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Abstract – A wideband omnidirectional cup dielectric
resonator antenna (CDRA) is designed by utilizing three
modes (DR TM01δ , coil, and monopole modes) for the
first time. It deploys the modified coil feeding struc-
ture comprising four coil segments and two close-by
probes. The four coil segments provide an equivalent
magnetic-current loop and the two probes act as an elec-
tric monopole. Thus, the modified feeding structure can
excite the DR TM01δ mode and two neighbor reso-
nances extending the operating bandwidth. All of these
modes have omnidirectional characteristics. To verify the
idea, a CDRA is designed, fabricated, and measured.
The CDRA is 0.61λ0 × 0.32λ0 (where λ0 is the free-
space wavelength at the center frequency) with a band-
width of 67.7% (3.28-6.64 GHz). The antenna has stable
omnidirectional radiation patterns, high radiation effi-
ciencies, and a low cross-polarized level within the oper-
ating bandwidth.

Index Terms – Dielectric resonator antenna (DRA),
omnidirectional, wideband.

I. INTRODUCTION
Dielectric resonator antennas (DRAs) have attracted

tremendous attention for their compact sizes, various
radiation patterns, bandwidths, and high efficiencies.
Omnidirectional DRAs can be used for various wireless

communications because of their broad coverage [1–4].
However, designing a wideband and compact DRA with
a stable omnidirectional pattern is nontrivial.

Many omnidirectional antennas exist in the liter-
ature [1–30]. There are various traditional methods to
realize omnidirectional antenna, such as a wire in free
space [5], exciting the circular patch antenna’s higher-
order modes [5], and loading the circular patch antenna
with an annular ring [6–8]. Antennas, with four bent
dipoles [9], based on substrate integrated waveguides
(SIWs) [10], and with surface wave [11], all had omni-
directional radiation patterns. However, the antennas’
bandwidths are usually narrow (less than 10%). Exciting
multiple modes can broaden antennas’ bandwidths [12,
13]. An electrically small and omnidirectional antenna
with a bandwidth of 32% was presented [12]. Antenna
arrays are usually used to extend bandwidth [14]. A cir-
cular dual-band monopole antenna array was designed in
[14]. Omnidirectional DRAs have been designed in dif-
ferent shapes, including rectangles [15, 16], hemispheres
[17], and cylinders [18–26]. A three-dimensional (3-D)
printed omnidirectional multi-ring DRA was excited in
three DR modes (TM01δ , TM02δ , and TM03δ modes)
with a bandwidth of 60.2% [24]. Combining a monopole
antenna and a DRA is an effective way to realize
an omnidirectional wideband antenna [27–30] at the
expense of raising the profile. A hybrid antenna could
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offer an impedance bandwidth of up to 138% [30]. Most
existing works try to extend the bandwidth at the cost of
increasing the antenna’s dimensions [24] or sacrificing
the stability of the radiation pattern [13, 30].

A coil feeding structure was first used in [19] to real-
ize an omnidirectional cup dielectric resonator antenna
(CDRA) with a 29.5% bandwidth. By improving the
structure and the coil feeding mode, three modes are
excited and the bandwidth reaches 67.7% with a stable
omnidirectional pattern.

The modified coil feeding structure, with two ends
excited equally and in phase, comprises four coil seg-
ments and two probes. The four coil segments have an
equivalent magnetic-current loop and two probes act as
a single monopole. Optimizing the coil and dielectric
resonator (DR) parameters, the coil excites the TM01δ

mode of the CDRA and two omnidirectional modes (coil
and monopole modes) at neighbor frequencies simul-
taneously. Thus, a wideband omnidirectional CDRA is
achieved. Then, a prototype is fabricated and measured
to demonstrate the scheme. The measured and simu-
lated results are in reasonable agreement. The size of the
CDRA is 0.61 λ0 × 0.32 λ0 (λ0 is the free-space wave-
length at the center frequency). The CDRA’s bandwidth
is 67.7% from 3.28 GHz to 6.64 GHz. Within the operat-
ing band, the CDRA has high radiation efficiencies, sta-
ble radiation patterns, and low cross polarizations. As
listed in Table 1, the proposed antenna has a broader
bandwidth and a smaller size.

Table 1: Comparison between proposed omnidirectional
CDRA and relevant works first
Ref. Antenna

Types
Dimensions
(Diameter
× Height)

Band-
width

Omnidirectional
Pattern

[19] DRA 0.25λ0 ×
0.23λ0

29% Stable

[24] Multi-ring
DRA

1.54λ0 ×
0.18λ0

60% Stable

[25] DRA 3.60λ0 ×
0.11λ0

42% Unstable

[26] DRA 1.00λ0 ×
0.11λ0

34% Stable

[30] DRA +
Monopole

0.62λ0 ×
0.66λ0

138% Unstable

This
Work

DRA 0.61λ0 ×
0.32λ0

68% Stable

II. ANTENNA STRUCTURE
The CDRA’s configuration is shown in Fig. 1. The

cup dielectric (Dd , Hd , Din, Hin) manufactured of K9-
glass (εrk=6.9) is located on a circular substrate with

