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Abstract 
A simple single layer single feed symmetric cross slot hexagonal 
patch antenna with air dielectric (εr = 1) substrate providing quad, 
tri and dual frequency operation is proposed and studied. The same 
antenna is giving quad, tri and dual frequency bands of operation 
by changing the feed position only. The quad frequency bands of 
operations are at 1.17GHz, 1.96 GHz, 2.81 GHz and 3.79 GHz. 
The corresponding gains are 6.63 dBi, 7.67 dBi, 2.66 dBi and 3.94 
dBi respectively. The tri frequency bands of operations are at 1.95 
GHz, 2.79 GHz and 3.76 GHz. The corresponding gains are 8.34 
dBi, 2.19 dBi and 3.46 dBi respectively. The dual frequency bands 
of operations are at 2 GHz and 2.84 GHz. The corresponding gains 
are 7.72 dBi and -0.98 dBi respectively. The radiation patterns at 
each resonant frequency are shown. The gains at each resonant 
frequency are also found to be good.
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I. Introduction
Microstrip patch antenna has various  advantages like low cost, 
compact size, simple structure and compatibility with integrated 
circuitry. Multiband microstrip patch antenna has tremendous 
application in present wireless communication scenario. A cross 
slot dual frequency patch antenna with dielectric εr = 4.4 has been 
studied in [1]. Triple frequency bands of operation have been 
reported in [2-3]. Quad frequency bands of operation have also 
been reported in two different sets of antennas [3-4].  Quad and tri 
frequency bands of operation in a cross slot rectangular patch have 
been studied in [5-6]. Hexa, penta, quad and tri frequency bands of 
operation in a single layer asymmetric cross slot rectangular patch 
with changing probe position has been reported in [7].  Cross Slot 
Multifrequency rectangular and Trapezium shaped Patch Antennas 
were reported in [8]. In this article a single layer single feed 
hexagonal  patch antenna  with  symmetric   cross  slots  having 
air(εr = 1) substrate  which  can  operate over either  four or three or 
two frequency bands is presented. The IE3D simulation software 
based on Method of Moments (MoM) is used for simulation.

II. Antenna Design
Analysis is performed for single layer single feed hexagonal patch 
antenna having different symmetric cross slots. Air is used as 
dielectric (εr   = 1) substrate which makes fabrication easy. Antennas 
are fed with SMA coaxial probe of 50Ω characteristic impedance 
having inner conductor of radius 0.6 mm. After optimization, 
the proposed microstrip antenna has patch dimensions of 110 
X 60 mm2 with cross slot of dimensions 45 X 5 mm2 as shown 
and height of 7 mm from ground plane. Its geometry is shown 
in Figs. 1 (a, b).

The ground plane size is taken to be about three times patch size 
for experimental purpose for realization of semi-infinite extent. 
The quad frequency bands microstrip patch antenna is obtained 
when the probe is fed at (X = 5 mm, Y = 18 mm) from the patch 
centre (Let us say, Case 1). 

(a)

(b)
Fig. 1: Antenna (dimensions are in mm) (a). Top View (b). Side 
View (h = 7 mm)

The tri frequency bands microstrip patch antenna is obtained when 
the probe is fed at (X = 13, Y = 18 mm) from the patch centre 
(Let us say, Case 2). The dual frequency bands   microstrip patch 
antenna is achieved when the probe is fed at (X = 0, Y = 25 mm) 
from the patch centre (Let us say, Case 3). 

III. Analysis and Results
For running simulations in IE3D, infinite ground plane is considered 
to ensure faster convergence.       
For Case 1, simulation gives quad frequency bands at 1.17 GHz, 
1.96 GHz, 2.81 GHz and 3.79 GHz. The corresponding gains are 
6.63 dBi, 7.67 dBi, 2.66 dBi and 3.94 dBi respectively as shown 
in Figs. 2 (a, b).

   (a)
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   (b)
Fig. 2: Case 1 (a). Return Loss vs Frequency Graph (b). Gain vs 
Frequency Graph

Radiation patterns at the corresponding operating frequencies are 
shown in Figs. 3(a -d).

   (a)

   (b)

   (c)

   (d)
Fig. 3: Case 1  Radiation (Elevation) Patterns at (a) 1.17 GHz (b). 
1.96 GHz (c). 2.81 GHz (d). 3.79 GHz.

For Case 2, simulation gives tri frequency bands at 1.95 GHz, 2.79 
GHz and 3.99 GHz. The corresponding gains are 8.34 dBi, 2.19 
dBi and 3.46 dBi respectively as shown in Figures.4 (a, b).

   (a)

   (b)
Fig. 4: Case 2 (a). Return Loss vs Frequency Graph (b). Gain vs 
Frequency Graph
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Radiation patterns at the corresponding measured operating 
frequencies are shown in Figs. 5(a -c).

   (a)

   (b)

   (c)
Fig. 5: Case 2 Radiation(Elevation)Patterns at (a). 1.95 GHz (b). 
2.79 GHz (c). 3.76 GHz

For Case 3, simulation gives dual frequency bands at 2 GHz and 
2.84 GHz. The corresponding gains are 7.72 dBi and -0.98 dBi 
respectively as shown in Figures.6 (a, b).

   (a)

   (b)
Fig. 6: Case 3 (a). Return Loss vs Frequency Graph (b). Gain vs 
Frequency Graph

Radiation patterns at the corresponding operating frequencies are 
shown in Figs. 7 (a, b).

   (a)
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   (b)
Fig. 7: Case 3 Radiation (Elevation) Patterns at (a). 2 GHz (b).  
2.84 GHz. 

The proposed antenna shows considerably good gain and radiation 
characteristics at the multiple resonance frequencies.

IV. Conclusion
A simple single layer single feed quad, tri  and dual frequency 
bands hexagonal patch antenna with symmetric cross slots 
is presented. The proposed antenna shows considerably good 
radiation characteristics at the multiple resonance frequencies 
and also easy to fabricate. Novelty of the structure lies in its 
versatility. To the best of our knowledge, it is the first hexagonal 
shaped planar microstrip antenna developed which can be made 
to operate either as a quad or a tri or a dual frequency band patch 
antenna one with simple control of feed point location.
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