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ABSTRACT: A novel compact low-profile Conformal Dielectric Resonator Antenna (CDRA) for wideband applications is proposed. By
employing a specially designed dielectric resonator in conjunction with an inverted-trapezoidal patch for feeding, an extensive Impedance
Bandwidth (IB) around 51.5% is realized. The resonant frequencies of 6GHz and 7.5GHz correspond to the observation of the TE21δ

mode and the second higher-order TE23δ mode, respectively. Moreover, a realized peak gain of 7.2 dBi is attained at 7.4GHz. The
proposed DRA offers a wide IB with more than 90% radiation efficiency throughout the bandwidth. Additionally, a good alignment is
observed between the measured and simulated results. The proposed DRA is compact and has a low profile of 0.1λg , where λg represents
the wavelength at the lower cut-off frequency. ACDRAwith a conformal feed is an innovative design tailored for wireless communication
systems operating within the frequency range from 5.2GHz to 8.8GHz. This antenna configuration is specifically engineered to exhibit
conformal properties, enabling it for applications such as the exteriors of vehicles, aircraft, or other non-planar structures.

1. INTRODUCTION

Dielectric resonator antennas (DRAs) have gained signifi-
cant attention in recent years due to their promising char-

acteristics, including high radiation efficiency, low profile, and
suitability for various wireless communication applications.
However, there are still several challenges and opportunities for
improvement in the design and optimization of DRAs for next-
generation wireless communication systems [1]. The swift evo-
lution of modern communication applications drives the need
for antennas with wider bandwidth, compact and low profile,
high gain, and superior radiation efficiency to satisfy require-
ments arising to meet the escalating demands of wireless data
users. Rectangular DRAs are commonly utilized due to their
fabrication simplicity and greater design versatility than hemi-
spherical or cylindrical configurations. Their structure supports
low-profile applications, providing two degrees of design flex-
ibility through optimized width-to-height and height-to-length
ratios [2]. The DRA is frequently suggested as a superior al-
ternative to the microstrip patch antenna; however, for a rel-
evant comparison, the DRA must maintain a low profile. A
low-profile rectangular DRAwith a length-to-height ratio about
six is described in [3]. Recent advancements in wireless com-
munication systems have spurred the development of wide-
band and multiband antennas. To address the issue of band-
width limitations, unconventional shapes of DRAs have been
devised, including designs with air gaps such as U-shaped [4],
T-shaped [5], A-shaped [6], and triangular [7] ones. However,
in many instances, achieving a wide bandwidth has led to en-
larged size of the antenna structure and intricate shapes.
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Another method for enhancing bandwidth is to stack two
dielectric materials with different dielectric constants on top
of each other, as demonstrated in [8] and [9]. However,
this approach frequently leads to increased bulkiness of the
antenna. Fractal is another technique used to improve the
impedance BW. The self-similar property of fractals plays a
crucial role in optimizing the antenna’s performance by fa-
cilitating the alignment of resonant modes, ultimately lead-
ing to a wider impedance bandwidth and improved versatility
for wideband applications [10]. As fractal iteration increases,
the surface-area to volume ratio in a Dielectric Resonator An-
tenna also increases. This augmentation leads to an improve-
ment in the quality factor (Q-factor) and typically results in
enhanced antenna impedance bandwidth [11]. A fractal DRA
for WiMAX applications is introduced in [12], and Sierpinski
and Minkowski, two fractal techniques, are combined in [13].
However, both structures are complex and exhibit limited band-
widths of 14% and 66%, respectively. Subsequently, various
feeding techniques are employed in DRAs, including the use of
conformal metal strips and trapezoidal-shaped feeding mecha-
nisms [14, 15], which effectively enhance the impedance band-
width.
The studies mentioned earlier all involve dielectric blocks

with flat bottoms placed on a planar surface. For non-planar
platforms, a conformal antenna is preferred due to its inherently
low profile and compact size. This communication provides
an extensive investigation of concave bent DRAs with confor-
mal Ground Plane (GP). Initially, an approximate model pro-
vides the foundation for theoretical investigation [16, 17]. The
eigenmode approach and single-mode approximation are then
used in order to divide the resonant modes of a bent DRA into
TE and TM to z-direction modes. In cylindrical coordinates,
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FIGURE 1. Proposed DRA geometry with relevant dimensions provided in the caption: (a) top view and (b) prospective view, (c) conformal view of
the proposed DRA.

