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Abstract

The 5G communication system requires an antenna as a receiving device that has high performance including wide bandwidth and high gain. Microstrip

antennas have advantages such as low cost, suitable for high frequencies and easy to integrate with other devices. One of the disadvantages of microstrip

antennas is their narrow bandwidth and low gain. Therefore, microstrip antennas with wide bandwidth and high gain are especially needed to support 5G

communication systems. This paper provides a solution by proposed a wide bandwidth and high gain microstrip antenna operating at a resonant

frequency of 3.5 GHz for a 5G communication system. The proposed antenna was developed in four stages starting from a single element, a two-element

series array, a 4-element series array and a 4×2-element planar series array. A series planar array technique is proposed to increase the gain and

bandwidth of the microstrip antenna simultaneously. In this paper, simulations and measurements from the proposed antenna are displayed and

compared comprehensively to show the performance improvement from each stage of the development of the proposed model. Based on the

measurement results, the designed antenna has an impedance bandwidth (IBW) of 0.6 GHz and fractional bandwidth (FBW) of 17.14 % with a frequency

range of 3.11–3.71 GHz and maximum gain of 12.2 dB at a resonant frequency of 3.5 GHz. The bandwidth and gain of the antennas increased by 205 %

and 99.03 % compared to single element antennas, respectively. Therefore, the proposed antenna can be recommended to be used as a receiving

antenna for 5G communication systems
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On the basis of the developed models, graphs of current dis-

tribution and distribution of magnetic induction in one, two and 

three sheets were obtained. The resulting graphs show how the ef-

fect of current displacement increases with increasing frequency, 

where at a frequency of 100 kHz the magnetic induction density 

in the middle of the sheet goes to zero. The results of the research 

confirm the correctness of the model development in comparison 

with the classical calculation models also given, which allows 

them to be used for further research of high-frequency processes 

in charged magnetic circuits of electric machines.

Keywords: charged magnetic wire, high-frequency remagnetiza-

tion processes, eddy currents, surface effect.
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The object of research in the work is charged magnetic conduc-

tors of electric machines and transformers.

Laminated magnetic wire together with windings are important 

active parts of electric machines that participate in electromechani-

cal energy conversion.

The reliability of the entire machine is mainly determined by 

the actual condition of the inter-sheet insulation. Violation of the 

insulation causes parasitic eddy current circuits, which increases the 

specific losses, and also significantly affects the additional heating of 

the magnet wire and winding.

The normative method for determining the quality of the 

charged core is the assessment of specific losses at a frequency of 

50 Hz and an induction of 1 T, which should not exceed 2.5–4 W/kg. 

To determine local damage to the core, methods of local heating and 

fixation of overheating sites are used, which should not exceed 45 °C 

compared to the main part of the magnetic core.

In the work, a two-dimensional field mathematical model of 

a charged magnetic circuit is developed. This makes it possible 

to carry out electromagnetic calculations in a near-real magnetic 

conductor, taking into account the variability of magnetic per-

meability, hysteresis, and the interaction of currents in adjacent 

plates of the magnetic conductor with each other, the so-called 

“proximity effect”.
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The 5G communication system requires an antenna as a receiving 

device that has high performance including wide bandwidth and high 

gain. Microstrip antennas have advantages such as low cost, suitable 

for high frequencies and easy to integrate with other devices. One of 

the disadvantages of microstrip antennas is their narrow bandwidth 

and low gain. Therefore, microstrip antennas with wide bandwidth and 

high gain are especially needed to support 5G communication systems. 

This paper provides a solution by proposed a wide bandwidth and high 

gain microstrip antenna operating at a resonant frequency of 3.5 GHz 

for a 5G communication system. The proposed antenna was developed 

in four stages starting from a single element, a two-element series array, 

a 4-element series array and a 4×2-element planar series array. A series 

planar array technique is proposed to increase the gain and bandwidth 

of the microstrip antenna simultaneously. In this paper, simulations and 

measurements from the proposed antenna are displayed and compared 

comprehensively to show the performance improvement from each 

stage of the development of the proposed model. Based on the measure-

ment results, the designed antenna has an impedance bandwidth (IBW) 

of 0.6 GHz and fractional bandwidth (FBW) of 17.14 % with a fre-

quency range of 3.11–3.71 GHz and maximum gain of 12.2 dB at a 

resonant frequency of 3.5 GHz. The bandwidth and gain of the antennas 

increased by 205 % and 99.03 % compared to single element antennas, 

respectively. Therefore, the proposed antenna can be recommended to 

be used as a receiving antenna for 5G communication systems.

Keywords: antenna, microstrip, planar, series, array, bandwidth, 

gain, 5G, communication system, high frequencies.
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In order to improve the heat transfer characteristics of min-

iature thermosyphons, a study of the processes of heat transfer 

by them using water and nanofluids as heat carriers was carried 

out. A water mixture based on nanoparticles of Ukrainian natural 

aluminosilicate – attapulgite with the addition of 0.1 % carbon 

nanotubes was used as nanofluids. The data of the study of the 

maximum heat flow and the minimum thermal resistance of cop-

per thermosyphons with an internal diameter of 5 mm and a 

length of 700 mm are presented. Orientation of thermosyphons in 

space: vertical. The length of the heating zone varied from 50 mm 

to 200 mm, with the same amount of heat-carrier. The fill factor 

varied from 0.44 to 1.93.

