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Abstract—This paper presents a novel dielectric resonator antenna
(DRA) for multiband mobile terminal communication applications.
A variation of circular sector dielectric resonator antenna partially
coated with metal on its surface is used as the main radiating element.
The DRA is fed by a monopole slot-coupled 50-{2 microstrip feed
line, which can also provide another radiation mode. By thorough
design, the antenna achieves the desired 470-960 MHz band for DVB-
H/GSM850/900 operation and 1710-1990 MHz band for DCS/PCS
operation. The dimensions of the antenna presented are A\g/17 x A\o/9 X
Ao/35 at 470 MHz with appropriate dielectric permittivity e, = 16.

1. INTRODUCTION

The dielectric resonator (DR) was first used as an efficient radiator in
the early 1980s [1]. Some attractive features were discovered such as
high radiation efficiency, flexible available feeding mechanisms, various
shapes of resonators, lightweight, and a wide range of permittivity
values. Many techniques have been developed for its impedance
bandwidth expansion such as notched DRAs, stacked DRAs, and so
on. The notched DRAs achieved wideband performance by lowering
its @ factor [2]. The bandwidth of stacked DRAs can be increased by
tuning resonant frequencies of the two DR elements [3]. Furthermore,
multi-radiation modes can be utilized to improve bandwidth of the
antenna. In [4], a broadband CPW-fed dielectric resonator antenna
with metal coating, which was also fed as a monopole, is proposed, and
the bandwidth of the antenna was improved by coupling the resonant
modes of the metal-coated DR and the monopole.
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For the terminal applications, planar inverted F antennas (PIFAs),
monopole antennas, loop antennas and their variations are investigated
thoroughly and used widely [5-7]. Besides that, monopole slots were
presented and demonstrated to be competitive candidates for terminal
antennas [8,9], which have more compact forms than traditional
slots due to the quarter wavelength resonant mode excited efficiently.
Recently, the dielectric resonator antennas (DRAs) have been proposed
as a potential choice in mobile terminal communication system [10, 11].
In [12], a DRA is designed for DVB-H and GSM900 applications, which
is shaped and coated metallically on some faces to get wide bandwidth
and relatively low resonant frequency.

In this paper, a multiband dielectric resonator antenna fed by
a monopole slot coupling is proposed. The dimensions of the DRA
are Ao/17 x Xo/9 x Ao/35 at 470 MHz, with dielectric permittivity
g = 16. The monopole slot is firstly introduced to not only excite
the DRA efficiently but also to offer a helpful resonance mode. Then
the dielectric resonator is partially coated with metal plates on its two
side and top surfaces, and a rectangle portion of dielectric material is
removed to fine tune the resonance frequencies. In addition, an air gap
is inserted between the DRA and ground plane to expand the frequency
band.

2. ANTENNA DESIGN

Figure 1 shows the geometry of the proposed DRA fed by a monopole
slot. The main radiating element is a DR element with partial metal

Figure 1. Schematic diagrams of the proposed monopole slot
coupling-fed dielectric resonator antenna (metal coating is marked by
darkblue).
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coating. The DRA is fed through a monopole slot with a microstrip
line located on the back side of the system circuit board. The DR
element consists of a thin quarter cylindrical sector and a cuboid part
which has a rectangle material portion removed. An air gap of height
hq is introduced between the arc-shaped DRA part and ground plane.

The DR material used in the proposed antenna has dielectric
permittivity of e, = 16, and loss tangent of tan § = 1x1073. A 0.8-mm-
thick FR4 (dielectric constant ¢, = 4.4, loss tangent tand = 0.0245)
substrate of size 230 x 130 mm? (which is chosen to fit in a standard
DVB-H handheld receiver) is used as the system circuit board, and
one side of the substrate is the ground plane. The dimensions of the
coupling monopole slot are L x W, and the 50-€2 feeding line has a
length of Ly x W;. The more detailed dimensions are given in Table 1.

Table 1.

di dy dz dw do b a Ly Wy W L dy df hi h Wi L
12 26 6 12 15 37 37 76 095 16 51 6 20 12 18 130 230

3. RESULTS

The antenna is simulated firstly using Ansoft simulation software
High Frequency Structure Simulator (HFSS). To verify the design, a
prototype was fabricated and tested. Figure 2 shows a photograph of
the fabricated antenna. With the restrictions of material at hand, the
prototype is made of three dielectric layers with 6 mm thickness each.
Figure 3 shows the measured and simulated reflection coefficient. It can
be observed that the measured result was mainly in agreement with the
simulated one. For the measured reflection coefficient, the 3 : 1 VSWR
impedance matching bandwidth reaches 537 MHz (468-1005MHz) in
the lower band to cover the operating bands of GSM850/GSM900 and
DVB-H operation. In the upper band, the antenna has a bandwidth of
475 MHz (1570-2045 MHz), and it can cover the DCS/PCS operation
sufficiently. As can be seen from the results, some resonant frequency
shift exists between the measured and simulated results mainly in the
lower band. Besides machining errors, the reason for this deviation is
mainly the introduction of additional air gap between three dielectric
layers during the fabrication, which results in lowering @ value and
increasing the resonance frequency.

