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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
signal generating on their pins is considered. The timer adjustment features by means where signal generating has been
modulated has been given.
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PEAJIM3ALIMA UM HA MUKPOKOHTPOJIJIEPE STM32F4DISCOVERY

Annomauusn /s peanuzayuu MoOyIupoOBAHHO20 CUSHAA MPebyeMoll Yacmomsl U opmuvl npogedeHa paspabom-
Ka Qr2opumma e20 NOIyHeHusl HA CReYUaIusuposantbix evixooax muxkpokonmponnepa STM32F4Discovery. Paccmom-
PEHbl 0COOEHHOCIU HACMPOUKU NOPIMOE MUKPOKOHMPOLIEPA 05l (POPMUPOBAHUS WUUPOMHO-UMNYILCHO MOOYIUPOBAH-
HO20 cucHana Ha ux vixodax. Taxdce paccmompenvl 0COOEHHOCMU HACMPOUKU maumepa, HOCPeoCmeoM KOMOpO2o
ocyuecmensemcs opmuposanue MoOYIUPO8aAHHO20 CUSHAA.

Knrwouesvle cnosa: mukpoxonmponiep STM32F4DISCOVERY, npeo derumens maiivepa, nopm 6600a-6u1600a,
aneopumm, LLIM mooyrsayus, 861X00HOU CUSHAT, YCPeOHeHHOe 3HAYeHUe.

KBammnin B. O., xaua. TexH. Hayk
Ba6am A. B., aciiipanT

PEAJII3ALISA IHIM HA MIKPOKOHTPOJIEPI STM32F4DISOVERY

Anomauin. /[na popmysanis MoOyI1608aHO20 CUSHATY OANICAHOL Yacmomu ma Qopmu UKOHAHA PO3POOKA Aneo-
pumma 1020 ompumants Ha cneyianizosanux suxooax mikpoxonmponepa STM32F4Discovery. Pozersnymo ocobnugo-
cmi HANAWIMY8AHHS NOPMIE MIKDOKOHMPOAEPA Ol (hOPMYBAHHI UUPOMHO-IMAYILCHO20 MOOYIbOBAHO2O CUSHALY HA iX
suxooax. Taxkooic po3ensanymo ocoOIUB0CMI HATAWMYBAHHA MAMepPd, 30 PAXYHOK K020 MOICTIUBE (POPMYEAHHS MOOY-

JbOBAHOCO CUCHAT) .

Knrouosi cnosa: mikpoxonmponep STM32FADiscovery, nepeo dinvhux maiivepa, nopm 6800y-6Ug0o0y, aneopumm,

LIIM mooynsayis, 8uxionuii cueHa, cepeore 3HAYeHHs.

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.0. 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.

u,v
D - PWM duty cycle factor

T - Timer period (PWM)

|_ Uav

t,s

Usig

T.c

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 STM32FADISCOVERY
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.

C D

Alternative function ports'
settings (for PWM mode)

!

Begin

Timer generation PWM
settings,

Prescaler settings,

Duty cycle factor settings

L

Turn on a timer

!
End

C D

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).

o
2 |TIM4_CHY/ 80 1-1-1-]-
USART3_RTS
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! R s 1 T T T

D14
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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 TIMA4
timer clock frequency is 84 MHz (Figure 5).
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Cortex Timer(Systick]|

Enter HCLK
fraquancy in MHz

IBx Prescaler

168

HCLK Error | TIM2,3,4,5,6,7,12,13,14

[APB2 Pre: 2

B4 MHz max
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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.
l.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:

TIMXCLK
R o
TIMXCNT (1)
=84000000/2000000-1=84-1.

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:

ARR VAL —— IMXCNT__ _, (2)
TIMx_out _ freq

1000000/100—-1=10000-1

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 (CCRXx), based on the fol-
lowing ratios:

CCRx_VAL
~ARR_VAL

CCRX_VAL =D-ARR_VAL/100% =

—100-10000/100 = 10000.

-100% <=>

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 (x — 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].

€12, GPIO_AF_TIMA);
€13, GPIO_AF_TIMA);
€14, GPIO_AF_TIMA);
cel5, GPTO_AF_TIMA);

T0_PinAFConfig(
10_PinAFConfig(GPTOD,

GPTO_PinAFConfig(GPIOD,

RERS

GPTOD,

Fig.6 — In-out port D settings

' 19- void TimerInit() {

21 TIM_TimeBaseInitTypeDef time_init;
22 TIM_OCInitTypeDef oc_init;

1phclaﬁkad(R(C_APBlPeriph_TIm, ENABLE);

a npeffennTens Taamep
escalerValue = 84-1;

2 time_i PrescalerValue;

4 time_init.T terMode = TIM CounterMode Up;

TI-‘L‘TimeEase[nit(TIw‘M, &time_init);
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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.

RIGOL Rmt
[HUTO] WCH1 £

—_——
T

I BBIEL AR

MEEEY 1.98U

Time 2.000ms @H0.0088s

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

2.888ms D00 .0860s

[HEFER 1.0a.) Time

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
TIML1. 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 TIML1 timer period adjusting. The
maximum value in the CCR to generate a sine
wave will be 250. By loading to CCRXx 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
(ab)
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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).

'} 0BpaboTYNE NPEPHBAHENT. N9 NERENSAHEHMR Tadmeps TIML
void TIM1 _UP_TIM1@ IRQHandler(woid) {

if (TIM GetITStatus(TIM1, TIM IT Update) != RESET) {
TIM ClearITPendingBit(TIML, TIM_IT Update);

TIM1-»>CCR1 = k*sinarr[i];
TIM1-»>CCR3 = k*sinarrinv[i];
i+

if(i==82) {i=8;}
}
1

Fig.11 — Timer TIM1 overflow interrupt
Handler
The data array for generation sinusoidal
PWM signal on microcontroller pins is given in
Figure 12

36 const uint32 t sinarr[82] = {

3 #,26,39,58,77,96,113,131,147, 162,177,130, 202, 213,223,231, 238, 243, 247, 249, 259, 249, 247,
3 243,238,231, 223,713,262, 198,177, 162,147,131, 113,96, 77,58, 39, 20,0,0,8,0,0,0,0,6,,0,8,
10 8,,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

4k

42

43 const uint32_t sinarrinv(8] = {
9,6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,6,0,0,0,0,0,0, 0,

0,20,39,58,77,96, 113,131,147, 162,177, 198,202, 213,223,231, 238, 243,247, 249,250, 249,
247,203,738, 131,223, 213, 202,198,177, 162,147,131, 113,96, 77, 58,39, 26,8

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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