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Abstract :

This paper presents design and implementation of Linear antenna array of size 1x4.The elemental base shape
antenna utilizes rectangular patch feeded through microstrip feed to achieve higher gain, highly directional
beam and also to counteract the effect of fading while signal propagates through various corrupted
environments. . It is demonstrated that the proposed antenna works at 2.4 Ghz frequency suitable for WLAN
application. The antenna is microstrip line feeded and is simulated on IE3D Zeland software. Performance
parameter evaluated are also good, such as it has directivity upto 13.5 dBi Gain of about 5 dBi and Efficiency
upto 80% with satisfactory radiation characteristics. The computer simulation results shows that the antenna
having good impedance bandwidth (VSWR <2 & S;;< -10 dBi) at the resonant frequency and measured results
matches with high degree of accuracy with simulated results.

Keywords — Microstrip patch, Array optimization. WLAN, Interelement spacing, 1E3D ,VNA.
1. Introduction

The rapid development of various wireless communication systems has sparked the demand for compact
microstrip antennas with high gain and directional properties to suit many wireless applications such as S-band
or for 3" generation mobile application for higher data rate transfer and longer range to provide quality services
to the users. For current mobile communication, the diversity scheme has already been implemented to mitigate
the fading effects of multipath scenario [1-2]. Microstrip patch antenna has advantages such as low profile,
conformal, light weight, simple realization process and low manufacturing cost. However, the general microstrip
patch antennas have some disadvantages such as narrow bandwidth of about (2% - 5%) and less gain etc [3-4].
However in array applications a microstrip line feed may often be more appropriate and a large no of research
papers are available on the same [5-8]. Since the bandwidth of the antenna increases with an increase in the
substrate thickness h or with a decrease in the dielectric constant &.. However, there is a practical limit on
increasing the h, and if increased beyond 0.110, surface-wave propagation takes place, resulting in degradation
in antenna performance [9].

An aperture coupled antenna has special advantages because of its simple structure, such as wider bandwidth,
less conductor loss, and better isolation between the radiating element and feed network .1t can also provide the
merits of low profile, low cost, small size, easier integration with other circuits and conformability to a shaped
surface. The placement of slots can may be coupled basis or tech of cross shaped. [10-12].

This article describes the design, analysis and simulation of linear array made up with elemental basic shape of
dual layered structure having slot cut in intermediate ground plane surface and rectangular patch on upper
patch while microstrip feed line on bottom surface as shown in fig. 2. We focused on the designing of antenna
aspect of array system having two and four element microstrip patch configuration. The proposed single element
and multi elements patch antenna array operates for recent wireless communication. Performance simulations of
the antenna were carried out with IE3D software, which is based on the method of moments [13].

This paper is organized as follows. Section 2 describes the fundamentals of array implementation .In Section 3,
the geometry of the proposed antenna is presented. In Section 4, we present the simulated results of proposed
design geometries. Section 5 shows the measured results for fabricated antenna array on FR-4 material
alongwith comparison with its simulation results. Concluding remarks are given in Section 6.
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2. Fundamental of Array Implementation

2.1 Designing of Basic Patch Antenna

The first step of the design procedure for array implementation is to design of a rectangular patch antenna is to
compute its physical dimensions. The physical width, W, is calculated using (1) while its physical length, L, is
computed using design equations (2) to (4). At low frequencies the effective dielectric constant is essentially
constant. At inter-mediate frequencies its values begin to monotonically increase and eventually approach the
values of the dielectric constant of the substrate. The initial values (at low frequencies) of the effective dielectric
constant and can be expressed through equation no.(5) ,given below.
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Using equation (2), to improved the value of L,
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Where A L i.e change in L due to fringing effect and effective dielectric constant e

can be given as
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2.2. Designing of Linear Array

Following the design of the individual rectangular patch antenna, a linear array of two and four microstrip
patches with interelement spacing of A/2 (half wavelength), where A is 125 mm (based on the resonance
frequency of 2.4 GHz), is designed. Since the number of array elements affects the beamwidth of a
radiation pattern. That is, when more elements are used in an array (larger size array) ,the narrower is the
main beam. The array factor of a linear array of M (even) identical elements with uniform spacing
positioned symmetrically along the y-axis, as shown in fig. 1, can be written as

