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Abstract

A single feed compact rectangular micro strip patoitenna (MSA) for triple band application is pretsl in this paper. The
proposed antenna has Circular slot on the patch dmahble shaped defected ground structure (DGS)ndke the proposed antenna
more efficient the optimization of the antenna giegiarameters have been done using HFSS’s optamEut the proposed antenna
three resonant frequencies have been obtained3®GHz, 7.60GHz and 8.53GHz with Bandwidth of 102BtiVIHz and 127MHz
return loss of -15.80db ,-18.77db and -36.57db eetipely. The characteristics of the designed $tmgcare investigated by using
FEM based electromagnetic solver, HFSS. An exteramalysis of the return loss, gain and bandwidtlthe proposed antenna is
presented. The simple configuration and low prafé¢ure of the proposed antenna leads to easydatioin and make it suitable for
the application in wireless communication systeMuinly it is developed to operate in the WLAN, WH& RADAR application.
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1. INTRODUCTION

Microstrip antennas are very attractive becauséheir low
profile, low weight, conformal to the surface ofjetts and
easy production. A large number of microstrip patho be
used in wireless applications have been develoded].[
Design of WLAN antennas also got popularity withe th
advancement of microstrip antennas [4-5]. Wirelesal area
network (WLAN) requires three band of frequenci2gtGHz
(2400-2484MHz), 5.2GHz (5150-5350MHz) and 5.8GHz
(5725-5825MHz). WiMax has three allocated frequency
bands. The low band (2.5-2.69GHz), the middle b@n2-3.8
GHz) and the upper band (5.2-5.8GHz).Tele commtioica
via satellite and RADAR use the 4-8GHz band of fiexuy.
The size of antenna is effectively reduced by ngttlot in
proper position on the microstrip patch. The uséGS for
size reduction of microstrip antenna, althoughaiplication
has been reported for harmonic reduction [6], cross
polarization suppression [7] and mutual couplindueion [8]

in antenna arrays etc. This paper presents thecapiph of
dumble shaped defected ground structure (DGS) anastirip
antenna for size reduction and to achieve usefutilmand.
While maintaining the antenna size, the broaderraipsy
bandwidth (BW) [9,10] is realized by cutting thetsl of either
half wave or quarter wave in length, having difféarehapes
like U-slot, V-slot, L-slot, and a pair of rectarguslots inside
the patch [11,12]. In this paper T-slot has beeasg@nted. The
slot introduces a mode near the fundamental modigegbatch
and realizes broadband response.

2. CONVENTIONAL MSA DESIGN, RESULTs&
ANALYSS

The design of the antenna is shown in figure I{bg antenna

has 29mm x 25mm rectangular patch. The dielectatenal
selected for this design witlr = 4.4 and substrate height
=1.57mm. The antenna has been designed using the
transmission line model. Where the transmissioa fivodel is
most accurate To design the conventional rectangulero

strip patch antenna that operates at frequency ndrou
2.45GHz, the dimensions can be found using [3]:

Sep 1. Determination of the Width (W).The width of the
Microstrip patch antenna is given by [3]

W = 37.26mm.

Step 2. Determination of effective dielectric constagte. The
effective dielectric constant is represented byB§]substituting:r
=4.4, W = 36.26 mm and h = 1.57 mm, it can berpiéteed that

Ereff — 4.4,

Step 3: Determination of the effective length.(-The effective
length is given by [3]. By substituting.s = 4.4, ¢ = 3x10"8 m/s
and f, = 2.45 GHz, it can determine that

Legr =29.126 mm.

Sep 4: Determination of the length extensiarif [3]

The length extension may be represented by sulvglitiy; = 4.4,
W =36.26 mm and h = 1.57 mm, it can be determtimaid

AL =0.01634 mm.

