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Abstract - Microstrip patch antennas are found in different
shapes for different applications. LTE is a developing
technology and it needs low cost and small size antennas for
communication. The patch antenna gained a lot of attention
because of their benefits. Microstrip antennas can attain any
shape according to the application. Different shapes gives
different gain and directivity for the same application and the
better one has to choose based on higher gain, low return loss
and high bandwidth. The proximity feeding method is used in
designing of three different shapes of antenna for an LTE band
1690MHz to 2200MHz. This paper discusses three different
shapes like triangular, circular and rectangular patch antenna
and their results.
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1. INTRODUCTION

Antennas are most important elements in any wireless
communication. Antennas are the last element at the
transmitting side and first element at the receiving side. An
LTE is a high speed data transmission application which
needs a better antenna which can transmit data at a higher
rate. The microstrip patch antennas have plenty of
advantages such as low profile [3] [7], low cost, low power
consumption etc. One major advantage of MSPA is that, it can
be designed in any shape according to the application
demand. It is very easy to design different shapes using
MSPA. In this work three different shapes of patch antennas
are designed for 1690GHz to 2200GHz LTE application. The
substrate used for antenna design is FR4 epoxy which is
cheap material and it has zero water absorption capacity.
This material is mostly used in MSPA design because of its
availability. The height of the substrate [5] is taken as
h=1.6mm with a dielectric constant g,=4.4. Different feeding
methods are used to feed the antenna based on the
compatibility and requirements. In this paper proximity
feeding is used to feed the antenna. This method is easy to
design and gives more bandwidth. Proximity feeding is an
indirect feed method where feedline and the patch are in
different layers. The simulation results are obtained using
the IE3D software and discussed the differences between
triangular, circular and rectangular patch antennas.

1. DESIGN CONSIDERATION

In the following section the design of triangular, circular
and rectangular patch antennas are discussed using the
relevant design equations. The values of different
parameters are listed in table I. The antennas are feed by
using proximity feeding and the length of feedline is given by
L¢ and the width is given by Wt The antennas consist of
dielectric substrates with a ground plane and patch material

[2].
1.1 Triangular Patch Antenna

The equilateral triangle is designed using the
following equations (1) to (4) [6]. The length of the sides of
triangular patch [4] antenna is calculated using the equation
(4). The angle between each side is 60° for an equilateral
triangle as shown in fig. 1. The outputs are dependent on the
length of the side of triangular patch.

Fig -1: Triangular patch antenna with proximity feed
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1.2 Circular Patch Antenna

The circular patch antenna [1] is designed by using the
following formulas (5) to (8) [6]. The outputs can be
controlled by varying the effective radius of a circular patch
antenna. Fig. 2 shows the circular patch antenna with
proximity feeding.

Fig -2: Circular patch antenna with proximity feed
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Effective dielectric constant is given by eq. (7)

1 1(5,,—1]
Eeff= ><(E +1)+' Zh (7)
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The effective radius of a circular patch is given by eq. (8)

1.8412x=C

2w froley

(8)

1.3 Rectangular Patch Antenna

The various parameters of a rectangular patch antenna
are designed using the equations (8) to (12) [6]. The
characteristics of a rectangular patch can be controlled by
varying the length and width of the patch. The fig. 3 shows
rectangular patch antenna with proximity feeding.

Fig -3: Rectangular patch antenna with proximity feed

The width of a rectangular patch is given by eq. (9).

W=C\/2[(8r+_11 (9)
f:
Effective dielectric constant is given by eq. (10).
€eff = &rt 1+ =1(1+10 (h/w))055% (10)
2 2

The increase in resonant length us given by eq. (11)

AL= 0.412hx (ge+ 0.3) x (w/h + 0.264) (11)
(eerr- 0.258) (w/h + 0.813)

The actual length of patch is given by eq. (12)

- 2AL (12)
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Table -1: Design parameters and values

Design Parameters Values
Height of the substrate, h 1.6mm
Dielectric constant, &, 4.4
Side length of the triangular patch, a 49.02mm
Radius of circular patch, ae 21.54mm
Width of the rectangular patch, W 46.93mm
Length of rectangular patch, L 36.45mm
Length of feedline L¢ 18.96mm
Width of the feedline, W¢ 3.4mm

3. RESULTS AND DISCUSSION

Based on the above design, different results are obtained and
are compared for three different shapes. Table II shows the
values obtained from three different shape antennas. The
results like impedance matching, return loss, VSWR and gain
are discussed.

3.1 Impedance Matching

The impedance of the patch antenna mustbe matched to 50(.
Fig. 4, 5 and 6 shows smith chart for triangular, circular and
rectangular patch antennas respectively. All three antennas
are matched to 50() at their resonant frequencies.
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antenna gives better return loss. Rectangular patch antenna
gives more bandwidth than other two antennas.
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Fig -8: Return loss for Circular patch antenna
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Fig -9: Return loss for rectangular patch antenna
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Fig. 10, 11 and 12 shows smith chart for triangular, circular
and rectangular patch antennas respectively. The circular
Fig -6: Smith chart for rectangular patch antenna patch antenna gives better VSWR values.
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considered while designing any antenna. Fig. 13, 14 and 15
shows the graphs for triangular, circular and rectangular 75 25
patch antenna respectively. The rectangular patch antenna

gives more Gain values compared to other two antennas.
125 125

-17.5 -17.5
-180 -135 -90 -45 0 45 90 135 180
Elevation Angle {deg)

Fig -15: Gain for rectangular patch antenna
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Table -1: Output parameters and values

Triangular Circular
Parameters Patch Patch Rectangular
Patch

Resonant 1.864GHz 1.846GHz 1.948GHz

Frequency
VSWR 1.103 1.06 1.09
Gain 5.2dBi 4.75dBi 5.57dBi

Return Loss -26.07dB -33.54dB -28.51dB
Bandwidth | 2295MHz | 30.82MHz | 3°-79MHz

4. CONCLUSION

The microstrip patch antennas are very easy design with
any desired shapes. From the above discussion and the
results obtained, it is clear that the rectangular shape patch
antenna is best suited for high gain and higher bandwidth
applications. All the three shape antennas give better
impedance matching value at their resonant frequencies and
also good VSWR values. The rectangular patch antenna gives
more gain and high bandwidth compared to triangular and
circular patch antennas so it is better to choose rectangular
shape antenna for any type of applications.
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