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Abstract

A circular patch antenna with inset feed notch loaded MSA (Microstrip Antenna) is described in this paper. The
Impedance bandwidth of 12.30 GHz (2.315GHz - 14.624 GHz) is obtained with return loss of -29.913dB at 3.067 GHz,
-29.856dB at 8.986 GHz and -35.401dB at 12.745 GHz frequency. The antenna operates at triple band with acceptable
values of VSWR (<2) in S band, X band and Ku band respectively. The proposed antenna is simulated using FEM

(Finite Element Method) based simulation HFSS (High Frequency Structure Simulation) software.

Keywords: Microstrip antenna, UWB, Partial ground plane, Notch loaded, Inset feed.

1. Introduction

The Federal Communications Commission of USA has
specified the spectrum from 3.1 GHz to 10.6 GHz for
ultra-wideband (UWB) applications (FCC First report
and order, 2002). In both conventional communication
systems and UWB communication systems, an antenna
plays a very crucial role. Nevertheless, there are more
challenges in designing an UWB antenna than a narrow
band one (Yazdandoostand, et al, 2004). MSA is used in
wide range of application due to its low profile,
conformal and light weight. Simple empirical models
have also been proposed to determine the lower-edge
frequency for a planar monopole with various planar
geometries such as square, circular, trapezoidal and
triangular (Ammann, 1999), (Ammann, et al, 1999),
(Chen, et al, 2000).

MSA has variety of structures such as rectangular,
circular, triangular, square etc. Circular radiating patch
has an advantage over other structures as it reduces
overall size of MSA. Size reduction and bandwidth
enhancement are major design considerations for
practical applications of Microstrip antennas (Lotfi-
Neyestanak, 2008). Designing a compact MSA that
operates over ultra-wide frequency range is still a
challenge. Many systems now operate in two or more
frequency bands, requiring dual or triple-band
operation of fundamentally narrowband antennas
(Pozar, et al, 1997), (Economou, et al, 2000), (Wong, et
al, 2002). Multi-band antennas with a single radiator
are desirable in most applications (Krishna, et al,
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2008). Therefore size reduction and bandwidth
enhancement are major design considerations for
practical applications of microstrip antennas (Wong,
2002). For efficient transfer of energy, impedance of
the radio, antenna, and transmission line connecting
the radio to the antenna must be matched (Ghavami, et
al, 2004). Also loading of slots and notches affects the
resonant frequency which changes with values of
inductance and capacitance at which the antenna
resonates. Hence using these techniques the antenna
can be used where multiband applications are
required.

In this paper, a notch loaded circular patch antenna
is presented. The basic idea of the design is to provide
an inset feed to notch loaded circular MSA so as to
achieve maximum bandwidth for the antenna to
overcome the main disadvantage of Inset Feed. This
method ensures better impedance matching,
bandwidth improvement and low VSWR. The circular
patch antenna being small in size is a better option for
WiMAX technology.

2. Antenna Structure

The Fig. 1 shows the geometry of proposed antenna for
UWB applications. The circular patch with notch
loaded antenna is fabricated on a substrate FR4 of
thickness 1.5mm that has relative permittivity of 4.43
mm. The dimension of the substrate is 42 x 50 x
1.5mm3. The proposed antenna is fed through a
microstrip line. The parameters of MSA are shown in
Table 1.
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ground plane (ii) notch cut in the patch. The other
parameters are selected such that the antenna operates
in triple band.

T

Simulation

The simulation phase has been done using Ansoft HFSS
software. It has been used widely to determine and
plot the reflection parameters, Voltage Standing wave
ratio (VSWR), Impedance and the radiation pattern.
Return Loss (S11) is a critical parameter which
along with VSWR indicates the degree of exactness of
matching between the feeding system, the
transmission lines and the proposed antenna.

Ls

Mathematically, Return Loss can be calculated as,
Return Loss = -20log|T'| dB

The proposed antenna has achieved a return loss of -
w, 29.9135 dB, -29.8567 dB and -35.4017 dB at 3.0671
GHz, 8.9866 GHz and 12.7450 GHz respectively and is
shown in Fig. 2
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1 I T VSWR denotes power reflected from the antenna, for

better matching of antenna with transmission line, the
VSWR should be smaller (practically < 2dB) resulting
in more power to be delivered to the antenna.

Fig.1 Th fP A F
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View (b) Back View
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Table 1 Antenna Configuration and Parameters VSWR = PR
Parameters Value(mm) Where,
Width of Substrate (Ws) 42
Length of Substrate (Ls) 50 =Y _ Zin~%s
Width of Ground (W) 42 Vi ZintZs
Length of Ground (Lg) 19.6 . .
. The observed value of VSWR is obtained to be 0.5550,
Width of Feed (W) 2.8
0.5587 and 0.2950 at 3.0671 GHz, 8.9866 GHz and
Length of Feed (L) 20.91 .
: : 12.7450 GHz respectively. The VSWR versus frequency
Radius of Circular Patch (r) 10 his sh n Fio. 3
Width of First Notch (Wn1) 10 grapiis shown in ¥ig.
Length of First Notch (Ln1) 12 B
Width of Second Notch (Wx2) 3.5
Length of Second Notch (Ln2) 4.07 g [}
Width of Third Notch (Was3) 0.74 g \
Length of Third Notch (Ln3) 0.80 o \ ]
\ V]
The Simulated results are obtained using HFSS (High 2ot s e Frequency @Hz) 2 ® w0
Frequency Structure Simulator) based on Finite
Elements Method. The antenna consists of (i) a partial Fig. 3 Simulated VSWR of the proposed antenna
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The fractional Bandwidth of the proposed antenna can
be mathematically represented using the equation as,

f2—f1

JEh

Where, f; and f; are the higher and lower frequencies
for which Si1 is less than 10dB level.

BW = x 100 %

The fractional bandwidth of the proposed antenna is
calculated to be 211% while the Impedance Bandwidth
of the antenna is found to be 12.30GHz. The Peak Gain
for the antenna is shown in Fig. 4 and the gain
variations are less than 7.08 dB.
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Fig. 4 Simulated Peak Gain of proposed antenna

The current distribution must be zero at ends of patch
so that the current cannot flow off the patch. The
current distribution is shown in Fig. 5
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Fig. 5 Simulated Current Distribution of the proposed
antenna

The radiation pattern of the antenna shows good omni
directional pattern in xy-plane at 3.067 GHz, 8.986 GHz
and 12.745 GHz respectively for ¢=0° and $=90° and is
shown in Fig. 6
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Fig. 6 Radiation Pattern of proposed antenna in xy-
plane at (a) 3.067 GHz (b) 8.986 GHz (c) 12.745 GHz

Conclusions

The Notch loaded Circular Patch antenna has been
shown to provide fractional bandwidth of 211%,
return loss less than -10dB over an extremely wide
frequency range. The obtained results show good
performance in terms of size, radiation patterns, VSWR
and gain. The antenna proves to be good for multi-
band systems, future wideband data systems, and
combination of these with UWB. The antenna meets
the UWB bandwidth requirements.
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