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Abstract - Recently many radar systems are based on microstrip array antennas since they have clear benefits over classical 

ones. Unfortunately, the side lobes of microstrip array antenna have still enough energy and under some conditions, they are 

able to propagate along the surface, known as surface waves, that can increase the coupling of energy between array elements,  

so-called mutual coupling. In this paper, a high impedance surface Jerusalem cross electromagnetic band gap (JC-EBG) 

structure is proposed to reduce mutual coupling and improve isolation between antenna elements. The results of the 

simulation program have shown that the isolation between the antenna elements can be improved with the help of the 

proposed structure. 
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I. INTRODUCTION 

 

Antenna is an important element for transmitting and 

receiving signals. Currently, the flow of information is 

increasing, and the volume of cable transmission is 

significantly decreasing, as many devices are using 

antennas. Antenna design is challenging due to 

requirements for new properties, quality and design. 

An improperly designed antenna has low efficiency. 

Many antenna design technologies have been 

developed, but compact and improved antennas are 

now needed, and one of the types of such antennas is 

the microstrip patch antenna. The first microstrip 

antenna was invented in 1950, but it became 

widespread after 1970 [1]. Microstrip antenna can be 

represented as a metal plate, which is printed on a 

grounded substrate. Due to the possibility of 

manufacturing using printed technology [2], the 

antenna can be made manually, which reduces the 

cost, besides the choice of material will also reduce the 

cost. The light weight and small size of the microstrip 

antenna will allow it to be used for radar purposes.  

The main problem of microstrip antennas is surface 

waves. Surface wave propagation reduces antenna 

efficiency by increasing the back and side lobes of the 

radiation pattern, which reduces antenna gain. In the 

design of the microstrip array antenna, there is another 

problem called mutual coupling. Reductions of both 

mutual coupling and surface waves can be obtained 

using high impedance surfaces, or so-called 

electromagnetic band gap structures [3]. 

Electromagnetic band gap structures are artificial 

periodic objects capable of suppressing surface waves 

due to the suppressing of electromagnetic waves in a 

certain frequency band. In this paper, we preferred 

Jerusalem cross electromagnetic band gap (JC-EBG) 

structure [4] to reduce mutual coupling between array 

antenna elements. The behavior and properties of 

these structures are simulated using FEKO. The 

performance of the microstrip array antenna is 

compared for two cases, with and without the 

electromagnetic band gap structure. Numerical results 

obtained in the simulation showed that the JC-EBG 

structure extends the bandwidth while suppressing the 

interconnection between the antenna elements.  

 

II. ELECTROMAGNETIC BAND GAP 

STRUCTURES 

 

Many electromagnetic band gap structures (EBG) are 

defined as a periodic cell that suppress surface waves. 

Mainly EBG structures are modeled according to 

well-known formula with a resonant frequency:  
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These structures are thick metal conductors that look 

like a microstrip or printed antenna. But their shapes 

differ considerably. They are represented by ordered 

rows and columns, as shown in Fig. 1.  

          
(a) Mushroom like                   (b) Split rectangular loop 

          
(c) Complementary split ring resonators (d) Jerusalem cross 

Fig. 1 EBG structures 
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Most researchers classify EBG structures as three- 

dimensional volumetric structures, flat surfaces and 

one-dimensional transmission lines.  Moreover, the 

structures of the band gap are called a photon band 

gap, or a surface with high impedances [5]. As already 

mentioned, the development of wireless technology 

requires compact, high performance and portable 

devices, but in that case, the mutual coupling between 

antenna elements increases. In addition, the noise level 

of the system increases and affects the quality of the 

system. EBG structures block surface waves (Fig. 2) 

and improve the properties of the microstrip antenna 

array [6]. 

 

 
Fig. 2 Blocking the surface waves with EBG structure 

 

III. SURFACE WAVES 

 

Surface waves are the cause of mutual coupling, which 

causes blind scanning angles in antenna arrays, and 

antenna radiation occurs in the unwanted area. When 

the dielectric constant of the material  1r , the 

surface waves propagate on the microstrip antenna. 

The process is as follows: the waves fall at an angle on 

the ground plane, then get reflected and correspond to 

the dielectric and air boundary, where the reflection 

occurs again. This process goes to the boundary where 

the waves are reflected and diffracted along the edges 

(Fig. 3). If there is another antenna array, the surface 

waves can couple. The phase velocity of wave 

propagation depends on  r and h [7], where is 

the h height of the dielectric. 

 

 
Fig. 3 Propagation of surface waves in substrate. 

 

IV. NUMERIC ANALYSIS 

 

Fig. 4 shows the proposed antenna array, implemented 

with JC-EBG, which is composed by periodic diagonal 

and straight arrangements. The feed position has been 

optimized to ensure optimal impedance matching. The 

final feed positions are 2 mm from the edge of the 

patches, which are shown with dots in Fig. 4. The 

input impedance is shown in Fig. 5, which illustrates 

that at the resonant frequency, the imaginary part of 

the impedance is close to zero and the real part is 

almost 50 Ohms. 

