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GA@DIX Preface

Preface
Purpose

This document introduces the peripheral driver architecture, driver files, Application Programming Interfaces (APIs),
and driver naming rules of GR551x SoCs. The peripheral drivers comprise Hardware Abstraction Layer (HAL) drivers
and Low Layer (LL) drivers. The document elaborates on the usage, data structures, and APIs of HAL and LL drivers,
aiming to help developers quickly use HAL APIs to enable interactions between upper-layer applications and low-layer
peripherals. The document also enables developers to utilize LL APIs in driver porting and adaptation in a real-time
operating system (RTOS).

Audience

This document is intended for:
. GR551x user

. GR551x developer

o GR551x tester

. Technical writer

Release Notes

This document is the fifth release of GR551x HAL and LL Drivers User Manual, corresponding to GR551x SoC series.

Revision History

Version Date Description
1.0 2019-12-08 Initial release
1.3 2020-03-16 Deleted CGC driver; modified calendar APIs and structures.

e Added peripheral configuration registers in sleep mode and during wakeup; added

description on disabling a specified AON GPIO API to wake up the system.
1.5 2020-05-30
¢ Deleted the memory power control APIs and the AON GPIO wakeup interrupt

handler APIs in “Section 2.19.3 PWR Driver APIs”.
¢ Modified the ADC reference voltages in “Section 2.10 HAL ADC Generic Driver” and
“Section 3.4.1 ADC Driver Structure”.

1.6 2020-06-30 e Updated the usage of polling/interrupt/DMA mode, as well as some HMAC driver
APIs and parameters in “Section 2.14 HAL HMAC Generic Driver”.

e Updated some parameters in “Section 2.22.3 Calendar Driver Structures”.
e Added descriptions about PWM alignment in “Section 2.18.3.2 pwm_init_t” and

“Section 3.11.1.2 ll_pwm_init_t".
1.7 2020-12-18
e Added limitations on using RNG_OUTPUT_FRO_SO0 in “Section 2.25.3.1 rng_init_t”

and “Section 3.16.1.1 ll_rng_init_t".
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1 Overview

1.1 GR551x Peripheral Drivers

The GR551x peripheral drivers comprise Hardware Abstraction Layer (HAL) drivers and Low Layer (LL) drivers. The
driver architecture is shown in Figure 1-1.

GR551x Driver

HAL Cortex HAL GPIO HAL UART HAL Other
HAL

*

LL GPIO LL UART LL Other
LL

'

GR551x Hardware

Figure 1-1 GR551x driver architecture

At the software layer, the HAL is in close association with the LL. LL APIs are called when internal HAL registers are
accessed. In general, developers need to use HAL APIs to implement corresponding functions. For some special
functions that cannot be implemented by using HAL APls, developers need to call LL APIs to quickly encapsulate the
required APIs.

1.1.1 HAL Drivers

The HAL drivers encapsulate most-commonly-used functions of all peripherals into a set of easy-to-use APls, allowing

developers to implement interactions between LL peripherals and upper-layer applications.

The HAL drivers provide the following features:

. Intra-series APIs covering the common SoC functions as well as extension APIs for special SoC functions
. Three API programming modes: polling, interrupt, and Direct Memory Access (DMA)

o Fully reentrant and RTOS-compliant APIs

e Support of multi-instance, allowing concurrent API calls for multiple instances of a peripheral (such as 12C0 and
12C1in 12C)

. Call for user callback functions in initialization/deinitialization APIs to initialize or deinitialize General Purpose
Input/Output (GPI0), interrupt, and DMA

Copyright © 2020 Shenzhen Goodix Technology Co., Ltd. 1



GA@DIX Overview

. Call for callback functions in peripheral interrupt and error events to inform users that certain events have been

triggered
o Support of locking mechanism, enabling safe access to shared resources

o Timeout for polling operations to prevent an infinite loop

1.1.2 LL Drivers

The LL drivers encapsulate atomic operations of all peripheral registers by using inline functions. The LL drivers which
are closer to hardware than the HAL drivers offer API functions covering all peripheral features. Developers can use
LL drivers to configure peripheral features that are not covered by the HAL drivers. For performance-demanding

scenarios or those with limited storage space, developers can directly use LL drivers.

