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Abstract

An analysis of simple microstrip patch antenna has been designed which comprises of various dielectric substrates that is placed in be-
tween metallic patch and ground. Substrates used in this design Epoxy (FR4), Rogers duroid 6002 (tm) with various relative permittivity
2.94 and 2.2 and thickness of 3.2mm. Some applications for the designed frequency are wireless fidelity, WLAN application, Bluetooth.
The proposed antenna is designed in HFSSV15 Software operating at 2.4 GHz frequency which renders return loss not more than -10dB.
The purpose of this paper was analyzation and simulation for the designed antenna with various parameters like gain, peak gain, efficien-

cy, return loss, band-width when the structure and substrate changes.
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1. Introduction

Micro strip radiating element was introduced in the year 1950s.
An antenna generally helps in converting an RF signal, conductor
that can be travelled through, in free space guided by electromag-
netic wave, and vice versa (which means either in receiving mode
as well as in transmitting mode also). Antennas mostly depend
upon the frequency. Whenever we need to radiate or receive elec-
tromagnetic wave we can use antenna. There are various shapes
and structure that an antenna can be designed, but the basic princi-
ple of operation is electromagnetic. Various portable electronic
devices require an actual and effectual antenna for wireless com-
munication. Developments in digital and wireless microchip tech-
nology have led to the manufacture of an innovative type of sub-
jective communications equipment affectation unusual problems
for antenna designers. Peculiar wireless communication policies
have created a bigger request for compressed antennas. Moreover,
the development of wireless local area networks at work and home
has also demanded the claim for radiating element that is com-
pressed as well as low-cost.

Till date microstrip patch antenna is the maximum successful
antenna. Actually microstrip patch antennas are used in broad
range frequencies ranging from 1 GHz to 100 GHz. Micro strip
patch antenna is planar but it also suitable for non-planar geome-
tries, components are easily integrated, robustness mechanically,
association of arrays. The main advantages of microstrip patch
antennas are its light weight and low profile, due to these reasons
they can be built easily and also the fabrication costs low[13-18].
In parallel there are also disadvantages like inherent narrow
bandwidth and low efficiency. The drawbacks of micro strip an-
tennas are overcome by developing the techniques to increase the
bandwidth and a very wideband micro strip antennas are presented.

The applications of micro strip antennas are many in number
and military applications and commercial applications such as
radar, biomedicines, satellite communications, mobile applications,

wireless area network, ultra-wide band application and identifica-
tion of radio frequency.

We generally consider rectangular microstrip patch antenna as
the maximum likely antenna that can be required for designing
microstrip patch antennas that contains dimension like length and
breadth with letter L and B respectively. We can use various types
of substrate based on our requirement. The various Substrate used
in this paper is FR4 Epoxy with relative permittivity = 4.4, Rogers
duroid 5880 (tm), relative permittivity = 2.2 and Rogers
RT/duroid 6002 (tm) relative permittivity = 2.94. The substrate is
placed in between the ground plane and the patch.

The remaining part of the paper is ordered as follows: where
section 2 is on design topology of an antenna. The simulation
results of a designed antenna are represented in section 3. Finally,
paper is concluded with conclusion and future scope with section
4 and section 5 respectively.

2. Design Topology

The Antenna designed in this paper is printed by three layers, top
one is patch which is placed on a substrate and then followed by
ground plane. Coaxial feed is given for the designed micro strip
patch antenna. The internal conductor is prolongs transversely to
the dielectric and is associated at the radiating component, while
the external conductor of a coaxial connector attached at ground
plane. Fig.1 shows the feeding technique used in this paper.
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But this turn outs a narrow bandwidth and modelling is difficult
which is a disadvantage for this technique. Various Substrate were
used for the designed such as substrate material like FR-4, Roger
RT.

Table 1: Substrate and its Relative Permittivity

Fig. 3: Designed antenna with cutting edges from top view

W6

Wi

Substrate Material Relative Permittivity
FR4 EXPROXY 4.4
Rogers RT/duroid 5880 (tm) 2.2
Rogers RT/duroid 6002 (tm) 2.94

In the Fig.2, it shows the designed antenna from the top view, Fig.
3 shows the designed antenna from the top view having some
cutting edges, Fig.4 shows the side view of the designed antenna.
The antenna is fabricated on 100 X 90 mm2 and all the substrate
with thickness of 3.2mm. A simple patch antenna is placed on the
substrate(Roger Rogers RT/duroid 5880 (tm)) where the coaxial
feed position is at (-5,0,-5) named as Antenna 1, patch but with
feed position is changed to (-5,5,-5) nhamed as Antenna 2, patch
with some cutting edges and coaxial feed position at (-5,0,-5)
named as antenna 3, patch with some cutting edges and coaxial
feed position at (-5,5,-5) named as antenna 4. Now the substrate
used is FR4 Epoxy and patch placed on it at feed position (-5,0,-5)
is named as Antenna 5, patch but with feed position changed to (-
5,5,-5) named as Antenna 6, patch with some cutting edges and
feed position at (-5,0,-5) named as antenna 7, patch with some
cutting edges and feed position at (-5,5,-5) named as antenna 8.
Another Substrate Rogers RT/duroid 6002 (tm) and the patch
placed on it at coaxial feed position (-5,0,-5) is named as Antenna
9, patch but feed position is changed to (-5,5,-5) named as Anten-
na 10, patch with some cutting edges and feed position at (-5,0,-5)
named as antenna 11, patch with some cutting edges and feed
position at (-5,5,-5) named as antenna 12.

