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Abstract — The demand for broadband antennas has
increased significantly in recent years. High-frequency
and high-speed data networking are found to be commonly
used. The factors affecting the bandwidth of a microstrip
antenna are discussed in this article. The antenna
extension is regulated by two major parameters. The
thickness of the dielectric substrate is one and the material
of the substrate is another. This study assesses the
performance characteristics of a rectangular patch
microstrip antenna with varying substrate thickness and
material. The resonant frequency, bandwidth, and return
loss characteristic impacts are all affected by changing
one of the parameters while keeping the other unchanged.
The rectangular patch microstrip antenna designed for the
microstrip feed line operates at 6.85 GHz (UWB).
Keywords — Bandwidth, Microstrip antenna, UWB,
Return loss, Resonant frequency.
I. INTRODUCTION
The antenna is a significant component of the
communication system. There is a great deal of creativity
in the construction of antennas. One of the cost-effective,
easy to incorporate, and need-based antennas is the
microstrip patch antenna. It also offers successful outcomeoriented methods [1]. In recent years a number of wireless
communication engineering systems have shown a leap
and related development and the comprehensive need for
the future. This scenario involves the enhancement of the
current system and the production of new technologies in
order to satisfy demand and requirements [2]. As a new
area of research and creativity, the usefulness and demand
of the ever-increasing application unleash the antennas.
The printed antennas are conveniently housed in the
system box because they are economical. The best types of
printed antennas are microstrip antennas. Their usefulness
and demand lie in their certain characteristics that include
lightweight, smaller size, large bandwidth, low cost, and
integrated circuits, [3, 4] although these antennas have
disadvantages such as low gain and narrow bandwidth [5]
recently approved ultra-wideband communication systems
operating in the frequency range from 3.1 to 10.6 GHz

Federal Communication Commission (FCC) [6]. This band
demands that the antennas satisfy the need to minimize the
communication equipment's size and weight. Antenna
bandwidth is an important antenna parameter that meets
the desired antenna characteristics over a range of
frequencies. On the basis of return loss or VSWR, antenna
bandwidth is defined. The impedance bandwidth is the
frequency range over which the antenna's input impedance
is precisely matched to the feeding transmission line's
characteristic impedance.
Antenna bandwidth is a significant antenna parameter over
a frequency range that matches the desired antenna
characteristics. On the basis of return loss or VSWR, the
antenna bandwidth is defined. Impedance bandwidth is the
frequency range over which the antenna's input impedance
is precisely matched to the feeding transmission line's
characteristic impedance. The fractional bandwidth at a
10dB point is the most common type of antenna bandwidth
to be used in the microstrip antenna. Proper impedance
matching is needed to optimize impedance bandwidth [7].
This requires that the feed at the antenna's driving point
should usually be 50 ohms.
For matching enhancement, some researchers [8]
implement a half-cut printed monopole technique. In its
modern form, wireless communication includes extensive
use of numerous microstrip antenna modifications [9, 10].
Many researchers have recently introduced the design
aspect [11, 12, 13], but the emphasis was to design a
particular antenna in these areas. In [14], a simplification
microstrip rectangular antenna with a bandwidth of 133.33
percent and a gain of 1.5-4.8 dB for UWB applications was
incorporated to use a defective ground structure (DGS)
with different locations of the enlarged patch in the ground.
In [15], a microstrip antenna design based on the defective
ground structure (DGS) and horizontal patch gap to
achieve bandwidth and performance goals (HPG) was
presented. The antenna's gain was 2.8 dBi and its
bandwidth was 764.4 MHz. Raviteja et al. [16] studied the
performance of U and Quad L-shaped slots, as well as Lshaped DGS and U-shaped dual parasitic components. The
gain of this antenna is 7.2 dB, and the bandwidth is 1.40
GHz. A contemporary semi-circular ultra wide-band
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antenna [17] with a wide bandwidth of 130.3 percent from
3.16 to 15 GHz and gain ranging from 4.9 dB to 10.9 dB
was described for broadband applications. D. Gopi1 et al.
[18] exhibited a small low-monopole circular-shaped patch
antenna for ultra-wideband applications based on a
defective ground structure. The impedance bandwidth of
the antenna ranges from 2.5 to 10.6 GHz. The gains are 8.4
dBi and 8.2 dBi for the two resonant frequencies,
respectively. In [19], the air gap method was used to
develop a rectangular microstrip patch antenna for gain
enhancement. The gain is enhanced from 6.907 dB to
9.179 dB based on the simulation results. Double-side
planar periodic structures to fabricate a miniaturized
enlarged bandwidth UWB microstrip antenna [20] used
metamaterial (MTM). The antenna has a 3.2 to 23.9 GHz
bandwidth and a maximum gain of 6.2 dB. The antenna
has a frequency range of 3.2 to 23.9 GHz and a maximum
gain of 6.2 dB at 8.7 GHz. J. Vijayalakshmi et al. [21]
characterized a compact high-gain (MHG) ultra-wideband
(UWB) unidirectional monopole antenna with a defective
ground structure (DGS) for ultra-wideband applications.
This antenna has a high gain of 7.20 dB, a high efficiency
of 95%, and a frequency range of 3.2 to 10.6 GHz. A
compressed mace-shaped ground plane customized circular
patch antenna was designed for ultra-wideband
applications in [22]. The maximum gain and fractional
bandwidth of this antenna, according to simulation results,
are 3.2dB and 118 percent (3.1 to 12.13 GHz),
respectively. In [23], the study presented a small stepped
slot antenna for ultra-wideband (UWB) applications. The
simulation resulted in an impedance bandwidth ranging
from 3.05 to more than 12 GHz. The researchers examined
the notched-band characteristics of a very tiny ultrawideband (UWB) slot antenna with three L-shaped slots in
[24]. The antenna has a voltage standing wave ratio
(VSWR) of less than 2 and an impedance bandwidth
ranging from 2.65 to 11.05 GHz. [25] illustrated an
innovative and insightful analysis into a compact size ultrawide-band (UWB) microstrip antenna for DS-UWB
applications. The simulation analysis reveals a 109 percent
impedance bandwidth. On an FR4 substrate, [26] intended
a modified UWB antenna with gain improvement for
wireless applications. According to the observation, a
maximum gain of more than 6.5 dB is achieved with an
impedance bandwidth ranging from 2.2 GHz to more than
12 GHz, or 138 percent fractional bandwidth.
As we vary the substrate material and the substrate
thickness of the microstrip UWB antenna, the performance
of the system changes. Therefore, it is important to know
the effect of changing dielectric substrate material and
substrate thickness in order to incorporate sufficient
correctness in the design of the antenna.
This paper presents a series of simulations of a microstrip
feed rectangular patch microstrip UWB antenna on a
variety of substrate materials, including Rogers RT/duroid
5880(tm), Taconic RF-30 (tm), and FR-4, as well as FR-4
substrate thicknesses.

