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Abstract—A novel twin-diamond-shaped antenna is presented for
wideband circularly polarized (CP) radiation. By introducing a
twin-diamond-shaped patch and a gap-coupled feed structure, a left-
handed circularly polarized (LHCP) antenna in bore-sight direction
is obtained. The gap-coupled feed structure consists of a horizontal
microstrip arm of approximately 0.285)\g at the centre frequency
and two small diamonds, which greatly contributes to wideband
characteristics. The experimental bandwidths of 10-dB return loss
and 3-dB axial ratio (AR) for the antenna prototype are about 20%
and 9.2%, respectively. The measured gain is more than 6.8 dBi over
the entire bandwidth.

1. INTRODUCTION

Radio frequency identification (RFID) systems generally composed of
a reader and a tag which are widely used in a number of industries,
such as purchasing and distribution logistics, parking management
systems, and manufacturing companies [1]. This reader transmits a
carrier signal to a tag and receives a backscattered signal from the tag
by an antenna, and this antenna is an indispensable component in the
process of transmitting and receiving data. Circularly polarized (CP)
antennas have been a hot topic for the applications of RFID readers,
mobile communication and navigational systems [2-5] because they
allow flexible orientation of the transmitter and the receiver.

In generally, conventional CP microstrip patch antenna can be
realized by either using a square patch with truncated sides or
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employing dual-feed network for RFID applications requiring circular
polarizations. In the past few decades, various kinds of feed networks
have been proposed to realize CP antennas. A series feed configuration
with an L-shaped strip for a narrow square-ring slot antenna has
been applied to achieve 3dB AR bandwidth of more than 6% [6],
but the capacitance value between the bent strip and ground is very
critical to obtain a low axial ratio and good impedance matching [7].
Though the CPW-feed can present 3-dB AR bandwidth (68%) and
10-dB return loss bandwidth (107%) [8], its measured bore-sight gain
is only 3.0dBic over the CP bandwidth. A wideband single-fed
circularly polarized patch antenna and a wideband circularly polarized
antenna with suspended candy-like patch were introduced [9, 10], which
obtained a wide impedance and polarization bandwidth but made use
of two or three layers substrates leading to difficulty of fabrication and
adjustment. Besides that, a suspended patch antenna with indented
edge and gap-coupled feed has been presented to realise circular
polarization [11]. A proper feed network has become a major challenge
for wideband CP antennas [12-20].

In this letter, a single-feed CP antenna is proposed for 2.4 GHz
RFID reader applications. Two linked diamond patches with a thick
FR4 substrate is fed by a vertical coaxial probe combined with a
microstrip line and two relatively small diamonds, which result in
excellent circular polarisation behaviour over the entire bandwidth. We
achieve favourable impedance bandwidth by optimising the dimensions
of the microstrip line and the radiating patch using simulation software.
Details of the antenna prototype design and both simulated and
measured results are presented and discussed as follows.

2. ANTENNA DESIGN AND DISCUSSIONS

Figure 1 illustrates the configuration of the proposed single-feed CP
patch antenna. The radiating patch, microstrip line and two small
diamonds are etched on a 0.8 mm-thick FR4 substrate with relative
dielectric permittivity of 4.4 and dielectric loss tangent of 0.02. A
105mm x 105mm aluminium ground is a height of 14.2mm (about
0.114)\o of centre frequency of the operation frequencies) below the
substrate. The air-substrate between the ground and the substrate is
conducive to experimental adjustments and reduces the dielectric loss.
The parameters of two diagonal lines of a radiating patch with two
partially overlapping diamonds are b and b xd. The d is the scale factor
of the long side and the short side of a rhombus. The feed network
involves a probe fed driving patchl, a microstrip line and a driving
patch2. These two driving patches are coupled with the radiating patch
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by a gap and the microstrip line realises 90° phase difference similar
to the function of A/4 microstrip transmission line, which realize good
LHCP characteristics. However, when the driving patch2 is fed by the
probe, the right-handed circularly polarized (RHCP) will be achieved.
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Figure 1. Geometry of the proposed antenna (unit: mm).

