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Abstract—A dualband dielectric resonator antenna (DRA) is
designed by splitting a rectilinear dielectric resonator (DR) and
carving notches off the DR. It is observed that notches engraved
at different positions affect different modes. Removal of dielectric
material from where the electric field is strong incurs a significant
increase in resonant frequency. The abrupt change of normal
electric field across the discontinuities reduces the -factor and
increases the impedance bandwidth. Both the TE111 and TE113
modes incur broadside radiation patterns on the
-plane. The
proposed DRA can cover both the worldwide interoperability for
microwave access (WiMAX, 3.4–3.7-GHz) and the wireless local
area network (WLAN, 5.15–5.35-GHz) bands.
Index Terms—Dielectric resonator (DR).

I. INTRODUCTION
IELECTRIC resonators made of low-loss and high-permittivity material have been used to implement antennas
[1]. They have higher radiation efficiency than printed antennas
at higher frequency due to the absence of ohmic loss and surface
wave, in addition to compact size, light weight, and low cost.
Many efforts have been devoted to developing multiband or
wideband dielectric resonator antennas (DRAs) [2]–[15]. For
example, make the feeding aperture radiate like a slot antenna
to incur another band [2]–[4] and induce parasitic effects with
attached metal strips [5]–[7].
In [8], specific higher order modes with the electric field distribution on the top surface of the dielectric resonator (DR) similar to that of the fundamental mode are intentionally excited. In
[9] and [10], higher order modes of truncated conical or tetrahedral DR are excited to obtain wide impedance bandwidth.
DRs of different sizes have been placed vertically to form
a stacked DRA, or at close proximity, to form a multielement
DRA to attain wideband or dualband features [12]–[15].
In this paper, a dualband DR antenna is proposed by splitting a rectilinear DR evenly. The electric field over the gap in
between is significantly enhanced, hence reducing the -factor.
Two notches are also engraved in each piece to tune the resonant frequencies and increase the impedance bandwidth as well.
The effect of the gap and notches on the resonant frequencies
are carefully studied and the resonant bands associated with the
and
modes can be adjusted to cover the worldwide
interoperability for microwave access (WiMAX, 3.4–3.7-GHz)
and the wireless local area network (WLAN, 5.15–5.35-GHz)
bands.
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Fig. 1. Configuration of split DRA. (a) Panoramic view. (b) Top view.
(c) Photograph.

II. ANTENNA CONFIGURATION
Fig. 1 shows the configuration of the DRA, which is composed of two identical rectangular DRs of dimension
,
separated by a gap . Each DR is engraved with two notches
and
at its bottom and side edge, with dimensions
, respectively. The DRs are placed on a ground plane
on an FR4 substrate of thickness and permitof size
tivity 4.4. A microstrip line is used to feed the DRs through an
aperture of size
. The microstrip line is extended over
the aperture by . The offset between the aperture and the DR
is .
The resonant frequency is mainly determined by the DR
dimensions
and permittivity
. The carved notches
change the electric field distribution in the original DRs, hence
the resonant frequencies. Since the gap is perpendicular to the
mode of the otherwise intact DR,
electric field of the
the electric field is enhanced within the gap. Thus, the resonant
frequency of the
mode and the input impedance are
significantly affected. The input impedance can be fine tuned
by adjusting the DR offset , the length of the extended
microstrip line, and the aperture length .
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be approximated as a perfect magnetic conductor (PMC) wall in
a first-order analysis [17], and the modes can be categorized into
transverse electric (TE) and transverse magnetic (TM) modes
[18]. It is shown that the PMC approximation gives more accurate results with the TM modes than with the TE modes [17].
The dielectric waveguide model (DWM) is proposed to render
more accurate prediction, in which the DR is treated as a portion of a dielectric waveguide truncated in the propagation direction [19]–[21]. The PMC approximation is imposed on the
guide surfaces and total reflection is assumed in the propagamodes with
tion direction. By this way, the fields of the
odd can be derived as

Fig. 2. Single block of dielectric resonator.