II. PROPOSED ANTENNA DESIGN
The geometry of the microstrip fed UWB antenna without
a slot, used as a reference antenna in our research, is
depicted in Fig.1 (a) and (b). The antenna is constructed on
a low-cost FR4 epoxy substrate with a dielectric constant
of 4.4, a thickness of 0.8 mm, a dielectric tangent loss of
0.02, and dimensions of 30 mm × 20 mm (Ls × Ws). The
conducting patch and ground plane are made of copper.
The rectangular patch is the base of the monopole radiator,
which is embedded with the dimensions LP × WP on the
FR4-epoxy substrate and is supplied by a simple 50 Ω
microstrip line with the length Lf and the width Wf. The
microstrip feed line is used to reduce return loss, resulting
in highly efficient antenna gain. A partial ground plane is
printed on the FR4 epoxy substrate with the dimensions of
Lg × Wg. The width of the partial ground plane (Wg) is
equal to the width of the substrate (Ws). As shown in Fig.
1(c), several slots, such as right-angle triangular and
rectangular slots, are inserted on the patch and a single
rectangular slot is added on the ground plane to enhance
the antenna's gain-bandwidth and impedance matching in
the UWB. HFSSv15 simulator software is used to
optimize and investigate the proposed antenna. In Table I,
the values for the proposed antenna with different
parameters are shown.

(a)

(b)

(c)
Fig. 1: Design of the proposed antenna (a) Side
view, (b) Ordinary Patch Antenna, and (c) Final
design
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TABLE I: Parameters values of the proposed antenna
Parameters
Ws= Wg
Ls
H
Wp
Lp= Lg
Lf
Wf =Wg1= Wp1
Lg1

Values
(mm)
20
30
0.8
18
14
15
2
3

Parameters
Lp1
Lp5=Lp6=Wp2=Wp3=Wp4
Lp2=Lp3=Lp4
Wp5=Wp6
Lg1
Lp1
p=q
r

Values
(mm)
8
0.5
7
6.5
3
8
6
8.48

III. SIMULATION RESULTS AND DISCUSSION
The discussion is focused on the two observation sets. The
influence on bandwidth by changing the thickness of the
substrate is seen in the first case of observation, while the
thickness of the substrate is kept constant in the second
case, and the material of the substrate varies to observe the
variation in bandwidth.

