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Abstract. The generating pulse-width modulated signal algorithm in  the desired form and frequency on special 
microcontroller STM32F4Discovery pins was developed. The adjustment in-out port features microcontroller for PWM 
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РЕАЛИЗАЦИЯ ШИМ НА МИКРОКОНТРОЛЛЕРЕ STM32F4DISCOVERY 
 
Аннотация Для реализации модулированного сигнала требуемой частоты и формы проведена разработ-

ка алгоритма его получения на специализированных выходах микроконтроллера STM32F4Discovery. Рассмот-
рены особенности настройки портов микроконтроллера для формирования широтно-импульсно модулирован-
ного сигнала на их выходах. Также рассмотрены особенности настройки таймера, посредством которого 
осуществляется формирование модулированного сигнала.  

Ключевые слова: микроконтроллер STM32F4DISCOVERY, пред делитель таймера, порт ввода-вывода, 
алгоритм, ШИМ модуляция, выходной сигнал, усредненное значение. 
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РЕАЛІЗАЦІЯ ШІМ НА МІКРОКОНТРОЛЕРІ STM32F4DISOVERY 

 
Анотація. Для формування модульованого сигналу бажаної частоти та форми виконана розробка алго-

ритма його отримання на спеціалізованих виходах мікроконтролера STM32F4Discovery. Розглянуто особливо-
сті налаштування портів мікроконтролера для формування широтно-імпульсного модульованого сигналу на їх 
виходах. Також розглянуто особливості налаштування таймера, за рахунок якого можливе формування моду-
льованого сигналу.  

Ключові слова: мікроконтролер STM32F4Discovery, перед дільник таймера, порт вводу-виводу, алгоритм, 
ШІМ модуляція, вихідний сигнал, середнє значення. 

 
 

 
Introduction 

 
Voltage inverters, power factor correctors 

and active rectifiers are widely used to power 
the electrical drive systems and different alter-
nate current consumers’ power systems. To en-
sure a high quality in the electrical energy at the 
inlet and (or) at the output in such converters in 
different kinds pulse width modulation (PWM) 
are used[1-3]. 

Pulse width modulation is pulse constant 
frequency signal and variable duty cycle, i.e. the 
ratio pulse repetition period for its duration [4]. 

Due to the task in the duty cycle (pulse 
width) the average PWM output voltage can be 
changed. 

With  high-speed appearance, powerful mi-
croprocessor technology, the  PWM  principle is 
widely used in modern frequency converters to 
form three-phase sinusoidal variable frequency 
and amplitude voltage, to control a DC motor 
speed, in a variable  inverters, where getting 
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from the rectified DC alternate desired fre-
quency, amplitude and shape signal are needed 
[5]. 
© V.O. Kvashnin, A.V. Babash 2016 

Using the PWM allows you to modify am-
plitudes in the rectified voltage by adjusting the 
duty cycle [6]. 

As a switch for rectified voltage switching 
bipolar, field, high-speed IGBT transistors are 
used. It allows the high switching at a high fre-
quency. Thus, due to certain law switching from 
the original rectified voltage signal the output 
signal in desired shape and frequency can be 
obtained. 

By using the PWM almost any form modu-
lated signal can be generated by means of mod-
ern microcontrollers. 

There are analog and digital PWM. Analog 
is used in analog electronic systems and is con-
sidered as a classical PWM. However, nowa-
days digital PWM is widely used for generating 
signals in different shape and frequency by 
means of microcontrollers. 

PWM is divided into unipolar and bi-polar 
[7]. There is no negative signal in unipolar 
PWM. Unipolar power supply has only a posi-
tive potential (+ V) and ground signal (GND). 

Most modern MCUs have unipolar power 
supply and their output signals are unipolar. 

The principle in forming a digital PWM il-
lustrated in Figure 1. 

 

 
 

Fig.1 – The principle of the digital PWM  
generating 

 
Figure 1 shows the signal frequency which 

depends on the microcontroller’s timer period. 
Duty cycle D can change its value from 0 to 
100%. In this case, the duty ratio  signal is 50%. 
Thus, by using the pulse ratio changing duty 

cycle can be changed the average PWM value 
output can be changed. This principle is widely 
used  to  control  the  direct  current  motor  speed,  
because the angular velocity in the motor is lin-
early depends on the armature voltage. 

Research materials 
 

For the different modulated signals genera-
tion and microcontrollers’ capabilities in carry-
ing out this task demonstration, the PWM de-
scription obtained features 32-bit microcontrol-
ler STMicroelectronics STM32F4DISCOVERY 
was taken (Fig.2). 

