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Performance Analysis of Rectangular Patch
Antenna with Dielectric Constants
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Abstract: The developments in communication systems, patch a L o I
antennas play a very significant role in today’s world of _+_ i
communication systems. The most commonly used micro strip
patch antennas are Rectangular patch antennas. £ f

The rectangular micro strip patch antenna parameters are r 1
analyzed for S-band frequency which is used for wireless
communications(2.0-2.5GHz). In this design, performance G[Erl.lﬂd p]une
parameters like V.S.W.R, Returnloss, are simulated and radiation
patterns are observed.

Rectangular patch antenna is designed with uniform and
non-uniform linear arrays. The uniform and non-uniform arrays
are designed with Dolph-Tschebycheff.

(b) side view of Rectangular antenna
Fig. 2. structure and side view of antenna
Some of the other common shapes in micro strip antennas n

Keywords : Rectangular micro strip patch antenna, uniform ~ Shown in Fig.3.
array and Dolph-Tschebycheff .

I. INTRODUCTION Q
Radiating element of rectangular patch antenna on one side

of a dielectric substrate which has a ground plane on the other

side of the antenna are shown in Fig.1. (a) Square (b Rectangular {©)Dipole  (d) Circular (&) Elliptical
L y
Patch -+ » D
f —— Dielectric Substrate (f) Triangular (2) Disc sector {0} Circular ring (i) Ring sector
h . R
' Fig. 3.Diff. shapes of patch
T Ground Plane
Fig.1. Rectangular antenna II. RECTANGULAR MICROSTRIPPATCH
GEOMETRY

The patch is made of conducting material such as copper or - pectangular microstrip antenna consists of a very thin such
gold and can be found in various shapes. The radiating  tpat t << Jo (Where J, is the free — space wavelength and t is

element & feed lines are fabricated using a process of photo e hatch thickness) metallic strip is placed a small fraction of
etching which uses a photo resist and etchants to corrosively 5 wavelength, dielectric height h ,is usually 0.003/, < h <

machine away selected areas on the dielectric substrate. 0.05/, above a ground plane. The L is the length of the patch
Structure and side view of the rectangular microstrip patch ;¢ usually 0.3333/, < L < 0.5,

antenna as shown in Fig. 2.

I1l. RECTANGULAR PATCH DESIGN EQUATIONS
A. The width of the microstrip patch antenna

¥ r c
/ " g, +1
/i \ 21—
/S e R 2
6 e Subsiraie ¢ = The speed of light
Ground plane W = Patch width
(a)Structure of Microstrip antenna &= Substrate dielectric constant

f. = Resonant frequency
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B. Effective dielectric constant g

s = (g, +1) (=, —1]_[1_121}: 2
y > =

g

C. The effective length Leg
Ly =L+2AL

Rectangular patch length
Leﬂ =L+ 2AL
D. The resonance frequency:

f- [ { EM] 1 |I k .I: :
F 2 ,Ll{g"—# |I.\- L___-I | ,.[ i
E. The radiated power:

koW
_Nolj [

271, % cos@

2
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Rectangular patch antenna, the x-y plane (€= 90, 0o < ¢ <
90- and 270° < ¢ < 360°) is the principal E-plane. The
radiated fields

T kW, sm( cos¢)

E, =
@ IIr

k cos( °2Lesin )
—2"cos
5 ¢
E- plane( @ =90°,0°< ¢ <90° and 270°< ¢ <360°)
kT e | =i —— JL" zin &) sin( —— JL" cos |:-}|
Ej=+j"21 ¢ 1 sin & —= ;

Hr 'JL“H sin &
| 2 |

H-plane( ¢ =0°, 0°< 6 <180°)
F. Directivity of a single slot given as

2
D, - (ZﬂWJ 1 Where

A )l [kw } i
1l sin 5 cosd
_J' ————= | sinao
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G. Reflection Coefficient |T'|
Reflection coefficient given by

I":I_ | EI z:, |

Vy I EI—EM

I‘:

V," incident voltage
V, voltage of reflection
Where [T'| is the reflection coefficient

H. Voltage Standing Wave Ratio(VSWR)
Vmax _ (l+‘r‘)

V., (- \r\i

VSWR ranges from 1 to co.

