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ABSTRACT: In this work, a dual band microstrip patch antenna has been designed by employing Electromagnetic Band 

Gap (EBG) structure. The antenna bandwidth and gain have been improved by incorporating four rectangular slots and 

one U-shaped slot in each EBG cell. Without the slot, the microstrip patch antenna only radiates at nearly 3GHz. The 

gap effect between the EBG unit cells and via diameter effect of electromagnetic band gap structure has also been 

analyzed for microstrip patch antenna. Our proposed antenna achieves a gain of 2.42dB and 2.64dB at 3.09GHz and 

5.44GHz in the S-band and C-band respectively. The comparison between proposed EBG structure and mushroom type 

EBG structure has been investigated.  The impedance bandwidth is extended by 3.24% and 5.33% at 3.09GHz and 

5.44GHz, respectively. 
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1. INTRODUCTION 

With the increasing demand of high-data rate, high-gain 

antennas become an integral part of modern wireless and 

telecommunication systems. In antenna design, surface 

waves produce leakage losses, which reduce antenna gain, 

bandwidth and efficiency due to the enhancement of 

large side and back radiation. Surface waves propagate 

inside the substrate of antennas and stays confined within 

the substrate when the dielectric constant ( ∈𝑟 ) of 

substrate is more than one. Surface waves also produce 

problem in antenna array design by increasing mutual 

coupling. To solve the problem of surface wave 

propagation in antenna design, different electromagnetic 

band-gap (EBG) structures have been immensely used to 

improve the antenna performances. In recent years there 

has been a tremendous research on investigating 

electromagnetic band gap (EBG) structures. 

Electromagnetic band gap (EBG) is a periodic structure 

of metal patches with connected vias to ground on 

dielectric substrates [1]. The shorted via between the 

metal patch and ground plane is contributing to form 

inductance while capacitance is realized by the gap 

between the electromagnetic band gap (EBG) unit cells. 

Electromagnetic band gap (EBG) structure works like a 

stop band to oppose surface waves of certain frequency 

bands.  

A novel Electromagnetic band gap (EBG) structure has 

been proposed by cutting two I-shaped slots into the 

patch of a mushroom-type EBG structure and studied the 

performance of a low profile antenna over the EBG 

structure [2]. To reduce the effect of the surface wave 

problem, various EBG structures have been proposed by 

several researchers which provide various advantages. A 

circularly polarized microstrip antenna with dual feed 

and a cross slot has been presented by employing 

electromagnetic band gap (EBG) structure [3]. Omni-

directional microstrip antenna with 6×6 array of EBG 

unit cell has been proposed for the short range and 

medium range wireless network operation[4]. In [5], a 

novel dual band gap two via double slot loaded 

electromagnetic band gap (TVDS-EBG) structure has 

been analyzed for ultra wide band  monopole antenna to 

achieve dual notch. Here, two resonance circuit per unit 

cell results in dual band gap in X-and Y-direction. In [6], 

a novel dual band electromagnetic band gap (EBG) 

structure has been designed for microstrip antenna with a 

U-shaped slot. Here, dual band gap EBG structure 

consists of an internal small patch, an external ring patch 

and two metallic vias, which is used to minimize mutual 

coupling between the microstrip antennas. In [7], a dual 

band spiral slot microstrip antenna has been designed by 

incorporating pin-wheel shaped electromagnetic band 

gap (EBG) structures. Spiral slots have been incorporated 

in patch antenna to achieve dual band gap. In [8], a 

rectangular patch antenna has been designed, surrounded 

by mushroom EBG patch and analyzed the results for 

different number of EBG column. Due to increasing 

number of EBG column, the performance of patch 

antenna has been increased. In [9], multiple band gap 

structures like mushroom EBG, partial substrate removal 

and grid EBG have been designed and analyzed for their 

band gap properties. A circularly polarized (CP) 

microstrip patch antenna [10] has been designed for GPS 

application. Here, right hand circular polarization has 

been produced by cutting two corners of the patch and 

miniaturizing physical dimension of the antenna has been 

done by using electromagnetic band gap underneath of 

the antenna. A new electromagnetic band gap (EBG) 

structure using fractal geometry has been designed and 

analyzed its effect on Hexagonal Patch antenna 

performance [11]. A novel dual-band compact rabbet 

spiral electromagnetic (EBG) structure [12] consisting of 

two different lattice units: concave patch and convex 

patch with inserted spiral branches has been designed. 

