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Abstract- In this paper performance characterisation of microstrip 
antenna array with aperture coupled feeding technique is 
investigated. The antenna array is designed to operate at dual 
band frequencies of 3.12 GHz and 4.8GHz.  The performance is 
analysed based on return loss, VSWR, radiation characteristics 
and bandwidth.  The proposed antenna array design uses aperture 
coupled feeding and Frequency Selective Surface (FSS) as 
superstrate layer.  Microstrip patch and coupling aperture 
simultaneously leads to produce dual band operation.  The slot in 
antenna layer is designed in such a way that it is capable of 
producing dual band frequency of operation.  This FSS consists of 
square metal patches. The FSS along with aperture coupled 
feeding technique significantly reduces back lobe radiation and 
side lobe level of microstrip antenna array.  Also high directivity 
and wide bandwidth are achieved only by using FSS. A parametric 
analysis is done to find the appropriate height at which the FSS 
layer must be placed from the radiating element and the 
dimension of the square patches in the FSS.   Using FSS in two 
element and four element microstrip antenna arrays resulted in 
improvement of |S11|dB by 4dB and 5dB, radiation characteristics 
by 11dB and 17 dB and bandwidth by 3.5 % and 5 %.  Both the 
simulated and measured results are in good agreement with each 
other. 

Index Terms— aperture coupled feeding, dual band, microstrip 
antenna array, FSS, |S11|, radiation characteristics 

I. INTRODUCTION 

Recent communication application shows a great interest 
towards array antenna for its larger coverage and higher 
directivity. In this report, aperture coupling antenna arrays, 
designed for WLAN systems are studied.  Aperture coupling 
avoids larger probe self reactance and construction problems 
[1] where soldering points leads to unwanted parasitic 
effects.  It also results in lower parasitic radiation effect and 
the edge feed provides greater reduction of backward 
radiation and spurious radiation [2] in addition to greater 
directivity and better impedance matching.  In the other 
common feed technique for patch array antennas, namely the 
inset feed method, T sections and bends which has spurious 

radiations and poor radiation characteristics[3].  Placing 
Electromagnetic BandGap structures (EBG) at the feedline is 
used as a solution to this problem.  These EBG structures are 
periodic structures that are used to control and suppress the 
surface waves.  But EBG structures also have side effects and 
parasitic effects[4].  Another solution is design of 
electromagnetic coupling feeding technique for effective 
antenna array construction[5].  Greater directivity is obtained 
with this antenna array design.  In aperture coupled antenna 
the feeding source is given at the bottommost layer.  The 
electromagnetic coupling is done by the slot in the above 
substrate layer.  Because of the electromagnetic coupling 
through the slot, the radiation is taking place in the radiating 
patch which is placed in the above superstrate substrate.  In 
this design the slot is designed for dual band operation.  The 
slot is designed as inverted asymmetric U shaped slot. 
Further the performance is improved by suitable design of 
the superstrate layer[6].  In this paper, a slot antenna array is 
designed to operate at 4.8Ghz and 5.2Ghz with dielectric 
superstrate layer for improved performance[7].  In low 
profile antenna applications this layer must be compact, easy 
to fabricate and commercially available [8-10].  To solve the 
problems with EBG structures and parasitic elements these 
superstrate layers are implemented.  Generally, the 
performance of antenna array is affected due to the multi 
layer design.   As the height of the substrate increases, the 
surface loss also increases.  To minimise this predicament 
FSS is used as superstrate layer.    The superstrate layer can 
be designed as FSS for better results.  Various configurations 
have been used to design the FSS[10-13].   

FSS acts as a partially reflecting surface.  Near its resonance 
frequency where the reflection coefficient of surface is unity 
that means the surface is design to be reflector, the radiating 
source and the superstrate layer produce resonance condition 
in which the Return Loss and Directivity of the antenna and 
antenna array increase significantly [14-15].   The resonance 
frequency of the FSS superstrate layer has to coincide with 
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operating frequency.  By using the FSS, the radiation 
characteristics such as SLL can be controlled effectively for 
the band of frequencies at which the antenna array is 
operating[16-18].  One of the most important challenges in 
the design of the microstrip antenna array is achieving 
greater directivity and better radiation characteristics.   These 
characteristics depend on the FSS and feeding techniques.   

