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Abstract 

This paper present circular polarized microstrip antenna using 
Reactive Impedance Surface (RIS) below feed patch and  
parasitic patches on superstrate layer. The reactive impedance 
surface (RIS) not only reduces the size but significantly enhances 
both the bandwidth and the radiation characteristics of an antenna. 
Parasitic patches acts as a good reflector for microwave 
frequency therefore it can be used to enhance the gain of antenna. 
The proposed antenna structure consists of a microstrip antenna 
fabricated on one side of FR4 substrate and RIS on other side of 
FR4 substrate which is placed at 1mm from ground. Diagonal 
feeding of microstrip antenna and two shorting pins are used to 
achieve circular polarization. Small reduction in antenna size and 
improvement in gain of circular polarized antenna by using RIS 
and 1x1 to 5x5 array of parasitic patches fabricated on low cost 
FR4 superstrate is proposed. The printed MSA is fed by a 50 Ω 
coaxial probe. Gain is enhanced from 8 dB to 14.6 dB when 5x5 
array of parasitic patches is fabricated on a FR4 superstrate layer. 
The antenna structure provides VSWR which is < 2 and axial 
ratio <3 over 5.725 – 5.875 GHz, ISM frequency band 
Keywords: 27TCircularly polarized antenna, Reactive Impedance 
Surface, High gain antenna, PRS. 

1. Introduction 

Linear polarized microstrip antennas are easy to design 
and can be modified to offer broad bandwidth or high gain. 
However, linear polarized antennas are not suitable for 
many applications especially when the orientations of 
antenna are unknown. These disadvantages are overcome 
by using circularly polarized antennas. Antennas produce 
circularly polarized (CP) waves when two orthogonal field 
components with equal amplitude but in phase quadrature 
are radiated. It produces an electromagnetic wave that 
propagates in two planes creating a circular effect making 
one complete revolution in a single wavelength timeframe. 
 
In CP antennas, there is no strict orientation between 
transmitting and receiving antennas is required. Therefore 
with CP antennas strength of received signal is fairly 
constant regardless of the antenna orientation. This is very 

usefull for mobile satellite communication where it is 
difficult to maintain a constant antenna orientation. The 
CP antenna is very effective in combating multipath 
interference and fading [1, 2].The CP antennas are capable 
of reducing the Faraday rotation effect due to an 
ionosphere which can cause loss of signal strength. 
 
Microstrip antennas are attractive due to their light weight, 
conformability and low cost. These antennas can be 
integrated with printed strip-line feed networks and active 
devices. Microstrip antenna can be used for both linear and 
circular polarization. Circularly polarized microstrip 
antenna can be fabricated by using a single feed and by 
modifying square MSA. Modifications of square MSA 
involves using stub, notches at two opposite edges of 
MSA, slots in MSA, trimming corners of MSA and using a 
nearly square. But these antenna designs offers narrow 
axial ratio (AR) bandwidth and low gain [3]. 
 
A large bandwidth, compact microstrip antenna with 
circular polarization (CP) radiation is reported. Here the 
slot inserted at the centre of the cross patch antenna which 
not only produces a compact circular polarized radiation 
but also increases the impedance bandwidth. The proposed 
antenna has an area reduction of 46% as compared to 
standard rectangular microstrip antennas. To enhance the 
AR bandwidth, slot antennas with combination of stubs 
and notches are proposed [3-7]. 
 
High gain and low profile circularly polarized antenna is 
presented. It is fed by two coupled microstrip lines and it 
is fabricated on the single substrate with thickness of 0.8 
mm and relative permittivity of 2.55. The opposite side of 
the substrate is ground. CP radiation is excited by a pair of 
side-concave patches. The concave area serves as a 
perturbation to excite circular polarization radiation. The 
concave sizes determine CP performance. Two identical 
patches are combined to get high gain. It is easy to be 
integrated the structure with microwave circuits [8], 

 

382

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 6, August 2014. 

www.ijiset.com 

ISSN 2348 – 7968 

 

However. The structure employs hybrid coupler and offer 
5 dBi gain. 
 
