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User manual

Description of STM32U5 HAL and low-layer 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 STM32CubeU5 for STM32U5 devices)

- The STM32Cube HAL, STM32 abstraction layer embedded software ensuring maximized portability across the
STM32 portfolio. HAL APls 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 Azure® RTOS ThreadX, USBX and ST Network library.
- 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 APls are split into two categories: generic APIs, which provide
common and generic functions for all the STM32 series and extension APIs, which include specific and customized functions for
a given line or part number. The HAL drivers include a complete set of ready-to-use APlIs that simplify the user application
implementation. For example, the communication peripherals contain APIs 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 IP-oriented. For example, the timer APls are split into several categories following the IP functions, such as
basic timer, capture and pulse width modulation (PWM). The HAL driver layer implements run-time failure detection by checking
the input values of all functions. Such dynamic checking enhances the firmware robustness. Run-time detection is also suitable
for user application development and debugging.

The LL drivers offer hardware services based on the available features of the STM32 peripherals. These services reflect exactly
the hardware capabilities, and provide atomic operations that must be called 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 (such as
USB).

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
checked with the Coverity static analysis tool. It is fully documented.

It is compliant with MISRA C®:2012 standard.
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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 STM32CubelU5 MCU Package runs on STM32U5 32-bit microcontrollers based on the Arm® Cortex®-M
processor with Arm® TrustZone® technology.

Note: Arm and TrustZone are registered trademarks 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

Analog-to-digital converter

ADC
AES Advanced encryption standard
ANSI American national standards institute
API Application programming interface
BSP Board support package
CAN Controller area network
CMSIS Cortex microcontroller software interface standard
COMP Comparator
CORDIC Trigonometric calculation unit
CPU Central processing unit
CRC CRC calculation unit
CRYP Cryptographic processor
CSS Clock security system
DAC Digital to analog converter
DLYB Delay block
DCMI Digital camera interface
DMA Direct memory access
DMAMUX Direct memory access request multiplexer
DSI Display serial interface
EXTI External interrupt/event controller
FDCAN Flexible data-rate controller area network unit
FLASH Flash memory
FMAC Filtering mathematical calculation unit
FMC Flexible memory controller
GFXMMU Graphical oriented memory management unit (Chrom-GRC)
GFXTIM Graphic timer
GPIO General-purpose 1/Os
GPU2D Graphic processing unit (Neo-Chrom)
GTZC Global TrustZone® controller
GTZC-MPCBB GTZC block-based memory protection controller
GTZC-MPCWM GTZC watermark memory protection controller
GTzZC-TZIC TrustZone® illegal access controller
GTZC-TZSC TrustZone® security controller
HAL Hardware abstraction layer
HASH Hash processor
HCD USB host controller driver
12C Inter-integrated circuit
12S Inter-integrated sound
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ICACHE Instruction cache
IRDA Infrared data association
IWDG Independent watchdog
JPEG Joint photographic experts group
LCD Liquid crystal display controller
LTDC Liquid crystal display - thin film transistor display controller
LPTIM Low-power timer
LPUART Low-power universal asynchronous receiver/transmitter
MCO Microcontroller clock output
MDIOS Management data input/output (MDIO) slave
MDMA Master direct memory access
MMC MultiMediaCard
MPU Memory protection unit
MSP MCU specific package
NAND NAND Flash memory
NOR NOR Flash memory
NVIC Nested vectored interrupt controller
OCTOSPI Octo-SPI interface
OPAMP Operational amplifier
OTFDEC On-the-fly decryption engine
PKA Public key accelerator
PCD USB peripheral controller driver
PPP STM32 peripheral or block
PSSI Parallel synchronous slave interface
PWR Power controller
RCC Reset and clock controller
RNG Random number generator
RTC Real-time clock
SAl Serial audio interface
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
TSC Touch sensing controller
UART Universal asynchronous receiver/transmitter
UCPD USB Type-C® and Power Delivery interface
USART Universal synchronous receiver/transmitter
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usSB Universal serial bus
VREFBUF Voltage reference buffer
WWDG Window watchdog
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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 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

T e

Main peripheral/module driver file

stm32ubxx_hal_ppp.c It includes the APIs that are common to all STM32 devices.
Example: stm32ubxx_hal_adc.c, stm32ubxx_hal_irda.c.
Header file of the main driver C file

It includes common data, handle and enumeration structures, define statements and

stm32ubxx_hal_ppp.h macros, as well as the exported generic APls.

Example:stm32ubxx_hal_adc.h,stm32ubxx_hal_irda.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 APIs if
stm32ubxx_hal_ppp_ex.c the internal process is implemented in different way.

Example:stm32ubxx_hal_adc_ex.c,stm32ubxx_hal_flash_ex.c.
Header file of the extension C file

It includes the specific data and enumeration structures, define statements and macros, as

stm32ubxx_hal_ppp_ex-h well as the exported device part number specific APIs

Example: stm32u5xx_hal_adc_ex.h,stm32u5xx_hal_flash_ex.h.

This file is used for HAL initialization and contains DBGMCU, Remap and Time Delay based

stm32ubxx_hal.c on SysTick APlIs.

stm32ubxx_hal.h stm32ubxx_hal.c header file

Template file to be copied to the user application folder

stm32ubxx_hal_msp_template.c | |t contains the MSP initialization and de-initialization (main routine and callbacks) of the
peripheral used in the user application.

stm32ubxx_hal_conf_template.h | Template file allowing to customize the drivers for a given application

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

stm32ubxx_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

T

When TrustZone® security is disabled, this file contains Systemlnit() that is called at
system_stm32ubxx.c startup just after reset and before branching to the main program. It allows relocating
the vector table in internal Flash memory or internal SRAM.

When TrustZone® security is enabled, this file is part of the non-secure application. It
contains Systemlnit() that is called by the secure application before branching to the
non-secure main program. It allows relocating the vector table in internal Flash
memory or internal SRAM.

system_stm32ubxx_ns.c

Toolchain specific file that contains reset handler and exception vectors.

startup_stm32ubxx.s For some toolchains, it allows adapting the stack/heap size to fit the application
requirements.
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T

When TrustZone® security is disabled, this file is the linker file for EWARM toolchain.
Its main function is the adaptation of the stack/heap size to fit the application
requirements.

stm32ubxx_flash.ict/
stm32ubxx_flash.icf

When TrustZone® security is enabled, this file is the linker file for EWARM toolchain.
Its main function is the adaptation of the stack/heap size to fit the secure application
requirements.

stm32ubxx_flash_s.icf/
stm32ubxx_flash_s.icf

When TrustZone® security is enabled, this file is the linker file for EWARM toolchain.
Its main function is the adaptation of the stack/heap size to fit the non-secure
application requirements.

stm32ubxx_flash_ns.icf/
stm32ubxx_flash_ns.icf

This file is the linker file for EWARM toolchain. Its main function is to describe the
stm32u5xx_RAMxspi1_ROMxspi2.icf | memory mapping (internal and external memories) available on the STM32H7S78-
DK board.

This file contains the MSP initialization and de-initialization (main routine and

stm32udxx_hal_msp.c callbacks) of the peripheral used in the user application.

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

stm32ubxx_hal_cont.h 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 stm32ub5xx_hal.c) used as HAL timebase. By default, this function is
stm32ubxx_it.c/.h called each 1ms in SysTick ISR.

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

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 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 allows configuring 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.
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Figure 1. Example of project template

v =2 TrustZoneDisabled
» = EWARM
v = Inc
main.h
stm32uS_hal_confh
[ stm32uSxx_ith
stm32uS_nucleo_confh
» = MDK-ARM
~ [= 5rc
[& main.c
[@ stm32uS0_hal_msp.c
[€ stm32u5K it.c
[@ system_stm32u5ionc
» = STM32CubelDE
& readme.html
E README.md

3.2 HAL data structures

Each HAL driver can contain the following data structures:
. Peripheral handle structures

. Initialization and configuration structures

. Specific process structures.

3.21 Peripheral handle structures

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

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

The peripheral handle is used for the following purposes:

. 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 used also to manage global variables within a given HAL driver.
An example of peripheral structure is shown below:

typedef struct

{

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

__IO0 uintl6_t TxXferCount;/* Usart Tx Transfer Counter */
uint8 t *pRxBuffPtr;/* Pointer to Usart Rx transfer Buffer */
uintlé 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 */
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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) non-constant 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 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; /*1< This member configures the Usart communication baud rate.
The baud rate is computed using the following formula:
Baud Rate Register[15:4] ((2 * fclk pres) /

((huart->Init.BaudRate))) [15:4]

Baud Rate Register[3] =0

Baud Rate Register[2:0] = (((2 * fclk pres) /
((huart->Init.BaudRate))) [3:0]) >> 1

where fclk pres is the USART input clock frequency (fclk)
divided by a prescaler.

@note Oversampling by 8 is systematically applied to
achieve high baud rates. */

uint32_t WordLength; /*1< Specifies the number of data bits
transmitted or received in a frame.This
parameter can be a value of USAR
TEx Word Length. */
uint32 t StopBits; /*1< Specifies the number of stop bits transmitted.
This parameter can be a value of USART Stop Bits. */
uint32 t Parity; /*!< Specifies the parity mode.

This parameter can be a value of USART 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 Mode; /*!< Specifies whether the Receive or

Transmit mode is enabled or disabled.
This parameter can be a value of

USART Mode. */

uint32 t CLKPolarity; /*1< Specifies the steady state of the serial clock.
This parameter can be a value of USART Clock Polarity. */
uint32 t CLKPhase; /*!< Specifies the clock transition on

which the bit capture is made.
This parameter can be a value of USART Clock Phase. */

uint32 t CLKLastBit; /*1< Specifies whether the clock pulse
corresponding to the last transmitted data bit
(MSB) has to be output on the SCLK pin in synchronous mode.
This parameter can be a value of USART Last Bit. */
uint32 t ClockPrescaler; /*1< Specifies the prescaler value used to

divide the USART clock source.
This parameter can be a value of USART ClockPrescaler. */
} USART InitTypeDef;
Note: The config structure is used to initialize the sub-modules or sub-instances. See below example:

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

3.23 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 API is divided into two sub-categories :

— Family specific APIs: APIs applying to a given family. They are located in the extension HAL driver
file (see example below related to the ADC).

HAL StatusTypeDef HAL ADCEx Calibration Start (ADC HandleTypeDef* hadc, uint32 t Si
ngleDiff);

uint32 t HAL ADCEx Calibration GetValue (ADC HandleTypeDef* hadc, uint32 t SingleDi
££) 7

- Device part number specific APls:These APIs are implemented in the extension file and delimited
by specific define statements relative to a given part number.

Note: The data structure related to the specific APIls 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 APls 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 APl 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

o X X X X § 1 X X % X %

s 3|3|3|3|s|8|8|3|8|8 |3

n (7] (7 n (%) (7} (7] (%) (7} (7] (7] n
stm32u5xx_hal.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_adc.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_adc_ex.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes = Yes Yes
stm32u5xx_hal_comp.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes = Yes Yes
stm32u5xx_hal_cordic.c Yes Yes = Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_cortex.c Yes Yes Yes  Yes | Yes Yes Yes Yes Yes Yes Yes @ Yes
stm32ub5xx_hal_crc.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_hal_crc_ex.c Yes Yes | Yes Yes | Yes Yes Yes Yes Yes Yes | Yes | Yes
stm32u5xx_hal_cryp.c No Yes No Yes No No Yes Yes @ Yes No Yes No
stm32u5xx_hal_cryp_ex.c No Yes No Yes No No Yes Yes Yes No Yes No
stm32ubxx_hal_dac.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_dac_ex.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_dcache.c Yes Yes = Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32ubxx_hal_dcmi.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_dma.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_hal_dma2d.c Yes | Yes No No Yes Yes Yes | Yes Yes | Yes | Yes | Yes
stm32u5xx_hal_dma_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_dsi.c Yes Yes Yes | Yes No Yes No Yes @ Yes @ Yes No No
stm32ubxx_hal_exti.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_fdcan.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_flash.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32ubxx_hal_flash_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_hal_fmac.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_gfxmmu.c No No No No No Yes No Yes Yes | Yes | Yes | Yes
stm32ub5xx_hal_gfxtim.c No No No No No No No No Yes Yes Yes @ Yes
stm32u5xx_hal_gpio.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_gpu2d.c No No No No No Yes No Yes Yes Yes Yes | Yes
stm32uSxx_hal_gtzc.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32ub5xx_hal_hash.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32ubxx_hal_hash_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_hcd.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_i2c.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_i2c_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_icache.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_irda.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
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(7 (7] () n (%) (7} (7] (7 n (7] (7 »n
stm32ub5xx_hal_iwdg.c Yes Yes = Yes Yes Yes  Yes Yes Yes Yes Yes = Yes Yes
stm32ub5xx_hal_jpeg.c No No No No No No No No Yes Yes Yes | Yes
stm32ubxx_hal_lIptim.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_ltdc.c No No No No No Yes No Yes Yes Yes Yes | Yes
stm32ub5xx_hal_ltdc_ex.c No No No No No Yes No Yes Yes | Yes | Yes | Yes
stm32u5xx_hal_mdf.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_mmc.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_mmc_ex.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_msp_template.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_nand.c Yes Yes  Yes Yes Yes = Yes Yes Yes Yes Yes = Yes Yes
stm32ubxx_hal_nor.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_opamp.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_opamp_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_ospi.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_otfdec.c No Yes No Yes No No Yes Yes @ Yes No Yes No
stm32u5xx_hal_pcd.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_pcd_ex.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_pka.c No Yes No Yes No No Yes Yes Yes No Yes No
stm32ub5xx_hal_pssi.c No Yes No Yes No No Yes Yes Yes Yes Yes @ Yes
stm32ub5xx_hal_pwr.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_pwr_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_hal_ramcfg.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_rcc.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_hal_rcc_ex.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_hal_rng.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes = Yes Yes
stm32ubxx_hal_rng_ex.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32ub5xx_hal_rtc.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_rtc_ex.c Yes Yes Yes @ Yes | Yes Yes Yes Yes Yes Yes Yes @ Yes
stm32u5xx_hal_sai.c Yes Yes = Yes Yes Yes = Yes Yes Yes Yes Yes = Yes Yes
stm32ub5xx_hal_sai_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_sd.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_sd_ex.c Yes Yes Yes  Yes | Yes Yes Yes Yes Yes Yes Yes @ Yes
stm32ub5xx_hal_smartcard.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_smartcard_ex.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes = Yes Yes
stm32u5xx_hal_smbus.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32ubxx_hal_smbus_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_spi.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_spi_ex.c Yes Yes | Yes Yes | Yes Yes Yes Yes @ Yes Yes | Yes | Yes
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STM32U575xx
STM32U585xx
STM32U535xx
STM32U545xx
STM32U595xx
STM32U599xx
STM32U5F9xx
STM32U5F7xx

x

x
n
<
0
2
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(2]
=
=
(]

STM32U5A9xx
STM32U5G9xx
STM32U5G7xx

stm32ubxx_hal_sram.c Yes Yes = Yes Yes Yes  Yes Yes Yes Yes Yes = Yes Yes
stm32ubxx_hal_tim.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_timebase_rtc_alarm_templatec = Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes Yes | Yes

stm32u5xx_hal_timebase_rtc_wakeup_template.c| Yes Yes Yes Yes Yes Yes Yes Yes | Yes @ Yes Yes Yes

stm32ub5xx_hal_timebase_tim_template.c Yes Yes | Yes Yes | Yes Yes Yes Yes  Yes Yes | Yes | Yes
stm32ubxx_hal_tim_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_tsc.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_uart.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32u5xx_hal_uart_ex.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32ubxx_hal_usart.c Yes Yes  Yes Yes Yes = Yes Yes Yes Yes Yes = Yes Yes
stm32ubxx_hal_usart_ex.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_hal_wwdg.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_hal_xspi.c No No Yes Yes | Yes Yes Yes | Yes Yes Yes | Yes Yes
stm32ubxx_ll_adc.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_IlI_comp.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_Il_cordic.c Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_Il_crc.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes
stm32ub5xx_Il_crs.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32ubxx_lI_dac.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_lI_dlyb.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_Il_dma.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_II_dma2d.c Yes @ Yes No No Yes Yes Yes | Yes Yes | Yes | Yes | Yes
stm32ubxx_|I_exti.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_II_fmc.c Yes Yes No No Yes Yes Yes Yes | Yes @ Yes Yes Yes
stm32ubxx_Il_fmac.c Yes Yes = Yes Yes Yes Yes Yes Yes Yes Yes = Yes Yes
stm32u5xx_Il_gpio.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32ubxx_II_i2c.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_II_icache.c Yes Yes Yes @ Yes | Yes Yes Yes Yes Yes Yes Yes @ Yes
stm32ubxx_|I_Ipgpio.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_lI_Iptim.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ub5xx_|I_lpuart.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32u5xx_lI_opamp.c Yes Yes Yes  Yes | Yes Yes Yes Yes Yes Yes Yes @ Yes
stm32ubxx_II_pka.c No Yes No Yes No No Yes Yes Yes No Yes No
stm32ubxx_II_pwr.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes = Yes Yes
stm32u5xx_Il_rcc.c Yes Yes  Yes Yes Yes  Yes Yes Yes Yes Yes  Yes Yes
stm32ubxx_Il_rng.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_II_rtc.c Yes Yes | Yes Yes | Yes  Yes Yes Yes @ Yes Yes | Yes | Yes
stm32ub5xx_Il_sdmmc.c Yes Yes | Yes Yes | Yes Yes Yes Yes @ Yes Yes | Yes | Yes
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stm32u5xx_Il_spi.c Yes Yes = Yes Yes Yes  Yes Yes  Yes Yes Yes = Yes Yes
stm32ub5xx_Il_tim.c Yes Yes  Yes Yes Yes  Yes Yes  Yes Yes Yes  Yes Yes
stm32ub5xx_Il_ucpd.c Yes = Yes No No Yes Yes Yes Yes | Yes Yes Yes Yes
stm32ubxx_Il_usart.c Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stm32ubxx_lI_usb.c Yes Yes | Yes Yes | Yes Yes Yes Yes  Yes Yes | Yes | Yes
stm32ubxx_|I_utils.c Yes Yes Yes Yes Yes Yes Yes Yes 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 stm32ubxx_hal_ppp (c/h) stm32ubxx_hal_ppp_ex (c/h) stm32ubxx_ 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 STM32U5 reference manuals.

. Peripheral registers are declared in the PPP_TypeDef structure (for example ADC_TypeDef) in the
stm32u5xxx.h header file:
stm32u5xxx.h corresponds to stm32u535xx.h, stm32u545xx, stm32u575xx.h,
stm32u585xx,stm32u595xx.h, stm32u5A5xx.h, stm32u599xx.h and stm32u5A9xx.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_ , __ e
INTERRUPT _ ) Checks the source of specified interrupt
. NVIC and SYSTICK are two Arm® Cortex® core features. The APIs related to these features are located in

the stm32u5xx_hal_cortex.c file.
. The PPP handles are valid before using the HAL_PPP_Init() 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))
- Pseudo-code 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 stm32u5xx_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 peripheral or DMA interrupt handler when the process completes

Example: HAL_USART_ErrorCallback
HAL_PPP_ErrorCallback
Called by peripheral or DMA interrupt handler when an error occurs

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 de-initialization functions:HAL_PPP_Init(), HAL_PPP_Delnit()

. 10 operation functions: HAL_PPP_Read(), HAL_PPP_Write(),HAL_PPP_Transmit(),
HAL_PPP_Receive()

. Control functions: HAL_PPP_Set (), HAL_PPP_Get ().

. State and Errors 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 de-initialization functions allow initializing a peripheral and configuring 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 IO operation functions perform a row access to the peripheral payload data in write and read modes.

The control functions are used to change dynamically the peripheral configuration and set another operating
mode.
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The peripheral state and errors functions allow retrieving in run time 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
APIls 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 (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 () teod

This function stops ADC conversions when the polling method is

HAL_ADC_Stop () teod

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

This function starts ADC conversions when the interrupt method is

HAL_ADC_Start_IT() Leod

10 operation group
This function stops ADC conversions when the interrupt method is

HAL_ADC_Stop_IT() Leod

HAL_ADC_IRQHandler() This function handles ADC interrupt requests

Callback function called in the IT subroutine to indicate the end of

HAL_ADC_ConvCpitCallback() the current process or when a DMA transfer has completed

Callback function called in the IT subroutine if a peripheral error or a

HAL_ADC_ErorCallback() DMA transfer error occurred

This function configures the selected ADC regular channel, the

HAL_ADC_ConfigChannel() corresponding rank in the sequencer and the sample time

Control group
HAL_ADC_AnalogWDGConfig ' This function configures the analog watchdog for the selected ADC

HAL_ADC_GetState() This function allows getting in run time the peripheral and the data

State and Errors flow states.
group ; . L . X
HAL_ADC_GetError() ;I_'rhlrsozltjicr:]tel}on allows getting in run time the error that occurred during

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, stm32u5xx_hal_ppp_ex.c, that includes all the specific
functions and define statements (stm32u5xx_hal_ppp_ex.h) for a given part number.

Below 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

This function is used to start the conversion of injected

HAL_ADCEX_InjectedStart
groups.
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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.

Adding a part number-specific function

When a new feature specific to a given device is required, the new APIs are added in the
stm32u5xx_hal_ppp_ex.c extension file. They are named HAL_PPPEx_Function().

Figure 2. Adding device-specific functions

stm32xxux_hal ex.c stm32xxux_hal ex.h
stm32amx_hal_ppp.c L S b

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

—

strm32xoock_hal_ppp.c

|

“Family specific”
APl

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 stm32u5xx_hal_newppp.c. However the inclusion of this file is
selected in the stm32u5xx_hal_conf.h using the macro:

#define HAL NEWPPP_MODULE ENABLED
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Figure 4. Adding new peripherals
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Example: stm32u5xx_hal_adc.c/h
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3.8 File inclusion model

The header of the common HAL driver file (stm32u5xx_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

Stm3 2o _hal_ppp.c

Sten32xxxs_halh Stm32awe_hal_conth Stm32xkex_hal_ppp.h  Stm32woo_hal_ppp_ex.h

Stm32axo_hal_defh
Stm3zussToch .';‘ Stm32uxech
i i gy P S h _—
- Root Part »l
T MNumber Define |

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 stm32ubxx_hal conf.h

* @author MCD Application Team

* @brief HAL configuration file.

Rk gk kb kb b bk kb b b b b b E b b b kb b b b b b b b b b R R b b b bk b bk b R R b b R b b b
()

#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
stm32u5xx_hal_def.h.The main common define enumeration is HAL_StatusTypeDef.

. HAL Status
The HAL status is used by almost all HAL APls, except for boolean functions and 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 stm32u5xx_hal_def.h file calls the stm32u5xx.h file in 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, stm32u5xx_hal_conf.h, allows customizing 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

Defines the value of the external oscillator (HSE) expressed in Hz. The

HSE_VALUE user must adjust this define statement when using a different crystal 16 000 000 Hz
value.
HSE_STARTUP_TIMEOUT Timeout for HSE start-up, expressed in ms 100 ms
HSI_VALUE Defines the value of the internal oscillator (HSI) expressed in Hz. 16 000 000 Hz
Value of the internal high speed oscillator for USB FS/SDMMC/RNG
HSI48_VALUE expressed in Hz. The real value may vary depending on manufacturing 48000000 Hz
process.

Defines the default value of the Multiplespeed internal oscillator (MSI)

expressed in Hz. 4000 000 Hz

MSI_VALUE
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Defines the default value of the Low-speed internal oscillator (LSI)

LSI_VALUE } 32000 Hz
expressed in Hz.
LSI_STARTUP_TIMEOUT | Timeout for LSI startup, expressed in ms 130 ms
Defines the value of the external oscillator (LSE) expressed in Hz. The
LSE_VALUE user must adjust this define statement when using a different crystal 32768 Hz
value.
LSE_STARTUP_TIMEOUT Timeout for LSE start-up, expressed in ms 5000 Hz
VDD_VALUE Vpp value 3300 mV
USE_RTOS Enables the use of RTOS FALSE (for future use)
PREFETCH_ENABLE Enables prefetch TRUE
Note: The stm32ubxx_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 stm32ubxx_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.

3111 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, HS148, MSI, LSE, LSI, PLL).

. HAL_RCC_ClockConfig (RCC_ClkInitTypeDef *RCC_ClkInitStruct, uint32_t FLatency). This function
- selects the system clock source
- configures AHB, APB1, and APB2 clock dividers
- configures the number of Flash memory wait states
- updates the SysTick configuration when HCLK clock changes.

Some peripheral clocks are not derived from the system clock (such as RTC, USB). In this case, the clock
configuration is performed by an extended API defined in stm32u5xx_hal_rcc_ex.c:
HAL_RCCEXx_PeriphCLKConfig(RCC_PeriphCLKInitTypeDef *PeriphClkinit).

Additional RCC HAL driver functions are available:

. HAL_RCC_Delnit() Clock de-initialization function that returns clock configuration to reset state
. Get clock functions that allow retreiving various clock configurations (such as system clock, HCLK, PCLK1
or PCLK2)

. MCO and CSS configuration functions

A set of macros are defined in stm32u5xx_hal_rcc.h and stm32u5xx_hal_rcc_ex.h. They allow executing
elementary operations on RCC block registers, such as peripherals 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.
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3.11.2 GPIOs
GPIO HAL APIs are the following:
. HAL_GPIO_Init() / HAL_GPIO_Delnit()
. HAL_GPIO_ReadPin() / HAL_GPIO_WritePin()
. HAL_GPIO_TogglePin ().
. HAL_GPIO_LockPin()
. HAL_GPIO_EnableHighSPeedLowVoltage()/HAL_GPIO_DisableHighSPeedLowVoltage()

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
stm32ubxx_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
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Please find 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);

. Configuring PAO as external interrupt with falling edge sensitivity:

GPIO InitStructure.Mode GPIO_MODE IT FALLING;
GPIO InitStructure.Pull GPIO_NOPULL;

GPIO InitStructure.Pin = GPIO PIN 0;

HAL GPIO Init (GPIOA, &GPIO InitStructure);

3.11.3 Cortex® NVIC and SysTick timer
The Cortex® HAL driver, stm32u5xx_hal_cortex.c, provides APIs to handle NVIC and SysTick. The supported
APls 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_ClearPendinglRQ()
. HAL_NVIC_GetActive(IRQnN)
. HAL_SYSTICK_Config()
. HAL_SYSTICK_CLKSourceConfig()
. HAL_SYSTICK_Callback()
. HAL_MPU_Enable()
. HAL_MPU_Enable_NS()
. HAL_MPU_Disable()
. HAL_MPU_Disable_NS()
. HAL_MPU_ConfigRegion()
. HAL_MPU_ConfigRegion_NS()
. HAL_MPU_ConfigMemoryAttributes()
. HAL_MPU_ConfigMemoryAttributes_NS()
. MPU_ConfigRegion()
. MPU_ConfigMemoryAttributes()

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()
. Wakeup pin configuration
- HAL_PWR_EnableWakeUpPin() / HAL_PWR_DisableWakeUpPin()
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. Low-power mode entry

- HAL_PWR_EnterSLEEPMode()

- HAL_PWR_EnterSTOPMode() (kept for compatibility with other families)

- HAL_PWR_EnterSTANDBYMode()

STM32U5 low-power management features:

- HAL_PWREx_EnterSTOPOMode()

- HAL_PWREx_EnterSTOP1Mode()

- HAL_PWREx_EnterSTOP2Mode()

- HAL_PWREx_EnterSHUTDOWNMode()

- HAL_PWR_EnableSleepOnExit() / HAL_PWR_DisableSleepOnExit: (low-power management Sleep-
on-entry)

- HAL_PWR_EnableSEVOnPend() / HAL_PWR_DisableSEVOnPend (low-power management
Cortex-SEV-on-pend)

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 allows configuring an I/O as 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 peripheral 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

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 EXTlI 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()
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_ 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 EXTI 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 stm32u5xx_it.c file, and implement
HAL_PPP_FUNCTIONCallback() callback function (for example HAL_PWR_PVDCallback().

3.11.6 DMA
DMA transfer modes are divided into two main categories:
. Normal transfers (as for legacy Series)
. Linked-list transfers

In addition to linked-list capability, all the advanced DMA features are managed and configured via the extended
API as extensions to Normal mode. The advanced features are repeated block, trigger and data handling.

For a given channel, enable and configure the peripheral to be connected to the DMA channel (except for internal
SRAM and Flash memories for which no initialization is required). Refer to the device reference manuals for
details on the connection between peripherals and DMA requests.

The Normal transfer mode is initialized via the standard API while the Linked-list mode is configured via the
extended API.

Alternatively to the Normal programming mode, a DMA channel can be programmed by a list of transfers, also
known as linked-list (list of node items), each node being defined by its data structure and specifying a standalone
DMA channel. When enabled, the DMA channel fetches the first linked-list node from SRAM (also known as head
node). When the execution is complete, it fetches and executes the next linked-list node. This operation is
repeated until the end of the linked-list queue. The linked-list can be linear or circular:

. Linear linked-list:
The last linked-list queue node is not linked to another queue node. The DMA channel fetches and
executes the whole DMA linked-list queue from the first node (head node) to the last (tail node). When the
last node execution is complete, the DMA channel remains in idle state and another transfer can be
launched.

. Circular linked-list:
The last linked-list node can be linked to any linked-list queue node. The DMA channel fetches and
executes the whole DMA linked-list queue from the first node to the last. When the last node is executed,
the DMA channel fetches again the first circular node and repeats the same sequence in an infinite loop
(circular transfer). An abort operation is required to stop the DMA channel. The Circular linked-list mode
replaces the legacy Circular transfer mode.

To reduce linked-list queue execution time and power consumption, the DMA channel supports dynamic linked-list
execution in two types of formats, static and dynamic:

. Static linked-list format: this format refers to the full linked-list node where all DMA channel parameters are
fetched and executed independently of the redundancy of information.
. Dynamic linked-list: this format refers to the customized linked-list node where only the necessary DMA

channel parameters are fetched and executed (for example, no update is required if data size = 20 on
previous node, and data size = 20 on the current node).

For linked-list transfers, the DMA channel can execute the linked-list queue node by node. This feature is named
link-step mode. When activated, enabling the DMA channel for the first time fetches the head node from memory
and stops. Another DMA channel enable is then required to execute the node. After that, the DMA channel must
remain enabled to execute each node until the end of the linked-list queue. When the linked-list queue is circular,
the DMA channel must be enabled in an infinite loop to keep the DMA channel running. This feature is useful for
debug purposes or for executing queue nodes asynchronously.
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Each DMA channel transfer (normal or linked-list) can be configured depending on the DMA channel instance
embedded in the devices. The configurations are the following:

. Repeated block configuration:
This feature is also named two-dimension addressing transfer. If it is supported, the DMA channel can
perform repeated transfers of programmed blocks (the size of the block transfer is the legacy data size). In
addition to the block repeat count, the DMA channel addresses can jump at burst or block level. The jump
length is a programmable parameter defined in the user application:

- Jump at burst level: the DMA channel keeps an empty area between two consecutive transmitted
bursts.

- Jump at block level; the DMA channel keeps an empty area between two consecutive transmitted
blocks .

. Trigger configuration:
The DMA channel transfers can be triggered on the rising or falling edge of a given signal (hardware
triggers). The trigger condition can be applied at single/burst level, block level, repeated block level or node
level.
The DMA channel can report a trigger overrun when more than two trigger signal events are detected
before executing the current transfer.

. Data handling:
The data handling feature is based on a FIFO capability that can be:

- Padding pattern: the padding pattern (zero padding or sign extension) is selected when the source
data width is smaller than the destination data width.

- Truncation: the source data is truncated when the source data width is bigger than the destination
data width.

- Pack/unpack: a set of data can be packed when the source data width is smaller than the destination
data width or unpacked when the source data width is bigger than the destination data width.

- Exchange: data can be exchanged at byte and half-word level on the destination, and byte level on
the source.

Each ongoing DMA channel transfer (normal or linked-list) can be suspended and resumed at run time by the
application. When trying to suspend an ongoing transfer, the DMA channel is not suspended instantly. Instead,
the ongoing single/burst transfer completes and then stops.

When the DMA channel is suspended, the current transfer can be resumed instantly.

The DMA channel that supports the FIFO can report in real time the number of beats remaining on the destination
FIFO ((output).

Two operating modes are available:

. Polling mode 1/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 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 HAL_DMA_GetState() function to return the DMA state and HAL_DMA_GetError() in case of error
detection.

. Use 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
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. __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

To correctly use the DMA linked-list feature, apply the following call sequences:
. Linear transfer:
- Linked-list queue building
° HAL_DMAEXx_List_BuildNode()
° HAL_DMAEX_List_InsertNode_Tail()
° HAL_DMAEXx_List_BuildNode()
° HAL_DMAEXx_List_InsertNode_Tail()
° HAL_DMAEXx_List_ConvertQToDynamic()
- Linked-list queue execution
° HAL_DMAEXx_List_Init()
° HAL_DMAEXx_List_LinkQ()
° HAL_DMAEXx_List_Start() / HAL_DMAEx_List_Start_IT()
° HAL_DMAEXx_List_UnLinkQ()
° HAL_DMAEXx_List_Delnit()
. Circular transfer:
- Linked-list queue building
° HAL_DMAEx_List_BuildNode()
° HAL_DMAEXx_List_InsertNode_Tail()
° HAL_DMAEx_List_BuildNode()
° HAL_DMAEx_List_InsertNode_Tail()
° HAL_DMAEXx_List_SetCircularModeConfig()/HAL_DMAEXx_List_SetCircularMode()
° HAL_DMAEXx_List_ConvertQToDynamic()
- Linked-list queue execution
° HAL_DMAEXx_List_lInit()
° HAL_DMAEXx_List_LinkQ()
° HAL_DMAEXx_List_Start() / HAL_DMAEx_List_Start_IT()
° HAL_DMA_Abort() / HAL_DMA_Abort_IT()
° HAL_DMAEXx_List_UnLinkQ()
° HAL_DMAEXx_List_Delnit()
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 IO 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 AP 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. Non-dotted 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 de-initialization functions, a set of APIs are provided to initialize the
HAL core implemented in file stm32u5xx_hal.c.

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

- call HAL_Msplnit() user callback function to perform system level initializations (Clock, GPIOs, DMA,
interrupts). HAL_Msplnit() is defined as “weak” empty function in the HAL drivers.

. HAL_Delnit()
- resets all peripherals
- calls function HAL_MspDelnit() which is a user callback function to do system level De-Initalizations.
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. HAL_GetTick(): this function gets current SysTick counter value (incremented in SysTick interrupt) used by
peripherals 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 highest priority (numerically lower) than the
peripheral interrupt, otherwise the caller ISR is blocked.

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 80 MHz based on the
HSE clock.

void SystemClock Config(void)
{

RCC ClkInitTypeDef clkinitstruct {0};
RCC OscInitTypeDef oscinitstruct = {0};

/% ComfigiFe PLLE===s=sssss=ssssssssssssssssssssssssssssssssssssss == */
/* PLL configuration: PLLCLK = (HSE/PLLM * PLLN) / PLLR = (16/1 * 20) / 2 = 80 MHz*/
/* Enable HSE Oscillator and activate PLL with HSE as source */
oscinitstruct.OscillatorType = RCC_OSCILLATORTYPE HSE;
oscinitstruct.HSEState =  RCC_HSE ON;
oscinitstruct.PLL.PLLState = RCC_PLL_ONj;
oscinitstruct.PLL.PLLSource = RCC_PLLSOURCE_HSE;

oscinitstruct.PLL.PLLM = 1;
oscinitstruct.PLL.PLLN = 20;
oscinitstruct.PLL.PLLR = 2;
oscinitstruct.PLL.PLLL = 7;
oscinitstruct.PLL.PLLQ = 4;
if (HAL_RCC_OscConfig(&oscinitstruct) != HAL_ OK)
{
/* Initialization Error */
while (1) ;
}
/* Select PLL as system clock source and configure the HCLK, PCLKl and PCLK2 clock divid
ers “f
clkinitstruct.ClockType = (RCC_CLOCKTYPE SYSCLK I  RCC CLOCKTYPE HCLK I RCC_CLOCKTYPE PCL
K1 I RCC CLOCKTYPE PCLK2);
clkinitstruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
clkinitstruct.AHBCLKDivider = RCC SYSCLK DIV1;
clkinitstruct.APB2CLKDivider = RCC_HCLK DIV1;
clkinitstruct.APBICLKDivider = RCCiHCLKiDIVI;
if
(HAL RCC ClockConfig(&clkinitstruct, FLASH LATENCY 4) != HAL OK)
/* Initialization Error */

while (1) ;
}

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 MSP callback function HAL_PPP_MsplInit().

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 de-initialization:
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/**

* @brief Initializes the PPP MSP.

* @param hppp: PPP handle

* @retval 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

* @retval None */

void  weak HAL PPP MspDeInit (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 his own initialization routine.

The HAL MSP callback is implemented inside the stm32u5xx_hal_msp.c file in the user folders. An
stm32u5xx_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 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.

stm32ubxx_hal_msp.c file contains the following functions:

Table 14. MSP functions

S N

void HAL_Msplnit() Global MSP initialization routine
void HAL_MspDelnit() Global MSP de-initialization routine

void HAL_PPP_Msplnit() PPP MSP initialization routine
void HAL_PPP_MspDelnit() PPP MSP de-initialization routine

By default, if no peripheral needs to be de-initialized during the program execution, the whole MSP initialization is
done in Hal_Msplnit() and MSP De-Initialization 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 de-initialized in run time and the low level resources of a given
peripheral need to be released and used by another peripheral, HAL_PPP_MspDelnit() and HAL_PPP_Mspinit()
are implemented for the concerned peripheral and other peripherals initialization and de-Initialization are kept in
the global HAL_Msplnit() 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 :
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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; }

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 stm32ubxx_it.c.

The HAL_PPP_ProcessCpltCallback() function is declared as 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 = USARTI1;

HAL UART_Init (&UartHandle) ;

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

}

void HAL UART_TxCpltCallback (UART_ HandleTypeDef *huart)
{

}

void HAL UART ErrorCallback (UART_ HandleTypeDef *huart)
{

}
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stm32ubxx_it.cfile:

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 stm32ubxx_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 to the PPP handle.
For this purpose, the handles of all the peripheral drivers that use the DMA must be declared as follows:

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 = 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 = UARTI1;

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 weak function in the driver that means, the user can
declare it again in the application code. The function in the driver should not be modified.

An example of use is illustrated below:

main.c file:

stm32ubxx_it.c file:

extern UART HandleTypeDef UartHandle;

void DMAx IRQHandler (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 till an error is returned. An example is provided below:

HAL StatusTypeDef HAL DMA PollForTransfer (DMA HandleTypeDef *hdma, uint32 t CompletelLevel, 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 till process is successful

1. HAL_MAX_DELAY is defined in the stm32ubxx_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 allow retrieving 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:
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void HAL PPP ProcessCpltCallback (PPP_HandleTypeDef *hspi)

{

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

3.12.4.3 Run-time checking

The HAL implements run-time failure detection by checking the input values of all HAL driver functions. The run-
time 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 allows verifying that the input value lies within the parameter allowed values.

To enable the run-time checking, use the assert_param macro, and leave the define USE_FULL_ASSERT
uncommented in stm32ubxx_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 *

@

=y

#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 stm32u5xx_hal_conf.h:

/= THpeEtEl MAGHD o — o e e e s e e e e e e e e S e S eSS S S oS S m 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 */

* ok *

#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 run-time 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 de-initialization (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

stm32ubxx_Il_bus.h
Example: LL_AHB2 _GRP1_EnableClock

stm32u5xx_II_ppp.c provides peripheral initialization functions such as LL_PPP_lInit(),
LL_PPP_Structlnit(), LL_PPP_Delnit(). All the other APIs are definined within stm32u5xx_II_ppp.h

stm32ubxx_Il_ppp.h/.c | file.
The low-layer PPP driver is a standalone module. To use it, the application must include it in the
stm32u5xx_II_ppp.h file.

Cortex-M related register operation APIs including the Systick, Low power (such as

stm32udxx_Il_cortex.h LL_SYSTICK_xxxxx and LL_LPM_xxxxx "Low Power Mode")

This file covers the generic APIs:

stm32ubxx_Il_utils.h/.c . Read of device unique ID and electronic signature
. Timebase and delay management
. System clock configuration.

System related operations.
stm32ubxx_lI_system.h
Example: LL_SYSCFG_xxx, LL_DBGMCU_xxx and LL_FLASH_xxx

Template file allowing to define the assert_param macro, that is used when run-time checking is

enabled.
stm32_assert_template.h
This 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

@ | Documentation
=~ | Drivers
@ | BSP
- | CMSIS
= STM32U5xx_HAL_Driver

Legacy
stm32_assert_template h

o stm32uSxx_halh

4 stm32usxx_hal_conf_template h
4 stm32uSxx_hal_ppp h
stm32ubSx I_bus h

4 stm32usxx_I_cortex h

4 stm32u5xx_ll_ppp h

J stm32uSxx_ll_system h

S stm32uSxx_ll_utils h

stm32u5xx_hal.c
stm32u5xx_hal_msp_template c
stm32u5x_hal_ppp.c

stm32uSix Jl_ppp.c
stm32uSx_ll_utils ¢

3 STM32U585x¢_User_Manual chm

El- | Drivers
; BSP

CMSIS
STM32H7RSix_HAL_Driver

_htmresc

Inc
[ Legacy

stm32_assert_template h

stm 32h Frax_halh
stm 32h Frax_hal_ppp h
gtm 32h Frao_ll_bus h
gtm 32h Froo_ll_cortex h
stm 32h Freoo_ll_system h
gtm 32h Frao_ll_utils h
gtm 32h Froo_util_ide h

gtm 32h Freax_hal.c
gtm 32h Froo_hal_msp_template c
stm 32h Frax_hal_ppp.c
stm 32h Frax_ll_ppp.c
gtm 32h Freo_ll_utils.c
gtm 32h Freo_util_ide.c
----- E| LICENSExt
(4 README md
Release _Motes html
-3 STM32H757x_User_Manual.chm

In general, low-layer drivers include only the STM32 CMSIS device file.

#include "stm32yyxx.h"
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Figure 8. Low-layer driver CMSIS files

Application

1 Stm32yyxo_ll_ppp.c Stm32yyxx_Il_ppp.h

s s B s ol s s s

\"T—

L L L T T L L

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 stm32u5xx_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 de-initialization (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:
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Table 17. Common peripheral initialization functions

Type

Initializes the peripheral main features according to the

. PPP_TypeDef* PPPx  parameters specified in PPP_InitStruct.

LL_PPP_lInit ErrorStatus | - LL_PPP_InitTypeDef*
PPP_InitStruct Example: LL_USART_Init(USART_TypeDef *USARTX,

LL_USART _InitTypeDef *USART InitStruct)

) Fills each PPP_lInitStruct member with its default value.
LL_PPP_Structint  void  ~ L PPPInitTypeDef” i i
— — PPP_InitStruct Example. LL_USART_Structinit(LL_USART_InitTypeDef

*USART _InitStruct)

De-initializes the peripheral registers, that is restore them
LL_PPP_Delnit = ErrorStatus +  PPP_TypeDef* PPPx !0 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 *ADCXx,
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_nitTypeDef* 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+  “efault value.

LL_PPP{ CATEGORY}_Structinit void PPP{_ CATEGORY) InitStruct

Example: LL_ADC_INJ_Structinit(LL_ADC_INJ_InitTypeDef
*ADC_INJ_InitStruct)

Initializes the common features shared between different

. PPP_TypeDef* PPPx instances of the same peripheral.

LL_PPP_Commonlnit ErrorStatus | » LL_PPP_CommoninitTypeDef*

PPP_CommoninitStruct Example: LL_ADC_Commonlnit(tADC_Common_TypeDef

*ADCxy_COMMON, LL_ADC_CommonlinitTypeDef
*ADC_CommonlnitStruct)

Fills each PPP_CommonlnitStruct member with its default

value
. . LL_PPP_CommoninitTypeDef*
LL_PPP_CommonSiructinit void PPP_CommonlnitStruct Example:

LL_ADC_CommonStructlnit(LL_ADC_CommonlnitTypeDef
*ADC_CommonlnitStruct)
Initializes the peripheral clock configuration in synchronous

. PPP_TypeDef* PPPx mode.

LL_PPP_Clocklnit ErrorStatus | » LL_PPP_ClockinitTypeDef*
PPP_ClocklnitStruct Example: LL_USART_ClockInit(USART_TypeDef *USARTX,

LL_USART_ClocklInitTypeDef *USART_ClockInitStruct)
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Return
Parameters
Type

Fills each PPP_ClockInitStruct member with its default value

LL_PPP_ClockinitTypeDef*

LL_PPP_ClockStructinit void . Example:
PPF_ClockinitStruct LL_USART _ClockStructinit(LL_USART_ClockinitTypeDef
*USART_ClocklnitStruct)
4.2.1.1 Run-time checking

Note:

4.2.2

Note:

UM2911 - Rev 4

Like HAL drivers, LL initialization functions implement run-time failure detection by checking the input values of all
LL driver functions. For more details, refer to Section 3.12.4.3: Run-time checking.

When using the LL drivers in standalone mode (without calling HAL functions), the following actions are required
to use run-time 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 run-time checking is enabled.

2. Include 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.

Run-time 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 to 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_PPP_{ CATEGORY}_Actionltem_BITNAME . LL_RCC_lsActiveFlag_FWRST()

LL_PPP{ CATEGORY} Isltem_BITNAME_Action *  LL_ADC_ClearFlag_EOC(ADC1)
. LL_DMA_ClearFlag_TCx(DMA_TypeDef* DMAXx)

Table 20. Available function formats

Get LL_PPP_IsActiveFlag_BITNAME
Flag Clear LL_PPP_ClearFlag_BITNAME
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
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Note:

Note:
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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 settings

Table 23. Peripheral configuration management

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

. Peripheral register management : \Write/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
stm32u5xx_Il_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 STM32CubeU5 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 APls 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 stm32u5 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 Initialization and de-initialization functions

This section provides functions allowing to:

. Initializes the Flash interface the NVIC allocation and initial clock configuration. It initializes the systick also
when timeout is needed and the backup domain when enabled.

. De-Initializes 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 1ms 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 identifier
. Get the device revision identifier

. Enable/Disable Debug module during SLEEP mode
. Enable/Disable Debug module during STOP mode
. Enable/Disable Debug module during STANDBY mode
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This section contains the following APls:
. HAL_IncTick()

. HAL_GetTick()

. HAL_GetTickPrio()

. HAL_SetTickFreq()

. HAL_GetTickFreq()

. HAL_Delay()

. HAL_SuspendTick()

. HAL_ResumeTick()

. HAL_GetHalVersion()
. HAL_GetREVID()

. HAL_GetDEVID()

. HAL_GetUIDwO()

. HAL_GetUIDw1()

. HAL_GetUIDw2()

6.1.4 HAL Debug functions

This section provides functions allowing to:

. Enable/Disable Debug module during STOPO/STOP1/STOP2 modes
. Enable/Disable Debug module during STANDBY mode

This section contains the following APlIs:

. HAL_DBGMCU_EnableDBGStopMode()

. HAL_DBGMCU_DisableDBGStopMode()

. HAL_DBGMCU_EnableDBGStandbyMode()

. HAL_DBGMCU_DisableDBGStandbyMode()

6.1.5 HAL SYSCFG configuration functions

This section provides functions allowing to:

. Configure the Voltage reference buffer

. Enable/Disable the Voltage reference buffer

. Enable/Disable the 1/0 analog switch voltage booster
This section contains the following APlIs:

. HAL_SYSCFG_VREFBUF _VoltageScalingConfig()

. HAL_SYSCFG_VREFBUF_HighlmpedanceConfig()

. HAL_SYSCFG_VREFBUF_TrimmingConfig()

. HAL_SYSCFG_EnableVREFBUF()

. HAL_SYSCFG_DisableVREFBUF()

. HAL_SYSCFG_EnablelOAnalogSwitchBooster()

. HAL_SYSCFG_DisablelOAnalogSwitchBooster()

. HAL_SYSCFG_EnablelOAnalogSwitchVoltageSelection()
. HAL_SYSCFG_DisablelOAnalogSwitchVoltageSelection()
. HAL_SYSCFG_EnableSRAMCached()

. HAL_SYSCFG_DisableSRAMCached()

. HAL_SYSCFG_EnableVddCompensationCell()

. HAL_SYSCFG_EnableVddlO2CompensationCell()

. HAL_SYSCFG_EnableVddHSPICompensationCell()
. HAL_SYSCFG_DisableVddCompensationCell()

. HAL_SYSCFG_DisableVddlO2CompensationCell()

. HAL_SYSCFG_DisableVddHSPICompensationCell()
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. HAL_SYSCFG_SRAM2Erase()

. HAL_SYSCFG_SetOTGPHYReferenceClockSelection()
. HAL_SYSCFG_SetOTGPHYPowerDownConfig()

. HAL_SYSCFG_EnableOTGPHY/()

. HAL_SYSCFG_SetOTGPHYDisconnectThreshold()

. HAL_SYSCFG_SetOTGPHYSquelchThreshold()

. HAL_SYSCFG_SetOTGPHYPreemphasisCurrent()

6.1.6 SYSCFG lock functions

This section contains the following APlIs:
. HAL_SYSCFG_Lock()
. HAL_SYSCFG_GetlLock()

6.1.7 SYSCFG attributes functions

This section contains the following APlIs:
. HAL_SYSCFG_ConfigAttributes()
. HAL_SYSCFG_GetConfigAttributes()

6.1.8 Detailed description of functions

HAL_Init

Function name
HAL_StatusTypeDef HAL _Init (void )

Function description

Configure the Flash prefetch, the time base source, NVIC and any required global low level hardware by calling
the HAL_Msplnit() callback function to be optionally defined in user file stm32u5xx_hal_msp.c.

Return values

. HAL.: status

Notes

. HAL_Init() function is called at the beginning of program after reset and before the clock configuration.

. In the default implementation the System Timer (SysTick) is used as source of time base. The SysTick
configuration is based on MSI clock, as MSlI is the clock used after a system Reset and the NVIC
configuration is set to Priority group 4. Once done, time base tick starts incrementing: the tick variable
counter is incremented each 1ms in the SysTick_Handler() interrupt handler.

HAL_Delnit

Function name
HAL_StatusTypeDef HAL_Delnit (void )

Function description

This function de-Initializes common part of the HAL and stops the systick.
Return values
. HAL: status
HAL_Msplnit

Function name
void HAL_Msplnit (void )
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Function description
Initializes the MSP.

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.
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

. None:
Notes
. In the default implementation, this variable is incremented each 1ms in SysTick ISR.
. This function is declared as __weak to be overwritten in case of other implementations in user file.
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HAL_Delay

Function name
void HAL_Delay (uint32_t Delay)

Function description

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

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

Function name
HAL_TickFreqTypeDef HAL_GetTickFreq (void )

Function description

Return tick frequency.

Return values

. Tick: frequency. Value of HAL_TickFreqTypeDef.

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)
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HAL_GetREVID

Function name
uint32_t HAL_GetREVID (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 identifier.
Return values
. Device: identifier
HAL_GetUIDwWO

Function name
uint32_t HAL_GetUIDwO (void )

Function description

Return the first word of the unique device identifier (UID based on 96 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 96 bits)
Return values
. Device: identifier
HAL_GetUIDw2

Function name
uint32_t HAL_GetUIDw2 (void )

Function description

Return the third word of the unique device identifier (UID based on 96 bits)

Return values

. Device: identifier
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HAL_DBGMCU_EnableDBGStopMode

Function name
void HAL_DBGMCU_EnableDBGStopMode (void )

Function description
Enable the Debug Module during STOPO/STOP1/STOP2 modes.

Return values

. None:

HAL_DBGMCU_DisableDBGStopMode

Function name
void HAL_DBGMCU_DisableDBGStopMode (void )

Function description
Disable the Debug Module during STOP0/STOP1/STOP2 modes.

Return values

. None:

HAL_DBGMCU_EnableDBGStandbyMode

Function name
void HAL_DBGMCU_EnableDBGStandbyMode (void )

Function description
Enable the Debug Module during STANDBY mode.

Return values

. None:

HAL_DBGMCU_DisableDBGStandbyMode

Function name
void HAL_DBGMCU_DisableDBGStandbyMode (void )

Function description
Disable the Debug Module during STANDBY mode.

Return values

. None:

HAL_SYSCFG_SRAM2Erase

Function name
void HAL_SYSCFG_SRAMZ2Erase (void )

Function description

HAL_SYSCFG_VREFBUF_VoltageScalingConfig

Function name
void HAL_SYSCFG_VREFBUF_VoltageScalingConfig (uint32_t VoltageScaling)
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Function description

Configure the internal voltage reference buffer voltage scale.

Parameters

. VoltageScaling: specifies the output voltage to achieve This parameter can be one of the following
values:

- SYSCFG_VREFBUF_VOLTAGE_SCALEO: VREF_OUT1 around 1.5 V. This requires VDDA equal
to or higher than 1.8 V.

- SYSCFG_VREFBUF_VOLTAGE_SCALE1: VREF_OUT1 around 1.8 V. This requires VDDA equal
to or higher than 2.1 V.

- SYSCFG_VREFBUF_VOLTAGE_SCALE2: VREF_OUT1 around 2.048 V. This requires VDDA
equal to or higher than 2.4 V.

- SYSCFG_VREFBUF_VOLTAGE_SCALE3: VREF_OUT1 around 2.5 V. This requires VDDA equal
to or higher than 2.8 V.

Return values

. None:

HAL_SYSCFG_VREFBUF_HighlmpedanceConfig
Function name
void HAL_SYSCFG_VREFBUF_HighlmpedanceConfig (uint32_t Mode)
Function description
Configure the internal voltage reference buffer high impedance mode.
Parameters

. Mode: specifies the high impedance mode This parameter can be one of the following values:

- SYSCFG_VREFBUF_HIGH_IMPEDANCE_DISABLE: VREF+ pin is internally connect to VREFINT
output.

- SYSCFG_VREFBUF_HIGH_IMPEDANCE_ENABLE: VREF+ pin is high impedance.

Return values

. None:

HAL_SYSCFG_VREFBUF_TrimmingConfig

Function name
void HAL_SYSCFG_VREFBUF_TrimmingConfig (uint32_t TrimmingValue)

Function description
Tune the Internal Voltage Reference buffer (VREFBUF).

Return values

. None:

HAL_SYSCFG_EnableVREFBUF

Function name
HAL_StatusTypeDef HAL_SYSCFG_EnableVREFBUF (void )

Function description
Enable the Internal Voltage Reference buffer (VREFBUF).

Return values
. HAL_OK/HAL_TIMEOUT:
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HAL_SYSCFG_DisableVREFBUF

Function name
void HAL_SYSCFG_DisableVREFBUF (void )

Function description
Disable the Internal Voltage Reference buffer (VREFBUF).

Return values

. None:

HAL_SYSCFG_SetOTGPHYReferenceClockSelection

Function name
void HAL_SYSCFG_SetOTGPHYReferenceClockSelection (uint32_t RefClkSelection)

Function description
Set the OTG PHY reference clock selection.

Parameters

. RefClkSelection: Defines the OTG PHY reference clock selection. This parameter can be one of the
OTG PHY Reference Clock Selection

Return values

. None:

HAL_SYSCFG_SetOTGPHYPowerDownConfig

Function name
void HAL_SYSCFG_SetOTGPHYPowerDownConfig (uint32_t PowerDownConfig)

Function description
Set the OTG PHY Power Down config.

Parameters

. PowerDownConfig: Defines the OTG PHY Power down configuration. This parameter can be one of
OTG PHY Power Down

Return values

. None:

HAL_SYSCFG_EnableOTGPHY

Function name
void HAL_SYSCFG_EnableOTGPHY (uint32_t OTGPHY Config)

Function description
Enable the OTG PHY .

Parameters
. OTGPHYConfig: Defines the OTG PHY configuration. This parameter can be one of OTG PHY Enable

Return values

. None:
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HAL_SYSCFG_SetOTGPHYDisconnectThreshold

Function name
void HAL_SYSCFG_SetOTGPHYDisconnectThreshold (uint32_t DisconnectThreshold)

Function description
Set the OTG PHY Disconnect Threshold.

Parameters

. DisconnectThreshold: Defines the voltage level for the threshold used to detect a disconnect event. This
parameter can be one of the OTG PHYTUNER Disconnect Threshold

Return values

. None:

HAL_SYSCFG_SetOTGPHYSquelchThreshold

Function name
void HAL_SYSCFG_SetOTGPHYSquelchThreshold (uint32_t SquelchThreshold)

Function description

Adjust the voltage level for the threshold used to detect valid high speed data.

Parameters

. SquelchThreshold: Defines the voltage level. This parameter can be onez of the OTG PHYTUNER
Squelch Threshold

Return values

. None:

HAL_SYSCFG_SetOTGPHYPreemphasisCurrent

Function name
void HAL_SYSCFG_SetOTGPHYPreemphasisCurrent (uint32_t PreemphasisCurrent)

Function description
Set the OTG PHY Current config.

Parameters

. PreemphasisCurrent: Defines the current configuration. This parameter can be one of the OTG
PHYTUNER Preemphasis Current

Return values

. None:

HAL_SYSCFG_EnablelOAnalogSwitchBooster

Function name
void HAL_SYSCFG_EnablelOAnalogSwitchBooster (void )

Function description

Enable the I/O analog switch voltage booster.

Return values

. None:
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HAL_SYSCFG_DisablelOAnalogSwitchBooster

Function name
void HAL_SYSCFG_DisablelOAnalogSwitchBooster (void )

Function description

Disable the 1/0 analog switch voltage booster.

Return values

. None:

HAL_SYSCFG_EnablelOAnalogSwitchVoltageSelection

Function name
void HAL_SYSCFG_EnablelOAnalogSwitchVoltageSelection (void )

Function description

Enable the I/O analog switch voltage selection.

Return values

. None:

HAL_SYSCFG_DisablelOAnalogSwitchVoltageSelection

Function name
void HAL_SYSCFG_DisablelOAnalogSwitchVoltageSelection (void )

Function description

Disable the 1/0 analog switch voltage selection.

Return values

. None:

HAL_SYSCFG_EnableSRAMCached

Function name
void HAL_SYSCFG_EnableSRAMCached (void )

Function description
Enable the Cacheability of internal SRAMx by DCACHEZ2.

Return values

. None:

HAL_SYSCFG_DisableSRAMCached

Function name
void HAL_SYSCFG_DisableSRAMCached (void )

Function description
Disable the Cacheability of internal SRAMx by DCACHEZ2.

Return values

. None:
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HAL_SYSCFG_EnableVddCompensationCell

Function name
void HAL_SYSCFG_EnableVddCompensationCell (void )

Function description
Enable the Compensation Cell of GPIO supplied by VDD.

Return values

. None:

Notes

. The vdd compensation cell can be used only when the device supply voltage ranges from 1.71 to 3.6 V

Reference Manual to LL API cross reference:
. CCCSR EN1 HAL_SYSCFG_EnableVddCompensationCell

HAL_SYSCFG_EnableVddlO2CompensationCell

Function name
void HAL_SYSCFG_EnableVddlIO2CompensationCell (void )

Function description
Enable the Compensation Cell of GPIO supplied by VDDIO2.

Return values

. None:
Notes
. The Vdd I/0 compensation cell can be used only when the device supply voltage ranges from 1.08 to 3.6
\Y

Reference Manual to LL API cross reference:
. CCCSR EN2 HAL_SYSCFG_EnableVddIO2CompensationCell

HAL_SYSCFG_EnableVddHSPICompensationCell

Function name
void HAL_SYSCFG_EnableVddHSPICompensationCell (void )

Function description
Enable the Compensation Cell of HSPI 10 supplied by VDD.

Return values

. None:
Reference Manual to LL API cross reference:
. CCCSR EN3 HAL_SYSCFG_EnableVddHSPICompensationCell
HAL_SYSCFG_DisableVddCompensationCell

Function name
void HAL_SYSCFG_DisableVddCompensationCell (void )

Function description
Disable the Compensation Cell of GPIO supplied by VDD.
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Return values

. None:

Notes

. The Vdd compensation cell can be used only when the device supply voltage ranges from 1.71 to 3.6 V

Reference Manual to LL API cross reference:
. CCCSR EN1 HAL_SYSCFG_DisableVddCompensationCell

HAL_SYSCFG_DisableVddlO2CompensationCell

Function name
void HAL_SYSCFG_DisableVddiO2CompensationCell (void )

Function description
Disable the Compensation Cell of GPIO supplied by VDDIO2.

Return values

. None:
Notes
. The Vdd I/0O compensation cell can be used only when the device supply voltage ranges from 1.08 to 3.6
\Y

Reference Manual to LL API cross reference:
. CCCSR EN2 HAL_SYSCFG_DisableVddlO2CompensationCell

HAL_SYSCFG_DisableVddHSPICompensationCell

Function name
void HAL_SYSCFG_DisableVddHSPICompensationCell (void )

Function description
Disable the Compensation Cell of HSPI IO supplied by VDD.

Return values

. None:

Reference Manual to LL API cross reference:
. CCCSR EN3 HAL_SYSCFG_DisableVddHSPICompensationCell

HAL_SYSCFG_Lock

Function name
void HAL_SYSCFG_Lock (uint32_t Item)

Function description
Lock the SYSCFG item(s).

Parameters

. Item: Item(s) to set lock on. This parameter can be a combination of SYSCFG Lock items

Return values

. None:
Notes
. Setting lock(s) depends on privilege mode in secure/non-secure code Lock(s) cleared only at system
reset
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HAL_SYSCFG_GetLock

Function name
HAL_StatusTypeDef HAL_SYSCFG_GetLock (uint32_t * pltem)

Function description
Get the lock state of SYSCFG item.

Parameters

. pltem: pointer to return locked items the return value can be a combination of SYSCFG Lock items

Return values
. HAL: status

Notes

. Getting lock(s) depends on privilege mode in secure/non-secure code

HAL_SYSCFG_ConfigAttributes

Function name
void HAL_SYSCFG_ConfigAttributes (uint32_t Iltem, uint32_t Attributes)

Function description
Configure the SYSCFG item attribute(s).

Parameters
. Item: Item(s) to set attributes on. This parameter can be a one or a combination of SYSCFG Attributes
items
. Attributes: specifies the secure/non-secure attributes.

Return values

. None:

Notes

. Available attributes are to secure SYSCFG items, so this function is only available in secure

HAL_SYSCFG_GetConfigAttributes

Function name
HAL_StatusTypeDef HAL_SYSCFG_GetConfigAttributes (uint32_t Item, uint32_t * pAttributes)
Function description

Get the attribute of a SYSCFG item.

Parameters

. Item: Single item to get secure/non-secure attribute from.
. pAttributes: pointer to return the attribute.

Return values
. HAL: status

Notes

. Available attributes are to secure SYSCFG items, so this function is only available in secure

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

__HAL_DBGMCU_FREEZE_TIM2
__HAL_DBGMCU_UNFREEZE_TIM2
__HAL_DBGMCU_FREEZE_TIM3
__HAL_DBGMCU_UNFREEZE_TIM3
__HAL_DBGMCU_FREEZE_TIM4
__HAL_DBGMCU_UNFREEZE_TIM4
__HAL_DBGMCU_FREEZE_TIM5
__HAL_DBGMCU_UNFREEZE_TIM5
__HAL_DBGMCU_FREEZE_TIM6
__HAL_DBGMCU_UNFREEZE_TIM6
__HAL_DBGMCU_FREEZE_TIM7
__HAL_DBGMCU_UNFREEZE_TIM7
__HAL_DBGMCU_FREEZE_WWDG
__HAL_DBGMCU_UNFREEZE_WWDG
__HAL_DBGMCU_FREEZE_IWDG
__HAL_DBGMCU_UNFREEZE_IWDG
__HAL_DBGMCU_FREEZE_|2C1
__HAL_DBGMCU_UNFREEZE_|2C1
__HAL_DBGMCU_FREEZE_I2C2
__HAL_DBGMCU_UNFREEZE_|2C2
__HAL_DBGMCU_FREEZE_|2C4
__HAL_DBGMCU_UNFREEZE_|2C4
__HAL_DBGMCU_FREEZE_|2C5
__HAL_DBGMCU_UNFREEZE_|2C5
__HAL_DBGMCU_FREEZE_I2C6

__HAL_DBGMCU_UNFREEZE_I2C6
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__HAL_DBGMCU_FREEZE_LPTIM2

__HAL_DBGMCU_UNFREEZE_LPTIM2
__HAL_DBGMCU_FREEZE_TIM1
__HAL_DBGMCU_UNFREEZE_TIM1
__HAL_DBGMCU_FREEZE_TIM8
__HAL_DBGMCU_UNFREEZE_TIM8
__HAL_DBGMCU_FREEZE_TIM15
__HAL_DBGMCU_UNFREEZE_TIM15
__HAL_DBGMCU_FREEZE_TIM16
__HAL_DBGMCU_UNFREEZE_TIM16
__HAL_DBGMCU_FREEZE_TIM17
__HAL_DBGMCU_UNFREEZE_TIM17
__HAL_DBGMCU_FREEZE_|2C3
__HAL_DBGMCU_UNFREEZE_|2C3
__HAL_DBGMCU_FREEZE_LPTIM1
__HAL_DBGMCU_UNFREEZE_LPTIM1
__HAL_DBGMCU_FREEZE_LPTIM3
__HAL_DBGMCU_UNFREEZE_LPTIM3
__HAL_DBGMCU_FREEZE_LPTIM4
__HAL_DBGMCU_UNFREEZE_LPTIM4
__HAL_DBGMCU_FREEZE_RTC
__HAL_DBGMCU_UNFREEZE_RTC
__HAL_DBGMCU_FREEZE_GPDMAO
__HAL_DBGMCU_UNFREEZE_GPDMAO
__HAL_DBGMCU_FREEZE_GPDMA1
__HAL_DBGMCU_UNFREEZE_GPDMA1
__HAL_DBGMCU_FREEZE_GPDMA2

__HAL_DBGMCU_UNFREEZE_GPDMA2
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__HAL_DBGMCU_FREEZE_GPDMA3

__HAL_DBGMCU_UNFREEZE_GPDMA3
__HAL_DBGMCU_FREEZE_GPDMA4
__HAL_DBGMCU_UNFREEZE_GPDMA4
__HAL_DBGMCU_FREEZE_GPDMA5
__HAL_DBGMCU_UNFREEZE_GPDMAS5
__HAL_DBGMCU_FREEZE_GPDMAG
__HAL_DBGMCU_UNFREEZE_GPDMAG6
__HAL_DBGMCU_FREEZE_GPDMA7
__HAL_DBGMCU_UNFREEZE_GPDMA7
__HAL_DBGMCU_FREEZE_GPDMAS
__HAL_DBGMCU_UNFREEZE_GPDMAS
__HAL_DBGMCU_FREEZE_GPDMA9
__HAL_DBGMCU_UNFREEZE_GPDMA9
__HAL_DBGMCU_FREEZE_GPDMA10
__HAL_DBGMCU_UNFREEZE_GPDMA10
__HAL_DBGMCU_FREEZE_GPDMA11
__HAL_DBGMCU_UNFREEZE_GPDMA11
__HAL_DBGMCU_FREEZE_GPDMA12
__HAL_DBGMCU_UNFREEZE_GPDMA12
__HAL_DBGMCU_FREEZE_GPDMA13
__HAL_DBGMCU_UNFREEZE_GPDMA13
__HAL_DBGMCU_FREEZE_GPDMA14
__HAL_DBGMCU_UNFREEZE_GPDMA14
__HAL_DBGMCU_FREEZE_GPDMA15
__HAL_DBGMCU_UNFREEZE_GPDMA15
__HAL_DBGMCU_FREEZE_LPDMAO

__HAL_DBGMCU_UNFREEZE_LPDMAO
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__HAL_DBGMCU_FREEZE_LPDMA1

__HAL_DBGMCU_UNFREEZE_LPDMA1
__HAL_DBGMCU_FREEZE_LPDMA2
__HAL_DBGMCU_UNFREEZE_LPDMA2
__HAL_DBGMCU_FREEZE_LPDMA3

__HAL_DBGMCU_UNFREEZE_LPDMA3

HAL FDCAN Error Code

HAL_FDCAN_ERROR_NONE
No error

HAL_FDCAN_ERROR_TIMEOUT

Timeout error
HAL_FDCAN_ERROR_NOT_INITIALIZED

Peripheral not initialized
HAL_FDCAN_ERROR_NOT_READY

Peripheral not ready
HAL_FDCAN_ERROR_NOT_STARTED

Peripheral not started
HAL_FDCAN_ERROR_NOT_SUPPORTED

Mode not supported
HAL_FDCAN_ERROR_PARAM

Parameter error
HAL_FDCAN_ERROR_PENDING

Pending operation
HAL_FDCAN_ERROR_RAM_ACCESS

Message RAM Access Failure
HAL_FDCAN_ERROR_FIFO_EMPTY

Put element in full FIFO
HAL_FDCAN_ERROR_FIFO_FULL

Get element from empty FIFO
HAL_FDCAN_ERROR_LOG_OVERFLOW

Overflow of CAN Error Logging Counter
HAL_FDCAN_ERROR_RAM_WDG

Message RAM Watchdog event occurred
HAL_FDCAN_ERROR_PROTOCOL_ARBT

Protocol Error in Arbitration Phase (Nominal Bit Time is used)

HAL_FDCAN_ERROR_PROTOCOL_DATA

Protocol Error in Data Phase (Data Bit Time is used)
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HAL_FDCAN_ERROR_RESERVED_AREA

Access to Reserved Address

HAL_FDCAN_ERROR_INVALID_CALLBACK

Invalid Callback error

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
HAL_SMBUS_STATE_SLAVE_BUSY_RX

Slave Data Reception process is ongoing

HAL_SMBUS_STATE_LISTEN

Address Listen Mode is ongoing

SYSCFG attributes
SYSCFG_SEC

Secure attribute

SYSCFG_NSEC

Non-secure attribute

SYSCFG Attributes items

SYSCFG_CLK
SYSCFG clock control

SYSCFG_CLASSB
Class B

SYSCFG_FPU
FPU

SYSCFG_ALL
All

SYSCFG Exported Macros
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__HAL_SYSCFG_FPU_INTERRUPT_ENABLE

Description:

. Floating Point Unit interrupt enable/disable macros.
Parameters:

. __INTERRUPT__: This parameter can be a value of

__HAL_SYSCFG_FPU_INTERRUPT_DISABLE

__HAL_SYSCFG_BREAK_ECC_LOCK
Notes:
. The selected configuration is locked and can be unlocked only by system reset.
Enable and lock the connection of Flash ECC error connection to TIM1/8/15/16/17 Break input.

_ HAL_SYSCFG_BREAK_LOCKUP_LOCK
Notes:
. The selected configuration is locked and can be unlocked only by system reset.
Enable and lock the connection of Cortex-M33 LOCKUP (Hardfault) output to TIM1/8/15/16/17 Break input.
_ _HAL_SYSCFG_BREAK_PVD_LOCK
Notes:
. The selected configuration is locked and can be unlocked only by system reset.
Enable and lock the PVD connection to Timer1/8/15/16/17 Break input, as well as the PVDE and PLS[2:0] in the
PWR_CR2 register.
_ HAL_SYSCFG_BREAK_SRAM2PARITY_LOCK
Notes:
. The selected configuration is locked and can be unlocked by system reset.
Enable and lock the SRAM2 parity error signal connection to TIM1/8/15/16/17 Break input.

__HAL_SYSCFG_GET_FLAG

Description:

. Check SYSCFG flag is set or not.

Parameters:

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

- SYSCFG_FLAG_SRAM2_PE SRAM2 Parity Error Flag
- SYSCFG_FLAG_SRAM2_BUSY SRAM2 Erase Ongoing
Return value:
. The: new state of _ FLAG__ (TRUE or FALSE).

__HAL_SYSCFG_CLEAR_FLAG

__HAL_SYSCFG_FASTMODEPLUS_ENABLE

Description:

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

. __FASTMODEPLUS__: This parameter can be a value of :

- SYSCFG_FASTMODEPLUS_PB6 Fast-mode Plus driving capability activation on PB6
- SYSCFG_FASTMODEPLUS_PB7 Fast-mode Plus driving capability activation on PB7
- SYSCFG_FASTMODEPLUS_PB8 Fast-mode Plus driving capability activation on PB8
- SYSCFG_FASTMODEPLUS_PB9 Fast-mode Plus driving capability activation on PB9

__HAL_SYSCFG_FASTMODEPLUS_DISABLE
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Fast-mode Plus on GPIO

SYSCFG_FASTMODEPLUS_PB6
Enable Fast-mode Plus on PB6

SYSCFG_FASTMODEPLUS_PB7
Enable Fast-mode Plus on PB7

SYSCFG_FASTMODEPLUS_PBS8
Enable Fast-mode Plus on PB8

SYSCFG_FASTMODEPLUS_PB9
Enable Fast-mode Plus on PB9

Flags
SYSCFG_FLAG_SRAM2_PE
SRAM2 parity error

SYSCFG_FLAG_SRAM2_BUSY
SRAM2 busy by erase operation

FPU Interrupts

SYSCFG_IT_FPU_IOC

Floating Point Unit Invalid operation Interrupt
SYSCFG_IT_FPU_DZC

Floating Point Unit Divide-by-zero Interrupt
SYSCFG_IT_FPU_UFC

Floating Point Unit Underflow Interrupt
SYSCFG_IT_FPU_OFC

Floating Point Unit Overflow Interrupt
SYSCFG_IT_FPU_IDC

Floating Point Unit Input denormal Interrupt

SYSCFG_IT_FPU_IXC

Floating Point Unit Inexact Interrupt

SYSCFG Lock items

SYSCFG_MPU_NSEC

Non-secure MPU lock (privileged secure or non-secure only)
SYSCFG_VTOR_NSEC

Non-secure VTOR lock (privileged secure or non-secure only)
SYSCFG_SAU

SAU lock (privileged secure code only)
SYSCFG_MPU_SEC

Secure MPU lock (privileged secure code only)

SYSCFG_VTOR_AIRCR_SEC
VTOR_S and AIRCR lock (privileged secure code only)
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SYSCFG_LOCK_ALL
Al

OTG PHYTUNER Disconnect Threshold
SYSCFG_OTG_HS_PHY_DISCONNECT_5 9PERCENT

+5.9% (recommended value)

SYSCFG_OTG_HS_PHY_DISCONNECT_OPERCENT
0% (default value)

OTG PHYTUNER Preemphasis Current
SYSCFG_OTG_HS_PHY_PREEMP_DISABLED

HS transmitter preemphasis circuit disabled

SYSCFG_OTG_HS_PHY_PREEMP_1X

HS transmitter preemphasis circuit sources 1x preemphasis current

SYSCFG_OTG_HS_PHY_PREEMP_2X

HS transmitter preemphasis circuit sources 2x preemphasis current

SYSCFG_OTG_HS_PHY_PREEMP_3X

HS transmitter preemphasis circuit sources 3x preemphasis current

OTG PHYTUNER Squelch Threshold
SYSCFG_OTG_HS_PHY_SQUELCH_15PERCENT

+15% (recommended value)
SYSCFG_OTG_HS_PHY_SQUELCH_OPERCENT
0% (default value)
OTG PHY Enable

SYSCFG_OTG_HS_PHY_UNDERRESET
PHY under reset

SYSCFG_OTG_HS_PHY_ENABLE
PHY enabled
OTG PHY Power Down

SYSCFG_OTG_HS_PHY_POWER_ON
PHY state machine, bias and OTG PHY PLL are powered down

SYSCFG_OTG_HS_PHY_POWER_DOWN
PHY state machine, bias and OTG PHY PLL remain powered
OTG PHY Reference Clock Selection

SYSCFG_OTG_HS_PHY_CLK_SELECT_1
16Mhz

SYSCFG_OTG_HS_PHY_CLK_SELECT 2
19.2Mhz

UM2911 - Rev 4 page 71/3822



‘ UM2911
,l HAL System Driver

SYSCFG_OTG_HS_PHY_CLK_SELECT 3
20Mhz

SYSCFG_OTG_HS_PHY_CLK_SELECT 4
24Mhz

SYSCFG_OTG_HS_PHY_CLK_SELECT 5
26Mhz

SYSCFG_OTG_HS_PHY_CLK_SELECT 6
32Mhz

VREFBUF High Impedance
SYSCFG_VREFBUF_HIGH_IMPEDANCE_DISABLE

VREF_plus pin is internally connected to Voltage reference buffer output

SYSCFG_VREFBUF_HIGH_IMPEDANCE_ENABLE
VREF _plus pin is high impedance

VREFBUF Voltage Scale

SYSCFG_VREFBUF_VOLTAGE_SCALEOQ
Voltage reference scale 0 (VREF_OUT1)

SYSCFG_VREFBUF_VOLTAGE_SCALE1
Voltage reference scale 1 (VREF_OUT2)

SYSCFG_VREFBUF_VOLTAGE_SCALE2
Voltage reference scale 2 (VREF_OUT3)

SYSCFG_VREFBUF_VOLTAGE_SCALE3
Voltage reference scale 3 (VREF_OUT4)
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7 HAL ADC Generic Driver

71 ADC Firmware driver registers structures

711 ADC_OversamplingTypeDef
ADC_OversamplingTypeDef is defined in the stm32u5xx_hal_adc.h
Data Fields

. uint32_t Ratio

. uint32_t RightBitShift

. uint32_t TriggeredMode

. uint32_t OversamplingStopReset
Field Documentation

. uint32_t ADC_OversamplingTypeDef::Ratio
Configures the oversampling ratio. In case of ADC1 or ADC2 (if available), this parameter can be in the
range from 0 to 1023 In case of ADC4, this parameter can be a value of ADC_HAL_EC_OVS_RATIO

. uint32_t ADC_OversamplingTypeDef::RightBitShift
Configures the division coefficient for the Oversampler. This parameter can be a value of
ADC_HAL_EC_OVS_SHIFT

. uint32_t ADC_OversamplingTypeDef::TriggeredMode
Selects the regular triggered oversampling mode. This parameter can be a value of
ADC_HAL_EC_OVS_DISCONT_MODE

. uint32_t ADC_OversamplingTypeDef::OversamplingStopReset
Selects the regular oversampling mode. The oversampling is either temporary stopped or reset upon an
injected sequence interruption. If oversampling is enabled on both regular and injected groups, this
parameter is discarded and forced to setting "ADC_REGOVERSAMPLING_RESUMED_MODE" (the
oversampling buffer is zeroed during injection sequence). This parameter can be a value of
ADC_HAL_EC_OVS_SCOPE_REG Note: This parameter is not applicable for ADC4

71.2 ADC_InitTypeDef
ADC_InitTypeDef is defined in the stm32u5xx_hal_adc.h
Data Fields
. uint32_t ClockPrescaler
. uint32_t Resolution
. uint32_t GainCompensation
. uint32_t ScanConvMode
. uint32_t DataAlign
. uint32_t EOCSelection

. FunctionalState LowPowerAutoWait

. uint32_t LowPowerAutoPowerOff

. FunctionalState ContinuousConvMode

. uint32_t NbrOfConversion

. FunctionalState DiscontinuousConvMode
. uint32_t NbrOfDiscConversion

. uint32_t ExternalTrigConv

. uint32_t ExternalTrigConvEdge

. uint32_t ConversionDataManagement

. FunctionalState DMAContinuousRequests
. uint32_t Overrun

. uint32_t SamplingTimeCommon1

. uint32_t SamplingTimeCommon2
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. uint32_t LeftBitShift

. FunctionalState OversamplingMode

. ADC_OversamplingTypeDef Oversampling
. uint32_t TriggerFrequencyMode

. uint32_t VrefProtection

Field Documentation

. uint32_t ADC_InitTypeDef::ClockPrescaler
Select ADC clock source (synchronous clock derived from APB clock or asynchronous clock derived from
system clock or PLL (Refer to reference manual for list of clocks available)) and clock prescaler. This
parameter can be a value of ADC_HAL_EC_COMMON_CLOCK_SOURCE. Note: The ADC clock
configuration is common to all ADC instances. Note: In case of usage of channels on injected group, ADC
frequency should be lower than AHB clock frequency /4 for resolution 12 or 10 bits, AHB clock frequency /3
for resolution 8 bits, AHB clock frequency /2 for resolution 6 bits. Note: In case of synchronous clock mode
based on HCLK/1, the configuration must be enabled only if the system clock has a 50% duty clock cycle
(APB prescaler configured inside RCC must be bypassed and PCLK clock must have 50% duty cycle).
Refer to reference manual for details. Note: In case of usage of asynchronous clock, the selected clock
must be preliminarily enabled at RCC top level. Note: This parameter can be modified only if all ADC
instances are disabled.

. uint32_t ADC_InitTypeDef::Resolution
Configure the ADC resolution. This parameter can be a value of ADC_HAL_EC_RESOLUTION

. uint32_t ADC_InitTypeDef::GainCompensation
Specify the ADC gain compensation coefficient to be applied to ADC raw conversion data, based on
following formula: DATA = DATA(raw) * (gain compensation coef) / 4095 14 bit format, unsigned: 2 bits
exponents / 14 bits mantissa Gain step is 1/4095 = 0.000244 Gain range is 0.0000 to 3.999756 This
parameter value can be 0 Gain compensation will be disabled and coefficient set to 0 1 -> Ox3FFF Gain
compensation will be enabled and coefficient set to specified value

. uint32_t ADC_InitTypeDef::ScanConvMode
Configure the sequencer of ADC groups regular and injected. This parameter can be associated to
parameter 'DiscontinuousConvMode' to have main sequence subdivided in successive parts. For ADC1 or
ADC?2 instances, this parameter could be enabled or disabled. If disabled: Conversion is performed in
single mode (one channel converted, the one defined in rank 1). Parameters 'NbrOfConversion' and
'InjectedNbrOfConversion' are discarded (equivalent to set to 1). If enabled: Conversions are performed in
sequence mode (multiple ranks defined by 'NbrOfConversion' or 'InjectedNbrOfConversion' and rank of
each channel in sequencer). Scan direction is upward: from rank 1 to rank 'n'. For ADC4 instance, this
parameter could be "fully configurable" or "not fully configurable":

- sequencer configured to fully configurable: sequencer length and each rank affectation to a channel
are configurable.

° Sequence length: Set number of ranks in the scan sequence.

° Sequence direction: Unless specified in parameters, sequencer scan direction is forward (from
rank 1 to rank n).

— sequencer configured to not fully configurable: sequencer length and each rank affectation to a
channel are fixed by channel HW number.

° Sequence length: Number of ranks in the scan sequence is defined by number of channels set
in the sequence, rank of each channel is fixed by channel HW number. (channel 0 fixed on rank
0, channel 1 fixed on rank1, ...).

° Sequence direction: Unless specified in parameters, sequencer scan direction is forward (from
lowest channel number to highest channel number). This parameter can be a value of
ADC_Scan_mode

. uint32_t ADC_InitTypeDef::DataAlign
Specify ADC data alignment in conversion data register (right or left). Refer to reference manual for
alignments formats versus resolutions. This parameter can be a value of ADC_HAL_EC_DATA_ALIGN
. uint32_t ADC_InitTypeDef::EOCSelection
Specify which EOC (End Of Conversion) flag is used for conversion by polling and interruption: end of
unitary conversion or end of sequence conversions. This parameter can be a value of
ADC_EOCSelection.
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. FunctionalState ADC_InitTypeDef::LowPowerAutoWait
Select the dynamic low power Auto Delay: new conversion start only when the previous conversion (for
ADC group regular) or previous sequence (for ADC group injected) has been retrieved by user software,
using function HAL_ADC_GetValue() or HAL_ADCEX_InjectedGetValue(). This feature automatically
adapts the frequency of ADC conversions triggers to the speed of the system that reads the data.
Moreover, this avoids risk of overrun for low frequency applications. This parameter can be set to ENABLE
or DISABLE. Note: It is not recommended to use with interruption or DMA (HAL_ADC_Start_IT(),
HAL_ADC_Start_DMA()) since these modes have to clear immediately the EOC flag (by CPU to free the
IRQ pending event or by DMA). Auto wait will work but fort a very short time, discarding its intended benefit
(except specific case of high load of CPU or DMA transfers which can justify usage of auto wait). Do use
with polling: 1. Start conversion with HAL_ADC_Start(), 2. Later on, when ADC conversion data is needed:
use HAL_ADC_GetValue() to retrieve conversion result and trig another conversion start. (in case of
usage of ADC group injected, use the equivalent functions HAL_ADCEXxInjected_Start(),
HAL_ADCEX_InjectedGetValue(), ...).

. uint32_t ADC_InitTypeDef::LowPowerAutoPowerOff
Select the auto-off low power mode: the ADC automatically powers-off after a conversion and automatically
wakes-up when a new conversion is triggered. This feature can be combined with automatic wait mode
('LowPowerAutoWait'). This parameter can be value of ADC_HAL_LowPower_DPD. Note: If activated,
this feature also turns off the ADC dedicated 16 MHz RC oscillator (HS116). Note: This parameter can be
used for ADC4 only.

. 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::NbrOfConversion
Specify the number of ranks that will be converted within the regular group sequencer. This parameter is
dependent on ADC instance. If ADC1 or ADC2 instances: To use the regular group sequencer and convert
several ranks, parameter 'ScanConvMode' must be enabled. This parameter must be a number between
Min_Data = 1 and Max_Data = 16. If ADC4 instance: This parameter is dependent on ScanConvMode:

- sequencer configured to fully configurable: Number of ranks in the scan sequence is configurable
using this parameter. Note: After the first call of 'HAL_ADC_Init()', each rank corresponding to
parameter "NbrOfConversion" must be set using 'HAL_ADC_ConfigChannel()'. Afterwards, when all
needed sequencer ranks are set, parameter 'NbrOfConversion' can be updated without modifying
configuration of sequencer ranks (sequencer ranks above 'NbrOfConversion' are discarded).

- sequencer configured to not fully configurable: Number of ranks in the scan sequence is defined by
number of channels set in the sequence. This parameter is discarded. This parameter must be a
number between Min_Data = 1 and Max_Data = 8. Note: This parameter must be modified when no
conversion is on going on regular group (ADC disabled, or ADC enabled without continuous mode or
external trigger that could launch a conversion).

. FunctionalState ADC_InitTypeDef::DiscontinuousConvMode
Specify whether the conversions sequence of ADC group regular is performed in Complete-sequence/
Discontinuous-sequence (main sequence subdivided in successive parts). Discontinuous mode is used
only if sequencer is enabled (parameter 'ScanConvMode'). If sequencer is disabled, this parameter is
discarded. Discontinuous mode can be enabled only if continuous mode is disabled. If continuous mode is
enabled, this parameter setting is discarded. This parameter can be set to ENABLE or DISABLE.

. uint32_t ADC_InitTypeDef::NbrOfDiscConversion
Specifies the number of discontinuous conversions in which the main sequence of ADC group regular
(parameter NbrOfConversion) will be subdivided. If parameter 'DiscontinuousConvMode' is disabled, this
parameter is discarded. This parameter must be a number between Min_Data = 1 and Max_Data = 8.

. uint32_t ADC_InitTypeDef::ExternalTrigConv
Select the external event source used to trigger ADC group regular conversion start. If set to
ADC_SOFTWARE_START, external triggers are disabled and software trigger is used instead. This
parameter can be a value of ADC_regular_external_trigger_source. Caution: external trigger source is
common to all ADC instances.

. uint32_t ADC_InitTypeDef::ExternalTrigConvEdge
Select the external event edge used to trigger ADC group regular conversion start. If trigger source is set to
ADC_SOFTWARE_START, this parameter is discarded. This parameter can be a value of
ADC_regular_external_trigger_edge
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. uint32_t ADC_InitTypeDef::ConversionDataManagement
Specifies whether the Data conversion data is managed: using the DMA (oneshot or circular), or stored in
the DR register or transferred to MDF register. Note: In continuous mode, DMA must be configured in
circular mode. Otherwise an overrun will be triggered when DMA buffer maximum pointer is reached. This
parameter can be a value of ADC_ConversionDataManagement. Note: This parameter must be modified
when no conversion is on going on both regular and injected groups (ADC disabled, or ADC enabled
without continuous mode or external trigger that could launch a conversion).

. FunctionalState ADC_InitTypeDef::DMAContinuousRequests
Specify whether the DMA requests are performed in one shot mode (DMA transfer stops when number of
conversions is reached) or in continuous mode (DMA transfer unlimited, whatever number of conversions).
This parameter can be set to ENABLE or DISABLE. Note: In continuous mode, DMA must be configured in
circular mode. Otherwise an overrun will be triggered when DMA buffer maximum pointer is reached.

. uint32_t ADC_InitTypeDef::Overrun
Select the behavior in case of overrun: data overwritten or preserved (default). This parameter applies to
ADC group regular only. This parameter can be a value of ADC_HAL_EC_REG_OVR_DATA_BEHAVIOR.
Note: In case of overrun set to data preserved and usage with programming model with interruption
(HAL_Start_IT()): ADC IRQ handler has to clear end of conversion flags, this induces the release of the
preserved data. If needed, this data can be saved in function HAL_ADC_ConvCpltCallback(), placed in
user program code (called before end of conversion flags clear). Note: Error reporting with respect to the
conversion mode:

- Usage with ADC conversion by polling for event or interruption: Error is reported only if overrun is set
to data preserved. If overrun is set to data overwritten, user can willingly not read all the converted
data, this is not considered as an erroneous case.

- Usage with ADC conversion by DMA: Error is reported whatever overrun setting (DMA is expected to
process all data from data register).

. uint32_t ADC_InitTypeDef::SamplingTimeCommon1
Set sampling time common to a group of channels. Unit: ADC clock cycles. This parameter is applied for
ADCA4. Conversion time is the addition of sampling time and processing time (12.5 ADC clock cycles at
ADC resolution 12 bits, 10.5 cycles at 10 bits, 8.5 cycles at 8 bits). Note: On this STM32 family, two
different sampling time settings are available, each channel can use one of these two settings. On some
other STM32 devices, this parameter in channel wise and is located into ADC channel initialization
structure. This parameter can be a value of ADC_HAL_EC_CHANNEL_SAMPLINGTIME Note: In case of
usage of internal measurement channels (Vrefint/Vbat/TempSensor), sampling time constraints must be
respected (sampling time can be adjusted in function of ADC clock frequency and sampling time setting).
Refer to device datasheet for timings values, parameters TS_vrefint, TS_vbat, TS_temp (values rough
order: few tens of microseconds).

. uint32_t ADC_InitTypeDef::SamplingTimeCommon2
Set sampling time common to a group of channels, second common setting possible. Unit: ADC clock
cycles This parameter is applied for ADC4. Conversion time is the addition of sampling time and
processing time (12.5 ADC clock cycles at ADC resolution 12 bits, 10.5 cycles at 10 bits, 8.5 cycles at 8
bits). Note: On this STM32 family, two different sampling time settings are available, each channel can use
one of these two settings. On some other STM32 devices, this parameter in channel wise and is located
into ADC channel initialization structure. This parameter can be a value of
ADC_HAL_EC_CHANNEL_SAMPLINGTIME Note: In case of usage of internal measurement channels
(Vrefint/Vbat/TempSensor), sampling time constraints must be respected (sampling time can be adjusted in
function of ADC clock frequency and sampling time setting) Refer to device datasheet for timings values,
parameters TS_vrefint, TS_vbat, TS_temp (values rough order: few tens of microseconds).

. uint32_t ADC_InitTypeDef::LeftBitShift
Configures the left shifting applied to the final result with or without oversampling. This parameter can be a
value of ADCEx_Left_Bit_Shift

. FunctionalState ADC_InitTypeDef::OversamplingMode
Specify whether the oversampling feature is enabled or disabled. This parameter can be set to ENABLE or
DISABLE. Note: This parameter can be modified only if there is no conversion is ongoing on ADC groups
regular and injected

. ADC_OversamplingTypeDef ADC_InitTypeDef::Oversampling
Specify the Oversampling parameters. Caution: this setting overwrites the previous oversampling
configuration if oversampling is already enabled.
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. uint32_t ADC_InitTypeDef::TriggerFrequencyMode
Set ADC trigger frequency mode. This parameter can be a value of
ADC_HAL_EC_REG_TRIGGER_FREQ. Note: ADC trigger frequency mode must be set to low frequency
when a duration is exceeded before ADC conversion start trigger event (between ADC enable and ADC
conversion start trigger event or between two ADC conversion start trigger event). Duration value: Refer to
device datasheet, parameter "tidle". Note: When ADC trigger frequency mode is set to low frequency, some
rearm cycles are inserted before performing ADC conversion start, inducing a delay of 2 ADC clock cycles.
. uint32_t ADC_InitTypeDef::VrefProtection
Select the Vref protection mode: specify VREF+ protection mode when multiple ADCs are working
simultaneously. This parameter can be value of ADC_HAL_VrefProt. Note: This parameter can be used
for ADC4 only.

71.3 ADC_ChannelConfTypeDef
ADC_ChannelConfTypeDef is defined in the stm32u5xx_hal_adc.h
Data Fields
. uint32_t Channel
. uint32_t Rank
. uint32_t SamplingTime
. uint32_t SingleDiff
. uint32_t OffsetNumber
. uint32_t Offset
. FunctionalState OffsetRightShift
. FunctionalState OffsetSignedSaturation
. FunctionalState OffsetSaturation
. uint32_t OffsetSign
Field Documentation
. uint32_t ADC_ChannelConfTypeDef::Channel

Specify the channel to configure into ADC regular group. This parameter can be a value of

ADC_HAL_EC_CHANNEL Note: Depending on devices and ADC instances, some channels may not be

available on device package pins. Refer to device datasheet for channels availability.

. uint32_t ADC_ChannelConfTypeDef::Rank

Specify the rank in the regular group sequencer. This parameter is depending on ADC instances. If ADC1

or ADC2 instances, this parameter specify the rank in the sequencer. Note: to disable a channel or change

order of conversion sequencer, rank containing a previous channel setting can be overwritten by the new
channel setting (or parameter number of conversions adjusted) If ADC4 instance, this parameter allows to
add or remove the channel from the ADC regular group sequencer and specify its conversion rank. This
parameter is depending on ScanConvMode:

- sequencer configured to fully configurable: Channels ordering into each rank of scan sequence:
whatever channel can be placed into whatever rank.

- sequencer configured to not fully configurable: rank of each channel is fixed by channel HW number.
(channel 0 fixed on rank 0, channel 1 fixed on rank1, ...). Despite the channel rank is fixed, this
parameter allow an additional possibility: to remove the selected rank (selected channel) from
sequencer. This parameter can be a value of ADC_HAL_EC_REG_SEQ_RANKS

. uint32_t ADC_ChannelConfTypeDef::SamplingTime

Sampling time value to be set for the selected channel. Unit: ADC clock cycles Conversion time is the

addition of sampling time and processing time (14.5 ADC clock cycles at ADC resolution 14 bits, 12.5

cycles at 12 bits, 10.5 cycles at 10 bits, 8.5 cycles at 8 bits, 6.5 cycles at 6 bits). For ADC1 and 2 (if

available): This parameter can be a value of ADC_HAL_EC_CHANNEL_SAMPLINGTIME. Caution: This
parameter applies to a channel that can be used into regular and/or injected group. It overwrites the last
setting. For ADC4: This parameter can be a value of ADC_HAL_EC_SAMPLINGTIME_COMMON. Note:

On this STM32 family, two different sampling time settings are available (refer to parameters

"SamplingTimeCommon1" and "SamplingTimeCommon2"), each channel can use one of these two

settings. Note: In case of usage of internal measurement channels (Vreflnt/\VVbat/TempSensor), sampling

time constraints must be respected (sampling time can be adjusted in function of ADC clock frequency and
sampling time setting) Refer to device datasheet for timings values.

UM2911 - Rev 4 page 77/3822



‘_ UM2911
’l HAL ADC Generic Driver

. uint32_t ADC_ChannelConfTypeDef::SingleDiff
Select single-ended or differential input. In differential mode: Differential measurement is carried out
between the selected channel 'i' (positive input) and channel 'i+1' (negative input). Only channel 'i' has to
be configured, channel 'i+1' is configured automatically. This parameter must be a value of
ADC_HAL_EC_CHANNEL_SINGLE_DIFF_ENDING Caution: This parameter applies to a channel that
can be used in a regular and/or injected group. It overwrites the last setting. Note: Refer to Reference
Manual to ensure the selected channel is available in differential mode. Note: When configuring a channel
' in differential mode, the channel 'i+1" is not usable separately. Note: This parameter must be modified
when ADC is disabled (before ADC start conversion or after ADC stop conversion). If ADC is enabled, this
parameter setting is bypassed without error reporting (as it can be the expected behavior in case of
another parameter update on the fly)

. uint32_t ADC_ChannelConfTypeDef::OffsetNumber
Select the offset number This parameter can be a value of ADC_HAL_EC_OFFSET_NB Caution: Only
one offset is allowed per channel. This parameter overwrites the last setting.

. uint32_t ADC_ChannelConfTypeDef::Offset
Define the offset to be subtracted from the raw converted data. Offset value must be a positive number.
Depending of ADC resolution selected (14, 12, 10, 8 or 6 bits), this parameter must be a number between
Min_Data = 0x000 and Max_Data = 0x3FFF, OxFFF, Ox3FF, OxFF or Ox3F respectively. Note: This
parameter must be modified when no conversion is on going on without both regular and injected groups
(ADC disabled, or ADC enabled continuous mode or external trigger that could launch a conversion).

. FunctionalState ADC_ChannelConfTypeDef::OffsetRightShift
Define the Right-shift data after Offset correction. This parameter is applied only for 14-bit or 8-bit
resolution. This parameter can be set to ENABLE or DISABLE.

. FunctionalState ADC_ChannelConfTypeDef::OffsetSignedSaturation
Specify whether the Signed saturation feature is used or not. This parameter is only applied when
OffsetSaturation is ENABLE. This parameter is applied only for 14-bit or 8-bit resolution. This parameter
can be set to ENABLE or DISABLE. Note:
- If OffsetSignedSaturation is set to DISABLE the unsigned saturation feature is used

. FunctionalState ADC_ChannelConfTypeDef::OffsetSaturation
Define if the offset should be saturated upon under or over flow. This parameter value can be ENABLE or
DISABLE. Note:

- This parameter must be modified when no conversion is on going on both regular and injected
groups (ADC disabled, or ADC enabled without continuous mode or external trigger that could launch
a conversion).
- Applicable for ADC1
. uint32_t ADC_ChannelConfTypeDef::OffsetSign
Define if the offset should be subtracted (negative sign) or added (positive sign) from or to the raw
converted data. This parameter can be a value of ADCEx_OffsetSign. Note:

- This parameter must be modified when no conversion is on going on both regular and injected
groups (ADC disabled, or ADC enabled without continuous mode or external trigger that could launch
a conversion).

- Applicable for ADCA1

71.4 ADC_AnalogWDGConfTypeDef
ADC_AnalogWDGConfTypeDef is defined in the stm32u5xx_hal_adc.h
Data Fields
. uint32_t WatchdogNumber
. uint32_t WatchdogMode
. uint32_t Channel
. FunctionalState ITMode
. uint32_t HighThreshold
. uint32_t LowThreshold
. uint32_t FilteringConfig
Field Documentation
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. uint32_t ADC_AnalogWDGConfTypeDef::WatchdogNumber
Select which ADC analog watchdog is monitoring the selected channel. For Analog Watchdog 1: Only 1
channel can be monitored (or overall group of channels by setting parameter 'WatchdogMode'). For Analog
Watchdog 2 and 3: Several channels can be monitored (by successive calls of
'HAL_ADC_AnalogWDGConfig()' for each channel) This parameter can be a value of
ADC_HAL_EC_AWD_NUMBER.

. uint32_t ADC_AnalogWDGConfTypeDef::WatchdogMode
Configure the ADC analog watchdog mode: single/all/none channels. For Analog Watchdog 1: Configure
the ADC analog watchdog mode: single channel or all channels, ADC groups regular and-or injected. For
Analog Watchdog 2 and 3: Several channels can be monitored by applying successively the AWD init
structure. For ADC1/ADC2, channels on ADC group regular and injected are not differentiated: Set value
'ADC_ANALOGWATCHDOG_SINGLE_xxx' to monitor 1 channel, value
'"ADC_ANALOGWATCHDOG_ALL_xxx' to monitor all channels, value 'ADC_ANALOGWATCHDOG_NONE'
to monitor no channel. This parameter can be a value of ADC_analog_watchdog_mode.

. uint32_t ADC_AnalogWDGConfTypeDef::Channel
Select which ADC channel to monitor by analog watchdog. For Analog Watchdog 1: this parameter has an
effect only if parameter 'WatchdogMode' is configured on single channel (only 1 channel can be
monitored). For Analog Watchdog 2 and 3: Several channels can be monitored. To use this feature, call
successively the function HAL_ADC_AnalogWDGConfig() for each channel to be added (or removed with
value '"ADC_ANALOGWATCHDOG_NONE'). Note: 'ORING' channels is not supported. For Analog
watchdog 2 and 3 and for multiple channels monitoring it's mandatory to recall successively the function
HAL_ADC_AnalogWDGConfig() to add monitored channel for each call. This parameter can be a value of
ADC_HAL_EC_CHANNEL.

. FunctionalState ADC_AnalogWDGConfTypeDef::ITMode
Specify whether the analog watchdog is configured in interrupt or polling mode. This parameter can be set
to ENABLE or DISABLE

. uint32_t ADC_AnalogWDGConfTypeDef::HighThreshold
Configure the ADC analog watchdog High threshold value. Depending of ADC resolution selected (14, 12,
10, 8 or 6 bits), this parameter must be a number between Min_Data = 0x000 and Max_Data = Ox3FFF,
OxFFF, 0x3FF, OxFF or Ox3F respectively. Note: Analog watchdog 2 and 3 are limited to a resolution of 8
bits:
- if ADC resolution is 12 bits the 4 LSB are ignored,

- if ADC resolution is 10 bits the 2 LSB are ignored. Note: If ADC oversampling is enabled, ADC
analog watchdog thresholds are impacted: the comparison of analog watchdog thresholds is done on
oversampling intermediate computation (after ratio, before shift application): intermediate register
bitfield [32:7] (26 most significant bits).

. uint32_t ADC_AnalogWDGConfTypeDef::LowThreshold
Configures the ADC analog watchdog Low threshold value. Depending of ADC resolution selected (14, 12,
10, 8 or 6 bits), this parameter must be a number between Min_Data = 0x000 and Max_Data = Ox3FFF,
OxFFF, 0x3FF, OxFF or Ox3F respectively. Note: Analog watchdog 2 and 3 are limited to a resolution of 8
bits:
- if ADC resolution is 12 bits the 4 LSB are ignored,

- if ADC resolution is 10 bits the 2 LSB are ignored. Note: If ADC oversampling is enabled, ADC
analog watchdog thresholds are impacted: the comparison of analog watchdog thresholds is done on
oversampling intermediate computation (after ratio, before shift application): intermediate register
bitfield [32:7] (26 most significant bits).