Figure 2. Current distribution of proposed antenna.
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The principal parameters including hy, s and g determine
impedance bandwidth and polarization performances. Parameter g
is the inclined width of the gap between the radiating patch and
the driving patch, which not only decides the coupling strength, but
also influences the current distributions on the radiating patch. Time
varying current distributions are generated in Fig. 2 at wt = 0°, 90°,
180°, 270°. The current amplitude at wt = 0° is almost as same as that
at wt = 180°, however, their directions are opposite. It is obvious that
the current flows from the y-axis into the z-axis, generating a LHCP
radiation from the presented antenna. The utilization of the four nylon
bolts connects and fixes the metallic ground and the substrate. A
prototype of the mentioned CP antenna is depicted in Fig. 1, and
the optimized parameters are a = 75mm, b = 38mm, s = 6.8 mm,
w=15mm, [ =35.6mm, g =1.6mm, h; = 14.2mm, d = 1.2.

The proposed antenna has been simulated using the high
frequency structure simulator (HFSS) software. The diagonal line
of overlapping small diamond s, the distance g and the height hy
between the substrate and the ground has an obvious effect on CP
characteristics. Parameter s determines the centre frequency of the
shown antenna and the simulated results are shown in Fig. 3. The
centre frequency of the 10-dB working band will move to higher
frequency and the impedance match will be better by increasing g,
the corresponding reflection coefficients and axial ratios for different g
values are given in Fig. 4 and Fig. 5. However, the centre frequency of
the Si1s will move to lower frequency and the impedance match will
be worse by increasing hy as depicted in Fig. 6. The axial ratios for
different h; values are plotted in Fig. 7. The optimal dimensions will
be s = 6.8mm, ¢ = 1.6 mm, hy = 14.2mm due to the resonance at
2.4 GHz for RFID applications.
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Figure 3. Syis for different s  Figure 4. Syis for different ¢
values (while ¢ = 1.6mm, h; =  values (while s = 6.8mm, h; =
14.2mm). 14.2mm).
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Figure 5. Axial ratios for Figure 6. Siis for different hy
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Figure 7. Axial ratios for different h; values (while s = 6.8 mm,
g = 14.2mm).

3. MEASUREMENT RESULTS

The antenna model has been fabricated and its photographs are
shown in Fig. 8. The antenna was measured in anechoic chamber
using Agilent E8357A vector network analyzer. Fig. 9 compares the
simulated and measured return loss and axial ratio of the designed
antenna. The simulated and measured bandwidths of 10-dB return loss
are around 15% (2.28-2.64 GHz) and 20% (2.15-2.62 GHz), and those
of axial ratio are 7.5% (2.32-2.49 GHz) and 9.2% (2.31-2.53 GHz). The
discrepancies between the measured results and the simulated results
might be attributed to the fact that the response of the antennas is
sensitive to the exact location of the gap-coupled feed, which is subject
to fabrication tolerances in the fabrication process. Positional errors



20 Li et al.

of assembling and soldering may give rise to the differences of the
simulated and the measured curves. The measured and simulated z-z
plane and y-z plane radiation patterns at 2.4 GHz (the frequency of the
least AR in simulation) and 2.47 GHz (the frequency of the least AR in
measurement) are shown in Fig. 10 and Fig. 11. The measured results
show a good agreement with the simulated results which validates the
design strategy practically. The measured maximum gain in bore-sight
direction is 8.0dBi at 2.43 GHz as shown in Fig. 12. Measured bore-
sight gain is more than 6.8 dBi over the 3-dB AR bandwidth.

Figure 8. Photographs of the fabricated antenna.
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Figure 9. Measured and simulated return loss and axial ratio.
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Figure 10. Measured and simulate radiation patterns at 2.4 GHz.
(a) x-z plane; (b) y-z plane.
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Figure 11. Measured and simulate radiation patterns at 2.47 GHz.
(a) x-z plane; (b) y-z plane.
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Figure 12. Simulated and measured gain.
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4. CONCLUSION

A novel LHCP antenna structure with gap-coupled feed has been
investigated in this paper. By a probe feed network containing two
small diamonds and a microstrip line in the horizontal direction,
a 2.4GHz LHCP RFID reader antenna with wideband operation
is acquired. The measured results cover 20% 10-dB impedance
bandwidth ranging from 2.15 GHz to 2.62 GHz and 9.2% 3-dB axial
ratio bandwidth from 2.31 GHz to 2.53 GHz. The broad impedance
bandwidth and good CP radiation characteristic prove it is a proper
candidate for 2.4 GHz reader antenna.
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