(AF)y = W1e+_j[((1l\’/|2)\1)1/;] WoeHC2Vop g Wy e MDY e @y e i@y
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Simplifying and normalizing equation no.6, the array factor for an even number of elements with uniform
spacing along the y-axis reduces to

(AP =EM 2 Cos(2n — 1)) Wy @)

d
W, ="sin@sin® + F, (®)

ISSN : 0975-5462 Vol. 4 No.10 October 2012 4472



Jhaman Das et al. / International Journal of Engineering Science and Technology (IJEST)

Z-Ais

M2

— @—v-nuis

nMy/2 3 2 1
vais — @ — @ @@
[«<—f

d=A/2
interelement spaci

X-Axis

Fig. 1 Linear Array having its elements along Y-axis

In equation nos.7 and 8, Wn and P represent, respectively, the amplitude and phase excitations of the
individual elements..

3 PROPOSED ANTENNA GEOMETRY

Before designing the antenna, the first step is to consider the specification of the base shape antenna on the
basis of its application. The base shape has to be designed by considering resonance frequency as 2.4 Ghz for
wireless application.

Table 1.0: Single Patch Antenna Design Specifications
Frequency 2.4 GHz
Substrate FR4
Dielectric Constant, (er) 4.7
Loss Tangent 0.019
Substrate Height 1.6 mm
Conductor Thickness 35.0um

Further the design of antenna as single patch is provided below along with its array application using four basic
patches is also designed in the similar way. The basic patch have a patch of dimension 36.27 x27.9 mm on
above substrate and the bottom layer of substrate have the finite ground.

The geometry and detailed dimensions of proposed antenna are shown in Fig. 2 (a) which presents that the
antenna having rectangular patch of designed dimension alongwith microstrip feed line. The height of the
dielectric substrate slab is 1.6 mm and having relative permittivity of 4.7and loss tangent .019. The fig.2 (a)
shows dimensional view of proposed antenna and fig.2 (b) represent the layered structure of the antenna for
better understanding of the design of proposed antenna shape.
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Fig.2 Proposed Antenna geometry (a) Antenna with designed dimensions (b) Side view of proposed antenna structure

The array implementation of the basic patch is illustrated in fig.3 .1t is noticeable that the individual element
(i.e basic patch) are separated by the distance of 62.50 mm or A/2 far apart from each other in linear way
along y axis. The reasons for choosing interelement spacing of A/2 are as follows to combat fading, the
interelement spacing of at least A/2 is necessary so that the signals received from different antenna elements
are (almost) independent in a rich scattering environment (more precisely, in a uniform scattering
environment[14-15]. In such cases, the antenna arrays provide performance improvement through spatial
diversity. However, to avoid grating lobes (multiple maxima), the interelement spacing should not exceed
one wave-length. But most important, to avoid aliasing and causing of nulls to be misplaced, the
interelement spacing should be less or equal to A/2 (the Nyquist rate) [16]. Thus, to satisfy all three
conditions, the interelement spacing of /2 or 62.50 mm (half wavelength) is chosen.

A2 <6250 mm

® Reous
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Fig.3 Designed Linear Antenna Array geometries having (a) Two element (b) Four elements

4. Simulated Results

The performance of this antenna was simulated and optimized by “IE3D” 14 version of Zeland. This was used
to calculate the return loss, impedance bandwidth and radiation pattern alongwith directivity, gain and antenna
efficiency etc for performance analysis of the antenna. In this regard the primary step is to measure the Return
Loss parameter i.e (Sy;) and VSWR for proposed antenna as given below in fig. nos. 4 & 5.
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Fig.4 Simulated return Loss curve for the array antenna geometry having Four element.

The fig. 4 and 5 has the simulated Return loss curve and VSWR curve respectivly for antenna array having
four element .
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Fig.5 Simulated VSWR curve for the array antenna geometry having Four element.

Other important parameters such as Directivity, Gain and Antenna efficiency are also evaluated /simulated for
antenna. From fig 6.0, the curve is drawn in between Directivity and frequency and it is meaningful that value

of directivity increases from 6 dBi to 13 dBi while approaching from single patch antenna to its array having
four basic patches.