. uint32_t ADC_AnalogWDGConfTypeDef::FilteringConfig
Specify whether filtering should be use and the number of samples to consider. Before setting flag or
raising interrupt, analog watchdog can wait to have several consecutive out-of-window samples. This
parameter allows to configure this number. This parameter only applies to Analog watchdog 1. For others,
use value ADC_AWD_FILTERING_NONE. Note: This parameter is applicable for ADC1/ADC2 on this
device. This parameter can be a value of ADC_analog_watchdog_filtering_config.

71.5 ADC_InjectionConfigTypeDef
ADC_InjectionConfigTypeDef is defined in the stm32u5xx_hal_adc.h
Data Fields
. uint32_t ContextQueue
. uint32_t ChannelCount
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Field Documentation

. uint32_t ADC_InjectionConfigTypeDef::ContextQueue
Injected channel configuration context: build-up over each HAL_ADCEX_InjectedConfigChannel() call to
finally initialize JSQR register at HAL_ADCEXx_InjectedConfigChannel() last call

. uint32_t ADC_InjectionConfigTypeDef::ChannelCount
Number of channels in the injected sequence

7.1.6 __ADC_HandleTypeDef
__ADC_HandleTypeDef is defined in the stm32u5xx_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
. ADC_InjectionConfigTypeDef InjectionConfig
. uint32_t ADCGroupRegularSequencerRanks
. void(* ConvCpltCallback
. void(* ConvHalfCpltCallback
. void(* LevelOutOfWindowCallback
. void(* ErrorCallback
. void(* InjectedConvCpltCallback
. void(* InjectedQueueOverflowCallback
. void(* LevelOutOfWindow2Callback
. void(* LevelOutOfWindow3Callback
. void(* EndOfSamplingCallback
. void(* CalibrationCpltCallback
. void(* VoltageRegulatorCallback
. void(* ADCReadyCallback
. void(* MsplnitCallback
. void(* MspDelnitCallback
Field Documentation

. ADC_TypeDef* __ADC_HandleTypeDef::Instance
Register base address
. ADC_InitTypeDef __ADC_HandleTypeDef::Init
ADC initialization parameters and regular conversions setting
. 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

. ADC_InjectionConfigTypeDef __ ADC_HandleTypeDef::InjectionConfig
ADC injected channel configuration build-up structure
. uint32_t __ADC_HandleTypeDef::ADCGroupRegularSequencerRanks
ADC group regular sequencer memorization of ranks setting, used in mode "fully configurable" (refer to
parameter 'ScanConvMode')
. void(* __ADC_HandleTypeDef::ConvCpltCallback)(struct __ADC_HandleTypeDef *hadc)
ADC conversion complete callback
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. 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::InjectedConvCpltCallback)(struct _ ADC_HandleTypeDef *hadc)
ADC group injected conversion complete callback

. void(* __ADC_HandleTypeDef::InjectedQueueOverflowCallback)(struct _ ADC_HandleTypeDef
*hadc,
ADC g;roup injected context queue overflow callback

. void(* __ADC_HandleTypeDef::LevelOutOfWindow2Callback)(struct __ADC_HandleTypeDef *hadc)
ADC analog watchdog 2 callback

. void(* __ADC_HandleTypeDef::LevelOutOfWindow3Callback)(struct __ADC_HandleTypeDef *hadc)
ADC analog watchdog 3 callback

. void(* __ADC_HandleTypeDef::EndOfSamplingCallback)(struct __ADC_HandleTypeDef *hadc)
ADC end of sampling callback

. void(* __ADC_HandleTypeDef::CalibrationCpltCallback)(struct _ ADC_HandleTypeDef *hadc)
ADC end of calibration callback

. void(* __ADC_HandleTypeDef::VoltageRegulatorCallback)(struct _ ADC_HandleTypeDef *hadc)
ADC voltage regulator (LDO) Ready callback

. void(* __ADC_HandleTypeDef::ADCReadyCallback)(struct __ADC_HandleTypeDef *hadc)
ADC Ready 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.
7.21 ADC peripheral features
. 14-bit, 12-bit, 10-bit or 8-bit configurable resolution.
. Interrupt generation at the end of regular conversion and in case of analog watchdog or overrun events.
. Single and continuous conversion modes.
. Scan mode for conversion of several channels sequentially.
. Data alignment with in-built data coherency.
. Programmable sampling time (channel wise)
. External trigger (timer or EXTI) with configurable polarity
. DMA request generation for transfer of conversions data of regular group.
. Configurable delay between conversions in Dual interleaved mode.
. ADC channels selectable single/differential input.
. ADC offset shared on 4 offset instances.
. ADC calibration
. ADC conversion of regular group.
. ADC supply requirements: 1.62 V to 3.6 V.
. ADC input range: from Vref- (connected to Vssa) to Vref+ (connected to Vdda or to an external voltage
reference).
7.2.2 How to use this driver
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Configuration of top level parameters related to ADC

1. Enable the ADC interface

- As prerequisite, ADC clock must be configured at RCC top level.
- Two clock settings are mandatory:

° ADC clock (core clock, also possibly conversion clock).

° ADC clock (conversions clock). Six possible clock sources: synchronous clock derived from AHB
clock or asynchronous clock derived from system clock, the PLL2, the HSE, the HSI or the MSIK.

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

° HAL_RCC_ADC_CLK_ENABLE(); (mandatory) RCC_ADCCLKSOURCE_PLL2 enable:

(Fptional: if asynchronous clock selected)
° RCC_PeriphClkInitTypeDef RCC_PeriphClkInit;
° PeriphClkinit.PeriphClockSelection = RCC_PERIPHCLK_ADCDAC;
° PeriphClkinit. AdcDacClockSelection = RCC_ADCDACCLKSOURCE_PLL2;
° HAL_RCCEx_PeriphCLKConfig(&PeriphClkInit);

- ADC clock source and clock prescaler are configured at ADC level with parameter "ClockPrescaler”
using function HAL_ADC_ Init().

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_EnableIRQ(ADCx_IRQn)

- Insert the ADC interruption handler function HAL_ADC_IRQHandler() into the function of corresponding
ADC interruption vector ADCx_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_EnableIRQ(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, group regular, channels parameters
1. Configure the ADC parameters (resolution, data alignment, ...) and regular group parameters (conversion
trigger, sequencer, ...) using function HAL_ADC_Init().

2. Configure the channels for regular group parameters (channel number, channel rank into sequencer, ..., into
regular group) using function HAL_ADC_ConfigChannel().

3. Optionally, configure the analog watchdog parameters (channels monitored, thresholds, ...) using function
HAL_ADC_AnalogWDGConfig().

Execution of ADC conversions

1. Optionally, perform an automatic ADC calibration to improve the conversion accuracy using function
HAL_ADCEx_Calibration_Start().
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2. 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()
. HAL_ADC_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 _ HAL_RCC_ADCx_FORCE_RESET(),
_ HAL_RCC_ADCx_RELEASE_RESET().

- ADC clock disable using the equivalent macro/functions as configuration step.

° Example: Into HAL_ADC_MspDelnit() (recommended code location) or with other device clock
parameters configuration:
° _ HAL_RCC_ADC_CLK_DISABLE(); (if not used anymore) RCC_ADCDACCLKSOURCE_HSI

restore: (optional)
° RCC_PeriphClkInitTypeDef RCC_PeriphClkInit;
° PeriphClkinit.PeriphClockSelection = RCC_PERIPHCLK_ADCDAC;
° PeriphClkinit. AdcDacClockSelection = RCC_ADCDACCLKSOURCE_HS];
° HAL_RCCEx_PeriphCLKConfig(&PeriphClkInit);
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:
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. ConvCpltCallback : ADC conversion complete callback

. ConvHalfCpltCallback : ADC conversion DMA half-transfer callback

. LevelOutOfWindowCallback : ADC analog watchdog 1 callback

. ErrorCallback : ADC error callback

. InjectedConvCpltCallback : ADC group injected conversion complete callback

. InjectedQueueOverflowCallback : ADC group injected context queue overflow callback
. LevelOutOfWindow2Callback : ADC analog watchdog 2 callback

. LevelOutOfWindow3Callback : ADC analog watchdog 3 callback

. EndOfSamplingCallback : ADC end of sampling callback

. MsplnitCallback : ADC Msp Init callback

. 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 1 callback

. ErrorCallback : ADC error callback
. InjectedConvCpltCallback : ADC group injected conversion complete callback
. InjectedQueueOverflowCallback : ADC group injected context queue overflow callback

. LevelOutOfWindow2Callback : ADC analog watchdog 2 callback
. LevelOutOfWindow3Callback : ADC analog watchdog 3 callback
. EndOfSamplingCallback : ADC end of sampling 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 MsplInit 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) Msplnit/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 Peripheral Control functions

This section provides functions allowing to:
. Configure channels on regular group
. Configure the analog watchdog

This section contains the following APlIs:

. HAL_ADC_ConfigChannel()

. HAL_ADC_AnalogWDGConfig()

7.24 Peripheral state and errors functions

This subsection provides functions to get in run-time the status of the peripheral.
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. Check the ADC state

. Check the ADC error code

This section contains the following APlIs:
. HAL_ADC_GetState()

. HAL_ADC_GetError()

7.2.5 Detailed description of functions

HAL_ADC_Init

Function name
HAL_StatusTypeDef HAL_ADC_Init (ADC_HandleTypeDef * hadc)

Function description

Initialize the ADC peripheral and regular group 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".

. This function configures the ADC within 2 scopes: scope of entire ADC and scope of regular group. For
parameters details, see comments of structure "ADC_InitTypeDef".
. Parameters related to common ADC registers (ADC clock mode) are set only if all ADCs are disabled. If

this is not the case, these common parameters setting are bypassed without error reporting: it can be the
intended behaviour in case of update of a parameter of ADC_InitTypeDef on the fly, without disabling the
other ADCs.

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
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. For devices with several ADCs: reset of ADC common registers is done only if all ADCs sharing the same
common group are disabled. (function "HAL_ADC_MspDelnit()" is also called under the same conditions:
all ADC instances use the same core clock at RCC level, disabling the core clock reset all ADC
instances). If this is not the case, reset of these common parameters reset is bypassed without error
reporting: it can be the intended behavior in case of reset of a single ADC while the other ADCs sharing
the same common group is still running.

. By default, HAL_ADC_Delnit() set ADC in mode deep power-down: this saves more power by reducing
leakage currents and is particularly interesting before entering MCU low-power modes.

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:

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.
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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 registered 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 DMA half-transfer callback 1D
- HAL_ADC_LEVEL_OUT_OF_WINDOW_1_CB_ID ADC analog watchdog 1 callback ID
- HAL_ADC_ERROR_CB_ID ADC error callback ID

- HAL_ADC_INJ_CONVERSION_COMPLETE_CB_ID ADC group injected conversion complete
callback ID

- HAL_ADC_INJ_QUEUE_OVEFLOW_CB_ID ADC group injected context queue overflow callback
ID

- HAL_ADC_LEVEL_OUT_OF_WINDOW_2_CB_ID ADC analog watchdog 2 callback ID
- HAL_ADC_LEVEL_OUT_OF_WINDOW_3_CB_ID ADC analog watchdog 3 callback ID
- HAL_ADC_END_OF_SAMPLING_CB_ID ADC end of sampling callback ID
- HAL_ADC_END_OF_CALIBRATION_CB_ID ADC end of calibration callback ID
- HAL_ADC_VOLTAGE_REGULATOR_CB_ID ADC voltage regulator (LDO) Ready callback ID
- HAL_ADC_ADC_READY_CB_ID ADC Ready callback ID
- HAL_ADC_MSPINIT_CB_ID ADC Msp Init callback ID
- HAL_ADC_MSPDEINIT_CB_ID ADC Msp Delnit callback ID
- HAL_ADC_MSPINIT_CB_ID Msplnit callback ID
- HAL_ADC_MSPDEINIT_CB_ID MspDelnit 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.

UM2911 - Rev 4 page 87/3822



‘_ UM2911
,l HAL ADC Generic Driver

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 DMA half-transfer callback 1D
- HAL_ADC_LEVEL_OUT_OF_WINDOW_1_CB_ID ADC analog watchdog 1 callback ID
- HAL_ADC_ERROR_CB_ID ADC error callback ID

- HAL_ADC_INJ_CONVERSION_COMPLETE_CB_ID ADC group injected conversion complete
callback ID

- HAL_ADC_INJ_QUEUE_OVEFLOW_CB_ID ADC group injected context queue overflow callback
ID

- HAL_ADC_LEVEL_OUT_OF_WINDOW_2_CB_ID ADC analog watchdog 2 callback ID
- HAL_ADC_LEVEL_OUT_OF_WINDOW_3_CB_ID ADC analog watchdog 3 callback ID
- HAL_ADC_END_OF_SAMPLING_CB_ID ADC end of sampling callback ID
- HAL_ADC_END_OF_CALIBRATION_CB_ID ADC end of calibration callback ID
- HAL_ADC_VOLTAGE_REGULATOR_CB_ID ADC voltage regulator (LDO) Ready callback ID
- HAL_ADC_ADC_READY_CB_ID ADC Ready callback ID
- HAL_ADC_MSPINIT_CB_ID ADC Msp Init callback ID
- HAL_ADC_MSPDEINIT_CB_ID ADC Msp Delnit callback ID
- HAL_ADC_MSPINIT_CB_ID Msplnit callback ID
- HAL_ADC_MSPDEINIT_CB_ID MspDelnit 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 of regular group.

Parameters
. hadc: ADC handle

Return values
. HAL.: status

Notes

. Interruptions enabled in this function: None.

. Case of multimode enabled (when multimode feature is available): if ADC is Slave, ADC is enabled but
conversion is not started, if ADC is master, ADC is enabled and multimode conversion is started.

HAL_ADC_Stop

Function name
HAL_StatusTypeDef HAL_ADC_Stop (ADC_HandleTypeDef * hadc)

Function description

Stop ADC conversion of regular group (and injected channels in case of auto_injection mode), disable ADC
peripheral.

UM2911 - Rev 4 page 88/3822



‘_ UM2911
,l HAL ADC Generic Driver

Parameters

. hadc: ADC handle

Return values
. HAL.: status.

Notes

. : ADC peripheral disable is forcing stop of potential conversion on injected group. If injected group is
under use, it should be preliminarily stopped using HAL_ADCEX_InjectedStop function.

HAL_ADC_PollForConversion

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

Function description

Wait for regular group conversion to be completed.

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,
with an exception: if low power feature "LowPowerAutoWait" is enabled, flags are not cleared to not
interfere with this feature until data register is read using function HAL_ADC_GetValue().

. This function cannot be used in a particular setup: ADC configured in DMA mode and polling for end of
each conversion (ADC init parameter "EOCSelection" set to ADC_EOC_SINGLE_CONYV). 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 (ADC init parameter "EOCSelection" set to
ADC_EOC_SEQ_CONYV).

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_EOSMP_EVENT ADC End of Sampling event

- ADC_AWD1_EVENT ADC Analog watchdog 1 event (main analog watchdog, present on all STM32
devices)

- ADC_AWD2_EVENT ADC Analog watchdog 2 event (additional analog watchdog, not present on all
STM32 families)

- ADC_AWD3_EVENT ADC Analog watchdog 3 event (additional analog watchdog, not present on all
STM32 families)

- ADC_OVR_EVENT ADC Overrun event
. Timeout: Timeout value in millisecond.
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Return values
. HAL: status

Notes

. The relevant flag is cleared if found to be set, except for ADC_FLAG_OVR. Indeed, the latter is reset only
if hadc->Init.Overrun field is set to ADC_OVR_DATA_OVERWRITTEN. 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_FLAG_OVR);

HAL_ADC_Start_IT

Function name

HAL_StatusTypeDef HAL_ADC_Start_IT (ADC_HandleTypeDef * hadc)
Function description

Enable ADC, start conversion of regular group with interruption.
Parameters

. hadc: ADC handle

Return values
. HAL: status

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.
. Case of multimode enabled (when multimode feature is available): HAL_ADC_Start_IT() must be called

for ADC Slave first, then for ADC Master. For ADC Slave, ADC is enabled only (conversion is not started).
For ADC Master, ADC is enabled and multimode conversion is started.

. 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.

. By default, HAL_ADC_Start_IT() does not enable the End Of Sampling interruption. If required (e.g. in
case of oversampling with trigger mode), the user must: 1. first clear the EOSMP flag if set with macro
_ HAL_ADC_CLEAR_FLAG(hadc, ADC_FLAG_EOSMP) 2. then enable the EOSMP interrupt with macro
_ HAL_ADC_ENABLE_IT(hadc, ADC_IT_EOSMP) before calling HAL_ADC_Start_IT().

HAL_ADC_Stop_IT

Function name
HAL_StatusTypeDef HAL_ADC_Stop_IT (ADC_HandleTypeDef * hadc)

Function description

Stop ADC conversion of regular group (and injected group in case of auto_injection mode), 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)
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Function description

Enable ADC, start conversion of regular group 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.
. Case of multimode enabled (when multimode feature is available): HAL_ADC_Start_ DMA() is designed

for single-ADC mode only. For multimode, the dedicated HAL_ADCEx_MultiModeStart_ DMA() function
must be used.

HAL_ADC_Stop_DMA

Function name
HAL_StatusTypeDef HAL_ADC_Stop_DMA (ADC_HandleTypeDef * hadc)

Function description

Stop ADC conversion of regular group (and injected group in case of auto_injection mode), disable ADC DMA
transfer, disable ADC peripheral.

Parameters
. hadc: ADC handle

Return values
. HAL.: status.

Notes
. : ADC peripheral disable is forcing stop of potential conversion on ADC group injected. If ADC group
injected is under use, it should be preliminarily stopped using HAL_ADCEX_InjectedStop function.
. Case of multimode enabled (when multimode feature is available): HAL_ADC_Stop_DMA() function is

dedicated to single-ADC mode only. For multimode, the dedicated HAL_ADCEx_MultiModeStop_DMA()
APl must be used.

HAL_ADC_GetValue

Function name
uint32_t HAL_ADC_GetValue (const ADC_HandleTypeDef * hadc)

Function description

Get ADC regular group conversion result.

Parameters
. hadc: ADC handle

Return values

. ADC: group regular conversion data
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. Reading register DR automatically clears ADC flag EOC (ADC group regular end of unitary conversion).

. This function does not clear ADC flag EOS (ADC group regular end of sequence conversion). 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. To clear this flag, either use function: in programming
model IT: HAL_ADC_IRQHandler(), in programming model polling: HAL_ADC_PollForConversion() or
_ HAL_ADC_CLEAR_FLAG(&hadc, ADC_FLAG_EOQOS).

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:

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 1 callback in non-blocking mode.
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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_CalibrationCpltCallback

Function name
void HAL_ADC_CalibrationCpltCallback (ADC_HandleTypeDef * hadc)

Function description

Calibration complete callback in non-blocking mode.

Parameters
. hadc: ADC handle

Return values

. None:

HAL_ADC_VoltageRegulatorCallback

Function name
void HAL_ADC_VoltageRegulatorCallback (ADC_HandleTypeDef * hadc)

Function description

Voltage Regulator (LDO) Ready callback in non-blocking mode.

Parameters
. hadc: ADC handle

Return values

. None:

HAL_ADC_ADCReadyCallback

Function name
void HAL_ADC_ADCReadyCallback (ADC_HandleTypeDef * hadc)
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Function description

ADC Ready callback in non-blocking mode.
Parameters

. hadc: ADC handle

Return values

. None:

HAL_ADC_ConfigChannel

Function name

HAL_StatusTypeDef HAL_ADC_ConfigChannel (ADC_HandleTypeDef * hadc, ADC_ChannelConfTypeDef
* pConfig)

Function description
Configure a channel to be assigned to ADC group regular.

Parameters

. hadc: ADC handle
. pConfig: Structure of ADC channel assigned to ADC group regular.

Return values
. HAL: status

Notes
. In case of usage of internal measurement channels: Vbat/VrefiInt/TempSensor. These internal paths can
be disabled using function HAL_ADC_Delnit().
. Possibility to update parameters on the fly: This function initializes channel into ADC group regular,

following calls to this function can be used to reconfigure some parameters of structure
"ADC_ChannelConfTypeDef" on the fly, without resetting the ADC. The setting of these parameters is
conditioned to ADC state: Refer to comments of structure "ADC_ChannelConfTypeDef".

HAL_ADC_AnalogWDGConfig

Function name

HAL_StatusTypeDef HAL_ADC_AnalogWDGConfig (ADC_HandleTypeDef * hadc,
ADC_AnalogWDGConfTypeDef * pAnalogWDGConfig)

Function description

Configure the analog watchdog.

Parameters

. hadc: ADC handle
. pAnalogWDGConfig: Structure of ADC analog watchdog configuration

Return values
. HAL.: status

Notes

. Possibility to update parameters on the fly: This function initializes the selected analog 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. For parameters constraints, see comments of structure
"ADC_AnalogWDGConfTypeDef".
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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(hadc1) & HAL_ADC_STATE_REG_BUSY) !=0UL) " " if
((HAL_ADC_GetState(hadc1) & 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.

Parameters
. hadc: ADC handle

Return values
. ADC: error code (bitfield on 32 bits)

ADC_ConversionStop

Function name
HAL_StatusTypeDef ADC_ConversionStop (ADC_HandleTypeDef * hadc, uint32_t ConversionGroup)

Function description

Stop ADC conversion.

Parameters

. hadc: ADC handle

. ConversionGroup: ADC group regular and/or injected. This parameter can be one of the following
values:

- ADC_REGULAR_GROUP ADC regular conversion type.
- ADC_INJECTED_GROUP ADC injected conversion type.
- ADC_REGULAR_INJECTED_GROUP ADC regular and injected conversion type.

Return values
. HAL.: status.

ADC_Enable

Function name
HAL_StatusTypeDef ADC_Enable (ADC_HandleTypeDef * hadc)
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Function description
Enable the selected ADC.

Parameters
. hadc: ADC handle

Return values
. HAL.: status.

Notes

. Prerequisite condition to use this function: ADC must be disabled and voltage regulator must be enabled
(done into HAL_ADC_Init()).

ADC_Disable

Function name
HAL_StatusTypeDef ADC_Disable (ADC_HandleTypeDef * hadc)

Function description
Disable the selected ADC.

Parameters
. hadc: ADC handle

Return values
. HAL.: status.

Notes

. Prerequisite condition to use this function: ADC conversions must be stopped.

ADC_DMAConvCplt

Function name
void ADC_DMAConvCplt (DMA_HandleTypeDef * hdma)

Function description

DMA transfer complete callback.

Parameters

. hdma: pointer to DMA handle.

Return values

. None:

ADC_DMAHalfConvCplt

Function name
void ADC_DMAHalfConvCplt (DMA_HandleTypeDef * hdma)

Function description

DMA half transfer complete callback.

Parameters

. hdma: pointer to DMA handle.

Return values

. None:
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ADC_DMAETrror
Function name
void ADC_DMAError (DMA_HandleTypeDef * hdma)
Function description
DMA error callback.
Parameters
. hdma: pointer to DMA handle.

Return values

. None:

ADC_ConfigureBoostMode
Function name

void ADC_ConfigureBoostMode (ADC_HandleTypeDef * hadc)

Function description

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

7.31 ADC
ADC
ADC Analog Watchdog filtering configuration

ADC_AWD_FILTERING_NONE
ADC analog watchdog no filtering, one out-of-window sample is needed to raise flag or interrupt
ADC_AWD_FILTERING_2SAMPLES

ADC analog watchdog 2 consecutives out-of-window samples are needed to raise flag or interrupt

ADC_AWD_FILTERING_3SAMPLES

ADC analog watchdog 3 consecutives out-of-window samples are needed to raise flag or interrupt
ADC_AWD_FILTERING_4SAMPLES

ADC analog watchdog 4 consecutives out-of-window samples are needed to raise flag or interrupt
ADC_AWD_FILTERING_5SAMPLES

ADC analog watchdog 5 consecutives out-of-window samples are needed to raise flag or interrupt
ADC_AWD_FILTERING_6SAMPLES

ADC analog watchdog 6 consecutives out-of-window samples are needed to raise flag or interrupt
ADC_AWD_FILTERING_7SAMPLES

ADC analog watchdog 7 consecutives out-of-window samples are needed to raise flag or interrupt

ADC_AWD_FILTERING_8SAMPLES

ADC analog watchdog 8 consecutives out-of-window samples are needed to raise flag or interrupt

ADC Analog Watchdog Mode
ADC_ANALOGWATCHDOG_NONE

No analog watchdog selected
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ADC_ANALOGWATCHDOG_SINGLE_REG

Analog watchdog applied to a regular group single channel

ADC_ANALOGWATCHDOG_SINGLE_INJEC

Analog watchdog applied to an injected group single channel
ADC_ANALOGWATCHDOG_SINGLE_REGINJEC

Analog watchdog applied to a regular and injected groups single channel
ADC_ANALOGWATCHDOG_ALL_REG

Analog watchdog applied to regular group all channels
ADC_ANALOGWATCHDOG_ALL_INJEC

Analog watchdog applied to injected group all channels

ADC_ANALOGWATCHDOG_ALL_REGINJEC

Analog watchdog applied to regular and injected groups all channels

ADCx CFGR fields
ADC_CFGR_FIELDS

ADCx CFGR sub fields
ADC_CFGR_FIELDS_2

ADC Conversion Data Management
ADC_CONVERSIONDATA_DR
Regular Conversion data stored in DR register only
ADC_CONVERSIONDATA_MDF
MDF mode selected
ADC_CONVERSIONDATA_DMA_ONESHOT

DMA one shot mode selected

ADC_CONVERSIONDATA_DMA_CIRCULAR

DMA circular mode selected

ADC sequencer end of unitary conversion or sequence conversions
ADC_EOC_SINGLE_CONV
End of unitary conversion flag

ADC_EOC_SEQ_CONV

End of sequence conversions flag

ADC Error Code
HAL_ADC_ERROR_NONE

No error
HAL_ADC_ERROR_INTERNAL

ADC peripheral internal error (problem of clocking, enable/disable, erroneous state, ...)

HAL_ADC_ERROR_OVR

Overrun error
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HAL_ADC_ERROR_DMA

DMA transfer error

HAL_ADC_ERROR_INVALID_CALLBACK

Invalid Callback error

ADC Event type

ADC_EOSMP_EVENT

ADC End of Sampling event
ADC_AWD1_EVENT

ADC Analog watchdog 1 event (main analog watchdog, present on all STM32 series)
ADC_AWD2_EVENT

ADC Analog watchdog 2 event (additional analog watchdog, not present on all STM32 series)
ADC_AWD3_EVENT

ADC Analog watchdog 3 event (additional analog watchdog, not present on all STM32 series)

ADC_OVR_EVENT

ADC overrun event

ADC Exported Constants
ADC_AWD_EVENT

ADC Analog watchdog 1 event: Naming for compatibility with other STM32 devices having only one analog
watchdog
ADC flags definition

ADC_FLAG_RDY

ADC Ready flag
ADC_FLAG_EOSMP

ADC End of Sampling flag
ADC_FLAG_EOC

ADC End of Regular Conversion flag
ADC_FLAG_EOS

ADC End of Regular sequence of Conversions flag
ADC_FLAG_OVR

ADC overrun flag
ADC_FLAG_JEOC

ADC End of Injected Conversion flag
ADC_FLAG_JEOS

ADC End of Injected sequence of Conversions flag
ADC_FLAG_AWD1

ADC Analog watchdog 1 flag (main analog watchdog)

ADC_FLAG_AWD2
ADC Analog watchdog 2 flag (additional analog watchdog)
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ADC_FLAG_AWD3
ADC Analog watchdog 3 flag (additional analog watchdog)

ADC_FLAG_EOCAL
ADC End of Calibration flag

ADC_FLAG_LDORDY
ADC Voltage Regulator (LDO) Ready flag

Analog watchdog - Analog watchdog number
ADC_ANALOGWATCHDOG_1
ADC analog watchdog number 1
ADC_ANALOGWATCHDOG_2
ADC analog watchdog number 2

ADC_ANALOGWATCHDOG_3
ADC analog watchdog number 3

ADC instance - Channel number

ADC_CHANNEL_0O
ADC external channel (channel connected to GPIO pin) ADCx_INO

ADC_CHANNEL_1
ADC external channel (channel connected to GPIO pin) ADCx_IN1

ADC_CHANNEL_2
ADC external channel (channel connected to GPIO pin) ADCx_IN2

ADC_CHANNEL_3
ADC external channel (channel connected to GPIO pin) ADCx_IN3

ADC_CHANNEL_4
ADC external channel (channel connected to GPIO pin) ADCx_IN4

ADC_CHANNEL_5
ADC external channel (channel connected to GPIO pin) ADCx_IN5

ADC_CHANNEL_6
ADC external channel (channel connected to GPIO pin) ADCx_IN6

ADC_CHANNEL_7
ADC external channel (channel connected to GPIO pin) ADCx_IN7

ADC_CHANNEL_8
ADC external channel (channel connected to GPIO pin) ADCx_IN8

ADC_CHANNEL_9
ADC external channel (channel connected to GPIO pin) ADCx_IN9

ADC_CHANNEL_10
ADC external channel (channel connected to GPIO pin) ADCx_IN10

ADC_CHANNEL_11
ADC external channel (channel connected to GPIO pin) ADCx_IN11
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ADC_CHANNEL_12
ADC external channel (channel connected to GPIO pin) ADCx_IN12

ADC_CHANNEL_13

ADC external channel (channel connected to GPIO pin) ADCx_IN13
ADC_CHANNEL_14

ADC external channel (channel connected to GPIO pin) ADCx_IN14
ADC_CHANNEL_15

ADC external channel (channel connected to GPIO pin) ADCx_IN15
ADC_CHANNEL_16

ADC external channel (channel connected to GPIO pin) ADCx_IN16
ADC_CHANNEL_17

ADC external channel (channel connected to GPIO pin) ADCx_IN17
ADC_CHANNEL_18

ADC external channel (channel connected to GPIO pin) ADCx_IN18
ADC_CHANNEL_19

ADC external channel (channel connected to GPIO pin) ADCx_IN19
ADC_CHANNEL_20

ADC external channel (channel connected to GPIO pin) ADCx_IN20
ADC_CHANNEL_21

ADC external channel (channel connected to GPIO pin) ADCx_IN21
ADC_CHANNEL_22

ADC external channel (channel connected to GPIO pin) ADCx_IN22
ADC_CHANNEL_23

ADC external channel (channel connected to GPIO pin) ADCx_IN23
ADC_CHANNEL_VREFINT

ADC internal channel connected to Vrefint: Internal voltage reference.
ADC_CHANNEL_TEMPSENSOR

ADC internal channel connected to Temperature sensor.

ADC_CHANNEL_VBAT

ADC internal channel connected to Vbat/4: Vbat voltage through a divider ladder of factor 1/4 to have Vbat
always below Vdda.

ADC_CHANNEL_DAC1CH1_ADC4

ADC internal channel connected to DAC1 channel 1, channel specific to ADC4
ADC_CHANNEL_DAC1CH2_ADC4

ADC internal channel connected to DAC1 channel 2, channel specific to ADC4
ADC4_CHANNEL_TEMPSENSOR

ADC internal channel connected to Temperature sensor, channel specific to ADC4.

ADC4_CHANNEL_VBAT

ADC internal channel connected to Vbat/4: Vbat voltage through a divider ladder of factor 1/4 to have Vbat
always below Vdda, channel specific to ADC4.
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ADC_CHANNEL_VCORE

ADC internal channel connected to Vcore, channel specific to ADCA4.

Channel - Sampling time

ADC_SAMPLETIME_5CYCLES

Sampling time 5 ADC clock cycles
ADC_SAMPLETIME_6CYCLES

Sampling time 6 ADC clock cycles
ADC_SAMPLETIME_12CYCLES

Sampling time 12 ADC clock cycles
ADC_SAMPLETIME_20CYCLES

Sampling time 20 ADC clock cycles
ADC_SAMPLETIME_36CYCLES

Sampling time 36 ADC clock cycles
ADC_SAMPLETIME_68CYCLES

Sampling time 68 ADC clock cycles
ADC_SAMPLETIME_391CYCLES

Sampling time 391 ADC clock cycles
ADC_SAMPLETIME_814CYCLES

Sampling time 814 ADC clock cycles
ADC4_SAMPLETIME_1CYCLE_5

Sampling time 1.5 ADC clock cycle
ADC4_SAMPLETIME_3CYCLES_5

Sampling time 3.5 ADC clock cycles
ADC4_SAMPLETIME_7CYCLES_5

Sampling time 7.5 ADC clock cycles
ADC4_SAMPLETIME_12CYCLES_5

Sampling time 12.5 ADC clock cycles
ADC4_SAMPLETIME_19CYCLES_5

Sampling time 19.5 ADC clock cycles
ADC4_SAMPLETIME_39CYCLES_5

Sampling time 39.5 ADC clock cycles
ADC4_SAMPLETIME_79CYCLES_5

Sampling time 79.5 ADC clock cycles

ADC4_SAMPLETIME_814CYCLES_5
Sampling time 814.5 ADC clock cycles

Channel - Single or differential ending

ADC_SINGLE_ENDED

ADC channel ending set to single ended (literal also used to set calibration mode)

UM2911 - Rev 4 page 102/3822



‘_ UM2911
,l HAL ADC Generic Driver

ADC_DIFFERENTIAL_ENDED

ADC channel ending set to differential (literal also used to set calibration mode)

ADC common - Clock source

ADC_CLOCK_ASYNC_DIV1

ADC asynchronous clock without prescaler
ADC_CLOCK_ASYNC_DIV2

ADC asynchronous clock with prescaler division by 2
ADC_CLOCK_ASYNC_DIV4

ADC asynchronous clock with prescaler division by 4
ADC_CLOCK_ASYNC_DIV6

ADC asynchronous clock with prescaler division by 6
ADC_CLOCK_ASYNC_DIVS

ADC asynchronous clock with prescaler division by 8
ADC_CLOCK_ASYNC_DIV10

ADC asynchronous clock with prescaler division by 10
ADC_CLOCK_ASYNC_DIV12

ADC asynchronous clock with prescaler division by 12
ADC_CLOCK_ASYNC_DIV16

ADC asynchronous clock with prescaler division by 16
ADC_CLOCK_ASYNC_DIV32

ADC asynchronous clock with prescaler division by 32
ADC_CLOCK_ASYNC_DIV64

ADC asynchronous clock with prescaler division by 64
ADC_CLOCK_ASYNC_DIV128

ADC asynchronous clock with prescaler division by 128

ADC_CLOCK_ASYNC_DIV256

ADC asynchronous clock with prescaler division by 256

ADC conversion data alignment
ADC_DATAALIGN_RIGHT

ADC conversion data alignment: right aligned (alignment on data register LSB bit 0)

ADC_DATAALIGN_LEFT

ADC conversion data alignment: left aligned (alignment on data register MSB bit 15)

ADC instance - Groups

ADC_REGULAR_GROUP
ADC group regular (available on all STM32 devices)

ADC_INJECTED_GROUP
ADC group injected (not available on all STM32 devices)
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ADC_REGULAR_INJECTED_GROUP
ADC both groups regular and injected

Multimode - DMA transfer mode depending on ADC resolution
ADC_DMAACCESSMODE_DISABLED
DMA multimode disabled: each ADC uses its own DMA channel
ADC_DMAACCESSMODE_12_10_BITS
DMA multimode enabled (one DMA channel for both ADC, DMA of ADC master) for 12 and 10 bits resolution

ADC_DMAACCESSMODE_8_6_BITS
DMA multimode enabled (one DMA channel for both ADC, DMA of ADC master) for 8 and 6 bits resolution

Multimode - Mode

ADC_MODE_INDEPENDENT

ADC dual mode disabled (ADC independent mode)
ADC_DUALMODE_REGSIMULT

ADC dual mode enabled: group regular simultaneous
ADC_DUALMODE_INTERL

ADC dual mode enabled: Combined group regular interleaved
ADC_DUALMODE_INJECSIMULT

ADC dual mode enabled: group injected simultaneous

ADC_DUALMODE_ALTERTRIG

ADC dual mode enabled: group injected alternate trigger. Works only with external triggers (not internal SW
start)

ADC_DUALMODE_REGSIMULT_INJECSIMULT
ADC dual mode enabled: Combined group regular simultaneous + group injected simultaneous
ADC_DUALMODE_REGSIMULT_ALTERTRIG

ADC dual mode enabled: Combined group regular simultaneous + group injected alternate trigger

ADC_DUALMODE_REGINTERL_INJECSIMULT

ADC dual mode enabled: Combined group regular interleaved + group injected simultaneous

Multimode - Delay between two sampling phases

ADC_TWOSAMPLINGDELAY_1CYCLE

ADC multimode delay between two sampling phases: 1 ADC clock cycle
ADC_TWOSAMPLINGDELAY_2CYCLES

ADC multimode delay between two sampling phases: 2 ADC clock cycles
ADC_TWOSAMPLINGDELAY_3CYCLES

ADC multimode delay between two sampling phases: 3 ADC clock cycles
ADC_TWOSAMPLINGDELAY_4CYCLES

ADC multimode delay between two sampling phases: 4 ADC clock cycles

ADC_TWOSAMPLINGDELAY_5CYCLES
ADC multimode delay between two sampling phases: 5 ADC clock cycles
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ADC_TWOSAMPLINGDELAY_6CYCLES
ADC multimode delay between two sampling phases: 6 ADC clock cycles

ADC_TWOSAMPLINGDELAY_7CYCLES

ADC multimode delay between two sampling phases: 7 ADC clock cycles
ADC_TWOSAMPLINGDELAY_8CYCLES

ADC multimode delay between two sampling phases: 8 ADC clock cycles
ADC_TWOSAMPLINGDELAY_9CYCLES

ADC multimode delay between two sampling phases: 9 ADC clock cycles
ADC_TWOSAMPLINGDELAY_10CYCLES

ADC multimode delay between two sampling phases: 10 ADC clock cycles
ADC_TWOSAMPLINGDELAY_11CYCLES

ADC multimode delay between two sampling phases: 11 ADC clock cycles
ADC_TWOSAMPLINGDELAY_12CYCLES

ADC multimode delay between two sampling phases: 12 ADC clock cycles
ADC_TWOSAMPLINGDELAY_13CYCLES

ADC multimode delay between two sampling phases: 13 ADC clock cycles
ADC_TWOSAMPLINGDELAY_14CYCLES

ADC multimode delay between two sampling phases: 14 ADC clock cycles
ADC_TWOSAMPLINGDELAY_15CYCLES

ADC multimode delay between two sampling phases: 15 ADC clock cycles

ADC_TWOSAMPLINGDELAY_16CYCLES
ADC multimode delay between two sampling phases: 16 ADC clock cycles

ADC instance - Offset number
ADC_OFFSET_NONE
ADC offset disabled: no offset correction for the selected ADC channel
ADC_OFFSET _1

ADC offset number 1: ADC channel and offset level to which the offset programmed will be applied
(independently of channel mapped on ADC group regular or group injected)

ADC_OFFSET 2

ADC offset number 2: ADC channel and offset level to which the offset programmed will be applied
(independently of channel mapped on ADC group regular or group injected)

ADC_OFFSET_3

ADC offset number 3: ADC channel and offset level to which the offset programmed will be applied
(independently of channel mapped on ADC group regular or group injected)

ADC_OFFSET _4

ADC offset number 4: ADC channel and offset level to which the offset programmed will be applied
(independently of channel mapped on ADC group regular or group injected)

Oversampling - Discontinuous mode
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ADC_TRIGGEREDMODE_SINGLE_TRIGGER

ADC oversampling discontinuous mode: continuous mode (all conversions of oversampling ratio are done from 1
trigger)

ADC_TRIGGEREDMODE_MULTI_TRIGGER

ADC oversampling discontinuous mode: discontinuous mode (each conversion of oversampling ratio needs a
trigger)

Oversampling - Ratio

ADC_OVERSAMPLING_RATIO_2

ADC oversampling ratio of 2 (2 ADC conversions are performed, sum of these conversions data is computed to
result as the ADC oversampling conversion data (before potential shift)

ADC_OVERSAMPLING_RATIO_4

ADC oversampling ratio of 4 (4 ADC conversions are performed, sum of these conversions data is computed to
result as the ADC oversampling conversion data (before potential shift)

ADC_OVERSAMPLING_RATIO_8

ADC oversampling ratio of 8 (8 ADC conversions are performed, sum of these conversions data is computed to
result as the ADC oversampling conversion data (before potential shift)

ADC_OVERSAMPLING_RATIO_16

ADC oversampling ratio of 16 (16 ADC conversions are performed, sum of these conversions data is computed
to result as the ADC oversampling conversion data (before potential shift)

ADC_OVERSAMPLING_RATIO_32

ADC oversampling ratio of 32 (32 ADC conversions are performed, sum of these conversions data is computed
to result as the ADC oversampling conversion data (before potential shift)

ADC_OVERSAMPLING_RATIO_64

ADC oversampling ratio of 64 (64 ADC conversions are performed, sum of these conversions data is computed
to result as the ADC oversampling conversion data (before potential shift)

ADC_OVERSAMPLING_RATIO_128

ADC oversampling ratio of 128 (128 ADC conversions are performed, sum of these conversions data is
computed to result as the ADC oversampling conversion data (before potential shift)

ADC_OVERSAMPLING_RATIO_256

ADC oversampling ratio of 256 (256 ADC conversions are performed, sum of these conversions data is
computed to result as the ADC oversampling conversion data (before potential shift)
Oversampling - Oversampling scope for ADC group regular
ADC_REGOVERSAMPLING_CONTINUED_MODE
Oversampling buffer maintained during injection sequence

ADC_REGOVERSAMPLING_RESUMED_MODE

Oversampling buffer zeroed during injection sequence

Oversampling - Data shift

ADC_RIGHTBITSHIFT_NONE

ADC oversampling no shift (sum of the ADC conversions data is not divided to result as the ADC oversampling
conversion data)

ADC_RIGHTBITSHIFT_1

ADC oversampling shift of 1 (sum of the ADC conversions data is divided by 2 to result as the ADC
oversampling conversion data)
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ADC_RIGHTBITSHIFT_2

ADC oversampling shift of 2 (sum of the ADC conversions data is divided by 4 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_3

ADC oversampling shift of 3 (sum of the ADC conversions data is divided by 8 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_4

ADC oversampling shift of 4 (sum of the ADC conversions data is divided by 16 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_5

ADC oversampling shift of 5 (sum of the ADC conversions data is divided by 32 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_6

ADC oversampling shift of 6 (sum of the ADC conversions data is divided by 64 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_7

ADC oversampling shift of 7 (sum of the ADC conversions data is divided by 128 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_8

ADC oversampling shift of 8 (sum of the ADC conversions data is divided by 256 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_9

ADC oversampling shift of 9 (sum of the ADC conversions data is divided by 512 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_10

ADC oversampling shift of 10 (sum of the ADC conversions data is divided by 1024 to result as the ADC
oversampling conversion data)

ADC_RIGHTBITSHIFT_11
ADC oversampling shift of 11 (sum of the ADC conversions data is divided by 2048 to result as the ADC

oversampling conversion data)
ADC group regular - Overrun behavior on conversion data
ADC_OVR_DATA_PRESERVED

ADC group regular behavior in case of overrun: data preserved

ADC_OVR_DATA_OVERWRITTEN

ADC group regular behavior in case of overrun: data overwritten

ADC group regular - Sequencer ranks
ADC_REGULAR_RANK_1
ADC group regular sequencer rank 1
ADC_REGULAR_RANK_2

ADC group regular sequencer rank 2

ADC_REGULAR_RANK_3

ADC group regular sequencer rank 3
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ADC_REGULAR_RANK_4

ADC group regular sequencer rank 4

ADC_REGULAR_RANK_5

ADC group regular sequencer rank 5
ADC_REGULAR_RANK_6

ADC group regular sequencer rank 6
ADC_REGULAR_RANK_7

ADC group regular sequencer rank 7
ADC_REGULAR_RANK_8

ADC group regular sequencer rank 8
ADC_REGULAR_RANK_9

ADC group regular sequencer rank 9
ADC_REGULAR_RANK_10

ADC group regular sequencer rank 10
ADC_REGULAR_RANK_11

ADC group regular sequencer rank 11
ADC_REGULAR_RANK_12

ADC group regular sequencer rank 12
ADC_REGULAR_RANK_13

ADC group regular sequencer rank 13
ADC_REGULAR_RANK_14

ADC group regular sequencer rank 14
ADC_REGULAR_RANK_15

ADC group regular sequencer rank 15
ADC_REGULAR_RANK_16

ADC group regular sequencer rank 16

ADC4_RANK_CHANNEL_NUMBER

Setting relevant if parameter "ScanConvMode" is set to sequencer not fully configurable: Enable the rank of the
selected channels. Number of ranks in the sequence is defined by number of channels enabled, rank of each
channel is defined by channel number (channel 0 fixed on rank 0, channel 1 fixed on rank1, ...)

ADC4_RANK_NONE

Setting relevant if parameter "ScanConvMode" is set to sequencer not fully configurable: Disable the selected
rank (selected channel) from sequencer

ADC4_REGULAR_RANK_1

ADC group regular sequencer rank 1
ADC4 REGULAR_RANK_2

ADC group regular sequencer rank 2

ADC4_REGULAR_RANK_3

ADC group regular sequencer rank 3
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ADC4_REGULAR_RANK_4

ADC group regular sequencer rank 4

ADC4_REGULAR_RANK_5

ADC group regular sequencer rank 5
ADC4_REGULAR_RANK_6

ADC group regular sequencer rank 6
ADC4_REGULAR_RANK_7

ADC group regular sequencer rank 7

ADC4_REGULAR_RANK_8

ADC group regular sequencer rank 8

ADC group regular - Trigger frequency mode
ADC_TRIGGER_FREQ_HIGH

ADC trigger frequency mode set to high frequency. Note: ADC trigger frequency mode must be set to low
frequency when a duration is exceeded before ADC conversion start trigger event (between ADC enable and
ADC conversion start trigger event or between two ADC conversion start trigger event). Duration value: Refer to
device datasheet, parameter "tldle".

ADC_TRIGGER_FREQ_LOW

ADC trigger frequency mode set to low frequency. Note: ADC trigger frequency mode must be set to low
frequency when a duration is exceeded before ADC conversion start trigger event (between ADC enable and
ADC conversion start trigger event or between two ADC conversion start trigger event). Duration value: Refer to
device datasheet, parameter "tldle".

ADC instance - Resolution

ADC_RESOLUTION_14B
ADC resolution 14 bits (ADC1, ADC2 only)

ADC_RESOLUTION_12B
ADC resolution 12 bits

ADC_RESOLUTION_10B
ADC resolution 10 bits

ADC_RESOLUTION_8B
ADC resolution 8 bits

ADC_RESOLUTION_6B
ADC resolution 6 bits (ADC4 only)

ADC4_RESOLUTION_12B
ADC4_RESOLUTION_10B
ADC4_RESOLUTION_8B
ADC4_RESOLUTION_6B

ADC instance - Sampling time common to a group of channels

ADC4_SAMPLINGTIME_COMMON_1

Set sampling time common to a group of channels: sampling time nb 1
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ADC4_SAMPLINGTIME_COMMON_2

Set sampling time common to a group of channels: sampling time nb 2

HAL ADC macro to manage HAL ADC handle, IT and flags.
_ HAL_ADC_RESET_HANDLE_STATE

Description:

. Reset ADC handle state.
Parameters:

. __HANDLE__: ADC handle

Return value:
. None

__HAL_ADC_ENABLE_IT

Description:
. Enable ADC interrupt.
Parameters:
. _ _HANDLE__: ADC handle
. __INTERRUPT__: ADC Interrupt This parameter can be one of the following values:
- ADC_IT_RDY ADC Ready interrupt source
- ADC_IT_EOSMP ADC End of Sampling interrupt source
- ADC_IT_EOC ADC End of Regular Conversion interrupt source
- ADC_IT_EOS ADC End of Regular sequence of Conversions interrupt source
- ADC_IT_OVR ADC overrun interrupt source
- ADC_IT_JEOC ADC End of Injected Conversion interrupt source
- ADC_IT_JEOS ADC End of Injected sequence of Conversions interrupt source
- ADC_IT_AWD1 ADC Analog watchdog 1 interrupt source (main analog watchdog)
- ADC_IT_AWD2 ADC Analog watchdog 2 interrupt source (additional analog watchdog)
- ADC_IT_AWD3 ADC Analog watchdog 3 interrupt source (additional analog watchdog)
- ADC_IT_EOCAL ADC End of Calibration interrupt source
- ADC_IT_LDORDY ADC Voltage Regulator (LDO) Ready interrupt source
Return value:
. None
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__HAL_ADC_DISABLE_IT

Description:
. Disable ADC interrupt.
Parameters:
. _ _HANDLE__: ADC handle
. __INTERRUPT__: ADC Interrupt This parameter can be one of the following values:
- ADC_IT_RDY ADC Ready interrupt source
- ADC_IT_EOSMP ADC End of Sampling interrupt source
- ADC_IT_EOC ADC End of Regular Conversion interrupt source
- ADC_IT_EOS ADC End of Regular sequence of Conversions interrupt source
- ADC_IT_OVR ADC overrun interrupt source
- ADC_IT_JEOC ADC End of Injected Conversion interrupt source
- ADC_IT_JEOS ADC End of Injected sequence of Conversions interrupt source
- ADC_IT_AWD1 ADC Analog watchdog 1 interrupt source (main analog watchdog)
- ADC_IT_AWD2 ADC Analog watchdog 2 interrupt source (additional analog watchdog)
- ADC_IT_AWD3 ADC Analog watchdog 3 interrupt source (additional analog watchdog)
- ADC_IT_EOCAL ADC End of Calibration interrupt source
- ADC_IT_LDORDY ADC Voltage Regulator (LDO) Ready 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_IT_RDY ADC Ready interrupt source
- ADC_IT_EOSMP ADC End of Sampling interrupt source
- ADC_IT_EOC ADC End of Regular Conversion interrupt source
- ADC_IT_EOS ADC End of Regular sequence of Conversions interrupt source
- ADC_IT_OVR ADC overrun interrupt source
- ADC_IT_JEOC ADC End of Injected Conversion interrupt source
- ADC_IT_JEOS ADC End of Injected sequence of Conversions interrupt source
- ADC_IT_AWD1 ADC Analog watchdog 1 interrupt source (main analog watchdog)
- ADC_IT_AWD2 ADC Analog watchdog 2 interrupt source (additional analog watchdog)
- ADC_IT_AWD3 ADC Analog watchdog 3 interrupt source (additional analog watchdog)
- ADC_IT_EOCAL ADC End of Calibration interrupt source
- ADC_IT_LDORDY ADC Voltage Regulator (LDO) Ready 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_FLAG_RDY ADC Ready flag
- ADC_FLAG_EOSMP ADC End of Sampling flag
- ADC_FLAG_EOC ADC End of Regular Conversion flag
- ADC_FLAG_EOS ADC End of Regular sequence of Conversions flag
- ADC_FLAG_OVR ADC overrun flag
- ADC_FLAG_JEOC ADC End of Injected Conversion flag
- ADC_FLAG_JEOS ADC End of Injected sequence of Conversions flag
- ADC_FLAG_AWD1 ADC Analog watchdog 1 flag (main analog watchdog)
- ADC_FLAG_AWD2 ADC Analog watchdog 2 flag (additional analog watchdog)
- ADC_FLAG_AWD3 ADC Analog watchdog 3 flag (additional analog watchdog)
- ADC_FLAG_EOCAL ADC End of Calibration flag
- ADC_FLAG_LDORDY ADC Voltage Regulator (LDO) Ready flag
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 one of the following values:
- ADC_FLAG_RDY ADC Ready flag
- ADC_FLAG_EOSMP ADC End of Sampling flag
- ADC_FLAG_EOC ADC End of Regular Conversion flag
- ADC_FLAG_EOS ADC End of Regular sequence of Conversions flag
- ADC_FLAG_OVR ADC overrun flag
- ADC_FLAG_JEOC ADC End of Injected Conversion flag
- ADC_FLAG_JEOS ADC End of Injected sequence of Conversions flag
- ADC_FLAG_AWD1 ADC Analog watchdog 1 flag (main analog watchdog)
- ADC_FLAG_AWD2 ADC Analog watchdog 2 flag (additional analog watchdog)
- ADC_FLAG_AWD3 ADC Analog watchdog 3 flag (additional analog watchdog)
- ADC_FLAG_EOCAL ADC End of Calibration flag
- ADC_FLAG_LDORDY ADC Voltage Regulator (LDO) Ready flag
Return value:
. None

HAL ADC helper macro
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__HAL_ADC_CHANNEL_TO_DECIMAL_NB

Description:

. Helper macro to get ADC channel number in decimal format from literals ADC_CHANNEL_x.
Parameters:

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

- ADC_CHANNEL_O (3)

- ADC_CHANNEL_1 (3)

- ADC_CHANNEL_2 (3)

- ADC_CHANNEL_3 (3)

- ADC_CHANNEL_4 (3)

- ADC_CHANNEL_5 (3)

- ADC_CHANNEL_6

- ADC_CHANNEL_7

- ADC_CHANNEL_8

- ADC_CHANNEL_9

- ADC_CHANNEL_10

- ADC_CHANNEL_11

- ADC_CHANNEL_12

- ADC_CHANNEL_13

- ADC_CHANNEL_14

- ADC_CHANNEL_15

- ADC_CHANNEL_16

- ADC_CHANNEL_17

- ADC_CHANNEL_18

- ADC_CHANNEL_VREFINT (1)

- ADC_CHANNEL_TEMPSENSOR (1)

- ADC_CHANNEL_VBAT (1)

- ADC_CHANNEL_DAC1CH1_ADCA4 (2)

- ADC_CHANNEL_DAC1CH2_ADC4 (2)
Return value:
. Value: between Min_Data=0 and Max_Data=18
Notes:

. Example: _ HAL_ADC_CHANNEL_TO_DECIMAL_NB(ADC_CHANNEL_4) will return decimal number
"4". The input can be a value from functions where a channel number is returned, either defined with
number or with bitfield (only one bit must be set).
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__HAL_ADC_DECIMAL_NB_TO_CHANNEL

Description:

. Helper macro to get ADC channel in literal format ADC_CHANNEL_x from number in decimal format.
Parameters:

. _ DECIMAL_NB__: Value between Min_Data=0 and Max_Data=18

Return value:
. Returned: value can be one of the following values:
- ADC_CHANNEL_O0 (3)
- ADC_CHANNEL_1 (3)
- ADC_CHANNEL_2 (3)
- ADC_CHANNEL_3 (3)
- ADC_CHANNEL_4 (3)
- ADC_CHANNEL_5 (3)
- ADC_CHANNEL_6
- ADC_CHANNEL_7
- ADC_CHANNEL_8
- ADC_CHANNEL_9
- ADC_CHANNEL_10
- ADC_CHANNEL_ 11
- ADC_CHANNEL_12
- ADC_CHANNEL_13
- ADC_CHANNEL_14
- ADC_CHANNEL_15
- ADC_CHANNEL_16
- ADC_CHANNEL_17
- ADC_CHANNEL_18
- ADC_CHANNEL_VREFINT (1)
- ADC_CHANNEL_TEMPSENSOR (1)
- ADC_CHANNEL_VBAT (1)
- ADC_CHANNEL_DAC1CH1_ADC4 (2)
- ADC_CHANNEL_DAC1CH2_ADC4 (2)
- ADC4_CHANNEL_TEMPSENSOR (2)
- ADC4_CHANNEL_VBAT (2)
- ADC_CHANNEL_VCORE (2)
Notes:

. Example: _ HAL_ADC_DECIMAL_NB_TO_CHANNEL(4) will return a data equivalent to
"ADC_CHANNEL_4".
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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_O (3)
- ADC_CHANNEL_1 (3)
- ADC_CHANNEL_2 (3)
- ADC_CHANNEL_3 (3)
- ADC_CHANNEL_4 (3)
- ADC_CHANNEL_5 (3)
- ADC_CHANNEL_6
- ADC_CHANNEL_7
- ADC_CHANNEL_8
- ADC_CHANNEL_9
- ADC_CHANNEL_10
- ADC_CHANNEL_11
- ADC_CHANNEL_12
- ADC_CHANNEL_13
- ADC_CHANNEL_14
- ADC_CHANNEL_15
- ADC_CHANNEL_16
- ADC_CHANNEL_17
- ADC_CHANNEL_18
- ADC_CHANNEL_VREFINT (1)
- ADC_CHANNEL_TEMPSENSOR (1)
- ADC_CHANNEL_VBAT (1)
- ADC_CHANNEL_DAC1CH1_ADCA4 (2)
- ADC_CHANNEL_DAC1CH2_ADC4 (2)
- ADC4_CHANNEL_TEMPSENSOR (2)
- ADC4_CHANNEL_VBAT (2)
- ADC_CHANNEL_VCORE (2)
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.

Notes:

. The different literal definitions of ADC channels are: ADC internal channel: ADC_CHANNEL_VREFINT,
ADC_CHANNEL_TEMPSENSOR, ...ADC external channel (channel connected to a GPIO pin):
ADC_CHANNEL_1, ADC_CHANNEL_2, ... The channel parameter must be a value defined from literal
definition of a ADC internal channel (ADC_CHANNEL_VREFINT, ADC_CHANNEL_TEMPSENSOR, ...),
ADC external channel (ADC_CHANNEL_1, ADC_CHANNEL_2, ...), must not be a value from functions
where a channel number is returned from ADC registers, because internal and external channels share
the same channel number in ADC registers. The differentiation is made only with parameters definitions of
driver.
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__HAL_ADC_CHANNEL_INTERNAL_TO_EXTERNAL

Description:

. Helper macro to convert a channel defined from parameter definition of a ADC internal channel
(ADC_CHANNEL_VREFINT, ADC_CHANNEL_TEMPSENSOR, ...), to its equivalent parameter definition
of a ADC external channel (ADC_CHANNEL_1, ADC_CHANNEL_2, ...).

Parameters:

. _ CHANNEL__: This parameter can be one of the following values:
- ADC_CHANNEL_O (3)
- ADC_CHANNEL_1 (3)
- ADC_CHANNEL_2 (3)
- ADC_CHANNEL_3 (3)
- ADC_CHANNEL_4 (3)
- ADC_CHANNEL_5 (3)
- ADC_CHANNEL_6
- ADC_CHANNEL_7
- ADC_CHANNEL_8
- ADC_CHANNEL_9
- ADC_CHANNEL_10
- ADC_CHANNEL_ 11
- ADC_CHANNEL_12
- ADC_CHANNEL_13
- ADC_CHANNEL_14
- ADC_CHANNEL_15
- ADC_CHANNEL_16
- ADC_CHANNEL_17
- ADC_CHANNEL_18
- ADC_CHANNEL_VREFINT (1)
- ADC_CHANNEL_TEMPSENSOR (1)
- ADC_CHANNEL_VBAT (1)
- ADC_CHANNEL_DAC1CH1_ADC4 (2)
- ADC_CHANNEL_DAC1CH2_ADC4 (2)
- ADC4_CHANNEL_TEMPSENSOR (2)
- ADC4_CHANNEL_VBAT (2)
- ADC_CHANNEL_VCORE (2)
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Return value:

. Returned: value can be one of the following values:
- ADC_CHANNEL_O
- ADC_CHANNEL_1
- ADC_CHANNEL_2
- ADC_CHANNEL_3
- ADC_CHANNEL_4
- ADC_CHANNEL_5
- ADC_CHANNEL_6
- ADC_CHANNEL_7
- ADC_CHANNEL_8
- ADC_CHANNEL_9
- ADC_CHANNEL_10
- ADC_CHANNEL_11
- ADC_CHANNEL_12
- ADC_CHANNEL_13
- ADC_CHANNEL_14
- ADC_CHANNEL_15
- ADC_CHANNEL_16
- ADC_CHANNEL_17
- ADC_CHANNEL_18

Notes:

. The channel parameter can be, additionally to a value defined from parameter definition of a ADC internal
channel (ADC_CHANNEL_VREFINT, ADC_CHANNEL_TEMPSENSOR, ...), a value defined from
parameter definition of ADC external channel (ADC_CHANNEL_1, ADC_CHANNEL_2, ...) or a value from
functions where a channel number is returned from ADC registers.

__HAL_ADC_IS_CHANNEL_INTERNAL_AVAILABLE

Description:

. Helper macro to determine whether the internal channel selected is available on the ADC instance
selected.

Parameters:

. __ADC_INSTANCE__: ADC instance

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

- ADC_CHANNEL_VREFINT (1)
- ADC_CHANNEL_TEMPSENSOR (1)
- ADC_CHANNEL_VBAT (1)
- ADC_CHANNEL_DAC1CH1_ADC4 (2)
- ADC_CHANNEL_DAC1CH2_ADC4 (2)
- ADC4_CHANNEL_TEMPSENSOR (2)
- ADC4_CHANNEL_VBAT (2)
- ADC_CHANNEL_VCORE (2)

Return value:

. Value: "0" if the internal channel selected is not available on the ADC instance selected. Value "1" if the
internal channel selected is available on the ADC instance selected.

Notes:

. The channel parameter must be a value defined from parameter definition of a ADC internal channel

(ADC_CHANNEL_VREFINT, ADC_CHANNEL_TEMPSENSOR, ...), must not be a value defined from
parameter definition of ADC external channel (ADC_CHANNEL_1, ADC_CHANNEL_2, ...) or a value from
functions where a channel number is returned from ADC registers, because internal and external
channels share the same channel number in ADC registers. The differentiation is made only with
parameters definitions of driver.
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__HAL_ADC_MULTI_CONV_DATA_MASTER_SLAVE

Description:

. Helper macro to get the ADC multimode conversion data of ADC master or ADC slave from raw value
with both ADC conversion data concatenated.

Parameters:

. __ ADC_MULTI_MASTER_SLAVE__: This parameter can be one of the following values:
- LL_ADC_MULTI_MASTER
- LL_ADC_MULTI_SLAVE

. _ ADC_MULTI_CONV_DATA__: Value between Min_Data=0x000 and Max_Data=0xFFF

Return value:

. Value: between Min_Data=0x000 and Max_Data=0xFFF

Notes:

. This macro is intended to be used when multimode transfer by DMA is enabled: refer to function
LL_ADC_SetMultiDMATransfer(). In this case the transferred data need to processed with this macro to
separate the conversion data of ADC master and ADC slave.

__HAL_ADC_COMMON_INSTANCE

Description:

. Helper macro to select the ADC common instance to which is belonging the selected ADC instance.
Parameters:

. __ADCx__: ADC instance

Return value:

. ADC: common register instance

Notes:

. ADC common register instance can be used for: Set parameters common to several ADC

instancesMultimode (for devices with several ADC instances) Refer to functions having argument
"ADCxy_COMMON" as parameter.

__HAL_ADC_IS_ENABLED_ALL_COMMON_INSTANCE

Description:

. Helper macro to check if all ADC instances sharing the same ADC common instance are disabled.
Parameters:

. __ ADCXY_COMMON__: ADC common instance (can be set directly from CMSIS definition or by using

helper macro
Return value:

. Value: "0" if all ADC instances sharing the same ADC common instance are disabled. Value "1" if at least
one ADC instance sharing the same ADC common instance is enabled.

Notes:

. This check is required by functions with setting conditioned to ADC state: All ADC instances of the ADC
common group must be disabled. Refer to functions having argument "ADCxy_COMMON" as parameter.
On devices with only 1 ADC common instance, parameter of this macro is useless and can be ignored
(parameter kept for compatibility with devices featuring several ADC common instances).
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__HAL_ADC_DIGITAL_SCALE

Description:

. Helper macro to define the ADC conversion data full-scale digital value corresponding to the selected
ADC resolution.

Parameters:

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

- ADC_RESOLUTION_14B

- ADC_RESOLUTION_12B

- ADC_RESOLUTION_10B

- ADC_RESOLUTION_8B

- ADC_RESOLUTION_6B
Return value:

. ADC: conversion data full-scale digital value
Notes:
. ADC conversion data full-scale corresponds to voltage range determined by analog voltage references

Vref+ and Vref- (refer to reference manual).

__HAL_ADC_CONVERT_DATA_RESOLUTION

Description:

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

Parameters:

. __ADCx__: ADC instance

. __DATA__: ADC conversion data to be converted

. __ADC_RESOLUTION_CURRENT__: Resolution of to the data to be converted This parameter can be

one of the following values:

- ADC_RESOLUTION_14B (1)

- ADC_RESOLUTION_12B (1)(2)
- ADC_RESOLUTION_10B (1)(2)
- ADC_RESOLUTION_8B (1)(2)
- ADC_RESOLUTION_6B (2)

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

- ADC_RESOLUTION_14B (1)
- ADC_RESOLUTION_12B (1)(2)
- ADC_RESOLUTION_10B (1)(2)
- ADC_RESOLUTION_8B (1)(2)
- ADC_RESOLUTION_6B (2)
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:

. __ADCx__: ADC instance

. __VREFANALOG_VOLTAGE__: Analog reference voltage (unit: mV)

. __ ADC_DATA__: ADC conversion data (resolution 12 bits) (unit: digital value).

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

- ADC_RESOLUTION_14B (1)

- ADC_RESOLUTION_12B (1)(2)

- ADC_RESOLUTION_10B (1)(2)

- ADC_RESOLUTION_8B (1)(2)

- ADC_RESOLUTION_6B (2)
Return value:

. ADC: conversion data equivalent voltage value (unit: mVolt)
Notes:
. Analog reference voltage (Vref+) must be either known from user board environment or can be calculated

using ADC measurement and ADC helper macro __LL_ADC_CALC_VREFANALOG_VOLTAGE().
__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:

. __ADCx__: ADC instance

. _ VREFANALOG_VOLTAGE__: Analog reference voltage (unit: mV)

. __ ADC_DATA__: ADC conversion data (resolution 12 bits) (unit: digital value).

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

- ADC_RESOLUTION_14B

- ADC_RESOLUTION_12B

- ADC_RESOLUTION_10B

- ADC_RESOLUTION_8B
Return value:
. ADC: conversion data equivalent voltage value (unit: mVolt)
Notes:

. On STM32US5, this feature is available on ADC instances: ADC1, ADC2. Analog reference voltage (Vref+)
must be either known from user board environment or can be calculated using ADC measurement and
ADC helper macro __LL_ADC_CALC_VREFANALOG_VOLTAGE().
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__HAL_ADC_CALC_VREFANALOG_VOLTAGE

Description:

. Helper macro to calculate analog reference voltage (Vref+) (unit: mVolt) from ADC conversion data of
internal voltage reference Vrefint.

Parameters:

. __ADCx__: ADC instance

. __VREFINT_ADC_DATA__: ADC conversion data (resolution 12 bits) of internal voltage reference Vrefint
(unit: digital value).

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

- ADC_RESOLUTION_14B (1)

- ADC_RESOLUTION_12B (1)(2)

- ADC_RESOLUTION_10B (1)(2)

- ADC_RESOLUTION_8B (1)(2)

- ADC_RESOLUTION_6B (2)
Return value:

. Analog: reference voltage (unit: mV)
Notes:
. Computation is using VrefInt calibration value stored in system memory for each device during production.

This voltage depends on user board environment: voltage level connected to pin Vref+. On devices with
small package, the pin Vref+ is not present and internally bonded to pin Vdda. On this STM32 series,
calibration data of internal voltage reference Vrefint corresponds to a resolution of 12 bits, this is the
recommended ADC resolution to convert voltage of internal voltage reference Vreflnt. Otherwise, this
macro performs the processing to scale ADC conversion data to 12 bits.
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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:

. __ADCx__: ADC instance

. __ VREFANALOG_VOLTAGE__: Analog reference voltage (unit: mV)

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

. __ ADC_RESOLUTION__: ADC resolution at which internal temperature sensor voltage has been

measured. This parameter can be one of the following values:
- ADC_RESOLUTION_14B (1)
- ADC_RESOLUTION_12B (1)(2)
- ADC_RESOLUTION_10B (1)(2)
- ADC_RESOLUTION_8B (1)(2)
- ADC_RESOLUTION_6B (2)
Return value:

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

during production. Calculation formula: Temperature = (TS_ADC_DATA - TS_CAL1) * (TS_CAL2_TEMP
-TS_CAL1_TEMP))/(TS_CAL2 - TS_CAL1) + TS_CAL1_TEMP with TS_ADC_DATA = temperature
sensor raw data measured by ADC Avg_Slope = (TS_CAL2 - TS_CAL1)/(TS_CAL2_TEMP -
TS_CAL1_TEMP) TS_CAL1 = equivalent TS_ADC_DATA at temperature TEMP_DEGC_CAL1 (calibrated
in factory) TS_CAL2 = equivalent TS_ADC_DATA at temperature TEMP_DEGC_CAL2 (calibrated in
factory) 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(). As calculation input, the analog reference voltage
(Vref+) must be defined as it impacts the ADC LSB equivalent voltage. Analog reference voltage (Vref+)
must be either known from user board environment or can be calculated using ADC measurement and
ADC helper macro __LL_ADC_CALC_VREFANALOG_VOLTAGE(). On this STM32 series, calibration
data of temperature sensor corresponds to a resolution of 12 bits, this is the recommended ADC
resolution to convert voltage of temperature sensor. Otherwise, this macro performs the processing to
scale ADC conversion data to 12 bits.
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__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:

. __ADCx__: ADC instance

. _ TEMPSENSOR_TYP_AVGSLOPE__: Device datasheet data: Temperature sensor slope typical value
(unit: uvV/DegCelsius). On STM32US5, refer to device datasheet parameter "Avg_Slope".

. _ TEMPSENSOR_TYP_CALX_V__: Device datasheet data: Temperature sensor voltage typical value (at

temperature and Vref+ defined in parameters below) (unit: mV). Refer to device datasheet parameter
"V30" (corresponding to TS_CAL1).

. _ _TEMPSENSOR_CALX_TEMP__: Device datasheet data: Temperature at which temperature sensor
voltage (see parameter above) is corresponding (unit: mV)

. __VREFANALOG_VOLTAGE__: Analog voltage reference (Vref+) voltage (unit: mV)

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

. _ ADC_RESOLUTION__: ADC resolution at which internal temperature sensor voltage has been

measured. This parameter can be one of the following values:
- ADC_RESOLUTION_14B (1)
- ADC_RESOLUTION_12B (1)(2)
- ADC_RESOLUTION_10B (1)(2)
- ADC_RESOLUTION_8B (1)(2)
- ADC_RESOLUTION_6B (2)
Return value:

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

Temperature = (TS_TYP_CALx_VOLT(uV) - TS_ADC_DATA * Conversion_uV) / Avg_Slope +
CALx_TEMP with TS_ADC_DATA = temperature sensor raw data measured by ADC (unit: digital value)
Avg_Slope = temperature sensor slope (unit: uV/Degree Celsius) TS_TYP_CALx_VOLT = temperature
sensor digital value at temperature CALx_TEMP (unit: mV) Caution: Calculation relevancy under reserve
the temperature sensor of the current device has characteristics in line with datasheet typical values. If
temperature sensor calibration values are available on on this device (presence of macro

_ LL_ADC_CALC_TEMPERATURE()), temperature calculation will be more accurate using helper macro
_ LL_ADC_CALC_TEMPERATURE(). As calculation input, the analog reference voltage (Vref+) must be
defined as it impacts the ADC LSB equivalent voltage. Analog reference voltage (Vref+) must be either
known from user board environment or can be calculated using ADC measurement and ADC helper
macro __LL_ADC_CALC_VREFANALOG_VOLTAGE(). ADC measurement data must correspond to a
resolution of 12bits (full scale digital value 4095). If not the case, the data must be preliminarily rescaled to
an equivalent resolution of 12 bits.

ADC low power and deep power down selection
ADC_LOW_POWER_NONE
Both Low Power Auto Off and Deep Power Down is disabled
ADC_LOW_POWER_AUTOFF
Low Power Auto Off enabled and Deep Power Down is disabled
ADC_LOW_POWER_DPD

Low Power Auto Off disabled and Deep Power Down is enabled

ADC_LOW_POWER_AUTOFF_DPD

Low Power Auto Off and Deep Power Down are enabled

ADC VREF+ protection mode selection
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ADC_VREF_PPROT_NONE
No VREF protection is applied

ADC_VREF_PPROT_VREFPROT
VREF+ protection when multiple ADCs are working simultaneously and a clock divider is used.

ADC_VREF_PPROT_VREFSECSMP

VREF+ protection when multiple ADCs are working simultaneously and a clock divider of 1 is used.

ADC_VREF_PPROT_VREF_VREFSECSMP

Both VREF+ protection when multiple ADCs are working simultaneously and VREF+ second sample protection.

ADC group injected trigger edge (when external trigger is selected)
ADC_EXTERNALTRIGINJECCONV_EDGE_NONE
Injected conversions hardware trigger detection disabled
ADC_EXTERNALTRIGINJECCONV_EDGE_RISING
Injected conversions hardware trigger detection on the rising edge
ADC_EXTERNALTRIGINJECCONV_EDGE_FALLING
Injected conversions hardware trigger detection on the falling edge

ADC_EXTERNALTRIGINJECCONV_EDGE_RISINGFALLING

Injected conversions hardware trigger detection on both the rising and falling edges

ADC group injected trigger source
ADC_INJECTED_SOFTWARE_START
Software triggers injected group conversion start

ADC_EXTERNALTRIGINJEC_T1_TRGO

ADC group injected conversion trigger from external peripheral: TIM1 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_T1_CC4

ADC group injected conversion trigger from external peripheral: TIM1 channel 4 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIGINJEC_T2_TRGO

ADC group injected conversion trigger from external peripheral: TIM2 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_T2_CC1

ADC group injected conversion trigger from external peripheral: TIM2 channel 1 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIGINJEC_T3_CC4

ADC group injected conversion trigger from external peripheral: TIM3 channel 4 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIGINJEC_T4_TRGO

ADC group injected conversion trigger from external peripheral: TIM4 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_EXT_IT15

ADC group injected conversion trigger from external peripheral: external interrupt line 15. Trigger edge set to
rising edge (default setting).
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ADC_EXTERNALTRIGINJEC_T8_CC4

ADC group injected conversion trigger from external peripheral: TIM8 channel 4 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIGINJEC_T1_TRGO2

ADC group injected conversion trigger from external peripheral: TIM1 TRGO2 event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_T8_TRGO

ADC group injected conversion trigger from external peripheral: TIM8 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_T8_TRGO2

ADC group injected conversion trigger from external peripheral: TIM8 TRGO2 event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_T3_CC3

ADC group injected conversion trigger from external peripheral: TIM3 channel 3 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIGINJEC_T3_TRGO

ADC group injected conversion trigger from external peripheral: TIM3 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_T3_CC1

ADC group injected conversion trigger from external peripheral: TIM3 channel 1 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIGINJEC_T6_TRGO

ADC group injected conversion trigger from external peripheral: TIM6 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_T15_TRGO

ADC group injected conversion trigger from external peripheral: TIM15 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_LPTIM1_CH2

ADC group injected conversion trigger from external peripheral: LPTIM1 CH2 event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_LPTIM2_CH2

ADC group injected conversion trigger from external peripheral: LPTIM2 CH2 event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_LPTIM3_CH1

ADC group injected conversion trigger from external peripheral: LPTIM3 CH1 event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIGINJEC_LPTIM4_OUT

ADC group injected conversion trigger from external peripheral: LPTIM4 OUT event. Trigger edge set to rising
edge (default setting).

ADC group injected - Sequencer ranks

ADC_INJECTED_RANK_1

ADC group injected sequencer rank 1

ADC_INJECTED_RANK_2

ADC group injected sequencer rank 2
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ADC_INJECTED_RANK_3

ADC group injected sequencer rank 3

ADC_INJECTED_RANK_4

ADC group injected sequencer rank 4

ADC interrupts definition

ADC_IT_RDY

ADC Ready interrupt source
ADC_IT_EOSMP

ADC End of sampling interrupt source
ADC_IT_EOC

ADC End of regular conversion interrupt source
ADC_IT_EOS

ADC End of regular sequence of conversions interrupt source
ADC_IT_OVR

ADC overrun interrupt source
ADC_IT_JEOC

ADC End of injected conversion interrupt source
ADC_IT_JEOS

ADC End of injected sequence of conversions interrupt source
ADC_IT_AWD1

ADC Analog watchdog 1 interrupt source (main analog watchdog)
ADC_IT_AWD2

ADC Analog watchdog 2 interrupt source (additional analog watchdog)
ADC_IT_AWD3

ADC Analog watchdog 3 interrupt source (additional analog watchdog)
ADC_IT_EOCAL

ADC End of Calibration interrupt source
ADC_IT_LDORDY

ADC Voltage Regulator (LDO) Ready interrupt source

ADC_IT_AWD

ADC Analog watchdog 1 interrupt source: naming for compatibility with other STM32 devices having only one
analog watchdog
ADC group regular trigger edge (when external trigger is selected)
ADC_EXTERNALTRIGCONVEDGE_NONE
Regular conversions hardware trigger detection disabled
ADC_EXTERNALTRIGCONVEDGE_RISING
ADC group regular conversion trigger polarity set to rising edge

ADC_EXTERNALTRIGCONVEDGE_FALLING

ADC group regular conversion trigger polarity set to falling edge
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ADC_EXTERNALTRIGCONVEDGE_RISINGFALLING

ADC group regular conversion trigger polarity set to both rising and falling edges

ADC group regular trigger source

ADC_SOFTWARE_START

ADC group regular conversion trigger internal: SW start.

ADC_EXTERNALTRIG_T1_CC1

ADC group regular conversion trigger from external peripheral: TIM1 channel 1 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIG_T1_CC2

ADC group regular conversion trigger from external peripheral: TIM1 channel 2 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIG_T1_CC3

ADC group regular conversion trigger from external peripheral: TIM1 channel 3 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIG_T2_CC2

ADC group regular conversion trigger from external peripheral: TIM2 channel 2 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIG_T3_TRGO

ADC group regular conversion trigger from external peripheral: TIM3 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIG_T4_CC4

ADC group regular conversion trigger from external peripheral: TIM4 channel 4 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIG_EXT_IT11

ADC group regular conversion trigger from external peripheral: external interrupt line 11 event. Trigger edge set
to rising edge (default setting).

ADC_EXTERNALTRIG_T8_TRGO

ADC group regular conversion trigger from external peripheral: TIM8 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIG_T8_TRGO2

ADC group regular conversion trigger from external peripheral: TIM8 TRGO2 event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIG_T1_TRGO

ADC group regular conversion trigger from external peripheral: TIM1 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIG_T1_TRGO2

ADC group regular conversion trigger from external peripheral: TIM1 TRGO2 event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIG_T2_TRGO

ADC group regular conversion trigger from external peripheral: TIM2 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIG_T4_TRGO

ADC group regular conversion trigger from external peripheral: TIM4 TRGO event. Trigger edge set to rising
edge (default setting).
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ADC_EXTERNALTRIG_T6_TRGO

ADC group regular conversion trigger from external peripheral: TIM6 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIG_T15_TRGO

ADC group regular conversion trigger from external peripheral: TIM15 TRGO event. Trigger edge set to rising
edge (default setting).

ADC_EXTERNALTRIG_T3_CC4

ADC group regular conversion trigger from external peripheral: TIM3 channel 4 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC_EXTERNALTRIG_EXT_IT15

ADC group regular conversion trigger from external peripheral: external interrupt line 15 event. Trigger edge set
to rising edge (default setting).

ADC_EXTERNALTRIG_LPTIM1_CH1

ADC group regular conversion trigger from external peripheral: LPTIM1 channel 1 event. Trigger edge set to
rising edge (default setting).

ADC_EXTERNALTRIG_LPTIM2_CH1

ADC group regular conversion trigger from external peripheral: LPTIM2 channel 1 event. Trigger edge set to
rising edge (default setting).

ADC_EXTERNALTRIG_LPTIM3_CH1

ADC group regular conversion trigger from external peripheral: LPTIM3 channel 1 event. Trigger edge set to
rising edge (default setting).

ADC_EXTERNALTRIG_LPTIM4_OUT

ADC group regular conversion trigger from external peripheral: LPTIM4 OUT event. Trigger edge set to rising
edge (default setting).

ADC4_EXTERNALTRIG_T1_CC4

ADC group regular conversion trigger from external peripheral: TIM1 channel 4 event (capture compare: input
capture or output capture). Trigger edge set to rising edge (default setting).

ADC4_EXTERNALTRIG_T1_TRGO2
ADC4_EXTERNALTRIG_T2_TRGO
ADC4_EXTERNALTRIG_T15_TRGO
ADC4_EXTERNALTRIG_T6_TRGO
ADC4_EXTERNALTRIG_LPTIM1_CH1
ADC4_EXTERNALTRIG_LPTIM3_CH2
ADC4_EXTERNALTRIG_EXT_IT15

ADC4 Regular Conversion Number Verification

IS_ADC4_REGULAR_NB_CONV

ADC sequencer scan mode

ADC_SCAN_DISABLE

Scan mode disabled
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ADC_SCAN_ENABLE

Scan mode enabled

ADC_CHSELR_SQ2_TO_SQ8

ADCx SMPR1 fields
ADC_SMPR1_FIELDS

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(hadc1) & HAL_ADC_STATE_REG_BUSY) !=0UL) " " if
((HAL_ADC_GetState(hadc1) & HAL_ADC_STATE_AWD1) != 0UL) " ADC not yet initialized or disabled

HAL_ADC_STATE_READY
ADC peripheral ready for use

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_REG_BUSY

A conversion on ADC group regular is ongoing or can occur (either by continuous mode, external trigger, low
power auto power-on (if feature available), multimode ADC master control (if feature available))

HAL_ADC_STATE_REG_EOC

Conversion data available on group regular
HAL_ADC_STATE_REG_OVR

Overrun occurrence
HAL_ADC_STATE_REG_EOSMP

Not available on this STM32 series: End Of Sampling flag raised
HAL_ADC_STATE_INJ_BUSY

A conversion on ADC group injected is ongoing or can occur (either by auto-injection mode, external trigger, low
power auto power-on (if feature available), multimode ADC master control (if feature available))

HAL_ADC_STATE_INJ_EOC

Conversion data available on group injected

HAL_ADC_STATE_AWD/1

Out-of-window occurrence of ADC analog watchdog 1
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HAL_ADC_STATE_AWD2

Out-of-window occurrence of ADC analog watchdog 2
HAL_ADC_STATE_AWD3

Out-of-window occurrence of ADC analog watchdog 3
HAL_ADC_STATE_MULTIMODE_SLAVE

ADC in multimode slave state, controlled by another ADC master (when feature available)
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8 HAL ADC Extension Driver

8.1 ADCEXx Firmware driver registers structures

8.1.1 ADC_InjOversamplingTypeDef
ADC_InjOversamplingTypeDef is defined in the stm32u5xx_hal_adc_ex.h
Data Fields

. uint32_t Ratio
. uint32_t RightBitShift
Field Documentation
. uint32_t ADC_InjOversamplingTypeDef::Ratio
Configures the oversampling ratio. In case of ADC1 or ADC2 (if available), this parameter can be in the
range from 0 to 1023 In case of ADC4, this parameter can be a value of ADC_HAL_EC_OVS_RATIO
. uint32_t ADC_InjOversampling TypeDef::RightBitShift
Configures the division coefficient for the Oversampler. This parameter can be a value of
ADC_HAL_EC_OVS_SHIFT

8.1.2 ADC_InjectionConfTypeDef
ADC_InjectionConfTypeDef is defined in the stm32u5xx_hal_adc_ex.h
Data Fields
. uint32_t InjectedChannel
. uint32_t InjectedRank
. uint32_t InjectedSamplingTime
. uint32_t InjectedSingleDiff
. uint32_t InjectedOffsetNumber
. uint32_t InjectedOffset

. FunctionalState InjectedOffsetSignedSaturation
. uint32_t InjectedOffsetSign
. FunctionalState InjectedOffsetSaturation

. uint32_t InjectedL eftBitShift
. uint32_t InjectedNbrOfConversion

. FunctionalState InjectedDiscontinuousConvMode
. FunctionalState AutolnjectedConv

. uint32_t ExternalTriginjecConv

. uint32_t ExternalTriginjecConvEdge

. FunctionalState InjecOversamplingMode

. ADC_InjOversamplingTypeDef InjecOversampling
Field Documentation

. uint32_t ADC_InjectionConfTypeDef::InjectedChannel
Specifies the channel to configure into ADC group injected. This parameter can be a value of
ADC_HAL_EC_CHANNEL Note: Depending on devices and ADC instances, some channels may not be
available on device package pins. Refer to device datasheet for channels availability.

. uint32_t ADC_InjectionConfTypeDef::InjectedRank
Specifies the rank in the ADC group injected sequencer. This parameter must be a value of
ADC_INJ_SEQ_RANKS. Note: to disable a channel or change order of conversion sequencer, rank
containing a previous channel setting can be overwritten by the new channel setting (or parameter number
of conversions adjusted)
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. uint32_t ADC_InjectionConfTypeDef::InjectedSamplingTime
Sampling time value to be set for the selected channel. Unit: ADC clock cycles. Conversion time is the
addition of sampling time and processing time (12.5 ADC clock cycles at ADC resolution 12 bits, 10.5
cycles at 10 bits, 8.5 cycles at 8 bits, 6.5 cycles at 6 bits). This parameter can be a value of
ADC_HAL_EC_CHANNEL_SAMPLINGTIME. Caution: This parameter applies to a channel that can be
used in a regular and/or injected group. It overwrites the last setting. Note: In case of usage of internal
measurement channels (Vreflnt/Vbat/TempSensor), sampling time constraints must be respected (sampling
time can be adjusted in function of ADC clock frequency and sampling time setting); Refer to device
datasheet for timings values.

. uint32_t ADC_InjectionConfTypeDef::InjectedSingleDiff
Selection of single-ended or differential input. In differential mode: Differential measurement is between the
selected channel ' (positive input) and channel 'i+1' (negative input). Only channel 'i' has to be configured,
channel 'i+1' is configured automatically. This parameter must be a value of:
ADC_HAL_EC_CHANNEL_SINGLE_DIFF_ENDING. Caution: This parameter applies to a channel that
can be used in a regular and/or injected group. It overwrites the last setting. Note: Refer to Reference
Manual to ensure the selected channel is available in differential mode. Note: When configuring a channel
' in differential mode, the channel 'i+1" is not usable separately. Note: This parameter must be modified
when ADC is disabled (before ADC start conversion or after ADC stop conversion). If ADC is enabled, this
parameter setting is bypassed without error reporting (as it can be the expected behavior in case of
another parameter update on the fly)

. uint32_t ADC_InjectionConfTypeDef::InjectedOffsetNumber
Selects the offset number. This parameter can be a value of ADC_HAL_EC_OFFSET_NB. Caution: Only
one offset is allowed per channel. This parameter overwrites the last setting.

. uint32_t ADC_InjectionConfTypeDef::InjectedOffset
Defines the offset to be subtracted from the raw converted data. Offset value must be a positive number.
Depending of ADC resolution selected (12, 10, 8 or 6 bits), this parameter must be a number between
Min_Data = 0x000 and Max_Data = OxFFF, Ox3FF, OxFF or Ox3F respectively. Note: This parameter must
be modified when no conversion is on going on both regular and injected groups (ADC disabled, or ADC
enabled without continuous mode or external trigger that could launch a conversion).

. FunctionalState ADC_InjectionConfTypeDef::InjectedOffsetSignedSaturation
Specify whether the Signed saturation feature is used or not. This parameter is only applied when
InjectedOffsetSaturation is ENABLE. This parameter is applied only for 14-bit or 8-bit resolution. This
parameter can be set to ENABLE or DISABLE. Note:

- If InjectedOffsetSignedSaturation is set to DISABLE the unsigned saturation feature is used

. uint32_t ADC_InjectionConfTypeDef::InjectedOffsetSign
Define if the offset should be subtracted (negative sign) or added (positive sign) from or to the raw
converted data. This parameter can be a value of ADCEx_OffsetSign. Note:

- This parameter must be modified when no conversion is on going on both regular and injected
groups (ADC disabled, or ADC enabled without continuous mode or external trigger that could launch
a conversion).

- This parameter is specific to ADC1 only.

. FunctionalState ADC_InjectionConfTypeDef::InjectedOffsetSaturation
Define if the offset should be saturated upon under or over flow. This parameter value can be ENABLE or
DISABLE. Note:

- This parameter must be modified when no conversion is on going on both regular and injected
groups (ADC disabled, or ADC enabled without continuous mode or external trigger that could launch
a conversion).

- This parameter is specific to ADC1 only.

. uint32_t ADC_InjectionConfTypeDef::InjectedL eftBitShift
Configures the left shifting applied to the final result with or without oversampling. This parameter can be a
value of ADCEx_Left_Bit_Shift

. uint32_t ADC_InjectionConfTypeDef::InjectedNbrOfConversion
Specifies the number of ranks that will be converted within the ADC group injected sequencer. To use the
injected group sequencer and convert several ranks, parameter 'ScanConvMode' must be enabled. This
parameter must be a number between Min_Data = 1 and Max_Data = 4. Caution: this setting impacts the
entire injected group. Therefore, call of HAL_ADCEX_InjectedConfigChannel() to configure a channel on
injected group can impact the configuration of other channels previously set.
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. FunctionalState ADC_InjectionConfTypeDef::InjectedDiscontinuousConvMode
Specifies whether the conversions sequence of ADC group injected is performed in Complete-sequence/
Discontinuous-sequence (main sequence subdivided in successive parts). Discontinuous mode is used
only if sequencer is enabled (parameter 'ScanConvMode'). If sequencer is disabled, this parameter is
discarded. Discontinuous mode can be enabled only if continuous mode is disabled. This parameter can be
set to ENABLE or DISABLE. Note: This parameter must be modified when ADC is disabled (before ADC
start conversion or after ADC stop conversion). Note: For injected group, discontinuous mode converts the
sequence channel by channel (discontinuous length fixed to 1 rank). Caution: this setting impacts the entire
injected group. Therefore, call of HAL_ADCEX_InjectedConfigChannel() to configure a channel on
injected group can impact the configuration of other channels previously set.

. FunctionalState ADC_InjectionConfTypeDef::AutolnjectedConv
Enables or disables the selected ADC group injected automatic conversion after regular one This
parameter can be set to ENABLE or DISABLE. Note: To use Automatic injected conversion, discontinuous
mode must be disabled ('DiscontinuousConvMode' and 'InjectedDiscontinuousConvMode' set to DISABLE)
Note: To use Automatic injected conversion, injected group external triggers must be disabled
('ExternalTriginjecConV' set to ADC_INJECTED_SOFTWARE_START) Note: In case of DMA used with
regular group: if DMA configured in normal mode (single shot) JAUTO will be stopped upon DMA transfer
complete. To maintain JAUTO always enabled, DMA must be configured in circular mode. Caution: this
setting impacts the entire injected group. Therefore, call of HAL_ADCEX_InjectedConfigChannel() to
configure a channel on injected group can impact the configuration of other channels previously set.

. uint32_t ADC_InjectionConfTypeDef::ExternalTriginjecConv
Selects the external event used to trigger the conversion start of injected group. If set to
ADC_INJECTED_SOFTWARE_START, external triggers are disabled and software trigger is used instead.
This parameter can be a value of ADC_injected_external_trigger_source. Caution: this setting impacts
the entire injected group. Therefore, call of HAL_ADCEXx_InjectedConfigChannel() to configure a channel
on injected group can impact the configuration of other channels previously set.

. uint32_t ADC_InjectionConfTypeDef::ExternalTriginjecConvEdge
Selects the external trigger edge of injected group. This parameter can be a value of
ADC_injected_external_trigger_edge. If trigger source is set to ADC_INJECTED_SOFTWARE_START,
this parameter is discarded. Caution: this setting impacts the entire injected group. Therefore, call of
HAL_ADCEX_InjectedConfigChannel() to configure a channel on injected group can impact the
configuration of other channels previously set.

. FunctionalState ADC_InjectionConfTypeDef::InjecOversamplingMode
Specifies whether the oversampling feature is enabled or disabled. This parameter can be set to ENABLE
or DISABLE. Note: This parameter can be modified only if there is no conversion is ongoing (both
ADSTART and JADSTART cleared).

. ADC_InjOversamplingTypeDef ADC_InjectionConfTypeDef::InjecOversampling
Specifies the Oversampling parameters. Caution: this setting overwrites the previous oversampling
configuration if oversampling already enabled. Note: This parameter can be modified only if there is no
conversion is ongoing (both ADSTART and JADSTART cleared).

8.1.3 ADC_MultiModeTypeDef
ADC_MultiModeTypeDef is defined in the stm32u5xx_hal_adc_ex.h
Data Fields
. uint32_t Mode
. uint32_t DualModeData
. uint32_t TwoSamplingDelay
Field Documentation

. uint32_t ADC_MultiModeTypeDef::Mode
Configures the ADC to operate in independent or multimode. This parameter can be a value of
ADC_HAL_EC_MULTI_MODE.

. uint32_t ADC_MultiModeTypeDef::DualModeData
Configures the Dual ADC Mode Data Format: This parameter can be a value of
ADCEx_Dual_Mode_Data_Format
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. uint32_t ADC_MultiModeTypeDef::TwoSamplingDelay
Configures the Delay between 2 sampling phases. This parameter can be a value of
ADC_HAL_EC_MULTI_TWOSMP_DELAY. Delay range depends on selected resolution: from 1 to 12
clock cycles for 12 bits, from 1 to 10 clock cycles for 10 bits, from 1 to 8 clock cycles for 8 bits, from 1 to 6
clock cycles for 6 bits.

8.2 ADCEXx Firmware driver API description
The following section lists the various functions of the ADCEX library.
8.2.1 10 operation functions
This section provides functions allowing to:
. Perform the ADC self-calibration for single or differential ending.
. Get calibration factors for single or differential ending.
. Set calibration factors for single or differential ending.
. Start conversion of ADC group injected.
. Stop conversion of ADC group injected.
. Poll for conversion complete on ADC group injected.
. Get result of ADC group injected channel conversion.
. Start conversion of ADC group injected and enable interruptions.
. Stop conversion of ADC group injected and disable interruptions.
. When multimode feature is available, start multimode and enable DMA transfer.
. Stop multimode and disable ADC DMA transfer.
. Get result of multimode conversion.

This section contains the following APlIs:

. HAL_ADCEXx_Calibration_Start()

. HAL_ADCEXx_Calibration_GetValue()

. HAL_ADCEXx_LinearCalibration_GetValue()

. HAL_ADCEXx_Calibration_SetValue()

. HAL_ADCEX_LinearCalibration_SetValue()

. HAL_ADCEX_InjectedStart()

. HAL_ADCEX_InjectedStop()

. HAL_ADCEX_InjectedPollForConversion()

. HAL_ADCEX_InjectedStart_IT()

. HAL_ADCEXx_InjectedStop_IT()

. HAL_ADCEXx_MultiModeStart_ DMA()

. HAL_ADCEXx_MultiModeStop_DMA()

. HAL_ADCEXx_MultiModeGetValue()

. HAL_ADCEXx_MultiModeStart DMA_Data32()
. HAL_ADCEXx_MultiModeGetValue_Data32()

. HAL_ADCEXx_InjectedGetValue()

. HAL_ADCEXx_InjectedConvCpltCallback()

. HAL_ADCEX_InjectedQueueOverflowCallback()
. HAL_ADCEXx_LevelOutOfWindow2Callback()
. HAL_ADCEXx_LevelOutOfWindow3Callback()
. HAL_ADCEx_EndOfSamplingCallback()

. HAL_ADCEXx_RegularStop()

. HAL_ADCEXx_RegularStop_IT()

. HAL_ADCEXx_RegularStop_DMA()

. HAL_ADCEXx_RegularMultiModeStop_DMA()
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8.2.2 Peripheral Control functions
This section provides functions allowing to:
. Configure channels on injected group
. Configure multimode when multimode feature is available
. Enable or Disable Injected Queue
. Disable ADC voltage regulator
. Enter ADC deep-power-down mode

This section contains the following APls:

. HAL_ADCEX_InjectedConfigChannel()

. HAL_ADCEx_MultiModeConfigChannel()

. HAL_ADCEXx_DisableVoltageRegulator()

. HAL_ADCEx_EnterADCDeepPowerDownMode()

8.2.3 Detailed description of functions

HAL_ADCEXx_Calibration_Start

Function name

HAL_StatusTypeDef HAL_ADCEXx_Calibration_Start (ADC_HandleTypeDef * hadc, uint32_t
CalibrationMode, uint32_t SingleDiff)

Function description
Perform an ADC automatic self-calibration Calibration prerequisite: ADC must be disabled (execute this function
before HAL_ADC_ Start() or after HAL_ADC_Stop() ).
Parameters
. hadc: ADC handle
. CalibrationMode: Selection of calibration offset or linear calibration offset.
- ADC_CALIB_OFFSET Channel in mode calibration offset
- ADC_CALIB_OFFSET_LINEARITY Channel in mode linear calibration offset

. SingleDiff: Selection of single-ended or differential input This parameter can be one of the following
values:

- ADC_SINGLE_ENDED Channel in mode input single ended
- ADC_DIFFERENTIAL_ENDED Channel in mode input differential ended
Return values
. HAL: status

HAL_ADCEXx_Calibration_GetValue

Function name
uint32_t HAL_ADCEXx_Calibration_GetValue (ADC_HandleTypeDef * hadc, uint32_t SingleDiff)

Function description

Get the calibration factor.

Parameters
. hadc: ADC handle.
. SingleDiff: This parameter can be only:
- ADC_SINGLE_ENDED Channel in mode input single ended
- ADC_DIFFERENTIAL_ENDED Channel in mode input differential ended
Return values

. Calibration: value.
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HAL_ADCEX_LinearCalibration_GetValue

Function name

HAL_StatusTypeDef HAL_ADCEXx_LinearCalibration_GetValue (ADC_HandleTypeDef * hadc, uint32_t *
pLinearCalib_Buffer)

Function description

Get the calibration factor from automatic conversion result.

Parameters

. hadc: ADC handle

. pLinearCalib_Buffer: Linear calibration factor (table of 9 elements)
Return values

. HAL: state

HAL_ADCEXx_Calibration_SetValue

Function name

HAL_StatusTypeDef HAL_ADCEXx_Calibration_SetValue (ADC_HandleTypeDef * hadc, uint32_t SingleDiff,
uint32_t CalibrationFactor)

Function description

Set the calibration factor to overwrite automatic conversion result.

Parameters
. hadc: ADC handle
. SingleDiff: This parameter can be only:
- ADC_SINGLE_ENDED Channel in mode input single ended
- ADC_DIFFERENTIAL_ENDED Channel in mode input differential ended
. CalibrationFactor: Calibration factor (range OxFFFF for ADC1 and ADC2, range 0x7F for ADC4)
Return values
. HAL: state

HAL_ADCEX_LinearCalibration_SetValue

Function name

HAL_StatusTypeDef HAL_ADCEXx_LinearCalibration_SetValue (ADC_HandleTypeDef * hadc, uint32_t *
pLinearCalib_Buffer)

Function description

Set the linear calibration factor.

Parameters

. hadc: ADC handle
. pLinearCalib_Buffer: Linear calibration factor (table of 9 elements)

Return values
. HAL: state
HAL_ADCEXx_InjectedStart

Function name
HAL_StatusTypeDef HAL_ADCEX_InjectedStart (ADC_HandleTypeDef * hadc)
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Function description

Enable ADC, start conversion of injected group.

Parameters
. hadc: ADC handle.

Return values
. HAL.: status

Notes

. Interruptions enabled in this function: None.

. Case of multimode enabled when multimode feature is available: HAL_ADCEXx_InjectedStart() APl must
be called for ADC slave first, then for ADC master. For ADC slave, ADC is enabled only (conversion is not
started). For ADC master, ADC is enabled and multimode conversion is started.

HAL_ADCEX_InjectedStop

Function name

HAL_StatusTypeDef HAL_ADCEXx_InjectedStop (ADC_HandleTypeDef * hadc)
Function description

Stop conversion of injected channels.
Parameters

. hadc: ADC handle.

Return values
. HAL.: status

Notes
. If ADC must be disabled and if conversion is on going on regular group, function HAL_ADC_Stop must be
used to stop both injected and regular groups, and disable the ADC.
. If injected group mode auto-injection is enabled, function HAL_ADC_Stop must be used.
. In case of multimode enabled (when multimode feature is available), HAL_ADCEXx_InjectedStop() must be

called for ADC master first, then for ADC slave. For ADC master, conversion is stopped and ADC is
disabled. For ADC slave, ADC is disabled only (conversion stop of ADC master has already stopped
conversion of ADC slave).

HAL_ADCEX_InjectedPollForConversion

Function name

HAL_StatusTypeDef HAL_ADCEX_InjectedPollForConversion (ADC_HandleTypeDef * hadc, uint32_t
Timeout)

Function description

Wait for injected group conversion to be completed.

Parameters

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

Return values
. HAL.: status

Notes

. Depending on hadc->Init. EOCSelection, JEOS or JEOC is checked and cleared depending on AUTDLY
bit status.
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HAL_ADCEXx_InjectedStart_IT

Function name
HAL_StatusTypeDef HAL_ADCEXx_InjectedStart_IT (ADC_HandleTypeDef * hadc)

Function description

Enable ADC, start conversion of injected group with interruption.

Parameters
. hadc: ADC handle.

Return values
. HAL.: status.

Notes

. Interruptions enabled in this function according to initialization setting : JEOC (end of conversion) or JEOS
(end of sequence)

. Case of multimode enabled (when multimode feature is enabled): HAL_ADCEXx_InjectedStart_IT() API
must be called for ADC slave first, then for ADC master. For ADC slave, ADC is enabled only (conversion
is not started). For ADC master, ADC is enabled and multimode conversion is started.

HAL_ADCEX_InjectedStop_IT
Function name
HAL_StatusTypeDef HAL_ADCEXx_InjectedStop_IT (ADC_HandleTypeDef * hadc)
Function description
Stop conversion of injected channels, disable interruption of end-of-conversion.
Parameters

. hadc: ADC handle

Return values
. HAL: status

Notes
. If ADC must be disabled and if conversion is on going on regular group, function HAL_ADC_Stop must be
used to stop both injected and regular groups, and disable the ADC.
. If injected group mode auto-injection is enabled, function HAL_ADC_Stop must be used.
. Case of multimode enabled (when multimode feature is available): HAL_ADCEXx_InjectedStop_IT() API

must be called for ADC master first, then for ADC slave. For ADC master, conversion is stopped and ADC
is disabled. For ADC slave, ADC is disabled only (conversion stop of ADC master has already stopped
conversion of ADC slave).

