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Abstract— Suspended hexagonal micro strip antenna with a 

single coaxial feed has been proposed for circular 

polarization. The configuration has been realized by inserting 

perturbations along two opposite sides of the suspended 

hexagonal micro strip antenna. The bandwidth of 83 MHz 

has been obtained corresponding to VSWR < 2 dB , axial 

ratio< 3 dB has been achieved for the suspended antenna 

which is designed at 2.4 GHz. return losses -10 dB. Ansoft 

HFSS software has been used to simulate the antenna and 

observed that increase in iterations led to improvement is 

VSWR & return losses. This optimized micro strip antenna 

has the potential of operating in several of the currently 

broad band commercial existing systems such as, Bluetooth 

and GSM. 
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I. INTRODUCTION 

Circular polarization (CP) is beneficial because current and 

future commercial and military applications need the 

additional design freedom of not requiring alignment of the 

electric field vector at the receiving and transmitting 

locations. Single feed circularly polarized antennas are 

currently receiving much attention as a single feed allows a 

reduction in the complexity, weight and RF loss of any array 

feed and is desirable in situations, where it is difficult to 

accommodate dual orthogonal feeds with a power divider 

network [1]. 

II. ANTENNA CONFIGURATIONS 

A single patch antenna can be made to radiate circular 

polarization if two orthogonal patch modes are 

simultaneously excited with equal amplitude and ± 900 out 

of phase with the sign determining the sense of rotation 

there are two methods of patch perturbation used to achieve 

circular polarization. The first method includes an 

appropriate slot cut at the centre of the antenna and is fed 

along its central axis.  Whereas, in the second method, the 

antenna is fed along its diagonal and the perturbations are 

made on the opposite edges (sides) of the patch [5]. Many 

single feed patches, using above methods, have been 

reported in regular shapes of rectangular, circular and 

triangular micro strip antennas [2]. The second method has 

been used with suspended hexagonal micro strip antenna 

(HMSA) to generate circular polarization. In this paper, to 

improve impedance and axial ratio bandwidth, a suspended 

configuration of HMSA with single feed and perturbations 

along the two opposite sides for circular polarization has 

been proposed. As a hexagon has area almost equal to that 

of a circular configuration, the proposed circular polarized 

HMSA has a higher directivity as compared to that of a 

corresponding rectangular or triangular configurations. The 

gain of this antenna is also high as the suspended 

configuration yields efficiency in excess of 90% at the 

designed frequency. The configuration yielded improved 

measured bandwidth for VSWR < 2 and the measured < 3 

dB axial ratio bandwidth of 2.4 GHz at 83MHz. For the 

same resonance frequency, when the configuration is 

realized on glass epoxy substrate (εr = 4.3, h = 0.159 cm and 

tanδ = 0.01,L=30mm, width=38.036mm, Return loss=-

10db) [1]. 

 
Fig. 1: Configuration 

In this configuration a simple hexagonal patch has 

two embedded slits of length l and width w, inserted at 

opposite vertex along x-axis as shown in Fig. The slits 

create asymmetry in geometry and due to feeding along 

diagonal line; CP is achieved when proper optimization of 

the feed point location is performed. Fig. shows the 

simulated and measured variation in reflection coefficient 

with frequency for the case of inserting narrow slits of 

length l = 9.711 mm and width w = 0.35 mm along x-axis at 

opposite vertex of HMSA. The ratio of perturbation length 

to the side length of the HMSA is (l/S) = 0.485. This ratio 

finds useful at other resonance frequencies for HMSA to 

obtain CP. With the use of this dimension of the 

perturbation, a feed location is optimized at a coordinate of 

(7.5 mm, 7.5 mm) from the centre of the patch along the 

diagonal line to achieve the two degenerate modes for 

LHCP and maximum 3 dB ARBW. The CP radiations are 

observed at the centre resonating frequency of 2.12 GHz, 

that gives 10dB impedance BW of 120 MHz, 3 dB ARBW 

of 31.2 MHz, and gain of 2.74 dB. The configurations 

showed in Fig. Yield LHCP waves. The side length, S = 20 

mm for all of the HMSA configurations are determined for 

the MSS band (1990 MHz to 2200 MHz) to resonate at the 

centre frequency of 2 GHz [14]. The HMSA configurations 

are etched on a FR4 substrate with dimensions 60 mm x 60 

mm, thickness h = 1.59 mm and dielectric constant €r = 4.3, 

with below side to have a finite ground plane and is fed 

coaxially by means of a SMA connector. [5] 

III. RESULTS AND DISCUSSIONS 

The size of the perturbation and feed point are the two 

critical parameters to obtain CP, which were optimized 

using IE3D software to obtain maximum axial ratio 

bandwidth. As the size of the perturbation of the hexagon 

increases, the loop which is formed in the impedance loci 
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also increases and as the size of the perturbation decreases, 

the loop size decreases to form a kink (extremely small 

loop) indicating the CP. If the perturbation is further 

decreased the kink in the impedance loci disappears. 

 
Fig. 2: Return Loss 

 
Fig. 3: Patch 

Fig. 4: VSWR 

The axial ratio bandwidth is maximum in the case 

of a kink closer to the centre of the Smith chart in the 

impedance loci. For the present configuration, ratio of the 

length of the perturbation to the sideof the HMSA of 0.27 

gives maximum CP bandwidth. With an increase in the 

value of feed position ρ from the centre, the kink moves 

down as well a moves from left to right in the smith chart. 

The HMSA of side length of 9.24 cm with a feed position 

for LHCP, as shown in Fig., was fabricated as suspended 

configuration with air gap of 1 cm. The impedance loci and 

VSWR plots for the configuration for LHCP is shown in Fig 

The measured and simulated frequencies of the HMSA for 

LHCP were 2.4GHz, respectively. [2] 

IV. RADIATION CHARACTERISTICS 

The axial ratio bandwidth is measured using spinning dipole 

method. The optimized plot of axial ratio with frequency is 

shown in Fig. The measured and simulated axial ratio 

bandwidths are 83 MHz and 14.8 MHz respectively, for the 

suspended hexagonal microstrip antenna with LHCP. The 

high values of gain and efficiency is because of suspended 

configuration, which does not have dielectric loss. The 

photograph of the antenna is shown in Fig.  

 
Fig. 4: Radiation Pattern 

There is overall agreement between all the 

theoretical and measured plots for the investigated 

configuration. Minor discrepancy between measured and 

theoretical results is also due to fabrication errors, especially 

the non uniform air gap of the suspended configuration. The 

proposed configuration yielded bandwidth corresponding to 

VSWR < 2dB and axial ratio of <3db. [1] 
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