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Abstract— This article presents the design of a top-loaded quarter-
cylinder dielectric resonator antenna (TL-QCDRA). The approach
to reduce the antenna dimensions is based on the use of E and
H-walls to impose Dirichlet and Neumann boundary conditions
to the fields inside the dielectric resonator. The proposed antenna
was modeled and optimized with the electromagnetic simulator
ANSYS HFSS and was designed to operate at 1.575 GHz (L1-
band of the global positioning system - GPS). The excitation is
achieved by a coaxial probe along with a series inductor, which
is used to compensate the capacitive input reactance. A prototype
was manufactured and measured in an anechoic chamber and
good agreement was obtained between numerical and experimental
results. In comparison to previously published papers, the proposed
design yields higher compactness, which is an important feature
for space applications.

Index Terms— Antenna design; Compactness DRA; Dielectric resonator an-
tennas; GNSS antennas.

I. INTRODUCTION

In recent years, the interest on low-weight and compact antennas has been increased due to countless
wireless applications with portable equipment, such as wideband applications [1]-[3], wideband MIMO
systems [4], aerospace telemetry [5], radio-frequency energy harvesting (RFEH) [6], compact GNSS re-
ceivers [7], digital video broadcasting-handheld (DVB-H) and global system for mobile communications
(GSM) [8]. An antenna type that fulfills these requirements is the dielectric resonator antenna (DRA),
which is composed of a high-permittivity dielectric placed on a ground plane (GND). Currently, the
development of DRAs aims at design strategies to meet the compactness requirements whilst keeping
the antenna efficiency high. The DRA dimensions can be reduced by increasing the dielectric constant
er. However, this yields larger ()-factor and narrow operation bandwidth.

An alternative method to achieve compactness is based on the symmetric distribution of the electro-
magnetic fields that are established in DRAs with canonical shapes, such as the case of a cylindrical
DRA. The use of Dirichlet and Neumann conditions allows placing electrical (E) and magnetic (H)
walls inside the cavity without affecting the field distribution [9]. Since this is based on the nature
of the excited modes inside the antenna, the walls must be positioned so as to avoid disturbing the
original field distribution. Magnetic walls can be synthesized by an abrupt change in dielectric constant.
This is the typical case of designing DRAs employing materials with high dielectric constant. On the
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other hand, E-walls may be implemented by means of metallic plates. The volume of the rectangular
(RDRA) [10] or cylindrical dielectric resonator antenna (CDRA) [11], [12] can be reduced roughly by
half with the use of one wall (E or H) or by 75% by combining both E and H-walls at the proper
symmetry planes of the cylindrical cavity [9], [13].

In [9], [14], a series of analyses for sector DRAs have been carried out. In [14], the authors
investigated how the aspect ratio (i.e., radius-to-height ratio) increases the axial ratio bandwidth and
how the polarization state behavior varies with the feed position. In [15], an RDRA loaded with a
metasurface (MS) and a pair of short-circuited E-walls was proposed. The MS was employed to reduce
the overall antenna size and its presence generates a TM surface wave that is excited to create additional
resonance above the fundamental mode (TE;;1) of the RDRA. Additionally, electric walls were inserted
to reallocate the two resonant frequencies for the desired broadband performance. In [3], [5], quarter-
cylindrical dielectric resonator antenna (QCDRA) designs using different approaches were reported.
While in the former, the QCDRA was composed only of lateral magnetic walls, the latter employs a
combination of E and H-walls.

Another size-reduction technique consists in adding a conductor layer on top of the rectangular or
cylindrical DRA [16]. This is achieved because the metallic top loading allows exciting modes with
vanishing wavenumber along the axial direction. In [17], a dual-fed top-loaded CDRA is proposed.
The radius of the top conducting disk provides additional tuning possibility to the design process [18],
[19].

In this letter, a modification of the design described in [16] along with the technique presented in [9],
[14] is proposed. Due to the difficulty to implement vertical conducting walls using standard printed-
circuit board (PCB) techniques and due to the possibility to drill holes precisely in microwave laminates
with standard PCB techniques, the E-wall has been implemented with metallic vias. Impedance matching
is improved by adding a series inductor onto the antenna. This letter is organized as follows: section II
presents the necessary theoretical background to achieve size-reduction. The antenna design applied for
a GPS antenna is described in section III. Experimental validation is presented in section IV. Finally,

the conclusions are drawn in section V.

