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CIRCUIT DESIGN OF BUCK-VOLTAGE
CONVERTER WITH DIGITAL CONTROL
SYSTEM

06’exkmom docaioncenis € npouec 8 eleKkmpuuniil cxemi ma Geuuesi yu@posi cucmemu ynpasiinis ¢ nepe-
meoprosaui. O0nuM 3 HAUOLILW NPOOLEMHUX MICUL € Nepedaua ma 3Mina enepzii 6 nepemeopIsauax cmpymy ma
Hanpyeu 01st 00CsIZHeH L 8i0N08I0H020 3HAUCHHS YUCL08020 DIANA30HY 3 MIHIMATILHUM BI0COMKOM NOXUOKU.

B daniti po6omi 00ciowncyemvpCs NOHUNCYIOUULL NePemeopIosay HaANpyeu 3 uUpPoeoI CUCMEMOI0 Kepysanis,
30KpeMa po3ensiHymo nopsi0ok npoeKmyeantst eaekmpuunoi cxemu. ONucano eleKkmpuuny cxemy 3 CUCIeMo0 Kepy-
BaNNS, AKA 30 DONOMO2010 YUDPOBOT cucmemu 3abesneuye 0ani 3 6LIbIUL MOUHOIO HANPY2010 HA BUX00L KOHeepmepd,
a came: 3a80anns 6i0n06i01H020 UUCL06020 0iANA3ony GUXIOHOT HANPY2U MA BNAUG CUCTEMU HA POOOMY CXEMU.

B x00i docnioxcenns suxopucmosyeascs nabip anapamuux ma npozpamiux 3acobis, 6 momy uucii nepugepiini
npucmpoi, sxi 00360510Mb JOCUMb NPOCMO MA UWEUOKO HALAUMYEAMU MIKPOKOHMPOIED HA NOMPIOHUTL PeicuM
pobomu ma npozpamMHoO Peanizyeamu Cucmemy Kepyeanus NOHUNCYI0U020 NePemsoprsad.

IIpoananizosano nocrioosuicmv eupiuenis ma 6ubOpPy NEGHUX UACMUN CLCKMPUUHOL cXxemu, npu nodyoosi
AKOL OYJ0 BUKOPUCTAHO:

— MiKpoxoumposep 0is npuilomy, 06poodKu ma eudaui iHGopMayii 6 ereKmpuuHomy Ko,

— Kepysanns Opaieepom ma podomu anaio20-uuppPo6oz0 NePemeopenis 8 CXemi,

— Opaiisep 015 Kepysanusi KIOUAMU — MPAHIUCTOPAMIU;

— KOMNOHEHMU CXeMU NOHUICYIOU020 NePemaopIosaua.

3pobaeno onuc ma eubip wacmum cxemu 3a MAKUMU NAPAMEMPAMU MA XAPAKMEPUCTIUKAMU:

— 0151 NOHUNCYIOUOZ0 NEPEeMBOPI0BaYa — MAaKi eleMenmu, K Koy, 0iod ma KoHdencamop;

— MiKpoxoumposepa — 6i0nosionuil diana3on uacmomu ma Hanpyeu;

— dpaiisepa — Kepyeanms CULOGUMU KIIOUAMU CXEMU 3 GIONOBIONUMU POCOUUMU NAPAMEMPAMU.

Ompumano cucmemy, sska 8 NePcneKmuesi cmare niorpyHmMsM 0Lt NOHUNCEHH S SHAUCHH . Hanpyeu 00 8i0N08ioH0zo
pisnst. [le nog’s3ano 3 mum, ujo 3anponoHO8aHUtl Memoo Mae psid 0COOIUBOCMELL, 30KPEMA UUDPOY CUCTNEMY Dezyi0-
BaHHsL 3 OUCKPEMHUM KPOKOM MA AHAT0Z0-UUDPOBUM NEPEMEOPIOBAYEM 8 SIKOCTE 360POTHBOZ0 36 SI3KY. 3A805IKU UbOMY
3a6e3neuyemocs MONCIUGICMb OMPUMAlHL OLIbIUL KOPEKMH020 3HAUCHHS NOKASHUKIG. Y NOPIGHANHI 3 AHAIOZIMHUMU
NOHUNCYIOUUMU NEPEMBOPIOBAUAMU, OAHULL KOHBEPMED MAE NOKASHUK HANPY2U 3 MONCIUBOI0 HESHAUHOIO NOXUOKOIO.
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1. Introduction

