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Modern mobile communication relies on 5G technology, which has the latent to advance production effi-
ciency even further, expand the development field of intelligent communication, and meet the transportation
needs of enormous amounts of data traffic. This technology can also be applied to various industries. At the
moment, 5G mobile communication technology is extensively employed in communication engineering, of-
fering excellent technical assistance throughout engineering construction and operation. This research pro-
poses a 1X4 array patch antenna for 5G wireless communication. In concert with the patch component, the
array antenna is crucial in wireless transmission, offering improved antenna characteristics such as return
loss, gain, directivity, and bandwidth. The simulation tests were conducted to examine the application effect
of 5G in communication engineering from three perspectives: return loss (RL), gain, and directivity. The
optimized suggested structure simulates at the frequency of 35 GHz and provides the result of — 41.70 dB
RL and more than 9 dB of gain and directivity. The suggested antenna operates within the Ka band spec-
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trum, facilitating high-precision applications such as radar and satellite systems.
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1. INTRODUCTION

An antenna is an essential component in transmit-
ting and catching electromagnetic radiation from a re-
ceiver through air. In a transceiver, a radio source di-
rects an electric flow to the antenna termini, and the an-
tenna radiates the energy as electromagnetic waves. Ac-
cording to IEEE standards, antennas are referred to as
"AERIALS". Micro-strip patch antennas (MPA) [1] are
widely employed in industry, military, and satellite ap-
plications due to their small volume, low weight, simplic-
ity of installation, and inexpensive manufacturing re-
quirements. Among these configurations, a rectangular
MPA is recommended for ease of understanding and
study of antenna characteristics. The main disad-
vantages of using this antenna are inefficiency and an
extremely narrow bandwidth.

The MPA consists of three essential components: the
ground, the substrate, and the patch, together with a
feed. The MPA is highly suitable for integration into
portable wireless devices, such as cellular phones, and
for satellite communications. The advantages of MPA in-
cludes reduced weight and volume, lower fabrication
costs allowing for mass production, capability for both
linear and circular polarisation, ability to operate at
double and triple frequencies, and enhanced mechanical
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strength when affixed to stiff surfaces.

MPA possess several disadvantages, including limited
transmission capacity, reduced efficiency, unwanted radia-
tion from feeds and junctions, and lower gain. In communi-
cation satellite there are numerous bands like X-band, C-
band, and k-bands. Among these bands k-above-band is
employed for satellite application that has higher infor-
mation measure in satellite communication. K-above band
is additionally used for military applications in a broad re-
gion. The frequency of k-above band ranges 27.5-40 GHz.
In satellite applications, a system needs a high- gain an-
tenna for giving a communication link associating the sat-
ellite and ground station. Then, at that time the ground-
station conveys a signal from the satellite for long distance
through wireless transmission [2] and provide powerful ra-
diation intensity.

The most popular strategies used in feeding tech-
niques are microstrip line feed, co-axial probes, proxim-
ity and aperture coupling. The micro-strip line feed [3]
is used for designing an antenna, which can be directly
associated to the patch as a leading strip. The single el-
ement MPA is designed, has less gain and low directiv-
ity. To overcome these drawbacks array techniques are
implemented as 1 x 4 to obtain high gain and better per-
formances.
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2. LITERATURE REVIEW

The design and applications of rectangular MPAs are
already available in the literature. Mahatmanto and C.
Apriono [4] discussed C Band MPA for satellite applica-
tions in the frequency range of 3.794-4.528. The antenna
array mentioned was designed with the material called
FR4-epoxy as it contains dielectric constant as 4.3 and
they used proximity coupling as the feeding technique
and attained low spurious radiation. The overall gain ob-
tained as — 13 dB with the working bandwidth 734 MHz
and the design has been simulated using CST software.
Reynalda [4] designed a 16-patch array antenna for Wi-
MAX application with a desired frequency 3.3 GHz. The
substrate material Arlon DiClad 527 was used in his de-
sign due to its thickness and attained gain of 16.02 dB
with RL of 29.85 dB and VSWR of 1.97.

