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Abstract: - In this paper the triangular antenna is widely analyzed, calculated and simulated. The ETMSA and 

ITMSA variations of the triangular variations were carried out in order compare their features. The proximity fed 

of the antenna was used with the aim to improve the frequency response of the antenna in a air layer between the 

ground plane and the triangular element. The computation and simulation are shown in detail and the results of 

the electromagnetic field is presented using the antenna pattern and the S11 parameter, where the wideband feature 

of the antennas is plotted. The design and optimization by computer demonstrate that the use of low-cost of the 

PCB and the other materials can be used in the implementation of the proximity fed triangular antenna and using 

an inexpensive manufacturing process. 
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1 Introduction 
Due to their main features plane or microstrip 

antennas has been employed in mobile radio 

communication, because a thin geometry is more 

compatible with handset terminals [1]-[10]. The main 

limitation of these sort of antennas is their bandwidth 

inherent limitation [8]-[12]. Nevertheless, that set of 

antennas are quite simple and do not require 

expensive or complex manufacturing process [11]-

[18]. 

A lot of structures have been probed with the aim 

to obtain a wideband planar antenna, examples of 

these are: defected rectangular or circular microstrip 

patch antennas, [19]-[25] 

Symmetric triangular antennas are related to 

higher bandwidths than rectangular patches, because 

this structure can be improved adding slots in their 

triangular main element [9], [10]. 

The isosceles triangular structure is widely 

analyzed in this work. Some variations of the 

triangular structures like ETMSA (Equilateral 

Triangular Microstrip Antenna) or ITMSA (Isosceles 

Triangular Microstrip Antenna) are calculated and 

simulated. Besides, the structures are improved using 

linear and U slots increasing the frequency response 

and employing a proximity feeder, in order to 

increase their matching interval.  

Another contribution in this paper, is the 

presentation of design and simulation of the ETMSA 

and ITMSA antennas for L-band applications with a 

low-cost PCB (Printed Circuit Board). Finally, the 

analysis in temperature and the effect of a plastic 

enclosure are included for the implementation of the 

antenna. 

The simulations of this article were carried out 

using Ansys HFSS (High Frequency Structure 

Simulator), which employs a FEM (Finite Element 

Method) algorithm to solve the Maxwell equations. 

 

 

2 Design Procedure of the Equilateral 

Triangular Antenna 
In this section, the mathematical model of the 

triangular antennas and its computation are presented 

in detail [1], [2], [4]. 

The Figure 1 shows the triangular geometry of the 

ETMSA and ITMSA antennas, where the second one 

involves a isosceles triangle. 
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(a) 

 
(b) 

 

Fig.1 Geometry of Triangular Antennas with 

proximity feeder (a) Top view, (b) Side view. 

 

The electric field distribution is calculated using 

the equations (1) and (2), where A is a constant; and, 

m,n,l determine the mode of the field. 

 

𝐸𝑧 = 𝐴𝑚,𝑛.𝑙𝑇(𝑥, 𝑦) (1) 
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The corresponding magnetic field distribution is 

obtained using the equation (3), where  is the 

permeability, H/m;  is the permittivity, F/m; and,  

is the angular frequency, rad/s. 

 

𝐻𝑥 =
𝑗

𝜔𝜇𝜀

𝛿𝐸𝑧
𝛿𝑦

 (3) 

 

The solution of the electromagnetic field involves 

the resonance frequency of the triangular element in 

the m,n,l mode in the x,y,z axes in the cartesian 

coordinated system. This frequency can be 

determined using the equation (4), where a is the size 

of the triangular antenna, m; c is the phase velocity, 

m/s; and, r is the dielectric constant. 

 

𝑓𝑚,𝑛 =
2𝑐

3𝑎√𝜀𝑟
√𝑚2 +𝑚𝑛 + 𝑛2 (4) 

 
It is necessary to consider the computation of the 

effective length of the triangular element because the 

radiation in a two different media. It is very well 

known the main approximation of the effective 

length, as is shown in the equation (5). 

 

𝑓𝑟 =
2𝑐

3𝑎𝑒𝑓𝑓√𝜀𝑟
⟹ 𝑎𝑒𝑓𝑓 =

2𝑐

3𝑓𝑟√𝜀𝑟
 (5) 

 
The effective dielectric constant of the PCB is 

determined by equation (6) where eff is the effective 

dielectric constant; h is the thickness of the dielectric 

layer of the PCB, m; and, a is the size of the triangular 

antenna, m. 

