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Manuscript History In this paper, a dual band slotted microstrip patch antenna for 5G
communication has been presented. Excitation is provided by a single-
feed microstrip line which compensates for link loss and is desirable for
high gain antenna implementations. Inset feed has also been used in the
feed to offer a degree of freedom which enables efficient single carrier
transmission. Defected ground structures (DGS) have been introduced
in order to enhance the performance. The positions and dimensions of
L-shaped slots significantly affect the antenna performance parameters.
10 dB impedance matching bandwidth of about 1GHz and 1.2 GHz at
central frequencies 28GHz and 38 GHz with a gain of 7.8 dBi and
8.2dBi has been obtained respectively.
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Introduction:-

The rapid increase of smartphone users and various new features of smartphones have created a demand for high
quality wireless communication systems. Cellular providers are limited to a carrier frequency spectrum of 700MHz
to 2.6GHz [1].According to the International Telecommunication union (ITU) there has been exponential increase in
mobile cellular subscriptions with over 7 billion subscriptions, exceeding the world’s population, this has led to a
global shortage of spectrum and has persuaded the exploration of underutilized mmwave frequency spectrum for 5G
communication [2]. Frequency band of 28GHz and 38GHz is considered to be promising for 5G communication.
Future 5G wireless communication systems must satisfy three requirements i) a high throughput ii) less energy
consumption iii) ability to simultaneously serve multiple users.[3-6]

DGS is realized by carving off a simple shape from the ground plane. A defected ground antenna can be designed
for a wide range of frequencies to transmit and receive. DGS disturbs the shielded current distribution which results
in a controlled excitation and propagation of electromagnetic waves through the substrate layer[7-8].Variation in the
inset length does not produce any change in resonant frequency but a variation in inset width changes the resonant
frequency.[9]

In this paper, a simple microstrip patch antenna based on two nested patches has been selected; DGS has been
etched into the ground plane. The designed antenna has be analyzed by means of commercial simulation software
HFSS. Fabrication of the prototype has been done on an RT/duroid 5880 substrate and its performance has been
experimentally verified using vector network analyzer.
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Fig.2:-Prototype of antenna.

Antenna design:-

The designed prototype is a square microstrip patch antenna consisting of two nested patches with a defected
ground. The antenna is designed on an RT/duroid 5880 substrate with dielectric constant 2.2, loss tangent 0.0009
and a height of 0.508mm. A square patch of dimensions 3.1mmx3.1mm is fabricated upon the substrate material and
two symmetrical ring shaped metal have been completely stripped from the ground plane of the antenna. The
antenna is fed by a single feed microstrip line and is located 0.9mm below the center of the square patch, the
microstrip line is 1.5mm long and has a width of 0.3mm. Inset feed with a width of 0.1mm and length of 0.15mm is
used at the feed which provides a degree of freedom and enables efficient single carrier transmission. L-shaped slots
which are near the patch edge creates capacitive and inductive effects which has resulted in operation at two
resonant frequencies. Changing the length of the L-shaped slots causes a shift in the center frequencies of both the
upper and the lower bands. Slot width is kept constant as simulations show that frequency Ratio changed and the
gap was widened.

Table I:-Design Parameters Of The Proposed Antenna (UNIT: mm).

fl R1 R2 Wf L1
0.2 0.44 0.22 0.3 1.65
L2 f2 4 L3 LS
0.9 1 0.1 3.1 2.3

Design Methodology:-
Design of the antenna was done by using conventional methods. The fields undergo fringing effects because the

length and the width of the patch have finite dimensions. Since %» 1 the effects of fringing are reduced it is
essential to know that fringing effects the resonant frequency of the antenna.

Most of the electric field lines reside in the substrate owing to the reason that ‘;—V > > 1 and g, > 1.the electric field
lines concentrate mostly in the substrate.
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Another term known as effective dielectric constant ,..ss has been introduced due to fringing effects.
The effective dielectric constant can be in the range 1< ¢,.,,<e, , for designing the antenna we should specify the

dielectric constant (&) , the resonant frequency(f,.), and the height of the substrate h.
First step done was to determine a practical width which would help in giving good radiation efficiencies

C

W=
(Er+1)
2, [ED

Next step was that was done was to determine the effective dielectric constant of the antenna using the formula

e +1 e —1 hy 2
Sreffz(r2 )+(r2 )[1+12W]

Then we determined the extension of the length AL using

(erest + 0.3) (3 + 0.264)
(eret — 0.258) (5 + 0.8)

The actual length of the patch L was found using the formula

[
L= 2fo/€reff - 2AL

Finally we determined the resonant frequency for the dominant TMy;, mode as a function of length using the
formula [10]

(f)o1o =

1
2Lefr+/ Erefr+/ €ollo

Results And Discussion:-

The impedance bandwidths are 1 GHz at 28GHz band with a return loss of -22db and 1.2 GHz at 38 GHz band with
a return loss of 36db.fig. shows the radiation pattern at ®=0° for 28 GHz and 38 GHz.fig. shows radiation pattern at
®=90° for the two frequency bands. The gain obtained is 7.8db at 28GHz and 8.2 db at 38GHz.

From the above simulated and experimental results it can be concluded that the introduction of defect in the ground
plane has led to an increase in impedance bandwidth. The radiation properties of the antenna have also improved

with the introduction of DGS as compared to the structure without it.
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Fig.3:-Reflection coefficient of the antenna
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Conclusion:-

A novel defected ground square microstrip patch antenna is presented and tested. It has been observed that using the
defected ground geometry and optimizing antenna parameter results in good impedance matching with high
impedance bandwidth. The designed antenna shows dual band operation and operates in the Ka-band in the
frequency range 28-38 GHz it is also observed that a good antenna gain is obtained by introducing the defected
ground plane. The antenna can be used for wideband applications due to the enhanced bandwidth. The proposed
antenna is applicable for various wideband communication systems especially working in the Ka-band.
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Fig.4:-Current distribution at ground plane at (a) 28 GHz and (b) 38 GHz
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Fig.5:-Gain of the antenna at (a) 28 GHz and (b) 38 GHz
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Fig.6:-current distributions of patch at (a) 28 GHz and (b) 38 GHz
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(a)
(b)
Fig.7:-Radiation pattern of antenna at 28 GHz when (a) ®=0° (b) ®=90°
it R ?(‘?i:r
/ |
o | ¥, »
2 11

Cal |' | ‘\,‘ ¥
(@) ~
(b)

Fig.7:-Radiation pattern of antenna at 28 GHz when(a)®=0° (b) ®=90°
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