The windings of spiral branches and metal size of patches 

were kept different to form different inductances and 

capacitances to achieve dual frequency band. In [13], a 

dual band slotted Electromagnetic band gap structure has 

been designed to achieve wide bandwidth and analyzed 

its characteristics for monopole antenna. 
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In this work, we propose a microstrip patch antenna 

implementing slotted EBG structure for dual band 

application. The introduction of rectangular and U-

shaped slots in EBG unit cell results in an improved 

antenna gain with a higher bandwidth. 

2. PROPOSED ANTENNA DESIGN 

In this work, a novel dual band gap electromagnetic band 

gap (EBG) structure has been proposed and analyzed the 

characteristics of microstrip patch antenna for this EBG 

structure. Electromagnetic band gap structure is the 

periodic structure of square metal patches which is 

designed to block the surface waves. The microstrip 

patch antenna can provide dual and triple frequency band 

with linear as well as circular polarization also. In recent 

years it became very popular because of some good 

features such as low weight, good performance 

characteristics, simple design and low fabrication cost 

[14]. It was found that to improve the bandwidth of the 

microstrip patch antenna, the use of single layer EBG 

substrates was not helpful [15]. For this reason here we 

use double layer substrates which may increase the 

bandwidth of microstrip patch antenna. To form double 

layer substrate, we placed another substrate layer of same 

dielectric constant and height above the EBG metallic 

patch layer. The square microstrip patch antenna has 

been employed above the double substrate layers. The 

substrate is made up of FR4 (lossy) material with a given 

dielectric constant ( ∈𝑟 ) and loss tangent ( 𝛿 ). The 

thickness of substrate is  ℎ = 1.6𝑚𝑚 . The proposed 

antenna has a dimension of 47 × 47 𝑚𝑚2. For excitation, 

we use 50 ohm microstrip feeding line. The square patch, 

EBG patches and ground plane are made up of copper. 

The top view of the microstrip patch antenna is shown in 

Fig. 1(a). The side view of the antenna without EBG and 

with EBG is shown in Fig.1 (b) and 1(c), respectively. 

The dimensions of parameters of the proposed microstrip 

patch antenna are listed in Table I. The microstrip patch 

antenna which has length (L)and width (W) can be 

calculated by using (1)[16]. 

𝑊 =
𝑐

  2𝑓0

√
2

∈𝑟+ 1
 

(1) 

𝐿𝑒𝑓𝑓 =
𝑐

2𝑓0√∈𝑟𝑒𝑓𝑓

 

∈𝑟𝑒𝑓𝑓=
𝜖𝑟 + 1

2
+

𝜖𝑟 − 1

2
[1 + 12

ℎ

𝑤
]

−1/2

 

∆𝐿 = 0.412ℎ
(𝜖𝑟𝑒𝑓𝑓 + 0.3) (

𝑊

ℎ
+ 0.264)

(𝜖𝑟𝑒𝑓𝑓 − 0.258) (
𝑊

ℎ
+ 0.8)

 

𝐿 = 𝐿𝑒𝑓𝑓 − 2∆𝐿 

Where, 

𝐶 is light velocity, 𝑊 is the width of patch, ∈𝑟 is relative 

permittivity of the substrate, ∈𝑟𝑒𝑓𝑓  is effective relative 

permittivity of the substrate, 𝐿𝑒𝑓𝑓  is effective length, 

∆𝐿 is length extension, and 𝐿 is actual length of patch. 

 

In recent years various types of EBG structures have been 

designed and analyzed their performances. In this  

     
                                            (a) 

 
                                           (b) 

 
                                           (c) 

Fig.1. Proposed microstrip patch antenna (a) Top view 

(b) Side view without EBG (c) Side view with EBG. 

             
                                          (a) 

    
                                          (b) 

                      
                                           (c) 

Fig.2. Mushroom-like EBG structure (a) Top view (b) Side 

view (c) Equivalent circuit of mushroom-like EBG unit cell. 
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paper, we investigated and compared our proposed 

antenna performances using two types of EBG structure. 

 

(a) Mushroom-like Electromagnetic Band Gap 

structure (MEBG) 

The mushroom-like EBG structure consists of four parts: 

(a) dielectric substrate, (b) bottom ground plane, (c) 

square metal patches and (d) connecting vias. The 

mushroom-like EBG develops a stop band which inhibits 

the propagation of surface waves [17]. The geometric 

structure of 3 × 3 mushroom-like EBG and side view of 

this structure is shown in Fig.2 (a) and 2(b), respectively. 

The equivalent circuit of the mushroom EBG unit cell is 

shown in Fig. 2(c). The shunt inductance (𝐿𝐿) is formed 

by the shorted via between the patch and ground plane. 

