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Abstract: The effects of position of shorting pin 

and feed-probe in an equilateral triangular 

microstrip patch antenna are theoretically taken 

into account using transmission line model. At 

ds/dh =0.33, frequency ratio (FR) of upper 

resonant frequency to lower resonant frequency is 

minimum. It is observed that the minimum FR 

decreases if substrate permittivity increases and it 

varies from 2.81–1.68 for εεεεr 1.0 to 9.8. While the 
FR increases if the distance of the shorting pin 

from that point (ds/dh =0.33) increases. Maximum 

FR is observed at the triangle tip. The maximum 

FR varies from 5.43–5.07, and it decreases if 

substrate permittivity increases. It is also observed 

that the resonance frequencies are almost constant 

with probe position. 

 

Index Terms: Shorting pin, Dual-band, ETMSA. 

 

I. INTRODUCTION 

The first study on Triangular Microstrip 

Antenna (TMSA) dates back to 1978 when 

Helszajn and James [1] reported theoretical and 

experimental investigation on Equilateral 

Triangular Microstrip Antenna (ETMSA) as disk 

resonator, filter and circulator. TMSA have 

received much attention due to increased 

demand of small antennas for personal 

communication equipment. The triangular MSA 

is known to require small patch size that of a 

square or circular MSAs [2]. In many 

applications, compact MSA capable of operating 

in multibands are highly desirable.  

 

The conventional ETMSA antennas were 

studied in [3]-[17]. The basic formulas to design 

ETMSA antennas are presented in [18]-[19]. 

The ETMSA has been analyzed and modeled 

using different techniques, namely, cavity 

resonator model [3],[5]-[14],[17], geometrical 

theory [4], Method of Moment (MoM) [10] and 

genetic algorithm (GA) [14]. It is apparent that 

most of the analyses are based on the cavity 

resonator model resulting in simple computer 

aided design formulas for determining the 

operating frequencies. 

 

To obtain dual band, a few attempt have been 

made [20-27]. Dual frequency operation of an 

ETMSA is demonstrated by using stacked 

patches [20], using a pair of spur lines [22], 

using a slit [23], using a V shaped slot [24], by 

loading two pair of narrow slots in the triangular 

patch [25] and [26], and also by using shorting 

pins [27].  

 

Pan and Wong [27] first time presented a 

working model of a dual band ETMSA with 

tunable frequency ratio. This patch generates 

two different operating bands mainly due to the 

shifting of the null-voltage point, and divide the 

flow of current in two different streams, having 

different path lengths. 
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Recently, Hong and Li [28] investigated the 

dual-mode operation of microstrip triangular 

patch resonators in realizing dual-mode 

microwave planar filters. 

 

In this endeavor the effect of position of shorting 

pin and feed-probe are theoretically taken into 

account using transmission line model. 

Considering the triangular patch as a number of 

cascaded transmission lines of varying width 

derives the input impedance.  

 

 

II.THEORY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The geometry and transmission line equivalent 

of the proposed dual-frequency design is shown 

in Figs. 1-2. Considering the effect of fringing 

field, dimensions of the triangular MSA has 

been modified (Fig. 3). In this paper the effect of 

position of shorting pin and feed-probe are taken 

into account. It has two different cases: (I) 

shorting pin is closer to vertex compared to 

feeding   probe   and  (II)  feeding   probe   is 

closer to vertex compared to shorting pin. Case-I 

(Fig. 4), the total input impedance at the feed 

point may be obtained using transmission line 

theory as 
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Fig 3: Contribution of fringing field on ETMSA 
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where Lp is an inductance offered by the current 

flowing through the center conductor of the 

feeding probe [19], ω is the operating frequency, 
and Zin1 is the impedance at probe looking 

towards bottom and may be written as 

 

 

where Zin1k is the input impedance of k
th
 section 

looking towards bottom end (k≤ p), and is 
defined by 

 

 

where Zok and ZLk1 are the characteristic and load 

impedances for that particular section. Zok may 

be obtained by [19] 

 

 

where Wk is width of k
th
 transmission line 

section and L is distance between vertex and 

bottom of the patch 

 

where ∆ and εeff are fringing field width and 
effective permittivity respectively [19 ]. 

 

ZLk1 for any section is equal to the input 

impedance of the previous section and may be 

written as 

 

 

On the other hand Zin2 is the input impedances at 

probe towards vertex and may be given by 

 

 

where Zin2k is the input impedance of k
th
 section 

looking towards vertex (s≥k≥p), and is defined 
by  

 

where ZLK2 for any section is equal to the input 

impedance of the previous section and may be 

written as 

 

 
Zin3 is the impedance at shorting pin position, 

looking towards vertex and may be written as 

 

 

where Zin3k is the input impedance of k
th
 section 

looking towards vertex (k≥ s), and is defined by 
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ZLk3 for any section is equal to the input 

impedance of the previous section and may be 

written as  

 

 

Similarly one may obtain the patch impedance if 

shorting pin is connected between probe and 

bottom of the patch as shown in Fig. 5. 