The LL drivers provide the following features:
o Support of inline functions to prevent function call overhead
o Encapsulation of register operations in LL drivers with a high-level portability and ease-of-reuse

. Offering a wide range of features functionalities

1.2 File Classification

The HAL and LL files are classified into two categories: driver files and user-application files.
. Driver files: header files, HAL driver files, and LL driver files

. User-application files: files that are referred to or implemented when users build a project

1.2.1 Driver Files

1.2.1.1 Header Files

Table 1-1 Header files

Name Description

Header file that is common to all GR55xx SoCs series. It contains header file description, some public macro

gr55xx.h
statements, and enumeration declarations. Examples: flag_status_t, SET_BIT(REG, BIT), and gr55xx_hal.h.
Processor header file that is common to all GR551x SoCs series. It contains structure declarations of all
gr551xx.h peripheral control registers as well as peripherals. The declarations are implemented by using structures and

macros.

1.2.1.2 HAL Driver Files

The components of the HAL driver files in a GR551x SoC are listed in Figure 1-2.
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gr55xx_hal_ppp.c

User file

gr55xx_ppp.h  gr55xx_hal_ppp_ex.h

— —> —

gr55xx_hal.h  gr55xx_hal_conf.h

gr55xx_hal_def.h

gr551xx.h ] gr55xx.h

Figure 1-2 HAL driver files

The table below lists the description of HAL driver files.

Name

gr55xx_hal_conf.h

gr55xx_hal_ppp.h

gr55xx_hal_ppp.c

gr55xx_hal_ppp_ex.h

gr55xx_hal_ppp_ex.c

gr55xx_hal.h

Table 1-2 Description of HAL driver files

Description

Configuration file for HAL drivers. It contains HAL driver header files for all peripherals.
Developers can modify this file to specify a peripheral/module and other parameters to be
compiled.

HAL driver header file of a module. It contains API functions, structures, enumerations, and
macros. Example: gr55xx_hal_uart.h

HAL driver source file of a module. It helps implement driver API functions. Example:
gr55xx_hal_uart.c

Header file of extension features for some module drivers. It contains function declarations
of the extension features that are available on some SoCs. Example: gr55xx_hal_gpio_ex.h
that contains defines statements of pin multiplexing

Source file of extension features for some module drivers. To date, the functions in this file
are not available.

Header file that is common to HAL drivers. It contains configuration header file as

well statements of hal_init and related tick API functions. By introducing this file into
applications, developers can use HAL drivers of GR551x SoCs. This file bridges user

applications to HAL drivers.
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Name

gr55xx_hal.c

gr55xx_hal_msp_template.c

gr55xx_hal_def.h

Description

Source file that is common to HAL drivers. It helps implement hal_init() and related tick()
API functions (weak function, can be re-defined on demand).

Template file allowing implementation of hal_ppp_msp_init() and hal_ppp_msp_deinit()
API functions. It configures Msplnit and MspDeinit callback functions of all peripherals in
a unified manner. Among them, hal_ppp_msp_init() is called in hal_ppp_init() to configure
GPIO reuse, clock, DMA, and interrupts of corresponding modules.

Type define file for HAL drivers. It contains common macros, structures, and enumeration
declarations as well as compiler-related define statements. Example: hal_status_t.
Declaration header file that is common to HAL drivers. It contains common data types and

constants of all peripheral drivers.

Note:

ppp represents the peripheral name. Examples: gpio, qspi, and uart

1.2.1.3 LL Driver Files

The table below lists the description of LL driver files.

Name

gr55xx_ll_ppp.h

gr55xx_ll_ppp.c

1.2.2 User-Application Files

Table 1-3 Description of LL driver files

Description

LL driver header file of a module. It contains macro definitions and structure
declarations of LL drivers of the module. It also helps implement inline functions
for register access in LL drivers. Example: gr55xx_II_gpio.h

LL driver source file of a module. It contains init() and deinit() functions. Example:

gr55xx_Il_gpio.c

The table below lists the user-application files of GR551x SoCs.

Name

system_gr55xx.c

startup_gr55xx.s

gr55xx_hal_msp.c

Table 1-4 Description of user-application files

Description

This file contains the Systemlnit() function to perform system initialization after
system reset. The file also helps configure system clocks.

Startup file for GR551x SoCs

Optional file. This file contains msp_init() and msp_deinit() functions of all
peripheral modules. Those of peripherals that are less frequently used can be

stored in main.c.
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Name Description

Optional file. This file contains interrupt handlers of peripherals. Those of
gr55xx_it.c/.h
peripherals that are less frequently used can be stored in main.c.

main.c/.h It contains main() functions and header files.

1.3 API Classification

The HAL and LL driver APIs are categorized into two groups: generic APIs and extension APIs.

1.3.1 Generic APIs

Generic APIs offer common and generic functions for all GR551x SoCs series. Differences between HAL generic APls

and LL generic APIs are elaborated in the sections below.

