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Design of Feeding Techniques for Slotted
Rectangular Microstrip Patch Antenna
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Abstract: Microstrip Patch Antenna is a compact low profile
antenna which can be embed on the surface. This paper explains
various feeding techniques applicable for rectangular microstrip
antenna for 3.4 to 3.6 GHz for WiMax applications. Based on
contact and non-contact techniques various feeding methods are
discussed here. RF power is feed directly to the patch using
conducting element for contact feed where as in non-contact
feed the power is feed to the patch and the microstrip line
through electromagnetic coupling. The simulation results shows
the comparative study of various performance metrics such as
Return Loss, Radiation Pattern in 2D and 3D, VSWR, Field
Directivity, Total Power Efficiency, Current Distribution and
Total Field gain using IE3D EM software.
Keywords :Antenna Efficiency, Directivity, Microstrip Patch
Antenna, Feeding Techniques, Return Loss, Radiation Pattern.

I. INTRODUCTION

In

wireless communication, antenna is one of the primary
components. It is used as transceiver for the RF waves over a
different frequency ranges. Based on the technology and
direction of radiation pattern the antenna can be categorized
as so wired and wireless antenna also omni directional,
directional and semi-directional antenna respectively.
Microstrip Patch Antenna (MSA) plays main role in
Wireless Communication. Now days in aircraft, space
communications, military applications there is a demand of
low profile, low cost, compact broadband antenna are
required for communicating data between two ends [1]. MSA
are classified as microstrip patch antenna, printed antenna,
printed slot antenna and travelling wave antenna. Patch
antenna is the basic type of microstrip antenna. In Microstrip
Patch Antenna (MSPA), the dielectric substrate is between
radiating patch and the ground plane. Patches are available
in numerous shapes such as circular, triangular, rectangular
and ring etc. The author in [4] proposed the rectangular
microstrip patch antenna operate in different frequency
bands. Compared to conventional antenna MSPA have more
advantages in terms of cost and structure [3]. Many
researchers are addressed to design MSPA with improved
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performance in terms of gain, bandwidth and power [2], [5]
and [6].
II. RELATED WORKS
In this section the antenna performance metrics are discussed
in terms of design techniques, feeding methods and
topologies. Microstrip patch antenna finds wide applications
compared to conventional antenna due its flexibility,
bandwidth and cost [7]-[9]. The single element edge feed
rectangular microstrip patch antenna was discussed in [11].
Here the patch dimensions are calculated based on
transmission model equation. The impedance of microstrip
line and quarter wave length transformer are not mentioned
in their work. The designed antenna was simulated using
Sonnet tool. Photonic antenna with pin diode was proposed
in [10]. In this PIN diode convert the optical signal to RF
signal for radiation. The patch was radiated by 50 ohm
transmission line. In this the design equations not
mentioned. High gain RMSPA with four element antenna
was proposed in [12] and [13]. The fabricated antenna
provided less antenna efficiency and poor return loss. These
types of antenna not suitable for medical applications.
Defective ground structure antenna was presented in [14].
The antenna quoted in [14] had some advantages with
respect to size of patch, gain and bandwidth.
III.

ANTENNA GEOMETRY

Microstrip Patch Antenna contains a conducting rectangular
patch of width W and length L thickness of dielectric
substrate is h and having dielectric constant  r . Usually to
get wider bandwidth, the width W of Patch is larger than
length L . The length of the patch should be slightly less than
half wavelength



2

to operate the antenna in the transverse

magnetic field dominant TM 10  mode, where 𝝀 in the
dielectric medium.To design a microstrip patch antenna
some parameters are to be calculated such as length and
width of the patch. Here the proposed antenna has minimum
targeted frequency is 3.6 GHz. A suitable dielectric substrate
should be choosing with a thickness h . A resistant substrate
with a dielectric constant
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 r of 4.4, dielectric loss tangent

tan  of 0.002 and substrate height h of 1.6mm.
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A. Design Equations of Patch Antenna
Antenna’s resonant frequency can be controlled by the
length of patch. The following equation shows the relation
between physical length and the resonant frequency. The
patch length can be found from,

L

C
2 f r eff

 2 L

(1)

The variation in length L and h are negligible up to
frequency 2GHz.Because of fringing electrically the L is
extended to L . Extension length is the additional length
required due to the fringing field and it can be calculated
using equation (2),

 L  0.412h

(eff 0.3)(W / h  0.264)
(eff 0.258)(W / h  0.8)

Fig. 1 Proposed Geometric Structure

(2)

Antenna dimensions and the height of the substrate decide
the fringing effect. The electromagnetic waves travels in both
substrate as well as in air. Therefore, in order to include this
effect we have to find this effective dielectric index. This can
be written as,

