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User Manual
Description of STM32L4 HAL and Low-layer drivers

Introduction

STMCube™ is an STMicroelectronics original initiative to ease developers life by reducing development
efforts, time and cost. STM32Cube covers STM32 porifolio.

STM32Cube Version 1.x includes:

s  The STM32CubeMX, a graphical software configuration tool that allows generating C initialization
code using graphical wizards.
+ A comprehensive embedded software platform, delivered per series (such as STM32CubelL4 for
STM32L4 series)
—  The STM32Cube HAL, an STM32 abstraction Ia}fbr embedded software ensuring maximized
portability across STM32 portfolio. The HAL is available for all peripherals.
The Low Layer APIs (LL) offering a fast light-weight expert-oriented layer which is closer to the
hardware than the HAL. The LL APIs are available only for a set of peripherals.
— A consistent set of middleware components such as RTOS, USB, Graphics
—  All embedded software utilities coming with a full set of examples.
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Main Changes

= Add Low Layer drivers under Drivers\STM32L4xx_HAL_Driver
o Low Layer drivers allow performance and memory footprint optimization

= Low Layer drivers APIs provide register level programming: they require deep knowledge of peripherals described
in STM32L4x6 Reference Manual

= Low Layer drivers are available for: ADC, COMP, Cortex, CRC, DAC, DMA, EXTI, GPIO, 12C, IWDG, LPTIM, LPUART,
OPAMP, PWR, RCC, RNG, RTC, SPI, SWPMI, TIM, USART and WWDG peripherals and additionnal Low Level Bus,
System and Utilities APIs.

= low Layer drivers APIs are implemented as static inline function in new Inc/stm32/4xx_Il_ppp.h files for PPP
peripherals, there is no configuration file and each stm32/4xx_Il_ppp.h file must be included in user code.

= Refer to UM1860 for Low Layer presentation and UM1884 for API list
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3 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 FSMC, USB or
SDMMC).

LL drivers feature:

+ A setof inline functions for direct and atomic register access

. Full independence from HAL since they can be used 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 fo save their states,
counter or data pointers: all the operations are performed by changing the associated
peripheral registers content.
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3.1 Low Layer files

The Low Layer drivers are built around one single header file per peripheral plus four
header files for some System and Cortex related features.

Table 16: LL driver files
File Description

This is the h-source file for core bus control and peripheral clock activation
stm32/4xx_Il bus.h | and deactivation
Example: LL_AHB2 GRP1_EnableClock

This is the h-source file of the PPP Low Layer driver. The Low Layer PPP
stm32i4xx_N_ppp.h driver is a standalone module. To use it, the application must include the
stm32M4xx_Il_ppp.h.

CortexM related register operation APls including the SysTick, Low-power
(LL_SYSTICK ooeex, LL_LPM ooox “"Low Power Mode™ ..)

Utilities related operations (LL_GetlLLVersion, LL_mDelay, LL InitmsTick,
LL GetUlD_Word, ...)

System related operations (LL_IsActiveSystickCounterFlag,
LL SetSystickClkSource, LL_GetSystickClkSource, LL_FLASH xxx ...}

stm32YYxx_ll_cortex h

stm32YYxx_Il_utils.h

stm32YYxx _ll_system.h
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In general, Low Layer drivers include only the STM32 CMSIS device file.
$include "stm32Zyyxx.h"

Figure 9: Low Layer driver CMSIS files
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Application files have to include only the used Low Layer drivers header files.

Ak, FAGARRI R A T Ettinclude FEAMSHISSCH:, AUATLMER] LL T, {H2F
I, RGECHE, PO SE — R PIARE D, BAR TR

stm32l4xx.h

stm321476xx.h

system_stm32l4xx.h

system_stm32l4xx.c

startup_stm321476xx.s
KU, IXTERRHESE, Cube JEHSAS A8 T kA

=, IE STM32LL E TEER

BOF R E BRI KRS, W T IE B TARAAR . BT AL L RIS O
TNAREAEH] Cube SRS THE, FTUARE LT30S, X B G TR 7R AR fS FH bt e 2t
T AR P SALL
1. HERAHI ST

B — N SO R R SR IO A B SCA

75 B 2 AH OGS 4 SR ok

HJe b B B LA A AT S A

stm3214xx.h,stm321476xx.h,
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1. AEL

1E main.c
#include "main.h"

