a value of
RCC_System_Clock_Source

. uint32_t RCC_ClkinitTypeDef::SYSCLKDivider
The clock divider used as system clock (SYSCLK). This parameter can be a value of
RCC_RC64MPLL_Clock_Divider or RCC_DIRECT_HSE_Clock_Divider

27.2 RCC Firmware driver API description

The following section lists the various functions of the RCC library.

27.21 RCC specific features

After reset the device is running from High Speed Internal oscillator (64 MHz RC oscillator) with flash 1 wait state.
All peripherals clock are off except internal SRAM, flash and GPIO for SWD communication.

. The prescaler is DIV 4

. The clock for all peripherals is switched off, except the SRAM and FLASH and GPIO.

. All GPIOs are in input mode, except the SWD pins which are assigned to be used for debug purpose.
Once the device started from reset, the user application has to:
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. Configure the clock source to be used to drive the System clock (if the application needs higher frequency/
performance)

. Configure the System clock frequency and flash settings

. Enable the clock for the peripheral(s) to be used

. Configure the clock source(s) for peripherals which clocks are not always 16MHz or 32 MHz (SMPS,

SPI2I2S, SPI3I2S)

27.2.2 Initialization and de-initialization functions
This section provides functions allowing to configure the internal and external oscillators (HSE, HSI, LSE, LSI,
PLL and MCO) and the System busses clocks (SYSCLK).
Internal/external clock and PLL configuration
. HSI (high-speed internal): 64 MHz factory-trimmed RC used through the PLL as System clock source.

. LSI (low-speed internal): 32 KHz low consumption RC used as IWDG, LPUART, RF system Auto-wakeup
from DeepStop modes. clock source.

. HSE (high-speed external): 32 MHz crystal oscillator.

. LSE (low-speed external): 32.768 KHz oscillator used as IWDG, RTC, LPUART, RF system Auto-wakeup
from DeepStop modes.

. PLL (clocked by HSI, HSE) providing system clock.

. MCO (microcontroller clock output): used to output HSI, HSE, SYSCLK, HSI64M_DIV2048, RC64MPLL
clock (through a configurable prescaler) on PA5, PA11 & PB15 pins.

Note: All the peripheral clocks have an always 16 MHz or 32 MHz to maintain fixed baud rate while system
clock is switching from a frequency to another from the System clock (SYSCLK). An always 32 or 16 MHz
requested by few peripherals like the MR_BLE radio IP for instance. An always 16 MHz requested by few
peripherals like serial interfaces or like flash controller and MR_BLE radio IP (to have a fixed reference
clock to manage delays).

- A programmable prescaled clock for I12S block, that can be 16 MHz / 32 MHz. You have to use @ref
__HAL_RCC_SPI212S_CONFIG(), @ref __HAL_RCC_SPI312S_CONFIG and @ref
HAL_RCCEXx_PeriphCLKConfig() function to configure this clock.

. The maximum frequency of the SYSCLK is 64 MHz. The maximum frequency of the CLK_SYS_BLE is 32
MHz.

This section contains the following APls:
. HAL_RCC_Delnit()

. HAL_RCC_OscConfig()

. HAL_RCC_ClockConfig()

27.2.3 Peripheral Control functions
This subsection provides a set of functions allowing to:
. Output clock to MCO pin.
. Retrieve current clock frequencies.
This section contains the following APlIs:
. HAL_RCC_MCOConfig()
. HAL_RCC_GetSysClockFreq()
. HAL_RCC_GetOscConfig()
. HAL_RCC_GetClockConfig()

27.2.4 Detailed description of functions

HAL_RCC_Delnit

Function name
HAL_StatusTypeDef HAL_RCC_Delnit (void )
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Function description

Reset the RCC clock configuration to the default reset state.

Return values
. HAL: status

Notes

. The default reset state of the clock configuration is given below: HSI 16MHz, PLL OFF
. This function doesn't modify the configuration of the Peripheral clocksLSI and LSE clocks

HAL_RCC_OscConfig

Function name
HAL_StatusTypeDef HAL_RCC_OscConfig (RCC_OscInitTypeDef * RCC_OsclnitStruct)

Function description

Initialize the RCC Oscillators according to the specified parameters in the RCC_OsclInitTypeDef.

Parameters

. RCC_OsclInitStruct: pointer to a RCC_OsclnitTypeDef structure that contains the configuration
information for the RCC Oscillators.

Return values
. HAL: status

HAL_RCC_ClockConfig

Function name

HAL_StatusTypeDef HAL_RCC_ClockConfig (RCC_CIkInitTypeDef * RCC_ClkInitStruct, uint32_t
FLatency)

Function description

Initialize the system clock according to the specified parameters in the RCC_CIkInitStruct.

Parameters

. RCC_ClkInitStruct: pointer to a RCC_CIklInitTypeDef structure that contains the configuration information
for the RCC peripheral.

. FLatency: FLASH Latency This parameter can be one of the following values:
- FLASH_WAIT_STATES_0 FLASH 0 wait state cycle
- FLASH_WAIT_STATES_1 FLASH 1 wait state cycle

Return values
. HAL.: status

Notes
. The SystemCoreClock CMSIS variable is used to store System Clock Frequency and updated within this
function
. A switch from one clock source to another occurs only if the target clock source is ready (clock stable after

startup delay). If a clock source which is not yet ready is selected, the switch will occur when the clock
source is ready.

. You can use HAL_RCC_GetClockConfig() function to know which clock is currently used as system clock
source.

HAL_RCC_MCOConfig

Function name
void HAL_RCC_MCOConfig (uint32_t RCC_MCOXx, uint32_t RCC_MCOSource, uint32_t RCC_MCODiv)
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Function description
Select the clock source to output on MCO1 pin(PA5) or MC02 pin (PA11) or MCO3 pin (PB14/PB15).

Parameters

. RCC_MCOx: specifies the output direction for the clock source.
- RCC_MCO1 Clock source to output on MCO1 pin(PA5)
- RCC_MCO2 Clock source to output on MCO2 pin(PA11)
- RCC_MCO3 Clock source to output on MCO3 pin(PB14/PB15)

. RCC_MCOSource: specifies the clock source to output. This parameter can be one of the following
values:

- RCC_MCOSOURCE_NOCLOCK MCO output disabled, no clock on MCO
RCC_MCO1SOURCE_SYSCLK System clock selected as MCO source
RCC_MCO1SOURCE_HSI HSI clock selected as MCO source
RCC_MCO1SOURCE_HSE HSE clock selected as MCO source
RCC_MCOSOURCE_RC64MPLL RC64MPLL clock selected as MCO source
RCC_MCOSOURCE_HSI64M_DIV2048 HSI64M_DIV2048 clock selected as MCO source
RCC_MCOSOURCE_SMPS SMPS clock selected as MCO source
RCC_MCOSOURCE_ADC ADC clock before stabilization selected as MCO source

. RCC_MCODiv: specifies the MCO prescaler. This parameter can be one of the following values:
RCC_MCODIV_1 no division applied to MCO clock

RCC_MCODIV_2 division by 2 applied to MCO clock

RCC_MCODIV_4 division by 4 applied to MCO clock

RCC_MCODIV_8 division by 8 applied to MCO clock

RCC_MCODIV_16 division by 16 applied to MCO clock

RCC_MCODIV_32 division by 32 applied to MCO clock

Return values

. None:

Notes

PA5, PA11 or PB14/PB15 should be configured in alternate function mode.

HAL_RCC_GetSysClockFreq

Function name
uint32_t HAL_RCC_GetSysClockFreq (void )
Function description

Return the SYSCLK frequency.

Return values
. SYSCLK: frequency

Notes

. The system computed by this function is not the real frequency in the chip. It is calculated based on the
predefined constant and the selected clock source. The return value is the content of the
SystemCoreClock CMSIS variable

HAL_RCC_GetOscConfig

Function name
void HAL_RCC_GetOscConfig (RCC_OsclnitTypeDef * RCC_OsclInitStruct)

Function description

Configure the RCC_OsclnitStruct according to the internal RCC configuration registers.
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Parameters

. RCC_OsclInitStruct: pointer to an RCC_OsclInitTypeDef structure that will be configured.

Return values

. None:

HAL_RCC_GetClockConfig

Function name
void HAL_RCC_GetClockConfig (RCC_ClkInitTypeDef * RCC_ClIkInitStruct, uint32_t * pFLatency)

Function description

Configure the RCC_ClIkInitStruct according to the internal RCC configuration registers.

Parameters

. RCC_ClkInitStruct: Pointer to a RCC_ClklInitTypeDef structure that will be configured.
. pFLatency: Pointer on the flash Latency.

Return values

. None:

27.3 RCC Firmware driver defines
The following section lists the various define and macros of the module.

27.31 RCC
RCC
AHB Peripheral Force Release Reset

__HAL_RCC_AHB1_FORCE_RESET
__HAL_RCC_DMA_FORCE_RESET
__HAL_RCC_GPIOA_FORCE_RESET
__HAL_RCC_GPIOB_FORCE_RESET
__HAL_RCC_CRC_FORCE_RESET
__HAL_RCC_PKA_FORCE_RESET
__HAL_RCC_RNG_FORCE_RESET
__HAL_RCC_AHB1_RELEASE_RESET
__HAL_RCC_DMA_RELEASE_RESET
__HAL_RCC_GPIOA_RELEASE_RESET
__HAL_RCC_GPIOB_RELEASE_RESET
__HAL_RCC_CRC_RELEASE_RESET
__HAL_RCC_PKA_RELEASE_RESET