A compact, dual band, 1T 1T37Tcircularly1T37T 1T37Tpolarized 1T37T 1T(CP) 
multilayered stacked microstrip 1T 1T37Tantenna 1T37T 1Tover reactive 
impedance surface ( 37TRIS37T) is also reported. The CP radiation 
with compact 37Tantenna 1T37T 1Tsize is achieved by placing two 
asymmetric slit square patch (ASSP) and cross-shaped 
slotted square patch (CSSP) radiators over the1T 1T37TRIS37T. Dual 
band is achieved by using the CSSP and ASSP stacked 
patches placed over 1T 1T37TRIS37T, fed by a coaxial probe at proper 
location to generate CP radiation. 1T RIS helps to increase 
gain and minimize the antenna size. The antenna offers 4.5 
dBic and 2.7 dBic gain in two bands [9]. 
 
A compact, planar UHF antenna operating over the 
frequency range 420–450 MHz is reported. A microstrip 
patch antenna is selected as the elementary radiating 
structure because it has a low profile and is simple to 
fabricate. Compact size and enhanced bandwidth are 
simultaneously achieved through the use of a reactive 
impedance surface (RIS) in place of a PEC ground plane 
[10]. 
 
In this paper, circularly polarized microstrip antenna using 
RIS and parasitic patches on a superstrate layer is 
proposed. Antenna geometry, design theory and simulation 
results of CPMSA with RIS and parasitic patches are 
discussed in the following sections. 
 
 
2. Antenna geometry and design theory 
 
2.1 Partially Reflecting Surface  
 
When the distance between the ground plane and Partially 
reflecting surface (PRS) is such that waves emanating 
from PRS are in phase in normal direction, a broadside 
directive radiation pattern will be achieved. If a reflection 
coefficient of the PRS is ρe P

jψ 
Pand the normalized field 

pattern of feed antenna is given as f(α), then normalized 
electric field E and power S at an angle α to the normal are 
given by [2]. 
  

|𝐸| =� 1− 𝜌2

1+ 𝜌2−2𝜌 cos𝛷
 𝑓(𝛼)                                               (1)   

 
  
S = 1−𝜌2

1+ 𝜌2 − 2𝜌 cos𝛷
   𝑓2(𝛼)                                                (2)                                                 

 

 

Where, Φ  is the phase difference between waves 
emanating from PRS. The resonant distance LRrR between 
ground plane and PRS in order to make the waves 
emanating from PRS in phase in normal direction is given 
by [2]    
 
LRr R= (   𝛹0

360
– 0.5) 𝜆

2
 + N 𝜆

2
                                                   (3)        

 
Where ΨR0  Ris phase angle of reflection coefficient of the 
PRS in degree and N=0, 1, 2, 3 etc. 
We can increase gain and can achieve broadside radiation 
by using array of parasitic patches on a superstrate layer 
and feeding these patches in phase from the radiating field 
of microstrip antenna [11, 12]. The parasitic patches are 
positioned at different location and at different distance 
from feed patch therefore feed to each element involves (a) 
amplitude tapering and (b) phase delay. 
 
With the amplitude tapering resulting from different 
distance, an additional amplitude tapering occurs due to 
the radiation pattern of microstrip antenna. The amplitude 
tapering reduces gain but it shows improvement in side 
lobe level. The phase delay in feed to different parasitic 
patches located at different position can be compensated 
by detuning or decreasing the length of patch 
corresponding to the feed delay so that parasitic patch  
radiate in phase which results in directive broadside 
radiation pattern. But parasitic patches which are away 
from feed patch, receive less feed amplitude 
comparatively. Due to this, mutual coupling effect of these 
elements decreases and they contribute less in radiation. 
Therefore with increase in array size, improvement in gain 
decreases. 
 