 

𝜀𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
+

𝜀𝑟 − 1

4√1 +
12ℎ
𝑎

 
(6) 

 

The design procedure of the triangular antenna 

was calculated using a PCB with a standard thickness 

equal to 1.588 mm and a FR-4 substrate with a 

dielectric constant approximately equal to 4.4. 

The use of the dominant mode TM01 of the 

ETMSA an ITMSA antennas was taken in 

consideration in the 1.17 GHz frequency band. The 

variation of the  angle (that is shown in Figure 1) 

can be optimized for ITMSA antenna in comparison 

with an equilateral geometry of the ETMSA. The size 

of the antenna is illustrated in the Table 1 where the 

proximity fed is included. 
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Parameter Value 

𝑓𝑟  1.17 GHz 

ℎ 3 cm 

ℎ𝑙  0.2 cm 

𝛼 60° 

𝑎𝑒𝑓𝑓 8.33 cm 

𝐿𝑆  0.9 cm 

ℎ𝑖  7.2139 cm 

𝑥𝑓  36.0699 cm 

 

Table 1. Dimensions of the ETMSA antenna after 

the design procedure. 

 

The design of the ITMSA antenna is illustrated in 

the Table 2, where the angle of the triangle is changed 

in comparison with the ETMSA antenna. 

 
Parámetro Valor 

𝑓𝑟  1.13 GHz 

ℎ 3 cm 

ℎ𝑙  0.2 cm 

𝛼 110° 

𝑎𝑒𝑓𝑓 8.33 cm 

𝑏 13.64707 cm 

𝐿𝑆  0.9 cm 

ℎ𝑖  4.77789 cm 

𝑥𝑓  2.3889 cm 

 

Table 2. Dimensions of the ITMSA antenna 

after the design procedure. 

 

 

 

3 Results 
The main results of this work are presented in this 

section where the Figure 1, shows the equilateral 

variation of the triangular antenna ETMSA. In the 

side part of this figure the proximity fed is under the 

triangular radiator [32]-[40]. 

 

 
 

Fig.2 Model of the ETMSA antenna in HFSS. 
 

The frequency response of the ETMSA antenna is 

shown in the Figure 3, where the resonance frequency 

is approximately equal to 1.17 GHz. 

 
Fig.3 S11 of the ETMSA. 

 
The antenna pattern of the ETMSA antenna is 

illustrated in the Figure 4, where the directivity of the 

antenna is approximately equal to 5.71 dB. 

 

 
Fig. 4 Antenna pattern of the ETMSA. 

 
The optimization of the ITMSA antenna improves 

the frequency response in comparison with the 

ETMSA variation where the angle of the triangle 

cannot be changed, see the Table 3. 

 
Parámetro Valor 

𝑓𝑟  2.35 GHz 

ℎ 3 cm 

ℎ𝑙  0.2 cm 

𝛼 110° 

𝑎𝑒𝑓𝑓 8.33 cm 

𝑏 13.64707 cm 

𝐿𝑆  0.1 cm 

ℎ𝑖  4.77789 cm 

𝑥𝑓  1.3389 cm 

 

Table 3. Dimensions of the ITMSA antenna 

after the optimization procedure. 
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 The optimized results obtained with the changes 

illustrated in the Table 3, where focused in the 

antenna matching with the return losses (S11) and the 

antenna pattern. 
 

 
 

Fig. 5. Return losses (S11) of the ITMSA antenna. 

 
 The best response of the antenna is obtained with 

a LS equal to 0.1 cm where the return losses is 

approximately equal to -38.584 dB. 
 

Fig. 6. Optimization of the S11 of the ITMSA 

antenna. 

 
 Similarly the antenna gain of the optimized model 

of the ITMSA is illustrated in the Figure 7, where the 

antenna gain is approximately equal to 5.79 dB. 
 

 

 
Fig. 7. Antenna pattern of the optimized ITMSA 

Antenna. 

 
 Building slot in the triangular element of the 

ITMSA antenna is possible to obtain a better 

frequency response. Using two parallel symmetric 

slots, two resonance frequency are obtained (2.49 

GHz and 9.76 GHz, with corresponding bandwidths 

equal to 590 MHz and 1.16 GHz), see Figures 8 and 

9. 

 

 

 
 

Fig. 8. ITMSA antennas with regular and U slots. 