. In case of auto-injection mode, HAL_ADC_Stop() must be used.
HAL_ADCEx_MultiModeStart_DMA

Function name

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

Function description

Enable ADC, start MultiMode conversion and transfer regular results through DMA.
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Parameters

. hadc: ADC handle of ADC master (handle of ADC slave must not be used)

. pData: Destination Buffer address.

. Length: Length of data to be transferred from ADC peripheral to memory (in bytes).
Return values

. HAL: status

Notes

. Multimode must have been previously configured using HAL_ADCEx_MultiModeConfigChannel()
function. Interruptions enabled in this function: overrun, DMA half transfer, DMA transfer complete. Each
of these interruptions has its dedicated callback function.

. State field of Slave ADC handle is not updated in this configuration: user should not rely on it for
information related to Slave regular conversions.

HAL_ADCEx_MultiModeStart_DMA_Data32

Function name
HAL_StatusTypeDef HAL_ADCEx_MultiModeStart_ DMA_Data32 (ADC_HandleTypeDef * hadc, const
uint32_t * pData, uint32_t Length)

Function description

Enable ADC, start MultiMode conversion and transfer regular results through DMA.

Parameters

. hadc: ADC handle of ADC
. pData: Destination Buffer address.
. Length: Length of data to be transferred from ADC peripheral to memory (in bytes).

Return values
. HAL.: status

Notes

. Multimode must have been previously configured using HAL_ADCEx_MultiModeConfigChannel()
function. Interruptions enabled in this function: overrun, DMA half transfer, DMA transfer complete. Each
of these interruptions has its dedicated callback function.

. State field of Slave ADC handle is not updated in this configuration: user should not rely on it for
information related to Slave regular conversions.
. - Only ADC master could start the conversion. Two ADC conversions (Master & Slave) per external trig

and so two DMA requests.

HAL_ADCEx_MultiModeStop_DMA

Function name
HAL_StatusTypeDef HAL_ADCEx_MultiModeStop_DMA (ADC_HandleTypeDef * hadc)

Function description

Stop multimode ADC conversion, disable ADC DMA transfer, disable ADC peripheral.

Parameters
. hadc: ADC handle of ADC master (handle of ADC slave must not be used)

Return values
. HAL.: status
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. Multimode is kept enabled after this function. MultiMode DMA bits (MDMA and DMACFG bits of common
CCR register) are maintained. To disable Multimode (set with HAL_ADCEx_MultiModeConfigChannel()),
ADC must be reinitialized using HAL_ADC_Init() or HAL_ADC_Delnit(), or the user can resort to
HAL_ADCEx_DisableMultiMode() API.

. In case of DMA configured in circular mode, function HAL_ADC_Stop_DMA() must be called after this
function with handle of ADC slave, to properly disable the DMA channel.

HAL_ADCEx_MultiModeGetValue

Function name
uint32_t HAL_ADCEXx_MultiModeGetValue (const ADC_HandleTypeDef * hadc)

Function description

Return the last ADC Master and Slave regular conversions results when in multimode configuration.

Parameters
. hadc: ADC handle of ADC Master (handle of ADC Slave must not be used)

Return values

. The: converted data values.

HAL_ADCEXx_MultiModeGetValue_Data32

Function name
uint32_t HAL_ADCEXx_MultiModeGetValue_Data32 (const ADC_HandleTypeDef * hadc)

Function description

Return the last ADC Master and Slave regular conversions results when in multimode configuration.

Parameters
. hadc: ADC handle of ADC Master (handle of ADC Slave must not be used)

Return values

. The: converted data values.

HAL_ADCEXx_InjectedGetValue

Function name
uint32_t HAL_ADCEX_InjectedGetValue (const ADC_HandleTypeDef * hadc, uint32_t InjectedRank)

Function description

Get ADC injected group conversion result.

Parameters
. hadc: ADC handle
. InjectedRank: the converted ADC injected rank. This parameter can be one of the following values:
- ADC_INJECTED_RANK_1 ADC group injected rank 1
- ADC_INJECTED_RANK_2 ADC group injected rank 2
- ADC_INJECTED_RANK_3 ADC group injected rank 3
- ADC_INJECTED_RANK_4 ADC group injected rank 4

Return values

. ADC: group injected conversion data
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. Reading register JDRx automatically clears ADC flag JEOC (ADC group injected end of unitary
conversion).

. This function does not clear ADC flag JEOS (ADC group injected end of sequence conversion)
Occurrence of flag JEOS rising: If sequencer is composed of 1 rank, flag JEOS is equivalent to flag
JEOC.If sequencer is composed of several ranks, during the scan sequence flag JEOC only is raised, at
the end of the scan sequence both flags JEOC and EOS are raised. Flag JEOS must not be cleared by
this function because it would not be compliant with low power features (feature low power auto-wait, not
available on all STM32 families). To clear this flag, either use function: in programming model IT:
HAL_ADC_IRQHandler(), in programming model polling: HAL_ADCEX_InjectedPollForConversion() or
_ HAL_ADC_CLEAR_FLAG(&hadc, ADC_FLAG_JEOS).

HAL_ADCEXx_InjectedConvCpltCallback

Function name
void HAL_ADCEXx_InjectedConvCpltCallback (ADC_HandleTypeDef * hadc)

Function description

Injected conversion complete callback in non-blocking mode.

Parameters
. hadc: ADC handle

Return values

. None:

HAL_ADCEX_InjectedQueueOverflowCallback

Function name
void HAL_ADCEX_InjectedQueueOverflowCallback (ADC_HandleTypeDef * hadc)

Function description

Injected context queue overflow callback.

Parameters
. hadc: ADC handle

Return values

. None:

Notes

. This callback is called if injected context queue is enabled (parameter "QueuelnjectedContext" in injected
channel configuration) and if a new injected context is set when queue is full (maximum 2 contexts).

HAL_ADCEX_LevelOutOfWindow2Callback

Function name
void HAL_ADCEXx_LevelOutOfWindow2Callback (ADC_HandleTypeDef * hadc)

Function description

Analog watchdog 2 callback in non-blocking mode.

Parameters
. hadc: ADC handle

Return values

. None:
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HAL_ADCEX_LevelOutOfWindow3Callback

Function name
void HAL_ADCEXx_LevelOutOfWindow3Callback (ADC_HandleTypeDef * hadc)

Function description

Analog watchdog 3 callback in non-blocking mode.

Parameters
. hadc: ADC handle

Return values

. None:

HAL_ADCEx_EndOfSamplingCallback

Function name
void HAL_ADCEx_EndOfSamplingCallback (ADC_HandleTypeDef * hadc)

Function description

End Of Sampling callback in non-blocking mode.

Parameters
. hadc: ADC handle

Return values

. None:

HAL_ADCEXx_RegularStop

Function name
HAL_StatusTypeDef HAL_ADCEx_RegularStop (ADC_HandleTypeDef * hadc)

Function description

Stop ADC conversion of regular group (and injected channels in case of auto_injection mode), disable ADC
peripheral if no conversion is on going on injected group.

Parameters
. hadc: ADC handle

Return values
. HAL: status.

HAL_ADCEXx_RegularStop_IT

Function name
HAL_StatusTypeDef HAL_ADCEx_RegularStop_IT (ADC_HandleTypeDef * hadc)

Function description

Stop ADC conversion of ADC groups regular and injected, disable interrution of end-of-conversion, disable ADC
peripheral if no conversion is on going on injected group.

Parameters
. hadc: ADC handle

Return values
. HAL.: status.
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HAL_ADCEx_RegularStop_DMA

Function name
HAL_StatusTypeDef HAL_ADCEx_RegularStop_DMA (ADC_HandleTypeDef * hadc)

Function description

Stop ADC conversion of regular group (and injected group in case of auto_injection mode), disable ADC DMA
transfer, disable ADC peripheral if no conversion is on going on injected group.

Parameters
. hadc: ADC handle

Return values
. HAL: status.

Notes

. HAL_ADCEx_RegularStop_DMA() function is dedicated to single-ADC mode only. For multimode (when
multimode feature is available), HAL_ADCEx_RegularMultiModeStop_ DMA() API must be used.

HAL_ADCEXx_RegularMultiModeStop_DMA

Function name
HAL_StatusTypeDef HAL_ADCEx_RegularMultiModeStop_DMA (ADC_HandleTypeDef * hadc)

Function description

Stop DMA-based multimode ADC conversion, disable ADC DMA transfer, disable ADC peripheral if no injected
conversion is on-going.

Parameters
. hadc: ADC handle of ADC master (handle of ADC slave must not be used)

Return values
. HAL: status

Notes

. Multimode is kept enabled after this function. Multimode DMA bits (MDMA and DMACFG bits of common
CCR register) are maintained. To disable multimode (set with HAL_ADCEXx_MultiModeConfigChannel()),
ADC must be reinitialized using HAL_ADC_Init() or HAL_ADC_Delnit(), or the user can resort to
HAL_ADCEXx_DisableMultiMode() API.

. In case of DMA configured in circular mode, function HAL_ADCEx_RegularStop_DMA() must be called
after this function with handle of ADC slave, to properly disable the DMA channel.
HAL_ADCEXx_InjectedConfigChannel

Function name

HAL_StatusTypeDef HAL_ADCEXx_InjectedConfigChannel (ADC_HandleTypeDef * hadc,
ADC_InjectionConfTypeDef * pConfiginjected)

Function description

Configure a channel to be assigned to ADC group injected.

Parameters

. hadc: ADC handle
. pConfiglnjected: Structure of ADC injected group and ADC channel for injected group.

Return values
. HAL: status
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. Possibility to update parameters on the fly: This function initializes injected group, following calls to this
function can be used to reconfigure some parameters of structure "ADC_InjectionConfTypeDef" on the fly,
without resetting the ADC. The setting of these parameters is conditioned to ADC state: Refer to
comments of structure "ADC_InjectionConfTypeDef".

. In case of usage of internal measurement channels: Vbat/Vreflnt/TempSensor. These internal paths can
be disabled using function HAL_ADC_Delnit().
. Caution: For Injected Context Queue use, a context must be fully defined before start of injected

conversion. All channels are configured consecutively for the same ADC instance. Therefore, the number
of calls to HAL_ADCEX_InjectedConfigChannel() must be equal to the value of parameter
InjectedNbrOfConversion for each context. Example 1: If 1 context is intended to be used (or if there is no
use of the Injected Queue Context feature) and if the context contains 3 injected ranks
(InjectedNbrOfConversion = 3), HAL_ADCEXx_InjectedConfigChannel() must be called once for each
channel (i.e. 3 times) before starting a conversion. This function must not be called to configure a 4th
injected channel: it would start a new context into context queue.Example 2: If 2 contexts are intended to
be used and each of them contains 3 injected ranks (InjectedNbrOfConversion = 3),
HAL_ADCEX_InjectedConfigChannel() must be called once for each channel and for each context (3
channels x 2 contexts = 6 calls). Conversion can start once the 1st context is set, that is after the first
three HAL_ADCEX_InjectedConfigChannel() calls. The 2nd context can be set on the fly.

HAL_ADCEXx_MultiModeConfigChannel

Function name

HAL_StatusTypeDef HAL_ADCEx_MultiModeConfigChannel (ADC_HandleTypeDef * hadc,
ADC_MultiModeTypeDef * pMultimode)

Function description

Enable ADC multimode and configure multimode parameters.

Parameters

. hadc: Master ADC handle

. pMultimode: Structure of ADC multimode configuration
Return values

. HAL: status

Notes

. Possibility to update parameters on the fly: This function initializes multimode parameters, following calls
to this function can be used to reconfigure some parameters of structure "ADC_MultiModeTypeDef" on
the fly, without resetting the ADCs. The setting of these parameters is conditioned to ADC state. For
parameters constraints, see comments of structure "ADC_MultiModeTypeDef".

. To move back configuration from multimode to single mode, ADC must be reset (using function
HAL_ADC_Init() ).

HAL_ADCEXx_DisableVoltageRegulator

Function name
HAL_StatusTypeDef HAL_ADCEXx_DisableVoltageRegulator (ADC_HandleTypeDef * hadc)

Function description

Disable ADC voltage regulator.

Parameters
. hadc: ADC handle

Return values
. HAL: status
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Notes
. Disabling voltage regulator allows to save power. This operation can be carried out only when ADC is
disabled.
. To enable again the voltage regulator, the user is expected to resort to HAL_ADC_Init() API.

HAL_ADCEx_EnterADCDeepPowerDownMode

Function name
HAL_StatusTypeDef HAL_ADCEx_EnterADCDeepPowerDownMode (ADC_HandleTypeDef * hadc)

Function description
Enter ADC deep-power-down mode.
Parameters

. hadc: ADC handle

Return values
. HAL: status

Notes

. This mode is achieved in setting DEEPPWD bit and allows to save power in reducing leakage currents. It
is particularly interesting before entering stop modes.

. Setting DEEPPWD automatically clears ADVREGEN bit and disables the ADC voltage regulator. This
means that this APl encompasses HAL_ADCEx_DisableVoltageRegulator(). Additionally, the internal
calibration is lost.

. To exit the ADC deep-power-down mode, the user is expected to resort to HAL_ADC_Init() API as well as
to relaunch a calibration with HAL_ADCEXx_Calibration_Start() API or to re-apply a previously saved
calibration factor.

8.3 ADCEXx Firmware driver defines
The following section lists the various define and macros of the module.
8.3.1 ADCEXx

ADCEXx
ADC indexes for linear calibration

ADC_CALIB_OFFSET_INDEX
Offset Calibration Index

ADC_CALIB_LINEARITY_INDEX1
Linearity Calibration Index 1
ADC_CALIB_LINEARITY_INDEX2
Linearity Calibration Index 1
ADC_CALIB_LINEARITY_INDEX3
Linearity Calibration Index 1
ADC_CALIB_LINEARITY_INDEX4
Linearity Calibration Index 1
ADC_CALIB_LINEARITY_INDEX5

Linearity Calibration Index 1

ADC_CALIB_LINEARITY_INDEX6

Linearity Calibration Index 1
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ADC_CALIB_LINEARITY_INDEX7

Linearity Calibration Index 1

ADC_CALIB_INTEROFFSET_INDEX

Linearity Calibration Index 1

ADC Extended Calibration mode offset mode or linear mode

ADC_CALIB_OFFSET

ADC_CALIB_OFFSET_LINEARITY

ADC Extended Dual Mode Data Formatting

ADC_DUALMODEDATAFORMAT_DISABLED
Dual ADC mode without data packing: ADCx_CDR and ADCx_CDR2 registers not used

ADC_DUALMODEDATAFORMAT_32_10_BITS

Data formatting mode for 32 down to 10-bit resolution

ADC_DUALMODEDATAFORMAT_8_BITS

Data formatting mode for 8-bit resolution

ADC Extended Exported Macros
ADC_FORCE_MODE_INDEPENDENT

Description:

. Force ADC instance in multimode mode independent (multimode disable).
Parameters:

. _ HANDLE__: ADC handle.

Return value:

. None

Notes:

. This macro must be used only in case of transition from multimode to mode independent and in case of
unknown previous state, to ensure ADC configuration is in mode independent. Standard way of multimode
configuration change is done from HAL ADC handle of ADC master using function
"HAL_ADCEx_MultiModeConfigChannel(..., ADC_MODE_INDEPENDENT)" )". Usage of this macro is not
the Standard way of multimode configuration and can lead to have HAL ADC handles status misaligned.
Usage of this macro must be limited to cases mentioned above.

ADC Extended Oversampling left Shift

ADC_LEFTBITSHIFT_NONE
ADC No bit shift

ADC_LEFTBITSHIFT_1
ADC 1 bit shift

ADC_LEFTBITSHIFT_2
ADC 2 bits shift

ADC_LEFTBITSHIFT_3
ADC 3 bits shift

ADC_LEFTBITSHIFT_4
ADC 4 bits shift
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ADC_LEFTBITSHIFT_5
ADC 5 bits shift

ADC_LEFTBITSHIFT_6
ADC 6 bits shift

ADC_LEFTBITSHIFT_7
ADC 7 bits shift

ADC_LEFTBITSHIFT_8
ADC 8 bits shift

ADC_LEFTBITSHIFT_9
ADC 9 bits shift

ADC_LEFTBITSHIFT_10
ADC 10 bits shift

ADC_LEFTBITSHIFT_11
ADC 11 bits shift

ADC_LEFTBITSHIFT_12
ADC 12 bits shift

ADC_LEFTBITSHIFT_13
ADC 13 bits shift

ADC_LEFTBITSHIFT_14
ADC 14 bits shift

ADC_LEFTBITSHIFT_15
ADC 15 bits shift
ADC Extended Offset Sign
ADC_OFFSET_SIGN_NEGATIVE

Offset sign negative, offset is subtracted

ADC_OFFSET_SIGN_POSITIVE

Offset sign positive, offset is added

UM2911 - Rev 4 page 147/3822



‘_ UM2911
,l HAL COMP Generic Driver

9 HAL COMP Generic Driver
9.1 COMP Firmware driver registers structures
9.1.1 COMP_InitTypeDef
COMP_InitTypeDef is defined in the stm32u5xx_hal_comp.h
Data Fields

. uint32_t WindowMode

. uint32_t WindowOutput
. uint32_t Mode

. uint32_t InputPlus

. uint32_t InputMinus

. uint32_t Hysteresis

. uint32_t OutputPol

. uint32_t BlankingSrce

. uint32_t TriggerMode
Field Documentation

. uint32_t COMP_InitTypeDef::WindowMode
Set window mode of a pair of comparators instances (2 consecutive instances odd and even COMP<x>
and COMP<x+1>). Note: HAL COMP driver allows to set window mode from any COMP instance of the
pair of COMP instances composing window mode. This parameter can be a value of
COMP_WindowMode

. uint32_t COMP_InitTypeDef::WindowOutput
Set window mode output. This parameter can be a value of COMP_WindowOutput

. uint32_t COMP_InitTypeDef::Mode
Set comparator operating mode to adjust power and speed. Note: For the characteristics of comparator
power modes (propagation delay and power consumption), refer to device datasheet. This parameter can
be a value of COMP_PowerMode

. uint32_t COMP_InitTypeDef::InputPlus
Set comparator input plus (non-inverting input). This parameter can be a value of COMP_InputPlus

. uint32_t COMP_InitTypeDef::InputMinus
Set comparator input minus (inverting input). This parameter can be a value of COMP_InputMinus

. uint32_t COMP_InitTypeDef::Hysteresis
Set comparator hysteresis mode of the input minus. This parameter can be a value of COMP_Hysteresis

. uint32_t COMP_InitTypeDef::OutputPol
Set comparator output polarity. This parameter can be a value of COMP_OutputPolarity

. uint32_t COMP_InitTypeDef::BlankingSrce
Set comparator blanking source. This parameter can be a value of COMP_BlankingSrce

. uint32_t COMP_InitTypeDef::TriggerMode
Set the comparator output triggering External Interrupt Line (EXTI). This parameter can be a value of
COMP_EXTI_TriggerMode

9.1.2 __COMP_HandleTypeDef
__COMP_HandleTypeDef is defined in the stm32u5xx_hal_comp.h
Data Fields
. COMP_TypeDef * Instance
. COMP_InitTypeDef Init
. HAL_LockTypeDef Lock
. __ IO HAL_COMP_StateTypeDef State
. __10 uint32_t ErrorCode
. void(* TriggerCallback
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. void(* MsplnitCallback
. void(* MspDelnitCallback
Field Documentation

. COMP_TypeDef* __COMP_HandleTypeDef::Instance
Register base address

. COMP_InitTypeDef __COMP_HandleTypeDef::Init
COMP required parameters

. HAL_LockTypeDef __ COMP_HandleTypeDef::Lock
Locking object

. _ IO HAL_COMP_StateTypeDef __COMP_HandleTypeDef::State
COMP communication state

. _ 10 uint32_t _ COMP_HandleTypeDef::ErrorCode
COMP error code

. void(* __COMP_HandleTypeDef::TriggerCallback)(struct __COMP_HandleTypeDef *hcomp)
COMP trigger callback

. void(* __COMP_HandleTypeDef::MsplnitCallback)(struct __COMP_HandleTypeDef *hcomp)
COMP Msp Init callback

. void(* __COMP_HandleTypeDef::MspDelnitCallback)(struct __COMP_HandleTypeDef *hcomp)
COMP Msp Delnit callback

9.2 COMP Firmware driver API description

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

9.21 COMP Peripheral features

The STM32U5xx device family integrates two analog comparators instances: COMP1, COMP2 except for the
products featuring only one instance: COMP1 (in this case, all comments related to pair of comparators are not
applicable)

1. Comparators input minus (inverting input) and input plus (non inverting input) can be set to internal references
or to GPIO pins (refer to GPIO list in reference manual).

2. Comparators output level is available using HAL_COMP_GetOutputLevel() and can be redirected to other
peripherals: GPIO pins (in mode alternate functions for comparator), timers. (refer to GPIO list in reference
manual).

3. The comparators have interrupt capability through the EXTI controller with wake-up from sleep and stop
modes.

- COMP1 is internally connected to EXTI Line 20
- COMP2 is internally connected to EXTI Line 21

4. Pairs of comparators instances can be combined in window mode (2 consecutive instances odd and even
COMP<x> and COMP<x+1>). From the corresponding IRQ handler, the right interrupt source can be retrieved
using macro _ HAL_COMP_COMPx_EXTI_GET_FLAG().

9.2.2 How to use this driver
This driver provides functions to configure and program the comparator instances of STM32U5xx devices. To use
the comparator, perform the following steps:
1. Initialize the COMP low level resources by implementing the HAL_COMP_Msplnit():

- Configure the GPIO connected to comparator inputs plus and minus in analog mode using
HAL_GPIO_Init().

- If needed, configure the GPIO connected to comparator output in alternate function mode using
HAL_GPIO_Init().

- If required enable the COMP interrupt by configuring and enabling EXTI line in Interrupt mode and
selecting the desired sensitivity level using HAL_GPIO_Init() function. After that enable the comparator
interrupt vector using HAL_NVIC_EnablelRQ() function.
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2. Configure the comparator using HAL_COMP_Init() function:

- Select the input minus (inverting input)

- Select the input plus (non-inverting input)

- Select the hysteresis

- Select the blanking source

- Select the output polarity

- Select the power mode

- Select the window mode

Note: HAL_COMP_Init() calls internally _ HAL_RCC_SYSCFG_CLK_ENABLE() to enable internal control

clock of the comparators. However, this is a legacy strategy. In future STM32 families, COMP clock
enable must be implemented by user in "HAL_COMP_Msplnit()". Therefore, for compatibility

anticipation, it is recommended to implement __ HAL RCC_SYSCFG_CLK_ENABLE() in
"HAL_COMP_Msplnit()".
3. Reconfiguration on-the-fly of comparator can be done by calling again function HAL_COMP_Init() with new
input structure parameters values.
4. Enable the comparator using HAL_COMP_Start() function.

5. Use HAL_COMP_TriggerCallback() or HAL_COMP_GetOutputLevel() functions to manage comparator
outputs (events and output level).

6. Disable the comparator using HAL_COMP_Stop() function.
De-initialize the comparator using HAL_COMP_Delnit() function.

8. For safety purpose, comparator configuration can be locked using HAL_COMP_Lock() function. The only way
to unlock the comparator is a device hardware reset.

N

Callback registration

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

Function HAL_COMP_RegisterCallback() allows to register following callbacks:

. TriggerCallback : callback for COMP trigger.

. 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_COMP_UnRegisterCallback to reset a callback to the default weak function.

HAL_COMP_UnRegisterCallback takes as parameters the HAL peripheral handle, and the Callback ID. This

function allows to reset following callbacks:

. TriggerCallback : callback for COMP trigger.

. MsplnitCallback : callback for Msp Init.

. MspDelnitCallback : callback for Msp Delnit.

By default, after the HAL_COMP_lInit() and when the state is HAL_COMP_STATE_RESET all callbacks are set to

the corresponding weak functions: example HAL_COMP_TriggerCallback(). Exception done for Msplnit and

MspDelnit functions that are reset to the legacy weak functions in the HAL_COMP_Init()/ HAL_COMP_Delnit()

only when these callbacks are null (not registered beforehand).

If Msplnit or MspDelnit are not null, the HAL_COMP_Init()/ HAL_COMP_Delnit() keep and use the user Msplnit/

MspDelnit callbacks (registered beforehand) whatever the state.

Callbacks can be registered/unregistered in HAL_COMP_STATE_READY state only. Exception done Msplnit/
MspDelnit functions that can be registered/unregistered in HAL_COMP_STATE_READY or
HAL_COMP_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_COMP_RegisterCallback() before
calling HAL_COMP_Delnit() or HAL_COMP_Init() function.

When the compilation flag USE_HAL_COMP_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.

9.2.3 Initialization and de-initialization functions
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This section provides functions to initialize and de-initialize comparators
This section contains the following APls:

. HAL_COMP_Init()

. HAL_COMP_Delnit()

. HAL_COMP_Msplnit()

. HAL_COMP_MspDelnit()

. HAL_COMP_RegisterCallback()

. HAL_COMP_UnRegisterCallback()

9.24 10 operation functions

This section provides functions allowing to:
. Start a comparator instance.

. Stop a comparator instance.

This section contains the following APls:

. HAL_COMP_Start()

. HAL_COMP_Stop()

. HAL_COMP_IRQHandler()

9.2.5 Peripheral Control functions

This subsection provides a set of functions allowing to control the comparators.
This section contains the following APlIs:

. HAL_COMP_Lock()

. HAL_COMP_GetOutputLevel()

. HAL_COMP_TriggerCallback()

9.2.6 Peripheral State functions

This subsection permit to get in run-time the status of the peripheral.
This section contains the following APlIs:

. HAL_COMP_GetState()

. HAL_COMP_GetError()

9.2.7 Detailed description of functions

HAL_COMP_lInit
Function name

HAL_StatusTypeDef HAL_COMP_Init (COMP_HandleTypeDef * hcomp)

Function description

Initialize the COMP according to the specified parameters in the COMP_InitTypeDef and initialize the associated
handle.

Parameters

. hcomp: COMP handle
Return values

. HAL: status
Notes

. If the selected comparator is locked, initialization can't be performed. To unlock the configuration, perform
a system reset.
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HAL_COMP_Delnit

Function name
HAL_StatusTypeDef HAL_COMP_Delnit (COMP_HandleTypeDef * hcomp)

Function description

Delnitialize the COMP peripheral.

Parameters
. hcomp: COMP handle

Return values
. HAL: status

Notes

. Deinitialization cannot be performed if the COMP configuration is locked. To unlock the configuration,
perform a system reset.

HAL_COMP_Msplnit

Function name
void HAL_COMP_Msplnit (COMP_HandleTypeDef * hcomp)

Function description
Initialize the COMP MSP.

Parameters
. hcomp: COMP handle

Return values

. None:

HAL_COMP_MspDelnit

Function name
void HAL_COMP_MspDelnit (COMP_HandleTypeDef * hcomp)

Function description
Delnitialize the COMP MSP.

Parameters
. hcomp: COMP handle

Return values

. None:

HAL_COMP_RegisterCallback

Function name

HAL_StatusTypeDef HAL_COMP_RegisterCallback (COMP_HandleTypeDef * hcomp,
HAL_COMP_CallbackiDTypeDef CallbacklD, pCOMP_CallbackTypeDef pCallback)

Function description

Register a User COMP Callback To be used instead of the weak predefined callback.
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Parameters
. hcomp: Pointer to a COMP_HandleTypeDef structure that contains the configuration information for the
specified COMP.
. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:

- HAL_COMP_TRIGGER_CB_ID Trigger callback ID
- HAL_COMP_MSPINIT_CB_ID Msplnit callback ID
- HAL_COMP_MSPDEINIT_CB_ID MspDelnit callback ID
. pCallback: pointer to the Callback function
Return values
. HAL: status

HAL_COMP_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_COMP_UnRegisterCallback (COMP_HandleTypeDef * hcomp,
HAL_COMP_CallbackiDTypeDef CallbackID)

Function description
Unregister a COMP Callback COMP callback is redirected to the weak predefined callback.

Parameters
. hcomp: Pointer to a COMP_HandleTypeDef structure that contains the configuration information for the
specified COMP.
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:

- HAL_COMP_TRIGGER_CB_ID Trigger callback ID
- HAL_COMP_MSPINIT_CB_ID Msplnit callback ID
- HAL_COMP_MSPDEINIT_CB_ID MspDelnit callback ID

Return values
. HAL.: status

HAL_COMP_Start

Function name
HAL_StatusTypeDef HAL_COMP_Start (COMP_HandleTypeDef * hcomp)

Function description

Start the comparator.

Parameters
. hcomp: COMP handle

Return values
. HAL.: status
HAL_COMP_Stop

Function name
HAL_StatusTypeDef HAL_COMP_Stop (COMP_HandleTypeDef * hcomp)

Function description

Stop the comparator.

Parameters
. hcomp: COMP handle
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Return values
. HAL: status

HAL_COMP_IRQHandler

Function name
void HAL_COMP_IRQHandler (COMP_HandleTypeDef * hcomp)

Function description

Comparator IRQ handler.

Parameters
. hcomp: COMP handle

Return values

. None:

HAL_COMP_Lock

Function name
HAL_StatusTypeDef HAL_COMP_Lock (COMP_HandleTypeDef * hcomp)

Function description

Lock the selected comparator configuration.

Parameters
. hcomp: COMP handle

Return values
. HAL.: status

Notes

. A system reset is required to unlock the comparator configuration.

. Locking the comparator from reset state is possible if __ HAL_RCC_SYSCFG_CLK_ENABLE() is being
called before.

HAL_COMP_GetOutputLevel

Function name
uint32_t HAL_COMP_GetOutputLevel (const COMP_HandleTypeDef * hcomp)

Function description

Return the output level (high or low) of the selected comparator.

HAL_COMP_TriggerCallback

Function name
void HAL_COMP_TriggerCallback (COMP_HandleTypeDef * hcomp)

Function description

Comparator trigger callback.

Parameters
. hcomp: COMP handle

Return values

. None:
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HAL_COMP_GetState

Function name
HAL_COMP_StateTypeDef HAL_COMP_GetState (const COMP_HandleTypeDef * hcomp)

Function description
Return the COMP handle state.

Parameters
. hcomp: COMP handle

Return values
. HAL: state

HAL_COMP_GetError

Function name
uint32_t HAL_COMP_GetError (const COMP_HandleTypeDef * hcomp)

Function description
Return the COMP error code.

Parameters
. hcomp: COMP handle

Return values
. COMP: error code

9.3 COMP Firmware driver defines

The following section lists the various define and macros of the module.
9.3.1 COMP

COMP

COMP blanking source

COMP_BLANKINGSRC_NONE

Comparator output without blanking

COMP_BLANKINGSRC_TIM1_OC5
TIM1 OCS5 selected as blanking source for COMP1

COMP_BLANKINGSRC_TIM2_0OC3
TIM2 OC3 selected as blanking source for COMP1

COMP_BLANKINGSRC_TIM3_OC3
TIM3 OC3 selected as blanking source for COMP1

COMP_BLANKINGSRC_TIM3_0OC4
TIM3 OC4 selected as blanking source for COMP2

COMP_BLANKINGSRC_TIM8_OC5
TIM8 OC5 selected as blanking source for COMP2

COMP_BLANKINGSRC_TIM15_0C1
TIM15 OC1 selected as blanking source for COMP2
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COMP Error Code
HAL_COMP_ERROR_NONE

No error

HAL_COMP_ERROR_INVALID_CALLBACK

Invalid Callback error

COMP Exported Types
COMP_STATE_BITFIELD_LOCK

COMP EXTI Lines

COMP_EXTI_LINE_COMP1

EXTI line 17 connected to COMP1 output
COMP_EXTI_LINE_COMP2

EXTI line 18 connected to COMP2 output
COMP_EXTI_IT

EXTI line event with interruption
COMP_EXTI_EVENT

EXTI line event only (without interruption)
COMP_EXTI_RISING

EXTI line event on rising edge
COMP_EXTI_FALLING

EXTI line event on falling edge

COMP external interrupt line management

__HAL_COMP_COMP1_EXTI_ENABLE_RISING_EDGE

Description:

. Enable the COMP1 EXTI line rising edge trigger.
Return value:

. None

__HAL_COMP_COMP1_EXTI_DISABLE_RISING_EDGE
Description:
. Disable the COMP1 EXTI line rising edge trigger.

Return value:
. None

__HAL_COMP_COMP1_EXTI_ENABLE_FALLING_EDGE
Description:
. Enable the COMP1 EXTI line falling edge trigger.

Return value:
. None
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__HAL_COMP_COMP1_EXTI_DISABLE_FALLING_EDGE

Description:

. Disable the COMP1 EXT] line falling edge trigger.
Return value:

. None

__HAL_COMP_COMP1_EXTI_ENABLE_RISING_FALLING_EDGE
Description:
. Enable the COMP1 EXTI line rising & falling edge trigger.
Return value:
. None

_ HAL_COMP_COMP1_EXTI_DISABLE_RISING_FALLING_EDGE
Description:
. Disable the COMP1 EXTI line rising & falling edge trigger.
Return value:
. None

__HAL_COMP_COMP1_EXTI_ENABLE_IT

Description:

. Enable the COMP1 EXTI line in interrupt mode.
Return value:

. None

__HAL_COMP_COMP1_EXTI_DISABLE_IT

Description:

. Disable the COMP1 EXTI line in interrupt mode.
Return value:

. None

__HAL_COMP_COMP1_EXTI_GENERATE_SWIT

Description:

. Generate a software interrupt on the COMP1 EXTI line.
Return value:

. None

__HAL_COMP_COMP1_EXTI_ENABLE_EVENT

Description:

. Enable the COMP1 EXTI line in event mode.
Return value:

. None

__HAL_COMP_COMP1_EXTI_DISABLE_EVENT

Description:

. Disable the COMP1 EXTI line in event mode.
Return value:

. None
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__HAL_COMP_COMP1_EXTI_GET_RISING_FLAG
Description:
. Check whether the COMP1 EXTI line rising flag is set or not.
Return value:
. RESET: or SET

__HAL_COMP_COMP1_EXTI_GET_FALLING_FLAG

Description:

. Check whether the COMP1 EXTI line falling flag is set or not.
Return value:

. RESET: or SET

__HAL_COMP_COMP1_EXTI_CLEAR_RISING_FLAG

Description:

. Clear the COMP1 EXTI raising flag.
Return value:

. None

__HAL_COMP_COMP1_EXTI_CLEAR_FALLING_FLAG

Description:

. Clear the COMP1 EXTI falling flag.
Return value:

. None

__HAL_COMP_COMP2_EXTI_ENABLE_RISING_EDGE

Description:

. Enable the COMP2 EXTI line rising edge trigger.
Return value:

. None

__HAL_COMP_COMP2_EXTI_DISABLE_RISING_EDGE

Description:

. Disable the COMP2 EXTI line rising edge trigger.
Return value:

. None

__HAL_COMP_COMP2_EXTI_ENABLE_FALLING_EDGE

Description:

. Enable the COMP2 EXTI line falling edge trigger.
Return value:

. None

__HAL_COMP_COMP2_EXTI_DISABLE_FALLING_EDGE

Description:

. Disable the COMP2 EXTI line falling edge trigger.
Return value:

. None
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__HAL_COMP_COMP2_EXTI_ENABLE_RISING_FALLING_EDGE

Description:

. Enable the COMP2 EXTI line rising & falling edge trigger.
Return value:

. None

__HAL_COMP_COMP2_EXTI_DISABLE_RISING_FALLING_EDGE

Description:

. Disable the COMP2 EXTI line rising & falling edge trigger.
Return value:

. None

__HAL_COMP_COMP2_EXTI_ENABLE_IT

Description:

. Enable the COMP2 EXTI line in interrupt mode.
Return value:

. None

__HAL_COMP_COMP2_EXTI_DISABLE_IT

Description:

. Disable the COMP2 EXTI line in interrupt mode.
Return value:

. None

__HAL_COMP_COMP2_EXTI_ENABLE_EVENT

Description:

. Enable the COMP2 EXTI Line in event mode.
Return value:

. None

__HAL_COMP_COMP2_EXTI_DISABLE_EVENT

Description:

. Disable the COMP2 EXTI Line in event mode.
Return value:

. None

__HAL_COMP_COMP2_EXTI_GET_RISING_FLAG

Description:

. Check whether the COMP2 EXTI line raising flag is set or not.
Return value:

. RESET: or SET

__HAL_COMP_COMP2_EXTI_GET_FALLING_FLAG

Description:

. Check whether the COMP2 EXTI line falling flag is set or not.
Return value:

. RESET: or SET
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__HAL_COMP_COMP2_EXTI_CLEAR_RISING_FLAG

Description:
. Clear the the COMP2 EXTI raising flag.
Return value:

. None

__HAL_COMP_COMP2_EXTI_CLEAR_FALLING_FLAG
Description:
. Clear the the COMP2 EXT] falling flag.
Return value:
. None
__HAL_COMP_COMP2_EXTI_GENERATE_SWIT

Description:

. Generate a software interrupt on the COMP2 EXTI line.
Return value:

. None

COMP output to EXTI
COMP_TRIGGERMODE_NONE

Comparator output triggering no External Interrupt Line

COMP_TRIGGERMODE_IT_RISING

Comparator output triggering External Interrupt Line event with interruption, on rising edge

COMP_TRIGGERMODE_IT_FALLING

Comparator output triggering External Interrupt Line event with interruption, on falling edge

COMP_TRIGGERMODE_IT_RISING_FALLING
Comparator output triggering External Interrupt Line event with interruption, on both rising and falling edges

COMP_TRIGGERMODE_EVENT_RISING

Comparator output triggering External Interrupt Line event only (without interruption), on rising edge
COMP_TRIGGERMODE_EVENT_FALLING

Comparator output triggering External Interrupt Line event only (without interruption), on falling edge
COMP_TRIGGERMODE_EVENT_RISING_FALLING

Comparator output triggering External Interrupt Line event only (without interruption), on both rising and falling

edges

COMP private macros to get EXTI line associated with comparators

COMP_GET_EXTI_LINE
Description:
. Get the specified EXTI line for a comparator instance.
Parameters:
. __INSTANCE__: specifies the COMP instance.
Return value:
. value: of

COMP Handle Management
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__HAL_COMP_RESET_HANDLE_STATE

Description:

. Reset COMP handle state.
Parameters:

. __HANDLE__: COMP handle

Return value:
. None

COMP_CLEAR_ERRORCODE

Description:

. Clear COMP error code (set it to no error code "HAL_COMP_ERROR_NONE").
Parameters:

. __HANDLE__: COMP handle

Return value:
. None

__HAL_COMP_ENABLE

Description:

. Enable the specified comparator.
Parameters:

. __HANDLE__: COMP handle

Return value:
. None

__HAL_COMP_DISABLE

Description:

. Disable the specified comparator.
Parameters:

. __HANDLE__: COMP handle

Return value:
. None

__HAL_COMP_LOCK
Description:
. Lock the specified comparator configuration.
Parameters:
. __HANDLE__: COMP handle
Return value:
. None
Notes:

. Using this macro induce HAL COMP handle state machine being no more in line with COMP instance
state. To keep HAL COMP handle state machine updated, it is recommended to use function
"HAL_COMP_Lock')".

__HAL_COMP_IS_LOCKED

Description:

. Check whether the specified comparator is locked.

Parameters:

. _ _HANDLE__: COMP handle

Return value:

. Value: 0 if COMP instance is not locked, value 1 if COMP instance is locked
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COMP hysteresis

COMP_HYSTERESIS_NONE

No hysteresis
COMP_HYSTERESIS_LOW

Hysteresis level low
COMP_HYSTERESIS_MEDIUM

Hysteresis level medium

COMP_HYSTERESIS_HIGH

Hysteresis level high

COMP input minus (inverting input)

COMP_INPUT_MINUS_1_4VREFINT

Comparator input minus connected to 1/4 Vrefint
COMP_INPUT_MINUS_1_2VREFINT

Comparator input minus connected to 1/2 Vrefint
COMP_INPUT_MINUS_3_4VREFINT

Comparator input minus connected to 3/4 Vrefint
COMP_INPUT_MINUS_VREFINT

Comparator input minus connected to Vrefint
COMP_INPUT_MINUS_DAC1_CH1

Comparator input minus connected to DAC1 channel 1 (DAC_OUT1)
COMP_INPUT_MINUS_DAC1_CH2

Comparator input minus connected to DAC1 channel 2 (DAC_OUT2)
COMP_INPUT_MINUS_lO1

Comparator input minus connected to 101 (pin PB1 for COMP1, pin PB7 for COMP2)

COMP_INPUT_MINUS_IO2
Comparator input minus connected to 102 (pin PC4 for COMP1, pin PB3 for COMP?2)

COMP input plus (non-inverting input)

COMP_INPUT_PLUS_lO1
Comparator input plus connected to 101 (pin PC5 for COMP1, pin PB4 for COMP2)

COMP_INPUT_PLUS_lO2
Comparator input plus connected to 102 (pin PB2 for COMP1, pin PB6 for COMP2)

COMP_INPUT_PLUS_IO3
Comparator input plus connected to 103 (pin PA2 for COMP1)

COMP Output Level
COMP_OUTPUT_LEVEL_LOW

COMP_OUTPUT_LEVEL_HIGH

COMP output Polarity
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COMP_OUTPUTPOL_NONINVERTED

COMP output level is not inverted (comparator output is high when the input plus is at a higher voltage than the
input minus)

COMP_OUTPUTPOL_INVERTED
COMP output level is inverted (comparator output is low when the input plus is at a higher voltage than the input
minus)

COMP power mode
COMP_POWERMODE_HIGHSPEED
High Speed
COMP_POWERMODE_MEDIUMSPEED
Medium Speed
COMP_POWERMODE_ULTRALOWPOWER

Ultra-low power

COMP Window Mode
COMP_WINDOWMODE_DISABLE

Window mode disable: Comparators instances pair COMP1 and COMP?2 are independent

COMP_WINDOWMODE_COMP1_INPUT_PLUS_COMMON

Window mode enable: Comparators instances pair COMP1 and COMP2 have their input plus connected
together. The common input is COMP1 input plus (COMP2 input plus is no more accessible).

COMP_WINDOWMODE_COMP2_INPUT_PLUS_COMMON

Window mode enable: if used from COMP1 or COMP2 instance, comparators instances pair COMP1 and
COMP2 have their input plus connected together, the common input is COMP2 input plus (COMP1 input plus is
no more accessible).

COMP window mode instance differentiator

COMP_WINDOWMODE_COMP2
COMP window mode using common input of COMP instance: COMP2

COMP Window output
COMP_WINDOWOUTPUT_EACH_COMP

Window output default mode: Comparators output are indicating each their own state. To know window mode
state: each comparator output must be read, if "((COMPx exclusive or COMPy) == 1)" then monitored signal is
within comparators window.

COMP_WINDOWOUTPUT_COMP1

Window output synthesized on COMP1 output: COMP1 output is no more indicating its own state, but global
window mode state (logical high means monitored signal is within comparators window). Note: impacts only
comparator output signal level (COMPx_OUT propagated to GPIO, EXTI lines, timers, ...), does not impact
output digital state of comparator (COMPx_VALUE) always reflecting each comparator output state.

COMP_WINDOWOUTPUT_COMP2

Window output synthesized on COMP2 output: COMP2 output is no more indicating its own state, but global
window mode state (logical high means monitored signal is within comparators window). Note: impacts only
comparator output signal level (COMPx_OUT propagated to GPIO, EXTI lines, timers, ...), does not impact
output digital state of comparator (COMPx_VALUE) always reflecting each comparator output state.
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COMP_WINDOWOUTPUT_BOTH

Window output synthesized on both comparators output of pair of comparator selected (COMP1 and COMP2:
both comparators outputs are no more indicating their own state, but global window mode state (logical high
means monitored signal is within comparators window). This is a specific configuration (technically possible but
not relevant from application point of view: 2 comparators output used for the same signal level), standard
configuration for window mode is one of the settings above.
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10 HAL CORDIC Generic Driver
10.1 CORDIC Firmware driver registers structures
10.1.1 __CORDIC_HandleTypeDef
__CORDIC_HandleTypeDef is defined in the stm32u5xx_hal_cordic.h
Data Fields

. CORDIC_TypeDef * Instance

. const int32_t * pInBuff

. int32_t * pOutBuff

. uint32_t NbCalcToOrder

. uint32_t NbCalcToGet

. uint32_t DMADirection

. DMA_HandleTypeDef * hdmaln

. DMA_HandleTypeDef * hdmaOut
. HAL_LockTypeDef Lock

. __ IO HAL_CORDIC_StateTypeDef State
. __10 uint32_t ErrorCode

. void(* ErrorCallback

. void(* CalculateCpltCallback

. void(* MsplnitCallback

. void(* MspDelnitCallback

Field Documentation

. CORDIC_TypeDef* __CORDIC_HandleTypeDef::Instance
Register base address

. const int32_t* _ CORDIC_HandleTypeDef::plnBuff
Pointer to CORDIC input data buffer

. int32_t* __ CORDIC_HandleTypeDef::pOutBuff
Pointer to CORDIC output data buffer

. uint32_t _ CORDIC_HandleTypeDef::NbCalcToOrder
Remaining number of calculation to order

. uint32_t _ CORDIC_HandleTypeDef::NbCalcToGet
Remaining number of calculation result to get

. uint32_t _ CORDIC_HandleTypeDef::DMADirection
Direction of CORDIC DMA transfers

. DMA_HandleTypeDef* __CORDIC_HandleTypeDef::hdmaln
CORDIC peripheral input data DMA handle parameters

. DMA_HandleTypeDef* __CORDIC_HandleTypeDef::hdmaOut
CORDIC peripheral output data DMA handle parameters

. HAL_LockTypeDef __CORDIC_HandleTypeDef::Lock
CORDIC locking object

. _ IO HAL_CORDIC_StateTypeDef __CORDIC_HandleTypeDef::State
CORDIC state
. 10 uint32_t __CORDIC_HandleTypeDef::ErrorCode

CORDIC peripheral error code This parameter can be a value of CORDIC_Error_Code

. void(* __CORDIC_HandleTypeDef::ErrorCallback)(struct _ CORDIC_HandleTypeDef *hcordic)
CORDIC error callback

. void(* __CORDIC_HandleTypeDef::CalculateCpltCallback)(struct __CORDIC_HandleTypeDef
*hcordic)
CORDIC calculate complete callback
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. void(* __CORDIC_HandleTypeDef::MsplnitCallback)(struct __CORDIC_HandleTypeDef *hcordic)
CORDIC Msp Init callback

. void(* __CORDIC_HandleTypeDef::MspDelnitCallback)(struct __CORDIC_HandleTypeDef *hcordic)
CORDIC Msp Delnit callback

10.1.2 CORDIC_ConfigTypeDef
CORDIC_ConfigTypeDef is defined in the stm32u5xx_hal_cordic.h
Data Fields
. uint32_t Function
. uint32_t Scale
. uint32_t InSize
. uint32_t OutSize
. uint32_t NbWrite
. uint32_t NbRead
. uint32_t Precision
Field Documentation

. uint32_t CORDIC_ConfigTypeDef::Function
Function This parameter can be a value of CORDIC_Function

. uint32_t CORDIC_ConfigTypeDef::Scale
Scaling factor This parameter can be a value of CORDIC_Scale

. uint32_t CORDIC_ConfigTypeDef::InSize
Width of input data This parameter can be a value of CORDIC_In_Size

. uint32_t CORDIC_ConfigTypeDef::OutSize
Width of output data This parameter can be a value of CORDIC_Out_Size

. uint32_t CORDIC_ConfigTypeDef::NbWrite
Number of 32-bit write expected for one calculation This parameter can be a value of CORDIC_Nb_Write

. uint32_t CORDIC_ConfigTypeDef::NbRead
Number of 32-bit read expected after one calculation This parameter can be a value of CORDIC_Nb_Read

. uint32_t CORDIC_ConfigTypeDef::Precision
Number of cycles for calculation This parameter can be a value of
CORDIC_Precision_In_Cycles_Number

10.2 CORDIC Firmware driver API description

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

10.2.1 How to use this driver

The CORDIC HAL driver can be used as follows:
1. Initialize the CORDIC low level resources by implementing the HAL_CORDIC_Msplnit():
- Enable the CORDIC interface clock using _ HAL_RCC_CORDIC_CLK_ENABLE()
- In case of using interrupts (e.g. HAL_CORDIC_Calculate_IT())
° Configure the CORDIC interrupt priority using HAL_NVIC_SetPriority()
° Enable the CORDIC IRQ handler using HAL_NVIC_EnablelRQ()
° In CORDIC IRQ handler, call HAL_CORDIC_IRQHandler()
- In case of using DMA to control data transfer (e.g. HAL_CORDIC_Calculate_ DMA())
° Enable the DMAZ2 interface clock using _ HAL_RCC_DMA2_CLK_ENABLE()

° Configure and enable two DMA channels one for managing data transfer from memory to
peripheral (input channel) and another channel for managing data transfer from peripheral to
memory (output channel)

° Associate the initialized DMA handle to the CORDIC DMA handle using __ HAL_LINKDMA()

° Configure the priority and enable the NVIC for the transfer complete interrupt on the two DMA
channels. Resort to HAL_NVIC_SetPriority() and HAL_NVIC_EnablelRQ()
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2. Initialize the CORDIC HAL using HAL_CORDIC_nit(). This function
- resorts to HAL_CORDIC_Msplnit() for low-level initialization,
3. Configure CORDIC processing (calculation) using HAL_CORDIC_Configure(). This function configures:

— Processing functions: Cosine, Sine, Phase, Modulus, Arctangent, Hyperbolic cosine, Hyperbolic sine,
Hyperbolic arctangent, Natural log, Square root

- Scaling factor: 1 to 2exp(-7)
- Width of input data: 32 bits input data size (Q1.31 format) or 16 bits input data size (Q1.15 format)
- Width of output data: 32 bits output data size (Q1.31 format) or 16 bits output data size (Q1.15 format)
- Number of 32-bit write expected for one calculation: One 32-bits write or Two 32-bit write
- Number of 32-bit read expected after one calculation: One 32-bits read or Two 32-bit read
- Precision: 1 to 15 cycles for calculation (the more cycles, the better precision)
4. Four processing (calculation) functions are available:

- Polling mode: processing API is blocking function i.e. it processes the data and wait till the processing is
finished APl is HAL_CORDIC_Calculate

- Polling Zero-overhead mode: processing APl is blocking function i.e. it processes the data and wait ill
the processing is finished A bit faster than standard polling mode, but blocking also AHB bus APl is
HAL_CORDIC_CalculateZO

- Interrupt mode: processing APl is not blocking functions i.e. it processes the data under interrupt APl is
HAL_CORDIC_Calculate_IT

- DMA mode: processing API is not blocking functions and the CPU is not used for data transfer, i.e. the
data transfer is ensured by DMA API is HAL_CORDIC_Calculate_ DMA

5. Call HAL_CORDIC_Delnit() to de-initialize the CORDIC peripheral. This function
- resorts to HAL_CORDIC_MspDelnit() for low-level de-initialization,

Callback registration

10.2.2 Initialization and de-initialization functions

This section provides functions allowing to:

. Initialize the CORDIC peripheral and the associated handle
. Delnitialize the CORDIC peripheral

. Initialize the CORDIC MSP (MCU Specific Package)

. De-Initialize the CORDIC MSP

This section contains the following APlIs:

. HAL_CORDIC_Init()

. HAL_CORDIC_Delnit()

. HAL_CORDIC_Msplnit()

. HAL_CORDIC_MspDelnit()

. HAL_CORDIC_RegisterCallback()

. HAL_CORDIC_UnRegisterCallback()
. HAL_CORDIC_RegisterCallback()

10.2.3 Peripheral Control functions

This section provides functions allowing to:

. Configure the CORDIC peripheral: function, precision, scaling factor, number of input data and output data,
size of input data and output data.

. Calculate output data of CORDIC processing on input date, using the existing CORDIC configuration
Four processing functions are available for calculation:

. Polling mode
. Polling mode, with Zero-Overhead register access
. Interrupt mode

. DMA mode
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This section contains the following APls:
. HAL_CORDIC_Configure()

. HAL_CORDIC_Calculate()

. HAL_CORDIC_CalculateZO()

. HAL_CORDIC_Calculate_IT()

. HAL_CORDIC_Calculate_DMA()

10.2.4 Callback functions

This section provides Interruption and DMA callback functions:
. DMA or Interrupt calculate complete

. DMA or Interrupt error

This section contains the following APls:

. HAL_CORDIC_ErrorCallback()

. HAL_CORDIC_CalculateCpltCallback()

10.2.5 IRQ handler management

This section provides IRQ handler function.
This section contains the following APls:
. HAL_CORDIC_IRQHandler()

10.2.6 Peripheral State functions

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

. HAL_CORDIC_GetState()

. HAL_CORDIC_GetError()

10.2.7 Detailed description of functions

HAL_CORDIC_Init

Function name
HAL_StatusTypeDef HAL_CORDIC_Init (CORDIC_HandleTypeDef * hcordic)

Function description

Initialize the CORDIC peripheral and the associated handle.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure.

Return values
. HAL: status

HAL_CORDIC_Delnit

Function name
HAL_StatusTypeDef HAL_CORDIC_Delnit (CORDIC_HandleTypeDef * hcordic)

Function description
Delnitialize the CORDIC peripheral.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure.
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Return values
. HAL: status

HAL_CORDIC_Msplnit

Function name
void HAL_CORDIC_Msplnit (CORDIC_HandleTypeDef * hcordic)

Function description
Initialize the CORDIC MSP.

Parameters
. hcordic: CORDIC handle

Return values
. None:
HAL_CORDIC_MspDelnit

Function name
void HAL_CORDIC_MspDelnit (CORDIC_HandleTypeDef * hcordic)

Function description
Delnitialize the CORDIC MSP.

Parameters
. hcordic: CORDIC handle

Return values

. None:

HAL_CORDIC_RegisterCallback

Function name

HAL_StatusTypeDef HAL_CORDIC_RegisterCallback (CORDIC_HandleTypeDef * hcordic,
HAL_CORDIC_CallbackIiDTypeDef CallbacklD, pCORDIC_CallbackTypeDef pCallback)

Function description

HAL_CORDIC_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_CORDIC_UnRegisterCallback (CORDIC_HandleTypeDef * hcordic,
HAL_CORDIC_CallbackiDTypeDef CallbackiID)

Function description
Unregister a CORDIC CallBack.

Parameters
. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:

—  HAL_CORDIC_ERROR_CB_ID error Callback ID
- HAL_CORDIC_CALCULATE_CPLT_CB_ID calculate complete Callback ID
-~ HAL_CORDIC_MSPINIT_CB_ID Msplnit callback ID

- HAL_CORDIC_MSPDEINIT_CB_ID MspDelnit callback ID
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Return values
. HAL: status

HAL_CORDIC_Configure

Function name

HAL_StatusTypeDef HAL_CORDIC_Configure (CORDIC_HandleTypeDef * hcordic, const
CORDIC_ConfigTypeDef * sConfig)

Function description

Configure the CORDIC processing according to the specified parameters in the CORDIC_ConfigTypeDef
structure.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module

. sConfig: pointer to a CORDIC_ConfigTypeDef structure that contains the CORDIC configuration
information.

Return values
. HAL: status

HAL_CORDIC_Calculate

Function name

HAL_StatusTypeDef HAL_CORDIC_Calculate (CORDIC_HandleTypeDef * hcordic, const int32_t * pinBuff,
int32_t * pOutBuff, uint32_t NbCalc, uint32_t Timeout)

Function description

Carry out data of CORDIC processing in polling mode, according to the existing CORDIC configuration.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module.

. pInBuff: Pointer to buffer containing input data for CORDIC processing.
. pOutBuff: Pointer to buffer where output data of CORDIC processing will be stored.
. NbCalc: Number of CORDIC calculation to process.
. Timeout: Specify Timeout value
Return values
. HAL: status

HAL_CORDIC_CalculateZO

Function name

HAL_StatusTypeDef HAL_CORDIC_CalculateZO (CORDIC_HandleTypeDef * hcordic, const int32_t *
pInBuff, int32_t * pOutBuff, uint32_t NbCalc, uint32_t Timeout)

Function description

Carry out data of CORDIC processing in Zero-Overhead mode (output data being read soon as input data are
written), according to the existing CORDIC configuration.
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Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module.

. pInBuff: Pointer to buffer containing input data for CORDIC processing.

. pOutBuff: Pointer to buffer where output data of CORDIC processing will be stored.
. NbCalc: Number of CORDIC calculation to process.

. Timeout: Specify Timeout value

Return values
. HAL.: status

HAL_CORDIC_Calculate_IT

Function name

HAL_StatusTypeDef HAL_CORDIC_Calculate_IT (CORDIC_HandleTypeDef * hcordic, const int32_t *
pInBuff, int32_t * pOutBuff, uint32_t NbCalc)

Function description

Carry out data of CORDIC processing in interrupt mode, according to the existing CORDIC configuration.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module.

. pInBuff: Pointer to buffer containing input data for CORDIC processing.
. pOutBuff: Pointer to buffer where output data of CORDIC processing will be stored.
. NbCalc: Number of CORDIC calculation to process.

Return values
. HAL.: status

HAL_CORDIC_Calculate_DMA

Function name
HAL_StatusTypeDef HAL_CORDIC_Calculate_DMA (CORDIC_HandleTypeDef * hcordic, const int32_t *
pInBuff, int32_t * pOutBuff, uint32_t NbCalc, uint32_t DMADirection)

Function description
Carry out input and/or output data of CORDIC processing in DMA mode, according to the existing CORDIC
configuration.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module.

. pInBuff: Pointer to buffer containing input data for CORDIC processing.

. pOutBuff: Pointer to buffer where output data of CORDIC processing will be stored.

. NbCalc: Number of CORDIC calculation to process.

. DMADirection: Direction of DMA transfers. This parameter can be one of the following values:
- CORDIC DMA direction CORDIC DMA direction

Return values
. HAL.: status
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Notes
. pInBuff or pOutBuff is unused in case of unique DMADirection transfer, and can be set to NULL value in
this case.
. pInBuff and pOutBuff buffers must be 32-bit aligned to ensure a correct DMA transfer to and from the
Peripheral.

HAL_CORDIC_ErrorCallback

Function name
void HAL_CORDIC_ErrorCallback (CORDIC_HandleTypeDef * hcordic)

Function description
CORDIC error callback.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module

Return values

. None:

HAL_CORDIC_CalculateCpltCallback

Function name
void HAL_CORDIC_CalculateCpltCallback (CORDIC_HandleTypeDef * hcordic)

Function description

CORDIC calculate complete callback.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module

Return values

. None:

HAL_CORDIC_IRQHandler

Function name
void HAL_CORDIC_IRQHandler (CORDIC_HandleTypeDef * hcordic)

Function description
Handle CORDIC interrupt request.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module

Return values
. None:
HAL_CORDIC_GetState

Function name
HAL_CORDIC_StateTypeDef HAL_CORDIC_GetState (const CORDIC_HandleTypeDef * hcordic)

Function description
Return the CORDIC handle state.

UM2911 - Rev 4 page 172/3822



‘_ UM2911
,’ HAL CORDIC Generic Driver

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module

Return values
. HAL.: state

HAL_CORDIC_GetError

Function name
uint32_t HAL_CORDIC_GetError (const CORDIC_HandleTypeDef * hcordic)

Function description

Return the CORDIC peripheral error.

Parameters

. hcordic: pointer to a CORDIC_HandleTypeDef structure that contains the configuration information for
CORDIC module

Return values
. Error: bit-map
Notes

. The returned error is a bit-map combination of possible errors

10.3 CORDIC Firmware driver defines

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

10.3.1 CORDIC
CORDIC
DMA Read Request Enable bit

CORDIC_DMA_REN
DMA Read requests enable

DMA Write Request Enable bit

CORDIC_DMA_WEN
DMA Write channel enable

CORDIC DMA direction
CORDIC_DMA_DIR_NONE

DMA direction : none

CORDIC_DMA_DIR_IN
DMA direction : Input of CORDIC

CORDIC_DMA_DIR_OUT
DMA direction : Output of CORDIC

CORDIC_DMA_DIR_IN_OUT
DMA direction : Input and Output of CORDIC

CORDIC Error code
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HAL_CORDIC_ERROR_NONE

No error

HAL_CORDIC_ERROR_PARAM

Wrong parameter error
HAL_CORDIC_ERROR_NOT_READY

Peripheral not ready
HAL_CORDIC_ERROR_TIMEOUT

Timeout error
HAL_CORDIC_ERROR_DMA

DMA error
HAL_CORDIC_ERROR_INVALID_CALLBACK

Invalid Callback error

CORDIC Exported Macros

__HAL_CORDIC_RESET_HANDLE_STATE
Description:
. Reset CORDIC handle state.
Parameters:
. __HANDLE__: CORDIC handle
Return value:
. None

__HAL_CORDIC_ENABLE_IT

Description:
. Enable the CORDIC interrupt when result is ready.

Parameters:
. _ HANDLE__: CORDIC handle.
. __INTERRUPT__: CORDIC Interrupt. This parameter can be one of the following values:

- CORDIC_IT_IEN Enable Interrupt
Return value:
. None

__HAL_CORDIC_DISABLE_IT
Description:
. Disable the CORDIC interrupt.
Parameters:
. __HANDLE__: CORDIC handle.
. __INTERRUPT__: CORDIC Interrupt. This parameter can be one of the following values:
- CORDIC_IT_IEN Enable Interrupt
Return value:
. None

UM2911 - Rev 4 page 174/3822



‘_ UM2911
,’ HAL CORDIC Generic Driver

__HAL_CORDIC_GET_IT
Description:
. Check whether the specified CORDIC interrupt occurred or not.
Parameters:
. __HANDLE__: CORDIC handle.
. __INTERRUPT__: CORDIC interrupt to check
Return value:
. SET: (interrupt occurred) or RESET (interrupt did not occurred)

__HAL_CORDIC_CLEAR_IT

Description:
. Clear specified CORDIC interrupt status.

Parameters:
. __HANDLE__: CORDIC handle.
. __INTERRUPT__: CORDIC interrupt to clear

Return value:
. None

_ _HAL_CORDIC_GET_FLAG
Description:
. Check whether the specified CORDIC status flag is set or not.
Parameters:
. _ _HANDLE__: CORDIC handle.
. _ FLAG__: CORDIC flag to check This parameter can be one of the following values:
- CORDIC_FLAG_RRDY Result Ready Flag
Return value:
. SET: (flag is set) or RESET (flag is reset)

_ HAL_CORDIC_CLEAR_FLAG
Description:
. Clear specified CORDIC status flag.
Parameters:
. __HANDLE__: CORDIC handle.
. _ FLAG__: CORDIC flag to clear This parameter can be one of the following values:
- CORDIC_FLAG_RRDY Result Ready Flag
Return value:
. None

__HAL_CORDIC_GET_IT_SOURCE
Description:
. Check whether the specified CORDIC interrupt is enabled or not.
Parameters:
. _ _HANDLE__: CORDIC handle.
. __INTERRUPT__: CORDIC interrupt to check This parameter can be one of the following values:
- CORDIC_IT_IEN Enable Interrupt
Return value:
. FlagStatus

CORDIC status flags
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CORDIC_FLAG_RRDY
Result Ready Flag

CORDIC Function
CORDIC_FUNCTION_COSINE

Cosine
CORDIC_FUNCTION_SINE

Sine
CORDIC_FUNCTION_PHASE

Phase
CORDIC_FUNCTION_MODULUS

Modulus
CORDIC_FUNCTION_ARCTANGENT

Arctangent
CORDIC_FUNCTION_HCOSINE

Hyperbolic Cosine
CORDIC_FUNCTION_HSINE

Hyperbolic Sine
CORDIC_FUNCTION_HARCTANGENT

Hyperbolic Arctangent
CORDIC_FUNCTION_NATURALLOG

Natural Logarithm

CORDIC_FUNCTION_SQUAREROOT

Square Root

CORDIC Interrupts Enable bit
CORDIC_IT_IEN

Result ready interrupt enable

CORDIC input data size

CORDIC_INSIZE_32BITS
32 bits input data size (Q1.31 format)

CORDIC_INSIZE_16BITS
16 bits input data size (Q1.15 format)

CORDIC Number of 32-bit read required after one calculation

CORDIC_NBREAD_1

One 32-bits read containing either only one 32-bit data output (Q1.31 format), or two 16-bit data output (Q1.15
format) packed in one 32 bits Data

CORDIC_NBREAD_2
Two 32-bit Data containing two 32-bits data output (Q1.31 format)

CORDIC Number of 32-bit write required for one calculation
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CORDIC_NBWRITE_1

One 32-bits write containing either only one 32-bit data input (Q1.31 format), or two 16-bit data input (Q1.15
format) packed in one 32 bits Data

CORDIC_NBWRITE_2
Two 32-bit write containing two 32-bits data input (Q1.31 format)

CORDIC Results Size

CORDIC_OUTSIZE_32BITS
32 bits output data size (Q1.31 format)

CORDIC_OUTSIZE_16BITS
16 bits output data size (Q1.15 format)

CORDIC Precision in Cycles Number
CORDIC_PRECISION_1CYCLE

CORDIC_PRECISION_2CYCLES
CORDIC_PRECISION_3CYCLES
CORDIC_PRECISION_4CYCLES
CORDIC_PRECISION_5CYCLES
CORDIC_PRECISION_6CYCLES
CORDIC_PRECISION_7CYCLES
CORDIC_PRECISION_8CYCLES
CORDIC_PRECISION_9CYCLES
CORDIC_PRECISION_10CYCLES
CORDIC_PRECISION_11CYCLES
CORDIC_PRECISION_12CYCLES
CORDIC_PRECISION_13CYCLES
CORDIC_PRECISION_14CYCLES
CORDIC_PRECISION_15CYCLES
CORDIC Scaling factor

CORDIC_SCALE_0
CORDIC_SCALE_1
CORDIC_SCALE_2

CORDIC_SCALE_3
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CORDIC_SCALE_4

CORDIC_SCALE_5
CORDIC_SCALE_6

CORDIC_SCALE_7
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11 HAL CORTEX Generic Driver

1.1 CORTEX Firmware driver registers structures

111 MPU_Region_InitTypeDef
MPU_Region_InitTypeDef is defined in the stm32u5xx_hal_cortex.h
Data Fields
. uint8_t Enable
. uint8_t Number
. uint32_t BaseAddress
. uint32_t LimitAddress
. uint8_t Attributesindex
. uint8_t AccessPermission
. uint8_t DisableExec
. uint8_t IsShareable
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 index 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.
. uint32_t MPU_Region_InitTypeDef::LimitAddress
Specifies the limit address of the region to protect.
. uint8_t MPU_Region_InitTypeDef::Attributesindex
Specifies the memory attributes index. This parameter can be a value of
CORTEX_MPU_Attributes_Number

. 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

11.1.2 MPU_Attributes_InitTypeDef
MPU_Attributes_InitTypeDef is defined in the stm32u5xx_hal_cortex.h
Data Fields
. uint8_t Number
. uint8_t Attributes
Field Documentation

. uint8_t MPU_Attributes_InitTypeDef::Number
Specifies the number of the memory attributes to configure. This parameter can be a value of
CORTEX_MPU_Attributes_Number

. uint8_t MPU_Attributes_InitTypeDef::Attributes
Specifies the memory attributes value. Attributes This parameter can be a combination of
CORTEX_MPU_Attributes
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11.2 CORTEX Firmware driver API description

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

11.2.1 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-M33 exceptions are
managed by CMSIS functions.
1. Configure the NVIC Priority Grouping using HAL_NVIC_SetPriorityGrouping() function.
2. Configure the priority of the selected IRQ Channels using HAL_NVIC_SetPriority().
3. Enable the selected IRQ Channels using HAL_NVIC_EnablelRQ().
Note: When the NVIC_PRIORITYGROUP_O is selected, IRQ pre-emption is no more possible. The pending IRQ
priority will be managed only by the sub priority.
Note: IRQ priority order (sorted by highest to lowest priority):
- Lowest pre-emption priority
- Lowest sub priority
- Lowest hardware priority (IRQ number)

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 (0xOF).
- Resets the SysTick Counter register.
- Configures the SysTick Counter clock source to be Core Clock Source (HCLK).
- Enables the SysTick Interrupt.
- Starts the SysTick Counter.

. You can change the SysTick Clock source to be HCLK_Div8 by calling the macro
__HAL_CORTEX_SYSTICKCLK_CONFIG(SYSTICK_CLKSOURCE_HCLK_DIV8) just after the
HAL_SYSTICK_Config() function call. The _ HAL_CORTEX_SYSTICKCLK_CONFIG() macro is defined
inside the stm32u5xx_hal_cortex.h file.

. 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

How to configure MPU (secure and non secure) using CORTEX HAL driver

This section provides functions allowing to Enable and configure the MPU secure and non-secure.
1. Enable the MPU using HAL_MPU_Enable() function.

Disable the MPU using HAL_MPU_Disable() function.

Enable the MPU using HAL_MPU_Enable_NS() function to address the non secure MPU.
Disable the MPU using HAL_MPU_Disable_NS() function to address the non secure MPU.

Configure the MPU region using HAL_MPU_ConfigRegion() and HAL_MPU_ConfigRegion_NS() to address
the non secure MPU.

6. Configure the MPU Memory attributes using HAL_MPU_ConfigMemoryAttributes() and
HAL_MPU_ConfigMemoryAttributes_NS() to address the non secure MPU.

AN
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11.2.2 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_SetPriorityGrouping()

. HAL_NVIC_SetPriority()

. HAL_NVIC_EnablelRQ()

. HAL_NVIC_DisablelRQ()

. HAL_NVIC_SystemReset()

. HAL_SYSTICK_Config()

11.2.3 Peripheral Control functions
This subsection provides a set of functions allowing to control the CORTEX (NVIC, SYSTICK, MPU)
functionalities.
This section contains the following APlIs:
. HAL_NVIC_GetPriorityGrouping()
. HAL_NVIC_GetPriority()
. HAL_NVIC_SetPendingIRQ()
. HAL_NVIC_GetPendingIRQ()
. HAL_NVIC_ClearPendingIRQ()
. HAL_NVIC_GetActive()
. HAL_SYSTICK_CLKSourceConfig()
. HAL_SYSTICK_GetCLKSourceConfig()
. HAL_SYSTICK_IRQHandler()
. HAL_SYSTICK_Callback()
. HAL_MPU_Enable()
. HAL_MPU_Enable_NS()
. HAL_MPU_Disable()
. HAL_MPU_Disable_NS()
. HAL_MPU_EnableRegion()
. HAL_MPU_EnableRegion_NS()
. HAL_MPU_DisableRegion()
. HAL_MPU_DisableRegion_NS()
. HAL_MPU_ConfigRegion()
. HAL_MPU_ConfigRegion_NS()
. HAL_MPU_ConfigMemoryAttributes()
. HAL_MPU_ConfigMemoryAttributes_NS()

11.2.4 Detailed description of functions

HAL_NVIC_SetPriorityGrouping

Function name

void HAL_NVIC_SetPriorityGrouping (uint32_t PriorityGroup)

Function description

Set the priority grouping field (pre-emption priority and subpriority) using the required unlock sequence.
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Parameters

. PriorityGroup: The priority grouping bits length. This parameter can be one of the following values:
- NVIC_PRIORITYGROUP_Q: 0 bit for pre-emption priority, 4 bits for subpriority
- NVIC_PRIORITYGROUP_1: 1 bit for pre-emption priority, 3 bits for subpriority
- NVIC_PRIORITYGROUP_2: 2 bits for pre-emption priority, 2 bits for subpriority
- NVIC_PRIORITYGROUP_3: 3 bits for pre-emption priority, 1 bit for subpriority
- NVIC_PRIORITYGROUP_4: 4 bits for pre-emption priority, O bit for subpriority
Return values

. None:

Notes

. When the NVIC_PriorityGroup_0 is selected, IRQ pre-emption is no more possible. The pending IRQ
priority will be managed only by the subpriority.

HAL_NVIC_SetPriority
Function name
void HAL_NVIC_SetPriority (IRQn_Type IRQn, uint32_t PreemptPriority, uint32_t SubPriority)
Function description

Set 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
(stm32u5xxxx.h))
. PreemptPriority: The pre-emption priority for the IRQn channel. This parameter can be a value between
0 and 15 A lower priority value indicates a higher priority
. SubPriority: the subpriority level for the IRQ channel. This parameter can be a value between 0 and 15 A

lower priority value indicates a higher priority.

Return values

. None:

HAL_NVIC_EnablelRQ
Function name
void HAL_NVIC_EnablelRQ (IRQn_Type IRQnN)
Function description
Enable a device specific interrupt in the NVIC interrupt controller.

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
(stm32u5xxxx.h))

Return values

. None:

Notes

. To configure interrupts priority correctly, the NVIC_PriorityGroupConfig() function should be called before.
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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
(stm32u5xxxx.h))

Return values

. None:

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_GetPriorityGrouping

Function name
uint32_t HAL_NVIC_GetPriorityGrouping (void )

Function description

Get the priority grouping field from the NVIC Interrupt Controller.

Return values
. Priority: grouping field (SCB->AIRCR [10:8] PRIGROUP field)
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HAL_NVIC_GetPriority

Function name

void HAL_NVIC_GetPriority (IRQn_Type IRQn, uint32_t PriorityGroup, uint32_t *const pPreemptPriority,
uint32_t *const pSubPriority)

Function description

Get the priority of an 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
(stm32u5xxxx.h))
. PriorityGroup: the priority grouping bits length. This parameter can be one of the following values:

- NVIC_PRIORITYGROUP_O: 0 bit for pre-emption priority, 4 bits for subpriority
- NVIC_PRIORITYGROUP_1: 1 bit for pre-emption priority, 3 bits for subpriority
- NVIC_PRIORITYGROUP_2: 2 bits for pre-emption priority, 2 bits for subpriority
- NVIC_PRIORITYGROUP_3: 3 bits for pre-emption priority, 1 bit for subpriority
- NVIC_PRIORITYGROUP_4: 4 bits for pre-emption priority, O bit for subpriority
. pPreemptPriority: Pointer on the Preemptive priority value (starting from 0).
. pSubPriority: Pointer on the Subpriority value (starting from 0).

Return values
. None:
HAL_NVIC_GetPendingIlRQ

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
. 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
(stm32u5xxxx.h))
Return values
. status: - O Interrupt status is not pending.

- 1 Interrupt status is pending.

HAL_NVIC_SetPendinglRQ
Function name
void HAL_NVIC_SetPendingIRQ (IRQn_Type IRQN)
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
(stm32u5xxxx.h))
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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
(stm32u5xxxx.h))

Return values

. None:

HAL_NVIC_GetActive

Function name
uint32_t HAL_NVIC_GetActive (IRQn_Type IRQn)

Function description

Get active interrupt (read the active register in NVIC and return the active bit).

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
(stm32u5xxxx.h))

Return values

. status: - O Interrupt status is not pending.
- 1 Interrupt status is pending.

HAL_SYSTICK_CLKSourceConfig

Function name
void HAL_SYSTICK_CLKSourceConfig (uint32_t CLKSource)

Function description

Configure the SysTick clock source.

Parameters

. CLKSource: specifies the SysTick clock source. This parameter can be one of the following values:
- SYSTICK_CLKSOURCE_LSI: LSI clock selected as SysTick clock source.
- SYSTICK_CLKSOURCE_LSE: LSE clock selected as SysTick clock source.
- SYSTICK_CLKSOURCE_HCLK: AHB clock selected as SysTick clock source.
- SYSTICK_CLKSOURCE_HCLK_DIV8: AHB clock divided by 8 selected as SysTick clock source.

Return values

. None:
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HAL_SYSTICK_GetCLKSourceConfig

Function name
uint32_t HAL_SYSTICK_GetCLKSourceConfig (void )

Function description

Get the SysTick clock source configuration.

Return values

. SysTick: clock source that can be one of the following values:
- SYSTICK_CLKSOURCE_LSI: LSI clock selected as SysTick clock source.
- SYSTICK_CLKSOURCE_LSE: LSE clock selected as SysTick clock source.
- SYSTICK_CLKSOURCE_HCLK: AHB clock selected as SysTick clock source.
- SYSTICK_CLKSOURCE_HCLK_DIV8: AHB clock divided by 8 selected as SysTick clock source.

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:

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, FAULTMASK 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:
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HAL_MPU_Disable

Function name
void HAL_MPU_Disable (void )

Function description
Disable the MPU.

Return values

. None:

HAL_MPU_EnableRegion

Function name
void HAL_MPU_EnableRegion (uint32_t RegionNumber)

Function description
Enable the MPU Region.
Parameters

. RegionNumber: Specifies the index of the region to enable. this parameter can be a value of CORTEX
MPU Region Number

Return values

. None:

HAL_MPU_DisableRegion
Function name
void HAL_MPU_DisableRegion (uint32_t RegionNumber)
Function description
Disable the MPU Region.
Parameters

. RegionNumber: Specifies the index of the region to disable. this parameter can be a value of CORTEX
MPU Region Number

Return values

. None:

HAL_MPU_ConfigRegion
Function name
void HAL_MPU_ConfigRegion (const MPU_Region_InitTypeDef *const pMPU_Regioninit)
Function description
Initialize and configure the Region and the memory to be protected.
Parameters

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

Return values

. None:
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HAL_MPU_ConfigMemoryAttributes

Function name

void HAL_MPU_ConfigMemoryAttributes (const MPU_Attributes_InitTypeDef *const
pMPU_Attributesinit)

Function description

Initialize and configure the memory attributes.

Parameters

. pMPU_Attributesinit: Pointer to a MPU_Attributes_InitTypeDef structure that contains the initialization
and configuration information.

Return values

. None:

HAL_MPU_Enable_NS

Function name
void HAL_MPU_Enable_NS (uint32_t MPU_Control)

Function description

Enable the non-secure MPU.

Parameters

. MPU_Control: Specifies the control mode of the MPU during hard fault, NMI, FAULTMASK 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_NS

Function name
void HAL_MPU_Disable_NS (void )

Function description

Disable the non-secure MPU.
Return values
. None:
HAL_MPU_EnableRegion_NS

Function name
void HAL_MPU_EnableRegion_NS (uint32_t RegionNumber)

Function description

Enable the non-secure MPU Region.

Parameters

. RegionNumber: Specifies the index of the region to enable. this parameter can be a value of CORTEX
MPU Region Number
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Return values

. None:

HAL_MPU_DisableRegion_NS

Function name
void HAL_MPU_DisableRegion_NS (uint32_t RegionNumber)

Function description

Disable the non-secure MPU Region.

Parameters

. RegionNumber: Specifies the index of the region to disable. this parameter can be a value of CORTEX
MPU Region Number

Return values

. None:

HAL_MPU_ConfigRegion_NS
Function name
void HAL_MPU_ConfigRegion_NS (const MPU_Region_InitTypeDef *const pMPU_Regionlinit)
Function description

Initialize and configure the Region and the memory to be protected for non-secure MPU.

Parameters

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

Return values

. None:

HAL_MPU_ConfigMemoryAttributes_NS

Function name

void HAL_MPU_ConfigMemoryAttributes_NS (const MPU_Attributes_InitTypeDef *const
pMPU_Attributesinit)

Function description
Initialize and configure the memory attributes for non-secure MPU.

Parameters

. pMPU_Attributesinit: Pointer to a MPU_Attributes_InitTypeDef structure that contains the initialization
and configuration information.

Return values

. None:
1.3 CORTEX Firmware driver defines
The following section lists the various define and macros of the module.
11.31 CORTEX
CORTEX
CORTEX Exported Macros
OUTER
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INNER_OUTER

CORTEX MPU Instruction Access Shareable
MPU_ACCESS_NOT_SHAREABLE

MPU_ACCESS_OUTER_SHAREABLE
MPU_ACCESS_INNER_SHAREABLE

CORTEX MPU Attributes
MPU_DEVICE_NGNRNE
MPU_DEVICE_NGNRE
MPU_DEVICE_NGRE
MPU_DEVICE_GRE
MPU_WRITE_THROUGH
MPU_NOT_CACHEABLE
MPU_WRITE_BACK
MPU_TRANSIENT
MPU_NON_TRANSIENT
MPU_NO_ALLOCATE
MPU_W_ALLOCATE
MPU_R_ALLOCATE
MPU_RW_ALLOCATE

CORTEX MPU Memory Attributes Number
MPU_ATTRIBUTES_NUMBERO
MPU_ATTRIBUTES_NUMBER1
MPU_ATTRIBUTES_NUMBER2
MPU_ATTRIBUTES_NUMBER3
MPU_ATTRIBUTES_NUMBER4
MPU_ATTRIBUTES_NUMBERS5
MPU_ATTRIBUTES_NUMBERG6

MPU_ATTRIBUTES_NUMBER7
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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_PRIV_RW
MPU_REGION_ALL_RW
MPU_REGION_PRIV_RO
MPU_REGION_ALL_RO

CORTEX Preemption Priority Group

NVIC_PRIORITYGROUP_0
0 bit for pre-emption priority, 4 bits for subpriority

NVIC_PRIORITYGROUP_1
1 bit for pre-emption priority, 3 bits for subpriority
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NVIC_PRIORITYGROUP_2
2 bits for pre-emption priority, 2 bits for subpriority

NVIC_PRIORITYGROUP_3
3 bits for pre-emption priority, 1 bit for subpriority

NVIC_PRIORITYGROUP_4
4 bits for pre-emption priority, 0 bit for subpriority

CORTEX SysTick clock source
SYSTICK_CLKSOURCE_HCLK_DIV8
AHB clock divided by 8 selected as SysTick clock source
SYSTICK_CLKSOURCE_LSI
LSI clock selected as SysTick clock source
SYSTICK_CLKSOURCE_LSE
LSE clock selected as SysTick clock source

SYSTICK_CLKSOURCE_HCLK

AHB clock selected as SysTick clock source

UM2911 - Rev 4 page 192/3822



‘_ UM2911
,l HAL CRC Generic Driver

12 HAL CRC Generic Driver

12.1 CRC Firmware driver registers structures

12.1.1 CRC_InitTypeDef

CRC_InitTypeDef is defined in the stm32u5xx_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 + XA7 + XA5 + XM + X2+ 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

12.1.2 CRC_HandleTypeDef
CRC_HandleTypeDef is defined in the stm32u5xx_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

12.2 CRC Firmware driver API description

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

12.2.1 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

12.2.2 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
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. 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()

12.2.3 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()

12.2.4 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()

12.2.5 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

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

12.3.1 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

UM2911 - Rev 4 page 198/3822



‘_ UM2911
,l HAL CRC Generic Driver

__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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13 HAL CRC Extension Driver

13.1 CRCEXx Firmware driver API description

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

13.1.1 How to use this driver

. Set user-defined generating polynomial through HAL_CRCEx_Polynomial_Set()

. Configure Input or Output data inversion
13.1.2 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()

13.1.3 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

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

13.2.1 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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14 HAL CRYP Generic Driver
14.1 CRYP Firmware driver registers structures
1411 CRYP_ConfigTypeDef
CRYP_ConfigTypeDef is defined in the stm32u5xx_hal_cryp.h
Data Fields

. uint32_t DataType

. uint32_t KeySize

. uint32_t * pKey

. uint32_t * pinitVect

. uint32_t Algorithm

. uint32_t * Header

. uint32_t HeaderSize

. uint32_t * B0

. uint32_t DataWidthUnit

. uint32_t HeaderWidthUnit
. uint32_t KeylVConfigSkip
. uint32_t KeyMode

. uint32_t KeySelect

. uint32_t KeyProtection
Field Documentation

. uint32_t CRYP_ConfigTypeDef::DataType
32-bit data, 16-bit data, 8-bit data or 1-bit string. This parameter can be a value of CRYP_Data_Type

. uint32_t CRYP_ConfigTypeDef::KeySize
Used only in AES mode : 128, 192 or 256 bit key length in CRYP1. 128 or 256 bit key length in TinyAES
This parameter can be a value of CRYP_Key_Size

. uint32_t* CRYP_ConfigTypeDef::pKey
The key used for encryption/decryption

. uint32_t* CRYP_ConfigTypeDef::plnitVect
The initialization vector used also as initialization counter in CTR mode

. uint32_t CRYP_ConfigTypeDef::Algorithm
DES/ TDES Algorithm ECB/CBC AES Algorithm ECB/CBC/CTR/GCM or CCM This parameter can be a
value of CRYP_Algorithm_Mode

. uint32_t* CRYP_ConfigTypeDef::Header
used only in AES GCM and CCM Algorithm for authentication, GCM : also known as Additional
Authentication Data CCM : named B1 composed of the associated data length and Associated Data.

. uint32_t CRYP_ConfigTypeDef::HeaderSize
The size of header buffer
. uint32_t* CRYP_ConfigTypeDef::B0
BO is first authentication block used only in AES CCM mode
. uint32_t CRYP_ConfigTypeDef::DataWidthUnit
Payload Data Width Unit, this parameter can be value of CRYP_Data_Width_Unit

. uint32_t CRYP_ConfigTypeDef::HeaderWidthUnit
Header Width Unit, this parameter can be value of CRYP_Header_Width_Unit

. uint32_t CRYP_ConfigTypeDef::KeylVConfigSkip
CRYP peripheral Key and IV configuration skip, to config Key and Initialization Vector only once and to skip
configuration for consecutive processings. This parameter can be a value of CRYP_Configuration_Skip
. uint32_t CRYP_ConfigTypeDef::KeyMode
Key mode selection, this parameter can be value of CRYP_Key_Mode
. uint32_t CRYP_ConfigTypeDef::KeySelect
Only for SAES : Key selection, this parameter can be value of CRYP_Key_Select
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. uint32_t CRYP_ConfigTypeDef::KeyProtection
Only for SAES : Key protection, this parameter can be value of CRYP_Key_Protection

14.1.2 CRYP_ContextTypeDef
CRYP_ContextTypeDef is defined in the stm32u5xx_hal_cryp.h
Data Fields
. uint32_t DataType
. uint32_t KeySize
. uint32_t * pKey
. uint32_t * pinitVect
. uint32_t Algorithm
. uint32_t DataWidthUnit
. uint32_t KeylVConfigSkip
. uint32_t KeyMode
. uint32_t Phase
. uint32_t KeylVConfig
. uint32_t CR_Reg
. uint32_t IER_Reg
. uint32_t IVRO_Reg
. uint32_t IVR1_Reg
. uint32_t IVR2_Reg
. uint32_t IVR3_Reg
Field Documentation

. uint32_t CRYP_ContextTypeDef::DataType
This parameter can be a value of CRYP_Data_Type
. uint32_t CRYP_ContextTypeDef::KeySize
This parameter can be a value of CRYP_Key_Size
. uint32_t* CRYP_ContextTypeDef::pKey
The key used for encryption/decryption
. uint32_t* CRYP_ContextTypeDef::plnitVect
The initialization vector, counter with CBC and CTR Algorithm
. uint32_t CRYP_ContextTypeDef::Algorithm
This parameter can be a value of CRYP_Algorithm_Mode
. uint32_t CRYP_ContextTypeDef::DataWidthUnit
This parameter can be value of CRYP_Data_Width_Unit
. uint32_t CRYP_ContextTypeDef::KeylVConfigSkip
This parameter can be a value of CRYP_Configuration_Skip
. uint32_t CRYP_ContextTypeDef::KeyMode
This parameter can be value of CRYP_Key_ Mode
. uint32_t CRYP_ContextTypeDef::Phase
CRYP peripheral phase
. uint32_t CRYP_ContextTypeDef::KeylVConfig
CRYP peripheral Key and IV configuration flag
. uint32_t CRYP_ContextTypeDef::CR_Reg
CRYP CR register
. uint32_t CRYP_ContextTypeDef::IER_Reg
CRYP IER register
. uint32_t CRYP_ContextTypeDef::IVR0_Reg
CRYP IVRO register
. uint32_t CRYP_ContextTypeDef::IVR1_Reg
CRYP IVR1 register
. uint32_t CRYP_ContextTypeDef::IVR2_Reg
CRYP IVR2 register
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. uint32_t CRYP_ContextTypeDef::IVR3_Reg
CRYP IVR3 register

14.1.3 __CRYP_HandleTypeDef
__CRYP_HandleTypeDef is defined in the stm32u5xx_hal_cryp.h
Data Fields
. AES_TypeDef * Instance
. CRYP_ConfigTypeDef Init
. uint32_t * pCryplnBuffPtr
. uint32_t * pCrypOutBuffPtr

. _ 10 uint16_t CrypHeaderCount
. _ 10 uint16_t CrypinCount
. __10 uint16_t CrypOutCount

. uint16_t Size

. uint32_t Phase

. DMA_HandleTypeDef * hdmain

. DMA_HandleTypeDef * hdmaout
. HAL_LockTypeDef Lock

. _ IO HAL_CRYP_STATETypeDef State
. _ 10 uint32_t ErrorCode

. uint32_t KeylVConfig

. uint32_t SizesSum

. void(* InCpltCallback

. void(* OutCpltCallback

. void(* ErrorCallback

. void(* MsplnitCallback

. void(* MspDelnitCallback
Field Documentation

. AES_TypeDef* __CRYP_HandleTypeDef::Instance
AES Register base address

. CRYP_ConfigTypeDef __CRYP_HandleTypeDef::Init
CRYP required parameters

. uint32_t* __ CRYP_HandleTypeDef::pCryplnBuffPtr
Pointer to CRYP processing (encryption, decryption,...) buffer

. uint32_t* __ CRYP_HandleTypeDef::pCrypOutBuffPtr
Pointer to CRYP processing (encryption, decryption,...) buffer

. _ 10 uint16_t __CRYP_HandleTypeDef::CrypHeaderCount
Counter of header data in words

. _ IO uint16_t __CRYP_HandleTypeDef::CryplnCount
Counter of input data in words

. __ IO uint16_t __CRYP_HandleTypeDef::CrypOutCount

Counter of output data in words
. uint16_t __ CRYP_HandleTypeDef::Size
length of input data in word or in byte, according to DataWidthUnit
. uint32_t __ CRYP_HandleTypeDef::Phase
CRYP peripheral phase
. DMA_HandleTypeDef* __CRYP_HandleTypeDef::hdmain
CRYP In DMA handle parameters
. DMA_HandleTypeDef* __CRYP_HandleTypeDef::hdmaout
CRYP Out DMA handle parameters
. HAL_LockTypeDef _ CRYP_HandleTypeDef::Lock
CRYP locking object
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. __IO HAL_CRYP_STATETypeDef __CRYP_HandleTypeDef::State
CRYP peripheral state
. 10 uint32_t __CRYP_HandleTypeDef::ErrorCode

CRYP peripheral error code

. uint32_t __ CRYP_HandleTypeDef::KeylVConfig
CRYP peripheral Key and IV configuration flag, used when configuration can be skipped

. uint32_t _ CRYP_HandleTypeDef::SizesSum
Sum of successive payloads lengths (in bytes), stored for a single signature computation after several
messages processing

. void(* __CRYP_HandleTypeDef::InCpltCallback)(struct _ CRYP_HandleTypeDef *hcryp)
CRYP Input FIFO transfer completed callback

. void(* __CRYP_HandleTypeDef::OutCpltCallback)(struct _ CRYP_HandleTypeDef *hcryp)
CRYP Output FIFO transfer completed callback

. void(* __CRYP_HandleTypeDef::ErrorCallback)(struct __CRYP_HandleTypeDef *hcryp)
CRYP Error callback

. void(* __CRYP_HandleTypeDef::MsplnitCallback)(struct __CRYP_HandleTypeDef *hcryp)
CRYP Msp Init callback

. void(* __CRYP_HandleTypeDef::MspDelnitCallback)(struct __CRYP_HandleTypeDef *hcryp)
CRYP Msp Delnit callback

14.2 CRYP Firmware driver API description

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

14.2.1 How to use this driver

The CRYP HAL driver can be used as follows:
1. Initialize the CRYP low level resources by implementing the HAL_CRYP_Msplnit():

a. Enable the CRYP interface clock using _ HAL_RCC_CRYP_CLK_ENABLE()or
_ HAL_RCC_AES_CLK_ENABLE

b. In case of using interrupts (e.g. HAL_CRYP_Encrypt_IT())
° Configure the CRYP interrupt priority using HAL_NVIC_SetPriority()
° Enable the CRYP IRQ handler using HAL_NVIC_EnablelRQ()
° In CRYP IRQ handler, call HAL_CRYP_IRQHandler()
c. In case of using DMA to control data transfer (e.g. HAL_CRYP_Encrypt_ DMA())
° Enable the DMAX interface clock using _ RCC_DMAx_CLK_ENABLE()

° Configure and enable two DMA channels one for managing data transfer from memory to peripheral
(input channel) and another channel for managing data transfer from peripheral to memory (output
channel)

° Associate the initialized DMA handle to the CRYP DMA handle using __ HAL_LINKDMA()

° Configure the priority and enable the NVIC for the transfer complete interrupt on the two DMA

channels. The output channel should have higher priority than the input channel
HAL_NVIC_SetPriority() and HAL_NVIC_EnablelRQ()
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2. Initialize the CRYP according to the specified parameters :
a. The data type: 1-bit, 8-bit, 16-bit or 32-bit.

b. The key size: 128, 192 or 256.
c. The AES Algorithm ECB/CBC/CTR/GCM or CCM.
d. The initialization vector (counter). It is not used in ECB mode.
e. The key buffer used for encryption/decryption.
° In some specific configurations, the key is written by the application code out of the HAL scope. In
that case, user can still resort to the HAL APls as usual but must make sure that pKey pointer is set
to NULL.

f. The DataWidthUnit field. It specifies whether the data length (or the payload length for authentication
algorithms) is in words or bytes.

g. The Header used only in AES GCM and CCM Algorithm for authentication.

h. The HeaderSize used to give size of header buffer in word or bytes, depending upon HeaderWidthUnit
field.

i. The HeaderWidthUnit field. It specifies whether the header length (for authentication algorithms) is in
words or bytes.

j-  The BO block is the first authentication block used only in AES CCM mode.
k. The KeylVConfigSkip used to process several messages in a row.

I.  The KeyMode used to special key operation modes (for SAES : wrapped key, shared key with AES
peripheral).

m. The KeySelect, Only for SAES, used to select key from different key source.
n. The KeyProtection, Only for SAES, used for security context enforcement.
3. Three processing (encryption/decryption) functions are available:

a. Polling mode: encryption and decryption APIs are blocking functions i.e. they process the data and wait till
the processing is finished, e.g. HAL_CRYP_Encrypt & HAL_CRYP_Decrypt

b. Interrupt mode: encryption and decryption APIs are not blocking functions i.e. they process the data under
interrupt, e.g. HAL_CRYP_Encrypt_IT & HAL_CRYP_Decrypt_IT

c. DMA mode: encryption and decryption APIs are not blocking functions i.e. the data transfer is ensured by
DMA, e.g. HAL_CRYP_Encrypt_ DMA & HAL_CRYP_Decrypt_ DMA

4. When the processing function is called at first time after HAL_CRYP_lInit() the CRYP peripheral is configured
and processes the buffer in input. At second call, no need to Initialize the CRYP, user have to get current
configuration via HAL_CRYP_GetConfig() API, then only HAL_CRYP_SetConfig() is requested to set new
parameters, finally user can start encryption/decryption.

5. Call HAL_CRYP_Delnit() to deinitialize the CRYP peripheral.

6. To process a single message with consecutive calls to HAL_CRYP_Encrypt() or HAL_CRYP_Decrypt()
without having to configure again the Key or the Initialization Vector between each API call, the field
KeylVConfigSkip of the initialization structure must be set to CRYP_KEYIVCONFIG_ONCE. Same is true for
consecutive calls of HAL_CRYP_Encrypt_IT(), HAL_CRYP_Decrypt_IT(), HAL_CRYP_Encrypt_ DMA() or
HAL_CRYP_Decrypt_DMA().

The cryptographic processor supports following standards:
1. The advanced encryption standard (AES) supported:
a. 128-bit data block processing
b. chaining modes supported :
° Electronic Code Book(ECB)
° Cipher Block Chaining (CBC)
° Counter mode (CTR)
° Galois/counter mode (GCM/GMAC)
° Counter with Cipher Block Chaining-Message(CCM)
c. keys length Supported : 128-bit and 256-bit

Note: Specific care must be taken to format the key and the Initialization Vector IV!

If the key is defined as a 128-bit long array key[127..0] = {b127 ... b0} where b127 is the MSB and b0 the LSB, the
key must be stored in MCU memory
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. as a sequence of words where the MSB word comes first (occupies the lowest memory address)
- address n+0 : 0b b127 .. b120 b119 .. b112 b111 .. b104 b103 .. b96
- address n+4 : 0b b95 .. b88 b87 .. b80 b79 .. b72 b71 .. b64
- address n+8 : 0b b63 .. b56 b55 .. b48 b47 .. b40 b39 .. b32
- address n+C : 0b b31 .. b24 b23 .. b16 b15 .. b8 b7 .. b0

Hereafter, another illustration when considering a 128-bit long key made of 16 bytes {B15..B0}. The 4 32-bit words
that make the key must be stored as follows in MCU memory:

. address n+0 : Ox B15 B14 B13 B12
. address n+4 : Ox B11 B10 B9 B8

. address n+8 : Ox B7 B6 B5 B4

. address n+C : Ox B3 B2 B1 BO
which leads to the expected setting

. AES_KEYR3 = 0x B15B14 B13 B12
. AES_KEYR2 = 0x B11 B10 B9 B8

. AES_KEYR1 = 0x B7 B6 B5 B4

. AES_KEYRO = 0x B3 B2 B1 BO

Same format must be applied for a 256-bit long key made of 32 bytes {B31..B0}. The 8 32-bit words that make the
key must be stored as follows in MCU memory:

. address n+00 : Ox B31 B30 B29 B28
. address n+04 : Ox B27 B26 B25 B24
. address n+08 : Ox B23 B22 B21 B20
. address n+0C : Ox B19 B18 B17 B16
. address n+10 : 0x B15B14 B13 B12
. address n+14 : Ox B11 B10 B9 B8
. address n+18 : Ox B7 B6 B5 B4
. address n+1C : Ox B3 B2 B1 BO
which leads to the expected setting
. AES_KEYR7 = 0x B31 B30 B29 B28
. AES_KEYR6 = 0x B27 B26 B25 B24
. AES_KEYR5 = 0x B23 B22 B21 B20
. AES_KEYR4 = 0x B19 B18 B17 B16
. AES_KEYR3 = 0x B15B14 B13 B12
. AES_KEYR2 = 0x B11 B10 B9 B8
. AES_KEYR1 = 0x B7 B6 B5 B4
. AES_KEYRO = 0x B3 B2 B1 BO
Initialization Vector IV (4 32-bit words) format must follow the same as that of a 128-bit long key.
Note that key and IV registers are not sensitive to swap mode selection.
This section describes the AES Galois/counter mode (GCM) supported by the peripherals:
1. Algorithm supported :
a. Galois/counter mode (GCM)

b. Galois message authentication code (GMAC) :is exactly the same as GCM algorithm composed only by an
header.

2. Four phases are performed in GCM :
a. Init phase: peripheral prepares the GCM hash subkey (H) and do the IV processing
b. Header phase: peripheral processes the Additional Authenticated Data (AAD), with hash computation only.

c. Payload phase: peripheral processes the plaintext (P) with hash computation + keystream encryption +
data XORing. It works in a similar way for ciphertext (C).

d. Final phase: peripheral generates the authenticated tag (T) using the last block of data.
HAL_CRYPEx_AESGCM_GenerateAuthTAG API used in this phase to generate 4 words which
correspond to the Tag. user should consider only part of this 4 words, if Tag length is less than 128 bits.
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3. structure of message construction in GCM is defined as below :
a. 16 bytes Initial Counter Block (ICB)composed of IV and counter

b. The authenticated header A (also knows as Additional Authentication Data AAD) this part of the message
is only authenticated, not encrypted.

c. The plaintext message P is both authenticated and encrypted as ciphertext. GCM standard specifies that
ciphertext has same bit length as the plaintext.

d. The last block is composed of the length of A (on 64 bits) and the length of ciphertext (on 64 bits)
A more detailed description of the GCM message structure is available below.

This section describe The AES Counter with Cipher Block Chaining-Message Authentication Code (CCM)
supported by the peripheral:

1. Specific parameters for CCM :
a. BO block : follows NIST Special Publication 800-38C,
b. B1 block (header)
c. CTRx block : control blocks
A detailed description of the CCM message structure is available below.
1. CCM in peripheral:
a. To perform message payload encryption or decryption AES is configured in CTR mode.

b. For authentication two phases are performed : - Header phase: peripheral processes the Additional
Authenticated Data (AAD) first, then the cleartext message only cleartext payload (not the ciphertext
payload) is used and no output.

c. Final phase: peripheral generates the authenticated tag (T) using the last block of data.
HAL_CRYPEx_AESCCM_GenerateAuthTAG API used in this phase to generate 4 words which
correspond to the Tag. user should consider only part of this 4 words, if Tag length is less than 128 bits

Callback registration

The compilation define USE_HAL_CRYP_REGISTER_CALLBACKS when set to 1 allows the user to configure
dynamically the driver callbacks. Use Functions @ref HAL_CRYP_RegisterCallback() or
HAL_CRYP_RegisterXXXCallback() to register an interrupt callback.

Function @ref HAL_CRYP_RegisterCallback() allows to register following callbacks:
. InCpltCallback : Input FIFO transfer completed callback.

. OutCpltCallback : Output FIFO transfer completed callback.

. ErrorCallback : callback for error detection.

. MsplnitCallback : CRYP Msplnit.

. MspDelnitCallback : CRYP MspDelnit. This function takes as parameters the HAL peripheral handle, the
Callback ID and a pointer to the user callback function.

Use function @ref HAL_CRYP_UnRegisterCallback() to reset a callback to the default weak function. @ref
HAL_CRYP_UnRegisterCallback() takes as parameters the HAL peripheral handle, and the Callback ID. This
function allows to reset following callbacks:

. InCpltCallback : Input FIFO transfer completed callback.
. OutCpltCallback : Output FIFO transfer completed callback.
. ErrorCallback : callback for error detection.

. MsplnitCallback : CRYP Msplnit.
. MspDelnitCallback : CRYP MspDelnit.

By default, after the @ref HAL_CRYP_Init() and when the state is HAL_CRYP_STATE_RESET all callbacks are
set to the corresponding weak functions : examples @ref HAL_CRYP_InCpltCallback() , @ref
HAL_CRYP_OutCpltCallback(). Exception done for Msplnit and MspDelnit functions that are reset to the legacy
weak function in the @ref HAL_CRYP_Init()/ @ref HAL_CRYP_Delnit() only when these callbacks are null (not
registered beforehand). if not, Msplnit or MspDelnit are not null, the @ref HAL_CRYP_lInit() / @ref
HAL_CRYP_Delnit() keep and use the user Msplnit/MspDelnit functions (registered beforehand)

Callbacks can be registered/unregistered in HAL_CRYP_STATE_READY state only. Exception done Msplnit/
MspDelnit callbacks that can be registered/unregistered in HAL_CRYP_STATE_READY or
HAL_CRYP_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 @ref HAL_CRYP_RegisterCallback()
before calling @ref HAL_CRYP_Delnit() or @ref HAL_CRYP_Init() function.
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When The compilation define USE_HAL_CRYP_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.