A comparison was performed of the heat transfer capabilities of 

thermosyphons with water and with a nanofluid with a mass concen-

tration of 0.5 %. It has been shown that nanofluid thermosyphons 

transmit 53 % more heat flow compared to water, and thermal resis-

tances are reduced by 25 %. 

The influence of the concentration of nanoparticles on the 

heat transfer characteristics of thermosyphons is shown. Nano-

fluids with concentrations (0.1 %, 0.5 %, 0.7 %) showed the same 

level of thermal resistances, with an increase in maximum heat 

flows compared to distilled water. Thus, when compared with the 

lowest concentration (0.1 %), the use of 0.5 % nanofluid gives an 

advantage of up to 40 %, and 0.7 % – an advantage of up to 51 %. 

This is explained by the appearance of a specific porous structure 

of anisometric nanoparticles on the heating surface, which 

contributes to the appearance of additional centers of vaporization 

during boiling and improves the heat transfer characteristics of 

thermosyphons.

Thus, the use of such thermosyphons with nanofluids when cool-

ing elements of electronic equipment could improve their functional 

characteristics.

Keywords: miniature thermosyphon, nanofluids, concentration, 

filling factor, heat flow, thermal resistance.
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This paper reports a study of a gas sensor based on nano-

structured zinc oxide in order to establish the conditions for its 

production and operating characteristics under the influence of 

the target gas ethanol. The studied samples were produced by 

magnetron sputtering on direct current. The method of forming 

the device structure was chosen among others due to the fact that 

it has a high rate of deposition at low values of the working gas 

pressure, there is no overheating of the substrate, a low degree of 

contamination of the obtained films, the possibility of obtaining 

samples of uniform thickness on a large area of the substrate. A 

VUP-5M vacuum unit with an original material-saving magne-

tron was used to obtain the films. Studies of the effect of tem-

perature on the resistance of a gas sensor based on ZnO have been 

carried out. It was established that the change in the resistance 

of the tested sample depends on the temperature of the substrate. 

The resistance of the gas sensor in atmospheric air decreases with 

increasing substrate temperature from room temperature (25 °C) 

to 200 °C. A further increase in temperature from 200 °C leads to 

an increase in the resistance of the structure until it stabilizes in 

the temperature range of 300–400 °C. It was established that the 

operating temperature range of the gas sensor based on ZnO is 

within 300–400 °C. The characteristics of the gas sensor based on 

ZnO were studied and the working temperature of the sensor was 

determined for the rapid identification of ethanol in atmospheric 

air at a target gas concentration of 500 ppm. It was established 

that for rapid operation of the instrument structure, the tempera-

ture of the substrate should be 400 °C, a decrease or increase in 

temperature leads to a decrease in the sensitivity of the sensor to 

the target gas. It was established that the gas sensor demonstrates 

stability and a consistent sensitivity response upon repeated ex-

posure to the target gas.

Keywords: ZnO, gas sensor, magnetron sputtering, operating 

temperature, sensitivity, reaction stability.
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РОЗРОБКА ВИСОКОЧАСТОТНОЇ МОДЕЛІ ПЕРЕМАГНІЧУВАННЯ ШИХТОВАНИХ МАГНІТОПРОВОДІВ 
ЕЛЕКТРОМЕХАНІЧНИХ І ЕЛЕКТРОМАГНІТНИХ ПЕРЕТВОРЮВАЧІВ ЕНЕРГІЇ (c. 6–15)

В. В. Чумак, О. Л. Тимощук, М. А. Коваленко, В. А. Баженов, Є. С. Ігнатюк, А. С. Стулішенко

Об’єктом дослідження в роботі є шихтовані магнітопроводи електричних машин і трансформаторів.

Шихтований магнітопровід разом з обмотками є важливими активними частинами електричних машин, що приймають участь в 

електромеханічному перетворенню енергії.

Надійність роботи всієї машини головним чином визначається фактичним станом міжлистової ізоляції. Порушення ізоляції 

викликає паразитні контури вихрових струмів, що збільшує питомі втрати, а також суттєво впливає на додаткове нагрівання 

магнітопроводу та обмотки.

Нормативним методом визначення якості шихтованого осердя є оцінка питомих втрат на частоті 50 Гц та індукції 1 Тл, які не 

повинні перевищувати 2,5–4 Вт/кг. Для визначення місцевих пошкоджень осердя використовують методи локального нагріву та 

фіксації місць перегріву, які не повинні перевищувати 45 °C в порівнянні з основною частиною магнітопроводу.

У роботі розроблено двомірну польову математичну модель шихтованого магнітопроводу. Це дає можливість здійснювати 

електромагнітні розрахунки в наближеному до реального магнітопроводі з врахуванням змінності магнітної проникності, гістерезису 

та взаємодії струмів у суміжних пластинах магнітопроводу між собою, так званий «ефект близькості».