Phase I – In this, a dielectric material is designed as 
superstrate layer for slot antenna array of two different sizes. 
The slot antenna array is designed to operate at 4.8Ghz and 
5.2Ghz.  Return loss, radiation characteristics, VSWR, 
directivity and bandwidth of the above structures are studied.  
Performance is achieved by placing a superstrate layer at a 
distance of  λ/2 from the radiating slot.  The material between 
the slot and superstrate layer is air having dielectric constant 
1 and the height of the superstrate layer is 30mm. 

Phase II - Single patch antenna with aperture coupled feeding 
is designed for dual band operation.  The slot is designed 
with appropriate dimension for dual resonance using U 
shaped slot.   Above the slot layer, a radiating element is 
placed.  Between the two layers, the dielectric material is 
sandwiched.  Aperture coupled single antenna is designed 
with and without FSS.  In this proposed antenna design the 
return loss, radiation characteristics, VSWR, directivity and 
bandwidth are improved by placing a superstrate layer at a 
distance of 17.5mm from the radiating antenna element.  The 
material used in between is air and the height of the dielectric 
material is obtained as per the parametric study results. 
Significant improvement in return loss and directivity is 
obtained.  The results are compared for with and without 
FSS. 

Phase III - The aperture coupled antenna array of two and 
four elements is designed and the elements are implemented 
with Tchebyechef distribution for its amplitude and phase for 
reduced Side Lobe Level.  The FSS layer and aperture 
coupled microstrip patch antenna array are designed 
separately.  The aperture coupled microstrip antenna array 
with and without FSS layer is studied.  The optimum height 
and dimension of metal patches for an FSS as superstrate 
layer are obtained from the parametric study results.   All 
simulated results are verified with measured results. 
Simulations have been done using CST software.  

II. PARAMETRIC ANALYSIS

Effects of dimension and height of FSS from radiating 
element are studied.  The FSS layer acts as partially 

reflecting surface.  Near its resonance frequency where the 
reflection coefficient of surface is unit, the radiating source 
and the superstrate layer produces significant improvement in 
its performance.  By varying the height of the FSS layer the 
resonance frequency of the microstrip antenna is analysed.  
The FSS layer is designed to eliminate the surface waves at 
3.12 GHz and 4.8 GHz.  Thus increasing the height of the 
FSS leads to the movement of second resonance frequency 
towards the lower frequency.  To have same resonance of the 
antenna and FSS layer the dimensions of FSS metal patches 
are modified.  Therefore, the dimension of the FSS 
superstrate layer is studied by varying the number of cells. 
Increasing the dimensions of the FSS layer eventually 
increases the radiating aperture of the antenna design. The 
effects of the height of FSS superstrate layer on the return 
loss of the antenna are shown for different heights.  In this 
paper square metal patches have been used in the FSS 
superstrate layer.  Figure depicts that the different heights of 
the FSS as superstrate layer and different number of cells. 
From this result the optimum distance at which the FSS layer 
as superstrate can be placed for better results is identified. 

The dimensions of the FSS layer such as height and unit cell 
dimensions are obtained using the parametric results.  By 
varying the height of the FSS as superstrate layer, the 
resonance frequency of the antenna is noted.  The elements 
of FSS are modified according to the resonance of the patch 
and FSS layer.  The appropriate dimension of the metal 
patches and the height at which the FSS can be placed are 
obtained.  The figure (1) depicts the effects of the height of 
FSS layer on return loss in dB.  The antenna is simulated for 
optimal FSS superstrate layer height.  The optimum height of 
17.5mm from the radiating patch is measured from the 
parametric studies.  Therefore, the dimension of the FSS 
superstrate layer must be chosen such that, the reflected wave 
from the edges of FSS can be neglected. 
|S11| dB vs frequency graph analysis: 

Fig.1. Parametric analysis of placing FSS at different heights 
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TABLE1. |S11| DB FOR VARIOUS HEIGHTS OF FSS 

Sl. No. d (mm) |S11|(dB)
f1(3.12GHz) f2(4.8GHz) 

1. 14 -6 -5.4 
2. 15 -11 -12.2 
3. 16 -13 -13.5 
4. 17.5 -18.8 -21.6 
5. 18.5 -15.4 -14 
6. 19.5 -18.4 -13.1 

Fig. 1 shows the simulated results of placing FSS at various 
heights from the radiating patch.  Dual resonance can be 
noticed from the graph.  The optimum placement of FSS is 
found to be as 17.5mm.  The |S11| dB value is 18.8 dB and 
21.6 dB.   

