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10.B. IOxanoB, U.A. AnmumaiicaBe

5G ABYXIHNAITAZOHHASA ITPSIMOYT'OJIBHAA MUKPOIIOJIOCKOBASA
AHTEHHA C IBYMA TPABJIEHUAMUA 1 BEPXHUM HIECTUT'PAHHBIM
BBIPE3OM HA KOHILE CPW FED

Bo ecem mupe becnposoonasn unu yoanenuasn 136 cmana yHOAMEHManbHoU U He3aMeHU-
Mmotl. Kaoswcovii 0env muniuapovl noavsosamenel noayyawm O0OCMyn K 36ouxkam, Mumepnemy u
coyuanbuim cemam. Mnozaue snekmpuueckue ycmpoucmea, 6 mom 4ucie aHmeHHbvl, UCHOTb3VIOM-
C51 6 CILOJICHBIX CeMmSIX U CUCMEMAX, NOOOEPHCUBAIOUUX MAKOU MACCUSHBLIL 0OMeH uHpopmayuell.
Onexmpuueckoe ycmpoiicmeo, usgecmuoe Kak aHmeHnd, OMnpasisem un npunumaem ungopma-
Yuio 8 Kocmoce. AHMEHHA ABIAEMCA KIHOYeBbIM KOMIOHEHNMOM MHOSUX CUCTEM, 8 MOM Yucie pa-
O0UO- U MENeBUIUOHHOU NepedayU, NPUEMHUKOE CBA3U, PAOapos, CONMOBbIX MeNeOH08, 2a0XHCemos
¢ noooepackoi Bluetooth u cnymmuukosoii cesasu. beicmpoe pacnpocmpanenue 6ecnpoooHvix
MeXHON02Ul U NEPCOHANLHOU CBA3U YBENUUULO CNPOC HA MHO200UANA30HHbIE AHMEHHb, KOMOpble
Moz2ym pabomams HA HECKOIbKUX YACMOMAX U NOOXOO0SM Olsl PA3IUYHbIX NPUIodceHull. B smoti
cmamve npeocmasnena 08YXOUANA30HHASL NPSAMOY2ONbHAS MUKDONONIOCKO8AA NAMY-AHMEHHA C
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Paznen II1. DnexTpoHrKa, HAHOTEXHOJIOTHH U IPUOOPOCTPOCHHUE

Komnaanaprvim 801H08000m (CPW) ona npunosicenuii 5G, WiMAX, ISM u WLAN. Ilpednacaemas
AHMEHHA HAOEJCHA, Oeuleda, 1e2Ka U NPoCma 8 uz20mogieHuu, pe3onupyem na yacmome 2,4 I'Ty
npu -12,182379 s11 ¢ nonocoii nponyckanust 205,7 MI'y u na uacmome 3,42 I'T'y npu -37,344879
s11 ¢ nonocoii nponyckanus 464,9 My, moeda xax ycunenue cocmagisem 3,85 u 3,41 coomsem-
cmeenno. [lamu-anemenmul pasmewjaromes Ha uzonupyroueti noonoxcke FR408 (be3 nomeps) ¢
OMHOCUMENbHOU OUINEKMPUUECKOl npoHuyaemocmvio 3,75, @blcoma NOONOICKU COCMAGIsem
1,6 mm. Pezynomamul mooenuposanus npedcmasienvi ¢ nomowppto CST STUDIO SUITE 2019.
Ipunoscenuss 5G; namu-anmenna, numarue CPW,; osyxouanazonnwiii pexcum; CST 2019.