На основі розроблених моделей отримано графіки розподілу струму та розподіл магнітної індукції в одному, двох та трьох 

листах. На отриманих графіках показано, як зі збільшенням частоти посилюється ефект витіснення струму, де на частоті 100 кГц 

густина магнітної індукції в середині листа прямує до нуля. Результати досліджень підтверджують правильність розробки моделі 

в порівнянні з також приведеними класичними моделями розрахунку, що дозволяє використовувати їх для подальших досліджень 

високочастотних процесів в шихтованих магнітопроводах електричних машин.

Ключові слова: шихтований магнітопровід, високочастотні процеси перемагнічування, вихрові струми, поверхневий ефект.
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ШИРОКОСМУГОВА ТА МІКРОСМУГОВА АНТЕНА З ВИСОКИМ ПОСИЛЕННЯМ З ВИКОРИСТАННЯМ 
ПЛАНАРНОГО СЕРІЙНОГО МАСИВУ 4×2 ДЛЯ СИСТЕМИ ЗВ’ЯЗКУ 5G (c. 16–24)

Syah Alam, Indra Surjati, Lydia Sari, Yuli Kurnia Ningsih, Suryadi, Galang Trihantoro, Teguh Firmansyah, Zahriladha Zakaria

Для системи зв’язку 5G потрібна антена як приймальний пристрій із високою продуктивністю, включаючи широку смугу пропус-

кання та високе посилення. Мікросмугові антени мають такі переваги, як низька вартість, придатність для високих частот і легкість 

інтеграції з іншими пристроями. Одним з недоліків мікросмугових антен є їх вузька смуга пропускання і малий коефіцієнт підсилен-

ня. Тому мікросмугові антени з широкою смугою пропускання та високим коефіцієнтом підсилення особливо необхідні для підтрим-

ки систем зв’язку 5G. У цій статті запропоновано мікросмужкову антену з широкою смугою пропускання та високим коефіцієнтом 

посилення, яка працює на резонансній частоті 3,5 ГГц для системи зв’язку 5G. Запропонована антена була розроблена в чотири етапи, 

починаючи з одного елемента, двоелементної послідовної решітки, 4-елементної послідовної решітки та 4×2-елементної плоскої по-

слідовної решітки. Для одночасного збільшення коефіцієнта підсилення та смуги пропускання мікросмугової антени запропоновано 

послідовну планарну решітку. У цьому документі моделювання та вимірювання запропонованої антени відображаються та всебічно 

порівнюються, щоб показати покращення продуктивності на кожному етапі розробки запропонованої моделі. Виходячи з результатів 

вимірювань, спроектована антена має смугу пропускання імпедансу 0,6 ГГц і фракційну смугу пропускання 17,14 % з частотним діа-

пазоном 3,11–3,71 ГГц і максимальним посиленням 12,2 дБ на резонансній частоті 3,5 ГГц. Смуга пропускання та посилення антен 

зросли на 205 % і 99,03 % порівняно з одноелементними антенами відповідно. Тому запропоновану антену можна рекомендувати ви-

користовувати як приймальну антену для систем зв’язку 5G.

Ключові слова: антена, мікросмугова, планарна, серія, решітка, смуга пропускання, посилення, 5G, система зв’язку, високі частоти.
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ПОКРАЩЕННЯ ТЕПЛОПЕРЕДАВАЛЬНИХ ХАРАКТЕРИСТИК МІНІАТЮРНИХ ДВОФАЗНИХ 
ТЕРМОСИФОНІВ З НАНОРІДИНАМИ НА БАЗІ УКРАЇНСЬКИХ ПРИРОДНИХ АЛЮМОСИЛІКАТІВ (c. 25–33)

В. Ю. Кравець, Д. І, Гуров, В. Н. Морару 

З метою підвищення теплопередавальних характеристик мініатюрних термосифонів проведено дослідження процесів передачі 

теплоти ними при використанні води і нанорідин як теплоносіїв. В якості нанорідин застосовувалися водна суміш на базі 
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наночастинок українського природного алюмосилікату – атапульгіту з додаванням 0,1 % вуглецевих нанотрубок. Приводяться дані 

дослідження максимального теплового потоку і мінімального термічного опору мідних термосифонів, з внутрішнім діаметром 5 мм, 

довжиною 700 мм. Орієнтація термосифонів у просторі: вертикальна. Довжина зони нагріву змінювалася від 50 мм до 200 мм, при 

однакової кількості теплоносія. Коефіцієнт заповнення змінювався від 0.44 до 1,93. 

Проводилося порівняння теплопередавальних здібностей термосифонів з водою та з нанорідиною із масовою концентрацією 0,5 %. 

Показано, що термосифони з нанорідиною передають на 53 % більший тепловий потік у порівнянні з водою, а термічні опори знижу�-

ються на 25 %. 

