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ABSTRACT  

In this paper, a triangular patch microstrip antenna on the 

substrate material of a photonic crystal is designed and 

analyzed. The triangular shaped patch antennas are 

preferably used for research work because of its smaller 

coverage area attributes, however, similar to rectangular 

patch. The photonic crystal, due to band gap and 

periodicity of dielectric media is used as substrate for high 

gain, low return loss and reduction of back and side lobes. 

The designed antenna resonates at about 9 GHz with return 

loss     = -21.59dB for the center location of the feed. The 

simulation has been performed by using high frequency 

structure simulator (HFSS) which is based on finite 

element method technique. 
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1. INTRODUCTION 
In recent years, the low profile microstrip patch antennas 

with various configurations have been developed for the 

extensive applications of wireless communication into 

both in the commercial sector and in the military sector. 

These patch antennas are widely used for the various 

applications due to its low cost, low profile, compatibility 

with IC technology, ease of fabrication, and ease of 

installation on the shaped surfaces. Particularly, triangular 

patches are preferred to design the antenna because they 

have the advantage of low cost and occupying smaller area 

for metallization on substrate than other configurations. 

The substrate of an antenna and the effect of radiation 

from the antenna play significant role for the analysis of 

electrical and physical characteristics of the designed 

antenna [1-3]. In the millimeter and microwave integrated 

circuits, use of high dielectric material as a substrate 

enhances the performance and functionality of the circuits. 

But then antenna radiates more efficiently towards the 

substrate than the air side and couples the power into 

surface-wave modes, due to which, power loss and edge 

currents are generated.  The antenna efficiency is thus 

reduced and return losses are increased. If a thin substrate 

is used to avoid these losses then, a 180° phase shift comes 

from the reflection at the base conductor, and causes the 

radiation cancel out at the observation point. So, if the 

substrate is replaced with the photonic crystal material 

whose photonic band gap encompasses the antenna 

excitation frequency, no surface modes and reduced back 

and side lobes are produced, because the power previously 

radiated into the substrate will be reflected towards the air-

side. By reducing the back and side lobes, the radiation 

pattern front-to-back ratio and overall antenna efficiency 

can be improved [4-8]. Photonic crystals have a class of 

periodic dielectric nanostructures in which the low 

dielectric constant air pillars are drilled equidistant from 

each other into high dielectric material in such a manner 

that electromagnetic wave propagation in all directions is 

completely prohibited for a range of frequencies which is 

called a “photonic band gap”. The basic concept of this 

combination is to match the photonic band gap with the 

operational bandwidth of the patch antenna in order to 

reduce the effect of surface wave modes on the 

performance of the antenna and hence to improve the 

return loss, reduce the side lobe level and to solve the 

difficulties with the coupling consequently [9-12]. Agi and 

Malloy [13] have experimentally and computationally 

studied the integration of a microstrip patch antenna with a 

two-dimensional photonic crystal substrate. 

In this paper, the design of a triangular microstrip patch 

antenna on photonic crystal material as substrate is 

presented. The patch antenna with and without photonic 

crystal are simulated and numerically analyzed using 

HFSS. The characteristic behavior of both antennas is 

compared to observe the optimal performance of a 

triangular patch antenna using PC as a substrate. The 

organization of the paper is as follows.  Section 2 details 

the geometrical configuration of the triangular microstrip 

patch antenna. Section 3 is concerned with the design and 

principle of photonic crystal. In Section 4 the simulations 

are discussed and results obtained are investigated. Finally, 

Section 5 concludes the overall work. 

2. ANTENNA DESIGN 
The geometrical configuration of a triangular patch 

antenna is shown in Fig. 1. The patch having equal sides of 

10.84mm long is patterned on Rogers RO4003/Air 

substrate material with a dielectric constant of εr=3.4. The 

detailed geometrical parameters of patch antenna are 

shown in Table 1. The antenna is placed on the center of 

the substrate edge fed by a stripline conductor and operates 

at frequency of 10 GHz. A voltage signal of 1V is applied 

to a transmission line with characteristic impedance Z0 of 

50Ω for single mode excitation of the microstrip patch 

using a lumped port. The quarter wavelength transformer 

(QWT) can be utilized to eliminate impedance 

mismatching. According to Ref. [14], the excitation of 

surface wave cannot be negligible if the ratio of the height 

and the wavelength of antenna h/λ>0.03. Therefore, at the 

working frequency, there must be a meaningful excitation 

of surface-wave modes for the thickness of the substrate 

considered for analysis. 
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Fig. 1 The geometrical configuration of a triangular 

patch antenna 

Table 1. Geometrical parameters of designed patch 

antenna 

 

3. PHOTONIC CRYSTAL DESIGN 
The conventional structure of photonic crystal, shown in 

fig. 2, is designed by drilling the air pillars with radius of 

0.6mm as low dielectric material into Rogers RO box as a 

high dielectric material having dimensions of 30 mm×40 

mm×100 mil. The photonic band gap is characterized by 

the radius of air pillars r, the lattice constant a, and the r/a 

ratio [15]. By applying Plane Wave expansion method and 

considering the periodicity of dielectric media, the 

characteristic equation obtained from Maxwell’s equations 

can be transformed into a standard diagonal matrix an 

eigenvalue problem. By solving this eigenvalue problem, 

the frequencies and the modes can be obtained [16]. 

