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TIMERs

References:

• AN4013 Application note :STM32 cross-series timer overview
• AN4776 Application note General-purpose timer cookbook
• ST onlinetraining : https://st-

onlinetraining.s3.amazonaws.com/STM32L4_WDG_TIMERS_General_Purpose_T
imer_(GPTIM)/index.html

• RM0090 Reference manual
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TIMERs

All the STM32 general-purpose timer peripherals share the same backbone 
structure. This section tears down the advanced configuration TIM1 timer 

peripheral, which is the timer peripheral with the most features. Next figure shows 
the block diagram for the TIM1 timer peripheral.

The STM32 timer peripheral is made by the assembly of four units:

1. Clock source
2. A prescaler

3. Resolution (autoreload)
4. Capture/compare function.
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Timer-peripheral block diagram
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TIMERs

The timers are based on the some architecture and scalable in terms of: 
• Number of inputs/outputs
• Resolution (16 or 32 bits)
• Features (PWM, DMA, counting..)

Each timer embeds a 16-bit linear prescaler (1,2,3… 65536)
• An Auto-reload register defines the counting period
• An update event (interrupt or DMA) 

Prescaler and auto-reload parameters are configured by respectively, PSC and  ARR 
register) and used for example for high resolution PWM configuration 
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TIMERs

All STM32 timers have independent I/O channels. These can be used as follows:
• Input Capture
• Output Compare or PWM
• One Pulse Mode

Timers can be clocked by:
• Internal Clock
• External Clock Sources

• External Mode 1 (TI1 and TI2 pins)
• External Mode 2 (ETR pin)
• Internal Trigger (ITRx)

Interrupt and DMA events occur when the followings occur:
• Update

• Counter overflow/underflow
• Counter initialized
• Others

• Trigger (For ADC event for example) 
• Counter Start
• Counter Stop
• Counter Initialize
• Others

• Input Capture / Output Compare
• Others
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TIMERS 

The table below summarizes some capabilities of STM32 timers:
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PWM mode

PWM is a way of digitally modifying analog signal levels. Through the use of
high resolution (autoreload) the duty cycle of a square wave is modulated to
change a specific analog signal level.

The stm32 timer is able to generate PWM in edge-aligned mode or in center-
aligned mode with a frequency determined by the value of the TIMx_ARR
register, and a duty cycle determined by the value of the TIMx_CCRx register.

Mustapha.hamdi@insat.rnu.tn

mailto:Mustapha.hamdi@insat.rnu.tn


PWM mode

• More information's here :ST onlinetraining : https://st-
onlinetraining.s3.amazonaws.com/STM32L4_WDG_TIMERS_Gen
eral_Purpose_Timer_(GPTIM)/index.html
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PWM mode

Timer Period: 

The timer can be used as a time base generator. 
Depending on the clock, prescaler, auto reload coefficient and repetition 
counter (if present) parameters, the 16-bit timer can generate an update 
event from a nanosecond to a few minutes. For the 32-bit timer, the range 
is larger. 

Example update event period :

The update event period is calculated as follows: 
Update_event = TIM_CLK/((PSC + 1)*(ARR + 1)*(RCR + 1))
TIM_CLK = 72 MHz,  Prescaler = 1 , Auto reload = 65535 and No repetition 
counter RCR = 0 
Update_event = 72*(10^6)/((1 + 1)*(65535 + 1)*(1))
Update_event = 549.3 Hz. 
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Stm32 System Clock

GUI Clock configuration from CubeMX
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TIMERS 

Case Study : Timer 3 as PWM 

1

• Select Timer and outputs

• Ex. TIM3-Ch1 (gpioC6)…TIM3-
ch4(gpioC9)

2
• GPIO initialization (AF mode)

3
• Alternate Function config (ex. TIMER3 

as AF)
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TIMERS 

Case Study : Timer 3 as PWM 

4
• Timer initialization : Clock 

APB1ENR, Prescaler

5
• PWM configuration 

6

• Duty cycle  definition 

• TIM3->CCR1, …. TIM3->CCR4
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Registers

AHB1ENR

OSPEEDER

MODER

AF[0] AF[1]

AF mode

Max freq

Config AF

clock 

GPIO configuration

TIMERS
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TIMERS

APBx

ARR

PSC

EGR

CCMR1,2

CCR1,2,,,CCERCR1

Clock

Max timer Clock prescaler

Timer auoreload

Update generation

Config channels as pwm

Enable PWM1,PWM2,PWM3,andPWM4Counter enable Duty cycle 

Timer configuration
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TIMERS 

Alternate functions

Pins of microcontroller offer many extra different functions. The
conventional function would refer to GPIO, General Purpose
Input/Output. In that case, pins can be used directly by writing
to and reading from the relevant registers such as Input Data
register IDR and Output Data Register ODR.

