
IJECT Vol. 2, IssuE 4, oCT. - DEC. 2011 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g280   InternatIonal Journal of electronIcs & communIcatIon technology

Abstract
Technology for processing of radio waves on small platforms is 
rapidly changing to meet the requirement for robustness and 
reliability of communication link. It is becoming common for each 
radio channel to use more than one antenna element in order 
to enhance gain, bandwidth and directivity. Microstrip patch 
antenna is of great interest for this purpose due to its geometry, 
low cost, design flexibility, planer structure etc. In this paper, 
we propose a four-element array antenna with electromagnetic 
band gap (EBG) structure at the ground plane. This structure 
has been evaluated against the conventional structure without 
EBG at frequency 5.25 GHz. The comparative analysis shows 
that the proposed structure improves performance in respect 
of isolation between array elements, return loss, radiation 
efficiency and VSWR. The key contribution of this paper is 
designing a simple array with slotted elements of microstrip 
patch which is compatible with the IEEE 802.11a wireless LAN 
standards. 

Keywords
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I. Introduction
The multi-element smart antenna array has attracted attention 
of the researchers due to its wide range of applications in 
the field of wireless communication. Different multi-element 
antenna prototypes are designed and implemented for the 
applications in the base stations (BS) to improve the quality 
of transmission and enhance the cellular capacity, coverage 
and reliability [1, 4]. On the other hand, recent advances in 
the study of the electromagnetic band gap (EBG) structures 
has established these structures to be simple solutions 
towards improving the antenna performance [5]. An EBG 
structure is a periodic structure that forbids the propagation 
of all electromagnetic waves within a particular frequency 
band called the band gap. The performance improvement 
occurs due to the stop bands of these periodic structures. 
These structures provide a simple and effective solution to 
the problems of surface and leaky waves [6]. Several types 
of microstrip based EBG structures have been analyzed for 
variety of applications. These structures are studied by utilizing 
both finite difference time domain and finite element method 
techniques [7]. In this article, we propose a new analytical 
method based on transmission line theory to design the 2D-
EBG lattice of the microstrip patch antenna in particular to 
enhance its performance. We describe a slotted rectangular 
patch array structure with wide impedance bandwidth. This 
antenna also provides circular polarization within the bandwidth 
with good axial ratio (AR). This array structure has further been 
investigated integrating regular shaped EBG structure at the 
ground plane and a significant improvement has been observed 
in both radiation pattern and the isolation between the array 
elements at the designed frequency. 

II. Array design
We have designed a circularly polarized slotted antenna of 
(2x2) array. Initially, a single patch has been developed by using 
standard design formulae [8]. Their characteristic parameters 
i.e. lengths (L) of 18.40 mm and width (W) of 24.40 mm have 
been approximated. We have assumes the RT/duriod substrate 
of thickness (h) and dielectric constant (Єr) to be 1.5875 mm   
and 2.2 respectively. The detail dimensions of the single 
element of the array are illustrated in fig. 1, and the prototype 
of the same is shown in fig. 2. In case of array structure, the 
spacing of antenna elements plays an important role. In order to 
reduce the effect of mutual coupling, the distance (d) between 
the antenna elements is kept greater than half wavelength 
(λ/2). In this design λ=5.77cm.The estimated value of the 
dimensions of antenna element and its approximated value to 
achieve the desired frequency are summarized in Table 1. 

Table 1: Dimension of the patch element.               
Parameter 
of the 
patch

    W
(mm) εreff

∆L
(mm)

   Leff
(mm)

      L
 (mm)

Calculated 
value 22.58 1.71 0.87 21.80 20.05

Design 
value 24.40 2.04 0.83 19.98 18.40

Fig. 1: Dimension of the single element of the microstrip patch 
array

Fig. 2: Prototype of the fabricated antenna array (a). Front view 
(b). Back view without EBG (c). Back view with EBG
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The operational characteristics of the prototype antenna at the 
frequency of 5.25 GHz are measured and compared with the 
simulated results. It is evident that these results are in good 
agreement. The antenna achieved isolation in excess of more 
than 25 dB with EBG at the design frequency.

III. Optimization of feed location
The feed point location in the fabricated antenna array is 
an important design issue [9]. Therefore, it is essential to 
locate the exact feed point in the radiator before performing 
the experiment. Usually the feed point is set at the center of 
the element when the radiator element is uniformly excited 
and is operating in TEM mode. The maximum radiation can 
be obtained when the impedance of the feeder line and the 
radiator is in matched condition. The return loss of the patch 
antenna in the matched condition is negative maximum.  To 
locate the correct feed point of the patch antenna we simulate 
for S11 parameter at every λg/8 distance interval and locate 
the correct feed position as shown in the fig. 1.  
From the impedance graph shown in the fig. 3, it is seen that 
the characteristic impedance of the antenna array is 49.82Ω 
.The corresponding feed point where the impedance of 49.82Ω 
achieved is illustrated in the fig. 2(a). From the simulated 
results it is observed that impedance of the array at 5.25 GHz 
is 49.45Ω. So the cable fitted with SMA connector is quite 
compatible with this array.