Fig. 2: Effect of variation of substrate thickness of the
proposed antenna structure
B. Effect of variation of substrate material:
In this observation, The physical dimensions parameters
and other parameters in the proposed antenna change as the
dielectric material of the substrate varies, as indicated in
Table III. The simulated return loss results are obtained
using HFSS tool at a resonant frequency of 6.85 GHz for
various cases are given. The return loss of the designed
antenna varies for various dielectric substrates with the
same dielectric thickness. From Fig. 3 and Table III, it is
clear that the dielectric constant decreases as the bandwidth
increases and as the dielectric constant increases as the
bandwidth decreases. However, this has negative effects on
the reduction of antenna size since a microstrip antenna
resonant length is shorter for higher dielectric constant
substrates. Additionally, this antenna can be easily used for
various substrate materials in other frequency bands.

A. Effect of variation of Substrate Thickness (h):
Under this observation set, the graph has shown below in
Fig. 2 shows the effect of the variation in substrate
thickness of the proposed antenna structure on the
performance of its covered resonant frequency bandwidth.
Substrate thickness is gradually increased in three stages
from h = 0.65 to 0.8 mm. It is found that the bandwidth
increases from 13.65 GHz to 19.7 GHz when the substrate
thickness (h) is increased from 0.65 mm to 0.8 mm. Thus,
the bandwidth can be enhanced by increasing the substrate
thickness. But, the thickness of the substrate cannot be
increased to an extent because it would overpower surface
waves. To reach higher bandwidth, this requires an
accurate selection of substrate thickness. In the instant
case, this verifies the selection of substrate thickness, h =
0.8 mm because it results in a wide bandwidth. If substrate
thickness is changed, this led to other parameters are
shown in Table II is changed.

Table III: Comparison of different substrate materials

TABLE II: Effect of substrate thickness on bandwidth
h (mm)

ɛr

0.65
0.7
0.8

4.4
4.4
4.4

RL
(dB)
-27.98
-36
-28.35

O.B.W (GHz)
3.40-17.05
3.55-22.80
3.15-22.85

B.W
(GHz)
13.65
19.25
19.7

h
(mm)

Substrate
Material
Name

ɛr

RL
(dB)

O.B.W
(GHz)

B.W
(GHz)

0.8

FR4_epoxy

4.4

-28.35

3.15-22.85

19.7

0.8

Taconic RF30(tm)

3

-26.99

3.28-23.54

20.26

Rogers
RT/duroid
5880(tm)

2.2

-36.98

3.60- more
than 24

More
than
20.4

0.8

Here, h = Substrate thickness, ɛr = Dielectric constant,
RL = Return loss, O.B.W = Operating bandwidth,
B.W = Bandwidth

Here, h = Substrate thickness, ɛr = Dielectric constant,
RL = Return loss, O.B.W = Operating bandwidth,
B.W = Bandwidth
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Fig. 3: Effect of variation of substrate material of the
proposed antenna structure
VI. CONCLUSIONS
According to the results of the above study, using a
substrate material with a higher dielectric constant in the
design of a rectangular patch microstrip UWB antenna
degrades antenna efficiency while reducing antenna size.
The resonance frequency and bandwidth increase with
increasing substrate thickness (h). This requires an accurate
selection of the substrate thickness to achieve higher
bandwidth. In the present case, this verifies the choice of
substrate thickness, h=0.8mm, as this results in a wide
bandwidth. The performance of the antennas was
calculated at an operating frequency of 6.85 GHz using a
combination of a microstrip feed line, slotted partial
ground plane, and multi-slotted patch techniques with the
HFSS simulator.

[17]

[18]

[19]

[20]

[21]

REFERENCES
[1]
[2]
[3]
[4]
[5]

[6]
[7]
[8]

[9]

[10]

D. M. Pozar, A review of bandwidth enhancement techniques for
Microstrip antennas, IEEE Press, New York (1995).
Z. Niang, X. M. Qing, Research and development of planar
UWB antennas, IEEE APMC-2005 Proceedings (2005).
R.E. Munson, Conformal Microstrip phased arrays, IEEE Trans
Antennas propagation, 22 (1974) 74-78.
R. Garg, Progress in Microstrip antennas, IETE Technical
Review, 18 (2-3) (2001) 85-98.
Federal Communications Commission (FCC), Revision of Part
15 of the Commission's Rules Regarding Ultra Wideband
Transmission Systems, First Report, and Order, FCC 0248(2002).
G. Kumar, K.P. Ray, Broadband Microstrip Antennas, Artech
House (2003).
C. A. Balanis, Antenna Theory - Analysis and Design, John
Wiley and Sons, NY (1997).
T. Prakoso, Impedance Matching Improvement of Half Cut
Broadband Printed Monopole Antenna with Microstrip Feeding,
International Journal of Electrical and Computer Engineering
(IJECE), 3(5) (2013) 612-617.
A. Singh, K. Kamakshi, M. Aneesh, J. A. Ansari, Slots and
Notches Loaded Microstrip Patch Antenna for Wireless
Communication, TELKOMNIKA Indonesian Journal of
Electrical Engineering, 13(3) (2015) 584-594.
K. K. Parashar, Design and Analysis of I-Slotted Rectangular
Microstrip Patch Antenna for Wireless Application, International