Показано вплив концентрації наночастинок на теплопередавальні характеристики термосифонів. Нанорідини з концентраціями 

(0,1 %; 0,5 %; 0,7 %) показали однаковий рівень термічних опорів, при підвищенні максимальних теплових потоків у порівнянні із 

дистильованою водою. Так, при порівнянні з найменшою концентрацією (0,1 %), використання 0,5 % нанорідини дає перевагу до 

40 %, а 0.7 % – перевагу до 51 %. Це пояснюється виникненням специфічної пористої структури з анизометричних наночастинок на 

поверхні нагріву, яка сприяє появі додаткових центрів пароутворення при кипінні і підвищенні теплопередавальних характеристик 

термосифонів.

Таким чином, застосування таких термосифонів з нанорідинами при охолодженні елементів електронної техніки може підвищити 

їх функціональні характеристики. 

Ключові слова: мініатюрний термосифон, нанорідини, концентрація, коефіцієнт заповнення, тепловий потік, термічний опір.
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РОЗРОБКА ТЕХНОЛОГІЧНИХ РІШЕНЬ ГАЗОВИХ СЕНСОРІВ НА ОСНОВІ ОКСИДУ ЦИНКУ ДЛЯ 
ВИКОРИСТАННЯ НА ОБЄКТАХ КРИТИЧНОЇ ІНФРАСТРУКТУРИ (p. 34–40)

Н. В. Мінська, В. М. Гвоздь, О. С. Шевченко, Є. Д. Слепужніков, Р. К. Мурасов, В. В. Христич, В. В. Стрілець, С. С. Кривоніс, 

В. Б. Ротар, В. О. Липовий

Проведені дослідження газового сенсору на основі наноструктурованого оксиду цинку для встановлення умов його отримання 

та робочих характеристик під впливом цільового газу етанолу. Досліджувані зразки були виготовлені  методом магнетронного 

розпилення на постійному струмі. Метод формування приладової структури був обраним серед інших завдяки тому, що має високу 

швідкість осадження при невисоких значеннях тиску робочого газу, відсутній перегрів підкладки, низький ступінь забруднення 

отриманих плівок, можливість отримання равномірних за товщиною зразків на великій площі підкладки. Для одержання плівок 

використовували вакуумну установку ВУП-5М з оригінальним матеріалозберігаючим магнітроном. Проведені дослідження впливу 

температури на опір газового сенсору на основі ZnO. Встановлено, що зміна опору досліджуваного зразка залежить від температури 

підкладки. Опір газового сенсору в атмосферному повітрі знижується зі зростянням температури підкладки від кімнатної (25 °C) 

до 200 °C. Подальше збільшення температури від 200 °C призводить до зростання опору структури до момента його стабілізації в 

диапазоні температур 300–400 °C.  Встановлено, що робочий температурний діапазон газового сенсору на основі ZnO знаходиться в 

межах 300–400 °C. Досліджено характеристики газового сенсору на основі ZnO та визначена робоча температура сенсору для швидкої 

ідентифікації етанолу в атмосферному повітрі при концентрації цільового газу на рівні 500 ppm. Встановлено, що для експресної 

роботи приладової структири температура підкладки повина складати 400 °C, зниження або підвищення температури призводить 

до зниження чутливості сенсору до цільового газу. Встановлено, що газовий сенсор демострує стабільність і послідовну реакцію 

чутливості при повторному впливі цільового газу. 

Ключові слова: ZnO, газовий сенсор, магнітронне розпилення, робоча температура, чутливість, стабільність реакції.
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1. Introduction

The 5G communication system offers high data rates and 
low latency, so it requires wide bandwidth [1]. Based on [2], 
the resonant frequency of the 5G communication system is 
divided into three classifications: high band, middle band 
and low band. One of the recommended frequencies for 5G 
communication systems is 3.5 GHz which is included in 
the middle band category [3]. Furthermore, to support the 
communication system between transmitter and receiver, 
antennas with high performance are needed. The key pa-
rameters to show the performance of the antenna are reflec-

