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A wideband antenna has almost or precisely the same operating parameters throughout a very large
Passband. It differs from broadband antennas in that the passband is extensive, but the antenna strength and/or
emission pattern do not have to remain constant across the passband. DGS refers to the faults or slots on the
ground plane of microwave planar circuits. DGS has been designed to improve the performance of numerous
devices and increase bandwidth. Current work presents a high-speed DGS-loaded wideband microstrip antenna
that can be used in the 5G millimeter wave application in the band of frequency between 24 — 27 GHz having a
return loss value of — 28.09 dB with wideband characteristic. The Ansys HFSS v15 has been used to design and
measure antenna parameters. The simulation process has been done using low-cost substrate material FR4 whose
dielectric constant is 4.4 and has a thickness of 0.8 mm. The designed antenna structure has dimensions of
7mm x 7mm x 0.8 mm. Both measured and simulated results are found to be similar. The gain of the proposed
antenna is found to be 2.01 dB while radiation efficiency is measured to be greater than 90 % in the range of
frequency (24 — 27 GHz). The designed antenna covers the 5G spectrum and effectively operates in nses7, ness and
nze1 bands. In this structure wideband has been achieved by making slots onto the patch antenna and a large gain
has been achieved by different dimensions of slots onto the ground plane.
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1. INTRODUCTION modern 5G communication network makes use of a patch
antenna for its application. Various techniques are reported
for antenna design loaded with defective ground structure
(DGS) for various wireless applications [4-5]. Various
hexagonal antenna designs for wideband applications are
reported in [6-8]. Dual-linearly-polarized wideband antenna
for 5G network application is proposed in [9].
Omnidirectional stacked antenna with wide bandwidth has
been designed for numerous wireless applications in.

Most of the above research work is reported in a lower
band of frequency which is not suitable for 5G
communication standard. In this present research work
the authors have designed novel DGS-loaded wideband

5G communication systems will be used for the future.
Increased bandwidth, faster data rate, video streaming
content and real-time increased services on demand need
the design of 5G enabled patch antenna. The millimeter-
based broadband service is suitable for 5G wireless
technology [1-2]. There are numerous applications including
multimedia, video streaming, high-speed internet, and
mobile distributed computing in the K band. Due to this, the
focus has been shifted to wideband channel. Any signal
having a bandwidth of more than 1 MHz generally refers to
wideband. A high data rate can be achieved with the

integration of a wideband system. As per world Radio
Communication conference (WRC-15) the obtained result in
millimeter spectrum 24.249 GHz — 27.49 GHz,
26.49 GHz — 29.49 GHz, 27.49 GHz —28.349 GHz etc. are
suitable for 5G network design [3]. The characteristics
features of patch antenna such as lesser weight, larger
bandwidth, low profile as well as higher gain are suitable
parameters for coming 5G communication system. Thus, the
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slotted patch antenna in K band application suitable for
future 5 G wireless applications for enhanced data rates.
The designed antenna covers nsss (24.499 to 27.499 GHz),
nze1 (27.499 to 28.349 GHz). In addition to this, it shows
high radiation efficiency, stable radiation pattern,
suitable VSWR, and high gain which are best suited for
millimeter-wave 5 G application.
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2. EFFECT OF SLOTS IN ANTENNA

Slot-loaded antenna gives better performance in
terms of return loss, VSWR, resonance frequency, and
increased bandwidth performance as compared to the
conventional rectangular patch antenna. Bandwidth has
been increased with the help of a slot loaded onto the
patch of antenna and gain has been enhanced by the
DGS technique on to the ground plane. The achieved gain
has been enhanced in the present work by integrating
different slots and high permittivity substrate.

Fig. 1 — Design of proposed fabricated 5G antenna

Table 1 — Dimension of patch antenna without slot
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Table 2 — Dimension of patch antenna with slot

Slot Dimensions (mm)
a1 1.2 x0.1
as 0.3 x 0.2
as 0.7x0.6

Dimension Value(mm)
Width of substrate (WS) 7
Length of substrate (LS) 7
Width of ground plane (WG) 7
ground plane length (LG) 2
Width of patch (W) 3.28
Length of Patch (1) 2.15
Length of x-mission line (L) 1.37
Width of x-mission line (W) 0.58
Width of Feed (WF) 1.55
Length of FeedLF 1.48

Fig. 2 — Design geometry of proposed antenna patch without slot

Fig. 3 — Design geometry of proposed antenna patch with slot

Table 3 — Dimension of patch antenna with slot on the ground plane

Slot Dimension (mm)
G1 1x0.2

Ge 0.4 x 0.2

Gs 0.5 x 0.2

Gy 0.4x0.2

Gs 1.4x0.1

Gs 0.5x0.2

G 0.2x1.8

Gs 1.2 x0.2

Gy 1x0.2

Fig. 4 — Design geometry of the proposed antenna patch with
slots on the ground plane

3. RESULT AND OBSERVATION
3.1 Parametric Analysis of Simulated Antenna

Ansys HFSS has been used for the analysis and
optimization of antenna parameters. The various
parameters of the antenna have been measured in both
simulated as well as fabricated antenna for desired K band
(24 — 27 GHz) of operation for enhanced data rates for
wireless 5G applications.
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Fig. 5 — Simulated Scattering parameter S1; of anticipated antenna
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Fig. 6 — Simulated VSWR of anticipated antenna
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Fig. 7 — Radiation Pattern of anticipated antenna
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Fig. 8 — 3-dimensional Polar Plot of anticipated antenna
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Fig. 9 — Surface current distribution of anticipated antenna at
24.5 GHz on the ground plane

3.2 Parametric Analysis of Fabricated Antenna

The proposed antenna after designing has been
fabricated for practical operation of the antenna. Fig. 10
shows the design of the anticipated antenna with feed (a)
front view, (b) back view.

