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Abstract- This paper concerned on enhancement of gain for microstrip patch antenna which air as a substrate by using 
electromagnetic band gap (EBG) structures at 2.42 GHz. Frequency for 2.42 GHz can be greatly influenced the center 
frequencies of Wi-Fi band capability. The geometry of a microstrip patch antenna surrounded by a mushroom-like 
electromagnetic band gap structures. An EBG structures are used to increase the antenna gain and reduce the back-lobe 
radiations. Besides, we used the air as a substrate of patch antenna which has a low dielectric constant (ε =1), it is also 
increase the gain of antenna. The peak gains of E-plane at 2.42 GHz is reached to 14.89 dBi. In addition, the total gain of the 
antenna was increased to 10.45 dBi. In this research, the antenna measurements are performed by using Zeland (IE3D) 
simulation software. 
 
Keywords- Back-lobe radiations, dielectric constant, microstrip patch antenna, mushroom-like EBG structures, substrate, 
Wi-Fi band. 
 
I. INTRODUCTION 
 
The microstrip patch antenna [1] are widely used in 
mobile and wireless communication because they 
have feature such as low-profile, compact size, easily 
designed and cost-effective. But, on the other side 
they have disadvantages such as low gain, low power, 
low efficiency due to dielectric losses and narrow-
band. Several radiating patches have been purposed 
for the microstrip patch, including square, 
rectangular, circular, triangular, elliptical and dipole 
[2]. A microstrip patch antenna consists of a 
conducting patch is placed above on the dielectric 
substrate and a ground plane on the other side. A 
ground plane is a conductivity metal such as copper 
(Cu) and gold (Au) [3] which acts like a reflector 
when excited via electromagnetic field. Feeding 
techniques [4] have different methods for feed 
microstrip patch antenna, they can be classified into 
two categories (contacting and non-contacting). In the 
contacting method, the power is fed directly to the 
radiating patch. In the non-contacting method, the 
power transfers the electromagnetic field coupling 
between feed line and radiating patch. But the four 
most well-known feeding techniques are microstrip 
line feed, coaxial feed, aperture coupled feed and 
proximity coupled feed. 
The general microstrip patch antenna, ground plane 
redirects half of the radiation into the opposite 
direction that affects to the antenna gain. For the 
proper radiation space between the radiating patch 
and the ground plane is quarter-wavelength [5]. 
Besides, the ground plane made from flat metal sheet 
which high conductivity cause to surface waves [6] 
radiating at ground plane edges to free space. 
Therefore, we need a radiation in backward direction 
to reusing for increasing the forward direction. The 
surface waves are suppressed by using a high-

impedance ground plane called Electromagnetic Band 
Gap Structure (EBG). The EBG structures [7] are a 
periodic arrangement of dielectric materials and 
metallic conductors, which interact with 
electromagnetic wave. In basically, they have 
characteristics such as pass bands, frequency stop 
band and band gaps which mostly applications are 
seen in filter designs, gratings, frequency selective 
surfaces (FSS), photonic crystals and photonic band 
gaps (PBG). We can be classified into three groups: 
(1) three-dimensional volumetric structures, (2) two-
dimensional planar surfaces, and (3) one-dimensional 
transmission lines, but this research is interested in 
two-dimensional planar surfaces. 
The Fig.1 shows the mushroom-like EBG structure 
[8] is composed of air substrate above with periodic 
square patch, they can be implemented which lumped 
element model. The Fig.2 shows the structure of 
lumped element model as a LC resonant circuit, 
therefore the ground plane above with EBG structures 
are high impedance [9] which can be able to reduced 
surface waves. Besides that, we also have other 
method for enhancement the gain of antenna using 
replaced the substrate with has a low-dielectric 
constant for high gain. 
 
This paper focused on reusing the wasted radiating to 
increase the gain of microstrip patch antenna by using 
mushroom-like EBG structures that are plate of 
copper metal. Two-dimensional (2D) modeling is 
performed with and without the EBG structures. 
Section 2 describes antenna design. Section 3 
presents result and discussion. The conclusions are 
presented in Section 4 
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Fig. 1 The mushroom-like EBG structure 

 

 
Fig. 2 LC equivalent model of one-unit cell 

 
II. ANTENNA DESIGN 
 
2.1. Design of microstrip patch antenna 
The radiating rectangular patch and ground plane 
made of copper. The Fig.3(a) shows the microstrip 
patch antenna model which has a patch and ground 
plane size are 62.5 mm (w) x 59 mm (l) and 100 mm 
x 100 mm, respectively. The substrate material is the 
air which has a permittivity of 1 (ε ) and the 
thickness of substrate is 2.4 mm (h). The Coaxial 
feed is a proposed technique used for feeding antenna 
because it is easy to fabricate and match its input 
impedance. The feed position [10] is determined by 
the normalized distance that gives the impedance of 
50 Ω. The microstrip patch antenna resonates on 2.42 
GHz (Wi-Fi band). All parameters of the radiating 
rectangular patch are determined by equation (1) – 
(4). 

