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Abstract— Microstrip rectangular patch antennas are
attracting the attention of antenna designer, because of
attractive advantages such low profile, light weight, easy of
fabrication etc. but it also suffering with some drawbacks of
low gain, narrow band width. These drawbacks can be
overcome by some extent by taking care in design of
antenna. There are many parameters effecting the radiating
characteristics of antenna but in present project we are
considering feeding of power to antenna because this plays
important role. Here we are considering three different feed
methods such as coaxial feed, inset feed and cut feed and
their effects on radiating characteristics were analyzed on
comparing with one to each other. The design was done in
Ansoft HFSS version 13. The results of return loss S(3)and
VSWR are presented.
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I INTRODUCTION

Microstrip patch antennas have various advantages such as
low profile, light weight; easy fabrication and
conformability to mounting hosts in addition size reduction
and bandwidth. Enhancements are major design
considerations for practical applications of Microstrip
antennas.

Due to increased usage in residential and office
areas, these systems are required to be low profile,
aesthetically pleasing and low cost as well as highly
effective and efficient. An antenna is defined by Webster’s
Dictionary as “a usually metallic device (as a rod or wire)
for radiating or receiving radio waves.” Microstrip patch
antennas are well suited for wireless LAN application
systems due to their versatility, conformability, low cost and
low sensitivity to manufacturing tolerances.

Conventionally patch antennas have showed a
narrowband response, implicating low bit rate transfer. The
aim of this project is to design and analyse the effect of
feeding methods on radiation characteristics of patch
antenna, their parameters are compared.

Research on microstrip antenna in the 21st century
aims at size reduction, increasing gain, wide bandwidth,
multiple  functionality and system-level integration.
Significant research work has been reported on increasing
the gain and bandwidth of microstrip antennas. Many
techniques have been suggested for achieving wide
bandwidth.
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Fig. 1: Image Microstrip patch antenna.

— L = Length of the Micro-strip Patch Element

— W = Width of the Micro-strip Patch Element

— t= Thickness of Patch

— h=Height of the Dielectric Substrate.

In its most basic form, a Microstrip patch antenna
consists of a radiating patch on one side of a dielectric
substrate which has a ground plane on the other side as
shown in Figure 1.

—  The patch is generally made of conducting material
such as copper or gold and can take any possible
shape

— The radiating patch and the feed lines are usually
photo etched on the dielectric substrate.

— In order to simplify analysis and performance
prediction, the patch is generally square,
rectangular, circular, triangular, elliptical or some
other common shape.

— For a rectangular patch, the length L of the patch is
usually 0.3333 < < 0.5 Ao, where Ao is the free-
space wavelength.

— The patch is selected to be very thin such that t <<
Ao (where t is the patch thickness). The height h of
the dielectric substrate is usually 0.003k0 < h
<0.05)0 .

— The dielectric constant of the substrate ( r € ) is
typically in the range 2.2 << 12r¢g.

An MSA (microstrip patch antenna) in its simplest
form consists of a radiating patch on one side of a dielectric
substrate and a ground plane on the other side. The top and
side views of a rectangular MSA (RMSA) are shown in
Figure 2. However, other shapes, such as the square,
circular, triangular, semicircular, spectral, and annular ring
shapes shown in Figure 3, are also used
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Fig. 2: MSA configuration.
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FUNDAMENTALS OF MICROSTRIP PATCH ANTENNAS

Microstrip Patch Antennas:

Invented by Bob Munson in 1972.

Became popular starting.in the 1970s.

One of the most useful antennas at microwave
frequencies (f > 1 GHz).

It consists of a metal “patch” on top of a grounded
dielectric substrate.

The patch may be in a variety of shapes, but
rectangular and circular are the most common.

. Advantages of Microstrip Antennas:

microstrip
transmission —
line

www.antenna-theory.com

Low profile (can even be “conformal”).
Easy to fabricate  (use  etching
photolithography).

Easy to feed (coaxial cable, microstrip line, etc.).
Easy to use in an array or incorporate with other
microstrip circuit elements.

