OPENaACCESS

International Journal of Engineering and Advanced Technology (IJEAT)
I SSN: 2249-8958 (Online), Volume-9 I ssue-3, February 2020

Design, Simulation and Experimental Analysis
on Rectangular Microstrip Patch Antenna with

Superstrates

L))

Check far
updates

V. Saidulu

Abstract: This paper focuses on design, simulation and
experimental analysis of rectangular MSA with and without
superstrates. The rectangular MPA is designed at frequency
range of 2.40 GHz, which is lying in the S band region. The
transmission line model analysis and High Frequency Simulation
Software (HFSS) is used for designing of proposed rectangular
MPA. The proposed antenna is fabricated on Arlon diclad 880
substrate, whose dielectric constant is 2.2, thickness of the
substrate is 1.6mm and loss tangent is 0.0009. In this paper the
effect of dielectric superstrates on rectangular MPA and the
height of superstrate are varying above the rectangular MPA is
investigated experimentally and compared with simulated and
measured results. The proposed antenna has been analyzed using
different dielectric superstrates. From the study it was observed
that in antenna without superstrate the VSWR is 1.21, return loss
is-18.51dB, bandwidth is 0.038GHz. However, gain is8.77dB. In
the antennas with superstrates, center frequency is shifted from
2.40 GHz to 2.33 GHz as well as other parameters are slightly
degraded. As superstrate height increases, the performance
antenna is degraded and at particular optimum height the
performance characteristics of antenna with and without
superstrate will be same. The frequency range 2.40 GHzisused in
wireless applications.

Keywords: Bandwidth, Gain, Superstrate, Voltage Standing
Ratio.

I. INTRODUCTION

The rectangular MPA’s are most widely used in many

applications such as wireless and mobile communications
[1]. The rectangular microstrip antenna as compared with the
conventional microwave antennaissimple and easy to design
and also fabricated on printed circuit board. The antenna has
several limitations such aslow bandwidth and low gain when
compared to the conventional microwave antenna. The gain
and bandwidth of microstrip antenna can be increased by
placing superstrate above the patch. The rectangular
microstrip patch antenna are widely used in aerospace,
military and satellite communication applications [2-5]. In
these applications microstrip antenna are often covered with
radom (cover) or dielectric superstrates to provide the
protection from environmental effect§1], [5-11]. This paper
mainly focused on the study of the effect of superstrates on
antenna characteristics for the following three cases:
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i. Analysis of single patch antenna without superstrate.

ii.Analysis of superstrate effect touching the patch antenna at
height (H) =0 (mm)

iii. Superstrate effect above the patch antenna at optimum
height (H,,.)=H (mm)

At an optimum height the performance characteristics of

antenna with and without superstrate will be same. The top

and side view of rectangular MPA with superstrate are

showninFig.1& 2.
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Fig 1. The top view of rectangular MPA, W =49.5mm, L
=40.3mm, h =1.6mm, €,=2.2
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Fig 2. The side view of rectangular M PA with
superstrates at height H mm

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://www.ijeat.org/
mailto:saiduluvadtya@gmail.com
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.B4671.029320&domain=www.ijeat.org

Design, Smulation and Experimental Analysison Rectangular Microstrip Patch Antennawith Super strates

I1. ANTENNA SPECIFICATIONS

The rectangular MPA is designed and fabricated on Arlon
diclad 880 substrate which is having dielectric constant (€,,)
2.2 and thickness (h;) is 1.6mm. However, superstrates
materials used such as Air, Arlon diclad 880, Arlon AD 320,
FR4, and Arlon AD 1000 have dielectric constants (€,.,)
1.0, 2.2, 32, 48, 10.2 and thickness (h,) 0.0, 1.6mm,
3.2mm, 1.6mm, 0.8mm. The higher dielectric constant
material gives more loss as compared to low dielectric
constant of the substrates materials [1-11].