Yu.V. Yukhanov, LLA. Alshimaysawe

A5G DUAL-BAND RECTANGULAR MICROSTRIP ANTENNA
WITH TWO ETCHES AND UPPER HEXAGONAL END CUT CPW FED

Around the world, wireless or distant communication has become fundamental and indis-
pensable. Every day, billions of users access calls, the internet, and social media. Many electrical
equipment, including the antenna, are used in the sophisticated networks and systems that support
that massive information interchange. An electrical device known as an antenna sends or receives
information across space. The antenna is a key component in many systems, including radio and
television transmission, communications receivers, radar, cellular phones, Bluetooth-enabled
gadgets, and satellite communications. The rapid expansion of wireless technology and personal
communication has increased the demand for multiband antennas, which can operate at several
frequencies and are suited for a variety of applications. Dual-band coplanar waveguide (CPW)
fed rectangular microstrip patch antenna for 5G, WiMAX band, ISM Band, and WLAN applica-
tions is presented in this paper. The proposed antenna is robust, cheap, light weight, and easy to
fabricate, resonating at 2.4 GHz in -12.182379 sl11 with 205.7 MHz BW and 3.42 GHz
in -37.344879 s11 with 464.9 MHz BW whereas gain is 3.85 and 3.41 respectively. Patch elements
are placed on isolation FR408 (loss-free) substrate of relative permittivity 3.75 kept at a substrate
height of 1.6 mm. Results of simulation are presented using CST STUDIO SUITE 2019.

5G applications; patch antenna; CPW-fed; Dual-band; CST 2019.

I. Introduction. It is well recognized that an antenna is one of the most significant
electrical devices for receiving and/or transmitting information across space [1].
Microstrip antennas are extremely popular these days, with a wide range of applications
due to their lightweight, small size, high-performance characteristics, and conformance
[2]. These antennas are characterized by being small in size and can be easily integrated
with other structures with the possibility of being resonant for more than one frequency
[3, 4]. Where the radiating patch is located above the dielectric substrate and a ground
plane is located beneath the substrate layer. Due to the simplicity of performance estima-
tion, different antenna configurations such as rectangular, square, and circular patch
forms are used [5]. These antennas are commonly found in portable electronics such as
laptops and cell phones, and used in satellite communication and missile system etc
[4, 6, 7]. The patch antenna's main disadvantage is its limited bandwidth [8]. To over-
come the narrowband bandwidth problem, many approaches have been offered in the
literature. Defecting the ground plane with various shapes, lowering the substrate height,
and so on are some popular techniques. C.P. Wen created the CPW method in 1969,
which is used to construct antennas with minimal weight and low transmission losses
[9]. The CPW-Feed approach is less expensive, and line impedance and phase velocity
are less affected by substrate height than by slot width [10]. Because of its wide band-
width, compact structure, and low return loss in monolithic microwave integrated cir-
cuits, coplanar waveguide fed antennas have gained popularity [11, 12].
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Previous proposed results into CPW fed microstrip antennas by researchers are as
follows. In 2016 Paresh Jain and R.K Khola [13] introduced a CPW fed microstrip patch
antenna with a rectangular shape at a resonant frequency of 2.4 GHz in -22.1 S11 with
2.55 dB as gain and 1.15 VSWR. In 2018 Dhara M Patel [14] designed a CPW-fed
microstrip antenna for uses of wireless (ISM band) application where return loss was —
19.65dB at 2.4GHz. In 2020 Piyush Kuchhal, et al [15] designed microstrip antenna
CPW-Fed for commercial uses and various scientific at 2.5 GHz where S11 was -47dB
and 1.6 bandwidth. In 2021 Piyush Kuchhal, et al [16] proposed a Co-planer fed (CPW)
microstrip antenna with two bands of resonance at 1.8 GHz and 5.2 GHz. In 2021 G.
Anjaneyulu and J. Siddartha Varma [17] presented a compact CPW-fed patch antenna
that has simple defective ground structures (DGS) at resonating frequency at 10.1 GHz
with a gain of 4.2dBi.

W gp Lz

Fig. 1. The microstrip patch antenna design

In this paper, the CPW-fed technique used to design a dual-band antenna suitable
to work with the industrial, scientific, and medical radio band (ISM Band), WLAN,
WiMAX, and 5G applications [18, 19, 1], consist of a rectangular patch with dual sym-
metrical holes in circular shapes and upper hexagonal end cut printed on the substrate
whereas both the patch and the ground sharing the same plane.