The shunt capacitor (𝐶𝑅) is due to the capacitive coupling 

between the patch and ground plane. The series 

inductance 𝐿𝑅 is developed by the metal patch and 𝐶𝐿 is 

realized for gap capacitance between EBG unit cells. The 

dimensions of parameters of the mushroom-like EBG 

unit cell are listed in Table II. For a mushroom type EBG, 

the surface impedance (𝑍𝑠), capacitance (C), inductance 

(L), resonance frequency (𝑓𝑐), and bandwidth (BW) can 

be calculated by following equations[18]. 

𝑍𝑆 =
𝑗𝜔𝐿

1 − 𝜔2𝐿𝐶
 

(2) 

𝐶 =
𝑤𝜖0(1 + 𝜖𝑟)

𝜋
cosh−1 (

2𝑤 + 𝑔

𝑔
)     

(3) 

𝐿 = 𝜇0ℎ (4) 

𝑓𝑐 =
1

2𝜋√𝐿𝐶
 

(5) 

𝐵𝑊 =
1

𝜂
√

𝐿

𝐶
 

(6) 

 

Where, ∈0 is permittivity of free space, 𝑔 is gap between 

unit elements in EBG structure, 𝜇0 is permeability in free 

space, ℎ is thickness of the substrate, 𝑤 is patch width of 

the EBG structure, and 𝜂 is free space impedance. 

The calculated value of capacitance and inductance are - 

 𝐶 = 0.6466 pF 

𝐿 = 2.01 nH 

 
                                   (a) 

 

                                     (b) 

   
                                     (c) 

Fig.3. Geometries of slotted EBG structure (a) Top 

View (b) EBG unit cell (c) Equivalent circuit of the 

 proposed EBG unit cell. 

 

Table II. Optimized dimension of the mushroom- 

like  EBG unit cell 

 

Parameter Value (mm) 

W2 13 

L2 13 

D 0.8 

g 2 

 

Table III. Optimized dimension of the  

proposed slotted EBG unit cell 

Parameter Value (mm) 

W2 13 

L2 13 

D 0.8 

g 2 

a 10.5 

b 1 

c 0.5 

d 4 

e 3 

f 1 
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Table I. Optimized parameters of the proposed microstrip 

patch antenna              

 

Parameter Value(mm) 

h 1.6 

h1 1.6 

h2 1.6 

εr 4.3 

δ 0.025 

L 47 

W 47 

L1 23 

W1 23 

Fh 12 

Fw 2 
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(b) Slotted Patch Electromagnetic Band Gap structure 

(SPEBG) 
The second types of EBG structure that has been 

analyzed is a slotted patch electromagnetic band gap 

(SPEBG) structure. This newly designed EBG structure 

consists of four rectangular-shaped slots of 1 mm width 

and one U-shaped slot of 0.5mm width. The rectangular 

and U-shaped slots are introduced in the square 

mushroom-like EBG structure to form more inductances 

and capacitances which will stop the propagation of 

electromagnetic waves.  This new EBG structure can 

provide wider bandwidth with a second stop band 

frequency at higher frequency ranges compared to 

mushroom like EBG structure which only provides one 

stop band frequency at lower frequency ranges. Fig. 3(a). 

shows the geometric structure of  3 × 3 slotted EBG that 

has been modified through MEBG structure. The slotted 

EBG unit cell and equivalent circuit of the unit cell is 

shown in Fig. 3(b). and 3(c). The series inductance 𝐿1 is 

formed by the internal patch and the interconnected 

rectangular four strips are contributing to the other series 

inductance 𝐿2 . Coupling capacitor 𝐶1 is realized by the 

capacitive coupling between the patch and middle U-

shaped slot while four rectangular slots are contributing 

to the other coupling capacitor 𝐶2. The shunt inductance 

(𝐿𝑣𝑖𝑎) is developed by the shorted via between the patch 

and ground plane. The shunt capacitor (𝐶𝑝) is due to the 

capacitive coupling between the patch and ground plane. 

The dimensions of parameters of the proposed slotted 

EBG structure are listed in Table III. Equivalent circuit 

parameters for slotted EBG unit cell have been calculated 

by using equation (7) [20]. 

