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ABSTRACT

The technique of feeding a microstrip antenna with a microstrip line through an aperture
is gathering a lot of interest in communication and radar systems used for defence applications.
This is due to the fact that this feeding technique has many adjustable parameters in the form
of aperture length, width, and stub parameters. This paper presents a study on the effect of
aperture dimensions and stub length on the voltage-standing wave ratio bandwidth of an aperture-
coupled microstrip antenna. Without any additional matching network, optimal impedance
matching of the antenna has been achieved using genetic algorithm. In the algorithm, each
chromosome consists of three binary encoded genes, one for aperture length, second one for
aperture width and the last one for stub length. Finally, the algorithm determines the parameters
of the antenna that provides the minimum value of the average reflection coefficient. The
investigation is made at different microwave frequency ranges and it extends up to K, band. The
results show that the percentage of fractional bandwidth improves for higher design frequencies
and has a maximum of 13.2 per cent for centre frequency of 17.5 GHz. Experimental results
are presented for a particular range of frequency and the accuracy of the analysis is briefly
discussed.

Keywords: Microstrip antenna, microstrip line, voltage-standing wave ratio, VSWR bandwidth, genetic
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1. INTRODUCTION

An aperture-coupled microstrip antenna is used
when a higher-impedance bandwidth is desired'.
However, it is not capable of offering a very high-

achieved®*, But because of the thick-antenna substrate,
a larger-dot is needed to obtain the necessary coupling,
resulting in a higher level of back radiation. In this
paper, the effect of aperture dimensions and stub

impedance bandwidth, owing to the fact that the
small-coupling aperture limits the antenna substrate
thickness that may be used. By using a thick-antenna
substrate, a bandwidth of 20-25 per cent can be

length on the voltage-standing wave ratio (VSWR)
bandwidth of the microstrip antenna is considered
without using a thick-antenna substrate. With the help
of genetic algorithm, an optima solution is found.
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2. THEORETICAL PROCEDURE

An aperture-coupled rectangular microgtrip  antenna
is shown in Fg 1 The transmissonline modd
and the cavity modd are gpproximate modes often
used to design and anayse the antenna. These moddls
are chosen to avoid the computational complexities
of full-wave analysis which hardly affects the accuracy”.
The coupling of the patch to the aperture is described
by an impedance transformer of turns ratio », roughly
equa to the fraction of patch current intercepted
by the dot to the totd patch current’. The patch
impedance is determined at the centre of the dot
and its vdue can be obtaned from the smple
transmisson-line modd. The input impedance of
the antenna & the centre of the dot is given by

Z = n22/(n12Ypalch+ Y )-JjZ,cot (a,L) (1)

where 5, is the turns ratio of the transformer used
to describe the coupling of the patch to the microstrip

line and is given by
n, = (J, AWI2)J, (&, ,/2) | (42+ &,2) )
[ amzkzé’f/(kzérfcos kh -sin k.A))
+ (8% /(kcos kh+ k,Snkh))] (2)

where J (.) is the zero™-order Bessdl function and
k=kl| & P - a=k0 a_
k2=k0[|l é'res+ é'rem_ ll’ am=kol:| érem

Here W, €., B, Z , ae the width, effective
permittivity, phase condant, and characteristic
impedance of the microgrip line and W, ¢, B,
Z  are the same parameters for the dot line, respectively.
Y ., isthe patch impedance determined at the centre

the dot with the help of the ample transmission-
line model. The gperture susceptance Y, can again
be obtaned from the transmissonline modd of

a shorted dot and is given by
Yap - 2jYas cot ( é‘sLa/Z) (3)
where Y is equd to 1/Z .