R. Jyosthna et al. [6] designed an antenna with slots
and the operating frequency is 31.5 GHz for space appli-
cation like radio astronomy and space research. The an-
tenna is simulated using ANSYS HFSS. Imtiaj et al. [7]
designed an antenna in X-band for satellite television
with desired frequency 10.7 GHz with co-operate feeding
technique and obtained a gain of 4 dB with RL
—18.62 dB. A high gain 2 x 1 circularly polarized rectan-
gular micro-strip array antenna in the frequency of
5.8 GHz using slot and RT rogers 5880 and achieved a
gain 10.77 dB with RL as — 24.63 dB for wide communi-
cation. V. Prakasam et al. [8] describes two feeding tech-
nique as micro-strip line feeding and pin feeding line and
the antenna design is printed on NPC-H220A as sub-
strate material. The frequency range was 8.0 to 8.4 GHz
with the RL of — 12.5 dB and — 19.8 dB.

Kumar et al. [9] described future 5G application with
desired frequency 7GHz, used the substrate FR4, coaxial
cable as a feed the gain attained was —21.5 dB. P.
Squadrito et al. [10] compared two feeding techniques
such as micro-strip line feeding and co-axial probe feed-
ing in a rectangular MPA array. The material used was
FR-4 with dielectric constant 1.6mm and simulated us-
ing CST software. D. Chandwani et al. [11] described the
effect of different substrate materials such as FR4 and
Rogers R3006 The feeding technique is implemented as
micro-strip feed line. Better output was obtained when
using Rogers 3006 in X-band.

Gharbi et al. [12] compared eight patches with single
patch antenna and shown increase directivity and gain
for the application of WLAN at 2.4GHz. The material is
used FR-4 with RL —19.64 dB and VSWR as 1.2 for
WLAN. F. Kurniawan et al. [13] presented an array an-
tenna for satellite communication in the operating fre-
quency of 12 GHz with substrate material FR-epoxy ob-
tained a gain of 8.98 dB and efficiency of 83 % with the
bandwidth 693.6 MHz. For S band applications at the
desired frequency of 2.45 GHz, D. Okwum [14] created a
Rectangular MPA array. This array can be utilised in
mobile satellite communication systems as well as in
Bluetooth, Zigbee, and Wi-Fi communication technolo-
gies.

A MPA array with an inset feed approach was pro-
posed by G. C. Huang and M. F. Iskander [15] with a
resonant frequency of 30 GHz. The material utilized was
RT/duroid5880, which had a relative permittivity of 2.2.
With an RL of —26.52 dB, the 2 x 3 array antenna
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outperformed the single patch antenna; also, the gain
(G) 8.88 dB, respectively. This array has several com-
pany feeding mechanisms running at a frequency of 5.8
GHz. The outcomes encompass shifting the substrate's
dimensions and the ground's length. At the 5.8 GHz res-
onant frequency, the patch antenna has a peak gain of
5.24 dB.

Table 1 — Geometry of suggested antenna

Parameters Values
Width of patch (wp:) 3.38
Length of patch () 2.43
Resonant frequency (f») 35GHz

Dielectric constant (&) 2.2

Width of the ground (wy) 7.28
Length of the ground () 6.33
Height of thickness (h) 0.65
Thickness (f) 0.208

These are the values and parameters required for de-
signing a rectangular shape patch antenna of four array
element.

3. DESIGN STRUCTURE

An antenna with array is designed with four rectan-
gular patches connected with four micro-strip feed line
varies A PEC material is used for feed line and end
feeder to advance the antenna performance as shown in
fig.1. End feeder is given to give power to the feed line
and patches to produce accurate results required in gain,
directivity, VSWR and RL. The power gets dissipated in-
side the feed line and gets reflected in the substrate to
produce radiation.

Fig. 1 — Structure of 1 x 4 patch antenna array

4. SIMULATION AND RESULTS

An array is simulated and virtualized using software
known as CST Microwave Studio Suite which empowers
fast and gives exact analysis of high frequency devices.

4.1 S-Parameter

S-parameter, commonly referred to as scattering pa-
rameters or reflection coefficient characterises the rela-
tionship between input and output at various ports
within an electrical system. It also demonstrates the ex-
tent of power that is reflected from the antenna. The S-
parameter of proposed 1 x 4 antenna array 1 is shown in
Fig. 2.