𝐿1=𝜇0ℎ 

(7) 

𝐿2 = 2 × 10−4𝑙[ln (
2𝑙

𝑊+𝐻
) + 𝑜. 5 +

0.2235(
𝑊+𝐻

𝑙
)] 

𝐶1 = 𝐶2 =
𝜖0𝜖𝑟𝐴

𝑑
 

𝐿𝑣𝑖𝑎= 𝐾1ℎ[ln (
2ℎ

𝑟
) + 1] 

𝐶𝑝 =
∈0∈𝑟 𝑤2

ℎ
 

𝐶𝑔 =
𝑤𝜖0(1 + 𝜖𝑟)

𝜋
cosh−1 (

𝑤 + 𝑔

𝑔
) 

Where, 𝐶𝑔 is gap capacitance between EBG unit cells, 

 ℎ is the thickness of the substrate, 𝑙 is length of the strip, 

𝑊 is the width of the strip, 𝐻 is the thickness of the strip, 

𝐴 is area of plates, 𝑑 is the distance between plates, 𝑤 is 

the patch width of the slotted EBG unit cell,  𝑔 is the gap 

between unit elements in EBG structure,  𝑟 is via radius, 

and 𝐾1 =0.2nH/mm. 

 

3. SIMULATED RESULTS 

The proposed antenna design is simulated and analyzed 

using Computer Simulation Technology (CST) Studio. 

The band gap frequency of electromagnetic band gap 

(EBG) structure can be determined by varying the metal 

patch width, gap between EBG unit cells and via 

diameter. To find resonance frequency with a wider 

bandwidth, the gap effect between EBG unit cells and via 

diameter effect has been analyzed. The gap between EBG 

unit cells contributes to create capacitance effect. As the 

gap increases, the higher stop band shifts towards the 

higher side due to an increase in the capacitance value. 

For the maximum bandwidth and gain, the gap is 

optimized and found to be g=2 mm. Fig. 4 shows the gap 

effect between EBG elements while Fig.5 shows the via 

 
Fig.4.Gap width effect of slotted EBG structure (via                                           

 diameter, D =0.8mm). 

 
Fig.5. Via diameter effect of slotted EBG structure             

(gap, g = 2mm). 

 
Fig.6. Simulated result for the proposed antenna with slotted 

EBG structure, input reflection coefficient (𝑆11). 

 
Fig.7.VSWR vs Frequency curve. 

-40

-30

-20

-10

0

2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7

S
1
1

,d
B

Frequency,GHz

S-Parameter [Magnitude in dB]

g=1
g=2
g=3

-30

-20

-10

0

2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7

S
1
1

,d
B

Frequency ,GHz

S-Parameter [Magnitude in dB]

D=1.2

D=0.8

D=0.5

-25

-20

-15

-10

-5

0

2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7

S
1
1
,d

B

Frequency,GHz

S-Parameter [Magnitude in dB]

Slotted 

EBG
5.3

GHz
5.59

GHz

3.03

GHz
3.13

GHz

0

3

6

9

12

15

2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

V
S

W
R

Frequency,GHz

VSWR vs Frequency 

(3.09,1.24)

(5.44,1.18)

63



Proceeding of International Exchange and Innovation Conference on Engineering & Sciences (IEICES) 6 (2020) 

 

 

 

diameter effect. If via diameter increases, the higher stop 

band shifts towards the higher frequency ranges  

due to a decrease in the via inductance. For the maximum 

bandwidth and gain, the diameter is optimized and found 

to be D = 0.8 mm. There is no gap effect and via diameter 

effect in the lower stop band frequency. The simulated 

transmission parameter (𝑆11) of our proposed microstrip 

patch antenna with slotted EBG structure for g = 2mm 

and D = 0.8 mm is shown in Fig.6. The operating 

bandwidth of the antenna is 100MHz (3.03-3.13) GHz at 

3 GHz and 290MHz (5.3-5.59) GHz at 5.44 GHz. The 

calculated fraction bandwidth (FBW) is 3.24% at 

3.09GHz and 5.33% at 5.44GHz, which can be calculated 

as (8). 

𝐹𝐵𝑊 =
𝑓𝑚𝑎𝑥−𝑓𝑚𝑖𝑛

𝑓𝑐

× 100 =
𝐵𝑊

𝑓𝐶

 
    (8) 

Where, 𝑓𝑐  is the resonance frequency of the antenna. The 

FBW of our proposed antenna with slotted EBG 

structures is improved by 1.25 times compared to 

mushroom type EBG and 2 times compared to without 

   
      Fig.8. Simulated gain of the proposed antenna at 3.09 GHz.   

 
      Fig.9. Simulated gain of the proposed antenna at 5.44GHz. 

            E-plane             H-plane 

    

 

  

 

      Theta/Degree vs. dB     Theta/Degree vs. dB 

                (a)   (b) 

      Fig.10. Simulated radiation patterns of proposed antenna  

      (a) E-plane at 3GHz (b) H-plane at 3.09GHz. 

