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Abstr act

In this paper, a comprehensive investigation of a microstrip antenna
performance covered with a dielectric layer has been presented. An aperture
coupled antenna has been designed as a case study. Antenna parameters have
been evaluated with and without the presence of a dielectric layer with different
thickness values. Theoretical performance evaluation of this antenna for different
cases, corresponding to the different dielectric thicknesses, has been assessed
using the method of moment (MoM) based EM simulator IE3D, v.10.06. A large
number of dielectric thickness variations have been modeled, in an attempt to
provide accurate antenna parameters response through this range. Simulation
results show that the antenna resonant frequency is reduced as the dielectric layer
thickness is increased. To maintain the resonant frequency, the antenna
dimensions must be scaled down as a result of the existence of this layer. In
addition, results also show that, as the dielectric layer thickness is increased, the
resulting antenna gain decreases.
Keywords. Microstrip aperture coupled antenna,

superstrate layer.
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1-Introduction

In spite of the limitations that
accompany the performance of the
microstrip antennas, such as the narrow
bandwidth and the lower gain it possess,
they are still attractive for antenna
designers. Microstrip antennas have been
used in airborne and spacecraft systems [1]
due to their excdlent advantages. Such
advantages include small size, light weight,

low production cost, conformal nature, and
good aerodynamic characteristics.

Superstrate dielectric layers are often
used to protect microstrip antennas from
environmental hazards, or may be naturally
formed during flight or severe weather
conditions such asice layers or dusty
layers.

Most of the research studies of the
effect of didectric superstrate on the
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microstrip antenna performance are not
comprehensive. In [1-4], studies were
restricted on the effect of the didectric
superstrate  layer on the resonant
frequency, half-power bandwidth and the
quality factor of a microstrip patch
antenna. In [5], the effect of the superstrate
didectric layer on the radiation pattern of a
rectangular microstrip patch antenna has
been presented.

However, there is no comprehensive
study devoted to investigate the effect of
the superstrate didectric layer on the
different performance aspects of microstrip
antennas.

In this paper the effect of the superstrate
didectric layer on the microstrip antenna
performance has been investigated more
comprehensively. As a case study, the
performance of the aperture coupled
microstrip antenna has been evaluated
when it is covered with a didectric layer.

2. A Case Study; the Aperture-Coupled
Microstrip Antenna

The aperture coupled antenna design
comprises of two substrates with the
ground plane between them, the line on the
bottom and the patch on the top. The feed
line couples through an aperture with the
patch. In this way it is possible to optimize
the substrate dielectric constants at the
same time shield the patch from spurious
feed radiation. This produces antenna
design with many degrees of freedom, as
there are many variables that can be tuned
to optimize the design. The aperture can be
of any shape but it is shown as a
rectangular.

Figure (1) shows the structure of the
aperture coupled microstrip antenna to be
used in this work as a case study of the
effect of the superstrate dielectric layer
covering its top on its overall performance.
An aperture-coupled patch antenna is well
suited for the use in active arrays, because
its fabrication is simple due to its planar
nature. Additionally, it is compatible with
microstrip  circuitry and  monolithic
integrated circuits [6].

3. Antenna Design and modeling Process
The aim of this work is to investigate the
effect of the microstrip antenna
peformance in the existence of a
superstrate dielectric layer, and not to
present a new design idea of the aperture-
coupled microstrip antenna. Based on this
fact, this work makes use of an existing
design of the aperture-coupled microstrip
antenna reported in [7]. For the sake of
comparison, the substrates parameters and
the antenna dimension are chosen to be the
same as in the original work, to get an
antenna resonating at a frequency of 2.2
GHz.

However, there are many
considerations that might be taken into
account in this antenna design.

The antenna substrate dielectric
constant primarily affects the bandwidth
and radiation efficiency of the antenna,
with lower permittivity giving wider
impedance bandwidth and reduced surface
wave excitation. In the other hand substrate
thickness affects bandwidth and coupling
level; a thicker substrate results in wider
bandwidth, but less coupling for a given
aperture size.

The length of the patch radiator
determines the resonant frequency of the
antenna. The width of the patch affects the
resonant resistance of the antenna, with a
wider patch giving a lower resistance. The
patch length can be calculated [7]:

L =049 1)

Je

Wheree, is the substrate digectric
constant and | is the wavelength at
resonance.

Thinner microstrip substrates result in
less spurious radiation from feed lines, but
higher loss. A compromise of 0.01l to
0.02 isusually good.

The coupling level is primarily
determined by the length of the coupling
dot, as well as the back radiation level.
The slot should therefore be made no
larger than is required for impedance
matching.

