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Abstract—In this research work, we have proposed an inset 

feed rectangular microstrip patch antenna operating at 2.45 GHz 

in the Industrial, Scientific and Medical (ISM) band for wireless 

communication. This conventional design of antenna has been 

modified with defected ground (DG) plane. When this is 

optimized back to 2.45 GHz, a miniaturization of 37.9 % of 

patch size has been achieved along with the enhancement in 

radiation performance. This design is then modified and loaded 

with mushroom-type Electronic Band-Gap (EBG) structure on 

the top of dielectric FR-4 substrates. This creates a band-gap 

region that suppresses the surface waves considerably, thus 

improves the overall performance and functionality of the 

proposed antenna. Radiation characteristics such as 

S-parameters, directivity, gain, efficiency, bandwidth, VSWR 

and Z11 of microstrip antenna have been performed and 

compared. The simulated results show that the antenna gain has 

been increased throughout the entire bandgap of EBG operating 

in 2.25 to 4.25 GHz. Moreover, rest of radiation performances 

remain highly preserved. 

 

Index Terms—Dispersion, Electronic band-gap (EBG), 

Frequency selective surface (FSS), Metamaterial absorber 

(MMA), Radar Cross Section (RCS) 

 

I. INTRODUCTION 

The recent technological advancement and the latest 

research in metamaterials have pioneered the door to 

tremendous innovative antenna applications. A novel 

metamaterial structure efficiently manipulates the 

reflection and transmission of the impinging 

electromagnetic (EM) wave. By changing the physical 

and geometrical construction of metamaterial, one can 

demonstrate a pass-band and stop-band filter behavior. 

Some worthy of notice amelioration that can be impute to 

periodic metamaterial structures in antenna designing 

covers surface waves suppression [1]-[3], antenna size 

reduction [4], [5], enhancement of antenna efficiency [6], 

[7], mutual coupling reduction among exiting elements in 

antenna arrays [8], [9] and enhancement of stealth 

capability of antenna by lowering of radar cross section 

(RCS) [10]-[12].   

A metamaterial absorber (MMA) periodic structure has 

been utilized efficiently to enhance the in-band stealth 

capability of the antenna by reducing its RCS [13]-[16]. 
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Fig. 1. The geometry of EBG unit cell. (a) perspective view and (b) 
Dispersion curve with dimensions: S= 16 mm, g= 1 mm, h=1.5 mm, t= 

0.035mm and via= 0.5 mm. 

On the other hand, it marginally degrades and affects 

the antenna radiation performance [17-18]. Similarly, a 

frequency selective surface (FSS) can act as a band-pass 

or band-stop filter in antenna radomes, artificial magnetic 

conductor (AMC) and find applications in lowering 

antenna’s RCS [19]-[22]. However, it also deteriorates 

antenna radiation performance [23]. Contrary to this 

defected ground structure (DGS) has been widely used 

for different applications such as radiation properties 

enhancement [24], bandwidth [25], mutual coupling 

reduction in antenna arrays [26] and antenna size 

reduction [27]. The DG plane is realized by etching off a 

shape in the ground plane. Depending on the geometry 

and dimensions of the defective shape, the impedance and 

surface current distribution get perturbed and this further 
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modifies the associated capacitance and the inductance.  

Thus, results in a controlled propagation and excitation of 

the EM waves through the dielectric substrate. 

Similarly, EBG structures are also widely used because 

of its unique properties and EM features such as 

electromagnetic band-gap and in-phase reflection to 

heighten antenna performance [28]-[31]. Making these 

considerations in this research work, we have designed a 

traditional microstrip patch antenna operating at 

2.45 GHz resonant frequency. Then this antenna is 

modified by the defected ground structure. Once again 

antenna structure is altered and loaded with EBG 

structure. The EBG structure is designed and optimized 

such that resonance peak of antenna lies within its 

forbidden band-gap so that the surface wave excited by 

this patch antenna could be suppressed and prevent 

propagation. 

The remaining research work has been organized as 

follows: section II describes the designing process of 

EBG structure, while proposed patch antenna designing 

with DG plane and EBG structure together with radiation 

performance analysis has been given in section III. 

Finally, section IV concludes the work and recommends 

future direction. 

II. DESIGNING OF MUSHROOM-TYPE EBG 

Electronic band-gap structures are usually compact and 

lightweight, low fabrication cost, minor losses and can be 

easily integrated into antennas design without degrading 

performance. EBG structures possess interesting and 

unique properties such as it behaves like high impedance 

surface in the certain frequency band and behaves like a 

pass-band filter in others. Using these properties one can 

solve problems that arise when antenna’s exiting source 

mount close to a ground plane. Another scenario exists 

when several exiting sources etched close to each other 

conducting planes. This would result in mutual coupling 

and lead to degradation of antenna performance. EBG 

structures are used in this scenario to minimize coupling 

by creating a band-gap region, where surface waves get 

suppressed. Thus, enhances the efficiency of the antenna 

by re-reflecting back EM radiations in phase with respect 

to forwarding EM radiations. On the other hand, EM 

signals remain unperturbed for out-band frequency region. 

