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Abstract— In this paper a design of single layered compact and broadband monopole triangular microstrip patch antenna 

utilizing shorting pin has been proposed. It has been theoretically and practically investigated that defecting ground plane leads 

to bandwidth enhancement and shorting pin lowers the resonant frequency which results size reduction. Using only defected 

ground plane the bandwidth has been achieved 47.6% and using shorting pin the size of the antenna is reduced by 89% 

compared to reference patch, with dual band and enhanced bandwidth of 46%. 
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I.  INTRODUCTION  

Broadband communication technology has a great attraction 

because of its advantages such as high data rate over short 

ranges. Thus bandwidth enhancement along with 

miniaturization of microstrip patch antenna is on demand to 

keep its importance in modern communication systems [1]. 

Microstrip patch antenna has several attractive features of 

small size, light weight, easy integration capability with 

circuits. Due to these advantages, microstrip patch antennas 

are used in portable devices such as mobile phones, laptops 

etc. [2].Various research articles have discussed different 

types of realization techniques of compact and broadband 

microstrip patch antenna. 

The realization of compact multi frequency microstrip patch 

antenna has been reported by various authors in their articles 

using several techniques like cutting the slots on the patch, 

cutting slots on ground plane, monopole structure with 

defected ground plane, C shaped ring loading, using parasitic 

element etc. S. Bhunia et al. [3] has investigated over 

compactness of microstrip patch antenna with the variation 

of slot length on the patch and he has found 85% size 

reduction with respect to conventional patch. He has also 

found 67% size reduction using unequal finger like slots on 

the patch [4].Miniaturization of microstrip patch antenna by 

cutting the slots on the patch has been discussed in many 

more literatures [5-6]. Another technique of achieving multi 

frequency operation with monopole antenna structure and 

defected ground plane has been discussed in some articles [7-

8]. Richard H. Chen et al. [9] has proposed a novel 

miniaturized design of a microstrip fed slot antenna loading 

with a pair of C shaped ring inside a half wavelength slot and 

he has achieved 50% size reduction in this design. Debasis 

Mitra et al. [10] has designed a compact microstrip patch 

antenna loading with a pair of split ring resonator and he has 

found 26% size reduction in comparison to slot antenna 

without split ring resonator. Jun-Won Kim et al. [11] has 

proposed another new design of a compact multiband 

microstrip patch antenna using inverted L and T shaped 

parasitic element. Along with the miniaturization of 

microstrip patch antenna various bandwidth enhancement 

techniques have been also discussed in some literature. Yikai 

Chen et al. [12] has proposed a simple bandwidth 

enhancement method by introducing a distributed LC circuit 

to the patch antenna. Gaojian Kang et al. [13] has 

investigated on inverted S monopole structure and he has 

achieved about 560MHz and 500MHz bandwidth at 2GHz 

and 3GHz resonant frequencies respectively. Rajesh K 

Vishwakarma et al. [14] has studied over dual band operation 

of equilateral triangular microstrip patch antenna. In this 

paper a design of a compact and broadband monopole 

triangular microstrip patch antenna has been presented with 

simulated and measured results. The bandwidth enhancement 

as well as size reduction has been achieved very successfully 

and the measured results have been found very close to the 

simulated one. By defecting the ground plane and 

http://www.isroset.org/
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introducing a shorting pin at optimum location, the 46% 

bandwidth and about 89% size reduction have been found. 

II. ANTENNA CONFIGURATION AND DESIGN 

CONCEPT 

The resonance frequency of a triangular microstrip patch 

antenna corresponding to a various mode is given by the 

equation [15], 

   
    

  √  
 

  

  √  
√                                  
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Where c is the velocity of light in free space, a is the length 

of side of triangular patch and    = wave number, given by, 
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So the equation of resonant frequency in lowest order is, 
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More accurate value of resonant frequency may be 

determined by considering fringing field effect and replacing 

   and a with       and     .  Where, 
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and,        
 

√  
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Hence,    
  

     √     
                                             (6) 

      Thus according to equation no (3), for 5.8GHz resonant 

frequency the length of the side of the triangular patch is 

      . The antenna with mentioned dimension has 

been constructed using FR4 substrate (      ) with the 

thickness of         . 

 

Figure 1 shows the geometry of the reference antenna. The 

radiating patch is coaxially probe fed at the position 

mentioned in the figure to obtain optimum impedance 

matching.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows the Antenna 2 geometry with finite ground 

plane. The optimum result has been found for ground plane 

with dimensions of width         and length    

     and Antenna 2 is fed by inset microstrip line for 

proper impedance matching and to avoid the generation of 

higher order modes which produce cross polarization 

radiation. The proposed Antenna 3 structure with shorting 

pin at optimum location is shown in figure 3. The shorting 

pin with radius 0.2mm is placed through a via hole at a 

distance 2mm from width side of the ground plane and 

14.8mm from length side of the ground plane as shown in the 

figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. EQUIVALENT CIRCUIT 

The conventional microstrip patch antenna can be modelled 

as simple RLC circuit shown in figure 4. For the Antenna 2 

the partial ground plane introduces a parallel capacitive 

reactance [16] in the conventional microstrip patch antenna 

which forced the antenna to resonate at lower frequency in 

addition to the main resonant frequency. These two 

frequencies are close to each other and as a result a wide 

bandwidth has been achieved like the staggering effect. The 

Fig.3- Antenna 3 geometry with shorting pin 

Fig.2- Antenna 2 geometry with finite ground 

plane. 

