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ABSTRACT: In this study, a novel miniaturized multiband flowerpot-shaped patch-based cylindrical dielectric resonator antenna (FPS-
DRA) is proposed for 5G-enabled GNSS (GPS), UMTS, PCS, Wi-Fi5, WiMAX, and NR 77/78 Sub-6 GHz 5G applications. The pro-
posed antenna prototype operates at 1.54 GHz, 2.01 GHz, 3.23 GHz, 3.95 GHz, and 5.54 GHz for the mentioned applications. It employs
anovel low-cost flowerpot-shaped radiating patch underneath a cylindrical dielectric resonator (CDR) made of alumina ceramic (Al,Os,
epr = 9.8) material and is fed by a combined microstrip-line-tapered trapezoidal feedline. Later, a reduced ground plane is used as
a reflector on the rear side of the substrate to reduce antenna size. It is made up of a low cost 1.6 mm FR4 laminate sheet (¢, = 4.4,
tan & = 0.02) and miniaturized to a physical size of 65 x 45 mm?. The parametric analysis was carried out for reflection coefficients (S -
dB) by changing the ground plane width, CDRA radius, and flower petal radius to achieve adequate results. Likewise, this prototype has
measured reflection coefficient of < —20dB for 1.54 GHz (L1-band), < —25dB for 2.01/3.23 GHz (S-band), < —20 dB for 3.95 GHz
(S-band), and 5.54 GHz (C-band), peak gains of 2.01 dBi, 2.05 dBi, 3.02 dBi, 4.85 dBi, and 2.24 dBi for the respective bands along with
adequate —10 dB impedance matching bandwidths and stable radiation features in a convincing agreement compared to earlier designs.
The proposed prototype is simulated in CST software, assembled, and tested by VNA and an anechoic chamber setup for L1/S/C band
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applications.

1. INTRODUCTION

ver the past few epochs, dielectric resonator antennas

(DRAs) have established a massive demand for cellular,
4G, 5G, satellite, wireless communication networks, and
wireless strategy networks, owing to their advantages such as
low ohmic losses, high radiation efficiency, miniaturization,
retrofitting, low surface-wave loss, excitation simplicity, broad
bandwidth, high degree of design freedom, and multiband.
In contrast, a microstrip patch antenna (MSA) is suitable for
most multiband applications due to its easy design, except
for a few demerits, such as low gain, narrow bandwidth, and
efficiency reduction owing to conduction loss and surface
wave reduction [1-3]. Compared to a microstrip patch antenna
(MSA), a DRA offers an inherently broader bandwidth and
high radiation efficiency by selecting a suitable dielectric
permittivity and offers adequate gain due to low metallic
loss [4-6]. Among various dielectric resonator (DR) shapes
and geometries, cylindrical DRA (CDRA) is easy to resonate
owing to an appropriate aspect ratio [7, 8]. Numerous feeding
methods are used for exciting resonators, such as microstrip
lines, proximity coupling, coaxial feed, and slot coupling [8].
A compact 100 x 100 mm?, quarter CDRA (Taconic CER-10

* Corresponding author: Kaushal Patel (kaushal.patel@bvmengineering.ac.in).