 

 
Fig.2 2-D Photonic crystal by a square lattice of air 

pillars drilled into a dielectric substrate 

Generally, the band diagram for photonic crystal 

represents the relationship between the normalized 

frequency f and the wavevector k. The curves along the 

wavevector path Γ-X-M-Γ represent the frequency of the 

allowed propagation modes. The maximum gap between 

curves is photonic band gap through which no propagation 

exists. The wavevector path Γ-X-M-Γ is the perimeter of 

the irreducible Brillouin Zone [17]. 

The inclusion of PC in the antenna design will provide the 

advantage of the reduction of surface wave losses caused 

by the radiation of power towards a dielectric media. 

4. SIMULATION AND ANALYSIS 
The software package Ansoft HFSS v.13 has been used for 

the simulation of triangular microstrip antenna as shown in 

fig.3. HFSS software is based on FEM which is a 

numerical technique to solve the partial differential 

equations representing the mathematical model of a 3-D 

structure. During simulation, FEM generates the meshed 

structure of a given model using an 

 

Fig. 3 HFSS model of a triangular patch antenna on 

photonic crystal as substrate 

assemblage of triangular or quadrilateral shaped finite 

elements which together form the computational domain. 

The solution process generates the field variations which 

are utilized in post-processing for S-parameter 

determination and evaluation of radiation patterns. 

 

Fig.4 Comparative return losses of conventional and PC 

triangular patch antenna 

Fig. 4 shows the return loss versus frequency plot for both 

configurations of antenna. It reveals that the return loss for 

PC antenna is below -21.59 dB at the resonant frequency 

of about 9 GHz as compared to a value of – 17.96 dB for 

the conventional patch antenna. The input return loss for 

antenna with photonic crystal is therefore lower than that 

for the antenna without photonic crystal and there is a 

small excursion of the resonance frequency because of the 

fringing fields from the sides of the patch. However, the 

dimensions of antenna can be changed by 2-4% in purpose 

to resonate exactly at 10GHz. Here, the main concern is to 

analyze the radiation characteristics for optimized design 

of the triangular patch on photonic crystal hence 

neglecting minor deviations of resonant frequency. The -

10 dB impedance bandwidth of the antenna is increased 

from 524 MHz to 575MHz.  

Side length of  triangular patch 1.084 cm 

Width of edge feed 0.35 cm 

Length of edge feed 0.75 cm 

Length of     transformer 0.42 cm 

Width of      transformer 0.11cm 

Height of substrate  100 mil 
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Fig. 5 3-D Radiation pattern of the designed photonic crystal 

antenna 

In fig. 5, 3-D gain for the designed triangular patch 

antenna on photonic crystal as a substrate is plotted with 

the maximum gain of 8.7334 dB. 

 

 

(a) Conventional antenna 

 

(b) Photonic crystal Antenna 

Fig. 6 Far-field radiation pattern 

The far field radiation patterns for both antenna models are 

depicted in fig. 6. It can be seen from fig. 6(a), that the 

radiation pattern includes high back and side lobes for the 

conventional patch antenna which get reduced 

significantly for the photonic crystal antenna shown in fig. 

6(b), as the inclusion of photonic crystal as a substrate 

reduces the excitation of the surface wave modes. 

The output parameters of the designed triangular patch 

antenna on photonic crystal substrate are shown in Table 2. 
 

 

 

 

Table 2. Output parameters of a PC antenna 

Gain 8.7334 dB 

Return Loss -21.59 dB 

Bandwidth 575 MHz 

Directivity 7.28 dBi 

5. CONCLUSIONS 
The paper implements the concept of design of triangular 

microstrip patch antenna using photonic crystal material as 

substrate. At the operating frequency, the return loss, 

directivity, , and the gain of a printed circuit antenna can 

be efficiently improved with reduced back lobe level by 

the reduction or, in some cases, elimination of surface 

waves and by changing the geometrical shapes and 

configuration of patch on PC substrate. Using the air 

pillars in high dielectric materials, promising results have 

been obtained by through numerical simulation using 

Ansoft HFSS. The results suggest the method to solve the 

problem of degradation in performance by the elimination 

of the surface wave modes in the design of devices with 

higher dielectric constant and thicker substrate. 
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