The effects of varying parameters are discussed by the simulation
examples to follow. All parameter dimensions except for one are held
constant to the values given in Table 1.
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Figure 3. Measured and simu-
lated reflection coefficient of the
antenna.
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Figure 4. Effects of the metal
coating on the resonant frequency,
with other parameters fixed.
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The comparison of the simulated reflection coefficient between
the DRA with and without metal coating is shown in Figure 4. By
adding the metal coating, some new resonant modes are inspired,
which is due to the variation of the boundary condition of the DR
cavity. With metal coating, a lowering of the resonant frequency is
achieved and the low resonance is enhanced, the low band is broaden
significantly to cover the desired DVB-H/GSM850/900 operation. To
lower the resonant frequency, other approaches can be used, such as
increasing the DRA dimensions, improving the permittivity values of
the DR material, and so on. But adding metal coating may be a
more competitive technique, because it can not only achieve a compact
configuration but also expand the impedance bandwidth. For the
antenna presented, the operation frequency tuning can be achieved
by using metal plates on its side and top surface.

In the antenna design, a part of the dielectric material is removed
between the DR and the ground plane which can be seen as an air-
gap. Figure 5 depicts the effect of varying the height of the air-gap (h1)
on the simulated reflection coefficient of the antenna. It can be seen
that the introduction of air-gap has a significant impact on two lower
resonant modes. As hj increases, the first resonance frequency of the
antenna become a little higher but the reflection coefficient in the whole
low frequency band become better. It is also observed that the height
of the air-gap affects the higher frequency resonance more significantly.
By changing the height of air-gap, appropriate resonances can be
obtained. In order to achieve better desired impedance bandwidth,
including lower and upper bands, the height h; is selected to be 12 mm
in this paper.
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Figure 5. Simulated reflection Figure 6. Simulated reflection
coefficient as a function of the coefficient of the proposed an-
air-gap height hj;, with other tenna with monopole slot and tra-
parameters fixed. ditional slot, respectively.
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The simulated reflection coefficients of the antenna with different
types of slots (same length) are shown in Figure 6. The monopole slot
is different from a traditional slot on its open end, and it can generate
a quarter-wavelength resonant mode. Compared with the traditional
slot, the monopole slot can achieve a lower resonant mode. Using the
monopole slot, a low resonance at about 0.5 GHz is obtained, thus a
good impedance matching (3 : 1 VSWR bandwidths) mainly in the
lower band is achieved to cover DVB-H operation, and it also enhance
the resonant modes in the upper band.

The effect of altering the monopole slot width (W) is illustrated
in Figure 7. It is observed that this parameter contributes to the
whole frequency band. As the width W increases, the performance
of the proposed antenna in the upper band is getting better; on the
contrary, it is getting worse in the lower band. In order to achieve good
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Figure 7. Simulated reflection coefficient as a function of width W of
the monopole slot, with other parameters fixed as in Table 1.
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Figure 8. Simulated radiation patterns at (a) 0.5 GHz, (b) 0.9 GHz,
(c) 1.9GHz.
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impedance matching in both bands, a tradeoff W = 16 mm is chosen.

Figure 8 plots the simulated radiation patterns of the proposed
antenna at 0.5 GHz, 0.9GHz and 1.9 GHz, respectively. It can
be seen that the radiation patterns are nearly omnidirectional at
most frequencies, which is acceptable for terminal communication
applications. Figure 9 shows the measured antenna peak gain from
0.475-2 GHz for the proposed antenna. The measured antenna peak
gain is about 0.9-3.5dBi for the lower band and about 3.5-4.7 dBi for
the upper band. The peak gain is high enough to be used in practical
DVB-H and mobile terminal applications such as netbook or portable
devices.
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Figure 9. Measured antenna peak gain for the proposed antenna.

4. CONCLUSIONS

A multi-band dielectric resonator antenna fed by monopole slot
coupling is proposed. Parametric studies have been shown that by
adjusting the dimensions of the feeding monopole slot, adding an air-
gap, and coating some faces with metal plates, the resonances are
excited at desired frequencies and a wide frequency band is derived
with a compact size. Acceptable radiation characteristics have also
been achieved over all the bands. The simulated and measured results
indicate that the proposed antenna is suited for DVB-H/GSM/DCS/
PCS band applications.
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