 

 
Fig. 9. Antenna pattern of the optimized ITMSA 

Antenna. 

 
 Finally, U-slot gives a large bandwidth to the 

ITMSA antenna as it is shown in the Figure 10, where 

the return losses are plotted. In this case, the 

resonance frequency is equal 2.38 GHz, and the 

bandwidth is approximately 1.51 GHz. 

 

 
Fig. 10. Return losses of the ETMSA antenna with a 

U-Slot. 

 

4 Conclusion 
The analysis, calculation and simulation of the main 

two variations of the triangular antennas were carried 

out. This kind of structure has a more complex 

behavior in comparison with rectangular and circular 

microstrip antennas. 

The use of the triangular antennas (ETMSA or 

ITMSA) can provide a higher bandwidth with the 

other mentioned structures in the previous paragraph. 

One of the most important features of the 

proposed antenna is the use of a very common PCB 

with a non-expensive FR-4 substrate and a standard 
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thickness (h = 1.588 mm). This kind of antennas can 

be built with inexpensive manufacturing process. 

The ITMSA antenna is more flexible than 

ETMSA because the limitation of the angle in the 

triangle element. Besides, the use of slots in the 

antenna improves the bandwidth in two different 

ways: a U-slot can provide a bandwidth 

approximately equal to 50% (a feature of UWB 

antennas) and parallel slots gives two resonance 

frequencies, that can be used in multichannel systems 

[20]-[32]. 

  

 

 

References: 

[1] C. A. Balanis, Antenna Theory, 3rd Edition, 

New Jersey, John Wiley & Sons, 2016. 

[2] J. L. Volakis, Antenna Engineering Handbook, 

McGraw-Hill, 5th Edition, 2019. 

[3] D. M. Pozar, Microwave Engineering, 4th 

Edition, New Jersey, John Wiley & Sons, 2012. 

[4] G. Ramesh, P. Bhartia, I. J. Bahl, A, Ittipiboon, 

Microstrip Antenna Design Handbook, 

Norwood MA, USA, Artech House Publishers, 

2001. 

[5] R. E. Munson, Conformal Microstrip Antennas 

and Microstrip Phased Arrays, IEEE 

Transactions on Antennas and Propagation, 

Vol. AP-22, No. 1, January, 1974, pp. 74 – 78. 

[6] J. Q. Howell, Microstrip Antennas, IEEE 

Transactions on Antennas and Propagation, 

Vol. AP-23, No. 1, January, 1975, pp. 90 – 93. 

[7] D. S. Chang, Analytical Theory of an Unloaded 

Rectangular Microstrip Patch, IEEE 

Transactions on Antennas and Propagation, 

Vol. AP-29, No. 1, January, 1981, pp. 54 – 62. 

[8] J. R. James, P. S. Hall, C. Wood, A. Henderson, 

Some Recent Developments in Microstrip 

Antenna Design, IEEE Transactions on 

Antennas and Propagation, Vol. AP-29, No. 1, 

January, 1981, pp. 124 – 128. 

[9] K. W. Loi, S. Uysal, M. S. Leong, Design of a 

wideband microstrip bowtie patch antenna, IEE 

Proceedings – Microwaves Antennas and 

Propagation, Vol. 145, No. 2, April, 1998, pp. 

137 – 140. 

[10] W. F. Richards, Y. T. Lo, D. D. Harrison, “An 

Improved Theory for Microstrip Antennas and 

Applications, IEEE Transactions on Antennas 

and Propagation, Vol. AP-29, No. 1, January, 

1981, pp. 38 – 46. 

[11] S. S. Hong, Y. T. Lo, Single-Element 

Rectangular Microstrip Antenna for Dual-

Frequency Operation, Electronics Letters, Vol. 

19, No. 8, August, 1983, pp. 298 – 300. 

[12] H. Pues and A. Van de Capelle, Accurate 

Transmission-Line Model for the Rectangular 

Microstrip Antenna, IEE Proceedings, Vol. 131, 

No. 6, December, 1984, pp. 334 – 340. 

[13] E. Chang, S. A. Long, W. F. Richards, An 

Experimental Investigation of Electrically Thick 

Rectangular Microstrip Antennas, IEEE 

Transactions on Antennas and Propagation, 

Vol. 34, No. 6, June, 1986, pp. 767 – 772. 

[14] D. M. Pozar, An Update on Microstrip Antenna 

Theory and Design Including Some Novel 

Feeding Techniques, IEEE Transactions on 

Antennas and Propagation Society Newsletter, 

Vol. 28, October, 1986, pp.  5 – 9. 

