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EFFECT OF DIELECTRIC PROTECTING
SUPERSTRATE ON RADIATION PATTERN
OF MICROSTRIP PATCH ANTENNA

Indexing terms: Antennas, Dielectrics and dielectric devices,
Microstrip

The effects of a protecting dielectric superstrate on the radi-
ation pattern of an X-band rectangular microstrip patch
antenna have been studied experimentally. Results indicate
that although, at higher substrate thicknesses, the resonance
frequency does not shift further, the radiation pattern drasti-
cally changes into two or three lobes, depending on super-
strate thickness.

Introduction: It is known that environmental elements (such
as snow, raindrops, etc) or even the dielectric protecting
superstrate cause changes in the resonance frequency f, of a
microstrip patch antenna (MPA) and its refiection coefficient
T. To overcome this problem, different solutions have been
suggested in the literature, such as increasing impedance
bandwidth!~> or using thick superstrate to reduce further
changes due to unexpected environmental elements.*
Although such reports about changes in f, with in-touch
superstrate are available,"* there is no experimental report

on the effects of superstrate on the radiation pattern of an
MPA. The only related report is on a printed dipole embed-
ded in dielectric, which indicates splitting of the mainlobe into
two or three lobes with an increase in superstrate thickness.®

This Letter presents the experimental results of using a
dielectric superstrate (6, = 2-6) on a rectangular MPA with
different thicknesses up to about half a wavelength. Observa-
tions show that the dielectric protecting superstrate not only
changes the f, and T of a rectangular MPA, but also causes
drastic changes in the shape of the radiation pattern at higher
thicknesses.

Experimental results: A rectangular MPA is designed using
the modal expansion cavity model,” fed with microstripline. It
is fabricated on alumina substrate (8, = 9-8, h = 0-635mm
and tan 6 = 0-0001) with thin film technology and optical
lithography. The patch width and resonant length are
7-95mm and 4-58 mm, respectively.

The radiation pattern is measured using a motor-driven
positioner and a synchronised x-t recorder. The power is fed
to the patch at the corresponding resonance frequencies (see
Table 1) when the superstrate is used on the patch.

In this work, only H-plane radiation patterns are studied. A
square perspex superstrate 51 x 51 mm is used (which is about
10 times the patch size), with various relative thicknesses up to
0-584,,, where A, = Ao/,/(6,) (4, is the free space wavelength).
Fig. 1 shows the observed radiation patterns without super-
strate and with superstrate up to d = 0-584,, and some critical
parameters are given in Table 1. With thin superstrate, the
radiation pattern broadens and the lobe amplitude at zero
degrees (4,) falls with respect to that of the patch without
superstrate. With further increase in d, the radiation pattern
split into two symmetric lobes for d = 0-354,, and then into
three lobes of nearly equal amplitude for d = 0-524,,, which
finally gives three lobes having the centre lobe higher than for
the other two lobes for d = 0-584,,. This splitting is possibly
related to the superstrate being in the electrostatic zone of an
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Fig. 1 Behaviour of radiation pattern of rectangular MP A with increase
in thickness of superstrate
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Table 1 RECTANGULAR MPA PARAMETERS WITH IN-TOUCH

PROTECTING PERSPEX SUPERSTRATE

Superstrate Voltage Normalised
relative Resonance reflection Number Angle amplitude
thickness frequency coefficient of of of dominant
(d/Amo) 1, r lobes lobes lobe (4,)*
GHz deg
0-00 9-76 0-36 1 0 1-00
0-14 9-55 0-63 1 0 0-48
0-35 9-60 0-65 2 +47 018
0-52 961 0-62 3 0, +62 0-40
0-58 9-61 0-58 3 0, +60 0-58

* A, = Amplitude with superstrate/amplitude without superstrate.
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MPA and generating more surface waves. It can be seen from
Table 1 that for d > 0-144,, the f, and T give practically no
further shifts, therefore at higher thicknesses the amplitudes of
the lobes are not related to variations in I".

However the use of superstrate at higher thickness drasti-
cally changes the shape of radiation pattern in addition to the
f, and T changes. This has to be taken into consideration
when the superstrate is used on an MPA.

Conclusions: The present experimental work shows that using
thick superstrate as a protecting layer may not give further
changes in f, and I' but will drastically change the shape of
radiation pattern into two and three lobes depending on the
thicknesses of superstrate. Therefore when superstrate is used
in-touch with a patch, an optimised thickness (<0-144,) is
suggested. Higher thicknesses of superstrate can be used to
split the mainlobe of a single microstrip patch antenna into
two or three lobes for special purposes.
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