III. DESIGN OF APERTURE COUPLED MICROSTRIP ANTENNA

3.1 Design of Aperture coupled feeding single microstrip 
antenna: 

The aperture coupled feeding antenna is designed with three 
sections - feeding source, slot section and radiating patch.  
The aperture coupled microstrip antenna has many useful 
features in it.  These features attract designers to use it for 
various applications [4].  The aperture coupled microstrip 
antenna has the capability to obtain dual resonances by 
suitable design of its coupling aperture slot.  In this paper a 
dual resonance phenomenon is obtained by using inverted U 
shaped slot.  Because of this shape, dual resonance is 
obtained by adjusting the slot and patch for proper resonance 
which is observed in |S11| dB graph.  Figure 2 (a), (b),(c) and 
(d) shows the fabricated prototype of the antenna model.  The 
|S11| dB and directivity of an aperture coupled microstrip 
antenna with inverted U-slot is designed to operate at 
4.8GHz.  The radiating patch dimensions is L=12mm and 
W=15.5mm.  The slot dimensions are classified as, 1.center, 
2.right side (bigger slot) and 3.left side(smaller slot).  The
center slot in the U shape has  L=10mm and W =2.2mm. 
The left side slot width is 2.2mm and length is 9.3mm.  The 
right side slot width is 2.2mm and length is 6mm.   The 
aperture coupled antenna is a superstrate antenna with 
multilayer structure.  Both the layers of aperture coupled 
microstrip antenna are designed using FR-4 material having a 
dielectric constant 4.4 and thickness of 1.6mm.  Therefore 
the height of antenna is optimised and ease of fabrication.  As 
per theory, the superstrate layer material should be of low 
permittivity (εr =1) which results in layer being placed at 
increased height.  Hence the dimension of the radiating patch 
is also optimised for the required operating frequency.   The 

dual resonance is achieved by the position of U-slot coupling 
aperture.  The U slot has two vertical slots and one horizontal 
slot.  These slots are etched properly so that it resonates.   

Fig 2.a.Single aperture coupled antenna array without FSS 

Fig.2.b.Single aperture coupled antenna array with FSS 

Fig.2.c.Photograph of single aperture coupled antenna 

Fig.2.d.Photograph of single aperture coupled antenna 

The dimensions of the FSS layer such as height and unit cell 
dimensions are obtained as per the parametric result.  By 
varying the height of the FSS, the resonance frequency of the 
antenna is noted.  The elements of FSS are modified 
according to the resonance of the patch and FSS layer.  The 
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appropriate dimension of the metal patches and the height at 
which the FSS can be placed are obtained.   The antenna is 
simulated for placing FSS at optimal height.  The optimum 
height of 17.5mm from the radiating patch is measured from 
the parametric studies.  Therefore, the dimension of the FSS 
layer must be chosen such that, the reflected wave from the 
edges of FSS can be neglected.  The above illustrated work is 
implemented for two and four element aperture coupled 
microstrip antenna array design.  

3.2 Two element aperture coupled microstrip antenna 
array with and without FSS 

Figure 3 a and 3 b depict two element aperture coupled 
microstrip antenna array with and without FSS.  Figure 3 c 
and figure 3 d depict the photographs of two element aperture 
coupled microstrip antenna array with and without FSS.  The 
antenna array is designed using FR-4 material having a 
dielectric constant 4.4 and thickness of 1.6mm.  For both 
cases simulated and measured results are compared.  The 
radiation characteristics are explained as co-polarised and 
cross-polarised patterns.  Aperture coupled microstrip 
antenna array has several advantages except the size of 
antenna.  Incorporation of FSS leads to enhance both return 
loss and directivity.  In fact the FSS acts as a parasitic load in 
multi layer stack patch antennas with low profile 
configuration.  The   spacing between the patches from center 
to center is 0.6λ designed at the operating frequency of 
4.8GHz.    

The antenna array is design for dual band of operation.  The 
frequencies are 3.12GHz and 4.8GHz.  The two patch 
elements are connected by the transmission line of 100 Ω 
impedance matching individually.   In this design feed point 
is placed at the edge of the board.   SMA connector is used 
with 50Ω impedance matching.  The most important design 
of an antenna array is the feed network.  The antenna array is 
designed with corporate-feed network for feeding method.  
The two-way power dividers are constituted the corporate-
feed network.  This results in important reactance effect due 
to T-junctions and bends.   These effects had to be fine-tuned 
at several stages of creating the feed network for the entire 
array design.  The reactance effect causes discontinuities in 
the form of impedance mismatching in the bends section and 
T-junctions.   Spurious radiations because of undesired 
reactance due to capacitive loading, impedance mismatching 
of power transfer from the input port to the radiating patches 
is observed.    