doi:10.2528/PIERC26040302

14

+ FR27) has been designed to operate at 1.575GHz (L1
band) with 60% bandwidth, 4.5 dBi gain, 72.89% efficiency,
and S;; < —15dB for GPS applications [9]. A compact
triple-band hybrid CDRA (Alumina Ceramic) based on an
FR4 sheet, fed by a microstrip line with concentric rings
and partial ground plane to operate at 2.4/3.5/5.4 GHz with
26.6/20.4/18.67% bandwidths, 2.4/4.13/3.5dBi gains, and
Si1 < —35dB was reported for ISM/Wi-MAX/WLAN
applications [10]. Likewise, a tri-band 100 x 100 mm? sized
FR4-based square DRA (ECCOSTOCK HiK Rod) has been
analyzed to work at 1.3/2.6/3.8 GHz with 19.5/6.58/8.2%
bandwidth, 4.9/4.4/6.7 dBi gain, and S|, < —15dB, respec-
tively, for 4G/5G n77 applications [11]. An article proposed a
quad-band 100 x 100 mm>-sized square DRA (Alumina Ce-
ramic) based on an FR4 sheet to work at 3.5/4/4.6/5 GHz with
4.31/5.61/5.01/4.32 dBi gains, and 71.73/76.24/74.31/64.04%
efficiency, respectively, for 5G Sub-6 GHz applications [12].
Dwivedy et al. presented a penta-band semi-angular cylindrical
DRA (alumina ceramic) on a 130 x 130mm? FR4 sheet to
resonate at 3.2/3.6/4.0/4.4/4.8 GHz with about 3.3 dBi gain,
45.1% bandwidth, and less than —10 dB return loss (.S1;-dB)
suitable for C-V2X and Sub-6 GHz applications [13]. A triple-
band CDRA (alumina ceramic) array based on 120 x 120 mm?
FR4 laminate was proposed to operate at 2.4/4.1/5.4 GHz
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with 60% bandwidth, 9.0 dBi gain for Wi-Fi, wireless local
area network (WLAN), and satellite applications [14]. An
article reported the development of a CDRA (alumina ceramic)
array based on 50 x 40mm? FR4 laminate to operate at
1.85GHz, 5.13GHz, 9.0GHz, and 14.24 GHz frequencies
with the peak gain of 1.20dBi, 2.66dBi, 3.91dBi, 6.6dBi,
and 2.05dBi, respectively, for multiband applications [15].
Various flower-shaped patch-based microstrip antennas using
simple feeding techniques and a variety of footprints have
been reported [16-18]. However, the existing single- and
multi-band DRAs reveal large footprints, large DR (dielectric
resonator) radiating area, unspecified radiation efficiency, and
the usage of high-cost DR/substrate materials. The antenna
miniaturization and performance enhancement can also be
achieved by employing low-cost high-permittivity laminates,
fractal geometries, split-ring resonators (SRRs), and modified
ground plane geometries [18].

In this article, a novel low-cost, compact, and multiband
flowerpot-shaped patch-based cylindrical dielectric resonator
antenna (FPSDRA) is designed and analyzed. Here, CDR is
excited by a combined microstrip line and tapered trapezoidal
feedline. In the proposed antenna, a novel flowerpot-shaped
patch radiator is introduced underneath the CDR to achieve
multiband resonance, increase electrical peripheral path, and
reduce surface current distribution. Later, a novel reduced
ground plane has been implemented in the rear side of the
dielectric substrate for impedance matching, antenna size re-
duction, and bandwidth enhancement. The proposed antenna
prototype has been made using a low-cost FR4 substrate and
alumina ceramic (Al,O;3) based CDR. The proposed FPS-
DRA has achieved compactness of 65 x 45mm? to resonate
at 1.54/2.02/3.23/3.95/5.54 GHz with the maximum gain of
4.32 dBi at 3.95 GHz, 98/92.51/83.59/87.15/85.56% respective
radiation efficiency, adequate reflection coefficients (S1;) less
than —15 dB, and adequate —10 dB impedance matching band-
widths suitable for Global Positioning System (GPS), Uni-
versal Mobile Telecommunications System (UMTS), Personal
Communications Service (PCS), Wireless-Fidelity 5 (Wi-Fi5),
Worldwide Interoperability for Microwave Access (WiMAX),
NR Sub-6 GHz 5G, etc. applications. After comparing ear-
lier research articles of different multiband DRAs made with
different low-permittivity DR materials on standard dielectric
substrates, feed techniques, and simple patch radiators, this
presented work has introduced a novel compact and low-cost
flowerpot-shaped patch radiator-based CDRA with reduced
symmetrical octagonal hollowed-out ring edges excited by a
combined microstrip-tapered trapezoidal feed structure inte-
grated with reduced rectangular ground plane to offer penta-
band operation with better reflection coefficients, peak gains,
better radiation efficiency, and adequate radiation performance
comparatively, which is considered as novelty in the proposed
design. This article is organized sequentially as (2) antenna ge-
ometry design and configuration, (3) antenna electrical equiva-
lent circuit, (4) the principle of operation and the role of antenna
elements, (5) parametric analysis, (6) prototype and results dis-
cussion, and (7) conclusion.