Sep 5: Determination of actual length of patch (L):
The actual length is obtained by using expression

L = Leg-2AL
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By substituting Leff = 29.126 mm ankl = 0.01634 mm, the
actual length can determined as

L =29.093 mm

The actual length of the patch has been found y8ing

Now from the above calculated data antenna has been
designed on HFSS 13.0. The design is shown inditpetow:
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Figure 1(a): Conventional Microstrip Patch Antenna Design
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Figure 1(b): S-Parameter plot of the conventional Microstrip
Patch Antenna

In the figure 1(b) the S-parameter plot of the M&&sign of
figurel(a) is shown and from the plot we can easdiculate
the bandwidth as well as returnloss which are 4BGHz,
3.82GHz, 4.64GHz, 6.27GHz, 7.17GHz, 9.16GHz and
9.54GHz and bandwidth of 77MHz, 78MHz, 68MHz, 77MHz
112MHZ and 112 MHz were obtained respectively. Buthe
presence of the multiple bands as well as presehse many
numbers of varying amplitudes this antenna willszone too
much power and hence will not radiate effectively the
particular selected band.

3. MSA with CIRCULAR dot and DGS- DESIGN,
RESULTs& aNALYSS

Now the patch antenna has been improved with theutar
slot on the rectangular patch which is shown infé&2 (a) and

the ground have been made defected with the dusfitaped
defected ground structure as shown in figure 2(b).
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Figure 2(a): Simulated Design of Triple Band MSA (Front
View showing Circular slot)
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Figure 2(b): Simulated Design of Triple Band MSA (Back
View showing DGS)

The fronts view of the antenna shows the Circullatr which

is made by etching the patch. The defected groamattare
has been made on the ground of the patch antenith Wwas
dumble shape by etching the ground plane. The maten
parameter is given in table below:

Table 1: Dimensions of the Microstrip Patch Antenna

Variable Value
Length of the Patch(Ip) 25.054mm
Width of the Patch(wp) 29.036mm
Thickness of the Patch(t) 0.035mm
Width of the Ground(wg) 21.056mm
Length of the Ground(lg) 34.874mm
Width of the Substrate(ws) 41.456mm
Length of the substrate(ls) 34.874mm
Height of the Substrate(h) 1.57mm

Dimension of the symmetrical 6.5mm,4.5mm
rectangular box on the ground

Dimension of rectangular box 2.5mm.1mm
connector on the ground

Width of the feed Line(wf) 0.8mm
Radious of Circle on Patch 5mm
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Figure 2(c): S-Parameter plot of the MSA with DGS and
Circular Slot

In the figure 2(c) the S-parameter plot of the M&dsign of
figure2 is shown and from the plot we can easilgudate the

bandwidth and returnloss which are (98MHz,-14.55db)

(217MHz, -16.64db) at 2.30GHz and 8.92GHz respebtiv

4. OPTIMIZATION OF M&A

To get the best possible result the antenna has dygtenized
in a number of ways. Here optimizations of the paintenna
is Discussed.

Width Optimization

Here the width of the microstrip patch antenna hbheen
optimized, the width of patch (WP), the width obgnd (wg)
and the width of substrate (ws) have been simuitasig
optimized.

Table2: Width optimization

Variation | wg wp ws

1 21mm 21mm 21mm
2 21mm 22mm 21mm
3 21mm 23mm 21mm
4 21mm 24mm 21mm
5 21mm 25mm 21mm
6 21mm 26mm 21mm
7 21mm 27mm 21mm
8 21mm 28mm 21mm
9 21mm 29mm 21mm
10 21mm 21mm 22mm
11 21mm 22mm 22mm
12 21mm 23mm 22mm
13 21mm 24mm 22mm
14 21mm 25mm 22mm
15 21mm 26mm 22mm
16 21mm 27mm 22mm

17 21mm 28mm 22mm
18 21mm 29mm 22mm
19 21mm 21mm 23mm
20 21mm 22mm 23mm
21 21mm 23mm 23mm
22 21mm 24mm 23mm
23 21mm 25mm 23mm
24 21mm 26mm 23mm
25 21mm 27mm 23mm
26 21mm 28mm 23mm
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Figure 3(a): S-Parameter plot of the MSA with DGS and
Circular Slot in Width Optimization

From this analysis the best width combination haenb
selected and now Radious of the circular slot aam phatch
have been optimized.