Suspend/Resume feature

The compilation define USE_HAL_CRYP_SUSPEND_RESUME when set to 1 allows the user to resort to the
suspend/resume feature. A low priority block processing can be suspended to process a high priority block
instead. When the high priority block processing is over, the low priority block processing can be resumed,
restarting from the point where it was suspended. This feature is applicable only in non-blocking interrupt mode.

User must resort to HAL_CRYP_Suspend() to suspend the low priority block processing. This APl manages the
hardware block processing suspension and saves all the internal data that will be needed to restart later on. Upon
HAL_CRYP_Suspend() completion, the user can launch the processing of any other block (high priority block
processing).

When the high priority block processing is over, user must invoke HAL_CRYP_Resume() to resume the low
priority block processing. Ciphering (or deciphering) restarts from the suspension point and ends as usual.

HAL_CRYP_Suspend() reports an error when the suspension request is sent too late (i.e when the low priority
block processing is about to end). There is no use to suspend the tag generation processing for authentication
algorithms.

Note: If the key is written out of HAL scope (case pKey pointer set to NULL by the user), the block processing
suspension/resumption mechanism is NOT applicable.

Note: If the Key and Initialization Vector are configured only once and configuration is skipped for consecutive
processings (case KeylVConfigSkip set to CRYP_KEYIVCONFIG_ONCE), the block processing suspension/
resumption mechanism is NOT applicable.

14.2.2 Initialization, de-initialization and Set and Get configuration functions

This section provides functions allowing to:
. Initialize the CRYP

. Delnitialize the CRYP

. Initialize the CRYP MSP

. Delnitialize the CRYP MSP

. configure CRYP (HAL_CRYP_SetConfig) with the specified parameters in the CRYP_ConfigTypeDef
Parameters which are configured in This section are :

. Key size
. Data Type : 32,16, 8 or 1bit
. AlgoMode : ECB,CBC,CTR,GCM/GMAC and CCM in AES Standard.

. Get CRYP configuration (HAL_CRYP_GetConfig) from the specified parameters in the
CRYP_HandleTypeDef

. For interleave mode, APl HAL_CRYP_SaveContext and HAL_CRYP_RestoreContext to be used to save
then Restore CRYP configuration and parameters. CRYP_IVCONFIG_ONCE should be selected for
KeylVConfigSkip parameter. Only polling mode is supported, interleave mode should be used with
HAL_CRYP_Encrypt and HAL_CRYP_Decrypt API.

This section contains the following APlIs:
. HAL_CRYP_lInit()

. HAL_CRYP_Delnit()

. HAL_CRYP_SetConfig()

. HAL_CRYP_GetConfig()

. HAL_CRYP_Msplnit()

. HAL_CRYP_MspDelnit()

. HAL_CRYP_RegisterCallback()
. HAL_CRYP_UnRegisterCallback()
. HAL_CRYP_SaveContext()

. HAL_CRYP_RestoreContext()

14.2.3 Encrypt Decrypt functions
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This section provides API allowing to Encrypt/Decrypt Data following

. Standard AES algorithms supported by the peripheral: - Electronic Code Book(ECB) - Cipher Block
Chaining (CBC) - Counter mode (CTR) - Cipher Block Chaining (CBC) - Counter mode (CTR) - Galois/
counter mode (GCM) - Counter with Cipher Block Chaining-Message(CCM)

Three processing functions are available:

. Polling mode : HAL_CRYP_Encrypt & HAL_CRYP_Decrypt

. Interrupt mode : HAL_CRYP_Encrypt_IT & HAL_CRYP_Decrypt_IT
. DMA mode : HAL_CRYP_Encrypt_ DMA & HAL_CRYP_Decrypt_ DMA
This section contains the following APlIs:

. HAL_CRYP_Encrypt()

. HAL_CRYP_Decrypt()

. HAL_CRYP_Encrypt_IT()

. HAL_CRYP_Decrypt_IT()

. HAL_CRYP_Encrypt_DMA()

. HAL_CRYP_Decrypt_DMA()

14.2.4 CRYP IRQ handler management

This section provides CRYP IRQ handler and callback functions.

. HAL_CRYP_IRQHandler CRYP interrupt request

. HAL_CRYP_InCpltCallback input data transfer complete callback
. HAL_CRYP_OutCpltCallback output data transfer complete callback
. HAL_CRYP_ErrorCallback CRYP error callback

. HAL_CRYP_GetState return the CRYP state

. HAL_CRYP_GetError return the CRYP error code

This section contains the following APls:

. HAL_CRYP_IRQHandler()

. HAL_CRYP_GetError()

. HAL_CRYP_GetState()

. HAL_CRYP_InCpltCallback()

. HAL_CRYP_OutCpltCallback()

. HAL_CRYP_ErrorCallback()

14.2.5 Detailed description of functions

HAL_CRYP_lInit
Function name
HAL_StatusTypeDef HAL_CRYP_Init (CRYP_HandleTypeDef * hcryp)

Function description

Initializes the CRYP according to the specified parameters in the CRYP_ConfigTypeDef and creates the
associated handle.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

Return values
. HAL: status
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HAL_CRYP_Delnit

Function name
HAL_StatusTypeDef HAL_CRYP_Delnit (CRYP_HandleTypeDef * hcryp)
Function description

De-Initializes the CRYP peripheral.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

Return values
. HAL: status

HAL_CRYP_Msplnit

Function name
void HAL_CRYP_Msplnit (CRYP_HandleTypeDef * hcryp)

Function description
Initializes the CRYP MSP.
Parameters

. hecryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

Return values

. None:

HAL_CRYP_MspDelnit

Function name
void HAL_CRYP_MspDelnit (CRYP_HandleTypeDef * hcryp)

Function description
Delnitializes CRYP MSP.

Parameters
. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module
Return values
. None:

HAL_CRYP_SetConfig

Function name

HAL_StatusTypeDef HAL_CRYP_SetConfig (CRYP_HandleTypeDef * hcryp, CRYP_ConfigTypeDef *
pConf)

Function description

Configure the CRYP according to the specified parameters in the CRYP_ConfigTypeDef.
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Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure

. pConf: pointer to a CRYP_ConfigTypeDef structure that contains the configuration information for CRYP
module

Return values
. HAL: status

HAL_CRYP_GetConfig

Function name
HAL_StatusTypeDef HAL_CRYP_GetConfig (CRYP_HandleTypeDef * hcryp, CRYP_ConfigTypeDef *
pConf)

Function description

Get CRYP Configuration parameters in associated handle.

Parameters

. pConf: pointer to a CRYP_ConfigTypeDef structure

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

Return values
. HAL: status

HAL_CRYP_RegisterCallback

Function name

HAL_StatusTypeDef HAL_CRYP_RegisterCallback (CRYP_HandleTypeDef * hcryp,
HAL_CRYP_CallbacklDTypeDef CallbacklD, pCRYP_CallbackTypeDef pCallback)

Function description

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

Parameters

. heryp: cryp handle

. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:
- HAL_CRYP_INPUT_COMPLETE_CB_ID Input FIFO transfer completed callback ID
- HAL_CRYP_OUTPUT_COMPLETE_CB_ID Output FIFO transfer completed callback 1D
- HAL_CRYP_ERROR_CB_ID Error callback ID
- HAL_CRYP_MSPINIT_CB_ID Msplnit callback ID
- HAL_CRYP_MSPDEINIT_CB_ID MspDelnit callback ID

. pCallback: pointer to the Callback function

Return values

. status:

HAL_CRYP_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_CRYP_UnRegisterCallback (CRYP_HandleTypeDef * hcryp,
HAL_CRYP_CallbackliDTypeDef CallbackID)

Function description

Unregister an CRYP Callback CRYP callback is redirected to the weak predefined callback.
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Parameters

. hcryp: cryp handle

. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:
- HAL_CRYP_INPUT_COMPLETE_CB_ID Input FIFO transfer completed callback 1D
- HAL_CRYP_OUTPUT_COMPLETE_CB_ID Output FIFO transfer completed callback ID
- HAL_CRYP_ERROR_CB_ID Error callback ID
- HAL_CRYP_MSPINIT_CB_ID Msplnit callback ID
- HAL_CRYP_MSPDEINIT_CB_ID MspDelnit callback ID

Return values

. status:

HAL_CRYP_SaveContext

Function name

HAL_StatusTypeDef HAL_CRYP_SaveContext (CRYP_HandleTypeDef * hcryp, CRYP_ContextTypeDef *
pcont)

Function description

CRYP peripheral parameters storage when processing Interleaved mode .

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pcont: pointer to a CRYP_ContextTypeDef structure where CRYP parameters will be stored.
Return values
. HAL: status

HAL_CRYP_RestoreContext

Function name
HAL_StatusTypeDef HAL_CRYP_RestoreContext (CRYP_HandleTypeDef * hcryp, CRYP_ContextTypeDef
* pcont)

Function description

Restore CRYP parameters needed for Interleaved mode.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pcont: pointer to a CRYP_ContextTypeDef structure that contains CRYP parameters stored.

Return values
. HAL: status

HAL_CRYP_Encrypt

Function name

HAL_StatusTypeDef HAL_CRYP_Encrypt (CRYP_HandleTypeDef * hcryp, uint32_t * plnput, uint16_t Size,
uint32_t * pOutput, uint32_t Timeout)

Function description

Encryption mode.
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Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pInput: Pointer to the input buffer (plaintext)

. Size: Length of the plaintext buffer either in word or in byte, according to DataWidthUnit
. pOutput: Pointer to the output buffer(ciphertext)

. Timeout: Specify Timeout value

Return values
. HAL.: status

HAL_CRYP_Decrypt

Function name
HAL_StatusTypeDef HAL_CRYP_Decrypt (CRYP_HandleTypeDef * hcryp, uint32_t * plnput, uint16_t Size,
uint32_t * pOutput, uint32_t Timeout)

Function description

Decryption mode.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pInput: Pointer to the input buffer (ciphertext )
. Size: Length of the input buffer either in word or in byte, according to DataWidthUnit
. pOutput: Pointer to the output buffer(plaintext)
. Timeout: Specify Timeout value
Return values

. HAL.: status

HAL_CRYP_Encrypt_IT

Function name
HAL_StatusTypeDef HAL_CRYP_Encrypt_IT (CRYP_HandleTypeDef * hcryp, uint32_t * plnput, uint16_t
Size, uint32_t * pOutput)

Function description

Encryption in interrupt mode.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pInput: Pointer to the input buffer (plaintext)
. Size: Length of the input buffer either in word or in byte, according to DataWidthUnit
. pOutput: Pointer to the output buffer(ciphertext)
Return values
. HAL: status

HAL_CRYP_Decrypt_IT

Function name

HAL_StatusTypeDef HAL_CRYP_Decrypt_IT (CRYP_HandleTypeDef * hcryp, uint32_t * plnput, uint16_t
Size, uint32_t * pOutput)
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Function description

Decryption in interrupt mode.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. plnput: Pointer to the input buffer (ciphertext )
. Size: Length of the input buffer either in word or in byte, according to DataWidthUnit
. pOutput: Pointer to the output buffer(plaintext)
Return values
. HAL: status

HAL_CRYP_Encrypt_ DMA

Function name
HAL_StatusTypeDef HAL_CRYP_Encrypt_DMA (CRYP_HandleTypeDef * hcryp, uint32_t * plnput, uint16_t
Size, uint32_t * pOutput)

Function description

Encryption in DMA mode.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. plnput: Pointer to the input buffer (plaintext)
. Size: Length of the input buffer either in word or in byte, according to DataWidthUnit
. pOutput: Pointer to the output buffer(ciphertext)
Return values
. HAL: status

HAL_CRYP_Decrypt_DMA

Function name
HAL_StatusTypeDef HAL_CRYP_Decrypt_DMA (CRYP_HandleTypeDef * hcryp, uint32_t * plnput, uint16_t
Size, uint32_t * pOutput)

Function description

Decryption in DMA mode.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pInput: Pointer to the input buffer (ciphertext )
. Size: Length of the input buffer either in word or in byte, according to DataWidthUnit
. pOutput: Pointer to the output buffer(plaintext)

Return values
. HAL.: status
HAL_CRYP_IRQHandler

Function name
void HAL_CRYP_IRQHandler (CRYP_HandleTypeDef * hcryp)
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Function description

This function handles cryptographic interrupt request.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

Return values

. None:

HAL_CRYP_GetState

Function name
HAL_CRYP_STATETypeDef HAL_CRYP_GetState (const CRYP_HandleTypeDef * hcryp)

Function description
Returns the CRYP state.
Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module.

Return values
. HAL.: state

HAL_CRYP_InCpltCallback

Function name
void HAL_CRYP_InCpltCallback (CRYP_HandleTypeDef * hcryp)

Function description

Input FIFO transfer completed callback.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module.

Return values

. None:

HAL_CRYP_OutCpltCallback

Function name
void HAL_CRYP_OutCpltCallback (CRYP_HandleTypeDef * hcryp)

Function description

Output FIFO transfer completed callback.

Parameters
. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module.
Return values
. None:
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HAL_CRYP_ErrorCallback

Function name
void HAL_CRYP_ErrorCallback (CRYP_HandleTypeDef * hcryp)

Function description
CRYP error callback.

Parameters
. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module.
Return values
. None:

HAL_CRYP_GetError

Function name
uint32_t HAL_CRYP_GetError (const CRYP_HandleTypeDef * hcryp)

Function description
Return the CRYP error code.

Parameters

. hecryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for the
CRYP peripheral

Return values
. CRYP: error code

14.3 CRYP Firmware driver defines

The following section lists the various define and macros of the module.
14.3.1 CRYP

CRYP

CRYP Algorithm Mode

CRYP_AES_ECB

Electronic codebook chaining algorithm
CRYP_AES_CBC

Cipher block chaining algorithm
CRYP_AES_CTR

Counter mode chaining algorithm
CRYP_AES_GCM_GMAC

Galois counter mode - Galois message authentication code

CRYP_AES_CCM
Counter with Cipher Mode

CRYP CLEAR Flags
CRYP_CLEAR_CCF

Computation Complete Flag Clear
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CRYP_CLEAR_RWEIF
Clear Error Flag : RWEIF in AES_ISR and both RDERR and WRERR flags in AES_SR

CRYP_CLEAR_KEIF
Clear Key Error Flag: KEIF in AES_ISR

CRYP_CLEAR_RNGEIF
Clear rng Error Flag: RNGEIF in AES_ISR

CRYP Key and IV Configuration Skip Mode
CRYP_KEYIVCONFIG_ALWAYS

Peripheral Key and IV configuration to do systematically

CRYP_KEYIVCONFIG_ONCE

Peripheral Key and IV configuration to do only once

CRYP_KEYNOCONFIG

Peripheral Key configuration to not do

CRYP_IVCONFIG_ONCE

Peripheral IV configuration do once for interleave mode

CRYP Data Type
CRYP_DATATYPE_32B

CRYP_DATATYPE_16B
CRYP_DATATYPE_8B
CRYP_DATATYPE_1B

CRYP_NO_SWAP
32-bit data type (no swapping)

CRYP_HALFWORD_SWAP

16-bit data type (half-word swapping)
CRYP_BYTE_SWAP

8-bit data type (byte swapping)
CRYP_BIT_SWAP

1-bit data type (bit swapping)

CRYP Data Width Unit
CRYP_DATAWIDTHUNIT_WORD

By default, size unit is word
CRYP_DATAWIDTHUNIT_BYTE
By default, size unit is byte
CRYP Error Definition
HAL_CRYP_ERROR_NONE

No error
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HAL_CRYP_ERROR_WRITE

Write error

HAL_CRYP_ERROR_READ
Read error

HAL_CRYP_ERROR_DMA
DMA error

HAL_CRYP_ERROR_BUSY

Busy flag error
HAL_CRYP_ERROR_TIMEOUT

Timeout error
HAL_CRYP_ERROR_NOT_SUPPORTED

Not supported mode
HAL_CRYP_ERROR_AUTH_TAG_SEQUENCE

Sequence are not respected only for GCM or CCM

HAL_CRYP_ERROR_INVALID_CALLBACK
Invalid Callback error

HAL_CRYP_ERROR_KEY

Key error

HAL_CRYP_ERROR_RNG

Rng error

CRYP Exported Macros
__HAL_CRYP_RESET_HANDLE_STATE

Description:

. Reset CRYP handle state.

Parameters:

. __HANDLE__: specifies the CRYP handle.

Return value:
. None

__HAL_CRYP_ENABLE

Description:

. Enable/Disable the CRYP peripheral.
Parameters:

. __HANDLE__: specifies the CRYP handle.

Return value:
. None

__HAL_CRYP_DISABLE
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__HAL_CRYP_GET_FLAG

Description:
. Check whether the specified CRYP status flag is set or not.

Parameters:
. _ HANDLE__: specifies the CRYP handle.
. __ FLAG__: specifies the flag to check. This parameter can be one of the following values for TinyAES:

- CRYP_FLAG_KEYVALID Key valid flag

- CRYP_FLAG_BUSY GCM process suspension forbidden or transferring a shared key from SAES
IP.

- CRYP_FLAG_WRERR Write Error flag
- CRYP_FLAG_RDERR Read Error flag
- CRYP_FLAG_CCF Computation Complete flag
- CRYP_FLAG_KEIF Key error flag
- CRYP_FLAG_RWEIF Read/write Error flag
Return value:
. The: state of __FLAG__ (TRUE or FALSE).

_ HAL_CRYP_CLEAR_FLAG

Description:

. Clear the CRYP pending status flag.

Parameters:

. _ HANDLE__: specifies the CRYP handle.

. __ FLAG__: specifies the flag to clear. This parameter can be one of the following values:
- CRYP_CLEAR_RWEIF Read (RDERR), Write (WRERR) or Read/write (RWEIF) Error Flag Clear
- CRYP_CLEAR_CCF Computation Complete Flag (CCF) Clear
- CRYP_CLEAR_KEIF Key error interrupt flag clear

Return value:

. None

__HAL_CRYP_GET_IT_SOURCE

Description:

. Check whether the specified CRYP interrupt source is enabled or not.

Parameters:

. __HANDLE__: specifies the CRYP handle.

. __INTERRUPT__: CRYP interrupt source to check This parameter can be one of the following values for
TinyAES:

- CRYP_IT_RWEIE Error interrupt (used for RDERR and WRERR)
- CRYP_IT_CCFIE Computation Complete interrupt
- CRYP_IT_KEIE Key error interrupt

Return value:

. State: of interruption (TRUE or FALSE).
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__HAL_CRYP_ENABLE_IT

Description:

. Enable the CRYP interrupt.

Parameters:

. _ HANDLE__: specifies the CRYP handle.

. __INTERRUPT__: CRYP Interrupt. This parameter can be one of the following values for TinyAES:
- CRYP_IT_RWEIE Error interrupt (used for RDERR and WRERR)
- CRYP_IT_CCFIE Computation Complete interrupt
- CRYP_IT_KEIE Key error interrupt

Return value:

. None

__HAL_CRYP_DISABLE_IT

Description:

. Disable the CRYP interrupt.

Parameters:

. _ HANDLE__: specifies the CRYP handle.

. __INTERRUPT__: CRYP Interrupt. This parameter can be one of the following values for TinyAES:
- CRYP_IT_RWEIE Error interrupt (used for RDERR and WRERR)
- CRYP_IT_CCFIE Computation Complete interrupt
- CRYP_IT_KEIE Key error interrupt

Return value:

. None

CRYP Flags

CRYP_FLAG_BUSY

GCM process suspension forbidden also set when transferring a shared key from SAES peripheral
CRYP_FLAG_WRERR

Write Error flag
CRYP_FLAG_RDERR

Read error flag
CRYP_FLAG_CCF

Computation completed flag as AES_ISR_CCF
CRYP_FLAG_KEYVALID

Key Valid flag
CRYP_FLAG_KEIF

Key error interrupt flag
CRYP_FLAG_RWEIF

Read or write error Interrupt flag

CRYP_FLAG_RNGEIF
RNG error interrupt flag

CRYP Header Width Unit
CRYP_HEADERWIDTHUNIT_WORD

By default, header size unit is word
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CRYP_HEADERWIDTHUNIT_BYTE

By default, header size unit is byte

CRYP Interrupt
CRYP_IT_CCFIE

Computation Complete interrupt enable

CRYP_IT_RWEIE

Read or write Error interrupt enable

CRYP_IT_KEIE

Key error interrupt enable

CRYP_IT_RNGEIE

Rng error interrupt enable

CRYP Key Mode
CRYP_KEYMODE_NORMAL

Normal key usage, Key registers are freely usable

CRYP_KEYMODE_SHARED
Shared key

CRYP_KEYMODE_WRAPPED
Only for SAES, Wrapped key: to encrypt or decrypt AES keys

CRYP Key Protection
CRYP_KEYPROT_ENABLE

Only for SAES, Key protection between 2 applications with different security contexts

CRYP_KEYPROT_DISABLE
Only for SAES, Key not protected between 2 applications with different security contexts

CRYP Key Select

CRYP_KEYSEL_NORMAL
Normal key, key registers SAES_KEYx or CRYP_KEYx

CRYP_KEYSEL_HW
Only for SAES, Hardware key : derived hardware unique key (DHUK 256-bit)

CRYP_KEYSEL_SW
Only for SAES, Software key : boot hardware key BHK (256-bit)

CRYP_KEYSEL_HSW
Only for SAES, DHUK XOR BHK Hardware unique key XOR software key

CRYP Key Share ID

CRYP_KSHAREID_AES
Share SAES Key with AES peripheral

CRYP Key Size
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CRYP_KEYSIZE_128B
128-bit long key

CRYP_KEYSIZE_256B
256-bit long key
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15 HAL CRYP Extension Driver

15.1 CRYPEXx Firmware driver API description

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

15.1.1 Extended AES processing functions
This section provides functions allowing to generate the authentication TAG in Polling mode
1. HAL_CRYPEx_AESGCM_GenerateAuthTAG
2. HAL_CRYPEx_AESCCM_GenerateAuthTAG they should be used after Encrypt/Decrypt operation.
This section contains the following APlIs:
. HAL_CRYPEx_AESGCM_GenerateAuthTAG()
. HAL_CRYPEx_AESCCM_GenerateAuthTAG()

15.1.2 Wrap and Unwrap key

This section provides API allowing to wrap (encrypt) and unwrap (decrypt) key using one of the following keys,
and AES Algorithm. Key selection : - Derived hardware unique key (DHUK) - XOR of DHUK and BHK - Boot
hardware key (BHK)

This section contains the following APls:
. HAL_CRYPEx_WrapKey()
. HAL_CRYPEx_UnwrapKey()

15.1.3 Encrypt and Decrypt Shared key functions

This section provides API allowing to Encrypt and Decrypt Shared key
This section contains the following APls:

. HAL_CRYPEx_EncryptSharedKey()

. HAL_CRYPEx_DecryptSharedKey()

15.1.4 Detailed description of functions

HAL_CRYPEx_AESGCM_GenerateAuthTAG

Function name
HAL_StatusTypeDef HAL_CRYPEx_AESGCM_GenerateAuthTAG (CRYP_HandleTypeDef * hcryp, const
uint32_t * pAuthTag, uint32_t Timeout)

Function description
generate the GCM authentication TAG.

Parameters
. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pAuthTag: Pointer to the authentication buffer the pAuthTag generated here is 128bits length, if the TAG
length is less than 128bits, user should consider only the valid part of pAuthTag buffer which correspond
exactly to TAG length.

. Timeout: Timeout duration

Return values
. HAL.: status
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HAL_CRYPEx_AESCCM_GenerateAuthTAG

Function name

HAL_StatusTypeDef HAL_CRYPEx_AESCCM_GenerateAuthTAG (CRYP_HandleTypeDef * hcryp, const
uint32_t * pAuthTag, uint32_t Timeout)

Function description
AES CCM Authentication TAG generation.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pAuthTag: Pointer to the authentication buffer the pAuthTag generated here is 128bits length, if the TAG
length is less than 128bits, user should consider only the valid part of pAuthTag buffer which correspond
exactly to TAG length.

. Timeout: Timeout duration

Return values
. HAL: status

HAL_CRYPEx_UnwrapKey

Function name

HAL_StatusTypeDef HAL_CRYPEx_UnwrapKey (CRYP_HandleTypeDef * hcryp, uint32_t * pinput,
uint32_t Timeout)

Function description
Unwrap (Decrypt) application keys.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP

module
. pInput: Pointer to the Key buffer to decrypt.
. Timeout: Specify Timeout value

Return values
. HAL: status

HAL_CRYPEx_WrapKey

Function name

HAL_StatusTypeDef HAL_CRYPEx_WrapKey (CRYP_HandleTypeDef * hcryp, uint32_t * pIlnput, uint32_t *
pOutput, uint32_t Timeout)

Function description

Wrap (encrypt) application keys.

Parameters

. heryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pInput: Pointer to the Key buffer to encrypt in case of ECB or CBC

. pOutput: Pointer to the Key buffer encrypted in case of ECB or CBC

. Timeout: Specify Timeout value

Return values
. HAL: status
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HAL_CRYPEx_EncryptSharedKey

Function name
HAL_StatusTypeDef HAL_CRYPEx_EncryptSharedKey (CRYP_HandleTypeDef * hcryp, uint32_t * pKey,
uint32_t * pOutput, uint32_t ID, uint32_t Timeout)

Function description

Encrypt Shared key.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP
module

. pKey: Pointer to the Key buffer to share
. pOutput: Pointer to the Key buffer encrypted
. ID: Key share identification
. Timeout: Specify Timeout value
Return values

. HAL.: status

HAL_CRYPEx_DecryptSharedKey

Function name

HAL_StatusTypeDef HAL_CRYPEx_DecryptSharedKey (CRYP_HandleTypeDef * hcryp, uint32_t * pKey,
uint32_t ID, uint32_t Timeout)

Function description

Decrypt Shared key.

Parameters

. hcryp: pointer to a CRYP_HandleTypeDef structure that contains the configuration information for CRYP

module
. pKey: Pointer to the Key buffer to share
. ID: Key share identification
. Timeout: Specify Timeout value

Return values
. HAL: status
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16 HAL DAC Generic Driver

16.1 DAC Firmware driver registers structures

16.1.1 __DAC_HandleTypeDef
_ DAC_HandleTypeDef is defined in the stm32u5xx_hal_dac.h
Data Fields
. DAC_TypeDef * Instance
. _ IO HAL_DAC_StateTypeDef State
. HAL_LockTypeDef Lock
. DMA_HandleTypeDef * DMA_Handle1
. DMA_HandleTypeDef * DMA_Handle2
. __I0 uint32_t ErrorCode
. void(* ConvCpltCallbackCh1
. void(* ConvHalfCpltCallbackCh1
. void(* ErrorCallbackCh1
. void(* DMAUnderrunCallbackCh1
. void(* ConvCpltCallbackCh2
. void(* ConvHalfCpltCallbackCh2
. void(* ErrorCallbackCh2
. void(* DMAUnderrunCallbackCh2
. void(* MsplnitCallback
. void(* MspDelnitCallback
Field Documentation

. DAC_TypeDef* __DAC_HandleTypeDef::Instance
Register base address

. _ IO HAL_DAC_StateTypeDef __DAC_HandleTypeDef::State
DAC communication state

. HAL_LockTypeDef __ DAC_HandleTypeDef::Lock
DAC locking object

. DMA_HandleTypeDef* __DAC_HandleTypeDef::DMA_Handle1
Pointer DMA handler for channel 1

. DMA_HandleTypeDef* __DAC_HandleTypeDef::DMA_Handle2
Pointer DMA handler for channel 2

. _ 10 uint32_t _ DAC_HandleTypeDef::ErrorCode
DAC Error code

. void(* __DAC_HandleTypeDef::ConvCpltCallbackCh1)(struct __DAC_HandleTypeDef *hdac)

. void(* __DAC_HandleTypeDef::ConvHalfCpltCallbackCh1)(struct __DAC_HandleTypeDef *hdac)
. void(* __DAC_HandleTypeDef::ErrorCallbackCh1)(struct _ DAC_HandleTypeDef *hdac)

. void(* __DAC_HandleTypeDef::DMAUnderrunCallbackCh1)(struct __DAC_HandleTypeDef *hdac)
. void(* __DAC_HandleTypeDef::ConvCpltCallbackCh2)(struct _ DAC_HandleTypeDef *hdac)

. void(* __DAC_HandleTypeDef::ConvHalfCpltCallbackCh2)(struct _ DAC_HandleTypeDef *hdac)
. void(* __DAC_HandleTypeDef::ErrorCallbackCh2)(struct _ DAC_HandleTypeDef *hdac)

. void(* __DAC_HandleTypeDef::DMAUnderrunCallbackCh2)(struct __DAC_HandleTypeDef *hdac)
. void(* __DAC_HandleTypeDef::MsplnitCallback)(struct _ DAC_HandleTypeDef *hdac)

. void(* __DAC_HandleTypeDef::MspDelnitCallback)(struct __DAC_HandleTypeDef *hdac)

16.1.2 DAC_SampleAndHoldConfTypeDef
DAC_SampleAndHoldConfTypeDef is defined in the stm32u5xx_hal_dac.h
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Data Fields

. uint32_t DAC_SampleTime
. uint32_t DAC_HoldTime

. uint32_t DAC_RefreshTime
Field Documentation

. uint32_t DAC_SampleAndHoldConfTypeDef::DAC_SampleTime
Specifies the Sample time for the selected channel. This parameter applies when DAC_SampleAndHold is
DAC_SAMPLEANDHOLD_ENABLE. This parameter must be a number between Min_Data = 0 and
Max_Data = 1023

. uint32_t DAC_SampleAndHoldConfTypeDef::DAC_HoldTime
Specifies the hold time for the selected channel This parameter applies when DAC_SampleAndHold is
DAC_SAMPLEANDHOLD_ENABLE. This parameter must be a number between Min_Data = 0 and
Max_Data = 1023

. uint32_t DAC_SampleAndHoldConfTypeDef::DAC_RefreshTime
Specifies the refresh time for the selected channel This parameter applies when DAC_SampleAndHold is
DAC_SAMPLEANDHOLD_ENABLE. This parameter must be a number between Min_Data = 0 and
Max_Data = 255

16.1.3 DAC_ChannelConfTypeDef
DAC_ChannelConfTypeDef is defined in the stm32u5xx_hal_dac.h
Data Fields
. uint32_t DAC_HighFrequency
. uint32_t DAC_AutonomousMode
. FunctionalState DAC_DMADoubleDataMode
. FunctionalState DAC_SignedFormat
. uint32_t DAC_SampleAndHold
. uint32_t DAC_Trigger
. uint32_t DAC_OutputBuffer
. uint32_t DAC_ConnectOnChipPeripheral
. uint32_t DAC_UserTrimming
. uint32_t DAC_TrimmingValue
. DAC_SampleAndHoldConfTypeDef DAC_SampleAndHoldConfig
Field Documentation

. uint32_t DAC_ChannelConfTypeDef::DAC_HighFrequency
Specifies the frequency interface mode This parameter can be a value of DAC_HighFrequency

. uint32_t DAC_ChannelConfTypeDef::DAC_AutonomousMode
Specifies whether the autonomous mode state This parameter can be a value of DAC_AutonomousMode
Note: HAL_DACEXx_SetConfigAutonomousMode() API allows to select and update the autonomous
mode state afterwards

. FunctionalState DAC_ChannelConfTypeDef::DAC_DMADoubleDataMode
Specifies if DMA double data mode should be enabled or not for the selected channel. This parameter can
be ENABLE or DISABLE

. FunctionalState DAC_ChannelConfTypeDef::DAC_SignedFormat
Specifies if signed format should be used or not for the selected channel. This parameter can be ENABLE
or DISABLE

. uint32_t DAC_ChannelConfTypeDef::DAC_SampleAndHold
Specifies whether the DAC mode. This parameter can be a value of DAC_SampleAndHold

. uint32_t DAC_ChannelConfTypeDef::DAC_Trigger
Specifies the external trigger for the selected DAC channel. This parameter can be a value of
DAC_trigger_selection

. uint32_t DAC_ChannelConfTypeDef::DAC_OutputBuffer
Specifies whether the DAC channel output buffer is enabled or disabled. This parameter can be a value of
DAC_output_buffer
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. uint32_t DAC_ChannelConfTypeDef::DAC_ConnectOnChipPeripheral
Specifies whether the DAC output is connected or not to on chip peripheral. This parameter can be a value
of DAC_ConnectOnChipPeripheral

. uint32_t DAC_ChannelConfTypeDef::DAC_UserTrimming
Specifies the trimming mode This parameter must be a value of DAC_UserTrimming DAC_UserTrimming
is either factory or user trimming

. uint32_t DAC_ChannelConfTypeDef::DAC_TrimmingValue
Specifies the offset trimming value i.e. when DAC_SampleAndHold is DAC_TRIMMING_USER. This
parameter must be a number between Min_Data = 1 and Max_Data = 31

. DAC_SampleAndHoldConfTypeDef DAC_ChannelConfTypeDef::DAC_SampleAndHoldConfig
Sample and Hold settings

16.2 DAC Firmware driver API description

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

16.2.1 DAC Peripheral features

DAC Channels

STM32U5 devices integrate two 12-bit Digital Analog Converters The 2 converters (i.e. channel1 & channel2) can
be used independently or simultaneously (dual mode):

1. DAC channel1 with DAC_OUT1 (PA4) as output or connected to on-chip peripherals (ex. ADC).
2. DAC channel2 with DAC_OUT2 (PAS5) as output or connected to on-chip peripherals (ex. ADC).

DAC Triggers

Digital to Analog conversion can be non-triggered using DAC_TRIGGER_NONE and DAC_OUT1/DAC_OUT2 is
available once writing to DHRXx register.
Digital to Analog conversion can be triggered by:

1. External event: EXTI Line 9 (any GPIOx_PIN_9) using DAC_TRIGGER_EXT _IT9. The used pin
(GPIOx_PIN_9) must be configured in input mode.

2. Timers TRGO: TIM1, TIM2, TIM4, TIM5, TIM6, TIM7, TIM8 and TIM15 (DAC_TRIGGER_T1_TRGO,
DAC_TRIGGER_T2_TRGO...)

3. Low Power Timers TRGO: LPTIM1 and LPTIM3 (DAC_TRIGGER_LPTIM1_OUT,
DAC_TRIGGER_LPTIM3_OUT)

4. Software using DAC_TRIGGER_SOFTWARE

The trigger selection depends on the PWR mode: in stop0, stop1 and stop2 we should select
DAC_TRIGGER_EXT_IT9, DAC_TRIGGER_LPTIM1_OUT or DAC_TRIGGER_LPTIM3_OUT.The other triggers
are not functional.

DAC Buffer mode feature

Each DAC channel integrates an output buffer that can be used to reduce the output impedance, and to drive
external loads directly without having to add an external operational amplifier. To enable, the output buffer use
sConfig.DAC_OutputBuffer = DAC_OUTPUTBUFFER_ENABLE;

Note: Refer to the device datasheet for more details about output impedance value with and without output buffer.

GPIO configurations guidelines

When a DAC channel is used (ex channel1 on PA4) and the other is not (ex channel2 on PAS5 is configured in
Analog and disabled). Channel1 may disturb channel2 as coupling effect. Note that there is no coupling on
channel2 as soon as channel2 is turned on. Coupling on adjacent channel could be avoided as follows: when
unused PAS5 is configured as INPUT PULL-UP or DOWN. PA5 is configured in ANALOG just before it is turned on.
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DAC Sample and Hold feature

For each converter, 2 modes are supported: normal mode and "sample and hold" mode (i.e. low power mode). In
the sample and hold mode, the DAC core converts data, then holds the converted voltage on a capacitor. When
not converting, the DAC cores and buffer are completely turned off between samples and the DAC output is tri-
stated, therefore reducing the overall power consumption. A new stabilization period is needed before each new
conversion. The sample and hold allow setting internal or external voltage @ low power consumption cost (output
value can be at any given rate either by CPU or DMA). The Sample and hold block and registers uses either LSI
& run in several power modes: run mode, sleep mode, low power run, low power sleep mode & stop1 mode. Low
power stop1 mode allows only static conversion. To enable Sample and Hold mode Enable LSI using
HAL_RCC_OscConfig with RCC_OSCILLATORTYPE_LSI & RCC_LSI_ON parameters. Use

DAC_InitStructure. DAC_SampleAndHold = DAC_SAMPLEANDHOLD_ENABLE; &
DAC_ChannelConfTypeDef.DAC_SampleAndHoldConfig.DAC_SampleTime, DAC_HoldTime &
DAC_RefreshTime;

DAC calibration feature

1. The 2 converters (channel1 & channel2) provide calibration capabilities.
- Calibration aims at correcting some offset of output buffer.

- The DAC uses either factory calibration settings OR user defined calibration (trimming) settings (i.e.
trimming mode).

- The user defined settings can be figured out using self calibration handled by
HAL_DACEXx_SelfCalibrate.

- HAL_DACEx_SelfCalibrate:

° Runs automatically the calibration.
° Enables the user trimming mode
° Updates a structure with trimming values with fresh calibration results. The user may store the

calibration results for larger (ex monitoring the trimming as a function of temperature for instance)

DAC wave generation feature

Both DAC channels can be used to generate
1. Noise wave
2. Triangle wave

DAC data format

The DAC data format can be:

1. 8-bit right alignment using DAC_ALIGN_8B_R
2. 12-bit left alignment using DAC_ALIGN_12B_L
3. 12-bit right alignment using DAC_ALIGN_12B_R

DAC data value to voltage correspondence

The analog output voltage on each DAC channel pin is determined by the following equation:
DAC_OUTx = VREF+ * DOR / 4095

. with DOR is the Data Output Register

VREF+ is the input voltage reference (refer to the device datasheet)

e.g. To set DAC_OUT1 to 0.7V, use

. Assuming that VREF+ = 3.3V, DAC_OUT1 = (3.3 * 868) / 4095 = 0.7V

DMA requests

A DMA request can be generated when an external trigger (but not a software trigger) occurs if DMA requests are
enabled using HAL_DAC_Start DMA(). DMA requests are mapped as following: GPDMA requests are mapped
as following:

. DAC channel1 mapped on GPDMA request 2 (can be any GPDMA channel)
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. DAC channel2 mapped on GPDMA request 3 (can be any GPDMA channel) LPDMA requests are mapped
as following:

. DAC channel1 mapped on LPDMA request 8 (can be any LPDMA channel)
. DAC channel2 mapped on LPDMA request 9 (can be any LPDMA channel)

High frequency interface mode

The high frequency interface informs DAC instance about the bus frequency in use. It is mandatory information for
DAC (as internal timing of DAC is bus frequency dependent) provided thanks to parameter DAC_HighFrequency
handled in HAL_DAC_ConfigChannel () function. Use of
DAC_HIGH_FREQUENCY_INTERFACE_MODE_AUTOMATIC value of DAC_HighFrequency is recommended
function figured out the correct setting. The high frequency mode is same for all converters of a same DAC
instance. Either same parameter DAC_HighFrequency is used for all DAC converters or again self
DAC_HIGH_FREQUENCY_INTERFACE_MODE_AUTOMATIC detection parameter.

Note: For Dual mode and specific signal (Triangle and noise) generation please refer to Extended Features Driver
description
16.2.2 How to use this driver

. DAC APB clock must be enabled to get write access to DAC registers using HAL_DAC_Init()
. Configure DAC_OUTx (DAC_OUT1: PA4, DAC_OUT2: PA5) in analog mode.

. Configure the DAC channel using HAL_DAC_ConfigChannel() function.

. Enable the DAC channel using HAL_DAC_Start() or HAL_DAC_Start_DMA() functions.

Calibration mode 10 operation

. Retrieve the factory trimming (calibration settings) using HAL_DACEx_GetTrimOffset()
. Run the calibration using HAL_DACEXx_SelfCalibrate()
. Update the trimming while DAC running using HAL_DACEXx_SetUserTrimming()

Polling mode 10 operation

. Start the DAC peripheral using HAL_DAC_ Start()
. To read the DAC last data output value, use the HAL_DAC_GetValue() function.
. Stop the DAC peripheral using HAL_DAC_Stop()

DMA mode IO operation

. Start the DAC peripheral using HAL_DAC_Start_DMA(), at this stage the user specify the length of data to
be transferred at each end of conversion First issued trigger will start the conversion of the value previously
set by HAL_DAC_SetValue().

. At the middle of data transfer HAL_DAC_ConvHalfCpltCallbackCh1() or
HAL_DACEXx_ConvHalfCpltCallbackCh2() function is executed and user can add his own code by
customization of function pointer HAL_DAC_ConvHalfCpltCallbackCh1() or
HAL_DACEXx_ConvHalfCpltCallbackCh2()

. At The end of data transfer HAL_DAC_ConvCpltCallbackCh1() or
HAL_DACEXx_ConvHalfCpltCallbackCh2() function is executed and user can add his own code by
customization of function pointer HAL_DAC_ConvCpltCallbackCh1() or
HAL_DACEx_ConvHalfCpltCallbackCh2()

. In case of transfer Error, HAL_DAC_ErrorCallbackCh1() function is executed and user can add his own
code by customization of function pointer HAL_DAC_ErrorCallbackCh1
. In case of DMA underrun, DAC interruption triggers and execute internal function HAL_DAC_IRQHandler.

HAL_DAC_DMAUnderrunCallbackCh1() or HAL_DACEx_DMAUnderrunCallbackCh2() function is
executed and user can add his own code by customization of function pointer
HAL_DAC_DMAUnNderrunCallbackCh1() or HAL_DACEx_DMAUnderrunCallbackCh2() and add his own
code by customization of function pointer HAL_DAC_ErrorCallbackCh1()

. Stop the DAC peripheral using HAL_DAC_Stop_DMA()
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Callback registration

The compilation define USE_HAL_DAC_REGISTER_CALLBACKS when set to 1 allows the user to configure
dynamically the driver callbacks. Use Functions HAL_DAC_RegisterCallback() to register a user callback, it
allows to register following callbacks:

. ConvCpltCallbackCh1 : callback when a half transfer is completed on Ch1.

. ConvHalfCpltCallbackCh1 : callback when a transfer is completed on Ch1.

. ErrorCallbackCh1 : callback when an error occurs on Ch1.

. DMAUnNderrunCallbackCh1 : callback when an underrun error occurs on Ch1.

. ConvCpltCallbackCh2 : callback when a half transfer is completed on Ch2.

. ConvHalfCpltCallbackCh2 : callback when a transfer is completed on Ch2.

. ErrorCallbackCh2 : callback when an error occurs on Ch2.

. DMAUnNderrunCallbackCh2 : callback when an underrun error occurs on Ch2.
. MsplnitCallback : DAC Msplnit.

. MspDelnitCallback : DAC Mspdelnit. This function takes as parameters the HAL peripheral handle, the
Callback ID and a pointer to the user callback function. Use function HAL_DAC_UnRegisterCallback() to
reset a callback to the default weak (overridden) function. It allows to reset following callbacks:

. ConvCpltCallbackCh1 : callback when a half transfer is completed on Ch1.

. ConvHalfCpltCallbackCh1 : callback when a transfer is completed on Ch1.

. ErrorCallbackCh1 : callback when an error occurs on Ch1.

. DMAUnNderrunCallbackCh1 : callback when an underrun error occurs on Ch1.

. ConvCpltCallbackCh2 : callback when a half transfer is completed on Ch2.

. ConvHalfCpltCallbackCh2 : callback when a transfer is completed on Ch2.

. ErrorCallbackCh2 : callback when an error occurs on Ch2.

. DMAUnderrunCallbackCh2 : callback when an underrun error occurs on Ch2.

. MsplnitCallback : DAC Mspilnit.

. MspDelnitCallback : DAC Mspdelnit.

. All Callbacks This function) takes as parameters the HAL peripheral handle and the Callback ID. By
default, after the HAL_DAC_Init and if the state is HAL_DAC_STATE_RESET all callbacks are reset to the
corresponding legacy weak (overridden) functions. Exception done for Msplnit and MspDelnit callbacks
that are respectively reset to the legacy weak (overridden) functions in the HAL_DAC_Init and
HAL_DAC_Delnit only when these callbacks are null (not registered beforehand). If not, Msplnit or
MspDelnit are not null, the HAL_DAC_Init and HAL_DAC_Delnit keep and use the user Msplnit/MspDelnit
callbacks (registered beforehand) Callbacks can be registered/unregistered in READY state only.
Exception done for Msplnit/MspDelnit callbacks that can be registered/unregistered in READY or RESET
state, thus registered (user) Msplnit/Delnit callbacks can be used during the Init/Delnit. In that case first
register the MsplInit/MspDelnit user callbacks using HAL_DAC_RegisterCallback before calling
HAL_DAC_Delnit or HAL_DAC_Init function. When The compilation define
USE_HAL_DAC_REGISTER_CALLBACKS is set to 0 or not defined, the callback registering feature is not
available and weak (overridden) callbacks are used.

DAC HAL driver macros list

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

. __HAL_DAC_ENABLE : Enable the DAC peripheral

. _ HAL_DAC_DISABLE : Disable the DAC peripheral

. __HAL _DAC_CLEAR_FLAG: Clear the DAC's pending flags

. _ HAL_DAC_GET_FLAG: Get the selected DAC's flag status
Note: You can refer to the DAC HAL driver header file for more useful macros
16.2.3 Initialization and de-initialization functions

This section provides functions allowing to:
. Initialize and configure the DAC.
. De-initialize the DAC.
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This section contains the following APls:
. HAL_DAC_Init()

. HAL_DAC_Delnit()

. HAL_DAC_Msplnit()

. HAL_DAC_MspDelnit()

. HAL_DAC_RegisterCallback()

. HAL_DAC_UnRegisterCallback()

16.2.4 10 operation functions
This section provides functions allowing to:
. Start conversion.
. Stop conversion.
. Start conversion and enable DMA transfer.
. Stop conversion and disable DMA transfer.
. Get result of conversion.

This section contains the following APls:

. HAL_DAC_Start()

. HAL_DAC_Stop()

. HAL_DAC_Start DMA()

. HAL_DAC_Stop_DMA()

. HAL_DAC_IRQHandler()

. HAL_DAC_SetValue()

. HAL_DAC_ConvCpltCallbackCh1()

. HAL_DAC_ConvHalfCpltCallbackCh1()
. HAL_DAC_ErrorCallbackCh1()

. HAL_DAC_DMAUnderrunCallbackCh1()
. HAL_DAC_RegisterCallback()

. HAL_DAC_UnRegisterCallback()

16.2.5 Peripheral Control functions

This section provides functions allowing to:

. Configure channels.

. Set the specified data holding register value for DAC channel.
This section contains the following APlIs:

. HAL_DAC_GetValue()

. HAL_DAC_ConfigChannel()

16.2.6 Peripheral State and Errors functions

This subsection provides functions allowing to
. Check the DAC state.

. Check the DAC Errors.

This section contains the following APlIs:

. HAL_DAC_GetState()

. HAL_DAC_GetError()
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16.2.7 Detailed description of functions

HAL_DAC_Init

Function name
HAL_StatusTypeDef HAL_DAC_Init (DAC_HandleTypeDef * hdac)

Function description

Initialize the DAC peripheral according to the specified parameters in the DAC_InitStruct and initialize the
associated handle.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. HAL: status

HAL_DAC_Delnit

Function name
HAL_StatusTypeDef HAL_DAC_Delnit (DAC_HandleTypeDef * hdac)

Function description

Deinitialize the DAC peripheral registers to their default reset values.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. HAL: status

HAL_DAC_Msplnit
Function name
void HAL_DAC_Msplnit (DAC_HandleTypeDef * hdac)

Function description
Initialize the DAC MSP.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. None:
HAL_DAC_MspDelnit

Function name
void HAL_DAC_MspDelnit (DAC_HandleTypeDef * hdac)

Function description
Delnitialize the DAC MSP.
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Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values

. None:

HAL_DAC_Start

Function name
HAL_StatusTypeDef HAL_DAC_Start (DAC_HandleTypeDef * hdac, uint32_t Channel)

Function description

Enables DAC and starts conversion of channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

Return values
. HAL.: status
HAL_DAC_Stop

Function name
HAL_StatusTypeDef HAL_DAC_Stop (DAC_HandleTypeDef * hdac, uint32_t Channel)

Function description

Disables DAC and stop conversion of channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

Return values
. HAL.: status

HAL_DAC_Start DMA

Function name

HAL_StatusTypeDef HAL_DAC_Start DMA (DAC_HandleTypeDef * hdac, uint32_t Channel, const
uint32_t * pData, uint32_t Length, uint32_t Alignment)

Function description

Enables DAC and starts conversion of channel.
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Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

. pData: The source Buffer address.

. Length: The length of data to be transferred from memory to DAC peripheral

. Alignment: Specifies the data alignment for DAC channel. This parameter can be one of the following
values:

- DAC_ALIGN_8B_R: 8bit right data alignment selected
- DAC_ALIGN_12B_L: 12bit left data alignment selected
- DAC_ALIGN_12B_R: 12bit right data alignment selected

Return values
. HAL: status
HAL_DAC_Stop_DMA

Function name
HAL_StatusTypeDef HAL_DAC_Stop_DMA (DAC_HandleTypeDef * hdac, uint32_t Channel)

Function description

Disables DAC and stop conversion of channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

Return values
. HAL: status
HAL_DAC_IRQHandler

Function name
void HAL_DAC_IRQHandler (DAC_HandleTypeDef * hdac)

Function description

Handles DAC interrupt request This function uses the interruption of DMA underrun.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. None:
HAL_DAC_SetValue

Function name

HAL_StatusTypeDef HAL_DAC_SetValue (DAC_HandleTypeDef * hdac, uint32_t Channel, uint32_t
Alignment, uint32_t Data)
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Function description

Set the specified data holding register value for DAC channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

. Alignment: Specifies the data alignment. This parameter can be one of the following values:
- DAC_ALIGN_8B_R: 8bit right data alignment selected
- DAC_ALIGN_12B_L: 12bit left data alignment selected
- DAC_ALIGN_12B_R: 12bit right data alignment selected

. Data: Data to be loaded in the selected data holding register.

Return values
. HAL: status

HAL_DAC_ConvCpltCallbackCh1

Function name
void HAL_DAC_ConvCpltCallbackCh1 (DAC_HandleTypeDef * hdac)

Function description

Conversion complete callback in non-blocking mode for Channel.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. None:
HAL_DAC_ConvHalfCpltCallbackCh1

Function name
void HAL_DAC_ConvHalfCpltCallbackCh1 (DAC_HandleTypeDef * hdac)

Function description

Conversion half DMA transfer callback in non-blocking mode for Channel1.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. None:
HAL_DAC_ErrorCallbackCh1

Function name
void HAL_DAC_ErrorCallbackCh1 (DAC_HandleTypeDef * hdac)

Function description
Error DAC callback for Channel1.
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Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values

. None:

HAL_DAC_DMAUnNderrunCallbackCh1

Function name
void HAL_DAC_DMAUnderrunCallbackCh1 (DAC_HandleTypeDef * hdac)

Function description
DMA underrun DAC callback for channel1.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values

. None:

HAL_DAC_RegisterCallback

Function name

HAL_StatusTypeDef HAL_DAC_RegisterCallback (DAC_HandleTypeDef * hdac,
HAL_DAC_CallbackiDTypeDef CallbackiD, pDAC_CallbackTypeDef pCallback)

Function description

Register a User DAC Callback To be used instead of the weak (overridden) predefined callback.

Parameters

. hdac: DAC handle
. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:
- HAL_DAC_ERROR_INVALID_CALLBACK DAC Error Callback ID
- HAL_DAC_CH1_COMPLETE_CB_ID DAC CH1 Complete Callback ID
- HAL_DAC_CH1_HALF_COMPLETE_CB_ID DAC CH1 Half Complete Callback ID
- HAL_DAC_CH1_ERROR_ID DAC CH1 Error Callback ID
- HAL_DAC_CH1_UNDERRUN_CB_ID DAC CH1 UnderRun Callback ID
- HAL_DAC_CH2_COMPLETE_CB_ID DAC CH2 Complete Callback ID
- HAL_DAC_CH2_HALF_COMPLETE_CB_ID DAC CH2 Half Complete Callback ID
- HAL_DAC_CH2_ERROR_ID DAC CH2 Error Callback ID
- HAL_DAC_CH2_UNDERRUN_CB_ID DAC CH2 UnderRun Callback ID
- HAL_DAC_MSPINIT_CB_ID DAC MSP Init Callback ID
- HAL_DAC_MSPDEINIT_CB_ID DAC MSP Delnit Callback ID
. pCallback: pointer to the Callback function

Return values

. status:

Notes

. The HAL_DAC_RegisterCallback() may be called before HAL_DAC_Init() in HAL_DAC_STATE_RESET
to register callbacks for HAL_DAC_MSPINIT_CB_ID and HAL_DAC_MSPDEINIT_CB_ID
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HAL_DAC_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_DAC_UnRegisterCallback (DAC_HandleTypeDef * hdac,
HAL_DAC_CallbackiDTypeDef CallbackID)

Function description

Unregister a User DAC Callback DAC Callback is redirected to the weak (overridden) predefined callback.

Parameters

. hdac: DAC handle
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:
- HAL_DAC_CH1_COMPLETE_CB_ID DAC CH1 transfer Complete Callback ID
- HAL_DAC_CH1_HALF_COMPLETE_CB_ID DAC CH1 Half Complete Callback ID
- HAL_DAC_CH1_ERROR_ID DAC CH1 Error Callback ID
- HAL_DAC_CH1_UNDERRUN_CB_ID DAC CH1 UnderRun Callback ID
- HAL_DAC_CH2_COMPLETE_CB_ID DAC CH2 Complete Callback ID
- HAL_DAC_CH2_HALF_COMPLETE_CB_ID DAC CH2 Half Complete Callback ID
- HAL_DAC_CH2_ERROR_ID DAC CH2 Error Callback ID
- HAL_DAC_CH2_UNDERRUN_CB_ID DAC CH2 UnderRun Callback ID
- HAL_DAC_MSPINIT_CB_ID DAC MSP Init Callback ID
- HAL_DAC_MSPDEINIT_CB_ID DAC MSP Delnit Callback ID
- HAL_DAC_ALL_CB_ID DAC All callbacks

Return values
. status:

Notes
. The HAL_DAC_UnRegisterCallback() may be called before HAL_DAC _Init() in
HAL_DAC_STATE_RESET to un-register callbacks for HAL_DAC_MSPINIT_CB_ID and
HAL_DAC_MSPDEINIT_CB_ID
HAL_DAC_GetValue
Function name

uint32_t HAL_DAC_GetValue (const DAC_HandleTypeDef * hdac, uint32_t Channel)

Function description

Returns the last data output value of the selected DAC channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

Return values
. The: selected DAC channel data output value.
HAL_DAC_ConfigChannel

Function name

HAL_StatusTypeDef HAL_DAC_ConfigChannel (DAC_HandleTypeDef * hdac, const
DAC_ChannelConfTypeDef * sConfig, uint32_t Channel)
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Function description

Configures the selected DAC channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. sConfig: DAC configuration structure.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected
Return values
. HAL: status

Notes

. By calling this function, if the application will be run in stop mode, the DAC_Trigger field of the structure
sConfig should be one of the following values:
DAC_TRIGGER_STOP_LPTIM1_OUTDAC_TRIGGER_STOP_LPTIM3_OUTDAC_TRIGGER_STOP_EX
T_IT9 For application where DAC is not run in stop mode, the DAC trigger should be a value of DAC
trigger selection

. By calling this function, the high frequency interface mode (HFSEL bits) will be set. This parameter scope
is the DAC instance. As the function is called for each channel, the DAC high frequency interface mode of
sConfig must be the same at each call. (or
DAC_HIGH_FREQUENCY_INTERFACE_MODE_AUTOMATIC self detect).

HAL_DAC_GetState

Function name
HAL_DAC_StateTypeDef HAL_DAC_GetState (const DAC_HandleTypeDef * hdac)

Function description
return the DAC handle state

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. HAL: state

HAL_DAC_GetError
Function name
uint32_t HAL_DAC_GetError (const DAC_HandleTypeDef * hdac)
Function description
Return the DAC error code.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. DAC: Error Code
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DAC_DMAConvCpltCh1
Function name
void DAC_DMAConvCpltCh1 (DMA_HandleTypeDef * hdma)
Function description

DMA conversion complete callback.

Parameters

. hdma: pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA module.

Return values

. None:

DAC_DMAErrorCh1
Function name

void DAC_DMAErrorCh1 (DMA_HandleTypeDef * hdma)

Function description
DMA error callback.
Parameters

. hdma: pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA module.

Return values

. None:

DAC_DMAHalfConvCpltCh1
Function name

void DAC_DMAHalfConvCpltCh1 (DMA_HandleTypeDef * hdma)

Function description
DMA half transfer complete callback.
Parameters

. hdma: pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA module.

Return values

. None:

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

16.3.1 DAC
DAC
DAC Autonomous Mode

DAC_AUTONOMOUS_MODE_DISABLE

Autonomous mode disable
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DAC_AUTONOMOUS_MODE_ENABLE

Autonomous mode enable

DAC Channel selection

DAC_CHANNEL_1

DAC_CHANNEL_2

DAC ConnectOnChipPeripheral
DAC_CHIPCONNECT_EXTERNAL

DAC_CHIPCONNECT_INTERNAL

DAC_CHIPCONNECT_BOTH

DAC data alignment
DAC_ALIGN_12B_R

DAC_ALIGN_12B_L

DAC_ALIGN_8B_R

DAC Error Code

HAL_DAC_ERROR_NONE
No error

HAL_DAC_ERROR_DMAUNDERRUNCH1
DAC channel1 DMA underrun error

HAL_DAC_ERROR_DMAUNDERRUNCH2
DAC channel2 DMA underrun error

HAL_DAC_ERROR_DMA
DMA error

HAL_DAC_ERROR_TIMEOUT

Timeout error

HAL_DAC_ERROR_INVALID_CALLBACK

Invalid callback error

DAC Exported Macros

_ HAL_DAC_RESET_HANDLE_STATE
Description:
. Reset DAC handle state.
Parameters:
. __ HANDLE__: specifies the DAC handle.
Return value:
. None
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_ HAL_DAC_ENABLE
Description:
. Enable the DAC channel.
Parameters:
. __ HANDLE__: specifies the DAC handle.
. _ DAC_Channel__: specifies the DAC channel
Return value:

. None

_ _HAL_DAC_DISABLE
Description:
. Disable the DAC channel.
Parameters:
. _ _HANDLE__: specifies the DAC handle
. __DAC_Channel__: specifies the DAC channel.
Return value:
. None

DAC_DHR12R1_ALIGNMENT

Description:

. Set DHR12R1 alignment.

Parameters:

. __ALIGNMENT__: specifies the DAC alignment

Return value:
. None

DAC_DHR12R2_ALIGNMENT

Description:

. Set DHR12R2 alignment.

Parameters:

. __ALIGNMENT__: specifies the DAC alignment

Return value:
. None

DAC_DHR12RD_ALIGNMENT

Description:

. Set DHR12RD alignment.

Parameters:

. __ALIGNMENT__: specifies the DAC alignment

Return value:
. None
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__HAL_DAC_ENABLE_IT

Description:

. Enable the DAC interrupt.

Parameters:

. __ HANDLE__: specifies the DAC handle

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

- DAC_IT_DMAUDR1 DAC channel 1 DMA underrun interrupt
- DAC_IT_DMAUDR2 DAC channel 2 DMA underrun interrupt
Return value:
. None

__HAL_DAC_DISABLE_IT

Description:

. Disable the DAC interrupt.

Parameters:

. _ HANDLE__: specifies the DAC handle

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

- DAC_IT_DMAUDR1 DAC channel 1 DMA underrun interrupt
- DAC_IT_DMAUDR2 DAC channel 2 DMA underrun interrupt
Return value:
. None

__HAL_DAC_GET_IT_SOURCE

Description:

. Check whether the specified DAC interrupt source is enabled or not.

Parameters:

. _ HANDLE__: DAC handle

. __INTERRUPT___: DAC interrupt source to check This parameter can be any combination of the following
values:

- DAC_IT_DMAUDR1 DAC channel 1 DMA underrun interrupt
- DAC_IT_DMAUDR2 DAC channel 2 DMA underrun interrupt
Return value:
. State: of interruption (SET or RESET)

__HAL_DAC_GET_FLAG

Description:

. Get the selected DAC's flag status.

Parameters:

. __HANDLE__: specifies the DAC handle.

. _ FLAG__: specifies the DAC flag to get. This parameter can be any combination of the following values:
- DAC_FLAG_DMAUDR1 DAC channel 1 DMA underrun flag
- DAC_FLAG_DMAUDR2 DAC channel 2 DMA underrun flag
- DAC_FLAG_DAC1RDY DAC channel 1 ready status flag
- DAC_FLAG_DAC2RDY DAC channel 2 ready status flag

Return value:

. None
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__HAL_DAC_CLEAR_FLAG

Description:

. Clear the DAC's flag.

Parameters:

. _ _HANDLE__: specifies the DAC handle.

. __ FLAG__: specifies the DAC flag to clear. This parameter can be any combination of the following
values:

- DAC_FLAG_DMAUDR1 DAC channel 1 DMA underrun flag
- DAC_FLAG_DMAUDR2 DAC channel 2 DMA underrun flag
Return value:

. None

DAC flags definition
DAC_FLAG_DMAUDR1

DAC_FLAG_DMAUDR2
DAC_FLAG_DAC1RDY
DAC_FLAG_DAC2RDY

DAC high frequency interface mode
DAC_HIGH_FREQUENCY_INTERFACE_MODE_DISABLE

High frequency interface mode disabled

DAC_HIGH_FREQUENCY_INTERFACE_MODE_ABOVE_80MHZ
High frequency interface mode compatible to AHB>80MHz enabled

DAC_HIGH_FREQUENCY_INTERFACE_MODE_ABOVE_160MHZ
High frequency interface mode compatible to AHB>160MHz enabled

DAC_HIGH_FREQUENCY_INTERFACE_MODE_AUTOMATIC

High frequency interface mode automatic

DAC IT definition
DAC_IT_DMAUDR1

DAC_IT_DMAUDR2

DAC output buffer
DAC_OUTPUTBUFFER_ENABLE

DAC_OUTPUTBUFFER_DISABLE

DAC power mode
DAC_SAMPLEANDHOLD_DISABLE

DAC_SAMPLEANDHOLD_ENABLE

DAC trigger selection
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DAC_TRIGGER_NONE

conversion is automatic once the DAC_DHRxxxx register has been loaded, and not by external trigger

DAC_TRIGGER_SOFTWARE

conversion started by software trigger for DAC channel
DAC_TRIGGER_T1_TRGO

TIM1 TRGO selected as external conversion trigger for DAC channel.
DAC_TRIGGER_T2_TRGO

TIM2 TRGO selected as external conversion trigger for DAC channel
DAC_TRIGGER_T4 TRGO

TIM4 TRGO selected as external conversion trigger for DAC channel
DAC_TRIGGER_T5_TRGO

TIM5 TRGO selected as external conversion trigger for DAC channel
DAC_TRIGGER_T6_TRGO

TIM6 TRGO selected as external conversion trigger for DAC channel
DAC_TRIGGER_T7_TRGO

TIM7 TRGO selected as external conversion trigger for DAC channel
DAC_TRIGGER_T8_TRGO

TIM8 TRGO selected as external conversion trigger for DAC channel
DAC_TRIGGER_T15_TRGO

TIM15 TRGO selected as external conversion trigger for DAC channel
DAC_TRIGGER_LPTIM1_CH1

LPTIM1 CH1 selected as external conversion trigger for DAC channel
DAC_TRIGGER_LPTIM3_CH1

LPTIM3 CH1 selected as external conversion trigger for DAC channel

DAC_TRIGGER_EXT_IT9

EXTI Line9 event selected as external conversion trigger for DAC channel

DAC Trigger Stop Mode
DAC_TRIGGER_STOP_LPTIM1_CH1
LPTIM1 output selected as DAC trigger in stop mode
DAC_TRIGGER_STOP_LPTIM3_CH1
LPTIM3 output selected as DAC trigger in stop mode

DAC_TRIGGER_STOP_EXT_IT9
EXTlI line 9 selected as DAC trigger in stop mode

DAC User Trimming
DAC_TRIMMING_FACTORY

Factory trimming

DAC_TRIMMING_USER

User trimming
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17 HAL DAC Extension Driver

171 DACEXx Firmware driver registers structures

1711 DAC_AutonomousModeConfTypeDef
DAC_AutonomousModeConfTypeDef is defined in the stm32u5xx_hal_dac_ex.h
Data Fields
. uint32_t AutonomousModeState

Field Documentation

. uint32_t DAC_AutonomousModeConfTypeDef::AutonomousModeState
Specifies the autonomous mode state. This parameter can be a value of DAC_AutonomousMode

17.2 DACEXx Firmware driver API description

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

17.21 How to use this driver

Dual mode IO operation

. Use HAL_DACEx_DualStart() to enable both channel and start conversion for dual mode operation. If
software trigger is selected, using HAL_DACEXx_DualStart() will start the conversion of the value previously
set by HAL_DACEx_DualSetValue().

. Use HAL_DACEx_DualStop() to disable both channel and stop conversion for dual mode operation.

. Use HAL_DACEx_DualStart_ DMA() to enable both channel and start conversion for dual mode operation
using DMA to feed DAC converters. First issued trigger will start the conversion of the value previously set
by HAL_DACEx_DualSetValue(). The same callbacks that are used in single mode are called in dual mode
to notify transfer completion (half complete or complete), errors or underrun.

. Use HAL_DACEx_DualStop_DMA() to disable both channel and stop conversion for dual mode operation
using DMA to feed DAC converters.

. When Dual mode is enabled (i.e. DAC Channel1 and Channel2 are used simultaneously) : Use
HAL_DACEx_DualGetValue() to get digital data to be converted and use HAL_DACEx_DualSetValue() to
set digital value to converted simultaneously in Channel 1 and Channel 2.

Signal generation operation

. Use HAL_DACEXx_TriangleWaveGenerate() to generate Triangle signal.
. Use HAL_DACEXx_NoiseWaveGenerate() to generate Noise signal.

. HAL_DACEXx_SelfCalibrate to calibrate one DAC channel.

. HAL_DACEXx_SetUserTrimming to set user trimming value.

. HAL_DACEx_GetTrimOffset to retrieve trimming value (factory setting after reset, user setting if
HAL_DACEXx_SetUserTrimming have been used at least one time after reset).

Autonomous Mode operation

. Use HAL_DACx_SetConfigAutonomousMode() to configure the autonomous mode

. Use HAL_DACx_GetConfigAutonomousMode() to get the current configuration of the autonomous mode

. Use HAL_DACx_ClearConfigAutonomousMode() to clear the configuration of the autonomous mode
17.2.2 Extended features functions

This section provides functions allowing to:

. Start conversion.
. Stop conversion.
. Start conversion and enable DMA transfer.
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. Stop conversion and disable DMA transfer.
. Get result of conversion.
. Get result of dual mode conversion.

This section contains the following APlIs:

. HAL_DACEXx_DualStart()

. HAL_DACEXx_DualStop()

. HAL_DACEx_DualStart_ DMA()

. HAL_DACEx_DualStop_DMA()

. HAL_DACEXx_TriangleWaveGenerate()

. HAL_DACEXx_NoiseWaveGenerate()

. HAL_DACEX_DualSetValue()

. HAL_DACEXx_ConvCpltCallbackCh2()

. HAL_DACEXx_ConvHalfCpltCallbackCh2()
. HAL_DACEXx_ErrorCallbackCh2()

. HAL_DACEx_DMAUnderrunCallbackCh2()
. HAL_DACEXx_SelfCalibrate()

. HAL_DACEXx_SetUserTrimming()

. HAL_DACEx_GetTrimOffset()

. HAL_DACEXx_DualGetValue()

17.2.3 Peripheral Control functions

This section provides functions allowing to:

. Set the specified data holding register value for DAC channel.
This section contains the following APlIs:

. HAL_DACEXx_DualGetValue()

. HAL_DACEX_SelfCalibrate()

. HAL_DACEXx_SetUserTrimming()

. HAL_DACEXx_GetTrimOffset()

. HAL_DACEXx_SetConfigAutonomousMode()

. HAL_DACEXx_GetConfigAutonomousMode()

. HAL_DACEXx_ClearConfigAutonomousMode()

17.2.4 Detailed description of functions

HAL_DACEXx_TriangleWaveGenerate

Function name

HAL_StatusTypeDef HAL_DACEXx_TriangleWaveGenerate (DAC_HandleTypeDef * hdac, uint32_t Channel,
uint32_t Amplitude)

Function description

Enable or disable the selected DAC channel wave generation.
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Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected
. Amplitude: Select max triangle amplitude. This parameter can be one of the following values:
- DAC_TRIANGLEAMPLITUDE_1: Select max triangle amplitude of 1
- DAC_TRIANGLEAMPLITUDE_3: Select max triangle amplitude of 3
- DAC_TRIANGLEAMPLITUDE_7: Select max triangle amplitude of 7
- DAC_TRIANGLEAMPLITUDE_15: Select max triangle amplitude of 15
- DAC_TRIANGLEAMPLITUDE_31: Select max triangle amplitude of 31
- DAC_TRIANGLEAMPLITUDE_63: Select max triangle amplitude of 63
- DAC_TRIANGLEAMPLITUDE_127: Select max triangle amplitude of 127
- DAC_TRIANGLEAMPLITUDE_255: Select max triangle amplitude of 255
- DAC_TRIANGLEAMPLITUDE_511: Select max triangle amplitude of 511
- DAC_TRIANGLEAMPLITUDE_1023: Select max triangle amplitude of 1023
- DAC_TRIANGLEAMPLITUDE_2047: Select max triangle amplitude of 2047
- DAC_TRIANGLEAMPLITUDE_4095: Select max triangle amplitude of 4095

Return values
. HAL: status

HAL_DACEx_NoiseWaveGenerate

Function name

HAL_StatusTypeDef HAL_DACEx_NoiseWaveGenerate (DAC_HandleTypeDef * hdac, uint32_t Channel,
uint32_t Amplitude)

Function description

Enable or disable the selected DAC channel wave generation.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

. Amplitude: Unmask DAC channel LFSR for noise wave generation. This parameter can be one of the
following values:

- DAC_LFSRUNMASK_BITO: Unmask DAC channel LFSR bit0 for noise wave generation

- DAC_LFSRUNMASK_BITS1_0: Unmask DAC channel LFSR bit[1:0] for noise wave generation

- DAC_LFSRUNMASK_BITS2_0: Unmask DAC channel LFSR bit[2:0] for noise wave generation

- DAC_LFSRUNMASK_BITS3_0: Unmask DAC channel LFSR bit[3:0] for noise wave generation

- DAC_LFSRUNMASK_BITS4_0: Unmask DAC channel LFSR bit[4:0] for noise wave generation

- DAC_LFSRUNMASK_ BITS5_0: Unmask DAC channel LFSR bit[5:0] for noise wave generation

- DAC_LFSRUNMASK_BITS6_0: Unmask DAC channel LFSR bit[6:0] for noise wave generation

- DAC_LFSRUNMASK_BITS7_0: Unmask DAC channel LFSR bit[7:0] for noise wave generation

- DAC_LFSRUNMASK_BITS8_0: Unmask DAC channel LFSR bit[8:0] for noise wave generation

- DAC_LFSRUNMASK_BITS9_0: Unmask DAC channel LFSR bit[9:0] for noise wave generation

- DAC_LFSRUNMASK_BITS10_0: Unmask DAC channel LFSR bit[10:0] for noise wave generation
- DAC_LFSRUNMASK_BITS11_0: Unmask DAC channel LFSR bit[11:0] for noise wave generation
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Return values
. HAL: status

HAL_DACEx_DualStart

Function name
HAL_StatusTypeDef HAL_DACEx_DualStart (DAC_HandleTypeDef * hdac)

Function description

Enables DAC and starts conversion of both channels.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. HAL: status

HAL_DACEx_DualStop

Function name
HAL_StatusTypeDef HAL_DACEx_DualStop (DAC_HandleTypeDef * hdac)

Function description

Disables DAC and stop conversion of both channels.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. HAL.: status

HAL_DACEx_DualStart_DMA

Function name

HAL_StatusTypeDef HAL_DACEx_DualStart_DMA (DAC_HandleTypeDef * hdac, uint32_t Channel, const
uint32_t * pData, uint32_t Length, uint32_t Alignment)

Function description

Enables DAC and starts conversion of both channel 1 and 2 of the same DAC.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The DAC channel that will request data from DMA. This parameter can be one of the following
values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

. pData: The destination peripheral Buffer address.

. Length: The length of data to be transferred from memory to DAC peripheral

. Alignment: Specifies the data alignment for DAC channel. This parameter can be one of the following
values:

- DAC_ALIGN_8B_R: 8bit right data alignment selected
- DAC_ALIGN_12B_L: 12bit left data alignment selected
- DAC_ALIGN_12B_R: 12bit right data alignment selected
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Return values
. HAL: status

HAL_DACEx_DualStop_DMA

Function name
HAL_StatusTypeDef HAL_DACEx_DualStop_DMA (DAC_HandleTypeDef * hdac, uint32_t Channel)

Function description

Disables DAC and stop conversion both channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Channel: The DAC channel that requests data from DMA. This parameter can be one of the following
values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected

Return values
. HAL: status

HAL_DACEXx_DualSetValue

Function name

HAL_StatusTypeDef HAL_DACEx_DualSetValue (DAC_HandleTypeDef * hdac, uint32_t Alignment,
uint32_t Data1, uint32_t Data2)

Function description

Set the specified data holding register value for dual DAC channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. Alignment: Specifies the data alignment for dual channel DAC. This parameter can be one of the

following values: DAC_ALIGN_8B_R: 8bit right data alignment selected DAC_ALIGN_12B_L: 12bit left
data alignment selected DAC_ALIGN_12B_R: 12bit right data alignment selected

. Data1: Data for DAC Channel1 to be loaded in the selected data holding register.
. Data2: Data for DAC Channel2 to be loaded in the selected data holding register.

Return values
. HAL: status

Notes

. In dual mode, a unique register access is required to write in both DAC channels at the same time.

HAL_DACEXx_DualGetValue

Function name
uint32_t HAL_DACEXx_DualGetValue (const DAC_HandleTypeDef * hdac)

Function description

Return the last data output value of the selected DAC channel.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
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Return values

. The: selected DAC channel data output value.

HAL_DACEx_ConvCpltCallbackCh2

Function name
void HAL_DACEx_ConvCpltCallbackCh2 (DAC_HandleTypeDef * hdac)

Function description

Conversion complete callback in non-blocking mode for Channel?2.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values

. None:

HAL_DACEXx_ConvHalfCpltCallbackCh2

Function name
void HAL_DACEx_ConvHalfCpltCallbackCh2 (DAC_HandleTypeDef * hdac)

Function description

Conversion half DMA transfer callback in non-blocking mode for Channel2.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values

. None:

HAL_DACEXx_ErrorCallbackCh2

Function name
void HAL_DACEXx_ErrorCallbackCh2 (DAC_HandleTypeDef * hdac)

Function description
Error DAC callback for Channel2.

Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. None:
HAL_DACEx_DMAUnNderrunCallbackCh2

Function name
void HAL_DACEx_DMAUnderrunCallbackCh2 (DAC_HandleTypeDef * hdac)

Function description
DMA underrun DAC callback for Channel2.
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Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values

. None:

HAL_DACEXx_SelfCalibrate

Function name

HAL_StatusTypeDef HAL_DACEXx_SelfCalibrate (DAC_HandleTypeDef * hdac, DAC_ChannelConfTypeDef
* sConfig, uint32_t Channel)

Function description

Run the self calibration of one DAC channel.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. sConfig: DAC channel configuration structure.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected
Return values
. Updates: DAC_TrimmingValue. , DAC_UserTrimming set to DAC_UserTrimming
. HAL: status
Notes

. Calibration runs about 7 ms.

HAL_DACEXx_SetUserTrimming

Function name

HAL_StatusTypeDef HAL_DACEx_SetUserTrimming (DAC_HandleTypeDef * hdac,
DAC_ChannelConfTypeDef * sConfig, uint32_t Channel, uint32_t NewTrimmingValue)

Function description

Set the trimming mode and trimming value (user trimming mode applied).

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. sConfig: DAC configuration structure updated with new DAC trimming value.
. Channel: The selected DAC channel. This parameter can be one of the following values:

- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected
. NewTrimmingValue: DAC new trimming value

Return values
. HAL.: status
HAL_DACEXx_GetTrimOffset

Function name
uint32_t HAL_DACEXx_GetTrimOffset (const DAC_HandleTypeDef * hdac, uint32_t Channel)
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Function description

Return the DAC trimming value.

Parameters
. hdac: DAC handle
. Channel: The selected DAC channel. This parameter can be one of the following values:
- DAC_CHANNEL_1: DAC Channel1 selected
- DAC_CHANNEL_2: DAC Channel2 selected
Return values

. Trimming: value : range: 0->31

HAL_DACEXx_SetConfigAutonomousMode

Function name

HAL_StatusTypeDef HAL_DACEx_SetConfigAutonomousMode (DAC_HandleTypeDef * hdac, const
DAC_AutonomousModeConfTypeDef * sConfig)

Function description

Set autonomous mode Configuration.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. sConfig: pointer to Autonomous mode structure parameters.

Return values
. HAL.: status

Notes

. The autonomous mode applies to the 2 channels of a DAC block (same for both channels)

HAL_DACEXx_GetConfigAutonomousMode

Function name

HAL_StatusTypeDef HAL_DACEx_GetConfigAutonomousMode (const DAC_HandleTypeDef * hdac,
DAC_AutonomousModeConfTypeDef * sConfig)

Function description

Get autonomous mode Configuration.

Parameters
. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.
. sConfig: pointer to Autonomous mode structure parameters.

Return values
. HAL.: status
HAL_DACEXx_ClearConfigAutonomousMode

Function name
HAL_StatusTypeDef HAL_DACEXx_ClearConfigAutonomousMode (DAC_HandleTypeDef * hdac)

Function description

Clear autonomous mode Configuration.
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Parameters

. hdac: pointer to a DAC_HandleTypeDef structure that contains the configuration information for the
specified DAC.

Return values
. HAL: status

Notes

. The autonomous mode applies to the 2 channels of a DAC block (same for both channels)

DAC_DMAConvCpltCh2
Function name
void DAC_DMAConvCpltCh2 (DMA_HandleTypeDef * hdma)
Function description
DMA conversion complete callback.
Parameters

. hdma: pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA module.

Return values

. None:

DAC_DMAErrorCh2

Function name
void DAC_DMAErrorCh2 (DMA_HandleTypeDef * hdma)

Function description
DMA error callback.

Parameters

. hdma: pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA module.

Return values

. None:

DAC_DMAHalfConvCpltCh2

Function name
void DAC_DMAHalfConvCpltCh2 (DMA_HandleTypeDef * hdma)

Function description
DMA half transfer complete callback.
Parameters

. hdma: pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA module.

Return values

. None:

17.3 DACEXx Firmware driver defines
The following section lists the various define and macros of the module.
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17.3.1 DACEXx
DACEXx
DACEXx Ifsrunmask triangle amplitude

DAC_LFSRUNMASK_BITO0

Unmask DAC channel LFSR bit0 for noise wave generation

DAC_LFSRUNMASK_BITS1_0
Unmask DAC channel LFSR bit[1:0] for noise wave generation

DAC_LFSRUNMASK_BITS2_0

Unmask DAC channel LFSR bit[2:0] for noise wave generation
DAC_LFSRUNMASK_BITS3_0

Unmask DAC channel LFSR bit[3:0] for noise wave generation
DAC_LFSRUNMASK_BITS4 0

Unmask DAC channel LFSR bit[4:0] for noise wave generation

DAC_LFSRUNMASK_BITS5_0
Unmask DAC channel LFSR bit[5:0] for noise wave generation

DAC_LFSRUNMASK_BITS6_0

Unmask DAC channel LFSR bit[6:0] for noise wave generation

DAC_LFSRUNMASK_BITS7_0
Unmask DAC channel LFSR bit[7:0] for noise wave generation

DAC_LFSRUNMASK_BITS8_0

Unmask DAC channel LFSR bit[8:0] for noise wave generation
DAC_LFSRUNMASK_BITS9_0

Unmask DAC channel LFSR bit[9:0] for noise wave generation
DAC_LFSRUNMASK_BITS10_0

Unmask DAC channel LFSR bit[10:0] for noise wave generation

DAC_LFSRUNMASK_BITS11_0
Unmask DAC channel LFSR bit[11:0] for noise wave generation

DAC_TRIANGLEAMPLITUDE_1

Select max triangle amplitude of 1
DAC_TRIANGLEAMPLITUDE_3

Select max triangle amplitude of 3
DAC_TRIANGLEAMPLITUDE_7

Select max triangle amplitude of 7
DAC_TRIANGLEAMPLITUDE_15

Select max triangle amplitude of 15
DAC_TRIANGLEAMPLITUDE_31

Select max triangle amplitude of 31

DAC_TRIANGLEAMPLITUDE_63

Select max triangle amplitude of 63
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DAC_TRIANGLEAMPLITUDE_127

Select max triangle amplitude of 127
DAC_TRIANGLEAMPLITUDE_255

Select max triangle amplitude of 255
DAC_TRIANGLEAMPLITUDE_511

Select max triangle amplitude of 511
DAC_TRIANGLEAMPLITUDE_1023

Select max triangle amplitude of 1023
DAC_TRIANGLEAMPLITUDE_2047

Select max triangle amplitude of 2047
DAC_TRIANGLEAMPLITUDE_4095

Select max triangle amplitude of 4095
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18 HAL DCACHE Generic Driver
18.1 DCACHE Firmware driver registers structures
18.1.1 DCACHE_InitTypeDef
DCACHE_InitTypeDef is defined in the stm32u5xx_hal_dcache.h
Data Fields

. uint32_t ReadBurstType
Field Documentation

. uint32_t DCACHE_InitTypeDef::ReadBurstType
Burst type to be applied for Data Cache This parameter can be a value of DCACHE_Read_Burst_Type

18.1.2 __DCACHE_HandleTypeDef
_ DCACHE_HandleTypeDef is defined in the stm32u5xx_hal_dcache.h
Data Fields
. DCACHE_TypeDef * Instance
. DCACHE_InitTypeDef Init
. void(* ErrorCallback
. void(* CleanByAddrCallback
. void(* InvalidateByAddrCallback
. void(* InvalidateCompleteCallback
. void(* CleanAndinvalidateByAddrCallback
. void(* MsplnitCallback
. void(* MspDelnitCallback
. __ IO HAL_DCACHE_StateTypeDef State
. __10 uint32_t ErrorCode
Field Documentation

. DCACHE_TypeDef* __DCACHE_HandleTypeDef::Instance
DCACHE register base address.

. DCACHE_InitTypeDef _ DCACHE_HandleTypeDef::Init
DCACHE Initialization Structure.

. void(* __DCACHE_HandleTypeDef::ErrorCallback)(struct __DCACHE_HandleTypeDef *hdcache)
. void(* __DCACHE_HandleTypeDef::CleanByAddrCallback)(struct __DCACHE_HandleTypeDef

*hdcache)

. void(* __DCACHE_HandleTypeDef::InvalidateByAddrCallback)(struct __DCACHE_HandleTypeDef
*hdcache)

. void(* __DCACHE_HandleTypeDef::InvalidateCompleteCallback)(struct __DCACHE_HandleTypeDef
*hdcache)

. void(* __DCACHE_HandleTypeDef::CleanAndInvalidateByAddrCallback)(struct
__DCACHE_HandleTypeDef *hdcache)

. void(* __DCACHE_HandleTypeDef::MsplnitCallback)(struct __ DCACHE_HandleTypeDef *hdcache)
. void(* __DCACHE_HandleTypeDef::MspDelnitCallback)(struct _ DCACHE_HandleTypeDef

*hdcache)
. _ IO HAL_DCACHE_StateTypeDef _ DCACHE_HandleTypeDef::State
. _ 10 uint32_t _ DCACHE_HandleTypeDef::ErrorCode
18.2 DCACHE Firmware driver API description

The following section lists the various functions of the DCACHE library.
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18.2.1 How to use this driver

1. Configure and enable the MPU to override default config if needed, please refers to ARM manual for default
memory attribute. Then enable DCACHE.

. Use HAL_DCACHE_Invalidate() to invalidate the full cache content:
- Cache content is lost, and reloaded when needed.
- Used for complete invalidate of the DCACHE in case.
- Blocking call until operation is done.
. Use HAL_DCACHE_ InvalidateByAddr() to invalidate cache content for specific range:
- Cache content for specific range is lost, and reloaded when needed.
- Used when excepting a buffer to be updated by a peripheral (typically DMA transfer)
- Blocking call until operation is done.
. Use HAL_DCACHE_CleanByAddr() to clean cache content for a specific range:
- Cache content for specific range is written back to memory.
- Used when buffer is updated by CPU before usage by a peripheral (typically DMA transfer)
— Blocking call until operation is done.
. Use HAL_DCACHE_CleanlnvalidateByAddr() to clean and invalidate cache content for a specific range:
- Cache content for specific range is written back to memory, and reloaded when needed.
- Used when sharing buffer between CPU and other peripheral.
- Recommended to use for MPU reprogramming.
- Blocking call until operation is done.

Interrupt mode 10 operation

. Configure the DCACHE interrupt priority using HAL_NVIC_SetPriority()
. Enable the DCACHE IRQ handler using HAL_NVIC_EnablelRQ()
. Override weak definition for following callbacks (if needed):
- HAL_DCACHE_CleanAndinvalidateByAddrCallback()
- HAL_DCACHE_InvalidateCompleteCallback()
- HAL_DCACHE_ InvalidateByAddrCallback()
- HAL_DCACHE_CleanByAddrCallback()
- HAL_DCACHE_ErrorCallback()
. Use HAL_DCACHE_<COMMAND>_IT() to start a DCACHE operation with IT enabled.
. Use HAL_DCACHE_IRQHandler() called under DCACHEx_IRQHandler() Interrupt subroutine

Use HAL_DCACHE_GetState() function to return the DCACHE state and HAL_DCACHE_GetError() in case of
error detection.

DCACHE HAL driver macros list
Below the list of macros defined in the DCACHE HAL driver.

. __HAL_DCACHE_ENABLE_IT : Enable DCACHE interrupts.
. __HAL _DCACHE_DISABLE_IT : Disable DCACHE interrupts.
. _ HAL_DCACHE_GET_IT_SOURCE: Check whether the specified DCACHE interrupt source is enabled
or not.
. _ HAL_DCACHE_GET_FLAG : Check whether the selected DCACHE flag is set or not.
. __HAL_DCACHE_CLEAR_FLAG : Clear the selected DCACHE flags.
Note: You can refer to the header file of the DCACHE HAL driver for more useful macros.
18.2.2 Initialization and de-initialization functions

This subsection provides a set of functions allowing to initialize and deinitialize the DCACHEX peripheral:

. User must implement HAL_DCACHE_Msplnit() function in which he configures all related peripherals
resources (CLOCK, MPU, IT and NVIC ).
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. Call the function HAL_DCACHE_Init() to configure the selected device with the selected configuration:
- ReadBurstType

. Call the function HAL_DCACHE_Delnit() to restore the reset configuration of the selected DCACHEXx
peripheral.

This section contains the following APls:
. HAL_DCACHE_lInit()

. HAL_DCACHE_Delnit()

. HAL_DCACHE_Msplnit()

. HAL_DCACHE_MspDelnit()

18.2.3 10 operation functions
This section provides functions allowing to:
. Enable the Data cache.
. Disable the Data cache.
. Set Read Burst Type.
. Invalidate the Data cache.
. Invalidate the Data cache with interrupt.
. Clean the Data cache by Addr.
. Invalidate the Data cache by Addr.

. Clean and Invalidate the Data cache by Addr.
. Clean the Data cache by Addr with interrupt.

. Invalidate the Data cache by Addr with interrupt.

. Clean and Invalidate the Data cache by Addr with interrupt.

. Start the Data Cache performance monitoring.

. Stop the Data Cache performance monitoring.

. Reset the Data Cache performance monitoring values.

. Get the Data Cache performance Read Hit monitoring value.

. Get the Data Cache performance Read Miss monitoring value.
. Get the Data Cache performance Write Hit monitoring value.

. Get the Data Cache performance Write Miss monitoring value.

This section contains the following APlIs:

. HAL_DCACHE_Enable()

. HAL_DCACHE_Disable()

. HAL_DCACHE_IsEnabled()

. HAL_DCACHE_SetReadBurstType()

. HAL_DCACHE_Invalidate()

. HAL_DCACHE_InvalidateByAddr()

. HAL_DCACHE_CleanByAddr()

. HAL_DCACHE_CleaninvalidByAddr()

. HAL_DCACHE_Invalidate_IT()

. HAL_DCACHE_InvalidateByAddr_IT()

. HAL_DCACHE_CleanByAddr_IT()

. HAL_DCACHE_CleaninvalidByAddr_IT()

. HAL_DCACHE_Monitor_Start()

. HAL_DCACHE_Monitor_Stop()

. HAL_DCACHE_Monitor_Reset()

. HAL_DCACHE_Monitor_GetReadHitValue()

. HAL_DCACHE_Monitor_GetReadMissValue()
. HAL_DCACHE_Monitor_GetWriteHitValue()

. HAL_DCACHE_Monitor_GetWriteMissValue()
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. HAL_DCACHE_IRQHandler ()

. HAL_DCACHE_ErrorCallback()

. HAL_DCACHE_CleanByAddrCallback()

. HAL_DCACHE_InvalidateByAddrCallback()

. HAL_DCACHE_InvalidateCompleteCallback()

. HAL_DCACHE_CleanAndinvalidateByAddrCallback()
. HAL_DCACHE_RegisterCallback()

. HAL_DCACHE_UnRegisterCallback()

18.2.4 DCACHE IRQ Handler and Callback functions

This section provides functions allowing to treat ISR and provide user callback
This section contains the following APls:

. HAL_DCACHE_IRQHandler()

. HAL_DCACHE_RegisterCallback()

. HAL_DCACHE_UnRegisterCallback()

. HAL_DCACHE_CleanByAddrCallback()

. HAL_DCACHE_InvalidateByAddrCallback()

. HAL_DCACHE_CleanAndinvalidateByAddrCallback()
. HAL_DCACHE_InvalidateCompleteCallback()

. HAL_DCACHE_ErrorCallback()

. HAL_DCACHE_GetState()

. HAL_DCACHE_GetError()

18.2.5 Peripheral State

This subsection permit to get in run-time the status of the peripheral and the data flow.
This section contains the following APls:

. HAL_DCACHE_GetState()

. HAL_DCACHE_GetError()

18.2.6 Detailed description of functions

HAL_DCACHE_Init
Function name
HAL_StatusTypeDef HAL_DCACHE_Init (DCACHE_HandleTypeDef * hdcache)
Function description

Initializes the DCACHE according to the specified parameters in the DCACHE_InitTypeDef and initialize the
associated handle.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHE.

Return values
. HAL.: status

HAL_DCACHE_Delnit

Function name
HAL_StatusTypeDef HAL_DCACHE_Delnit (DCACHE_HandleTypeDef * hdcache)
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Function description

Delnitialize the Data cache.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values
. HAL.: status

HAL_DCACHE_MsplInit
Function name
void HAL_DCACHE_MsplInit (DCACHE_HandleTypeDef * hdcache)
Function description
Initialize the DCACHE MSP.
Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. None:

HAL_DCACHE_MspDelnit

Function name
void HAL_DCACHE_MspDelnit (DCACHE_HandleTypeDef * hdcache)

Function description
Delnitialize the DCACHE MSP.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. None:

HAL_DCACHE_Enable

Function name
HAL_StatusTypeDef HAL_DCACHE_Enable (DCACHE_HandleTypeDef * hdcache)
Function description

Enable the Data cache.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values
. HAL: status
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HAL_DCACHE_Disable

Function name
HAL_StatusTypeDef HAL_DCACHE_Disable (DCACHE_HandleTypeDef * hdcache)

Function description

Disable the Data cache.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values
. HAL: status

HAL_DCACHE_IsEnabled

Function name
uint32_t HAL_DCACHE_IsEnabled (const DCACHE_HandleTypeDef * hdcache)

Function description

Check whether the Data Cache is enabled or not.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values
. Status: (0: disabled, 1: enabled)

HAL_DCACHE_SetReadBurstType

Function name

HAL_StatusTypeDef HAL_DCACHE_SetReadBurstType (DCACHE_HandleTypeDef * hdcache, uint32_t
ReadBurstType)

Function description
Set Read Burst Type.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

. ReadBurstType: Burst type to be applied for Data Cache DCACHE_READ_BURST_WRAP,
DCACHE_READ_BURST_INC.

Return values
. HAL: status
HAL_DCACHE_Invalidate

Function name
HAL_StatusTypeDef HAL_DCACHE_Invalidate (DCACHE_HandleTypeDef * hdcache)

Function description

Invalidate the Data cache.
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Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values
. HAL: status

Notes

This function waits for end of full cache invalidation

HAL_DCACHE_InvalidateByAddr

Function name

HAL_StatusTypeDef HAL_DCACHE_InvalidateByAddr (DCACHE_HandleTypeDef * hdcache, const
uint32_t *const pAddr, uint32_t dSize)

Function description

Invalidate the Data cache for a specific region.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

. pAddr: Start address of the region to be Invalidated
. dSize: Size of the region to be Invalidated(in bytes)

Return values
. HAL: status

Notes

This function waits for end of cache Invalidation

HAL_DCACHE_CleanByAddr

Function name

HAL_StatusTypeDef HAL_DCACHE_CleanByAddr (DCACHE_HandleTypeDef * hdcache, const uint32_t
*const pAddr, uint32_t dSize)

Function description
Clean the Data cache by Addr.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

. pAddr: Start address of the region to be Cleaned
. dSize: Size of the region to be Cleaned (in bytes)

Return values
. HAL.: status

Notes
. This function waits for end of cache Clean
HAL_DCACHE_CleaninvalidByAddr

Function name

HAL_StatusTypeDef HAL_DCACHE_CleaninvalidByAddr (DCACHE_HandleTypeDef * hdcache, const
uint32_t *const pAddr, uint32_t dSize)
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Function description

Clean and Invalidate the Data cache by Addr.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

. pAddr: Start address of the region to be Cleaned and Invalidated
. dSize: Size of the region to be Cleaned and Invalidated (in bytes)

Return values
. HAL.: status

Notes

This function waits for end of cache Clean and Invalidation

HAL_DCACHE_Invalidate_IT

Function name
HAL_StatusTypeDef HAL_DCACHE_Invalidate_IT (DCACHE_HandleTypeDef * hdcache)

Function description

Invalidate the Data cache with interrupt.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values
. HAL.: status

Notes

. This function launches maintenance operation and returns immediately. User application shall resort to
interrupt generation to check the end of operation.

HAL_DCACHE_InvalidateByAddr_IT

Function name

HAL_StatusTypeDef HAL_DCACHE_InvalidateByAddr_IT (DCACHE_HandleTypeDef * hdcache, const
uint32_t *const pAddr, uint32_t dSize)

Function description

Invalidate the Data cache by Addr with interrupt.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

. pAddr: Start address of the region to be Invalidated
. dSize: Size of the region to be Invalidated

Return values
. HAL: status

Notes

. This function launches maintenance operation and returns immediately. User application shall resort to
interrupt generation to check the end of operation.
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HAL_DCACHE_CleanByAddr_IT

Function name

HAL_StatusTypeDef HAL_DCACHE_CleanByAddr_IT (DCACHE_HandleTypeDef * hdcache, const
uint32_t *const pAddr, uint32_t dSize)

Function description

Clean the Data cache by Addr with interrupt.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

. pAddr: Start address of the region to be Cleaned
. dSize: Size of the region to be Cleaned

Return values
. HAL: status

Notes

. This function launches maintenance operation and returns immediately. User application shall resort to
interrupt generation to check the end of operation.

HAL_DCACHE_CleaninvalidByAddr_IT

Function name

HAL_StatusTypeDef HAL_DCACHE_CleaninvalidByAddr_IT (DCACHE_HandleTypeDef * hdcache, const
uint32_t *const pAddr, uint32_t dSize)

Function description

Clean and Invalidate the Data cache by Addr with interrupt.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

. pAddr: Start address of the region to be Cleaned and Invalidated
. dSize: Size of the region to be Cleaned and Invalidated

Return values
. HAL: status

Notes

. This function launches maintenance operation and returns immediately. User application shall resort to
interrupt generation to check the end of operation.

HAL_DCACHE_IRQHandler

Function name
void HAL_DCACHE_IRQHandler (DCACHE_HandleTypeDef * hdcache)
Function description

Handle the Data Cache interrupt request.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.
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Return values

. None:

Notes
. This API should be called under the DCACHEx_IRQHandler().

HAL_DCACHE_ErrorCallback

Function name
void HAL_DCACHE_ErrorCallback (DCACHE_HandleTypeDef * hdcache)

Function description

Error callback.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. None:

HAL_DCACHE_CleanByAddrCallback

Function name
void HAL_DCACHE_CleanByAddrCallback (DCACHE_HandleTypeDef * hdcache)

Function description

Cache clean command by address callback.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. None:

HAL_DCACHE_InvalidateByAddrCallback

Function name
void HAL_DCACHE_InvalidateByAddrCallback (DCACHE_HandleTypeDef * hdcache)

Function description

Cache Invalidate command by address callback.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values
. None:
HAL_DCACHE_InvalidateCompleteCallback

Function name
void HAL_DCACHE_InvalidateCompleteCallback (DCACHE_HandleTypeDef * hdcache)

Function description

Cache full invalidation complete callback.
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Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. None:

HAL_DCACHE_CleanAndinvalidateByAddrCallback

Function name
void HAL_DCACHE_CleanAndinvalidateByAddrCallback (DCACHE_HandleTypeDef * hdcache)

Function description

Cache clean and Invalidate command by address callback.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. None:

HAL_DCACHE_RegisterCallback

Function name

HAL_StatusTypeDef HAL_DCACHE_RegisterCallback (DCACHE_HandleTypeDef * hdcache,
HAL_DCACHE_CallbackiDTypeDef CallbacklD, pPDCACHE_CallbackTypeDef pCallback)

Function description
Register a User DCACHE Callback To be used instead of the weak predefined callback.

Parameters
. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.
. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:

-  HAL DCACHE_CLEAN_BY_ADDRESS_CB_ID Clean By Addr callback ID
- HAL_DCACHE_INVALIDATE_BY_ADDRESS_CB_ID Invalidate By Addr callback ID

- HAL_DCACHE_CLEAN_AND_INVALIDATE_BY_ADDRESS_CB_ID Clean and Invalidate By Addr
callback ID

- HAL_DCACHE_INVALIDATE_COMPLETE_CB_ID Invalidate Complete ID
- HAL_DCACHE_ERROR_CB_ID Error callback ID
- HAL_DCACHE_MSPINIT_CB_ID Msplnit callback ID
- HAL_DCACHE_MSPDEINIT_CB_ID MspDelnit callback ID
. pCallback: pointer to the Callback function

Return values
. HAL: status

HAL_DCACHE_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_DCACHE_UnRegisterCallback (DCACHE_HandleTypeDef * hdcache,
HAL_DCACHE_CallbackiDTypeDef CallbackID)

Function description
Unregister an DCACHE Callback DCACHE callback is redirected to the weak predefined callback.
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Parameters
. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:

—  HAL_DCACHE_CLEAN_BY_ADDRESS_CB_ID Clean By Addr callback ID
-~ HAL_DCACHE_INVALIDATE_BY_ADDRESS_CB_ID Invalidate By Addr callback ID

- HAL_DCACHE_CLEAN_AND_INVALIDATE_BY_ADDRESS_CB_ID Clean and Invalidate By Addr
callback ID

-~ HAL_DCACHE_INVALIDATE_COMPLETE_CB_ID Invalidate Complete callback ID
- HAL_DCACHE_ERROR_CB_ID Error callback ID

—  HAL_DCACHE_MSPINIT_CB_ID Msplnit callback ID

—  HAL_DCACHE_MSPDEINIT_CB_ID MspDelnit callback ID

Return values
. HAL.: status

HAL_DCACHE_Monitor_GetReadHitValue

Function name
uint32_t HAL_DCACHE_Monitor_GetReadHitValue (const DCACHE_HandleTypeDef * hdcache)

Function description

Get the Data Cache performance Read Hit monitoring value.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. Read: Hit monitoring value

Notes

. Upon reaching the 32-bit maximum value, monitor does not wrap.

HAL_DCACHE_Monitor_GetReadMissValue

Function name
uint32_t HAL_DCACHE_Monitor_GetReadMissValue (const DCACHE_HandleTypeDef * hdcache)

Function description

Get the Data Cache performance Read Miss monitoring value.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. Read: Miss monitoring value
Notes
. Upon reaching the 16-bit maximum value, monitor does not wrap.
HAL_DCACHE_Monitor_GetWriteHitValue

Function name
uint32_t HAL_DCACHE_Monitor_GetWriteHitValue (const DCACHE_HandleTypeDef * hdcache)
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Function description

Get the Data Cache performance Write Hit monitoring value.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. Write: Hit monitoring value

Notes

. Upon reaching the 32-bit maximum value, monitor does not wrap.

HAL_DCACHE_Monitor_GetWriteMissValue

Function name
uint32_t HAL_DCACHE_Monitor_GetWriteMissValue (const DCACHE_HandleTypeDef * hdcache)

Function description
Get the Data Cache performance Write Miss monitoring value.

Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values

. Write: Miss monitoring value

Notes

. Upon reaching the 16-bit maximum value, monitor does not wrap.

HAL_DCACHE_Monitor_Reset

Function name

HAL_StatusTypeDef HAL_DCACHE_Monitor_Reset (DCACHE_HandleTypeDef * hdcache, uint32_t
MonitorType)

Function description

Reset the Data Cache performance monitoring values.

Parameters
. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.
. MonitorType: Monitoring type This parameter can be a combination of the following values:

—  DCACHE_MONITOR_READ HIT

- DCACHE_MONITOR_READ_MISS
-  DCACHE_MONITOR_WRITE_HIT
- DCACHE_MONITOR_WRITE_MISS
-  DCACHE_MONITOR_ALL

Return values
. HAL.: status
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HAL_DCACHE_Monitor_Start

Function name
HAL_StatusTypeDef HAL_DCACHE_Monitor_Start (DCACHE_HandleTypeDef * hdcache, uint32_t
MonitorType)

Function description

Start the Data Cache performance monitoring.

