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Abstract:The demand for microstrip patch antenna for wireless communication is increasing day by day because of its ease of
analysis and fabrication, low cost, light weight, easy to feed and low profile planar configuration which can be easily conformed to
the host surface. However, it has also some drawbacks such as restricted bandwidth, low gain and a potential decrease in radiation
pattern. The main objective of this paper is to design and fabricate a line feed rectangular Microstrip Patch Antenna and study the
effect of antenna dimensions Length (L), Width (W) and substrate parameters relative Dielectric constant, substrate thickness (t) on
the Radiation parameters of bandwidth and beam-widthat a resonant frequency of 2.4 GHz which is used for wi-fi application. A
broad scrutiny of the return losspattern (dB), directive gain (dB), performanceefficiency and directivity (dBi) of the
insinuatedantenna design has been tendered in this paper. Thesimple structure and low profile characteristics ofthe proposed antenna
design make it easy tofabricate and employable in the field of wirelesscommunication system. The designed antenna is simulated by
using CST Studio Suite.
Key Words: Patch antenna, Gain, Return Loss, VSWR, Directivity, BW. RMSA, FR4, PTFE, RT duroid

1. INTRODUCTION
Even though many types of antenna are used in
communication system, to reduce the size and cost,the
microstrip patch antenna is often used. Microstrip patch
antennas are becoming increasingly useful because they
can be printed directly onto a circuit board. Microstrip
patch antennas are becoming very widespread within
the mobile phone market. The microstrip antenna
consists of of a conducting patch on one side of a
dielectric substrate with conducting layer adhered to the
opposite side of thesubstrate which forms a ground
plane. The patch andground are usually made of
material such as copperor gold and different type of
shapes can etched [1].The microstrip patch antenna
emits EM waves becauseof the collection of opposite
charges formingfringing fields between the patch edge
and theground plane. For optimum performance of
antenna, a thick layer of dielectric substrate with low
dielectric constant is normally used since this offers
better proficiency, betterradiation and larger bandwidth
[2]. But thismethodology leads to bulkier antennas. The
size of the antenna can be made compact by reducing
the thickness ofsubstrate and increasing the dielectric
constant of thesubstrate which in turn decrease the
performanceproficiency as wellas it
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produces narrow bandwidth [3].There are many
methods for attaining the large bandwidth. These
methodscontain: using parasitic elements either in same
layeror in stacked layer, reduced ground and
skimmedpatch [4][5].
In the proposedpaper, the woven fiberglass cloth
substrate (FR4)has been chosen as substrate whose
dielectricconstant is 4.4. FR-4 glass epoxy is a prevalent
andmultipurpose thermoset plastic with goodmechanical
toughness to weight ratio. It hasan extensive variability
of applications [6]. A patch antenna supplies a
maximum directive gain of 6-9dBi. The impedance of a
resonant micro stripantenna is from 150 to 400ohms and
the covetedimpedance is 50ohms [7].The microstrip
antennas also offers dual bandwidths,circular
polarizations, multi frequency operations,frequency
agility,
feed
line
flexibility,
beamscanning
omnidirectional patterning.
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In this paper,various componentsof microstrip patch
antenna, types and shapes, different types of feeding
methodologies were discussed. The next section deals
with the design process and dimensions of various
elements. This is followed by simulation procedures and
results of the simulation.
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employed microstrip antenna is a rectangular patch
which is used in this paper. The antenna is designed
with substrate FR4 having dielectric constant 4.4 with
thickness 1.6 mm.

2. OVERVIEW OF MICROSTRIP ANTENNA
A. Structure
The Microstrip Patch Antenna consists generally of
four parts: patch, ground plane, substrate, and the
feeding part as shown in Figure 1.The antenna has the
patch of length L, width W and dielectric substrate of
thickness h. The frequency of operation of the patch
antenna is determined by length L as shown in Figure 2.
The width W of the microstrip patch antenna controls
the input impedance. Larger widths also can increase
the bandwidth.
\
Figure 3.Various shapes of Microstrip patch antenna

C. Feeding Techniques
The microstrip patch antennas feeding can be
classified into two categories: contacting (the microstrip
line, coaxial probe) and non-contacting (aperture
coupling and proximity coupling).
1)
Figure 1. Simple structure of rectangular Microstrip patch antenna

Microstrip Line Feed

In this type of feed technique, a conducting strip is
connecteddirectly to the edge of the microstrip patch as
shown in Figure 4. The conducting strip is smaller in
width as compared to thepatch and this kind of feed
arrangement has the advantage thatthe feed can be
etched on the same substrate to provide a planar
structure[7].