The measured antenna is resonating at 24.65 GHz at the
return loss of — 28.01 dB which is well in agreement with the
simulated result of the antenna using Ansys HFSS. Fig. 15
shows the resulting VSWR of the anticipated antenna whose
value is below 2 for the desired K band (24 — 27 GHz) band of
operation. Both the simulated and measured value of the
scattering parameter and VSWR are found to be matched for
the practical design of slotted patch antenna for enhanced
high-speed data rate for 5G wireless applications.

a b

Fig. 10 — Design geometry of proposed antenna with feed (a)
Front view, (b) back view
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Fig. 11 — Measured Scattering parameter Si1 of the proposed
antenna

4. CONCLUSION

In this article, high speed DGS loaded wideband patch
antenna is designed for future 5G millimeter wave
application. The designed antenna covers 5G spectrum and
effectively operates in n2s7, n2ss and nze1 band.

In this structure wideband has been achieved by
making slots on to the patch antenna and a large gain has
been achieved by different dimensions of slots onto
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Fig. 12 — Measured VSWR of anticipated antenna
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IIMupoxocmyrosa miJinHEHA MiKPOCMY:KKOBA aHTeHA 3 Ne(deKTHO ormopHoio nmosepxuer (DGS)
IJIs1 BUCOKOIIBUAKICHUX MisiMmeTpoBuXx 3acrocyBaub 5G
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IlMuporocMyrora aHTeHa XapakTEPU3YEThCS MabiKe IIOCTIMHUME POOOUYNMI IIApaMeTPaMU B JAYIKe IIHPOKOMY
miamasoni yacror (macOenmi). Boma BimpisHsieTbes BiJ IMMPOKOCMYTOBHX AHTEH THM, IO Xodya IacOeHm €
3HAYHWUM, CHJIy CUTHAJIy Ta/abo mgiarpaMy BHIPOMIHIOBAHHS He 00OB'A3KOBO 30epiraTé He3MIHHHUMHU B YCHOMY
miamasoni. DGS (Defected Ground Structure) — 1ie miuHEH a00 BHUPI3HM B OMNOPHOMY (3eMJISHOMY) IIapi
MIKPOXBIJIBOBUX ILJIAHAPHUX CTPYKTYP. Taka CTpYKTypa BHKOPHUCTOBYETHCS [JIsI HOKPAIIEHHS XAPAKTEPUCTHK
IIPUCTPOIB Ta PO3MIMPEHHS CMYTrW IPOMYCKAHHS. Y JaHid poboTi IIPeJCTaBJIEHO BHCOKOIIBUIKICHY
MIMPOKOCMYTOBY MiKpOCMy»kKOBY anreny 3 DGS, npusHadyeHy [JI1s1 3aCTOCYyBaHHA B MijiMeTpoBoMy miamasoni 5G
y uacrotHoMmy miamasoni 24 —27 I'T'm, 3 woedimienrom 3BoporHux Brpar — 28,09 1B, mo BKasye Ha q00py
yaromskeHicTb. [IpoexTyBaHHST ¥ MOZEsIOBaHHSA aHTEHHUX MapaMmerpiB mposoamsocss B Ansys HFSS v15 3
BUKOPHUCTAHHAM JIEIIEBOr0 IMIKJIaIKoBoro Martepiany FR4 (mesmexrpuuna mpoHuKHICTD 4,4, ToBrmmHA 0,8 MM).
Poamipu 3ampomoHOBaHOI aHTEeHM CKJIAAAOTh 7 MM X 7 MM x 0,8 Mm. Orpumani ekcrepuMeHTAIbHI Ta
CUMYJIBOBAHI PE3yJbTAaTH Y3rOPKYIOTHCS. BCTAHOBJIEHO, IMO KoediilieHT mijgcuiaeHHs craHosuth 2,01 1B, a
e(erTHUBHICTH BUIPOMiHIOBaHHS nepesuirye 90% y miamasoni 24 — 27 I'Ti. AuTeHa e)eKTUBHO IOKPUBAE CIEKTP
5@, 30Kpema Iiama3oHu Nesr, Nzss T Nzel. LLIMPOKOCMyroBa XapaKTepUCTHUKA JOCATAETHCS 38 PAXYHOK IIIMH HA
maT4yi aHTeHwH, a 30LIIBIIeHHS MIICUIIeHHS 3a0e3IedyeThCs 3aBIAKN CIIeIU(pIYHIM BUPI3aM HA OTIOPHIHA ILIOIIMHI.

Knrouori cnoea: Cucrema 3p’sa3ry 5G, Illupoxocmyrosa matu-antena, llinmuana anrena, MimimMeTposi XBuJ,
JledexTra omopua crpyrrypa (DGS).
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