III. PREDICTION OF RESONANT FREQUENCY SHIFT
and the magnetic field
in a dielectric
The electric field
resonator taking the space satisfy the Maxwell’s equations
(1)
(2)
is the resonant frequency. When the shape of dielecwhere
tric resonator is modified by engraving gap, tunnel, or notch, the
dielectric constant in the space becomes a function of location
and the field distributions and the resonant frequency beand , respectively, satisfying the Maxwell’s equacome
tions as well. Applying the reaction operation between the original field and the perturbed field [16], the resonant frequency of
the modified DR can be expressed as
(3)

(4)
where is an arbitrary constant,
is determined from [22]

, and

(5)
The resonant frequency can thus be calculated as
(6)

where
The field expressions of the
be derived as

which indicates that the resonant frequency is affected by the
reaction between the field distributions of the original and the
modified DR structures. It also implies that the resonant frequency can be more accurately predicted if the perturbed field
can be approximated with reasonable accuracy. For example, if
a small gap is carved off a DR, the electric field normal to the
air-dielectric interface will be significantly enhanced, which can
be observed by simulation.
IV. RECTANGULAR DIELECTRIC RESONATOR WITH
SHAPE MODIFICATIONS
A DR of dimension
on an infinite ground plane can
be viewed as a single block of rectangular dielectric with height
in free space, as shown in Fig. 2. Since the permittivity of DR
is much higher than that of the air, the air-dielectric interface can

modes with even

can

(7)
where is an arbitrary constant,
,
and the resonant frequency can be determined from (5) and (6),
respectively.
Fig. 3 illustrates the electric field distributions of the first three
modes indexed by the third suffix, which indicates the number
component
of variations of the electric field in the DR. The
along the -axis has an odd number of variations for the odd
modes and has an even number of variations for the even modes.
component is antisymmetric with respect to the -axis
The
for the odd modes and is symmetric for the even modes.
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Fig. 3. Electric field distribution of (a) TE
mode of a solid DR.
(c)TE

mode, (b) TE
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Fig. 5. Effect of gap width p on return loss, a = 28 mm, b = 9 mm, d =
10 mm,  = 20; w = 2 mm, L = 10 mm, L = 8 mm, d = 7 mm,
W = L = 70 mm, t = 0.6 mm, w = 1.15 mm. ( —) p = 0 mm. (- - - )
)p = 0.4 mm. (
) p = 0.5 mm.
p = 0.2 mm. (
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TABLE I
COMPARISON OF RESONANT FREQUENCY SHIFT DUE TO GAP WIDTH;
FREQUENCY UNIT: GIGAHERTZ, LENGTH UNIT: MILLIMETER

Fig. 4. (a) DRs on a ground plane with gap in between. (b) Panoramic view of
the equivalent problem.

A. Field Enhancement by a Gap
Fig. 4(a) shows two rectangular DRs placed on a ground
plane, separated by a gap at
. At
component
and
modes reaches the maximum while
of the
mode vanishes. The gap is much smaller
that of the
than and the resonant modes associated with the single DR
formed by filling the gap between the aforementioned two DRs
are excited. The air-dielectric interface of the gap is normal to
, hence the
component is significantly enhanced to satisfy
.
the continuity condition on
Fig. 5 shows the effect of gap width on the return loss.
mode
It is observed that the resonant frequency of the
and
increases significantly, while those of the
modes are slightly affected. Note that the band associated with
the
mode merges with that of the
mode.
By image theory, the structure in Fig. 4(a) is equivalent to
that in Fig. 4(b) if the ground plane is of infinite extent. The two
DRs with a separating gap can be regarded as an inhomogeneous
. The gap width is assumed much
DR with permittivity
smaller than , hence the field distribution inside the single inhomogeneous DR is almost the same as that without the gap,
inside the gap is enhanced to
except the normal electric field
satisfy the air-dielectric continuity condition. Thus, the fields of

the
as

and

modes in the air gap can be approximated

(8)
component is enhanced by a factor
. For
Note that the
mode,
approaches
as the gap width is very
the
mode, it is observed that the
component
small. For the
of about 2 to 3.
is only slightly enhanced, incurring a small
Hence, the resonant frequency of the
mode is slightly
modes in the air
increased. In contrast, the fields of the
gap are approximately

(9)
and
, respecSubstituting (4) and (8) with
and
tively, into (3), the resonant frequencies of the
modes can be estimated. Substituting (7) and (9) with
into (3), the resonant frequency of the
mode can be estimated. The theoretical prediction and simulated results are summarized in Table I. The resonant frequency of the DR is also affected by the feeding position, resulting in a deviation between
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Fig. 6. (a) DR on ground plane with tunnel engraved at its bottom. (b) Equivalent problem of DR in free space with a tunnel.