Parameters
. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.
. MonitorType: Monitoring type This parameter can be a combination of the following values:

-  DCACHE_MONITOR_READ_HIT

- DCACHE_MONITOR_READ_MISS
- DCACHE_MONITOR_WRITE_HIT
- DCACHE_MONITOR_WRITE_MISS
- DCACHE_MONITOR_ALL

Return values
. HAL.: status
HAL_DCACHE_Monitor_Stop

Function name
HAL_StatusTypeDef HAL_DCACHE_Monitor_Stop (DCACHE_HandleTypeDef * hdcache, uint32_t
MonitorType)

Function description

Stop the Data Cache performance monitoring.

Parameters
. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.
. MonitorType: Monitoring type This parameter can be a combination of the following values:

- DCACHE_MONITOR_READ_HIT
- DCACHE_MONITOR_READ_MISS
- DCACHE_MONITOR_WRITE_HIT
- DCACHE_MONITOR_WRITE_MISS
- DCACHE_MONITOR_ALL
Return values
. HAL: status

Notes
. Stopping the monitoring does not reset the values.
HAL_DCACHE_GetState

Function name
HAL_DCACHE_StateTypeDef HAL_DCACHE_GetState (const DCACHE_HandleTypeDef * hdcache)

Function description
Return the DCACHE handle state.
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Parameters

. hdcache: Pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHEX peripheral.

Return values
. HAL.: state

HAL_DCACHE_GetError

Function name
uint32_t HAL_DCACHE_GetError (const DCACHE_HandleTypeDef * hdcache)

Function description
Return the DCACHE error code.

Parameters

. hdcache: pointer to a DCACHE_HandleTypeDef structure that contains the configuration information for
the specified DCACHE.

Return values
. DCACHE: Error Code

18.3 DCACHE Firmware driver defines

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

18.3.1 DCACHE
DCACHE
Command Operation

LL_DCACHE_COMMAND_NO_OPERATION
LL_DCACHE_COMMAND_CLEAN_BY_ADDR
LL_DCACHE_COMMAND_INVALIDATE_BY_ADDR

LL_DCACHE_COMMAND_CLEAN_INVALIDATE_BY_ADDR

DCACHE Error Code
HAL_DCACHE_ERROR_NONE

No error

HAL_DCACHE_ERROR_TIMEOUT

Timeout error

HAL_DCACHE_ERROR_INVALID_CALLBACK

Invalid callback error

HAL_DCACHE_ERROR_EVICTION_CLEAN

Eviction or clean operation write-back error

HAL_DCACHE_ERROR_INVALID_OPERATION

Invalid operation

DCACHE Exported Macros
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__HAL_DCACHE_ENABLE_IT

Description:

. Enable DCACHE interrupts.

Parameters:

. _ HANDLE__: specifies the DCACHE handle.

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

- DCACHE_IT_BUSYEND Busy end interrupt

- DCACHE_IT_ERROR Cache error interrupt

- DCACHE_IT_CMDEND Cache Command end interrupt
Return value:

. None

__HAL_DCACHE_DISABLE_IT

Description:

. Disable DCACHE interrupts.

Parameters:

. _ HANDLE__: specifies the DCACHE handle.

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

- DCACHE_IT_BUSYEND Busy end interrupt

- DCACHE_IT_ERROR Cache error interrupt

- DCACHE_IT_CMDEND Cache Command end interrupt
Return value:
. None

__HAL_DCACHE_GET_IT_SOURCE

Description:

. Check whether the specified DCACHE interrupt source is enabled or not.
Parameters:

. __HANDLE__: specifies the DCACHE handle.

. __INTERRUPT__: specifies the DCACHE interrupt source to check. This parameter can be any
combination of the following values:

- DCACHE_IT_BUSYEND Busy end interrupt

- DCACHE_IT_ERROR Cache error interrupt

- DCACHE_IT_CMDEND Cache Command end interrupt
Return value:
. The: state of __ INTERRUPT__ (SET or RESET).
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__HAL_DCACHE_GET_FLAG

Description:
. Check whether the selected DCACHE flag is set or not.
Parameters:
. _ HANDLE__: specifies the DCACHE handle.
. _ FLAG__: specifies the flag to check. This parameter can be one of the following values:
- DCACHE_FLAG_BUSY Busy flag
- DCACHE_FLAG_BUSYEND Busy end flag
- DCACHE_FLAG_ERROR Cache error flag
- DCACHE_FLAG_BUSYCMD Cache Busy command flag
- DCACHE_FLAG_CMDEND Cache command end flag
Return value:
. The: state of __FLAG__ (0 or 1).

__HAL_DCACHE_CLEAR_FLAG

Description:

. Clear the selected DCACHE flags.

Parameters:

. _ HANDLE__: specifies the DCACHE handle.

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

- DCACHE_FLAG_BUSYEND Busy end flag
- DCACHE_FLAG_ERROR Cache error flag
- DCACHE_FLAG_CMDEND Cache command end flag

Flags

DCACHE_FLAG_BUSY

Busy flag
DCACHE_FLAG_BUSYEND

Busy end flag
DCACHE_FLAG_ERROR

Cache error flag
DCACHE_FLAG_BUSYCMD

Busy command flag

DCACHE_FLAG_CMDEND

Command end flag

Interrupts

DCACHE_IT_BUSYEND

Busy end interrupt

DCACHE_IT_ERROR

Cache error interrupt

DCACHE_IT_CMDEND

Command end interrupt

Monitor type
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DCACHE_MONITOR_READ_HIT

Read Hit monitoring

DCACHE_MONITOR_READ_MISS

Read Miss monitoring
DCACHE_MONITOR_WRITE_HIT

Write Hit monitoring
DCACHE_MONITOR_WRITE_MISS

Write Miss monitoring

DCACHE_MONITOR_ALL

LL_DCACHE_MONITOR_READ_HIT
Read Hit monitoring
LL_DCACHE_MONITOR_READ_MISS
Read Miss monitoring
LL_DCACHE_MONITOR_WRITE_HIT
Write Hit monitoring
LL_DCACHE_MONITOR_WRITE_MISS

Write Miss monitoring

LL_DCACHE_MONITOR_ALL

Remapped Output burst type

DCACHE_READ_BURST_WRAP
WRAP

DCACHE_READ_BURST_INCR
INCR

LL_DCACHE_READ_BURST_WRAP
WRAP

LL_DCACHE_READ_BURST_INCR
INCR
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19 HAL DCMI Generic Driver
19.1 DCMI Firmware driver registers structures
19.1.1 DCMI_CodeslInitTypeDef
DCMI_CodeslInitTypeDef is defined in the stm32u5xx_hal_dcmi.h
Data Fields

. uint8_t FrameStartCode
. uint8_t LineStartCode

. uint8_t LineEndCode

. uint8_t FrameEndCode
Field Documentation

. uint8_t DCMI_CodeslInitTypeDef::FrameStartCode
Specifies the code of the frame start delimiter.

. uint8_t DCMI_CodeslInitTypeDef::LineStartCode
Specifies the code of the line start delimiter.

. uint8_t DCMI_CodeslInitTypeDef::LineEndCode
Specifies the code of the line end delimiter.

. uint8_t DCMI_CodesinitTypeDef::FrameEndCode
Specifies the code of the frame end delimiter.

19.1.2 DCMI_SyncUnmaskTypeDef
DCMI_SyncUnmaskTypeDef is defined in the stm32u5xx_hal_dcmi.h
Data Fields
. uint8_t FrameStartUnmask
. uint8_t LineStartUnmask
. uint8_t LineEndUnmask
. uint8_t FrameEndUnmask

Field Documentation

. uint8_t DCMI_SyncUnmaskTypeDef::FrameStartUnmask
Specifies the frame start delimiter unmask.

. uint8_t DCMI_SyncUnmaskTypeDef::LineStartUnmask
Specifies the line start delimiter unmask.

. uint8_t DCMI_SyncUnmaskTypeDef::LineEndUnmask
Specifies the line end delimiter unmask.

. uint8_t DCMI_SyncUnmaskTypeDef::FrameEndUnmask
Specifies the frame end delimiter unmask.

19.1.3 DCMI_InitTypeDef
DCMI_InitTypeDef is defined in the stm32u5xx_hal_dcmi.h
Data Fields
. uint32_t SynchroMode
. uint32_t PCKPolarity
. uint32_t VSPolarity
. uint32_t HSPolarity
. uint32_t CaptureRate
. uint32_t ExtendedDataMode
. DCMI_CodeslInitTypeDef SyncroCode
. uint32_t JPEGMode
. uint32_t ByteSelectMode
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. uint32_t ByteSelectStart

. uint32_t LineSelectMode

. uint32_t LineSelectStart

Field Documentation

. uint32_t DCMI_InitTypeDef::SynchroMode
Specifies the Synchronization Mode: Hardware or Embedded. This parameter can be a value of
DCMI_Synchronization_Mode

. uint32_t DCMI_InitTypeDef::PCKPolarity
Specifies the Pixel clock polarity: Falling or Rising. This parameter can be a value of
DCMI_PIXCK_Polarity

. uint32_t DCMI_InitTypeDef::VSPolarity
Specifies the Vertical synchronization polarity: High or Low. This parameter can be a value of
DCMI_VSYNC_Polarity

. uint32_t DCMI_InitTypeDef::HSPolarity
Specifies the Horizontal synchronization polarity: High or Low. This parameter can be a value of
DCMI_HSYNC_Polarity

. uint32_t DCMI_InitTypeDef::CaptureRate
Specifies the frequency of frame capture: All, 1/2 or 1/4. This parameter can be a value of
DCMI_Capture_Rate

. uint32_t DCMI_InitTypeDef::ExtendedDataMode
Specifies the data width: 8-bit, 10-bit, 12-bit or 14-bit. This parameter can be a value of
DCMI_Extended_Data_Mode

. DCMI_CodeslinitTypeDef DCMI_InitTypeDef::SyncroCode
Specifies the code of the line/frame start delimiter and the line/frame end delimiter

. uint32_t DCMI_InitTypeDef::JPEGMode
Enable or Disable the JPEG mode. This parameter can be a value of DCMI_MODE_JPEG

. uint32_t DCMI_InitTypeDef::ByteSelectMode
Specifies the data to be captured by the interface This parameter can be a value of
DCMI_Byte_Select_Mode

. uint32_t DCMI_InitTypeDef::ByteSelectStart
Specifies if the data to be captured by the interface is even or odd This parameter can be a value of
DCMI_Byte_Select_Start

. uint32_t DCMI_InitTypeDef::LineSelectMode
Specifies the line of data to be captured by the interface This parameter can be a value of
DCMI_Line_Select_Mode

. uint32_t DCMI_InitTypeDef::LineSelectStart
Specifies if the line of data to be captured by the interface is even or odd This parameter can be a value of
DCMI_Line_Select_Start

19.1.4 __DCMI_HandleTypeDef
__DCMI_HandleTypeDef is defined in the stm32u5xx_hal_dcmi.h
Data Fields
. DCMI_TypeDef * Instance
. DCMI_InitTypeDef Init
. HAL_LockTypeDef Lock

. __10 HAL_DCMI_StateTypeDef State
. __10 uint32_t XferCount

. __10 uint32_t XferSize

. uint32_t XferTransferNumber

. uint32_t pBuffPtr

. DMA_HandleTypeDef * DMA_Handle
. __10 uint32_t ErrorCode

. void(* FrameEventCallback

. void(* VsyncEventCallback
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. void(* LineEventCallback
. void(* ErrorCallback

. void(* MsplnitCallback

. void(* MspDelnitCallback
Field Documentation

. DCMI_TypeDef* __DCMI_HandleTypeDef::Instance
DCMI Register base address

. DCMI_InitTypeDef __DCMI_HandleTypeDef::Init
DCMI parameters

. HAL_LockTypeDef __DCMI_HandleTypeDef::Lock
DCMI locking object

. _ 10 HAL_DCMI_StateTypeDef __DCMI_HandleTypeDef::State
DCMI state

. _ 10 uint32_t __DCMI_HandleTypeDef::XferCount
DMA transfer counter

. _ 10 uint32_t _ DCMI_HandleTypeDef::XferSize

DMA transfer size

. uint32_t _ DCMI_HandleTypeDef::XferTransferNumber
DMA transfer number

. uint32_t _ DCMI_HandleTypeDef::pBuffPtr
Pointer to DMA output buffer

. DMA_HandleTypeDef* __DCMI_HandleTypeDef::DMA_Handle
Pointer to the DMA handler

. _ 10 uint32_t _ DCMI_HandleTypeDef::ErrorCode
DCMI Error code

. void(* __DCMI_HandleTypeDef::FrameEventCallback)(struct __DCMI_HandleTypeDef *hdcmi)
DCMI Frame Event Callback

. void(* __DCMI_HandleTypeDef::VsyncEventCallback)(struct _ DCMI_HandleTypeDef *hdcmi)
DCMI Vsync Event Callback

. void(* __DCMI_HandleTypeDef::LineEventCallback)(struct __DCMI_HandleTypeDef *hdcmi)
DCMI Line Event Callback

. void(* __DCMI_HandleTypeDef::ErrorCallback)(struct _ DCMI_HandleTypeDef *hdcmi)
DCMI Error Callback

. void(* __DCMI_HandleTypeDef::MsplnitCallback)(struct __DCMI_HandleTypeDef *hdcmi)
DCMI Msp Init callback

. void(* __DCMI_HandleTypeDef::MspDelnitCallback)(struct __DCMI_HandleTypeDef *hdcmi)
DCMI Msp Delnit callback

19.2 DCMI Firmware driver API description

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

19.2.1 How to use this driver

The sequence below describes how to use this driver to capture image from a camera module connected to the
DCMI Interface. This sequence does not take into account the configuration of the camera module, which should
be made before to configure and enable the DCMI to capture images.

1. Program the required configuration through following parameters: horizontal and vertical polarity, pixel clock
polarity, Capture Rate, Synchronization Mode, code of the frame delimiter and data width using
HAL_DCMI_Init() function.

2. Configure the selected DMA stream to transfer Data from DCMI DR register to the destination memory buffer.

3. Program the required configuration through following parameters: DCMI mode, destination memory Buffer
address and the data length and enable capture using HAL_DCMI_Start_ DMA() function.

4. Optionally, configure and Enable the CROP feature to select a rectangular window from the received image
using HAL_DCMI_ConfigCrop() and HAL_DCMI_EnableCrop() functions

5. The capture can be stopped using HAL_DCMI_Stop() function.

UM2911 - Rev 4 page 279/3822



‘_ UM2911
,l HAL DCMI Generic Driver

6. To control DCMI state you can use the function HAL_DCMI_GetState().

DCMI HAL driver macros list

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

. __HAL_DCMI_ENABLE: Enable the DCMI peripheral.

. __HAL_DCMI_DISABLE: Disable the DCMI peripheral.

. _ HAL_DCMI_GET_FLAG: Get the DCMI pending flags.

. _ HAL_DCMI_CLEAR_FLAG: Clear the DCMI pending flags.

. __HAL_DCMI_ENABLE_IT: Enable the specified DCMI interrupts.

. __HAL_DCMI_DISABLE_IT: Disable the specified DCMI interrupts.

. __HAL_DCMI_GET_IT_SOURCE: Check whether the specified DCMI interrupt has occurred or not.
Note: You can refer to the DCMI HAL driver header file for more useful macros

Callback registration

19.2.2 Initialization and Configuration functions

This section provides functions allowing to:
. Initialize and configure the DCMI

. De-initialize the DCMI

This section contains the following APlIs:

. HAL_DCMI_Init()

. HAL_DCMI_Delnit()

. HAL_DCMI_Msplnit()

. HAL_DCMI_MspDelnit()

. HAL_DCMI_RegisterCallback()

. HAL_DCMI_UnRegisterCallback()

19.2.3 10 operation functions

This section provides functions allowing to:
. Configure destination address and data length and Enables DCMI DMA request and enables DCMI capture
. Stop the DCMI capture.

. Handles DCMI interrupt request.
This section contains the following APls:

. HAL_DCMI_Start_ DMA()

. HAL_DCMI_Stop()

. HAL_DCMI_Suspend()

. HAL_DCMI_Resume()

. HAL_DCMI_IRQHandler()

. HAL_DCMI_ErrorCallback()

. HAL_DCMI_LineEventCallback()

. HAL_DCMI_VsyncEventCallback()
. HAL_DCMI_FrameEventCallback()

19.2.4 Peripheral Control functions

This section provides functions allowing to:

. Configure the CROP feature.

. Enable/Disable the CROP feature.

. Set embedded synchronization delimiters unmasks.
This section contains the following APlIs:
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. HAL_DCMI_ConfigCrop()

. HAL_DCMI_DisableCrop()

. HAL_DCMI_EnableCrop()

. HAL_DCMI_ConfigSyncUnmask()

19.2.5 Peripheral State and Errors functions

This subsection provides functions allowing to
. Check the DCMI state.

. Get the specific DCMI error flag.

This section contains the following APlIs:

. HAL_DCMI_GetState()

. HAL_DCMI_GetError()

. HAL_DCMI_RegisterCallback()

. HAL_DCMI_UnRegisterCallback()

19.2.6 Detailed description of functions

HAL_DCMI_Init

Function name
HAL_StatusTypeDef HAL_DCMI_Init (DCMI_HandleTypeDef * hdcmi)

Function description

Initializes the DCMI according to the specified parameters in the DCMI_InitTypeDef and create the associated
handle.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values
. HAL: status

HAL_DCMI_Delnit

Function name
HAL_StatusTypeDef HAL_DCMI_Delnit (DCMI_HandleTypeDef * hdcmi)

Function description

Deinitializes the DCMI peripheral registers to their default reset values.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values
. HAL: status

HAL_DCMI_Msplnit

Function name
void HAL_DCMI_Msplnit (DCMI_HandleTypeDef * hdcmi)

Function description
Initializes the DCMI MSP.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.
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Return values

. None:

HAL_DCMI_MspDelnit

Function name
void HAL_DCMI_MspDelnit (DCMI_HandleTypeDef * hdcmi)

Function description
Delnitializes the DCMI MSP.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values

. None:

HAL_DCMI_RegisterCallback

Function name
HAL_StatusTypeDef HAL_DCMI_RegisterCallback (DCMI_HandleTypeDef * hdcmi,
HAL_DCMI_CallbackiDTypeDef CallbackiD, pDCMI_CallbackTypeDef pCallback)
Function description

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

Parameters

. hdcmi: DCMI handle

. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:
- HAL_DCMI_LINE_EVENT_CB_ID Line Event callback ID
- HAL_DCMI_FRAME_EVENT_CB_ID Frame Event callback ID
- HAL_DCMI_VSYNC_EVENT_CB_ID Vsync Event callback ID
- HAL_DCMI_ERROR_CB_ID Error callback ID
- HAL_DCMI_MSPINIT_CB_ID Msplnit callback ID
- HAL_DCMI_MSPDEINIT_CB_ID MspDelnit callback ID

. pCallback: pointer to the Callback function

Return values
. HAL: status

HAL_DCMI_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_DCMI_UnRegisterCallback (DCMI_HandleTypeDef * hdcmi,
HAL_DCMI_CallbackiDTypeDef CallbackID)

Function description

Unregister a DCMI Callback DCMI callback is redirected to the weak predefined callback.
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Parameters

. hdcmi: DCMI handle

. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:
- HAL_DCMI_LINE_EVENT_CB_ID Line Event callback ID
- HAL_DCMI_FRAME_EVENT_CB_ID Frame Event callback ID
- HAL_DCMI_VSYNC_EVENT_CB_ID Vsync Event callback ID
- HAL_DCMI_ERROR_CB_ID Error callback ID
- HAL_DCMI_MSPINIT_CB_ID Msplnit callback ID
- HAL_DCMI_MSPDEINIT_CB_ID MspDelnit callback ID

Return values

. HAL.: status

HAL_DCMI_Start_DMA

Function name

HAL_StatusTypeDef HAL_DCMI_Start DMA (DCMI_HandleTypeDef * hdcmi, uint32_t DCMI_Mode,
uint32_t pData, uint32_t Length)

Function description
Enables DCMI DMA request and enables DCMI capture.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.
. DCMI_Mode: DCMI capture mode snapshot or continuous grab.

. pData: The destination memory Buffer address (LCD Frame buffer).

. Length: The length of capture to be transferred.

Return values
. HAL.: status

HAL_DCMI_Stop

Function name
HAL_StatusTypeDef HAL_DCMI_Stop (DCMI_HandleTypeDef * hdcmi)

Function description
Disable DCMI DMA request and Disable DCMI capture.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values
. HAL.: status

HAL_DCMI_Suspend

Function name
HAL_StatusTypeDef HAL_DCMI_Suspend (DCMI_HandleTypeDef * hdcmi)

Function description

Suspend DCMI capture.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.
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Return values
. HAL: status

HAL_DCMI_Resume

Function name
HAL_StatusTypeDef HAL_DCMI_Resume (DCMI_HandleTypeDef * hdcmi)

Function description

Resume DCMI capture.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values
. HAL: status

HAL_DCMI_ErrorCallback

Function name
void HAL_DCMI_ErrorCallback (DCMI_HandleTypeDef * hdcmi)

Function description
Error DCMI callback.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values

. None:

HAL_DCMI_LineEventCallback

Function name
void HAL_DCMI_LineEventCallback (DCMI_HandleTypeDef * hdcmi)

Function description

Line Event callback.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values

. None:

HAL_DCMI_FrameEventCallback

Function name
void HAL_DCMI_FrameEventCallback (DCMI_HandleTypeDef * hdcmi)

Function description

Frame Event callback.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values

. None:
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HAL_DCMI_VsyncEventCallback

Function name
void HAL_DCMI_VsyncEventCallback (DCMI_HandleTypeDef * hdcmi)

Function description
VSYNC Event callback.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values

. None:

HAL_DCMI_IRQHandler

Function name
void HAL_DCMI_IRQHandler (DCMI_HandleTypeDef * hdcmi)

Function description

Handles DCMI interrupt request.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for the
DCMI.

Return values

. None:

HAL_DCMI_ConfigCrop

Function name

HAL_StatusTypeDef HAL_DCMI_ConfigCrop (DCMI_HandleTypeDef * hdcmi, uint32_t X0, uint32_t YO0,
uint32_t XSize, uint32_t YSize)

Function description
Configure the DCMI CROP coordinate.

Parameters
. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.
. YSize: DCMI Line number
. XSize: DCMI Pixel per line
. X0: DCMI window X offset
. Y0: DCMI window Y offset
Return values
. HAL: status

HAL_DCMI_EnableCrop

Function name
HAL_StatusTypeDef HAL_DCMI_EnableCrop (DCMI_HandleTypeDef * hdcmi)

Function description

Enable the Crop feature.
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Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values
. HAL: status

HAL_DCMI_DisableCrop

Function name
HAL_StatusTypeDef HAL_DCMI_DisableCrop (DCMI_HandleTypeDef * hdcmi)

Function description

Disable the Crop feature.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values
. HAL: status

HAL_DCMI_ConfigSyncUnmask

Function name

HAL_StatusTypeDef HAL_DCMI_ConfigSyncUnmask (DCMI_HandleTypeDef * hdcmi,
DCMI_SyncUnmaskTypeDef * SyncUnmask)

Function description

Set embedded synchronization delimiters unmasks.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

. SyncUnmask: pointer to a DCMI_SyncUnmaskTypeDef structure that contains the embedded
synchronization delimiters unmasks.

Return values
. HAL: status

HAL_DCMI_GetState

Function name
HAL_DCMI_StateTypeDef HAL_DCMI_GetState (const DCMI_HandleTypeDef * hdcmi)

Function description
Return the DCMI state.

Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values
. HAL: state
HAL_DCMI_GetError

Function name
uint32_t HAL_DCMI_GetError (const DCMI_HandleTypeDef * hdcmi)

Function description

Return the DCMI error code.
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Parameters

. hdcmi: pointer to a DCMI_HandleTypeDef structure that contains the configuration information for DCMI.

Return values
. DCMI: Error Code

19.3 DCMI Firmware driver defines

The following section lists the various define and macros of the module.
19.3.1 DCMI

DCMI

DCMI Byte Select Mode

DCMI_BSM_ALL

Interface captures all received data
DCMI_BSM_OTHER

Interface captures every other byte from the received data
DCMI_BSM_ALTERNATE_4

Interface captures one byte out of four

DCMI_BSM_ALTERNATE_2

Interface captures two bytes out of four

DCMI Byte Select Start
DCMI_OEBS_ODD

Interface captures first data from the frame/line start, second one being dropped

DCMI_OEBS_EVEN

Interface captures second data from the frame/line start, first one being dropped

DCMI Capture Mode
DCMI_MODE_CONTINUOUS

The received data are transferred continuously into the destination memory through the DMA

DCMI_MODE_SNAPSHOT

Once activated, the interface waits for the start of frame and then transfers a single frame through the DMA

DCMI Capture Rate
DCMI_CR_ALL_FRAME

All frames are captured

DCMI_CR_ALTERNATE_2_FRAME

Every alternate frame captured

DCMI_CR_ALTERNATE_4_FRAME

One frame in 4 frames captured

DCMI Error Code
HAL_DCMI_ERROR_NONE

No error
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HAL_DCMI_ERROR_OVR

Overrun error

HAL_DCMI_ERROR_SYNC

Synchronization error

HAL_DCMI_ERROR_TIMEOUT

Timeout error

HAL_DCMI_ERROR_DMA
DMA error

HAL_DCMI_ERROR_INVALID_CALLBACK

Invalid callback error

DCMI Exported Macros
__HAL_DCMI_RESET_HANDLE_STATE

Description:

. Reset DCMI handle state.

Parameters:

. __HANDLE__: specifies the DCMI handle.

Return value:
. None

__HAL_DCMI_ENABLE

Description:

. Enable the DCMI.
Parameters:

. __HANDLE__: DCMI handle

Return value:
. None

__HAL_DCMI_DISABLE

Description:

. Disable the DCMI.
Parameters:

. __HANDLE__: DCMI handle

Return value:
. None
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__HAL_DCMI_GET_FLAG

Description:

. Get the DCMI pending flag.

Parameters:

. _ _HANDLE__: DCMI handle

. _ _FLAG__: Get the specified flag. This parameter can be one of the following values (no combination
allowed)

- DCMI_FLAG_HSYNC: HSYNC pin state (active line / synchronization between lines)
- DCMI_FLAG_VSYNC: VSYNC pin state (active frame / synchronization between frames)
- DCMI_FLAG_FNE: FIFO empty flag
- DCMI_FLAG_FRAMERI: Frame capture complete flag mask
- DCMI_FLAG_OVRRI: Overrun flag mask
- DCMI_FLAG_ERRRI: Synchronization error flag mask
- DCMI_FLAG_VSYNCRI: VSYNC flag mask
- DCMI_FLAG_LINERI: Line flag mask
- DCMI_FLAG_FRAMEMI: DCMI Capture complete masked interrupt status
- DCMI_FLAG_OVRMI: DCMI Overrun masked interrupt status
- DCMI_FLAG_ERRMI: DCMI Synchronization error masked interrupt status
- DCMI_FLAG_VSYNCMI: DCMI VSYNC masked interrupt status
- DCMI_FLAG_LINEMI: DCMI Line masked interrupt status
Return value:
. The: state of FLAG.

__HAL_DCMI_CLEAR_FLAG

Description:

. Clear the DCMI pending flags.

Parameters:

. _ HANDLE__: DCMI handle

. _ FLAG__: specifies the flag to clear. This parameter can be any combination of the following values:
- DCMI_FLAG_FRAMERI: Frame capture complete flag mask
- DCMI_FLAG_OVFRI: Overflow flag mask
- DCMI_FLAG_ERRRI: Synchronization error flag mask
- DCMI_FLAG_VSYNCRI: VSYNC flag mask
- DCMI_FLAG_LINERI: Line flag mask

Return value:

. None
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__HAL_DCMI_ENABLE_IT

Description:
. Enable the specified DCMI interrupts.

Parameters:
. _ _HANDLE__: DCMI handle
. __INTERRUPT__: specifies the DCMI interrupt sources to be enabled. This parameter can be any

combination of the following values:
- DCMI_IT_FRAME: Frame capture complete interrupt mask
- DCMI_IT_OVF: Overflow interrupt mask
- DCMI_IT_ERR: Synchronization error interrupt mask
- DCMI_IT_VSYNC: VSYNC interrupt mask
- DCMI_IT_LINE: Line interrupt mask
Return value:
. None

__HAL_DCMI_DISABLE_IT

Description:

. Disable the specified DCMI interrupts.
Parameters:

. _ _HANDLE__: DCMI handle

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

- DCMI_IT_FRAME: Frame capture complete interrupt mask
- DCMI_IT_OVF: Overflow interrupt mask
- DCMI_IT_ERR: Synchronization error interrupt mask
- DCMI_IT_VSYNC: VSYNC interrupt mask
- DCMI_IT_LINE: Line interrupt mask
Return value:
. None

__HAL_DCMI_GET_IT_SOURCE
Description:
. Check whether the specified DCMI interrupt has occurred or not.
Parameters:
. __HANDLE__: DCMI handle

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

- DCMI_IT_FRAME: Frame capture complete interrupt mask
- DCMI_IT_OVF: Overflow interrupt mask
- DCMI_IT_ERR: Synchronization error interrupt mask
- DCMI_IT_VSYNC: VSYNC interrupt mask
- DCMI_IT_LINE: Line interrupt mask
Return value:
. The: state of INTERRUPT.

DCMI Extended Data Mode
DCMI_EXTEND_DATA_8B

Interface captures 8-bit data on every pixel clock
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DCMI_EXTEND_DATA_10B

Interface captures 10-bit data on every pixel clock

DCMI_EXTEND_DATA_12B

Interface captures 12-bit data on every pixel clock

DCMI_EXTEND_DATA_14B

Interface captures 14-bit data on every pixel clock

DCMI Flags

DCMI_FLAG_HSYNC

HSYNC pin state (active line / synchronization between lines)
DCMI_FLAG_VSYNC

VSYNC pin state (active frame / synchronization between frames)
DCMI_FLAG_FNE

FIFO not empty flag
DCMI_FLAG_FRAMERI

Frame capture complete interrupt flag
DCMI_FLAG_OVRRI

Overrun interrupt flag
DCMI_FLAG_ERRRI

Synchronization error interrupt flag
DCMI_FLAG_VSYNCRI

VSYNC interrupt flag
DCMI_FLAG_LINERI

Line interrupt flag
DCMI_FLAG_FRAMEMI

DCMI Frame capture complete masked interrupt status
DCMI_FLAG_OVRMI

DCMI Overrun masked interrupt status
DCMI_FLAG_ERRMI

DCMI Synchronization error masked interrupt status
DCMI_FLAG_VSYNCMI

DCMI VSYNC masked interrupt status

DCMI_FLAG_LINEMI

DCMI Line masked interrupt status

DCMI HSYNC Polarity
DCMI_HSPOLARITY_LOW

Horizontal synchronization active Low

DCMI_HSPOLARITY_HIGH

Horizontal synchronization active High
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DCMI interrupt sources

DCMI_IT_FRAME

Capture complete interrupt

DCMI_IT_OVR

Overrun interrupt

DCMI_IT_ERR

Synchronization error interrupt

DCMI_IT_VSYNC
VSYNC interrupt

DCML_IT_LINE

Line interrupt

DCMI Line Select Mode
DCMI_LSM_ALL

Interface captures all received lines

DCMI_LSM_ALTERNATE_2

Interface captures one line out of two

DCMI Line Select Start
DCMI_OELS_ODD

Interface captures first line from the frame start, second one being dropped

DCMI_OELS_EVEN

Interface captures second line from the frame start, first one being dropped

DCMI Mis Index
DCMI_MIS_INDEX
DCMI MIS register index
DCMI MODE JPEG

DCMI_JPEG_DISABLE
Mode JPEG Disabled

DCMI_JPEG_ENABLE
Mode JPEG Enabled

DCMI PIXCK Polarity
DCMI_PCKPOLARITY_FALLING

Pixel clock active on Falling edge
DCMI_PCKPOLARITY_RISING
Pixel clock active on Rising edge
DCMI SR Index

DCMI_SR_INDEX
DCMI SR register index
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DCMI Stop Time Out

HAL_TIMEOUT_DCMI_STOP

DCMI Synchronization Mode
DCMI_SYNCHRO_HARDWARE

Hardware synchronization data capture (frame/line start/stop) is synchronized with the HSYNC/VSYNC signals

DCMI_SYNCHRO_EMBEDDED

Embedded synchronization data capture is synchronized with synchronization codes embedded in the data flow

DCMI VSYNC Polarity
DCMI_VSPOLARITY_LOW

Vertical synchronization active Low
DCMI_VSPOLARITY_HIGH
Vertical synchronization active High
DCMI Window Coordinate
DCMI_WINDOW_COORDINATE
Window coordinate
DCMI Window Height

DCMI_WINDOW_HEIGHT
Window Height
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20 HAL DMA2D Generic Driver
20.1 DMA2D Firmware driver registers structures
20.1.1 DMA2D_CLUTCfgTypeDef
DMA2D_CLUTCfgTypeDef is defined in the stm32u5xx_hal_dma2d.h
Data Fields

. uint32_t * pCLUT

. uint32_t CLUTColorMode
. uint32_t Size

Field Documentation

. uint32_t* DMA2D_CLUTCfgTypeDef::pCLUT
Configures the DMA2D CLUT memory address.

. uint32_t DMA2D_CLUTCfgTypeDef::CLUTColorMode
Configures the DMA2D CLUT color mode. This parameter can be one value of DMA2D_CLUT_CM.

. uint32_t DMA2D_CLUTCfgTypeDef::Size
Configures the DMA2D CLUT size. This parameter must be a number between Min_Data = 0x00 and
Max_Data = OxFF.

20.1.2 DMAZ2D_InitTypeDef
DMA2D_InitTypeDef is defined in the stm32u5xx_hal_dma2d.h
Data Fields
. uint32_t Mode
. uint32_t ColorMode
. uint32_t OutputOffset
. uint32_t Alphalnverted
. uint32_t RedBlueSwap
. uint32_t BytesSwap
. uint32_t LineOffsetMode
Field Documentation

. uint32_t DMA2D_InitTypeDef::Mode
Configures the DMA2D transfer mode. This parameter can be one value of DMA2D_Mode.

. uint32_t DMA2D_InitTypeDef::ColorMode
Configures the color format of the output image. This parameter can be one value of
DMA2D_Output_Color_Mode.

. uint32_t DMA2D_InitTypeDef::OutputOffset
Specifies the Offset value. This parameter must be a number between Min_Data = 0x0000 and Max_Data
= Ox3FFF.

. uint32_t DMA2D_InitTypeDef::Alphalnverted
Select regular or inverted alpha value for the output pixel format converter. This parameter can be one
value of DMA2D_Alpha_Inverted.

. uint32_t DMA2D_InitTypeDef::RedBlueSwap
Select regular mode (RGB or ARGB) or swap mode (BGR or ABGR) for the output pixel format converter.
This parameter can be one value of DMA2D_RB_Swap.

. uint32_t DMA2D_InitTypeDef::BytesSwap
Select byte regular mode or bytes swap mode (two by two). This parameter can be one value of
DMA2D_Bytes_Swap.

. uint32_t DMA2D_InitTypeDef::LineOffsetMode
Configures how is expressed the line offset for the foreground, background and output. This parameter can
be one value of DMA2D_Line_Offset_Mode.
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20.1.3 DMAZ2D_LayerCfgTypeDef
DMA2D_LayerCfgTypeDef is defined in the stm32u5xx_hal_dma2d.h
Data Fields
. uint32_t InputOffset
. uint32_t InputColorMode
. uint32_t AlphaMode
. uint32_t InputAlpha
. uint32_t Alphalnverted
. uint32_t RedBlueSwap
. uint32_t ChromaSubSampling

Field Documentation

. uint32_t DMA2D_LayerCfgTypeDef::InputOffset
Configures the DMA2D foreground or background offset. This parameter must be a number between
Min_Data = 0x0000 and Max_Data = Ox3FFF.

. uint32_t DMA2D_LayerCfgTypeDef::InputColorMode
Configures the DMA2D foreground or background color mode. This parameter can be one value of
DMA2D_Input_Color_Mode.

. uint32_t DMA2D_L ayerCfgTypeDef::AlphaMode
Configures the DMA2D foreground or background alpha mode. This parameter can be one value of
DMA2D_Alpha_Mode.

. uint32_t DMA2D_LayerCfgTypeDef::InputAlpha
Specifies the DMA2D foreground or background alpha value and color value in case of A8 or A4 color
mode. This parameter must be a number between Min_Data = 0x00 and Max_Data = OxFF except for the
color modes detailed below.
Note:

- In case of A8 or A4 color mode (ARGB), this parameter must be a number between Min_Data =
0x00000000 and Max_Data = OxFFFFFFFF where

° InputAlpha[24:31] is the alpha value ALPHAJ0:7]
° InputAlpha[16:23] is the red value RED[0:7]
° InputAlpha[8:15] is the green value GREEN[0:7]
° InputAlpha[0:7] is the blue value BLUE[0:7].

. uint32_t DMA2D_L ayerCfgTypeDef::Alphalnverted
Select regular or inverted alpha value. This parameter can be one value of DMA2D_Alpha_Inverted.

. uint32_t DMA2D_LayerCfgTypeDef::RedBlueSwap
Select regular mode (RGB or ARGB) or swap mode (BGR or ABGR). This parameter can be one value of
DMA2D_RB_Swap.

. uint32_t DMA2D_LayerCfgTypeDef::ChromaSubSampling
Configure the chroma sub-sampling mode for the YCbCr color mode This parameter can be one value of
DMA2D_Chroma_Sub_Sampling

20.1.4 __DMA2D_HandleTypeDef
__DMA2D_HandleTypeDef is defined in the stm32ub5xx_hal_dma2d.h
Data Fields
. DMA2D_TypeDef * Instance
. DMA2D_InitTypeDef Init
. void(* XferCpltCallback
. void(* XferErrorCallback
. void(* LineEventCallback
. void(* CLUTLoadingCpltCallback
. void(* MsplnitCallback
. void(* MspDelnitCallback
. DMA2D_LayerCfgTypeDef LayerCfg
. HAL_LockTypeDef Lock
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. __IO HAL_DMA2D_StateTypeDef State

. __I0 uint32_t ErrorCode

Field Documentation

. DMA2D_TypeDef* __DMA2D_HandleTypeDef::Instance
DMAZ2D register base address.

. DMA2D_InitTypeDef _ DMA2D_HandleTypeDef::Init
DMA2D communication parameters.

. void(* __DMA2D_HandleTypeDef::XferCpltCallback)(struct _ DMA2D_HandleTypeDef *hdma2d)
DMAZ2D transfer complete callback.

. void(* __DMA2D_HandleTypeDef::XferErrorCallback)(struct _ DMA2D_HandleTypeDef *hdma2d)
DMAZ2D transfer error callback.

. void(* __DMA2D_HandleTypeDef::LineEventCallback)(struct __DMA2D_HandleTypeDef *hdma2d)
DMAZ2D line event callback.

. void(* __DMA2D_HandleTypeDef::CLUTLoadingCpltCallback)(struct __DMA2D_HandleTypeDef
*hdma2d)
DMA2D CLUT loading completion callback

. void(* __DMA2D_HandleTypeDef::MsplinitCallback)(struct _ DMA2D_HandleTypeDef *hdma2d)
DMA2D Msp Init callback.

. void(* __DMA2D_HandleTypeDef::MspDelnitCallback)(struct _ DMA2D_HandleTypeDef *hdma2d)
DMA2D Msp Delnit callback.

. DMA2D_LayerCfgTypeDef _ DMA2D_HandleTypeDef::LayerCfg[MAX_DMA2D_LAYER]
DMAZ2D Layers parameters

. HAL_LockTypeDef _ DMA2D_HandleTypeDef::Lock

DMAZ2D lock.

. _ IO HAL_DMA2D_StateTypeDef _ DMA2D_HandleTypeDef::State
DMAZ2D transfer state.

. 10 uint32_t _ DMA2D_HandleTypeDef::ErrorCode

DMA2D error code.

20.2 DMA2D Firmware driver APl description

The following section lists the various functions of the DMA2D library.

20.21 How to use this driver
1. Program the required configuration through the following parameters: the transfer mode, the output color
mode and the output offset using HAL_DMAZ2D_Init() function.

2. Program the required configuration through the following parameters: the input color mode, the input color, the
input alpha value, the alpha mode, the red/blue swap mode, the inverted alpha mode and the input offset
using HAL_DMA2D_ConfigLayer() function for foreground or/and background layer.

Polling mode 10 operation
1. Configure pdata parameter (explained hereafter), destination and data length and enable the transfer using
HAL_DMA2D_Start().

2. Wait for end of transfer using HAL_DMA2D_PollForTransfer(), at this stage user can specify the value of
timeout according to his end application.

Interrupt mode 10 operation

1. Configure pdata parameter, destination and data length and enable the transfer using
HAL_DMA2D_Start_IT().

2. Use HAL_DMA2D_IRQHandler() called under DMA2D_IRQHandler() interrupt subroutine.

3. Atthe end of data transfer HAL_DMA2D_IRQHandler() function is executed and user can add his own
function by customization of function pointer XferCpltCallback (member of DMA2D handle structure).
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4. In case of error, the HAL_DMA2D_IRQHandler() function calls the callback XferErrorCallback.

Note: In Register-to-Memory transfer mode, pdata parameter is the register color, in Memory-to-memory or
Memory-to-Memory with pixel format conversion pdata is the source address.

Note: Configure the foreground source address, the background source address, the destination and data length
then Enable the transfer using HAL_DMAZ2D_BlendingStart() in polling mode and
HAL_DMA2D_BlendingStart_IT() in interrupt mode.

Note: HAL_DMA2D_BlendingStart() and HAL_DMA2D_BlendingStart_IT() functions are used if the memory to
memory with blending transfer mode is selected.

5. Optionally, configure and enable the CLUT using HAL_DMA2D_CLUTLoad() in polling mode or
HAL_DMA2D_CLUTLoad_IT() in interrupt mode.

6. Optionally, configure the line watermark in using the API HAL_DMA2D_ProgramLineEvent().

7. Optionally, configure the dead time value in the AHB clock cycle inserted between two consecutive accesses
on the AHB master port in using the APl HAL_DMA2D_ConfigDeadTime() and enable/disable the functionality
with the APIs HAL_DMA2D_EnableDeadTime() or HAL_DMA2D_DisableDeadTime().

8. The transfer can be suspended, resumed and aborted using the following functions: HAL_DMA2D_Suspend(),
HAL_DMA2D_Resume(), HAL_DMA2D_Abort().

9. The CLUT loading can be suspended, resumed and aborted using the following functions:
HAL_DMA2D_CLUTLoading_Suspend(), HAL_DMA2D_CLUTLoading_Resume(),
HAL_DMA2D_CLUTLoading_Abort().

10. To control the DMA2D state, use the following function: HAL_DMA2D_GetState().
11. To read the DMA2D error code, use the following function: HAL_DMA2D_GetError().

DMA2D HAL driver macros list

Below the list of most used macros in DMA2D HAL driver :

. __HAL_DMA2D_ENABLE: Enable the DMA2D peripheral.

. _ HAL_DMA2D_GET_FLAG: Get the DMA2D pending flags.

. _ HAL_DMA2D_CLEAR_FLAG: Clear the DMA2D pending flags.

. __HAL_DMA2D_ENABLE_IT: Enable the specified DMA2D interrupts.

. __HAL_DMA2D_DISABLE_IT: Disable the specified DMA2D interrupts.

. __HAL_DMA2D_GET_IT_SOURCE: Check whether the specified DMA2D interrupt is enabled or not.

Callback registration

1. The compilation define USE_HAL_DMA2D_REGISTER_CALLBACKS when set to 1 allows the user to
configure dynamically the driver callbacks. Use function @ref HAL_DMA2D_RegisterCallback() to register a
user callback.

2. Function @ref HAL_DMA2D_RegisterCallback() allows to register following callbacks: (+) XferCpltCallback :
callback for transfer complete. (+) XferErrorCallback : callback for transfer error. (+) LineEventCallback :
callback for line event. (+) CLUTLoadingCpltCallback : callback for CLUT loading completion. (+)
MsplnitCallback : DMA2D Msplnit. (+) MspDelnitCallback : DMA2D MspDelnit. This function takes as
parameters the HAL peripheral handle, the Callback ID and a pointer to the user callback function.

3. Use function @ref HAL_DMA2D_UnRegisterCallback() to reset a callback to the default weak (surcharged)
function. @ref HAL_DMA2D_UnRegisterCallback() takes as parameters the HAL peripheral handle, and the
Callback ID. This function allows to reset following callbacks: (+) XferCpltCallback : callback for transfer
complete. (+) XferErrorCallback : callback for transfer error. (+) LineEventCallback : callback for line event. (+)
CLUTLoadingCpltCallback : callback for CLUT loading completion. (+) MsplnitCallback : DMA2D Msplnit. (+)
MspDelnitCallback : DMA2D MspDelnit.
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4. By default, after the @ref HAL_DMA2D _Init and if the state is HAL_DMA2D_STATE_RESET all callbacks are
reset to the corresponding legacy weak (surcharged) functions: examples @ref
HAL_DMAZ2D_LineEventCallback(), @ref HAL_DMA2D_CLUTLoadingCpltCallback() Exception done for
Msplnit and MspDelnit callbacks that are respectively reset to the legacy weak (surcharged) functions in the
@ref HAL_DMAZ2D _Init and @ref HAL_DMA2D_Delnit only when these callbacks are null (not registered
beforehand) If not, Msplnit or MspDelnit are not null, the @ref HAL_DMA2D _Init and @ref
HAL_DMA2D_Delnit keep and use the user Msplnit/MspDelnit callbacks (registered beforehand). Exception
as well for Transfer Completion and Transfer Error callbacks that are not defined as weak (surcharged)
functions. They must be defined by the user to be resorted to. Callbacks can be registered/unregistered in
READY state only. Exception done for Msplnit/MspDelnit callbacks that can be registered/unregistered in
READY or RESET state, thus registered (user) Msplnit/Delnit callbacks can be used during the Init/Delnit. In
that case first register the Msplinit/MspDelnit user callbacks using @ref HAL_DMA2D_RegisterCallback before
calling @ref HAL_DMA2D_Delnit or @ref HAL_DMA2D _Init function. When The compilation define
USE_HAL_DMA2D REGISTER_CALLBACKS is set to 0 or not defined, the callback registering feature is not
available and weak (surcharged) callbacks are used.

(#) The compilation define USE_HAL_DMA2D_REGISTER_CALLBACKS when set to 1 allows the user to

configure dynamically the driver callbacks. Use function @ref HAL_DMA2D_RegisterCallback() to register a user
callback. (#) Function @ref HAL_DMA2D_RegisterCallback() allows to register following callbacks:

. XferCpltCallback : callback for transfer complete.
. XferErrorCallback : callback for transfer error.
. LineEventCallback : callback for line event.

. CLUTLoadingCpltCallback : callback for CLUT loading completion.

. MsplnitCallback : DMA2D Msplnit.

. MspDelnitCallback : DMA2D MspDelnit. This function takes as parameters the HAL peripheral handle, the
Callback ID and a pointer to the user callback function. (#) Use function @ref
HAL_DMA2D_UnRegisterCallback() to reset a callback to the default weak (surcharged) function. @ref
HAL_DMA2D_UnRegisterCallback() takes as parameters the HAL peripheral handle, and the Callback ID.
This function allows to reset following callbacks:

. XferCpltCallback : callback for transfer complete.
. XferErrorCallback : callback for transfer error.
. LineEventCallback : callback for line event.

. CLUTLoadingCpltCallback : callback for CLUT loading completion.
. MsplnitCallback : DMA2D Mspilnit.

. MspDelnitCallback : DMA2D MspDelnit. (#) By default, after the @ref HAL_DMA2D_Init and if the state is
HAL_DMA2D_STATE_RESET all callbacks are reset to the corresponding legacy weak (surcharged)
functions: examples @ref HAL_DMA2D_LineEventCallback(), @ref
HAL_DMA2D_CLUTLoadingCpltCallback() Exception done for Msplnit and MspDelnit callbacks that are
respectively reset to the legacy weak (surcharged) functions in the @ref HAL_DMA2D_Init and @ref
HAL_DMAZ2D_Delnit only when these callbacks are null (not registered beforehand) If not, Msplnit or
MspDelnit are not null, the @ref HAL_DMA2D_Init and @ref HAL_DMA2D_Delnit keep and use the user
Msplnit/MspDelnit callbacks (registered beforehand). Exception as well for Transfer Completion and
Transfer Error callbacks that are not defined as weak (surcharged) functions. They must be defined by the
user to be resorted to. Callbacks can be registered/unregistered in READY state only. Exception done for
Msplnit/MspDelnit callbacks that can be registered/unregistered in READY or 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 @ref HAL_DMA2D_RegisterCallback before calling @ref
HAL_DMA2D_Delnit or @ref HAL_DMA2D_Init function. When The compilation define
USE_HAL_DMA2D_REGISTER_CALLBACKS is set to 0 or not defined, the callback registering feature is
not available and weak (surcharged) callbacks are used.

Note: You can refer to the DMA2D HAL driver header file for more useful macros

20.2.2 Initialization and Configuration functions

This section provides functions allowing to:
. Initialize and configure the DMA2D
. De-initialize the DMA2D

This section contains the following APlIs:
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. HAL_DMAZ2D_Init()

. HAL_DMA2D_Delnit()

. HAL_DMA2D_Msplnit()

. HAL_DMA2D_MspDelnit()

. HAL_DMA2D_RegisterCallback()

. HAL_DMA2D_UnRegisterCallback()

20.2.3 10 operation functions
This section provides functions allowing to:
. Configure the pdata, destination address and data size then start the DMA2D transfer.
. Configure the source for foreground and background, destination address and data size then start a
MultiBuffer DMA2D transfer.
. Configure the pdata, destination address and data size then start the DMA2D transfer with interrupt.
. Configure the source for foreground and background, destination address and data size then start a

MultiBuffer DMA2D transfer with interrupt.
. Abort DMA2D transfer.
. Suspend DMA2D transfer.
. Resume DMAZ2D transfer.
. Enable CLUT transfer.
. Configure CLUT loading then start transfer in polling mode.
. Configure CLUT loading then start transfer in interrupt mode.
. Abort DMA2D CLUT loading.
. Suspend DMA2D CLUT loading.
. Resume DMA2D CLUT loading.

. Poll for transfer complete.
. handle DMA2D interrupt request.
. Transfer watermark callback.

. CLUT Transfer Complete callback.

This section contains the following APlIs:

. HAL_DMA2D_Start()

. HAL_DMA2D_Start_IT()

. HAL_DMA2D_BlendingStart()

. HAL_DMA2D_BlendingStart_IT()

. HAL_DMA2D_Abort()

. HAL_DMA2D_Suspend()

. HAL_DMA2D_Resume()

. HAL_DMA2D_EnableCLUT()

. HAL_DMA2D_CLUTStartLoad()

. HAL_DMA2D_CLUTStartLoad_IT()

. HAL_DMA2D_CLUTLoad()

. HAL_DMA2D_CLUTLoad_IT()

. HAL_DMA2D_CLUTLoading_Abort()

. HAL_DMA2D_CLUTLoading_Suspend()
. HAL_DMA2D_CLUTLoading_Resume()
. HAL_DMA2D_PollForTransfer()

. HAL_DMA2D_IRQHandler()

. HAL_DMA2D_LineEventCallback()

. HAL_DMA2D_CLUTLoadingCpltCallback()

20.24 Peripheral Control functions
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This section provides functions allowing to:

. Configure the DMA2D foreground or background layer parameters.
. Configure the DMA2D CLUT transfer.

. Configure the line watermark

. Configure the dead time value.

. Enable or disable the dead time value functionality.

This section contains the following APlIs:

. HAL_DMA2D_ConfigLayer()

. HAL_DMA2D_ConfigCLUT()

. HAL_DMA2D_ProgramLineEvent()
. HAL_DMA2D_EnableDeadTime()

. HAL_DMA2D_DisableDeadTime()
. HAL_DMA2D_ConfigDeadTime()

20.2.5 Peripheral State and Errors functions

This subsection provides functions allowing to:
. Get the DMA2D state

. Get the DMA2D error code

This section contains the following APlIs:

. HAL_DMA2D_GetState()

. HAL_DMA2D_GetError()

20.2.6 Detailed description of functions

HAL_DMAZ2D_Init
Function name
HAL_StatusTypeDef HAL_DMAZ2D_Init (DMA2D_HandleTypeDef * hdma2d)

Function description

Initialize the DMA2D according to the specified parameters in the DMA2D_InitTypeDef and create the associated
handle.

Parameters

. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

Return values

. HAL.: status

HAL_DMA2D_Delnit
Function name
HAL_StatusTypeDef HAL_DMA2D_Delnit (DMA2D_HandleTypeDef * hdma2d)
Function description
Deinitializes the DMA2D peripheral registers to their default reset values.
Parameters

. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

Return values

. None:
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HAL_DMA2D_Msplnit

Function name
void HAL_DMA2D_Msplnit (DMA2D_HandleTypeDef * hdma2d)

Function description
Initializes the DMA2D MSP.

Parameters

. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

Return values

. None:

HAL_DMA2D_MspDelnit

Function name
void HAL_DMA2D_MspDelnit (DMA2D_HandleTypeDef * hdma2d)

Function description
Delnitializes the DMA2D MSP.

Parameters

. hdmaz2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

Return values

. None:

HAL_DMAZ2D_RegisterCallback

Function name
HAL_StatusTypeDef HAL_DMA2D_RegisterCallback (DMA2D_HandleTypeDef * hdma2d,
HAL_DMAZ2D_CallbackiDTypeDef CallbacklD, pDMA2D_CallbackTypeDef pCallback)
Function description

Register a User DMA2D Callback To be used instead of the weak (surcharged) predefined callback.

Parameters

. hdma2d: DMA2D handle

. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:
- HAL_DMA2D_TRANSFERCOMPLETE_CB_ID DMA2D transfer complete Callback ID
- HAL_DMA2D_TRANSFERERROR_CB_ID DMA2D transfer error Callback ID
- HAL_DMA2D_LINEEVENT_CB_ID DMAZ2D line event Callback ID
- HAL_DMA2D_CLUTLOADINGCPLT_CB_ID DMA2D CLUT loading completion Callback ID
- HAL_DMA2D_MSPINIT_CB_ID DMA2D Msplnit callback ID
- HAL_DMA2D_MSPDEINIT_CB_ID DMA2D MspDelnit callback ID

. pCallback: pointer to the Callback function

Return values

. status:

Notes

. No weak predefined callbacks are defined for HAL_DMA2D TRANSFERCOMPLETE_CB_ID or
HAL_DMA2D_TRANSFERERROR_CB_ID
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HAL_DMAZ2D_UnRegisterCallback

Function name
HAL_StatusTypeDef HAL_DMA2D_UnRegisterCallback (DMA2D_HandleTypeDef * hdma2d,
HAL_DMA2D_CallbackiDTypeDef CallbackID)

Function description
Unregister a DMA2D Callback DMA2D Callback is redirected to the weak (surcharged) predefined callback.

Parameters

. hdma2d: DMA2D handle

. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:
- HAL_DMA2D_TRANSFERCOMPLETE_CB_ID DMA2D transfer complete Callback ID
- HAL_DMA2D_TRANSFERERROR_CB_ID DMA2D transfer error Callback ID
- HAL_DMA2D_LINEEVENT_CB_ID DMAZ2D line event Callback ID
- HAL_DMA2D_CLUTLOADINGCPLT_CB_ID DMA2D CLUT loading completion Callback ID
- HAL_DMA2D_MSPINIT_CB_ID DMA2D Msplnit callback ID
- HAL_DMA2D_MSPDEINIT_CB_ID DMA2D MspDelnit callback ID

Return values

. status:

Notes

. No weak predefined callbacks are defined for HAL_DMA2D_TRANSFERCOMPLETE_CB_ID or
HAL_DMA2D_TRANSFERERROR_CB_ID

HAL_DMA2D_Start

Function name

HAL_StatusTypeDef HAL_DMA2D_Start (DMA2D_HandleTypeDef * hdma2d, uint32_t pdata, uint32_t
DstAddress, uint32_t Width, uint32_t Height)

Function description
Start the DMA2D Transfer.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

. pdata: Configure the source memory Buffer address if Memory-to-Memory or Memory-to-Memory with
pixel format conversion mode is selected, or configure the color value if Register-to-Memory mode is
selected.

. DstAddress: The destination memory Buffer address.

. Width: The width of data to be transferred from source to destination (expressed in number of pixels per
line).

. Height: The height of data to be transferred from source to destination (expressed in number of lines).

Return values
. HAL.: status
HAL_DMAZ2D_BlendingStart

Function name

HAL_StatusTypeDef HAL_DMA2D_BlendingStart (DMA2D_HandleTypeDef * hdma2d, uint32_t
SrcAddress1, uint32_t SrcAddress2, uint32_t DstAddress, uint32_t Width, uint32_t Height)
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Function description
Start the multi-source DMA2D Transfer.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

. SrcAddress1: The source memory Buffer address for the foreground layer.

. SrcAddress2: The source memory Buffer address for the background layer.

. DstAddress: The destination memory Buffer address.

. Width: The width of data to be transferred from source to destination (expressed in number of pixels per
line).

. Height: The height of data to be transferred from source to destination (expressed in number of lines).

Return values
. HAL.: status

HAL_DMA2D_Start_IT

Function name

HAL_StatusTypeDef HAL_DMA2D_Start_IT (DMA2D_HandleTypeDef * hdma2d, uint32_t pdata, uint32_t
DstAddress, uint32_t Width, uint32_t Height)

Function description
Start the DMA2D Transfer with interrupt enabled.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

. pdata: Configure the source memory Buffer address if the Memory-to-Memory or Memory-to-Memory with
pixel format conversion mode is selected, or configure the color value if Register-to-Memory mode is
selected.

. DstAddress: The destination memory Buffer address.

. Width: The width of data to be transferred from source to destination (expressed in number of pixels per
line).

. Height: The height of data to be transferred from source to destination (expressed in number of lines).

Return values
. HAL.: status

HAL_DMA2D_BlendingStart_IT

Function name

HAL_StatusTypeDef HAL_DMA2D_BlendingStart_IT (DMA2D_HandleTypeDef * hdma2d, uint32_t
SrcAddress1, uint32_t SrcAddress2, uint32_t DstAddress, uint32_t Width, uint32_t Height)

Function description

Start the multi-source DMA2D Transfer with interrupt enabled.
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Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

. SrcAddress1: The source memory Buffer address for the foreground layer.

. SrcAddress2: The source memory Buffer address for the background layer.

. DstAddress: The destination memory Buffer address.

. Width: The width of data to be transferred from source to destination (expressed in number of pixels per
line).

. Height: The height of data to be transferred from source to destination (expressed in number of lines).

Return values
. HAL.: status

HAL_DMA2D_Suspend

Function name
HAL_StatusTypeDef HAL_DMA2D_Suspend (DMA2D_HandleTypeDef * hdma2d)

Function description
Suspend the DMA2D Transfer.

Parameters

. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

Return values
. HAL: status

HAL_DMA2D_Resume

Function name
HAL_StatusTypeDef HAL_DMA2D_Resume (DMA2D_HandleTypeDef * hdma2d)

Function description
Resume the DMA2D Transfer.

Parameters

. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

Return values
. HAL: status

HAL_DMA2D_Abort

Function name
HAL_StatusTypeDef HAL_DMA2D_Abort (DMA2D_HandleTypeDef * hdma2d)
Function description

Abort the DMA2D Transfer.

Parameters

. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

Return values
. HAL: status
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HAL_DMA2D_EnableCLUT

Function name
HAL_StatusTypeDef HAL_DMA2D_EnableCLUT (DMA2D_HandleTypeDef * hdma2d, uint32_t Layerldx)

Function description
Enable the DMA2D CLUT Transfer.

Parameters
. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.
. Layerldx: DMA2D Layer index. This parameter can be one of the following values:

DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL: status

HAL_DMA2D_CLUTStartLoad

Function name
HAL_StatusTypeDef HAL_DMA2D_CLUTStartLoad (DMA2D_HandleTypeDef * hdma2d, const
DMA2D_CLUTCfgTypeDef * CLUTCfg, uint32_t Layerldx)

Function description
Start DMA2D CLUT Loading.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

. CLUTCfg: Pointer to a DMA2D_CLUTCfgTypeDef structure that contains the configuration information for
the color look up table.

. Layerldx: DMA2D Layer index. This parameter can be one of the following values:
DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL: status

HAL_DMA2D_CLUTStartLoad_IT

Function name
HAL_StatusTypeDef HAL_DMA2D_CLUTStartLoad_IT (DMA2D_HandleTypeDef * hdma2d, const
DMA2D_CLUTCfgTypeDef * CLUTCfg, uint32_t Layerldx)

Function description
Start DMA2D CLUT Loading with interrupt enabled.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

. CLUTCfg: Pointer to a DMA2D_CLUTCfgTypeDef structure that contains the configuration information for
the color look up table.

. Layerldx: DMA2D Layer index. This parameter can be one of the following values:
DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL: status
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HAL_DMA2D_CLUTLoad

Function name

HAL_StatusTypeDef HAL_DMA2D_CLUTLoad (DMA2D_HandleTypeDef * hdma2d,
DMA2D_CLUTCfgTypeDef CLUTCfg, uint32_t Layerldx)

Function description
Start DMA2D CLUT Loading.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

. CLUTCfg: Pointer to a DMA2D_CLUTCfgTypeDef structure that contains the configuration information for
the color look up table.

. Layerldx: DMA2D Layer index. This parameter can be one of the following values:
DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL: status

Notes

. API obsolete and maintained for compatibility with legacy. User is invited to resort to
HAL_DMA2D_CLUTStartLoad() instead to benefit from code compactness, code size and improved heap
usage.

HAL_DMA2D_CLUTLoad_IT

Function name

HAL_StatusTypeDef HAL_DMA2D_CLUTLoad_IT (DMA2D_HandleTypeDef * hdma2d,
DMA2D_CLUTCfgTypeDef CLUTCfg, uint32_t Layerldx)

Function description
Start DMA2D CLUT Loading with interrupt enabled.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

. CLUTCfg: Pointer to a DMA2D_CLUTCfgTypeDef structure that contains the configuration information for
the color look up table.

. Layerldx: DMA2D Layer index. This parameter can be one of the following values:
DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL: status

Notes
. API obsolete and maintained for compatibility with legacy. User is invited to resort to
HAL_DMA2D_CLUTStartLoad_IT() instead to benefit from code compactness, code size and improved
heap usage.
HAL_DMA2D_CLUTLoading_Abort

Function name

HAL_StatusTypeDef HAL_DMA2D_CLUTLoading_Abort (DMA2D_HandleTypeDef * hdma2d, uint32_t
Layerldx)
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Function description
Abort the DMA2D CLUT loading.

Parameters
. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.
. Layerldx: DMA2D Layer index. This parameter can be one of the following values:

DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL.: status

HAL_DMA2D_CLUTLoading_Suspend

Function name

HAL_StatusTypeDef HAL_DMA2D_CLUTLoading_Suspend (DMA2D_HandleTypeDef * hdma2d, uint32_t
Layerldx)

Function description
Suspend the DMA2D CLUT loading.

Parameters
. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.
. Layerldx: DMA2D Layer index. This parameter can be one of the following values:

DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL.: status

HAL_DMA2D_CLUTLoading_Resume

Function name

HAL_StatusTypeDef HAL_DMA2D_CLUTLoading_Resume (DMA2D_HandleTypeDef * hdma2d, uint32_t
Layerldx)

Function description
Resume the DMA2D CLUT loading.

Parameters
. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.
. Layerldx: DMA2D Layer index. This parameter can be one of the following values:

DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)
Return values
. HAL: status
HAL_DMAZ2D_PollForTransfer

Function name
HAL_StatusTypeDef HAL_DMA2D_PollForTransfer (DMA2D_HandleTypeDef * hdma2d, uint32_t Timeout)

Function description

Polling for transfer complete or CLUT loading.
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Parameters
. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.
. Timeout: Timeout duration

Return values
. HAL: status

HAL_DMA2D_IRQHandler

Function name
void HAL_DMA2D_IRQHandler (DMA2D_HandleTypeDef * hdma2d)

Function description

Handle DMA2D interrupt request.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

Return values
. HAL: status

HAL_DMAZ2D_LineEventCallback

Function name
void HAL_DMA2D_LineEventCallback (DMA2D_HandleTypeDef * hdma2d)

Function description

Transfer watermark callback.

Parameters

. hdmaz2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.

Return values

. None:

HAL_DMA2D_CLUTLoadingCpltCallback

Function name
void HAL_DMA2D_CLUTLoadingCpltCallback (DMA2D_HandleTypeDef * hdma2d)

Function description

CLUT Transfer Complete callback.

Parameters

. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

Return values

. None:

HAL_DMA2D_ConfigLayer

Function name
HAL_StatusTypeDef HAL_DMA2D_ConfigLayer (DMA2D_HandleTypeDef * hdma2d, uint32_t Layerldx)
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Function description

Configure the DMA2D Layer according to the specified parameters in the DMA2D_HandleTypeDef.

Parameters
. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.
. Layerldx: DMA2D Layer index. This parameter can be one of the following values:

DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL.: status

HAL_DMA2D_ConfigCLUT

Function name

HAL_StatusTypeDef HAL_DMA2D_ConfigCLUT (DMA2D_HandleTypeDef * hdma2d,
DMA2D_CLUTCfgTypeDef CLUTCfg, uint32_t Layerldx)

Function description
Configure the DMA2D CLUT Transfer.

Parameters

. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

. CLUTCfg: Pointer to a DMA2D_CLUTCfgTypeDef structure that contains the configuration information for
the color look up table.

. Layerldx: DMA2D Layer index. This parameter can be one of the following values:
DMA2D_BACKGROUND_LAYER(0) / DMA2D_FOREGROUND_LAYER(1)

Return values
. HAL.: status

Notes

. API obsolete and maintained for compatibility with legacy. User is invited to resort to
HAL_DMA2D_CLUTStartLoad() instead to benefit from code compactness, code size and improved heap
usage.

HAL_DMA2D_ProgramLineEvent

Function name
HAL_StatusTypeDef HAL_DMA2D_ProgramLineEvent (DMA2D_HandleTypeDef * hdma2d, uint32_t Line)

Function description

Configure the line watermark.

Parameters
. hdma2d: Pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMA2D.
. Line: Line Watermark configuration (maximum 16-bit long value expected).

Return values
. HAL.: status

Notes

. HAL_DMA2D_ProgramLineEvent() APl enables the transfer watermark interrupt.
. The transfer watermark interrupt is disabled once it has occurred.
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HAL_DMA2D_EnableDeadTime

Function name
HAL_StatusTypeDef HAL_DMA2D_EnableDeadTime (DMA2D_HandleTypeDef * hdma2d)

Function description
Enable DMA2D dead time feature.

Parameters
. hdma2d: DMA2D handle.

Return values
. HAL: status

HAL_DMAZ2D_DisableDeadTime

Function name
HAL_StatusTypeDef HAL_DMA2D_DisableDeadTime (DMA2D_HandleTypeDef * hdma2d)

Function description
Disable DMA2D dead time feature.

Parameters
. hdma2d: DMA2D handle.

Return values
. HAL: status

HAL_DMA2D_ConfigDeadTime

Function name

HAL_StatusTypeDef HAL_DMA2D_ConfigDeadTime (DMA2D_HandleTypeDef * hdma2d, uint8_t
DeadTime)

Function description

Configure dead time.

Parameters

. hdma2d: DMA2D handle.
. DeadTime: dead time value.

Return values
. HAL: status

Notes

. The dead time value represents the guaranteed minimum number of cycles between two consecutive
transactions on the AHB bus.

HAL_DMA2D_GetState

Function name
HAL_DMAZ2D_StateTypeDef HAL_DMA2D_GetState (const DMA2D_HandleTypeDef * hdma2d)

Function description
Return the DMA2D state.
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Parameters

. hdma2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for the
DMAZ2D.

Return values
. HAL.: state

HAL_DMA2D_GetError
Function name

uint32_t HAL_DMAZ2D_GetError (const DMA2D_HandleTypeDef * hdma2d)

Function description
Return the DMA2D error code.

Parameters

. hdmaz2d: pointer to a DMA2D_HandleTypeDef structure that contains the configuration information for
DMAZ2D.

Return values
. DMAZ2D: Error Code

20.3 DMAZ2D Firmware driver defines

The following section lists the various define and macros of the module.
20.3.1 DMA2D

DMA2D

DMA2D Alpha Inversion

DMA2D_REGULAR_ALPHA

No modification of the alpha channel value

DMA2D_INVERTED_ALPHA

Invert the alpha channel value

DMA2D Alpha Mode
DMA2D_NO_MODIF_ALPHA

No modification of the alpha channel value

DMA2D_REPLACE_ALPHA

Replace original alpha channel value by programmed alpha value

DMA2D_COMBINE_ALPHA

Replace original alpha channel value by programmed alpha value with original alpha channel value

DMA2D Bytes Swap
DMA2D_BYTES_REGULAR

Bytes in regular order in output FIFO

DMA2D_BYTES_SWAP
Bytes are swapped two by two in output FIFO

DMA2D Chroma Sub Sampling
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DMA2D_NO_CSS

No chroma sub-sampling 4:4:4

DMA2D_CSS_422

chroma sub-sampling 4:2:2

DMA2D_CSS_420

chroma sub-sampling 4:2:0

DMA2D CLUT Color Mode

DMA2D_CCM_ARGB8888
ARGB8888 DMA2D CLUT color mode

DMA2D_CCM_RGB888
RGB888 DMA2D CLUT color mode

DMA2D CLUT Size

DMA2D_CLUT_SIZE
DMA2D maximum CLUT size

DMA2D Color Value
DMA2D_COLOR_VALUE

Color value mask

DMAZ2D Error Code

HAL_DMA2D_ERROR_NONE

No error
HAL_DMA2D_ERROR_TE

Transfer error
HAL_DMA2D_ERROR_CE

Configuration error
HAL_DMA2D_ERROR_CAE

CLUT access error

HAL_DMA2D_ERROR_TIMEOUT

Timeout error

HAL_DMA2D_ERROR_INVALID_CALLBACK

Invalid callback error

DMA2D Exported Macros
__HAL_DMA2D_RESET_HANDLE_STATE

Description:

. Reset DMA2D handle state.

Parameters:

. __ HANDLE__: specifies the DMA2D handle.

Return value:
. None
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__HAL_DMA2D_ENABLE

Description:

. Enable the DMA2D.
Parameters:

. _ _HANDLE__: DMA2D handle

Return value:
. None.

__HAL_DMA2D_GET_FLAG

Description:

. Get the DMA2D pending flags.

Parameters:

. _ _HANDLE__: DMA2D handle

. __FLAG__: flag to check. This parameter can be any combination of the following values:
- DMA2D_FLAG_CE: Configuration error flag
- DMA2D_FLAG_CTC: CLUT transfer complete flag
- DMA2D_FLAG_CAE: CLUT access error flag
- DMA2D_FLAG_TW: Transfer Watermark flag
- DMA2D_FLAG_TC: Transfer complete flag
- DMA2D_FLAG_TE: Transfer error flag

Return value:

. The: state of FLAG.

__HAL_DMA2D_CLEAR_FLAG

Description:

. Clear the DMA2D pending flags.

Parameters:

. __HANDLE__: DMA2D handle

. _ FLAG__: specifies the flag to clear. This parameter can be any combination of the following values:
- DMA2D_FLAG_CE: Configuration error flag
- DMA2D_FLAG_CTC: CLUT transfer complete flag
- DMA2D_FLAG_CAE: CLUT access error flag
- DMA2D_FLAG_TW: Transfer Watermark flag
- DMA2D_FLAG_TC: Transfer complete flag
- DMA2D_FLAG_TE: Transfer error flag

Return value:

. None
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__HAL_DMA2D_ENABLE_IT

Description:

. Enable the specified DMA2D interrupts.
Parameters:

. __HANDLE__: DMA2D handle

. __INTERRUPT__: specifies the DMA2D interrupt sources to be enabled. This parameter can be any
combination of the following values:

- DMA2D_IT_CE: Configuration error interrupt mask

- DMA2D_IT_CTC: CLUT transfer complete interrupt mask
- DMA2D_IT_CAE: CLUT access error interrupt mask

- DMA2D_IT_TW: Transfer Watermark interrupt mask

- DMA2D_IT_TC: Transfer complete interrupt mask

- DMA2D_IT_TE: Transfer error interrupt mask

Return value:
. None

__HAL_DMA2D_DISABLE_IT

Description:

. Disable the specified DMA2D interrupts.
Parameters:

. __HANDLE__: DMA2D handle

. __INTERRUPT__: specifies the DMA2D interrupt sources to be disabled. This parameter can be any
combination of the following values:

- DMA2D_IT_CE: Configuration error interrupt mask
- DMA2D_IT_CTC: CLUT transfer complete interrupt mask
- DMA2D_IT_CAE: CLUT access error interrupt mask
- DMA2D_IT_TW: Transfer Watermark interrupt mask
- DMA2D_IT_TC: Transfer complete interrupt mask
- DMA2D_IT_TE: Transfer error interrupt mask
Return value:
. None

__HAL_DMA2D_GET_IT_SOURCE
Description:
. Check whether the specified DMA2D interrupt source is enabled or not.
Parameters:

. __HANDLE__: DMA2D handle

. __INTERRUPT__: specifies the DMA2D interrupt source to check. This parameter can be one of the
following values:

- DMA2D_IT_CE: Configuration error interrupt mask
- DMA2D_IT_CTC: CLUT transfer complete interrupt mask
- DMA2D_IT_CAE: CLUT access error interrupt mask
- DMA2D_IT_TW: Transfer Watermark interrupt mask
- DMA2D_IT_TC: Transfer complete interrupt mask
- DMA2D_IT_TE: Transfer error interrupt mask
Return value:
. The: state of INTERRUPT source.

DMA2D Exported Types
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MAX_DMA2D_LAYER

DMA2D maximum number of layers

DMA2D Flags

DMA2D_FLAG_CE

Configuration Error Interrupt Flag
DMA2D_FLAG_CTC

CLUT Transfer Complete Interrupt Flag
DMA2D_FLAG_CAE

CLUT Access Error Interrupt Flag
DMA2D_FLAG_TW

Transfer Watermark Interrupt Flag
DMA2D_FLAG_TC

Transfer Complete Interrupt Flag

DMA2D_FLAG_TE

Transfer Error Interrupt Flag

DMA2D Input Color Mode

DMA2D_INPUT_ARGB8888

ARGB8888 color mode
DMA2D_INPUT_RGB888

RGB888 color mode
DMA2D_INPUT_RGB565

RGB565 color mode
DMA2D_INPUT_ARGB1555

ARGB1555 color mode
DMA2D_INPUT_ARGB4444

ARGB4444 color mode
DMA2D_INPUT_L8

L8 color mode
DMA2D_INPUT_AL44

AL44 color mode
DMA2D_INPUT_ALS88

AL88 color mode
DMA2D_INPUT_L4

L4 color mode
DMA2D_INPUT_A8

A8 color mode

DMA2D_INPUT_A4
A4 color mode
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DMA2D_INPUT_YCBCR
YCbCr color mode

DMAZ2D Interrupts

DMA2D_IT_CE

Configuration Error Interrupt
DMA2D_IT_CTC

CLUT Transfer Complete Interrupt
DMA2D_IT_CAE

CLUT Access Error Interrupt
DMA2D_IT_TW

Transfer Watermark Interrupt
DMA2D_IT_TC

Transfer Complete Interrupt

DMA2D_IT_TE

Transfer Error Interrupt

DMA2D Layers

DMA2D_BACKGROUND_LAYER
DMAZ2D Background Layer (layer 0)

DMA2D_FOREGROUND_LAYER
DMA2D Foreground Layer (layer 1)

DMA2D Line Offset Mode
DMA2D_LOM_PIXELS

Line offsets expressed in pixels

DMA2D_LOM_BYTES

Line offsets expressed in bytes

DMA2D Maximum Line Watermark
DMA2D_LINE_WATERMARK_MAX

DMA2D maximum line watermark

DMA2D Maximum Number of Layers
DMA2D_MAX_LAYER

DMA2D maximum number of layers

DMA2D Mode

DMA2D_M2M

DMA2D memory to memory transfer mode

DMA2D_M2M_PFC

DMA2D memory to memory with pixel format conversion transfer mode
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DMA2D_M2M_BLEND

DMA2D memory to memory with blending transfer mode

DMA2D_R2M

DMAZ2D register to memory transfer mode

DMA2D_M2M_BLEND_FG

DMA2D memory to memory with blending transfer mode and fixed color FG

DMA2D_M2M_BLEND_BG

DMA2D memory to memory with blending transfer mode and fixed color BG

DMA2D Offset
DMA2D_OFFSET

maximum Line Offset

DMA2D Output Color Mode

DMA2D_OUTPUT_ARGB8888
ARGB8888 DMA2D color mode

DMA2D_OUTPUT_RGB888
RGB888 DMA2D color mode

DMA2D_OUTPUT_RGB565
RGB565 DMA2D color mode

DMA2D_OUTPUT_ARGB1555
ARGB1555 DMA2D color mode

DMA2D_OUTPUT_ARGB4444
ARGB4444 DMA2D color mode

DMA2D Red and Blue Swap

DMA2D_RB_REGULAR
Select regular mode (RGB or ARGB)

DMA2D_RB_SWAP
Select swap mode (BGR or ABGR)

DMA2D Size
DMA2D_PIXEL

DMA2D maximum number of pixels per line

DMA2D_LINE

DMA2D maximum number of lines

DMA2D Time Out
DMA2D_TIMEOUT_ABORT

1s

DMA2D_TIMEOUT_SUSPEND

1s
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21 HAL DMA Generic Driver
21.1 DMA Firmware driver registers structures
2111 DMA_InitTypeDef
DMA_InitTypeDef is defined in the stm32u5xx_hal_dma.h
Data Fields

. uint32_t Request
. uint32_t BIkHWRequest
. uint32_t Direction
. uint32_t Srcinc
. uint32_t Destinc
. uint32_t SrcDataWidth
. uint32_t DestDataWidth
. uint32_t Priority
. uint32_t SrcBurstLength
. uint32_t DestBurstLength
. uint32_t TransferAllocatedPort
. uint32_t TransferEventMode
. uint32_t Mode
Field Documentation
. uint32_t DMA_InitTypeDef::Request
Specifies the DMA channel request. This parameter can be a value of DMA_Request_Selection
. uint32_t DMA_InitTypeDef::BlkHWRequest
Specifies the Block hardware request mode for DMA channel. Block Hardware request feature can be used
only with dedicated peripherals. This parameter can be a value of DMA_Block_Request
. uint32_t DMA_InitTypeDef::Direction
Specifies the transfer direction for DMA channel. This parameter can be a value of
DMA_Transfer_Direction

. uint32_t DMA_InitTypeDef::Srcinc
Specifies the source increment mode for the DMA channel. This parameter can be a value of
DMA_Source_Increment_Mode
. uint32_t DMA_InitTypeDef::Destinc
Specifies the destination increment mode for the DMA channel. This parameter can be a value of
DMA_Destination_Increment_Mode
. uint32_t DMA_InitTypeDef::SrcDataWidth
Specifies the source data width for the DMA channel. This parameter can be a value of
DMA_Source_Data_Width
. uint32_t DMA_InitTypeDef::DestDataWidth
Specifies the destination data width for the DMA channel. This parameter can be a value of
DMA_Destination_Data_Width
. uint32_t DMA_InitTypeDef::Priority
Specifies the priority level for the DMA channel. This parameter can be a value of DMA_Priority _Level
. uint32_t DMA_InitTypeDef::SrcBurstLength
Specifies the source burst length (number of beats within a burst) for the DMA channel. This parameter can
be a value between 1 and 64
. uint32_t DMA_InitTypeDef::DestBurstLength
Specifies the destination burst length (number of beats within a burst) for the DMA channel. This parameter
can be a value between 1 and 64
. uint32_t DMA_InitTypeDef::TransferAllocatedPort
Specifies the transfer allocated ports. This parameter can be a combination of
DMA _Transfer_Allocated_Port

UM2911 - Rev 4 page 318/3822



‘_ UM2911
,l HAL DMA Generic Driver

. uint32_t DMA_InitTypeDef::TransferEventMode
Specifies the transfer event mode for the DMA channel. This parameter can be a value of
DMA_Transfer_Event_Mode

. uint32_t DMA_InitTypeDef::Mode
Specifies the transfer mode for the DMA channel. This parameter can be a value of DMA_Transfer_Mode

21.1.2 DMA_InitLinkedListTypeDef
DMA_InitLinkedListTypeDef is defined in the stm32u5xx_hal_dma.h
Data Fields
. uint32_t Priority
. uint32_t LinkStepMode
. uint32_t LinkAllocatedPort
. uint32_t TransferEventMode
. uint32_t LinkedListMode
Field Documentation

. uint32_t DMA_InitLinkedListTypeDef::Priority
Specifies the priority level for the DMA channel. This parameter can be a value of DMA_Priority Level

. uint32_t DMA_InitLinkedListTypeDef::LinkStepMode
Specifies the link step mode for the DMA channel. This parameter can be a value of
DMAEX_Link_Step_Mode

. uint32_t DMA_InitLinkedListTypeDef::LinkAllocatedPort
Specifies the linked-list allocated port for the DMA channel. This parameter can be a value of
DMAEx_Link_Allocated_Port

. uint32_t DMA_InitLinkedListTypeDef::TransferEventMode
Specifies the transfer event mode for the DMA channel. This parameter can be a value of
DMA_Transfer_Event_Mode

. uint32_t DMA_InitLinkedListTypeDef::LinkedListMode
Specifies linked-list transfer mode for the DMA channel. This parameter can be a value of
DMAEXx_LinkedList_Mode

21.1.3 _ DMA_HandleTypeDef
_ DMA_HandleTypeDef is defined in the stm32u5xx_hal_dma.h
Data Fields
. DMA_Channel_TypeDef * Instance
. DMA_InitTypeDef Init
. DMA_InitLinkedListTypeDef InitLinkedList
. HAL_LockTypeDef Lock
. uint32_t Mode

. __ 10 HAL_DMA_StateTypeDef State
. __10 uint32_t ErrorCode
. void * Parent

. void(* XferCpltCallback

. void(* XferHalfCpltCallback

. void(* XferErrorCallback

. void(* XferAbortCallback

. void(* XferSuspendCallback

. struct __DMA_QListTypeDef * LinkedListQueue
Field Documentation

. DMA_Channel_TypeDef* __DMA_HandleTypeDef::Instance
Register the DMA channel base address

. DMA_InitTypeDef __DMA_HandleTypeDef::Init
DMA channel init parameters
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. DMA_InitLinkedListTypeDef __ DMA_HandleTypeDef::InitLinkedList
DMA channel linked-list init parameters

. HAL_LockTypeDef __DMA_HandleTypeDef::Lock
DMA locking object

. uint32_t _ DMA_HandleTypeDef::Mode
DMA transfer mode

. _ IO HAL_DMA_StateTypeDef __DMA_HandleTypeDef::State
DMA transfer state

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

. 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

. void(* __DMA_HandleTypeDef::XferSuspendCallback)(struct _ DMA_HandleTypeDef *hdma)
DMA transfer Suspend callback

. struct __DMA_QListTypeDef* __DMA_HandleTypeDef::LinkedListQueue
DMA linked-list queue

21.2 DMA Firmware driver API description

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

21.21 How to use this driver

DMA transfer modes are divided to 2 major categories :
. Normal transfers (legacy)
. Linked-list transfers

Normal transfers mode is initialized via the standard module and linked-list mode is configured via the extended
module.

Additionally to linked-list capability, all advanced DMA features are managed and configured via the extended
module as extensions to normal mode. Advanced features are :

. Repeated block feature.
. Trigger feature.
. Data handling feature.

DMA Legacy circular transfer, is replaced by circular linked-list configuration.

Initialization and De-Initialization

For a given channel, 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 Reference manual for connection between
peripherals and DMA requests.

For a given channel, use HAL_DMA_Init function to program the required configuration for normal transfer
through the following parameters:

. Request : Specifies the DMA channel request Request parameters :
- can be a value of DMA_Request_Selection

. BlIkHWRequest : Specifies the Block hardware request mode for DMA channel
- can be a value of DMA_Block_Request

. Direction : Specifies the transfer direction for DMA channel
- can be a value of DMA_Transfer_Direction

UM2911 - Rev 4 page 320/3822



‘_ UM2911
,l HAL DMA Generic Driver

. Srcinc : Specifies the source increment mode for the DMA channel

- can be a value of DMA_Source_Increment_Mode
. Destinc : Specifies the destination increment mode for the DMA channel
- can be a value of DMA_Destination_Increment_Mode
. SrcDataWidth : Specifies the source data width for the DMA channel
- can be a value of DMA_Source_Data_Width
. DestDataWidth : Specifies the destination data width for the DMA channel
- can be a value of DMA_Destination_Data_Width
. Priority : Specifies the priority for the DMA channel
— can be a value of DMA_Priority_Level
. SrcBurstLength : Specifies the source burst length (number of beats) for the DMA channel
- can be a value of between 1 and 64
. DestBurstLength : Specifies the destination burst length (number of beats) for the DMA channel
- can be a value of between 1 and 64
. TransferAllocatedPort : Specifies the source and destination allocated ports
- can be a value of DMA_Transfer_Allocated_Port
. TransferEventMode : Specifies the transfer event mode for the DMA channel
- can be a value of DMA_Transfer_Event_Mode
. Mode : Specifies the transfer mode for the DMA channel
- can be DMA_NORMAL

Polling mode 10 operation

. Use HAL_DMA_Start() to start a DMA normal transfer after the configuration of source address, destination
address and the size of data to be transferred.
. Use HAL_DMA_PollForTransfer() to poll for selected transfer level. In this case a fixed Timeout can be

configured by User depending on his application. Transfer level can be :
- HAL_DMA_HALF_TRANSFER

- HAL_DMA_FULL_TRANSFER For circular transfer, this APl returns an HAL_ERROR with
HAL_DMA_ERROR_NOT_SUPPORTED error code.

. Use HAL_DMA _Abort() function to abort any ongoing DMA transfer in blocking mode. This API returns
HAL_ERROR when there is no ongoing transfer or timeout is reached when disabling the DMA channel.
(This API should not be called from an interrupt service routine)

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_RegisterCallback() function to register user callbacks from the following list :
- XferCpltCallback : transfer complete callback.
- XferHalfCpltCallback : half transfer complete callback.
- XferErrorCallback : transfer error callback.
- XferAbortCallback : transfer abort complete callback.
- XferSuspendCallback : transfer suspend complete callback.

. Use HAL_DMA_Start_IT() to start the DMA transfer after the enable of DMA interrupts and the
configuration of source address,destination address and the size of data to be transferred.

. Use HAL_DMA_IRQHandler() called under DMA_IRQHandler() interrupt subroutine to handle any DMA
interrupt.

. Use HAL_DMA_Abort_IT() function to abort any on-going DMA transfer in non-blocking mode. This API will
suspend immediately the DMA channel execution. When the transfer is effectively suspended, an interrupt
is generated and HAL_DMA_IRQHandler() will reset the channel and execute the callback
XferAbortCallback. (This API could be called from an interrupt service routine)
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State and errors

. Use HAL_DMA_GetState() function to get the DMA state.
. Use HAL_DMA_GetError() function to get the DMA error code.

Security and privilege attributes

. Use HAL_DMA_ConfigChannelAttributes() function to configure DMA channel security and privilege
attributes.
- Security : at channel level, at source level and at destination level.
- Privilege : at channel level.

. Use HAL_DMA_GetConfigChannelAttributes() function to get the DMA channel attributes.

. Use HAL_DMA _LockChannelAttributes() function to lock the DMA channel security and privilege attributes
configuration. This API can be called once after each system boot. If called again,
HAL_DMA_ConfigChannelAttributes() APl has no effect. Unlock is done either by a system boot or a by an
RCC reset.

. Use HAL_DMA_GetLockChannelAttributes() function to get the attributes lock status.

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 header file of the DMA HAL driver for more useful macros.
21.2.2 Initialization and de-initialization functions

This section provides functions allowing to initialize and de-initialize the DMA channel in normal mode.

. The HAL_DMA_Init() function follows the DMA channel configuration procedures as described in reference
manual.

. The HAL_DMA_Delnit() function allows to de-initialize the DMA channel.
This section contains the following APls:

. HAL_DMA_Init()

. HAL_DMA_Delnit()

21.2.3 10 operation functions

This section provides functions allowing to :

. Configure the source, destination address and data size and Start DMA transfer in normal mode

. Abort DMA transfer

. Poll for transfer complete

. Handle DMA interrupt request

. Register and Unregister DMA callbacks

. The HAL_DMA_Start() function allows to start the DMA channel transfer in normal mode (Blocking mode).

. The HAL_DMA_Start_IT() function allows to start the DMA channel transfer in normal mode (Non-blocking
mode).

. The HAL_DMA_Abort() function allows to abort any on-going transfer (Blocking mode).
. The HAL_DMA_Abort_IT() function allows to abort any on-going transfer (Non-blocking mode).
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. The HAL_DMA_PollForTransfer() function allows to poll on half transfer and transfer complete (Blocking
mode). This API cannot be used for circular transfers.

. The HAL_DMA_IRQHandler() function allows to handle any DMA channel interrupt (Non-blocking mode).

. The HAL_DMA_RegisterCallback() and HAL_DMA_UnRegisterCallback() functions allow respectively to
register and unregister user customized callbacks. User callbacks are called under
HAL_DMA_IRQHandler().

This section contains the following APlIs:

. HAL_DMA_Start()

. HAL_DMA_Start_IT()

. HAL_DMA_Abort()

. HAL_DMA_Abort_IT()

. HAL_DMA_PollForTransfer()

. HAL_DMA_IRQHandler()

. HAL_DMA_RegisterCallback()

. HAL_DMA_UnRegisterCallback()

21.24 State and Errors functions

This section provides functions allowing to :

. Check the DMA state

. Get error code

. The HAL_DMA_GetState() function allows to get the DMA channel state.

. The HAL_DMA_Delnit() function allows to get the DMA channel error code.
This section contains the following APls:

. HAL_DMA_GetState()

. HAL_DMA_GetError()

21.2.5 DMA Attributes functions
This section provides functions allowing to :
. Configure DMA channel secure and privilege attributes.
. Get DMA channel secure and privilege attributes.
. Lock DMA channel secure and privilege attributes configuration.
. Check whether DMA channel secure and privilege attributes configuration is locked or not.
. The HAL_DMA_ConfigChannelAttributes() function allows to configure DMA channel security and privilege
attributes.

. The HAL_DMA_GetConfigChannelAttributes() function allows to get DMA channel security and privilege
attributes configuration.

. The HAL_DMA_LockChannelAttributes() function allows to lock the DMA channel security and privilege
attributes.

. The HAL_DMA_GetLockChannelAttributes() function allows to get the DMA channel security and privilege
attributes lock status.

This section contains the following APls:

. HAL_DMA_ConfigChannelAttributes()

. HAL_DMA_GetConfigChannelAttributes()
. HAL_DMA_LockChannelAttributes()

. HAL_DMA_GetLockChannelAttributes()
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21.2.6 Detailed description of functions

HAL_DMA _Init

Function name
HAL_StatusTypeDef HAL_DMA_Init (DMA_HandleTypeDef *const hdma)

Function description

Initialize the DMA channel in normal mode according to the specified parameters in the DMA_InitTypeDef and
create 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 *const hdma)
Function description
Delnitialize the DMA channel when it is configured in normal 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_Start

Function name

HAL_StatusTypeDef HAL_DMA_Start (DMA_HandleTypeDef *const hdma, uint32_t SrcAddress, uint32_t
DstAddress, uint32_t SrcDataSize)

Function description

Start the DMA channel transfer in normal mode (Blocking mode).

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

Return values
. HAL.: status.
HAL_DMA_Start_IT

Function name

HAL_StatusTypeDef HAL_DMA_Start_IT (DMA_HandleTypeDef *const hdma, uint32_t SrcAddress,
uint32_t DstAddress, uint32_t SrcDataSize)
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Function description

Starts the DMA channel transfer in normal mode with interrupts enabled (Non-blocking mode).

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

Return values
. HAL.: status.

HAL_DMA_Abort

Function name
HAL_StatusTypeDef HAL_DMA_Abort (DMA_HandleTypeDef *const hdma)

Function description

Abort any on-going DMA channel transfer (Blocking mode).

Parameters

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

Return values
. HAL.: status.

Notes

. After suspending a DMA channel, a wait until the DMA channel is effectively stopped is added. If a
channel is suspended while a data transfer is on-going, the current data will be transferred and the
channel will be effectively suspended only after the transfer of any on-going data is finished.

HAL_DMA_Abort_IT
Function name
HAL_StatusTypeDef HAL_DMA_Abort_IT (DMA_HandleTypeDef *const hdma)
Function description
Abort any on-going DMA channel transfer in interrupt mode (Non-blocking 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 *const hdma,
HAL_DMA_LevelCompleteTypeDef CompleteLevel, uint32_t Timeout)

Function description

Polling for transfer status (Blocking mode).
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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 *const hdma)

Function description

Handle DMA interrupt request (Non-blocking mode).

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 *const hdma,
HAL_DMA_CallbackiDTypeDef CallbackID, void(*)(DMA_HandleTypeDef *const _hdma) pCallback)

Function description

Register callback according to specified ID.

Parameters

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

. CallbacklID: : User Callback identifier which could be a value of HAL_DMA_CallbacklDTypeDef
enumeration.

. pCallback: : Pointer to private callback function.

Return values
. HAL: status.

Notes

. The HAL_DMA_RegisterCallback() may be called before HAL_DMA_Init() in HAL_DMA_STATE_RESET
to register callbacks for HAL_DMA_MSPINIT_CB_ID and HAL_DMA_MSPDEINIT_CB_ID.

HAL_DMA_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_DMA_UnRegisterCallback (DMA_HandleTypeDef *const hdma,
HAL_DMA_CallbackiDTypeDef CallbackID)

Function description

Unregister callback according to specified ID.
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Parameters

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

. CallbacklID: : User Callback identifier which could be a value of HAL_DMA_CallbacklDTypeDef enum.
Return values
. HAL: status.

Notes

. The HAL_DMA_UnRegisterCallback() may be called before HAL_DMA_Init() in
HAL_DMA_STATE_RESET to un-register callbacks for HAL_DMA_MSPINIT_CB_ID and
HAL_DMA_MSPDEINIT_CB_ID.

HAL_DMA_GetState

Function name
HAL_DMA_StateTypeDef HAL_DMA_GetState (DMA_HandleTypeDef const *const hdma)

Function description
Returns the DMA channel state.

Parameters

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

Return values
. DMA: state.

HAL_DMA_GetError
Function name

uint32_t HAL_DMA_GetError (DMA_HandleTypeDef const *const hdma)

Function description

Return the DMA channel 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.

HAL_DMA_ConfigChannelAttributes

Function name

HAL_StatusTypeDef HAL_DMA_ConfigChannelAttributes (DMA_HandleTypeDef *const hdma, uint32_t
ChannelAttributes)

Function description

Configure the DMA channel security and privilege attribute(s).

Parameters
. hdma: : Pointer to a DMA_HandleTypeDef structure that contains the configuration information for the
specified DMA Channel.
. ChannelAttributes: : Specifies the DMA channel secure/privilege attributes. This parameter can be a one

or a combination of DMA Channel Attributes.
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Return values
. HAL: Status.

Notes

. These attributes cannot be modified when the corresponding lock state is enabled.

HAL_DMA_GetConfigChannelAttributes

Function name

HAL_StatusTypeDef HAL_DMA_GetConfigChannelAttributes (DMA_HandleTypeDef const *const hdma,
uint32_t *const pChannelAttributes)

Function description

Get the DMA channel security and privilege attributes.

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

Return values
. HAL: Status.

HAL_DMA_LockChannelAttributes

Function name
HAL_StatusTypeDef HAL_DMA_LockChannelAttributes (DMA_HandleTypeDef const *const hdma)

Function description

Lock the DMA channel security and privilege attribute(s).

Parameters

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

Return values
. HAL: Status.

HAL_DMA_GetLockChannelAttributes

Function name

HAL_StatusTypeDef HAL_DMA_GetLockChannelAttributes (DMA_HandleTypeDef const *const hdma,
uint32_t *const pLockState)

Function description

Get the security and privilege attribute lock state of a DMA channel.

Parameters

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

. pLockState: : Pointer to lock state (returned value can be DMA_CHANNEL_ATTRIBUTE_UNLOCKED or
DMA_CHANNEL_ATTRIBUTE_LOCKED).

Return values
. HAL.: status.
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21.3 DMA Firmware driver defines
The following section lists the various define and macros of the module.

21.31 DMA
DMA
DMA Block Request

DMA_BREQ_SINGLE_BURST

Hardware request protocol at a single / burst level

DMA_BREQ_BLOCK

Hardware request protocol at a block level

DMA Channel Attributes
DMA_CHANNEL_PRIV
Channel is privileged
DMA_CHANNEL_NPRIV
Channel is unprivileged
DMA_CHANNEL_SEC

Channel is secure

DMA_CHANNEL_NSEC

Channel is non-secure
DMA_CHANNEL_SRC_SEC

Channel source is secure
DMA_CHANNEL_SRC_NSEC

Channel source is non-secure
DMA_CHANNEL_DEST_SEC

Channel destination is secure
DMA_CHANNEL_DEST_NSEC

Channel destination is non-secure

DMA_CHANNEL_ATTRIBUTE_UNLOCKED

Channel attribute is unlocked

DMA_CHANNEL_ATTRIBUTE_LOCKED

Channel attribute is locked

DMA destination Data Width

DMA_DEST_DATAWIDTH_BYTE
Destination data width : Byte

DMA_DEST_DATAWIDTH_HALFWORD
Destination data width : HalfWord

DMA_DEST_DATAWIDTH_WORD
Destination data width : Word

DMA Destination Increment Mode
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DMA_DINC_FIXED

Destination fixed single / burst

DMA_DINC_INCREMENTED

Destination incremented single / burst

DMA Error Codes
HAL_DMA_ERROR_NONE

No error
HAL_DMA_ERROR_DTE

Data transfer error
HAL_DMA_ERROR_ULE

Update linked-list item error
HAL_DMA_ERROR_USE

User setting error
HAL_DMA_ERROR_TO

Trigger overrun error
HAL_DMA_ERROR_TIMEOUT

Timeout error
HAL_DMA_ERROR_NO_XFER

No transfer ongoing error
HAL_DMA_ERROR_BUSY

Busy error
HAL_DMA_ERROR_INVALID_CALLBACK

Invalid callback 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
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__HAL_DMA_DISABLE

Description:

. Disable the specified DMA Channel.
Parameters:

. _ _HANDLE__:: DMA handle.

Return value:
. None
__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_TC : Transfer Complete flag.
- DMA_FLAG_HT : Half Transfer Complete flag.
- DMA_FLAG_DTE : Data Transfer Error flag.
- DMA_FLAG_ULE : Update linked-list Error flag.
- DMA_FLAG_USE : User Setting Error flag.
- DMA_FLAG_TO : Trigger Overrun flag.
- DMA_FLAG_SUSP : Completed Suspension flag.
- DMA_FLAG_IDLEF : Idle flag.
Return value:
. The: state of FLAG (SET or RESET).

__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_TC : Transfer Complete flag.
- DMA_FLAG_HT : Half Transfer Complete flag.
- DMA_FLAG_DTE : Data Transfer Error flag.
- DMA_FLAG_ULE : Update Linked-List Error flag.
- DMA_FLAG_USE : User Setting Error flag.
- DMA_FLAG_TO : Trigger Overrun flag.
- DMA_FLAG_SUSP : Completed Suspension flag.
Return value:
. None
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__HAL_DMA_ENABLE_IT

Description:

. Enable the specified DMA Channel interrupts.
Parameters:

. _ _HANDLE__ :: DMA handle.

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

- DMA_IT_TC : Transfer Complete interrupt.

- DMA_IT_HT : Half Transfer Complete interrupt.

- DMA_IT_DTE : Data Transfer Error interrupt.

- DMA_IT_ULE : Update Linked-List Error interrupt.

- DMA_IT_USE : User Setting Error interrupt.

- DMA_IT_TO : Trigger Overrun interrupt.

- DMA_IT_SUSP : Completed Suspension interrupt.
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 disabled. This parameter can be any
combination of the following values:

- DMA_IT_TC : Transfer Complete interrupt.

- DMA_IT_HT : Half Transfer Complete interrupt.

- DMA_IT_DTE : Data Transfer Error interrupt.

- DMA_IT_ULE : Update Linked-List Error interrupt.

- DMA_IT_USE : User Setting Error interrupt.

- DMA_IT_TO : Trigger Overrun interrupt.

- DMA_IT_SUSP : Completed Suspension interrupt.
Return value:
. None

_ HAL_DMA_GET_IT_SOURCE
Description:
. Checks whether the specified DMA Channel interrupt is enabled or not.
Parameters:
. __HANDLE__:: DMA handle.
. __INTERRUPT__: : specifies the DMA interrupt source to check.
- DMA_IT_TC : Transfer Complete interrupt.
- DMA_IT_HT : Half Transfer Complete interrupt.
- DMA_IT_DTE : Data Transfer Error interrupt.
- DMA_IT_ULE : Update Linked-List Error interrupt.
- DMA_IT_USE : User Setting Error interrupt.
- DMA_IT_TO : Trigger Overrun interrupt.
- DMA_IT_SUSP : Completed Suspension interrupt.
Return value:
. The: state of DMA_IT (SET or RESET).
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__HAL_DMA_SET_COUNTER

Description:

. Writes the block number of bytes to be transferred from the source on the DMA Channel.
Parameters:

. _ _HANDLE__:: DMA handle.

. __COUNTER__: : Number of data bytes to be transferred from the source (from 0 to 65535).

__HAL_DMA_GET_COUNTER

Description:

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

. __HANDLE__:: DMA handle.

Return value:
. The: number of remaining data units in the current DMA Stream transfer.

