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Abstract— The increasing number of user in ISM 2.4 GHz band has caused the spectrum to
be crowded. The emerging technology of cognitive radio has paved the way of improving the
spectrum utilization. Apart from that, antenna diversity is a well-known technique to enhance
the performance of wireless communication systems by reducing the fading effects. In order to
create an antenna diversity system on a wireless device, two or more antenna elements could
be placed in positions that provide uncorrelated signals of the same power level. A printed
polarization diversity monopole antenna for Cognitive Radio system application to improve the
spectrum utilization in the 2.4 GHz ISM band is proposed in this paper. The proposed antenna is
composed of two monopoles which are orthogonal to each other. CST Microwave Studio software
was used to evaluate the antenna design. This antenna was fabricated on 50 mm × 50 mm FR4
board with thickness of 1.6 mm and dielectric permittivity 4.7. The front and back view of the
proposed antenna were showed in Figs. 2 and 3 respectively. The simulated and measured return
losses of the antenna are shown in Figs. 3 and 4. Even though the return loss at the two ports are
different but the antennas have −15 dB and −12 dB return loss which were lower than −10 dB at
2.4 GHz. The radiation pattern for the antenna was different with single monopole antenna since
the ground plane from antenna #2 reflected the signal radiated by antenna #1. This diversity
antenna also offers wide bandwidth (∼ 17%) and low correlation since the antenna orthogonal to
each other.
1. INTRODUCTION

The evolution of wireless communication is rapidly evolving for the past two decades. The introduction of wireless local area network (WLAN) increases the awareness of consumers towards
the potential of being wireless, hence the rise of the number of wireless user especially WLAN’s
user. The concept of mobility is one of the main reasons of attraction of the wireless technology.
Moreover, WLAN is designed to work on the ISM band, such as the 2.4 GHz band, which is free for
access to anyone. However, as time goes by, the high number of users causes the free spectrum to be
crowded. The crowded spectrum [1] is an experiment done to investigate the usage of the 2.4 GHz
ISM Band. The results reveal that the band is full of applications ranging from 802.11b, 802.15.1,
802.15.4 and the strong interferences generated from the microwave devices. This indicates the
spectrum crisis.
Cognitive radio (CR) is considered as one of the solution to solve the crowded spectrum in the
2.4 GHz ISM band. CR is a set of transceiver that is able to sense and learn about the environment
it operates thus adapting itself to the desired operation of the user. It was first introduce as an
idea to improve the flexibility of personal services [2]. Moreover, CR is considered as the emerging
technology to improve the spectrum utilization with its ability to be able to use the licensed band by
unlicensed devices through the means of secondary usage [3]. This is achieved through continuously
monitoring the spectrum usage in the process which runs in parallel with the communication link
or use of a single channel for both spectrum sensing and communication [4]. A novel antenna for
CR and its challenges is also presented in [4]. Therefore, the antenna factor is important, such
as using a very wide band antenna for sensing and a narrowband antenna for communication or
using a wideband antenna or a narrowband antenna for both sensing and communication in a single
channel. In this paper, the focus is on the latter approach.
Antenna diversity is a well-known technique to enhance the performance of wireless communication systems. In order to create an antenna diversity system on a wireless device, two or more
antenna elements could be placed in positions [5]. Diversity reception techniques are one of the
best known methods to mitigate and reduce the effects of fading and are used widely in wireless
communication. The method can be applied either at the transmitter or receiver. The principle
behind diversity is the use of more than one independent and hence uncorrelated received signal
which will fade independently of each other. Diversity can be achieved in various ways such as
frequency diversity, time diversity and antenna diversity. Antenna diversity involves the use of
multiple antenna, different radiation pattern, and/or polarizations. There are several forms of
diversity methods such as space, frequency, polarization, and field and pattern diversity.
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In general, the signals from the branches are combined using linear combines such as selection,
equal gain, maximal ratio or switched combining. Some preliminary diversity measurements have
shown that antenna diversity can offer significant improvement for the on body channels. Space
diversity is by far the most popular technique. Space diversity is achieved by using more than
one antenna at the transmitter or receiver side. This technique does not consume extra spectrum
and the basic issue is that of antenna spacing. When two antennas are placed close to each other,
mutual coupling betweens the antennas must be low to prevent the effect of one antenna on the
other. Measurements in the past [6, 7] show that closely spaced dipole antennas (0.05 wavelengths
apart) can still give a low signals correlation, in contrast to previous work on uncoupled dipoles
showing that 0.5 wavelengths spacing is needed. To date, there have been considerable researched
compacted antennas for handheld terminals [8, 9]. Many of these configurations are not suitable
for handheld devices due to space limitation so suitable diversity method should be considered in
designing diversity antenna.
2. ANTENNA DESIGN

This antenna consists of two monopole antennas that orthogonal to each other. The antenna
is designed on FR4 substrate with thickness of 1.6 mm. The specifications of the substrate for
dielectric permittivity, is 4.7 and tangent loss is 0.019. All the simulations are carried out using
CST software. The simulation results will be compared to measurement result for fabrication stage.
The width of the monopole trace is W = 1.5 mm and the length of the monopole L = 23 mm. The
polarization monopole is designed to be operating at 2.4 GHz. The waveguide port feeding technique
is use in the simulation where the dimension of feeding is 2.4 × 16 mm2 in order to match to the
patch for 50 Ω.
3. RESULT

Figures 1 and 2 shows the photograph of the polarization diversity monopole antenna.
The simulated and measured return loss for polarization monopole antenna 1 and antenna 2

Figure 1: Front view of the proposed antenna.

(a)

Figure 2: Back view of the proposed antenna.

(b)

Figure 3: The simulated and measured return loss. (a) Polarization monopole antenna 1, (b) polarization
monopole antenna 2.
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(a)

(b)

(c)

(d)

Figure 4: Measured radiation patterns of the polarization diversity monopole antenna at 2.4 GHz.

are shown in Figs. 3 and 4. Good agreement between the simulated and the measured results has
been achieved. From the figures, the fractional bandwidth for reflection coefficient below −10 dB
is about 17%
Figure 4 demonstrates the measured radiation patterns of the antennas for measurement. Figs. 4(a)
and 4(b) show the radiation patterns of the antenna 1 whilst Figs. 4(c) and 4(d) show the radiation
patterns of the antenna 2. The far-field is measured in range of −90◦ to 90◦ .
4. CONCLUSION

A compact polarization diversity monopole antenna is designed. Two diversity antennas operating
at 2.40 GHz are designed. The return loss is found to be better than −10 dB and the usable
bandwidth is about 17% in measurement. The measured results also show that such antenna
design could be use in a CR system to improve the spectrum utilization. The antenna has good
agreement between the simulated and measured results.
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