For the fast and accurate analysis of periodic EBG 

structures, a single EBG unit cell behavior could be 

considered and studied with appropriate boundary 

conditions. The periodicity (S) of a single unit cell of 

EBG is 16 mm. A copper patch of 15 mm x 15 mm has 

been directly printed on FR-4 substrate material of 

thickness 1.5 mm with relative permittivity (ɛr) 4.3 and 

tangent loss (δ) 0.025. A via of diameter 0.5 mm 

connecting the metal patch to the ground plane has been 

chosen and shown in Fig. 1(a). 

In an EBG equivalent frequency tuned circuit, the 

inductance is represented by via, while capacitance is  

governed by the gap (g) 1 mm between the patches. A 

dispersion diagram of a unit cell of the mushroom-type 

EBG structure has been plotted and depicted in Fig. 1(b).  

The frequency band-gap of the EBG structure has been 

adjusted between 2.25 to 4.25 GHz using parameter 

sensitivity analysis. Parameter sensitivity is the deviation 

in frequency response with the variation of parameters. 

So, the parameters like periodicity (S), gap width (g), a 

substrate thickness (h), and dielectric constant (ɛr) of the 

EBG have been varied and tuned along with via diameter 

as it also has a trivial effect. All parameters are optimized 

to cover the operating frequency of 2.45 GHz. 

III. PATCH ANTENNA DESIGNING WITH DEFECTED 

GROUND PLANE AND EBG 

The basic geometry of a conventional microstrip patch 

antenna designed with inset feed has been shown in Fig. 

2(a). The top layer is the radiating rectangular patch 

(copper), backed by most popular and readily available 

flame retarded (FR-4) substrate of height h = 1.5 mm. 

The substrate is grounded using a copper layer. The 

dimensions of the antenna are as follow: periodic length 

SL = 64 mm, periodic width SW = 67 mm of the substrate 

with length L = 28.88 mm, and width W = 35 mm of the 

radiating patch. A standard thickness of 35 µm has been 

considered which is compatible with PCB fabrication 

technology. The antenna is operational at 2.45 GHz of 

ISM band.  

 
(a) 

 
(b) 
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Fig. 2. Microstrip patch antenna (a) referenced antenna (b) antenna with 

the defected ground plane and (c) modified antenna (DG+ EBG). 

This referenced antenna is then modified with the 

defected ground plane as shown in Fig. 2(b). Which result 

in modification of resonant frequency and it gets shifted 

to the lower-band. So, when the antenna is optimized 

back to 2.45 GHz resonant frequency, the exiting patch 

dimensions get modified and become equals to 

L=25.1mm, and W = 25mm, respectively. This indicates 

a miniaturization to 37.9 % of patch size when get 

modified with DG plane. Finally, this antenna structure 

has been further modified with periodic mushroom-typed 

EBG to study the effect of EBG on overall antenna 

radiation performance and depicted in Fig. 2(c). 

TABLE I:  ANTENNA RADIATION PERFORMANCE COMPARISON 

Structure/Performance 
Parameters 

Referenced 
Antenna 

Antenna 
with DG 

Antenna with 
DG +EBG 

Frequency (f0) GHz 2.45 2.45 2.47 

Return Loss (S11) dB -34.65 -29.02 -24.40 

Bandwidth (-10 dB) 

MHz 

72 304 256 

VSWR 1.04 1.07 1.13 

Impedance (Z11) Ω 50.87 47.14 46.83 

Radiation Efficiency (η) 35.1 % 85.06 % 83.97 % 

Directivity (dBi) 6.68 4.48 4.68 

Gain (dB) 2.12 3.77 3.84 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3. Comparisons of antenna radiation performances (a) scattering 

coefficient (S11) (b) VSWR (c) Z11 (magnitude) and (d) radiation 
efficiency (η). 

A comparison of antenna radiation performances has 

been made and shown in Fig. 3. For the referenced 

antenna, the value of the S11 parameter has been observed 

at 2.45 GHz and equal to -34.65 dB. The antenna is then 

modified with DG plane with resonant frequency peak 

adjusted to 2.45 GHz with -29.02 dB. Finally, this 

structure has been modified by loading with EBG 

structure and which results in a slight shift of resonance 

frequency to 2.47 GHz with S11 approaches to -24.40 dB 

and shown in Fig. 3(a). For the referenced antenna, the 

value of -10 dB bandwidth is very small and equal to 

72 MHz, whereas after modifying it with DG plane it 

effectively enhances to 304 MHz. But after loading of 

EBG structure slightly reduces the bandwidth to 

256 MHz that is still larger than the referenced antenna. 
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To further analyze the behavior of proposed patch 

antenna on antenna radiation performances, an analysis of 

voltage standing wave ratio (VSWR), impedance (Z11) and 

radiation efficiency (η) have been made. The results show 

that for reference antenna, the value for VSWR comes out 

1.04 and 1.07 for an antenna with DG plane, whereas for 

a proposed model with DG and EBG it comes out to be 

1.13 as shown in Fig. 3(b). All values of VSWR remain 

within the acceptable range of 1 to 1.5.  

