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Abstract A new design of circular polarized elliptical
dielectric resonator antenna (DRA) with single feed for
handheld radio frequency identification (RFID) reader is
presented. The elliptical dielectric resonator antenna
with an aspect ratio of 1.5 is used. This design has
achieved 66.7 MHz impedance bandwidth (for S11 <-10
dB) by using material with dielectric constant material
(er = 12) in conjunction with coaxial probe feed in free
space. The DRA models are simulated using two
different numerical techniques, the finite element
method and the finite integral technique. The numerical
results of the two different computational methods
approache are investigated and compared. The results
are in good agreement within the desired frequency
band, 5.65 GHz - 5.95 GHz. A model for a handheld
RFID reader device including the elliptical DRA in the
presence of human hand models is, also, investigated.
The return loss is <10 dB over the frequency range of
5.49- 6.967 GHz resulting in frequency bandwidth of
147 GHz. A high front to back ratio and gain of
5.726dBi are obtained.
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1. Introduction

In recent years, radio frequency identification (RFID) has
attracted a lot of attention and experienced strong growth
in industrial applications [1-3]. A typical radio frequency
identification system is made up of three components: an
electronic data carrying device called RFID tag is
combined with an antenna. The tag is usually an IC
microchip which contains the items to be identified, a
reader that communicates with the tag antenna by means
of electromagnetic waves, and a host data processing
system embodies the information of the identified item
and communicates with other remote data processing
systems. The RFID system covers frequency bands of
low-band range 100-500 kHz, high frequency 13.56MHz
and microwave band range 860-960 MHz, 2.45 GHz and
5.8 GHz. Examples include production, logistics, supply
chain management, and asset tracking. Although RFID is
often referred to as the next-generation barcode, one of
the issues that troubles end-users is that RFID tags
usually cannot be read with 100% accuracy in the real
world due to factors such as limitations in the read range,
tag orientation, or interference from water, metal, or other
tags. A RFID reader is a radio transceiver: a transmitter
and receiver that work together to communicate with the
tag. The reader antenna must have high gain and
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directivity. A circularly polarized RFID reader antenna is
generally required for various environments where
omnidirectional tag reading is desired. To maximize tag
read range, high gain antennas are typically used. Every
additional 3 dB of reader antenna gain increase the tag
range approximately by 40%. While antennas for fixed
reader installations can be relatively large, antennas for
handheld RFID
ergonomically appealing. Making a compact high gain
circularly polarized antenna is a challenging task. Most
handheld readers use linearly polarized antennas or
patch antennas for circular polarization [4-7]. The
drawback of the patch antennas is narrow bandwidth.
(DRAs) have been
developed for use in the microwave and millimeter
frequency bands due to their attractive radiation
characteristics. They offer several potential advantages
such as small size, light weight, high radiation efficiency,
wide bandwidth, low loss, and no excitation of surface
waves. Usually DRAs are made of high dielectric constant
materials with very low loss tangent. The low conduction
loss makes high frequency
applications [8-11]. Different shapes of DRAs such as
cylindrical,  hemispherical, elliptical, =~ pyramidal,
rectangular, and triangular have been presented in the

readers must be compact and

Dielectric resonator antennas

them attractive for

literature.

In this paper, a circularly polarized (CP) low-profile
elliptical dielectric resonator antenna excited by a single
probe [12, 13] for a handheld RFID reader is investigated.
A dielectric material with er=12 is used as the main part
of the antenna radiator. For excitation, a coaxial probe is
used and placed off center of the antenna radiator. The
DRA models are simulated using two different
electromagnetic computational methods, the finite
element method (FEM) [14, 15] and the finite integration
technique (FIT) [16, 17]. A model for handheld reader
device including the DRA antenna and the presence of
the human hand model is presented. The DRA antenna
radiation characteristics are calculated using FEM and
compared with that calculated by FIT.

2. Numerical Results

Using the parametric study stated in [13], a circularly
polarized elliptical DRA (EDRA) with a single probe feed
is designed at 58 GHz for portable RFID reader
application. The antenna geometry is shown in Fig. 1. The
radiating element has major axis radius ‘a’ of 5.6 mm, and
minor axis radius ‘b’ of 8.4 mm, the aspect ratio (a/b=1.5),
and the height ‘Ha” is 5.6 mm. The EDRA is mounted on
square ground plane with edge length ‘L’ of 60 mm. A
coaxial probe with radius 0.25 mm and height ‘h¢ of 4.8
mm is used to excite the DRA. The probe is located off-
center at (Wx, Wy) of (3.2 mm, 3.2 mm). The computed
frequency response of the return loss, Si1, and the input
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impedance are shown in Fig. 2 and Fig. 3. The results are
calculated using FEM and compared with FIT and good
agreement is obtained in the entire frequency band. The
antenna has good impedance matching bandwidth
extended from 5.64 GHz to 6.32 GHz for Si11 <-10 dB. The
EDRA antenna exhibits good impedance matching with
50 ohm coaxial cable.