Patterns are somewhat hemispherical, with a
moderate directivity (about 6-8 dB is typical).[3]
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Fig. 4: Top View of Patch Antenna [3]
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Fig. 5: Side View of Microstrip Antenna [3]
—  Calculation parameters: [1]
- Width (W):

c
W=
er+1

2 | (5)

—  Effective Dielectric constant (ereff) :

=1

Ereff = s,2+1 4 &1 [1 + 12%] 2

2

Where, er = Dielectric constant of substrate
—  Effective Length (Leff):

C

L - —
off 2y /Erest

— Patch length extension (AL):
(Eresi+0.3) 5+ 0.264)
(z,erf—n.zss)(%+ 0.8)

AL=0.412h

— Actual length of patch (L) :
L = Less — 2AL

— Voltage standing wave ratio:

e 1+ | T
1-|T|

— Return loss:
P

RL(dB) = 101og,,
' (dB)

I11. DIFFERENT TYPES OF FEEDING TECHNIQUES

Feeding techniques are governed by many factors like
efficient transfer of power between the radiation structure,
feeding structure and their impedance matching. . Feeding
technique influences the input impedance and characteristics
of the antenna, and is an important design parameter.

The main advantage of this feed is that it can be
placed at any desired location inside the patch to match with
its input impedance. The disadvantages are that the hole has
to be drilled in the substrate and that the connector protrudes
outside the bottom ground plane, so that it is not completely
planar. Also, this feeding arrangement makes the
configuration asymmetrical.

Here, we are using four types of feeding techniques

—  Microstrip Line Feed

— Coaxial Feed

—  Aperture Coupled Feed
—  Proximity Coupled Feed
— Inset-Feed
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Fig. 6: Rectangular MSA fed by (a) microstrip line, (b)
electromagnetic coupling,(c) aperture coupling, and (d) coplanar
waveguide (CPW).

A. Microstrip Line Feed:

In this type of feed technique, a conducting strip is connected
directly to the edge of the microstrip patch as shown in Figure.
The conducting strip is smaller in width as compared to the
patch and this kind of feed arrangement has the advantage that
the feed can be etched on the same substrate to provide a planar
structure.

Microstrip Feed

Patch

Substrate

Ground Plane
Fig. 7: Microstrip Line Feed [1]

B. Coaxial Feed:

The Coaxial feed or probe feed is a very common technique
used for feeding Microstrip patch antennas. As seen from
Figure, the inner conductor of the coaxial connector extends
through the dielectric and is soldered to the radiating patch,
while the outer conductor is connected to the ground plane.

Patch

Substrate

Coaxial
Connector

Fig. 8: Coaxial Feed [1]

C. Aperture Coupled Feed:

In this type of feed technique, the radiating patch and the
microstrip feed line are separated by the ground plane as
shown in Figure. Coupling between the patch and the feed
line is made through a slot or an aperture in the ground
plane.

Ground Plane

Patch Aperture/Slot

Microstrip Line

‘ Substrate |
Ground Plane
Substrate 2

Fig. 9: Aperture Coupled Feed [1]
1) Advantages:

— Allows for planar feeding.

—  Feed radiation is isolated from patch radiation.

— Higher bandwidth, since probe inductance problem
restriction is eliminated and a double-resonance
can be created.

— Allows for use of different substrates to optimize
antenna and feed-circuit performance.

2) Disadvantages:
— Requires multilayer fabrication.
— Alignment is important for input match.

D. Proximity Coupled Feed:

This type of feed technique is also called as the electromagnetic
coupling scheme. As shown in Figure, two dielectric substrates
are used such that the feed line is between the two substrates and
the radiating patch is on top of the upper substrate. The main
advantage of this feed technique is that it eliminates spurious
feed radiation and provides very high bandwidth.
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Fig. 10: Proximity Coupled Feed [3]

1) Advantages:

—  Allows for planar feeding.

—  Less line radiation compared to microstrip feed.
2) Disadvantages:

— Requires multilayer fabrication.

— Alignment is important for input match.

E. Inset-Feed:

Fig. 3: Inset-Feed [3]
1) Advantages:
—  Simple.
—  Allows for planar feeding.
—  Easy to obtain input match.
2) Disadvantages:
—  Significant line radiation for thicker substrates.
—  For deep notches, pattern may shown distortion.

IV. DIFFERENT TYPES OF PARAMETER IN MICROSTRIP PATCH
ANTENNA!

A. VSWR:

VSWR is the way to see how much system is matched. It is
the ratio between the maximum voltage and minimum
voltage in the transmission line. For the best value of
antenna it should be equal to 1.