 

 
 

Fig.2 –  STMicroelectronics 
STM32F4DISCOVERY microcontroller 

 
Main technical micro-controller characteris-

tics STM32F4Discovery are shown in Table. 1. 
Table 1. – STM32F4Discovery microcon-

troller technical characteristics  

Architecture ARM Cortex M4 

Clock speed, MHz 168 
Flash memory (Flash), Mb 1 

Memory (RAM), Kb 192 
 
There is also a built - in programmer -

debugger ST-Link / V2, the 3-axis accelerome-
ter, digital microphone, USB-OTG (On-The-
Go), 24-bit audio DAC (digital to analog con-
verter)  with  Class  A  amplifier  the  D  Class,  4  
user  light  emission  diodes  (LEDs),  2  buttons  
(User Button, and Reset). 
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There  are  14  timers.  TIM1  and  TIM8  and  
have main PWM and complementary channels. 
The delay between turning on the main and 
complementary channel are called "dead time". 
It prevents through currents in circuits with 
transistors, which form a three-phase voltage by 
using PWM, which can be used to construct var-
ious frequency converters electrical drive sys-
tems. 

To generate PWM by using microcontroller 
STM32F4Discovery embedded timers, which 
can generate a PWM signal on specific micro-
controller’s port in-out pins. 

In this case the PWM signal generating by 
using TIM4 and TIM1 timers will be consid-
ered. Information about the timers in-out ports, 
which used to generate the PWM signal can be 
found in the owner's manual in the microcon-
troller STM32F4Discovery [8]. 

The general algorithm in-out port settings, 
timers’ settings to generate the PWM signal is 
shown in Fig. 3. 

 

 
 

Fig.3 – Peripheral devices’ setup algorithm for 
PWM generation (in-out ports, timers) 

 
Thus, alternate function-defined signal use 

in-out port should be enabled. This means the 
timer can use the port pin to generate PWM sig-

nal. In other words, the in-out port pin passes 
under timer control. 

To  obtain  the  desired  PWM frequency  and  
duty ratio the prescaler (PSC), the timer period 
(auto reload register ARR) must be configured, 
as well as to load a value into a capture-compare 
register (CCR) to adjust the desired the signal 
duty cycle. 

After the above settings implementation, 
the timer activation is need. In 
STM32F4Discovery microcontroller to reduce 
power consumption on all peripheral devices 
such  as  in-out  ports,  timers,  etc.  are  turned  off  
on default. 

In order to use them, programmatically bus 
clock adjustment must be made to ports chan-
nels are connected to. 

To generate a PWM signal by using TIM4 
used in-out port D, pins PD12-PD15. These 
outputs  are  connected  to  the  user  LEDs.  The  
timer has four channels (Figure 4). 

 

 
   
Fig.4 – Port D pins, used as a timer TIM4 PWM 

channels 
 

In order to obtain the desired frequency and 
duty cycle PWM signal, this determines the av-
erage value in the output voltage need to con-
figure special timer registers. This is the timer 
period register ARR (i.e. its overflow time) and 
capture compare register CCR. The first register 
is responsible for the switching frequency; the 
second is responsible for the duty cycle. There 
is own capture-compare register for each PWM 
channel. CCR1, CCR2, CCR3, CCR4 respec-
tively for each channel.  

Each timer is clocked by the bus-defined 
frequency. It can be determined by running Ex-
cel STM32F4xx_Clock_Configuration file de-
veloped by STMicroelectronics company. Mi-
crocontroller clock speed is 168 MHz TIM4 
timer clock frequency is 84 MHz (Figure 5). 
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Fig.5 –Timer TIM4 clock frequency  
 

Prescaler (TIM_PSC Register) of any timer 
is used to set the number of cycles of the timer. 
By default, the TIM4 has 84 MHz frequency. 
I.e. the default timer will produce 84 million 
cycles in 1 second. Prescaler allows configuring 
the timer clock frequency divider (i.e. it divides 
the fundamental frequency, in this case 84 
MHz). 

Prescaler is calculated as follows: 
 
 

./ 1841100000084000000

1
TIMxCNT
TIMxCLKPSC

-=-=

=-=   (1) 

 
where PSC – prescaler value,  TIMxCLK – tim-
er clock input frequency, TIMxCNT – counter 
clock [9].  

To receive necessary output PWM signal 
frequency a value to ARR register should be 
recorded which is calculated by using the fol-
lowing ratio calculation: 

 

11000011001000000

1
freqoutTIMx

TIMxCNTVALARR

-=-

=-=

/
__

_  (2) 

 
where ARR_VAL – ARR register value, 
TIMxCNT – counter frequency=1000000, 
TIMx_ out_ freq – necessary PWM output fre-
quency (in this case 100 Hz). 

The last step is to set the desired duty cycle, 
which will provide necessary value in the output 
voltage. This setting is performed by the cap-
ture-compare register (CCRx), based on the fol-
lowing ratios: 

 

 
./

%/__

%
_
_

1000010010000100
100VALARRDVALCCRx

100
VALARR
VALCCRxD

=×=
=×=

<=>×=
  (3) 

 
where D – duty cycle ratio (in this case 100%, i. 
e. the number at which the whole period will be 
over-full by signal), CCRx_ VAL –CCRx regis-
ter value (х – register’s number for the specific 
line), ARR_VAL – a value to record to register 
ARR.  