           E-plane            H-plane 

  
      Theta/Degree vs. dB     Theta/Degree vs. dB 
                (a)                (b) 

      Fig.11. Simulated radiation patterns of proposed           

     antenna   (a) E-plane at 5.44GHz (b) H-plane at 5.44GHz. 
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Fig.12.Comparative simulation Results (𝑆11) of microstrip   

patch antenna with and without EBG. 

 

 

Table IV. Performance Comparison of Simulated Results of 

the designed microstrip patch antenna with and without 

EBG 

Antenna 

Design 

𝒇𝒄 

(GHz) 

Return 

Loss 

(dB) 

BW 

(%) 

Gain 

(dB) 

Without 

EBG 
3.03 -10.53 1.65 2.5 

With 

Mushroom 

EBG 

(MEBG) 

2.92 -15.18 2.73 2.7 

With 

Slotted 

EBG 

(SEBG) 

3.09 

5.44 

-19.16 

-21.35 

3.24 

5.33 

2.42 

2.64 

 

Table V. Performance Comparison Table 

 

Ref. 
𝒇𝒄𝟏

/𝒇𝒄𝟐
 

(GHz) 
Size(𝒎𝒎𝟑) 

BW 

(%) 

Gain 

(dB) 
VSWR 

[6] 1.56 

3.17 

60×52×2.5 6.4 

1.89 

-- 

-- 

-- 

-- 

[19] 2.4 56×56×2.5 2.5 -- -- 

[20] 2.6 

5.7 

80×110×1.6 5.7 

4.3 

4.2 

1.76 

-- 

[21] 1.65 

3.32 

100×90×3.2 2.4 

2.5 

-- 

-- 

1.35 

1.09 

This 

work 

3.09 

5.44 

47×47×1.6 3.24 

5.33 

2.42 

2.64 
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Fig.12.Comparative simulation Results (𝑆11) of microstrip   

patch antenna with and without EBG. 
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EBG structure at 3.09GHz. VSWR (Voltage Standing 

wave Ratio) curve is shown in Fig.7. As VSWR value of 

this proposed antenna are 1.24 at 3.09GHz and 1.18 at 

5.44GHz, so we can see that the calculated value is less 

than 2 throughout the operating band, which makes the 

antenna suitable for microwave application. The gain of 

the antenna is shown in Fig.8. and Fig.9. The introduction 

of the slots in EBG unit cell generates dual band and 

improves the antenna bandwidth. The simulated radiation 

patterns at 3.09 GHz and at 5.44 GHz are shown in Fig.10. 

and Fig.11. 

 

To examine the performance characteristics of our 

proposed EBG structure, a comparison between slotted 

EBG structure and square mushroom-like EBG structure 

is analyzed. Fig.12. shows the comparison results of the 

parameter of 𝑆11 of microstrip patch antenna design with 

mushroom-like EBG, with slotted EBG and without EBG 

structure. As we can see, with mushroom-like EBG 

structure the patch radiates only at around 3GHz. After 

incorporating rectangular and U-shaped slots in each 

EBG cell, there is a second frequency band at around 

5.44GHz. The comparison between mushroom EBG and 

slotted EBG structure shows that the proposed slotted 

EBG structure has a wider bandwidth at lower frequency. 

Our proposed microstrip patch antenna with slotted EBG 

structure is compared with mushroom-like EBG structure 

and without EBG structure in Table IV. in terms of its 

return loss, BW and gain. 

Our proposed antenna is compared with the other 

recently published work in Table V. in terms of its size, 

BW, gain and VSWR. The comparison shows that the 

proposed antenna achieves a better gain and wider 

bandwidth than the other state-of-arts. 

 

4. CONCLUSION 

A dual band microstrip patch antenna operating in the S-

band and C-band is presented. This antenna resonates at 

around 3.03–3.13GHz and 5.3–5.59GHz. Simulated 

results show an impedance bandwidth of 100MHz, a gain 

of 2.42dB, a VSWR of 1.24 at 3.09GHz and an 

impedance bandwidth of 290MHz, a gain of 2.64dB, a 

VSWR of 1.18 at 5.44GHz. The proposed antenna is 

working from 3.03 to 3.13GHz which is applicable for 

weather radar, surface ship radar, some communications 

satellites and working from 5.3 to 5.59 GHz which is 

applicable for satellite communications transmissions, 

Wi-Fi devices, weather radar systems, wireless 

applications, surveillance. 
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