unlike in rectangular coordinates, only the z-directional com-
ponents of the electromagnetic field can independently repre-
sent all other field components. Therefore, the fields in bent
dielectric resonator antennas (DRAs) are classified into TEz
and TMz modes. The TEz modes in bent DRAs are similar
to those in rectangular DRAs (RDRAs), while the TMz modes
in bent DRAs, which have no magnetic field along the z-axis,
correspond to the TEx modes in RDRAs [19–21]. In this paper,
a compact, low-profile miniaturized arc Dielectric Resonator
Antenna (DRA) with conformal feed structures is investigated.
The term “low-profile” refers tominimizing the antenna’s phys-
ical height relative to its operating wavelength.

2. CONFORMAL DRA DESIGN AND ANALYSIS
The resonant frequency of the dielectric resonator is defined by
its dimensions and the dielectric constant of the material. By
exploiting this resonance phenomenon, Conformal DRAs can
achieve efficient radiation characteristics suitable for various
wireless communication and sensing applications. Theoreti-
cal models describing the electromagnetic behavior of dielec-
tric resonators, including mode analysis and field distribution,
provide insights into the design parameters influencing the an-
tenna’s performance.
The configuration of the proposed DRA is depicted in

Fig. 1(a), where a symmetrical shape DR is placed at the
center of the 42 × 45mm2 substrate with a low permittivity
of εr1 = 3.5, and the underside of the substrate is coated
with copper as the ground plane. A dielectric resonator
(DR) in contact with the base substrate is constructed using
Taconic RF-10, which possesses a relative dielectric constant
of εr2 = 10.2.
The DR is excited by an inverted-trapezoidal patch etched at

the center of the DR. This patch is then connected to an SMA
connector via a 50-ohm microstrip line. Conformal strip feed-
ing is notably advantageous over probe feeding due to the ab-
sence of drilling requirements and the prevention of air gaps
between the DR and the feed. Efficient energy coupling can
be attained through conformal feeding [18]. The dimensions of
the antenna are 42mm along the X-axis and 45mm along the
Y -axis. The perspective illustration of the proposed Confor-

mal DRA can be seen in Fig. 1(b). After conducting a para-
metric analysis of the proposed design using CST STUDIO
SUITE, the optimal design parameters obtained are as follows:
L = 45mm, W = 42mm, R = 12mm, S = 8.25mm,
T = 5mm, U = 10mm, D = 19mm, K = 7.25mm,
M = 2.7mm, F = 24mm, C = 11mm, h = 5.5mm.
P1 = 2.7mm, P2 = 10mm, hp = 5.5mm. The proposed
conformal DRA configuration is presented in Fig. 1(c). In
this configuration, the DRA is placed on the conformal ground
plane. Since the symmetrical ground plane is assumed, α and
β are the angles of the conformal ground and conformal DR si-
multaneously where α = 40.5◦ and β = 25.5◦ for the radius
R = 60mm.