 

 
(a) 

 
(b) 

Fig. 4 Pin-fed microstrip patch array antenna, implemented with 

(a) straight JC-EBG and (b) diagonal JC-EBG 

 

 
Fig. 5 The input impedance of the antenna. 

 

The antenna return losses and mutual couplings are 

simulated without and with four diagonal and four 

straight arrangement of JC-EBG, in each step their 

gaps are chosen to be different. Then conventional 

antenna results (Fig. 6) are compared with proposed 

antenna results (Fig. 7 and Fig. 8) in terms of 

S-parameters. 
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Fig. 6 Conventional antenna S-parameters 

 
(a) 

 
(b) 

 
(c)

 
(d) 

Fig. 7 Simulated 11S and 21S parameters for diagonal 

arrangement of JC-EBG 

 

Referring to Fig. 7 (a), it can be seen that mutual 

coupling is reduced from -22 dB to -43 dB at 5.94 GHz 

and 11S (Fig. 7 (b)) is reduced from -20 to -32 dB at 5.88 

GHz. A slight shift in resonance frequency can be 

observed in all cases. In the same manner, 

S-parameters for other gaps are shown in the table 

below: 
TABLE I 

S-PARAMETERS FOR DIFFERENT GAPS BETWEEN 

DIAGONALLY ARRANGED JC-EBG ELEMENTS 

JC-EBG Gap 11S at the 

frequency 

range 

5.81-5.88 GHz 

21S at the 

frequency 

range 5.8-5.95 

GHz 

Diagona

l 

No 

gap 

-18 dB -43 dB 

Diagona

l 

0.4 

mm 

-32 dB -31 dB 

Diagona

l 

0.7 

mm 

-20 dB -37 dB 

Diagona

l 

1.2 

mm 

-18 dB -28 dB 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 8 Simulated 11S and 21S results for straight arrangement of 

JC-EBG 

 

The table of the straight arrangement of JC-EBG 

elements with four different gaps is given below:   

 
TABLE II 

S-PARAMETERS FOR DIFFERENT GAPS BETWEEN 

STRAIGHTLY ARRANDED JC-EBG ELEMENTS 

JC-EBG Gap 11S at the 

frequency 

range 

5.71-5.85 GHz 

21S at the 

frequency 

range 

5.88-5.91 

GHz 

Straight 0.4 mm -17 dB -47 dB 

Straight 0.6 mm -16 dB -38 dB 
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Straight 1 mm -28 dB -36 dB 

Straight 1.8 mm -35 dB -38 dB 

The straight arrangement of JC-EBG seems to be 

efficient comparing to diagonal one. 11S in straight 

arrangement Fig. 8 (d) is -35 dB at 5.85 GHz and in 

diagonal one (Fig. 7 (b)) it is -32 dB at 5.88 GHz. For 

the 21S , the straight structure has two -38 dBs (Fig. 8 

(b) and (d)) at 5.91GHz and 5.88GHz, whereas 

diagonal has -37 dB (Fig. 7 (c)) at 5.96 GHz. A slight 

shift of the resonance frequency is observed in all 

cases. 

 

V. CONCLUSION  

 

In this paper, a Jerusalem cross electromagnetic band 

gap has been implemented to reduce mutual coupling 

between microstrip patch array antenna elements. The 

JC-EBG structure can suppress surface waves due to 

the suppression of electromagnetic waves in a certain 

frequency band. The behavior and properties of this 

structure are simulated using FEKO. The performance 

of the microstrip array antenna is compared for two 

cases with and without the JC-EBG structure. 

Numerical results obtained from simulations showed 

that the proposed Jerusalem cross structure reduced 

mutual coupling between the antenna elements of 

microstrip patch array antenna. 

  

REFERENCES 
 

[1] D. M. Pozar, “Microstrip antennas”, Proc. IEEE, vol. 80, 

pp.79–91, 1992. 

[2] J. Howell “Microstrip antenna” Antennas and Propagation 

Society International Symposium, vol. 10, pp. 177–180, 1972. 

[3] S. Turdumamatov and G. Ogucu, “Metamaterial-Inspired 

Electromagnetic Band Gap Structure for Isolation Improvement 

of Microstrip Patch Antenna”, Second International Conference 

on Advances in Computing, Electronics and Communication 

(ACEC), pp. 147 – 150. (2014) 

[4] S. Melais, T. Weller, “A multilayer Jerusalem Cross Frequency 

Selective Surface”, 10th Annual Wireless and Microwave 

Technology Conference, IEEE, 2009 

[5] Y. Qian, R. Coccioli, D. Sievenpiper and V. Radisie, “A 

microstrip patch antenna using novel photonic band-gap 

structures”, Microwave Journal, vol. 42, pp. 66-76, 1999. 

[6] F. Yang and Y. R. Sami, “Electromagnetic Band Gap Structures 

in Antenna Engineering”, Cambridge University Press 2009, pp. 

8-9. 

[7] C. Balanis, Antenna Theory: Analysis and Design. 2
nd

 Ed. New 

York: John Wiley and Sons, pp. 489-490, 2005. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

http://iraj.in/