(a)

(b)

(c) (d)

Fig. 1. CDRA: (a) isometric view and (b) front view.
Top view of (c) T-junction power divider and (d) feed-
ing structure.

a diameter of Dgnd , as can be seen in Fig. 1 (b). FR-4
(εr f=4.3) is the substrate material with a loss tangent
of 0.025 and a thickness of 0.8 mm. The coil feeding
structure is made of a copper wire with a diameter of
Dcoil . The coil’s pitch, height, turns, and inner diameter
are represented by Hcoil , P, N, and Dc, respectively. As
described in Fig. 1 (d), the joint length between the two
coils is N1. The T-junction power divider, as shown in
Fig. 1 (c), is loaded on the dielectric surface side of the
FR-4 substrate. All dimensions of the CDRA are listed
in Table 2.
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Table 2: Dimensions of the CDRA (unit: mm)
Dgnd Din Hd Dd Hin Hcoil
60 14.6 16.5 37 5.6 5

Dcoil P Dc L1 L2 L3
1 1.2 0.6 3 9.2 2

L4 L5 W1 W2 W3 W4
8 2.7 1.5 1.15 0.55 1.5
N N1
3 1

III. OPERATING MECHANISM
The basic coil, creating an equivalent magnetic-

current loop, excites two modes (DR TM01δ mode and
coil mode) to realize an omnidirectional CDRA with a
bandwidth of 29% [19]. Based on that, a modified coil
excites an additional resonance (probe mode) to double
the bandwidth of the CDRA. The evolution process of
the CDRA can be divided into three steps.

Step 1: Introduce probe mode. In [19], the probes
only support the coil to control the height of the coil. The
probe lengths are short for the coil image to be close to
the original coil. Thus, the equivalent magnetic-current
loop and its image are very close to each other and con-
structively contribute to the increase of the antenna gain.
The probes are elongated to enhance their influence. The
increased diameter of the copper and shortened helical
coil pitch are used to maintain the strength of the mag-
netic field. The probes’ current directions change as the
probes’ length increases. The probes are excited equally
and in phase to have their electrics in the same direction.
However, the two probes excite the HEM21δ mode of the
DR, which undermines the omnidirectional property.

Step 2: Avoid exciting the HEM21δ mode. As
depicted in Fig. 2, the excited mode (HEM21δ mode or
monopole mode) is determined by the distance between
the two probes. When the distance is short enough, the
two probes are equivalent to a monopole, which excites
an omnidirectional mode. The bending direction of the
joint between two coils [as shown in Fig. 1 (d)] is

(a) (b)

Fig. 2. Magnetic field of (a) HEM21δ mode (the distance
between two probes is 14.3 mm) and (b) monopole mode
(the distance between two probes is 7.6 mm).

reversed, and the helical coil pitch is decreased to shorten
the distance. However, the probe resonance frequency is
much higher than those of the coil and DR TM01δ modes.
Thus, a dual-band omnidirectional CDRA is observed.

Step 3: Achieve a wideband omnidirectional CDRA.
The resonance frequencies of the coil and probe modes
are mainly affected by the coil. The TM01δ mode’s res-
onance increases with the larger size of the DR. Com-
pared with the coil and probe modes, the TM01δ mode’s
frequency is easy to control. The height of the DR rarely
affects the frequency of the TM01δ mode and influences
the coupling between the coil and TM01δ modes. There-
fore, the diameter of the DR becomes larger to increase
the TM01δ mode’s frequency. Finally, a wideband omni-
directional CDRA is designed.

The modified feeding structure, with two ends
excited equally and in phase, is composed of four coil
segments and two probes, as shown in Fig. 3. Given the
current distribution of the coils, the winding direction of
each side is reversed to achieve an equivalent magnetic-
current loop. Two probes can be equivalent to a centered
electric monopole. Thus, the modified coil can create a
vertical monopole and a magnetic-current loop simul-
taneously. The monopole and the magnetic-current loop
excite omnidirectional modes at the adjacent frequencies
of the TM01δ mode. Hence, the structure supports three
modes with omnidirectional radiation providing wide-
band performance by the modified coil.

The simulated reflection coefficient of the CDRA
is shown in Fig. 4 using the full-wave simulation soft-
ware ANSYS HFSS. There are three distinct resonances
within the operating bandwidth. Modes 1, 2, and 3
correspond to the coil, DR TM01δ , and probe modes

Fig. 3. Equivalent magnetic-current loop and monopole
of a coil feeding structure.
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at 3.65, 4.40, and 6.05 GHz, respectively. Mode analy-
sis will be explained in Section IV. The simulated mag-
netic and electric fields at these frequencies are shown in
Fig. 5. The magnetic and electric fields of the coil and
probe modes are similar to that of TM01δ mode.

Fig. 4. Simulated reflection coefficient of the CDRA.

(a) (b)

(c) (d)

(e) (f)

Fig. 5. Simulated electric field (a), (c), and (e) and mag-
netic field (b), (d), and (f) at 3.65, 4.40, and 6.05 GHz,
respectively.