II. THEORICAL BACKGROUND

The proposed antenna is derived from a top-loaded cylindrical dielectric resonator antenna (TL-
CDRA) and its main parameters are height h, radius o and dielectric constant ¢,. The TL-CDRA
geometry is shown in Fig. 1(a). It is composed of a low-loss microwave laminate with large ¢, that
is glued onto a square ground plane (GND). The antenna is excited by a coaxial probe, whereby the
outer part of the coaxial connector is soldered to the GND and the inner conductor is connected to the
top of the antenna.

The approach to achieve antenna compactness is based on the field configuration excited in the
cylindrical resonator. Considering that the dielectric cylinder is homogeneous, isotropic and electrically
thin (h << A, where A = \g/,/€, and )¢ is the wavelength in free space at the design frequency), an
approximate solution for the fields inside the dielectric can be obtained using the cavity model, which
treats the TL-CDRA as a cavity bounded by an H-wall along the lateral (curved) surface and E-walls
on the top and bottom. If the condition i << A can be assumed, then E, and E4 vanish and the only
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Fig. 1. (a) Geometry of a TL-CDRA; (b) Magnetic field configuration in the cylindrical cavity of the TL-CDRA; (c) Final
antenna geometry.

existing electric field component inside the cavity is F,, which can be expressed by

E.,. = Eq,, c0s (Um®) Ju (Xmnp) (1)

for the mn-th mode. This expression can be determined by imposing the boundary conditions cited
above, with the indexes m and n denoting the variation of the fields in the cavity along ¢ and p,
respectively, and Ey . is the electric field magnitude related to the mn-th mode. The constant Y/,
stands for the n-th zero of the derivative of the Bessel function of the first kind and order m, and
vy = m for a complete cylinder (i.e. without walls limiting the cavity along ¢). The nonzero magnetic
field components are H, and Hy, hence the only modes allowed to exist are the TM, ,, whilst the
condition h << A is fulfilled.

Fig. 1(b) shows the magnetic field lines established inside the cylindrical cavity for the fundamental
mode TM?,. The two symmetry planes are indicated by AB and C'D. In the former, the magnetic field
lines exhibit normal orientation, whereas they are tangential to the latter. According to the Neumann
boundary condition, an H-wall can be inserted along the plane AB without disturbing the original
H-field configuration. According to the Dirichlet boundary condition, an E-wall can be inserted in the
location of the plane C'D. By doing so, only one quarter-cylinder can be used to generate an equivalent
dielectric resonator antenna with an E-wall in the yz-plane and an H-wall in the xz-plane without
changing the original field distribution. The resulting geometry is depicted in Fig. 1(c).

For the case of the top-loaded quarter-cylinder dielectric resonator antenna (TL-QCDRA), the wavenum-
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ber along ¢ turns to be v, = (2m — 1) [20]. For the fundamental mode TM5,, the electric field inside
the quarter-cylinder cavity is given by

EZM = E011 COS(¢) J1 (Xlllp) ) (2)

with x}; = 1.8412. The separation equation k:?) = k% = w?pe leads to an expression for the resonance

frequency of the TM7; mode as a function of the cavity radius, which is given by

!
X11
— 1 3
Fru 2may/pe’ )

where © and ¢ are the magnetic permeability and the electric permittivity of the dielectric resonator
antenna, respectively. By isolating the cylinder radius, it becomes that
/
X11
a= 4
27 fri /HE
which is the basic equation that can be used to calculate the radius of the dielectric cavity for the

desired frequency.

III. ANTENNA DESIGN APPROACH

To demonstrate the proposed design strategy, a TL-QCDRA for operation at 1.575 GHz (L1/E1-band)
was designed. The antenna has been implemented using two stacked 3.18 mm thick layers of Taconic
CER-10 substrate, with ¢, =~ 10 and loss tangent tand ~ 0.0018. One layer of the prepreg Fast Rise
27 (FR-27-0035-66), with ¢, = 2.7 and thickness of 0.1 mm (3.9 mils), was used to glue the layers.
Therefore, the total cavity height is equal to h = 6.46 mm. For the GND, a double-sided laminate with
35 pm thick copper layers and dimensions of 100 x 100 mm was used.

An H-wall can be synthesized by an abrupt variation of dielectric constant. Therefore, since the
laminate used has dielectric constant roughly ten times larger than the surrounding air, the lateral
surface behaves closely as an H-wall. On the other hand, the E-wall is equivalent to a conducting
surface extending from the GND to the top of the radiator. However, by using standard PCB techniques,
attaching a vertical conducting plate introduces additional fabrication problems, which deteriorate the
antenna performance. This difficulty has been overcome by using an array of vias closely positioned
so as to emulate an E-wall.