3. INVESTIGATION OF CONFORMAL GROUND PLANE
In this section, the impact of conformal ground effects on the
radiation characteristics of an arc Dielectric Resonator Antenna
(DRA) is investigated. The metallic ground plane is assumed to
be arc shaped. The significance of the two fundamental modes
of arc DRAs lies in their widespread popularity and inter-
est [19]. The radiation mechanism of a planar and concave con-
formal DRA is demonstrated by the geometric theory of diffrac-
tion, as seen in Fig. 2. The perspective of electromagnetic fields
theory provides a precise understanding of the impact of ground
effect on radiation performance. For a plane surface, the edges
are primarily responsible for the diffraction effect [20]. Due to
the smooth convexity, surface diffraction also appears on arc-
shaped ground in addition to edge diffraction, and the reflection
dominates on concave ground plane [21]. Based on the semi-
cavity model, the bent DRA in Fig. 1 is analysed. The sidewalls
cannot be treated as perfect magnetic conductors (PMCs) due to
the presence of hybrid modes [19]. Although PMC-based cav-
ity and semi-cavity models are commonly used for analyzing
triangular [22] and sectored [23] DRAs, these studies typically
focus on flat ground planes. Research on conformal and flexi-
ble DRAs remains limited. The ground plane is considered as
a Perfect Electrical Conductor (PEC). As a result, this approxi-
mate model does not take the substrate into account. However,
image theory for conventional DRAs is no longer possible be-
cause a bent GP cannot be assumed to be an infinite PEC plane.
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FIGURE 2. (a) VectorE-field distributions and scalarE-field distributions.(b)StreamlineE-field distributions of flat and conformal DRA, reflection
coefficient, and gain variation for different ground plane radiiR1 andR2: (c) Reflection coefficient — concave, (d) Gain— concave, (e) Reflection
coefficient — convex, (f) Gain — convex.
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FIGURE 3. E-field distribution (a) without integrated patch, (b) with integrated patch, (c) reflection coefficient plot for the integrated trapezoidal
patch height variation.

Hence, as compared to flat DRA, bend DRA lacks their usual
isolated counterparts. In such cases, the bottom surface and
side walls in α-direction are considered as PMCs [21]. In or-
der for electromagnetic waves to travel outward and decrease
exponentially, the infinitely large interfaces between two dif-
ferent dielectric media are intended to form lateral boundaries
along the z-direction. A flat DRA undergoes concave confor-
mal geometric processing to transform into a conformal DRA.
The curvature angle of the proposed structure impacts the ra-
diation patterns in both co-polarization and cross-polarization
where gain, 3-dB angular beamwidth, and side lobe level (SLL)
of the DRA are affected. At α = 40.5◦, higher gain is attained
for co-polarization than other angles. Thus, it is chosen for the
proposed antenna design. Moreover, at this specific value of
α, both the 3 dB angular beamwidth and the SLL fall within
acceptable ranges. On an arc ground, smooth concavity causes
surface reflection and edge diffraction, while planar GP diffrac-
tion effects mainly occur due to edges, as illustrated in Fig. 2(a).
The concave bending of the ground causes a more directional
surface reflection, which leads to enhancement of the gain of
the DRA. However, the surface reflection on the flat GP is less
directional as shown in Fig. 2(a).
Streamlines are a powerful visualization technique used to

depict the flow of electric field lines within the structure as
shown in Fig. 2(b). Parametric behaviours can indeed be ex-
tended to convex platforms, although the antenna’s perfor-
mance may vary due to changes in the surface curvature that

affect electromagnetic wave propagation and impedance char-
acteristics. The behaviour of the reflection coefficient and gain
for various radii of concave conformal ground planes are il-
lustrated in Fig. 2(c) and Fig. 2(d), respectively. Similarly,
Fig. 2(e) and Fig. 2(f) depict the reflection coefficient and
gain behaviour for various radii of convex conformal ground
planes. The plot shows that the reflection coefficient and gain
remain nearly consistent across different curvature radii for
both concave and convex conformal dielectric resonator anten-
nas (DRAs). However, the concave conformal ground plane
demonstrates superior performance compared to the convex
configuration, making it the preferred choice for the conformal
DRA design in this study. Future work will consider a compar-
ative analysis to explore these behaviours in convex configu-
rations, providing a broader understanding of the design adapt-
ability across various surface geometries. Additionally, multi-
band antenna configurations could be investigated to support a
wider range of applications in modern wireless communication.
Optimizing material properties and feed mechanisms may en-
hance compatibility with 5G and internet of things (IoT), while
further miniaturization and array configurations could enable
beam-steering and improve directional control for autonomous
systems and satellite communication.

