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Abstract—in this paper bandwidth and gain of 1x2 antenna
array has been enhanced by using defected ground structure
(DGS). A Microstrip Patch antenna has been designed on
Gallium Arsenide substrate with relative permittivity of 12.9
at 60 GHz for short range communication systems. Due to
high relative permittivity, the size of the antenna is very small
due to which the gain of the antenna is also very small. Then
1x2 array is designed with spacing between the elements less
than half a wavelength. Array has gain and bandwidth of -1.6
dB and 9 GHz while the dip at 60 GHz is -47 dB By using
inverted T-shaped DGS, gain and bandwidth is improved up
to2.1dBand 7.1 GHz. Gain, S11, and VSWR of the array with
and without DGS are shown and compared in this paper.
HFSS 15 is the simulation software used for designing all these
antennas.

Keywords: Relative Permittivity ¢, Gain enhancement,
Bandwidth enhancement, Directivity, Gain, return loss,
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I. INTRODUCTION

Nowadays the world is progressing very fast, and
communication has been very essential part of this progress
and development. Modern days need short-range, high
speed wire- less communication with less interference. The
U.S Federal communications commission (FCC) has
allocated 57 GHz to 64 GHz spectrum unlicensed for the
applications of scientific, industrial and medical
applications. Due to multiple communication systems
developed at lower Giga Hertz frequencies, unlicensed 60
GHz frequency has found significant attention in the field of
short communication due to its ability to support gigabit-
per-second data rates [1]. The communication at 60 GHz
provide high capacity for the channel and the size of antenna
has become very compact due to high frequency, however
communication at 60 GHz causes high propagation losses
due to oxygen molecules present in the atmosphere which
absorption of mm-waves [2].

As the size of the antenna depends on the frequency of
operation and the relative permittivity of the substrate used
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for the design. At higher frequencies the wavelength is very
small called millimeter waves. The size is further shrinked
by using substrate with high value of relative permittivity.
As the size is reduced, the gain of antenna is also decreased.
For short range communication high gain and directive
antennas are required for good communication. For this
purpose, array are very useful and plays an important
role in high gain and directive communications for
millimeter waves. For this Purpose 1x2 array is designed
for 60 GHz applications. Also there are some techniques
used to improve the gain and bandwidth of the antenna. One
of the method is to make some defective changes in the
ground of the antenna called Defective ground structure.

A Microstrip patch antenna with inset feed is
designed in

[3] at 24 GHz for WLAN applications. The
bandwidth of the antenna is improved using DGS
technique. U-shaped, E- shaped, Double E-shaped and
Psi shaped DGS are introduced in the ground of the patch
and bandwidth is improved from 67 MHz to 302 MHz a
modified inset-feed Microstrip patch antenna is proposed
in [4] to increase bandwidth and return loss of the
antenna. A dumbbell shape DGS is introduced in the
ground of the antenna below the patch center. Bandwidth
is improved to 57 MHz from 34.5 MHz while return loss
is improved to -41 dB from -12 dB a double U-shaped
DGS structures are used to widen the bandwidth of the
trapezoid monopole [5]. -10 dB bandwidth is enhanced
from 790 MHz to 2060 MHz A Microstrip patch antenna
with I-shaped slot in the ground is proposed in [6] for
bandwidth improvement for C-band applications.
Bandwidth is improved up to 126 MHz with center
frequency at 6 GHz and S11 up to -47 dB 5% of the size
is reduced due to I-shape slot in the ground. A circular
Microstrip patch antenna is proposed in [7] for 2.4 GHz
resonant frequency. The conventional design has low gain
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and narrow bandwidth while it is improved by using
DGS. Gain is improved by 1.7 dB while 421 MHz of
bandwidth is also enhanced which is further enhanced
by creating a gap through the center of the circular patch.
A narrow band rectangular patch antenna is presented in
[8] for wearable devices in biomedical applications at
2.45 GHz. Gain and bandwidth of the antenna is increased
up to 17% using DGS. Using DGS, gain of the antenna
is increased from 2.96 dB to

3.45 dB while S11 is improved from -12 dB to -22 dB
[9]. The effect of recessed ground on the performance of
patch antenna is studied in [10] for 60 GHz applications.
Gain is improved up to 2.6 dB and 10% bandwidth is
improved while the overall efficiency is improved up to
25%.