2. ANTENNA GEOMETRY DESIGN AND ANTENNA
CONFIGURATION

2.1. Antenna Geometry Design

The FPSDRA is shown in Fig. 1. The comprehensive antenna
consists of a low-cost middle dielectric substrate layer, a feed-
ing mechanism, and a novel patch radiator printed on the top
surface of the middle substrate. The cylindrical DRA (CDRA)
is mounted on the top of a patch radiator, and a rectangular
ground is implemented in the bottom layer. Fig. 1 shows that
the top layer consists of a flowerpot-shaped patch radiator com-
prising eight circular flower petals of radius — R,, and inter
petal distance — Pj, surrounding a center circular patch of ra-
dius — R; based on a flower stem of slanted length — Lpg,
widths — Wg, and Wgs, top loaded cylindrical dielectric res-
onator of radius — rp, and height — hp. Additionally, re-
duced octagonal hollowed-out ring edges of length — Log,
width — Wy are placed symmetrically at a distance Wgg
from the flower stem to create a novel flowerpot-shaped patch
radiator. Subsequently, the flowerpot-shaped radiator is ex-
cited by a novel combined microstrip line (50-Q2)-tapered trape-
zoidal feed structure of line length — L and line breadth —
W, tapered trapezoidal feed base width — W, top width —
W, slant edge length — L, and height — Hp. Furthermore,
a reduced rectangular ground plane of length — L and width
— W¢ is implemented on the rear side of the dielectric lami-
nate. The proposed prototype is simulated in microwave Com-
puter Simulation Technology (CST) software.

The proposed FPSDRA can be accurately analyzed using a
circular cavity model. The resonating modes sustained by the
proposed antenna can be excited by forming a cylindrical DR,
a radiating patch as a perturbed cavity, a dielectric substrate,
and a reduced ground plane that forms a resonant cavity. The
cavity model method is used to analyze and determine the elec-
tric field (F,) and magnetic ﬁeg}(H@) inside the cavity using
the magnetic vector potential (A,) for TM, modes as shown
in Equation (1), which must satisfy the Helmholtz equation in
cylindrical coordinates as shown in Equation (2) [19,20]:

sz) = BunpJm (kpp') [As cos (m0)") + Ba sin(mf))] cos(k,z")
©)
VAL + AL =0 @

where k, = Xf;", k. =5 andm =p=0,12,..,n =
1,2,3...

The primary cylindrical coordinates p’, (', and 2’ character-
ize the fields inside the cavities. The resonance frequencies
of TMy,pp and TE,,,,,, modes can be determined using Equa-
tions (3) and (4), respectively [20]:

s ((522) = ()

(TM 1 mode) (3)

Fms = 3772 <<)2m>2+<?)2>
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FIGURE 1. The proposed antenna design: (a) Isotropic view. (b) Topside view. (c) Rearside view.

2
(TEwmy mode) @ +0.02 (T—D> (7)
Considering the factor of correction (F') owing to the fringing 2hp

field effect, the actual circular patch radius (a) is replaced by )
an effective radius (a.y = R; in cm), which can be calculated where ¢, f;, epr, 7p, and hip are the speed of light (3 x
using Equations (5), (6), and (7) [11]: 108 m/s), the resonance frequency (in Hz), the permittivity of
CDR radius (in meter), and the height (in meter) of the CDR,

r respectively.
a = s The octagonal ring edge effective length L.y = Log (in mm)
({1 + s ((In (57 + 1.7726))) }) ’ can be calculated by using Equation (8) [21]:
3 x 108 er+1
791 x 10° - =