3.1. Effect of Integrated Patch Loading

The characteristics of z-directional patch loading is discussed
in this section. TheE-field distribution is presented in Fig. 3(a)
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without trapezoidal patch and in Fig. 3(b) with the trapezoidal
patch.
The reflection coefficient plot for various heights of the inte-

grated patch-loaded feed is illustrated in Fig. 3(c). The height
of the DRA and conformal trapezoidal patch increases in the z-
direction can significantly broaden the impedance bandwidth
of the DRA. The plot indicates that as the patch height de-
creases, the reflection coefficient tends to shift towards higher
frequencies. Conversely, when the patch height increases, there
is an improvement in the matching between the integrated patch
connected to the microstrip line and the DRA, leading to a
shift of the reflection coefficient towards lower frequencies.
Hence, the additional coupling introduced by the patch can im-
prove impedance matching and enhance the antenna’s band-
width, allowing it to operate over a wider range of frequen-
cies. The shape of the feeding patch is optimized to ensure good
impedance matching in a wide frequency range. In order to fos-
ter conformal applications, the DRAheight is maintained in low
profile. The optimized height of the DRA is 0.1λg (5.5mm).

4. DESIGN METHODOLOGY AND PARAMETRIC
STUDY
Thewideband characteristic and sizeminiaturization of the pro-
posed DRA are realized through a multi-step design procedure,
including selecting the dielectric material, determining the res-
onant frequency, designing the antenna structure, and optimiz-
ing its performance through parametric studies. Initially, for
configuration-1, Dielectric Waveguide Model (DWM) is used
to design a conventional rectangular DRA. In rectangular DRA,
the following transcendental Equation (1) is used to determine
the resonant frequency (f0) for the fundamental TEx

11δ mode.

f0 =
C

2π
√
εr

√
k2x+k2y+kz

2 (1)
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In the aforementioned equations, εr represents the dielectric
constant of the DR, k0 denotes the free space wave number; c is
the velocity of light; and kx, ky, and kz are the wave numbers
along the x, y, and z directions, respectively.
The progression towards the development of the proposed

antenna is illustrated in Fig. 4(a), and its corresponding band-
width performance for each step is illustrated in Fig. 4(b).
Configuration-1, composed of a homogenous rectangular shape
dielectric resonator (DR), is created and excited by a sim-
ple microstrip line. In configuration-2, the optimized confor-
mal trapezoidal microstrip feeding patch is introduced to en-
sure good impedance matching in a wide frequency range. In
configuration-3, a rectangular notch is incorporated into the di-
electric resonator (DR), resulting in an increase of the surface-
area to volume (S/V) ratio. Following the principles of image
theory, the notched portion resembles a rectangular “ring”, and
by modifying the dimensions of the length and width of the
notch, the bandwidth is enhanced.