DMA Flag Definition
DMA_FLAG_IDLE
Idle flag
DMA_FLAG_TC

Transfer complete flag

DMA_FLAG_HT

Half transfer complete flag

DMA_FLAG_DTE

Data transfer error flag
DMA_FLAG_ULE

Update linked-list item error flag
DMA_FLAG_USE

User setting error flag
DMA_FLAG_SUSP

Completed suspension flag

DMA_FLAG_TO

Trigger overrun 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
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TIM_DMA_ID_CC4

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

TIM_DMA_ID_TRIGGER
Index of the DMA handle used for Trigger DMA requests

DMA Interrupt Enable Definition

DMA_IT_TC

Transfer complete interrupt
DMA_IT_HT

Half transfer complete interrupt
DMA_IT_DTE

Data transfer error interrupt
DMA_IT_ULE

Update linked-list item error interrupt
DMA_IT_USE

User eetting error interrupt
DMA_IT_SUSP

Completed suspension interrupt
DMA_IT_TO

Trigger overrun interrupt

DMA Priority Level
DMA_LOW_PRIORITY_LOW_WEIGHT
Priority level : Low Priority, Low weight
DMA_LOW_PRIORITY_MID_WEIGHT
Priority level : Low Priority, Mid weight
DMA_LOW_PRIORITY_HIGH_WEIGHT
Priority level : Low Priority, High weight

DMA_HIGH_PRIORITY
Priority level : HIGH Priority

DMA Request Selection

GPDMA1_REQUEST_ADC1
GPDMA1 HW request is ADC1

GPDMA1_REQUEST_ADC4
GPDMA1 HW request is ADC4

GPDMA1_REQUEST_DAC1_CHf1
GPDMA1 HW request is DAC1_CH1
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GPDMA1_REQUEST_DAC1_CH2
GPDMA1 HW request is DAC1_CH?2

GPDMA1_REQUEST_TIM6_UP
GPDMA1 HW request is TIM6_UP

GPDMA1_REQUEST_TIM7_UP
GPDMA1 HW request is TIM7_UP

GPDMA1_REQUEST_SPI1_RX
GPDMA1 HW request is SPI1_RX

GPDMA1_REQUEST_SPIM1_TX
GPDMA1 HW request is SPI1_TX

GPDMA1_REQUEST_SPI2_RX
GPDMA1 HW request is SPI12_RX

GPDMA1_REQUEST_SPI2_TX
GPDMA1 HW request is SPI12_TX

GPDMA1_REQUEST_SPI3_RX
GPDMA1 HW request is SPI3_RX

GPDMA1_REQUEST_SPI3_TX
GPDMA1 HW request is SPI3_TX

GPDMA1_REQUEST_I2C1_RX
GPDMA1 HW request is 12C1_RX

GPDMA1_REQUEST_I2C1_TX
GPDMA1 HW request is 12C1_TX

GPDMA1_REQUEST_I2C1_EVC
GPDMA1 HW request is I2C1_EVC

GPDMA1_REQUEST_I2C2_RX
GPDMA1 HW request is 12C2_RX

GPDMA1_REQUEST_I2C2_TX
GPDMA1 HW request is 12C2_TX

GPDMA1_REQUEST_I2C2_EVC
GPDMA1 HW request is 12C2_EVC

GPDMA1_REQUEST_I2C3_RX
GPDMA1 HW request is 12C3_RX

GPDMA1_REQUEST_I2C3_TX
GPDMA1 HW request is 12C3_TX

GPDMA1_REQUEST_I2C3_EVC
GPDMA1 HW request is I2C3_EVC

GPDMA1_REQUEST_I2C4_RX
GPDMA1 HW request is 12C4_RX
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GPDMA1_REQUEST_I2C4_TX
GPDMA1 HW request is 12C4_TX

GPDMA1_REQUEST_|2C4_EVC
GPDMA1 HW request is 12C4_EVC

GPDMA1_REQUEST_USART1_RX
GPDMA1 HW request is USART1_RX

GPDMA1_REQUEST_USART1_TX
GPDMA1 HW request is USART1_TX

GPDMA1_REQUEST_USART2_RX
GPDMA1 HW request is USART2_RX

GPDMA1_REQUEST_USART2_TX
GPDMA1 HW request is USART2_TX

GPDMA1_REQUEST_USART3_RX
GPDMA1 HW request is USART3_RX

GPDMA1_REQUEST_USART3_TX
GPDMA1 HW request is USART3_TX

GPDMA1_REQUEST_UART4_RX
GPDMA1 HW request is UART4_RX

GPDMA1_REQUEST_UART4_TX
GPDMA1 HW request is UART4_TX

GPDMA1_REQUEST_UARTS5_RX
GPDMA1 HW request is UART5_RX

GPDMA1_REQUEST_UARTS5_TX
GPDMA1 HW request is UART5_TX

GPDMA1_REQUEST_LPUART1_RX
GPDMA1 HW request is LPUART1_RX

GPDMA1_REQUEST_LPUART1_TX
GPDMA1 HW request is LPUART1_TX

GPDMA1_REQUEST_SAI1_A
GPDMA1 HW request is SAI1_A

GPDMA1_REQUEST_SAI1_B
GPDMA1 HW request is SAI1_B

GPDMA1_REQUEST_SAI2_A
GPDMA1 HW request is SAI2_A

GPDMA1_REQUEST_SAI2_B
GPDMA1 HW request is SAI2_B

GPDMA1_REQUEST_OCTOSPI1
GPDMA1 HW request is OCTOSPI1
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GPDMA1_REQUEST_OCTOSPI2
GPDMA1 HW request is OCTOSPI2

GPDMA1_REQUEST_TIM1_CH1
GPDMA1 HW request is TIM1_CH1

GPDMA1_REQUEST_TIM1_CH2
GPDMA1 HW request is TIM1_CH2

GPDMA1_REQUEST_TIM1_CH3
GPDMA1 HW request is TIM1_CH3

GPDMA1_REQUEST_TIM1_CH4
GPDMA1 HW request is TIM1_CH4

GPDMA1_REQUEST_TIM1_UP
GPDMA1 HW request is TIM1_UP

GPDMA1_REQUEST_TIM1_TRIG
GPDMA1 HW request is TIM1_TRIG

GPDMA1_REQUEST_TIM1_COM
GPDMA1 HW request is TIM1_COM

GPDMA1_REQUEST_TIM8_CH1
GPDMA1 HW request is TIM8_CH1

GPDMA1_REQUEST_TIM8_CH2
GPDMA1 HW request is TIM8_CH2

GPDMA1_REQUEST_TIM8_CH3
GPDMA1 HW request is TIM8_CH3

GPDMA1_REQUEST_TIM8_CH4
GPDMA1 HW request is TIM8_CH4

GPDMA1_REQUEST_TIM8_UP
GPDMA1 HW request is TIM8_UP

GPDMA1_REQUEST_TIM8_TRIG
GPDMA1 HW request is TIM8_TRIG

GPDMA1_REQUEST_TIM8_COM
GPDMA1 HW request is TIM8_COM

GPDMA1_REQUEST_TIM2_CH1
GPDMA1 HW request is TIM2_CH1

GPDMA1_REQUEST_TIM2_CH2
GPDMA1 HW request is TIM2_CH2

GPDMA1_REQUEST_TIM2_CH3
GPDMA1 HW request is TIM2_CH3

GPDMA1_REQUEST_TIM2_CH4
GPDMA1 HW request is TIM2_CH4
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GPDMA1_REQUEST_TIM2_UP
GPDMA1 HW request is TIM2_UP

GPDMA1_REQUEST_TIM3_CH1
GPDMA1 HW request is TIM3_CH1

GPDMA1_REQUEST_TIM3_CH2
GPDMA1 HW request is TIM3_CH2

GPDMA1_REQUEST_TIM3_CH3
GPDMA1 HW request is TIM3_CH3

GPDMA1_REQUEST_TIM3_CH4
GPDMA1 HW request is TIM3_CH4

GPDMA1_REQUEST_TIM3_UP
GPDMA1 HW request is TIM3_UP

GPDMA1_REQUEST_TIM3_TRIG
GPDMA1 HW request is TIM3_TRIG

GPDMA1_REQUEST_TIM4_CH1
GPDMA1 HW request is TIM4_CH1

GPDMA1_REQUEST_TIM4_CH2
GPDMA1 HW request is TIM4_CH2

GPDMA1_REQUEST_TIM4_CH3
GPDMA1 HW request is TIM4_CH3

GPDMA1_REQUEST_TIM4_CH4
GPDMA1 HW request is TIM4_CH4

GPDMA1_REQUEST_TIM4_UP
GPDMA1 HW request is TIM4_UP

GPDMA1_REQUEST_TIM5_CH1
GPDMA1 HW request is TIM5_CH1

GPDMA1_REQUEST_TIM5_CH2
GPDMA1 HW request is TIM5_CH2

GPDMA1_REQUEST_TIM5_CH3
GPDMA1 HW request is TIM5_CH3

GPDMA1_REQUEST_TIM5_CH4
GPDMA1 HW request is TIM5_CH4

GPDMA1_REQUEST_TIM5_UP
GPDMA1 HW request is TIM5_UP

GPDMA1_REQUEST_TIM5_TRIG
GPDMA1 HW request is TIM5_TRIG

GPDMA1_REQUEST_TIM15_CH1
GPDMA1 HW request is TIM15_CH1
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GPDMA1_REQUEST_TIM15_UP
GPDMA1 HW request is TIM15_UP

GPDMA1_REQUEST_TIM15_TRIG
GPDMA1 HW request is TIM15_TRIG

GPDMA1_REQUEST_TIM15_COM
GPDMA1 HW request is TIM15_COM

GPDMA1_REQUEST_TIM16_CH1
GPDMA1 HW request is TIM16_CH1

GPDMA1_REQUEST_TIM16_UP
GPDMA1 HW request is TIM16_UP

GPDMA1_REQUEST_TIM17_CH1
GPDMA1 HW request is TIM17_CH1

GPDMA1_REQUEST_TIM17_UP
GPDMA1 HW request is TIM17_UP

GPDMA1_REQUEST_DCMI_PSSI
GPDMA1 HW request is DCMI_PSSI

GPDMA1_REQUEST_AES_IN
GPDMA1 HW request is AES_IN

GPDMA1_REQUEST_AES_OUT
GPDMA1 HW request is AES_OUT

GPDMA1_REQUEST_HASH_IN
GPDMA1 HW request is HASH_IN

GPDMA1_REQUEST_UCPD1_TX
GPDMA1 HW request is UCPD1_TX

GPDMA1_REQUEST_UCPD1_RX
GPDMA1 HW request is UCPD1_RX

GPDMA1_REQUEST_MDF1_FLTO0
GPDMA1 HW request is MDF1_FLTO

GPDMA1_REQUEST_MDF1_FLT1
GPDMA1 HW request is MDF1_FLT1

GPDMA1_REQUEST_MDF1_FLT2
GPDMA1 HW request is MDF1_FLT2

GPDMA1_REQUEST_MDF1_FLT3
GPDMA1 HW request is MDF1_FLT3

GPDMA1_REQUEST_MDF1_FLT4
GPDMA1 HW request is MDF1_FLT4

GPDMA1_REQUEST_MDF1_FLT5
GPDMA1 HW request is MDF1_FLT5
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GPDMA1_REQUEST_ADF1_FLT0
GPDMA1 HW request is ADF1_FLTO

GPDMA1_REQUEST_FMAC_READ
GPDMA1 HW request is FMAC_READ

GPDMA1_REQUEST_FMAC_WRITE
GPDMA1 HW request is FMAC_WRITE

GPDMA1_REQUEST_CORDIC_READ
GPDMA1 HW request is CORDIC_READ

GPDMA1_REQUEST_CORDIC_WRITE
GPDMA1 HW request is CORDIC_WRITE

GPDMA1_REQUEST_SAES_IN
GPDMA1 HW request is SAES_IN

GPDMA1_REQUEST_SAES_OUT
GPDMA1 HW request is SAES_OUT

GPDMA1_REQUEST_LPTIM1_IC1
GPDMA1 HW request is LPTIM1_IC1

GPDMA1_REQUEST_LPTIM1_IC2
GPDMA1 HW request is LPTIM1_IC2

GPDMA1_REQUEST_LPTIM1_UE
GPDMA1 HW request is LPTIM1_UE

GPDMA1_REQUEST_LPTIM2_IC1
GPDMA1 HW request is LPTIM2_IC1

GPDMA1_REQUEST_LPTIM2_IC2
GPDMA1 HW request is LPTIM2_IC2

GPDMA1_REQUEST_LPTIM2_UE
GPDMA1 HW request is LPTIM2_UE

GPDMA1_REQUEST_LPTIM3_IC1
GPDMA1 HW request is LPTIM3_IC1

GPDMA1_REQUEST_LPTIM3_IC2
GPDMA1 HW request is LPTIM3_IC2

GPDMA1_REQUEST_LPTIM3_UE
GPDMA1 HW request is LPTIM3_UE

GPDMA1_REQUEST_HSPI1
GPDMA1 HW request is HSPI1

GPDMA1_REQUEST _I2C5_RX
GPDMA1 HW request is 12C5_RX

GPDMA1_REQUEST_I2C5_TX
GPDMA1 HW request is 12C5_TX
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GPDMA1_REQUEST_I2C5_EVC
GPDMA1 HW request is 12C5_EVC

GPDMA1_REQUEST_I2C6_RX
GPDMA1 HW request is 12C6_RX

GPDMA1_REQUEST_I2C6_TX
GPDMA1 HW request is 12C6_TX

GPDMA1_REQUEST_I2C6_EVC
GPDMA1 HW request is 12C6_EVC

GPDMA1_REQUEST_USART6_RX
GPDMA1 HW request is USART6_RX

GPDMA1_REQUEST_USART6_TX
GPDMA1 HW request is USART6_TX

GPDMA1_REQUEST_ADC2
GPDMA1 HW request is ADC2

GPDMA1_REQUEST_JPEG_RX
GPDMA1 HW request is JPEG_TX

GPDMA1_REQUEST_JPEG_TX
GPDMA1 HW request is JPEG_RX

LPDMA1_REQUEST_LPUART1_RX
LPDMA1 HW request is LPUART1_RX

LPDMA1_REQUEST_LPUART1_TX
LPDMA1 HW request is LPUART1_TX

LPDMA1_REQUEST_SPI3_RX
LPDMA1 HW request is SPI3_RX

LPDMA1_REQUEST_SPI3_TX
LPDMA1 HW request is SPI3_TX

LPDMA1_REQUEST_I2C3_RX
LPDMA1 HW request is 12C3_RX

LPDMA1_REQUEST_I2C3_TX
LPDMA1 HW request is 12C3_TX

LPDMA1_REQUEST_I2C3_EVC
LPDMA1 HW request is 12C3_EVC

LPDMA1_REQUEST_ADC4
LPDMA1 HW request is ADC4

LPDMA1_REQUEST_DAC1_CH1
LPDMA1 HW request is DAC1_CH1

LPDMA1_REQUEST_DAC1_CH2
LPDMA1 HW request is DAC1_CH2
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LPDMA1_REQUEST_ADF1_FLTO0
LPDMA1 HW request is ADF1_FLTO

LPDMA1_REQUEST_LPTIM1_IC1
LPDMA1 HW request is LPTIM1_IC1

LPDMA1_REQUEST_LPTIM1_IC2

LPDMA1 HW request is LPTIM1_IC2
LPDMA1_REQUEST_LPTIM1_UE

LPDMA1 HW request is LPTIM1_UE
LPDMA1_REQUEST_LPTIM3_IC1

LPDMA1 HW request is LPTIM3_IC1
LPDMA1_REQUEST_LPTIM3_IC2

LPDMA1 HW request is LPTIM3_IC2
LPDMA1_REQUEST_LPTIM3_UE

LPDMA1 HW request is LPTIM3_UE

DMA_REQUEST_SW
DMA SW request

DMA Source Data Width
DMA_SRC_DATAWIDTH_BYTE
Source data width : Byte
DMA_SRC_DATAWIDTH_HALFWORD
Source data width : HalfWord

DMA_SRC_DATAWIDTH_WORD
Source data width : Word

DMA Source Increment Mode
DMA_SINC_FIXED
Source fixed single / burst

DMA_SINC_INCREMENTED

Source incremented single / burst

DMA Transfer Allocated Port
DMA_SRC_ALLOCATED_PORTO

Source allocated Port 0
DMA_SRC_ALLOCATED_PORT1

Source allocated Port 1
DMA_DEST_ALLOCATED_PORTO

Destination allocated Port 0

DMA_DEST_ALLOCATED_PORT1

Destination allocated Port 1

DMA Transfer Direction
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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 Transfer Event Mode
DMA_TCEM_BLOCK_TRANSFER

The TC event is generated at the end of each block and the HT event is generated at the half of each block

DMA_TCEM_REPEATED_BLOCK_TRANSFER

The TC event is generated at the end of the repeated block and the HT event is generated at the half of the
repeated block

DMA_TCEM_EACH_LL_ITEM_TRANSFER

The TC event is generated at the end of each linked-list item and the HT event is generated at the half of each
linked-list item

DMA_TCEM_LAST_LL_ITEM_TRANSFER

The TC event is generated at the end of the last linked-list item and the HT event is generated at the half of the
last linked-list item

DMA Transfer Mode

DMA_NORMAL
Normal DMA transfer
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22 HAL DMA Extension Driver

22.1 DMAEXx Firmware driver registers structures

2211 DMA_DataHandlingConfTypeDef
DMA_DataHandlingConfTypeDef is defined in the stm32u5xx_hal_dma_ex.h
Data Fields

. uint32_t DataExchange
. uint32_t DataAlignment
Field Documentation

. uint32_t DMA_DataHandlingConfTypeDef::DataExchange
Specifies the DMA channel data exchange mode. This parameter can be a value of
DMAEXx_Data_Exchange

. uint32_t DMA_DataHandlingConfTypeDef::DataAlignment
Specifies the DMA channel data padding and alignment mode This parameter can be a value of
DMAEXx_Data_Alignment

22.1.2 DMA_TriggerConfTypeDef
DMA_TriggerConfTypeDef is defined in the stm32u5xx_hal_dma_ex.h
Data Fields
. uint32_t TriggerMode
. uint32_t TriggerPolarity
. uint32_t TriggerSelection
Field Documentation

. uint32_t DMA_TriggerConfTypeDef::TriggerMode
Specifies the DMA channel trigger mode. This parameter can be a value of DMAEx_Trigger_Mode

. uint32_t DMA_TriggerConfTypeDef::TriggerPolarity
Specifies the DMA channel trigger event polarity. This parameter can be a value of
DMAEXx_Trigger_Polarity

. uint32_t DMA_TriggerConfTypeDef::TriggerSelection
Specifies the DMA channel trigger event selection. This parameter can be a value of
DMAEXx_Trigger_Selection

221.3 DMA_RepeatBlockConfTypeDef
DMA_RepeatBlockConfTypeDef is defined in the stm32u5xx_hal_dma_ex.h
Data Fields
. uint32_t RepeatCount
. int32_t SrcAddrOffset
. int32_t DestAddrOffset
. int32_t BlkSrcAddrOffset
. int32_t BlkDestAddrOffset
Field Documentation

. uint32_t DMA_RepeatBlockConfTypeDef::RepeatCount
Specifies the DMA channel repeat count (the number of repetitions of block). This parameter can be a
value between 1 and 2048

. int32_t DMA_RepeatBlockConfTypeDef::SrcAddrOffset
Specifies the DMA channel single/burst source address offset : This parameter can be a value between
-8191 and 8191. If source address offset > 0 => Increment the source address by offset from where the last
single/burst transfer ends. If source address offset < 0 => Decrement the source address by offset from
where the last single/burst transfer ends. If source address offset == 0 => The next single/burst source
address starts from where the last transfer ends
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. int32_t DMA_RepeatBlockConfTypeDef::DestAddrOffset
Specifies the DMA channel single/burst destination address offset signed value : This parameter can be a
value between -8191 and 8191. If destination address offset > 0 => Increment the destination address by
offset from where the last single/burst transfer ends. If destination address offset < 0 => Decrement the
destination address by offset from where the last single/burst transfer ends. If destination address offset ==
0 => The next single/burst destination address starts from where the last transfer ends.

. int32_t DMA_RepeatBlockConfTypeDef::BlkSrcAddrOffset
Specifies the DMA channel block source address offset signed value : This parameter can be a value
between -65535 and 65535. If block source address offset > 0 => Increment the block source address by
offset from where the last block ends. If block source address offset < 0 => Decrement the next block
source address by offset from where the last block ends. If block source address offset == 0 => the next
block source address starts from where the last block ends

. int32_t DMA_RepeatBlockConfTypeDef::BlkDestAddrOffset
Specifies the DMA channel block destination address offset signed value : This parameter can be a value
between -65535 and 65535. If block destination address offset > 0 => Increment the block destination
address by offset from where the last block ends. If block destination address offset < 0 => Decrement the
next block destination address by offset from where the last block ends. If block destination address offset
== 0 => the next block destination address starts from where the last block ends

221.4 DMA_NodeConfTypeDef
DMA_NodeConfTypeDef is defined in the stm32u5xx_hal_dma_ex.h
Data Fields
. uint32_t NodeType
. DMA_InitTypeDef Init
. DMA_DataHandlingConfTypeDef DataHandlingConfig
. DMA_TriggerConfTypeDef TriggerConfig
. DMA_RepeatBlockConfTypeDef RepeatBlockConfig
. uint32_t SrcAddress
. uint32_t DstAddress
. uint32_t DataSize
. uint32_t SrcSecure
. uint32_t DestSecure
Field Documentation

. uint32_t DMA_NodeConfTypeDef::NodeType
Specifies the DMA channel node type. This parameter can be a value of DMAEx_Node_Type
. DMA_InitTypeDef DMA_NodeConfTypeDef::Init
Specifies the DMA channel basic configuration
. DMA_DataHandlingConfTypeDef DMA_NodeConfTypeDef::DataHandlingConfig
Specifies the DMA channel data handling channel configuration
. DMA_TriggerConfTypeDef DMA_NodeConfTypeDef:: TriggerConfig
Specifies the DMA channel trigger configuration
. DMA_RepeatBlockConfTypeDef DMA_NodeConfTypeDef::RepeatBlockConfig
Specifies the DMA channel repeated block configuration
. uint32_t DMA_NodeConfTypeDef::SrcAddress
Specifies the source memory address
. uint32_t DMA_NodeConfTypeDef::DstAddress
Specifies the destination memory address
. uint32_t DMA_NodeConfTypeDef::DataSize
Specifies the source data size in bytes
. uint32_t DMA_NodeConfTypeDef::SrcSecure
Specifies the source security attribute

. uint32_t DMA_NodeConfTypeDef::DestSecure
Specifies the destination security attribute
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22.1.5 DMA_NodeTypeDef
DMA_NodeTypeDef is defined in the stm32u5xx_hal_dma_ex.h
Data Fields
. uint32_t LinkRegisters
. uint32_t Nodelnfo
Field Documentation

. uint32_t DMA_NodeTypeDef::LinkRegisters[8U]
Physical Node register description

. uint32_t DMA_NodeTypeDef::Nodelnfo
Node information

22.1.6 __DMA_QListTypeDef
_ DMA_QListTypeDef is defined in the stm32u5xx_hal_dma_ex.h
Data Fields
. DMA_NodeTypeDef * Head
. DMA_NodeTypeDef * FirstCircularNode
. uint32_t NodeNumber

. _ IO HAL_DMA_QStateTypeDef State
. __I0 uint32_t ErrorCode
. __10 uint32_t Type

Field Documentation

. DMA_NodeTypeDef* __DMA_QListTypeDef::Head
Specifies the queue head node

. DMA_NodeTypeDef* __DMA_QListTypeDef::FirstCircularNode
Specifies the queue first circular node

. uint32_t _ DMA_QListTypeDef::NodeNumber
Specifies the queue node number

. _ IO HAL_DMA_QStateTypeDef __DMA_QListTypeDef::State
Specifies the queue state

. _ 10 uint32_t _ DMA_QListTypeDef::ErrorCode
Specifies the queue error code

. _ 10 uint32_t _ DMA_QListTypeDef::Type

Specifies whether the queue is static or dynamic

221.7 DMA_NodelnQInfoTypeDef
DMA_NodelnQInfoTypeDef is defined in the stm32u5xx_hal_dma_ex.h
Data Fields
. uint32_t clir_offset
. uint32_t previousnode_addr
. uint32_t currentnode_pos
. uint32_t currentnode_addr
. uint32_t nextnode_addr

Field Documentation

. uint32_t DMA_NodelnQInfoTypeDef::clir_offset

. uint32_t DMA_NodelnQInfoTypeDef::previousnode_addr
. uint32_t DMA_NodelnQInfoTypeDef::currentnode_pos

. uint32_t DMA_NodelnQInfoTypeDef::currentnode_addr

. uint32_t DMA_NodelnQInfoTypeDef::nextnode_addr

22.2 DMAEXx Firmware driver API description

The following section lists the various functions of the DMAEX library.
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22.2.1 How to use this driver

Alternatively to the normal programming mode, a DMA channel can be programmed by a list of transfers, known
as linked-list (list of Node items). Each node is defined by its data structure. Each node specifies a standalone
DMA channel. When enabled, the DMA channel fetch the first linked-list node from SRAM (known as head node).
When executed, the next linked list node will be fetched and executed. This operation is repeated until the end of
the whole linked-list queue. Optionally, the linked-list can be linear where the last linked-list queue node is not
linked to another queue node or circular where the last linked-list node is linked to any linked-list queue node.

. Linear linked-list: The DMA channel fetch and execute all DMA linked-list queue from first node (head
node) to last node (tail node) ones. When the last node is completed, the DMA channel remains in idle
state and another transfer can be lunched.

. Circular linked-list: The DMA channel fetch and execute all DMA linked-list queue from first node (head
node) to last node (tail node). When last node is executed, the DMA channel fetches the first circular node
another time and repeat the same sequence in an infinite loop (Circular transfer). To stop the DMA
channel, an abort operation is required. This linked-list mode replaces the legacy circular transfers.

In order to reduce linked-list queue executing time and power consumption, the DMA channel supports executing
the dynamic linked-list format. In fact, the DMA supports the execution of 2 types of linked-list formats : static and

dynamic.

. Static linked-list: The static linked-list format refers to the full linked-list node where all DMA channel
parameters are fetched and executed independently of the redundancy of information.

. Dynamic linked-list: The dynamic linked-list format refer to the customized linked-list node where only DMA

channel necessary parameters are fetched and executed (Example: data size = 20 on previous node, and
data size = 20 on the current node => No need to update it). For linked-list transfers, the DMA channel can
execute the linked-list queue node by node. This feature is named link step mode. When activated,
enabling the DMA channel first time allows to fetch the head node from memory then it stops. Then,
another DMA channel enable is needed to execute the node. After that, keeping enabling the DMA channel
is needed to execute each node until the end of linked-list queue. When the linked-list queue is circular,
enabling the DMA channel in an infinite loop is required to keep the DMA channel running. This feature is
useful for debug purpose or asynchronously executing queue nodes.

Each DMA channel transfer (normal or linked-list), is highly configurable according to DMA channel instance
integrated in devices. These configuration can be :

. Repeated block configuration : If the feature is supported, the DMA channel can performs a repeated block
transfers. Named also 2 dimension addressing transfers, this feature can transfer n iteration of
programmed block transfer (Block transfer is the legacy data size). Additional to the repeat count of a
block, DMA channel addresses can jump after at burst and block level. The jump length is a programmable
parameter defined by DMA user.

— Jump at burst level : The DMA channel keep an empty area, between each 2 consecutive bursts
transmitted.

— Jump at block level : The DMA channel keep an empty area, between each 2 consecutive blocks
transmitted.

. Trigger : The DMA channel transfers can be conditioned by hardware signals edges (rising or falling)
named hardware triggers. Trigger condition can be applied at :

- Single/Burst level : Each single/burst data transmission is conditioned by a signal trigger hit.
- Block level : Each block data transmission is conditioned by a signal trigger hit.
- Repeated block level : Each repeated block data transmission is conditioned by a signal trigger hit.

- Node level : Each node execution is conditioned by a signal trigger hit. The DMA channel can report
a trigger overrun when detects more than 2 trigger signal edges before executing the current transfer.

. Data handling : The data handling feature is a FIFO capability that can be :

- Padding pattern : Padding selected pattern (zero padding or sign extension) when the source data
width is smaller than the destination data width at single level.

- Truncation : Truncate section from the source data single when the source data width is bigger than
the destination data width.

- Pack/Unpack : Pack a set of data when source data width is smaller than the destination data width.
Unpack a set of data when source data width is bigger than the destination data width.

- Exchange : Exchange data at byte and half-word on the destination and at byte level on the source.
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Each DMA channel transfer (normal or linked-list) when it is active, can be suspended and resumed at run time
application. When trying to suspend an ongoing transfer, the DMA channel isn't suspended instantly but complete
the current ongoing single/burst then it stops. When the DMA channel is suspended, the current transfer can be
resumed instantly.

The DMA channel that supports FIFO, can report in real time the number of beats remains on destination (Output)
FIFO level.

Linked-List Initialization and De-Initialization operation

Differently from normal transfers, DMA channel initialization and de-initialization need less parameters as the

remaining transfer parameters are defined by linked-list nodes.

. Use HAL_DMAEXx_List_Init() to initialize a DMA channel in linked-list mode according to programmed
fields. When called, the DMA channel will be ready to execute linked-list queues.

. Use HAL_DMAEXx_List_Delnit() to de-initialize a DMA channel in linked-list mode. When called, the DMA
channel will be in reset. It is mandatory to reinitialize it for next transfer.

Linked-List /0O Operation

. Use HAL_DMAEXx_List_Start() to start a DMA transfer in linked-list mode after the configuration of linked-
list queue base address and offset in polling mode (Blocking mode).

. Use HAL_DMAEXx_List_Start_IT() to start a DMA transfer in linked-list mode after the configuration of
linked-list queue base address and offset in interrupt mode (Non-blocking mode).

Linked-List Management

The linked-list management is a software processing independently of DMA channel hardware. It allows to reset,
build, create, insert, remove, replace, circularize, convert both nodes and queue in order to perform DMA channel
transfers in linked-list mode. Linked-list APIs and types are adapted to reduce memory footprint.

Linked-list nodes building

At node level, the operations that can be done are building a new linked-list node or get a linked-list node
information from a built node. The linked-list nodes have two forms according to 2 dimensions addressing
capability. The linear addressing nodes contains the information of all DMA channel features except the 2
dimension addressing features and the 2 dimensions addressing nodes contain the information of all available
features.

. Use HAL_DMAEXx_List_BuildNode() to build the DMA linked-list node according to the specified
parameters. Build operation allow to convert the specified parameter in values known by the DMA channel
and place them in memory. Placing DMA linked-list in SRAM must be done in accordance to product
specification to ensure that the link access port can access to the specified SRAM.

- The DMA linked-list node parameter address should be 32bit aligned and should not exceed the 64
KByte addressable space.

. Use HAL_DMAEXx_List_GetNodeConfig() to get the specified configuration parameter on building node.
This API can be used when need to change few parameter to build new node.

Inserting nodes to linked-list queue

In order to build a sequence of DMA transaction with different configuration, we need to insert built node at linked-
list queue (node present an elementary DMA transaction) in linked-list queue on any position to have the full
flexibility of ordering nodes or extend the sequence of queue transactions.

. Use HAL_DMAEXx_List_InsertNode() to insert new built node in any queue position of linked-list queue
according to selecting previous node. When calling this API with previous node parameter is NULL, the
inserted node will be placed at the head of the linked-list queue.

— This APl must be used after HAL_DMAEXx_List_BuildNode() otherwise an error will be returned.
- This APl must be called for static queues format.
- This API shall be avoided when adding new node at the head or the tail of queue (overhead of

footprint and performance : use HAL_DMAEXx_List_InsertNode_Head() or
HAL_DMAEXx_List_InsertNode_Tail() instead).
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. Use HAL_DMAEXx_List_InsertNode_Head() to insert new built node at the head of linked-list queue. The
head node will not be overwritten but will be the second queue node.

- This APl must be used after HAL_DMAEXx_List_BuildNode() otherwise an error will be returned.
- This APl must be called for static queues format.

. Use HAL_DMAEXx_List_InsertNode_Tail() to insert new built node at the tail of linked-list queue. The tail
node will not be overwritten but will be the penultimate queue node.

- This APl must be used after HAL_DMAEXx_List_BuildNode() otherwise an error will be returned.
- This APl must be called for static queues format.

Removing nodes from linked-list queue

There is some cases when removing a node from linked-list queue is needed (need to remove an elementary
DMA transaction). Removing node allows to unlink a node from DMA linked-list queue (NOT DELETED), so the
removed node can be reused for another queue or to be added to the same queue without need to rebuild it in
next step.

. Use HAL_DMAEXx_List_ RemoveNode() to remove any yet built and inserted node from linked-list queue
according to selected node.
- This APl must be called for static queues format.
- This API shall be avoided when removing the head or the tail of linked-list queue (overhead of
footprint and performance : use HAL_DMAEXx_List_ RemoveNode Head() or
HAL_DMAEXx_List RemoveNode_Tail() instead).

. Use HAL_DMAEXx_List_ RemoveNode_Head() to remove the head node from linked-list queue.
- This APl must be called for static queues format.
. Use HAL_DMAEXx_List_ RemoveNode_Tail() to remove the tail node from linked-list queue.

- This APl must be called for static queues format.

Replacing nodes on linked-list queue

There is some cases when replacing a node from linked-list queue is needed (need to replace an elementary
DMA transfer, by another one that have not the same configuration). Replacing node allows to unlink the node to
be replaced from DMA linked-list queue (NOT DELETED) and link instead a new node. So the replaced node can
be reused for another queue or to be added to the same queue without need to rebuild it in next step and the new
node cannot be reused except when remove it or replaced in next step.

. Use HAL_DMAEX_List_ReplaceNode() to replace any yet built and inserted node on linked-list queue
according to selected node.

- This APl must be called for static queues format.

— This API shall be avoided when replacing the head or the tail linked-list queue (overhead of footprint
and performance : use HAL_DMAEXx_List_ReplaceNode_Head() or
HAL_DMAEXx_List_ReplaceNode_Tail() instead).

. Use HAL_DMAEXx_List_ReplaceNode_Head() to replace the head node of linked-list queue.
- This APl must be called for static queues format.

. Use HAL_DMAEXx_List_ReplaceNode_Tail() to replace the tail node from linked-list queue.
- This APl must be called for static queues format.

Reset linked-list queue
After finishing using a linked-list queue, it can be reset and cleared and it's content nodes will be unlinked (NOT
DELETED) and reused on another queue.
. Use HAL_DMAEX_List_ResetQ() to reset a linked-list queue and unlink all it's content nodes.
- This APl must be called for ready state queues.
- This APl must be called for static queues format.
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Inserting linked-list queue

To ensure the flexibility of building linked-list queue by their targeted functionalities (Example: 3 nodes for action 1
and 5 nodes for action 2), it is possible to build a queue for action 1 that contains action 1 nodes and a queue for
action 2 that contains action 2 nodes then concatenating the 2 queues. So, there are some cases where the
management of linked-list at queue granularity is needed.

. Use HAL_DMAEXx_List_InsertQ() to insert source linked-list queue to a destination linked-list queue
according to selecting previous node.

- This APl must be called for static queues format.

- This API shall be avoided when inserting source linked-list queue at the head or the tail of destination
queue (overhead of footprint and performance : use HAL_DMAEXx_List_InsertQ_Head() or
HAL_DMAEXx_List_InsertQ_Tail() instead).

. Use HAL_DMAEXx_List_InsertQ_Head() to insert a source linked-list queue at the head of linked-list
destination queue.

- This APl must be called for static queues format.

. Use HAL_DMAEXx_List_InsertQ_Tail() to insert a source linked-list queue at the tail of linked-list destination
queue.

- This APl must be called for static queues format.

Circularizing linked-list queue

In order to perform tasks in infinite loop with DMA channel, it is possible to circularize the linked-list queues.
Circularizing queue allows to link last linked-list queue node to any previous node of the same queue (This node
is named first circular queue). When the first circular node is the head node, all linked-list queue nodes will be
executed in infinite loop. When the first circular node is not the head nodes, all precedent nodes are executed
once and all remaining nodes are executed in an infinite loop.

. Use HAL_DMAEX_List_SetCircularModeConfig() to circularize the linked-list queue according to first
circular node selected.

- This APl must be called for static queues format.

- This API shall be avoided when first circular node is the head linked-list queue node (overhead of
footprint and performance : use HAL_DMAEXx_List_SetCircularMode() instead).

. Use HAL_DMAEXx_List_SetCircularMode() to circularize the linked-list queue with linking last queue node
with first queue node.

- This APl must be called for static queues format.
. Use HAL_DMAEXx_List_ClearCircularMode() to clear any linked-list queue circular configuration.
- This APl must be called for static queues format.

Converting linked-list queue

To have the best DMA channel linked-list queue execution, it is recommended to convert yet build linked-list
queue to dynamic format (Static is the default format). When linked-list queue becomes dynamic, all queue nodes
are optimized and only changed parameters will be updated between nodes. So, the DMA will fetch only changes
parameters instead of the whole node.

. Use HAL_DMAEX_List_ConvertQToDynamic() to convert a linked-list queue to dynamic format.

- This APl must be called for ready state queues.

- This APl must be called for static queues format.

- This APl must be called as the last API before starting the DMA channel in linked-list mode.
. Use HAL_DMAEXx_List_ConvertQToStatic() to convert a linked-list queue to static format.

- This APl must be called for ready state queues.

- This APl must be called for dynamic queues format.

- This APl must be called as the first API after the full execution of linked-list queue when the execution
mode is linear (not circular) if it is dynamic and a linked-list queue management is needed.

— This APl must be called as the first API after the aborting the execution of the current linked-list
queue when the execution mode is linear (not circular) if it is dynamic and a linked-list queue
management is needed.
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When converting a circular queue to dynamic format and when the first circular node is the last queue node, it is
recommended to duplicate the last circular node in order to ensure the full optimization when calling
HAL_DMAEXx_List_ConvertQToDynamic() API. In this case, updated information are only addresses which allow
to reduce 4 words of update for linear nodes per node execution and 6 words update for 2 dimensions addressing
nodes per node execution.

Linking linked-list queue to DMA channel

In order to have the possibility of the creation of an infinity queues (limited by available memory size), the building
of linked-list queue is fully independent from DMA channels. It is possible to build all needed queues if their size is
less then available memory at startup time, then linking each time when needed a linked-list queue to an idle
DMA channel.

. Use HAL_DMAEXx_List_LinkQ() to link a ready linked-list queue to ready DMA channel.
- This API supports the two format of linked-list (Static and dynamic).
- This APl must be called for ready state queues and DMA channels.
. Use HAL_DMAEX_List_ConvertQToStatic() to unlink a ready linked-list queue to ready DMA channel.
- This API supports the two format of linked-list (Static and dynamic).
- This APl must be called for ready state queues and DMA channels.

User sequence

To use cleanly the DMA linked-list library, ensure to apply the following call sequences :
. Linear transfer : Linked-list queue building
- HAL_DMAEXx_List_BuildNode()
- HAL_DMAEXx_List_InsertNode_Tail() . . .
- HAL_DMAEx_List_BuildNode()
- HAL_DMAEXx_List_InsertNode_Tail()
- HAL_DMAEXx_List_ConvertQToDynamic() Linked-list queue execution
- HAL_DMAEXx_List_Init()
- HAL_DMAEx_List_LinkQ()
- HAL_DMAEx_List_Start() / HAL_DMAEx_List_Start_IT()
- HAL_DMAEx_List_UnLinkQ()
- HAL_DMAEXx_List_Delnit()
. Circular transfer : Linked-list queue building
- HAL_DMAEXx_List_BuildNode()
- HAL_DMAEXx_List_InsertNode_Tail() . . .
- HAL_DMAEXx_List_BuildNode()
- HAL_DMAEXx_List_InsertNode_Tail()
- HAL_DMAEXx_List_SetCircularModeConfig() / HAL_DMAEXx_List_SetCircularMode()
- HAL_DMAEXx_List_ConvertQToDynamic() Linked-list queue execution
- HAL_DMAEXx_List_Init()
- HAL_DMAEXx_List_LinkQ()
- HAL_DMAEXx_List_Start() / HAL_DMAEx_List_Start_IT()
- HAL_DMA_Abort() / HAL_DMA_Abort_IT()
- HAL_DMAEXx_List_UnLinkQ()
- HAL_DMAEXx_List_Delnit()
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Data Handling

In order to avoid some CPU data processing in several cases, the DMA channel provides some features related
to FIFO capabilities titled data handling. (++) Padding pattern Padding selected pattern (zero padding or sign
extension) when the source data width is smaller than the destination data width at single level. Zero padding
(Source : 0XABAB ------ > Destination : 0xABABO0000) Sign bit extension (Source : 0OxOABA ------ > Destination :
0x00000ABA) (Source : 0xFABA ------ > Destination : OXFFFFFABA) (++) Truncation : Truncate section from the
source data single when the source data width is bigger than the destination data width. Left truncation (Source :
0xABABCDCD ------ > Destination : 0xCDCD) Right truncation (Source : 0XxABABCDCD ------ > Destination :
0xABAB) (++) Pack/Unpack : Pack a set of data when source data width is smaller than the destination data
width. Unpack a set of data when source data width is bigger than the destination data width. Pack (Source :
0xAB, 0xCD ------ > Destination : 0OxABCD) UnPack (Source : 0xABCD ------ > Destination : OxAB, OxCD) (++)
Exchange : Exchange data at byte and half-word on the destination and at byte level on the source. Considering
source and destination are both word type. Exchange operation can be as follows. In examples below, one
exchange setting is enabled at a time. Source byte exchange only (Source : 0xAB12CD34 ------ > Destination :
0xABCD1234) Destination byte exchange only (Source : 0xAB12CD34 ------ > Destination : 0x12AB34CD)
Destination half-word exchange only (Source : 0xAB12CD34 ------ > Destination : 0xCD34AB12)

. Use HAL_DMAEXx_ConfigDataHandling() to configure data handling features. Previous elementary
explained can be combined according to application needs.

- This APl is complementary of normal transfers.

- This APl must not be called for linked-list transfers as data handling information are configured at
node level.

User sequence

To configure cleanly the DMA channel data handling, ensure to apply the following call sequence :
. Linear transfer :

- HAL_DMA_Init()

- HAL_DMAEXx_ConfigDataHandling()

- HAL_DMA_Start()

Repeated Block

When available, this feature is used when the data size is higher then 65535 bytes (Maximum block size) or for
scattering / gathering data. (++) Gather data Source Destination OxAA 0xAA 0xBB OxAA 0xAA ==> 0xAA 0xCC
OxAA (++) Scatter data Source Destination 0xAA OxAA 0xAA 0xBB 0xAA ==> OxAA 0xBB 0xAA

. Use HAL_DMAEXx_ConfigRepeatBlock() to configure data repeated block feature. Jump addresses and
incrementing or decrementing on source and destination can be combined to have the need application
behavior.

- This APl is complementary of normal transfers.

- This APl must not be called for linked-list transfers as repeated block information are configured at
node level.

- This APl must be called only for DMA channel that supports repeated block feature.

User sequence

To configure cleanly the DMA channel repeated block, ensure to apply the following call sequence :
. Linear transfer :

- HAL_DMA_Init()

- HAL_DMAEXx_ConfigRepeatBlock()

- HAL_DMA_Start()

Trigger Configuration

When application needs that DMA transfers are conditioned by internal or external events, the trigger feature can
do that. Trigger signals are a set of device signal that are linked to DMA trigger inputs that allows to start the DMA
transfers. To setup a trigger transfers, three DMA channel parameters are needed:
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. Trigger mode This parameter specifies the trig level.
Block level
Repeated block level
Node level
- Single / Burst level
. Trigger polarity This parameter specifies the DMA trigger sensitivity (Rising or falling).
. Trigger selection This parameter specifies the DMA trigger hardware signal.
. Use HAL_DMAEXx_ConfigTrigger() to configure trigger feature.

- This APl is complementary to normal transfers APIs.
- This APl must not be called for linked-list transfers as trigger information are configured at node level.

User sequence

To configure cleanly the DMA channel trigger, ensure to apply the following call sequence :
. Linear transfer :

- HAL_DMA_Init()

- HAL_DMAEXx_ConfigTrigger()

- HAL_DMA_Start()

Suspend and resume operation

There are several cases when needs to suspend a DMA current transfer (Example: liberate bandwidth for more
priority DMA channel transfer). Suspending DMA channel (same as abort) is available in polling (blocking mode)
and interrupt (non-blocking mode) modes. When suspended, a DMA channel can be instantly resumed.

. Use HAL_DMAEXx_Suspend() to suspend an ongoing DMA channel transfer in polling mode (Blocking
mode).

. Use HAL_DMAEXx_Suspend_IT() to suspend an ongoing DMA channel transfer in interrupt mode (Non-
blocking mode).

. Use HAL_DMAEx_Resume() to resume a suspended DMA channel transfer execution.

FIFO status

In several cases, the information of FIFO level is useful to inform at application level how to process remaining
data. When not empty, the DMA channel FIFO cannot be flashed only by reset.

. Use HAL_DMAEXx_GetFifoLevel() to get the DMA channel FIFO level (available beats in FIFO).

22.2.2 Linked-List Initialization and De-Initialization Functions

This section provides functions allowing to initialize and de-initialize the DMA channel in linked-list mode.

. The HAL_DMAEXx_List_Init() function follows the DMA channel linked-list mode configuration procedures
as described in reference manual.

. The HAL_DMAEXx_List_Delnit() function allows to de-initialize the DMA channel in linked-list mode.
This section contains the following APlIs:

. HAL_DMAEX_List_Init()

. HAL_DMAEX_List_Delnit()

22.2.3 Linked-List IO Operation Functions

This section provides functions allowing to :
. Configure to start DMA transfer in linked-list mode.

. The HAL_DMAEXx_List_Start() function allows to start the DMA channel transfer in linked-list mode
(Blocking mode).

. The HAL_DMAEXx_List_Start_IT() function allows to start the DMA channel transfer in linked-list mode
(Non-blocking mode).

- It is mandatory to register a linked-list queue to be executed by a DMA channel before starting
transfer otherwise a HAL_ERROR will be returned.
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This section contains the following APls:
. HAL_DMAEXx_List_Start()
. HAL_DMAEXx_List_Start_IT()

22.2.4 Linked-List Management Functions

This section provides functions allowing to :
. Build linked-list node.

. Get linked-list node configuration.

. Insert node to linked-list queue in any queue position.
. Remove any node from linked-list queue.

. Replace any node from linked-list queue.

. Reset linked-list queue.

. Insert linked-list queue in any queue position.

. Set circular mode configuration to linked-list queue.

. Clear circular mode configuration from linked-list queue.
. Convert static linked-list queue to dynamic format.

. Convert dynamic linked-list queue to static format.

. Link linked-list queue to DMA channel.

. Unlink linked-list queue from DMA channel.

. The HAL_DMAEXx_List_BuildNode() function allows to build linked-list node. Node type can be :
- 2 dimensions addressing node.
- Linear addressing node.

. The HAL_DMAEXx_List_GetNodeConfig() function allows to get the linked-list node configuration from built
node.

. The HAL_DMAEXx_List_InsertNode() function allows to insert built linked-list node to static linked-list queue
according to selected position.

. The HAL_DMAEXx_List_InsertNode_Head() and HAL_DMAEXx_List_InsertNode_Tail() functions allow to
insert built linked-list node to the head (respectively the tail) of static linked-list queue.

. The HAL_DMAEXx_List_ RemoveNode() function allows to remove selected built linked-list node from static
linked-list queue.

. The HAL_DMAEXx_List_ RemoveNode_Head() and HAL_DMAEXx_List_ RemoveNode_Tail() functions allow
to remove the head (respectively the tail) built linked-list node from static linked-list queue.

. The HAL_DMAEXx_List_ReplaceNode() function allows to replace selected built linked-list node from static
linked-list queue.

. The HAL_DMAEXx_List_ReplaceNode_Head() and HAL_DMAEXx_List_ReplaceNode_Tail() functions allow
to replace the head (respectively the tail) built linked-list node of static linked-list queue.

. The HAL_DMAEXx_List_ResetQ() function allows to reset static linked-list queue and unlink all built linked-
list nodes.

. The HAL_DMAEXx_List_InsertQ() function allows to insert static linked-list source queue to static linked-list
destination queue according to selected position.

. The HAL_DMAEX_List_InsertQ_Head() and HAL_DMAEXx_List_InsertQ_Tail() functions allow to insert
static linked-list source queue to the head (respectively the tail) of static linked-list destination queue.

. The HAL_DMAEXx_List_SetCircularModeConfig() function allows to link the last static linked-list queue node
to the selected first circular node.

. The HAL_DMAEXx_List_SetCircularMode() function allows to link the last static linked-list queue node to the
first static linked-list queue node.

. The HAL_DMAEXx_List_ClearCircularMode() function allows to unlink the last static linked-list queue node
from any first circular node position.

. The HAL_DMAEXx_List_ConvertQToDynamic() function allows to convert the static linked-list queue to
dynamic format. (Optimized queue execution)

. The HAL_DMAEXx_List_ConvertQToStatic() function allows to convert the dynamic linked-list queue to
static format. (Not optimized queue execution)
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. The HAL_DMAEX_List_LinkQ() function allows to link the (Dynamic / Static) linked-list queue to DMA
channel to be executed.

. The HAL_DMAEX_List_UnLinkQ() function allows to unlink the (Dynamic / Static) linked-list queue from
DMA channel when execution is completed.

This section contains the following APlIs:

. HAL_DMAEX_List_BuildNode()

. HAL_DMAEXx_List_GetNodeConfig()

. HAL_DMAEXx_List_InsertNode()

. HAL_DMAEX_List_InsertNode_Head()

. HAL_DMAEX_List_InsertNode_Tail()

. HAL_DMAEXx_List_RemoveNode()

. HAL_DMAEXx_List_ RemoveNode_Head()
. HAL_DMAEXx_List_ RemoveNode_Tail()

. HAL_DMAEXx_List_ReplaceNode()

. HAL_DMAEX_List_ReplaceNode_Head()
. HAL_DMAEX_List_ReplaceNode_Tail()

. HAL_DMAEX_List_ResetQ()

. HAL_DMAEX_List_InsertQ()

. HAL_DMAEX_List_InsertQ_Head()

. HAL_DMAEX_List_InsertQ_Tail()

. HAL_DMAEX_List_SetCircularModeConfig()
. HAL_DMAEX_List_SetCircularMode()

. HAL_DMAEX_List_ClearCircularMode()
. HAL_DMAEX_List_ConvertQToDynamic()
. HAL_DMAEX_List_ConvertQToStatic()

. HAL_DMAEX_List_LinkQ()

. HAL_DMAEX_List_UnLinkQ()

22,25 Data handling, repeated block and trigger configuration functions

This section provides functions allowing to :

. Configure DMA channel data handling.

. Configure DMA channel repeated block.

. Configure DMA channel trigger.

. The HAL_DMAEXx_ConfigDataHandling() function allows to configure DMA channel data handling.

- GPDMA data handling : byte-based reordering, packing/unpacking, padding/truncation, sign
extension and left/right alignment.

- LPDMA data handling : byte-based padding/truncation, sign extension and left/right alignment.
. The HAL_DMAEXx_ConfigTrigger() function allows to configure DMA channel HW triggers.
. The HAL_DMAEXx_ConfigRepeatBlock() function allows to configure DMA channel repeated block.
- This feature is available only for channel that supports 2 dimensions addressing capability.
This section contains the following APlIs:
. HAL_DMAEXx_ConfigDataHandling()
. HAL_DMAEXx_ConfigTrigger()
. HAL_DMAEXx_ConfigRepeatBlock()

22.2.6 Suspend and resume operation functions

This section provides functions allowing to :
. Suspend any ongoing DMA channel transfer.
. Resume any suspended DMA channel transfer.
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. The HAL_DMAEXx_Suspend() function allows to suspend any ongoing DMA channel transfer in polling
mode (Blocking mode).

. The HAL_DMAEx_Suspend_IT() function allows to suspend any ongoing DMA channel transfer in interrupt
mode (Non-blocking mode).
. The HAL_DMAEx_Resume() function allows to resume any suspended DMA channel transfer.

This section contains the following APlIs:
. HAL_DMAEXx_Suspend()

. HAL_DMAEx_Suspend_IT()

. HAL_DMAEx_Resume()

22.2.7 Fifo status function

This section provides function allowing to get DMA channel FIFO level.

. The HAL_DMAEXx_GetFifoLevel() function allows to return the number of available write beats in the FIFO,
in units of the programmed destination data.

- This APl is available only for DMA channels that supports FIFO.
This section contains the following APls:
. HAL_DMAEXx_GetFifoLevel()

22.2.8 Detailed description of functions

HAL_DMAEX_List_Init
Function name
HAL_StatusTypeDef HAL_DMAEX_List_Init (DMA_HandleTypeDef *const hdma)
Function description

Initialize the DMA channel in linked-list mode according to the specified parameters in the
DMA_InitLinkedListTypeDef and create 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_DMAEx_List_Delnit

Function name

HAL_StatusTypeDef HAL_DMAEX_List_Delnit (DMA_HandleTypeDef *const hdma)

Function description

Delnitialize the DMA channel when it is configured in linked-list mode.

Parameters

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

Return values
. HAL: status.

HAL_DMAEx_List_Start

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_Start (DMA_HandleTypeDef *const hdma)
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Function description

Start the DMA channel transfer in linked-list mode (Blocking mode).

Parameters

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

Return values
. HAL: status.

HAL_DMAEXx_List_Start_IT
Function name
HAL_StatusTypeDef HAL_DMAEXx_List_Start_IT (DMA_HandleTypeDef *const hdma)
Function description
Starts the DMA channel transfer in linked-list mode with interrupts enabled (Non-blocking mode).

Parameters

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

Return values
. HAL.: status.

HAL_DMAEx_List_BuildNode

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_BuildNode (DMA_NodeConfTypeDef const *const pNodeConfig,
DMA_NodeTypeDef *const pNode)

Function description

Build a DMA channel node according to the specified parameters in the DMA_NodeConfTypeDef.

Parameters
. pNodeConfig: : Pointer to a DMA_NodeConfTypeDef structure that contains the configuration information
for the specified DMA linked-list Node.
. pNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list node registers configurations.

Return values
. HAL: status.
Notes
. The DMA linked-list node parameter address should be 32bit aligned and should not exceed the 64 KByte
addressable space.

HAL_DMAEXx_List_GetNodeConfig

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_GetNodeConfig (DMA_NodeConfTypeDef *const pNodeConfig,
DMA_NodeTypeDef const *const pNode)

Function description

Get a DMA channel node configuration.
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Parameters
. pNodeConfig: : Pointer to a DMA_NodeConfTypeDef structure that contains the configuration information
for the specified DMA linked-list Node.
. pNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list node registers configurations.

Return values
. HAL.: status.

HAL_DMAEX_List_InsertNode

Function name

HAL_StatusTypeDef HAL_DMAEX_List_InsertNode (DMA_QListTypeDef *const pQList,
DMA_NodeTypeDef *const pPrevNode, DMA_NodeTypeDef *const pNewNode)

Function description

Insert new node in any queue position of linked-list queue according to selecting previous node.

Parameters
. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.
. pPrevNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list previous node registers
configurations.
. pNewNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list new node registers
configurations.

Return values
. HAL: status.

HAL_DMAEXx_List_InsertNode_Head

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_InsertNode_Head (DMA_QListTypeDef *const pQList,
DMA_NodeTypeDef *const pNewNode)

Function description

Insert new node at the head of linked-list queue.

Parameters
. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.
. pNewNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list new node registers
configurations.

Return values
. HAL: status.

HAL_DMAEX_List_InsertNode_Tail

Function name

HAL_StatusTypeDef HAL_DMAEX_List_InsertNode_Tail (DMA_QListTypeDef *const pQList,
DMA_NodeTypeDef *const pNewNode)

Function description

Insert new node at the tail of linked-list queue.

Parameters
. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.
. pNewNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list new node registers
configurations.
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Return values
. HAL.: status.

HAL_DMAEX_List_RemoveNode

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_RemoveNode (DMA_QListTypeDef *const pQList,
DMA_NodeTypeDef *const pNode)

Function description

Remove node from any linked-list queue position.

Parameters
. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.
. pNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list previous node registers
configurations.

Return values
. HAL.: status.

HAL_DMAEX_List_RemoveNode_Head

Function name
HAL_StatusTypeDef HAL_DMAEXx_List_RemoveNode_Head (DMA_QListTypeDef *const pQList)

Function description

Remove the head node from linked-list queue.

Parameters

. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.

Return values
. HAL.: status.

HAL_DMAEXx_List_ RemoveNode_Tail

Function name
HAL_StatusTypeDef HAL_DMAEXx_List_RemoveNode_Tail (DMA_QListTypeDef *const pQList)

Function description

Remove the tail node from linked-list queue.

Parameters

. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.

Return values
. HAL.: status.

HAL_DMAEXx_List_ReplaceNode

Function name

HAL_StatusTypeDef HAL_DMAEX_List_ReplaceNode (DMA_QListTypeDef *const pQList,
DMA_NodeTypeDef *const pOldNode, DMA_NodeTypeDef *const pNewNode)

Function description

Replace node in linked-list queue.
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Parameters
. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.
. pOldNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list old node registers
configurations.
. pNewNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list new node registers
configurations.

Return values
. HAL: status.

HAL_DMAEX_List_ReplaceNode_Head

Function name

HAL_StatusTypeDef HAL_DMAEX_List_ReplaceNode_Head (DMA_QListTypeDef *const pQList,
DMA_NodeTypeDef *const pNewNode)

Function description

Replace the head node of linked-list queue.

Parameters
. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.
. pNewNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list new node registers
configurations.

Return values
. HAL: status.

HAL_DMAEXx_List_ReplaceNode_Tail

Function name

HAL_StatusTypeDef HAL_DMAEX_List_ReplaceNode_Tail (DMA_QListTypeDef *const pQList,
DMA_NodeTypeDef *const pNewNode)

Function description

Replace the tail node of linked-list queue.

Parameters
. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.
. pNewNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list new node registers
configurations.

Return values
. HAL: status.

HAL_DMAEx_List_ResetQ

Function name
HAL_StatusTypeDef HAL_DMAEXx_List_ResetQ (DMA_QListTypeDef *const pQList)

Function description

Reset the linked-list queue and unlink queue nodes.

Parameters

. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.

Return values
. HAL.: status.
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HAL_DMAEXx_List_InsertQ

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_InsertQ (DMA_QListTypeDef *const pSrcQList,
DMA_NodeTypeDef const *const pPrevNode, DMA_QListTypeDef *const pDestQList)

Function description

Insert a source linked-list queue to a destination linked-list queue according to selecting previous node.

Parameters
. pSrcQList: : Pointer to a DMA_QListTypeDef structure that contains source queue information.
. pPrevNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list previous node registers
configurations.
. pDestQList: : Pointer to a DMA_QListTypeDef structure that contains destination queue information.

Return values
. HAL.: status.

HAL_DMAEX_List_InsertQ_Head

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_InsertQ_Head (DMA_QListTypeDef *const pSrcQList,
DMA_QListTypeDef *const pDestQList)

Function description

Insert a source linked-list queue at the head of destination queue.

Parameters

. pSrcQList: : Pointer to a DMA_QListTypeDef structure that contains source queue information.

. pDestQList: : Pointer to a DMA_QListTypeDef structure that contains destination queue information.
Return values

. HAL: status.

HAL_DMAEXx_List_InsertQ_Tail

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_InsertQ_Tail (DMA_QListTypeDef *const pSrcQList,
DMA_QListTypeDef *const pDestQList)

Function description
Insert a source linked-list queue at the tail of destination queue.
Parameters

. pSrcQList: : Pointer to a DMA_QListTypeDef structure that contains source queue information.
. pDestQList: : Pointer to a DMA_QListTypeDef structure that contains destination queue information.

Return values
. HAL: status.
HAL_DMAEX_List_SetCircularModeConfig

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_SetCircularModeConfig (DMA_QListTypeDef *const pQList,
DMA_NodeTypeDef *const pFirstCircularNode)
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Function description

Set circular mode configuration for linked-list queue.

Parameters

. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.

. pFirstCircularNode: : Pointer to a DMA_NodeTypeDef structure that contains linked-list first circular
node registers configurations.

Return values
. HAL.: status.

HAL_DMAEX_List_SetCircularMode

Function name
HAL_StatusTypeDef HAL_DMAEX_List_SetCircularMode (DMA_QListTypeDef *const pQList)

Function description

Set circular mode for linked-list queue.

Parameters

. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.

Return values
. HAL.: status.

HAL_DMAEX_List_ClearCircularMode

Function name
HAL_StatusTypeDef HAL_DMAEXx_List_ClearCircularMode (DMA_QListTypeDef *const pQList)

Function description

Clear circular mode for linked-list queue.

Parameters

. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.

Return values
. HAL: status.

HAL_DMAEXx_List_ConvertQToDynamic

Function name
HAL_StatusTypeDef HAL_DMAEXx_List_ConvertQToDynamic (DMA_QListTypeDef *const pQList)

Function description

Convert a linked-list queue to dynamic (Optimized DMA queue execution).

Parameters

. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.
Return values
. HAL: status.
HAL_DMAEX_List_ConvertQToStatic

Function name
HAL_StatusTypeDef HAL_DMAEX_List_ConvertQToStatic (DMA_QListTypeDef *const pQList)
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Function description

Convert a linked-list queue to static (Not optimized DMA queue execution).
Parameters
. pQList: : Pointer to a DMA_QListTypeDef structure that contains queue information.

Return values
. HAL.: status.

HAL_DMAEx_List_LinkQ

Function name

HAL_StatusTypeDef HAL_DMAEXx_List_LinkQ (DMA_HandleTypeDef *const hdma, DMA_QListTypeDef
*const pQList)

Function description

Link linked-list queue to a DMA channel.

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

Return values
. HAL.: status.

HAL_DMAEx_List_UnLinkQ

Function name
HAL_StatusTypeDef HAL_DMAEXx_List_UnLinkQ (DMA_HandleTypeDef *const hdma)

Function description

Unlink linked-list queue from a DMA channel.

Parameters

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

Return values
. HAL: status.

HAL_DMAEXx_ConfigDataHandling

Function name

HAL_StatusTypeDef HAL_DMAEXx_ConfigDataHandling (DMA_HandleTypeDef *const hdma,
DMA_DataHandlingConfTypeDef const *const pConfigDataHandling)

Function description

Configure the DMA channel data handling according to the specified parameters in the
DMA_DataHandlingConfTypeDef.

Parameters

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

. pConfigDataHandling: : Pointer to a DMA_DataHandlingConfTypeDef structure that contains the data
handling configuration.
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Return values
. HAL.: status.

HAL_DMAEXx_ConfigTrigger

Function name

HAL_StatusTypeDef HAL_DMAEXx_ConfigTrigger (DMA_HandleTypeDef *const hdma,
DMA_TriggerConfTypeDef const *const pConfigTrigger)

Function description

Configure the DMA channel trigger according to the specified parameters in the DMA_TriggerConfTypeDef.

Parameters

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

. pConfigTrigger: : Pointer to a DMA_TriggerConfTypeDef structure that contains the trigger configuration.
Return values
. HAL: status.

HAL_DMAEXx_ConfigRepeatBlock

Function name

HAL_StatusTypeDef HAL_DMAEXx_ConfigRepeatBlock (DMA_HandleTypeDef *const hdma,
DMA_RepeatBlockConfTypeDef const *const pConfigRepeatBlock)

Function description

Configure the DMA channel repeated block according to the specified parameters in the
DMA_RepeatBlockConfTypeDef.

Parameters

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

. pConfigRepeatBlock: : Pointer to a DMA_RepeatBlockConfTypeDef structure that contains the repeated
block configuration.

Return values
. HAL: status.

HAL_DMAEXx_Suspend

Function name
HAL_StatusTypeDef HAL_DMAEXx_Suspend (DMA_HandleTypeDef *const hdma)

Function description

Suspend any ongoing DMA channel transfer in polling mode (Blocking mode).

Parameters

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

Return values
. HAL.: status.

Notes

. After suspending a DMA channel, a check for wait until the DMA channel is effectively suspended is
added. If a channel is suspended while a data transfer is ongoing, the current data will be transferred and
the channel will be effectively suspended only after the transfer of this single/burst data is finished.
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HAL_DMAEXx_Suspend_IT

Function name
HAL_StatusTypeDef HAL_DMAEXx_Suspend_IT (DMA_HandleTypeDef *const hdma)

Function description

Suspend any ongoing DMA channel transfer in polling mode (Non-blocking mode).

Parameters

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

Return values
. HAL.: status.

HAL_DMAEx_Resume

Function name
HAL_StatusTypeDef HAL_DMAEx_Resume (DMA_HandleTypeDef *const hdma)

Function description

Resume any suspended DMA channel transfer.

Parameters

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

Return values
. HAL: status.

HAL_DMAEx_GetFifoLevel

Function name
uint32_t HAL_DMAEXx_GetFifoLevel (DMA_HandleTypeDef const *const hdma)

Function description
Get and returns the DMA channel FIFO level.

Parameters

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

Return values

. Returns: the number of available beats in FIFO.

22.3 DMAEXx Firmware driver defines

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

22.31 DMAEXx
DMAEx
DMAEXx Data Alignment

DMA_DATA_RIGHTALIGN_ZEROPADDED

If source data width < destination data width => Right aligned padded with 0 up to destination data width
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DMA_DATA_RIGHTALIGN_LEFTTRUNC

If source data width > destination data width => Right aligned left Truncated down to destination data width

DMA_DATA_RIGHTALIGN_SIGNEXT

If source data width < destination data width => Right Aligned padded with sign extended up to destination data
width

DMA_DATA_LEFTALIGN_RIGHTTRUNC
If source data width > destination data width => Left Aligned Right Truncated down to the destination data width
DMA_DATA_PACK

If source data width < destination data width => Packed at the destination data width (Not available on LPDMA)

DMA_DATA_UNPACK

If source data width > destination data width => Unpacked at the destination data width (Not available on
LPDMA)

DMAEXx Data Exchange
DMA_EXCHANGE_NONE
No data exchange
DMA_EXCHANGE_DEST_BYTE

Destination Byte exchange when destination data width is > Byte

DMA_EXCHANGE_DEST_HALFWORD

Destination Half-Word exchange when destination data width is > Half-Word

DMA_EXCHANGE_SRC_BYTE

Source Byte endianness exchange when source data width is word

DMAEX LinkedList Mode
DMA_LINKEDLIST_NORMAL

Linear linked-list DMA channel transfer

DMA_LINKEDLIST_CIRCULAR

Circular linked-list DMA channel transfer

DMAEX Linked-List Allocated Port

DMA_LINK_ALLOCATED_PORTO
Link allocated port 0

DMA_LINK_ALLOCATED_PORT1
Link allocated port 1

DMAEXx Link Step Mode
DMA_LSM_FULL_EXECUTION

Channel is executed for the full linked-list

DMA_LSM_1LINK_EXECUTION

Channel is executed once for the current LLI

DMAEXx Node Type
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DMA_LPDMA_LINEAR_NODE
Defines the LPDMA linear addressing node type

DMA_GPDMA_LINEAR_NODE
Defines the GPDMA linear addressing node type

DMA_GPDMA_2D_NODE
Defines the GPDMA 2 dimension addressing node type

DMAEX Trigger Mode
DMA_TRIGM_BLOCK_TRANSFER
A block transfer is conditioned by (at least) one hit trigger
DMA_TRIGM_REPEATED_BLOCK_TRANSFER
A repeated block transfer is conditioned by (at least) one hit trigger
DMA_TRIGM_LLI_LINK_TRANSFER
A LLI link transfer is conditioned by (at least) one hit trigger

DMA_TRIGM_SINGLE_BURST_TRANSFER

A single/burst transfer is conditioned by (at least) one hit trigger

DMAEX Trigger Polarity
DMA_TRIG_POLARITY_MASKED
No trigger of the selected DMA request. Masked trigger event
DMA_TRIG_POLARITY_RISING

Trigger of the selected DMA request on the rising edge of the selected trigger event input

DMA_TRIG_POLARITY_FALLING

Trigger of the selected DMA request on the falling edge of the selected trigger event input

DMAEXx Trigger Selection

GPDMA1_TRIGGER_EXTI_LINEO
GPDMA1 HW Trigger signal is EXTI_LINEO

GPDMA1_TRIGGER_EXTI_LINE1
GPDMA1 HW Trigger signal is EXTI_LINE1

GPDMA1_TRIGGER_EXTI_LINE2
GPDMA1 HW Trigger signal is EXTI_LINE2

GPDMA1_TRIGGER_EXTI_LINE3
GPDMA1 HW Trigger signal is EXTI_LINE3

GPDMA1_TRIGGER_EXTI_LINE4
GPDMA1 HW Trigger signal is EXTI_LINE4

GPDMA1_TRIGGER_EXTI_LINE5
GPDMA1 HW Trigger signal is EXTI_LINES

GPDMA1_TRIGGER_EXTI_LINE6
GPDMA1 HW Trigger signal is EXTI_LINE6
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GPDMA1_TRIGGER_EXTI_LINE7
GPDMA1 HW Trigger signal is EXTI_LINE7

GPDMA1_TRIGGER_TAMP_TRG1
GPDMA1 HW Trigger signal is TAMP_TRG1

GPDMA1_TRIGGER_TAMP_TRG2
GPDMA1 HW Trigger signal is TAMP_TRG2

GPDMA1_TRIGGER_TAMP_TRG3
GPDMA1 HW Trigger signal is TAMP_TRG3

GPDMA1_TRIGGER_LPTIM1_CH1
GPDMA1 HW Trigger signal is LPTIM1_CH1

GPDMA1_TRIGGER_LPTIM1_CH2
GPDMA1 HW Trigger signal is LPTIM1_CH2

GPDMA1_TRIGGER_LPTIM2_CH1
GPDMA1 HW Trigger signal is LPTIM2_CH1

GPDMA1_TRIGGER_LPTIM2_CH2
GPDMA1 HW Trigger signal is LPTIM2_CH2

GPDMA1_TRIGGER_LPTIM4_OUT
GPDMA1 HW Trigger signal is LPTIM4_OUT

GPDMA1_TRIGGER_COMP1_OUT
GPDMA1 HW Trigger signal is COMP1_OUT

GPDMA1_TRIGGER_COMP2_OUT
GPDMA1 HW Trigger signal is COMP2_OUT

GPDMA1_TRIGGER_RTC_ALRA_TRG
GPDMA1 HW Trigger signal is RTC_ALRA_TRG

GPDMA1_TRIGGER_RTC_ALRB_TRG
GPDMA1 HW Trigger signal is RTC_ALRB_TRG

GPDMA1_TRIGGER_RTC_WUT_TRG
GPDMA1 HW Trigger signal is RTC_WUT_TRG

GPDMA1_TRIGGER_GPDMA1_CHO_TCF
GPDMA1 HW Trigger signal is GPDMA1_CHO_TCF

GPDMA1_TRIGGER_GPDMA1_CH1_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH1_TCF

GPDMA1_TRIGGER_GPDMA1_CH2_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH2_TCF

GPDMA1_TRIGGER_GPDMA1_CH3_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH3_TCF

GPDMA1_TRIGGER_GPDMA1_CH4_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH4_TCF
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GPDMA1_TRIGGER_GPDMA1_CH5_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH5_TCF

GPDMA1_TRIGGER_GPDMA1_CH6_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH6_TCF

GPDMA1_TRIGGER_GPDMA1_CH7_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH7_TCF

GPDMA1_TRIGGER_GPDMA1_CH8_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH8_TCF

GPDMA1_TRIGGER_GPDMA1_CH9_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH9_TCF

GPDMA1_TRIGGER_GPDMA1_CH10_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH10_TCF

GPDMA1_TRIGGER_GPDMA1_CH11_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH11_TCF

GPDMA1_TRIGGER_GPDMA1_CH12_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH12_TCF

GPDMA1_TRIGGER_GPDMA1_CH13_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH13_TCF

GPDMA1_TRIGGER_GPDMA1_CH14_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH14_TCF

GPDMA1_TRIGGER_GPDMA1_CH15_TCF
GPDMA1 HW Trigger signal is GPDMA1_CH15_TCF

GPDMA1_TRIGGER_LPDMA1_CHO_TCF
GPDMA1 HW Trigger signal is LPDMA1_CHO_TCF

GPDMA1_TRIGGER_LPDMA1_CH1_TCF
GPDMA1 HW Trigger signal is LPDMA1_CH1_TCF

GPDMA1_TRIGGER_LPDMA1_CH2_TCF
GPDMA1 HW Trigger signal is LPDMA1_CH2_TCF

GPDMA1_TRIGGER_LPDMA1_CH3_TCF
GPDMA1 HW Trigger signal is LPDMA1_CH3_TCF

GPDMA1_TRIGGER_TIM2_TRGO
GPDMA1 HW Trigger signal is TIM2_TRGO

GPDMA1_TRIGGER_TIM15_TRGO
GPDMA1 HW Trigger signal is TIM15_TRGO

GPDMA1_TRIGGER_TIM3_TRGO
GPDMA1 HW Trigger signal is TIM3_TRGO

GPDMA1_TRIGGER_TIM4_TRGO
GPDMA1 HW Trigger signal is TIM4_TRGO

UM2911 - Rev 4 page 369/3822



‘ UM2911
,’ HAL DMA Extension Driver

GPDMA1_TRIGGER_TIM5_TRGO
GPDMA1 HW Trigger signal is TIM5_TRGO

GPDMA1_TRIGGER_LTDC_LI
GPDMA1 HW Trigger signal is LTDC_LI

GPDMA1_TRIGGER_DSI_TE
GPDMA1 HW Trigger signal is DSI_TE

GPDMA1_TRIGGER_DSI_ER
GPDMA1 HW Trigger signal is DSI_ER

GPDMA1_TRIGGER_DMA2D_TC
GPDMA1 HW Trigger signal is DMA2D_TC

GPDMA1_TRIGGER_DMA2D_CTC
GPDMA1 HW Trigger signal is DMA2D_CTC

GPDMA1_TRIGGER_DMA2D_TW
GPDMA1 HW Trigger signal is DMA2D_TW

GPDMA1_TRIGGER_GPU2D_FLAGO
GPDMA1 HW Trigger signal is GPU2D_FLAGO

GPDMA1_TRIGGER_GPU2D_FLAG1
GPDMA1 HW Trigger signal is GPU2D_FLAGH1

GPDMA1_TRIGGER_GPU2D_FLAG2
GPDMA1 HW Trigger signal is GPU2D_FLAG2

GPDMA1_TRIGGER_GPU2D_FLAG3
GPDMA1 HW Trigger signal is GPU2D_FLAG3

GPDMA1_TRIGGER_ADC4_AWD1
GPDMA1 HW Trigger signal is ADC4_AWD1

GPDMA1_TRIGGER_ADC1_AWD1
GPDMA1 HW Trigger signal is ADC1_AWD1

GPDMA1_TRIGGER_GFXTIM_EVT3
GPDMA1 HW Trigger signal is GFXTIM_EVT3

GPDMA1_TRIGGER_GFXTIM_EVT2
GPDMA1 HW Trigger signal is GFXTIM_EVT2

GPDMA1_TRIGGER_GFXTIM_EVT1
GPDMA1 HW Trigger signal is GFXTIM_EVT1

GPDMA1_TRIGGER_GFXTIM_EVTO
GPDMA1 HW Trigger signal is GFXTIM_EVTO

GPDMA1_TRIGGER_JPEG_EOC
GPDMA1 HW Trigger signal is JPEG_EOC

GPDMA1_TRIGGER_JPEG_IFNF
GPDMA1 HW Trigger signal is JPEG_IFNF
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GPDMA1_TRIGGER_JPEG_IFT
GPDMA1 HW Trigger signal is JPEG_IFT

GPDMA1_TRIGGER_JPEG_OFNE
GPDMA1 HW Trigger signal is JPEG_OFNE

GPDMA1_TRIGGER_JPEG_OFT
GPDMA1 HW Trigger signal is JPEG_OFT

LPDMA1_TRIGGER_EXTI_LINEO
LPDMA1 HW Trigger signal is EXTI_LINEO

LPDMA1_TRIGGER_EXTI_LINE1
LPDMA1 HW Trigger signal is EXTI_LINE1

LPDMA1_TRIGGER_EXTI_LINE2
LPDMA1 HW Trigger signal is EXTI_LINE2

LPDMA1_TRIGGER_EXTI_LINE3
LPDMA1 HW Trigger signal is EXTI_LINE3

LPDMA1_TRIGGER_EXTI_LINE4
LPDMA1 HW Trigger signal is EXTI_LINE4

LPDMA1_TRIGGER_TAMP_TRG1
LPDMA1 HW Trigger signal is TAMP_TRGH1

LPDMA1_TRIGGER_TAMP_TRG2
LPDMA1 HW Trigger signal is TAMP_TRG2

LPDMA1_TRIGGER_TAMP_TRG3
LPDMA1 HW Trigger signal is TAMP_TRG3

LPDMA1_TRIGGER_LPTIM1_CH1
LPDMA1 HW Trigger signal is LPTIM1_CH1

LPDMA1_TRIGGER_LPTIM1_CH2
LPDMA1 HW Trigger signal is LPTIM1_CH2

LPDMA1_TRIGGER_LPTIM3_CH1
LPDMA1 HW Trigger signal is LPTIM3_CH1

LPDMA1_TRIGGER_LPTIM4_OUT
LPDMA1 HW Trigger signal is LPTIM4_OUT

LPDMA1_TRIGGER_COMP1_OUT
LPDMA1 HW Trigger signal is COMP1_OUT

LPDMA1_TRIGGER_COMP2_OUT
LPDMA1 HW Trigger signal is COMP2_OUT

LPDMA1_TRIGGER_RTC_ALRA_TRG
LPDMA1 HW Trigger signal is RTC_ALRA_TRG

LPDMA1_TRIGGER_RTC_ALRB_TRG
LPDMA1 HW Trigger signal is RTC_ALRB_TRG
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LPDMA1_TRIGGER_RTC_WUT_TRG
LPDMA1 HW Trigger signal is RTC_WUT_TRG

LPDMA1_TRIGGER_ADC4_AWD1
LPDMA1 HW Trigger signal is ADC4_AWD1

LPDMA1_TRIGGER_LPDMA1_CHO_TCF
LPDMA1 HW Trigger signal is LPDMA1_CHO_TCF

LPDMA1_TRIGGER_LPDMA1_CH1_TCF
LPDMA1 HW Trigger signal is LPDMA1_CH1_TCF

LPDMA1_TRIGGER_LPDMA1_CH2_TCF
LPDMA1 HW Trigger signal is LPDMA1_CH2_TCF

LPDMA1_TRIGGER_LPDMA1_CH3_TCF
LPDMA1 HW Trigger signal is LPDMA1_CH3_TCF

LPDMA1_TRIGGER_GPDMA1_CHO_TCF
LPDMA1 HW Trigger signal is GPDMA1_CHO_TCF

LPDMA1_TRIGGER_GPDMA1_CH1_TCF
LPDMA1 HW Trigger signal is GPDMA1_CH1_TCF

LPDMA1_TRIGGER_GPDMA1_CH4_TCF
LPDMA1 HW Trigger signal is GPDMA1_CH4_TCF

LPDMA1_TRIGGER_GPDMA1_CH5_TCF
LPDMA1 HW Trigger signal is GPDMA1_CH5_TCF

LPDMA1_TRIGGER_GPDMA1_CH6_TCF
LPDMA1 HW Trigger signal is GPDMA1_CH6_TCF

LPDMA1_TRIGGER_GPDMA1_CH7_TCF
LPDMA1 HW Trigger signal is GPDMA1_CH7_TCF

LPDMA1_TRIGGER_GPDMA1_CH12_TCF
LPDMA1 HW Trigger signal is GPDMA1_CH12_TCF

LPDMA1_TRIGGER_GPDMA1_CH13_TCF
LPDMA1 HW Trigger signal is GPDMA1_CH13_TCF

LPDMA1_TRIGGER_TIM2_TRGO
LPDMA1 HW Trigger signal is TIM2_TRGO

LPDMA1_TRIGGER_TIM15_TRGO
LPDMA1 HW Trigger signal is TIM15_TRGO
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23 HAL DSI Generic Driver
23.1 DSI Firmware driver registers structures
23141 DSI_InitTypeDef
DSI_InitTypeDef is defined in the stm32u5xx_hal_dsi.h
Data Fields
. uint32_t AutomaticClockLaneControl

. uint32_t TXEscapeCkdiv

. uint32_t NumberOfLanes

. uint32_t PHYFrequencyRange
. uint32_t PHYLowPowerOffset
Field Documentation

. uint32_t DSI_InitTypeDef::AutomaticClockLaneControl
Automatic clock lane control This parameter can be any value of DSI_Automatic_Clk_Lane_Control

. uint32_t DSI_InitTypeDef::TXEscapeCkdiv
TX Escape clock division The values 0 and 1 stop the TX_ESC clock generation

. uint32_t DSI_InitTypeDef::NumberOfLanes
Number of lanes This parameter can be any value of DSI_Number_Of_Lanes

. uint32_t DSI_InitTypeDef::PHYFrequencyRange
PHY Frequency Range This parameter can be any value of

- DSI_PHYFrequencyRange

. uint32_t DSI_InitTypeDef::PHYLowPowerOffset
PHY Low Power Offset This parameter can be any value of

— PHYLowPowerOffset

23.1.2 DSI_PLLInitTypeDef
DSI_PLLInitTypeDef is defined in the stm32u5xx_hal_dsi.h
Data Fields
. uint32_t PLLNDIV
. uint32_t PLLIDF
. uint32_t PLLODF
. uint32_t PLLVCORange
. uint32_t PLLChargePump
. uint32_t PLLTuning
Field Documentation

. uint32_t DSI_PLLInitTypeDef::PLLNDIV
PLL Loop Division Factor This parameter must be a value between 10 and 125
. uint32_t DSI_PLLInitTypeDef::PLLIDF
PLL Input Division Factor This parameter can be any value of DSI_PLL_IDF
. uint32_t DSI_PLLInitTypeDef::PLLODF
PLL Output Division Factor This parameter can be any value of DSI_PLL_ODF
. uint32_t DSI_PLLInitTypeDef::PLLVCORange
PLLVCORange This parameter can be any value of DSI_DPHY_VCO_Frequency RANGE
. uint32_t DSI_PLLInitTypeDef::PLLChargePump
PLLChargePump This parameter can be any value of DSI_PLL_Charge_Pump

. uint32_t DSI_PLLInitTypeDef::PLLTuning
PLLTuning This parameter can be any value of DSI_PLL_Tuning
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23.1.3 DSI_VidCfgTypeDef
DSI_VidCfgTypeDef is defined in the stm32u5xx_hal_dsi.h
Data Fields
. uint32_t VirtualChannellD
. uint32_t ColorCoding
. uint32_t LooselyPacked
. uint32_t Mode
. uint32_t PacketSize
. uint32_t NumberOfChunks
. uint32_t NullPacketSize
. uint32_t HSPolarity
. uint32_t VSPolarity
. uint32_t DEPolarity

. uint32_t HorizontalSyncActive
. uint32_t HorizontalBackPorch
. uint32_t HorizontalLine

. uint32_t VerticalSyncActive

. uint32_t VerticalBackPorch

. uint32_t VerticalFrontPorch

. uint32_t VerticalActive

. uint32_t LPCommandEnable

. uint32_t LPLargestPacketSize

. uint32_t LPVACTLargestPacketSize

. uint32_t LPHorizontalFrontPorchEnable
. uint32_t LPHorizontalBackPorchEnable
. uint32_t LPVerticalActiveEnable

. uint32_t LPVerticalFrontPorchEnable

. uint32_t LPVerticalBackPorchEnable

. uint32_t LPVerticalSyncActiveEnable

. uint32_t FrameBTAAcknowledgeEnable
Field Documentation

. uint32_t DSI_VidCfgTypeDef::VirtualChannellD
Virtual channel ID
. uint32_t DSI_VidCfgTypeDef::ColorCoding
Color coding for LTDC interface This parameter can be any value of DSI_Color_Coding
. uint32_t DSI_VidCfgTypeDef::LooselyPacked
Enable or disable loosely packed stream (needed only when using 18-bit configuration). This parameter
can be any value of DSI_LooselyPacked
. uint32_t DSI_VidCfgTypeDef::Mode
Video mode type This parameter can be any value of DSI_Video_Mode_Type
. uint32_t DSI_VidCfgTypeDef::PacketSize
Video packet size
. uint32_t DSI_VidCfgTypeDef::NumberOfChunks
Number of chunks
. uint32_t DSI_VidCfgTypeDef::NullPacketSize
Null packet size
. uint32_t DSI_VidCfgTypeDef::HSPolarity
HSYNC pin polarity This parameter can be any value of DSI_HSYNC_Polarity
. uint32_t DSI_VidCfgTypeDef::VSPolarity
VSYNC pin polarity This parameter can be any value of DSI_VSYNC_Active_Polarity
. uint32_t DSI_VidCfgTypeDef::DEPolarity
Data Enable pin polarity This parameter can be any value of DSI_DATA_ENABLE_Polarity
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. uint32_t DSI_VidCfgTypeDef::HorizontalSyncActive
Horizontal synchronism active duration (in lane byte clock cycles)

. uint32_t DSI_VidCfgTypeDef::HorizontalBackPorch
Horizontal back-porch duration (in lane byte clock cycles)
. uint32_t DSI_VidCfgTypeDef::HorizontalLine
Horizontal line duration (in lane byte clock cycles)
. uint32_t DSI_VidCfgTypeDef::VerticalSyncActive
Vertical synchronism active duration
. uint32_t DSI_VidCfgTypeDef::VerticalBackPorch
Vertical back-porch duration
. uint32_t DSI_VidCfgTypeDef::VerticalFrontPorch
Vertical front-porch duration
. uint32_t DSI_VidCfgTypeDef::VerticalActive
Vertical active duration
. uint32_t DSI_VidCfgTypeDef::LPCommandEnable
Low-power command enable This parameter can be any value of DSI_LP_Command
. uint32_t DSI_VidCfgTypeDef::LPLargestPacketSize
The size, in bytes, of the low power largest packet that can fit in a line during VSA, VBP and VFP regions
. uint32_t DSI_VidCfgTypeDef::LPVACTLargestPacketSize
The size, in bytes, of the low power largest packet that can fit in a line during VACT region
. uint32_t DSI_VidCfgTypeDef::LPHorizontalFrontPorchEnable
Low-power horizontal front-porch enable This parameter can be any value of DSI_LP_HFP
. uint32_t DSI_VidCfgTypeDef::LPHorizontalBackPorchEnable
Low-power horizontal back-porch enable This parameter can be any value of DSI_LP_HBP
. uint32_t DSI_VidCfgTypeDef::LPVerticalActiveEnable
Low-power vertical active enable This parameter can be any value of DSI_LP_VACT
. uint32_t DSI_VidCfgTypeDef::LPVerticalFrontPorchEnable
Low-power vertical front-porch enable This parameter can be any value of DSI_LP_VFP
. uint32_t DSI_VidCfgTypeDef::LPVerticalBackPorchEnable
Low-power vertical back-porch enable This parameter can be any value of DSI_LP_VBP
. uint32_t DSI_VidCfgTypeDef::LPVerticalSyncActiveEnable
Low-power vertical sync active enable This parameter can be any value of DSI_LP_VSYNC
. uint32_t DSI_VidCfgTypeDef::FrameBTAAcknowledgeEnable
Frame bus-turn-around acknowledge enable This parameter can be any value of
DSI_FBTA_acknowledge

2314 DSI_CmdCfgTypeDef
DSI_CmdCfgTypeDef is defined in the stm32u5xx_hal_dsi.h
Data Fields
. uint32_t VirtualChannellD
. uint32_t ColorCoding
. uint32_t CommandSize
. uint32_t TearingEffectSource
. uint32_t TearingEffectPolarity
. uint32_t HSPolarity
. uint32_t VSPolarity
. uint32_t DEPolarity
. uint32_t VSyncPol
. uint32_t AutomaticRefresh
. uint32_t TEAcknowledgeRequest
Field Documentation

. uint32_t DSI_CmdCfgTypeDef::VirtualChannellD
Virtual channel ID
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. uint32_t DSI_CmdCfgTypeDef::ColorCoding
Color coding for LTDC interface This parameter can be any value of DS/_Color_Coding

. uint32_t DSI_CmdCfgTypeDef::CommandSize
Maximum allowed size for an LTDC write memory command, measured in pixels. This parameter can be
any value between 0x00 and OxFFFFU

. uint32_t DSI_CmdCfgTypeDef::TearingEffectSource
Tearing effect source This parameter can be any value of DSI_TearingEffectSource
. uint32_t DSI_CmdCfgTypeDef::TearingEffectPolarity
Tearing effect pin polarity This parameter can be any value of DSI_TearingEffectPolarity
. uint32_t DSI_CmdCfgTypeDef::HSPolarity
HSYNC pin polarity This parameter can be any value of DSI_HSYNC_Polarity
. uint32_t DSI_CmdCfgTypeDef::VSPolarity
VSYNC pin polarity This parameter can be any value of DSI_VSYNC_Active_Polarity
. uint32_t DSI_CmdCfgTypeDef::DEPolarity
Data Enable pin polarity This parameter can be any value of DSI_DATA_ENABLE_Polarity
. uint32_t DSI_CmdCfgTypeDef::VSyncPol
VSync edge on which the LTDC is halted This parameter can be any value of DSI_Vsync_Polarity
. uint32_t DSI_CmdCfgTypeDef::AutomaticRefresh
Automatic refresh mode This parameter can be any value of DSI_AutomaticRefresh

. uint32_t DSI_CmdCfgTypeDef::TEAcknowledgeRequest
Tearing Effect Acknowledge Request Enable This parameter can be any value of
DSI_TE_AcknowledgeRequest

23.1.5 DSI_LPCmdTypeDef
DSI_LPCmdTypeDef is defined in the stm32u5xx_hal_dsi.h
Data Fields
. uint32_t LPGenShortWriteNoP
. uint32_t LPGenShortWriteOneP
. uint32_t LPGenShortWriteTwoP
. uint32_t LPGenShortReadNoP
. uint32_t LPGenShortReadOneP
. uint32_t LPGenShortReadTwoP
. uint32_t LPGenLongWrite
. uint32_t LPDcsShortWriteNoP
. uint32_t LPDcsShortWriteOneP
. uint32_t LPDcsShortReadNoP
. uint32_t LPDcsLongWrite
. uint32_t LPMaxReadPacket
. uint32_t AcknowledgeRequest
Field Documentation

. uint32_t DSI_LPCmdTypeDef::LPGenShortWriteNoP
Generic Short Write Zero parameters Transmission This parameter can be any value of
DSI_LP_LPGenShortWriteNoP

. uint32_t DSI_LPCmdTypeDef::LPGenShortWriteOneP
Generic Short Write One parameter Transmission This parameter can be any value of
DSI_LP_LPGenShortWriteOneP

. uint32_t DSI_LPCmdTypeDef::LPGenShortWrite TwoP
Generic Short Write Two parameters Transmission This parameter can be any value of
DSI_LP_LPGenShortWriteTwoP

. uint32_t DSI_LPCmdTypeDef::LPGenShortReadNoP
Generic Short Read Zero parameters Transmission This parameter can be any value of
DSI_LP_LPGenShortReadNoP

UM2911 - Rev 4 page 376/3822



‘_ UM2911
,l HAL DSI Generic Driver

. uint32_t DSI_LPCmdTypeDef::LPGenShortReadOneP
Generic Short Read One parameter Transmission This parameter can be any value of
DSI_LP_LPGenShortReadOneP

. uint32_t DSI_LPCmdTypeDef::LPGenShortReadTwoP
Generic Short Read Two parameters Transmission This parameter can be any value of
DSI_LP_LPGenShortReadTwoP

. uint32_t DSI_LPCmdTypeDef::LPGenLongWrite
Generic Long Write Transmission This parameter can be any value of DSI_LP_LPGenlLongWrite

. uint32_t DSI_LPCmdTypeDef::LPDcsShortWriteNoP
DCS Short Write Zero parameters Transmission This parameter can be any value of
DSI_LP_LPDcsShortWriteNoP

. uint32_t DSI_LPCmdTypeDef::LPDcsShortWriteOneP
DCS Short Write One parameter Transmission This parameter can be any value of
DSI_LP_LPDcsShortWriteOneP

. uint32_t DSI_LPCmdTypeDef::LPDcsShortReadNoP
DCS Short Read Zero parameters Transmission This parameter can be any value of
DSI_LP_LPDcsShortReadNoP

. uint32_t DSI_LPCmdTypeDef::LPDcsLongWrite
DCS Long Write Transmission This parameter can be any value of DSI_LP_LPDcsLongWrite

. uint32_t DSI_LPCmdTypeDef::LPMaxReadPacket
Maximum Read Packet Size Transmission This parameter can be any value of
DSI_LP_LPMaxReadPacket

. uint32_t DSI_LPCmdTypeDef::AcknowledgeRequest
Acknowledge Request Enable This parameter can be any value of DSI_AcknowledgeRequest

23.1.6 DSI_PHY_TimerTypeDef
DSI_PHY_TimerTypeDef is defined in the stm32u5xx_hal_dsi.h
Data Fields
. uint32_t ClockLaneHS2LPTime
. uint32_t ClockLaneLP2HSTime
. uint32_t DataLaneHS2LPTime
. uint32_t DataLaneLP2HSTime
. uint32_t DataLaneMaxReadTime
. uint32_t StopWaitTime
Field Documentation

. uint32_t DSI_PHY_TimerTypeDef::ClockLaneHS2LPTime
The maximum time that the D-PHY clock lane takes to go from high-speed to low-power transmission

. uint32_t DSI_PHY_TimerTypeDef::ClockLaneLP2HSTime
The maximum time that the D-PHY clock lane takes to go from low-power to high-speed transmission

. uint32_t DSI_PHY_TimerTypeDef::DataLaneHS2LPTime
The maximum time that the D-PHY data lanes takes to go from high-speed to low-power transmission

. uint32_t DSI_PHY_TimerTypeDef::DataLaneLP2HSTime
The maximum time that the D-PHY data lanes takes to go from low-power to high-speed transmission

. uint32_t DSI_PHY_TimerTypeDef::DataLaneMaxReadTime
The maximum time required to perform a read command

. uint32_t DSI_PHY_TimerTypeDef::StopWaitTime
The minimum wait period to request a High-Speed transmission after the Stop state

231.7 DSI_HOST_TimeoutTypeDef
DSI_HOST_TimeoutTypeDef is defined in the stm32u5xx_hal_dsi.h
Data Fields
. uint32_t TimeoutCkdiv
. uint32_t HighSpeedTransmissionTimeout
. uint32_t LowPowerReceptionTimeout
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. uint32_t HighSpeedReadTimeout

. uint32_t LowPowerReadTimeout

. uint32_t HighSpeedWriteTimeout

. uint32_t HighSpeedWritePrespMode

. uint32_t LowPowerWriteTimeout

. uint32_t BTATimeout

Field Documentation

. uint32_t DSI_HOST_TimeoutTypeDef::TimeoutCkdiv
Time-out clock division

. uint32_t DSI_HOST_TimeoutTypeDef::HighSpeedTransmissionTimeout
High-speed transmission time-out

. uint32_t DSI_HOST_TimeoutTypeDef::LowPowerReceptionTimeout
Low-power reception time-out

. uint32_t DSI_HOST_TimeoutTypeDef::HighSpeedReadTimeout
High-speed read time-out

. uint32_t DSI_HOST_TimeoutTypeDef::LowPowerReadTimeout
Low-power read time-out

. uint32_t DSI_HOST_TimeoutTypeDef::HighSpeedWrite Timeout
High-speed write time-out

. uint32_t DSI_HOST_TimeoutTypeDef::HighSpeedWritePrespMode
High-speed write presp mode This parameter can be any value of DSI_HS_PrespMode

. uint32_t DSI_HOST_TimeoutTypeDef::LowPowerWriteTimeout
Low-speed write time-out

. uint32_t DSI_HOST_TimeoutTypeDef::BTATimeout
BTA time-out

23.1.8 __DSI_HandleTypeDef
__DSI_HandleTypeDef is defined in the stm32u5xx_hal_dsi.h
Data Fields
. DSI_TypeDef * Instance
. DSI_InitTypeDef Init
. HAL_LockTypeDef Lock
. _ 10 HAL_DSI_StateTypeDef State
. __I0 uint32_t ErrorCode
. uint32_t ErrorMsk
. void(* TearingEffectCallback
. void(* EndOfRefreshCallback
. void(* ErrorCallback
. void(* MsplnitCallback
. void(* MspDelnitCallback
Field Documentation

. DSI_TypeDef* __DSI_HandleTypeDef::Instance
Register base address

. DSI_InitTypeDef __DSI_HandleTypeDef::Init
DSl required parameters

. HAL_LockTypeDef __DSI_HandleTypeDef::Lock
DSl peripheral status

. _ 10 HAL_DSI_StateTypeDef __DSI_HandleTypeDef::State
DSI communication state
. 10 uint32_t __DSI_HandleTypeDef::ErrorCode

D_SI Error code

. uint32_t __DSI_HandleTypeDef::ErrorMsk
DSI Error monitoring mask
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. void(* __DSI_HandleTypeDef::TearingEffectCallback)(struct __DSI_HandleTypeDef *hdsi)
DSI Tearing Effect Callback

. void(* __DSI_HandleTypeDef::EndOfRefreshCallback)(struct __DSI_HandleTypeDef *hdsi)
DSI End Of Refresh Callback

. void(* __DSI_HandleTypeDef::ErrorCallback)(struct __DSI_HandleTypeDef *hdsi)
DSI Error Callback

. void(* __DSI_HandleTypeDef::MsplnitCallback)(struct __DSI_HandleTypeDef *hdsi)
DSI Msp Init callback

. void(* __DSI_HandleTypeDef::MspDelnitCallback)(struct __DSI_HandleTypeDef *hdsi)
DSI Msp Delnit callback

23.2 DSI Firmware driver API description

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

23.21 How to use this driver

The DSI HAL driver can be used as follows:
1. Declare a DSI_HandleTypeDef handle structure, for example: DSI_HandleTypeDef hdsi;
2. Initialize the DSI low level resources by implementing the HAL_DSI_Msplnit() API:
a. Enable the DSI interface clock
b. NVIC configuration if you need to use interrupt process
° Configure the DSI interrupt priority
° Enable the NVIC DSI IRQ Channel

3. Initialize the DSI Host peripheral, the required PLL parameters, number of lances and TX Escape clock divider
by calling the HAL_DSI_Init() API which calls HAL_DSI_Msplnit().

Configuration

1. Use HAL_DSI_ConfigAdaptedCommandMode() function to configure the DSI host in adapted command
mode.

When operating in video mode , use HAL_DSI_ConfigVideoMode() to configure the DSI host.

Function HAL_DSI_ConfigCommand() is used to configure the DSI commands behavior in low power mode.

To configure the DSI PHY timings parameters, use function HAL_DSI_ConfigPhyTimer().

The DSI Host can be started/stopped using respectively functions HAL_DSI_Start() and HAL_DSI_Stop().

Functions HAL_DSI_ShortWrite(), HAL_DSI_LongWrite() and HAL_DSI_Read() allows respectively to write

DSI short packets, long packets and to read DSI packets.

6. The DSI Host Offers two Low power modes :

- Low Power Mode on data lanes only: Only DSI data lanes are shut down. It is possible to enter/exit from
this mode using respectively functions HAL_DSI_EnterULPMData() and HAL_DSI_ExitULPMData()

- Low Power Mode on data and clock lanes : All DSI lanes are shut down including data and clock lanes.
It is possible to enter/exit from this mode using respectively functions HAL_DSI_EnterULPM() and
HAL_DSI_ExitULPM()

7. To control DSI state you can use the following function: HAL_DSI_GetState()

ok wn

Error management

1. User can select the DSI errors to be reported/monitored using function HAL_DSI_ConfigErrorMonitor() When
an error occurs, the callback HAL_DSI_ErrorCallback() is asserted and then user can retrieve the error code
by calling function HAL_DSI_GetError()

DSI HAL driver macros list

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

. __HAL_DSI_ENABLE: Enable the DSI Host.
. __HAL_DSI_DISABLE: Disable the DSI Host.
. _ HAL_DSI_WRAPPER_ENABLE: Enables the DSI wrapper.
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. __HAL_DSI_WRAPPER_DISABLE: Disable the DSI wrapper.

. __HAL _DSI_PLL_ENABLE: Enables the DSI PLL.

. __HAL _DSI_PLL_DISABLE: Disables the DSI PLL.

. _ HAL_DSI_REG_ENABLE: Enables the DSI regulator.

. __HAL_DSI_REG_DISABLE: Disables the DSI regulator.

. _ HAL_DSI_GET_FLAG: Get the DSI pending flags.

. __HAL_DSI_CLEAR_FLAG: Clears the DSI pending flags.

. __HAL_DSI_ENABLE_IT: Enables the specified DSI interrupts.

. __HAL_DSI_DISABLE_IT: Disables the specified DSI interrupts.

. __HAL_DSI_GET_IT_SOURCE: Checks whether the specified DSI interrupt source is enabled or not.
Note: You can refer to the DSI HAL driver header file for more useful macros

Callback registration

The compilation define USE_HAL_DSI_REGISTER_CALLBACKS when set to 1 allows the user to configure
dynamically the driver callbacks. Use Function HAL_DSI_RegisterCallback() to register a callback.

Function HAL_DSI_RegisterCallback() allows to register following callbacks:
. TearingEffectCallback : DSI Tearing Effect Callback.

. EndOfRefreshCallback : DSI End Of Refresh Callback.

. ErrorCallback : DSI Error Callback

. MsplnitCallback : DSI Msplnit.

. MspDelnitCallback : DSI MspDelnit.

This function takes as parameters the HAL peripheral handle, the callback ID and a pointer to the user callback
function.

Use function HAL_DSI_UnRegisterCallback() to reset a callback to the default weak function.
HAL_DSI_UnRegisterCallback takes as parameters the HAL peripheral handle, and the callback ID.

This function allows to reset following callbacks:

. TearingEffectCallback : DSI Tearing Effect Callback.

. EndOfRefreshCallback : DSI End Of Refresh Callback.
. ErrorCallback : DSI Error Callback

. MsplnitCallback : DSI Msplnit.

. MspDelnitCallback : DSI MspDelnit.

By default, after the HAL_DSI_Init and when the state is HAL_DSI_STATE_RESET all callbacks are set to the
corresponding weak functions: examples HAL_DSI_TearingEffectCallback(), HAL_DSI_EndOfRefreshCallback().
Exception done for Msplnit and MspDelnit functions that are respectively reset to the legacy weak (overridden)
functions in the HAL_DSI_Init() and HAL_DSI_Delnit() only when these callbacks are null (not registered
beforehand). If not, Msplnit or MspDelnit are not null, the HAL_DSI_Init() and HAL_DSI_Delnit() keep and use the
user Msplnit/MspDelnit callbacks (registered beforehand).