2.2 Reactive Impedance Surface 
 
We can design reactive impedance surface in order to have 
the ability of reflecting total power like PEC or PMC 
surfaces and at the same time stores magnetic or electric 
energy. Reactive impedance surface (RIS) can reduce the 
size and improves the radiation characteristics of an 
antenna. The RIS is designed utilizing two-dimensional 
periodic printed metallic patches on a lower side of 
substrate. RISs also have the ability to minimize 
interaction between the antenna and its substrate which 
simplifies matching and also results wideband operation. It 
also results a significant front to back ratio [13]. 
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                                                    a) Side view 

      
b) Top view 

Fig.1 Geometry of antenna 

The geometry of the proposed antenna structure is shown 
in Fig.1. The Microstrip antenna is fabricated on upper 
side of substrate FR4 and RIS is placed on bottom side of 
substrate FR4. The FR4 substrate is at 1 mm from ground. 
The parasitic patches are fabricated on the lower side of 
FR4 superstrate which is of thickness 1.59 mm and located 
at height of hs from ground plane.R RRelative permittivity 
and loss tangent of this superstrate isR R4.4 and 0.02 
respectively. In order to achieve high efficiency, air gap 
acts as a dielectric medium between superstrate and feedR 
Rpatch. A coaxial probe of 50Ω is used to feed MSA. The 
diagonal feedR Rand two shorting pins along X axis on bothR 
Rside of the centre of MSA are used to achieve circularly 
polarized waves. The antenna is designed to operate over 
5.725– 5.875 GHz ISM band. All dimensions mentioned 
here are in mm. 
 
3. Analysis on infinite ground plane 
 
Microstrip antenna is fabricated on upper side of substrate 
of thickness 1.59 mm and RIS is placed on bottom side of 
substrate. This substrate is at 1 mm from ground plane 
which is infinite and perfectly reflecting. The length and 
width of MSA is 14.3 mm and 14.7 mm respectively. 
MSA is fed diagonally at (3, 3.1). Circular polarization is 
achieved by using two shorting pins. This method also 
suppresses unwanted modes and helps to improve quality 

of circular polarization achieved. RIS consists of square 
patches of 3 mm with spacing of 1 mm. Array of parasitic 
patches are fabricated on lower side of superstrate layer of 
thickness 1.59 mm and it is placed at height of λR0R/2 from 
feed patch. The MSA dimension, MSA height, parasitic 
patch dimension,  spacing between parasitic patches,  
shorting pin locations are optimized in order to improve 
gain of an antenna. 
 
Variation of gain of MSA0 ( superstrate with no parasitic 
patch), 1×1, 2×2, 3×3, 4×4 and 5×5 structures is shown 
Fig 2(a) and 2(b). Variation of axial ratio and VSWR of 
3×3, 4×4 and 5×5 is shown in Fig 3 and 4 respectively.  
 

       Fig.2 (a) Gain variations vs. frequency (  MSA0,                              
MSA 1x1,   MSA 2x2) 

 
                   
 

 
   Fig.2 (b) Gain variations vs. frequency (  MSA 3x3                              

MSA 4x4,   MSA 5x5) 
 
 
 

 
     Fig.3 Axial ratio vs. frequency (  MSA 3x3                              

MSA 4x4,   MSA 5x5) 
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Fig.4 VSWR ratio vs. frequency (  MSA 3x3                              

MSA 4x4,   MSA 5x5) 
 

 
a) t = 0 

 

 
b) t = 0.25T 

 
 

c) t = 0.5T 

 
d) t = 0.75T 

Fig.5. Current distribution of 3x3 array structure at 5.8 GHz 
 
 

Average and vector current distribution at the feed, 
parasitic patches and RIS at 5.8 GHz at different time that 
is at   t = 0, t = 0.25T, t = 0.5T, t = 0.75T is shown in fig.5. 
Here T is time period of the wave at central operating 
frequency 5.8 GHz. From current distribution, it is clear 
that the fields rotate clockwise by 90° in order to produce 
right handed circular polarization. The amplitude of 
current induced in parasitic patches is nearly in phase and 
decrease as its distance from feed element increases. 
 
4. Conclusion 
 
High gain right hand circularly polarized microstrip 
antenna is proposed here. The feed patch is placed in fabry 
perot cavity to increase the gain. The gain is further 
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improved by using RIS layer which also reduces size. Gain 
increases as we increases the size of array of parasitic 
patches on superstrate layer. The proposed antenna can be 
used for satellite and terrestrial communication. 
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