 1  1 
h
 eff  r  r 1  12 
2
2 
W

1

2

(3)

Where h=height of the substrate
The actual length of the patch is
Leff  L  2 L

(4)

The radiating patch width is
W 

C
2
2 f r r 1
8

Where C = 3 x 10 m/s (free space velocity)

f r = Resonant frequency
r = Dielectric constant of the substrate
The length and width of the substrate can be obtained from

W s  W P  6h

FEEDING TECHNIQUES

Feed lines are used to radiate energy Basically there are
four types of feeding techniques are used in microstrip patch
antenna they are edge feed, inset feed, coaxial feed and
proximity feed. Since antenna is radiating from single side of
substrate it is easy to feed it from ground plane. While
designing an antenna one of important factor is impedance
matching. The maximum power will be transferred only if
there is impedance matching between feed line and input
impedance of the antenna. If there is mismatching of
impedance then the overall efficiency of antenna is reduced.
A. Edge Feed or Microstrip Feed
Here the patch is excited through microstrip line. In edge
feeding the feed is etched from the substrate so the structure
is planar. The drawback of this type of feeding method is
radiation from the feed line intensifies the cross polarization.
Since the feed line size is smaller than size of the patch which
leads the undesired radiation in the Millimeter wave range.
Fig. 2 (a) and (b) shows the geometry structure and
equivalent circuit of microstrip patch antenna with edge feed
for the frequency 3.6GHz.

(5)

L s  L P  6h

IV.

(6)

Feed point location can be calculated from equation (7) and
(8)
Along X direction from LP is

X 

LP
2  eff

L1

(7)
Patch
Antenna

Along Y direction from WP is

Y 

WP
3  eff

(8)
Fig. 2 (a)Geometric Structure of Edge Feed (b) Equivalent Circuit

B. Proposed Geometric Structure
Fig.1 shows the proposed geometric structure of antenna
consists of four slotted rectangular patch with a dimension of
W  L and is fed using an inset planar feed. The structure
of
a
rectangular
patch
antenna
has
Width
Length
and
Dielectric
constant=4.4.
W  28mm,
L  20 mm
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R

B. Probe Feed or Coaxial Feed
The probe feed is also known as coaxial feed. In coaxial
feed there are two conductors. The internal coaxial cable is
soldered to the radiating element where as the external
coaxial conductor is attached to
the ground plane. The
equivalent electrical network is
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shown in figure. The patch is located at (0, 0) and the probe is
fed at (2,0), (3,0), (4,0), (5,0), and (6,0).The advantage of
this type of feeding is, the position of the inner cable is
adjusted in a desired direction in order to match the input
impedance of the antenna. But this technique leads the
impedance mismatch due to substrate thickness. If the
substrate thickness increases the enlarged the probe length
and makes the input impedance more inductive which causes
the mismatch impedance.

source efficiency is 32.77% and radiation efficiency is
81.99% for edge feed, antenna efficiency is 44.79%, voltage
source efficiency is 18.13% and radiation efficiency is
78.46% for probe feed and antenna efficiency is 82.478% ,
voltage source efficiency is 40.52% and radiation efficiency
is 83.08% for proximity feed

Fig. 5 Efficiency of Microstrip Patch Antenna Vs Frequency
for Edge Feed

Fig. 3 (a)Geometric Structure of Probe Feed (b) Equivalent Circuit

C. Proximity Feed
L1
Proximity feed is also known as electromagnetic coupling
feed. This feeding technique uses two dielectric
substrate.
Patch
Antenna and patch is
Feed line is attached between the two substrate
placed on the upper substrate. The structure of antenna has of
a rectangular patch with quad slot as a radiating patch,
dimension of W × L and is excited using proximity feed. The
structure consists of a rectangular patch antenna. Width (w)
= 28mm, Length (L)= 20mm and Dielectric
constant=4.4.The benefit of this type of feeding is it
eliminated the undesired radiation and gives higher
bandwidth. But this technique has some cons that is the
fabrication of antenna is more complex as well as the cost is
high. This type of feeding technique gives high antenna
efficiency and radiation efficiency only if both the dielectric
is aligned properly.

