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    Abstract- The objective of this paper is to develop a 

comparative analysis of rectangular and triangular cylindrical 

microstrip patch antenna. In this study we would like to take 

into account the problems of resonance and radiation of 

cylindrical rectangular and triangular microstrip patch antenna. 

Design procedure involves parameters related to cylindrical 

microstrip elements to realize the desired resonant frequency, 

input impedance, radiation patterns etc. Transmission line model 

is used to calculate the input impedance of the patch, while 

cavity model is used to calculate its radiation pattern. For a 

cylindrical-rectangular microstrip antenna, it is observed that the 

beam-width, resonant frequency, and resonant resistance 

decrease with cylinder radius. The bandwidth is not sensitive to 

curvature but it decreases as substrate permittivity increases. 

Triangular microstrip antennas are a good substitute for 

rectangular microstrip antennas, especially in microstrip array 

designs, due to their similar radiation properties and because the 

triangular patch is physically smaller than the rectangular patch 

 

    Index Terms- Cylindrical-rectangular patch, cavity model, 

conformal antenna, conformal mapping 

 

I. INTRODUCTION 

s microstrip antennas are low profile antenna, one of the 

major advantages of microstrip antennas is that they can be 

made conformal to the surfaces on which they are mounted. A 

conformable antenna on a regular surface viz. cylindrical 

surface is easily achievable by conforming microstrip patch 

antenna on the surface. However the majority of the studies 

proposed in this area have been concentrated on rectangular and 

circular microstrip antennas. Mainly the triangular patch antenna 

has radiation properties similar to that of the rectangular 

antenna, with the advantage of being physically smaller. 

Rectangular and triangular type of radiating microstrip patch 

antenna mounted, as considered in this paper, on a cylindrical 

surface is chosen because major real world shapes can be 

approximated by cylindrical surface or cylindrical sector and 

uniformity in a plane provide ease of analysis. 

This structure was first proposed by Krowne[1]. Using a cavity 

model, he observed that resonant frequency changes with 

surface curvature. Wu et al [2], calculated the radiation patterns 

using cavity model in conjunction with the method of images, 

but this method is not applicable when the ground plane is not 

flat. Fonseca and Giarola [3], the radiation from the wraparound 

cylindrical microstrip element was computed from a magnetic 

wall cavity model. Luk et al. [4], considered the case when the 

substrate thickness is much smaller than the wavelength and the 

radius of curvature. Based on the cavity model, they found that 

the resonant frequencies and electric field under the patch were 

not affected by curvature. Kin-Lu Wong and Shan-Cheng Pan in 

1997 again found the complex resonant frequencies of the 

cylindrical triangular microstrip patch are obtained. The real and 

imaginary parts of the complex resonant frequency give the 

resonant frequency and radiation loss of the structure. Mainly 

full wave analysis is applied to cylindrical microstrip patch 

antenna [6]-[7].At that time, method of moments (MoM), 

transmission line model is frequently used to analyze the patch 

fabricated on cylindrical substrate. 

A comparative study of rectangular and triangular patch antenna 

may lead to new dimensions and types of conformal antenna. 

Due to their smaller size and high bandwidth, a triangular patch 

antenna (TPA) is already in demand in planar antenna structure. 

The purpose of this paper is to make a comparative study of  

two types of non planar antenna in order to show the advantages 

of triangular patch antenna on curved surfaces. 

 

II THEORETICAL FORMULATION 

A. CYLINDRICAL RECTANGULAR PATCH 

ANTENNA 

The basic design of cylindrical rectangular patch antenna is as 

shown in figure 1. The dimension of the straight edge is 2b and 

for curved edge is 2(a + h) θ1, where a, radius of cylindrical 

ground plane and 2θ1 the angle subtended by the curved edge. 

The fundamental mode TM01 (to the ρ direction) is considered, 

the patch is excited in the direction along with the cylinder axis. 

The conducting patch and ground cylinder is treated as electric 

and magnetic field of cavity, determined by dropping 

perpendiculars from the patch edges to the cylindrical 

conducting surface.  

 

Fig.1 Geometry of cylindrical rectangular patch antenna 
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A.1 Resonant frequency: Krowne in 1983[1], theoretically 

calculated and make a comparative analysis between planar 

resonant and cylindrical resonant frequency (frR and frC). The 

results demonstrate that assumption (h<<a) is good and that it is 

excellent when considering excitation of the antenna with no 

spatial field variation normal to the surface Using cylindrical 

coordinates, the electric field satisfies the wave equation: 
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The expression for kmn and ψmn represent the field distribution 

and wave number of TMmn excitation. The equivalent magnetic 

currents along the edges of the curved patch are obtained from  

M = Eρ (ρ x n) 

Far field of these magnetic currents for TM10 and TM01 modes is 

given by following equations: 

TM10 mode: 
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Both TM01 and TM10 modes are highly sensitive to curvature 

effects of cylinder and thus the resonant frequency. 

