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Abstract 
 

A single feed system is developed to improve the axial ratio bandwidth of circularly 
polarized rectangular stacked microstrip antennas (CPSMAs) to about 18% by optimizing 
the feed location and a few other parameters. A main radiator and a parasitic patch of 
identical size are considered and the separation between them and location of the feed has 
been optimized to achieve a good AR bandwidth and minimum AR value. For improving 
the gain of antenna, surface mounted short horn (SMSH) has been used on the CPSMA. 
The structure has the directive gain of more than the 10dBic over the impedance 
bandwidth and a 3dB AR bandwidth of 18.8%. The 10dB return-loss bandwidth is 
29.6%. The proposed feed system is very useful for rapid design of circularly polarized 
stacked microstrip antennas with high gain and large AR bandwidth and also very useful 
to design high gain and wide band microstrip antennas.  
 

Introduction 
 

The circular polarization has the distinct advantage over the linear polarization of being 
insensitive to the orientation between the transmitter and receiver. Thus, achieving 
broadband circular polarization from high-gain, compact antennas continue to be a 
research topic. Circular polarization is produced by adding two orthogonal linearly 
polarized fields with the same magnitude and a 90o phase difference. Several single-feed, 
single-radiator configurations [1] of microstrip patch antennas can provide such dual 
orthogonal field components without the need of an external polarizer, by appropriate 
excitation of the patch cavity. The conventional single feed circularly polarized 
microstrip antenna typically has a relatively narrow AR bandwidth of about 1%-2%.  A 
cross-slot inside the circular microstrip patch and feed using the proximity coupled 
microstrip lines have been proposed by Iwasaki [2]. He achieved a 3dB AR bandwidth of 
0.56%. In order to enhance the 3dB AR bandwidth, several single-element patch antenna 
designs using an air layer or foam layer have been reported [3]. These efforts achieved 
3dB AR bandwidths up to 10%. Normally stacked patches are used to increase the gain 
and/or impedance bandwidth of a patch antenna. Egashira and Nishiyama [4] have used 
triple stacked circular patches with a dual feed to achieve a AR bandwidth of 8.5% and 
an impedance bandwidth of 10%. However, the total thickness of this antenna is more 
than λ⁄2. A corner-truncated square stacked patch antenna, using an inset microstrip feed 
line with tuning stub, has been presented in [5] and they achieved 17.3% 3dB AR 
bandwidth. Without any truncation in patch radiator, Herscovici et al. used a probe-fed 
rectangular patch with an almost square parasitic element to achieve an excellent AR 
bandwidth of 13% [6]. Later, Nasimuddin et al. [7] proposed new coaxial feed location 
optimization to achieve wide bandwidth and good quality circular polarization from 
stacked microstrip antennas. These single feed techniques do not need any perturbations 
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in the patch radiators. However, the coaxial feeds in the above designs are not suitable for 
some applications, including antenna arrays.  
In this paper we first report a method to improve the AR bandwidth of a single-feed 
circularly polarized stacked microstrip antenna (CPSMA) by optimizing the feed location 
and the foam thickness between the main (driven) and parasitic patches. Next, a quasi-
planar short horn is designed and integrated to the CPSMA to enhance the gain while 
maintaining the quality of circular polarization. The feed location angle (θ) and the 
separation between the driven and parasitic patches have been optimized to achieve a 
18.8% AR bandwidth. With the quasi-planar horn, it was possible to increase the gain to 
11.5 dBi. This design and optimization has been done using CST Microwave Studio 
commercial software [8]. 
 

