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Abstract – This paper introduces a high-gain slot-
ted substrate integrated waveguide-fed stacked tri-pen-
tagonal prism dome dielectric resonator antenna. The
use of a unique parasitic patch design inside the slot of a
substrate-integrated waveguide (SIW) helps to achieve
high gain in the SIW structure. Owing to the pentagonal
prism stacking structure, the novel dielectric resonator
antenna (DRA) design offers high gain and a wide band-
width. The antenna prototype is designed, fabricated,
and measured. The antenna offers a 1.43-GHz (8.52–
9.95 GHz) bandwidth, along with a peak gain of 11.5
dBi. The antenna exhibits a broadside radiation pattern.
The difference between copolarization and cross-polari-
zation is more than 21 dB in both the E-plane and
H-plane. The front-to-back ratio is 34.33 dB. The half-
power beamwidth (HPBW) is 29°. The stacked DRA is
lightweight compared with ceramic DRAs due to the
three-dimensional printing method. The antenna oper-
ates in the 5G new radio frequency range 3 band. This
antenna is suitable for 6G applications.

1. Introduction

With the rapid growth of wireless communica-
tion, user density has increased significantly, as has reli-
ance on multiple devices such as personal computers,
tablets, and smartphones. Emerging applications, such
as virtual reality-based holographic teleportation and
industrial automation, demand ultra-low latency and
extremely high data rates, surpassing the capabilities of
5G. In Addition, increasing network density also
requires improved energy efficiency, which remains a
challenge for 5G [1]. Conventional cellular networks,
where each base station serves a defined set of user
equipment, have long been standard. However, they suf-
fer from inter-cell interference, particularly for users at
cell edges [2]. Cell-free massive multiple-input multi-
ple-output (CF-mMIMO) addresses this by employing
multiple distributed access points to jointly serve users,
reducing interference and path loss while enhancing

spectral efficiency and macro-diversity [3]. The antenna
proposed in this work is well-suited for deployment in
access points within CF-mMIMO architectures. CF-
mMIMO can achieve high-capacity, low-latency, and
high-reliability requirements of next-generation 6G
applications. In 6G, the intercell interference can be
non-existent, and spatial diversity will be increased
using CF-mMIMO architecture [4].

Frequency range 3 (FR3) is receiving much of
attention because of its high data rates. This is because
the spectrum needs to be expanded beyond frequency
range 1 (FR1) and frequency range 2 (FR2). This band
addresses key challenges in indoor signal propagation,
where traditional frequencies experience Ricean fading,
and mmWave suffers from severe body losses. Unlike
FR1, which is crowded, and FR2, which has high path
loss and fading, FR3 strikes a good balance by offering
an empty spectrum, lower path loss, and better propaga-
tion. This makes it the best choice for future wireless
communication systems [5]. The range of the FR3 band
is 7 GHz to 24 GHz. The antenna presented here works
within the FR3 band.

The antenna contains both a substrate-integrated
waveguide (SIW) and a dielectric resonator antenna
(DRA). SIWs offer low loss, high-quality factors, and
improved power handling compared with microstrip
antennas [6]. DRAs offer thermal stability, design flexi-
bility, and strong polarization discrimination, thereby
enhancing signal quality [7]. Their integration enables
wideband, high-gain, broadside radiation and scalability
to mmWave and sub-THz bands, critical for cell-free net-
works. Unlike conventional microstrip or patch antennas,
the DRA radiating structure is composed entirely of
dielectric material, eliminating conductive paths within
the radiating region. This characteristic minimizes con-
ductor and surface wave losses, which become more
prominent at higher frequencies. This single antenna can
also be made a MIMO antenna by adding a few more
elements. Owing to SIWand DRA, the port isolation and
gain will be high in the MIMO antenna.

High-gain antennas are vital in wireless communi-
cation systems, as they enhance signal integrity, cover-
age, and efficiency. By directing transmitted power, they
extend coverage while minimizing attenuation and inter-
ference. Their ability to improve signal-to-noise ratio
enables higher data rates and enhances network reliabil-
ity and performance. Antenna arrays are commonly
employed to attain high gain; however, their design is
often intricate and bulky, resulting in elevated power
consumption. Additionally, mutual coupling among array
elements deteriorates performance [8]. As an alternative
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approach, stacked DRAs offer a more efficient solution
for achieving high gain while mitigating these limitations
[9]. In the antenna presented here, three pentagonal prism
and hemispherical DRAs are stacked on one another to
enhance the gain.