[22]

[23]

[24]

[25]

[26]

18

Journal of Electrical and Computer Engineering (IJECE), 4(1)
(2014) 31-36.
D. Z. Kim, W. Son, W. G. Lim, H. L. Lee, J. W. Yu, Integrated
planar monopole antenna with microstrip resonators having
band-notched characteristics, IEEE Trans. Antennas Propag., 58
(2010) 2837-2842.
A. M. Abbosh, M. E. Bialkowski, Design of UWB planar band
notched antenna using parasitic element, IEEE Trans. Antennas
Propag., 57 (2009) 796-799.
J. R. Kelly, P. S. Hall, P. Gardner, Band-notched UWB antenna
incorporating a microstrip open loop resonator, IEEE Trans.
Antennas Propag., 59(2011) 3045-3048.
S. Elajoumi, A. Tajmouati, J. Zbitou, A. Errkik, A. M. Sanchez,
M. Latrach, Bandwidth enhancement of compact microstrip
rectangular antennas for UWB applications, Telkomnika, 17(3)
(2019)1559 – 1568.
D. Rusdiyanto, C. Apriono, D. W. Astuti, Muslim, Bandwidth
and Gain Enhancement of Microstrip Antenna using Defected
Ground Structure and Horizontal Patch Gap, SINERGI, 25(2021)
153–158.
G. V. Raviteja, B. T. V. Madhan, M. K. Sree, N. Avinash, P. R.
S. Naga Surya, Gain and Bandwidth Considerations for
Microstrip Patch Antenna Employing U and Quad L shaped Slots
with DGS and Parasitic Elements for WiMax / WiFi
Applications, EJERS, European Journal of Engineering Research
and Science, 5 (2020) 327- 330.
A. Swetha, K. R. Naidu, Gain Enhancement of an UWB Antenna
Based on a FSS Reflector for Broadband Applications, Progress
In Electromagnetics Research C, 99 (2020)193- 208.
D. Gopi1, A. R. Vadaboyina, J. R. K. K. Dabbakuti, DGS based
monopole circular‑shaped patch antenna for UWB applications,
SN Applied Sciences, 3(2) (2021) 1-12.
K. W. S. A. Kharusi, N. Ramli, S. Khan, M. T. Ali, M. H. A.
Halim, Gain Enhancement of Rectangular Microstrip Patch
Antenna using Air Gap at 2.4 GHz, International Journal of
Nanoelectronics and Materials, 13(2020) 211- 224.
E. K. I. Hamad, G. Nady, Bandwidth Extension of Ultrawideband Microstrip Antenna using Metamaterial Double-side
Planar Periodic Geometry, Radioengineering, 28(1) (2019) 2532.
J. Vijayalakshmi, G. Murugesan, A Miniaturized High-Gain
(MHG) Ultra-Wideband Unidirectional Monopole Antenna for
UWB Applications, Journal of Circuits, Systems and Computers,
28(13) (2019) 1950230.
M. V. Yadav, S. Baudha, A compact mace shaped ground plane
modified circular patch antenna for ultra-wideband applications,
Telecommunications and Radio Engineering, 79(5) (2020) 383397.
B. Hammache, A. Messai, I. Messaoudene, T. A. Denidni,
Compact stepped slot antenna for ultra-wideband applications,
International Journal of Microwave and Wireless Technologies,
(2021) 1-7.
B. Hammache, A. Messai, I. Messaoudene, T. A. Denidni,
Compact ultra-wideband slot antenna with three notched bandcharacteristics, International Journal of RF and Microwave
Computer-Aided Engineering, 30( 5) (2020) e22146.
T. Sarkar, A. Ghosh, S. Chakraborty, L. L. K. Singh, S.
Chattopadhyay, A new insightful exploration into a low profile
ultra-wide-band (UWB) microstrip antenna for DS-UWB
applications, Journal of Electromagnetic Waves and
Applications, (2021) 1-19.
K. G. Tan, S. Ahmed, A. Hamdi, C. X. Ming, K. Abdulwasie, et
al., FR-4 Substrate Based Modified Ultrawideband Antenna with
Gain Enhancement for Wireless Applications, Journal of
Engineering Science and Technology Review, 12(4) (2019) 108 112.