[Il. ANTENNA DESIGN GEOMETRY

The transmission line model and coaxia probe feed
techniques are used for designing rectangular MPA. The
designed dimensions of rectangular MPA are shown in Table
I

Tablel: Design of antenna dimensions

Wy Lg (mm) | Wp(mm) | Lp(mm) | Feed

(mm) point
(FxFy)

81.3 72.3 495 40.3 10.3,0

IV. DIELECTRIC SUPERSTRATE EFFECT

The formula used for fractional change in resonant frequency
isgiven

Vfr _ JEe~VEeo )
fr Jee
If €,=€p+ VE, and VE,< 0.1 €,
A€,
% — 1 /Eeo 2
fr /2 11,5/ )
Where,

€= Dielectric constant with dielectric superstrate

€ e,= Didlectric constant without dielectric superstrate
A€, = Changein dielectric constant,

Af,. = Changein center frequency

fr =Center frequency

V. SIMULATED AND MEASUREMENT RESULTS

Dielectric constant (€,,) =1 isconsidered as antenna without
dielectric superstrate and dielectric constant (€,,) =2.2, 3.2,
4.8 and 10.2 are considered as antenna with dielectric
superstrates a8t H= 0 (mm) and optimum height with
superstrate H mm. The simulation result have been carried
out for superstrates of various dielectric constants of €,,
=2.2,3.2,4.8 and 10.2. For superstrates of different dielectric
constants, it is observed that the center freguency is
decreased to 2.08GHz from 2.4GHz, bandwidth is decreased
to 0.03GHz (SWR<?2) from 0.04GHz and gain is decreased
to 6.0dB from 8.75dB. Further in the study, it was aso found
that as the height of the superstrate increases the performance
of the patch antenna increased and at a particular optimum
height the performance characteristics of patch antenna with
and without superstrate will be same. Further, it has also been
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observed that the HPBW decreases in azimuth plane where as
it increases in the elevation plane. It is also observed that the
gain of the MPA decreases with increasing diel ectric constant
of the superstrates. The return-loss and radiation patterns are
shown in Fig.4 and Fig. 5 for €,,=2.2. It is observed that the
impedance bandwidth without superstrates is 0.04GHz and
with superstrate 0.03GHz (SWR<2). The overall results are
giveninTablell toV for €,,=2.2, 3.2, 4.8 and 10.2 at height
(H) =0 mm and optimum heights. The result observed from
the Table |1l and Table V are, the gain slightly decreases in
azimuth plane and increases in elevation plane. The
return-loss and VSWR increases as the superstrate dielectric
constant increases. The typical plots such as return-loss and
radiation patterns for dielectric constants €,,=2.2, are shown
inFigs. 610 9.
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Fig. 3 Prototype of the fabricated rectangular patch
antennareturn- loss measur ement.

A. Result of patch antenna without superstrate

From Figs. 4 and 5, it is observed that the return lossis
-18.51 dB, VSWR is 1.27 and bandwidth is 0.038 GHz.
However, the gain is 8.77dB.
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Fig. 4 Return-lossfor RM A without dielectric superstrate
(€r) =22

Fig. 5 also illustrates that the center frequency is 2.40 GHz,

BW is0.041 GHz and the simulated gainis 8.77 dB, where as

measured result is 8.75 dB.
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Fig. 5 Radiation patternsfor RMPA in E-plane €.,=2.2
without dielectric superstrate at 2.40 GHz.

B. Resultsof patch antenna with superstrates

The rectangular MPA has been analyzed using dielectric
superstrates of dielectric constant 2.2, 3.2, 4.8 and 10.2. The
obtained characteristics are shown in Figs 6 to 9. The
simulated and measured results are shown in Tables IV and
V.
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Fig. 6 Return-lossfor RMPA with superstrate (€,4) =
2.2.
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Fig. 7 Radiation patternsof RMPA in E-planefor €.,=
2.2, ®=0, f. =2.34 GHz

From the simulated and experimental results it is found that
the gain of patch antennaisdecreased asincreasing dielectric
constant of the superstrates. The simulated and measured
results show that the resonant frequency has decreased to
2.34 GHz from 2.40 GHz; BW has decreased to 0.032GHz
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from 0.038 GHz, gain has decreased to 8.67dB from 8.77 dB.
Thereturn-loss and VSWR increased asincreasing dielectric
constant of the superstrates. The return-loss increased from
-18.51 to -19.91dB for various dielectric constants of
superstrates. The same trend is observed in the measured
results for other dielectric constants are shown in Table Il to
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Fig 8: Return lossfor RMPA with superstrate €,,=4.8,
h, =1.60 mm