__HAL_RCC_RNG_RELEASE_RESET

UM3363 - Rev 2 page 284/1476



‘_ UM3363
,l HAL RCC Generic Driver

AHB Peripheral Clock Enable Disable

_ HAL_RCC_DMA_CLK_ENABLE
_ HAL_RCC_GPIOA_CLK_ENABLE
_ HAL_RCC_GPIOB_CLK_ENABLE
__HAL_RCC_CRC_CLK_ENABLE
__HAL_RCC_PKA_CLK_ENABLE
_ HAL_RCC_RNG_CLK_ENABLE
_ HAL_RCC_DMA_CLK_DISABLE
_ HAL_RCC_GPIOA_CLK_DISABLE
_ HAL_RCC_GPIOB_CLK_DISABLE
__HAL_RCC_CRC_CLK_DISABLE
__HAL_RCC_PKA_CLK_DISABLE
_ HAL_RCC_RNG_CLK_DISABLE
AHB Peripheral Clock Enabled or Disabled Status
__HAL_RCC_DMA_IS_CLK_ENABLED
_ HAL_RCC_GPIOA_IS_CLK_ENABLED
__HAL_RCC_GPIOB_IS_CLK_ENABLED
__HAL_RCC_CRC_IS_CLK_ENABLED
_ HAL_RCC_PKA_IS_CLK_ENABLED
_ _HAL_RCC_RNG_IS_CLK_ENABLED
_ HAL_RCC_DMA_IS_CLK_DISABLED
_ HAL_RCC_GPIOA_IS_CLK_DISABLED
__HAL_RCC_GPIOB_IS_CLK_DISABLED
__HAL_RCC_CRC_IS_CLK_DISABLED
__HAL_RCC_PKA_IS_CLK_DISABLED
__HAL_RCC_RNG_IS_CLK_DISABLED
APBO Peripheral Clock Enable Disable
_ HAL_RCC_TIM2_CLK_ENABLE

__HAL_RCC_SYSCFG_CLK_ENABLE
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__HAL_RCC_RTC_CLK_ENABLE

__HAL_RCC_WDG_CLK_ENABLE
_ HAL_RCC_TIM16_CLK_ENABLE
_ HAL_RCC_TIM17_CLK_ENABLE
__HAL_RCC_TIM2_CLK_DISABLE
__HAL_RCC_SYSCFG_CLK_DISABLE
__HAL_RCC_RTC_CLK_DISABLE
__HAL_RCC_WDG_CLK_DISABLE
__HAL_RCC_TIM16_CLK_DISABLE
_ HAL_RCC_TIM17_CLK_DISABLE
APBO Peripheral Clock Enabled or Disabled Status
__HAL_RCC_TIM2_IS_CLK_ENABLED
__HAL_RCC_SYSCFG_IS_CLK_ENABLED
_ HAL_RCC_RTC_IS_CLK_ENABLED
__HAL_RCC_WDG_IS_CLK_ENABLED
__HAL_RCC_TIM16_IS_CLK_ENABLED
__HAL_RCC_TIM17_IS_CLK_ENABLED
__HAL_RCC_TIM2_IS_CLK_DISABLED
__HAL_RCC_SYSCFG_IS_CLK_DISABLED
_ HAL_RCC_RTC_IS_CLK_DISABLED
__HAL_RCC_WDG_IS_CLK_DISABLED
_ HAL_RCC_TIM16_IS_CLK_DISABLED
__HAL_RCC_TIM17_IS_CLK_DISABLED
APBO Peripheral Force Release Reset
__HAL_RCC_APB0_FORCE_RESET
_ HAL_RCC_TIM2_FORCE_RESET
_ HAL_RCC_SYSCFG_FORCE_RESET

__HAL_RCC_RTC_FORCE_RESET
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__HAL_RCC_WDG_FORCE_RESET

_ _HAL_RCC_TIM16_FORCE_RESET
_ _HAL_RCC_TIM17_FORCE_RESET
__HAL_RCC_APBO_RELEASE_RESET
_ _HAL_RCC_TIM2_RELEASE_RESET
__HAL_RCC_SYSCFG_RELEASE_RESET
__HAL_RCC_RTC_RELEASE_RESET
_ HAL_RCC_WDG_RELEASE_RESET
_ HAL_RCC_TIM16_RELEASE_RESET
_ HAL_RCC_TIM17_RELEASE_RESET
APB1 Peripheral Clock Enable Disable
__HAL_RCC_ADCDIG_CLK_ENABLE
__HAL_RCC_ADCANA_CLK_ENABLE
_ HAL_RCC_LPUART1_CLK_ENABLE
_ HAL_RCC_USART1_CLK_ENABLE
_ HAL_RCC_SPI3_CLK_ENABLE
__HAL_RCC_I2C1_CLK_ENABLE
__HAL_RCC_ADCDIG_CLK_DISABLE
__HAL_RCC_ADCANA_CLK_DISABLE
_ HAL_RCC_LPUART1_CLK_DISABLE
_ HAL_RCC_USART1_CLK_DISABLE
__HAL_RCC_SPI3_CLK_DISABLE
__HAL_RCC_I2C1_CLK_DISABLE
APB1 Peripheral Clock Enabled or Disabled Status
__HAL_RCC_ADCDIG_IS_CLK_ENABLED
_ HAL_RCC_ADCANA_IS_CLK_ENABLED
__HAL_RCC_LPUART1_IS_CLK_ENABLED

__HAL_RCC_USART1_IS_CLK_ENABLED
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__HAL_RCC_SPI3_IS_CLK_ENABLED

__HAL_RCC_I2C1_IS_CLK_ENABLED
_ HAL_RCC_ADCDIG_IS_CLK_DISABLED
_ HAL_RCC_ADCANA_IS_CLK_DISABLED
_ HAL_RCC_LPUART1_IS_CLK_DISABLED
__HAL_RCC_USART1_IS_CLK_DISABLED
__HAL_RCC_SPI3_IS_CLK_DISABLED
__HAL_RCC_I2C1_IS_CLK_DISABLED

APB1 Peripheral Force Release Reset
_ HAL_RCC_APB1_FORCE_RESET
_ HAL_RCC_ADC_FORCE_RESET
__HAL_RCC_LPUART1_FORCE_RESET
__HAL_RCC_USART1_FORCE_RESET
_ HAL_RCC_SPI3_FORCE_RESET
_ HAL_RCC_I2C1_FORCE_RESET
_ HAL_RCC_APB1_RELEASE_RESET
_ HAL_RCC_ADC_RELEASE_RESET
__HAL_RCC_LPUART1_RELEASE_RESET
__HAL_RCC_USART1_RELEASE_RESET
_ HAL_RCC_SPI3_RELEASE_RESET
_ HAL_RCC_I2C1_RELEASE_RESET

APB2 Peripheral Clock Enable Disable
_ HAL_RCC_RADIO_CLK_ENABLE
__HAL_RCC_RADIO_CLK_DISABLE

APB2 Peripheral Clock Enabled or Disabled Status
__HAL_RCC_RADIO_IS_CLK_ENABLED

__HAL_RCC_RADIO_IS_CLK_DISABLED

APB2 Peripheral Force Release Reset
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__HAL_RCC_APB2_FORCE_RESET

__HAL_RCC_RADIO_FORCE_RESET
__HAL_RCC_APB2_RELEASE_RESET

__HAL_RCC_RADIO_RELEASE_RESET

Clock Source Configuration Macros

__HAL_RCC_RC64MPLL_ENABLE
Description:
. Macros to enable or disable the main RC64MPLL.
Return value:
. None
Notes:

. After enabling the main RC64MPLL, the application software should wait on PLLRDY flag to be set
indicating that PLL clock is stable and can be used as system clock source. The main RC64MPLL can not
be disabled if it is used as system clock source The main RC64MPLL is disabled by hardware when
entering DEEPSTOP and SHUTDOWN modes.

__HAL_RCC_RC64MPLL_DISABLE

__HAL_RCC_RC64MPLL_READYFLAG

Description:

. Macro to get the RC64MPLL ready flag.
Return value:

. Returns: the Ready Flag status

__HAL_RCC_RC64MPLL_PRESC_CONFIG

Description:

. Macro to configure the RC64MPLL division factor.

Parameters:

. __PLLD__: specifies the division factor This parameter must be a value of

RCC_RC64MPLL_Clock_Divider.
Return value:
. None
Notes:
. This function must be used only when the main RC64MPLL is disabled.

__HAL_RCC_DIRECT_HSE_PRESC_CONFIG

Description:

. Macro to configure the DIRERCT HSE division factor.

Parameters:

. __ DIRECTHSED__: specifies the division factor This parameter must be a value of

RCC_DIRECT_HSE_Clock_Divider.
Return value:
. None
Notes:
. This function must be used only when the main DIRECT HSE is disabled.
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__HAL_RCC_RF_CLK_SET_CONFIG

Description:

. Macro to configure the RF clock frequency.

Parameters:

. _ FREQ__: specifies the RF BLE clock frequency. This parameter must be a value of RCC_RF_Clock.

Return value:
. None

_ _HAL_RCC_RF_CLK_GET_CONFIG
Description:
. Macro to get the RF BLE clock source.
Return value:
. The: RF BLE clock source. The returned value can be one of the following values:
- RCC_RF_CLK_16M
- RCC_RF_CLK_32M

__HAL_RCC_SYSCLK_CONFIG

Description:

. Macro to configure the system clock source.

Parameters:

. __ SYSCLKSOURCE__: specifies the system clock source. This parameter can be one of the following
values:

- RCC_SYSCLKSOURCE_RC64MPLL RC64PLL configuration is used as system clock source.

- RCC_SYSCLKSOURCE_DIRECT_HSE DIRECT HSE configuration is used as system clock
source.

Return value:
. None
__HAL_RCC_GET_SYSCLK_SOURCE

Description:
. Macro to get the clock source used as system clock.
Return value:
. The: clock source used as system clock. The returned value can be one of the following:
- RCC_SYSCLKSOURCE_RC64MPLL RC64PLL configuration is used as system clock source..

- RCC_SYSCLKSOURCE_DIRECT_HSE DIRECT HSE configuration is used as system clock
source.

Clock Switch Divider

RCC_RC64MPLL_SWITCH_DIV1
RC64MPLL division factor = 1

RCC_RC64MPLL_SWITCH_DIV2
RC64MPLL division factor = 2

RCC_RC64MPLL_SWITCH_DIV4
RC64MPLL division factor = 4

RCC_DIRECT_HSE_SWITCH_DIV1

Direct HSE division factor = 1

RCC_DIRECT_HSE_SWITCH_DIV2

Direct HSE division factor = 2
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Clock switch macros

__HAL_RCC_CLOCK_SWITCH

Description:

. Set RC64MPLL prescaler to switch the clock when the MR_BLE is enabled.