Alternate functions would refer to other ‘extra’ functions, that
may include for example I

2
C, SPI, USART, CCP, PWM, Clock, ADC.

GPIO configuration
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TIMERS 

Alternate functions
GPIO configuration
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TIMERS 

Alternate functions:
AF1: TIM1/TIM2, AF2: TIM3..5, AF9: CAN1/CAN2,TIM12 
Each AF requires 4 bits config via  AFRL (for pin0->7)
and  AFRH (for pin 8->14) registres.

GPIO configuration
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TIMERS 

Alternate functions AFRL

TIM3..5

GPIOC->AF[0] |= (2<<4*6) 
;// PC6 as TIM3 AF
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Les TIMERS 

Alternate functions

Register AF[1]: AFH for pin 8->15
Register AF[0]: AFL for pin 0->7

GPIOC->AF[0] |=(2<<4*6)+(2<<4*7);  //   pin 6 and 7
GPIOC->AF[1] [=(2<<4*0)+;(2<<4*1); //  pin 8 and 9 
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TIMERs

Alternate functions
Keil MDK debug session :

PC6,PC7,PC8 and PC7 : TIM3 AF 
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Timers

Timer configuration
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Timers

Timer configuration

TIM3->PSC = 100;        // Prescaler FClockmax/100 (Set Frequency PWM)
// FClockMax Timer3= 84 MHz
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Timers

Timer configuration

TIM3->ARR = 1000;       // Counter/Resolution/(Set Frequency PWM)
// PWM resolution =1000 

Timer 3 Frequency : F = 84MHz/(Psc+1)(ARR+1) 
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Timers

Timer configuration

Bit 0 UG: Update generation
This bit can be set by software, it is automatically cleared by hardware.
0: No action
1: Re-initialize the counter and generates an update of the registers 

TIM3->EGR |= 1;         // Up Counter
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Timers

Timer configuration

0  1    1    0    0 0   0 00 1    1   0   0  0 0 0

Channel 2 Channel 1 

TIM3->CCMR1 |= 0x6060; //Set PWM channel 1 and PWM Channel 2

OC1M: Output compare 1 mode
110: PWM mode 1 - In upcounting, channel 1 is active as 
long as TIMx_CNTTIMx_CCR1 else active (OC1REF=1).

=0x6060
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Timers

Timer configuration

TIM3->CCR1 = 750;       // Set Duty PWM1, ARR=1000 => Duty cycle = 
75%  for channel 1
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Timers

Timer configuration

TIM3->CR1 |= 1;         // Enable TIM3
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Timers

Timer Configuration code :

RCC->APB1ENR |= (1<<1); // Open clock Timer3
TIM3->PSC = 100;        // Prescale
TIM3->ARR = 1000;       // Autoreload : Counter Resolution  

TIM3->EGR |= 1;         // Up Counter

//  Timer 3 Gen PWM config

TIM3->CCMR1 |= 0x6060;  // Set PWM channel 1 and PWM Channel 2
TIM3->CCMR2 |= 0x6060;  // Set PWM channel 3 and PWM Channel 4

// Duty Cycle :

TIM3->CCR1 = 750;       
TIM3->CCR2 = 250;       
TIM3->CCR3 = 750;       
TIM3->CCR4 = 100;       

TIM3->CCER |= 0x1111;   // Enable PWM1,PWM2,PWM3,andPWM4

TIM3->CR1 |= 1;         // Enable TIM3
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Timers

Timer 3 Frequency: F = 84MHz/(Psc+1)(ARR+1)=830,85 Hz, Period= 1,2 ms
Channel 1: Duty Cycle =  75% = 902 us
Channel 2: Duty Cycle = 25% = 300 us
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