Directivity(dBi)

14

o9 1.2

1.5 2.1 2.4 2.7 2
Frequency (GHz)

Fig.6 Comparison of Directivity for Single patch (Green ), Dual patch array (purple ), Array using Four basic patches (Black )

Similarly the fig 7 and fig. 8 shows the combined comparative curves for Gain and Efficiency of antenna.
From fig 6 it is quite clear that Gain remains at constant value of about 5 dBi . On the other hand since the
proposed antenna is optimized on the basis of directivity and whose effect is clearly shown in Gain which

remains stable at constant value and efficiency curves as the order of array increases antenna efficiency
degraded from 75% to 15% .

Gain {(dBi)

1.5
Freoguency (GHz}

Fig. 7 Comparison of Antenna Gain for Single patch (Green ), Dual patch array (Purple ), Array using Four basic patches (Black )
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Fig. 8 Comparison of Antenna Efficiency for Single patch (Green ), Dual patch array (Purple ), Array using Four basic patches (Black )

The antenna parameters shown above are also discussed in tabular form for quntative analysis point of view for
all the designed geometries is given below in table 2 for ready reference for the same.

Table-2.0 Antenna parameter comparison for Microstrip Feed Rectangular Patch Antenna

Antenna Tvoe Resonance Directivity Gain Antenna Efficiency
yp Freq.(Ghz) (dBi) (dBi) (in %)
Basic Patch 24 7.5 5 75%
Array  using - two 2.4 12 5 25%
basic patch
Arrgy using four 24 14 5 15%
basic patch

The table compares the values of Return Loss along-with directivity,gain and antenna efficiency for review of
antenna performance parameters.

Apart from above shown parameters the proposed antenna has the promising radiation patterns in 2-dimensional
plane in form of polar plots. The polar plots for E-plane (® = 0° deg. ) and H-plane (® = 90° deg.)- given below
in fig. 9(a) and 9 (b) in which the curve drawn in purple colour is for basic elemental patch design and curves
drawn in black and green colour are for array having two and four elements respectively.

(180-9)

Fig.9 (a) E-Plane Radiation Pattern ( ® = 0° deg.) Fig.9 (b) H-Plane Radiation Pattern (® = 90° deg)
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5. Measured Results and Discussion

In order to validate the simulated results, a prototype of the proposed antenna was implemented and fabricated
on FR4 substrate (er= 4.50,tanc = 0.02). The picture of a physically realized module is shown in Fig. 10. The
return loss was measured using an Agilent 8722ES vector network analyzer at the Microwave. Lab, at Vidut
Yantra Ltd., Modinagar,Gaziabad)

==

Fig. 10 Prototype fabricated antenna under testing

Fabricated antenna on Glass Epoxy material analyzed with Network analyzer (VNA) for finding out Return
Loss (S 11 ) parameter in dB as shown in the Fig. 10 .

Comparision of Measured & Simulated Return Loss for Antenna
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Fig.11 Comparison in between in b/w measured and simulated return loss curves for fabricated antenna

On comparing in between simulated results and measured results for return loss as depicted in fig. 11 it is quite
promising that the simulated and measured results follows each other with high degree of accuracy and are
nearly the same, the variation in between these two curves can also be anticipated on the basis of design
accuracy. Since it can also be understand that at high band, the measured result displays larger bandwidth and
the resonant frequency shifts to a higher frequency. This may be caused by the little differences of the FR4
substrate between the practical and simulated models. In addition, the dielectric constant and dissipation factor
are not stable Progress In Electromagnetic Research B, Vol. 8, 2008 323 when the frequency increases. In
general, good agreement is observed between the measured and simulated results

6. Conclusions

A rectangular patch antenna and its linear array implementation is designed and proposed. The proposed
antennas have all the advantages of array implementation and its performances parameters are studied by
variation in nos. of array elements i.e basic patch .The antenna and its implemented arrays using four elements
have much higher values of gain and directivity upto 5 dB and 13 dBi respectively in comparison to its basic
patch. Which clearly shows the  enhancement in antenna performance parameter while linear array is
constructed from its basic patch counterpart? The antenna also has good directional-radiation characteristics.
Furthermore, this antenna has many advantages such as easy fabrication, low cost and compact in size.
Therefore, such type of antennas can be useful for wireless’WLAN/PCS type of applications in personal
communication It can also fulfills the requirements of indoor wireless system applications.
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