Figure 4 presents the simulated far-field radiation
patterns of both co-polarization and cross-polarization for
the designed antenna at resonant frequency 5.8 GHz. The
presence of the perfectly conducting ground plane results
in high front to back ratio of 26.5 dB in both the x-z and y-
z planes, also, the co-polar to cross-polar ratio is 17 dB at
the resonance frequency. The frequency response of the
axial ratio and gain are illustrated in Fig. 5a and Fig. 5b
respectively. It is clearly seen that the LHCP bandwidth,
determined from 3 dB axial ratio, is 2.7% (160 MHz) with
respect to the centre frequency 5.8 GHz. The antenna gain
ranges from 2.96 dB at 4 GHz to 4.95 dB at 7 GHz, and
6.51 dB over the whole RFID band from 5.65 to 5.95 GHz.

Ground plane

b=5.6 mm, a/b=1.5

a. 3-D view of the antenna

Reader device

b. 2-D view of the radiating element

Figure 1. The CP- EDRA Antenna structure in free space
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Figure 2. The return loss of the CP-EDRA over finite size ground
plane in free space.
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Figure 3. The input impedance of the CP-EDRA over finite size
ground plane in free space.

x-y plane
Figure 4. The circular polarization radiation patterns of the
CP-EDRA in free space.
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Figure 5. The axial ratio and the antenna gain of the CP-EDRA in
free space.

A proposed model for handheld reader device and
human hand with an EDRA the antenna placed on the
reader device is shown in Fig. 6. The hand held reader
device is dielectric plastic material of ep =2.8 and tan
op=0.001 S/m (at 900MHz). The detailed dimensions are
presented in Table 1. The presented model is designed to
obtain main beam in the z-axis direction. The handheld
reader and human hand model are arranged in order to
reduce the electromagnetic radiation towards the human
operator, also reducing the effect of the reader device and
human operator on the radiation characteristics of the
antenna. Figure 7 shows the simulated return loss of the
EDRA mounted on the reader device in the presence of a
human hand model. The antenna input impedance versus
frequency is presented on Fig. 8. Good impedance
matching is obtained. The impedance matching
bandwidth range for return loss less than -10 dB is 5.49-
6.967 GHz (25.36%) resulting in frequency bandwidth of
1.47 GHz.
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Figure 6. The detailed dimensions of the DRA antenna in the
presence of handheld reader device and human hand model.

Wi 8 cm L4 2.4 cm
H: 3 cm Wa 1.5 cm
W2 8 cm R 0.9 cm
H- 2 cm An 10 cm
LD 15 cm Bu 4.5 cm
t1 0.2cm Lu 7 cm
Lc 7.8 cm W 6 cm
ep 2.8 (900MHz) R> 0.6 cm
tan Ou 0.001 S/m (900MHz) Rs 0.5 cm
d 2 cm R4 0.4 cm
tan oo | 0.01 S/m (900MH) Lm 2 cm
en 20 (900MHz) Lr 2.5 cm
Ws 2.4 cm Les 1.5cm
t2 0.3 cm (O 90°
Hs 5cm (O] 300

Table 1. The dimensions of handheld reader device and human
hand model.

Figure 9 shows the far-field radiation patterns of both co-
polarized and cross-polarized field components for the
designed antenna at resonant frequency 5.8 GHz. Due to

25 Int. j. radio freq. identify. wirel. sens. netw., 2011, Vol. 1, No. 1, 22-27

the presence of the EDRA mounted on perfect conducting
ground plane, the field in the back direction is reduced
(high front to back ratio). Thus the presence of the reader
device and human hand model will have nearly little
effect on the radiation characteristics of the EDRA. Thus
with this reader and antenna arrangement, the size and
other simulated layered human hand model parameters
will has no effect on the antenna performance. Figure 10a
exhibits the simulated AR in the direction of the main
beam versus frequency. The 3-dB AR bandwidth of
5.716- 5.903 MHz or 3.23% (187 MHz) relative to the
resonance frequency is obtained. The simulated boresight
gain is illustrated in Fig. 10b. The antenna exhibits peak
gain of 5.726 dB at 5.8 GHz which is not much reduced
compared with that of the antenna in free space. The
slight reduction in gain is due to, the antenna mounting
on the reader device which act as a superstrate layer on
the EDRA antenna, thus the total effective relative
dielectric constant is changed.

s,,(dB)

4 5 6 7
Frequency (GHz)
Figure 7. The return loss of the DRA in the presence of handheld
reader device and human hand model.
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Figure 8. The input impedance of the DRA in the presence of
handheld reader device and human hand model.
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x-y plane

Figure 9. The circular polarization radiation pattern of the DRA
antenna in the presence of handheld reader device and human
hand model.
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Figure 10. The axial ratio and the antenna gain of the DRA in the
presence of handheld reader device and human hand model.
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3. Conclusion

In this paper, an elliptical dielectric resonator antenna fed by
single feed with rectangular ground is proposed for radio
frequency identification (RFID) reader operating at center
frequency of 5.8 GHz. The antenna is modeled and
simulated using the FEM and compared with the FIT results
in free space and good agreement is obtained. The antenna
impedance bandwidth is 66.7 MHz with high front to back
ratio. The circular polarization band width (AR<3 dB) is 160
MHz with peak gain of 6.51 dB. The effects of the presence of
portable reader device and human hand on the radiation
characteristics of the antenna are investigated. The results
show that the proposed position of the reader device and the
human hand model didn’t affects the performance of the
antenna. A broader impedance bandwidth of 1.47 GHz is
obtained. A high forward radiation gain and a strong
suppression of backward radiation are obtained.
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