[15] D. Edward, D. Rees, A Broadband Printed 

Dipole with Integrated Balun, Microwave 

Journal, 1987, pp. 339 – 344. 

[16] J. S. Chen, K. L. Wong, A Single-Layer Dual-

Frequency Rectangular Microstrip Patch 

Antenna using a Single Probe Feed, Microwave 

and Optical Technology Letters, Vol. 11, No. 2, 

February, 1996, pp. 83 – 84. 

[17] K. W. Loi, S. Uysal, M. S. Leong, Design of a 

wideband microstrip bowtie patch antenna, IEE 

Proceedings – Microwaves Antennas and 

Propagation, Vol. 145, No. 2, April, 1998, pp. 

137 – 140. 

[18] Y. W. Jang, Broadband Cross-Shaped 

Microstrip-Fed Slot Antenna, Electronics 

Letters, Vol. 36, No. 25, December, 2000, pp. 

2056 – 2057. 

[19] Y. Tawk, K. Y. Kabalan, A. El-Hajj, C. G. 

Christodoulou, J. Constantine, A Simple 

Multibeam Printed Bowtie Antenna, IEEE 

Antennas and Wireless Propagation Letters, 

Vol.7, February, 2008, pp. 57 – 560. 

[20] T. Huyn, K. F. Lee, Single Layer Single Patch 

Wideband Microstrip Antenna, Electronics 

Letters, Vol. 31, No. 16, August, 1995, pp. 1310 

– 1312. 

[21] M. Clenet, L. Shafai, Multiple Resonances and 

Polarization of U-Slot Patch Antenna, 

Electronics Letters, Vol. 35, No. 2, January, 

1999, pp. 101 – 102. 

[22] Y. L. Chow, Z. N. Chen, K. F. Lee, K. M Luk, 

A Design Theory on Broadband Patch Antennas 

with Slot, IEEE Antennas and Propagation 

Society International Symposium Digest, Vol. 2, 

1993, pp. 1124 – 1127. 

[23] K. F. Lee, S. L. S. Ynag, A. A. Kishk, K. M Luk, 

The versatile U-Slot Patch Antenna, IEEE 

Antennas and Propagation Magazine, Vol. 52, 

No. 1, February 2010, pp. 71-88. 

[24]  S. Weigand, G. H. Huff, K. H. Pan, J. T. 

Bernhard, Analysis and Design of Broad-Band 

WSEAS TRANSACTIONS on COMMUNICATIONS 
DOI: 10.37394/23204.2022.21.13

Juan Manuel Sanchez-Vite, 
Mario Reyes-Ayala, Edgar Alejandro 

Andrade-Gonzalez, Sandra Chavez-Sanchez, 
Hilario Terres-Peña, Rene Rodriguez-Rivera

E-ISSN: 2224-2902 90 Volume 19, 2022



Single-Layer Rectangular U-Slot Microstrip 

Patch Antennas, IEEE Transactions on 

Antennas and Propagation, Vol. 51, No. 3, 

March 2003, pp. 457-468. 

[25] A. A. Deshmukh, K. P. Ray, Analysis of 

Broadband Variations of U-Slot Cut 

Rectangular Microstrip Antennas, IEEE 

Antennas and Propagation Magazine, Vol. 57, 

No. 2, April, 2015, pp. 181 – 193. 

[26] M. Khan, D. Chatterjee, Analysis of Reactive 

Loading in a U-Slot Microstrip Patch Using the 

Theory of Characteristic Modes, IEEE Antennas 

and Propagation Magazine, Vol. 60, No. 6, 

December 2018, pp. 88 – 97. 

[27] H. R. Bae, S. O. So, C. S. Cho, A Crooked U-

Slot Dual-Band Antenna with Radial Stub 

Feeding, IEEE Antennas and Wireless 

Propagation Letters, Vol. 8, December 2009, 

pp. 1435 – 1438. 

[28] P. Y. Qin, A. R. Weily, Y. J. Guo, C. H. Liang, 

Polarization Reconfigurable U-Slot Patch 

Antenna, IEEE Transactions on Antennas and 

Propagation, Vol. 58, No. 10, October 2010, pp. 

3383 – 3388. 

[29] K. Y. Lam, K. M. Luk, K. F. Lee, H. Wong, K. 