1.3.1.1 HAL Generic APIs

Based on API roles, the HAL generic APIs are categorized into five types:

. Initialization type: These APIs initialize/deinitialize peripherals and peripheral-specific public system resources.
They help perform pull up/down for GPIO pins and functionality multiplexing, enable Nested Vectored Interrupt

Controller (NVIC) interrupts, and initialize DMA channels. Example: hal_uart_init().
. I/O operation type: These APIs allow data transmission and reception for UART. Example: hal_uart_transmit().

. Interrupt handling and callback function type: These APIs are used to handle interrupts and call callback

functions of peripherals. Examples: hal_uart_irq_handler() and hal_uart_tx_cplt_callback().

. Control type: These APIs are used to set feature parameters of peripherals. Example:
hal_spi_set_tx_fifo_threshold().
. State and error type: These APIs are used to retrieve operating state and error code of HAL drivers. Example:

hal_i2c_get_state().

1.3.1.2 LL Generic APIs

Based on API roles, the LL generic APIs are categorized into six types:
. Initialization type: These APIs initialize/deinitialize peripherals. Example: Il_pwm_init().

. Feature enablement type: These APIs enable/disable certain peripheral features. Example:

Il_dma_enable_channel().

o Parameter setting type: These APIs are used to set feature parameters of peripherals. Example:
Il_dma_set_data_transfer_direction().

. Flag and state type: These APIs used to indicate the flag and state of peripheral registers. Example:

Il_i2c_is_active_flag_stop_det().

. Interrupt control type: These APIs enable/disable certain peripheral interrupts. Example:
Il_i2c_enable_it_stop_det().
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. DMA control type: These APIs enable/disable DMA requests from peripherals. Example:

Il_i2c_enable_dma_req_tx().

1.3.2 Extension APIs

The extension APls offer extensional functions that are unavailable on generic APIs for a certain SoC series. The
classification rules of extension APIs are consistent with those of generic APIs for both HAL and LL drivers.

1.4 Driver Naming Rules

The driver naming rules of GR551x SoCs comprise general naming rules, HAL APl naming rules, and LL APl naming

rules.

1.4.1 General Naming Rules
The general naming rules apply to HAL and LL drivers, regulating files, modules, structures, and macros.
The rule details are listed in the table below.

Table 1-5 General naming rules

Category Name Format Description Example

Composed of SoC model, driver type,
gr55xx_hal_gpio.(c/h)

ccc_ddd_ppp.c/h and peripheral name. For extension
File gr55xx_hal_gpio_ex.(c/h)
ccc_ddd_ppp_ex.c/h drivers, add a suffix, _ex, to the end of
gr55xx_ll_gpio.(c/h)
the name.

Composed of driver type and

Module HAL_PPP_MODULE peripheral name ending with a suffix of  HAL_I2C_MODULE
_MODULE.
A macro name should be in upper case.
PPP_PARAM UART_DATABITS_8
Macro For LL driver macros, put LL_ before
LL_PPP_PARAM LL_UART_PARITY_NONE

the peripheral name.

Composed of peripheral name and

ppp_sss_t structure type with a suffix of _t. For gspi_handle_t
Structure
Il_ppp_sss_t LL driver structures, add Il_ to be Il _uart_init_t
beginning of the name.
Composed of driver type, peripheral
Enum ddd_ppp_enumname_t name, and enumeration type ending hal_uart_state_t
with a suffix of _t.
In upper case, composed of driver
Enumeration flag DDD_PPP_ENUM type, peripheral name, and flag HAL_UART_STATE_RESET

meaning.
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Category

Register

Register structure

Naming note:

Name Format

Example

A register name, in upper case, should

comply with regulations in GR551x

REGISTERNAME

MODEM_CTRL

Datasheet (excessively long register

names are presented in abbreviations).

Composed of peripheral name and a

ppp_regs_t

uart_regs_t

suffix of _regs_t.

o ccc: SoC family name. Example: gr55xx

DDD/ddd: driver type. Example: HAL/hal and LL/Il

o PPP/ppp: peripheral name. Example: GPIO/gpio, QSPI/gspi, and UART/uart

. sss: structure type. Example: handle and init

. PARAM: peripheral parameter

o ENUM: enumeration flag

o REGISTERNAME: register name

1.4.2 Naming Rules of HAL Driver APIs

The table below lists the naming rules of HAL driver APIs.