VSWR is a function of the reflection coefficient,
which describes the power reflected from the antenna. The
minimum VSWR is 1.0. In this case, no power is reflected
from the antenna, which is ideal.
1+|T|
-1

VEWR =

Y = reflection coefficient
The VSWR is always a real and positive number
for antennas. The smaller the VSWR is, the better the

antenna is matched to the transmission line and the more
power is delivered to the antenna.

The VSWR is basically a measure of the
impedance mismatch between the feeding system and the
antenna. The higher the VSWR the greater is the mismatch.
The minimum possible value of VSWR is unity and this
corresponds to a perfect match.
1+ |T|
1-|T'|
_Vr _Zin—Zs

T V; Zin+Zs

= Input impedance of the antenna, Zs = Source
impedance, r = reflection coefficient Vr = Amplitude of the
reflected wave, vi = Amplitude of the incident wave VSWR
(Voltage Standing Wave Ratio), is a measure of how
efficiently radio-frequency power is transmitted from a
power source, through a transmission line, into a load (for
example, from a power amplifier through a transmission
line, to an antenna).

In an ideal system, 100% of the energy is
transmitted. This requires an exact match between the
source impedance, the characteristic impedance of the
transmission line and all its connectors, and the load's
impedance. The signal's AC voltage will be the same from
end to end since it runs through without interference.

In real systems, mismatched impedances cause
some of the power to be reflected back toward the source
(like an echo). Reflections cause destructive interference,
leading to peaks and valleys in the voltage at various times
and distances along the line

FEWR =

B. Return Loss:

The reflection coefficient is also known as s3 or return
loss. Itis the loss of power in the signal reflected by a
discontinuity in a transmission line. This discontinuity can
be a mismatch with the terminating load or with a device
inserted in the line.

The overall goal of the proposed antenna design is
to achieve good performance in the return loss below -10 dB
(S3). Suitable antenna geometry is needed for this reason.
Thus, the design antenna parameters such as the slot, patch
shape and feed width are investigated and compared to
obtain the best return loss and impedance bandwidth. The
best dimensions are used for the proposed antenna.

RL is a parameter similar to the VSWR to indicate
how well the matching is between the feeding system, the
transmission lines, and the antenna. The RL is

RL=-20log|r|(dB)

To obtain perfect matching between the feeding
system and the antenna, I' = 0 is required and therefore,
from above equation, RL = infinity. In such a case no power
is reflected back. Similarly at ' = 1, RL = 0 dB, implies that
all incident power is reflected. Usually return losses ranging
from 10 dB to 12 dB are acceptable [5]. For practical
applications a VSWR of 2 is acceptable and this corresponds
to a return loss of 9.54 dB.

Return loss is a parameter which explains amount
of power from feed point to radiating element is supplied
effectively. The return loss value of coaxial feed microstrip
patch antenna is -18.8037 at operating frequency of
2.0420GHz, for microstrip feed -3.1503 at 2.1503GHz, for
cut feed -19.7630 at 2.0947GHz. Hence by above
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information we can say that cut feed is giving good results
comparing with remaining two.[2]

C. Gain:

The low gain of microstrip antenna is one of the important
features that restrict its wide usage. Although the gain of the
antenna is closely related to the directivity, it is a measure
that takes into account the efficiency of the as well as its
directional capabilities. Remember that directivity is a
measure that describes only the directional properties of the
antenna, and it is therefore controlled only by the pattern.

Gain of an antenna (in a given direction) is defined
as "the ratio of the intensity, in a given direction, to the
radiation intensity that would be obtained if the power
accepted by the antenna were radiated isotropically. The
radiation intensity corresponding to the isotropically,
radiated power is equal to the power accepted (input) by the
antenna divided by 4m.[12]

x radiation intensity —~~ U(d,9)
Gain total input acceptd) power"m 7, (dimensionless)

V. CONCLUSION

Various microstrip patch antennas with each different
feeding techniques are present the various parameters like
return loss, radiation pattern, smith chart, electric field and
VSWR. All of them VSWR and Return Loss parameters
are plotted for 7.5GHz centre frequency of antenna.
Limitations of according to the literature review are:

— Cannot improve the voltage standing wave ratio

— Cannot reduce the Return loss below -10dB.

The achievement of VSWR and Return Loss with

different feeding techniques is a focus of attention.
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