Parameters:

. _ PLLD__: specifies the DIRECT_HSE or RC64MPLL value to setup. This parameter can be one of the

following values:
- RCC_DIRECT_HSE_SWITCH_DIV1 DIRECT HSE division factor = 1
- RCC_DIRECT_HSE_SWITCH_DIV2 DIRECT HSE division factor = 2
- RCC_RC64MPLL_SWITCH_DIV1 RC64MPLL division factor = 1
- RCC_RC64MPLL_SWITCH_DIV2 RC64MPLL division factor = 2
- RCC_RC64MPLL_SWITCH_DIV4 RC64MPLL division factor = 4
Return value:
. The: new state of _ FLAG__ (TRUE or FALSE).
Notes:
. The CPU/system frequency must be kept at minimum 16 MHz clock when the radio is used.

__HAL_RCC_CLOCK_SWITCH_IT_ENABLE

Description:

. Macros to enable or disable the interrupt of the CPU / system clock frequency switch.
Return value:

. Status: of the interrupt of the CPU / system clock frequency switch

__HAL_RCC_CLOCK_SWITCH_IT_DISABLE

__HAL_RCC_CLOCK_SWITCH_INTERRUPT_IS_ENABLED
Description:
. Macros to read the configuration status of the interrupt of the CPU / system clock frequency switch.
Return value:
. Interrupt: Enable status
__HAL_RCC_CLOCK_SWITCH_INTERRUPT_STATUS
Description:
. Macros to read the status of the interrupt of the CPU / system clock frequency switch.
Return value:
. Interrupt: status
_ HAL_RCC_CLOCK_SWITCH_CLEAR_INTERRUPT_STATUS

Description:

. Macros to clear the status of the interrupt of the CPU / system clock frequency switch.
Return value:

. Clear: Interrupt status

DIRECT HSE Clock Divider

RCC_DIRECT_HSE_DIV1
DIRECT HSE division factor = 1

RCC_DIRECT_HSE_DIV2
DIRECT HSE division factor = 2
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RCC_DIRECT_HSE_DIV4
DIRECT HSE division factor = 4

RCC_DIRECT_HSE_DIV8
DIRECT HSE division factor = 8

RCC_DIRECT_HSE_DIV16
DIRECT HSE division factor = 16

RCC_DIRECT_HSE_DIV32
DIRECT HSE division factor = 32

LL_RCC_DIRECT_HSE_DIV_1

DIRECT HSE division factor = 1
LL_RCC_DIRECT_HSE_DIV_2

DIRECT HSE division factor = 2
LL_RCC_DIRECT_HSE_DIV_4

DIRECT HSE division factor = 4

LL_RCC_DIRECT_HSE_DIV_8
DIRECT HSE division factor = 8

LL_RCC_DIRECT_HSE_DIV_16
DIRECT HSE division factor = 16

LL_RCC_DIRECT_HSE_DIV_32
DIRECT HSE division factor = 32

Flags

RCC_FLAG_HSIRDY

HSI Ready flag
RCC_FLAG_HSERDY

HSE Ready flag
RCC_FLAG_PLLRDY

PLL Ready flag
RCC_FLAG_LSIRDY

LSI Ready flag
RCC_FLAG_LSERDY

LSE Ready flag
RCC_FLAG_LOCKUPRST

CPU lockup reset flag
RCC_FLAG_WDGRST

Watchdog reset flag
RCC_FLAG_SFTRST

Software reset flag

RCC_FLAG_PORRST
Power-On or BOR reset flag
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RCC_FLAG_PADRSTF
NRSTn pad reset flag

Flags Interrupts Management

__HAL_RCC_ENABLE_IT

Description:

. Enable RCC interrupt.

Parameters:

. __INTERRUPT__: specifies the RCC interrupt sources to be enabled. This parameter can be any

combination of the following values:
- RCC_IT_LSIRDY LSI ready interrupt enable
- RCC_IT_LSERDY LSE ready interrupt enable
- RCC_IT_HSIRDY HSI ready interrupt enable
- RCC_IT_HSERDY HSE ready interrupt enable
- RCC_IT_PLLRDY Main PLL ready interrupt enable
- RCC_IT_PLL_UNLOCKRDY PLL unlock interrupt enable
- RCC_IT_RTCRSTRELRDY RTC Reset Release ready interrupt enable
- RCC_IT_WDGRSTRELRDY WDG Reset Release ready interrupt enable
- RCC_IT_LPURSTRELRDY LPU Reset Release ready interrupt enable
Return value:
. None

__HAL_RCC_DISABLE_IT

Description:

. Disable RCC interrupt.

Parameters:

. __INTERRUPT__: specifies the RCC interrupt sources to be disabled. This parameter can be any

combination of the following values:
- RCC_IT_LSIRDY LSI ready interrupt disable
- RCC_IT_LSERDY LSE ready interrupt disable
- RCC_IT_HSIRDY HSI ready interrupt disable
- RCC_IT_HSERDY HSE ready interrupt disable
- RCC_IT_PLLRDY Main PLL ready interrupt disable
- RCC_IT_PLL_UNLOCKRDY PLL Unlock interrupt disable
- RCC_IT_RTCRSTRELRDY RTC Reset Release ready interrupt disable
- RCC_IT_WDGRSTRELRDY WDG Reset Release ready interrupt disable
- RCC_IT_LPURSTRELRDY LPU Reset Release ready interrupt disable
Return value:
. None
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__HAL_RCC_CLEAR_IT

Description:

. Clear RCC interrupt pending bits (Perform Byte access to RCC_CICR[17:0] bits to clear the selected
interrupt pending bits.

Parameters:

. __INTERRUPT__: specifies the interrupt pending bit to clear. This parameter can be any combination of
the following values:

- RCC_IT_LSIRDY LSI ready interrupt clear

- RCC_IT_LSERDY LSE ready interrupt clear

- RCC_IT_HSIRDY HSI ready interrupt clear

- RCC_IT_HSERDY HSE ready interrupt clear

- RCC_IT_PLLRDY Main PLL ready interrupt clear

- RCC_IT_PLL_UNLOCKRDY PLL Unlock interrupt clear

- RCC_IT_RTCRSTRELRDY RTC Reset Release ready interrupt clear
- RCC_IT_WDGRSTRELRDY WDG Reset Release ready interrupt clear
- RCC_IT_LPURSTRELRDY LPU Reset Release ready interrupt clear

__HAL_RCC_GET_IT

Description:

. Check whether the RCC interrupt has occurred or not.

Parameters:

. __INTERRUPT__: specifies the RCC interrupt source to check. This parameter can be one of the

following values:
- RCC_IT_LSIRDY LSI ready interrupt flag
- RCC_IT_LSERDY LSE ready interrupt flag
- RCC_IT_HSIRDY HSI ready interrupt flag
- RCC_IT_HSERDY HSE ready interrupt flag
- RCC_IT_PLLRDY Main PLL ready interrupt flag
- RCC_IT_PLL_UNLOCKRDY PLL Unlock interrupt flag
- RCC_IT_RTCRSTRELRDY RTC Reset Release ready interrupt flag
- RCC_IT_WDGRSTRELRDY WDG Reset Release ready interrupt flag
- RCC_IT_LPURSTRELRDY LPU Reset Release ready interrupt flag
Return value:
. The: new state of _ INTERRUPT__ (TRUE or FALSE).

HSE bias current factor

RCC_HSEAMPTHRESHOLD 1 2
HSE bias current factor 1/2

RCC_HSEAMPTHRESHOLD_3_4
HSE bias current factor 3/4

External high speed clock buffer for PLL RF2G4
__HAL_RCC_HSEPLLBUFON_ENABLE

Description:

. Macros to enable or disable the high speed clock buffer for PLL RF2G4.
Return value:

. Status: of the high speed clock buffer for PLL RF2G4

__HAL_RCC_HSEPLLBUFON_DISABLE
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__HAL_RCC_HSEPLLBUFON_IS_ENABLED

Description:
. Macros to read the status of the high speed clock buffer for PLL RF2G4.
Return value:

. Configuration: status
HSE Config
RCC_HSE_OFF

HSE clock deactivation

RCC_HSE_ON

HSE clock activation

HSE current max limit

RCC_HSE_CURRENTMAX_0
HSE current max limit 0.18 mA/V

RCC_HSE_CURRENTMAX_1
HSE current max limit 0.57 mA/V

RCC_HSE_CURRENTMAX_ 2
HSE current max limit 0.78 mA/V

RCC_HSE_CURRENTMAX_3
HSE current max limit 1.13 mA/V

RCC_HSE_CURRENTMAX_4
HSE current max limit 0.61 mA/V

RCC_HSE_CURRENTMAX_5
HSE current max limit 1.65 mA/V

RCC_HSE_CURRENTMAX_6
HSE current max limit 2.12 mA/V

RCC_HSE_CURRENTMAX_7
HSE current max limit 2.84 mA/V

HSE Macros
__HAL_RCC_HSE_CONFIG

Description:

. Macro to configure the External High Speed oscillator (HSE).

Parameters:

. _ STATE__: specifies the new state of the HSE. This parameter can be one of the following values:

- RCC_HSE_OFF Turn OFF the HSE oscillator.
- RCC_HSE_ON Turn ON the HSE oscillator.
Return value:
. None
Notes:

. After enabling the HSE (RCC_HSE_ON), the application software should wait on HSERDY flag to be set
indicating that HSE clock is stable and can be used to clock the RC64MPLL. The HSE is stopped by
hardware when entering DEEPSTOP and SHUTDOWN modes.
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__HAL_RCC_GET_HSE_READYFLAG

Description:

. Macro to get the HSE ready flag.
Return value:

. Returns: the Ready Flag status

__HAL_RCC_LSE_CONFIG

Description:

. Macro to configure the External Low Speed oscillator (LSE).

Parameters:

. __ STATE__: specifies the new state of the LSE. This parameter can be one of the following values:

- RCC_LSE_OFF Turn OFF the LSE oscillator.
- RCC_LSE_ON Turn ON the LSE oscillator.

Return value:

. None

Notes:

. After enabling the LSE (RCC_LSE_ON), the application software should wait on LSERDY flag to be set
indicating that LSE clock is stable and can be used.