Radious Optimization

Now the Radious of the microstrip patch antennaehaeen
optimized to get the best possible result.

Table 3: Radious Optimization

Variation rad
12mm
2 3mm
3 4mm
4 5mm
5 6mm
6 7mm
7 8mm
8 9mm
9 1mm

Now the plots have been taken on all the variationd the
obtained accumulated plot is shown in figure below:
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XY Plot 1

Figure 3(a): S-Parameter plot of the MSA with DGS and
Circular Slot in Radious Optimization Figure 4(b): 3D-Polar plot of the Optimized MSA with DGS
and Circular Slot on the patch

5. OPTIMIZED MICROSTRIP PATCH ANTENNA
RESULTs& ANALYSIS

Now the microstrip patch antenna has been optimiaeall
the possible ways to get the best possible resultk final
results are presented in this section.

Radiation Pattern 1 HesSDesin &,
o

Tabled: Optimized dimensions of the proposed MSA

Variable Value
b&g?ﬁ%ﬂ;g%‘:ﬁﬁ?ﬂg; 5 15r'r?r?14mm Figure 4(c): Radiation Pattern plot of the Optimized MSA
- ith DGS and Circular Slot on th tch
Thickness of the Patch(t) 0.035mm w and trcufar slot.on the pate
Width of the Ground(wg) 21 mm In the figure 4(a) the S-parameter plot of the M&sign of
Length of the Ground(lg) 34.874mm figure4 is shown and from the plot we can easilguwate the
Width of the Substrate(ws) 22mm bandwidth and returnloss which are (102MHz -15.Q&db
Length of the substrate(ls) 34.874mm 130MHz -18.77db) & ( 127MHz -36.57db) at
Height of the Substrate(h) 1.57mm 2.33GHz,7.60GHz,8.53GHz respectively.
Dimension of the symmetrical 6.5mm,4.5mm
rectangular box on the ground 6. COMPARISIONS& CONCLUSIONS
Dimension of rectangular box 2.5mm.1mm )
Width of the feed Line(wf) 0.8mm
Radious of Circle on Patch imm FrequenciesfReturnloss(dpPBandwidth
GHz) ) (MHZz)
Now figure below shows all the plots that have biedwn.
2.43GHz, |15:26db, -
= 3.82GHz, |18:87db, 77MHz,
4.64GHz, |12-56db.- 78MHz,
6.27GHz, |12-09db, 68MHz,
convent] 7.17GHz, |-13.78db,- 77MHz,
onal 9.16GHz, |23.47db, 112MHz,
: Design 9.54GHz. -14.85db. | 112 MHZz
° With
7 Circular
Slot on
the patcH 2.30GHz, |]-14.55db,- 98MHz,
IENNNNANENNNNNRNRNNANRELANRRREY] and DGY 8.92GHz [|16.64db 217MHz
- -15.08db,- | ;0oMHg,
. - . imi 18.77db,
Figure4(a): S-Parameter plot of the Optimized MSA with Oggrsni'gzid Zﬁ:(;HszééﬁZ e _;;57 b, 112(;'\'\’/"F|_"ZZ

DGS and Circular Slot on the patch
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Now we have the results of both the conventionalAVES
well as the Optimized MSA with DGS & Circular Sldthese
results are presented in the table above

As we can easily analyze from the above table that
proposed Microstrip Patch Antenna will work in finequency
range of 2-8GHz. which covers the frequency of apen of
WLAN, WIMAX, and wireless communication through
satellite as well as the frequency of operationR&DAR-
that’s why it is multipurpose microstrip patch amte.
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