API Type

Initialization

1/0 operation

Interrupt handling and callback

function

Table 1-6 Naming rules of HAL driver APIs

Name Format

hal_ppp_init

hal_ppp_deinit

hal_ppp_operate

hal_ppp_command_operate

hal_ppp_operate_it

hal_ppp_operate_dma

hal_ppp_irg_handler

Description

An initialization API function name is composed of HAL
driver type and peripheral name ending with _init or
_deinit.

Composed of HAL driver type, peripheral name, and
operating mode (TX, RX, and callback).

For command-related APIs, add _command between the
peripheral name and operating mode.

For I/O operation APIs in interrupt mode, add a suffix of
_it.

For 1/O operation APIs in DMA mode, add a suffix of
_dma.

Composed of HAL driver type and peripheral name

ending with _irg_handler.
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API Type Name Format

hal_ppp_operate_cplt_callback

hal_ppp_error_callback

hal_ppp_set_parameter
Control
hal_ppp_get_parameter

hal_ppp_get_state
State and error
hal_ppp_get_error

Description

For callback API functions that have been completed, add
a suffix of _cplt_callback.

Composed of HAL driver type and peripheral name
ending with _error_callback.

Composed of HAL driver type, peripheral name, and
parameter name.

Composed of HAL driver type, peripheral name, and state

or error.

Note:

o PPP/ppp: peripheral name. Example: QSPI/gspi and UART/uart

o operate: operating mode. Example: transmit/tx, receive/rx, and abort

o parameter: parameter name. Example: fifo_threshold and timeout

The table below is an example showing the HAL APl naming rules when QSPI serves as a peripheral.

Table 1-7 Naming rules of HAL driver APIs for QSPI

API Type Function Name
hal_gspi_init
hal_gspi_deinit

Initialization

hal_gspi_mspinit

hal_gspi_mspdeinit

hal_gspi_command_transmit
hal_gspi_command_receive
hal_gspi_command
hal_gspi_transmit

1/0 operation hal_qgspi_receive
hal_gspi_command_transmit_it
hal_gspi_command_receive_it
hal_gspi_command_it

hal_gspi_transmit_it

Description

This function initializes QSPI and sets clocks and pin
multiplexing.

This function deinitializes QSPI and restores it to initial
settings.

This function initializes GPIOs, NVIC interrupts, and DMA
used by QSPI.

This function deinitializes GP10s, NVIC interrupts, and

DMA used by QSPI.

This function enables data transmission and reception in

polling mode.

This function enables data transmission and reception in

interrupt mode.
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API Type Function Name

hal_gspi_receive_it

Description

hal_gspi_command_transmit_dma

hal_gspi_command_receive_dma
hal_gspi_command_dma
hal_gspi_transmit_dma
hal_gspi_receive_dma
hal_gspi_abort

hal_gspi_abort_it
hal_qgspi_irg_handler
hal_gspi_tx_cplt_callback

Interrupt handling and callback
hal_gspi_rx_cplt_callback

function
hal_gspi_error_callback
hal_gspi_abort_cplt_callback
hal_qgspi_set_timeout
hal_qgspi_set_tx_fifo_threshold
Control hal_gspi_set_rx_fifo_threshold

hal_gspi_get_tx_fifo_threshold
hal_gspi_get_rx_fifo_threshold
hal_gspi_get_state

State and error
hal_qgspi_get_error

1.4.3 Naming Rules of LL Driver APIs

The table below lists the naming rules of LL driver APIs.

This function enables data transmission and reception in

DMA mode.

This function aborts ongoing data transmissions.

Interrupt handler

TX complete callback function

RX complete callback function
Error detection callback function
Abort complete callback function

This function sets a timeout duration.

This function sets a FIFO threshold.

This function reads a FIFO threshold.

This function reads the peripheral state.

This function reads error code.

Table 1-8 Naming rules of LL driver APIs

API Type Name Format
Il_ppp_init
Initialization
Il_ppp_deinit

Il_ppp_enable_function
Feature enablement Il_ppp_disable_function
Il_ppp_is_enabled_function
Il_ppp_transmit_dataN
1/0 operation
Il_ppp_receive_dataN
Il_ppp_set_parameter

Parameter setting
Il_ppp_get_parameter

Description

Composed of LL driver type and peripheral name ending with

_init or _deinit.

Composed of LL driver type, peripheral name, state (enable/

disable/is_enabled), and function name.