1281

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

. & Tech. Journal , Vol.27, No.7,2009

Radiation Performance Evaluation of Microstrip
Antenna Covered With a Dielectric Layer

The width of the slot also affects the
coupling level, but to a much less degree
than the slot width. Theratio of slot length
to width istypically 1/10.

Besides controlling the characteristic

impedance of the feed line, the width of the
feed line affects the coupling to the slot. To
a certain degree, thinner feed lines couple
more strongly to the dot.
For maximum coupling, the feed line
should be positioned at right angles to the
center of the slot. Skewing the feed line
from the slot will reduce the coupling, as
will positioning the feed line towards the
edge of the slot.

Antenna modeling and performance
evaluation have been performed using the
IE3D software EM simulator from Zeland
Software Inc. This software performs
electromagnetic simulation using the
method of moments (MoM). Table 1
summarizes the dimensions of the different
parts of the resulting antenna structure. The
final patch and dlot dimensions are
40" 30 and 1.53" 11.5 mm respectively.

4- Discussion of the Simulation Results
In modeling process, the superstrate
dielectric layer has been assumed to vary
from zero thickness (no didectric
superstrate layer exists) up to a maximum
thickness of 15 mm, in steps of 5mm each.
At each value of the dielectric superstrate
thickness, the antenna has been modeled
and its performance has been evaluated.

Figure (2) shows the variation of the
antenna resonant frequency versus the
superstrate dielectric layer thickness. It is
clear that as the superstrate thickness is
increased as the resonant frequency
decreases. This is equivalent to increasing
the dimensions of the conducting patch.

It has been also found that, as the
superstrate layer thickness increases the
antenna gain decreases as shownin Fig (3).
This can be attributed to the additional
increase in the dielectric loss caused by the
increased thickness of the superstrate layer.
The effects of the didectric superstrate
layer on other antenna parameters such
radiation efficiency, antenna efficiency;

half-power  beamwidth. HPBW, and
antenna  directivity, D have been
demonstrated in Table 2, where these
parameters have evaluated for four values
of the superstrate layer thickness of 0, 5,
10, and 15 mm respectively. Asiit is clear,
al of these parameters affected as the
dielectric superstrate layer is increased.
Both radiation efficiency and antenna
efficiency become lower as the thicknessis
increased due the accumulative dielectric
loss added. The half-power beamwidth
becomes narrower causing the directivity
to be increased. Figs 4-7 show the
simulated E-field of the antenna with
different values of the superstrate thickness
from zero to 15 mm respectively.

5-Conclusion

A comprehensive performance evaluation
of a microstrip antenna has been presented
in the existence of a dielectric superstrate
layer on its upper surface. As a case study,
the aperture-coupled microstrip antenna
has been proposed. Simulation results have
shown that all antenna parameters have
been affected by this layer. The primary
effect is on the antenna resonant frequency.
The antenna resonant frequency has been
reduced as the layer thickness has been
increased; this may make the antenna
resonates beyond the design freqguency.
This situation could take place when the
layer naturally formed during severe
weather conditions such as ice layers or
dusty layers. Other antenna parameters
have found to be dlightly affected.
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Table 1, Summary of the dimensions and

material specifications of the modeled patch
aperture-coupled microstrip antenna.
low diglectric
Layer | Material| Dielectric| Thickness, /
Constant mm
Free Air 1 Open
Space Boundary slot ~
Antenna| Copper — groundplane
Patch
Antenna| Duriod 254 16
Substrate
Ground | Copper
Plane ™~ Clreuit
Feed | Duriod | 254 16 fedling = % substrate
Substrate
Feed Ling Copper
Free Air 1 10.00
space Fig.1. The layout of the modeled aperture-

coupled microstrip antenna.
Table 2. Variation of some antenna
parameters with dielectric superstrate

layer thickness at resonance. 296
sl

Antenna | Rad. | Ant. | HPBW | D T 22
Parameters | Eff. Eff. (deg.) | (dBi -

Superstrate | (%) | (%) ) g 222
Thickness, E

mm T 22
0.0 02.41 | 92.34 | 109.94 | 6.901 x

50 78.46 | 72.33 | 102.45 | 7.249 = 218
10.0 7156 | 66.08 | 91.11 | 7.637| =

15.0 69.86 | 60.13 | 90.19 | 7.876 E 2.16
&

2.14

0 2 14 ] 8 10 12 14 16
Superstrate Thickness (mm)

Fig.2. Thevariation of antenna resonant
frequency with the superstrate thickness.
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Fig.6 The simulated E-plane antenna
radiation pattern with a superstrate
thickness of 10 mm.
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Fig.7 The simulated E-plane antenna
radiation pattern with a superstrate
thickness of 15 mm.
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