3. GENETIC ALGORITHM-BASED
OPTIMISATION FOR IMPEDANCE
BANDWIDTH

Concepts of genetic dgorithm are applied to
sudy the effect of gperture dimensons and stub
length on the voltage-standing wave ratio bandwidth
of a smple microgtrip paich antenna®. Each chromosome
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COUPLING APERTURE
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Figure 1. Basic geometry of aperture-coupled antenna
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Table 1. Antenna and line substrate parameters

Parameters Permittivity T h(lriliﬂs 58
Antenna  substrate 2.4 15
Line substrate 2.4 15

consgs of three binary encoded genes. One for
gperture length, second one for aperture width,
and the last one for stub length. For each range
of frequency, the patch has been dedgned usng
standard design equations® which determines its
length and width. Hence, aspect ratio of the patch
has not been included in the parameter st for
genetic dgorithm optimisation. Initid process arts
with 20 randomly-generated chromosomes to form
the initid population. Each gene is binary encoded
with 8 bits. Crossover and mutation are performed
on the randomly-generated chromosomes based on
certain predetermined probabilities to form the next
-generation. This procedure is repeasted a number
of times and the best chromosome evolves through
generaions, which is chosen based on a fitness
function. The fitness function is

Zf Z,~2Z) 1 (Z,+2)

where summeétion is taken over the entire frequency
range and Z, is the characteristics impedance of

the line. During decoding of genes, the maximum
vaues chosen for the parameters arel

Maximum vaue of gperture length = b, maximum
vaue of aperture width = /10, maximum vdue
of stub length = A / 2, where a is the length of
the patch, b is the*width of the pach, and A is
the guide waveength. Antenna and line subgtrate
parameters are shown in Table 1.

4. RESULTS & DISCUSSIONS

Table 2 gives the optimised vaues for aperture
dimensons, sub length, and the percentage of
fractiond VSWR bandwidth for different ranges
of frequency obtained theoreticadly. It is seen from
the reaults that the andyss gives better optima
reults for higher frequencies The 2:1 VSWR
bandwidth obtained is maximum (13.2%) for a
centre frequency of 17.5 GHz. Figure 2(a) gives
the measured reflection coefficient plot for an
antenna designed at 9.5 GHz and matched optimaly
using the results derived in Table 1. The measured
result shows that the frequency, a which the reflection
coefficient is minimum, is somewhat different from
the desgn frequency of the patch. This shift may
be due to fabrication tolerance. Figure 2(b) gives
the radiation pattern for the same antenna measured

Table 2. Optimum aperture dimensions, stub length and fractional VSWR bandwidth for different

ranges of frequency

Centre Optimum  aperture  length Optimum  aperture  width Stub length VSWR

frequency (normalised  to (normalised  to bandwidth
(GHz) patch  width) patch  length) (mm) (%)
6.5 0.785 0.070 13200 39
75 0.784 0.040 11.700 4.6
85 0.755 0.170 10500 53
9.5 0.867 0.105 9.460 6.0
105 0.995 0.101 8.000 6.8
15 0.910 0.075 7.840 75
125 0.950 0.230 7.200 8.4
135 0.940 0.210 6.950 93
145 0.900 0.010 6.005 102
155 0.943 0.190 6.000 12
165 0.991 0.230 6.000 121
175 0.950 0.250 5.700 132
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Figure 2(a). Reflection coeffkient versus frequency plot (design frequency of the patch = 9.5 GHz)

at 9.8 GHz. Consdering the fact that the radiation ~ 9 CONCLUSIONS

pettern has got little variation over the entire band The results obtained show that the gpplication
of operation’, this has not been repeated a other of genetic dgorithm for impedance matching of
frequencies. The plots imply that a good amount aperture-coupled  microgtrip antennas is quite promising.
of matching has been obtained without deteriorating From the results obtained for different ranges of
the radiation pattern. frequencies, it can be concluded that with suitable
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Figure 2(b). Co-polar pattern of the aperture-coupled microstrip antenna measured at 9.8 GHz (cross-polar
discrimination = = 20 dB).
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aperture dimensons and postion, a good matching
can be obtained and bandwidth improved considerably
without any additiond matching network. These
results may be advantageous in certain specia  defence-
related applications like MTI radars, weapon guidance
systems, mobile-computing links, etc, where a sngle
antenna should operate over a sgnificant range of
frequency.
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