_ HAL_RCC_GET_LSE_READYFLAG
Description:
. Macro to get the LSE ready flag.
Return value:
. Returns: the Ready Flag status

__HAL_RCC_LSE_BYPASS_CONFIG

Description:

. Macro to configure the External Low Speed oscillator (LSE) in Bypass mode.

Parameters:

. __ STATE__: specifies the new state of the LSE bypass configuration. This parameter can be one of the

following values:
- RCC_LSE_BYPASS_OFF Turn OFF the LSE bypass configuration.
- RCC_LSE_BYPASS_ON Turn ON the LSE bypass configuration.
Return value:
. None

__HAL_RCC_HSE_AMPCONFIG

Description:

. Macros to configure HSE sense amplifier threshold.

Parameters:

. __HSE_AMPTHRES__: specifies the HSE sense amplifier threshold. This parameter can be one of the

following values:
- RCC_HSEAMPTHRESHOLD_1_2 HSE bias current factor 1/2.
- RCC_HSEAMPTHRESHOLD_3_4 HSE bias current factor 3/4.

Return value:

. None

Notes:

. to configure HSE sense amplifier, first disable HSE using _ HAL_RCC_HSE_CONFIG(RCC_HSE_OFF)
macro.
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__HAL_RCC_HSE_CURRENTCONFIG

Description:

. Macros to configure HSE current control.

Parameters:

. _ HSE_CURRENTMAX__: specifies the HSE current max limit. This parameter can be one of the

following values:

- RCC_HSE_CURRENTMAX_0 HSE current max limit 0.18 mA/V.
- RCC_HSE_CURRENTMAX_1 HSE current max limit 0.57 mA/V.
- RCC_HSE_CURRENTMAX_2 HSE current max limit 0.78 mA/V.
- RCC_HSE_CURRENTMAX_3 HSE current max limit 1.13 mA/V.
- RCC_HSE_CURRENTMAX_4 HSE current max limit 0.61 mA/V.
- RCC_HSE_CURRENTMAX_5 HSE current max limit 1.65 mA/V.
- RCC_HSE_CURRENTMAX_6 HSE current max limit 2.12 mA/V.
- RCC_HSE_CURRENTMAX_7 HSE current max limit 2.84 mA/V.

Return value:

. None

Notes:

. to configure HSE current control, first disable HSE using _ HAL_RCC_HSE_CONFIG(RCC_HSE_OFF)
macro.

__HAL_RCC_HSE_CAPACITORTUNING

Description:

. Macros to configure HSE capacitor tuning.

Parameters:

. __HSE_LOAD_CAPACITANCE__: specifies the HSE capacitor value. This Value Between Min_Data = 0

and Max_Data = 63
Return value:

. None

Notes:

. to configure HSE current control, first disable HSE using __ HAL_RCC_HSE_CONFIG(RCC_HSE_OFF)
macro.

_ _HAL_RCC_LSEDRIVE_CONFIG

Description:

. Macro to configure the External Low Speed oscillator (LSE) drive capability.

Parameters:

. __ LSEDRIVE__: specifies the new state of the LSE drive capability. This parameter can be one of the

following values:
- RCC_LSEDRIVE_LOW LSE oscillator low drive capability.
- RCC_LSEDRIVE_MEDIUMLOW LSE oscillator medium low drive capability.
- RCC_LSEDRIVE_MEDIUMHIGH LSE oscillator medium high drive capability.
- RCC_LSEDRIVE_HIGH LSE oscillator high drive capability.

Return value:

. None

HSI default calibration trimming value

RCC_HSICALIBRATION_DEFAULT

Default HSI calibration trimming value

HSI Config
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RCC_HSI_OFF

HSI clock activation

RCC_HSI_ON
HSI clock deactivation

Interrupts

RCC_IT_LSIRDY
LSI Ready Interrupt flag

RCC_IT_LSERDY
LSE Ready Interrupt flag

RCC_IT_HSIRDY
HSI Ready Interrupt flag

RCC_IT_HSERDY
HSE Ready Interrupt flag

RCC_IT_PLLRDY
PLL Ready Interrupt flag

RCC_IT_PLL_UNLOCK
PLL Unlock Interrupt flag

RCC_IT_RTCRSTRELRDY
RTC Reset Release Interrupt Flag

RCC_IT_WDGRSTRELRDY
WDG Reset Release Interrupt Flag

RCC_IT_LPURSTRELRDY
LPU Reset Release Interrupt Flag

RCC Private macros to check input parameters

IS_RCC_HSE

IS_RCC_HSI

IS_RCC_LSE
IS_RCC_LSE_BYPASS
IS_RCC_LSI
IS_RCC_SYSCLKSOURCE
IS_RCC_SYSCLK_DIVIDER
IS_RCC_MCO
IS_RCC_MCO1SOURCE

IS_RCC_MCODIV
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IS_RCC_LSE_DRIVE

LSCO Clock Source

RCC_LSCOSOURCE_NOCLOCK
LSCO output disabled, no clock on LSCO
RCC_LSCOSOURCE_LSI

LSI selection as LSCO source

RCC_LSCOSOURCE_LSE

LSE selection as LSCO source

LSCO Index

RCC_LSCO1
LSCO1 index

RCC_LSCO2
LSCO2 index

RCC_LSCO3
LSCO3 index

LSE BYPASS Config
RCC_LSE_BYPASS_OFF

LSE clock deactivation

RCC_LSE_BYPASS_ON

LSE clock activation

LSE Drive Configuration
RCC_LSEDRIVE_LOW
LSE low drive capability
RCC_LSEDRIVE_MEDIUMLOW
LSE medium low drive capability
RCC_LSEDRIVE_MEDIUMHIGH
LSE medium high drive capability

RCC_LSEDRIVE_HIGH
LSE high drive capability
LSE Config
RCC_LSE_OFF

LSE clock deactivation
RCC_LSE_ON
LSE clock activation
LSI Config
RCC_LSI_OFF

LSI clock deactivation
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RCC_LSI_ON
LSI clock activation

LSI Macros
__HAL_RCC_HSI_CONFIG

Description:

. Macro to configure the Internal High Speed oscillator (HSI).

Parameters:

. __STATE__: specifies the new state of the HSE. This parameter can be one of the following values:

- RCC_HSE_OFF Turn OFF the HSE oscillator.
- RCC_HSE_ON Turn ON the HSE oscillator.
Return value:
. None
Notes:

. After enabling the HSI (RCC_HSI_ON), the application software should wait on HSIRDY flag to be set
indicating that HSI clock is stable. The HSI is stopped by hardware when entering DEEPSTOP and
SHUTDOWN modes.

_ HAL_RCC_GET_HSI_READYFLAG
Description:
. Macro to get the HSI ready flag.
Return value:
. Returns: the Ready Flag status

__HAL_RCC_HSI_CALIBRATIONVALUE_ADJUST

Description:

. Macro to adjust the Internal High Speed oscillator (HSI) calibration value.

Parameters:

. __HSICALIBRATIONVALUE__: specifies the calibration trimming value (default is
RCC_HSICALIBRATION_DEFAULT). This parameter must be a number between Min_data=0 and
Max_Data=63.

Return value:

. None

Notes:

. The calibration is used to compensate for the variations in voltage and temperature that influence the

frequency of the internal HSI RC.

_ HAL_RCC_LSI_ENABLE
Description:
. Macros to enable or disable the Internal Low Speed oscillator (LSI).
Return value:
. None
Notes:

. After enabling the LSI, the application software should wait on LSIRDY flag to be set indicating that LSI
clock is stable. LS| cannot be disabled if the IWDG is running. When the LSl is stopped, LSIRDY flag
goes low after 6 LSI1 oscillator clock cycles.

__HAL_RCC_LSI_DISABLE
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__HAL_RCC_GET_LSI_READYFLAG

Description:
. Macro to get the LSI ready flag.
Return value:

. Returns: the Ready Flag status
_ HAL_RCC_LSI_CALIBRATIONVALUE_ADJUST

Description:

. Macro to adjust the Internal Low Speed oscillator (LSI) calibration value.

Parameters:

. __ LSITRIMMINGVALUE__: specifies the calibration trimming value This parameter must be a number

between Min_data=0 and Max_Data=15.
Return value:

. None
Notes:
. The calibration is used to compensate for the variations in voltage and temperature that influence the

frequency of the internal HSI RC.

MCO Clock Prescaler

RCC_MCODIV_1
MCO not divided

RCC_MCODIV_2

MCO divided by 2
RCC_MCODIV_4

MCO divided by 4
RCC_MCODIV_8

MCO divided by 8
RCC_MCODIV_16

MCO divided by 16

RCC_MCODIV_32
MCO divided by 32

MCO Clock Source
RCC_MCOSOURCE_NOCLOCK
MCO output disabled, no clock on MCO

RCC_MCO1SOURCE_SYSCLK

SYSCLK selection as MCO source
RCC_MCO1SOURCE_HSI

HSI selection as MCO source
RCC_MCO1SOURCE_HSE

HSE after stabilization selection as MCO source

RCC_MCOSOURCE_RC64MPLL
RC64MPLL selection as MCO source
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RCC_MCOSOURCE_HSI64M_DIV2048
HSI64M_DIV2048 selection as MCO source

RCC_MCOSOURCE_SMPS

SMPS selection as MCO source

RCC_MCOSOURCE_ADC

ADC selection as MCO source

Main Configurable Clock Output Selection Macros

__HAL_RCC_MCO1_CONFIG

Description:

. Macro to configure the MCO clock.