{E main.h
#include "stm32l4xx_Il_bus.h"
#include "stm32l4xx_Il_rcc.h"
#include "stm32l4xx_ll_system.h"
#include "stm32l4xx_Il_utils.h"
#include "stm32l4xx_Il_gpio.h"
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__STATIC_INLINE void SystemClock_Config(void)

—_

LL_FLASH_SetLatency(LL_FLASH_LATENCY_4);
LL_RCC_HSI_Enable();
while(LL_RCC_HSI_IsReady() !=1);

LL_RCC_PLL_ConfigDomain_SYS(LL_RCC_PLLSOURCE_HSI,LL_RCC_PLLM_DIV_1,10,LL_RCC_PLLR_
DIV_2);

LL_RCC_PLL_Enable();

LL_RCC_PLL_EnableDomain_SYS();

while(LL_RCC_PLL_IsReady() !=1);

LL_RCC_SetAHBPrescaler(LL_RCC_SYSCLK_DIV_1);

LL_RCC_SetSysClkSource(LL_RCC_SYS_CLKSOURCE_PLL);

while(LL_RCC_GetSysClkSource() != LL_RCC_SYS_CLKSOURCE_STATUS_PLL) ;

LL_RCC_SetAPB1Prescaler(LL_RCC_APB1_DIV_1);

LL_RCC_SetAPB2Prescaler(LL_RCC_APB2_DIV_1);

LL_InitlmsTick(80000000);

LL_SetSystemCoreClock(80000000);

PR BN STATIC_INLINE(R static inline) & K 1% 22 BT A R ## /& STATIC_INLINE,
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__STATIC_INLINE void Configure_GPIO(void)

{
LL_AHB2_GRP1_EnableClock(LL_AHB2_GRP1_PERIPH_GPIOA);

LL_GPIO_SetPinMode(GPIOA, LL_GPIO_PIN_5, LL_GPIO_MODE_OUTPUT);



LL_GPIO_SetPinOutputType(GPIOA, LL_GPIO_PIN_5, LL_GPIO_OUTPUT_PUSHPULL);
LL_GPIO_SetPinSpeed(GPIOA, LL_GPIO_PIN_5, LL_GPIO_SPEED_LOW);
LL_GPIO_SetPinPull(GPIOA, LL_GPIO_PIN_5, LL_GPIO_PULL_NO);

4. PAS Htiw T, RISE LED
LL_GPIO_SetOutputPin(GPIOA, LL_GPIO_PIN_5);
5. IRJEHEAERET IR EVRRE, i N EUETRIAE S Nulceo bIWEREY LED
PRI RS T
int main(void)
{
SystemClock_Config();
Configure_GPIO();
LL_GPIO_SetOutputPin(GPIOA, LL_GPIO_PIN_5);
while (1)
{;
}
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__STATIC_INLINE void Configure_EXTI(void)
{
LL_AHB2_GRP1_EnableClock(LL_AHB2_GRP1_PERIPH_GPIOC);
LL_APB2_GRP1_EnableClock(LL_APB2_GRP1_PERIPH_SYSCFG);
LL_GPIO_SetPinMode(GPIOC, LL_GPIO_PIN_13, LL_GPIO_MODE_INPUT);
LL_GPIO_SetPinPull(GPIOC, LL_GPIO_PIN_13, LL_GPIO_PULL_NO);
NVIC_EnablelRQ(EXTI15_10_IRQn);
NVIC_SetPriority(EXTI15_10_IRQn, 0);
LL_SYSCFG_SetEXTISource(LL_SYSCFG_EXTI_PORTC, LL_SYSCFG_EXTI_LINE13 );
LL_EXTI_EnablelT_0_31(LL_EXTI_LINE_13);
LL_EXTI_EnableFallingTrig_0_31(LL_EXTI_LINE_13);
}
void EXTI15_10_IRQHandler(void)
{
if(LL_EXTI_IsActiveFlag_0_31(LL_EXTI_LINE_13) != RESET)
{
LL_EXTI_ClearFlag_0_31(LL_EXTI_LINE_13);

i++;



if(i == 3)
i=0;

TE X REEF Configure EXTI()FFHRINACHL
while (1)
{
LL_GPIO_TogglePin(GPIOA, LL_GPIO_PIN_5);
if(i==0)
{
LL_mDelay(100);
}
else if(i==1)
{
LL_mDelay(500);

LL_mDelay(1000);
}
}
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