Thus the CCRx_VAL register value is the 
in the range 0..10000. 

Accordingly, the intensity of the user LEDs 
brightness depending on the value of 
CCRx_VAL register. Thus it is possible to 
change the duty cycle of each PWM channel, 
writing to the CCR1, CCR2, CCR3, CCR4 dif-
ferent values. 

To write a program for STM32F4Discovery 
microcontroller in C programming language in-
tegrated development environment Atollic True 
Studio is used. 

Setting in-out port code snippets, the timer 
settings for generating PWM are shown in Fig. 
6,7 respectively [10]. 
 

 
 

Fig.6 – In-out port D settings  
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Fig.7 – Timer settings 
 

PWM output signal voltage waveforms de-
pendencies at a frequency of 100 Hz depending 
on time, when the duty cycle factor is 50%, and 
100% are given in Fig.8,9 respectively. 

 

 
 

Fig.8 – PWM output signal waveform 
 (D = 50 %) 

 

 
 

Fig.9 – PWM output signal waveform 
(D = 90 %) 

 
By varying the duty cycle ratio in the timer 

capture-compare register CCRx value with a 
constant timer period, the modulated  any form 
signal can be obtained. The sine wave genera-
tion signal at a frequency of 50 Hz will be con-
sidered. It will be implemented by half waves, 
i.e. one half-wave will be taken out to one chan-
nel, the other half-wave to another PWM timer 
channel. Generation takes place at every timer 
overflow interrupt. The next sinusoidal signal 
array value will be loaded to CCRx on every 
interrupt. The array consists of 40 sinusoidal 
signal points on half wave. The values of the 
array are calculated in advance. Generation of 
PWM sinusoid is performed by using the timer 
TIM1. Settings are similar to TIM4. The calcu-
lation of the timer period is as follows: since the 
frequency sine wave 50 Hz, respectively, with a 
period of 0.02. Because signal is formed by 

half-periods, the half-period value equal to 0.01. 
The half wave contains 40 points to generate a 
sinusoidal signal, so half-cycle value is divided 
by 40. The value of the timer period is 0.00025. 
Further the TIM1 timer period adjusting. The 
maximum  value  in  the  CCR  to  generate  a  sine  
wave will be 250. By loading to CCRx sinusoid 
array values on timer overflow interrupt from 
TIM1 (when the value of the timer period ARR 
is reached) sine wave modulated signal on the 
two channels is obtained. On one channel - is 
positively half-wave, on the other - negative 
(channels TIM1 CH3 and CH4, respectively 
port A pins PA8, PA10). Interrupt handler will 
be called every 0.00025 seconds. The results of 
the generation of a sinusoidal signal by means 
of PWM (PWM signal and averaging values 
[11] of the signal voltage) at different duty cycle 
factors are shown in Figure 10 (a,b) as a plot of 
the output voltage depending on time. 

 

 
 Fig.10 – The dependences of the output voltage 

PWM signal and their average values on time 
(a,b) 

 



Kvashnin V.O.  Published in the Journal  Electrotechnic and computer systems   № 22 (98), 2016                 277 – 283 
Information System and Technologies 

282 
 

The code snippets in the interrupt handler, 
where entering values from the sine array to the 
capture-compare registers CCR1 and the CCR3 
takes place, and thus the generation in the sinu-
soidal signal by pulse duty cycle changing on 
each interrupt call (Figure 11). 
 

 
 

Fig.11 –  Timer TIM1 overflow interrupt  
Handler 

The data array for generation sinusoidal 
PWM signal on microcontroller pins is given in 
Figure 12 

 

 
  

Fig.12 – The array of data for generation PWM 
sinusoidal signal 

 
Conclusion 

 
As a research result, the algorithm of in-out 

port settings, and timer settings for PWM gen-
eration was developed by using 
STM32F4Discovery microcontroller. Also, the 
determination features in the specific parameters 
have been considered, such as the frequency in 
the timer bus, timer prescaler, timer period, the 
pulse duty cycle (CCRx- capture-compare regis-
ter for each channel). As the example, various 
signals by means of PWM were formed. Rec-

tangular 100 Hz signal varying the duty ratio 
(duty ratio 50 %, and 100 %) and also it was 
formed more complex sinusoidal signal at fre-
quency of 50 Hz with varying duty cycle on the 
two outputs  in  port  A (PA8-PA10).  The  ampli-
tude in the sine wave: in the first case (Figure 
10 a) is 3 V. By changing the duty cycle factor 
the next signal of 1 V amplitude was made 
(Figure 10 b). Code snippets for port settings 
implementing and timer to generate PWM in C 
programming language in integrated develop-
ment environment Atollic True Studio was giv-
en.  

Thus  the  duty  ratio  in  the  PWM  pulse  af-
fects on the output voltage average value. Out-
put PWM frequency depends on the timer pe-
riod. 
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