There is often happens situation, in which voltage
value of the internal source can be low or big for reliable
working process. For example, in order wireless charging
systems could transfer voltage in range of 5-7 volts for
certain devices or 70—80 volts for certain autos. Actually,
voltage value could be not enough or more level, than
it is necessary. In order to solve this problem it is pos-
sible to use electrical filters and additional resistors with
other components. The problems of it are great volume
and big weight, exploitation conditions for connection
system comes wrong. Therefore, it is efficiently to use
buck-converter in order to receive certain value. Analogic
researches were made in [1] for boost-voltage converter
with digital system control and in [2] for buck-boost
converter with voltage feedback control. Therefore, the
objects of research are processes in electrical scheme and
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enormous digital control systems in converter. The aim
of the article is projecting, researching and practical reali-
zation of semiconducting voltage buck converter with digital
system control.

2. Methods of research

2.1. Calculation of parameters in buck converter scheme.
There is in Fig. 1 an electrical principle scheme of the
buck voltage converter. Power circuit of converter has
transistor VT;. If the key switched on, output current,
which flows through the inductance coil (L), rises. In-
ductance coil is coupling magnetic field energy. If the key
switched off, coupled electrical energy in the inductance
coil will be send to the capacitor (C) and load (R,).
Bypass diode (VD) lets the pass for the current to flow.

In order to realize the scheme it is important to calcu-
late nominals of the elements in the buck converter [3, 4].
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Calculation would be finished with a certain parameters:
maximal output current I, .. =0.46 A, frequency switch-
ing f,, =10 kHz, inductive current ripple factor LIR=0.3,
range of input voltage U, =7-24V and output volt-
age U,,=5V.
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Fig. 1. Scheme of the buck converter

Inductance calculation is an important moment during
converter projecting, insofar as there is dependence on
values of maximal input U,,,., and output U,, voltage:

()ul 1 1

L= (Uin.max - nuf) LIR-T
m max ﬁu out.max

L=(24 5v5v ! !
=AYV N 10 1203046

where f,, — frequency switching transistor; LIR — induc-
tive current ripple factor; I,, ..« — maximal value of output
current.

Peak current of the inductance coil 1, solves as:

Al ind

[peak = Iout.max + 9 )

0.3-0.46 A

I, =0.46 A+ =053 A,

where Al,; =LIR 1, ..« — variable inductance value.
Output capacitor with a maximum available ampli-
tude swing of ripples of the output voltage AU (accept

AU=100 mV):
C = L I Mind
out — m out.max +T ’
2.87 mH

0.138Y’
out = W[OAGJ’_Z) =0.8 mF.

Capacitance of the input capacitor, including of the
load current I, and swing of ripples of the output volt-
age Uouz.‘ripple:

I,

Cuul = ’
2 nfw Uour .ripple

0.46 A

€= 531410 Bz domy 00U

Duty cycle of the open state power key relative period
of the pulse width modulation:

Uout _ 5 V

:Uin v =0.42=42 %.

2.2. Choice of microcontroller in electrical scheme. [t
was selected integral scheme PIC16F877A as microcon-
troller in Fig. 2 [5, 6]. This scheme is very convenient
for a work, coding of this controller is not so difficult.
One of the main advantages is that it can be write-erase
as many times as possible because it uses FLASH memory
technology. It has a total number of 40 pins and there
are 33 pins for input and output.
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Fig. 2. Scheme of microcontroller PIC16F877A with a peripheral part

PIC16F877A finds its applications in a huge number of
devices. It is used in security, remote sensors and safety
devices, home automation and many industrial instruments.
An enormous EEPROM is also featured in it which makes
it possible to store some of the information permanently
like transmitter codes and receiver frequencies and some
other related data. The cost of this controller is not ex-
pensive and its handling is also easy. It is flexible and
can be used in areas where microcontrollers have never
been used before as in microprocessor applications and
timer functions etc. It works in a range until 20 MHz
and in a range of voltage 4.2-5.5 V.

