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Wideband Dielectric Resonator Antenna
With a Tunnel
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Abstract—A wideband rectangular dielectric resonator (DR)
with a horizontal tunnel is proposed. The bandwidth of the��

���

mode is increased by using the tunnel to reduce the -factor of the
DR. As the tunnel height is increased, the electric field distribution
of the ��

���
mode is significantly modified such that its electric

field distribution near the top surface of DR is similar to that
of the ��

���
mode, rendering a broadside radiation pattern.

The band of the modified ��
���

mode is merged with that of the
��

���
mode to achieve a wide bandwidth of 20% (4.76–5.86 GHz)

with broadside radiation pattern of vertical polarization on the
-plane. The proposed DR antenna can be used in WLAN

802.11a applications.

Index Terms—Dielectric resonator (DR), resonant mode.

I. INTRODUCTION

D UE TO negligible ohmic loss, dielectric resonators can
be used to design high-efficiency antennas, and many ef-

forts have been devoted to increase their bandwidth. Broadband
characteristics of a dielectric resonator (DR) can be achieved by
stacking several cylindrical, circular, triangular, or elliptic DRs
of different sizes to merge their resonant bands [1]–[4]. Struc-
tural discontinuities in DRs tend to reduce their factor. For
example, a circular or an elliptical DR with a cylindrical hole
filled with low-permittivity material renders a wide bandwidth
[5]. Inserting an air gap between the ground plane and the DR is
equivalent to creating discontinuities within the DR, hence can
increase its impedance bandwidth [6], [7].

By increasing the ratio of inner to outer radii of dielectric ring
resonators, the stored energy can be dissipated at a higher rate,
thus reducing the factor [8]. In [9], a rectangular DR with a
notch carved at bottom is proposed. This DR and its image with
respect to the ground plane form a rectangular dielectric ring,
achieving a wider impedance bandwidth than its intact counter-
part.

The radiation pattern of a DR is determined by the electric
field distribution on the DR surface. Hence, dual-band and wide-
band characteristics can be attained by exciting proper modes
with similar electric field distributions on the DR surface [10].

In this work, a horizontal tunnel is drilled off a rectangular DR
to reduce its factor and hence increase its impedance band-
width. Increasing the tunnel height will significantly modify the
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Fig. 1. Configuration of DR with a horizontal tunnel: (a) panoramic view,
(b) layout of feeding structure, and (c) side view.

electric field distribution of the mode on the top surface
of the DR, rendering a broadside radiation pattern similar to that
of the mode. By adjusting the dimensions of the tunnel,
the bands of the mode and the modified mode can
be merged to form a wider band.

II. RESONANT MODES

Fig. 1 shows the configuration of the proposed DR with a
tunnel, the latter is used to modify the electric field distribution
and reduce the factor of DR. The tunnel has dimensions of

, and is offset from the ground plane by . The effect of
tunnel on the resonant frequency will be analyzed first. Consider
an intact DR of dimensions , placed on a ground plane.
The field distribution of the mode inside the intact DR
can be expressed as

(1)
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where is an arbitrary constant, , and
is obtained by solving [11]

(2)

The resonant frequency can then be determined as

(3)

The field distribution of the mode inside an intact DR
can be expressed as

(4)

where is an arbitrary constant,
and the resonant frequency can be determined from (2) and (3),
respectively.

If a narrow tunnel is drilled off the intact DR, the original
space occupied by the latter remains the same except the permit-
tivity distribution becomes space dependent as . The field
distribution of the mode inside the tunnel can be approx-
imated as

(5)

where is a magnifying factor. Similarly, the field distribution
of the mode inside the tunnel can be approximated as

(6)

where is another magnifying factor. The magnifying factors
and are determined by observing the electric field dis-

tributions simulated with HFSS.

TABLE I
EFFECT OF TUNNEL HEIGHT � ON RESONANT FREQUENCY � (GHZ)

Let and be the field distributions of the
mode without and with the tunnel, respectively, and be
the resonant frequencies of the mode without and with
the tunnel, respectively. The resonant frequency of the DR with
tunnel can be approximated as

(7)

with

where is the space occupied by the intact DR with surface .
Substituting (5) and (6) into (7), the shift in resonant frequencies
can be estimated.

Table I summarizes the effect of tunnel height on the shift
of resonant frequencies by using HFSS simulation and analysis,
respectively. The resonant frequencies of both the and

modes increase as the tunnel height increases. The shift
of resonant frequencies by both approaches matches well as the
tunnel is thin.

As the tunnel becomes thicker, the electric field in the tunnel
can no longer be approximated as the original electric field mag-
nified by a factor, as in (5) and (6). Equations (1) and (4) also
become inaccurate in describing the field in the DR. The HFSS
is then used to determine the tunnel effect when the tunnel be-
comes thick.

