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Abstract 
Among the various feeding techniques for Microstrip antennas, 

Microstrip line feeding is the most preferred one due to its 

reliability and ease of fabrication. This paper presents the 

Microstrip line feeding techniques in context to an Equilateral 

Triangular Patch antenna. The work involves calculation of input 

impedance of ETP (Equilateral Triangular Patch) at the centre of 

edge by indirect method. The Result shows Dual band operation, 

which is justified theoretically. Simulation of microstrip line fed 

triangular patch has been carried out with Advanced Design 

System (ADS) Software for infinite ground plane. 

 

Keywords- Coaxial probe, Cavity model,  microstrip antenna,  

Resonant Frequency, Dual band antenna. 

 

 

1. Introduction 
 

 Early microstrip antennas used either a microstrip feedline 

or a coaxial probe feed. These two feeding methods are 

very similar in operation, and offer essentially one degree 

of freedom (for a fixed patch size and substrate) in the 

design of the antenna element through the positioning of 

the feed point to adjust the input impedance level. 

Although coaxial probe feed has some advantages over 

microstrip feedline such as less spurious radiation yet due 

to ease of fabrication and robustness of microstrip line, 

some of the features can be traded off. Moreover coaxial 

probe is less reliable as in coaxial probe the central 

conductor has to be soldered to the patch, which can create 

many problems when exposed to extreme environmental 

conditions such as in outer space. For such applications, 

microstrip feed line should be the first choice. 

When a antenna is fed with a narrow microstrip line, the 

electric field generated by that part of the microstrip line 

over the slot (which does not have a ground plane), cancels 

the slot electric field, generated by the return current of the 

microstrip-line in the ground plane, at a certain location 

near the feed. This creates a fictitious short circuit along 

the slot near the microstrip feed and hence, generates a 

fictitious resonance with a frequency, which is slightly 

higher than that of the main resonance.   

 

 
Fig 1.0  Microstrip line fed equilateral triangular patch antenna 

  

In this paper it is shown that for a thin dielectric substrate, 

coaxial probe feed & microstrip feedline are similar in 

performance in context to an Equilateral Triangular Patch 

Antenna. The equivalent equilateral triangular patch 

antenna is shown in Fig.1.0. The patches has side length a 

= 10 cm, fabricated on RT-Duroid substrate with relative 

permittivity εr = 2.32 and substrate thickness h = 0.159 cm. 

Of particular interest was the result for the lowest 

modeTM10. The calculated resonant frequency is 1284 

MHz for coax-fed equilateral triangular patch antenna, 

while in the literature it is found to be 1280MHz [1] when 

fed near the tip of the triangle (g = 3 mm).  

 

II. Theoretical formulas 
 

The procedure of analysis of fed and unfed patch antennas 

using the cavity model is well known. For the equilateral 

triangular patch, however, the resultant expressions are 
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rather lengthy. For reference purposes the formulas for 

resonant frequency is given in this section. Their 

derivations are omitted. 

 

2.1 Resonant Frequency 
Formula for the resonant frequency is obtained by the 

Cavity model with perfect magnetic walls [2] [7] is given 

(1)  

 

 
 

Where subscript mn refers toTMmn modes, a is the side 

length, c is the velocity of light and εr  is the dielectric 

constant. 

 

III. Calculation of impedance 

In order to match a microstrip line to the midpoint of the 

edge of ETP, first of all the impedance at that point is 

calculated. This was done here by indirect method. Basic 

concept of this approach is based upon the idea that the 

reflection coefficient will have minimum value for perfect 

impedance matching between feed & patch. As shown in 

fig 1.0, a 50-ohm line was matched to the feed through λ/4 

Transformer and reflection coefficient was observed 

carefully with the help of Advanced Design System (ADS) 

Software. The value of S11-parameter shown in fig 1.2(a) 

is -53.79 dB which is the minimum possible value 

achieved hereby & proves the perfect impedance matching 

between line & patch. From the theory of Quarter wave 

transformer we know that:     

   

Z0= (ZlZs)
 ½  

(2) 

  

Where Zs = 50Ω is the port impedance used in ADS 

simulation and Z0 = 96.8Ω, is the impedance of line which 

is perfectly matched to the patch. Thus we can indirectly 

calculate Zl , the impedance of Triangular patch antenna at 

the midpoint of edge as follows: Zl = (96.8)²/50 = 

187.4048Ω.  
  

IV. Analysis of results   
 

From calculation resonant frequencies are found to be 1.31 

GHz and 2.27 GHz for TM10 and TM11 mode 

respectively.[2] From simulation resonant frequencies are 

found to be much closer to the calculated values, which are 

1.298 GHz and 2.266 GHz for TM10 and TM11 mode 

respectively. The excitation of multimode operation is 

possible only due to microstrip line feeding techniques, it 

can be assumed as an extra advantage along with other 

advantages of this feeding techniques.[5]  

The S11 parameter for the antenna is shown in fig 1.2(a), 

these are -40dB and -24dB for 1.29GHZ and 2.266GHz 

respectively. Other Antenna parameters for  1.29GHz, as 

the directivity and gain are 7.14 and 6.30 dB, the 

efficiency of antenna is around 88%. The power radiated is 

2.06 mW. And other parameter for 2.26GHz are as the 

directivity and gain are 5.01 and 3.72 dB, the efficiency of 

antenna is around 86.66%. The power radiated is 1.35 

mW. Following figure 1.2(b) shows the current distribution 

of the patch. As it is clear from the figure, there is more 

current density around the two edges other than the edge in 

which line is attached, so most of the radiation is taking 

place from these edges. The theoretical radiation 

characteristics of coax probe fed patch are available in 

literature. The 3D radiation pattern for the TM10 and TM11 

mode are analyzed here, which are differ for both of these 

frequencies as shown in fig 1.3(a) to fig 1.3(d). 

 

 
 

(a) s-parameter 

 

 

 

         

 
 
 

(b) Current distribution 

 

 

Fig. 1.2 Antenna parameter (a) S parameter (b) Current distribution 
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(a) E phi at 1.29 GHz 

 
 

(b)E theta at 1.29 GHz 

 
 

 
 

(c) E phi at 2.26 GHz 

 

 
 

(d) E theta at 2.26 GHz 

 

Fig. 1.3 3D radiation pattern  

(a) E phi at 1.29 GHz   (b)E theta at 1.29 GHz 

(c)E phi at 2.26 GHz   (b)E theta at 2.26 GHz 

V. Conclusion 
A new and simple technique for designing wideband slot 

antenna is presented. This technique is based on creating 

number of fictitious resonance along the slot and using 

them to obtain a wideband overall response with similar 

radiation pattern and polarization over the entire 

bandwidth of antenna. This is accomplished by creating 

one more resonant circuit along the patch. Simplicity of the 

design process, consistent radiation and other parameter 

and excellent polarization purity make this technique very 

attractive for designing wideband antennas. 
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