tion coefficient, bandwidth, gain and radiation pattern [4]. 
One of the antennas that has been developed for wireless 
communication systems is the microstrip antenna because 
it has the advantages of compact dimensions, low cost and 
has the ability to operate at high frequencies [5, 6]. Howev-
er, microstrip antennas have limitations including narrow 
bandwidth, low gain, and low directivity [7]. Furthermore, 
to support the communication system between transmitter 
and receiver, antennas with high performance are needed. 
The key parameters to show the performance of the antenna 
are reflection coefficient, bandwidth, gain and radiation pat-
tern [8]. Therefore, antennas with wide bandwidth and high 
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The 5G communication system 
requires an antenna as a receiving 
device that has high performance 
including wide bandwidth and high 
gain. Microstrip antennas have 
advantages such as low cost, suitable 
for high frequencies and easy to 
integrate with other devices. One 
of the disadvantages of microstrip 
antennas is their narrow bandwidth 
and low gain. Therefore, microstrip 
antennas with wide bandwidth and 
high gain are especially needed to 
support 5G communication systems. 
This paper provides a solution by 
proposed a wide bandwidth and high 
gain microstrip antenna operating at a 
resonant frequency of 3.5 GHz for a 5G 
communication system. The proposed 
antenna was developed in four stages 
starting from a single element, a two-
element series array, a 4-element 
series array and a 4×2-element planar 
series array. A series planar array 
technique is proposed to increase the 
gain and bandwidth of the microstrip 
antenna simultaneously. In this paper, 
simulations and measurements from 
the proposed antenna are displayed 
and compared comprehensively to 
show the performance improvement 
from each stage of the development 
of the proposed model. Based on the 
measurement results, the designed 
antenna has an impedance bandwidth 
(IBW) of 0.6 GHz and fractional 
bandwidth (FBW) of 17.14 % with 
a frequency range of 3.11–3.71 GHz 
and maximum gain of 12.2 dB at a 
resonant frequency of 3.5 GHz. The 
bandwidth and gain of the antennas 
increased by 205 % and 99.03 % 
compared to single element antennas, 
respectively. Therefore, the proposed 
antenna can be recommended to be 
used as a receiving antenna for 5G 
communication systems
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Fig. 1 shows a single element microstrip antenna with a 
rectangular shape where the patch antenna is on the top layer 
of the substrate which functions as a radiating element while 
the bottom layer functions as a ground plane as 1st step. The 
substrate used was FR-4 with a dielectric constant of 4.3, a 
loss tan of 0.0265 and a thickness of 1.6 mm. The proposed 
antenna is connected directly with the RP-SMA connector 
with an impedance of 50 Ω. In the 2nd and 3rd step, single 
element antennas are configured in series arrays with two 
and four elements. It should be noted, the dimensions of the 
patch antennas are identical whereas the microstrip lines are 
used to control the impedance and reflection coefficient of the 
proposed antenna. Furthermore, the 4th step model shows that 
the antenna is developed with a series planar array with 4×2 
elements. It should be noted, the distance between radiating 
elements in a series planar array structure will greatly affect 
the bandwidth and gain of the antenna.

4. 2. Design of single element microstrip antenna
Basically, the dimensions of a microstrip antenna are 

greatly influenced by the type of substrate and the resonant 
frequency used. In this paper, microstrip antennas are devel-
oped based on a rectangular shape where the length of the 
patch is represented as L while the width is represented as W. 
Furthermore, the dimensions of W and L can be determined 
based on following equation as follows:
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gain are needed to support wireless communica-
tion systems such as Wi-Fi, 4G and 5G.

2. Literature review and problem statement

One of the antennas that has been developed 
for wireless communication systems is the mi-
crostrip antenna because it has the advantages 
of compact dimensions, low cost and has the 
ability to operate at high frequencies [9, 10]. 
However, microstrip antennas have limitations 
including narrow bandwidth, low gain and di-
rectivity [11]. Several previous studies have 
described and proposed microstrip antennas 
for 5G communication systems using several 
techniques including fractal, array and parasit-
ic [12–14]. Previous studies presented by [15] 
have described microstrip antennas with wide 
bandwidth by adding parasitic elements that are placed 
above to the radiating elements. However, the gain of the 
antenna is still low, so it needs to be increased. Another 
study by [16] proposed a microstrip antenna configured 
in an array with four elements operating at a resonant 
frequency of 3.5 GHz with a bandwidth of 0.7 GHz and a 
gain of 9.24 dB. However, the increase in bandwidth is not 
in line with the gain so that when the bandwidth increas-
es, the gain will decrease. 

Therefore, a method and stages of development are 
needed to produce an antenna that has wide bandwidth 
and high gain simultaneously. Therefore, new methods and 
model development are needed to produce antennas that 
have wide bandwidth and high gain simultaneously. Gener-
ally, the addition of elements from antennas with a parallel 
configuration will increase the gain, but on the other hand 
the bandwidth becomes narrower. This is due to the mutual 
inductance between the elements of the antenna. For this 
reason, series arrays can be used as a solution to reduce 
mutual inductance between elements so that the gain and 
bandwidth can increase simultaneously.

3. The aim and objectives of the study

The aim of the study is to produce a compact microstrip 
antenna for 5G communication system.

To achieve this aim, the following objectives are accom-
plished:

– to simulation of characteristics of the antenna;
– to enhance bandwidth of microstrip antenna 

≥200 MHz;
– to enhance gain of microstrip antenna ≥10 dB.

4. Materials and methods 

4. 1. Development model of proposed antenna
In this paper, the proposed antenna is developed based 

on four stages starting from a single element, a series array 
with 2 elements, a series array with 4 elements and the final 
stage is a series planar array with 4×2 elements. The model 
and development stages of the proposed antenna are shown 
in Fig. 1.

 

 
 

  Fig. 1. Development model of proposed antenna
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where W and L represent the length and width of the 
patch, fo represents the resonance frequency, εr represents 
the permittivity of the substrate, εeff represents the effec-
tive permittivity of the substrate at a certain resonance 
frequency, h represents the thickness of the substrate 
while ∆L represents the edge effect of the fringing field of 
the patch. 