Il. Antenna design. The structure of the Coplanar waveguide fed rectangular
patch microstrip antenna is intended for 2.4 GHz and 3.42 GHz, as illustrated in figure 2.
The antenna's substrate has a dielectric constant (g;) of 3.75 with a height of 1.6mm, the
patch and ground used copper (pure). Table 1 shows the size of the antenna as simulated
in CST.

L
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Fig. 2. Antenna geometry proposed
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Table 1
Parameters of the antenna design

L (substrate length) 71.42mm
W(substrate width) 71.89mm

H (substrate height) 1.6mm
Lp (patch length) 26.06mm
Wp (patch width) 34.14mm
d (holes diameter) 9.80mm
g (gap) 2.74mm

t (edge width of patch) 3.49mm
L (feed length) 30.77mm
W; (feed width) 2.73mm

The width and length of the conventional Microstrip antenna as shown in both rela-
tionships 1 and 2 using the equations found in Balanis [20].

1
/] =—
2fr /Lo €0/ Ereff (1)

v, " 2
W_z_fr ep+1 2)

where L is an actual length of a patch, epeff is an Effective dielectric constant, W repre-
sents the actual width of a patch, vo denote a free space velocity of light, fr is a resonant
frequency and er is a dielectric constant.

I11. Simulation results. The CST STUDIO SUITE Version 2019 software was
used to design the proposed antenna. The following are the simulation findings acquired
after analyzing the design. The proposed design's Return Loss (S11) against frequency
(in GHz) curve is shown in figure 3. At 2.4 GHz with the band (2.3046-2.5103) and
3.42 GHz with the band (3.1969-3.6618), the simulated antenna has a better return loss
of -12.182379 dB and -37.344879 dB, respectively. Which is suitable for supporting
applications of WLAN(wireless local area network), ISM-band, WiMAX band, and
5G.Figures 4 and 5 depict the radiation pattern in 2D and 3D polar plots for both reso-
nant frequencies, as well as the gain and directivity (in dB).

S-Parameters [Magnitude in dB]
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Fig. 3. Return loss (S11) for 2.4 GHz & 3.42 GHz

The VSWR characterizes the antenna's performance in adapting to the transmission
line; Unity is the perfect match as agreed with the VSWR simulation results. The VSWR
values as a function of the frequency range are shown in figure 6. The VSWR measured
at the resonance frequency was 1.0275 for 3.42 GHz, which is considered a typical val-
ue, while for 2.4 GHz was 1.6524, it is also in the desirable dual-band conditions
(VSWR<2).
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Fig. 4. For 2.4 GHz (a) & (b) show Gain and Directivity respectively in 3D, (¢) & (d)
show farfield Gain and Directivity respectively in polar plot.
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Fig. 6. The VSWR simulated results 2.4GHz & 3.42GHz

Conclusions. Microstrip antenna has become a rapidly growing field of study. Be-

cause of their light weight, tiny size, and ease of antenna assembly, their applications are
virtually limitless. A robust, affordable, lightweight, and easy to manufacture dual-band
CPW-fed rectangular microstrip patch antenna has been introduced using the CST MWS
platform. It has a compact size of 71.42 x 71.89 x 1.6 mm". The proposed antenna de-
sign can work with two bandwidths, making it suitable for current and future 5G bands.
The dual-band frequency range provides from 2.3046-2.5103 GHz and 3.1969-3.6618
GHz for resonant frequency 2.4 and 3.42 GHz, respectively, according to the simulation
results. These are appropriate for high-data-rate ISM-band, WLAN, WiMAX, and 5G
applications.

10.

11.

13.

REFERENCES

Ayia A.S.A. Jabar and Dhirgham K. Naji. Design of Miniaturized Quad-Band Dual-Arm Spiral
Patch Antenna for RFID, WLAN and WiMAX Applications, Progress In Electromagnetics
Research C, March 2019, Vol. 91, pp. 97-113.

Bahl J. and Bhartia P. Microstrip Antennas. Dedham, MA: Artech House, 1980.