Composed of LL driver type, peripheral name, data transfer
direction (transmit/receive), and data(bit width).
Composed of LL driver type, peripheral name, parameter

operation (set/get), and parameter name.
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API Type

Flag and state

Interrupt control

DMA control

Name Format

Il_ppp_is_active_flag_flagname
Il_ppp_clear_flag_flagname
Il_ppp_clear_flag
Il_ppp_clear_flagtype_flag

Il_ppp_get_flagtype_flag

Il_ppp_enable_it_itname
Il_ppp_disable_it_itname
Il_ppp_is_enabled_it_itname
Il_ppp_enable_it
Il_ppp_disable_it
Il_ppp_is_enabled_it
Il_ppp_enable_dma_req_tx/rx

Il_ppp_disable_dma_req_tx/rx

Il_ppp_is_enabled_dma_req_tx/rx

Description
Two approaches are used to name a flag and state API:
e LLdriver type, peripheral name, is_active/clear, _flag, and flag

name. The segment of is_active and clear is used to judge the
peripheral state or clear the flag.

e LLdriver type, peripheral name, get/clear, flag type, and _flag.
The segment of get and clear is used to retrieve or clear a type
of flag. Some peripherals do not contain a flag type.

Composed of LL driver type, peripheral name, state (enable/
disable/is_enabled), it, and interrupt name. Functions without
an interrupt name (example: ll_ppp_enable_it) can be used to

control multiple interrupts.

Composed of LL driver type, peripheral name, state (enable/

disable/is_enabled), and DMA request type.

Note:

o PPP/ppp: peripheral name. Example: QSPI/gspi and UART/uart

. function: functionality name. Example: general_call (for 12C)

. N: data bit width, range: 8, 16, and 32

o parameter: parameter name. Example: fifo_threshold and timeout

. flagname: flag name. For example, the flag name of the STOP_DET interrupt in 12C is stop_det.

. flagtype: type of flag that needs to be cleared or got. Example: it and line_status

o itname: interrupt name. For example, the ithame of the RDA interrupt in UART is rda.

The table below is an example showing the LL API naming rules when UART serves as a peripheral.

API Type

Initialization

Feature enablement

Table 1-9 Naming rules of LL driver APIs for UART

Function Name

Il_uart_init

Il_uart_deinit
Il_uart_enable_fifo
Il_uart_disable_fifo

Il _uart_is_enabled_fifo

Description
This function initializes UART and sets parameters such as baud rate and
data bit.

This function deinitializes UART and restores it to initial settings.

This function controls and judges the FIFO enablement state.
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API Type Function Name
Il_uart_transmit_data8
1/0 operation
Il_uart_receive_data8
Il_uart_set_parity
Parameter setting
Il_uart_get_parity
Il_uart_is_active_flag_rff
Il_uart_get_line_status_flag
Flag and state
Il_uart_clear_line_status_flag
Il_uart_get_it_flag
Il_uart_enable_it_rda
Il_uart_disable_it_rda
Il_uart_is_enabled_it_rda
Interrupt control
Il_uart_enable_it

Il_uart_disable_it

Il _uart_is_enabled_it

DMA control None

1.5 Data Structure

Description

This function enables the peripheral to transmit data by byte.
This function enables the peripheral to receive data by byte.
This function sets the odd-even parity bit.

This function gets the odd-even parity bit.

This function is used to judge whether the RFF flag is set.
This function is used to get the line state.

This function is used to clear the line state.

This function is used to get the interrupt state.

This function controls and judges the state of the received data available

(RDA) interrupt.

This function controls and judges the states of multiple interrupts.

The DMA requests of UART are managed by hardware. No settings are

required on software.

Each HAL driver contains the following data structures:

. Peripheral handle structure
. Initialization structure

o Configuration structure

To simplify parameter setting in scenarios where only LL drivers are used, Goodix defines initialization structures in LL

drivers.

1.5.1 Peripheral Handle Structure

The HAL drivers adopt a multi-instance architecture that allows working with several instances simultaneously on a

peripheral. ppp_handle_t *handle is the main structure in the architecture. It defines the handle of each instance and

stores the peripheral setting parameters, register structure pointers, and diverse run-time variables of each instance.

The peripheral handle is used for the purposes below:

. Multi-instance support: Each peripheral instance has its own handle, which results in independent peripheral

setting parameters and run-time variables for each instance.

o Intra-APlI communications: The handle stores shared variables during peripheral operation, which enables data

exchange between APIs.
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. Storage: The handle stores and manages global variables of a specific peripheral driver.