Furthermore, microstrip lines are proposed to control 
the impedance and reflection coefficient of the antenna. The 
dimensions of the microstrip line are greatly influenced by 
the input impedance and the resonant frequency used. In 
this paper, the input impedance used is 50 ohms. The di-
mensions of the microstrip line can be determined using the 
following equation:

( )

( )

1 ln 2 1
2
� ,1 0.61

ln 1 0.39
2

z r

r r

B B
h

W
B

 − − − +
 

=   ε −π + − + −  ε ε  

	 (6)

2

0

60
,

eff

B
Z

π=
ε

	 			   (7)

where Wz is the width of the microstrip line, Zo is the imped-
ance of the antenna and B is the impedance constant. The 
impedance of the antenna is 50 Ω in line with the impedance 
of the connector used. Furthermore, the length of the mi-
crostrip line (Lz) is ¼ lambda (λg) which is determined by 
the following equation:

,
1
4z gL = λ 					     (8)

� .g
eff

λλ =
ε

					     (9)

The structure and design of the single element microstrip 
antenna with a rectangular shape is shown in Fig. 2.

Fig. 2. Design of single element microstrip antenna

Fig. 2 describes the structure of a single element mi-
crostrip antenna where the antenna is connected to the 
connector using a transmission line with an impedance 
of 50 Ohms. The dimensions of the antenna are obtained 
using equations (1) to equations (5) while the dimensions 
of the transmission line are obtained using equations (6) 
and equations (7). Moreover, the overall dimensions 
of the single element microstrip antenna are shown  
in Table 1.

Table 1

Dimension of single element microstrip antenna

Parameter Dimension (mm)

Wg 40

Lg 40

Wz 3

Lz 12.7

Wp 25

Lp 20

The antenna is designed and simulated using electro-
magnetic (EM) simulation with the Finite element meth-
od (FEM) based on HFSS 15.0. Parameters observed were 
reflection coefficient, VSWR and gain of the designed an-
tenna. The simulation results of a single element microstrip 
antenna are shown in Fig. 3.

a 

b

c 

Fig. 3. Simulation result of single element microstrip antenna: 
a – S11; b – VSWR; c – Gain

Fig. 3, a shows that the single element microstrip anten-
na has been operating at a resonant frequency of 3.5 GHz 
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with a reflection coefficient (S11) –13.39 dB. Moreover, the 
proposed antenna has VSWR of 1.54 and a gain of 6.2 dB 
as shown in Fig. 3, b, c. Furthermore, the impedance band-
width (IBW) of the single element microstrip antenna is 
0.2 GHz with a frequency range of 3.42–3.62 GHz. These 
findings indicate that the bandwidth obtained is narrow, so 
it needs further optimization.

4. 3. Design of series array microstrip antenna with 
two and four elements

At this stage, the antenna is developed using a series 
array configuration with two elements. The dimensions of 
the patch and transmission line antennas are identical for 
a single element. The target of adding a patch in a series 
array configuration is to increase the gain of the antenna. 
Fig. 4 shows the design of a microstrip antenna with a series 
array configuration with two elements.

Fig. 4. Design of series array microstrip antenna with two 
elements

Fig. 4 shows that the two patch antennas are connect-
ed using a transmission line with Lz=12.7 mm in series 
and arranged in a vertical configuration. The dimensions 
of Wg and Lg are 40 mm and 75 mm, respectively. Fur-
thermore, the simulation results of a microstrip antenna 
configured in series array with two elements are shown 
in Fig. 5.

Fig. 5, c shows that the implementation of a series array 
with two elements produces a high gain antenna characteris-
tic with a gain of 8.37 dB at a resonant frequency of 3.5 GHz. 
However, the impedance bandwidth of the antenna is still 
narrow where the antenna operates at two different resonance 
frequencies of 3.15 GHz and 3.61 GHz with S11≤–10 dB and 
VSWR≤2 as shown in Fig. 5, a, b. Therefore, it is neces-
sary to do further optimization so that the bandwidth of 
the antenna increases. It should be noted, the impedance 
bandwidth is observed from S11≤–10 dB and 
VSWR≤2. Furthermore, the proposed antenna 
is optimized using a series array with four ele-
ments as shown in Fig. 6 with Wg of 42 mm and 
Lg of 142 mm, while the simulation results are 
shown in Fig. 7. 

Fig. 7, a, b shows that the impedance band-
width of the antenna increases after being con-
figured using a series array with 4 elements. 
The proposed antenna has an impedance band-
width of 0.44 GHz with a frequency range of 
3.11–3.55 GHz. In addition, the gain of the 
antenna also increases to 9.09 dB at a resonant 

frequency of 3.5 GHz as shown in Fig. 7, c. These find-
ings indicate that the addition of the number of elements 
greatly affects the bandwidth and gain of the antenna. 
Furthermore, the bandwidth and gain of the antenna will 
be optimized using a series planar array configuration 
with 4x2 elements.

 

 
  

 

 

a

b

c

Fig. 5. Simulation result series array microstrip antenna with 
two elements: a – S11; b – VSWR; c – Gain

 

 
 

  Fig. 6. Design of series array microstrip antenna with four elements



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 4/5 ( 124 ) 2023

20

4. 4. Design of planar series array microstrip antenna 
with 4x2 elements

At this stage, the antenna with the series array is config-
ured as a vertical planar separated by a distance represented 
by da. The distance between elements (da) is determined by 
the following equation:

1
,

4ad = λ 					     (9)

� ,
c
f

λ = 					     (10)

where da represents the gap between the elements of the array, 
λ represents the electrical length of the antenna and c is the 
speed of light (3×108 m/s). The design and model of the series 
planar array antenna with 4×2 elements is shown in Fig. 8.