Figure 2. Dimensions of Microstrip patch antenna
Figure 4. Microstrip Line Feed

B. Shapes
The antenna can be designed in various shapes such
as rectangular, circular, triangular, or U shaped, E
shaped, etc. as shown in Figure 3. The most commonly
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The purpose of the inset cut (Figure 5) in the
patch is to match the impedance of the feed line to the
patch without the need for any additional matching
element. This can be achieved by properly controlling
the inset position. Hence this is an easy feeding scheme,
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since it provides ease of fabrication and simplicity in
modelling as well as impedance matching. However as
the thickness of the dielectric substrate being used,
increases, surface waves and spurious feed radiation
also increases, which hampers the bandwidth of the
antenna. The feed radiation also leads to undesired cross
polarized radiation.
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3) 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 7. Coupling between the patch
and the feed line is made through a slot or an aperture in
the ground plane [8].

Figure 5. Patch Antenna with an Inset Feed.

2) Coaxial Feed
The Coaxial feed or probe feed is a very common
technique used for feeding Microstrip patch antennas.
As seen from Figure 6, 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 [7].Probe
fed Rectangular Microstrip Patch Antenna The main
advantage of this type of feeding scheme is that the feed
can be placed at any desired location inside the patch in
order to match with its input impedance.This feed
method is easy to fabricate and has low
spuriousradiation. However, its major disadvantage is
that it connectedto Ground Plane Connector

Figure 7. Aperture-coupled feed

4) Proximity Coupled Feed

Figure 8. Proximity-coupled Feed

Figure 6. Coaxial Feed

This type of feed technique is also called as the
electromagnetic coupling scheme. As shown in Figure
8, 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 due to overall increase in the thickness of the
microstrip patch antenna [7].

.
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3. DESIGN PROCESS
There are four essential parameters which are
important in designing any antenna. They are
 The operating frequency ( f˳)
 Dielectric constant of substrate (εr)
 The height of the dielectric substrate (h)
 The height of the conductor (t)
The other parameters are
 The width of the patch (W)
 The length of the patch (L)
 The width and length of the Ground plane and
the substrate Wg and Lg
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Where, h is height of the substrate or thickness of the
substrate given as 1.6 mm.
Step 3: Calculation of the length extension ∆L, which
is given by

(3)

Step 4: Length of patch
The length of the patch is given by,

The selectionof substrate is veryimportant while
designing of a microstrip patch antenna. Agood antenna
cannot be designed without proper selection of
substrate’s parameter like length, width, height
anddielectric constant.The materials like FR4, PTFE,
RT duroid are used as a substrate depending on
therequirement and performance.
In this papermicrostrip patch antenna with
microstrip line feed (inset fed) is designed to operate at
2 4 GHz with the following specifications
The operating frequency f ˳ = 2 4 GHz
Dielectric constant of FR4 substrate εr =4.4
The height of the dielectric substrate h = 1.6 mm
The height of the conductor t= 0.035 mm
The W, L of the patch is calculated by using the
following steps
Step 1: Calculation of the Width of patch (W)

(4)
(5)

After performing above calculation the value of L is
obtained as 29mm.
Step 5:The length and width of the ground plane is
given by
𝐿𝑔=2∗𝐿= 58mm
𝑊𝑔=2∗𝑊=76mm
The above calculation is performed and the length and
width of the ground plane is obtained as 58 mm and
76mm.
Step 6: Calculation of position of inset feed point
where the input impedance is 50 ohms
The antenna feeding should be designed carefully since
it must provide a correct impedance matching. For
better results feeding line should be having the
impedance equal to the characteristics impedance of
patch. For the proper feeding of the antenna inset feed
technique is used in this paper. The patch antenna was
fed with a microstrip line connected to a point inside
patch where the input impedance is 50 Ω.Therefore,
toachieve 50Ω impedance, the inset length (Y0) as
shown in equation 6 and in Figure 9.

(1)

Where
εr= dielectric constant of the substrate,
c = velocity of light,
f ˳= resonant frequency,
W= width,
The width of the microstrip patch antenna is
obtained as 38 mm after performing the calculation with
an operating frequency of 2.4 GHz.
Step 2: Calculation of effective dielectric constant

(2)
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(6)
Where, Zin and Rin is the resonant input impedance and
resonant input resistance respectively. The Y0 is found
to be 11 mm.
The transmission feed line width (wf) is calculated by
theEquation 7.
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2.
3.
4.
5.
6.