In this paper, DGS is used to increase the bandwidth and
gain of the antenna. Inverted T-shaped DGS is used for
this purpose. There are different types of defected ground
structures used for this purpose. It may be rectangular
shaped, Circular shaped, dumbbell shaped, U-shaped, E-
shaped and many other types as well. These defective
ground structures when introduced in the ground of the
patch, create fringing field between the patch and the DGS
due to which parasitic capacitance is created. Mutual
coupling is enhanced by the parasitic capacitance which
results in the bandwidth improvement [4].

Il. DESIGNING MICROSTRIP PATCH
ANTENNA
Microstrip Patch antenna consists of three layers
called ground, substrate and patch. Ground is the
metallic structure above which substrate lies. Substrate
is the dielectric material which has some losses denoted
by loss tangent and has some relative permittivity
denoted by & as well. The thickness and relative
permittivity of the dielectric material plays an
important role in the design and characteristic
properties of the antenna. The bandwidth of the
antenna increases with the thickness of the substrate
and vice versa. For antennas we use high thickness to
increase the bandwidth as well as to increase the
radiation from the patch [11]. The fields generated by the
antenna are loosely attached and can easily detached
from the antenna and travel long distances. In other
words the efficiency of the antenna is increased. If the
thickness is decreased then field lines will be closely
attracted and radiations will not be effective. This type
of substrate with smaller thickness is more preferred in
RF circuits and power dividers where radiations is not
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the primary requirement. Dielectric constant of the
substrate has also an important impact on the

performance of Microstrip patch antenna. By

increasing the relative
permittivity of the substrate, the dimensions of the
antennas are reduced and the resonant frequency will be
a higher one with high gain and narrow bandwidth [12].

I1l.  FEEDING MECHANISM

There are different types of feeding mechanism for
Microstrip patch antenna such as Microstrip line feeding,
probe feeding, coaxial feeding, edge feeding, and parasitic
feeding. Microstrip line feeding technique is used to feed
the antenna. In this method a line with some characteristic
impedance is used to feed the patch from the edge in the
center of the width. There is a big difference in the edge
impedance of the patch and the line impedance, so there will
always be some mismatching. To transfer maximum power
there should be some impedance matching between the line
and the patch. Inset feed and quarter-wave transformer is
used for impedance matching in Patch antennas. In this work
inset feeding method is used for impedance matching at 60
GHz. For 1x2 array, T- junction is used for feeding the array.
Instead of using multi- stage impedance matching, simple
T-junction is used to feed the arrays. T-junction is used to
split the single input power into two equal halves output
power which is fed to the arrays.

IV.  DIMENSIONS CALCULATION FOR PATCH

ANTENNA

As the dimensions of the patch antenna are very important
and it requires some calculation for the design if the
desired Frequency, thickness and relative permittivity of the
substrate is known. Then we can calculate the length of the
patch L,, width of the patch W, the length of the ground Lg,
width of the ground W, and length of the inset cut yo as
shown in 1. The width of the patch can be calculated by

h 1qg

w= Co 2

Where Co is the speed of light while f, is the
frequency of operation and &, is the dielectric constant
of the substrate material.

As we know that radiation occurs through fringing
effect. Some of the fields passes through substrate
while some of the fringing fields passes through the air
as well. As the medium is different so both the fields will
have different phase velocities and have different impact
due to its lower permittivity than the substrate. For this
purpose to include the effect of both air and substrate we
define another parameter called -effective relative
permittivity which can be calculate as

Ereff = e+l 4 erfl[l + 121]71/2
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Where H is the height while W is the width of the
substrate used for antenna designing.

Fig. 1. VSWR of 1x2 Array with
DGS

TABLE |
DIMENSIONS OF THE ARRAYS.

Parameters (mm) | Gallium Arsenide

Patch Length 0.5
Patch Width 0.5
Ground Length 1.3
Ground Width 1.2
Inset Length 0.05
Inset width 0.01
Feedline Length 0.35
Feedline width 0.1
Spacing d 0.7

The length of the patch plays an important role in
designing an antenna. The resonant frequency of the antenna
depends on the length of the antenna, therefore it should be
calculated carefully. Instead of using the practical length of
the antenna effective length is considered for the antenna
where the fringing effect is also taken into the account. As
the width sides are considered as slots where fringing
occurs along the length of the patch. Due to this the
length of the patch is increased a little bit and is taken in
the effective length calculated for the patch.