Feedline length of patch antenna array is always designed as 
quarter-wavelength transformer (λ/4) in order to achieve best 
possible impedance matching between the radiating patch 
and the transmission line.    The inverted U slot has dual 
resonance frequencies due to coupling aperture from 
different slots etched and the radiating patch.   The resonant 
frequencies are controlled by the length of the patch and 
dimension of the coupling aperture.  The performance of the 
antenna is improved by the placement of FSS.  The optimum 
height and cell structures are to be decided for the effective 
operation of FSS for the enhanced improvement in 
performance.  The performance is evaluated in return loss 
and directivity. 

Fig.3.a.Aperture coupled antenna array without FSS 

Fig.3.b.Aperture coupled antenna array with FSS 

Fig.3.c Photograph of array without FSS 
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Fig.3.d. Photograph of array with FSS 

The antenna array performances of with and without FSS are 
analysed.    To reduce the back lobe radiation and side lobe 
level the amplitude of both elements is one.  The |S11| dB, 
bandwidth, VSWR, directivity and radiation characteristics 
of co and cross polarisation are discussed for both simulated 
and measurement results.  

3.3 Four element Aperture coupled microstrip antenna 
array with and without FSS 

The aperture coupled microstrip antenna array with four 
elements was formed by two dielectric materials of with and 
without FSS.  The antenna array is constructed as 1x4 
structures.  The antenna is designed with FR-4 material 
having a dielectric constant 4.4 and thickness of 1.6mm. 
The distance between the patches is 0.6λ from the center to 
center from adjacent patches.  Dual band capabilities are 
observed in the antenna array design.  The dual resonances 
are at 3.12 GHz and 4.8GHz.   In antenna array design the 
feed network is more vital to discussed.  In this array design 
the corporate-feed network is considered for feeding.  This 
includes some discontinuities in the form of impedance 
mismatching, bends section and T-junctions.  These sections 
cause spurious radiations due to undesired reactance due to 
capacitive loading, impeding mismatching of power transfer 
from the input port to the radiating patches. The most critical 
reactance effect was due to T-junctions and bends in the two-
way power dividers, which constituted the corporate-feed 
network. This reactance had to be tuned out at several stages 
of creating the feed network for the entire array.  As the 
number of elements increased this problem becomes very 
severe.     

The other disadvantages in array design is minimised by 
placing of FSS.  Based upon the array dimension the number 
of metal patches in the FSS is designed.  The optimum height 
at which the FSS can be placed is obtained by the parametric 
study result.  Figure 4 a and b can be seen as, the aperture 
coupled microstrip antenna array of four elements with and 

without FSS.    Figure 4 c and figure 4 d depicts the 
photographs of aperture coupled microstrip antenna array 
with and without FSS.  The same approach can be 
implemented for increased antenna array dimension with 
more number of radiating patches. 

Fig.4a. Aperture coupled four element antenna array without 
FSS 

Fig.4b.Aperture coupled four element antenna array with 
FSS 

Fig. 4.c Photograph of array without FSS 

Fig.4.d Photograph of array with FSS 

IV. RESULTS AND DISCUSSION

4.1 Aperture coupled Microstrip antenna with and without 
FSS 
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Fig 5.a and 5.b depict the simulated and measured |S11| dB 
value of aperture coupled single microstrip antenna with and 
without FSS.  Figure 5.c and 5.d depict the simulated 
directivity and measured radiation characteristics of co 
polarisation and cross polarisation. 

a. Reflection co-efficient in dB:
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Fig.5a. Aperture coupled single microstrip antenna without 
FSS 

Fig.5 b. Aperture coupled single microstrip antenna with FSS 

b. Simulated Directivity

c. Radiation characteristics

Fig.5c. Aperture coupled single microstrip antenna without 
FSS     

Fig.5d. Aperture coupled single microstrip antenna with FSS 
In simulation, the result is obtained as -12.2 dB and -14.04 
dB for f1 and f2 of antenna without FSS and 17.6 dB and 
17.8 dB for f1 and f2 of antenna with FSS.   From this result 
the |S11| dB value is increased by 5.4 dB and 3.76 dB in both 
the band.  In measurement, the |S11| dB is obtained as -13.7 
dB and -13.4 dB for f1 and f2 of antenna without FSS and -
14.16 dB and -14 dB for f1 and f2 of antenna with FSS.  
Simulated directivity for both the designs is 6 dB and 8dB. 
From the |S11| dB the VSWR ˂ 2.  