VSWR =

l. Return Loss
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RL=-20log|T|dB)
Where |I'| is the reflection coefficient

IV. RECTANGULAR MICROSTRIP PATCH ARRAY

This paper presenting two different arrays .
A.The Arrayfactor of an N-element linear array of isotropic
sources is

AF :1+eikdcose +eik2d cos ejk( ~1)d cos®

N-—1 N-1
. km cose
|kmd0059 J 1
m=0

For the rectangular array antenna, the principal E-plane in x-y
is given by

E.(¢) = E(¢)x AF

Dielectric Dielectric
Constant=9.8 Constant=2.23
(Alumina) (Duroid)
Length(mm) 9.96 41.84
Width(mm) 26.89 49.12
Efficiency 0.9996 0.9998
Gain 14.31 20.14
Directivity(dB) 5.3306 7.3496
Characteristic 71.9 92.3
Impedance
E-PLANE 180 94
HPBW
(degrees)
H-PLANE HPBW 86 78
degrees)
ke, 3 _{( Nw )
sin| 2 cosgd | . osinl T
2 Bl \ 2
= ‘—sm cos ¢ |>-c —
Feyh L 2 J - W
——cos ¢ - sin| —
2 W2

B. Dolph-Tschebyscheff Array.
For a broadside array/( ,B =0), P=2M(even)

(AF), —ZZa cos[( )—cosé’ ]

u=— ﬂcose
A

V. RESULTS AND CONCLUSIONS:

Rectangular micro strip patch antenna output parameters are
designed using S-band frequency which is used for Wi-Fi
applications. The sizing of the antenna are the width(W)
,Length (L) and the performance parameters of the antenna
are shown in Tablel, observed that with g, -2.23 ,the size of
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the antenna(L: 41'84mm, W: 49'12mm) increased_ 188 Thickness of the substrate verses Effective length of Rectangular patch
Directivity of the antenna is very high= 7.35 dB. With the o
9.8(Alumina),the sizeof the antenna (L=9.96mm, '
W=26.89mm) reduced, and the Directivity of the antenna is g
low=5.33dB . g .8
x 10° Radiation conductance of rectangular patch antenna with theta § 18.4
1.4 3
T ; 18.3
1.2 % 18.2
g s : 18.1
gT 0.8 — i
g / 17.9
g 0 00l 002 003 004 005 006 007 008 009 0.1
2 0.6 Effective length of substrate(mm)
- Fig. 8. Plot of variation of Thickness of substrate with
o -
Effective length.
02 Thickness of the substrate verses Physical width of Rectangular patch
2.44
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Fig. 4. Variation of Radiation in the rectangular
microstrip patch with Theta.
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/\ g 2.41
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§ 2 Physical width of the substrate(mm)
S, Fig. 9. Plot of variation of Thickness of substrate with
) Physical width of the substrate for rectangular
) microstrip patch.
. Performance parameters of rectangular patch antenna are
0 120 0 e, O 0 VSWR and Returnloss, are simulated.
Fig. 5. Variation of Directivity in the rectangular ag R e e
microstrip patch with Theta. B SR LT AN Y SR |
x 10~ Directivity verses Radiation conductance of rectangular patch antenna an x\\_k 1\\ _: — :;; : "F;:'-F_'_,_,-d- —
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. Fig. 10..Variation of VSWRof rectangular microstrip
° ! Directiiily of reitangul; microsfrip patcﬁ antenn7a(dB) s xlo-sg patCh Wlth reSpeCt tO frequenCy
Flg 6 Varlatlon Of Radlatlon Conductance Wlth OReturn loss verses Resonst frequency for different values DIEIECtnC:lStan:’
Directivity of rectangular patch 2 —
Thickness of substrate verses Resonant frequency Rectangular patch \ 7 98 | |
01 4 \ / 44
0.09 6 —— 255 | |
@ \ / —+— 223
0.08 % s i\ /‘,’o —+—221| |
g 0.07 g 10 ‘\\ /
g 0.06 & 12 } /
E 0.05
° -14
§ 0.04
g -16
E 0.03
0.02 8, 1.5 2 3 35 4 45 5
001 Resonant frequency(Hz) X 109
. Fig .11. Variation of Return losses of rectangular
A eyt microstrip patch at 2.5 GHz.
Fig. 7. Plot of variation of Thickness of substrate with
Resonant frequency of rectangular microstrip patch.
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Fig. 12. 20 element rectangular microstrip linear array
with Dieleectric constant (g, )= 2.23.
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Fig. 13. 20 element rectangular microstrip linear array
with € .= 9.8.

Table.2.Comparison between uniform & non uniform
rectangular microstrip array antenna Side Lobe Level
(SLL) with different values of substrate dielectric
constant(g,) values.

Dielectric | Uniform rectangular Non uniform
constant linear array rectangular
(&) linear array
HPBW PSLL HPBW PSLL
(Deg. (dB) (Deg. (dB)
1 4.22 -13.36 35.1 -30
2.23 4.42 -13.28 35.8 -28.48
44 5.02 -13.20 36.24 -28.2
9.8 5.30 -13.07 36.42 -28.06

Table 2. shows the Comparison between uniform & non
uniform rectangular microstrip array antenna Peak Sidelobe
Level (SLL) with different values of substrate dielectric
constant(gy).

From all the simulated results from the table 2, the
rectangular micro strip antenna with non uniform array, with
lower values of ¢, is preferred to get, reduced Peak Sidelobe
Level, HPBW, FNBW, good voltage standing ratio and good
Returnlosses, this designed rectangular array is good choice
to used in Wi-Fi Modems.
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