 

 
III. RESULTS AND DISCUSSION 

 

Resonant frequency (which is indicated by the 

zero input reactance value) and frequency ratio 

are calculated at different shorting-pin and probe 

positions for different values of n for the antenna 

designed parameters: εr = 4.4, h = 1.6 mm, d = 
50 mm, and rs = 0.32 mm. These are also 

calculated for different substrate permittivities 

having other parameters remain same. The 

results are plotted and shown in Figs. 6-11. 

 

It is evident from Fig. 6 that at ds/dh =0.33, the 

first resonant frequency (fr1) has a maximum 

value, while the second resonant frequency (fr2) 

has a minimum value consequently frequency 

ratio (FR) is minimum. The minimum FR varies 

from 2.81–1.68, and it is also observed that it 

decreases if substrate permittivity increases. 

While the FR increases if the distance from that 

point (ds/dh =0.33) increases. Maximum FR is 

observed at the triangle tip. The maximum FR 

varies from 5.43–5.07, and it is also observed 

that it decreases if substrate permittivity 

increases.  

 

Fig. 7, revels that the obtained theoretical results 

are in good agreement with experimental results 

obtained by Pan and Wong [27]. It is also 

observed that the resonance frequencies are 

almost constant with probe position as shown in 

Fig. 8. 

 

From Figs. 9-11, it is observed that the nature of 

graph for  variation of  resonant  frequency  with  
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Fig 7: Variation of Frequency Ratio with 

shorting pin position. 
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experimental results [27]               

Fig 8: Variation of resonance frequencies with 

shorting pin position for different probe 

positions (εr=4.4 and d= 50 mm).       
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shorting pin position for values as small as n=10 

is similar to higher  values of n such as n=10000 

and it is also observed that the graph is in good 

approximation for n=100. The error between 

n=100 and n=10000 is less than 3%. 

 

 

IV. CONCLUSION 

 

In this study we have presented an approximate 

but computationally very fast method for solving 

the problem of probe fed ETMSA with a 

shorting pin. The Transmission Line model is 

used for the calculation of input impedance. 

Comparison with the measured results 

demonstrates the accuracy of the proposed 

method. 

 

 

REFERENCES 

 
[1]  J. Helszajz and D. S. James, “Planar triangular 

resonators with magnetic walls,’ IEEE Trans. 

Microwave Theory and Tech., vol. MTT-26, pp. 95-

100, 1978.  

[2]    H.R Hassani and D. Mirshekar-Syahkal, “Analysis of 

triangular patch antennas including radome effects,” 

IEE Proceedings H Microwaves, Antennas and 

Propagation, vol. 139, pp. 251 – 256, 1992. 

[3]   Y. T. Lo, D. Solomon, and W. F. Richards, “Theory 

and experiment on microstrip antennas,” IEEE Trans. 

Antennas Propagat., vol. 27, pp.137-145, 1979. 

[4].  F. Keuster and D. C. Chang, “A geometrical theory for 

the resonant frequencies and Q factors of some 

triangular patch antennas,” IEEE Trans. Antennas 

Propagat., vol. 31, pp. 27-34, 1983. 

[5]  J. S. Dahele and K. F. Lee, “On the resonant 

frequencies of the triangular patch antenna,” IEEE 

Trans. Antennas Propagat., vol. 35, pp. 100-101, 

1987. 

[6]  K. F. Lee, K. M. Luk and J. S. Dahele, 

“Characteristics of equilateral triangular microstrip 

patch antenna,” IEEE Trans. Antennas Propagat., vol. 

36, pp.  1510-1518, 1988. 

[7]  R. Garg and S. A. Long, “An improved formula for 

the resonant frequencies of the triangular microstrip 

patch antenna,” IEEE Trans. Antennas Propagat., vol. 

36, pp. 570-575, 1988.  

[8]  X. Gang, “On the resonant frequencies of microstrip 

antennas,” IEEE Trans. Antennas Propagat., vol. 37, 

pp.245-247, Feb. 1989. 

 [9]  R. Singh, A. De, and R. S. Yadava, “Comments on An 

improved formula for the resonant frequency of the 

triangular microstrip patch antenna,” IEEE Trans. 

Antennas Propagat., vol. 39, pp.1443-1444, 1991. 

 

Fig 10: Variation of upper resonant frequency 

with shorting pin position for different values of 

n.  

Fig 9: Variation of lower resonant frequency with 

shorting pin position for different values of n.   

Fig 11: Variation of Frequency Ratio with 

shorting pin position for different values of n.  