TABLE 2. SHOWS THE APERTURE COUPLED SINGLE MICROSTRIP ANTENNA WITHOUT AND WITH FSS 

Sl.No Antenna parameters 
Simulation Measurement Simulation Measurement 

f1 f2 f1 f2 f1 f2 f1 f2 

1. Resonant frequency(GHz) 3.2 4.73 3.2 4.8 3.27 4.82 3.13 4.69 

2. return loss(dB) -12.2 -15.6 -13.7 -13.4 -17.6 -17.8 -14.16 -14.0 

3. VSWR 1.8 1.6 1.8 1.8 1 1 1.45 1 

4. Directivity(dB) 6 8 5.1 6 6 7.8 5 6 

5. Bandwidth(MHz) 90 100 130 140 230 170 180 230 
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In simulation the directivity value in simulation increases by 
2dB.  Radiation characteristics are analysed through 
measurement for co polarisation and cross polarisation.  The 
displays low cross polarisation for antenna with FSS and 
high co polarisation for antenna with FSS.  The radiation 
characteristics are measured in anechoic chamber.  From the 
above simulation and experimental results the performance is 
enhanced when antenna is placed with FSS.  With this 
enhancement in performance the proposed idea is 
implemented in array design. 

4.2 Aperture coupled Microstrip two element antenna array 
with and without FSS 

Figure 6.a and 6.b depicts the simulated and experimental 
results of |S11| dB vs frequency GHz.  The array is 
constructed with two elements.  Figure 6.c and 6.d 
investigates the directivity results in simulation and radiation 
characteristics for co polarisation and cross polarisation by 
measurement. 

a. Reflection coefficient in dB:

Fig.6a.Aperture coupled microstrip antenna array without 
FSS 

Fig.6b.Aperture coupled microstrip antenna array with FSS 

b. Directivity
c. Radiation Characteristics

Fig.6c.Aperture coupled microstrip antenna array without 
FSS 

Fig.6d.Aperture coupled microstrip antenna array with FSS 

Figure 6.a and 6.b depict the simulated and experimental 
results of |S11| dB vs frequency GHz.  The array is 
constructed with two elements.  Figure 6.c and 6.d 
investigate the directivity results in simulation and radiation 
characteristics for co polarisation and cross polarisation by 
measurement.   From the graphs the antenna array is 
designed to resonate at dual band of frequencies. |S11| dB 
value with simulation, is achieved as -14.26 dB and -12.36 
dB for f1 and f2 of antenna array without FSS and -17.2 dB 
and -18.1 dB for f1 and f2 of antenna array with FSS.   It is 
observed from this result the |S11| dB is increased by 2.94 dB 
and 5.74 dB in both the band.  In measurement, the |S11| dB 
value is obtained as -13.1 dB and -12.32 dB for without FSS 
and -14.7 dB and -15.6 dB for with FSS.  From the |S11| dB 
result the VSWR ˂ 2. 

In simulation the directivity is obtained as 8 dB and 11 dB 
for without FSS  and 9.8 dB and 13.9 dB with FSS.   In 
simulation the directivity value in simulation increases by 2.9 
dB.  Radiation characteristics are analysed through 
measurement for co polarisation and cross polarisation. 
From figure 6.d explores low cross polarisation for antenna 
with FSS and high co polarisation for antenna with FSS.  The 
antenna without FSS shows low co polarisation.  It is 
important to get low cross polarisation because this results in 
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undesired radiation.  The radiation characteristics are 
measured in anechoic chamber.  From the above simulation 

and experimental results it is understood that the performance 
of the antenna array is better when placing FSS.

