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Abstract— Now a days, In wireless communication the most challenging task is to design antennas with light weight , low cost and better
performance. Microstrip antennas are widely used antennas because of it’s several advantages like compact size, low cost and easy to fabricate.
But Microstrip antennas have also several limitations of low gain and low bandwidth. This paper describes the performance improvement
technique of Microstrip antennas, which contains design rule of radiating patch, proper feed position and loading slot on patch .

.Keywords- Slotted patch antenna, coaxial feed, Return loss, Bandwidth, VSWR

*kkkk

. INTRODUCTION

In today’s wireless communication , the most important
requirement is of antenna with low profile. Most probably for
the handheld devices, the challenging task is to design antenna
which provide improved performance day by day with
miniaturized size. The most probably preffered and extensively
used antennas are Microstrip antennas because of easy to
integrate with circuits.

Microstrip antenna consist of patch which is very thin
metallic strip or sheet placed above ground plane separated by
a substrate of dielectric material. The performance of the
microstrip antennas depends on the height of the substrate and
dielectric constant of substrate. The performance of microstrip
antennas are good for thick substrate with lower dielectric
constant of substrate material. The major limitation of
Microstrip antenna is impedance bandwidth is lower for thin
substrate. But for the handheld devices and wireless
communication , the antenna size should be small and for that
the height of substrate should be as small as possible. We have
reviewed design rules for microstrip antennas and performance
improvement technique with thin substrate, which are
discussed in this paper.

This paper mainly contains the sections in which design
equations of conventional rectangular radiating patch, proper
coaxial feed position, technique to improve performance of
antenna with loading slot on radiating patch and theoretical
calculation of Return loss and VSWR are described.

Il. DESIGN RULE OF MICROSTRIP ANTENNA

Wherever Times is specified, Times Roman or Times New
Roman may be used. If neither is available on your word
processor, please use the font closest in appearance to Times.
Avoid using bit-mapped fonts if possible. True-Type 1 or Open
Type fonts are preferred. Please embed symbol fonts, as well,
for math, etc.

Microstrip antennas consist of patch which is a sheet or thin
metallic strip placed on a substrate of dielectric material. The
shape of the patch may be rectangular, triangular, circular
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,square or of any type. The dielectric constant of material
should be in between 2.2 to 12 for antenna designing[3]. The
height of the substrate, h << &g [3] (whrere, Ay= operating
wavelength). The designing parameters of microstrip patch
antennas for rectangular patch are length of patch(L) and width
of patch(W). These two parameters are depends on the height of
substrate, dielectric constant of material and resonant
frequency(Resonant frequency should be same as operating
frequency). The design equations of patch are described in (A)
and feed position in (B).

A. Design equations of patch

In the Microstrip antennas, the patch is main radiating
element. For rectangular patch, the width of the patch(W) is
depends on the resonant frequency(f) and dielectric
constant(e;) of the material, which is given by[3],

we_ 1 2 @
2f g, & +1

The effective dielectric constant is introduce to account for
fringing effect because some of the waves travel in the
substrate and some of in the air.

For W/h > 1, the effective dielectric constant is[3],
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The electrical length of patch is greater than the physical

length because of fringing effect. If extended dimension of the
patch length is AL , then
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Thus the actual length of patch is,
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B. Coaxial Feed position

There are four most popular methods to feed the patch of
Microstrip Antennas. In coaxial feed, the outermost conductor
is connected to the ground plane and inner conductor is
connected to radiating patch. The feed point should be at
proper position so that impedance matches between the
transmission line and the port.
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Figure 1. Conventional patch antenna with coaxial feed
position

The design rules for patch are same for all four methods
only feeding techniques are different. If feed location is (Ls,Ws)
[13] then,

L, = L
2 greff
®)
w, =Y
2

Where ,
L+ = position of feed along length of patch
W; = position of feed along width of patch

I11. SLOT LOADED PATCH ANTENNA

In the conventional Microstrip antenna, the rectangular slot
is loaded on the radiating patch as shown in figure2, of length
Ls and width a. It is also necessary to load the slot on patch
with proper dimensions such that it can improve the
performance of antenna the antenna compared to the
performance of conventional antenna. In this section, the
slotted Microstrip patch antenna is analyzed. The slot on patch
can be analyzed by using duality relationship between the
dipole and the slot[2].
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Z Coaxial feed
Figure 2. Slot loaded rectangular Microstrip patch antenna

The slot loaded on the patch affect to the performance
parameter of the antenna. The slot loaded rectangular
microstrip patch antenna can be considered as parallel
combination of capacitance C, inductance L; and resistance
R of patch and capacitive reactance of slot[2].

[Hm
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Figure 3. Equivalent circuit of slot loaded on patch

Cl — w COS_Z (”_Zoj (6)
1
L= C? @)
-9 ®
Rl rcl

h = Thickness of substrate
et = Effective dielectric constant
&, = Permittivity of free space
o = Feed point location along z-axis

The input impedance (Z;,) of the above excluding slot can
be expressed as,

1

/. =

S 1
—+ JoC +——
R, jol,

Then above expression can be expressed as,

Z, =R- jX ®)
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Figure 4. Modified Equivalent circuit of slot loaded on
patch

The input impedance of slot loaded on patch can be
calculated using above Figure 4 as,

1 15 s 25 A s E 45 5
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Z, —Z
Reflection coefficient, I = =———"
ZO + Zins
Return Loss =20log |F| (10)
1+ : Y ]
VSWR=J (11)
1|1 . i
Thus return loss and VSWR affect by the slot on patch. —
Bandwidth is depend on the return loss and VSWR plot. So I T S s e
bandwidth also affect by the slot on patch. Froquancy(GHz) 10°
(iii)
IVV. THEORETICAL CALCULATIONS 9
The slotted Microstrip antenna is analyzed in above section - \‘ il
and in this section the value of Return loss and VSWR are \ ! ::m
calculated theoretically using equations described in (I11) for ? ‘\ ! ae2nm | 1
different slot widths and slot lengths. The patch was designed
for frequency 3.0GHz , dielectric material of substrate RT 1\
Duriod (&=2.2) and thickness of substrate is 0.0159. § g
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Figure 5. variation in VSWR Vs frequency in GHz for different
slot width(a) for given slot length(Ls); (i) Ls=10mm, (ii)
Ls=12mm, (iii) Ls=14mm, (iv) Ls=16mm
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Figure 6. variation in return loss Vs frequency in GHz for

different slot width(a) for given slot length(Ls); (i) L&=10mm,

(i) L&=12mm, (iii) L&=14mm, (iv) L&=16mm

From the Figure 5 and 6, it can be observed that resonance

frequency decreases with increasing slot width for same slot
length. The bandwidth or frequency variation is more for
lowest slot length with same slot width. The value of VSWR
and return loss also decreases as slot width increases.

V. CONCLUSION
By loading the slot, resonant frequency can be decreases

and performance parameter values also improve. Resonant
frequency varies slightly for different slot width as compared
patch without slot. The bandwidth is also increases with slot
width for given slot length.
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