Bo, Small Circularly Polarized U-Slot 

Wideband Patch Antenna, IEEE Antennas and 

Wireless Propagation Letters, Vol. 10, February 

2011, pp. 87 – 90. 

[30] P. Nayeri, K. F. Lee, A. Z. Elsherbeni, F. Yang, 

Dual-Band Circularly Polarized Antennas Using 

Stacked Patches With Asymmetric U-Slots, 

IEEE Antennas and Wireless Propagation 

Letters, Vol. 10, May 2011, pp. 492 – 495. 

[31] H. Y. Chen, Y. Tao, Performance Improvement 

of a U-Slot Patch Antenna Using a Dual-Band 

Frequency Selective Surface With Modified 

Jerusalem Cross Elements, IEEE Transactions 

on Antennas and Propagation, Vol. 59, No. 9, 

September 2011, pp. 3482 – 3486. 

[32] S. Liu, S. S. Qi, W. Wu, D. G. Fang, Single-

Layer Single-Patch Four-Band Asymmetrical 

U-Slot Patch Antenna, IEEE Transactions on 

Antennas and Propagation, Vol. 62, No. 9, 

September 2014, pp. 4895 – 4899. 

[33] R. Garg, S. A. Long, An Improved Formula for 

the Resonant Frequencies of the Triangular 

Microstrip Patch Antenna, IEEE Transactions 

on Antennas and Propagation, Vol. 36, No. 4, 

April, 1988, pp. 570 – 570. 

[34] E. F. Kuester, D. Chang, A Geometrical Theory 

for the Resonant Frequencies and Q-Factors of 

Some Triangular Microstrip Patch Antennas, 

IEEE Transactions on Antennas and 

Propagation, Vol. AP-31, No. 1, January, 1983, 

pp. 27 – 34. 

[35] J. S. Dahele, K. F. Lee, Theoretical and 

Experimental Studies of the Resonant 

Frequencies of the Equilateral Triangular 

Microstrip Antenna, IEEE Transactions on 

Antennas and Propagation, Vol. 40, No. 10, 

October, 1992, pp. 1253-1256. 

[36] N. Kumprasert, W. Kiranon, Simple and 

Accurate Formula for the Resonant Frequency 

of the equilateral Triangular Microstrip Patch 

Antenna, IEEE Transactions on Antennas and 

Propagation, Vol. 42, No. 8, August, 1994, pp. 

1178 - 1179. 

[37] S. C. Pan, K. L. Wong, Dual-Frequency 

Triangular Microstrip Antenna with a Shorting 

Pin, IEEE Transactions on Antennas and 

Propagation, Vol. 45, No. 12, April, 1997, pp. 

1889 - 1891. 

[38] E. G. Lim, E. Korolkiewicz, S. Scott, A. 

Sambell, B. Aljibouri, An Efficient Formula for 

the Input Impedance of a Microstrip Right-

Angled Isosceles Triangular Patch Antenna, 

IEEE Antennas and Wireless Propagation 

Letters, Vol. 1, 2002, pp. 18 - 21. 

[39] J. H. L, C. L. Tang, K. L. Wong, Single-Feed 

Slotted Equilateral-Triangular Microstrip 

Antenna for Circular Polarization, IEEE 

Antennas and Wireless Propagation Letters, 

Vol. 47, No. 7, July 1999, pp. 1174 - 1178. 

[40] D. Guha, J. Y. Siddiqui, Resonant Frequency of 

Equilateral Microstrip Antenna With and 

Without Air Gap, IEEE Transactions on 

Antennas and Propagation, Vol. 52, No. 8, 

August, 2004, pp. 2174 - 2177. 

 

This work was supported by the research project 

EL002-18 in the Metropolitan Autonomous 

University in Mexico City. 

 

Creative Commons Attribution 

License 4.0 (Attribution 4.0 

International , CC BY 4.0) 

 
This article is published under the terms of the 

Creative Commons Attribution License 4.0 

https://creativecommons.org/licenses/by/4.0/deed.en

_US 

WSEAS TRANSACTIONS on COMMUNICATIONS 
DOI: 10.37394/23204.2022.21.13

Juan Manuel Sanchez-Vite, 
Mario Reyes-Ayala, Edgar Alejandro 

Andrade-Gonzalez, Sandra Chavez-Sanchez, 
Hilario Terres-Peña, Rene Rodriguez-Rivera

E-ISSN: 2224-2902 91 Volume 19, 2022

https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US



