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Abstract: Holding the soaring demand of multi frequency performance, a miniaturized triangular patch 

antenna is proposed implementing parasitic patches along with defected ground structure. Triangular shaped 

patch is selected as it has radiation characteristics similar to that of rectangular patch but occupies lesser area 

then both rectangular and circular patch. Simulated on Rogers RT Duroid 5880 (Ɛr=2.2), the size of proposed 

design is 28×55×1.57 mm. Feeded by a 50 Ω inset microstrip line, the antenna functions its power in three 

frequency bands having applications for IEEE802.16/WiMAX,  LTE and other Fixed and Mobile wireless 

services. Various antenna characteristics such as return loss, gain, smith chart and radiation patterns are also 

presented. 
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I. INTRODUCTION 
The broadband and multiband natures are the most focused areas of radio communication these days. 

Antenna designers are hence insisted to make designs that realize the multiband necessities.  Being small sized 

is also a matter of great concern as it is an important phase of optimization in this field. The promising 

characteristics of microstrip patch antenna have gained the consideration of researchers over the past work. 

Starting from 1970’s to nowadays, patch antenna exploited their applications in a never ending series varying 

from wireless communication to biomedical diagnosis [1]. 

Though Dechamps noted the preliminary work on microstrip patch antenna back in 1953, it was Bob 
Munson who actually invented them in 1972 and it started becoming popular since then [2-4]. In their former 

days patch antennas were not greatly acclaimed because of it had low power handling capacity, low efficiency, 
high Quality factor, very poor bandwidth (<5%) as well as poor polarization purity. But now their versatility in 

terms of pattern, resonant frequency, impedance matching and polarization along with increased bandwidth 

(>30%) and efficiency are the reason of their ever growing popularity. Their area of expertise lies in size 
constrained and high performance applications. Recent research on microstrip patch antenna endeavors on 

multiple functionality, wide bandwidth, improved gain, size reduction and impedance matching. Plentiful 

methods have been unfolded for achieving wide bandwidth [5-6] as well as to increase gain [7-8]. Many 
prevailing practices such as employing switches, varactor diodes and PIN diodes are used for attaining multi 

frequency function [9-11]. But implementing this concept in design presents reconfigurable frequency operation 
through bi-state ON/OFF control. Use of these active components also adds on to design complexity and needs 

extra biasing network as well. The Photonic Band-Gap (PBG) structure when enacted on ground plane [12] 

helps in receiving multi frequency characteristics although it degrades the antenna efficiency. Another technique 
was to implement multiple patches with a slot-coupled procedure to acquire multiband results [13]. One more 

practice to discover the multiband feature is to employ Meander lines in the radiator.  In case of meandering, 

many narrow slits are introduced at the non radiating edges of the patch. The enthused patch surface currents are 
meandered which eventually results into a much expanded current path for a predetermined linear patch 

dimension [14]. This deed has an affinity to lower the fundamental resonant frequency and hence it should be 

exploited for lower frequency works.  Coplanar waveguide technique can also be applied with patch but owing 
to the absence of ground plane radiations are enlarged [15]. In [16], multi-frequency function was achieved by 

making use of a modified ground plane.  This practice not only boosts the bandwidth and gain but moreover it is 
very easy to implement and fabricate. 

Need of study 

Often system which performs multiple functions operates at multiple frequency bands. It may not be 

feasible to have an antenna covering all these bands. However it is possible to have an antenna with multiple 

operational bands customized as per requirement. This saves the number of antennas required and hence the 

size on board is saved which is one of the major optimization criteria. A new triangular patch antenna along 

with two parasitic patches is proposed in this paper which possesses multiband characteristics. The two 

parasitic patches and slots in the triangular patch along with defected ground structure helped in gaining 

multiband operation. Three resonant frequencies attained are 2.52 GHz, 3.34 GHz and 4.64 GHz with 

frequency bands 2.49-2.6 GHz, 3.28-3.4 GHz and 4.5-4.8 GHz respectively. The respective antenna bands have 

their applications for IEEE802.16/ WiMAX, LTE as well as Fixed and Mobile wireless services. 
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II. PROPOSED ANTENNA DESIGN 
The radiator is a triangular patch with two parasitic rectangular patches. The triangular patch being 

inset fed by 50Ω microstrip line. The antenna dimension is 28 mm x 55 mm with a substrate thickness of 

1.57mm. Various dimensions and characteristics of a triangular patch antenna were observed and calculated 

from [17-19]. Smaller dielectric constant implies larger patch size for a particular frequency. The surface current 

path length should be increased to lower the resonant frequency for a given patch size. By engraving a defected 

ground plane and parasitic patches beside the triangular patch as a radiator, reflection loss of less than -10dB is 

obtained at three frequency bands.   