Finally, an optimized DRA with a conformal trapezoidal
patch loaded feed is obtained as shown in configuration-4,
which provides electrical length miniaturization and offers a
wideband response of 3.6GHz from 5.2GHz to 8.8GHz with
an enhanced gain of the proposed DRA. Fig. 4(b) provides a
comparison of the reflection coefficient for each DRA config-
uration, which clearly demonstrates that configuration-4 stands
out as an optimized design. The reflection coefficient and re-
alised gain for the flat and conformal ground plane are shown
in Fig. 4(c) and Fig. 4(d). It can be observed that the band-
width remains nearly the same but is slightly shifted towards the
higher frequencies for the concave conformal ground, accom-
panied by an improvement in realized gain. This is because
the surface reflection becomes more focused and narrows as
the radius of the concave conformal ground plane decreases.
A parametric study of some important parameters is performed
to further analyze the proposed antenna, and its effect on re-
flection coefficient is observed. In each scenario, only one pa-
rameter is varied while the remaining ones are maintained con-
stant. The simulated reflection coefficient characteristics for
various values of C and T are shown in Figs. 4(e) and 4(f), re-
spectively. The reflection coefficient decreases with a decrease
in C and an increase in T. This occurs because a decrease in C
and an increase in T enhance the electrical coupling between
the transmission line and dielectric resonator (DR). Addition-
ally, both C and T significantly impact the fundamental mode
and higher-order modes. It can be observed from Fig. 4(e) that
all values other than C = 11mm provide many different bands
with narrow bandwidth and poor impedance matching. Thus,
the optimal value of C is fixed at 11mm. Subsequently, further
investigation is conducted to change the value of T. The plot
of reflection coefficient variations for different values of T is
shown in Fig. 4(f). The optimized value of T is fixed at 5mm.
For T = 3mm, 4mm, 6mm, 7mm, the impedance bandwidth
is less than the optimized value.

4.1. Field Distribution and Mode Analysis

The simulated electric field distributions of the proposed DRAs
at various frequencies and modes are depicted in Fig. 5(a) and
Fig. 5(b). The first higher-order and second higher-order broad-
side modes of the proposed DRAs can be seen in this fig-
ure. The simulated field pattern indicates a continuous rota-
tion of the electric field vectors within a constant azimuthal
plane, spanning from 0◦ degrees to 360◦ degrees. The inves-
tigation of E-field variations in the proposed antenna reveals
that it supports the TE22δ modes at 6GHz and TE23δ mode
at 7.5GHz, respectively, which is concurrence with modes ex-
plained in [1, 2].

5. EXPERIMENTAL RESULTS AND DISCUSSION
The fabricated prototype of proposed conformal DRA and cor-
responding results is shown in Fig. 6(a)–Fig. (f). The conformal
ground plane is accomplished by truncating a copper printed
substrate of Taconic RF-35 dielectric sheet into a rectangle of
W × Lmm2, achieved by Computerized Numerical Control
(CNC) machine and then molding it around a mold of radius
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FIGURE 4. The progressive development stages of the proposed DRA. (a) Config. 1, Config. 2, Config. 3 and Config. 4. (b) Reflection coefficient
plot for the different configurations — 1, 2, 3, and 4. Effect of flat and conformal ground on (c) Reflection coefficient and (d) Realised gain. Effect
of changing the reflection coefficient plot for different parameter values. (e) Effect of C on reflection coefficient and (f) Effect of T on reflection
coefficient for the proposed DRA.

60mm. The DR is fabricated using 1.5mm thick Taconic RF-
10 material with a dielectric constant of 10.2 which is subjected
towater jet machining. The individual layers are then stacked to
obtain the optimised height of the proposed structure by using
commercially available araldite glue applied at the edges un-

der high pressure. This is done to avoid any deviation between
simulated and measured results.
The prototypes of Conformal DRAs are fabricated and tested

in an anechoic chamber. Measured results are compared with
simulation data to assess the accuracy of the numerical models
and identify any discrepancies.
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(a) (b)

FIGURE 5. Simulated vector E-field distributions at (a) 5.8GHz and (b) 7.5GHz.

(a) (b)

(c) (d)

(e) (f)

FIGURE 6. The fabricated prototype. (a) Top view. (b) Conformal view of proposed DRA. (c) Measured and simulated reflection coefficient. (d)
Realized gain, simulated radiation efficiency, and radiation patterns of proposed DRA at Φ = 0◦ and Φ = 90◦. (e) 6GHz. (f) 7.5GHz.
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TABLE 1. Comparison of proposed DRAs with existing literature.