Parameters:

. _ MCOCLKSOURCE__: specifies the MCO clock source. This parameter can be one of the following
values:

- RCC_MCOSOURCE_NOCLOCK MCO output disabled
- RCC_MCO1SOURCE_SYSCLK System clock selected as MCO source
- RCC_MCO1SOURCE_HSI HSI clock selected as MCO source
- RCC_MCO1SOURCE_HSE HSE clock selected as MCO source
- RCC_MCOSOURCE_RC64MPLL Main PLL clock selected as MCO source
- RCC_MCOSOURCE_HSI64M_DIV2048 HSI div 2048 clock selected as MCO source
- RCC_MCOSOURCE_SMPS SMPS clock selected as MCO source
- RCC_MCOSOURCE_ADC ADC clock selected as MCO source
. __MCODIV__: specifies the MCO clock prescaler. This parameter can be one of the following values:
- RCC_MCODIV_1 MCO clock source is divided by 1
- RCC_MCODIV_2 MCO clock source is divided by 2
- RCC_MCODIV_4 MCO clock source is divided by 4
- RCC_MCODIV_8 MCO clock source is divided by 8
- RCC_MCODIV_16 MCO clock source is divided by 16
- RCC_MCODIV_32 MCO clock source is divided by 32

MCO Index

RCC_MCO1
MCO1 index

RCC_MCO2
MCO2 index

RCC_MCO3
MCO3 index

Oscillator Type
RCC_OSCILLATORTYPE_HSI
Oscillator configuration unchanged
RCC_OSCILLATORTYPE_NONE

Oscillator configuration unchanged

RCC_OSCILLATORTYPE_HSE
HSE to configure
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RCC_OSCILLATORTYPE_LSE
LSE to configure

RCC_OSCILLATORTYPE_LSI

LSl to configure

RCC_OSCILLATORTYPE_LSE_BYPASS

Slow clock is directly provided

RC64MPLL Clock Divider
RCC_RC64MPLL_DIV1
RC64MPLL division factor = 1
RCC_RC64MPLL_DIV2
RC64MPLL division factor = 2

RCC_RC64MPLL_DIV4
RC64MPLL division factor = 4

RCC_RC64MPLL_DIV8
RC64MPLL division factor = 8

RCC_RC64MPLL_DIV16
RC64MPLL division factor = 16

RCC_RC64MPLL_DIV32
RC64MPLL division factor = 32

RCC_RC64MPLL_DIV64
RC64MPLL division factor = 64

Rest Status Flags Management

__HAL_RCC_CLEAR_RESET_FLAGS
Description:
. Set RMVF bit to clear the reset flags.
Return value:
. None

__HAL_RCC_GET_FLAG

Description:

. Check whether the selected RCC Reset flag is set or not.

Parameters:

. _ FLAG__: specifies the flag to check. This parameter can be one of the following values:

- RCC_FLAG_LOCKUPRST CPU lockup reset flag
- RCC_FLAG_WDGRST Watchdog reset flag
- RCC_FLAG_SFTRST Software reset flag
- RCC_FLAG_PORRST Power-On or BOR reset flag
- RCC_FLAG_PADRSTF NRSTn pad reset flag
Return value:
. The: new state of _ FLAG__ (TRUE or FALSE).

RF Clock
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RCC_RF_CLK_16M
RF system clock 16 MHz

RCC_RF_CLK_32M
RF system clock 32 MHz

System Clock Source

RCC_SYSCLKSOURCE_RC64MPLL
RC64MPLL system clock configuration

RCC_SYSCLKSOURCE_DIRECT_HSE
DIRECT HSE system clock configuration

RCC_SYSCLKSOURCE_HSI
RC64MPLL system clock configuration

Timeout Values

RCC_LSE_TIMEOUT_VALUE
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28 HAL RCC Extension Driver

28.1 RCCEXx Firmware driver registers structures

2811 RCC_PeriphCLKInitTypeDef
RCC_PeriphCLKinitTypeDef is defined in the stm32wb0x_hal_rcc_ex.h
Data Fields

. uint32_t PeriphClockSelection

. uint32_t SPI3I2SClockSelection

. uint32_t RTCWDGBLEWKUPCIlockSelection
. uint32_t LPUART1ClockSelection

. uint32_t RFClockSelection

. uint32_t SmpsDivSelection

Field Documentation

. uint32_t RCC_PeriphCLKInitTypeDef::PeriphClockSelection
The Extended Clock to be configured. This parameter can be a value of RCCEx_Periph_Clock_Selection

. uint32_t RCC_PeriphCLKInitTypeDef::SPI312SClockSelection
Specifies SPI3_12S clock source. This parameter can be a value of RCCEx_SPI3_I2S_Clock_Source

. uint32_t RCC_PeriphCLKInitTypeDef::RTCWDGBLEWKUPClockSelection
Specifies RTC, WDG and BLEWKUP clock source. This parameter can be a value of
RCCEx_RTC_WDG_BLEWKUP_Clock_Source

. uint32_t RCC_PeriphCLKInitTypeDef::LPUART1ClockSelection
Specifies LPUART1 clock source. This parameter can be a value of RCCEx_LPUART1_Clock_Source

. uint32_t RCC_PeriphCLKInitTypeDef::RFClockSelection
RADIO IP does not use directly the system clock for its APB / AHB interfaces but the system clock with a
potential divider (2 or 4). This parameter can be a value of RCC_RF_Clock The supported configurations
are:

- CLK_SYS =1MHz/2MHz /4 MHz / 8 MHz --> Not possible to use RADIO IP

- CLK_SYS =64 MHz / 32 MHz / 16 MHz --> Allow the use of the RADIO IP. The only constraint is that
the CLK_SYS shall be bigger or equal than RADIO IP clk

. uint32_t RCC_PeriphCLKInitTypeDef::SmpsDivSelection
Specifies SMPS clock prescaling factor. This parameter can be a value of RCCEx_SMPS_Clock_Divider

28.2 RCCEXx Firmware driver API description

The following section lists the various functions of the RCCEX library.

28.2.1 Extended Peripheral Control functions

This subsection provides a set of functions allowing to control the RCC Clocks frequencies.
This section contains the following APls:

. HAL_RCCEXx_PeriphCLKConfig()

. HAL_RCCEXx_GetPeriphCLKConfig()

. HAL_RCCEXx_GetPeriphCLKFreq()

28.2.2 Extended clock management functions
This subsection provides a set of functions allowing to control the activation or deactivation Low speed clock
output.
This section contains the following APlIs:
. HAL_RCCEx_EnableLSCO()
. HAL_RCCEXx_EnableLSCOInDEEPSTOP()
. HAL_RCCEx_DisableLSCO()

UM3363 - Rev 2 page 305/1476



‘_ UM3363
,’ HAL RCC Extension Driver

. HAL_RCCEx_TrimOsc()

28.2.3 Detailed description of functions

HAL_RCCEx_PeriphCLKConfig

Function name

HAL_StatusTypeDef HAL_RCCEx_PeriphCLKConfig (RCC_PeriphCLKInitTypeDef * PeriphClkinit)

Function description

Initialize the RCC extended peripherals clocks according to the specified parameters in the
RCC_PeriphCLKInitTypeDef.

Parameters

. PeriphClkinit: pointer to a RCC_PeriphCLKInitTypeDef structure that contains a field
PeriphClockSelection which can be a combination of the following values:

HAL_RCCEXx_GetPeriphCLKConfig

Function name

void HAL_RCCEx_GetPeriphCLKConfig (RCC_PeriphCLKInitTypeDef * PeriphClklnit)

Function description

Get the RCC_ClklInitStruct according to the internal RCC configuration registers.

Parameters

. PeriphClklinit: pointer to an RCC_PeriphCLKInitTypeDef structure that returns the configuration
information for the Extended Peripherals clocks(RF, SMPS, SPI2I12S, SPI3I2S).

Return values

. None:

HAL_RCCEx_GetPeriphCLKFreq

Function name

uint32_t HAL_RCCEXx_GetPeriphCLKFreq (uint32_t PeriphClk)

Function description

Return the peripheral clock frequency for peripherals with clock source.

Parameters

. PeriphClk: Peripheral clock identifier This parameter can be one of the following values:
- RCC_PERIPHCLK_RF RF peripheral clock
- RCC_PERIPHCLK_SMPS SMPS peripheral clock
- RCC_PERIPHCLK_SPI2_I2S SPI2 I12S peripheral clock (*)
- RCC_PERIPHCLK_SPI3_I2S SPI3 I2S peripheral clock (*)
- RCC_PERIPHCLK_LPUART1 LPUART1 peripheral clock (*)
- RCC_PERIPHCLK_RTC_WDG_BLEWKUP RTC, WDG and BLEWKUP peripheral clock

Return values
. Frequency: in Hz
Notes

. Return 0 if peripheral clock identifier not managed by this API
. (*) Peripherals are not available on all devices
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HAL_RCCEx_EnableLSCO

Function name
void HAL_RCCEx_EnableLSCO (uint32_t RCC_LSCOx, uint32_t RCC_LSCOSource)

Function description
Select the clock source to output on LSCO1 pin(PA4) or LSCO02 pin (PA10) or LSCO3 pin (PB12).

Parameters

. RCC_LSCOx: specifies the output direction for the clock source.
- RCC_LSCO1 Clock source to output on LSCO1 pin(PA4)
- RCC_LSCO2 Clock source to output on LSCO2 pin(PA10)
- RCC_LSCO3 Clock source to output on LSCO3 pin(PB12)

. RCC_LSCOSource: specifies the clock source to output. This parameter can be one of the following
values:

- RCC_LSCOSOURCE_LSI LSI clock selected as LSCO source
- RCC_LSCOSOURCE_LSE LSE clock selected as LSCO source
Return values

. None:

Notes

. PA4, PA10 or PB12 should be configured in alternate function mode.
. LSCO should be disable with HAL_RCCEx_DisableLSCO

HAL_RCCEx_DisableLSCO

Function name
void HAL_RCCEXx_DisableLSCO (void )

Function description

Disable the Low Speed clock output.

Return values

. None:

HAL_RCCEx_EnableLSCOinDEEPSTOP

Function name
void HAL_RCCEx_EnableLSCOInDEEPSTOP (uint32_t LSCOSource)

Function description

Enable the Low Speed clock source to output on LSCO pin during STANDBY with retention.

Parameters

. LSCOSource: specifies the Low Speed clock source to output. This parameter can be one of the
following values:

- RCC_LSCOSOURCE_NOCLOCK Internal LPMU slow clock source selected as LSCO source
- RCC_LSCOSOURCE_LSI LSI clock selected as LSCO source
- RCC_LSCOSOURCE_LSE LSE clock selected as LSCO source

Return values

. None:
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HAL_RCCEx_TrimOsc
Function name

HAL_StatusTypeDef HAL_RCCEx_TrimOsc (uint32_t OscillatorType)

Function description

28.3 RCCEXx Firmware driver defines
The following section lists the various define and macros of the module.

28.31 RCCEXx
RCCEXx
RCCEXx Exported Macros

__HAL_RCC_LSCO_CONFIG

Description:
. Macro to configure the LSCO clock.