An example of Serial Peripheral Interface (SPI) peripheral structure is shown below:

typedef struct
{

ssi regs_t *p_instance; /**< SPI registers base address*/
spi init t init; /**< SPI communication parameters*/
uint8 t *p_tx buffer; /**< Pointer to SPI Tx transfer Buffer */

__I0 uint32 t tx xfer size; /**< SPI Tx Transfer size*/

__I0 uint32 t tx xfer count; /**< SPI Tx Transfer Counter*/

uint8 t *p_rx buffer; /**< Pointer to SPI Rx transfer Buffer */

__I0 uint32 t rx xfer size; /**< SPI Rx Transfer size*/

IO uint32 t 1rx xfer count ; /**< SPI Rx Transfer Counter*/

void (*write fifo) (struct spi handle *p spi); /**< Pointer to SPI Tx transfer
FIFO write function */

void (*read fifo) (struct spi handle *p spi); /**< Pointer to SPI Rx transfer
FIFO read function */

dma_handle t *p_dmatx; /**< SPI Tx DMA Handle parameters*/

dma_handle t *p_dmarx; /**< SPI Rx DMA Handle parameters*/

__I0 hal lock t 1lock; /**< Locking object*/

__I0 hal spi state t state; /**< SPI communication state*/
IO uint32 t error code; /**< SPI Error code*/
uint32 t timeout; /**< timeout for the SPI memory access*/

} spi handle t;

Note:

No handle structure is used for system peripherals that are shared by multiple modules. Examples include GPIO,
System Tick Timer (SysTick), NVIC, and PWR.

1.5.2 Initialization Structure

The initialization structure is used to store setting parameters in initializing peripherals.

An example of UART initialization structure is shown below. The structure can set baud rate, data bit, stop bit,
hardware flow control mode, and access (RX) timeout.

typedef struct

{
uint32 t baud rate;
uint32 t data bits;
uint32 t stop bits;
uint32 t parity;
uint32 t hw flow ctrl;
uint32 t rx timeout mode;

} uwart init t;

1.5.3 Configuration Structure

The configuration structure is used to configure parameters of sub-modules and sub-instances.

An example of channel initialization structure for PWM is shown below:

typedef struct

{

uint8 t duty; /**< Specifies the duty in PWM output mode. This parameter must be a number
between 0 ~ 100.*/
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uint8 t drive polarity; /**< Specifies the drive polarity in PWM output mode.This parameter
can be a value of @ref PWM DRIVEPOLARITY.*/
} pwm_channel init t;
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2 HAL Drivers

2.1 Introduction

This section introduces common HAL driver resources of peripherals and methods on how to use HAL drivers.

2.1.1 HAL Common Resources

In HAL drivers of GR551x SoCs, the common resources of all peripherals including common enumerations, structures,

and macros are defined in gr55xx_hal_def.h. The details are as follows:

. HAL status: The HAL status indicates the operating state of all APIs except for Boolean functions and interrupt
handlers. It has four values as below:

typedef enum
{

HAL OK = 0x00U,
HAL ERROR = 0x01U,
HAL BUSY = 0x02U,
HAL TIMEOUT = 0x03

} hal status t;

. HAL lock: The HAL lock prevents unauthorized access to shared resources. It has two values as below:

typedef enum

{
HAL UNLOCKED = 0x000U,
HAL LOCKED = 0x01

} hal lock t;

. Common macros: Common macros comprise maximum delay macro (HAL_MAX_DELAY), the macro linking
a peripheral to a DMA instance handle (HAL_LINKDMA), and a macro to delete alarms indicating that some
parameters are not used in compiling. An example is defined below:

#define HAL MAX DELAY OxFFFFFFFFU

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

do{ \
(__HANDLE )-> PPP DMA FIELD = &(_ DMA HANDLE ); \
(__DMA HANDLE ) .p parent = (_HANDLE ); \

} while (0U)

#define UNUSED (x) ((void) (x))

2.1.2 How to Use HAL Drivers

The figure below shows the calling process of HAL drivers.
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gr55xx_it.c gr55xx_hal_msp.c main.c gr55xx_hal_ppp.c Common peripherals

1. Define peripheral (ppp)

:
:
:
:
:
:
:
handles. I gr55xx_hal_gpio.c/h
2. Set handle parameters. :
3. Call hal_ppp_init(). : hal_ppp_init()
:
:
H
:
:
:
:
:
:
:
:
:
:
H
:
:
:
:
:
:
:
:
:

gr55xx_hal_dma.c/.h <

hal_ppp_msp_init()
gr55xx_hal_cortex.c/.h  <l—

>

Call hal_ppp_process(). hal_ppp_process()

DMA_IRQHandler()
or
ppp_IRQHandler()

hal_ppp_process_cplt_callback()
hal_ppp_error_callback()

Call hal_ppp_deinit(). —p

hal_ppp_deinit()

hal_ppp_msp_deinit() :

Figure 2-1 Calling process of HAL drivers

I Note:
indicates functions that are implemented in HAL drivers.
indicates code that should be implemented in user applications by developers.
indicates msp (MCU Specific Package) functions that should be implemented in user applications.

indicates functions called in interrupt handlers.