A center- fed patch optimises the input impedance. Lesser the values of permittivity (Ɛr), improved are 

the results although much lesser permittivity value boosts fringing effect. More thickness endows with wider 

bandwidth and little thickness endows with narrow bandwidth. However if the thickness is inflated beyond a 

certain level in that case more radiation occurs. An enhancement in the width of the feed line deviate the antenna 

from the requisite band. Figure 1 shows the patch and ground of the proposed design of the multiband antenna. 

Table 1 illustrates the different parameters of the design.  

 

 
Figure1(a): Patch (Front View) 

 

 
 

Figure1(b): Ground (Bottom View) 
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Table I. List of parameters 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

III. SIMULATION RESULTS AND DISCUSSION 
This proposed tri-band patch antenna is simulated on Computer Simulation Technology (CST) 

Microwave Studio 2011, an industry standard software tool for designing and simulation of complex microwave 

structures. Antenna parameters like return loss, Gain vs. frequency plot, VSWR surface current distribution, 

electric and magnetic field distribution, radiation pattern, Smith chart and other parameters can be observed with 

the help of CST.  The purpose of studying these antenna parameters is to evaluate the performance of the 

proposed antenna. This proposed design works efficiently on three different frequency bands. 

50Ω characteristic impedance of an antenna is required for perfect impedance matching. In case of 

impedance mismatch reflections occurs and these reflections are measured in terms of return loss. Return loss 

should be less than -10 dB ideally. Figure 2 depicts that the antenna operates at resonant frequencies 2.52GHz 

having a return loss of -34.96 dB, 3.34 GHz having return loss of -49.1dB and 4.64GHz with return loss of -

34.04dB. 

 

 
Figure2: Return Loss 

Figure 3 shows gain vs. frequency plot which indicates that gain at the three resonating frequencies 2.52GHz, 

3.34GHz and 4.64GHz is 1.8dB, 2.2dB and 3.8dB respectively. As already discussed, this reduced gain is a 

consequence of implementing defected ground structure. 

Parameter Dimension (mm) 

Length of feed, lf 32.5 

Width of feed, wf 4.7 

a 32.68 

b 5.35 

c 7.9 

d 4.3 

e 20.3 

f 7.4 

Width of ground, Wf 28 

Length of ground, Lf 55 

LS 

 

 

44.5 

Ws 22 

m 10 

n 26 

o 4 

p 22 
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Figure3: Gain v/s frequency plot 

Graphical exhibition of the radiation characteristics of an antenna is identified as its Radiation Pattern. 

It is the combination of E-plane and H-plane patterns. Figures 4-6 show the radiation patterns (E and H plane) at 

2.52GHz, 3.34GHz and 4.64GHz respectively. 

 

  
       (a)             (b)                   

Figure4: E-plane and H-plane pattern at 2.52GHz 

 

  
 

               (b) 

 

Figure5: E-plane and H-plane pattern at 3.34GHz 
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   (a)                      (b) 

Figure6(a): E-plane and H-plane pattern at 4.64GHz 
Smith chart is a graphical implementation to plot the complex impedance, which plays a vital role in 

designing a matching network and also facilitate to quickly calculate many parameters, such as admittance, 

reflection coefficient, insertion loss etc. The use of the Smith chart here is to identify all possible impedances on 

the domain of existence of the reflection coefficient. Figure 7 shows the smith chart for the proposed design. 

Markers symbolize the three resonating frequencies and their position which is almost on the unity point shows 

very good impedance matching at the resonant frequencies. 

 

 
Figure7: Smith Chart 

 

Limitations of the design 

Although all the criterions of an efficient multi-frequency antenna are satisfied but still some 

limitations always prevail. Implementation of defected ground structure has resulted into non-omni directional 

radiation patterns. The front to back ratio at some frequencies is not satisfactory. This is a major limitation of 

this proposed design. The substrate used, Rogers RT Duroid 5880, is quite costly which increases the overall 

antenna cost. 

Implication of the design  
 A miniaturized triangular patch antenna with two rectangular parasitic patches is proposed and its 

various operational characteristics are presented and discussed. This antenna functions efficiently on three 

frequency bands with resonant frequency as 2.52GHz, 3.34GHz and 4.64GHz respectively. These three bands 

have their application areas for WiMAX/ IEEE 802.16, LTE applications as well as various other mobile and 

fixed wireless services. The return loss is much below -20dB which justifies the efficient matching of the 

antenna.  

Future research directions 
There is always a scope of improvement in every system. More work can be carried out on various 

issues such as improvement in radiation patterns and gain of the proposed antenna. Same design can be 
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implemented on other substrates and changes can be studied. Also, some parametric changes can be made in the 

same design to change the operating frequencies and hence the applications required as per user requirement. 

Mathematical modeling is also an area of future work. Further the fabrication of the antenna and comparison of 

simulated and measured results is also an area of research interest. 
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