where, w is the width of the patch 
 c is the free space velocity of light 
 f is the resonating frequency 
ε  is the permittivity of substrate 

where, ε  is the effective dielectric constant 
                 h is the patch thickness of substrate 

where, Δl is the length extension 
where, l is the length of the patch 
l =

ε
− 2Δl   (4) 

2.2. Design of EBG structure 
The mushroom-like EGB structure made of copper 
which has a high impedance electromagnetic surface. 
The Fig.3(b) shows the configuration of EBG 

structure model which consist of gap between patches 
(g = 3 mm), patch width (W = 27 mm) and thickness 
of substrate (h = 2.4 mm). All parameters of the 
mushroom-like EGB structure are determined by 
equation (6) – (7) 

 
 where, L is the inductor 
         μ is the relative permittivity (μ = μ μ ) 
         h is the thickness of substrate 

 
where, ω˳ is the angular frequency at 2.42 GHz 
 C is the capacitor 
 

 
where, W  is the width of patch 
 ε  is the permittivity of free space 
 ε  is the permittivity of air 
  g is the gap between patches 

 
(a) 

 
(b) 

Fig. 3 The model of microstrip patch antenna (a) normal 
ground plane and (b) EBG structures. 

 
III. RESULTS AND DISCUSSION 
 
Fig.4(a) shows the fabricated design of microstrip 
patch antenna with normal ground plane. The EGB 

 
w =

c

2f ε + 1
2

 
(1) 

 ε =
ε + 1

2 +
ε − 1

2 1 + 12 h
w

 (2) 

 Δl = 0.412h
(ε + 0.3)(w

h + 0.264)

(ε − 0.258)(w
h + 0.8)
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    L =  μh (5) 

 ω˳ =
1
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 C =
W ε (1 + ε )

π
cos (
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structures are surrounded the patch antenna as shown 
in Fig.4(b). Both of them are made of copper with air 
as substrate. 

 

 
(a) 

 

 
(b) 

Fig. 4 Fabricated microstrip patch antenna (a) normal ground 
plane and (b) EBG structures. 

 
3.1. Return loss 
Fig.5 shows the comparison of the measured S  
between microstrip patch antenna with and without 
EBG structures. Observed that, the return loss values 
are -20.47 dB and -12.5 dB, respectively. Note that, 
the return loss is degraded due to the thickness of 
EBG structures [11] has an effect on the impedance 
matching of the antenna, but both of antennas have 
better than -10 dB matches. 

 
Fig. 5 Return loss of purposed antenna at 2.42 GHz 

 
3.2. VSWR 
Figures 6 shows the measurement of voltage standing 
wave ratio (VSWR) between the normal microstrip 

antenna and with EBG structures. From normal 
antenna the value is 1.25 while the reading of antenna 
with EBG structures result is 1.34. The ideal of 
matched antenna would have a VSWR of 1. This 
demonstrates how much power is delivered to the 
antenna. 

 

 
Fig. 6 VSWR of purposed antenna at 2.42 GHz 

 
3.3. Radiation pattern 
Figures 7 illustrates radiation pattern of the microstrip 
patch antenna with normal ground plane and with 
EBG structures. Here is determined in the far-field 
region. The peak radiation of the main-lobe is 14.89 
dB with EBG structures and 12.53 dB with normal 
ground plane. It is clearly seen from the EBG 
structures that can be enhanced the gain of the 
antenna and reduced the back-lobe radiation because 
its high impedance electromagnetic surfaces 
characteristic. 
 

 
Fig. 7 The 2D-Radiation pattern 

 
3.4. GAIN 
The Measurement of the peak gain that proposed 
frequency at 2.42 GHz as shown in Fig.8. In 
microstrip patch antenna with normal ground plane 
and with EBG structures, maximum gain obtained is 
8.62 dBi and 10.45 dBi, respectively. 
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Fig. 8 The peak gain of purposed antenna at 2.42 GHz 

 
CONCLUSIONS 
 
In this paper, enhancements of gain for microstrip 
patch antenna is achieved by EBG structures. This 
paper focused on 2.4 GHz (Wi-Fi band). The 
proposed antenna with EBG structures successfully 
makes the gain increased compared to normal 
microstrip antenna. The result show that the peak 
gain increases up to 10.45 dBi if using EBG 
structures compared to normal microstrip antenna. 
However, the return loss was increased to -12.5 dB 
because the EBG structures affect to the impedance 
matching of the antenna. 
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