II. Design of the Wideband CP Stacked Microstrip Antenna 
 
The stacked patch antenna with a microstrip feedline is shown in Fig. 1. The parasitic 
rectangular patch is located over the driven patch of the same size. Note that the 
microstrip feedline is physically connected to the driven patch using a via. The length of 
microstrip stub (s), measured from the centre of the driven patch, is adjusted for tuning 
and the matching the antenna impedance to the feed line impedance. The feed location 
angle is adjusted to generate circular polarization and to bring the AR bandwidth within 
the excellent 10dB return loss bandwidth of the stacked microstrip antenna. The parasitic 
patch etched on a thin dielectric substrate (thickness h3) of low dielectric constant, and is 
set over the driven patch with the help of a foam layer. At first we locate feed at point P1 
(Xo, 0) on the X-axis to achieve impedance matching. However, at this feed location the 
antenna is linearly polarized. In order to achieve circular polarization, we move the feed 
position along a circular arc, with radius Xo, between points P1(Xo,0) and P2(X, Y). An 
optimization of the foam layer thickness (h2) is carried out to achieve wide impedance 
and AR bandwidths. The optimized dimensions are: Driven patch: L1 = 17.5 mm, W1 = 
14.0 mm, Parasitic patch: L1 = 17.5 mm, W1 = 14.0 mm, Substrate thicknesses: h1 = 
0.508 mm, h2 = 1.52 mm, h3 = 5.9 mm, h4 = 0.508 mm, Dielectric constant and loss 
tangent of substrate layers: εr1 = 3.02, tanδ1 = 0.0015, εr2 = 3.02, tanδ2 = 0.0015, εr3 = 
1.07, tanδ3 = 0.0, εr4 = 3.00, tanδ4 = 0.0017. Feed location: feed location angle = 35o (X = 
3.686 mm, Y = 2.58 mm), s = 1.0 mm, line width = 1.28 mm. The ground plane of 
antenna is 100 mm × 100 mm. This CPSMA has a theoretical gain of more than 7 dBic 
over the impedance bandwidth and its 3dB AR-bandwidth is 16.1%.  
 

III. Gain Enhancement using a Quasi-Planar Short Horn 
 

Next the CPSMA is integrated to a quasi-planar surface-mounted short horn (SMSH), to 
improve its gain, as shown in Fig. 2. The quasi-planar horn, made out of thin Copper, has 
been designed for high gain and small horn height. Its dimensions are: area at lower 
(substrate) level = 44 mm × 44 mm, H = 20 mm, d = 15 mm ∼0.25λo, taper angle of horn 
= 45o. The total height (H+h1) of antenna is 23.25 mm ∼0.41λo. The integrated antenna 
with horn has a gain more than 11 dBic over the impedance bandwidth and 3 dB AR-
bandwidth is 18.8%, with a 100 mm × 100 mm ground plane. 
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Fig. 1. The CPSMA with a via at feed point. Fig. 2. The CPSMA with the short horn (SMSH) 
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Fig. 3. Return loss with Frequency. Fig. 4. AR with frequency. 
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Fig. 5. Gain with frequency. Fig. 6. Gain with short horn height. 
 

Fig. 3 shows that the return loss of the antenna is the almost same with or without the 
SMSH. The 10dB return loss bandwidth with SMSH is 29.6% (4.436GHz to 5.975GHz) 
and without SMSH is 28.0% (4.473GHz to 5.923GHz). The AR with and without SMSH 
is shown in Fig. 4. The 3dB AR bandwidth is slightly shifted and improved with the 
SMSH but the AR has increased at some frequencies. The 3dB AR bandwidth with 
SMSH is 18.8% (4.908 GHz to 5.925 GHz) and without SMSH is 16.1% (4.99 GHz to 
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5.76 GHz). The most significant effect of the horn is found in the gain shown in Fig. 5. 
The gain without SMSH is more than 7.1 dBi over the impedance bandwidth and with 
SMSH is more than 11.0 dBi. Thus the SMSH has improved the gain of the antenna by 
4.0dB over the full impedance bandwidth. The maximum variation of gain within the 
10dB return loss bandwidth is 0.7 dB and within the 3dB AR bandwidth it is 0.5 dB. Fig. 
6 shows the gain variation with height of SMSH. At H = 20 mm, gain of the antenna is 
more flatten.  

 
Conclusion 

 
A single-feed CP stacked microstrip antenna, with a via to connect the microstrip feedline 
to the driven patch, is presented. It has a 3dB AR bandwidth of 16%. Its design process is 
simple because the return loss and AR requirements are achieved at different stages 
almost independently. Then the antenna is integrated to a short horn, to improve gain by 
4dB to about 11dB. The 3dB AR bandwidth with horn is 18%. The effect of the horn on 
other performance parameters such as the return loss is insignificant, and hence, gain 
enhancement can be achieved without changing the parameters of the original patch 
antenna.  
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