By using (4), the radius of the TL-QCDRA has been calculated to resonate at 1.575 GHz, resulting
in a = 17.64 mm. The antenna geometry was modeled in Ansys HFSS, in order to optimize the
parameters not considered in the pre-design step, such as the number of metallic vias and the coaxial
probe position. Additionally, the antenna was designed to operate with linear polarization (along the
x-axis). After some simulations, the radius has been optimized to yield good impedance matching to
50 € and resulted in @ = 19.42 mm. The antenna electrical size obtained was 0.102)y x 0.033)\g
(a x h). The E-wall was synthesized using 10 metallic vias with diameter of 1 mm uniformly spaced
by 1.66 mm (center-to-center). This spacing is equivalent to roughly 0.009)\¢ at 1.575 GHz.

It is important to highlight that the cavity model was used to provide a good first approximation of
the antenna radius required to achieve the desired resonance frequency. However, this method assumes
ideal boundary conditions and does not account for certain effects as the excitation mechanism, metallic

vias inside the geometry, finite ground plane, material losses and fringing fields. Consequently, small
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discrepancies are observed when compared to full-wave simulations. In this work, the theoretical
prediction from (4) yields an antenna radius of 17.64 mm. After optimization through HFSS simulations,
the radius was adjusted to 19.42 mm, resulting in a discrepancy of 1.78 mm. This difference is attributed
to the approximations inherent to the cavity model.

The coaxial probe position significantly influences the antenna input impedance. Thus, parametric
simulations have been performed by varying the probe position in terms of (pg, ¢g) coordinates, as
defined in Fig. 2, and the results are presented in Figs. 3(a) and 3(b), for pg = 5 mm and pg = 7 mm,
respectively. The input impedance locus in the Smith chart migrates to the center when ¢ is increased.
However, it must be highlighted that the larger ¢ is, the closer to the E-wall the coaxial probe will
be positioned. The results in terms of reflection coefficient (I') indicate that impedance matching with
I' < —10 dB was obtained with the probe positioned at (5 mm, 80°), which turned to be extremely
close to the E-wall (less than a tenth of millimeter). This makes the antenna fabrication impossible due

to practical reasons.

GND Vias

Coaxial Probe
Position

xv

Fig. 2. Top view schematic of the QCDRA illustrating the convention for the coaxial probe positioning.

This limitation can be overcome by positioning the probe feed away from the E-wall, in order to
accommodate the SMA connector under the antenna GND, so as it does not touch the vertical vias.
The coaxial probe has been positioned at (pg, ¢pg) = (7 mm,45°) and the resulting impedance locus
in the Smith chart for this case is described by the blue line shown in Fig. 3(b).

For the HFSS model, the antenna excitation has been achieved by modelling the SMA connector and
assigning a waveport to it. Generally, the software calculates the antenna input impedance at the location
of this waveport, but it also allows obtaining the input impedance elsewhere in the coaxial connector by
means of transmission line theory (in HFSS, this is achieved by using the deembed distance function.
By doing so, to extract the input impedance, the reference plane is placed near the discontinuity, i.e.,
in the intersection of the GND and the SMA connector.). By using this approach, the antenna input
impedance value at the level of the ground plane is calculated to be Z;;, = 47.67 — j165.47 2 at
1.575 GHz. To compensate for the capacitive reactance, a series inductor can be used, which yields
to be L = 16 nH at 1.575 GHz by using basic circuit theory. However, it is not feasible to place an

inductor inside the antenna structure.
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Fig. 3. Variation of the input impedance for different feed point positions: (a) po = 5 mm and (b) po = 7 mm.

An alternative approach to achieve impedance matching is by placing an inductor onto the antenna.
For this purpose, it is necessary to etch a small annular gap in the top metallization, as illustrated in
Fig. 4. The dimensions a4, and W, stand for two new degrees of freedom that can be used during the
design process and contribute to fine-tune the antenna impedance matching and the resonance frequency.
However, for practical reasons, it should be highlighted that 1, cannot exceed the lumped component
length. To model the inductor effect, a lumped port was configured as an impedance port with a purely
inductive reactance, enabling post-processing capabilities in HFSS.

GND

ﬁy

: Inductor

Fig. 4. Top view schematic of the QCDRA configuration with a series inductor.

