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Abstract: This letter describes a small, single-feed, circularly polarized patch antenna for broadband. The antenna consists of an  microstrip patch and 
pins on the Reactive Impedance Surface (RIS) inspired by metamaterials. The RIS structure, consisting of 4 or 4 standard metallic square patches and 
four shorting pins which helps to improve the antenna bandwidth. The final optimized structure exhibits an impedance bandwidth of 53.75%(4.650GHz-
7.617GHz)  alongwith a 3-dB axial ratio bandwidth of 30.4%(4.6242GHz-6.3036GHz). Moreover, the proposed antenna yields a good broadside gain of 
5.8 dBi at 5.52Ghz. 
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I. INTRODUCTION 
Circular polarized microstrip patch antennas were widely 
used in many applications such as satellite technology, radar 
systems and global positioning (GPS) systems because they 
have many advantages such as lightweight, low profile, low 
cost and ease of manufacturing[2]. Circularly polarized 
microstrip antenna (CPMA) enables the transmission of 
signal regardless of the direction of the receiving antenna 
with respect to the transmitting antenna and also has the 
ability to suppress the interference of multipaths. They do 
suffer from narrow impedance and axialratio(AR) 
bandwidths, however, usually mostly 5% or less 
for  impedance and 3 dB for AR values. Circularly polarized 
radiation is generated by exciting two orthogonal modes of 
the same amplitude. Using thick structures, square slot 
methods, defective ground structures, bandwidth 
enhancement can be accomplished. The structure of the 
microstrip patch antenna where only one patch is fed and 
other patches are parasitically coupled. By using a small gap 
between them, the connection between the parasite patch 
and the resonating patch is understood. Two parasitic 
patches of the same width are placed along both sides of the 
fed patch with small gap between them. By adding parasitic 
patch along the fed patch, bandwidth increases as well as an 
antenna gain. This also increased the size of the antenna. 
The antenna single and dual feeds help to miniaturize the 
antenna size and to maximize the bandwidth of a RIS 
antenna system. The two-dimensional square metal patches 
are made of the RIS antenna model. On the underside of the 
main patch substructure, a set of uniform square patches 
with equal distances are made. The RIS also reduces the 
interaction between the ground plane and the built antenna 
structure. Therefore, it offers wide bandwidth, compact size, 
and improoved radiation efficiency when RIS structure is 
built in antenna. The X-band corresponds to a frequency 
band in the electro-magnetic spectrum microwave radio field. 
The frequency range of the X band is in some cases quite 
indefinitely set at about 7.0–11.2 GHz, for instance in 
communication technology. For radar technology, the 
Institute of Electrical and Electronics Engineers determines 
the frequency range. The wireless local area network 
(WLAN) is usually used with antennas.The little model 
makes it ideal for wardriving for mobile 
applications.Antennas could be used to increase the range 
of cellular telephones, improve coverage and increasing the 

noise level. The measurements of the 5.5 GHz antenna are 
almost ideal as they blend in well with the regular Satellite 
TV. A high-quality, low-cost antenna is the result. Such 
settings are commonly used for long-range Wi-Fi 
connections in wireless area networks. WIMAX is a family of 
internet broadband broadband connectivity standards based 
on IEEE 802.16 specifications world-wide interoperability of 
microwave access. The flexible layer structure that makes 
data rates easy to quantify with WiMAX network wide 
bandwidth and distance makes it suited to the following 
potential applications: delivering portable high-speed mobile 
broadband connectivity across different devices through 
cities and countries. WiMAX can offer internet access to 
cities or countries at home or by mobile device. In many 
cases this has brought competition to markets that previously 
only had access to the traditional DSL (or similar) provider. 
In addition it is cost effective for the last-mile broadband 
internet for remote locations today, given the relatively low 
costs associated with the introduction of WiFi networks 
(compared to 3 G, HSDPA, xDSL, HFC or FTTx). Uses 
spatial multiplexing for the removal of "blind spots" in the 
coverage over a cloudy zone such as an Orthogonal 
frequency division multiplexing (OFDM) wall: although the 5 
GHz band typically is not regarded as the frequency of 
choice to pass, this is the only one which can accommodate 
interference in a 2.4GHz band. There are a range of uses for 
wireless LANs. Users can access the Internet from the 
WLAN Hotspots at cafes, resorts and now with portable 
devices connected to 3 G or 4 G network. Their network 
connectivity can be reached through the Internet. Such kinds 
of public points of entry also do not require a network 
registration or password. 
 