C
Leff = —>— - 23L
2fo \/€ref
Where oL is the change in length that occurs due to the two
slots at the width along the length of the patch. This change
in length can also be calculated using

(eref+0.3)(2+0.264
L= 0.412 —F G )

(€ref—0.258)(%-+0.8)

For feeding the patch two impedance matching techniques
can be used, either quarter-wave transformer or inset
feeding. At the edge of the patch the impedance is very high
while near the center of the patch the impedance decreases
and is zero at the center of the patch. So the feedline moves
inside the patch with some patch removed from the sides of
the line. The impedance matching depends on the inset
length yo. For inset feeding the length of the cut section yq
can be calculated from the following expression

Rin(y = ¥o) = (Rin = 0)cos6*( %yo)

V. ANTENNA ARRAY
A single element cannot provide enough gain for some
applications where high gain is required. For this purpose
multiple antennas are arranged to form an array of antennas
which provide better gain as compared to single antenna. In
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arrays, the fields radiated from the antennas reinforce each
other in the far field and constructively interfere to increase
the gain and directivity in the direction of maximum
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radiation. The spacing between the elements also play an
important role in the design of arrays. The spacing d should
be less than one wavelength. At spacing equal to or greater
than one wavelength, the radiations are in phase in more than
one direction and multiple lobes with high gain are formed
called grating lobes. Grating lobes are undesired lobes and
occurs when spacing is greater than one wavelength. The
gain and directivity of the array is greater than the single
antenna. For antenna array we define a factor called array
factor which is a function of the spacing and excitation phase
of the elements. Array factor is independent of the directive
properties of the antenna. The total field radiated by the two
elements array is given by

Eir=E1+ E>

(AF),= cos® 1 (kdcosU + 8)

Fig. 2. 1x2 Microstrip Patch Array

Where £ is the phase excitation difference between the two
elements, K is the Boltzmann’s constant. If the array factor
of an array is known and the electric field pattern is known
then the total electric field radiated by the array can be
calculated using a method called Pattern multiplication.
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VI. T-JUNCTION POWER DIVIDER
T-junction is the basic device for splitting the power. It is a
T-shaped transmission line with two different types of
impedances [13]. Input is applied at one end with some input
impedance while split power is available at the two output
ports which has different impedance from the input port as
shown in figure 2 [14]

VIl. DEFECTED GROUND STRUCTURE

In defected ground structure the ground of the antenna is
modified by removing some part of the ground to change the
radiation properties of the antenna. By removing some part
of the ground, fringing effect is enhanced which causes
parasitic capacitance between the ground plane and the
patch. Patch and ground plane is coupled which improve the
radiation properties of the antenna. There are different types
of structures that are introduced in the ground. It may be
circular, rectangular, dumbbell, E- shaped, H-shaped, T-
shaped etc. In this work an inverted T-shaped DGS is
introduced below the feedline which improves gain and -10
dB impedance bandwidth of the array. Its effect on the
antenna depends in the size, shape and position where it is
introduced as shown in 3. DGS helps in impedance matching
which improve bandwidth and also maximum power is
transferred to the antenna which can increase the gain. DGS
also control the phase and amplitude of the electromagnetic
waves.

Fig. 3. 1x2 Array with DGS

VIII.  SIMULATION AND RESULTS
All the dimensions of the arrays are given in Table I.
Antennas are designed and simulated in HFSS. Then arrays
are designed and the results are given in the Table Il for array
antennas with and without GDS.
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Fig. 4. S11 of 1x2 Array without DGS
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TABLE II
RESULTS OF THE ARRAYS WITH AND WITHOUT
DGS.
Parameters (mm) Without DGS WithDGS
S11 —-47dB —48.6dB
BandWidth 9GH:z 16.1GHz
Gain -1.6dB 0.56d8B
VSWR <2 54.2 - 64.65GHz | 49.7 - 66.1GHz

Fig. 5. Gain of 1x2 Array without DGS

XY Plot2

HFSSDesignt &

)

500 6000

b 700

Fig. 6. VSWR of 1x2 Array without DGS
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Fig. 7. S11 of 1x2 Array with DGS
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Fig. 8. Gain of 1x2 Array with DGS
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Fig. 9. VSWR of 1x2 Array with DGS

IX. CONCLUSION

A Microstrip patch antenna 1x2 array with defected
ground structure has been presented in this work. At higher
frequencies the size of the antennas are very small and it is
further shrinked by the use of high relative permittivity
substrate materials. The gain of the array is very small while
the bandwidth is also narrow. For high data rate high
bandwidth is required. DGS method is used to enhance the
gain and bandwidth of the array. DGS produce parasitic
capacitance which create coupling between the ground and
patch and thus enhance the bandwidth of the array. Gain
is improved from

-1.6 dB to 0.56 dB while bandwidth is enhanced form 9
GHz to 16.1 GHz.