TABLE 3. SHOWS THE APERTURE COUPLED TWO ELEMENT MICROSTRIP ANTENNA ARRAY WITHOUT AND WITH FSS 

Sl. No 
Antenna parameters 

Simulation Measurement Simulation Measurement 

f1 f2 f1 f2 f1 f2 f1 f2 
1. Resonant frequency(GHz) 3.24 4.81 3.17 4.64 3.24 4.8 3.3 4.68 

2. Return loss(dB) -14.2 -12.3 -13.1 -12.2 -17.2 -18.1 -14.7 -15.6 

3. VSWR 1.7 1.8 1.8 1.8 1.10 1 1.7 1.5 

4. Directivity(dBi) 8 11 5.3 7.2 9.8 13.9 8.1 11.2 

5. Bandwidth (MHz) 90 150 80 120 180 180 130 110 

4.3 Aperture coupled Microstrip four element antenna 
array with and without FSS: 

Figure 7.a and 7.b depict the simulated and experimental 
results of |S11| dB vs frequency GHz.  The array is 
constructed with two elements.  Figure 7.c and 7.d 
investigate the directivity results in simulation and radiation 
characteristics for co polarisation and cross polarisation by 
measurement.   From the graphs the antenna array is 
designed to resonate at dual band of frequencies. 

a. Reflection coefficient in dB

Fig.7.a.Aperture coupled microstrip antenna array without 
FSS 

Fig.7.b.Aperture coupled microstrip antenna array with FSS 

In simulation return loss is obtained as -14.4 dB and -15.7 dB 
for f1 and f2 of antenna array without FSS and -17.4 dB and -
22.3 dB for f1 and f2 of antenna array with FSS.   From the 
results the |S11| dB is increased by 3 dB and 6.6 dB in both 
the band of frequencies.  In measurement, the |S11| dB is 
measured as -14.01dB and -14.1dB for without FSS and -
22.18dB and -21.9dB for with FSS.  From these results the 
VSWR is less than 2. 
b. Directivity
c. Radiation Characteristics

Figure 7.c and 7.d depict the simulated directivity and 
radiation characteristics.  In simulation the directivity is 
obtained as 13.4 dB and 16 dB for antenna array without FSS 
and 13 dB and 17.2 dB for antenna array with FSS.   

Fig.7c.Aperture coupled microstrip antenna array without 
FSS 
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Fig.7d.Aperture coupled microstrip antenna array with FSS 

In measurement, the directivity value is obtained as 10.2 dB 
and 13 dB for antenna array without FSS and 11 dB and 15.1 
dB for antenna array with FSS .  Radiation characteristics are 
analysed through measurement for co polarisation and cross 
polarisation.  Figure 7.d displays low cross polarisation for 
antenna with FSS and high co polarisation for antenna with 
FSS.  The radiation characteristics are measured in anechoic 
chamber.  From the above simulation and experimental 
results it is noted that the performance of the antenna array is 
enhanced when placing FSS. 

TABLE 4. SHOWS THE APERTURE COUPLED FOUR ELEMENT MICROSTRIP ANTENNA ARRAY WITHOUT AND WITH FSS 

Sl. 
No 

Antenna parameters 
Simulation Measurement Simulation Measurement 

f1 f2 f1 f2 f1 f2 f1 f2 

1. Resonant frequency(GHz) 3.2 4.67 3.18 4.7 3.14 4.71 3.07 4.86 

2. return loss(dB) -17.4 -22.3 -22.2 -21.1 -14.4 -15.7 -14.01 -14.1 

3. VSWR 1.1 1 1 1 1.7 1.7 1.7 1.7 

4. Directivity(dBi) 13 17.2 11 15.1 13.4 16 10.2 13 

5. Bandwidth(MHz) 130 140 170 160 90 100 120 190 

V. CONCLUSION 

In this paper, the aperture coupled microstrip antenna array 
with FSS is discussed. The antenna array characteristics such 
as |S11| dB, bandwidth, VSWR and directivity are discussed. 
To know the performance of superstrate layer, slot antenna 
array with dielectric superstrate is investigated.  Aperture 
coupled microstrip antenna array is used to solve some 
problems in inset feed antenna array such as spurious 
radiation, feed network loss and loss due to impedance 
matching.   Parametric study is done to identify optimal 
height and dimension of FSS.  By varying the dimensions 
and shapes of the metal patches still better results can be 
obtained.  The antenna performance can be analysed for |S11| 
dB, directivity, VSWR and radiation characteristics for both 
antenna designs. Both simulated and experimented results are 
verified.  In future aperture coupled microstrip antenna array 
can be constructed with more number of elements.  By 
placing suitable FSS with proper dimension the performance 
can be enhanced. 
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