II. ANTENNA CONFIGURATION 
 
A. GEOMETRY OF ANTENNA 
Fig. 1 shows the proposed Circularly Polarized Microstrip 
Antenna (CPMA) with the RIS structure. The H-shaped patch 
is printed on top of a dual layer Rogers RO4003 substrate 
(εr= 3.38 and tan δ = 0.0027) of thickness h1 + h2 = 

5.032mm. The ground plane lies at the bottom of the 
structure and the RIS is incorporated at the interface 

between the two dielectric layers at a height of h1 = 3mm 

from the ground. The H- shaped patch radiator is developed 

by perturbing the sides of a simple square patch of 
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dimensions A × B and a perturbation of d as shown in Fig. 
1(b). The patch is probe fed at one of its arms diagonally The 
radiated beam turns out to be right-hand circularly polarized 
(RHCP) or left-hand circularly polarized (LHCP) depending 
on the orientation of the perturbation with respect to the feed 
point location. 
 

 
 
                     Fig 1:praposed antenna design 
         

 
  

        (a) 

        

               (b) 

             
                                 (c) 
Fig 1: configuration of the proposed antenna. (a) side 
view.(b) Top View of patch(layer-1).(c) Top view of RIS 
Structure(Layer-2). 
The outer part of 50 Ω SMA connector is connected to the 
ground at the bottom whereas innnerconductor extends 
through the dual layer substrate and connects to the patch at 
the feeding location 
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B. THEORETICAL FORMULAE 
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Where  
c= free space velocity of light 
εr= Dielectric constant of substrate  

Calculation of effective dielectric constant  
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The actual length of the patch(L) 
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BANDWIDTH ENHANCEMENT 
The RIS structure's effect on increasing the bandwidth of the 
antenna is justified here. At first a simple square patch that 
has a diagonal feed and resonates at 5.5 GHz is considered. 
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This system is infamous for its linear polarization. At two of 
its borders, the square patch will then be perturbed to create 
a H-shape, which will be fed into one of its arms diagonally. 
The patch in fig 1(b) is  optimized to generate CP radiations. 
The H-shaped patch radiator is then inserted into the RIS 
layer consisting of square patches of dimensions a and 
periodicity p from the ground at a height of h2, as shown in 
Fig 1(c). If this surface is inserted under the patch radiator, 
its impedance band width and ARBW are considerably 
increasing. This RIS layer spatially distributes the image 
stream so that the antenna current and its image interact 
mutually. The inductive surface reaction cancels the H-
shaped patch antenna near-field capability resulting in wider 
and compact bandwidth. 
The reflective phase characteristics of the RIS structure unit 
cell as shown in Figure to achieve bandwidth enhancement. 
1(c) must be strengthened. 
The interaction of the unit cell with a TEM wave is taken into 
consideration, and PEC and PMC borders are built around 
the cell structure perpendicular to both the electrical and 
magnetic field. The structure is optimized by preserving the 
unit cell periodicity p and adjusting the parameter a to 
preserve the operating frequency in the inductivity area RIS 
that is below 6 GHz in this case. This is required because an 
inductive RIS not only miniatures the antenna but also 
provides a broad bandwidth of impedance. The unit length of 
the cell a is therefore 5.5 mm. In this respect. Simulations 
show that this value offers both in bandwidth and AR 
bandwidth optimized performance. The minimum AR points 
of the 4 to 4 cell configuration are at 4.85 GHz and 5.85GHz 
frequency with a maximum amplitude of 3 dB between the 
two dips which leads to a wide axial ratio of the bandwidth. 