simulation and prediction. Note that the increments of resonant
frequency listed in the parentheses match reasonably well.
The radiation patterns can be determined from the tangential
electric fields on the DR surfaces. Since the electric field distrimode
has opposite direcbution of the
tions on different portions of the DR top surface, a null in the
pattern occurs in the -direction. The resonant frequencies of the
and
modes move closer as is increased and the
0.5 mm. However, due to the differtwo bands are merged at
ence of radiation pattern, it is preferred to separate the band assomode from that with the
mode.
ciated with the

Fig. 7. Effect of s on return loss, a = 28 mm, b = 9 mm, d = 10 mm, p =
0 mm, d = 4 mm,  = 20; w = 2 mm, L = 10 mm, L = 8 mm, d =
7 mm, W = L = 70 mm, t = 0.6 mm, w = 1.15 mm. ( —) s = 0.5 mm.
) s = 1.5 mm. (
) s = 2 mm.
(- - - ) s = 1 mm. (
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020

TABLE II
COMPARISON OF RESONANT FREQUENCY SHIFT DUE TO TUNNEL WIDTH;
LENGTH UNIT: MILLIMETER, FREQUENCY UNIT: GIGAHERTZ

B. Effect of an Air Tunnel
Based on (3), the resonant frequency of the
mode can
mode if an air tunnel
be shifted away from that of the
is engraved at where the electric field of the
mode is
mode is negligible. As shown
strong while that of the
in Fig. 6(a), an air tunnel is engraved at the center bottom of the
. The effect of the tunnel
DR with the dimensions of
half-width is shown in Fig. 7. The resonant frequency of the
mode is increased as and
increase, while those of
and
modes are almost unaffected since their
the
electric field at the tunnel is weak.
Fig. 6(b) shows an equivalent problem in free space by doubling the heights of the DR and the tunnel using the image
and the
theory. Since the electric field of the
modes rotates about the -axis, the field is tangential to the
air-dielectric interface of the tunnel. Hence, it is reasonable to
and
.
assume that
mode, the tunnel is located at where the
As for the
component is enelectric field reaches the maximum. The
hanced in the tunnel and can be approximated as

(10)
By observing the simulated field distributions and fitting the
data, we record
and
at
0.5 mm,
and
at
4 mm. Substituting (7) and

(10) with
into (3), the resonant frequency shift of
mode is predicted. The simulated and predicted rethe
sults are summarized in Table II. The tunnel has stronger effect
mode than that of the
on the resonant frequency of the
and
modes. Hence, the effect of tunnel height of
0.5 mm and
4 mm, respectively, is investigated and
is strongly enhanced
listed in Table II. It is observed that the
of
by fold as the tunnel is thin. The resonant frequency
the
mode is 3.646 GHz. The increments of resonant frequency listed in the parentheses match reasonably well.
C. Modification by Engraving Notches
component of the
, and
Since the
modes reaches maximum at
, their resonant frequencies should be affected by notches near
. Fig. 8(a)
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Fig. 8. (a) Grounded dielectric resonator with two notches on its edges.
(b) Panoramic view of an isolated DR with one notch.

Fig. 10. Return loss, a = 28 mm, b = 9 mm, d = 10 mm, p = 1 mm, d =
4 mm, s = 2 mm, d = 4 mm, s = 2 mm,  = 20; h = 4 mm, w =
2 mm, L = 10 mm, L = 2.5 mm, d = 4 mm, W = L = 70 mm, t =
0.6 mm, w = 1.15 mm. ( —) Measurement. (- - - ) Simulation.

Fig. 9. Effect of s on return loss, a = 28 mm, b = 9 mm, d = 10 mm,
 = 20; w = 2 mm, L = 10 mm, L = 8 mm, d = 7 mm, W = L =
70 mm, t = 0.6 mm, w = 1.15 mm. ( —) s = 0.5 mm. (- - - ) s = 1 mm.
) s = 1.5 mm. (
) s = 2 mm.
(
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020

TABLE III
COMPARISON OF RESONANT FREQUENCY SHIFT DUE TO NOTCH DEPTH
m = 1:5; LENGTH UNIT: MILLIMETER, FREQUENCY UNIT: GIGAHERTZ

Fig. 11. Electric field distribution at (a) 3.45 and (b) 5.26 GHz.