Pt 7?“2/50 5) ATy A A ®

X where f, and ¢, are target resonance frequency (in GHz) and
u { 14 2h [ln (ﬂ 17T 6)] }2 ©) permittivity of the dielectric substrate, respectively.

ey ame, 2h The trapezoidal feed top (Wr) and base (Wp) widths (in
mm) can be calculated by using Equation (9) [21]:

where h is the substrate height (in cm), f,. the resonance fre-

8
quency (in Hz), and ¢, the dielectric substrate permittivity. Wyp = 3x10 = Wg 9)
The cylindrical DRA dimensions can be calculated using 2 fr (GHz) * /(er +1)/2

Equation (7) [4]:
quation (7) [4] The antenna ground length (L¢) and width (W¢) can be calcu-

6.324 % ¢ o lated by using Equation (10) (all dimensions are in mm) [21]:

16 Www.jpier.org



Progress In Electromagnetics Research C, Vol. 171, 14-24, 2026

H

AM——
R
R4
R=38.1692 Ohm

9

AW~

R

RO

R=467.36354 Ohm

14984 Ohm
TermG R R c R R c R c R
TermG1 R1 c2 R3 b R5 R6 o7 R8 co R10
;lf;r:):é = R=65.669188644 Ohm (3 767334 o R=87.2820905 Ohii_g 33605 pr < R=19.930875 Ohg R=20.658 Ohm - gan7azs pr S R=32.05544 Ohm (2 gasg pr R=1.1 Ohm
I3 L L L L L
| @ S-PARAMETERS l L1 13 5 L6 L8 L10
L=106.1922 nH L=30.8568 nH =6.2608 nH L=7.9768 nH L=90.8026 nH 1=50.914136 nH
S_Param R= R= R= R= R= R=
SP1
Start=1.0 GHz c G © C C (o)
Stop=6.0 GHz G c3 [e] cs c8 c10
Slep=0.025 GHz C=0.105352 pF C=0.235768 pF C=0.416776 pF—_ C=1.9638 pF C=0018291 pF C=0.0176043 pF

AW :
R
R7
R=100.892176 Ohm

I I

.

FIGURE 2. Antenna (RLC) equivalent circuit of the proposed antenna.

2.2. Antenna Configuration

The complete isometric view (a), top and rear side geometrical
views (b) and (¢) of the proposed antenna are revealed in Fig. 1.
The non-planner antenna is made using a low-cost FR4 sheet
(6, = 4.4, tand = 0.02) of 65 x 45 mm? size. The full cylin-
drical dielectric resonator (CDR), fabricated using alumina ce-
ramic material (Al,O3) with a radius rp = 21 mm and height
hp = 11mm, is mounted on the topside of the flowerpot-
shaped patch radiator. As shown in Fig. 1, the microstrip line is
combined with a tapered trapezoidal shape transition feed and
positioned from the top edge of the dielectric substrate to the
middle of the flowerpot-shaped patch radiator for sufficient ex-
citation. All the dimensional details are presented in Table 1.

TABLE 1. Proposed prototype parameter/dimensions in mm.

Parameter  Value (mm) Parameter Value (mm)
Ls 65 L 16.42
Ws 45 Wer 5.99
Hs 1.6 Lok 11.98
Lp 20 Woe 1.0
Wr 3.0 Ws1 4.74
Wg 3.0 Wisa 4.24
Hr 12.7 Wes 3.13
D 21 Pr, 10.23
hp 11 Wr 24
R; 14.47 R, 2.12