-—— Measured

HFSS

@) »=0°, H=0

-— - Measured

HFS5S
(b) ©=90°, H=Hopt
Fig 9: Measured and simulated radiation patterns(a) In
E-plane for €,,=2.2, h, =1.6 mm at H =Omm (b)
In H-Plane €,,=4.8, h, =1.6 mm at H =Hopt
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Tablell: Measured and simulated results of RMPA
with and without dielectric superstatesat height H=0

mm)
Superstrate
dielectric constants 1 2.2 3.2 4.8 10.2
(€)
Optimum Height 312 | 210 14.2
(H). mm : 5 17.46 6 9.78
Center | Smulal | 5 | 234 | 231 | 226 | 208
frequenc ed
y Measur
(f.).GHz o 240 | 234 | 231 | 226 | 208
Band S'”;(‘j"at 004 | 003 | 003 | 003 | 003
Width(G [
Hz) o 004 | 003 | 003 | 003 | 003
Simulat | -185 | -19.9 212 | -256
Return ed 1 1 -20.46 9 4
loss(dB) M‘:js”r 190 | -178 | 220 | -210 '22'6

*without dielectric superstrate

Tablelll: Measured and simulated results of RM PA
with and without dielectric superstates at optimum
height H =0 (mm)

Dide HPBW(deg.) Gain(dB)
ctric Simulated Measured Simulated Measured
const Azi Azi Azi Azi
Elev Elev Elev Elev
ant mut ation mut ation mut ation mut ation
h h h h
1 | 708 711 717'2 713'2 877 | 816 | 875 | 810
22 | 607 | 854 612'5 858 | 867 | 7.85 | 860 | 7.90
32 | 574 | 958 52'8 951'8 826 | 734 | 830 | 7.30
48 | 538 1%1' 545 1‘;1' 776 | 706 | 777 | 7.00
112, | 493 | 112
102 | 491 | 1% 20| %2 | 602 | 659 | 600 | 650

*without dielectric superstrate

Table1V: Measured and simulated results of RM PA
with and without dielectric superstates at optimum
height H =Hopt (mm)

Superstrate dielectric 1 22 32 48 10.2
constants (€,-)

Optimum Height (H),mm 3125 | 21.07 | 17.46 | 142 | 9.78

Center Simulate | 2.40 2.38 239 | 240 | 240

frequency(fo),G | d

Hz Measure 2.40 2.38 239 | 240 | 240
d

Band Simulate | 0.04 0.04 0.04 | 0.04 | 0.04

width(GHz) d
Measure | 0.04 0.04 0.04 | 0.04 | 0.04
d

Return loss(dB) Simulate | -175 | -174 | -164 | -14. -111
d 2 6 4 6 5
Measure | -20.4 | -188 | -158 | -14. -12.1
d 0 5

*without dielectric superstrate

TableV: Measured and simulated results of RMPA with
and without dielectric super states at optimum height H
=Hopt (mm)

Dide HPBW(deg.) Gain(dB)
ctric Simulated Measured Simulated Measured
const | Az Elev Az Elev AZi Elev AZi Elev

ant tht ation tht ation tht ation tht ation

T 711 | 715 | 714 | 719 | 880 | 820 | 8.80 | 810
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3 [ 4
715

22 | 701 | 715 | 720 | 3% | 870 | 808 | 865 | 800

32 | 609 | 712 | 97| 21 | 65 | 817 | 860 | 820

48 | 695 | 710 791'2 712'6 870 | 828 | 860 | 830

102 | 685 | 730 6?'5 7%8 888 | 850 | 875 | 855

*without dielectric superstrate

VI. RESULTSAND DISCUSSION

The measured and simulated return-loss and radiation
patterns of patch antenna with superstrates are shown inFig.6
to Fig.9. From Figs. 6 & 7, it can be observed that the
resonant frequency shifted to lower valve which is 2.40GHz
t0 2.08GHz. It isa so observed that the impedance bandwidth
without dielectric superstrate is 0.04GHz. The impedance
bandwidth with dielectric superstrate decreases as there isan
increase in the dielectric constants of the superstrates. The
impedance bandwidth with superstrates for various dielectric
constant €,,=2.2, 3.2, 4.8 and 10.2 is about 0.03GHz. The
other parameters such as half power beam-width and gain is
measured without superstrate. The results show that 70.80
degree in azimuth plane and 71.10 degree in elevation plane.
Antenna with superstrate which shows that the beam-width
dightly decreased in azimuth plane and increased in
elevation plane is shown in Table Ill and Table V. The
simulated and measured gain calculated in antenna without
superstrate is 8.77dB in azimuth plane and 8.10dB in
elevation plane.

VIlI. CONCLUSION

In the case of different dielectric constants of superstrates, it
has been observed that HPBW decreases in azimuth plane
whereas it increases in the elevation plane. The gain and BW
is decreasing asincreasing dielectric constant of superstrates.
VSWR and return loss increases as increasing dielectric
constant of the superstrates.
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