IV. PARAMETER STUDY
In this section, the antenna performances with dif-

ferent parameters are investigated by simulations. Firstly,
the corresponding modes of three resonant frequencies
are determined. Modes 1, 2, and 3 resonate at 3.65, 4.40,
and 6.05 GHz, respectively. By exciting the cup DR with
a single probe, the resonant frequency of the DR TM01δ

mode is 4.35 GHz, corresponding to the second reso-
nant frequency. The reflection coefficients with different
lengths of joint between two coils are shown in Fig. 6 (a).
The length of the joint greatly influences the frequencies
of modes 1 and 2, yet hardly affects the frequency of
mode 3. Mode 3 corresponds to the monopole mode, and
mode 1 corresponds to the coil mode.

Figure 6 (b) shows the reflection coefficients with
different probe heights. As the probe gets longer, its
corresponding resonant frequency gets lower. The probe
height is the coil height from the ground plane, which
decides the distance between the coil and the DR. Such
height is related to the coupling between the DR and
the equivalent magnetic-current loop, which obviously
influences the impedance matching of the coil and DR
TM01δ modes. The reflection coefficients with different
DR heights are shown in Fig. 6 (c). The probe reso-
nant frequency is affected by the DR height. The reso-
nant frequency of the monopole mode decreases as the
DR height increases. The DR height has a negligible
impact on the DR TM01δ mode but a significant effect
on the impedance matching of the coil mode. The DR

(a) (b)

(c) (d)

Fig. 6. Reflection coefficients versus antenna parameters:
(a) length of joint N1, (b) coil height Hcoil , (c) dielectric
height Hd , and (d) dielectric diameter Dd .
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diameter is related to the frequencies of all the modes.
The frequencies of the modes with smaller DR diam-
eters are higher. Their corresponding reflection coeffi-
cients are shown in Fig. 6 (d). As a result of the coupling
among the CDRA, the magnetic-current loop, and the
monopole, the resonant frequencies of the DR TM01δ ,
coil, and monopole modes are interrelated.

V. RESULTS
A prototype of the CDRA is fabricated and mea-

sured as shown in Fig. 7. The CDRA is 37 mm × 20 mm
(0.61λ0 × 0.32λ0), while the cavity is 14.6 mm × 5.6
mm to house the coil. The ground plane is 900 mm2. The
coil feeding structure is fabricated using the 3D-printing
approach.

The simulated and measured reflection coefficients
of the CDRA are shown in Fig. 8. There are three distinct
resonances within the operating bandwidth. The mea-
sured bandwidth of the CDRA (with S11 ≤ -10 dB) is
more than 67.7% (3.28-6.64 GHz), which is sufficient
for 5 GHz WLAN bands. The measured reflection coef-
ficient is wider than the simulated one because of extra
loss in the prototype. The 3-D printed coil has a fabri-
cation tolerance of 0.1 mm and a rough surface, which
mainly influences the coil mode’s coupling.

Due to the limitation of the test equipment, the max-
imum test frequency is 6.5 GHz. The measured gain and
efficiency are compared with the simulated in 3-6.5 GHz.

(a) (b)

(c)

Fig. 7. Prototypes of CDRA: (a) isometric view, (b) bot-
tom view, and (c) coil.

Fig. 8. Simulated and measured reflection coefficients of
the CDRA.

As shown in Fig. 9, the simulated and measured efficien-
cies of the CDRA are better than 90% and 85%, respec-
tively. The curves of gain are shown in Fig. 9. The gain
variations of the CDRA are less than 1.5 dB in the oper-
ating band, which means the antenna has stable radiation
patterns.

Figure 10 shows the simulated and measured radia-
tion patterns in the xz- and xy-plane at 3.65, 4.40, and
6.05 GHz. As can be seen, the CDRA maintains sta-
ble omnidirectional radiation patterns and a low cross-
polarization level within the operating band. The mea-
sured radiation efficiency is better than 80%, and the
simulated one is better than 85% across the impedance
passband. The measurements and simulations are in rea-
sonable agreement, with the differences caused by mea-
surement perturbation and manufacturing tolerance.

Fig. 9. Simulated and measured gains and efficiencies of
the CDRA.
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(a) (b)

(c) (d)

(e) (f)

Fig. 10. Simulated and measured radiation patterns in x-
z plane (a), (c), and (e) and x-y plane (b), (d), and (f) at
3.65, 4.40, and 6.00 GHz, respectively.

VI. CONCLUSION
A modified coil feeding structure has been used to

realize an omnidirectional wideband CDRA with three
resonant modes (TM01δ , coil, and monopole modes).
The modified coil has been formed by combining four
coil segments and two probes, which could create an
equivalent magnetic-current loop and a monopole simul-
taneously. Using the proper DR dimensions and feed-
ing structure has excited the DR TM01δ mode and two
omnidirectional modes (i.e., coil and monopole modes)
at neighboring frequencies to realize an omnidirectional
antenna with a 67.7% measured bandwidth (3.28-6.64
GHz). The CDRA has a diameter of 0.61 λ0 and a
height of 0.32 λ0. The stable radiation patterns have been
observed with high radiation efficiencies within the oper-
ating band.
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