Fig. 8 shows that the series array configuration an-
tenna with four elements each connected planar using a 
transmission line with a step impedance of 50 Ohm (Z0), 
70.7 Ohm (Zs) and 100 ohm (ZL) which functions as im-
pedance matching to control the reflection coefficient and 
VSWR of antenna. The width of the transmission line de-
termines its impedance while the impedance of the transmis-
sion line can be determined based on the following equation:

0. .s LZ Z Z= 					     (11)

Furthermore, the overall dimensions of the series planar 
array antenna with 4×2 elements are shown in Table 2.

The overall simulation results of a series planar array 
antenna with 4×2 elements are shown in Fig. 9.

Table 2

Dimension of series planar array antenna with 4×2 elements

Parameter Dimension (mm)
Wg 130
Lg 187
Wz 3
Lz 40
Wp 25
Lp 20
Ws 1
Ls 3
Wa 2
La 94 
Wb 3
Lb 12.7

 
 

 
  

  

  

a                                                                   b                                                                 c

Fig. 7. Simulation result series array microstrip antenna with four elements: a – S11 ; b – VSWR ; c – Gain

 

 

a                                                                   b                                                                   c 

Fig. 9. Simulation result of series planar array microstrip antenna with 4×2 elements: a – S11; b – VSWR; c – Gain

 

 
  

Fig. 8. Design of series planar array microstrip antenna with 
4x2 element
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Fig. 9 shows the bandwidth and gain of the anten-
na significantly increased after being configured with a se-
ries planar array with 4×2 elements. The impedance band-
width of the antenna is 0.61 GHz with a frequency range  
of 3.1–3.71 GHz as shown in Fig. 9, a, b while the gain increas-
es to 12.34 dB at a resonant frequency of 3.5 GHz as shown  
in Fig. 9, c. These findings indicate that the performance of the 
antenna increases significantly after being developed with a 
series planar array configuration with 4×2 elements.

5. Results of development compact microstrip antenna 
for 5G communication system

5. 1. Simulation of characteristics of the antenna
The model development of the proposed antenna has been 

described and simulated in the previous section. Furthermore, 
the performance of the antenna development is observed by 
comparing the impedance bandwidth and gain. A comparison 
of the simulation results for each stage is shown in Fig. 10.

c 

Fig. 10. Comparison of simulation result from development 
model of proposed microstrip antenna: a – S11; 	

b – VSWR; c – Gain

Fig. 10, a, b show that the bandwidth impedance of 
the antenna increases significantly after being configured 
with a series planar array. At the 1st step, the bandwidth of 
the antenna is 0.2 GHz which increases to 0.44 GHz and 
0.62 GHz at the 3rd and 4th steps, respectively. Further-
more, the gain of the antenna at the resonant frequency of 
3.5 GHz also increases gradually where the 1st step gain 
is 6.2 dB, the 2nd step is 8.37 dB while the 3rd step and 
4th step are 9.09 dB and 12.34 dB, respectively. In other 
words, the bandwidth and gain of the proposed antenna 
increase by 205 % and 99.03 % compared to the single-el-
ement microstrip antenna. These findings indicate that 
the gain and bandwidth of the proposed antenna increase 
simultaneously.

Based on Fig. 10, a, b, the bandwidth performance of 
the antenna at the 1st step, 2nd step, 3rd step and 4th step are 
shown in Table 3.

Table 3

Bandwidth of proposed antenna based on development 
model

Step Range of frequency (GHz) Bandwidth (GHz

1st step 3.42–3.62 0.20

2nd step 3.38–3.54 0.16

3rd step 3.11–3.55 0.44

4th step 3.10–3.70 0.60

Based on Table 3, the bandwidth of the antenna in-
creases at the 3rd and 4th step. However, at the 2nd step, the 
bandwidth of the antenna is narrower and has dual band 
characteristics as shown in Fig. 5, a, b. Furthermore, the per-
formance comparison of the proposed antenna is determined 
based on the following equation:

( )� �
100�%�.

�

Optimized BW Initial BW
BW

Initial BW

−
= × 	 (12)

5. 2. Bandwidth performance of proposed antenna
Furthermore, the antenna was fabricated using FR-4 

substrate with a dielectric constant (εr) of 4.3, a loss tan 
(tan δ) of 0.0265 and a thickness (h) of 1.6 mm. The pro-
posed antenna is connected to the RP-SMA connector 
with an impedance of 50 Ω as shown in Fig. 11, b. The 
measurement setup of the antenna is shown in Fig. 11, a 
where the proposed antenna is connected to port 1 of the 
Vector Network Analyzer (VNA). The frequency range 
used in the measurement process is 2.5–4.5 GHz with a 
sweep frequency of 0.01 GHz and an ambient tempera-
ture of 25 °C. Moreover, the simulation and measurement 
results are comprehensively compared to observe the 
performance of the fabricated antenna. Comparison re-
sults of the simulation and measurement processes of the 
proposed antenna are shown in Fig. 12.