Parameters:
. __ LSCOCLKSOURCE__: specifies the LSCO clock source. This parameter can be one of the following
values:

- RCC_LSCOSOURCE_NOCLOCK LSCO output disabled
- RCC_LSCOSOURCE_LSI LSI clock selected as LSCO source
- RCC_LSCOSOURCE_LSE LSE clock selected as LSCO source

__HAL_RCC_SMPS_DIV_CONFIG

Description:

. Macro to configure the SMPS clock prescaling factor.

Parameters:

. _ SMPSCLKDIV__: specifies the division factor for SMPS clock. This parameter can be one of the

following values:
- RCC_SMPSCLK_DIV2 SMPS clock division 2 (SMPS clock is 8 MHz)
- RCC_SMPSCLK_DIV4 SMPS clock division 4 (SMPS clock is 4 MHz)
Return value:
. None

__HAL_RCC_GET_SMPS_DIV

This parameter can be one of the following values:

__HAL_RCC_SPI3I2S_CLK_CONFIG

Description:
. Macro to configure the SPI3_I2S clock.
Parameters:

. __SPI3I12S_CLKSOURCE__: specifies the SPI312S clock source. This parameter can be one of the
following values:

- RCC_SPI312S_CLKSOURCE_16M
- RCC_SPI312S_CLKSOURCE_32M
- RCC_SPI312S_CLKSOURCE_64M
Return value:
. None
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_ HAL_RCC_GET_SPI3I2S_CLK_CONFIG
Description:
. Macro to get the SPI3_I2S clock source.
Return value:

. The: clock source can be one of the following values:
- RCC_SPI312S_CLKSOURCE_16M
- RCC_SPI312S_CLKSOURCE_32M
- RCC_SPI312S_CLKSOURCE_64M

__HAL_RCC_LPUART1_CLK_CONFIG

Description:

. Macro to configure the LPUART1 clock.

Parameters:

. _ LPUART1_CLKSOURCE__: specifies the LPUART1 clock source. This parameter can be one of the

following values:
- RCC_LPUART1_CLKSOURCE_16M
- RCC_LPUART1_CLKSOURCE_LSE
Return value:
. None

_ HAL_RCC_GET_LPUART1_CLK_CONFIG
Description:
. Macro to get the LPUART1 clock source.
Return value:
. The: clock source can be one of the following values:
- RCC_LPUART1_CLKSOURCE_16M
- RCC_LPUART1_CLKSOURCE_LSE

__HAL_RCC_RTC_WDG_BLEWKUP_CLK_CONFIG

Description:

. Macro to configure the RTC, WDG and BLEWKUP clock source.

Parameters:

. _ RTC_WDG_BLEWKUP_CLKSOURCE__: specifies the RTC, WDG and BLEWKUP clock source. This

parameter can be one of the following values:

- RCC_RTC_WDG_BLEWKUP_CLKSOURCE_LSE

- RCC_RTC_WDG_BLEWKUP_CLKSOURCE_LSI

- RCC_RTC_WDG_BLEWKUP_CLKSOURCE_HSI64M_DIV2048
Return value:
. None

_ HAL_RCC_GET_RTC_WDG_BLEWKUP_CLK_CONFIG
Description:
. Macro to get the RTC, WDG and BLEWKUP clock source.
Return value:
. The: clock source can be one of the following values:
- RCC_RTC_WDG_BLEWKUP_CLKSOURCE_LSE
- RCC_RTC_WDG_BLEWKUP_CLKSOURCE_LSI
- RCC_RTC_WDG_BLEWKUP_CLKSOURCE_HSI64M_DIV2048

LPUART1 Clock Source
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RCC_LPUART1_CLKSOURCE_16M
LPUART1 16 MHz clock source selection

RCC_LPUART1_CLKSOURCE_LSE
LPUART1 LSE clock source selection

Periph Clock Selection

RCC_PERIPHCLK_RF
RADIO IP Peripheral Clock Selection

RCC_PERIPHCLK_SMPS
SMPS Peripheral Clock Selection

RCC_PERIPHCLK_SPI3_l2S
SPI3 12S Peripheral Clock Selection

RCC_PERIPHCLK_LPUART1
LPUART1 Peripheral Clock Selection

RCC_PERIPHCLK_RTC_WDG_BLEWKUP
RTC WDG SUBG BLE_WKUP Peripheral Clock Selection

RTC, WDG, BLEWKUP Clock Source

RCC_RTC_WDG_BLEWKUP_CLKSOURCE_LSE
RTC, WDG and BLEWKUP LSE clock source selection

RCC_RTC_WDG_BLEWKUP_CLKSOURCE_LSI
RTC, WDG and BLEWKUP LSI clock source selection

RCC_RTC_WDG_BLEWKUP_CLKSOURCE_HSI64M_DIV2048
RTC, WDG and BLEWKUP 32K clock source selection

SMPS clock prescaling factor

RCC_SMPSCLK_DIV2
SMPS clock division 2 (SMPS clock is 8 MHz if ANADIV = 1)

RCC_SMPSCLK_DIV4
SMPS clock division 4 (SMPS clock is 4 MHz if ANADIV = 1)

SPI3_I2S Clock Source

RCC_SPI3I12S_CLKSOURCE_16M
SPI3 I12S 16 MHz clock source selection

RCC_SPI312S_CLKSOURCE_32M
SPI3 12S 32 MHz clock source selection
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29 HAL RNG Generic Driver
29.1 RNG Firmware driver registers structures
2911 RNG_InitTypeDef
RNG_InitTypeDef is defined in the stm32wb0x_hal_rng.h
Data Fields
. uint32_t ClockErrorDetection

Field Documentation

. uint32_t RNG_InitTypeDef::ClockErrorDetection
CED Clock error detection not use for WB09 product

29.1.2 RNG_HandleTypeDef
RNG_HandleTypeDef is defined in the stm32wb0x_hal_rng.h
Data Fields
. RNG_TypeDef * Instance
. RNG_InitTypeDef Init
. HAL_LockTypeDef Lock

. _ IO HAL_RNG_StateTypeDef State
. __I0 uint32_t ErrorCode
. uint32_t RandomNumber

Field Documentation

. RNG_TypeDef* RNG_HandleTypeDef::Instance
Register base address

. RNG_InitTypeDef RNG_HandleTypeDef::Init
RNG configuration parameters

. HAL_LockTypeDef RNG_HandleTypeDef::Lock
RNG locking object

. _ IO HAL_RNG_StateTypeDef RNG_HandleTypeDef::State
RNG communication state
. 10 uint32_t RNG_HandleTypeDef::ErrorCode

E\IG Error code

. uint32_t RNG_HandleTypeDef::RandomNumber
Last Generated RNG Data

29.2 RNG Firmware driver API description

The following section lists the various functions of the RNG library.

29.2.1 How to use this driver
The RNG HAL driver can be used as follows:
1. Enable the RNG controller clock using __ HAL_RCC_RNG_CLK_ENABLE() macro in HAL_RNG_Msplnit().
2. Activate the RNG peripheral using HAL_RNG_Init() function.
3. Wait until the 16/32 bit Random Number Generator contains a valid random data using polling mode.
4. Get the 16/32 bit random number using HAL_RNG_GenerateRandomNumber() function.

29.2.2 Initialization and configuration functions

This section provides functions allowing to:

. Initialize the RNG according to the specified parameters in the RNG_InitTypeDef and create the associated
handle
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. Delnitialize the RNG peripheral

. Initialize the RNG MSP

. Delnitialize RNG MSP

This section contains the following APlIs:
. HAL_RNG_Init()

. HAL_RNG_Delnit()

. HAL_RNG_Msplnit()

. HAL_RNG_MspDelnit()

29.2.3 Peripheral Control functions

This section provides functions allowing to:

. Get the 16/32 bit Random number

This section contains the following APls:

. HAL_RNG_GenerateRandomNumber()
. HAL_RNG_ReadLastRandomNumber()

29.2.4 Peripheral State functions

This subsection permits to get in run-time the status of the peripheral and the data flow.
This section contains the following APls:

. HAL_RNG_GetState()

. HAL_RNG_GetError()

29.2.5 Detailed description of functions

HAL_RNG_Init

Function name

HAL_StatusTypeDef HAL_RNG_Init (RNG_HandleTypeDef * hrng)

Function description

Initializes the RNG peripheral and creates the associated handle.

Parameters

. hrng: pointer to a RNG_HandleTypeDef structure that contains the configuration information for RNG.

Return values
. HAL.: status

HAL_RNG_Delnit

Function name

HAL_StatusTypeDef HAL_RNG_Delnit (RNG_HandleTypeDef * hrng)

Function description

Delnitializes the RNG peripheral.

Parameters

. hrng: pointer to a RNG_HandleTypeDef structure that contains the configuration information for RNG.

Return values
. HAL.: status
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HAL_RNG_Msplnit
Function name
void HAL_RNG_Msplnit (RNG_HandleTypeDef * hrng)

Function description
Initializes the RNG MSP.

Parameters

. hrng: pointer to a RNG_HandleTypeDef structure that contains the configuration information for RNG.

Return values

. None:

HAL_RNG_MspDelnit

Function name
void HAL_RNG_MspDelnit (RNG_HandleTypeDef * hrng)

Function description
Delnitializes the RNG MSP.

Parameters

. hrng: pointer to a RNG_HandleTypeDef structure that contains the configuration information for RNG.

Return values

. None:

HAL_RNG_GenerateRandomNumber

Function name

HAL_StatusTypeDef HAL_RNG_GenerateRandomNumber (RNG_HandleTypeDef * hrng, uint32_t *
random_number)

Function description

Generates a 16/32-bit random number.

Parameters

. hrng: pointer to a RNG_HandleTypeDef structure that contains the configuration information for RNG.
. random_number: random 16/32bit pointer to generated random number variable if successful.

Return values
. HAL: status

Notes

. Each time the random number data is read the RNG_FLAG_DRDY flag is automatically cleared.