Fig.1- Antenna 1 geometry with infinite ground 

plane 
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equivalent circuit is shown in figure 5. When shorting pin is 

loaded in the patch a series LC circuit is loaded with the 

input impedance of the antenna [17]. Since the shorting pin is 

located close to the feed point, a strong capacitive coupling 

between the feed and short takes place. This capacitive effect 

counters the usual inductive nature of the patch antenna 

which introduced another distinct resonant frequency much 

lower than the earlier. Thus shorting pin loading in the 

microstrip patch antenna can produce dual band operation. 

The equivalent circuit for microstrip patch antenna with 

shorting pin is shown in figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. RESULTS AND DISCUSSION 

The simulated return losses of the reference and proposed 

antenna have been studied using method of moment based 

IE3D software and shown in Table-1. The measured results 

of fabricated antennas have been studied in vector network 

analyser and the results are shown in Table-2. It has been 

observed from simulated and measured results that 

bandwidth has been increased about 47.6% with respect to 

the bandwidth of reference patch for defecting the ground 

plane. With the utilization of the shorting pin dual band 

operation has been found and resonant frequency has been 

lowered to 2GHz that causes about 89% of size reduction 

with respect to reference patch. With dual band operation 

bandwidth has been also found about 46%. 

        

Table-1 Simulated results 

       

 

 

Table-2 Measured results 

        

 

Thus utilizing shorting pin and defected ground plane the 

triangular microstrip patch antenna shows dual band (S and 

C band) and broadband operation. Figure 7 shows the 

simulated and measured frequency vs return loss graphs for 

reference Antenna 1. The simulated and measured frequency 

vs return loss graphs for Antenna 2 and proposed Antenna 3 

are shown in figure 8 and figure 9 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The radiation pattern for reference Antenna 1, Antenna 2 and 

proposed Antenna 3 are shown in figure 10-13. The 3dB 

beam width for proposed Antenna 3 at 2GHz and 5.45GHz 

are 150
0
 and 110

0
 respectively. 

        The measured gain of Antenna 3 for 2GHz and 

5.45GHz are 2dBi and 1.5dBi respectively. Directivity and 

radiation efficiency (Simulated) of Antenna 3 for 2.5GHz 

and 5.17GHz are 3dBi, 4.5dBi and 80%, 50% respectively. 

Antenna Resonant 

Frequency 

(GHz) 

Return 

Loss 

(dB) 

Bandwidth 

(MHz), % 

Antenna 1 

Antenna-2 

Antenna-3 

 

5.58 

5.26 

2.5 

5.17 

35 

17 

13 

17 

114, 2.04% 

1782, 33.9% 

138, 5.42% 

2000, 38.67% 

Antenna Resonant 

Frequency 

(GHz) 

Return 

Loss 

(dB) 

Bandwidth 

(MHz), % 

Antenna 1 

Antenna 2 

Antenna 3 

5.3 

5.25 

2 

5.45 

32 

18 

17 

16 

200, 3.77% 

2500, 47.6% 

210, 10.5% 

2500, 46% 
Fig.4- Equivalent circuit for reference Antenna 1 

Fig.5- Equivalent circuit for proposed Antenna 2 

Fig.6- Equivalent circuit for proposed Antenna 3 with 

shorting pin. 

Fig.7- Frequency vs return loss graph for Antenna 1 



  Int. J. Sci. Res. in Multidisciplinary Studies                                                                                  Vol. 3(6), PP (1-6) Jun 2017  

  © 2017, IJSRMS All Rights Reserved                                                                                                                                      4 

The graphs for gain, directivity and radiation efficiency of 

Antenna 3 are shown in figure 14-16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8- Frequency vs return loss graph for Antenna 2 

 

Fig.9- Frequency vs return loss graph for Antenna 3 

 

Fig.10- Radiation pattern of Antenna 1 at 5.3GHz 

 

Fig.11- Radiation pattern for Antenna 2 at 5.25GHz 

 

Fig.12- Radiation pattern for Antenna 3 at 2GHz 

 

Fig.13- Radiation pattern for Antenna 3 at 5.45GHz 

 

Fig.14- Frequency vs Gain for Antenna 3 
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V. CONCLUSION  

A novel design for compact dual band and broadband 

triangular microstrip patch antenna utilizing shorting pin has 

been proposed, fabricated and experimentally studied. The 

measured results are well matched with the simulated results. 

With the defecting ground plane about 47.6% bandwidth has 

been achieved. It has also been discussed with equivalent 

circuit that shorting pin has an important role for the dual 

frequency operation as well as miniaturization of antenna. 

With shorting pin about 46% bandwidth has been found 

associating dual band operation with about 89% of size 

reduction. The proposed antenna radiates dual frequencies in 

S and C band that are very useful in wireless communication 

systems. This antenna is suitable for UMTS and WLAN 

applications. 
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