Fig. 2 shows the effect of tunnel height on the resonant
frequencies of and modes. When the tunnel is
thin, the electric field distribution of the mode is roughly
parallel to the tunnel width as shown in Fig. 3(a), while the

component of the mode is significantly enhanced in
the tunnel as shown in Fig. 3(b). The resonant frequencies of

and modes increase as is increased, so does
the impedance bandwidth. As the tunnel height is further in-
creased to greater than 1 mm, the electric field distribution of
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Fig. 2. Effect of tunnel height � on resonant frequencies of the �� and
�� modes, � � �� mm, � � � mm, � � � mm, � � �� mm, � � ���

mm, � � �	� � � � mm, � � � mm, 	 � �� mm, 	 � 
 mm,

 � 	 � �	 mm, � � 	�� mm, - - - : � � 	�� mm, -�- : � � 	�� mm,
-�- : � � � mm, -�- : � � � mm,—: � � ��� mm.

Fig. 3. Electric field distribution of (a) �� mode, (b) �� mode with
thin tunnel, and (c) �� mode with thick tunnel.

the mode is significantly modified, with its compo-
nent on the top surface of the DR similar to that of the
mode, as shown in Fig. 3(c). Hence, this mode will provide sim-
ilar broadside radiation pattern on the -plane. Note that the
bands of the mode and the modified mode merge
at mm.

Note that when the tunnel is thin ( mm), the mag-
nifying factors and are very close to . As the tunnel
becomes thicker, and begin to deviate from , and the
simulated electric field distributions are used to estimate the
magnifying factors. When the tunnel height is greater than
1 mm, the field distribution becomes complicated that even the
functional forms in (5) and (6) become inaccurate.

The mode has a strong component near the top sur-
face of DR, while the mode has a strong component
near the ground. Hence, changing the tunnel position will ad-
just the characteristics of both and modes. Fig. 4
shows the effect of tunnel offset on the resonant frequencies
with mm. As increases, the resonant frequency of

mode is increased, while that of the modified
mode is decreased. The bands of the and the modified

modes merge to form a wide bandwidth at mm.

Fig. 4. Effect of tunnel offset � on resonant frequencies of the �� and
�� modes, � � �� mm, � � � mm, � � � mm, � � �� mm, � � �

mm, � � �	�� � � mm, � � � mm, 	 � �� mm, 	 � 
 mm,

 � 	 � �	 mm, � � 	�� mm, - - - : � � ��� mm, -�- : � � � mm, -�-
: � � ��� mm, - - - : � � � mm.

Fig. 5. Return loss of DR with tunnel,–: measurement, - - -: simulation, � �

���� mm, � � ���� mm, � � ��� mm, � � ���mm, � � �� mm, � � ���

mm, � � ���� � � mm, � � ��� mm, 	 � �� mm, 	 � 
 mm,

 � 	 � �	 mm, � � 	�� mm.

III. RESULTS AND DISCUSSIONS

As shown in Fig. 1, the DR antenna is fed by a microstrip line
through an aperture of size on the ground plane of size

, the offset between the DR and the aperture is . The
microstrip line is extended over the aperture by , fabricated
on an FR4 substrate with and of thickness .

With proper tunnel dimensions, the bands of the and
the modified modes merge. By tuning the DR position

, the length of aperture , and the length of microstrip
extension , the input impedance can be better matched.
Fig. 5 shows the measured and simulated return loss, their band
edges match reasonably well. The 10-dB impedance bandwidth
is 20% (4.76–5.86 GHz), well covers the WLAN 802.11a band
(5.15–5.85 GHz). The minima of the return loss are contributed
by the and the modified modes, respectively.
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Fig. 6. Radiation pattern at 4.98 GH, (a) ��-plane, (b) ��-plane, - - -: mea-
sured � � - - -: measured � , -�-: simulated � , -�-: simulated � , 10-dB per
division on radials, all parameters are the same as in Fig. 5.

Figs. 6 and 7 show the radiation patterns on - and -planes
at 4.98 GHz and 5.725 GHz, respectively. At GHz, the
half-power beamwidth (HPBW) of pattern on the -plane
is about 90 , and the pattern is 14
dB lower than the pattern over the beamwidth. The gain is
about 5.6 dBi at , and the front-to-back ratio is about
20 dB. At GHz, the HPBW of pattern on the

-plane is about 71 , and the pattern
is 25 dB below the pattern over the beamwidth. The gain is
3.5 dBi at , which is lower than that at GHz
because the beam of the pattern on the -plane is tilted to

, at which the gain is 7.2 dBi. The front-to-back ratio
is about 10 dB. For WLAN applications, for example, this DR
antenna can be mounted on the wall with the -axis pointing
to ceiling, providing a broadside radiation pattern with vertical
polarization on the -plane in front of the wall.

IV. CONCLUSION

A wideband DR with a tunnel is proposed, which has a 20%
impedance bandwidth (4.76–5.86 GHz), wide enough to cover
the WLAN 802.11a band. It is achieved by merging the bands
of and modified modes. The electric field dis-
tribution of the mode is significantly modified by the
tunnel. A broadside radiation pattern of vertical polarization on
the -plane is achieved over the bandwidth.

Fig. 7. Radiation pattern at 5.725 GH, (a) ��-plane, (b) ��- plane,—: mea-
sured � � - - -: measured � , -�-: simulated � , -�-: simulated � , 10-dB per
division on radials, all parameters are the same as in Fig. 5.
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