(7)
Where,

Choose MW RF optical
Choose Antennas
Select Planar (Patch, Slot, etc.,)
Choose Time Domain
Select the units as shown below

(8)
WhereZo = Characteristic impedance of feed line

7.

Select the frequency range and monitors farfield at
resonant frequency or any frequency need to
monitor as shown below

8.
9.

Click finish
New window appears. Click Modeling tab and in
shapes click create brick then press Esc from the
keyboard. Then create ground plane as shown
below

Figure 9. Typical inset fed microstrip patch antenna

4.

SIMULATION PROCEDURES

The physical dimensions of microstrip antenna is given
in Table 1. Using these parameters, antenna is designed
in CST microwave studio.
TABLE 1 PHYSICAL DIMENSIONS OF MICROSTRIP
PATCH ANTENNA

Parameters

mm

Width of the patch (W)
Length of the patch (L)
Height of the dielectric substrate (h)
Height of the conductor (t)
Length of ground plane (Lg)
Length of ground plane (Wg)
Inset length (Y0)
Operating frequency (f ˳)
Dielectric constant of substrate (εr)
Feed line width(Wf)

38 mm
29mm
1.6 mm
0.035 mm
58mm
76mm
7 mm
2 4 GHz
4.4
1.5mm

The following are the steps followed in designing the
antenna in CST studio suite.
1.

Open CST studio suite and click create new
project
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Figure 10. Design of ground plane
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10. Create the substrate as shown in Figure 11

Figure 11. Design of substrate

Figure 13. Creation of empty space

13. Cut away the empty space as in Figure 14.
11. Create the patch as shown in Figure 12

Figure 14. Cut the empty space

14. Create the feed line as shown in Figure 15

Figure 12. Design of Patch

12. Create the empty space as in Figure 13.

Figure 15. Creation of feed line

15. Put the patch and feed line into one object. For
that press to patch then add feed line then press
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Enter to get the final antenna as shown in Figure
16.

Figure 16. The final antenna

16. Add ports to the feed and click Simulation tab and
select waveguide port. Now the antenna is ready
to be simulated
17. Click Simulation tab and select Setup Solver and
set accuracy in transient solver Parameter window
and click start. Now simulation results will be
ready to view.
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S11=0 dB then all the power is reflected from the
antennaand nothing is radiated.If S11=-10 dB, this
implies that if 3 dB of power is delivered to the antenna,
-7 dB is the reflected power. For good performance S11
< -10dB. Good antenna must have high return loss[9].
From figure 17, it implies that the antenna radiates
best at the chosen resonance frequency, 2.4 GHz,
where the return loss is equal to -40dB.
B. Bandwidth
The Bandwidth (BW) of an antenna refers to the range
of frequencies over which the antenna can operate
correctly. The antenna’s bandwidth is the number of Hz
for which the antenna will exhibit an SWR less than 2:1.
The bandwidth can also be described in terms of
S11percentage of the center frequency of the band.
Bandwidth (BW) = Upper cut off frequency – Lower
cut off frequency
The Upper and Lower cut off frequency for FR4
substrate is 2.3743 GHz and 2.4292 GHz. The
bandwidth of the antenna using FR4 substrate is
calculated as 0.054916 GHz from Figure 18.

5. RESULTS DISCUSSIONS
The performance of designed antenna is determined by
few parameters such as return loss, bandwidth, VSWR,
radiation pattern, directivity and antenna gain
A. S Parameter

Figure 18. Bandwidth at 2.4GHZ

Figure 17. S-parameter

The electrical networks are characterized by S
parameter or scattering parameter using matched
impedances. In practice the most commonly quoted
parameter in regards to antenna is S11. S11 represents
how much power is reflected from the antenna hence
S11 is known as reflection coefficient or return loss. If
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C. Voltage Standing Wave Ratio
Voltage Standing Wave Ratio (VSWR) is a
measurement that describes the impedance matching of
the antenna to the radio or transmission line connected
to it. 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 good value that accepted
for antenna is 1≤ VSWR ≥2 The minimum VSWR is
1.0. In this case, no power is reflected from the antenna,
which is ideal. From Figure 19 it is observed that the
VSWR of the designed antenna is 1.0563.
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In this paper, an inset fed microstrip patch antenna was
designed and simulated at resonant frequency of 2.4
GHz. The designed antenna is simulated by using CST
Studio Suite and found that return loss of -40dB,
bandwidth of 0.054916 GHz,VSWR of the designed
antenna as 1.0563 and directivity of 7.066 dBi were
obtained. The proposed design has simple design
structure and can easily be constructed at low cost. The
proposed antenna design can be a good solution for ISM
(industrial, scientific and medical) band.
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