A DRAwith a flipped, stair-shaped configuration
consisting of three pentagonal prism-shaped dielectric
resonators has been developed for wideband applica-
tions. This structure supports multiple resonant modes,
enabling wideband operation through closely spaced
broadside modes. An air gap between the DRA layer
and the SIW enhances impedance matching and radia-
tion efficiency. The design meets wideband require-
ments for 6G, offering high-speed, low-interference,
and multiband performance.

Traditional DRA stacking using adhesives can dis-
rupt permittivity, impedance matching, and structural
accuracy under stress. Three-dimensional–printed DRAs
eliminate glue and air gaps, enhancing precision, stabil-
ity, and electromagnetic performance for high-frequency
applications [10]. This antenna is significantly lighter
than traditional ceramic DRAs.

In [11], a stair-shaped structure is used to achieve
wideband performance. However, the antenna’s gain is
relatively low. In the present structure, the gain of the
antenna is almost double the gain in [11]. In [12], a
stair-shaped DRA is used to achieve a dual band opera-
tion in the sub-6-GHz band. However, the gain of the

antenna is less (i.e., 6 dBi). In [13], a stacked triangu-
lar-shaped DRA is used to achieve ultrawideband per-
formance. However, the gain of the antenna is very low.
In [14], SIW-fed stacked DRA exhibits narrowband
along with a peak gain of 9.62 dBi. In [15], the antenna
is designed for CF-mMIMO applications and features a
narrowband in the FR1 band, with a gain of approxi-
mately 8.4 dBi. In [16], the antenna attains 18 dBi gain
using a 16-element antenna array, whereas the proposed
antenna achieves 11.5 dBi with a single element. Unlike
antenna arrays, the proposed stacked DRA design avoids
inter-element coupling issues and size constraints, thereby
offering a high-gain and wideband solution suitable for
space-limited and high-frequency applications. In the pre-
sent work, a combination of SIW and the stacked tri-pen-
tagonal prism dome DRA offers a wideband response
along with high gain, making it suitable for access points
in 6G applications. This shape of DRA has not been
reported previously in any literature.

2. Antenna Design

The stagewise antenna design development is
shown in Figure 1. Figure 2 (a), (b), (c), and (d) present
the comparative results of bandwidth, gain, electric field
(E-field), and magnetic field (H-field), respectively, for the
designed prototype at various stages of development.
The dimensions of the antenna are: lsiw ¼ 12mm,
wsiw ¼ 12mm, l1 ¼ 12mm, w1 ¼ 9:5mm, wt ¼ 4:7mm,

Figure 1. Antenna structure development. (a) S-1: Geometry of SIW antenna without any DRA (dimensions in mm: lsiw ¼ 12, wsiw ¼ 12, l1 ¼ 12,
w1 ¼ 9:5, wt ¼ 4:7, dvia ¼ 1:1, hcyl ¼ 8). (b) S-2: Geometry of pentagonal prism DRA placed on SIW. (c) S-3: Geometry of 2-layer pentagonal prism
DRA placed on SIW, (d) S-4: Geometry of 3-layer pentagonal prism DRA. (e) S-5: Geometry of stacked pentagonal prism dome DRA (dimensions in
mm: p1 ¼ 11, p2 ¼ 14:67, p3 ¼ 25:73, h1 ¼ 10, h2 ¼ 10, h3 ¼ 13:9).

Figure 2. Comparison between different stages as follows: (a) jS11j vs frequency plot, (b) gain vs frequency plot, (c) E-plane radiation pattern,
and (d) H-plane radiation pattern.
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dvia ¼ 1:1mm, hcyl ¼ 8mm, p1 ¼ 11mm, p2 ¼ 14:67mm,
p3 ¼ 25:73mm,h1 ¼ 10mm, h2 ¼ 10mm, h3 ¼ 13:9mm.
In stage 1 (S-1), a triangular dumbbell-shaped slot is etched
on the SIW surface. The SIW consists of a substrate, an
upper metal layer, and a ground plane. In this antenna,
FR4 substrate is used, whose relative dielectric permittiv-
ity (e r) is 4.4 and loss tangent (tand ) is 0.02. The substrate
thickness is 1.6 mm. The dimensions of SIW are decided
using the equations given in [17]. A triangular dumbbell-
shaped parasitic patch is placed inside the slot (Figure 1a).
The purpose of placing a parasitic patch is to achieve a
higher gain. The bandwidth and gain obtained in S-1 is
610 MHz (9.72–10.33 GHz) and 5.96 dBi. The bandwidth
and gain for each stage are shown in Table 1. In stage 2
(S-2), a pentagonal DRA is placed on the slotted SIW
(Figure 1b). The DRA is fabricated using a three-dimen-
sional printing process. The material used for DRA is pol-
ylactic acid (PLA). The bandwidth and gain in S-2 are
1.09 GHz (8.51–9.60 GHz) and 6.05 dBi. The bandwidth
increases by 480 MHz due to the pentagon structure.