Fig. 12 shows that the fabricated antenna has per-
formance and characteristics that are in line with the 
simulation process. The impedance bandwidth (IBW) 
of the antenna with S11≤–10 dB and VSWR≤2 from the 
measurement process is 0.6 GHz with a frequency range of 
3.11–3.71 GHz. The proposed antenna has wide bandwidth 
characteristics and meets the criteria and specifications for 
a 5G communication system where the required bandwidth 
is 200 MHz. 

 

 
a

b
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5. 3. The gain of microstrip antenna
Furthermore, the gain and radiation pattern of the pro-

posed antenna are observed by measuring in the anechoic 
chamber as shown in Fig. 13 where the designed antenna is 
positioned as a receiver (Rx) and a comparison antenna is used 
as a transmitter (Tx) separated by a distance d=60 cm and con-
nected to port 1 and port 2 of the VNA using a coaxial cable.

Fig. 13. Measurement setup for far-field parameter in 
anechoic chamber

Fig. 14, a, b shows the radiation pattern from the mea-
surement results in line with the simulation results with a 
resonant frequency of 3.5 GHz with gain of 12.5 dB. These 
findings confirm that the proposed antenna has a high gain 
≥10 dB with a directional radiation pattern at a resonant 
frequency of 3.5 GHz. 

a

b 

Fig. 14. Far field of proposed antenna: a – simulation result; 
b – measurement result

The bandwidth of the single element antenna represents 
the initial bandwidth while the optimization bandwidth is 
obtained from the 2nd, 3rd and 4th steps. Based on equa-
tion (12), the bandwidth of the single element antenna in-
creases 102 % and 205 % at the 3rd and 4th steps respectively. 
Furthermore, the performance is also observed in terms of 
increasing the gain of the antenna. Based on Fig. 10, c, the 
gain performance of the antenna at the 1st step, 2nd step, 
3rd step and 4th step is shown in Table 3.

Table 4

Gain of proposed antenna based on development model

Step Resonant frequency (GHz) Gain (dB)

1st step 3.5 6.20

2nd step 3.5 8.20

3rd step 3.5 9.09

4th step 3.5 12.34

Based on Table 4, the gain of the proposed antenna in-
creases gradually from the 1st, 2nd, 3rd and 4th steps in line 
with the increase in the number of elements of the antenna. 
Furthermore, the performance comparison of the proposed 
antenna is determined based on the following equation:

 

 
  

 

 
a                       b 	

Fig. 11. Measurement process of proposed antenna: 	
a – measurement setup for near-field parameter; 	

b – fabrication of proposed antenna
 

 
  

Fig. 12. Comparison between simulation and measurement of 
reflection coefficient of proposed antenna
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7. Conclusions

1. The bandwidth and gain of the proposed antenna is 
improved simultaneously through four stages including sin-
gle elements, series arrays with 2×1 elements, series arrays 
with 4×1 elements and the final stage uses planar series 
arrays with 4×2 elements.

2. Bandwidth impedance of the proposed antenna is 
0.6 GHz and successfully increased up to 205 % compared 
to single element antenna.

3. Gain of the proposed antenna is 12.5 dB and success-
fully increased up to 99.03 % compared to single element 
antenna.
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6. Discussion of experimental result of proposed antenna

The gain of the single element antenna represents the 
initial gain while the optimization gain is obtained from the 
2nd, 3rd and 4th steps. Based on equation (13), the bandwidth 
of the single element antenna increases 32.25 %, 45.48 % and 
99.03 % at the 2nd, 3rd and 4th steps respectively. In addition, 
the results presented in Fig. 12, 13 show that the antenna 
has a bandwidth and gain performance that is in line be-
tween the simulation and measurement. This indicates that 
the antenna has met a predetermined target.

Overall, this paper has comprehensively described and 
investigated the development of microstrip antennas with 
wide bandwidth and high gain. The antenna was developed 
in four steps including single element antenna, series array 
with two elements, series array with four elements and 
planar series array with 4x2 elements. The bandwidth and 
gain of the antenna were successfully increased based on 
the proposed steps. From the measurement results, the se-
ries planar array antenna with 4×2 elements has succeeded 
in increasing the performance in terms of bandwidth and 
gain up to 205 % and 99.03 % compared to single element 
antennas. Moreover, the proposed antenna has a wide band-
width of 0.6 GHz and a directional radiation pattern with a 
high gain of 12.34 dB at a resonant frequency of 3.5 GHz. 
Furthermore, the planar series array method succeeded in 
increasing the gain and bandwidth simultaneously. The 
bandwidth of the antenna has met the target ≥200 MHz 
with a gain ≥10 dB. 

However, there are several limitations, including the 
dimensions of the antenna which are still quite large and 
only operate at one resonant frequency. Therefore, the future 
work of this research is to reduce the dimensions of the an-
tenna and optimize the antenna to work at several resonant 
frequencies so that it can be used for other communication 
systems such as 4G, Zigbee and Wi-Fi.
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