Joseph S., Paul B., Mridula S., and Mohanan P. CPW-Fed UWB Compact Antenna for Multi-
band Applications, Progress in Electromagnetics Research C, 2015, Vol. 56, pp. 29-38.
Saurabh Kumar and Taimoor Khan. CPW-Fed UWB Flexible Antenna for GSM/WLAN/X-
Band Applications, 5th International Conference on Signal Processing and Integrated Net-
works (SPIN), 2018, pp. 126-129.

Modak S., Dash J.C. and Mangaraj B.B. Performance Enhancement of Microstrip Patch An-
tenna Using Defected Patch Structure, IEEE conference, 2017, pp. 897-899.

Balanis C.A. Microstrip Antennas, Antenna Theory, Analysis and Design. 3rd ed. John Wiley
& Sons, 2010, pp. 811-876.

Alaa Desher Farhood, et al. Design and analysis of dual band integrated hexagonal shaped
microstrip UWB antenna, Indonesian Journal of Electrical Engineering and Computer Sci-
ence, July 2019, Vol. 15, No. 1, pp. 294-299.

Barapatre H., Gour A., Solanki K. and Gadkari P. Design of UWB circular monopole antenna with
enhanced bandwidth, 2016 2™ International Conference on Advances in Electrical, Electronics, In-
formation, Communication and Bio-Informatics (AEEICB), Chennai, 2016, pp. 275-277.

John Wiley and Sons. Compact and Broadband Microstrip Antennas. Kin-Lu Wong, Inc.,
2002.

Kumar Raj and Malathi P. On the Design of CPWFed Ultra Wideband Triangular Wheel
Shape Fractal Antenna, International journal of microwave and optical technology, March
2010, Vol. 5, no. 2.

Chung C.C. and Kamarudin M.R. Novel design of circular UWB antenna, 2009 Asia Pacific
Microwave Conference, Singapore, 2009, pp. 1977-1979.

. Balaji M., Vivek R. and Joseph K.O. CPW feed circular monopole antenna for UWB applica-

tions with notch characteristics, 2015 IEEE International Conference on Electrical, Computer
and Communication Technologies (ICECCT), Coimbatore, 2015, pp. 1-4.

Paresh Jain and Khola R.K CPW Fed Rectangular Microstrip Patch Antenna with Upper Pen-
tagonal End Cut, Global Journal of Researches in Engineering (F), 2016, Vol. 16.

211



M3Bectust ODY. Texuuyeckue HayKu Izvestiya SFedU. Engineering Sciences

14. Dhara M Patel. Design and Analysis of CPW Fed Patch Antenna at 2.4GHz, International
Journal for Research in Applied Science & Engineering Technology (IJRASET), April 2018,
Vol. 52, pp. 2132-2134.

15. Piyush Kuchhal, et al. Design and Analysis of CPW-Fed Microstrip Patch Antenna for ISM
Band Applications, 2020 IEEE International Conference on Smart Electronics and Communi-
cation (ICOSEC), Trichy, India, Sept. 2020.

16. Piyush Kuchhal, et al. Design and Analysis of a Dual-Band CPW fed Microstrip Patch Anten-
na, 2021 IEEE 5th International Conference on Computing Methodologies and Communica-
tion (ICCMC), Erode, India, April 2021.

17. Anjaneyulu G. a nd Siddartha Varma J, Design of a CPW fed Microstrip Patch Antenna with
Defective Ground Structure for Wireless Applications, 2021 IEEE 6th International Confer-
ence on Inventive Computation Technologies (ICICT), Coimbatore, India, Jan. 2021.

18. Dhurgham Abdulridha Jawad Al-Khaffaf, et al. Miniaturised tri-band microstrip patch antenna
design for radio and millimetre waves of 5G devices, Indonesian Journal of Electrical Engi-
neering and Computer Science, March 2021, Vol. 21, No. 3, pp. 1594-1601.

19. Wei Hong, et al. “Multibeam Antenna Technologies for 5G Wireless Communications,” IEEE
Transactions on Antennas and Propagation, December 2017, Vol. 65, No. 12, pp. 6231-6249.

20. Constantine A. Balanis. Antenna theory analysis and design. Canada: John Wiley & Sons, Inc.,
Hoboken, New Jersey, 2016.