2.3. Choice of the driver in electrical scheme. It was
selected IR2184S as driver in Fig. 3, as it is driver MOSFET
of the high voltage in the integrated scheme [7-9]. It can
control by the keys in the half-bridge and bridge schemes
of the low resistance both with high and low level. Schemes
of the drivers are using MOSFET with high and low level.

Gate drive supply range from 10 to 20 V, output source
capability is equal to 1.4 A and sink current capability
is equal to 1.8 A, time to switch on ¢,,=120nS and to
switch off ¢, =94nS, tolerant to negative transient volt-
age, operates up to 600 V.
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and to implement the buck converter

VD1
Vee O N up to 600V control programmatically.
L1 In order to provide galvanic isola-
qu3 tion of the power circuit and controlling
a1 ( — system, transmission impulse of control-
'NO—C_L vGe Vb Je2 |"—|)K ling was made with the using of the
1 . .
_1* HO— —T half-bridge driver TR2184S.

_ - N B | VT1 oo g
sbo SD \ng R )K O load 3.2. The results of the experiment.
Com ] Electric principle scheme in Fig. 4 was
IR2184S VT2 projected and modulated in the pro-

Fig. 3. Integrated scheme of the driver [R21845

3. Research results and discussion

3.1. The result of engineering of the elecirical scheme.
After the selection of the certain elements and engineer-
ing of controlling system there was projected in Fig. 4
electrical scheme with components and microcontroller,
which takes part in a work of buck converter and control
of digital signals. There is PIC16F877A.

As a basis, there was taken [10]. With this set of bund-
led hardware and software, it is quite quick and easy to
set up the microcontroller to the certain operating mode

VT1

grammed application Proteus, which
model represented.

In Fig. 5 there is a general form
of buck converter realization in pro-
gram.

In Fig. 6 there is represented realization of the model
of buck converter with a digital controlling system in
programmed application Proteus that relates to the elec-
trical principle scheme in Fig. 4.

Fig. 7 is represented researching of the graphics of pro-
jected buck converter with a defined voltage of input volt-
age 12 V and output voltage — 5 V. In order to support
constant output voltage, regulator changes porosity of the
controlling signal. An enormous, in Fig. 7, a demonstrated
signal of the pulse width modulation (PWM) that flows to
MOSFET transistor IRF540 and output voltage in Fig. 7, b.
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Fig. 4. Electric principle scheme with converter of the controlling and regulating system
_ 48 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No 2/1(52), 2020




I55N 2664-93969

INDUSTRIAL AND TECHNOLOGY SYSTEMS:
REPORTS ON RESEARCH PROJECTS )

U, Volts

@ Vo

L c1

| 1uF

i

sw L1
switcy, .~ 9@
/I\ INDUCTOR
VA PWM
ik SOURCE Z5 D1 =3 C1 L c2
— DICDE EL.CAP CAP
Fig. 5. General form of buck converter realization in program Proteus
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Fig. 6. Model of buck converter with a digital controlling system in programmed application Proteus
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Fig. 7. Controlling signals of converter: a — pulse width modulation; b — output voltage
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All over the elements are playing a main role in the
converter. To be sure, there was considered capability of
the scheme to work without capacitor C,,. It is obviously,
that output capacitor rectify voltage and the voltage is
rippling in output of converter.

4. Conclusions

There was developed principle of the technical realiza-
tion of the semiconducting buck voltage converter. It can
be used in a lot of devices. There was analyzed capability
to create power supply equipment based on PWM for
the input voltage of the discrete current. There also was
researched that for practical realization of the buck volt-
age converter, which was based on inductive-capacitive
converter, it is conveniently using of the digital system
controlling. According to the certain graphics in Fig. 7, a
and Fig. 7, b, scheme was successfully tested.
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