01024-2



ANALYSIS OF 1 x 4 ARRAY PATCH ANTENNA FOR 5G COMMUNICATION

S-Parameter [Magnttude in dB]

"|S1,1 : -41.705867 |

"| Return loss=41.7

kt] 3 3 37 3 3
Frequency / GHz

Fig. 2 — S-parameter

4.2 VSWR

The voltage standing wave ratio (VSWR) is an im-
portant metric that quantifies the amount of reflected
power on a transmission line. The effective range of a
VSWR is from 1 to 2, with values extending from 1 to
infinity. The VSWR of suggested antenna array is shown
in Fig. 3.

Volttage Standing Wave Ratio (VSWR)
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Fig. 3 — VSWR plot

4.3 Radiation Pattern

The radiation pattern is characterised by two key
properties: gain and directivity. The gain values various
directions. The directivity is employed to assess the an-
tenna radiation patterns in a specific direction and illus-
trated in Figure 4.

5. ANALYSIS OF THE PROPOSED ANTENNA IN
RELATION TO EXISTING STRUCTURES

The Table 2 list the different proposed antenna struc-
ture characteristics. The existing structure has reported
with poor directivity, VSWR, RL gain and efficiency. The
proposed structure of an antenna array has high return
RL compared to the existing references. Compared to ex-
isting structures in the literature, the proposed
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CydacHuil MOOLIIBHHH 3B'A30K CIIMPAeThesa Ha TeXHOoJorio 5G, sKa Mae HOTEHINAJ JJIS HO4AJIBIIOro Mif-
BUIIEHHS e)eKTUBHOCTI BUPOOHUIITBA, POSIMIUPEHHS chepr PO3BUTKY 1HTEJIEKTYAIHHOIO 3B'SA3KY Ta 3a/I0BO-
JIeHHA 1I0Tpeb y TPaHCIIOPTYBAHHI BeJMYE3HUX 00CATIB Tpadgiky gaHuxX. L[sg TexHOoJOTIS Takoxk Moske OyTH
34CTOCOBAHA B PI3HUX rasIy3sx mpomucoBocTi. Hapasi TexHosorisa MoOiIbHOTo 3B'A3Ky 5G IMIMPOKO BUKOPHC-
TOBYETBCS B KOMYHIKAITIMHIN 1HKEHePil, IPOIIOHYIYN Yy I0BY TEXHIUYHY JOIIOMOI'Y IIPOTArOM YCHOTO IHKEHep-
HOTo OyIIBHMIITBA TA €KCILIyaTalli. ¥ IIbOMY JOC/IIIKeHH] IPOIIOHYEThCA ITaTY-aHTeHHA permTdacta 1X4 miis
6eanporoBoro 38'a3Ky 5G. YV moeaHAHHI 3 MATY-KOMIIOHEHTOM, aHTEHHA PEIITYACTa € BUPIIIAILHOI B 0e3/I-
POTOBI# Tepeadyi, IPOITOHYIOYHN MOKPAIIEH] XapaKTePUCTUKY aHTeHH, TaKl SK BTPATH HA BIIOUTTS, KOediIri-
€HT II0OCUJIEHHSI, CIIPSIMOBAHICTH Ta IIPOIIyCKHA 31aTHICTh. MozesroBaibHl BUIIPOOYBaHHS OyJIH IIPOBENEH] [IIIst
BUBYEHHS BIUIMBY 3acTOCyBaHHS 5G B KOMYHIKAIIMHIN 1H:KeHepil 3 TPHOX TOYOK 30PY: BTPATH HA BIIOUTTS
(RL), xoedittieHT mocuyIeHHs Ta cripsaMoBaHicTh. ONTUMI30BaHA 3aIIPOIIOHOBAHA CTPYKTYPa MOJIEJIIOE Ha Yac-
toti 35 ['T'i; Ta 3abeameuye peaysbprar — 41,70 1B RL ta monax 9 1B koedirienTa mocuieHHs Ta CIPSIMOBAHO-
cTi. 3ammporoHoBaHa aHTeHAa Mpalfioe B crrekTpi Ka-giamasony, mio crpuse BUCOKOTOUHUM 3aCTOCYBAHHSAM, Ta-

KHUM SK PAII0JOKAIIMHI Ta CYIIyTHUKOBI CHCTEMH.

Knrouoeri ciopa: Anrenna pemmtra, Cnexrp Ko gianmasony, Mikpocmy:xkroBa matd-anTeHa, BesnpoToBumit

3B’A30K.
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