Detailed process description:

1.

Developers overwrite msp functions: hal_ppp_msp_init() and hal_ppp_msp_deinit() of peripherals (ppp) in user

application files (such as main.c and gr55xx_msp.c).

If interrupt APIs are required, developers need to overwrite the corresponding callback functions such as

hal_ppp_process_cplt_callback().
Developers define handles of peripherals and configure related parameters in user application files.

Developers initialize peripherals (ppp) by calling hal_ppp_init() implemented in ppp driver files. During
initialization, the overwritten hal_ppp_msp_init() function is called to initialize GPIO pins, NVIC interrupts, and
DMA channels used by ppp peripherals.

The HAL driver calling process varies depending on |/O operation modes: polling, interrupt, and DMA.
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. In polling mode, developers call hal_ppp_process() to perform 1/O operations. The function is considered

successful after the I/O operations complete.

. In interrupt mode, developers call hal_ppp_process_it() to perform 1/O operations. The function is
considered successful after interrupt is enabled. The 1/O operations are implemented in PPP_IRQHandler(),
after which overwritten callback functions are called to push notifications indicating the event has been

completed.

. In DMA mode, developers call hal_ppp_process_dma() to perform I/O operations. The function is
considered successful when data transmission begins. The 1/0O operations are implemented in DMA
peripherals, after which DMA_IRQHandler() calls the overwritten callback functions to push notifications
indicating the event has been completed.

6. After peripherals are used, developers can call hal_ppp_deinit() in ppp driver files to deinitialize the
ppp and restore the corresponding registers to default values. During deinitialization, the overwritten
hal_ppp_msp_deinit() function is called to deinitialize GPIO pins, NVIC interrupts, and DMA channels used by

peripherals (ppp).

The sections below elaborate on the initialization, /O operation, timeout detection, and error check mechanisms of
HAL drivers.

2.1.2.1 HAL Driver Initialization

2.1.2.1.1 Global Initialization

The gr55xx_hal.c file provides a set of APIs to initialize/deinitialize the SysTick in HAL drivers, allowing peripheral
drivers to detect timeout in data transmission and reception in polling mode.

o hal_init(): This function can be called after SoC startup to perform the following:

hal_msp_init(): Call this function to initialize clock, GPIO pins, interrupts, and DMA.

. hal_deinit(): Call hal_msp_deinit() to deinitialize clock, GPIO pins, interrupts, and DMA.

2.1.2.1.2 MSP Initialization

During peripheral initialization, the hal_ppp_init() calls the hal_ppp_msp_init() function to initialize the GPIO pins,
interrupts, and DMA used by the peripheral. During peripheral deinitialization, the hal_ppp_msp_deinit() function
is called. Both hal_ppp_msp_init() and hal_ppp_msp_deinit() are declared empty as weak functions in HAL drivers.
Therefore, developers need to overwrite the two functions on demand in actual use. The function details are

described as below:

~_weak void hal ppp msp init (ppp_handle t *p ppp)

{
/* Prevent unused argument (s) compilation warning */
UNUSED (p_ppp) ;

}

__weak void hal ppp msp deinit (ppp handle t *p ppp)
{

/* Prevent unused argument (s) compilation warning */
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UNUSED (p_ppp) 5

2.1.2.2 HAL Driver 1/0 Operations
The HAL drivers provide three 1/0O operation (data read/write) modes for peripherals: polling, interrupt, and DMA.

2.1.2.2.1 Polling Mode

In polling mode, data reads and writes are processed in a loop, which means the read/write APIs return a process
status after the data read/write completes. A data read/write is considered successful when the read/write API
returns the HAL_OK status. Otherwise, it returns HAL_ERROR or HAL_TIMEOUT. Users can retrieve the specific status
and error code through hal_ppp_get_state() and hal_ppp_get_error(). To prevent an infinite loop in read/write API
processing, the HAL drivers adopt a timeout detection mechanism. Users can specify a timeout period in timeout
parameters in APIs.