than the
component. The
component normal to the air-dielectric interface of the notch is enhanced to satisfy the continuity condition and can be approximated as
shows a grounded DRA with two notches engraved around
its edge. The notches will distort the electric field distribution
and the -factor of the DR will decrease, incurring a wider
impedance bandwidth. Fig. 9 shows that the resonant frequencies
of the three modes are increased by increasing the notch depth .
By image theory, the grounded DR with two notches is equivalent to an isolated DR with four notches on its edges. First, conengraved off a DR
sider only one notch of dimensions
in free space, as shown in Fig. 8(b). The electric field within the
and
components
notch is more complicated since both
component is stronger
exist. The simulation show that the

for

and

for

modes

modes

(11)
(12)

4 mm,
is about 1.5. Substituting (4) and (11) into
With
(3), the resonant frequencies of the DR with notches are obtained. The predicted and the simulated results are summarized
mode is less accurate,
in Table III. The prediction for the
but the increasing trend is consistent.
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Fig. 12. Radiation patterns at f = 3.45 GHz: (a) xy -plane and (b) xz -plane.
) Simulated E . (
)
( —) Measured E . (- - - ) Measured E (
Simulated E , the gain at  = 90 and  = 0 is 5.6 dBi, 10-dB per division
on radials; all parameters are the same as in Fig. 10.

Fig. 13. Radiation patterns at f = 3.6 GHz: (a) xy -plane and (b) xz -plane.
) Simulated E . (
)
( —) Measured E . (- - - ) Measured E . (
Simulated E , the gain at  = 90 and  = 0 is 3 dBi, 10-dB per division on
radials; all parameters are the same as in Fig. 10.

V. DESIGN WITH COMBINATION

the offset , the extended length of microstrip line
, and
the length of the aperture , the DR can be matched to 50
microstrip line feed, with the resonant frequencies slightly affected by the feeding structure. Fig. 10 shows the measured and
simulated return loss. There are three bands over 3.375–3.93
GHz (15%), 4.6–4.79 GHz (4%), and 5.08–5.415 GHz (6%),
, and
modes, respecassociated with the
tively. The first band covers the WiMax (3.4–3.7 GHz) and the
third band covers the WLAN (5.15–5.35 GHz).
Fig. 11 shows the electric field distributions over the first and
the third bands, respectively. The third resonant band around

00

020

The design begins with a rectangular DR of dimension 10 mm
9 mm 29 mm,
7 mm,
8 mm,
2 mm, and
10 mm. The resonant frequencies of the
,
modes are 2.92, 3.58, and 4.62 GHz, respectively. In
and
and
order to tune the resonant frequencies of the
modes to cover the WiMax (3.4–3.7-GHz) and the WLAN
(5.15–5.35-GHz) bands, the DR is modified to the shape as
1 mm,
4 mm, and
shown in Fig. 1(a), with
2 mm. The resonant frequencies of the three modes
are shifted to 3.58, 4.3, and 5 GHz, respectively. By adjusting

00

020
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component is stronger than the
On the -plane, the
component by 10 dB over
and the maximum
3.45 GHz and 6 dBi at
3.6 GHz. The
gain is 6.5 dBi at
front-to-back ratio is about 10 dB.
Fig. 14 shows the measured and simulated radiation patterns
5.265 GHz. On the
-plane, the
component is
at
component by about 10 dB over
stronger than the
, and the front-to-back ratio is about 12 dB. The an3.45 and
tenna gain is 7.22 dBi, which is higher than that at
pattern on the -plane is
3.6 GHz because the beam of the
. The gain at the beam
narrower and is slightly tilted to
direction is 8.4 dBi.
and
modes.
The efficiency is about 94% for the
The insertion loss of the feeding microstrip is about 0.5 dB due
to the substrate loss. For WiMax or WLAN applications, this
DRA can be mounted on a vertical wall with the -axis pointing
to zenith, providing a broadside, vertically polarized radiation
pattern in front of the wall ( -direction).
VI. CONCLUSION
A dualband DRA is proposed, which is composed of two
notched DRs separated by a narrow air gap. The effects of
gap and notches on the resonant frequency shift are carefully
studied. Two bands are attained in 3.375–3.93 GHz (15%)
pattern on the
and 5.08–5.415 GHz (6%) with broadside
-plane; the third band in 4.6–4.79 GHz (4%) is not practical.
The proposed DRA can be used in the WiMAX (3.4–3.7 GHz)
and WLAN (5.15–5.35 GHz) bands.
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