F 

R 

E 

Q 

E 

N 

C 

Y 

 

R 

A 

T 

I 

O 

ds/dh 

ds/dh 

ds/dh 

67

IJMOT-2007-10-272  ©  2008 ISRAMT

       INTERNATIONAL JOURNAL OF MICROWAVE AND OPTICAL TECHNOLOGY
 
                                                                                                           VOL. 3, NO. 2, APRIL 2008



[10]  W. Chen, K. F. Lee, and J. S. Dahele, “Theoretical and 

experimental studies of the resonant frequencies of the 

equilateral triangular microstrip antenna,” IEEE 

Trans. Antennas Propagation, vol. 40, pp. 1253-1256, 

1992. 

[11]  K. Güney, “Resonant frequency of a triangular 

microstrip antenna,” Microwave Opt. Technol. Lett., 

vol. 6, pp. 555-557, 1993. 

[12]  N. Kumprasert and W. Kiranon, “Simple and accurate 

formula for the resonant frequency of the equilateral 

triangular microstrip patch antenna,” IEEE Trans. 

Antennas Propagat., vol. 42, pp. 1178-1179, 1994.  

[13]  K. Güney, “Comments on 'On the resonant 

frequencies of microstrip antennas',” IEEE Trans. 

Antennas Propagat. ,vol. 42, pp. 1363-1365, 1994.  

[14]  D. Karaboğa, K. Güney, N. Karaboğa, and A. Kaplan, 

“Simple and accurate effective side expression 

obtained by using a modified genetic algorithm for the 

resonant frequency of an equilateral triangular 

microstrip antenna,” Int. J. Electron., vol. 83, pp. 99-

108, 1997. 

[15]  P. Mythili and Annapurna Das, “Comments on 

'Simple and accurate formula for the resonant 

frequency of the equilateral triangular microstrip patch 

antenna',” IEEE Trans. Antennas Propagat., vol. 48, 

pp. 636, 2000. 

[16]  C. S. Gurel, E. Yazgan, “New computation of the 

resonant frequency of a tunable equilateral triangular 

microstrip patch,” IEEE Trans. Microwave Theory 

Tech., vol. 48, pp. 334-338, 2000. 

[17]  D. Guha and J. Y. Siddiqui, “Resonant frequency of 

equilateral triangular microstrip antenna with and 

without air gap,” IEEE Trans. Antennas Propagat, 

vol. 52, pp. 2174-2177, 2004. 

[18]  R. Garg, Microstrip Antenna Design Handbook, 

Artech House, Boston. 

 

[19]  I. J. Bahl and P. Bhartia, Microstrip Antennas. 

Dedham, MA: Artech House, 1980. 

 

[20]  P. S. Bhatnagar, J. P. Daniel, K. Mahdjoubi, and C. 

Terret, “Experimental study on stacked triangular 

microstrip antennas,” Electron. Lett, vol. 22, pp. 864-

865, 1986. 

[21]  K. L. Wong and W. S. Chen, “Compact microstrip 

antenna with dual frequency operation,” Electron 

Lett., vol. 33, pp. 646-647, 1997.  

[22]  H. Lu and K.. L. Wong, “Single-feed dual-frequency 

equilateral-triangular microstrip antenna with pair of 

spur lines,” Electron Lett., vol. 34, pp. 1171-1173, 

1998.  

[23]  K.L Wong, S. T. Fang and J.H. Lu, “Dual frequency 

equilateral triangular microstrip antenna with a slit,” 

Microwave Optical Technol. Lett., vol. 19, pp. 348-

350, 1998.  

[24]  K.L Wong, M.C. Pan, and W.H. Hsu, “Single feed 

dual frequency triangular microstrip antenna with a V 

shaped slot,” Microwave Optical Technol. Lett., vol. 

20, pp. 133-134, 1999. 

[25]  S. T. Fang and K.L Wong, “A dual frequency 

equilateral-triangular microstrip antenna with a pair of 

narrow slots,” Microwave Optical Technol. Lett., vol. 

23, pp. 82-84, 1999. 

[26]  J-H. Lu,C-L. Tang, and K. L. Wong, “Novel dual-

frequency and broadband designs of slot-loaded 

equilateral triangular microstrip antennas,” IEEE 

Trans. Antennas Propagat., vol. 48, 2000. 

[27]  S. C Pan and K.L. Wong, “Dual frequency triangular 

microstrip antenna with a shorting pin,” IEEE Trans. 

Antennas Propagat., vol. 45, pp. 1889–1891, 1997. 

[28]  J-S. Hong and S. Li, “Theory and experiment of dual-

mode microstrip triangular patch resonators and 

filters,” IEEE Trans. Microwave Theory Tech., vol. 

52, pp. 1237-1243, 2004.  

68

IJMOT-2007-10-272  ©  2008 ISRAMT

       INTERNATIONAL JOURNAL OF MICROWAVE AND OPTICAL TECHNOLOGY
 
                                                                                                           VOL. 3, NO. 2, APRIL 2008