wi

wa

Fig. 2: Designed antenna from top view

l k‘x

Fig.4: Designed antenna from side view

Table 2: Dimensions for designed antenna
Dimensions in mm

wi W2 W3
90 34 34
W4 W5 W6
30 30 45
w7 L1 L2=1L3
43.5 100 30

3. Results and Discussion

3.1 Return Loss

It is the power loss when the signal is reverted by transmission
lines discontinuity. Its relation is based on reflection coefficient
and standing wave ratio (SWR). We can express return loss in
form of, RL=-20 log [ L]

008 —

1 10 1 [

Fig. 5: Return loss for microstrip patch antenna (Roger RT/duroid 5880
(tm))
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Fig. 6: Return loss for microstrip patch antenna (FR4 Epoxy)
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Fig. 7: Return loss for microstrip patch antenna (Roger RT/duroid 6002

(tm))

3.2 Gain

Gain is defined as the ratio of radiation field intensity of test an-
tenna to that of the reference antenna.
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Fig: 8: Gain for Antenna 1

Fig: 9: Gain for Antenna 2
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The graphical representation of the electromagnetic power distri-
bution in free space is defined as Radiation pattern.

Fig: 16: Gain for Antenna 9
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Fig: 17: Gain for Antenna 10
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Fig: 22: Radiation Pattern for Antenna 3
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Fig: 27: Radiation Pattern for Antenna 8
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Fig: 23: Radiation Pattern for Antenna 4
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Fig: 24: Radiation Pattern for Antenna 5

Fig: 27: Radiation Pattern for Antenna 9
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Fig: 25: Radiation Pattern for Antenna 6 Fig: 28: Radiation Pattern for Antenna 10

Fig: 26: Radiation Pattern for Antenna 7 Fig: 29: Radiation Pattern for Antenna 11
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Antenna4 (-5, 2.27,3.49 (-13.9041); (-
5,-5) 17.2371)

-180

Fig: 30: Radiation Pattern for Antenna 12

4. Comparative Analysis

All models that are designed are compared along with their char-
acteristics and has been presented. Actually, if it is seen, four an-
tenna models are designed with three substrates each. The sub-
strates that are used to design the four antenna types are as fol-
lows; (1) Rogers RT/duroid 5880 (tm) with Relative permittivity
of 2.2, (2) FR4 EPOXY with relative Permittivity of 4.4, (3) Rog-
ers RT/duroid 5880 (tm) with Relative permittivity of 2.94.

In table 3, four models designed using the substrate Rogers
RT/duroid 5880 (tm) has an average gain of 7 dB and efficiency of
98.percent has been noticed in the proposed models. The applica-
tions of the proposed models are for industrial, scientific and med-
ical radio bands, and Wi-Fi.

Substrate Model Type Operating Fre- Return Loss
quency(GHz)
Antennal (-5, 2.082 -21.0561
Rogers RT/duroid | 0, -5)
6002 (tm) Antenna2 (-5, 2.14 20,0216
Permittivity =2.94 | 5)
Antenna3 (-5, 2.09, 2.65 (-20.3314);
0,-5) (-18.8164)
Antenna4 (-5, 2.14,2.7200 (-22.5); (-
5, -5) 20.5538)

In table 4, four models designed using the substrate FR4 EPOXY
has a gain ranging from 1 dB to 4 dB and efficiency ranging from
43.percent to 72 percent has been noticed in the proposed models.
The applications of the proposed models are the band 3.4 — 3.55
GHz was allocated for FWA for areas outside the main cities in
Canada.

In table 5, four models designed using the substrate Rogers
RT/duroid 5880 (tm) has a gain of 6 dB and efficiency of 95 per-
cent has been noticed in the proposed models. The applications of
the proposed models are

5. Conclusion

Sub- | Mod | Operat- | Re- | Band | Gai | Effi- | Pea | Tne gesigned antenna provides a return loss of -32.405dB. The
strate | el | ingFre- | turn | width | n | cien- | K | antenna was designed and simulated using HFSS software. As
Type | quency( | Los (- cy | Gai | noticed that by increasing the number of slots we could find im-
GHz) s | 10d n provement in the antenna parameters like gain and return loss,
) with increase in decrease in return loss which was obtained by
GHz simulation using HFSS15. Based on the substrate chosen and rela-
An- 2.37 - | 0050 | 7.3 | 0.984 | 5.3 | tive permittivity values, the antenna parameter values varied. We
Rog- | ten- 3241 5 | 065 | 06 | 282 | ¢ould observe that the antenna designed with lower relative per-
ers nal 01 mittivity has better efficiency than the antenna designed with more
RT/du | (-5, relative permittivity. Twelve outline of antenna is projected. The
roid 0,-5) first outline is rectangular patch antenna configuration. The sec-
5880 | An- 2.37 - | 0049 | 7.3 | 0.987 | 5.3 | ond outline is rectangular antenna structure with change in feed
(tm) | ten- 257 | 7 | 384 ] 58 | 599 | position. The third outline is rectangular antenna structure with
Per- na2 983 original feed position and with some cutting edges on the patch.
mit- (-5, The Fourth outline is rectangular antenna structure with change in
tivity | 5, -5) feed position and with some cutting edges on the patch. This de-
=22 | An- 2.44 - 055 | 7.2 | 0982 | 54 | sign outline is repeated with two more substrate and analyzation
ten- 32.4 584 | 6 468 | and simulation is displayed.
na3 827
(-5,
0, -5)
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