The example below shows a typical read/write API processing sequence in polling mode:

hal status t hal ppp transmit (ppp handle t *p ppp, uint8 t *p data, uintl6 t size, uint32 t
timeout)
{
if ((NULL == p data) || (0U == size))
{
return HAL ERROR;

}
(...)

while (data processing is running)

{

if (timeout reached)

{
return HAL TIMEOUT;

}
()
return HAL OK;
}

2.1.2.2.2 Interrupt Mode

In interrupt mode, data reads and writes are not processed in a loop. This means the read/write APIs return a
process status when the read/write interrupt is enabled. The read/write operations are implemented in peripheral
interrupt handlers. The read/write operation is considered successful when the application calls the callback function
customized by developers to notify the application of the process status. Developers can retrieve the current read/
write status through the hal_ppp_get_state() function.

In interrupt mode, the HAL drivers define the following API functions:

o hal_ppp_process_it(): read/write APl function in interrupt mode

. hal_ppp_irq_handler(): peripheral interrupt handler

. _weak hal_ppp_process_cplt_callback(): process complete callback function; implemented by developers

. _weak hal_ppp_process_error_callback(): process error callback function; implemented by developers
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To use APIs in interrupt mode, developers need to register the interrupt handler, hal_ppp_irg_handler(), in the

gr55xx_it.c file, after which the hal_ppp_process_it() can be called to perform data reads or writes.

Callback functions are declared as week functions in HAL drivers, which means developers need to customize callback
functions to release cache memories after data reads/writes complete.

The example below shows the read/write APl used by UARTO in interrupt mode:

In the main.c file:

uart handle t uart handle;
int main (void)

{

uart handle.p instance = UARTO;

uart handle.init.baud rate = 115200;

uart handle.init.data bits = UART DATABITS 8;
uart handle.init.stop bits = UART_STOPBITS 1;
uart handle.init.parity = UART_ PARITY NONE;
uart handle.init.hw flow ctrl = UART HWCONTROL NONE;

hal uart init (&uart handle);

char *p tx buff = “Hello World!\r\n”;
hal uart transmit it (&uart handle,p tx buff,strlen((char*)p tx buff));
while (hal uart get state(&uart handle) ! = HAL UART STATE READY);

hal uart deinit (&uart handle);

void hal uart tx cplt callback(uart handle t *p uart)
{
()

}

void hul uart error callback(uart handle t *p uart)
{
()

In the gr55xx_it.c file:

void UARTO IRQHandler (void)

{
Hal uart irqg handler (&uart handle);

Note:
UARTO_IRQHandler() can be placed directly in the main.c file.

2.1.2.2.3 DMA Mode

In DMA mode, data reads and writes are not processed in a loop. The read/write operation is considered successful
when the interrupt handler calls the corresponding callback function to notify the application of the process status.
Developers can retrieve the current read/write status through the hal_ppp_get_state() function.

In DMA mode, the HAL drivers define the following API functions:

. hal_ppp_process_dma(): read/write APl function in DMA mode
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. hal_ppp_irq_handler(): peripheral interrupt handler

o _weak hal_ppp_process_cplt_callback(): process complete callback function; implemented by developers
o _weak hal_ppp_process_error_callback(): process error callback function; implemented by developers

To use APIs in DMA mode, developers need to (1) register the interrupt handler, hal_dma_irq_handler(). For some
peripherals such as 12C, registration of hal_ppp_irq_handler() is required; (2) initialize the required DMA channels for
initialization in the hal_ppp_msp_init() function; (3) call the hal_ppp_process_dma() function to process data reads
and writes.

The example below shows the read/write APl used by UARTO in DMA mode:
. In the main.cfile:
uart handle t uart handle;

int main (void)

{

uart handle.p instance = UARTO;

uart handle.init.baud rate = 115200;

uart handle.init.data bits = UART DATABITS 8;
uart handle.init.stop bits = UART_STOPBITS 1;
uart handle.init.parity = UART_PARITY NONE;
uart handle.init.hw flow ctrl = UART HWCONTROL NONE;

hal uart init (&uart handle);

char *p tx buff = “Hello World!\r\n”;

hal uart transmit dma (&uart handle, p tx buff, strlen((char*)p tx buff));
while (hal uart get state(&uart handle) ! = HAL UART STATE READY);

hal uart deinit (&uart handle);

void hal uart tx cplt callback(uart handle t *p uart)
{

(...)
}

void hul uart error callback(uart handle t *p uart)
{
(...)

. In the gr55xx_hal_msp.c file:

void hal uart msp init (uart handle t *p uart)
{

static dma handle t hdma tx;

static dma handle t hdma rx;

()

hal dma init (&hdma tx);

hal dma init (