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ABSTRACT 
In this paper, the design, fabrication and measurement of a 

microstrip patch antenna is reported which can be operated at 

four frequencies – 5.215 GHz, 5.5 GHz, 5.69 GHz and 6.16 

GHz. The simulation is done using IE3D software.  
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1. INTRODUCTION    
The demand of antennas for different systems and standards 

with properties like reduced size, broadband, multiband 

operation, moderate gain etc that work in the defined range of 

frequencies has increased with increasing use of microwave 

mobile communication systems. Some of such prevalent 

frequency bands include 900 MHz, 1.8 GHz, 2.4 GHZ, 5 

GHz, 6 GHz, etc. Since higher frequencies result in shorter 

wavelengths, the wavelength of a 900 MHz device is longer 

than that of others. But, each band has its own advantages and 

disadvantages. The 900 MHz frequency has interference 

issues with other devices using this band, particularly cordless 

phones. The 2.4 GHz frequency band is also crowded with 

interfering devices like other Wi-Fi access points, microwave 

ovens, cordless phones, Bluetooth devices, etc. The 5 GHz 

band in comparison is considerably cleaner in most areas. 

Operating at the 5GHz radio bands has several advantages 

over the more common 2.4GHz band:  

 Better penetration  

 Less radio congestion due to larger number of non-

overlapping channels 

 Better for non line of site operation 

 Better scatter  

 No abnormal absorption by water or damp  

 

But, due to unavailability of certain frequency bands in certain 

parts of the world, there is a need to have antennas that can 

work at multiple frequencies. The multi-frequency 

characteristics of a microstrip antenna are studied here using 

dual-patch configuration. Microstrip patch antennas have 

received considerable attention for wireless communication 

because of its attractive features. Literatures are available for 

microstrip patch antennas with parasitic patches [14-17] and 

these types of patches are also investigated for mobile 

communication [18].  

 

2.  DESIGN AND SIMULATION 
In this paper, the design of a microstrip patch antenna is 

reported which can be operated at four frequencies for 5 GHz 

band (5.215 GHz, 5.5 GHz, 5.69 GHz) and 6.16 GHz. A 

single layer microstrip antenna is designed whose geometry 

has been shown in Fig1. The multi-frequency characteristic of 

the microstrip antenna is obtained using dual-patch 

configuration. The patches are placed on a dielectric slab of 

thickness 1.59 mm and dielectric constant 2.55 with a ground 

plane on the bottom surface of the dielectric slab. The PTFE 

(Polytetrafluroethylene) substrate with loss tangent of 0.0001 

is used. The antenna was fed at the common corner of the 

geometry. 

    
 

   
Fig 1: Designed & Fabricated Tetra-frequency antenna 

 

The antenna is a dual-patch structure of two square patches 

with corner truncated and slit loaded. In order to achieve 

desired resonance frequencies, the dimensions of both the 

square patches are optimized after a large number of 

simulations. Slit position and slit dimension are adjusted so as 

to get the required results for all the 4 frequencies. 

 

Table1. Results for return loss with variation of slit 

position 

Structure 
Return Loss 

f1 f2 f3 f4 

Without slit -12 dB -13.5 dB -18.5 dB -6.5 dB 

With top 

patch 

corner slit 

- -14 dB -21 dB -6 dB 

With both 

patch 

corner slits 

-25 dB -16 dB -19 dB -5.5 dB 

With all 

slits 
-22.5 dB -18 dB -13.5 dB -12 dB 
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The simulation software used for simulation of the antenna is 

IE3D. It is full wave electromagnetic simulation software for 

the microwave and millimeter wave integrated circuits that 

takes into account the effect of co-axial SMA connector, by 

which the antenna was fed. The software on the principles of 

Method of moments using the function f (g) = h. (where, ‘f 

(g)’ - a known linear operator, of an unknown function ‘g’, 

and ‘h’ - the source or excitation function) ‘g’ is to be 

calculated, when ‘f’ and ‘h’ are known. ‘g’ can be expanded 

as a linear combination of ‘n’ terms consisting of: ‘n’ number 

of unknown constants ‘an’ and ‘n’ number of known 

functions ‘gn’. ‘gn’ is called basis functions or expansion 

functions. In IE3D simulation, these unknowns are obtained 

by using Green’s function in the electric field integral 

equation formulation satisfying boundary conditions at the 

microstrip patch metallization, since microstrip antenna 

structure is of mixed dielectric type. The resulting set of linear 

equations yields a matrix equation. The current distribution on 

the metal patch and the required quantities can be obtained 

from the solution of this matrix equation. 

 

The simulated results for radiation patterns of the antenna at 

phi=0 degree are shown in Fig 2a. It is seen that at all the four 

resonance frequencies the antenna radiate linearly polarized 

far field along the broadside direction. The antenna does not 

radiate accurately in the broadside direction but the radiation 

pattern is slightly tilted which is seen from the simulated 

radiation pattern. This tilting occurs because the geometry of 

the radiating patches is not symmetrical. 

 

 
Fig 2a: Simulated radiation pattern of the antenna for 

phi=0 degree 

 

 

 

 

 

 

 

 

 

 

The radiation pattern at phi=90 degree is given as: 

 

 

Fig 2b: Simulated radiation pattern of the antenna for 

phi=90 degree 
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The measured radiation patterns are given in Fig 2c. 

 

Co-Polarisation E-Plane 

 
 

 

Co-Polarisation H-Plane 

 
 

 

 

 

 

 

 

 

 

Cross-Polarisation E-Plane 

 

 
Cross-Polarisation E-Plane 

 
Legend: 

Fig 2c: Measured radiation pattern for co-polarization & cross-polarization in E-plane & H-Plane 
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The simulated and measured plot for return loss of the antenna 

is shown in Fig  3. 

 

 
 

 

 

 
Fig 3: Simulated and Measured return loss of the antenna 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The simulated plot for VSWR of the antenna is shown in Fig  

4. 

 
Fig 4: Simulated VSWR of the antenna 

 
 

 
Fig 5: Measurement Setup for radiation pattern 

 

3.  CONCLUSION 
The design and performance of a tetra-frequency microstrip 

antenna for the application in four frequencies for 5 GHz band 

(5.215 GHz, 5.5 GHz, and 5.69 GHz) and 6.16 GHz are 

described here. The frequencies are selected by studying the 

existing work for quadruple frequency antenna [19, 20, 21], so 

that the antenna contains a new set of frequencies. One of the 

uses of this multi-frequency antenna can be in automobiles 

where: 

 5 GHz band (Automobile IPTV) – can be used for better 

QoS providing superior image and audio quality and 

interference-free transmission 

 6 GHz (Automatic/Electronic Toll Collection (ETC)) - 

can be used to allow charging tolls without vehicles 

having to slow down. 
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