HAL_RNG_ReadLastRandomNumber

Function name
uint32_t HAL_RNG_ReadLastRandomNumber (const RNG_HandleTypeDef * hrng)

Function description

Read latest generated random number.

Parameters

. hrng: pointer to a RNG_HandleTypeDef structure that contains the configuration information for RNG.
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Return values

. random: value

HAL_RNG_GetState

Function name
HAL_RNG_StateTypeDef HAL_RNG_GetState (const RNG_HandleTypeDef * hrng)

Function description
Returns the RNG state.

Parameters

. hrng: pointer to a RNG_HandleTypeDef structure that contains the configuration information for RNG.

Return values
. HAL: state

HAL_RNG_GetError

Function name
uint32_t HAL_RNG_GetError (const RNG_HandleTypeDef * hrng)

Function description

Return the RNG handle error code.

Parameters

. hrng: pointer to a RNG_HandleTypeDef structure.

Return values
. RNG: Error Code

29.3 RNG Firmware driver defines
The following section lists the various define and macros of the module.

29.3.1 RNG
RNG
RNG Error Definition

HAL_RNG_ERROR_NONE

No error

HAL_RNG_ERROR_TIMEOUT

Timeout error

HAL_RNG_ERROR_BUSY

Busy error

RNG Flag definition

RNG_FLAG_DRDY
New Random Data Ready

RNG Exported Macros
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__HAL_RNG_RESET_HANDLE_STATE
Description:
. Reset RNG handle state.
Parameters:
. _ HANDLE__: RNG Handle
Return value:
. None

__HAL_RNG_ENABLE
Description:
. Enables the RNG peripheral.
Parameters:
. __HANDLE__: RNG Handle
Return value:
. None

__HAL_RNG_DISABLE
Description:
. Disables the RNG peripheral.
Parameters:
. __HANDLE__: RNG Handle
Return value:
. None

_ HAL_RNG_GET_FLAG

Description:

. Check the selected RNG flag status.

Parameters:

. _ _HANDLE__: RNG Handle

. _ FLAG__: RNG flag This parameter can be one of the following values:
- RNG_FLAG_DRDY: Data ready
- RNG_FLAG_CECS: Clock error current status
- RNG_FLAG_SECS: Seed error current status

Return value:

. The: new state of _ FLAG__ (SET or RESET).
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30 HAL RTC Generic Driver
30.1 RTC Firmware driver registers structures
30.1.1 RTC_InitTypeDef
RTC_InitTypeDef is defined in the stm32wb0x_hal_rtc.h
Data Fields
. uint32_t HourFormat

. uint32_t AsynchPrediv
. uint32_t SynchPrediv
. uint32_t OutPut
. uint32_t OutPutPolarity
Field Documentation
. uint32_t RTC_InitTypeDef::HourFormat
Specifies the RTC Hour Format. This parameter can be a value of RTC_Hour_Formats

. uint32_t RTC_InitTypeDef::AsynchPrediv
Specifies the RTC Asynchronous Predivider value. This parameter must be a number between Min_Data =
0x00 and Max_Data = 0x7F

. uint32_t RTC_InitTypeDef::SynchPrediv
Specifies the RTC Synchronous Predivider value. This parameter must be a number between Min_Data =
0x0000 and Max_Data = Ox7FFF

. uint32_t RTC_InitTypeDef::OutPut
Specifies which signal will be routed to the RTC output. This parameter can be a value of
RTC_Output_selection_Definitions

. uint32_t RTC_InitTypeDef::OutPutPolarity
Specifies the polarity of the output signal. This parameter can be a value of
RTC_Output_Polarity_Definitions

30.1.2 RTC_TimeTypeDef
RTC_TimeTypeDef is defined in the stm32wb0x_hal_rtc.h
Data Fields
. uint8_t Hours
. uint8_t Minutes
. uint8_t Seconds
. uint8_t TimeFormat
. uint32_t SubSeconds
. uint32_t SecondFraction
. uint32_t DayLightSaving
. uint32_t StoreOperation

Field Documentation

. uint8_t RTC_TimeTypeDef::Hours
Specifies the RTC Time Hour. This parameter must be a number between Min_Data = 0 and Max_Data =
12 if the RTC_HourFormat_12 is selected This parameter must be a number between Min_Data = 0 and
Max_Data = 23 if the RTC_HourFormat_24 is selected

. uint8_t RTC_TimeTypeDef::Minutes
Specifies the RTC Time Minutes. This parameter must be a number between Min_Data = 0 and Max_Data
=59

. uint8_t RTC_TimeTypeDef::Seconds
Specifies the RTC Time Seconds. This parameter must be a number between Min_Data = 0 and Max_Data
=59
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. uint8_t RTC_TimeTypeDef::TimeFormat
Specifies the RTC AM/PM Time. This parameter can be a value of RTC_AM_PM_Definitions
. uint32_t RTC_TimeTypeDef::SubSeconds
Specifies the RTC_SSR RTC Sub Second register content. This parameter corresponds to a time unit
range between [0-1] Second with [1 Sec / SecondFraction +1] granularity
. uint32_t RTC_TimeTypeDef::SecondFraction
Specifies the range or granularity of Sub Second register content corresponding to Synchronous prescaler
factor value (PREDIV_S) This parameter corresponds to a time unit range between [0-1] Second with [1
Sec / SecondFraction +1] granularity. This field will be used only by HAL_RTC_GetTime function
. uint32_t RTC_TimeTypeDef::DayLightSaving
This interface is deprecated. To manage Daylight Saving Time, please use HAL_RTC_DST_xxx functions
. uint32_t RTC_TimeTypeDef::StoreOperation
This interface is deprecated. To manage Daylight Saving Time, please use HAL_RTC_DST_xxx functions

30.1.3 RTC_DateTypeDef
RTC_DateTypeDef is defined in the stm32wb0x_hal_rtc.h
Data Fields
. uint8_t WeekDay
. uint8_t Month
. uint8_t Date
. uint8_t Year
Field Documentation

. uint8_t RTC_DateTypeDef::WeekDay
Specifies the RTC Date WeekDay. This parameter can be a value of RTC_WeekDay_Definitions

. uint8_t RTC_DateTypeDef::Month
Specifies the RTC Date Month (in BCD format). This parameter can be a value of
RTC_Month_Date_Definitions

. uint8_t RTC_DateTypeDef::Date
Specifies the RTC Date. This parameter must be a number between Min_Data = 1 and Max_Data = 31

. uint8_t RTC_DateTypeDef::Year
Specifies the RTC Date Year. This parameter must be a number between Min_Data = 0 and Max_Data =
99

30.1.4 RTC_AlarmTypeDef
RTC_AlarmTypeDef is defined in the stm32wb0x_hal_rtc.h
Data Fields
. RTC_TimeTypeDef AlarmTime
. uint32_t AlarmMask
. uint32_t AlarmSubSecondMask
. uint32_t AlarmDateWeekDaySel
. uint8_t AlarmDateWeekDay
. uint32_t Alarm
Field Documentation

. RTC_TimeTypeDef RTC_AlarmTypeDef::AlarmTime
Specifies the RTC Alarm Time members
. uint32_t RTC_AlarmTypeDef::AlarmMask
Specifies the RTC Alarm Masks. This parameter can be a value of RTC_AlarmMask_Definitions
. uint32_t RTC_AlarmTypeDef::AlarmSubSecondMask
Specifies the RTC Alarm SubSeconds Masks. This parameter can be a value of
RTC_Alarm_Sub_Seconds_Masks_Definitions
. uint32_t RTC_AlarmTypeDef::AlarmDateWeekDaySel
Specifies the RTC Alarm is on Date or WeekDay. This parameter can be a value of
RTC_AlarmDateWeekDay_Definitions
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. uint8_t RTC_AlarmTypeDef::AlarmDateWeekDay
Specifies the RTC Alarm Date/WeekDay. If the Alarm Date is selected, this parameter must be set to a
value in the 1-31 range. If the Alarm WeekDay is selected, this parameter can be a value of
RTC_WeekDay_Definitions

. uint32_t RTC_AlarmTypeDef::Alarm
Specifies the alarm . This parameter can be a value of RTC_Alarms_Definitions

30.1.5 __RTC_HandleTypeDef
__RTC_HandleTypeDef is defined in the stm32wbO0x_hal_rtc.h
Data Fields
. RTC_TypeDef * Instance
. RTC_InitTypeDef Init
. HAL_LockTypeDef Lock
. __I0 HAL_RTCStateTypeDef State
. void(* AlarmAEventCallback
. void(* WakeUpTimerEventCallback
. void(* MsplnitCallback
. void(* MspDelnitCallback
Field Documentation

. RTC_TypeDef* __RTC_HandleTypeDef::Instance
Register base address

. RTC_InitTypeDef __RTC_HandleTypeDef::Init
RTC required parameters

. HAL_LockTypeDef __RTC_HandleTypeDef::Lock
RTC locking object

. __IO HAL_RTCStateTypeDef __RTC_HandleTypeDef::State
Time communication state

. void(* __RTC_HandleTypeDef::AlarmAEventCallback)(struct __RTC_HandleTypeDef *hrtc)
RTC Alarm A Event callback

. void(* __RTC_HandleTypeDef::WakeUpTimerEventCallback)(struct __RTC_HandleTypeDef *hrtc)
RTC WakeUpTimer Event callback

. void(* __RTC_HandleTypeDef::MsplnitCallback)(struct __RTC_HandleTypeDef *hrtc)
RTC Msp Init callback

. void(* __RTC_HandleTypeDef::MspDelnitCallback)(struct __RTC_HandleTypeDef *hrtc)
RTC Msp Delnit callback

30.2 RTC Firmware driver API description

The following section lists the various functions of the RTC library.

30.2.1 RTC and Backup Domain Operating Condition

The real-time clock (RTC) and the RTC backup registers can be powered from the VBAT voltage when the main
VDD supply is powered off. To retain the content of the RTC backup registers and supply the RTC when VDD is
turned off, VBAT pin can be connected to an optional standby voltage supplied by a battery or by another source.