The expression for the resonant frequencies is 

fmn = 
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It concludes that if dimensions 2 (a+h) θ1 and 2b of the patch are 

fixed, then the resonant frequency of TM10 modes are not 

affected by curvature. 

A. 2Input impedance: Curved patch is excited by a coax feed at 

z =- z’,  = ’. The feed is modeled by a current ribbon of 

effective arc of length, w. The input impedance is obtained by 

evaluating the integral: 
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The result thus obtained is given by: 
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 eff is the effective loss tangent. 

 

 

 

 

 

B. CYLINDRICAL TRIANGULAR PATCH ANTENNA 

The basic geometry of CTPA is as shown in fig 2, the ground 

cylinder has a radius, a and the cylindrical substrate has a 

thickness of h and relative permittivity of εr. An isosceles 

triangular patch having flare angle of α subtended by bottom 

side of length d2 and other two sides are of same length d1. 
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Fig.2 The geometry of a cylindrical triangular microstrip patch antenna 

The relation between d1 and d2 is given by: 
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Where dh is the distance from the tip to bottom of the triangle. 

For analysis of triangular patch antenna only one expansion 

basis function for the unknown surface patch antenna is 

assumed, given by: 
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Where2dh is the distance from the tip to bottom side (length 

2b o) of the triangle. 

B.1Resonant Frequency: By using full-wave analysis, 

homogenous matrix equation is obtained [8], given by: 
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Where, elements of z matrix can be found by evaluating eq 

(11).By solving |z|, resonant frequency and radiation loss of 

cylindrical triangular microstrip patch is obtained.   

 

III   RESULTS ANALYSIS 

Since the input impedance of both type of antenna is affected by 

the curvature of patch antenna, the 50 Ω input impedance is 

maintained and the impedance matching to 50 Ω coax is 

maintained [5].A rectangular patch is fabricated on a flexible 

substrate (RO3003) with εr=2.98 and h=0.762 mm. Figure 3 

shows the input impedance variation with frequency having 

coaxial feed point at (90
o
, 0.93cm).From the reactance curve, 

resonant frequency at 1435 MHz is obtained. 

 

Fig.3 Input impedance calculated versus frequency for various cylinder radii. 

Radiation pattern in (y-z) and (x-y) planes are plotted defining 

the E-plane and H-plane respectively. In Fig 4(a) E-plane 

pattern shows superstrate loading causes decrement in 3-dB 

bandwidth with increasing superstrate thickness and cylinder 

radius. 

  

 

(a) 

H-plane plotted in Fig 4(b) shows when microstrip antenna is 

excited at TM01 mode ,H-plane gets broadened with decreasing 

cylinder radius, a. Pattern plotted for t=0 and t=3h shows the 

insensitivity for superstrate thickness.  
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(b) 

Fig. 4 Radiation pattern calculated at resonance for rectangular patch (a) E-

plane, (b) H-plane 

A triangular patch is fabricated on a flexible substrate with 

εr=3.0 and h = 0.762 mm. The geometry of patch includes 

d1=d2=7.18cm.The other design parameters are as discussed 

below: 

Parameter Value 

2L 6 cm 

2b o 4 cm 

( p, zp) (90
o
,0.93 cm) 

a 8 cm 

The input impedance variation is as shown in Fig 5.Resonant 

frequency thus obtained from the curve be 1905MHz. Fig shows 

that resonant frequency increases with decreasing cylinder 

radius.  

 

Fig. 5 Input impedance measured at TM01 mode versus frequency 

The results plotted for radiation pattern, Fig 6 indicates that with 

decreasing cylinder radius, both E-plane and H-plane are 

slightly broadened and radiation is increased in backward 

direction.  

 

(a) 

 

(b) 

Fig. 6 Radiation pattern calculated at resonance for triangular patch (a) E-plane, 

(b) H-plane 

IV CONCLUSION 

From the comparative analysis of rectangular and triangular 

microstrip patch antenna it can be conclude that TPA can be a 

good substitute for rectangular patch, due to its physical smaller 

size. As the most outstanding drawback of conformal antenna is 

its increased complexity and cost of designing. TPA can be used 

to overcome this drawback. Radiation patterns are obtained at 

resonant frequency of TM10 mode for different values of a 

[9].TPA mounted on a cylindrical body of smaller radius has 

better linear polarization characteristics. Controlling polarization 

properties of microstrip antenna is another area of development 

due to need of making greater use of polarization properties of 

waves in radars. As the TPA shows good linear polarization 

characteristics, it can be advantageous for avionics application 

in future. Array configurations of conformal antennas would be 

the next step for the general conformal antenna study [13].  

Different types of structure can be analyzed for better 

application of microstrip patch antenna, most popular design are 
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spherical and toroidal structures [14]. A toroidal microstrip 

antenna is analyzed as a quasi-omnidirectional conformal 

antenna.   
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