References
[1] W. Yang, K. Ma, K. S. Yeo, and W. M. Lim, “A compact high-
performance patch antenna array for 60-ghz applications,” IEEE An-
tennas and Wireless Propagation Letters, vol. 15, pp. 313-316,
2015.
T. S. Mneesy, R. K. Hamad, A. 1. Zaki, and W. A. Ali, “A novel high
gain monopole antenna array for 60 ghz millimeter-wave
communications,” Applied Sciences, vol. 10, no. 13, p. 4546, 2020.
D. S. Marotkar and P. Zade, “Bandwidth enhancement of microstrip
patch antenna using defected ground structure,” in 2016 Interna-
tional conference on electrical, electronics, and optimization
techniques (ICEEOT). IEEE, 2016, pp. 1712-1716.
P. kumar Deb, T. Moyra, and P. Bhowmik, “Return loss and
bandwidth enhancement of microstrip antenna using defected
ground structure (dgs),” in 2015 2nd International Conference on
Signal Processing and Integrated Networks (SPIN). IEEE, 2015, pp.
25-29.
K. H. Chiang and K. W. Tam, “Microstrip monopole antenna with
enhanced bandwidth using defected ground structure,” IEEE
antennas and wireless propagation letters, vol. 7, pp. 532-535,
2008.
G. Singh, R. Rajni, and R. S. Momi, “Microstrip patch antenna with
defected ground structure for bandwidth enhancement,”

(2]

(3]

(4]

(5]

(6]

FLICESA-LA-1315032023-CMEOQ13

300

International Journal of Computer Applications, vol. 73, no. 9, pp.

dB(GainTotal)
5.6234e-001
-1, 2905¢+000
-3,0239¢+000
4. 8161¢+000
~6. 608921000
-8, 4018e 4000

-2, 8129¢+001

14-18, 2013.

D. Rusdiyanto, C. Apriono, D. W. Astuti, and M. Muslim,

“Bandwidth and gain enhancement of microstrip antenna using

defected ground structure and horizontal patch gap,” SINERGI, vol.

25, no. 2, pp. 153- 158, 2021.

[8] M.S. Islam, M. I. lIbrahimy, S. Motakabber, A. Z. Hossain, and
S. K. Azam, “Microstrip patch antenna with defected ground
structure for biomedical application,” Bulletin of Electrical
Engineering and Informatics, vol. 8, no. 2, pp. 586-595, 2019.

[9] N. N. Tawfeeq, “Size reduction and gain enhancement of a
microstrip antenna using partially defected ground structure and
circular/cross slots,” International Journal of Electrical and
Computer Engineering, vol. 7, no. 2, p. 894, 2017.

[10] Jaiswal, M. P. Abegaonkar, and S. K. Koul, “Highly efficient,

wideband microstrip patch antenna with recessed ground at 60 ghz,”

IEEE Transactions on Antennas and Propagation, vol. 67, no. 4, pp.

A. A. Roy, J. M. Mo"m, and D. T. Kureve, “Effect of dielectric

constant on the design of rectangular microstrip antenna,” in 2013

IEEE International Conference on Emerging & Sustainable

Technologies for Power & ICT in a Developing Society

(NIGERCON). IEEE, 2013, pp. 111-115.

S. Choudhury, “Effect of dielectric permittivity and height on a

microstrip-fed rectangular patch antenna,” International Journal of

Elec- tronics and Communication Technology (1JECT), vol. 5, pp.

129-130, 2014.

G. Branner, B. P. Kumar, and D. Thomas, “Design of microstrip t

junction power divider circuits for enhanced performance,” in 38th

Midwest Symposium on Circuits and Systems. Proceedings, vol. 2.

IEEE, 1995, pp. 1213-1215.

P. B. Kumar, G. Branner, G. Razmafrouz, and D. Brody,

“Optimization of microwave t junction power-divider circuits,” in

Proceedings of 1994 37th Midwest Symposium on Circuits and

Systems, vol. 2. IEEE, 1994, pp. 1235-1237.

[7]

[11]

[12]

[13]

[14]



	I. INTRODUCTION
	III. FEEDING MECHANISM
	IV. DIMENSIONS CALCULATION FOR PATCH ANTENNA
	IX. CONCLUSION