R

L2

C

Fig. 6 Efficiency of Microstrip Patch Antenna Vs Frequency
for Probe Feed

C1

Patch
Antenna

R

L1

C2

Fig. 4 (a)Geometric Structure of Proximity Feed (b)
Equivalent Circuit

V. SIMULATION RESULTS
A. Efficiency of Antenna
The following Fig.5, 6 and 7 shows the radiation
efficiency, antenna efficiency vs frequency and voltage
source efficiency for edge feed, probe feed and . As the
frequency increases the radiation efficiency of the antenna
get decreases. Here the antenna efficiency is 78.28%, voltage
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Fig. 7 Efficiency of Microstrip Patch Antenna Vs Frequency
for Proximity Feed

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Design of Feeding Techniques for Slotted Rectangular Microstrip Patch Antenna (RSMA)
B. Directivity
The total field directivity of 3.6GHz Microstrip patch
with various feeding techniques are shown in Fig.8,9 and
10. The maximum directivity of the antenna is indicating
the direction of theta. The two and three dimensional
diagram shows the total directivity of antenna with respect
to edge, probe and proximity feed. At low frequency that is
below the operating frequency as the value of theta increases
the value of directivity is decreased. On other hand when
antenna operating high frequencies the directivity is almost
constant but when it is in 30 degree, the proximity feed
provides high directivity compared to edge and probe feed.

C. Return Loss
This is the one of the main parameter which is used to
measure reflected power from the antenna due to mismatch
of impedance. If the reflected power and input power are
equal then return loss of the antenna is 0dB.The antenna is
said to be an efficient only if the return loss is very low. The
plot 11, 12 and 13 shows that -12.2dB, -4.13dB and -35.5dB
for edge feed, probe feed and proximity feed respectively at
the operating frequency 3.6GHz.
From the graph we infer that high return loss indicates
maximum input power is entering into the antenna which
means that only minimum power is reflected back from the
antenna. So the simulation results show that proximity
feeding technique radiates more power compared to edge and
probe feed.

Fig. 8 Directivity of Microstrip Patch Antenna Vs Frequency
for Edge Feed

Fig. 11Return Lossof Microstrip Patch Antenna Vs Frequency
for Edge Feed

Fig. 9 Directivity of Microstrip Patch Antenna Vs Frequency
for Probe Feed

Fig. 12Return Loss of Microstrip Patch Antenna Vs Frequency
for Probe Feed

Fig. 13Return Loss of Microstrip Patch Antenna Vs Frequency
for Proximity Feed
Fig. 10 Directivity of Microstrip Patch Antenna Vs Frequency
for Proximity Feed
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D. Radiation Pattern
Radiation pattern is the picturesque illustrating the
properties of antenna. This three dimensional graph shows
the direction of radiation intensity. The Red colour shows the
direction of maximum radiation which indicates the main
lobe. The following Fig. 14,15 and 16 shows the radiation
pattern with respect to directivity and gain of the proposed
antenna for edge feed, probe and proximity feed.

Fig. 17 Current Distribution of Microstrip Patch Antenna with
Edge Feed

Fig. 18 Current Distribution of Microstrip Patch Antenna with
Probe Feed

E. Current Distribution
The proposed antenna is used for defense, Medical and
communication applications. The operating frequency is
varying from 3.6GHz to 3.9GHz. The dielectric material
used here is FR4 which as dielectric constant 4.4. Here we
compared three different feeding techniques. The proposed
antenna is simulated using IE3D EM simulation tool. Fig.17,
18 and 19 shows the current distribution for edge feed, probe
feed and proximity feed.
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Fig. 19 Current Distribution of Microstrip Patch Antenna with
Proximity Feed

F. Analysis of Feeding Techniques
The Table 1 shows the performance metrics of different
feeding techniques
Table 1 Analysis of Feeding Techniques
Edge
Probe
Proximity
Parameters
Feed
Feed
Feed
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Antenna
Efficiency
Radiation
Efficiency

78.28%

44.79%

82.47%

81.99%

78.46%

83.08%
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Voltage Source
Efficiency
Directivity
Gain
Return Loss

32.77%
6.86dB
5.47dB
-12.2dB

18.13%
6.84dB
3.11dB
-4.13dB

14. Prakash Kuravatti, “ Comparison of Different Parameters of the Edge
Feed and the Inset Feed Patch Antenna”, International Journal of Applied
Engineering Research, Vol.13,No. 13, pp. 11285-11288, 2018.

40.52%
6.94dB
6.12dB
-35.5dB
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VI. CONCLUSION
In this paper, a relative study between feeding techniques
for a RSMA is done. The edge feeding, probe feed and
proximity coupled feeding are compared on the basis of
various parameters such as antenna efficiency, radiation
efficiency, voltage source efficiency, Directivity, Reflection
Gain, S11 parameter and Radiation Pattern. The simulation
is carried out using IE3D EM simulation tool. Based on
simulation result the proximity feed provides better results
compared to edge and probe feed. The Proximity feed
provides low return loss and high gain for the dielectric
material which as dielectric constant 4.4 at an operating
frequency of 3.6GHz. Also proximity feed gives good
impedance matching between feed line and antenna
impedance therefore this type of feeding provides good
communication between transmitter and receiver that is it
provides less reflection between source and destination. Thus
the Proximity Coupled feed is more useful for the X-Band
applications.
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