Ref. DRA Height (λg) εr IB (%) Peak Gain (dBi) Design Technique Operating Frequencies (GHz)

[19] 0.09 9.9 18.4 7 CBDRA+AC 6.8 to 8.2

[20] 0.08 9.9 16.5 4 CDRA 5.8 to 6.9

[21] 0.08 12.3 14.2 7 SFADRA 2.3 to 2.7

[24] 0.31 10 22 6.5 RDRA+CPP 3.6 to 4.45

[25] 0.1 9 26 5 CSDRA 2 to 2.6

[26] NA NA 10.2 9 CMPA 5.15 to 5.68

[27] NA NA 33.5 2.62 CPA+CPW-Fed 2.01 to 2.82

P.W. 0.1 10.2 51.5 7.2 CDRA + IF 5.2 to 8.8

The simulated and measured reflection coefficients exhibit
good agreement, as illustrated in Fig. 6(c). However, minor
discrepancies arise due to fabrication tolerances, the position-
ing of the DRA on the ground plane, etc. The fabricated DRA
resonates at two frequencies, 6GHz and 7.5GHz, providing a
wideband range from 5.2GHz to 8.8GHz, with a percentage
bandwidth about 51.5%. To measure the gain of the conformal
DRA, the two-antennamethodwas employed, utilizing a broad-
band horn antenna as the transmitting antenna. The realized
gain and simulated radiation efficiency of the proposed DRA
are presented in Fig. 6(d). The measured peak gain is about
6.8 dBi at 7.5GHz, while the simulated peak gain is 7.2 dBi at
the frequency 7.4GHz.
The simulated radiation efficiency of the proposed DRA is

higher than 90% across its entire bandwidth. The far-field radi-
ation is measured in an anechoic chamber. Simulated and mea-
sured radiation patterns are plotted for Φ = 0◦ and Φ = 90◦

planes for resonant frequencies of 6GHz and 7.5GHz, as il-
lustrated in Fig. 6(e) and Fig. 6(f), respectively. The DRA ex-
hibits linear polarization and radiates in the broadside direction.
It maintains a stable radiation pattern across the entire operat-
ing frequency range, consistent with the modes predicted by the
proposed structure. The measured and simulated results of co-
polarized radiation patterns at the Φ = 0◦ and Φ = 90◦ planes
show excellent agreement. Both radiation patterns indicate that
the proposed DRA exhibits low cross-polarization levels.
CBDRA=Conformal bent Dielectric Resonator Antenna,

AC=Aperture Coupled, CSDRA=Conformal Stacked DRA,
SFADRA= Slot Fed Arc-shaped DRA, RDRA=Rectangular
DRA, CPP=Conformal Parasitic Patch, CMPA=Conformal
Microstrip Patch Antenna, CPA=Conformal Patch Antenna,
CPW=Co-Planar Waveguide, CRDRA=Conformal Rectan-
gular DRA, IF= Integrated Feed, IB= Impedance Bandwidth,
P.W.= Proposed work.
A comparison of the other reported conformal DRAs and the

proposed DRA characteristics is listed in Table 1. As evident
from the table, a 51.5% wide impedance bandwidth is offered
by the proposed conformal DRA with a compact, low-profile
design that realizes 7.2 dBi of peak gain within the impedance
bandwidth. The proposed investigation is found to be novel
compared to the state of art on low-profile conformal DRA.

6. CONCLUSION
This paper offers a comprehensive investigation of integrating
low-profile Dielectric Resonator Antennas (DRAs) onto a con-
cave conformal ground plane with an emphasis on wideband
applications. This research contributes to the field of antenna
design by addressing the challenge of space constraints, pre-
senting a viable solution for applications where low-profile and
conformal characteristics are essential. The radiation character-
istics of the conformal DRAs are investigated and compared. It
is determined that bent DRAs have several advantages such as
a more flexible gain and wider bandwidth. To validate this re-
search, a prototype of the proposed DRA operating in its TE22δ

and TE23δ modes is designed and fabricated. It is very com-
pact, in low profile of 0.1λg and yields a high gain of 6.8 dBi
(measured) with stable radiation pattern over the operating fre-
quency band from 5.2GHz to 8.8GHz frequencies.
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