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A Compact Planar Monopole Wideband
Antenna for ISM & WIMAX Applications with
Rhombus Radiator
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Abstract: This paper presents a compact planar monopole
wideband antenna (40x50x1.6 mm3) with rhombus shaped
radiator and partial ground plane. High Frequency Structure
Simulator (HFSS) tool is used to design and simulate the
proposed antenna. The antenna resonates from 2.21GHz to
4.12GHz with (<-10dB), useful for the wireless communication
systems operating in ISM and WiMAX bands. It suits for 2.45
GHz WLAN bands, 2.5GHz/3.5GHz WiMAX bands and other
IEEE 802.11(b/g/nfax) wireless communication services. The
proposed antenna provides a bandwidth of 1.91 GHz and profile
with half ground plane and Section 111 discusses a results of
simulated and tested antenna.
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l. INTRODUCTION

In recent years, planar monopole antennas have been
opted in the wireless communication of high throughput
transceiver systems. This has resulted in an interest to
improve more on WLAN(1] and WiMax[2] [3] applications.
It has an advantage of compact structure, convenient feeding
options and cover wider bandwidth. The basic patch
antennas have been transformed to planar profiles by
reducing the ground plane of (0.25*lambda)[4]. Various
structures like bevel[5], shorting pins[6], smooth rounded
element at the end of feed line[7] and fractal elements[8]
over patch surface improves a bandwidth enhancement.
With the decrease in the size of the square planar antenna,
the bandwidth increases. Therefore by adjusting the width of
the planar antenna, we can optimize a wider impedance
bandwidth[9]. The reduction of tapering leads to sharpen the
gain and bandwidth, assuming a constant width and length
of the antenna[10]. Many microstrip line fed antennas were
proposed by researchers  to acquire  wider
bandwidth[11][15].
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Fig (1) Proposed antenna (front view)

The simple monopole fed with microstrip line feed paper
organized as: Section Il gives a new planar Where, fL is the
lower cut-off frequency, p and g are the diagonals of
rhombus that gives total covered area of radiator.

The bandwidth to cover certain ISM and some other band
near to it been achieved by amending the rhombus shape
and optimizing the dimensions of the ground plane as shown
in table (2.1).

Fig (2) Proposed antenna (Back view)

Parameters Size (mm)
Length of the ground (Lg) 26
Width of the ground (Wg) 40
Length of the substrate (Ls) 50
Width of the substrate (WS5s) 40
Side of rhombus (a) 16
Length of feed line (Lf) 27
Width of the feed line (Wf) 3

Table [1] Dimensions of the proposed antenna
The reflection coefficient and VSWR characteristics for
the antenna are shown in fig (3.1), (3.2).The reflection
coefficient graph shows the reflection free response of <-
10dB from (2.21 to 4.12 GHz).

e

Fig (3) Reflection coefficient Vs Frequency plot
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1. ANTENNA DESIGN

The design initially initiates with a geometry of the planar
rhombus monopole as depicted in fig (2.1). The proposed
structure is designed using FR-4 substrate with er = 4.4, tan
8= 0.025 and thickness (h) = 1.6mm. The configuration of
radiator and ground plane is made of copper with a
thickness of 0.03 microns. The antenna has a compact size
of (40x50x1.6 mm3). It is fed with a 50Q microstrip line of
width of 3mm. The radiator shape can be optimized by using
its lower cut-off wavelength and expressed as a peak gain of
9.6dB at 2.6 GHz. The prototype is fabricated and tested.
The simulated and tested results are compared. fL
[161.9 pqg /2 (1)

Fig (4) VSWR Vs Frequency plot
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Fig (5) Gain in Db

1. RESULTS AND DISCUSIONS

The simulated results for gain (dB) is shown in fig (3.2)
respectively. It can be observed that maximum of 5.8dB as
normalized in polar plot representation with Omni-
directional radiation pattern.

The peak realized gain characteristic of rhombus planar
monopole antenna is displayed in fig (3.4). The maximum
realized gain of 14.5dB is attained at frequency of 1.9GHz.
In the other case of resonant frequency range (2.21-
4.12GHz), the crest of 9.6dB at 2.6 GHz is obtained. As the
antenna would be well for ISM band of (Wi-Fi and WiMax)
wireless communications, the obtained gain can be more
valuable in our acceptable limit
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Fig (6) Peak realized gain Vs Frequency plot

Fig (7) Fabricated image of proposed antenna (Front
view & Back view)

2.3800000 GHz -22.50 dB

Fig (8) Measured Reflection coefficient in VNA
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Fig (9) E plane and H plane field radiation at 2.4GHz

The fabricated antenna with a FR-4 substrate is shown in
fig (3.5). The radiation pattern for E and H- Field at one of
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the resonant frequencies are shown in fig 3.7. Through the
anechoic environment, we analysed that the proposed
antenna of E —Field are achieved at 2.4 and 3.5 GHz which
is desirable for the ISM applications.

After getting S11 results through Vector network analyser
(VNA), the comparison of simulated and measured results
are listed in the table [3.1].

Geometry Simulated Measured
Impedance 2.21-4.12 2.21-457
Bandwidth(GHz)
VSWR 1 1.1
Reflection -37dB -22dB
coefficient (T')

Table [2] Comparison of simulated and measured results
(proposed antenna)

(AVA CONCLUSION

A miniaturized structure of planar monopole antenna has
been presented and exhibits a S11 of < -10dB in (2.2-
4.1GHz) frequency range. An introduction of rhombus
shaped radiator along with simultaneous adjustments of
geometry leads to considerable wide bandwidth of 1.91GHz.
This antenna is capable of covering the existing ISM
(2.4GHz), WiMax (2.5/3.5GHz) and the future low band 5G
and its possible extension frequencies. Through measured
results, the reflection coefficient is achieved <-10dB from
(2.2-4.8GHz). The fabricated prototype is tested and results
are compared. Gain improvement can be achieved by
incorporating two or more element array structure with
suitable spacing[12]. Overall size reduction of the array can
be achieved by introducing suitable EBG structures between
the array elements[13].
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