The value for Z11 (magnitude) for referenced antenna 

observed of 50.87 Ω and 47.14 Ω for an antenna with DG 

plane at 2.45 GHz, whereas for proposed model the value 

of Z11 reduces to 46.83 Ω at 2.47 GHz as shown in Fig. 

3(c). All these values are approximated to 50Ω matching 

impedance.  

Similarly, for reference antenna, the value of radiation 

efficiency (η) is very less and is equal to 35.1%. But 

when it modified with DG plane it effectively enhances to 

85.06 %. For the proposed model with DG plane and 

EBG, the value of η marginally reduces to 83.97 % and 

depicted in Fig. 3(d). For better clarification and 

understanding, a comparison of antenna radiation 

performance has been given and tabularized in Table I. 

A polar plot comparison for antenna directivity has 

been given in Fig. 4. The results indicate that for E-Plane, 

the referenced patch antenna main lobe magnitude is 6.68 

dBi with 3 dB angular width is 87
0
 and for an antenna 

with DG plane it reduces to 4.48 dBi with 3 dB angular 

width is 92.3
0
. For the proposed model with DG and EBG 

structure, the value of main lobe magnitude is 4.68 dBi 

with 3 dB angular width is 89.2
0
 as depicted in Fig. 4(a).  

For H-Plane, the reference patch main lobe magnitude 

is 6.68 dBi with 3 dB angular width is 92.3
0
 and for an 

antenna with DG plane it reduces to 4.48 dBi with 3 dB 

angular width is 74
0
. For the proposed model with DG 

and EBG structure, the value of main lobe magnitude is 

4.69 dBi with 3dB angular width is 72.2
0
 as depicted in 

Fig. 4(b).  

A polar plot comparison for antenna gain has been 

given in Fig. 5. The results indicate that for E-Plane, the 

reference patched antenna main lobe magnitude is 2.12 

dB with beamwidth is 87
0
 and for an antenna with DG 

plane it increases to 3.77 dB with beamwidth is 92.3
0
. For 

the proposed model with DG and EBG structure, the 

value of main lobe magnitude further enhances to 3.84 

dB with beamwidth is 89.2
0
 as depicted in Fig. 5(a). 

 

 
                                                                 (a)                                                                                                     (b) 

Fig. 4. Polar plot comparisons of antenna directivity for (a) E-Plane and (b) H-Plane. 

 
                                                                 (a)                                                                                                     (b) 

Fig. 5. Polar plot comparisons of antenna gain for (a) E-Plane and (b) H-Plane. 

Journal of Communications Vol. 13, No. 12, December 2018

©2018 Journal of Communications 733



           
    (a)                                                                                                         (b) 

Fig. 6. Two-dimensional comparisons for (a) directivity and (b) gain. 

For H-Plane, the reference patch main lobe magnitude 

is 2.12 dB with beamwidth is 92.3
0
 and for an antenna 

with DG plane it increases to 3.77 dB with beamwidth is 

74
0
. For the proposed model with DG and EBG structure, 

the value of main lobe magnitude further enhances to 

3.85 dB with beamwidth is 72.2
0
 as depicted in Fig. 5(b). 

This concludes that when the referenced antenna is 

modified with DG plane and EBG, its antenna gain 

enhances to 81.1%. So, the proposed antenna would 

require less power in the line of sight transmission and 

therefore would lead to a reduction in hardware cost as 

the number of repeaters required reduces. The beamwidth 

has been also reducing in the proposed antenna as 

compared to the conventional antenna. This would lead to 

a concentrate and focus power in the line of sight 

transmission for long distance transmission.  

In Fig. 6, the two-dimensional comparisons of 

antenna’s directivity and gain have been made between 

1 to 5 GHz of the frequency band. The analysis indicates 

that when the antenna is loaded with DG and EBG 

structure, the value of directivity remains high for the 

entire band-gap of EBG structure that lies between 2.37 

to 4.31 GHz and shown in Fig. 6(a). However, a minor 

fluctuation is observed between 3.67 to 3.92 GHz, where 

antenna with DG plane value slightly increases. On the 

other hand, the value of gain remains high for the entire 

bandgap of EBG structure that lies between 2.41 to 4.24 

GHz and shown in Fig. 6(b). 

IV. CONCLUSIONS AND FUTURE REMARKS 

In this research work, we have proposed an inset feed 

microstrip antenna operating at 2.45 GHz of ISM band. 

Its behavior has been analyzed after modifying it with the 

defected ground plane and then loading it with 

mushroom-typed EBG structure. It has been observed that 

when the antenna is modified with DG structure, it 

doesn’t only miniaturize the exited patch but also 

enhances the bandwidth, gain and radiation efficiency. 

Furthermore, when the antenna is loaded with EBG 

structure, it enhances antenna directivity and gains. On 

the other hand, bandwidth and radiation efficiency are 

marginally affected. It has been also observed that the 

antenna directivity and gain increase throughout the 

band-gap of EBG. Whereas, the rest of parameters remain 

highly preserved. This structure finds its applications in 

antenna designing and reduction of monostatic and 

bistatic RCS in military and stealth platform for lower 

detectable objects.  
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