Callbacks can be registered/unregistered in HAL_DSI_STATE_READY state only. Exception done Msplnit/
MspDelnit that can be registered/unregistered in HAL_DSI_STATE_READY or HAL_DSI_STATE_RESET state,
thus registered (user) Msplinit/Delnit callbacks can be used during the Init/Delnit. In that case first register the
Msplnit/MspDelnit user callbacks using HAL_DSI_RegisterCallback() before calling HAL_DSI_Delnit() or
HAL_DSI_Init() function.

When The compilation define USE_HAL_DSI_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.

23.2.2 Initialization and Configuration functions

This section provides functions allowing to:
. Initialize and configure the DSI

. De-initialize the DSI

This section contains the following APlIs:

. HAL_DSI_Init()

. HAL_DSI_Delnit()
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. HAL_DSI_ConfigErrorMonitor()
. HAL_DSI_Msplnit()

. HAL_DSI_MspDelnit()

. HAL_DSI_RegisterCallback()

. HAL_DSI_UnRegisterCallback()

23.2.3 10 operation functions

This section provides function allowing to:

. Handle DSI interrupt request

This section contains the following APls:

. HAL_DSI_IRQHandler()

. HAL_DSI_TearingEffectCallback()
. HAL_DSI_EndOfRefreshCallback()
. HAL_DSI_ErrorCallback()

23.2.4 Peripheral Control functions
This section provides functions allowing to:
. Configure the Generic interface read-back Virtual Channel ID
. Select video mode and configure the corresponding parameters
. Configure command transmission mode: High-speed or Low-power
. Configure the flow control

. Configure the DSI PHY timer

. Configure the DSI HOST timeout
. Configure the DSI HOST timeout
. Start/Stop the DSI module

. Refresh the display in command mode

. Controls the display color mode in Video mode
. Control the display shutdown in Video mode

. write short DCS or short Generic command

. write long DCS or long Generic command

. Read command (DCS or generic)

. Enter/Exit the Ultra Low Power Mode on data only (D-PHY PLL running)

. Enter/Exit the Ultra Low Power Mode on data only and clock (D-PHY PLL turned off)
. Start/Stop test pattern generation

. Slew-Rate And Delay Tuning

. Low-Power Reception Filter Tuning
. Activate an additional current path on all lanes to meet the SDDTx parameter
. Custom lane pins configuration

. Set custom timing for the PHY
. Force the Clock/Data Lane in TX Stop Mode

. Force LP Receiver in Low-Power Mode

. Force Data Lanes in RX Mode after a BTA

. Enable a pull-down on the lanes to prevent from floating states when unused
. Switch off the contention detection on data lanes

This section contains the following APls:
. HAL_DSI_SetGenericVCIDRX()

. HAL_DSI_SetGenericVCIDTX()

. HAL_DSI_SetGenericVCID()

. HAL_DSI_ConfigVideoMode()
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. HAL_DSI_ConfigAdaptedCommandMode()
. HAL_DSI_ConfigCommand()

. HAL_DSI_ConfigFlowControl()

. HAL_DSI_ConfigPhyTimer()

. HAL_DSI_ConfigHostTimeouts()

. HAL_DSI_Start()

. HAL_DSI_Stop()

. HAL_DSI_Refresh()

. HAL_DSI_ColorMode()

. HAL_DSI_Shutdown()

. HAL_DSI_ShortWrite()

. HAL_DSI_LongWrite()

. HAL_DSI_Read()

. HAL_DSI_EnterULPMData()

. HAL_DSI_ExitULPMData()

. HAL_DSI_EnterULPM()

. HAL_DSI_ExitULPM()

. HAL_DSI_PatternGeneratorStart()
. HAL_DSI_PatternGeneratorStop()
. HAL_DSI_SetlLanePinsConfiguration()
. HAL_DSI_ForceTXStopMode()

23.25 Peripheral State and Errors functions

This subsection provides functions allowing to
. Check the DSI state.

. Get error code.

This section contains the following APlIs:

. HAL_DSI_GetState()

. HAL_DSI_GetError()

23.2.6 Detailed description of functions

HAL_DSI_Init
Function name
HAL_StatusTypeDef HAL_DSI_Init (DSI_HandleTypeDef * hdsi, DSI_PLLInitTypeDef * PLLInit)
Function description

Initializes the DSI according to the specified parameters in the DSI_InitTypeDef and create the associated

handle.
Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. PLLInit: pointer to a DSI_PLLInitTypeDef structure that contains the PLL Clock structure definition for the
DSI.

Return values
. HAL.: status

HAL_DSI_Delnit

Function name
HAL_StatusTypeDef HAL_DSI_Delnit (DSI_HandleTypeDef * hdsi)
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Function description

De-initializes the DSI peripheral registers to their default reset values.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values
. HAL.: status

HAL_DSI_Msplnit
Function name
void HAL_DSI_MsplInit (DSI_HandleTypeDef * hdsi)

Function description
Initializes the DSI MSP.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values

. None:

HAL_DSI_MspDelnit

Function name

void HAL_DSI_MspDelnit (DSI_HandleTypeDef * hdsi)
Function description

De-initializes the DSI MSP.
Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values

. None:

HAL_DSI_ConfigErrorMonitor

Function name
HAL_StatusTypeDef HAL_DSI_ConfigErrorMonitor (DSI_HandleTypeDef * hdsi, uint32_t ActiveErrors)

Function description
Enable the error monitor flags.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. ActiveErrors: indicates which error interrupts will be enabled. This parameter can be any combination of
- DSI_Error_Data_Type.

Return values
. HAL: status
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HAL_DSI_RegisterCallback

Function name
HAL_StatusTypeDef HAL_DSI_RegisterCallback (DSI_HandleTypeDef * hdsi,
HAL_DSI_CallbackiDTypeDef CallbackID, pDSI_CallbackTypeDef pCallback)
Function description

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

Parameters
. hdsi: dsi handle
. CallbacklID: ID of the callback to be registered This parameter can be one of the following values:
- HAL_DSI_TEARING_EFFECT_CB_ID Tearing Effect Callback ID
- HAL_DSI_ENDOF_REFRESH_CB_ID End Of Refresh Callback ID
- HAL_DSI_ERROR_CB_ID Error Callback ID
- HAL_DSI_MSPINIT_CB_ID Msplnit callback ID
- HAL_DSI_MSPDEINIT_CB_ID MspDelnit callback ID
. pCallback: pointer to the Callback function
Return values

. status:

HAL_DSI_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_DSI_UnRegisterCallback (DSI_HandleTypeDef * hdsi,
HAL_DSI_CallbackiDTypeDef CallbackID)

Function description

Unregister a DSI Callback DSI callback is redirected to the weak predefined callback.

Parameters

. hdsi: dsi handle

. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:
- HAL_DSI_TEARING_EFFECT_CB_ID Tearing Effect Callback ID
- HAL_DSI_ENDOF_REFRESH_CB_ID End Of Refresh Callback ID
- HAL_DSI_ERROR_CB_ID Error Callback ID
- HAL_DSI_MSPINIT_CB_ID Msplnit callback ID
- HAL_DSI_MSPDEINIT_CB_ID MspDelnit callback ID

Return values

. status:

HAL_DSI_IRQHandler

Function name
void HAL_DSI_IRQHandler (DSI_HandleTypeDef * hdsi)

Function description

Handles DSl interrupt request.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
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Return values
. HAL: status

HAL_DSI_TearingEffectCallback

Function name
void HAL_DSI_TearingEffectCallback (DSI_HandleTypeDef * hdsi)

Function description
Tearing Effect DSI callback.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values

. None:

HAL_DSI_EndOfRefreshCallback

Function name
void HAL_DSI_EndOfRefreshCallback (DSI_HandleTypeDef * hdsi)

Function description
End of Refresh DSI callback.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values

. None:

HAL_DSI_ErrorCallback
Function name
void HAL_DSI_ErrorCallback (DSI_HandleTypeDef * hdsi)
Function description
Operation Error DSI callback.
Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values

. None:

HAL_DSI_SetGenericVCIDRX

Function name

HAL_StatusTypeDef HAL_DSI_SetGenericVCIDRX (DSI_HandleTypeDef * hdsi, uint32_t
VirtualChannelldRx)

Function description

Configure the Generic interface read-back Virtual Channel ID.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. VirtualChannelldRx: Virtual channel ID
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Return values
. HAL: status

HAL_DSI_SetGenericVCIDTX

Function name

HAL_StatusTypeDef HAL_DSI_SetGenericVCIDTX (DSI_HandleTypeDef * hdsi, uint32_t
VirtualChannelldTx)

Function description
Configure the Virtual channel ID for transmission.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
VirtualChannelldTx: Virtual channel ID

Return values
. HAL: status

HAL_DSI_SetGenericVCID

Function name
HAL_StatusTypeDef HAL_DSI_SetGenericVCID (DSI_HandleTypeDef * hdsi, uint32_t VirtualChannellD)

Function description
Configure the Generic interface read-back Virtual Channel ID.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
VirtualChannellD: Virtual channel ID

Return values
. HAL: status

HAL_DSI_ConfigVideoMode

Function name

HAL_StatusTypeDef HAL_DSI_ConfigVideoMode (DSI_HandleTypeDef * hdsi, DSI_VidCfgTypeDef *
VidCfg)

Function description

Select video mode and configure the corresponding parameters.

Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. VidCfg: pointer to a DSI_VidCfgTypeDef structure that contains the DSI video mode configuration
parameters

Return values
. HAL.: status
HAL_DSI_ConfigAdaptedCommandMode

Function name

HAL_StatusTypeDef HAL_DSI_ConfigAdaptedCommandMode (DSI_HandleTypeDef * hdsi,
DSI_CmdCfgTypeDef * CmdCfg)
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Function description

Select adapted command mode and configure the corresponding parameters.

Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. CmdCfg: pointer to a DSI_CmdCfgTypeDef structure that contains the DSI command mode configuration
parameters

Return values
. HAL.: status

HAL_DSI_ConfigCommand

Function name

HAL_StatusTypeDef HAL_DSI_ConfigCommand (DSI_HandleTypeDef * hdsi, DSI_LPCmdTypeDef *
LPCmd)

Function description

Configure command transmission mode: High-speed or Low-power and enable/disable acknowledge request
after packet transmission.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

. LPCmd: pointer to a DSI_LPCmdTypeDef structure that contains the DSI command transmission mode
configuration parameters

Return values
. HAL: status

HAL_DSI_ConfigFlowControl

Function name
HAL_StatusTypeDef HAL_DSI_ConfigFlowControl (DSI_HandleTypeDef * hdsi, uint32_t FlowControl)

Function description

Configure the flow control parameters.

Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. FlowControl: flow control feature(s) to be enabled. This parameter can be any combination of
- DSI_FlowControl.
Return values
. HAL: status

HAL_DSI_ConfigPhyTimer

Function name

HAL_StatusTypeDef HAL_DSI_ConfigPhyTimer (DSI_HandleTypeDef * hdsi, DSI_PHY_TimerTypeDef *
PhyTimers)

Function description

Configure the DSI PHY timer parameters.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. PhyTimers: DSI_PHY_TimerTypeDef structure that contains the DSI PHY timing parameters
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Return values
. HAL: status

HAL_DSI_ConfigHostTimeouts

Function name

HAL_StatusTypeDef HAL_DSI_ConfigHostTimeouts (DSI_HandleTypeDef * hdsi,
DSI_HOST_TimeoutTypeDef * HostTimeouts)

Function description

Configure the DSI HOST timeout parameters.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. HostTimeouts: DSI_HOST_TimeoutTypeDef structure that contains the DSI host timeout parameters

Return values
. HAL: status

HAL_DSI_Start

Function name
HAL_StatusTypeDef HAL_DSI_Start (DSI_HandleTypeDef * hdsi)

Function description
Start the DSI module.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values
. HAL.: status

HAL_DSI_Stop

Function name
HAL_StatusTypeDef HAL_DSI_Stop (DSI_HandleTypeDef * hdsi)

Function description
Stop the DSI module.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values
. HAL.: status

HAL_DSI_Refresh

Function name
HAL_StatusTypeDef HAL_DSI_Refresh (DSI_HandleTypeDef * hdsi)

Function description

Refresh the display in command mode.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
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Return values
. HAL: status

HAL_DSI_ColorMode

Function name
HAL_StatusTypeDef HAL_DSI_ColorMode (DSI_HandleTypeDef * hdsi, uint32_t ColorMode)

Function description

Controls the display color mode in Video mode.

Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. ColorMode: Color mode (full or 8-colors). This parameter can be any value of
- DSI_Color_Mode
Return values
. HAL: status

HAL_DSI_Shutdown

Function name
HAL_StatusTypeDef HAL_DSI_Shutdown (DSI_HandleTypeDef * hdsi, uint32_t Shutdown)

Function description

Control the display shutdown in Video mode.

Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. Shutdown: Shut-down (Display-ON or Display-OFF). This parameter can be any value of
- DSI_ShutDown
Return values
. HAL: status

HAL_DSI_ShortWrite

Function name

HAL_StatusTypeDef HAL_DSI_ShortWrite (DSI_HandleTypeDef * hdsi, uint32_t ChannellD, uint32_t
Mode, uint32_t Param1, uint32_t Param2)

Function description

write short DCS or short Generic command

Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. ChannellD: Virtual channel ID.
. Mode: DSI short packet data type. This parameter can be any value of
- DSI_SHORT_WRITE_PKT_Data_Type.
. Param1: DSC command or first generic parameter. This parameter can be any value of
- DSI_DCS_Command or a generic command code.
. Param2: DSC parameter or second generic parameter.

Return values
. HAL.: status
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HAL_DSI_LongWrite

Function name

HAL_StatusTypeDef HAL_DSI_LongWrite (DSI_HandleTypeDef * hdsi, uint32_t ChannellD, uint32_t Mode,
uint32_t NbParams, uint32_t Param1, uint8_t * ParametersTable)

Function description

write long DCS or long Generic command

Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. ChannellD: Virtual channel ID.
. Mode: DSI long packet data type. This parameter can be any value of
- DSI_LONG_WRITE_PKT_Data_Type.
. NbParams: Number of parameters.
. Param1: DSC command or first generic parameter. This parameter can be any value of

- DSI_DCS_Command or a generic command code
. ParametersTable: Pointer to parameter values table.

Return values
. HAL.: status

HAL_DSI_Read

Function name

HAL_StatusTypeDef HAL_DSI_Read (DSI_HandleTypeDef * hdsi, uint32_t ChannelNbr, uint8_t * Array,
uint32_t Size, uint32_t Mode, uint32_t DCSCmd, uint8_t * ParametersTable)

Function description

Read command (DCS or generic)

Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. ChannelNbr: Virtual channel ID
. Array: pointer to a buffer to store the payload of a read back operation.
. Size: Data size to be read (in byte).
. Mode: DSI read packet data type. This parameter can be any value of

- DSI_SHORT_READ_PKT_Data_Type.
. DCSCmd: DCS get/read command.
. ParametersTable: Pointer to parameter values table.

Return values
. HAL: status

HAL_DSI_EnterULPMData

Function name
HAL_StatusTypeDef HAL_DSI_EnterULPMData (DSI_HandleTypeDef * hdsi)

Function description
Enter the ULPM (Ultra Low Power Mode) with the D-PHY PLL running (only data lanes are in ULPM)

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
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Return values
. HAL: status

HAL_DSI_ExitULPMData

Function name
HAL_StatusTypeDef HAL_DSI_ExitULPMData (DSI_HandleTypeDef * hdsi)

Function description
Exit the ULPM (Ultra Low Power Mode) with the D-PHY PLL running (only data lanes are in ULPM)

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values
. HAL: status

HAL_DSI_EnterULPM

Function name
HAL_StatusTypeDef HAL_DSI_EnterULPM (DSI_HandleTypeDef * hdsi)

Function description

Enter the ULPM (Ultra Low Power Mode) with the D-PHY PLL turned off (both data and clock lanes are in
ULPM)

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values
. HAL.: status

HAL_DSI_ExitULPM

Function name
HAL_StatusTypeDef HAL_DSI_ExitULPM (DSI_HandleTypeDef * hdsi)

Function description
Exit the ULPM (Ultra Low Power Mode) with the D-PHY PLL turned off (both data and clock lanes are in ULPM)

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values
. HAL.: status

HAL_DSI_PatternGeneratorStart

Function name

HAL_StatusTypeDef HAL_DSI_PatternGeneratorStart (DSI_HandleTypeDef * hdsi, uint32_t Mode, uint32_t
Orientation)

Function description

Start test pattern generation.
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Parameters
. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. Mode: Pattern generator mode This parameter can be one of the following values: 0 : Color bars
(horizontal or vertical) 1 : BER pattern (vertical only)
. Orientation: Pattern generator orientation This parameter can be one of the following values: 0 : Vertical

color bars 1 : Horizontal color bars

Return values
. HAL: status

HAL_DSI_PatternGeneratorStop

Function name
HAL_StatusTypeDef HAL_DSI_PatternGeneratorStop (DSI_HandleTypeDef * hdsi)

Function description

Stop test pattern generation.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values
. HAL: status

HAL_DSI_SetLanePinsConfiguration

Function name

HAL_StatusTypeDef HAL_DSI_SetLanePinsConfiguration (DSI_HandleTypeDef * hdsi, uint32_t
CustomLane, uint32_t Lane, FunctionalState State)

Function description

Custom lane pins configuration.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. CustomLane: Function to be applied on selected lane. This parameter can be any value of
- DSI_CustomLane
. Lane: select between clock or data lane 0 or data lane 1. This parameter can be any value of
- DSI_Lane_Select
. State: ENABLE or DISABLE

Return values
. HAL.: status

HAL_DSI_ForceTXStopMode

Function name

HAL_StatusTypeDef HAL_DSI_ForceTXStopMode (DSI_HandleTypeDef * hdsi, uint32_t Lane,
FunctionalState State)

Function description
Force the Clock/Data Lane in TX Stop Mode.
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Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
. Lane: select between clock or data lanes. This parameter can be any value of

- DSI_Lane_Group
. State: ENABLE or DISABLE

Return values
. HAL.: status
HAL_DSI_GetError

Function name
uint32_t HAL_DSI_GetError (DSI_HandleTypeDef * hdsi)

Function description

Return the DSI error code.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.
Return values
. DSI: Error Code
HAL_DSI_GetState

Function name
HAL_DSI_StateTypeDef HAL_DSI_GetState (DSI_HandleTypeDef * hdsi)

Function description
Return the DSI state.

Parameters

. hdsi: pointer to a DSI_HandleTypeDef structure that contains the configuration information for the DSI.

Return values
. HAL: state

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

23.31 DSl
DSl
DSI Acknowledge Request

DSI_ACKNOWLEDGE_DISABLE

DSI_ACKNOWLEDGE_ENABLE

DSI Automatic Refresh
DSI_AR_DISABLE

DSI_AR_ENABLE

DSI Automatic Clk Lane Control
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DSI_AUTO_CLK_LANE_CTRL_DISABLE

DSI_AUTO_CLK_LANE_CTRL_ENABLE

DSI Color Coding

DSI_RGB565
The values 0x00000001 and 0x00000002 can also be used for the RGB565 color mode configuration

DSI_RGB666
The value 0x00000004 can also be used for the RGB666 color mode configuration

DSI_RGB888

DSI Color Mode
DSI_COLOR_MODE_FULL
DSI_COLOR_MODE_EIGHT

DSI CustomLane
DSI_SWAP_LANE_PINS

DSI DATA ENABLE Polarity
DSI_DATA_ENABLE_ACTIVE_HIGH
DSI_DATA_ENABLE_ACTIVE_LOW

DSI DCS Command
DSI_ENTER_IDLE_MODE
DSI_ENTER_INVERT_MODE
DSI_ENTER_NORMAL_MODE
DSI_ENTER_PARTIAL_MODE
DSI_ENTER_SLEEP_MODE
DSI_EXIT_IDLE_MODE
DSI_EXIT_INVERT_MODE
DSI_EXIT_SLEEP_MODE
DSI_GET_3D_CONTROL
DSI_GET_ADDRESS_MODE
DSI_GET_BLUE_CHANNEL

DSI_GET_DIAGNOSTIC_RESULT
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DSI_GET_DISPLAY_MODE

DSI_GET_GREEN_CHANNEL
DSI_GET_PIXEL_FORMAT
DSI_GET_POWER_MODE
DSI_GET_RED_CHANNEL
DSI_GET_SCANLINE
DSI_GET_SIGNAL_MODE
DSI_NOP
DSI_READ_DDB_CONTINUE
DSI_READ_DDB_START
DSI_READ_MEMORY_CONTINUE
DSI_READ_MEMORY_START
DSI_SET_3D_CONTROL
DSI_SET_ADDRESS_MODE
DSI_SET_COLUMN_ADDRESS
DSI_SET_DISPLAY_OFF
DSI_SET_DISPLAY_ON
DSI_SET_GAMMA_CURVE
DSI_SET_PAGE_ADDRESS
DSI_SET_PARTIAL_COLUMNS
DSI_SET_PARTIAL_ROWS
DSI_SET_PIXEL_FORMAT
DSI_SET_SCROLL_AREA
DSI_SET_SCROLL_START
DSI_SET_TEAR_OFF
DSI_SET_TEAR_ON
DSI_SET_TEAR_SCANLINE

DSI_SET_VSYNC_TIMING
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DSI_SOFT_RESET

DSI_WRITE_LUT
DSI_WRITE_MEMORY_CONTINUE

DSI_WRITE_MEMORY_START

DSI D-PHY Slew rate

DSI_DPHY_SLEW_HS_TX_SPEED
80-750Mbits/s

DSI DPHY VCO Frequency Range

DSI_DPHY_VCO_FRANGE_500MHZ_800MHZ
500-800 MHz

DSI_DPHY_VCO_FRANGE_800MHZ_1GHZ
800-1000 MHz

DSI Error Data Type
HAL_DSI_ERROR_NONE

HAL_DSI_ERROR_ACK
Acknowledge errors
HAL_DSI_ERROR_PHY

PHY related errors

HAL_DSI_ERROR_TX
Transmission error

HAL_DSI_ERROR_RX

Reception error
HAL_DSI_ERROR_ECC

ECC errors
HAL_DSI_ERROR_CRC

CRC error
HAL_DSI_ERROR_PSE

Packet Size error
HAL_DSI_ERROR_EOT

End Of Transmission error

HAL_DSI_ERROR_OVF
FIFO overflow error

HAL_DSI_ERROR_GEN

Generic FIFO related errors

HAL_DSI_ERROR_PBU

Payload Buffer Underflow error
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HAL_DSI_ERROR_INVALID_CALLBACK
DSl Invalid Callback error

DSI Exported Macros

_ HAL_DSI_RESET_HANDLE_STATE
Description:
. Reset DSI handle state.
Parameters:
. __HANDLE__: DSI handle
Return value:
. None

__HAL_DSI_ENABLE

Description:

. Enables the DSI host.
Parameters:

. __HANDLE__: DSl handle

Return value:
. None.

__HAL_DSI_DISABLE

Description:

. Disables the DSI host.
Parameters:

. __HANDLE__: DSI handle

Return value:
. None.

__HAL_DSI_WRAPPER_ENABLE

Description:

. Enables the DSI wrapper.
Parameters:

. __HANDLE__: DSI handle

Return value:
. None.

__HAL_DSI_WRAPPER_DISABLE

Description:

. Disable the DSI wrapper.
Parameters:

. __HANDLE__: DSI handle

Return value:
. None.
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__HAL_DSI_PLL_ENABLE

Description:

. Enables the DSI PLL.
Parameters:

. __HANDLE__: DSl handle

Return value:
. None.

__HAL_DSI_PLL_DISABLE

Description:

. Disables the DSI PLL.
Parameters:

. __HANDLE__: DSl handle

Return value:
. None.
__HAL_DSI_GET_FLAG

Description:
. Get the DSI pending flags.

Parameters:
. _ _HANDLE__: DSI handle.
. __FLAG__: Get the specified flag. This parameter can be any combination of the following values:

- DSI_FLAG_TE : Tearing Effect Interrupt Flag

- DSI_FLAG_ER : End of Refresh Interrupt Flag

- DSI_FLAG_BUSY : Busy Flag

- DSI_FLAG_PLLLS: PLL Lock Status

- DSI_FLAG_PLLL : PLL Lock Interrupt Flag

- DSI_FLAG_PLLU : PLL Unlock Interrupt Flag

- DSI_FLAG_RRS : Regulator Ready Flag

- DSI_FLAG_RR : Regulator Ready Interrupt Flag
Return value:
. The: state of FLAG (SET or RESET).

__HAL_DSI_CLEAR_FLAG

Description:
. Clears the DSI pending flags.
Parameters:
. _ HANDLE__: DSI handle.
. __FLAG__: specifies the flag to clear. This parameter can be any combination of the following values:
- DSI_FLAG_TE : Tearing Effect Interrupt Flag
- DSI_FLAG_ER : End of Refresh Interrupt Flag
- DSI_FLAG_PLLL : PLL Lock Interrupt Flag
- DSI_FLAG_PLLU : PLL Unlock Interrupt Flag
- DSI_FLAG_RR : Regulator Ready Interrupt Flag
Return value:
. None
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__HAL_DSI_ENABLE_IT

Description:

. Enables the specified DSI interrupts.
Parameters:

. __HANDLE__: DSI handle.

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

- DSI_IT_TE : Tearing Effect Interrupt

- DSI_IT_ER: End of Refresh Interrupt

- DSI_IT_PLLL: PLL Lock Interrupt

- DSI_IT_PLLU: PLL Unlock Interrupt

- DSI_IT_RR : Regulator Ready Interrupt
Return value:

. None

__HAL_DSI_DISABLE_IT

Description:

. Disables the specified DSI interrupts.
Parameters:

. __HANDLE__: DSI handle

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

- DSI_IT_TE : Tearing Effect Interrupt
- DSI_IT_ER : End of Refresh Interrupt
- DSI_IT_PLLL: PLL Lock Interrupt
- DSI_IT_PLLU: PLL Unlock Interrupt
- DSI_IT_RR : Regulator Ready Interrupt
Return value:
. None

__HAL_DSI_GET_IT_SOURCE

Description:

. Checks whether the specified DSI interrupt source is enabled or not.

Parameters:

. _ _HANDLE__ : DSl handle

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

- DSI_IT_TE : Tearing Effect Interrupt
- DSI_IT_ER : End of Refresh Interrupt
- DSI_IT_PLLL: PLL Lock Interrupt
- DSI_IT_PLLU: PLL Unlock Interrupt
- DSI_IT_RR : Regulator Ready Interrupt
Return value:
. The: state of INTERRUPT (SET or RESET).

DSI FBTA Acknowledge
DSI_FBTAA_DISABLE

DSI_FBTAA_ENABLE
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DSI Flags

DSI_FLAG_TE
DSI_FLAG_ER
DSI_FLAG_BUSY
DSI_FLAG_PLLLS
DSI_FLAG_PLLL
DSI_FLAG_PLLU

DSI Flow Control
DSI_FLOW_CONTROL_EOTP_TX_LP
DSI_FLOW_CONTROL_CRC_RX
DSI_FLOW_CONTROL_ECC_RX
DSI_FLOW_CONTROL_BTA
DSI_FLOW_CONTROL_EOTP_RX
DSI_FLOW_CONTROL_EOTP_TX
DSI_FLOW_CONTROL_ALL

DSI HSYNC Polarity
DSI_HSYNC_ACTIVE_HIGH
DSI_HSYNC_ACTIVE_LOW

DSI HS Prepare Offset

DSI_HS_PREPARE_OFFSETO0
100-120 & 120-160 & 240-320 MHz

DSI_HS_PREPARE_OFFSET1
80-100 & 160-200 & 200-240 & 320-390 MHz

DSI_HS_PREPARE_OFFSET2
390-450 & 450-510 MHz

DSI HS Presp Mode
DSI_HS_PM_DISABLE

DSI_HS_PM_ENABLE

DSI Interrupts
DSLIT_TE
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DSI_IT_ER

DSI_IT_PLLL
DSIL_IT_PLLU

DSI Lane Group
DSI_CLOCK_LANE
DSI_DATA_LANES

DSI Lane Select
DSI_CLK_LANE
DSI_DATA_LANEO
DSI_DATA_LANE1

DSI LONG WRITE PKT Data Type

DSI_DCS_LONG_PKT_WRITE
DCS long write

DSI_GEN_LONG_PKT_WRITE

Generic long write

DSI Loosely Packed
DSI_LOOSELY_PACKED_ENABLE

DSI_LOOSELY_PACKED_DISABLE

DSI LP Command
DSI_LP_COMMAND_DISABLE
DSI_LP_COMMAND_ENABLE

DSI LP HBP
DSI_LP_HBP_DISABLE
DSI_LP_HBP_ENABLE

DSI LP HFP
DSI_LP_HFP_DISABLE
DSI_LP_HFP_ENABLE

DSI LP LPDcs Long Write
DSI_LP_DLW_DISABLE
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DSI_LP_DLW_ENABLE

DSI LP LPDcs Short Read NoP
DSI_LP_DSROP_DISABLE

DSI_LP_DSROP_ENABLE

DSI LP LPDcs Short Write NoP
DSI_LP_DSWOP_DISABLE
DSI_LP_DSWOP_ENABLE

DSI LP LPDcs Short Write OneP
DSI_LP_DSW1P_DISABLE
DSI_LP_DSW1P_ENABLE

DSI LP LPGen LongWrite
DSI_LP_GLW_DISABLE
DSI_LP_GLW_ENABLE

DSI LP LPGen Short Read NoP
DSI_LP_GSROP_DISABLE
DSI_LP_GSROP_ENABLE

DSI LP LPGen Short Read OneP
DSI_LP_GSR1P_DISABLE
DSI_LP_GSR1P_ENABLE

DSI LP LPGen Short Read TwoP
DSI_LP_GSR2P_DISABLE
DSI_LP_GSR2P_ENABLE

DSI LP LPGen Short Write NoP
DSI_LP_GSWO0P_DISABLE
DSI_LP_GSWOP_ENABLE

DSI LP LPGen Short Write OneP
DSI_LP_GSW1P_DISABLE

DSI_LP_GSW1P_ENABLE
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DSI LP LPGen Short Write TwoP

DSI_LP_GSW2P_DISABLE
DSI_LP_GSW2P_ENABLE

DSI LP LPMax Read Packet
DSI_LP_MRDP_DISABLE
DSI_LP_MRDP_ENABLE

DSILP VACT
DSI_LP_VACT_DISABLE
DSI_LP_VACT_ENABLE

DSI LP VBP
DSI_LP_VBP_DISABLE
DSI_LP_VBP_ENABLE

DSI LP VFP
DSI_LP_VFP_DISABLE
DSI_LP_VFP_ENABLE

DSILP VSYNC
DSI_LP_VSYNC_DISABLE
DSI_LP_VSYNC_ENABLE

DSI Number Of Lanes
DSI_ONE_DATA_LANE
DSI_TWO_DATA_LANES

DSI DPHY Frequency Range

DSI_DPHY_FRANGE_80MHZ_100MHZ
80-100 MHz

DSI_DPHY_FRANGE_100MHZ_120MHZ
100-120 MHz

DSI_DPHY_FRANGE_120MHZ_160MHZ
120-160 MHz

DSI_DPHY_FRANGE_160MHZ_200MHZ
160-200 MHz
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DSI_DPHY_FRANGE_200MHZ_240MHZ
200-240 MHz

DSI_DPHY_FRANGE_240MHZ_320MHZ
240-320 MHz

DSI_DPHY_FRANGE_320MHZ_390MHZ
320-390 MHz

DSI_DPHY_FRANGE_390MHZ_450MHZ
390-450 MHz

DS|_DPHY_FRANGE_450MHZ_510MHZ
450-510 MHz

DSI PHY Low Power Offset
PHY_LP_OFFSSET_0_CLKP

PHY_LP_OFFSSET_1_CLKP
PHY_LP_OFFSSET_2_CLKP
PHY_LP_OFFSSET_3_CLKP
PHY_LP_OFFSSET_4_CLKP
PHY_LP_OFFSSET_5_CLKP
PHY_LP_OFFSSET_6_CLKP
PHY_LP_OFFSSET_7_CLKP
PHY_LP_OFFSSET_MINUS_1_CLKP
PHY_LP_OFFSSET_MINUS_2_CLKP
PHY_LP_OFFSSET_MINUS_3_CLKP
PHY_LP_OFFSSET_MINUS_4_CLKP
PHY_LP_OFFSSET_MINUS_5_CLKP
PHY_LP_OFFSSET_MINUS_6_CLKP
PHY_LP_OFFSSET_MINUS_7_CLKP
PHY_LP_OFFSSET_MINUS_8_CLKP

DSI PLL Charge pump

DSI_PLL_CHARGE_PUMP_2000HZ_4400HZ
2.0t0 4.4 MHz

DSI_PLL_CHARGE_PUMP_4400HZ_14100HZ
4.4 to 14.1 MHz
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DSI_PLL_CHARGE_PUMP_14100HZ_30900HZ
14.1 to 30.9 MHz

DSI_PLL_CHARGE_PUMP_30900HZ_45700HZ
30.9 to 45.7 MHz

DSI_PLL_CHARGE_PUMP_45700HZ_50000HZ
45.7 to 50 MHz

DSI PLL IDF
DSI_PLL_IN_DIV1

DSI_PLL_IN_DIV2
DSI_PLL_IN_DIV3
DSI_PLL_IN_DIV4
DSI_PLL_IN_DIV5
DSI_PLL_IN_DIV6
DSI_PLL_IN_DIV7

DSI PLL ODF
DSI_PLL_OUT_DIV1
DSI_PLL_OUT_DIV2
DSI_PLL_OUT_DIV3
DSI_PLL_OUT_DIV4
DSI_PLL_OUT_DIV5
DSI_PLL_OUT_DIV6
DSI_PLL_OUT_DIV7
DSI_PLL_OUT_DIV8
DSI_PLL_OUT_DIV9

DSI PLL Tuning

DSI_PLL_LOOP_FILTER_2000HZ_4400HZ
2.0 to 4.4 MHz

DSI_PLL_LOOP_FILTER_4400HZ_30900HZ
4.4 10 30.9 MHz

DSI_PLL_LOOP_FILTER_30900HZ_50000HZ
30.9 to 50 MHz

DSI SHORT READ PKT Data Type
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DSI_DCS_SHORT_PKT_READ
DCS short read

DSI_GEN_SHORT_PKT_READ_P0

Generic short read, no parameters

DSI_GEN_SHORT_PKT_READ_P1

Generic short read, one parameter

DSI_GEN_SHORT_PKT_READ_P2

Generic short read, two parameters

DSI SHORT WRITE PKT Data Type
DSI_DCS_SHORT_PKT_WRITE_P0

DCS short write, no parameters

DSI_DCS_SHORT_PKT_WRITE_P1

DCS short write, one parameter

DSI_GEN_SHORT_PKT_WRITE_P0

Generic short write, no parameters

DSI_GEN_SHORT_PKT_WRITE_P1

Generic short write, one parameter

DSI_GEN_SHORT_PKT_WRITE_P2

Generic short write, two parameters

DSI ShutDown
DSI_DISPLAY_ON

DSI_DISPLAY_OFF

DSl Tearing Effect Polarity
DSI_TE_RISING_EDGE
DSI_TE_FALLING_EDGE

DSl Tearing Effect Source
DSI_TE_DSILINK
DSI_TE_EXTERNAL

DSI TE Acknowledge Request
DSI_TE_ACKNOWLEDGE_DISABLE
DSI_TE_ACKNOWLEDGE_ENABLE

DSI Video Mode Type
DSI_VID_MODE_NB_PULSES

UM2911 - Rev 4 page 406/3822



‘,_l UM2911

HAL DSI Generic Driver

DSI_VID_MODE_NB_EVENTS
DSI_VID_MODE_BURST

DSI VSYNC Active Polarity
DSI_VSYNC_ACTIVE_HIGH
DSI_VSYNC_ACTIVE_LOW

DSI Vsync Polarity
DSI_VSYNC_FALLING

DSI_VSYNC_RISING
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24 HAL EXTI Generic Driver
241 EXTI Firmware driver registers structures
2411 EXTI_HandleTypeDef
EXTI_HandleTypeDef is defined in the stm32u5xx_hal_exti.h
Data Fields

. uint32_t Line

. void(* RisingCallback
. void(* FallingCallback
Field Documentation

. uint32_t EXTI_HandleTypeDef::Line
Exti line number

. void(* EXTI_HandleTypeDef::RisingCallback)(void)
Exti rising callback

. void(* EXTI_HandleTypeDef::FallingCallback)(void)
Exti falling callback

241.2 EXTI_ConfigTypeDef
EXTI_ConfigTypeDef is defined in the stm32u5xx_hal_exti.h
Data Fields
. uint32_t Line
. uint32_t Mode
. uint32_t Trigger
. uint32_t GPIOSel
Field Documentation

. uint32_t EXTI_ConfigTypeDef::Line
The Exti line to be configured. This parameter can be a value of EXTI_Line

. uint32_t EXTI_ConfigTypeDef::Mode
The Exit Mode to be configured for a core. This parameter can be a combination of EXTI_Mode
. uint32_t EXTI_ConfigTypeDef::Trigger
The Exti Trigger to be configured. This parameter can be a value of EXTI_Trigger
. uint32_t EXTI_ConfigTypeDef::GPIOSel
The Exti GPIO multiplexer selection to be configured. This parameter is only possible for line 0 to 15. It can
be a value of EXTI_GPIOSel

24.2 EXTI Firmware driver APl description
The following section lists the various functions of the EXTI library.
24.21 EXTI Peripheral features
. Each Exti line can be configured within this driver.
. Exti line can be configured in 3 different modes
— Interrupt
- Event
- Both of them
. Configurable Exti lines can be configured with 3 different triggers
- Rising
- Falling

- Both of them
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. When set in interrupt mode, configurable Exti lines have two diffenrents interrupt pending registers which
allow to distinguish which transition occurs:

- Rising edge pending interrupt

- Falling
. Exti lines 0 to 15 are linked to gpio pin number 0 to 15. Gpio port can be selected through multiplexer.
24.2.2 How to use this driver

1. Configure the EXTI line using HAL_EXTI_SetConfigLine().
- Choose the interrupt line number by setting "Line" member from EXTI_ConfigTypeDef structure.
- Configure the interrupt and/or event mode using "Mode" member from EXTI_ConfigTypeDef structure.

- For configurable lines, configure rising and/or falling trigger "Trigger" member from EXTI_ConfigTypeDef
structure.

- For Exti lines linked to gpio, choose gpio port using "GPIOSel" member from GPIO_InitTypeDef
structure.

2. Get current Exti configuration of a dedicated line using HAL_EXTI_GetConfigLine().
- Provide exiting handle as parameter.
- Provide pointer on EXTI_ConfigTypeDef structure as second parameter.

3. Clear Exti configuration of a dedicated line using HAL_EXTI_GetConfigLine().
- Provide exiting handle as parameter.

4. Register callback to treat Exti interrupts using HAL_EXTI_RegisterCallback().
- Provide exiting handle as first parameter.
- Provide which callback will be registered using one value from EXTI_CallbacklDTypeDef.
- Provide callback function pointer.

5. Get interrupt pending bit using HAL_EXTI_GetPending().

Clear interrupt pending bit using HAL_EXTI_GetPending().

7. Generate software interrupt using HAL_EXTI_GenerateSWI().

o

24.2.3 EXTI attributes functions

This section contains the following APlIs:

. HAL_EXTI_ConfigLineAttributes()

. HAL_EXTI_GetConfigLineAttributes()
. HAL_EXTI_LockAttributes()

. HAL_EXTI_GetLockAttributes()

2424 Configuration functions

This section contains the following APlIs:
. HAL_EXTI_SetConfigLine()

. HAL_EXTI_GetConfigLine()

. HAL_EXTI_ClearConfigLine()

. HAL_EXTI_RegisterCallback()
. HAL_EXTI_GetHandle()

24.2.5 Detailed description of functions

HAL_EXTI_SetConfigLine

Function name

HAL_StatusTypeDef HAL_EXTI_SetConfigLine (EXTI_HandleTypeDef * hexti, EXTI_ConfigTypeDef *
pExtiConfig)
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Function description

Set configuration of a dedicated Exti line.

Parameters

. hexti: Exti handle.

. pExtiConfig: Pointer on EXTI configuration to be set.
Return values

. HAL: Status.

HAL_EXTI_GetConfigLine

Function name

HAL_StatusTypeDef HAL_EXTI_GetConfigLine (EXTI_HandleTypeDef * hexti, EXTI_ConfigTypeDef *
pExtiConfig)

Function description
Get configuration of a dedicated Exti line.

Parameters

. hexti: Exti handle.
. pExtiConfig: Pointer on structure to store Exti configuration.

Return values
. HAL: Status.

HAL_EXTI_ClearConfigLine

Function name
HAL_StatusTypeDef HAL_EXTI_ClearConfigLine (const EXTI_HandleTypeDef * hexti)

Function description

Clear whole configuration of a dedicated Exti line.

Parameters

. hexti: Exti handle.

Return values
. HAL: Status.

HAL_EXTI_RegisterCallback

Function name

HAL_StatusTypeDef HAL_EXTI_RegisterCallback (EXTI_HandleTypeDef * hexti, EXTI_CallbacklDTypeDef
CallbacklID, void(*)(void) pPendingCbfn)

Function description

Register callback for a dedicaated Exti line.

Parameters
. hexti: Exti handle.

. CallbacklD: User callback identifier. This parameter can be one of
- EXTI_CallbacklDTypeDef values.
. pPendingCbfn: function pointer to be stored as callback.

Return values
. HAL: Status.
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HAL_EXTI_GetHandle

Function name
HAL_StatusTypeDef HAL_EXTI_GetHandle (EXTI_HandleTypeDef * hexti, uint32_t ExtiLine)

Function description

Store line number as handle private field.

Parameters

. hexti: Exti handle.
. ExtiLine: Exti line number. This parameter can be from 0 to EXTI_LINE_NB.

Return values
. HAL: Status.

HAL_EXTI_IRQHandler

Function name
void HAL_EXTI_IRQHandler (const EXTI_HandleTypeDef * hexti)

Function description

Handle EXTI interrupt request.

Parameters

. hexti: Exti handle.

Return values

M none.:

HAL_EXTI_GetPending

Function name
uint32_t HAL_EXTI_GetPending (const EXTI_HandleTypeDef * hexti, uint32_t Edge)

Function description

Get interrupt pending bit of a dedicated line.

Parameters

. hexti: Exti handle.

. Edge: Specify which pending edge as to be checked. This parameter can be one of the following values:
- EXTI_TRIGGER_RISING
- EXTI_TRIGGER_FALLING

Return values
. 1: if interrupt is pending else 0.
HAL_EXTI_ClearPending

Function name
void HAL_EXTI_ClearPending (const EXTI_HandleTypeDef * hexti, uint32_t Edge)

Function description

Clear interrupt pending bit of a dedicated line.
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Parameters

. hexti: Exti handle.
. Edge: Specify which pending edge as to be clear. This parameter can be one of the following values:
- EXTI_TRIGGER_RISING
- EXTI_TRIGGER_FALLING
Return values

. None.:

HAL_EXTI_GenerateSWI

Function name
void HAL_EXTI_GenerateSWI (const EXTI_HandleTypeDef * hexti)

Function description

Generate a software interrupt for a dedicated line.

Parameters

. hexti: Exti handle.

Return values

. None.:

HAL_EXTI_ConfigLineAttributes

Function name
void HAL_EXTI_ConfigLineAttributes (uint32_t ExtiLine, uint32_t LineAttributes)

Function description
Configure the EXTI line attribute(s).

Parameters

. ExtiLine: Exti line number. This parameter can be from 0 to EXTI_LINE_NB.
. LineAttributes: can be one or a combination of the following values:

- EXTI_LINE_PRIV Privileged-only access

- EXTI_LINE_NPRIV Privileged/Non-privileged access

- EXTI_LINE_SEC Secure-only access

- EXTI_LINE_NSEC Secure/Non-secure access

Return values

B None:
Notes
. Available attributes are to secure EXTI line and set EXT line as privileged. Default state is not secure and
unprivileged access allowed.
. Secure and non-secure attributes can only be set from the secure state when the system implements the
security (TZEN=1).
. Security and privilege attributes can be set independently.

HAL_EXTI_GetConfigLineAttributes

Function name
HAL_StatusTypeDef HAL_EXTI_GetConfigLineAttributes (uint32_t ExtiLine, uint32_t * pLineAttributes)

Function description
Get the EXTI line attribute(s).
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Parameters

. ExtiLine: Exti line number. This parameter can be from 0 to EXTI_LINE_NB.
. pLineAttributes: pointer to return line attributes.

Return values
. HAL: Status.

Notes

. Secure and non-secure attributes are only available from secure state when the system implements the
security (TZEN=1)

HAL_EXTI_LockAttributes

Function name
void HAL_EXTI_LockAttributes (void )

Function description

Lock the secure and privilege configuration registers.

Return values

. None:

HAL_EXTI_GetLockAttributes

Function name
uint32_t HAL_EXTI_GetLockAttributes (void )

Function description

Return the secure and privilege configuration registers LOCK status.

Return values

. 1: if the secure and privilege configuration registers have been locked else 0.

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

24.31 EXTI
EXTI
EXTI GPIOSel

EXTI_GPIOA
EXTI_GPIOB
EXTI_GPIOC
EXTI_GPIOD
EXTI_GPIOE
EXTI_GPIOF
EXTI_GPIOG

EXTI_GPIOH
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EXTI_GPIOI

EXTI_GPIOJ
EXTI Line

EXTI_LINE_0
EXTI_LINE_1
EXTI_LINE_2
EXTI_LINE_3
EXTI_LINE_4
EXTI_LINE_5
EXTI_LINE_6
EXTI_LINE_7
EXTI_LINE_8
EXTI_LINE_9
EXTI_LINE_10
EXTI_LINE_11
EXTI_LINE_12
EXTI_LINE_13
EXTI_LINE_14
EXTI_LINE_15
EXTI_LINE_16
EXTI_LINE_17
EXTI_LINE_18
EXTI_LINE_19
EXTI_LINE_20
EXTI_LINE_21
EXTI_LINE_22
EXTI_LINE_23

EXTI_LINE_24
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EXTI_LINE_25

EXTI line attributes
EXTI_LINE_SEC

< Secure line attribute Non-secure line attribute

EXTI_LINE_NSEC

EXTI_LINE_PRIV

< Privileged line attribute Non-privileged line attribute

EXTI_LINE_NPRIV

EXTI Mode
EXTI_MODE_NONE
EXTI_MODE_INTERRUPT
EXTI_MODE_EVENT

EXTI Trigger
EXTI_TRIGGER_NONE
EXTI_TRIGGER_RISING
EXTI_TRIGGER_FALLING

EXTI_TRIGGER_RISING_FALLING
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25 HAL FDCAN Generic Driver
25.1 FDCAN Firmware driver registers structures
25.1.1 FDCAN_InitTypeDef
FDCAN_InitTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t ClockDivider
. uint32_t FrameFormat
. uint32_t Mode
. FunctionalState AutoRetransmission
. FunctionalState TransmitPause
. FunctionalState ProtocolException
. uint32_t NominalPrescaler

. uint32_t NominalSyncJumpWidth
. uint32_t NominalTimeSeg1

. uint32_t NominalTimeSeg2

. uint32_t DataPrescaler

. uint32_t DataSyncJumpWidth
. uint32_t DataTimeSeg1

. uint32_t DataTimeSeg2

. uint32_t StdFiltersNbr

. uint32_t ExtFiltersNbr

. uint32_t TxFifoQueueMode
Field Documentation

. uint32_t FDCAN_InitTypeDef::ClockDivider
Specifies the FDCAN kernel clock divider. The clock is common to all FDCAN instances. This parameter is
applied only at initialisation of first FDCAN instance. This parameter can be a value of
FDCAN_clock_divider.
. uint32_t FDCAN_InitTypeDef::FrameFormat
Specifies the FDCAN frame format. This parameter can be a value of FDCAN_frame_format
. uint32_t FDCAN_InitTypeDef::Mode
Specifies the FDCAN mode. This parameter can be a value of FDCAN_operating_mode
. FunctionalState FDCAN_InitTypeDef::AutoRetransmission
Enable or disable the automatic retransmission mode. This parameter can be set to ENABLE or DISABLE
. FunctionalState FDCAN_InitTypeDef::TransmitPause
Enable or disable the Transmit Pause feature. This parameter can be set to ENABLE or DISABLE
. FunctionalState FDCAN_InitTypeDef::ProtocolException
Enable or disable the Protocol Exception Handling. This parameter can be set to ENABLE or DISABLE
. uint32_t FDCAN_InitTypeDef::NominalPrescaler
Specifies the value by which the oscillator frequency is divided for generating the nominal bit time quanta.
This parameter must be a number between 1 and 512
. uint32_t FDCAN_InitTypeDef::NominalSyncJumpWidth
Specifies the maximum number of time quanta the FDCAN hardware is allowed to lengthen or shorten a bit
to perform resynchronization. This parameter must be a number between 1 and 128
. uint32_t FDCAN_InitTypeDef::NominalTimeSeg1
Specifies the number of time quanta in Bit Segment 1. This parameter must be a number between 2 and
256
. uint32_t FDCAN_InitTypeDef::NominalTimeSeg2
Specifies the number of time quanta in Bit Segment 2. This parameter must be a number between 2 and
128
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. uint32_t FDCAN_InitTypeDef::DataPrescaler
Specifies the value by which the oscillator frequency is divided for generating the data bit time quanta. This
parameter must be a number between 1 and 32

. uint32_t FDCAN_InitTypeDef::DataSyncJumpWidth
Specifies the maximum number of time quanta the FDCAN hardware is allowed to lengthen or shorten a
data bit to perform resynchronization. This parameter must be a number between 1 and 16

. uint32_t FDCAN_InitTypeDef::DataTimeSeg1
Specifies the number of time quanta in Data Bit Segment 1. This parameter must be a number between 1
and 32

. uint32_t FDCAN_InitTypeDef::DataTimeSeg2
Specifies the number of time quanta in Data Bit Segment 2. This parameter must be a number between 1
and 16

. uint32_t FDCAN_InitTypeDef::StdFiltersNbr

Specifies the number of standard Message ID filters. This parameter must be a number between 0 and 28
. uint32_t FDCAN_InitTypeDef::ExtFiltersNbr

Specifies the number of extended Message ID filters. This parameter must be a number between 0 and 8

. uint32_t FDCAN_InitTypeDef::TxFifoQueueMode
Tx FIFO/Queue Mode selection. This parameter can be a value of FDCAN_txFifoQueue_Mode

251.2 FDCAN_FilterTypeDef
FDCAN_FilterTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t IdType
. uint32_t FilterIndex
. uint32_t FilterType
. uint32_t FilterConfig
. uint32_t FilterID1
. uint32_t FilterID2
Field Documentation

. uint32_t FDCAN_FilterTypeDef::ldType
Specifies the identifier type. This parameter can be a value of FDCAN_id_type

. uint32_t FDCAN_FilterTypeDef::FilterIndex
Specifies the filter which will be initialized. This parameter must be a number between:

- 0and (SRAMCAN_FLS_NBR-1), if IdType is FDCAN_STANDARD_[D
- 0and (SRAMCAN_FLE_NBR-1), if IdType is FDCAN_EXTENDED_ID

. uint32_t FDCAN_FilterTypeDef::FilterType
Specifies the filter type. This parameter can be a value of FDCAN _filter_type. The value
FDCAN_FILTER_RANGE_NO_EIDM is permitted only when IdType is FDCAN_EXTENDED _ID.

. uint32_t FDCAN_FilterTypeDef::FilterConfig
Specifies the filter configuration. This parameter can be a value of FDCAN_filter_config

. uint32_t FDCAN_FilterTypeDef::FilterID1
Specifies the filter identification 1. This parameter must be a number between:

- 0 and Ox7FF, if IdType is FDCAN_STANDARD_ID
- 0 and Ox1FFFFFFF, if IdType is FDCAN_EXTENDED_ID

. uint32_t FDCAN_FilterTypeDef::FilterID2
Specifies the filter identification 2. This parameter must be a number between:

— 0 and OX7FF, if [dType is FDCAN_STANDARD_ID
- 0and Ox1FFFFFFF, if IdType is FDCAN_EXTENDED_ID

251.3 FDCAN_TxHeaderTypeDef
FDCAN_TxHeaderTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t Identifier
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. uint32_t IdType

. uint32_t TxFrameType

. uint32_t Datalength

. uint32_t ErrorStatelndicator
. uint32_t BitRateSwitch

. uint32_t FDFormat

. uint32_t TxEventFifoControl
. uint32_t MessageMarker

Field Documentation

. uint32_t FDCAN_TxHeaderTypeDef::Identifier
Specifies the identifier. This parameter must be a number between:

— 0 and OX7FF, if [dType is FDCAN_STANDARD_ID
- 0and Ox1FFFFFFF, if IdType is FDCAN_EXTENDED_ID

. uint32_t FDCAN_TxHeaderTypeDef::IdType
Specifies the identifier type for the message that will be transmitted. This parameter can be a value of
FDCAN_id_type

. uint32_t FDCAN_TxHeaderTypeDef::TxFrameType
Specifies the frame type of the message that will be transmitted. This parameter can be a value of
FDCAN_frame_type

. uint32_t FDCAN_TxHeaderTypeDef::DatalLength
Specifies the length of the frame that will be transmitted. This parameter can be a value of
FDCAN_data_length_code

. uint32_t FDCAN_TxHeaderTypeDef::ErrorStatelndicator
Specifies the error state indicator. This parameter can be a value of FDCAN_error_state_indicator

. uint32_t FDCAN_TxHeaderTypeDef::BitRateSwitch
Specifies whether the Tx frame will be transmitted with or without bit rate switching. This parameter can be
a value of FDCAN_bit_rate_switching

. uint32_t FDCAN_TxHeaderTypeDef::FDFormat
Specifies whether the Tx frame will be transmitted in classic or FD format. This parameter can be a value
of FDCAN_format

. uint32_t FDCAN_TxHeaderTypeDef::TxEventFifoControl
Specifies the event FIFO control. This parameter can be a value of Section 25.3.1: FDCAN_EFC

. uint32_t FDCAN_TxHeaderTypeDef::MessageMarker
Specifies the message marker to be copied into Tx Event FIFO element for identification of Tx message
status. This parameter must be a number between 0 and OxFF

251.4 FDCAN_RxHeaderTypeDef
FDCAN_RxHeaderTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t Identifier
. uint32_t IdType
. uint32_t RxFrameType
. uint32_t DatalLength
. uint32_t ErrorStatelndicator
. uint32_t BitRateSwitch
. uint32_t FDFormat
. uint32_t RxTimestamp
. uint32_t FilterIndex
. uint32_t IsFilterMatchingFrame
Field Documentation
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. uint32_t FDCAN_RxHeaderTypeDef::Identifier
Specifies the identifier. This parameter must be a number between:
- 0 and Ox7FF, if IdType is FDCAN_STANDARD_ID
- 0 and Ox1FFFFFFF, if IdType is FDCAN_EXTENDED_ID

. uint32_t FDCAN_RxHeaderTypeDef::IdType
Specifies the identifier type of the received message. This parameter can be a value of FDCAN_id_type

. uint32_t FDCAN_RxHeaderTypeDef::RxFrameType
Specifies the the received message frame type. This parameter can be a value of FDCAN_frame_type

. uint32_t FDCAN_RxHeaderTypeDef::DatalLength

Specifies the received frame length. This parameter can be a value of FDCAN_data_length_code
. uint32_t FDCAN_RxHeaderTypeDef::ErrorStatelndicator

Specifies the error state indicator. This parameter can be a value of FDCAN _error_state_indicator

. uint32_t FDCAN_RxHeaderTypeDef::BitRateSwitch
Specifies whether the Rx frame is received with or without bit rate switching. This parameter can be a value
of FDCAN_bit_rate_switching

. uint32_t FDCAN_RxHeaderTypeDef::FDFormat
Specifies whether the Rx frame is received in classic or FD format. This parameter can be a value of
FDCAN_format

. uint32_t FDCAN_RxHeaderTypeDef::RxTimestamp
Specifies the timestamp counter value captured on start of frame reception. This parameter must be a
number between 0 and OxFFFF

. uint32_t FDCAN_RxHeaderTypeDef::Filterindex
Specifies the index of matching Rx acceptance filter element. This parameter must be a number between:
- 0 and (SRAMCAN_FLS_NBR-1), if IdType is FDCAN_STANDARD _ID
- 0 and (SRAMCAN_FLE_NBR-1), if IdType is FDCAN_EXTENDED_ID When the frame is a Non-
Filter matching frame, this parameter is unused.

. uint32_t FDCAN_RxHeaderTypeDef::IsFilterMatchingFrame
Specifies whether the accepted frame did not match any Rx filter. Acceptance of non-matching frames may
be enabled via HAL_FDCAN_ConfigGlobalFilter(). This parameter takes 0 if the frame matched an Rx
filter or 1 if it did not match any Rx filter

251.5 FDCAN_TxEventFifoTypeDef
FDCAN_TxEventFifoTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t Identifier
. uint32_t IdType
. uint32_t TxFrameType
. uint32_t Datal ength
. uint32_t ErrorStatelndicator
. uint32_t BitRateSwitch
. uint32_t FDFormat
. uint32_t TxTimestamp
. uint32_t MessageMarker
. uint32_t EventType
Field Documentation

. uint32_t FDCAN_TxEventFifoTypeDef::Identifier
Specifies the identifier. This parameter must be a number between:

— 0 and OX7FF, if [dType is FDCAN_STANDARD_ID
- 0and Ox1FFFFFFF, if IdType is FDCAN_EXTENDED_ID

. uint32_t FDCAN_TxEventFifoTypeDef::IdType
Specifies the identifier type for the transmitted message. This parameter can be a value of
FDCAN_id_type
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. uint32_t FDCAN_TxEventFifoTypeDef::TxFrameType
Specifies the frame type of the transmitted message. This parameter can be a value of
FDCAN_frame_type

. uint32_t FDCAN_TxEventFifoTypeDef::DatalLength
Specifies the length of the transmitted frame. This parameter can be a value of
FDCAN_data_length_code

. uint32_t FDCAN_TxEventFifoTypeDef::ErrorStatelndicator
Specifies the error state indicator. This parameter can be a value of FDCAN _error_state_indicator

. uint32_t FDCAN_TxEventFifoTypeDef::BitRateSwitch
Specifies whether the Tx frame is transmitted with or without bit rate switching. This parameter can be a
value of FDCAN_bit_rate_switching

. uint32_t FDCAN_TxEventFifoTypeDef::FDFormat
Specifies whether the Tx frame is transmitted in classic or FD format. This parameter can be a value of
FDCAN_format

. uint32_t FDCAN_TxEventFifoTypeDef::TxTimestamp
Specifies the timestamp counter value captured on start of frame transmission. This parameter must be a
number between 0 and OXFFFF

. uint32_t FDCAN_TxEventFifoTypeDef::MessageMarker
Specifies the message marker copied into Tx Event FIFO element for identification of Tx message status.
This parameter must be a number between 0 and OxFF

. uint32_t FDCAN_TxEventFifoTypeDef::EventType
Specifies the event type. This parameter can be a value of FDCAN_event_type

25.1.6 FDCAN_HpMsgStatusTypeDef
FDCAN_HpMsgStatusTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t FilterList
. uint32_t FilterIndex
. uint32_t MessageStorage
. uint32_t Messagelndex
Field Documentation

. uint32_t FDCAN_HpMsgStatusTypeDef::FilterList
Specifies the filter list of the matching filter element. This parameter can be:

- 0 : Standard Filter List
— 1 : Extended Filter List

. uint32_t FDCAN_HpMsgStatus TypeDef::FilterIndex
Specifies the index of matching filter element. This parameter can be a number between:

- 0 and (SRAMCAN_FLS_NBR-1), if FilterList is 0 (Standard)
- 0 and (SRAMCAN_FLE_NBR-1), if FilterList is 1 (Extended)

. uint32_t FDCAN_HpMsgStatusTypeDef::MessageStorage
Specifies the HP Message Storage. This parameter can be a value of FDCAN_hp_msg_storage

. uint32_t FDCAN_HpMsgStatusTypeDef::Messagelndex
Specifies the Index of Rx FIFO element to which the message was stored. This parameter is valid only
when MessageStorage is: FDCAN_HP_STORAGE_RXFIFOO or FDCAN_HP_STORAGE_RXFIFO1

251.7 FDCAN_ProtocolStatusTypeDef
FDCAN_ProtocolStatusTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t LastErrorCode
. uint32_t Datal astErrorCode
. uint32_t Activity
. uint32_t ErrorPassive
. uint32_t Warning
. uint32_t BusOff
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. uint32_t RxESlflag

. uint32_t RxBRSflag

. uint32_t RxFDFflag

. uint32_t ProtocolException

. uint32_t TDCvalue

Field Documentation

. uint32_t FDCAN_ProtocolStatusTypeDef::LastErrorCode

Specifies the type of the last error that occurred on the FDCAN bus. This parameter can be a value of
FDCAN_protocol_error_code

. uint32_t FDCAN_ProtocolStatusTypeDef::DatalL astErrorCode
Specifies the type of the last error that occurred in the data phase of a CAN FD format frame with its BRS
flag set. This parameter can be a value of FDCAN_protocol_error_code
. uint32_t FDCAN_ProtocolStatus TypeDef::Activity
Specifies the FDCAN module communication state. This parameter can be a value of
FDCAN_communication_state
. uint32_t FDCAN_ProtocolStatusTypeDef::ErrorPassive
Specifies the FDCAN module error status. This parameter can be:
- 0 : The FDCAN is in Error_Active state
- 1: The FDCAN is in Error_Passive state

. uint32_t FDCAN_ProtocolStatusTypeDef::Warning
Specifies the FDCAN module warning status. This parameter can be:

- 0 : error counters (RxErrorCnt and TxErrorCnt) are below the Error_Warning limit of 96
- 1 : at least one of error counters has reached the Error_Warning limit of 96

. uint32_t FDCAN_ProtocolStatus TypeDef::Bus Off
Specifies the FDCAN module Bus_ Off status. This parameter can be:

- 0 : The FDCAN is not in Bus_Off state
- 1: The FDCAN is in Bus_Off state

. uint32_t FDCAN_ProtocolStatusTypeDef::RxESlflag
Specifies ESI flag of last received CAN FD message. This parameter can be:

- 0 : Last received CAN FD message did not have its ESI flag set
- 1: Last received CAN FD message had its ESI flag set

. uint32_t FDCAN_ProtocolStatus TypeDef::RxBRSflag
Specifies BRS flag of last received CAN FD message. This parameter can be:

- 0 : Last received CAN FD message did not have its BRS flag set
- 1 : Last received CAN FD message had its BRS flag set

. uint32_t FDCAN_ProtocolStatus TypeDef::RxFDFflag
Specifies if CAN FD message (FDF flag set) has been received since last protocol status. This parameter
can be:

— 0 : No CAN FD message received
- 1: CAN FD message received

. uint32_t FDCAN_ProtocolStatus TypeDef::ProtocolException
Specifies the FDCAN module Protocol Exception status. This parameter can be:

— 0 : No protocol exception event occurred since last read access
— 1 : Protocol exception event occurred

. uint32_t FDCAN_ProtocolStatusTypeDef::TDCvalue
Specifies the Transmitter Delay Compensation Value. This parameter can be a number between 0 and 127

25.1.8 FDCAN_ErrorCountersTypeDef
FDCAN_ErrorCountersTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t TxErrorCnt
. uint32_t RxErrorCnt
. uint32_t RxErrorPassive
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. uint32_t ErrorLogging

Field Documentation

. uint32_t FDCAN_ErrorCountersTypeDef::TxErrorCnt
Specifies the Transmit Error Counter Value. This parameter can be a number between 0 and 255

. uint32_t FDCAN_ErrorCountersTypeDef::RxErrorCnt
Specifies the Receive Error Counter Value. This parameter can be a number between 0 and 127

. uint32_t FDCAN_ErrorCountersTypeDef::RxErrorPassive
Specifies the Receive Error Passive status. This parameter can be:

— 0 : The Receive Error Counter (RxErrorCnt) is below the error passive level of 128
- 1 : The Receive Error Counter (RxErrorCnt) has reached the error passive level of 128

. uint32_t FDCAN_ErrorCountersTypeDef::ErrorLogging
Specifies the Transmit/Receive error logging counter value. This parameter can be a number between 0
and 255. This counter is incremented each time when a FDCAN protocol error causes the TxErrorCnt or
the RxErrorCnt to be incremented. The counter stops at 255; the next increment of TxErrorCnt or
RxErrorCnt sets interrupt flag FDCAN_FLAG_ERROR_LOGGING_OVERFLOW

251.9 FDCAN_MsgRamAddressTypeDef
FDCAN_MsgRamAddressTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. uint32_t StandardFilterSA
. uint32_t ExtendedFilterSA
. uint32_t RxFIFOOSA
. uint32_t RxFIFO1SA
. uint32_t TxEventFIFOSA
. uint32_t TxFIFOQSA
Field Documentation

. uint32_t FDCAN_MsgRamAddressTypeDef::StandardFilterSA
Specifies the Standard Filter List Start Address. This parameter must be a 32-bit word address

. uint32_t FDCAN_MsgRamAddressTypeDef::ExtendedFilterSA
Specifies the Extended Filter List Start Address. This parameter must be a 32-bit word address

. uint32_t FDCAN_MsgRamAddressTypeDef::RxFIFOO0SA
Specifies the Rx FIFO 0 Start Address. This parameter must be a 32-bit word address

. uint32_t FDCAN_MsgRamAddressTypeDef::RxFIFO1SA
Specifies the Rx FIFO 1 Start Address. This parameter must be a 32-bit word address

. uint32_t FDCAN_MsgRamAddressTypeDef::TxEventFIFOSA
Specifies the Tx Event FIFO Start Address. This parameter must be a 32-bit word address

. uint32_t FDCAN_MsgRamAddressTypeDef::TxFIFOQSA
Specifies the Tx FIFO/Queue Start Address. This parameter must be a 32-bit word address

25.1.10 __FDCAN_HandleTypeDef
_ _FDCAN_HandleTypeDef is defined in the stm32u5xx_hal_fdcan.h
Data Fields
. FDCAN_GlobalTypeDef * Instance
. FDCAN_InitTypeDef Init
. FDCAN_MsgRamAddressTypeDef msgRam
. uint32_t LatestTxFifoQRequest

. __IO HAL_FDCAN_StateTypeDef State
. HAL_LockTypeDef Lock
. __I0 uint32_t ErrorCode

. void(* TxEventFifoCallback
. void(* RxFifoOCallback
. void(* RxFifo1Callback
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. void(* TxFifoEmptyCallback

. void(* TxBufferCompleteCallback

. void(* TxBufferAbortCallback

. void(* HighPriorityMessageCallback

. void(* TimestampWraparoundCallback

. void(* TimeoutOccurredCallback

. void(* ErrorCallback

. void(* ErrorStatusCallback

. void(* MsplnitCallback

. void(* MspDelnitCallback

Field Documentation

. FDCAN_GlobalTypeDef* _ FDCAN_HandleTypeDef::Instance
Register base address

. FDCAN_InitTypeDef _ FDCAN_HandleTypeDef::Init
FDCAN required parameters

. FDCAN_MsgRamAddressTypeDef __ FDCAN_HandleTypeDef::msgRam
FDCAN Message RAM blocks

. uint32_t _ FDCAN_HandleTypeDef::LatestTxFifoQRequest
FDCAN Tx buffer index of latest Tx FIFO/Queue request

. _ IO HAL_FDCAN_StateTypeDef _ FDCAN_HandleTypeDef::State
FDCAN communication state

. HAL_LockTypeDef _ FDCAN_HandleTypeDef::Lock
FDCAN locking object

. _ 10 uint32_t _ FDCAN_HandleTypeDef::ErrorCode
FDCAN Error code

. void(* __FDCAN_HandleTypeDef::TxEventFifoCallback)(struct _ FDCAN_HandleTypeDef *hfdcan,
uint32_t TxEventFifolTs)
FDCAN Tx Event Fifo callback

. void(* __FDCAN_HandleTypeDef::RxFifoOCallback)(struct __FDCAN_HandleTypeDef *hfdcan,
uint32_t RxFifo0ITs)
FDCAN Rx Fifo 0 callback

. void(* __FDCAN_HandleTypeDef::RxFifo1Callback)(struct __FDCAN_HandleTypeDef *hfdcan,
uint32_t RxFifo1ITs)
FDCAN Rx Fifo 1 callback

. void(* __FDCAN_HandleTypeDef::TxFifoEmptyCallback)(struct __ FDCAN_HandleTypeDef *hfdcan)
FDCAN Tx Fifo Empty callback

. void(* __FDCAN_HandleTypeDef::TxBufferCompleteCallback)(struct __FDCAN_HandleTypeDef
*hfdcan, uint32_t BufferIndexes)
FDCAN Tx Buffer complete callback

. void(* __FDCAN_HandleTypeDef::TxBufferAbortCallback)(struct __FDCAN_HandleTypeDef *hfdcan,
uint32_t Bufferindexes)
FDCAN Tx Buffer abort callback

. void(* __FDCAN_HandleTypeDef::HighPriorityMessageCallback)(struct __ FDCAN_HandleTypeDef
*hfdcan)
FDCAN High priority message callback

. void(* __FDCAN_HandleTypeDef::TimestampWraparoundCallback)(struct
_ FDCAN_HandleTypeDef *hfdcan)
FDCAN Timestamp wraparound callback

. void(* __FDCAN_HandleTypeDef::TimeoutOccurredCallback)(struct _ FDCAN_HandleTypeDef
*hfdcan)
FDCAN Timeout occurred callback

. void(* __FDCAN_HandleTypeDef::ErrorCallback)(struct _ FDCAN_HandleTypeDef *hfdcan)
FDCAN Error callback
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. void(* __FDCAN_HandleTypeDef::ErrorStatusCallback)(struct __FDCAN_HandleTypeDef *hfdcan,
uint32_t ErrorStatusiTs)
FDCAN Error status callback

. void(* __FDCAN_HandleTypeDef::MsplinitCallback)(struct __ FDCAN_HandleTypeDef *hfdcan)
FDCAN Msp Init callback

. void(* __FDCAN_HandleTypeDef::MspDelnitCallback)(struct _ FDCAN_HandleTypeDef *hfdcan)
FDCAN Msp Delnit callback

25.2 FDCAN Firmware driver API description

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

25.21 How to use this driver

1. Initialize the FDCAN peripheral using HAL_FDCAN_ Init function.
2. If needed , configure the reception filters and optional features using the following configuration functions:

- HAL_FDCAN_ConfigFilter

- HAL_FDCAN_ConfigGlobalFilter

- HAL_FDCAN_ConfigExtendedldMask

- HAL_FDCAN_ConfigRxFifoOverwrite

- HAL_FDCAN_ConfigRamWatchdog

- HAL_FDCAN_ConfigTimestampCounter

- HAL_FDCAN_EnableTimestampCounter

- HAL_FDCAN_DisableTimestampCounter

- HAL_FDCAN_ConfigTimeoutCounter

- HAL_FDCAN_EnableTimeoutCounter

- HAL_FDCAN_DisableTimeoutCounter

- HAL_FDCAN_ConfigTxDelayCompensation

- HAL_FDCAN_EnableTxDelayCompensation

- HAL_FDCAN_DisableTxDelayCompensation

- HAL_FDCAN_EnablelISOMode

- HAL_FDCAN_DisablelISOMode

- HAL_FDCAN_EnableEdgeFiltering

- HAL_FDCAN_DisableEdgeFiltering

3. Start the FDCAN module using HAL_FDCAN_Start function. At this level the node is active on the bus: it can
send and receive messages.

4. The following Tx control functions can only be called when the FDCAN module is started:
- HAL_FDCAN_AddMessageToTxFifoQ
- HAL_FDCAN_AbortTxRequest

5. After having submitted a Tx request in Tx Fifo or Queue, it is possible to get Tx buffer location used to place
the Tx request thanks to HAL_FDCAN_GetLatestTxFifoQRequestBuffer API. It is then possible to abort later
on the corresponding Tx Request using HAL_FDCAN_AbortTxRequest API.

6. When a message is received into the FDCAN message RAM, it can be retrieved using the
HAL_FDCAN_GetRxMessage function.

7. Calling the HAL_FDCAN_Stop function stops the FDCAN module by entering it to initialization mode and re-
enabling access to configuration registers through the configuration functions listed here above.

8. All other control functions can be called any time after initialization phase, no matter if the FDCAN module is
started or stopped.

Polling mode operation

1. Reception and transmission states can be monitored via the following functions:
- HAL_FDCAN_IsTxBufferMessagePending
- HAL_FDCAN_GetRxFifoFillLevel
- HAL_FDCAN_GetTxFifoFreeLevel
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Interrupt mode operation

1. There are two interrupt lines: line 0 and 1. By default, all interrupts are assigned to line 0. Interrupt lines can
be configured using HAL_FDCAN_ConfigInterruptLines function.

2. Notifications are activated using HAL_FDCAN_ActivateNotification function. Then, the process can be
controlled through one of the available user callbacks: HAL_FDCAN_xxxCallback.

Callback registration

25.2.2 Initialization and de-initialization functions

This section provides functions allowing to:

. Initialize and configure the FDCAN.

. De-initialize the FDCAN.

. Enter FDCAN peripheral in power down mode.
. Exit power down mode.

. Register callbacks.

. Unregister callbacks.

This section contains the following APls:

. HAL_FDCAN_Init()

. HAL_FDCAN_Delnit()

. HAL_FDCAN_Msplnit()

. HAL_FDCAN_MspDelnit()

. HAL_FDCAN_EnterPowerDownMode()

. HAL_FDCAN_ExitPowerDownMode()

. HAL_FDCAN_RegisterCallback()

. HAL_FDCAN_UnRegisterCallback()

. HAL_FDCAN_RegisterTxEventFifoCallback()

. HAL_FDCAN_UnRegisterTxEventFifoCallback()

. HAL_FDCAN_RegisterRxFifoOCallback()

. HAL_FDCAN_UnRegisterRxFifoOCallback()

. HAL_FDCAN_RegisterRxFifo1Callback()

. HAL_FDCAN_UnRegisterRxFifo1Callback()

. HAL_FDCAN_RegisterTxBufferCompleteCallback()
. HAL_FDCAN_UnRegisterTxBufferCompleteCallback()
. HAL_FDCAN_RegisterTxBufferAbortCallback()

. HAL_FDCAN_UnRegisterTxBufferAbortCallback()
. HAL_FDCAN_RegisterErrorStatusCallback()

. HAL_FDCAN_UnRegisterErrorStatusCallback()

. HAL_FDCAN_RegisterCallback()

25.2.3 Configuration functions

This section provides functions allowing to:

. HAL_FDCAN_ConfigFilter : Configure the FDCAN reception filters

. HAL_FDCAN_ConfigGlobalFilter : Configure the FDCAN global filter

. HAL_FDCAN_ConfigextendedldMask : Configure the extended ID mask

. HAL_FDCAN_ConfigRxFifoOverwrite : Configure the Rx FIFO operation mode
. HAL_FDCAN_ConfigRamWatchdog : Configure the RAM watchdog

. HAL_FDCAN_ConfigTimestampCounter : Configure the timestamp counter

. HAL_FDCAN_EnableTimestampCounter : Enable the timestamp counter

. HAL_FDCAN_DisableTimestampCounter : Disable the timestamp counter
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. HAL_FDCAN_GetTimestampCounter : Get the timestamp counter value

. HAL_FDCAN_ResetTimestampCounter : Reset the timestamp counter to zero

. HAL_FDCAN_ConfigTimeoutCounter : Configure the timeout counter

. HAL_FDCAN_EnableTimeoutCounter : Enable the timeout counter

. HAL_FDCAN_DisableTimeoutCounter : Disable the timeout counter

. HAL_FDCAN_GetTimeoutCounter : Get the timeout counter value

. HAL_FDCAN_ResetTimeoutCounter : Reset the timeout counter to its start value

. HAL_FDCAN_ConfigTxDelayCompensation : Configure the transmitter delay compensation
. HAL_FDCAN_EnableTxDelayCompensation : Enable the transmitter delay compensation
. HAL_FDCAN_DisableTxDelayCompensation : Disable the transmitter delay compensation
. HAL_FDCAN_EnablelISOMode : Enable ISO 11898-1 protocol mode

. HAL _FDCAN_DisablelISOMode : Disable ISO 11898-1 protocol mode

. HAL_FDCAN_EnableEdgeFiltering : Enable edge filtering during bus integration

. HAL_FDCAN_DisableEdgeFiltering : Disable edge filtering during bus integration

This section contains the following APlIs:

. HAL_FDCAN_ConfigFilter()

. HAL_FDCAN_ConfigGlobalFilter()

. HAL_FDCAN_ConfigExtendedldMask()

. HAL_FDCAN_ConfigRxFifoOverwrite()

. HAL_FDCAN_ConfigRamWatchdog()

. HAL_FDCAN_ConfigTimestampCounter()

. HAL_FDCAN_EnableTimestampCounter()

. HAL_FDCAN_DisableTimestampCounter()

. HAL_FDCAN_GetTimestampCounter()

. HAL_FDCAN_ResetTimestampCounter()

. HAL_FDCAN_ConfigTimeoutCounter()

. HAL_FDCAN_EnableTimeoutCounter()

. HAL_FDCAN_DisableTimeoutCounter()

. HAL_FDCAN_GetTimeoutCounter()

. HAL_FDCAN_ResetTimeoutCounter()

. HAL_FDCAN_ConfigTxDelayCompensation()
. HAL_FDCAN_EnableTxDelayCompensation()
. HAL_FDCAN_DisableTxDelayCompensation()
. HAL_FDCAN_EnableISOMode()

. HAL_FDCAN_DisablelSOMode()

. HAL_FDCAN_EnableEdgeFiltering()

. HAL_FDCAN_DisableEdgeFiltering()

25.2.4 Control functions

This section provides functions allowing to:
. HAL_FDCAN_Start : Start the FDCAN module
. HAL_FDCAN_Stop : Stop the FDCAN module and enable access to configuration registers

. HAL_FDCAN_AddMessageToTxFifoQ : Add a message to the Tx FIFO/Queue and activate the
corresponding transmission request

. HAL_FDCAN_GetlLatestTxFifoQRequestBuffer : Get Tx buffer index of latest Tx FIFO/Queue request

. HAL_FDCAN_AbortTxRequest : Abort transmission request

. HAL_FDCAN_GetRxMessage : Get an FDCAN frame from the Rx FIFO zone into the message RAM

. HAL_FDCAN_GetTxEvent : Get an FDCAN Tx event from the Tx Event FIFO zone into the message RAM
. HAL_FDCAN_GetHighPriorityMessageStatus : Get high priority message status

. HAL_FDCAN_GetProtocolStatus : Get protocol status
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. HAL_FDCAN_GetErrorCounters : Get error counter values
. HAL_FDCAN_IsTxBufferMessagePending : Check if a transmission request is pending on the selected Tx
buffer

. HAL_FDCAN_GetRxFifoFillLevel : Return Rx FIFO fill level
. HAL_FDCAN_GetTxFifoFreeLevel : Return Tx FIFO free level

. HAL_FDCAN_IsRestrictedOperationMode : Check if the FDCAN peripheral entered Restricted Operation
Mode

. HAL_FDCAN_ExitRestrictedOperationMode : Exit Restricted Operation Mode
This section contains the following APls:

. HAL_FDCAN_Start()

. HAL_FDCAN_Stop()

. HAL_FDCAN_AddMessageToTxFifoQ()

. HAL_FDCAN_GetLatestTxFifoQRequestBuffer()
. HAL_FDCAN_AbortTxRequest()

. HAL_FDCAN_GetRxMessage()

. HAL_FDCAN_GetTxEvent()

. HAL_FDCAN_GetHighPriorityMessageStatus()
. HAL_FDCAN_GetProtocolStatus()

. HAL_FDCAN_GetErrorCounters()

. HAL_FDCAN_IsTxBufferMessagePending()

. HAL_FDCAN_GetRxFifoFillLevel()

. HAL_FDCAN_GetTxFifoFreelLevel()

. HAL_FDCAN_IsRestrictedOperationMode()

. HAL_FDCAN_EXxitRestrictedOperationMode()

25.2.5 Interrupts management

This section provides functions allowing to:

. HAL_FDCAN_ConfiglnterruptLines : Assign interrupts to either Interrupt line 0 or 1
. HAL _FDCAN_ActivateNotification : Enable interrupts

. HAL_ FDCAN_DeactivateNotification : Disable interrupts

. HAL_FDCAN_IRQHandler : Handles FDCAN interrupt request

This section contains the following APls:

. HAL_FDCAN_ConfiginterruptLines()

. HAL_FDCAN_ActivateNotification()

. HAL_FDCAN_DeactivateNotification()

. HAL_FDCAN_IRQHandler()

25.2.6 Callback functions

This subsection provides the following callback functions:
. HAL_FDCAN_TxEventFifoCallback

. HAL_FDCAN_RxFifoOCallback

. HAL_FDCAN_RxFifo1Callback

. HAL_FDCAN_TxFifoEmptyCallback

. HAL_FDCAN_TxBufferCompleteCallback

. HAL_FDCAN_TxBufferAbortCallback

. HAL_FDCAN_HighPriorityMessageCallback

. HAL_FDCAN_TimestampWraparoundCallback
. HAL _FDCAN_TimeoutOccurredCallback

. HAL _FDCAN_ErrorCallback

. HAL _FDCAN_ErrorStatusCallback
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This section contains the following APls:

. HAL_FDCAN_TxEventFifoCallback()

. HAL_FDCAN_RxFifo0Callback()

. HAL_FDCAN_RXxFifo1Callback()

. HAL_FDCAN_TxFifoEmptyCallback()

. HAL_FDCAN_TxBufferCompleteCallback()

. HAL_FDCAN_TxBufferAbortCallback()

. HAL_FDCAN_TimestampWraparoundCallback()
. HAL_FDCAN_TimeoutOccurredCallback()

. HAL_FDCAN_HighPriorityMessageCallback()
. HAL_FDCAN_ErrorCallback()

. HAL_FDCAN_ErrorStatusCallback()

25.2.7 Peripheral State functions

This subsection provides functions allowing to :

. HAL_FDCAN_GetState() : Return the FDCAN state.

. HAL_FDCAN_GetError() : Return the FDCAN error code if any.
This section contains the following APls:

. HAL_FDCAN_GetState()

. HAL_FDCAN_GetError()

25.2.8 Detailed description of functions

HAL_FDCAN_Init
Function name
HAL_StatusTypeDef HAL_FDCAN_Init (FDCAN_HandleTypeDef * hfdcan)
Function description
Initializes the FDCAN peripheral according to the specified parameters in the FDCAN_InitTypeDef structure.
Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL.: status

HAL_FDCAN_Delnit

Function name
HAL_StatusTypeDef HAL_FDCAN_Delnit (FDCAN_HandleTypeDef * hfdcan)
Function description

Deinitializes the FDCAN peripheral registers to their default reset values.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status
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HAL_FDCAN_Msplnit

Function name
void HAL_FDCAN_Msplnit (FDCAN_HandleTypeDef * hfdcan)
Function description

Initializes the FDCAN MSP.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values

. None:

HAL_FDCAN_MspDelnit

Function name
void HAL_FDCAN_MspDelnit (FDCAN_HandleTypeDef * hfdcan)

Function description
Delnitializes the FDCAN MSP.
Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values

. None:

HAL_FDCAN_EnterPowerDownMode

Function name
HAL_StatusTypeDef HAL_FDCAN_EnterPowerDownMode (FDCAN_HandleTypeDef * hfdcan)

Function description
Enter FDCAN peripheral in sleep mode.
Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_ExitPowerDownMode

Function name
HAL_StatusTypeDef HAL_FDCAN_ExitPowerDownMode (FDCAN_HandleTypeDef * hfdcan)

Function description
Exit power down mode.
Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
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Return values
. HAL: status

HAL_FDCAN_RegisterCallback

Function name

HAL_StatusTypeDef HAL_FDCAN_RegisterCallback (FDCAN_HandleTypeDef * hfdcan,
HAL_FDCAN_CallbackiDTypeDef CallbackiD, pFDCAN_CallbackTypeDef pCallback)

Function description

HAL_FDCAN_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_FDCAN_UnRegisterCallback (FDCAN_HandleTypeDef * hfdcan,
HAL_FDCAN_CallbackiDTypeDef CallbackiD)

Function description
Unregister a FDCAN CallBack.

Parameters
. hfdcan: pointer to a FDCAN_HandleTypeDef structure that contains the configuration information for
FDCAN module
. CallbacklID: ID of the callback to be unregistered This parameter can be one of the following values:

- HAL_FDCAN_TX_FIFO_EMPTY_CB_ID Tx Fifo Empty callback ID
- HAL_FDCAN_HIGH_PRIO_MESSAGE_CB_ID High priority message callback 1D
- HAL_FDCAN_TIMESTAMP_WRAPAROUND_CB_ID Timestamp wraparound callback ID
- HAL _FDCAN_TIMEOUT_OCCURRED_CB_ID Timeout occurred callback ID
- HAL_FDCAN_ERROR_CALLBACK_CB_ID Error callback ID
- HAL_FDCAN_MSPINIT_CB_ID Msplnit callback ID
- HAL_FDCAN_MSPDEINIT_CB_ID MspDelnit callback ID
Return values

. HAL.: status

HAL_FDCAN_RegisterTxEventFifoCallback

Function name

HAL_StatusTypeDef HAL_FDCAN_RegisterTxEventFifoCallback (FDCAN_HandleTypeDef * hfdcan,
pFDCAN_TxEventFifoCallbackTypeDef pCallback)

Function description

Register Tx Event Fifo FDCAN Callback To be used instead of the weak HAL_FDCAN_TxEventFifoCallback()
predefined callback.

Parameters

. hfdcan: FDCAN handle
. pCallback: pointer to the Tx Event Fifo Callback function

Return values
. HAL.: status
HAL_FDCAN_UnRegisterTxEventFifoCallback

Function name
HAL_StatusTypeDef HAL_FDCAN_UnRegisterTxEventFifoCallback (FDCAN_HandleTypeDef * hfdcan)
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Function description

UnRegister the Tx Event Fifo FDCAN Callback Tx Event Fifo FDCAN Callback is redirected to the weak
HAL_FDCAN_TxEventFifoCallback() predefined callback.

Parameters
. hfdcan: FDCAN handle

Return values
. HAL.: status

HAL_FDCAN_RegisterRxFifoOCallback

Function name

HAL_StatusTypeDef HAL_FDCAN_RegisterRxFifo0Callback (FDCAN_HandleTypeDef * hfdcan,
pFDCAN_RXxFifo0CallbackTypeDef pCallback)

Function description

Register Rx Fifo 0 FDCAN Callback To be used instead of the weak HAL_FDCAN_RxFifoOCallback() predefined
callback.

Parameters

. hfdcan: FDCAN handle

. pCallback: pointer to the Rx Fifo 0 Callback function
Return values

. HAL: status

HAL_FDCAN_UnRegisterRxFifoOCallback

Function name
HAL_StatusTypeDef HAL_FDCAN_UnRegisterRxFifoOCallback (FDCAN_HandleTypeDef * hfdcan)

Function description

UnRegister the Rx Fifo 0 FDCAN Callback Rx Fifo 0 FDCAN Callback is redirected to the weak
HAL_FDCAN_RxFifoOCallback() predefined callback.

Parameters
. hfdcan: FDCAN handle

Return values
. HAL: status

HAL_FDCAN_RegisterRxFifo1Callback

Function name

HAL_StatusTypeDef HAL_FDCAN_RegisterRxFifo1Callback (FDCAN_HandleTypeDef * hfdcan,
pFDCAN_RXxFifo1CallbackTypeDef pCallback)

Function description

Register Rx Fifo 1 FDCAN Callback To be used instead of the weak HAL_FDCAN_RxFifo1Callback() predefined
callback.

Parameters

. hfdcan: FDCAN handle
. pCallback: pointer to the Rx Fifo 1 Callback function

Return values
. HAL: status
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HAL_FDCAN_UnRegisterRxFifo1Callback

Function name
HAL_StatusTypeDef HAL_FDCAN_UnRegisterRxFifo1Callback (FDCAN_HandleTypeDef * hfdcan)

Function description

UnRegister the Rx Fifo 1 FDCAN Callback Rx Fifo 1 FDCAN Callback is redirected to the weak
HAL_FDCAN_RxFifo1Callback() predefined callback.

Parameters
. hfdcan: FDCAN handle

Return values
. HAL: status

HAL_FDCAN_RegisterTxBufferCompleteCallback

Function name

HAL_StatusTypeDef HAL_FDCAN_RegisterTxBufferCompleteCallback (FDCAN_HandleTypeDef * hfdcan,
pFDCAN_TxBufferCompleteCallbackTypeDef pCallback)

Function description

Register Tx Buffer Complete FDCAN Callback To be used instead of the weak
HAL_FDCAN_TxBufferCompleteCallback() predefined callback.

Parameters

. hfdcan: FDCAN handle

. pCallback: pointer to the Tx Buffer Complete Callback function
Return values

. HAL: status

HAL_FDCAN_UnRegisterTxBufferCompleteCallback

Function name

HAL_StatusTypeDef HAL_FDCAN_UnRegisterTxBufferCompleteCallback (FDCAN_HandleTypeDef *
hfdcan)

Function description

UnRegister the Tx Buffer Complete FDCAN Callback Tx Buffer Complete FDCAN Callback is redirected to the
weak HAL_FDCAN_TxBufferCompleteCallback() predefined callback.

Parameters
. hfdcan: FDCAN handle

Return values
. HAL: status

HAL_FDCAN_RegisterTxBufferAbortCallback

Function name

HAL_StatusTypeDef HAL_FDCAN_RegisterTxBufferAbortCallback (FDCAN_HandleTypeDef * hfdcan,
pFDCAN_TxBufferAbortCallbackTypeDef pCallback)

Function description

Register Tx Buffer Abort FDCAN Callback To be used instead of the weak
HAL_FDCAN_TxBufferAbortCallback() predefined callback.
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Parameters

. hfdcan: FDCAN handle

. pCallback: pointer to the Tx Buffer Abort Callback function
Return values

. HAL: status

HAL_FDCAN_UnRegisterTxBufferAbortCallback

Function name
HAL_StatusTypeDef HAL_FDCAN_UnRegisterTxBufferAbortCallback (FDCAN_HandleTypeDef * hfdcan)

Function description

UnRegister the Tx Buffer Abort FDCAN Callback Tx Buffer Abort FDCAN Callback is redirected to the weak
HAL_FDCAN_TxBufferAbortCallback() predefined callback.

Parameters
. hfdcan: FDCAN handle

Return values
. HAL: status

HAL_FDCAN_RegisterErrorStatusCallback

Function name

HAL_StatusTypeDef HAL_FDCAN_RegisterErrorStatusCallback (FDCAN_HandleTypeDef * hfdcan,
pFDCAN_ErrorStatusCallbackTypeDef pCallback)

Function description

Register Error Status FDCAN Callback To be used instead of the weak HAL_FDCAN_ErrorStatusCallback()
predefined callback.

Parameters

. hfdcan: FDCAN handle
. pCallback: pointer to the Error Status Callback function

Return values
. HAL: status

HAL_FDCAN_UnRegisterErrorStatusCallback

Function name
HAL_StatusTypeDef HAL_FDCAN_UnRegisterErrorStatusCallback (FDCAN_HandleTypeDef * hfdcan)

Function description

UnRegister the Error Status FDCAN Callback Error Status FDCAN Callback is redirected to the weak
HAL_FDCAN_ErrorStatusCallback() predefined callback.

Parameters
. hfdcan: FDCAN handle

Return values
. HAL.: status
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HAL_FDCAN_ConfigFilter

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfigFilter (FDCAN_HandleTypeDef * hfdcan, const
FDCAN_FilterTypeDef * sFilterConfig)

Function description

Configure the FDCAN reception filter according to the specified parameters in the FDCAN_FilterTypeDef

structure.
Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. sFilterConfig: pointer to an FDCAN_FilterTypeDef structure that contains the filter configuration
information

Return values
. HAL: status

HAL_FDCAN_ConfigGlobalFilter

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfigGlobalFilter (FDCAN_HandleTypeDef * hfdcan, uint32_t
NonMatchingStd, uint32_t NonMatchingExt, uint32_t RejectRemoteStd, uint32_t RejectRemoteExt)

Function description
Configure the FDCAN global filter.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. NonMatchingStd: Defines how received messages with 11-bit IDs that do not match any element of the

filter list are treated. This parameter can be a value of
- FDCAN_Non_Matching_Frames.

. NonMatchingExt: Defines how received messages with 29-bit IDs that do not match any element of the
filter list are treated. This parameter can be a value of

- FDCAN_Non_Matching_Frames.

. RejectRemoteStd: Filter or reject all the remote 11-bit IDs frames. This parameter can be a value of
- FDCAN_Reject_Remote_Frames.
. RejectRemoteExt: Filter or reject all the remote 29-bit IDs frames. This parameter can be a value of

- FDCAN_Reject_Remote_Frames.
Return values
. HAL: status
HAL_FDCAN_ConfigExtendedldMask

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfigExtendedldMask (FDCAN_HandleTypeDef * hfdcan, uint32_t
Mask)

Function description

Configure the extended ID mask.
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Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

. Mask: Extended ID Mask. This parameter must be a number between 0 and Ox1FFFFFFF.

Return values
. HAL: status

HAL_FDCAN_ConfigRxFifoOverwrite

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfigRxFifoOverwrite (FDCAN_HandleTypeDef * hfdcan, uint32_t
RxFifo, uint32_t OperationMode)

Function description

Configure the Rx FIFO operation mode.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. RxFifo: Rx FIFO. This parameter can be one of the following values:

- FDCAN_RX_FIFOO: Rx FIFO 0
- FDCAN_RX_FIFO1: Rx FIFO 1
. OperationMode: operation mode. This parameter can be a value of
- FDCAN_Rx_FIFO_operation_mode.
Return values
. HAL: status

HAL_FDCAN_ConfigRamWatchdog

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfigRamWatchdog (FDCAN_HandleTypeDef * hfdcan, uint32_t
CounterStartValue)

Function description
Configure the RAM watchdog.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. CounterStartValue: Start value of the Message RAM Watchdog Counter, This parameter must be a

number between 0x00 and 0xFF, with the reset value of 0x00 the counter is disabled.

Return values
. HAL.: status

HAL_FDCAN_ConfigTimestampCounter

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfigTimestampCounter (FDCAN_HandleTypeDef * hfdcan, uint32_t
TimestampPrescaler)

Function description

Configure the timestamp counter.
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Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. TimestampPrescaler: Timestamp Counter Prescaler. This parameter can be a value of

- FDCAN_Timestamp_Prescaler.
Return values
. HAL: status
HAL_FDCAN_EnableTimestampCounter

Function name

HAL_StatusTypeDef HAL_FDCAN_EnableTimestampCounter (FDCAN_HandleTypeDef * hfdcan, uint32_t
TimestampOperation)

Function description

Enable the timestamp counter.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. TimestampOperation: Timestamp counter operation. This parameter can be a value of

- FDCAN_Timestamp.
Return values
. HAL: status
HAL_FDCAN_DisableTimestampCounter

Function name
HAL_StatusTypeDef HAL_FDCAN_DisableTimestampCounter (FDCAN_HandleTypeDef * hfdcan)

Function description

Disable the timestamp counter.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL.: status

HAL_FDCAN_GetTimestampCounter

Function name
uint16_t HAL_FDCAN_GetTimestampCounter (const FDCAN_HandleTypeDef * hfdcan)

Function description

Get the timestamp counter value.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values

. Timestamp: counter value
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HAL_FDCAN_ResetTimestampCounter
Function name

HAL_StatusTypeDef HAL_FDCAN_ResetTimestampCounter (FDCAN_HandleTypeDef * hfdcan)

Function description

Reset the timestamp counter to zero.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_ConfigTimeoutCounter

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfigTimeoutCounter (FDCAN_HandleTypeDef * hfdcan, uint32_t
TimeoutOperation, uint32_t TimeoutPeriod)

Function description

Configure the timeout counter.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. TimeoutOperation: Timeout counter operation. This parameter can be a value of
- FDCAN_Timeout_Operation.
. TimeoutPeriod: Start value of the timeout down-counter. This parameter must be a number between

0x0000 and OxFFFF

Return values
. HAL: status

HAL_FDCAN_EnableTimeoutCounter

Function name
HAL_StatusTypeDef HAL_FDCAN_EnableTimeoutCounter (FDCAN_HandleTypeDef * hfdcan)

Function description

Enable the timeout counter.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status
HAL_FDCAN_DisableTimeoutCounter

Function name
HAL_StatusTypeDef HAL_FDCAN_DisableTimeoutCounter (FDCAN_HandleTypeDef * hfdcan)

Function description

Disable the timeout counter.
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Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_GetTimeoutCounter
Function name

uint16_t HAL_FDCAN_GetTimeoutCounter (const FDCAN_HandleTypeDef * hfdcan)

Function description

Get the timeout counter value.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values

. Timeout: counter value

HAL_FDCAN_ResetTimeoutCounter

Function name
HAL_StatusTypeDef HAL_FDCAN_ResetTimeoutCounter (FDCAN_HandleTypeDef * hfdcan)
Function description

Reset the timeout counter to its start value.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_ConfigTxDelayCompensation

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfigTxDelayCompensation (FDCAN_HandleTypeDef * hfdcan,
uint32_t TdcOffset, uint32_t TdcFilter)

Function description

Configure the transmitter delay compensation.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. TdcOffset: Transmitter Delay Compensation Offset. This parameter must be a number between 0x00 and
Ox7F.
. TdcFilter: Transmitter Delay Compensation Filter Window Length. This parameter must be a number

between 0x00 and Ox7F.

Return values
. HAL.: status
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HAL_FDCAN_EnableTxDelayCompensation

Function name
HAL_StatusTypeDef HAL_FDCAN_EnableTxDelayCompensation (FDCAN_HandleTypeDef * hfdcan)

Function description

Enable the transmitter delay compensation.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_DisableTxDelayCompensation
Function name
HAL_StatusTypeDef HAL_FDCAN_DisableTxDelayCompensation (FDCAN_HandleTypeDef * hfdcan)
Function description
Disable the transmitter delay compensation.
Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_EnablelSOMode

Function name
HAL_StatusTypeDef HAL_FDCAN_EnablelISOMode (FDCAN_HandleTypeDef * hfdcan)

Function description
Enable ISO 11898-1 protocol mode.
Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_DisablelISOMode

Function name
HAL_StatusTypeDef HAL_FDCAN_DisablelISOMode (FDCAN_HandleTypeDef * hfdcan)

Function description
Disable ISO 11898-1 protocol mode.
Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
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Return values
. HAL: status

HAL_FDCAN_EnableEdgeFiltering

Function name
HAL_StatusTypeDef HAL_FDCAN_EnableEdgeFiltering (FDCAN_HandleTypeDef * hfdcan)

Function description

Enable edge filtering during bus integration.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_DisableEdgeFiltering

Function name
HAL_StatusTypeDef HAL_FDCAN_DisableEdgeFiltering (FDCAN_HandleTypeDef * hfdcan)

Function description

Disable edge filtering during bus integration.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL.: status

HAL_FDCAN_Start

Function name
HAL_StatusTypeDef HAL_FDCAN_Start (FDCAN_HandleTypeDef * hfdcan)

Function description
Start the FDCAN module.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL.: status
HAL_FDCAN_Stop

Function name
HAL_StatusTypeDef HAL_FDCAN_Stop (FDCAN_HandleTypeDef * hfdcan)

Function description

Stop the FDCAN module and enable access to configuration registers.
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Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_AddMessageToTxFifoQ

Function name

HAL_StatusTypeDef HAL_FDCAN_AddMessageToTxFifoQ (FDCAN_HandleTypeDef * hfdcan, const
FDCAN_TxHeaderTypeDef * pTxHeader, const uint8_t * pTxData)

Function description

Add a message to the Tx FIFO/Queue and activate the corresponding transmission request.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

. pTxHeader: pointer to a FDCAN_TxHeaderTypeDef structure.

. pTxData: pointer to a buffer containing the payload of the Tx frame.
Return values

. HAL: status

HAL_FDCAN_GetLatestTxFifoQRequestBuffer

Function name
uint32_t HAL_FDCAN_GetLatestTxFifoQRequestBuffer (const FDCAN_HandleTypeDef * hfdcan)

Function description

Get Tx buffer index of latest Tx FIFO/Queue request.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. Tx: buffer index of last Tx FIFO/Queue request
- Any value of
° FDCAN_Tx_location if Tx request has been submitted.
- 0 if no Tx FIFO/Queue request have been submitted.

HAL_FDCAN_AbortTxRequest

Function name

HAL_StatusTypeDef HAL_FDCAN_AbortTxRequest (FDCAN_HandleTypeDef * hfdcan, uint32_t
Bufferindex)

Function description

Abort transmission request.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. Bufferindex: buffer index. This parameter can be any combination of

- FDCAN_Tx_location.
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Return values
. HAL: status

HAL_FDCAN_GetRxMessage

Function name

HAL_StatusTypeDef HAL_FDCAN_GetRxMessage (FDCAN_HandleTypeDef * hfdcan, uint32_t
RxLocation, FDCAN_RxHeaderTypeDef * pRxHeader, uint8_t * pRxData)

Function description
Get an FDCAN frame from the Rx FIFO zone into the message RAM.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. RxLocation: Location of the received message to be read. This parameter can be a value of

- FDCAN_RXx_location.
. pRxHeader: pointer to a FDCAN_RxHeaderTypeDef structure.
. pRxData: pointer to a buffer where the payload of the Rx frame will be stored.
Return values
. HAL: status

HAL_FDCAN_GetTxEvent

Function name

HAL_StatusTypeDef HAL_FDCAN_GetTxEvent (FDCAN_HandleTypeDef * hfdcan,
FDCAN_TxEventFifoTypeDef * pTxEvent)

Function description
Get an FDCAN Tx event from the Tx Event FIFO zone into the message RAM.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

. pTxEvent: pointer to a FDCAN_TxEventFifoTypeDef structure.
Return values
. HAL: status

HAL_FDCAN_GetHighPriorityMessageStatus

Function name

HAL_StatusTypeDef HAL_FDCAN_GetHighPriorityMessageStatus (const FDCAN_HandleTypeDef *
hfdcan, FDCAN_HpMsgStatusTypeDef * HpMsgStatus)

Function description
Get high priority message status.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

. HpMsgStatus: pointer to an FDCAN_HpMsgStatusTypeDef structure.

Return values
. HAL: status
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HAL_FDCAN_GetProtocolStatus

Function name

HAL_StatusTypeDef HAL_FDCAN_GetProtocolStatus (const FDCAN_HandleTypeDef * hfdcan,
FDCAN_ProtocolStatusTypeDef * ProtocolStatus)

Function description

Get protocol status.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. ProtocolStatus: pointer to an FDCAN_ProtocolStatusTypeDef structure.