Fig. 3: Simulated results of impedance Characteristics of the 
array.

IV. Results
The measured values of return loss (RL) of the proposed 
antenna are compared with that of simulated ones as shown 
in fig. 4. The RL of the proposed antenna with EBG is compared 
to the performance of the array without EBG. The measured BW 
with EBG is 190 MHz whereas it is 170 MHz without EBG. 
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Fig. 4: RL of the proposed array antenna
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Fig. 5: Measured VSWR of the array with and without EBG

From the RL curves, it is seen that the measured values are 
somewhat different from the simulated ones. This may be due 
to the error introduced during fabrication. From the simulated 
results, it is observed that the antenna can achieve a bandwidth 
(RL=-10dB) of 210 MHz. However, the maximum measured 
bandwidth is 190 MHz. This difference may be due to the 
imperfection of the fabrication process. This may be a possible 
mismatch between the coaxial feed line and the transmission 
line due to imperfection resulting from the soldering process. 
But the antenna array has achieved enough bandwidth to meet 
the 120 MHz bandwidth which is required for IEEE 802.11a 
standard wireless applications.

A. Inter-element isolation
In this investigation, the antenna array has been designed 
carefully to achieve low correlation between the antenna 
elements. When multiple antenna elements are employed at 
the receiver or at the transmitter ends, coupling between the 
antenna elements is an important factor [10]. The antenna 
characteristics are influenced by the coupling between the 
antenna elements of the array system. In this design, the 
separation between antenna elements is kept at a distance 
of 0.6λ to avoid the effect of coupling. The coupling between 
antenna elements must be considered during the design stage of 
the array. Mutual coupling increases the correlation of the ports 
and reduces the radiation efficiency [11-12]. Thus to obtain high 
gain of the antenna in the mobile communication application, 
correlation between the elements of the antenna must be low. 
Mutual coupling between the antenna elements can also be 
reduced by arranging the antenna elements orthogonally to 
each other [13]. Fig. 7, fig. 8 shows the experimental results 
of isolation between antenna elements with and without EBG. 
The simulated results of isolation characteristics between 
the common feed point and the feed point of element1 with 
and without EBG structure are illustrated in fig. 6. This result 
shows that the port isolation increased by 10 dB when EBG is 
introduced.  Comparing fig. 7, fig. 8, it observed that the mutual 
coupling becomes quite low between the elements when EBG is 
introduced. Therefore, low correlations between the antennas 
could be realized and would lead to better directivity and higher 
antenna gain. In this case, the separation between antenna 
elements (1, 3), (1, 2), (2, 4) and (3, 4) are 34mm, 36mm, 36 
mm, 34mm respectably.
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Fig. 6: Simulated S-parameter between common feed point 
and port-1 with and without EBG

Fig. 7: Measured results of S12, S13 and S14 of the element 
without EBG

Fig. 8: Measured results of S-parameters with EBG

B. Radiation pattern
To measure the radiation pattern, a horn antenna is used as 
transmitter at 5.25 GHz, to operate with the patch antenna as 
the receiver. In order to create the radiation pattern, the array 
antenna structure was rotated 360 degree in a step of 2.5 
degree. In each step, we measure the received signal amplitude 
which is then normalized in order to get the normalized radiation 
pattern. The measurement was carried out by employing 
the antenna structures with and without EBG. In each case, 
horizontally polarized radiation patterns were investigated as 
shown in fig. 9. 

Fig. 9: Horizontally polarized pattern of the proposed array with 
and without EBG

V. Conclusion
The proposed slotted microstrip antenna array is electrically 
small, suitable to handle easily and it is applicable to WLAN 
band at 5.25GHz . From the simulated and experimental results, 
it is observed that the antenna gain, isolation between antenna 
elements in the array structure and radiation pattern obtained 
with EBG are much better than without EBG. The measured 
value of RL and VSWR fairly tallied with the simulated results. 
In this investigation, the bandwidth of 200 MHz and isolation 
between the antenna elements of less than -25 dB has been 
achieved. It is clearly observed that the impedance bandwidth 
and radiation efficiency are improved significantly by employing 
proposed EBG structure. All S-parameters have been studied 
by inserting the feed point to each element separately. The 
port isolation between each element improved significantly by 
introducing EBG structure. The proposed array antenna would 
be suitable as base station antenna of the WLANs.
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