  
                                             (a) 

 

                                            (b) 
 

Fig 2. . Simulated (a) S11 (b) Axial ratiowith modification 

and without modification. 
 
Parametric analysis 
In order to achieve optimized design parameters, structural 
parametric analysis of the proposed CPMA is performed with 
the RIS substrate. Note that the rest are kept constant when 
one parameter is optimised. Firstly, First the CP output of the 
antenna is studied with the effects of perturbation d. The 
antenna quality is found to be very sensitive to disturbance.

 
                                   (a) 

 
                                     (b) 

Fig. 3. Simulated (a) S11 (b) Axial ratio with different 

values of d 

As the chart shows. Fig.3, improves range at the lower 
frequencies with an increase of d from 3 mm to 5 mm.If the 
value of d is however, The two resonances can be brought 
closer to the output of AR, resulting in broader ARBW, 
increased from 3 to 5 mm. The minimum axial ratio is higher 
than 3dB and the ARBW is worse after further increasing the 
value from d to 5 mm. since we can observe optimized values 
at d=3mm the height of RIS structure is chosen 3mmAs 
shown in Fig.2 the s11 and azial ratio of above structure with 
slotted pins design and without slotted pins design.it is clear 
that the band width and axial ratio are more degenerated 
without slotted pins and a multiband is also generated at 8.5-
9 GHz which is in the operating frequency of X-band. The 
location of feed points is critical for the development of CP 
radiation. An ideal feed point position with reasonable 
bandwidth and a large ARBW can be found at d=3mm and 
with slotted pins design so the final optimized design 
proposed for this structure are 
d=3mm,A=10mm,B=10mm,C=4mm,D=3mm, 
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F=2.03mm,G=5.5mm,E=3mm,H=7mm. 
 

RESULTS 
The simulated S11 characteristics are shown in the Fig. 4(a). 

The measured impedance bandwidth of the proposed 
structure is 53.75%(4.650GHz-7.617GHz). 
The axial ratio measured is also shown in the Fig4(b) 
The measured 3-dB AR bandwidth is approximately 
30.4%(4.6242GHz-6.3036GHz). 
The standardized radiation patterns of 5.5 GHz are shown in 
Fig.5. As, observed from the figure the proposed antenna is 
a lefthand circularly polarized. 

 

 
Fig 5 Simulated and measured radiation patterns of the CP 

optimized antenna at 5.5 GHz. 
 
 

 
Fig. 10. shows the peak gain of the proposed antenna. 

 
The measured gain is found to be approximately 6.32 dBi, At 
higher frequencies, because grating lobes appear, the 
antenna's radiation pattern degrades. This reduces the 
broadside direction, which decreases the gain. Any other 
different broadband systems in literature include a 
description of the proposed broadband h-shaped CPMA.  

 
Table I summarizes the results. This proposed simple H 

shaped patch antenna with classic RIS structure has 
provided a wider 3 dB AR bandwidth and is therefore, less 

complex compared with previous designs. 
 
 

Ref. 
 

Center 
freq. 
(GHz) 
 

Imp.BW 
(GHz, %) 
 

3 dB 
ARBW 
(GHz, %) 
 

Gain 
(dBi) 
 

[1] 
 

2.3 0.32, 14 0.35,15.3 5.7 

[2] 
 

6.0 
2.78, 
48.6 

1.3, 20.4 6.5 

[3] 5.5 2.9, 45.6 1.23,23.4 7.6 

This 
paper 

5.5 
2.8, 47.5 
 

1.5, 30 
 

6.32 

 
 

CONCLUSION 
A circularly polarized multiband patch antenna with single 
feed H-form is mounted in this letter. We showed that the 
impedance bandwidth and ARBW were significantly 
improved by combining both the H-format radiator and the 
earth plane with the conventional square structure of RIS. 
This system reaches an impedance of 53.75% bandwidth 
and ARBW of 30.4%. The design also has a large gain of 
6.32 dBI in center frequency, besides being small, low profile 
and big band, making it ideal for use on a range of wireless 
applications such as WLAN and WiMAX and X-band. 
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