To allow the RTC operating even when the main digital supply (VDD) is turned off, the VBAT pin powers the
following blocks:

1. The RTC

2. The LSE oscillator

When the backup domain is supplied by VDD (analog switch connected to VDD), the following pins are available:
1. PC14 and PC15 can be used as either GPIO or LSE pins

2. PC13 can be used as a GPIO or as the RTC_AF1 pin

When the backup domain is supplied by VBAT (analog switch connected to VBAT because VDD is not present),
the following pins are available:

1. PC14 and PC15 can be used as LSE pins only
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2. PC13 can be used as the RTC_AF1 pin

30.2.2 Backup Domain Reset

The backup domain reset sets all RTC registers and the RCC_BDCR register to their reset values.

A backup domain reset is generated when one of the following events occurs:

1. Software reset, triggered by setting the BDRST bit in the RCC Backup domain control register (RCC_BDCR).
2. VDD or VBAT power on, if both supplies have previously been powered off.

30.2.3 Backup Domain Access
After reset, the backup domain (RTC registers and RTC backup data registers) is protected against possible
unwanted write accesses.
To enable access to the RTC Domain and RTC registers, proceed as follows:

. Enable the Power Controller (PWR) APB1 interface clock using the _ HAL_RCC_PWR_CLK_ENABLE()
macro.

. Enable access to RTC domain using the HAL_PWR_EnableBkUpAccess() function.
. Select the RTC clock source using the _ HAL_RCC_RTC_CONFIG() macro.
. Enable RTC Clock using the _ HAL_RCC_RTC_ENABLE() macro.

30.24 How to use this driver
. Enable the RTC domain access (see description in the section above).
. Configure the RTC Prescaler (Asynchronous and Synchronous) and RTC hour format using the

HAL_RTC_Init() function.

Time and Date configuration

. To configure the RTC Calendar (Time and Date) use the HAL_RTC_SetTime() and HAL_RTC_SetDate()

functions.
. To read the RTC Calendar, use the HAL_RTC_GetTime() and HAL_RTC_GetDate() functions.
. To manage the RTC summer or winter time change, use the following functions:

- HAL_RTC_DST_Add1Hour() or HAL_RTC_DST_Sub1Hour to add or subtract 1 hour from the
calendar time.

- HAL_RTC_DST_SetStoreOperation() or HAL_RTC_DST_ClearStoreOperation to memorize whether
the time change has been performed or not.

Alarm configuration

. To configure the RTC Alarm use the HAL_RTC_SetAlarm() function. You can also configure the RTC Alarm
with interrupt mode using the HAL_RTC_SetAlarm_IT() function.

. To read the RTC Alarm, use the HAL_RTC_GetAlarm() function.

30.2.5 RTC and low power modes

The MCU can be woken up from a low power mode by an RTC alternate function.

The RTC alternate functions are the RTC alarm (Alarm A), and RTC wakeup. These RTC alternate functions can
wake up the system from the Stop and Standby low power modes.

The system can also wake up from low power modes without depending on an external interrupt (Auto-wakeup
mode), by using the RTC alarm or the RTC wakeup events.

The RTC provides a programmable time base for waking up from the Stop or Standby mode at regular intervals.
Wakeup from STOP and STANDBY modes is possible only when the RTC clock source is LSE or LSI.
Callback registration

When the compilation define USE_HAL_RTC_REGISTER_CALLBACKS is set to 0 or not defined, the callback
registration feature is not available and all callbacks are set to the corresponding weak functions. This is the
recommended configuration in order to optimize memory/code consumption footprint/performances.
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The compilation define USE_HAL_RTC_REGISTER_CALLBACKS when set to 1 allows the user to configure
dynamically the driver callbacks. Use Function HAL_RTC_RegisterCallback() to register an interrupt callback.

Function HAL_RTC_RegisterCallback() allows to register following callbacks:

. AlarmAEventCallback : RTC Alarm A Event callback.

. WakeUpTimerEventCallback : RTC WakeUpTimer Event callback.

. MsplnitCallback : RTC Msplnit callback.

. MspDelnitCallback : RTC MspDelnit callback.

This function takes as parameters the HAL peripheral handle, the Callback ID and a pointer to the user callback
function.

Use function HAL_RTC_UnRegisterCallback() to reset a callback to the default weak function.
HAL_RTC_UnRegisterCallback() takes as parameters the HAL peripheral handle, and the Callback ID. This
function allows to reset following callbacks:

. AlarmAEventCallback : RTC Alarm A Event callback.

. WakeUpTimerEventCallback : RTC WakeUpTimer Event callback.

. MsplnitCallback : RTC Msplnit callback.

. MspDelnitCallback : RTC MspDelnit callback.

By default, after the HAL_RTC_Init() and when the state is HAL_RTC_STATE_RESET, all callbacks are set to the
corresponding weak functions: examples AlarmAEventCallback(), TimeStampEventCallback(). Exception done for
Msplnit() and MspDelnit() callbacks that are reset to the legacy weak function in the HAL_RTC_Init()/
HAL_RTC_Delnit() only when these callbacks are null (not registered beforehand). If not, Msplnit() or MspDelnit()
are not null, HAL_RTC_Init()/HAL_RTC_Delnit() keep and use the user Msplnit()/MspDelnit() callbacks
(registered beforehand).

Callbacks can be registered/unregistered in HAL_RTC_STATE_READY state only. Exception done for Msplnit()
and MspDelnit() that can be registered/unregistered in HAL_RTC_STATE_READY or HAL_RTC_STATE_RESET
state. Thus registered (user) Msplnit()/MspDelnit() callbacks can be used during the Init/Delnit. In that case first

register the Msplnit()/MspDelnit() user callbacks using HAL_RTC_RegisterCallback() before calling
HAL_RTC_Delnit() or HAL_RTC_Init() functions.

30.2.6 Initialization and de-initialization functions

This section provides functions allowing to initialize and configure the RTC Prescaler (Synchronous and
Asynchronous), RTC Hour format, disable RTC registers Write protection, enter and exit the RTC initialization
mode, RTC registers synchronization check and reference clock detection enable.

1. The RTC Prescaler is programmed to generate the RTC 1Hz time base. It is split into 2 programmable
prescalers to minimize power consumption.

- A 7-bit asynchronous prescaler and a 15-bit synchronous prescaler.

- When both prescalers are used, it is recommended to configure the asynchronous prescaler to a high
value to minimize power consumption.

2. Al RTC registers are Write protected. Writing to the RTC registers is enabled by writing a key into the Write
Protection register, RTC_WPR.

3. To configure the RTC Calendar, user application should enter initialization mode. In this mode, the calendar
counter is stopped and its value can be updated. When the initialization sequence is complete, the calendar
restarts counting after 4 RTCCLK cycles.

4. To read the calendar through the shadow registers after Calendar initialization, calendar update or after
wakeup from low power modes the software must first clear the RSF flag. The software must then wait until it
is set again before reading the calendar, which means that the calendar registers have been correctly copied
into the RTC_TR and RTC_DR shadow registers. The HAL_RTC_WaitForSynchro() function implements the
above software sequence (RSF clear and RSF check).

This section contains the following APlIs:
. HAL_RTC_Init()

. HAL_RTC_Delnit()

. HAL_RTC_RegisterCallback()

. HAL_RTC_UnRegisterCallback()
. HAL_RTC_Msplnit()

. HAL_RTC_MspDelnit()
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30.2.7 RTC Time and Date functions

This section provides functions allowing to configure Time and Date features
This section contains the following APlIs:

. HAL_RTC_SetTime()

. HAL_RTC_GetTime()

. HAL_RTC_SetDate()

. HAL_RTC_GetDate()

30.2.8 RTC Alarm functions
This section provides functions allowing to configure Alarm feature
This section contains the following APlIs:
. HAL_RTC_SetAlarm()
. HAL_RTC_SetAlarm_IT()
. HAL_RTC_DeactivateAlarm()
. HAL_RTC_GetAlarm()
. HAL_RTC_AlarmIRQHandler()
. HAL_RTC_AlarmAEventCallback()
. HAL_RTC_PollForAlarmAEvent()

30.2.9 Peripheral Control functions

This subsection provides functions allowing to

. Wait for RTC Time and Date Synchronization
. Manage RTC Summer or Winter time change
This section contains the following APls:

. HAL_RTC_WaitForSynchro()

. HAL_RTC_DST_Add1Hour()

. HAL_RTC_DST_Sub1Hour()

. HAL_RTC_DST_SetStoreOperation()

. HAL_RTC_DST_ClearStoreOperation()

. HAL_RTC_DST_ReadStoreOperation()

30.2.10 Peripheral State functions

This subsection provides functions allowing to
. Get RTC state

This section contains the following APls:

. HAL_RTC_GetState()

30.2.11 Detailed description of functions

HAL_RTC_Init

Function name

HAL_StatusTypeDef HAL_RTC_Init (RTC_HandleTypeDef * hrtc)

Function description

Initializes the RTC peripheral.

Parameters

. hrtc: pointer to a RTC_HandleTypeDef structure that contains the configuration information for RTC.
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Return values
. HAL: status

HAL_RTC_Delnit

Function name
HAL_StatusTypeDef HAL_RTC_Delnit (RTC_HandleTypeDef * hrtc)

Function description

Delnitializes the RTC peripheral.

Parameters

. hrtc: pointer to a RTC_HandleTypeDef structure that contains the configuration information for RTC.

Return values
. HAL: status

Notes

. This function does not reset the RTC Backup Data registers.

HAL_RTC_Msplnit
Function name
void HAL_RTC_Msplnit (RTC_HandleTypeDef * hrtc)

Function description
Initializes the RTC MSP.

Parameters

. hrtc: pointer to a RTC_HandleTypeDef structure that contains the configuration information for RTC.

Return values

. None:

HAL_RTC_MspDelnit

Function name
void HAL_RTC_MspDelnit (RTC_HandleTypeDef * hrtc)

Function description
Delnitializes the RTC MSP.

Parameters

. hrtc: pointer to a RTC_HandleTypeDef structure that contains the configuration information for RTC.

Return values

. None:

HAL_RTC_RegisterCallback

Function name

HAL_StatusTypeDef HAL_RTC_RegisterCallback (RTC_HandleTypeDef * hrtc,
HAL_RTC_CallbackiDTypeDef CallbackID, pRTC_CallbackTypeDef pCallback)

Function description

Registers a User