An analysis of the influence of a4q, on the antenna performance was carried out. Fig. 5 shows
the input impedance variation in the Smith Chart for different values of ayq, Whilst W4, was fixed

at 0.5 mm to allow using a series inductor with 0402 packaging. Initially, the inductor value was

Brazilian Microwave and Optoelectronics Society-SBMO  received 21 Nov 2024; for review 03 Dec 2024; accepted 27 Jan 2025
Brazilian Society of Electromagnetism-SBMag © 2025 SBMO/SBMag O /ssy2179-1074



Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 24, No. 2, €2025292093 Apr 2025
DOI: http://dx.doi.org/10.1590/2179-10742025v24i2292093 7

maintained as 16 nH. By inspecting Fig. 5, it is possible to observe that the impedance locus rotates
in the Smith chart as a4, changes, hence affecting the antenna impedance matching significantly.
Furthermore, for agq, = 4 mm, the input impedance is Z;, = 17.76 — j65.31 ). For this new value,

the series inductor needed to cancel the imaginary part of Z;,, is equal to L = 6.6 nH.

—_— Qgap = 1 mm
Ggap = 2 Mm

Ggap = 3 MM
0 —_— Qgap =4 mm

0.2

—-0.2

—1

Fig. 5. Variation of input impedance using a series inductor.

The simulation result considering L = 6.6 nH is shown in Fig. 6(a), where the symbol on the
curve indicates the input impedance at 1.575 GHz. Although the matching has not been achieved at
the design frequency, the curve crosses the chart center and the proper frequency shift can be easily
achieved by applying a scaling factor to the antenna radius, which yields ¢ = 19.28 mm. The final
result can be viewed in Fig. 6(b). The maximum gain obtained for this antenna was 4.5 dBi and the

simulated radiation efficiency corresponds to 72.8 %.

IV. EXPERIMENTAL VALIDATION

After the computational design, a prototype of the proposed antenna was built. The comparison
between the simulated and measured reflection coefficients is shown in Fig. 7(a). A large discrepancy
between computed and measured results can be observed. A parametric simulation has been carried
out by varying the dielectric constant of the laminate CER-10 whilst keeping the antenna dimensions
unchanged. As demonstrated in Fig. 7(a), good agreement between simulated and measured results has
been obtained for £, = 12. This approach allows calibrating the electromagnetic model to the real
dielectric constant, which can deviate from the nominal value due to several reasons, such as moisture
absorption or other environmental reasons.

To shift the antenna resonance frequency, the design approach described in Section III has been
calibrated by considering now &, = 12. The new antenna radius was optimized to a = 18.22 mm.
The coaxial probe was kept at (po, ¢o) = (7 mm, 45°) and the series inductor has been changed to
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Fig. 6. Input impedance simulated for inductor of 6.6 nH (a) Results before scaling the antenna radius (¢ = 17.64 mm); (b)
Final design (a = 19.28 mm).
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Fig. 7. Comparison between simulated and measured reflection coefficient: (a) Different values for €, and L = 6.6 nH.; (b)
Final prototype with e, = 12 and L = 5.2 nH.

L = 5.2 nH. A second prototype has been fabricated and the comparison between the simulated and
measured magnitude of the reflection coefficient is presented in Fig. 7(b), where very good impedance
matching in the desired frequency can be observed now. The comparison between the simulated and
measured radiation patterns at the design frequency is shown in Fig. 8 for the xz-plane (Fig. 8(a))
and the yz-plane (Fig. 8(b)), whereby very good agreement has been obtained. A photo of the final
prototype is shown in Fig. 9. Table I highlights the novelty of this work in comparison to previously
published papers related to the design of DRAs found in the open literature.

TABLE 1. Comparison of the proposed approach with previously published designs.

Reference || Walls configuration || Top loaded || Inductive feed||Frequency (GHz)|| &, | Dimensions (axh) in Ay
[3] H-H No No 5.8 10 0.193 x 0.123
[5] H-H No No 2.21 13.35 0.174 x 0.202
[6] E-H No No 5.8 10 0.677 x 0.223
This work E-H Yes Yes 1.575 12 0.095 x 0.033
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Fig. 8. Comparison between simulated and measured radiation patterns at 1.575 GHz: (a) xz-plane (E-plane); (b) yz-plane
(H-plane).

|
Fig. 9. Photo of the fabricated prototype.

V. CONCLUSION

In this letter, the design of a top-loaded quarter-cylinder dielectric resonator antenna was presented.
The main contributions of the proposed design are the synthesis of the E-wall with cylindrical vias
and the use of a series inductor for impedance matching on top of the structure. Several analyses were
carried out and demonstrated the versatility of the proposed design. By considering ¢, = 12 for the used
microwave laminate during the antenna design, good agreement between simulations and measurements
in terms of radiation pattern and reflection coefficient has been obtained. The simulated radiation
efficiency for this last prototype considering e, = 12 was equivalent to 72.89% with a maximum gain
of 4.5 dBi. Finally, the proposed design yields higher compactness, which is an important feature if

volume and weight are critical, such as the case of space applications.
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