In stage 3 (S-3), a stacked pentagon is placed on
SIW (Figure 1c). The structure exhibits a bandwidth of
1.62 GHz (8.40–10.02 GHz) and a peak gain of 9.17
dBi. The bandwidth increases by 530 MHz. The air gap
between the second layer of DRA and SIW is the reason
behind the bandwidth enhancement. The gain also increases
by 3.12 dBi. In stage 4 (S-4), a three-layer stacked pentagon
is placed on a slotted SIW (Figure 1d). The bandwidth
remains almost the same, but the gain increases by 2.33
dBi. In stage 5 (S-5), a tri-pentagonal prism dome DRA is
placed on a slotted SIW. The addition of a hemispherical
DRA increases the bandwidth, gain, and beam width. The
final structure offers a bandwidth of 1.63 GHz (8.45–10.08
GHz) and a peak gain of 11.7 dBi.

3. Results and Discussion

The comparison between simulation and mea-
surement results is shown in Figure 3a. The measured
bandwidth is slightly less than the simulated bandwidth
due to the fabrication tolerance. The bandwidth mea-
surement is done using a vector network analyzer. The
measurement setup is shown in Figure 3b. The dielec-
tric constant of PLA is also measured using the vector
network analyzer and dielectric assessment kit software.
The test setup is shown in Figure 3c. The DRA is fabri-
cated using PLA material (e r ¼ 2:45, tand ¼ 0:004).
The dielectric constant and loss tangent plot are shown
in Figure 4d. The PLA material can withstand tempera-
tures up to 170°C and exhibit a tensile strength of 52
MPa at yield [18].

The gain and radiation pattern measurement is done
inside the anechoic chamber. The anechoic chamber setup
is shown in Figure 4a. The measured gain obtained is 11.5
dBi. High gain is achieved by exciting the DRA in higher-
order mode. The radiation pattern in both the E-plane and
H-plane is shown in Figure 4. The difference between
copol and cross-pol in the E-plane and H-plane is more
than 21 dB in the broadside direction. Owing to the high
difference between copol and cross-pol, the interference in
the signal is less. The front-to-back ratio is 34.33 dB, and
the HPBW is 29°. Wider beamwidth is achieved from
hemispherical DRA. Wider-beamwidth antennas can offer
more coverage. The antenna is linearly polarized. Because
of the three-dimensional printing method, this antenna is
lightweight compared with traditional DRAs. The antenna
weighs around 47 g. The antenna performance is compared
with existing literature in Table 2. The parasitic patch and
stacked DRA configuration enable the achievement of
broadside bandwidth and high gain compared with other
antennas operating in the 5G new radio FR3.

4. Conclusion

This work presents a novel SIW design that incor-
porates a parasitic patch within its slot, significantly
enhancing gain and bandwidth compared with conven-
tional narrowband SIW structures. In addition, to get even
better radiation performance, a stacked tri-pentagonal

Figure 3. (a) Comparison between simulation and measurement results of jS11j and gain vs frequency plot. (b) Measurement of jS11j vs frequency plot
using Vector Network Analyzer (VNA). (c) Material dielectric constant measurement setup using VNA.

Table 1. Comparison between different stages of SIW-fed DRA

Stage No. Bandwidth (GHz) Peak Gain (dBi)

Stage 1 9.72–10.33 (6.08%) 5.96
Stage 2 8.51–9.60 (12.03%) 6.05
Stage 3 8.40–10.02 (17.58%) 9.17
Stage 4 8.40–10.00 (17.4%) 11.5
Stage 5 8.45–10.08 (17.6%) 11.7
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prism dome-shaped DRA is attached to the slotted SIW.
This combined structure effectively optimizes both gain
and operational bandwidth. This antenna exhibits 15.48%
(8.52–9.95 GHz) bandwidth, along with a peak gain of
11.5 dBi. The difference between copol and cross-pol is
good because of the presence of DRAs. The front-to-back
ratio is 34.33 dB. The HPBW is 29°. The antenna is line-
arly polarized. This antenna is suitable for access points in
the cell-free networks proposed for 6G applications.
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