Return values
. HAL: status

HAL_FDCAN_GetErrorCounters

Function name

HAL_StatusTypeDef HAL_FDCAN_GetErrorCounters (const FDCAN_HandleTypeDef * hfdcan,
FDCAN_ErrorCountersTypeDef * ErrorCounters)

Function description

Get error counter values.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. ErrorCounters: pointer to an FDCAN_ErrorCountersTypeDef structure.

Return values
. HAL: status

HAL_FDCAN_IsTxBufferMessagePending

Function name

uint32_t HAL_FDCAN_IsTxBufferMessagePending (const FDCAN_HandleTypeDef * hfdcan, uint32_t
TxBufferlndex)

Function description

Check if a transmission request is pending on the selected Tx buffer.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. TxBufferIndex: Tx buffer index. This parameter can be any combination of

-~ FDCAN_Tx_location.

Return values

. Status:
- 0 : No pending transmission request on TxBufferIndex list.
- 1 : Pending transmission request on TxBufferindex.
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HAL_FDCAN_GetRxFifoFillLevel

Function name
uint32_t HAL_FDCAN_GetRxFifoFillLevel (const FDCAN_HandleTypeDef * hfdcan, uint32_t RxFifo)

Function description
Return Rx FIFO fill level.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. RxFifo: Rx FIFO. This parameter can be one of the following values:

- FDCAN_RX_FIFOO0: Rx FIFO 0
- FDCAN_RX_FIFO1: Rx FIFO 1

Return values
. Rx: FIFO fill level.

HAL_FDCAN_GetTxFifoFreeLevel

Function name
uint32_t HAL_FDCAN_GetTxFifoFreeLevel (const FDCAN_HandleTypeDef * hfdcan)

Function description

Return Tx FIFO free level: number of consecutive free Tx FIFO elements starting from Tx FIFO Getindex.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. Tx: FIFO free level.

HAL_FDCAN_IsRestrictedOperationMode

Function name
uint32_t HAL_FDCAN_IsRestrictedOperationMode (const FDCAN_HandleTypeDef * hfdcan)

Function description
Check if the FDCAN peripheral entered Restricted Operation Mode.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values

. Status:
- 0 : Normal FDCAN operation.
- 1 : Restricted Operation Mode active.

HAL_FDCAN_ExitRestrictedOperationMode

Function name
HAL_StatusTypeDef HAL_FDCAN_EXxitRestrictedOperationMode (FDCAN_HandleTypeDef * hfdcan)
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Function description

Exit Restricted Operation Mode.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL.: status

HAL_FDCAN_ConfiginterruptLines

Function name

HAL_StatusTypeDef HAL_FDCAN_ConfiginterruptLines (FDCAN_HandleTypeDef * hfdcan, uint32_t
ITList, uint32_t InterruptLine)

Function description

Assign interrupts to either Interrupt line 0 or 1.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. ITList: indicates which interrupts group will be assigned to the selected interrupt line. This parameter can

be any combination of
- FDCAN_Interrupts_Group.

. InterruptLine: Interrupt line. This parameter can be a value of
- FDCAN_Interrupt_Line.

Return values
. HAL.: status

HAL_FDCAN_ActivateNotification

Function name

HAL_StatusTypeDef HAL_FDCAN_ActivateNotification (FDCAN_HandleTypeDef * hfdcan, uint32_t
ActivelTs, uint32_t Bufferindexes)

Function description

Enable interrupts.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. ActivelTs: indicates which interrupts will be enabled. This parameter can be any combination of
- FDCAN _Interrupts.
. Bufferindexes: Tx Buffer Indexes. This parameter can be any combination of

- FDCAN_Tx_location. This parameter is ignored if ActivelTs does not include one of the following:
° FDCAN_IT_TX_COMPLETE
° FDCAN_IT_TX_ABORT_COMPLETE

Return values
. HAL: status
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HAL_FDCAN_DeactivateNotification

Function name

HAL_StatusTypeDef HAL_FDCAN_DeactivateNotification (FDCAN_HandleTypeDef * hfdcan, uint32_t
InactivelTs)

Function description

Disable interrupts.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. InactivelTs: indicates which interrupts will be disabled. This parameter can be any combination of

- FDCAN_ Interrupts.

Return values
. HAL.: status

HAL_FDCAN_IRQHandler

Function name

void HAL_FDCAN_IRQHandler (FDCAN_HandleTypeDef * hfdcan)
Function description

Handles FDCAN interrupt request.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: status

HAL_FDCAN_TxEventFifoCallback

Function name
void HAL_FDCAN_TxEventFifoCallback (FDCAN_HandleTypeDef * hfdcan, uint32_t TxEventFifolTs)

Function description

Tx Event callback.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. TxEventFifolTs: indicates which Tx Event FIFO interrupts are signaled. This parameter can be any

combination of
- FDCAN_Tx_Event_Fifo_Interrupts.

Return values

. None:

HAL_FDCAN_RXxFifoOCallback

Function name
void HAL_FDCAN_RXxFifoOCallback (FDCAN_HandleTypeDef * hfdcan, uint32_t RxFifo0ITs)
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Function description
Rx FIFO 0 callback.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. RxFifo0ITs: indicates which Rx FIFO 0 interrupts are signaled. This parameter can be any combination of

- FDCAN_RXx_FifoO_lInterrupts.
Return values
. None:
HAL_FDCAN_RxFifo1Callback

Function name
void HAL_FDCAN_RxFifo1Callback (FDCAN_HandleTypeDef * hfdcan, uint32_t RxFifo1ITs)

Function description
Rx FIFO 1 callback.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. RxFifo1ITs: indicates which Rx FIFO 1 interrupts are signaled. This parameter can be any combination of

- FDCAN_RXx_Fifo1_Interrupts.

Return values

. None:

HAL_FDCAN_TxFifoEmptyCallback

Function name
void HAL_FDCAN_TxFifoEmptyCallback (FDCAN_HandleTypeDef * hfdcan)

Function description
Tx FIFO Empty callback.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. None:
HAL_FDCAN_TxBufferCompleteCallback

Function name
void HAL_FDCAN_TxBufferCompleteCallback (FDCAN_HandleTypeDef * hfdcan, uint32_t Bufferindexes)

Function description

Transmission Complete callback.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. Bufferindexes: Indexes of the transmitted buffers. This parameter can be any combination of

- FDCAN_Tx_location.
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Return values

. None:

HAL_FDCAN_TxBufferAbortCallback

Function name
void HAL_FDCAN_TxBufferAbortCallback (FDCAN_HandleTypeDef * hfdcan, uint32_t Bufferindexes)

Function description

Transmission Cancellation callback.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. Bufferindexes: Indexes of the aborted buffers. This parameter can be any combination of

- FDCAN_Tx location.

Return values

. None:

HAL_FDCAN_HighPriorityMessageCallback

Function name
void HAL_FDCAN_HighPriorityMessageCallback (FDCAN_HandleTypeDef * hfdcan)

Function description

High Priority Message callback.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values

. None:

HAL_FDCAN_TimestampWraparoundCallback

Function name
void HAL_FDCAN_TimestampWraparoundCallback (FDCAN_HandleTypeDef * hfdcan)

Function description

Timestamp Wraparound callback.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. None:
HAL_FDCAN_TimeoutOccurredCallback

Function name
void HAL_FDCAN_TimeoutOccurredCallback (FDCAN_HandleTypeDef * hfdcan)

Function description

Timeout Occurred callback.
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Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values

. None:

HAL_FDCAN_ErrorCallback

Function name
void HAL_FDCAN_ErrorCallback (FDCAN_HandleTypeDef * hfdcan)

Function description

Error callback.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. None:
HAL_FDCAN_ErrorStatusCallback

Function name
void HAL_FDCAN_ErrorStatusCallback (FDCAN_HandleTypeDef * hfdcan, uint32_t ErrorStatusITs)

Function description

Error status callback.

Parameters
. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.
. ErrorStatuslTs: indicates which Error Status interrupts are signaled. This parameter can be any

combination of
- FDCAN_Error_Status_Interrupts.

Return values

. None:

HAL_FDCAN_GetError

Function name
uint32_t HAL_FDCAN_GetError (const FDCAN_HandleTypeDef * hfdcan)

Function description
Return the FDCAN error code.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. FDCAN: Error Code
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HAL_FDCAN_GetState
Function name

HAL_FDCAN_StateTypeDef HAL_FDCAN_GetState (const FDCAN_HandleTypeDef * hfdcan)

Function description
Return the FDCAN state.

Parameters

. hfdcan: pointer to an FDCAN_HandleTypeDef structure that contains the configuration information for the
specified FDCAN.

Return values
. HAL: state

25.3 FDCAN Firmware driver defines

The following section lists the various define and macros of the module.
25.3.1 FDCAN

FDCAN

FDCAN Bit Rate Switching
FDCAN_BRS_OFF

FDCAN frames transmitted/received without bit rate switching

FDCAN_BRS_ON

FDCAN frames transmitted/received with bit rate switching

FDCAN Clock Divider

FDCAN_CLOCK_DIV1

Divide kernel clock by 1
FDCAN_CLOCK_DIV2

Divide kernel clock by 2
FDCAN_CLOCK_DIV4

Divide kernel clock by 4
FDCAN_CLOCK_DIV6

Divide kernel clock by 6
FDCAN_CLOCK_DIV8

Divide kernel clock by 8
FDCAN_CLOCK_DIV10

Divide kernel clock by 10
FDCAN_CLOCK_DIV12

Divide kernel clock by 12
FDCAN_CLOCK_DIV14

Divide kernel clock by 14

FDCAN_CLOCK_DIV16
Divide kernel clock by 16
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FDCAN_CLOCK_DIV18
Divide kernel clock by 18

FDCAN_CLOCK_DIV20
Divide kernel clock by 20

FDCAN_CLOCK_DIV22

Divide kernel clock by 22
FDCAN_CLOCK_DIV24

Divide kernel clock by 24
FDCAN_CLOCK_DIV26

Divide kernel clock by 26
FDCAN_CLOCK_DIV28

Divide kernel clock by 28

FDCAN_CLOCK_DIV30
Divide kernel clock by 30

FDCAN communication state
FDCAN_COM_STATE_SYNC
Node is synchronizing on CAN communication
FDCAN_COM_STATE_IDLE
Node is neither receiver nor transmitter
FDCAN_COM_STATE_RX
Node is operating as receiver

FDCAN_COM_STATE_TX

Node is operating as transmitter

FDCAN Counter Interrupts
FDCAN_IT_TIMESTAMP_WRAPAROUND

Timestamp counter wrapped around

FDCAN_IT_TIMEOUT_OCCURRED

Timeout reached

FDCAN Data Length Code

FDCAN_DLC_BYTES_0
0 bytes data field

FDCAN_DLC_BYTES_1
1 bytes data field

FDCAN_DLC_BYTES_2
2 bytes data field

FDCAN_DLC_BYTES_3
3 bytes data field
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FDCAN_DLC_BYTES_4
4 bytes data field

FDCAN_DLC_BYTES_5
5 bytes data field

FDCAN_DLC_BYTES_6

6 bytes data field
FDCAN_DLC_BYTES_7

7 bytes data field
FDCAN_DLC_BYTES_8

8 bytes data field
FDCAN_DLC_BYTES_12

12 bytes data field
FDCAN_DLC_BYTES_16

16 bytes data field
FDCAN_DLC_BYTES_20

20 bytes data field
FDCAN_DLC_BYTES_24

24 bytes data field
FDCAN_DLC_BYTES_32

32 bytes data field
FDCAN_DLC_BYTES_48

48 bytes data field

FDCAN_DLC_BYTES_64
64 bytes data field

FDCAN Error Interrupts

FDCAN_IT_RAM_ACCESS_FAILURE

Message RAM access failure occurred
FDCAN_IT_ERROR_LOGGING_OVERFLOW

Overflow of FDCAN Error Logging Counter occurred
FDCAN_IT_RAM_WATCHDOG

Message RAM Watchdog event due to missing READY
FDCAN_IT_ARB_PROTOCOL_ERROR

Protocol error in arbitration phase detected
FDCAN_IT_DATA_PROTOCOL_ERROR

Protocol error in data phase detected

FDCAN_IT_RESERVED_ADDRESS_ACCESS

Access to reserved address occurred

FDCAN Error State Indicator
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FDCAN_ESI_ACTIVE

Transmitting node is error active

FDCAN_ESI_PASSIVE

Transmitting node is error passive

FDCAN Error Status Interrupts
FDCAN_IT_ERROR_PASSIVE

Error_Passive status changed

FDCAN_IT_ERROR_WARNING

Error_Warning status changed

FDCAN_IT_BUS_OFF
Bus_Off status changed

FDCAN Event Type
FDCAN_TX_EVENT

Tx event

FDCAN_TX_IN_SPITE_OF_ABORT

Transmission in spite of cancellation

FDCAN Exported Macros
__HAL_FDCAN_RESET_HANDLE_STATE

Description:

. Reset FDCAN handle state.
Parameters:

. _ _HANDLE__: FDCAN handle.

Return value:
. None

__HAL_FDCAN_ENABLE_IT
Description:
. Enable the specified FDCAN interrupts.
Parameters:
. _ HANDLE__: FDCAN handle.
. __INTERRUPT__: FDCAN interrupt. This parameter can be any combination of
- FDCAN _Interrupts
Return value:
. None

__HAL_FDCAN_DISABLE_IT
Description:
. Disable the specified FDCAN interrupts.
Parameters:
. __HANDLE__: FDCAN handle.
. __INTERRUPT__: FDCAN interrupt. This parameter can be any combination of
- FDCAN_Interrupts
Return value:
. None
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__HAL_FDCAN_GET_IT
Description:
. Check whether the specified FDCAN interrupt is set or not.
Parameters:
. _ HANDLE__: FDCAN handle.
. __INTERRUPT__: FDCAN interrupt. This parameter can be one of
- FDCAN_Interrupts
Return value:
. ITStatus

_ _HAL_FDCAN_CLEAR_IT
Description:
. Clear the specified FDCAN interrupts.
Parameters:
. _ _HANDLE__: FDCAN handle.
. __INTERRUPT__: specifies the interrupts to clear. This parameter can be any combination of
- FDCAN_Interrupts
Return value:
. None

__HAL_FDCAN_GET_FLAG
Description:
. Check whether the specified FDCAN flag is set or not.
Parameters:
. _ HANDLE__: FDCAN handle.
. __FLAG__: FDCAN flag. This parameter can be one of
- FDCAN_flags
Return value:
. FlagStatus

__HAL_FDCAN_CLEAR_FLAG
Description:
. Clear the specified FDCAN flags.
Parameters:

. _ _HANDLE__: FDCAN handle.
. _ FLAG__: specifies the flags to clear. This parameter can be any combination of

- FDCAN_flags
Return value:
. None

__HAL_FDCAN_GET_IT_SOURCE
Description:
. Check if the specified FDCAN interrupt source is enabled or disabled.
Parameters:

. _ _HANDLE__: FDCAN handle.
. __INTERRUPT__: specifies the FDCAN interrupt source to check. This parameter can be a value of

- FDCAN_Interrupts
Return value:
. ITStatus
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FDCAN Filter Configuration

FDCAN_FILTER_DISABLE

Disable filter element

FDCAN_FILTER_TO_RXFIFO0
Store in Rx FIFO 0 if filter matches

FDCAN_FILTER_TO_RXFIFO1

Store in Rx FIFO 1 if filter matches
FDCAN_FILTER_REJECT

Reject ID if filter matches
FDCAN_FILTER_HP

Set high priority if filter matches
FDCAN_FILTER_TO_RXFIFOO0_HP

Set high priority and store in FIFO 0 if filter matches

FDCAN_FILTER_TO_RXFIFO1_HP
Set high priority and store in FIFO 1 if filter matches

FDCAN Filter Type
FDCAN_FILTER_RANGE
Range filter from FilterID1 to FilterID2
FDCAN_FILTER_DUAL
Dual ID filter for FilterID1 or FilterID2
FDCAN_FILTER_MASK
Classic filter: FilterlD1 = filter, FilterID2 = mask

FDCAN_FILTER_RANGE_NO_EIDM
Range filter from FilterID1 to FilterID2, EIDM mask not applied

FDCAN Flags

FDCAN_FLAG_TX_COMPLETE

Transmission Completed
FDCAN_FLAG_TX_ABORT_COMPLETE

Transmission Cancellation Finished
FDCAN_FLAG_TX_FIFO_EMPTY

Tx FIFO Empty
FDCAN_FLAG_RX_HIGH_PRIORITY_MSG

High priority message received
FDCAN_FLAG_TX_EVT_FIFO_ELT_LOST

Tx Event FIFO element lost

FDCAN_FLAG_TX_EVT_FIFO_FULL
Tx Event FIFO full
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FDCAN_FLAG_TX_EVT_FIFO_NEW_DATA

Tx Handler wrote Tx Event FIFO element

FDCAN_FLAG_RX_FIFO0_MESSAGE_LOST
Rx FIFO 0 message lost

FDCAN_FLAG_RX_FIFO0_FULL

Rx FIFO 0 full
FDCAN_FLAG_RX_FIFO0_NEW_MESSAGE

New message written to Rx FIFO 0
FDCAN_FLAG_RX_FIFO1_MESSAGE_LOST

Rx FIFO 1 message lost
FDCAN_FLAG_RX_FIFO1_FULL

Rx FIFO 1 full
FDCAN_FLAG_RX_FIFO1_NEW_MESSAGE

New message written to Rx FIFO 1
FDCAN_FLAG_RAM_ACCESS_FAILURE

Message RAM access failure occurred
FDCAN_FLAG_ERROR_LOGGING_OVERFLOW

Overflow of FDCAN Error Logging Counter occurred
FDCAN_FLAG_ERROR_PASSIVE

Error_Passive status changed
FDCAN_FLAG_ERROR_WARNING

Error_Warning status changed
FDCAN_FLAG_BUS_OFF

Bus_Off status changed
FDCAN_FLAG_RAM_WATCHDOG

Message RAM Watchdog event due to missing READY
FDCAN_FLAG_ARB_PROTOCOL_ERROR

Protocol error in arbitration phase detected
FDCAN_FLAG_DATA_PROTOCOL_ERROR

Protocol error in data phase detected
FDCAN_FLAG_RESERVED_ADDRESS_ACCESS

Access to reserved address occurred
FDCAN_FLAG_TIMESTAMP_WRAPAROUND

Timestamp counter wrapped around

FDCAN_FLAG_TIMEOUT_OCCURRED

Timeout reached

FDCAN format

FDCAN_CLASSIC_CAN
Frame transmitted/received in Classic CAN format
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FDCAN_FD_CAN

Frame transmitted/received in FDCAN format

FDCAN Frame Format
FDCAN_FRAME_CLASSIC

Classic mode
FDCAN_FRAME_FD_NO_BRS
FD mode without BitRate Switching

FDCAN_FRAME_FD_BRS
FD mode with BitRate Switching

FDCAN Frame Type
FDCAN_DATA_FRAME

Data frame

FDCAN_REMOTE_FRAME

Remote frame

FDCAN High Priority Message Storage
FDCAN_HP_STORAGE_NO_FIFO
No FIFO selected
FDCAN_HP_STORAGE_MSG_LOST
FIFO message lost
FDCAN_HP_STORAGE_RXFIFOO0
Message stored in FIFO 0

FDCAN_HP_STORAGE_RXFIFO1
Message stored in FIFO 1

FDCAN ID Type
FDCAN_STANDARD_ID

Standard ID element

FDCAN_EXTENDED_ID

Extended ID element

FDCAN Interrupts Group

FDCAN_IT_GROUP_RX_FIFO0

RX FIFO 0 Interrupts Group: RFOLL: Rx FIFO 0 Message Lost RFOFL: Rx FIFO 0 is Full RFONL: Rx FIFO 0 Has
New Message

FDCAN_IT_GROUP_RX_FIFO1

RX FIFO 1 Interrupts Group: RF1LL: Rx FIFO 1 Message Lost RF1FL: Rx FIFO 1 is Full RF1NL: Rx FIFO 1 Has
New Message

FDCAN_IT_GROUP_SMSG

Status Message Interrupts Group: TCFL: Transmission Cancellation Finished TCL: Transmission Completed
HPML: High Priority Message
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FDCAN_IT_GROUP_TX_FIFO_ERROR

TX FIFO Error Interrupts Group: TEFLL: Tx Event FIFO Element Lost TEFFL: Tx Event FIFO Full TEFNL: Tx
Event FIFO New Entry TFEL: Tx FIFO Empty Interrupt Line

FDCAN_IT_GROUP_MISC

Misc. Interrupts Group: TOOL: Timeout Occurred MRAFL: Message RAM Access Failure TSWL: Timestamp
Wraparound

FDCAN_IT_GROUP_BIT_LINE_ERROR
Bit and Line Error Interrupts Group: EPL: Error Passive ELOL: Error Logging Overflow

FDCAN_IT_GROUP_PROTOCOL_ERROR
Protocol Error Group: ARAL: Access to Reserved Address Line PEDL: Protocol Error in Data Phase Line PEAL:
Protocol Error in Arbitration Phase Line WDIL: Watchdog Interrupt Line BOL: Bus_Off Status EWL: Warning
Status
FDCAN Interrupts List
FDCAN_IT_LIST_RX_FIFO0
RX FIFO 0 Interrupts List
FDCAN_IT_LIST_RX_FIFO1
RX FIFO 1 Interrupts List
FDCAN_IT_LIST_SMSG
Status Message Interrupts List
FDCAN_IT_LIST_TX_FIFO_ERROR
TX FIFO Error Interrupts List
FDCAN_IT_LIST_MISC
Misc. Interrupts List
FDCAN_IT_LIST_BIT_LINE_ERROR

Bit and Line Error Interrupts List

FDCAN_IT_LIST_PROTOCOL_ERROR

Protocol Error Interrupts List

FDCAN interrupt line
FDCAN_INTERRUPT_LINEO

Interrupt Line 0

FDCAN_INTERRUPT_LINE1

Interrupt Line 1

FDCAN non-matching frames

FDCAN_ACCEPT_IN_RX_FIFO0
Acceptin Rx FIFO 0

FDCAN_ACCEPT_IN_RX_FIFO1
Accept in Rx FIFO 1

FDCAN_REJECT

Reject
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FDCAN Operating Mode

FDCAN_MODE_NORMAL

Normal mode
FDCAN_MODE_RESTRICTED_OPERATION

Restricted Operation mode
FDCAN_MODE_BUS_MONITORING

Bus Monitoring mode
FDCAN_MODE_INTERNAL_LOOPBACK

Internal LoopBack mode

FDCAN_MODE_EXTERNAL_LOOPBACK

External LoopBack mode

FDCAN protocol error code
FDCAN_PROTOCOL_ERROR_NONE

No error occurred

FDCAN_PROTOCOL_ERROR_STUFF

Stuff error
FDCAN_PROTOCOL_ERROR_FORM
Form error
FDCAN_PROTOCOL_ERROR_ACK
Acknowledge error
FDCAN_PROTOCOL_ERROR_BIT1
Bit 1 (recessive) error
FDCAN_PROTOCOL_ERROR_BITO0
Bit 0 (dominant) error
FDCAN_PROTOCOL_ERROR_CRC

CRC check sum error

FDCAN_PROTOCOL_ERROR_NO_CHANGE

No change since last read

FDCAN reject remote frames

FDCAN_FILTER_REMOTE

Filter remote frames

FDCAN_REJECT_REMOTE

Reject all remote frames

FDCAN Rx FIFO 0 Interrupts

FDCAN_IT_RX_FIFOO0_MESSAGE_LOST
Rx FIFO 0 message lost

FDCAN_IT_RX_FIFOO_FULL
Rx FIFO 0 full
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FDCAN_IT_RX_FIFO0O_NEW_MESSAGE

New message written to Rx FIFO 0

FDCAN Rx FIFO 1 Interrupts

FDCAN_IT_RX_FIFO1_MESSAGE_LOST
Rx FIFO 1 message lost

FDCAN_IT_RX_FIFO1_FULL
Rx FIFO 1 full

FDCAN_IT_RX_FIFO1_NEW_MESSAGE

New message written to Rx FIFO 1

FDCAN FIFO operation mode

FDCAN_RX_FIFO_BLOCKING
Rx FIFO blocking mode

FDCAN_RX_FIFO_OVERWRITE

Rx FIFO overwrite mode

FDCAN Rx Interrupts
FDCAN_IT_RX_HIGH_PRIORITY_MSG
High priority message received
FDCAN Rx Location
FDCAN_RX_FIFO0

Get received message from Rx FIFO 0

FDCAN_RX_FIFO1

Get received message from Rx FIFO 1

FDCAN timeout operation
FDCAN_TIMEOUT_CONTINUOUS

Timeout continuous operation

FDCAN_TIMEOUT_TX_EVENT_FIFO
Timeout controlled by Tx Event FIFO

FDCAN_TIMEOUT_RX_FIFOO0
Timeout controlled by Rx FIFO 0

FDCAN_TIMEOUT_RX_FIFO1
Timeout controlled by Rx FIFO 1

FDCAN timestamp
FDCAN_TIMESTAMP_INTERNAL

Timestamp counter value incremented according to TCP

FDCAN_TIMESTAMP_EXTERNAL

External timestamp counter value used

FDCAN timestamp prescaler
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FDCAN_TIMESTAMP_PRESC_1

Timestamp counter time unit in equal to CAN bit time

FDCAN_TIMESTAMP_PRESC_2

Timestamp counter time unit in equal to CAN bit time multiplied by 2
FDCAN_TIMESTAMP_PRESC_3

Timestamp counter time unit in equal to CAN bit time multiplied by 3
FDCAN_TIMESTAMP_PRESC_4

Timestamp counter time unit in equal to CAN bit time multiplied by 4
FDCAN_TIMESTAMP_PRESC_5

Timestamp counter time unit in equal to CAN bit time multiplied by 5
FDCAN_TIMESTAMP_PRESC_6

Timestamp counter time unit in equal to CAN bit time multiplied by 6
FDCAN_TIMESTAMP_PRESC_7

Timestamp counter time unit in equal to CAN bit time multiplied by 7
FDCAN_TIMESTAMP_PRESC_8

Timestamp counter time unit in equal to CAN bit time multiplied by 8
FDCAN_TIMESTAMP_PRESC_9

Timestamp counter time unit in equal to CAN bit time multiplied by 9
FDCAN_TIMESTAMP_PRESC_10

Timestamp counter time unit in equal to CAN bit time multiplied by 10
FDCAN_TIMESTAMP_PRESC_11

Timestamp counter time unit in equal to CAN bit time multiplied by 11
FDCAN_TIMESTAMP_PRESC_12

Timestamp counter time unit in equal to CAN bit time multiplied by 12
FDCAN_TIMESTAMP_PRESC_13

Timestamp counter time unit in equal to CAN bit time multiplied by 13
FDCAN_TIMESTAMP_PRESC_14

Timestamp counter time unit in equal to CAN bit time multiplied by 14
FDCAN_TIMESTAMP_PRESC_15

Timestamp counter time unit in equal to CAN bit time multiplied by 15

FDCAN_TIMESTAMP_PRESC_16

Timestamp counter time unit in equal to CAN bit time multiplied by 16

FDCAN Tx FIFO/Queue Mode

FDCAN_TX_FIFO_OPERATION
FIFO mode

FDCAN_TX_QUEUE_OPERATION

Queue mode

FDCAN Tx Event FIFO Interrupts
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FDCAN_IT_TX_EVT_FIFO_ELT_LOST

Tx Event FIFO element lost

FDCAN_IT_TX_EVT_FIFO_FULL
Tx Event FIFO full

FDCAN_IT_TX_EVT_FIFO_NEW_DATA

Tx Handler wrote Tx Event FIFO element

FDCAN Tx Interrupts
FDCAN_IT_TX_COMPLETE
Transmission Completed
FDCAN_IT_TX_ABORT_COMPLETE

Transmission Cancellation Finished

FDCAN_IT_TX_FIFO_EMPTY
Tx FIFO Empty

FDCAN Tx Location
FDCAN_TX_BUFFERO
Add message to Tx Buffer 0

FDCAN_TX_BUFFER1
Add message to Tx Buffer 1

FDCAN_TX_BUFFER2
Add message to Tx Buffer 2
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26 HAL FLASH Generic Driver
26.1 FLASH Firmware driver registers structures
26.1.1 FLASH_EraselnitTypeDef
FLASH_EraselnitTypeDef is defined in the stm32u5xx_hal_flash.h
Data Fields

. uint32_t TypeErase
. uint32_t Banks

. 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::Banks
Select bank to erase. This parameter must be a value of FLASH_Banks (FLASH_BANK_BOTH should be
used only for mass erase)

. uint32_t FLASH_EraselnitTypeDef::Page
Initial Flash page to erase when page erase is disabled This parameter must be a value between 0 and
(max number of pages in the bank - 1) (eg : 127 for 2MB dual bank)

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

26.1.2 FLASH_OBPrograminitTypeDef
FLASH_OBPrograminitTypeDef is defined in the stm32u5xx_hal_flash.h
Data Fields
. uint32_t OptionType
. uint32_t WRPArea
. uint32_t WRPStartOffset
. uint32_t WRPENdOffset
. FunctionalState WRPLock
. uint32_t RDPLevel
. uint32_t USERType
. uint32_t USERConfig
. uint32_t WMSecConfig
. uint32_t WMSecStartPage
. uint32_t WMSecEndPage
. uint32_t WMHDPEndPage
. uint32_t BootLock
. uint32_t BootAddrConfig
. uint32_t BootAddr
. uint32_t RDPKeyType
. uint32_t RDPKey1
. uint32_t RDPKey2
Field Documentation

. uint32_t FLASH_OBPrograminitTypeDef::OptionType
Option byte to be configured. This parameter can be a combination of the values of FLASH_OB_Type
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. uint32_t FLASH_OBPrograminitTypeDef::WRPArea
Write protection area to be programmed (used for OPTIONBYTE_WRP). Only one WRP area could be
programmed at the same time. This parameter can be value of FLASH_OB_WRP_Area

. uint32_t FLASH_OBPrograminitTypeDef::WRPStartOffset
Write protection start offset (used for OPTIONBYTE_WRP). This parameter must be a value between 0
and (max number of pages in the bank - 1)

. uint32_t FLASH_OBPrograminitTypeDef::WRPEndOffset
Write protection end offset (used for OPTIONBYTE_WRP). This parameter must be a value between
WRPStartOffset and (max number of pages in the bank - 1)

. FunctionalState FLASH_OBPrograminitTypeDef::WRPLock
Write protection lock (used for OPTIONBYTE_WRP). This parameter can be set to ENABLE or DISABLE

. uint32_t FLASH_OBPrograminitTypeDef::RDPLevel
Set the read protection level (used for OPTIONBYTE_RDP). This parameter can be a value of
FLASH_OB_Read_Protection

. uint32_t FLASH_OBPrograminitTypeDef::USERType
User option byte(s) to be configured (used for OPTIONBYTE_USER). This parameter can be a
combination of FLASH_OB_USER_Type

. uint32_t FLASH_OBPrograminitTypeDef::USERConfig
Value of the user option byte (used for OPTIONBYTE_USER). This parameter can be a combination of
FLASH_OB_USER_BOR_LEVEL, FLASH_OB_USER_nRST_STOP,
FLASH_OB_USER_nRST_STANDBY, FLASH_OB_USER_nRST_SHUTDOWN,
FLASH_OB_USER_SRAM_RST, FLASH_OB_USER_IWDG_SW, FLASH_OB_USER_IWDG_STOP,
FLASH_OB_USER_IWDG_STANDBY, FLASH_OB_USER_WWDG_SW,
FLASH_OB_USER_SWAP_BANK, FLASH_OB_USER_DUALBANK,
FLASH_OB_USER_BKPRAM_RST, FLASH_OB_USER_SRAM3_ECC,
FLASH_OB_USER_SRAM2_ECC, FLASH_OB_USER_SRAM2_RST, FLASH_OB_USER_nSWBOOTO0,
FLASH_OB_USER_nBOOTO0, FLASH_OB_USER_PA15_PUPEN, FLASH_OB_USER_IO_VDD_HSLY,
FLASH_OB_USER_IO_VDDIO2_HSLV, FLASH_OB_USER_TZEN

. uint32_t FLASH_OBPrograminitTypeDef::WMSecConfig
Configuration of the Watermark-based Secure Area (used for OPTIONBYTE_WMSEC). This parameter
must be a value of FLASH_OB_WMSEC

. uint32_t FLASH_OBPrograminitTypeDef::WMSecStartPage
Start page of secure area (used for OPTIONBYTE_WMSEC). This parameter must be a value between 0
and (max number of pages in the bank - 1)

. uint32_t FLASH_OBPrograminitTypeDef::WMSecEndPage
End page of secure area (used for OPTIONBYTE_WMSEC). This parameter must be a value between
WMSecStartPage and (max number of pages in the bank - 1)

. uint32_t FLASH_OBPrograminitTypeDef::WMHDPEndPage
End page of the secure hide protection (used for OPTIONBYTE_WMSEC). This parameter must be a
value between WMSecStartPage and WMSecEndPage

. uint32_t FLASH_OBPrograminitTypeDef::BootLock
Configuration of the boot lock (used for OPTIONBYTE_BOOT_LOCK). This parameter must be a value of
FLASH_OB_BOOT_LOCK

. uint32_t FLASH_OBPrograminitTypeDef::BootAddrConfig
Configuration of the Boot address (used for OPTIONBYTE_BOOTADDR). This parameter must be a value
of FLASH_OB_BOOTADDR

. uint32_t FLASH_OBPrograminitTypeDef::BootAddr
Boot address (used for OPTIONBYTE_BOOTADDR). This parameter must be a value between 0x0 and
OxFFFFFFOO

. uint32_t FLASH_OBPrograminitTypeDef::RDPKeyType
Configuration of the RDP OEM keys (used for OPTIONBYTE_RDPKEY). This parameter can be a value of
FLASH_OB_RDP_Key_Type

. uint32_t FLASH_OBPrograminitTypeDef::RDPKey1

Value of the RDP OEM key 1 (used for OPTIONBYTE_RDPKEY)
. uint32_t FLASH_OBPrograminitTypeDef::RDPKey2

Value of the RDP OEM key 2 (used for OPTIONBYTE_RDPKEY)
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26.1.3 FLASH_ProcessTypeDef
FLASH_ProcessTypeDef is defined in the stm32u5xx_hal_flash.h
Data Fields
. HAL_LockTypeDef Lock
. uint32_t ErrorCode
. uint32_t ProcedureOnGoing
. uint32_t Address
. uint32_t Bank
. uint32_t Page
. uint32_t NbPagesToErase
Field Documentation
. HAL_LockTypeDef FLASH_ProcessTypeDef::Lock
. uint32_t FLASH_ProcessTypeDef::ErrorCode
. uint32_t FLASH_ProcessTypeDef::ProcedureOnGoing
. uint32_t FLASH_ProcessTypeDef::Address
. uint32_t FLASH_ProcessTypeDef::Bank
. uint32_t FLASH_ProcessTypeDef::Page
. uint32_t FLASH_ProcessTypeDef::NbPagesToErase

26.2 FLASH Firmware driver API description

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

26.2.1 FLASH peripheral features
The Flash memory interface manages CPU AHB C-Bus accesses to the Flash memory. It implements the erase
and program Flash memory operations and the read and write protection mechanisms.

The Flash memory interface implements the TrustZone security features (TZ) supported by ARM Cortex-M33 core
(CM33).
The FLASH main features are:

. Flash memory read operations

. Flash memory program/erase operations

. Read / write protections

. Option bytes programming

. TrustZone aware

. Watermark-based area protection including the secure hide area
. Block-based page protection

. Error code correction (ECC) : Data in flash are 137-bits word (9 bits added per quad-word)

26.2.2 How to use this driver
This driver provides functions and macros to configure and program the FLASH memory of all STM32U5xx
devices.
1. Flash Memory IO Programming functions:
- Lock and Unlock the FLASH interface using HAL_FLASH_Unlock() and HAL_FLASH_Lock() functions
- Program functions: quad-words and burst program (8 quad-words)
- There are two modes of programming :
° Polling mode using HAL_FLASH_Program() function
° Interrupt mode using HAL_FLASH_Program_IT() function
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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()
3. Option bytes management functions :

- Lock and Unlock the option bytes using HAL_FLASH_OB_Unlock() and HAL_FLASH_OB_Lock()
functions

- Launch the reload of the option bytes using HAL_FLASH_Launch() function. In this case, a reset is
generated

In addition to these functions, this driver includes a set of macros allowing to handle the following operations:

. Set the latency

. Enable/Disable the Flash power-down during low-power run and sleep modes
. Enable/Disable the Flash interrupts
. Monitor the Flash flags status

26.2.3 Programming operation functions

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

. HAL_FLASH_Program()

. HAL_FLASH_Program_IT()

. HAL_FLASH_IRQHandler()

. HAL_FLASH_EndOfOperationCallback()

. HAL_FLASH_OperationErrorCallback()

26.2.4 Peripheral Control functions

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

. HAL_FLASH_Unlock()

. HAL_FLASH_Lock()

. HAL_FLASH_OB_Unlock()

. HAL_FLASH_OB_Lock()

. HAL_FLASH_OB_Launch()

26.2.5 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()

26.2.6 Detailed description of functions

HAL_FLASH_Program

Function name

HAL_StatusTypeDef HAL_FLASH_Program (uint32_t TypeProgram, uint32_t Address, uint32_t
DataAddress)

Function description

Program a quad-word or a burst of 8 quad-words at a specified address.
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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. This parameter shall be aligned to the Flash word
(128 bits)
. DataAddress: specifies the address of data to be programmed. This parameter shall be 32-bit aligned

Return values
. HAL: Status

HAL_FLASH_Program_IT

Function name

HAL_StatusTypeDef HAL_FLASH_Program_IT (uint32_t TypeProgram, uint32_t Address, uint32_t
DataAddress)

Function description

Program a quad-word or a burst of 8 quad-words 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. This parameter shall be aligned to the Flash word
(128 bits)
. DataAddress: specifies the address of data to be programmed. This parameter shall be 32-bit aligned

Return values
. HAL: Status

HAL_FLASH_IRQHandler
Function name
void HAL_FLASH_IRQHandler (void )
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: Bank
number which has been requested to erase Page Erase: Page which has been erased (if OxFFFFFFFF, it
means that all the selected pages have been erased) Program: Address which was selected for data
program

Return values

. None:
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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: Bank
number which has been requested to erase Page Erase: Page number which returned an error Program:
Address which was selected for data program

Return values

. None:

HAL_FLASH_Unlock

Function name
HAL_StatusTypeDef HAL_FLASH_Unlock (void )

Function description

Unlock the FLASH control register access.

Return values
. HAL: Status

HAL_FLASH_Lock

Function name
HAL_StatusTypeDef HAL_FLASH_Lock (void )

Function description

Lock the FLASH control register access.

Return values
. HAL: Status

HAL_FLASH_OB_Unlock

Function name
HAL_StatusTypeDef HAL_FLASH_OB_Unlock (void )

Function description

Unlock the FLASH Option Bytes Registers access.
Return values
. HAL: Status
HAL_FLASH_OB_Lock

Function name
HAL_StatusTypeDef HAL_FLASH_OB_Lock (void )

Function description

Lock the FLASH Option Bytes Registers access.
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Return values
. HAL: Status

HAL_FLASH_OB_Launch

Function name
HAL_StatusTypeDef HAL_FLASH_OB_Launch (void )

Function description

Launch the option byte loading.

Return values
. HAL: Status

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_PROG: FLASH Programming error
- HAL_FLASH_ERROR_WRP: FLASH Write protection error
- HAL_FLASH_ERROR_PGA: FLASH Programming alignment error
- HAL_FLASH_ERROR_SIZ: FLASH Size error
- HAL_FLASH_ERROR_PGS: FLASH Programming sequence error
- HAL_FLASH_ERROR_OPTW: FLASH Option modification error

FLASH_WaitForLastOperation

Function name

HAL_StatusTypeDef FLASH_WaitForLastOperation (uint32_t Timeout)
Function description

Wait for a FLASH operation to complete.
Parameters

. Timeout: maximum flash operation timeout

Return values
. HAL: Status

26.3 FLASH Firmware driver defines

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

FLASH

FLASH Banks
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FLASH_BANK_1
Bank 1

FLASH_BANK_2
Bank 2

FLASH_BANK_BOTH
Bank1 and Bank2

FLASH Block-Base Attributes

FLASH_BB_SEC
Flash Block-Based Security Attributes

FLASH_BB_PRIV
Flash Block-Based Privilege Attributes

FLASH Error
HAL_FLASH_ERROR_NONE

HAL_FLASH_ERROR_OP
HAL_FLASH_ERROR_PROG
HAL_FLASH_ERROR_WRP
HAL_FLASH_ERROR_PGA
HAL_FLASH_ERROR_SIZ
HAL_FLASH_ERROR_PGS
HAL_FLASH_ERROR_OPTW
HAL_FLASH_ERROR_ECCC

HAL_FLASH_ERROR_ECCD

FLASH Exported Macros
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__HAL_FLASH_SET_LATENCY

Description:

. Set the FLASH Latency.

Parameters:

. __LATENCY__: FLASH Latency This parameter can be one of the following values :

- FLASH_LATENCY_0: FLASH Zero wait state
- FLASH_LATENCY_1: FLASH One wait state
- FLASH_LATENCY_2: FLASH Two wait states
- FLASH_LATENCY_3: FLASH Three wait states
- FLASH_LATENCY_4: FLASH Four wait states
- FLASH_LATENCY_5: FLASH Five wait states
- FLASH_LATENCY_6: FLASH Six wait states
- FLASH_LATENCY_7: FLASH Seven wait states
- FLASH_LATENCY_8: FLASH Eight wait states
- FLASH_LATENCY_9: FLASH Nine wait states
- FLASH_LATENCY_10: FLASH Ten wait states
- FLASH_LATENCY_11: FLASH Eleven wait states
- FLASH_LATENCY_12: FLASH Twelve wait states
- FLASH_LATENCY_13: FLASH Thirteen wait states
- FLASH_LATENCY_14: FLASH Fourteen wait states
- FLASH_LATENCY_15: FLASH Fifteen wait states
Return value:
. None

__HAL_FLASH_GET_LATENCY

Description:

. Get the FLASH Latency.

Return value:

. FLASH: Latency This return value can be one of the following values :
- FLASH_LATENCY_0: FLASH Zero wait state
- FLASH_LATENCY_1: FLASH One wait state
- FLASH_LATENCY_2: FLASH Two wait states
- FLASH_LATENCY_3: FLASH Three wait states
- FLASH_LATENCY_4: FLASH Four wait states
- FLASH_LATENCY_5: FLASH Five wait states
- FLASH_LATENCY_6: FLASH Six wait states
- FLASH_LATENCY_7: FLASH Seven wait states
- FLASH_LATENCY_8: FLASH Eight wait states
- FLASH_LATENCY_9: FLASH Nine wait states
- FLASH_LATENCY_10: FLASH Ten wait states
- FLASH_LATENCY_11: FLASH Eleven wait states
- FLASH_LATENCY_12: FLASH Twelve wait states
- FLASH_LATENCY_13: FLASH Thirteen wait states
- FLASH_LATENCY_14: FLASH Fourteen wait states
- FLASH_LATENCY_15: FLASH Fifteen wait states
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__HAL_FLASH_PREFETCH_BUFFER_ENABLE

Description:

. Enable the FLASH prefetch buffer.

Return value:

. None
__HAL_FLASH_PREFETCH_BUFFER_DISABLE

Description:

. Disable the FLASH prefetch buffer.
Return value:

. None

__HAL_FLASH_SLEEP_POWERDOWN_ENABLE

Description:

. Enable the FLASH power down during Low-Power sleep mode.
Return value:

. none

__HAL_FLASH_SLEEP_POWERDOWN_DISABLE

Description:

. Disable the FLASH power down during Low-Power sleep mode.
Return value:

. none

FLASH Flags Definition

FLASH_FLAG_EOP

FLASH End of operation flag
FLASH_FLAG_OPERR

FLASH Operation error flag
FLASH_FLAG_PROGERR

FLASH Programming error flag
FLASH_FLAG_WRPERR

FLASH Write protection error flag
FLASH_FLAG_PGAERR

FLASH Programming alignment error flag
FLASH_FLAG_SIZERR

FLASH Size error flag
FLASH_FLAG_PGSERR

FLASH Programming sequence error flag
FLASH_FLAG_OPTWERR

FLASH Option modification error flag
FLASH_FLAG_BSY

FLASH Busy flag

FLASH_FLAG_WDW
FLASH Wait Data to Write flag
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FLASH_FLAG_ECCC
FLASH ECC correction

FLASH_FLAG_ECCD
FLASH ECC detection

FLASH_FLAG_SR_ERRORS

FLASH_FLAG_ECCR_ERRORS

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_EOP: End of FLASH Operation Interrupt
- FLASH_IT_OPERR: Error Interrupt
- FLASH_IT_ECCC: ECC Correction Interrupt
Return value:
. none

__HAL_FLASH_ENABLE_IT_NS

__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_EOP: End of FLASH Operation Interrupt
- FLASH_IT_OPERR: Error Interrupt
- FLASH_IT_ECCC: ECC Correction Interrupt
Return value:
. none

__HAL_FLASH_DISABLE_IT_NS
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__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_EOP: FLASH End of Operation flag
- FLASH_FLAG_OPERR: FLASH Operation error flag
- FLASH_FLAG_PROGERR: FLASH Programming error flag
- FLASH_FLAG_WRPERR: FLASH Write protection error flag
- FLASH_FLAG_PGAERR: FLASH Programming alignment error flag
- FLASH_FLAG_SIZERR: FLASH Size error flag
- FLASH_FLAG_PGSERR: FLASH Programming sequence error flag
- FLASH_FLAG_OPTWERR: FLASH Option modification error flag
- FLASH_FLAG_BSY: FLASH write/erase operations in progress flag
- FLASH_FLAG_WDW: FLASH Wait Data to Write flag
- FLASH_FLAG_ECCC: FLASH one ECC error has been detected and corrected
- FLASH_FLAG_ECCD: FLASH two ECC errors have been detected
Return value:
. The: new state of FLASH_FLAG (SET or RESET).

__HAL_FLASH_GET_FLAG_NS

__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_EOP: FLASH End of Operation flag
- FLASH_FLAG_OPERR: FLASH Operation error flag
- FLASH_FLAG_PROGERR: FLASH Programming error flag
- FLASH_FLAG_WRPERR: FLASH Write protection error flag
- FLASH_FLAG_PGAERR: FLASH Programming alignment error flag
- FLASH_FLAG_SIZERR: FLASH Size error flag
- FLASH_FLAG_PGSERR: FLASH Programming sequence error flag
- FLASH_FLAG_OPTWERR: FLASH Option modification error flag (Only in non-secure)
- FLASH_FLAG_ECCC: FLASH one ECC error has been detected and corrected
- FLASH_FLAG_ECCD: FLASH two ECC errors have been detected
- FLASH_FLAG_ALL_ERRORS: FLASH All errors flags
Return value:
. None

__HAL_FLASH_CLEAR_FLAG_NS

FLASH Interrupts Definition

FLASH_IT_EOP
End of FLASH Operation Interrupt source

FLASH_IT_OPERR

Error Interrupt source

UM2911 - Rev 4 page 474/3822



‘_ UM2911
,’ HAL FLASH Generic Driver

FLASH_IT_ECCC

ECC Correction Interrupt source

FLASH Keys

FLASH_KEY1
Flash key1
FLASH_KEY2
Flash key2: used with FLASH_KEY1 to unlock the FLASH registers access
FLASH_PDKEY1_1
Flash Bank 1 power down key1
FLASH_PDKEY1_2
Flash Bank 1 power down key2: used with FLASH_PDKEY1_1 to unlock the PDREQ1 bit in FLASH_ACR
FLASH_PDKEY2_1
Flash Bank 2 power down key1
FLASH_PDKEY2_2
Flash Bank 2 power down key2: used with FLASH_PDKEY2_1 to unlock the PDREQ2 bit in FLASH_ACR
FLASH_OPTKEY1
Flash option byte key1

FLASH_OPTKEY2
Flash option byte key2: used with FLASH_OPTKEY1 to allow option bytes operations

FLASH Latency

FLASH_LATENCY_O
FLASH Zero wait state

FLASH_LATENCY_1
FLASH One wait state

FLASH_LATENCY_2
FLASH Two wait states

FLASH_LATENCY_3
FLASH Three wait states

FLASH_LATENCY_4
FLASH Four wait states

FLASH_LATENCY_5
FLASH Five wait state

FLASH_LATENCY_6
FLASH Six wait state

FLASH_LATENCY_7
FLASH Seven wait states

FLASH_LATENCY_8
FLASH Eight wait states
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FLASH_LATENCY_9
FLASH Nine wait states

FLASH_LATENCY_10
FLASH Ten wait state

FLASH_LATENCY_11
FLASH Eleven wait state

FLASH_LATENCY_12
FLASH Twelve wait states

FLASH_LATENCY_13
FLASH Thirteen wait states

FLASH_LATENCY_14
FLASH Fourteen wait states

FLASH_LATENCY_15
FLASH Fifteen wait states

FLASH LPM configuration
FLASH_LPM_DISABLE

Flash is in normal read mode

FLASH_LPM_ENABLE

Flash is in low-power read mode

FLASH Option Bytes Boot address
OB_BOOTADDR_NS0

Non-secure boot address 0

OB_BOOTADDR_NS1

Non-secure boot address 1

OB_BOOTADDR_SEC0

Secure boot address 0

FLASH Option Bytes Boot Lock
OB_BOOT_LOCK_DISABLE

Boot lock disable

OB_BOOT_LOCK_ENABLE

Boot lock enable

FLASH Option Bytes Read Protection Key Type

OB_RDP_KEY_OEM1
OEM1 key

OB_RDP_KEY_OEM2
OEM2 key

FLASH Option Bytes Read Protection
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OB_RDP_LEVEL_0

OB_RDP_LEVEL_0_5
OB_RDP_LEVEL_1

OB_RDP_LEVEL_2

FLASH Option Bytes Type

OPTIONBYTE_WRP

WRP option byte configuration
OPTIONBYTE_RDP

RDP option byte configuration
OPTIONBYTE_USER

USER option byte configuration
OPTIONBYTE_BOOTADDR

Boot address option byte configuration
OPTIONBYTE_WMSEC

Watermark-based secure area option byte configuration
OPTIONBYTE_BOOT_LOCK

Boot lock option byte configuration

OPTIONBYTE_RDPKEY
RDP Key option byte configuration

FLASH Option Bytes User BKPRAM ECC check

OB_BKPRAM_ECC_ENABLE
BKPRAM ECC check enable

OB_BKPRAM_ECC_DISABLE
BKPRAM ECC check disable

FLASH Option Bytes User BOR Level

OB_BOR_LEVEL_0

Reset level threshold is around 1.7V
OB_BOR_LEVEL_1

Reset level threshold is around 2.0V
OB_BOR_LEVEL_2

Reset level threshold is around 2.2V
OB_BOR_LEVEL_3

Reset level threshold is around 2.5V

OB_BOR_LEVEL_4

Reset level threshold is around 2.8V

FLASH Option Bytes User Dual-bank Type
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OB_DUALBANK_SINGLE
1MB/512KB Single-bank Flash

OB_DUALBANK_DUAL
1MB/512KB Dual-bank Flash

FLASH Option Bytes User High speed IO at low VDDIO2 voltage configuration bit

OB_lO_VDDIO2_HSLV_DISABLE
High-speed 10 at low VDDIO2 voltage feature disabled (VDDIO2 can exceed 2.5 V)

OB_lO_VDDIO2_HSLV_ENABLE
High-speed 10 at low VDDIO2 voltage feature enabled (VDDIO2 remains below 2.5 V)

FLASH Option Bytes User High speed IO at low voltage configuration bit

OB_IO_VDD_HSLV_DISABLE
High-speed IO at low VDD voltage feature disabled (VDD can exceed 2.5 V)

OB_IO_VDD_HSLV_ENABLE
High-speed 10 at low VDD voltage feature enabled (VDD remains below 2.5 V)

FLASH Option Bytes User IWDG Mode On Standby
OB_IWDG_STDBY_FREEZE

Independent watchdog counter is frozen in Standby mode

OB_IWDG_STDBY_RUN

Independent watchdog counter is running in Standby mode

FLASH Option Bytes User IWDG Mode On Stop
OB_IWDG_STOP_FREEZE

Independent watchdog counter is frozen in Stop mode

OB_IWDG_STOP_RUN

Independent watchdog counter is running in Stop mode

FLASH Option Bytes User IWDG Type
OB_IWDG_HW

Hardware independent watchdog

OB_IWDG_SW

Software independent watchdog

FLASH Option Bytes User nBOOTO option bit

OB_NBOOTO0_RESET
nBOOTO =0

OB_NBOOTO_SET
nBOOTO = 1

FLASH Option Bytes User Reset On Shutdown
OB_SHUTDOWN_RST

Reset generated when entering the shutdown mode
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OB_SHUTDOWN_NORST

No reset generated when entering the shutdown mode

FLASH Option Bytes User Reset On Standby
OB_STANDBY_RST

Reset generated when entering the standby mode

OB_STANDBY_NORST

No reset generated when entering the standby mode

FLASH Option Bytes User Reset On Stop
OB_STOP_RST

Reset generated when entering the stop mode

OB_STOP_NORST

No reset generated when entering the stop mode

FLASH Option Bytes User Software BOOT0

OB_BOOT0_FROM_OB
BOOTO taken from the option bit nBOOTO

OB_BOOTO0_FROM_PIN
BOOTO taken from BOOTO pin

FLASH Option Bytes User PA15 pull-up enable option bit

OB_PA15_PUP_DISABLE
USB power delivery dead-battery enabled / TDI pull-up deactivated

OB_PA15_PUP_ENABLE
USB power delivery dead-battery disabled / TDI pull-up activated

FLASH Option Bytes User SRAM2 ECC check

OB_SRAM2_ECC_ENABLE
SRAM2 ECC check enable

OB_SRAM2_ECC_DISABLE
SRAM2 ECC check disable

FLASH Option Bytes User SRAM2 Erase On Reset Type
OB_SRAM2_RST_ERASE

SRAM2 erased when a system reset occurs

OB_SRAM2_RST_NOT_ERASE

SRAM2 is not erased when a system reset occurs

FLASH Option Bytes User SRAM3 ECC check

OB_SRAM3_ECC_ENABLE
SRAM3 ECC check enable

OB_SRAM3_ECC_DISABLE
SRAM3 ECC check disable
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FLASH Option Bytes User SRAM Erase On Reset Type

OB_SRAM_RST_ERASE
All SRAMs (except SRAM2 and BKPSRAM) erased when a system reset occurs

OB_SRAM_RST_NOT_ERASE
All SRAMs (except SRAM2 and BKPSRAM) not erased when a system reset occurs

FLASH Option Bytes User Swap banks
OB_SWAP_BANK_DISABLE
Bank 1 is located at address offset 0x0, Bank 2 is located at 0x100000

OB_SWAP_BANK_ENABLE
Bank 1 is located at address offset 0x100000, Bank 2 is located at 0x0

FLASH Option Bytes User Type
OB_USER_BOR_LEV
BOR reset Level

OB_USER_NRST_STOP

Reset generated when entering the stop mode
OB_USER_NRST_STDBY

Reset generated when entering the standby mode
OB_USER_NRST_SHDW

Reset generated when entering the shutdown mode
OB_USER_SRAM_RST

All SRAMs (except SRAM2 and BKPSRAM) erase upon system reset

OB_USER_IWDG_SW

Independent watchdog selection

OB_USER_IWDG_STOP

Independent watchdog counter freeze in stop mode

OB_USER_IWDG_STDBY

Independent watchdog counter freeze in standby mode
OB_USER_WWDG_SW

Window watchdog selection
OB_USER_SWAP_BANK

Swap banks
OB_USER_DUALBANK

Dual-Bank on 1MB/512kB Flash memory devices
OB_USER_BKPRAM_ECC

Backup RAM ECC detection and correction enable

OB_USER_SRAM3_ECC
SRAM3 ECC detection and correction enable
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OB_USER_SRAM2_ECC
SRAM2 ECC detection and correction enable

OB_USER_SRAM2_RST

SRAM2 Erase when system reset
OB_USER_NSWBOOTO0

Software BOOTO
OB_USER_NBOOT0

nBOOTO option bit
OB_USER_PA15_PUPEN

PA15 pull-up enable option bit
OB_USER_IO_VDD_HSLV

High speed IO at low voltage configuration bit
OB_USER_IO_VDDIO2_HSLV

High speed 10 at low VDDIO2 voltage configuration bit
OB_USER_TZEN

Global TrustZone security enable

FLASH Option Bytes User Global TrustZone
OB_TZEN_DISABLE

Global TrustZone security disabled

OB_TZEN_ENABLE

Global TrustZone security enabled

FLASH Option Bytes User WWDG Type
OB_WWDG_HW
Hardware window watchdog

OB_WWDG_SW

Software window watchdog

FLASH Option Bytes Watermarked-based security configuration

OB_WMSEC_AREA1

Watermarked-based security area for bank 1
OB_WMSEC_AREA2

Watermarked-based security area for bank 2
OB_WMSEC_SECURE_AREA_CONFIG

Configure Watermarked-based security area
OB_WMSEC_HDP_AREA_CONFIG

Configure Watermarked-based secure hide area

OB_WMSEC_HDP_AREA_ENABLE

Enable Watermarked-based secure hide area
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OB_WMSEC_HDP_AREA_DISABLE

Disable Watermarked-based secure hide area

FLASH WRP Area

OB_WRPAREA_BANK1_AREAA
Flash Bank 1 Area A

OB_WRPAREA_BANK1_AREAB
Flash Bank 1 Area B

OB_WRPAREA_BANK2_AREAA
Flash Bank 2 Area A

OB_WRPAREA_BANK2_AREAB
Flash Bank 2 Area B

FLASH Operation Area
FLASH_OPERATION_AREA_BANK_1
Operation in Bank 1
FLASH_OPERATION_AREA_BANK_2
Operation in Bank 2

FLASH_OPERATION_AREA_SYSF

Operation in System Flash memory

FLASH Operation Type

FLASH_OPERATION_TYPE_NONE

No Flash operation
FLASH_OPERATION_TYPE_QUADWORD

Single write operation
FLASH_OPERATION_TYPE_BURST

Burst write operation
FLASH_OPERATION_TYPE_PAGEERASE

Page erase operation
FLASH_OPERATION_TYPE_BANKERASE

Bank erase operation
FLASH_OPERATION_TYPE_MASSERASE

Mass erase operation
FLASH_OPERATION_TYPE_OPTIONCHANGE
Option change operation
FLASH Erase Type
FLASH_TYPEERASE_PAGES

Secure pages erase activation

FLASH_TYPEERASE_PAGES_NS

Non-secure pages erase activation
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FLASH_TYPEERASE_MASSERASE

Secure flash mass erase activation

FLASH_TYPEERASE_MASSERASE_NS

Non-secure flash mass erase activation

FLASH Program Type
FLASH_TYPEPROGRAM_QUADWORD
Program a quad-word (128-bit) at a specified secure address
FLASH_TYPEPROGRAM_QUADWORD_NS
Program a quad-word (128-bit) at a specified non-secure address
FLASH_TYPEPROGRAM_BURST
Program a burst (8xquad-word) at a specified secure address

FLASH_TYPEPROGRAM_BURST_NS

Program a burst (8xquad-word) at a specified non-secure address
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27 HAL FLASH Extension Driver

271 FLASHEXx Firmware driver registers structures

2711 FLASH_BBAttributesTypeDef
FLASH_BBAttributesTypeDef is defined in the stm32u5xx_hal_flash_ex.h
Data Fields

. uint32_t Bank

. uint32_t BBAttributesType

. uint32_t BBAttributes_array
Field Documentation

. uint32_t FLASH_BBAttributes TypeDef::Bank
Selection of the associated bank of Block-based Area. This parameter must be a value of FLASH_Banks

. uint32_t FLASH_BBAttributesTypeDef::BBAttributes Type
Block-Based Attributes type. This parameter must be a value of FLASH_BB_Afttributes

. uint32_t FLASH_BBAttributes TypeDef::BBAttributes_array[FLASH_BLOCKBASED _NB_REG]
Each bit specifies the block-based attribute configuration of a page: 0 means page non-protected, 1 means
page protected. Protection (secure or privilege) depends on BBAttributesType value

271.2 FLASH_OperationTypeDef
FLASH_OperationTypeDef is defined in the stm32u5xx_hal_flash_ex.h
Data Fields
. uint32_t OperationType
. uint32_t FlashArea
. uint32_t Address
Field Documentation

. uint32_t FLASH_OperationTypeDef::OperationType
Flash operation Type. This parameter must be a value of FLASH_Operation_Type

. uint32_t FLASH_OperationTypeDef::FlashArea
Flash operation memory area. This parameter must be a value of FLASH_Operation_Area

. uint32_t FLASH_OperationTypeDef::Address
Flash operation Address offset. This parameter is given by bank, and must be a value between 0x0 and
OxFFFFO

27.2 FLASHEX Firmware driver APl description

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

27.21 Flash Extended features

Comparing to other previous devices, the FLASH interface for STM32U5xx devices contains the following
additional features

. Capacity up to 2 Mbyte with dual bank architecture supporting read-while-write capability (RWW)

. Dual bank memory organization
. Watermark-based secure area including the secure hide areas
. Block-based secure pages

27.2.2 How to use this driver

This driver provides functions to configure and program the FLASH memory of all STM32U5xx devices. It
includes:
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1. Flash Memory Erase functions:
- Lock and Unlock the FLASH interface using HAL_FLASH_Unlock() and HAL_FLASH_Lock() functions
- Erase function: page Erase and Bank/Mass Erase
- There are two modes of erase :
° Polling Mode using HAL_FLASHEXx_Erase()
° Interrupt Mode using HAL_FLASHEXx_Erase_IT()
2. Option Bytes Programming function: Use HAL_FLASHEx_OBProgram() to:
- Configure the write protection for each area
- Set the Read protection Level
- Program the user Option Bytes
- Configure the watermark security for each area including the secure hide areas
- Configure the boot lock (BOOT_LOCK)
- Configure the Boot addresses
3. Get Option Bytes Configuration function: Use HAL_FLASHEx_OBGetConfig() to:
- Get the value of a write protection area
- Know if the read protection is activated
- Get the value of the user Option Bytes
- Get the configuration of a watermark security area including the secure hide areas
- Get the boot lock (BOOT_LOCK) configuration
- Get the value of a boot address
4. Block-based secure / privilege area configuration function: Use HAL_FLASHEx_ConfigBBAttributes()

- Bit-field allowing to secure or un-secure each page
- Bit-field allowing to privilege or un-privilege each page
5. Get the block-based secure / privilege area configuration function: Use HAL_FLASHEx_GetBBSec()
- Return the configuration of the block-based security and privilege for all the pages
6. Activation of the secure hide area function: Use HAL_FLASHEXx_EnableSecHideProtection()
- Deny the access to the secure hide area
7. Privilege mode configuration function: Use HAL_FLASHEXx_ConfigPrivMode()
- FLASH register can be protected against non-privilege accesses
8. Get the privilege mode configuration function: Use HAL_FLASHEXx_GetPrivMode()
- Return if the FLASH registers are protected against non-privilege accesses
9. Security inversion configuration function: Use HAL_FLASHEx_ConfigSeclnversion()
- FLASH secure state can be override
10. Get the security inversion configuration function: Use HAL_FLASHEx_GetSeclnversion()
- Return if FLASH secure state is override
11. Enable bank low-power mode function: Use HAL_FLASHEx_EnablePowerDown()
- Enable low-power mode for Flash Bank 1 and/or Bank 2
12. Enable low-power read mode function: Use HAL_FLASHEx_ConfigLowPowerRead()
- Enable low-power read mode for Flash memory
13. Get the low-power read mode configuration function: Use HAL_FLASHEx_GetLowPowerRead()
- Return if FLASH is in low-power read mode or normal read mode
14. Get Flash operation function: Use HAL_FLASHEXx_GetOperation()

- Return information about the on-going Flash operation. After a system reset, return information about
the interrupted Flash operation, if any.

27.2.3 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:
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. HAL_FLASHEXx_Erase()

. HAL_FLASHEXx_Erase_IT()

. HAL_FLASHEx_OBProgram()

. HAL_FLASHEx_OBGetConfig()

. HAL_FLASHEXx_ConfigBBAttributes()

. HAL_FLASHEx_GetConfigBBAttributes()

. HAL_FLASHEx_EnableSecHideProtection()

27.2.4 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.

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_OBProgram

Function name
HAL_StatusTypeDef HAL_FLASHEx_OBProgram (FLASH_OBPrograminitTypeDef * pOBInit)
Function description

Program Option bytes.

Parameters

. pOBInit: pointer to an FLASH_OBInitStruct structure that contains the configuration information for the
programming.

Return values
. HAL: Status
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. To configure any option bytes, the option lock bit OPTLOCK must be cleared with the call of
HAL_FLASH_OB_Unlock() function.

. New option bytes configuration will be taken into account in two cases: after an option bytes launch
through the call of HAL_FLASH_OB_Launch()after a power reset (BOR reset or exit from Standby/
Shutdown modes)

HAL_FLASHEx_OBGetConfig

Function name
void HAL_FLASHEx_OBGetConfig (FLASH_OBPrograminitTypeDef * pOBInit)

Function description

Get the Option bytes configuration.

Parameters

. pOBInit: pointer to an FLASH_OBInitStruct structure that contains the configuration information.

Return values

. None:

Notes

. The fields pOBInit->WRPArea, pOBInit->WMSecConfig and pOBInit->BootAddrConfig should indicate
which area/address is requested for the WRP, WM Security or Boot Address, else no information will be
returned

HAL_FLASHEXx_ConfigBBAttributes

Function name
HAL_StatusTypeDef HAL_FLASHEx_ConfigBBAttributes (FLASH_BBAttributesTypeDef * pBBAttributes)

Function description

Configure the block-based secure area.

Parameters

. pBBAttributes: pointer to an FLASH_BBAttributesTypeDef structure that contains the configuration
information for the programming.

Return values
. HAL: Status

Notes

. The field pBBAttributes->Bank should indicate which area is requested for the block-based attributes.

. The field pBBAttributes->BBAttributesType should indicate which block-base attribute type is requested:
Secure or Privilege.

HAL_FLASHEx_GetConfigBBAttributes

Function name
void HAL_FLASHEXx_GetConfigBBAttributes (FLASH_BBAttributesTypeDef * pBBAttributes)
Function description

Return the block-based attributes.

Parameters

. pBBAttributes: [in/out] pointer to an FLASH_BBAttributesTypeDef structure that contains the
configuration information.
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Return values

. None:

Notes

. The field pBBAttributes->Bank should indicate which area is requested for the block-based attributes.

. The field pBBAttributes->BBAttributesType should indicate which block-base attribute type is requested:
Secure or Privilege.

HAL_FLASHEXx_EnableSecHideProtection

Function name
void HAL_FLASHEXx_EnableSecHideProtection (uint32_t Banks)

Function description

Activation of the protection of the secure hide area.

Parameters
. Banks: indicate the bank concerned by the activation This parameter can be one of the following values:
- FLASH_BANK_1: Bank1 to be protected
- FLASH_BANK_2: Bank2 to be protected
- FLASH_BANK_BOTH: Bank1 and Bank2 to be protected
Return values

. None:

HAL_FLASHEXx_ConfigPrivMode

Function name
void HAL_FLASHEXx_ConfigPrivMode (uint32_t PrivMode)

Function description

Configuration of the privilege attribute.

Parameters
. PrivMode: indicate privilege mode configuration This parameter can be one of the following values:

- FLASH_SPRIV_GRANTED: access to secure Flash registers is granted to privileged or unprivileged
access

- FLASH_SPRIV_DENIED: access to secure Flash registers is denied to unprivileged access

- FLASH_NSPRIV_GRANTED: access to non-secure Flash registers is granted to privileged or
unprivileged access

- FLASH_NSPRIV_DENIED: access to non-secure Flash registers is denied to unprivilege access
Return values
. None:
HAL_FLASHEXx_GetPrivMode

Function name
uint32_t HAL_FLASHEXx_GetPrivMode (void )

Function description

Return the value of the privilege attribute.
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Return values

. It: indicates the privilege mode configuration. This return value can be one of the following values:

- FLASH_SPRIV_GRANTED: access to secure Flash registers is granted to privileged or unprivileged
access

- FLASH_SPRIV_DENIED: access to secure Flash registers is denied to unprivileged access

- FLASH_NSPRIV_GRANTED: access to non-secure Flash registers is granted to privileged or
unprivileged access

- FLASH_NSPRIV_DENIED: access to Flash registers is denied to unprivilege accessP

HAL_FLASHEXx_ConfigSeclInversion

Function name
HAL_StatusTypeDef HAL_FLASHEXx_ConfigSecInversion (uint32_t SeclnvState)

Function description

Configuration of the security inversion.

Parameters

. SeclinvState: indicate the flash security state configuration This parameter can be one of the following
values:

- FLASH_SEC_INV_DISABLE: Security state of Flash is not inverted
- FLASH_SEC_INV_ENABLE: Security state of Flash is inverted
Return values
. HAL: Status

HAL_FLASHEXx_GetSecinversion

Function name
uint32_t HAL_FLASHEXx_GetSecInversion (void )

Function description

Return the value of the security inversion.

Return values
. It: indicates the flash security state configuration This return value can be one of the following values:

- FLASH_SEC_INV_DISABLE: Security state of Flash is not inverted
- FLASH_SEC_INV_ENABLE: Security state of Flash is inverted

HAL_FLASHEXx_EnablePowerDown

Function name
HAL_StatusTypeDef HAL_FLASHEx_EnablePowerDown (uint32_t Banks)

Function description

Enable the Power-down Mode for Flash Banks.

Parameters

. Banks: indicate which bank to put in power-down mode This parameter can be one of the following
values:

- FLASH_BANK_1: Flash Bank 1
- FLASH_BANK_2: Flash Bank 2
- FLASH_BANK_BOTH: Flash Bank 1 and Bank 2

Return values
. HAL: Status
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HAL_FLASHEXx_ConfigLowPowerRead

Function name
HAL_StatusTypeDef HAL_FLASHEXx_ConfigLowPowerRead (uint32_t ConfigLPM)

Function description

Configuration of the Low-Power read Mode.

Parameters

. ConfigLPM: indicate the Low-Power read Mode configuration. This parameter can be one of the following
values:

- FLASH_LPM_ENABLE: Flash is in low-power read mode
- FLASH_LPM_DISABLE: Flash is in normal read mode

Return values
. HAL: Status
HAL_FLASHEXx_GetLowPowerRead

Function name
uint32_t HAL_FLASHEx_GetLowPowerRead (void )

Function description

Return the value of the Low-Power read Mode.

Return values

It: indicates the flash low-power read mode configuration This return value can be one of the following
values:

- FLASH_LPM_ENABLE: Flash is in low-power read mode
- FLASH_LPM_DISABLE: Flash is in normal read mode
HAL_FLASHEXx_GetOperation

Function name
void HAL_FLASHEXx_GetOperation (FLASH_OperationTypeDef * pFlashOperation)

Function description

Return the on-going Flash Operation.

Parameters

. pFlashOperation: [out] pointer to a FLASH_OperationTypeDef structure that contains the Flash operation
information.

Return values
. None:
FLASH_PageErase

Function name
void FLASH_PageErase (uint32_t Page, uint32_t Banks)

Function description

Erase the specified FLASH memory page.
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Parameters
. Page: FLASH page to erase This parameter must be a value between 0 and (max number of pages in the
bank - 1)
. Banks: Bank(s) where the page will be erased This parameter can be one of the following values:

- FLASH_BANK_1: Page in bank 1 to be erased
- FLASH_BANK_2: Page in bank 2 to be erased

Return values

. None:
27.3 FLASHEx Firmware driver defines
The following section lists the various define and macros of the module.
27.31 FLASHEXx
FLASHEXx
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28 HAL FMAC Generic Driver

28.1 FMAC Firmware driver registers structures

28.1.1 __FMAC_HandleTypeDef
_ _FMAC_HandleTypeDef is defined in the stm32u5xx_hal_fmac.h
Data Fields
. FMAC_TypeDef * Instance
. uint32_t FilterParam
. uint8_t InputAccess
. uint8_t OutputAccess
. int16_t * plnput
. uint16_t InputCurrentSize
. uint16_t * plnputSize
. int16_t * pOutput
. uint16_t OutputCurrentSize
. uint16_t * pOutputSize
. DMA_HandleTypeDef * hdmaln
. DMA_HandleTypeDef * hdmaOut
. DMA_HandleTypeDef * hdmaPreload
. void(* ErrorCallback
. void(* HalfGetDataCallback
. void(* GetDataCallback
. void(* HalfOutputDataReadyCallback
. void(* OutputDataReadyCallback
. void(* FilterConfigCallback
. void(* FilterPreloadCallback
. void(* MsplnitCallback
. void(* MspDelnitCallback
. HAL_LockTypeDef Lock

. _ IO HAL_FMAC_StateTypeDef State

. _ IO HAL_FMAC_StateTypeDef RdState
. _ IO HAL_FMAC_StateTypeDef WrState
. __I0 uint32_t ErrorCode

Field Documentation
. FMAC_TypeDef* __FMAC_HandleTypeDef::Instance
Register base address
. uint32_t _ FMAC_HandleTypeDef::FilterParam
Filter configuration (operation and parameters). Set to 0 if no valid configuration was applied.
. uint8_t _ FMAC_HandleTypeDef::InputAccess
Access to the input buffer (internal memory area): DMA, IT, Polling, None. This parameter can be a value of
FMAC_Buffer_Access.
. uint8_t _ FMAC_HandleTypeDef::OutputAccess
Access to the output buffer (internal memory area): DMA, IT, Polling, None. This parameter can be a value
of FMAC_Buffer_Access.
. int16_t* __FMAC_HandleTypeDef::pinput
Pointer to FMAC input data buffer
. uint16_t __FMAC_HandleTypeDef::InputCurrentSize
Number of the input elements already written into FMAC
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. uint16_t* __FMAC_HandleTypeDef::pinputSize
Number of input elements to write (memory allocated to pInput). In case of early interruption of the filter
operation, its value will be updated.

. int16_t* __FMAC_HandleTypeDef::pOutput
Pointer to FMAC output data buffer

. uint16_t __FMAC_HandleTypeDef::OutputCurrentSize
Number of the output elements already read from FMAC

. uint16_t* __FMAC_HandleTypeDef::pOutputSize
Number of output elements to read (memory allocated to pOutput). In case of early interruption of the filter
operation, its value will be updated.

. DMA_HandleTypeDef* __FMAC_HandleTypeDef::hdmaln
FMAC peripheral input data DMA handle parameters

. DMA_HandleTypeDef* __FMAC_HandleTypeDef::hdmaOut
FMAC peripheral output data DMA handle parameters

. DMA_HandleTypeDef* __FMAC_HandleTypeDef::hdmaPreload
FMAC peripheral preloaded data (X1, X2 and Y) DMA handle parameters

. void(* __FMAC_HandleTypeDef::ErrorCallback)(struct _ FMAC_HandleTypeDef *hfmac)
FMAC error callback

. void(* __FMAC_HandleTypeDef::HalfGetDataCallback)(struct __FMAC_HandleTypeDef *hfmac)
FMAC get half data callback

. void(* __FMAC_HandleTypeDef::GetDataCallback)(struct __ FMAC_HandleTypeDef *hfmac)
FMAC get data callback

. void(* __FMAC_HandleTypeDef::HalfOutputDataReadyCallback)(struct __FMAC_HandleTypeDef
*hfmac)
FMAC half output data ready callback

. void(* __FMAC_HandleTypeDef::OutputDataReadyCallback)(struct __ FMAC_HandleTypeDef
*hfmac)
FMAC output data ready callback

. void(* __FMAC_HandleTypeDef::FilterConfigCallback)(struct _ FMAC_HandleTypeDef *hfmac)
FMAC filter configuration callback

. void(* __FMAC_HandleTypeDef::FilterPreloadCallback)(struct _ FMAC_HandleTypeDef *hfmac)
FMAC filter preload callback

. void(* __FMAC_HandleTypeDef::MsplinitCallback)(struct _ FMAC_HandleTypeDef *hfmac)
FMAC Msp Init callback

. void(* __FMAC_HandleTypeDef::MspDelnitCallback)(struct __FMAC_HandleTypeDef *hfmac)
FMAC Msp Delnit callback

. HAL_LockTypeDef _ FMAC_HandleTypeDef::Lock
FMAC locking object

. _ IO HAL_FMAC_StateTypeDef _ FMAC_HandleTypeDef::State
FMAC state related to global handle management This parameter can be a value of
HAL_FMAC_StateTypeDef

. _ IO HAL_FMAC_StateTypeDef _ FMAC_HandleTypeDef::RdState
FMAC state related to read operations (access to Y buffer) This parameter can be a value of
HAL_FMAC_StateTypeDef

. _ IO HAL_FMAC_StateTypeDef _ FMAC_HandleTypeDef::WrState
FMAC state related to write operations (access to X1 buffer) This parameter can be a value of
HAL_FMAC_StateTypeDef

. _ 10 uint32_t _ FMAC_HandleTypeDef::ErrorCode
FMAC peripheral error code This parameter can be a value of FMAC_Error_Code

28.1.2 FMAC_FilterConfigTypeDef
FMAC_FilterConfigTypeDef is defined in the stm32u5xx_hal_fmac.h
Data Fields
. uint8_t InputBaseAddress
. uint8_t InputBufferSize
. uint32_t InputThreshold
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. uint8_t CoeffBaseAddress

. uint8_t CoeffBufferSize

. uint8_t OutputBaseAddress
. uint8_t OutputBufferSize

. uint32_t OutputThreshold

. int16_t * pCoeffA

. uint8_t CoeffASize

. int16_t * pCoeffB

. uint8_t CoeffBSize

. uint8_t InputAccess

. uint8_t OutputAccess

. uint32_t Clip

. uint32_t Filter

. uint8_t P

. uint8_t Q

. uint8_t R

Field Documentation

. uint8_t FMAC_FilterConfigTypeDef::InputBaseAddress

Base address of the input buffer (X1) within the internal memory (0x00 to OxFF). Ignored if InputBufferSize
is set to 0 (previous configuration kept). Note: the buffers can overlap or even coincide exactly.

. uint8_t FMAC_FilterConfigTypeDef::InputBufferSize
Number of 16-bit words allocated to the input buffer (including the optional "headroom"). 0 if a previous
configuration should be kept.

. uint32_t FMAC_FilterConfigTypeDef::InputThreshold
Input threshold: the buffer full flag will be set if the number of free spaces in the buffer is lower than this
threshold. This parameter can be a value of FMAC_Data_Buffer_Threshold.

. uint8_t FMAC_FilterConfigTypeDef::CoeffBaseAddress
Base address of the coefficient buffer (X2) within the internal memory (0x00 to OxFF). Ignored if
CoeffBufferSize is set to 0 (previous configuration kept). Note: the buffers can overlap or even coincide
exactly.

. uint8_t FMAC_FilterConfigTypeDef::CoeffBufferSize
Number of 16-bit words allocated to the coefficient buffer. 0 if a previous configuration should be kept.

. uint8_t FMAC_FilterConfigTypeDef::OutputBaseAddress
Base address of the output buffer (Y) within the internal memory (0x00 to OxFF). Ignored if OuputBufferSize
is set to 0 (previous configuration kept). Note: the buffers can overlap or even coincide exactly.

. uint8_t FMAC_FilterConfigTypeDef::OutputBufferSize
Number of 16-bit words allocated to the output buffer (including the optional "headroom"). O if a previous
configuration should be kept.

. uint32_t FMAC_FilterConfigTypeDef::OutputThreshold
Output threshold: the buffer empty flag will be set if the number of unread values in the buffer is lower than
this threshold. This parameter can be a value of FMAC_Data_Buffer_Threshold.

. int16_t* FMAC_FilterConfigTypeDef::pCoeffA
[IIR only] Initialization of the coefficient vector A. If not needed, it should be set to NULL.

. uint8_t FMAC_FilterConfigTypeDef::CoeffASize
Size of the coefficient vector A.

. int16_t* FMAC_FilterConfigTypeDef::pCoeffB
Initialization of the coefficient vector B. If not needed (re-use of a previously loaded buffer), it should be set
to NULL.

. uint8_t FMAC_FilterConfigTypeDef::CoeffBSize
Size of the coefficient vector B.

. uint8_t FMAC_FilterConfigTypeDef::InputAccess
Access to the input buffer (internal memory area): DMA, IT, Polling, None. This parameter can be a value of
FMAC_Buffer_Access.
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. uint8_t FMAC_FilterConfigTypeDef::OutputAccess
Access to the output buffer (internal memory area): DMA, IT, Polling, None. This parameter can be a value
of FMAC_Buffer_Access.

. uint32_t FMAC_FilterConfigTypeDef::Clip
Enable or disable the clipping feature. If the g1.15 range is exceeded, wrapping is done when the clipping
feature is disabled and saturation is done when the clipping feature is enabled. This parameter can be a
value of FMAC_Clip_State.

. uint32_t FMAC_FilterConfigTypeDef::Filter

Filter type. This parameter can be a value of FMAC_Functions (filter related values).
. uint8_t FMAC_FilterConfigTypeDef::P

Parameter P (vector length, number of filter taps, etc.).
. uint8_t FMAC_FilterConfigTypeDef::Q

Parameter Q (vector length, etc.). Ignored if not needed.

. uint8_t FMAC_FilterConfigTypeDef::R
Parameter R (gain, etc.). Ignored if not needed.

28.2 FMAC Firmware driver API description

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

28.2.1 How to use this driver

The FMAC HAL driver can be used as follows:
1. Initialize the FMAC low level resources by implementing the HAL_FMAC_Msplnit():
- Enable the FMAC interface clock using _ HAL_RCC_FMAC_CLK_ENABLE().
- In case of using interrupts (e.g. access configured as FMAC_BUFFER_ACCESS_IT):
° Configure the FMAC interrupt priority using HAL_NVIC_SetPriority().
° Enable the FMAC IRQ handler using HAL_NVIC_EnablelRQ().
° In FMAC IRQ handler, call HAL_FMAC_IRQHandler().

- In case of using DMA to control data transfer (e.g. access configured as
FMAC_BUFFER_ACCESS_DMA):

° Enable the DMA interface clock using _ HAL_RCC_DMA1_CLK_ENABLE() or
__HAL_RCC_DMA2_CLK_ENABLE() depending on the used DMA instance.

° Enable the DMAMUX1 interface clock using _ HAL_RCC_DMAMUX1_CLK_ENABLE().

° If the initialization of the internal buffers (coefficients, input, output) is done via DMA, configure and
enable one DMA channel for managing data transfer from memory to memory (preload channel).

° If the input buffer is accessed via DMA, configure and enable one DMA channel for managing data
transfer from memory to peripheral (input channel).

° If the output buffer is accessed via DMA, configure and enable one DMA channel for managing

data transfer from peripheral to memory (output channel).
° Associate the initialized DMA handle(s) to the FMAC DMA handle(s) using _ HAL_LINKDMA().

° Configure the priority and enable the NVIC for the transfer complete interrupt on the enabled DMA
channel(s) using HAL_NVIC_SetPriority() and HAL_NVIC_EnablelRQ().

2. Initialize the FMAC HAL using HAL_FMAC_Init(). This function resorts to HAL_FMAC_Msplnit() for low-level
initialization.
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3. Configure the FMAC processing (filter) using HAL_FMAC_FilterConfig() or HAL_FMAC_FilterConfig_ DMA().
This function:

- Defines the memory area within the FMAC internal memory (input, coefficients, output) and the
associated threshold (input, output).

- Configures the filter and its parameters:
° Finite Impulse Response (FIR) filter (also known as convolution).
° Infinite Impulse Response (IIR) filter (direct form 1).

— Choose the way to access to the input and output buffers: none, polling, DMA, IT. "none" means the
input and/or output data will be handled by another IP (ADC, DAC, etc.).

- Enable the error interruptions in the input access and/or the output access is done through IT/DMA. If an
error occurs, the interruption will be triggered in loop. In order to recover, the user will have to reset the
IP with the sequence HAL_FMAC_Delnit / HAL_FMAC_Init. Optionally, he can also disable the interrupt
using _ HAL_FMAC_DISABLE_IT; the error status will be kept, but no more interrupt will be triggered.

- Write the provided coefficients into the internal memory using polling mode ( HAL_FMAC_FilterConfig() )
or DMA ( HAL_FMAC_FilterConfig_DMA() ). In the DMA case, HAL_FMAC_FilterConfigCallback() is
called when the handling is over.

4. Optionally, the user can enable the error interruption related to saturation by calling
_ HAL_FMAC_ENABLE_IT. This helps in debugging the filter. If a saturation occurs, the interruption will be
triggered in loop. In order to recover, the user will have to:

- Disable the interruption by calling __HAL_FMAC_DISABLE_IT if the user wishes to continue all the
same.
- Reset the IP with the sequence HAL_FMAC_Delnit / HAL_FMAC_Init.
5. Optionally, preload input (FIR, 1IR) and output (IIR) data using HAL_FMAC_FilterPreload() or

HAL_FMAC_FilterPreload_DMA(). In the DMA case, HAL_FMAC_FilterPreloadCallback() is called when the
handling is over. This step is optional as the filter can be started without preloaded data.

6. Start the FMAC processing (filter) using HAL_FMAC_FilterStart(). This function also configures the output
buffer that will be filled from the circular internal output buffer. The function returns immediately without
updating the provided buffer. The IP processing will be active until HAL_FMAC_FilterStop() is called.

7. If the input internal buffer is accessed via DMA, HAL_FMAC_HalfGetDataCallback() will be called to indicate
that half of the input buffer has been handled.

8. If the input internal buffer is accessed via DMA or interrupt, HAL_FMAC_GetDataCallback() will be called to
require new input data. It will be provided through HAL_FMAC_AppendFilterData() if the DMA isn't in circular
mode.

9. If the output internal buffer is accessed via DMA, HAL_FMAC_HalfOutputDataReadyCallback() will be called
to indicate that half of the output buffer has been handled.

10. If the output internal buffer is accessed via DMA or interrupt, HAL_FMAC_OutputDataReadyCallback() will be
called to require a new output buffer. It will be provided through HAL_FMAC_ConfigFilterOutputBuffer() if the
DMA isn't in circular mode.

11. In all modes except none, provide new input data to be processed via HAL_FMAC_AppendFilterData(). This
function should only be called once the previous input data has been handled (the preloaded input data isn't
concerned).

12. In all modes except none, provide a new output buffer to be filled via HAL_FMAC_ConfigFilterOutputBuffer().
This function should only be called once the previous user's output buffer has been filled.

13. In polling mode, handle the input and output data using HAL_FMAC_PollFilterData(). This function:

- Write the user's input data (provided via HAL_FMAC_AppendFilterData()) into the FMAC input memory
area.

- Read the FMAC output memory area and write it into the user's output buffer. It will return either when:
- the user's output buffer is filled.

- the user's input buffer has been handled. The unused data (unread input data or free output data) will
not be saved. The user will have to use the updated input and output sizes to keep track of them.

14. Stop the FMAC processing (filter) using HAL_FMAC_FilterStop().

15. Call HAL_FMAC_Delnit() to de-initialize the FMAC peripheral. This function resorts to
HAL_FMAC_MspDelnit() for low-level de-initialization.

28.2.2 Callback registration
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The compilation define USE_HAL_FMAC_REGISTER_CALLBACKS when set to 1 allows the user to configure
dynamically the driver callbacks.

Use Function HAL_FMAC_RegisterCallback() to register a user callback. Function
HAL_FMAC_RegisterCallback() allows to register following callbacks:

. ErrorCallback : Error Callback.

. HalfGetDataCallback : Get Half Data Callback.

. GetDataCallback : Get Data Callback.

. HalfOutputDataReadyCallback : Half Output Data Ready Callback.
. OutputDataReadyCallback : Output Data Ready Callback.

. FilterConfigCallback : Filter Configuration Callback.

. FilterPreloadCallback : Filter Preload Callback.

. MsplnitCallback : FMAC Msplnit.

. MspDelnitCallback : FMAC MspDelnit. This function takes as parameters the HAL peripheral handle, the
Callback ID and a pointer to the user callback function.

Use function HAL_FMAC_UnRegisterCallback() to reset a callback to the default weak function.
HAL_FMAC_UnRegisterCallback() takes as parameters the HAL peripheral handle and the Callback ID. This
function allows to reset following callbacks:

. ErrorCallback : Error Callback.

. HalfGetDataCallback : Get Half Data Callback.

. GetDataCallback : Get Data Callback.

. HalfOutputDataReadyCallback : Half Output Data Ready Callback.

. OutputDataReadyCallback : Output Data Ready Callback.

. FilterConfigCallback : Filter Configuration Callback.

. FilterPreloadCallback : Filter Preload Callback.

. MsplnitCallback : FMAC Msplnit.

. MspDelnitCallback : FMAC MspDelnit.

By default, after the HAL_FMAC_Init() and when the state is HAL_FMAC_STATE_RESET all callbacks are set to
the corresponding weak functions: examples GetDataCallback(), OutputDataReadyCallback(). Exception done for
Msplnit and MspDelnit functions that are respectively reset to the legacy weak functions in the HAL_FMAC_Init()
and HAL_FMAC_Delnit() only when these callbacks are null (not registered beforehand). If not, Msplnit or

MspDelnit are not null, the HAL_FMAC_Init() and HAL_FMAC_Delnit() keep and use the user MsplInit/MspDelnit
callbacks (registered beforehand).

Callbacks can be registered/unregistered in HAL_FMAC_STATE_READY state only. Exception done Msplnit/
MspDelnit that can be registered/unregistered in HAL_FMAC_STATE_READY or HAL_FMAC_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_FMAC_RegisterCallback() before calling HAL_FMAC_Delnit() or
HAL_FMAC_Init() function.

When the compilation define USE_HAL_FMAC_REGISTER_CALLBACKS is set to 0 or not defined, the callback
registration feature is not available and weak callbacks are used.

28.2.3 Initialization and de-initialization functions

This section provides functions allowing to:

. Initialize the FMAC peripheral and the associated handle
. Delnitialize the FMAC peripheral
. Initialize the FMAC MSP (MCU Specific Package)

. De-Initialize the FMAC MSP
. Register a User FMAC Callback
. Unregister a FMAC CallBack

This section contains the following APlIs:
. HAL_FMAC_Init()

. HAL_FMAC_Delnit()

. HAL_FMAC_Msplnit()
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HAL_FMAC_MspDelnit()
HAL_FMAC_RegisterCallback()
HAL_FMAC_UnRegisterCallback()

28.2.4 Peripheral Control functions

This section provides functions allowing to:

Configure the FMAC peripheral: memory area, filter type and parameters, way to access to the input and

output memory area (none, polling, IT, DMA).

Start the FMAC processing (filter).

Handle the input data that will be provided into FMAC.
Handle the output data provided by FMAC.

Stop the FMAC processing (filter).

This section contains the following APls:

HAL_FMAC_FilterConfig()
HAL_FMAC_FilterConfig_DMA()
HAL_FMAC_FilterPreload()
HAL_FMAC_FilterPreload_DMA()
HAL_FMAC_FilterStart()
HAL_FMAC_AppendFilterData()
HAL_FMAC_ConfigFilterOutputBuffer()
HAL_FMAC_PollFilterData()
HAL_FMAC_FilterStop()

28.2.5 Callback functions

This section provides Interruption and DMA callback functions:

DMA or Interrupt: the user's input data is half written (DMA only) or completely written.

DMA or Interrupt: the user's output buffer is half filled (DMA only) or completely filled.
DMA or Interrupt: error handling.

This section contains the following APlIs:

HAL_FMAC_ErrorCallback()
HAL_FMAC_HalfGetDataCallback()
HAL_FMAC_GetDataCallback()
HAL_FMAC_HalfOutputDataReadyCallback()
HAL_FMAC_OutputDataReadyCallback()
HAL_FMAC_FilterConfigCallback()
HAL_FMAC_FilterPreloadCallback()

28.2.6 IRQ handler management

This section provides IRQ handler function.
This section contains the following APlIs:

HAL_FMAC_IRQHandler()

28.2.7 Peripheral State and Error functions

This subsection provides functions allowing to

Check the FMAC state
Get error code

This section contains the following APlIs:
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28.2.8 Detailed description of functions

HAL_FMAC_lInit

Function name

HAL_StatusTypeDef HAL_FMAC_Init (FMAC_HandleTypeDef * hfmac)

Function description

Initialize the FMAC peripheral and the associated handle.

Parameters

. hfmac: pointer to a FMAC_HandleTypeDef structure.

Return values
. HAL_StatusTypeDef: HAL status

HAL_FMAC_Delnit

Function name

HAL_StatusTypeDef HAL_FMAC_Delnit (FMAC_HandleTypeDef * hfmac)

Function description

De-initialize the FMAC peripheral.

Parameters

. hfmac: pointer to a FMAC structure.

Return values
. HAL_StatusTypeDef: HAL status

HAL_FMAC_Msplnit

Function name
void HAL_FMAC_Msplnit (FMAC_HandleTypeDef * hfmac)

Function description
Initialize the FMAC MSP.

Parameters
. hfmac: FMAC handle.

Return values

. None:

HAL_FMAC_MspDelnit

Function name
void HAL_FMAC_MspDelnit (FMAC_HandleTypeDef * hfmac)

Function description
De-initialize the FMAC MSP.

Parameters
. hfmac: FMAC handle.

Return values

. None:
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HAL_FMAC_RegisterCallback

Function name

HAL_StatusTypeDef HAL_FMAC_RegisterCallback (FMAC_HandleTypeDef * hfmac,
HAL_FMAC_CallbackiDTypeDef CallbackID, pFMAC_CallbackTypeDef pCallback)

Function description
Register a User FMAC Callback.

Parameters
. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.
. CallbacklID: ID of the callback to be registered. This parameter can be one of the following values:

- HAL_FMAC_ERROR_CB_ID Error Callback ID
- HAL_FMAC_HALF_GET_DATA_CB_ID Get Half Data Callback ID
- HAL_FMAC_GET_DATA_CB_ID Get Data Callback ID
- HAL_FMAC_HALF_OUTPUT_DATA_READY_CB_ID Half Output Data Ready Callback ID
- HAL_FMAC_OUTPUT_DATA_READY_CB_ID Output Data Ready Callback ID
- HAL_FMAC_FILTER_CONFIG_CB_ID Filter Configuration Callback ID
- HAL_FMAC_FILTER_PRELOAD_CB_ID Filter Preload Callback ID
- HAL_FMAC_MSPINIT_CB_ID FMAC Msplnit ID
- HAL_FMAC_MSPDEINIT_CB_ID FMAC MspDelnit ID
. pCallback: pointer to the Callback function.

Return values
. HAL_StatusTypeDef: HAL status

Notes

. The User FMAC Callback is to be used instead of the weak predefined callback.
. The HAL_FMAC_RegisterCallback() may be called before HAL_FMAC_Init() in

HAL_FMAC_STATE_RESET to register callbacks for HAL_FMAC_MSPINIT_CB_ID and
HAL_FMAC_MSPDEINIT_CB_ID.
HAL_FMAC_UnRegisterCallback

Function name

HAL_StatusTypeDef HAL_FMAC_UnRegisterCallback (FMAC_HandleTypeDef * hfmac,
HAL_FMAC_CallbackiDTypeDef CallbackID)

Function description
Unregister a FMAC CallBack.
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Parameters
. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module
. CallbacklID: ID of the callback to be unregistered. This parameter can be one of the following values:

- HAL_FMAC_ERROR_CB_ID Error Callback ID

- HAL_FMAC_HALF_GET_DATA_CB_ID Get Half Data Callback ID

- HAL_FMAC_GET_DATA_CB_ID Get Data Callback ID

- HAL_FMAC_HALF_OUTPUT_DATA_READY_CB_ID Half Output Data Ready Callback ID
- HAL_FMAC_OUTPUT_DATA_READY_CB_ID Output Data Ready Callback ID

- HAL_FMAC_FILTER_CONFIG_CB_ID Filter Configuration Callback ID

- HAL_FMAC_FILTER_PRELOAD_CB_ID Filter Preload Callback ID

- HAL_FMAC_MSPINIT_CB_ID FMAC Msplnit ID

- HAL_FMAC_MSPDEINIT_CB_ID FMAC MspDelnit ID

Return values
. HAL_StatusTypeDef: HAL status

Notes

. The FMAC callback is redirected to the weak predefined callback.

. The HAL_FMAC_UnRegisterCallback() may be called before HAL_FMAC_Init() in
HAL_FMAC_STATE_RESET to register callbacks for HAL_FMAC_MSPINIT_CB_ID and
HAL_FMAC_MSPDEINIT_CB_ID.

HAL_FMAC_FilterConfig

Function name

HAL_StatusTypeDef HAL_FMAC_FilterConfig (FMAC_HandleTypeDef * hfmac,
FMAC_FilterConfigTypeDef * pConfig)

Function description
Configure the FMAC filter.

Parameters
. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.
. pConfig: pointer to a FMAC_FilterConfigTypeDef structure that contains the FMAC configuration
information.

Return values
. HAL_StatusTypeDef: HAL status

Notes

. The configuration is done according to the parameters specified in the FMAC_FilterConfigTypeDef
structure. The provided data will be loaded using polling mode.

HAL_FMAC_FilterConfig_DMA

Function name

HAL_StatusTypeDef HAL_FMAC_FilterConfig_DMA (FMAC_HandleTypeDef * hfmac,
FMAC_FilterConfigTypeDef * pConfig)

Function description
Configure the FMAC filter.
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Parameters
. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.
. pConfig: pointer to a FMAC_FilterConfigTypeDef structure that contains the FMAC configuration
information.

Return values
. HAL_StatusTypeDef: HAL status

Notes

. The configuration is done according to the parameters specified in the FMAC_FilterConfigTypeDef
structure. The provided data will be loaded using DMA.

HAL_FMAC_FilterPreload

Function name
HAL_StatusTypeDef HAL_FMAC_FilterPreload (FMAC_HandleTypeDef * hfmac, int16_t * plnput, uint8_t
InputSize, int16_t * pOutput, uint8_t OutputSize)

Function description
Preload the input (FIR, 1IR) and output data (IIR) of the FMAC filter.

Parameters

. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.

. pInput: Preloading of the first elements of the input buffer (X1). If not needed (no data available when
starting), it should be set to NULL.

. InputSize: Size of the input vector. As plnput is used for preloading data, it cannot be bigger than the
input memory area.

. pOutput: [IIR] Preloading of the first elements of the output vector (Y). If not needed, it should be set to
NULL.

. OutputSize: Size of the output vector. As pOutput is used for preloading data, it cannot be bigger than the
output memory area.

Return values
. HAL_StatusTypeDef: HAL status

Notes

. The set(s) of data will be used by FMAC as soon as HAL_FMAC_FilterStart is called. The provided data
will be loaded using polling mode.

. The input and the output buffers can be filled by calling several times HAL_FMAC_FilterPreload (each call
filling partly the buffers). In case of overflow (too much data provided through all these calls), an error will
be returned.

HAL_FMAC_FilterPreload_DMA

Function name

HAL_StatusTypeDef HAL_FMAC_FilterPreload_DMA (FMAC_HandleTypeDef * hfmac, int16_t * plnput,
uint8_t InputSize, int16_t * pOutput, uint8_t OutputSize)

Function description
Preload the input (FIR, 1IR) and output data (IIR) of the FMAC filter.
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Parameters

. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.

. pInput: Preloading of the first elements of the input buffer (X1). If not needed (no data available when
starting), it should be set to NULL.

. InputSize: Size of the input vector. As plnput is used for preloading data, it cannot be bigger than the
input memory area.

. pOutput: [IIR] Preloading of the first elements of the output vector (Y). If not needed, it should be set to
NULL.

. OutputSize: Size of the output vector. As pOutput is used for preloading data, it cannot be bigger than the
output memory area.

Return values
. HAL_StatusTypeDef: HAL status

Notes

. The set(s) of data will be used by FMAC as soon as HAL_FMAC_FilterStart is called. The provided data
will be loaded using DMA.

. The input and the output buffers can be filled by calling several times HAL_FMAC_FilterPreload (each call
filling partly the buffers). In case of overflow (too much data provided through all these calls), an error will
be returned.

HAL_FMAC_FilterStart

Function name
HAL_StatusTypeDef HAL_FMAC_FilterStart (FMAC_HandleTypeDef * hfmac, int16_t * pOutput, uint16_t *
pOutputSize)

Function description

Start the FMAC processing according to the existing FMAC configuration.

Parameters
. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.
. pOutput: pointer to buffer where output data of FMAC processing will be stored in the next steps. If it is
set to NULL, the output will not be read and it will be up to an external IP to empty the output buffer.
. pOutputSize: pointer to the size of the output buffer. The number of read data will be written here.

Return values
. HAL_StatusTypeDef: HAL status

HAL_FMAC_AppendFilterData

Function name
HAL_StatusTypeDef HAL_FMAC_AppendFilterData (FMAC_HandleTypeDef * hfmac, int16_t * pinput,
uint16_t * plnputSize)

Function description

Provide a new input buffer that will be loaded into the FMAC input memory area.

Parameters
. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.
. pInput: New input vector (additional input data).
. pInputSize: Size of the input vector (if all the data can't be written, it will be updated with the number of

data read from FMAC).
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Return values
. HAL_StatusTypeDef: HAL status

HAL_FMAC_ConfigFilterOutputBuffer

Function name
HAL_StatusTypeDef HAL_FMAC_ConfigFilterOutputBuffer (FMAC_HandleTypeDef * hfmac, int16_t *
pOutput, uint16_t * pOutputSize)

Function description

Provide a new output buffer to be filled with the data computed by FMAC unit.

Parameters
. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.
. pOutput: New output vector.

. pOutputSize: Size of the output vector (if the vector can't be entirely filled, pOutputSize will be updated
with the number of data read from FMAC).

Return values
. HAL_StatusTypeDef: HAL status

HAL_FMAC_PollFilterData

Function name
HAL_StatusTypeDef HAL_FMAC_PollFilterData (FMAC_HandleTypeDef * hfmac, uint32_t Timeout)

Function description

Handle the input and/or output data in polling mode.

Parameters
. hfmac: pointer to a FMAC_HandleTypeDef structure that contains the configuration information for FMAC
module.
. Timeout: timeout value.

Return values
. HAL_StatusTypeDef: HAL status

Notes

. This function writes the previously provided user's input data and fills the previously provided user's output
buffer, according to the existing FMAC configuration (polling mode only). The function returns when the
input data has been handled or when the output data is filled. The possible unused data isn't kept. It will
be up to the user to handle it. The previously p