CraTpio peKOMEHAOBAI K OITyOJIMKOBAaHUIO J.T.H., mpodeccop b.I'. Konones.

IOxanoB IOpmii BaagumupoBny — IOxHbII QenepansHbli  yHUBepcuTeT; e-mail:
yu_yukhanov@mail.ru; r. Taraapor, Poccust; ten.: +78634371733; xadenpa aHTeHH U paguoIe-
pemaromux yCTporUCTB; 3aB Kadenpoii; 1.1.H.; mpodeccop.

AnmmmaiicaBe Uxcan Adaikapem — MHXeHEpHO-TEXHUYECKUH KOJUIEMK; TeXHHIECKUN YHH-
BepcuteT Anb-Dypar Anb-Aycat; e-mail: ihsan.abdulkarem@gmail.com; Hamkad, HMpak; Ten.:
+79957566781; xadenpa HHKEHEPUN KOMMYHHKAIMOHHBIX TEXHOJIOTHIA; CTYICHT.

Yukhanov Yury Vladimirovich — Southern Federal University; e-mail: yu_yukhanov@mail.ru;
Taganrog, Russia; phone: +78634371733; the department of antennas & radio transmitters; head of
department; dr. of eng. sc., professor.

Alshimaysawe Ihsan Abdlkarem — Engineering Technical College; Al-Furat Al-Awsat Technical
University; e-mail: ihsan.abdulkarem@gmail.com; Najaf, Iraq; phone: +79957566781; the de-
partment of communication technology engineering; student.

YK 62-93 DOI 10.18522/2311-3103-2022-6-212-222

A.B. Jlorynos, A.JI. Bepecnen

HNCCIIEJOBAHUSA AKYCTUYECKUX CUT'HAJIOB, U3JTYYAEMbIX
ABTOMOBWJIBHBIM IBUT'ATEJIEM BHYTPEHHEI'O CTOPAHUSA

Paboma noceswena npobieme ouazHocmuposanisi agmomMoOUIbHbIX O8u2amenell 6HympeH-
He2o ceopanus. IIpobrema KOHMpoOAs cocmosuus oOsueameneli 6HYmMpeHHe20 C2opanus ceudac
Haubonee aKMyaibHO U3-30 VBEIUYEeHUs YUCTA A8MOMOOUNEl U YHCeCMOYEHUs IKON0UYECKUX
mpebosanuii. B pabome paccmompenvt nociedcmeus pabomul HEUCRPABHO20 O08ULAMENs GHYM-
pennezo ceopanus. Llenvto pabomoi sensiemcs paspabomra makozo mMemood, KOmopulii cnocoben
nomoub Haubonee MouHo u O6vicmpo oOHapycumv HeucnpasHocms. C noseneHuemM co8pPemMeHHbIX
MexHon02Ull 0A8HO U3BECIMHDIL MEMOO OYEHKU COCMOAHUS 0sucameneli 6HympeHHe20 C2OPAHUs No
38VKY MOJICEN CMAmb CAMbIM NEPe008bIM, NOCKONbKY UCKIIOYAemCsl Yelogedeckull pakmop, Onsi
06pabomku CucHAIA NPUMEHSEMCSL BbIYUCTUMENbHASL MEXHUKA AHAU3 36YK0B020 CHeKmpd, 8 KO-
MOPOIL OCYWEeCmBIIAeMCst ¢ NOMOWDBIO UCKYCCIMBEHHbIX HelipOHHbIX cemell. [Ipumenenue uckycem-
BEHHBIX HEUPOHHBIX cemell Ol AHANU3A 36YKOB020 CNEKMPA HAWIO NPUMEHEHUe 8 PACNO3HABAHUE
peuu u 0151 OUASHOCMUKYU 3a001e6aHUll ObIXAMenbHOU cucmemvl. B cmamve paccmompenvt mexa-
HU3MbI, KOMOpble CNOCOOHbl 2eHepupo8ams 38YKO8ble CUSHANLL 80 6peMs pabomuvl 08ucamens
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