3. ANTENNA ELECTRICAL EQUIVALENT CIRCUIT

A lumped-element antenna equivalent circuit model of the pro-
posed antenna is presented in Fig. 2 to explain its functionality.
A 50-Q resistor in the antenna equivalent circuit model rep-
resents the suitably matched transmission line used for effec-
tive power transfer, characteristic impedance, and impedance
matching. The series RLC circuit made by R1, L1, C1 indi-
cates a CDRA responsible for 1.54 GHz resonance frequency
(Fy1), and a series RLC circuit made by R5,L5,C5 indi-

cates that the center circular patch radiator is responsible for
2.02 GHz resonance frequency (F2). The series RLC circuit
made by R6, L6, C6 indicates symmetrical octagonal ring side
edges responsible for 3.23 GHz resonance frequency (F,.3), and
series RLC circuits made by R8, L8, C8 and R10, L10,C10
lumped elements denote coupled circular petals responsible for
3.95GHz (F4) and 5.54 GHz (F,5) resonance frequency, re-
spectively. Remaining shunt RLC circuits show non-resonating
1.68 GHz, 2.65 GHz, 4.63 GHz, 5.24 GHz frequencies. Like-
wise, the series RLC circuit made by R8, L8, C'8 shows non-
resonating 5.03 GHz. Here, all R lumped values signify elec-
tromagnetic (EM) fields formed by current flows; C values sig-
nify conduction and radiation losses; L values signify the en-
ergy kept in E-fields. Therefore, to optimize the antenna per-
formance, (i) decrease the resistance (R) values to increase the
antenna efficiency and the radiated power; (ii) adjusting L and
C values can fine-tune the resonance frequency and impedance
matching bandwidths [22]. The circuit is realized in advanced
design system (ADS) software, as shown in Fig 2, and the ADS
estimated values of the equivalent circuit R,L,C lumped com-
ponents are presented in Table 2. The reflection coefficients
(S11-dB) obtained from CST and ADS software are found in
good agreement, as shown in Fig. 3.

Reflection Coefficient, S,,(dB)

Designed Antenna
—— Equivalent Circuit

T T T
30 35 40 45 50 55

Freq(GHz)

T
2.5 6.0

FIGURE 3. Simulated graph of S};-dB matched in CST and ADS soft-
ware.
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TABLE 2. RLC lumped values of equivalent circuit model.

Resonance Frequency R-Values (2) L-Values (nH) C'-Values (pF)
(F-GHz) (Tuned Estimated) (Tuned Estimated) (Tuned Estimated)
Frq =154 R1 = 65.66918 L1 =106.1922 C1 =0.105352
Fro =2.02 R3 = 87.28209 L3 = 30.8528 C3 = 0.33605
Fr3 =3.23 R5 =19.9308 L5 = 6.2608 C5 = 0.416776
Frs =395 R6 = 29.658 L6 = 7.9768 C6 = 1.9638
Fr5 =5.54 R10=1.1 L10 = 50.9141 C10 = 0.0176

(b)

(d)

Ant - IV

FIGURE 4. Designs of reference antenna (a) case-I, (b) case-II, (c) case-III, (d) case-IV.

4. PRINCIPLE OF OPERATION AND THE ROLE OF AN-
TENNA ELEMENTS

The working principle of the proposed FPSDRA is discussed
in this section. During the design, preliminary research, and
analysis process, a (non-modified) center circular patch of ra-
dius (R;) was initially made on the top of the substrate, with a
whole rectangular ground plane on the back side of the substrate
with a copper cladding of thickness (! = 0.035 mm) excited
by a simple microstrip line feed, and loaded with a cylindri-
cal DR on the top of the circular patch in antenna case-I proto-
type as shown in Fig. 4(a). Subsequently, in the antenna case-
II design, small circular flower petals of radius (R,) are em-
ployed on the peripheral edges of the patch as fractal shapes
along with flower stem based feeding to enhance surface cur-
rent distribution, impedance matching, and multiband low to
high frequency resonance, as shown in Fig. 4(b). Later, in an-
tenna case-1I1, a hollowed-out octagonal ring-shape coupled ra-
diator was introduced surrounding the flower petals-stem shape
to add new resonance peaks, as shown in Fig. 4(c). Finally, in
antenna case-IV design, a tapered trapezoidal feed is employed
in between the microstrip feed and flower stem feed for grad-
ual current transition and stable multiband resonance. Eight
edges of octagonal ring-shaped radiator have been reduced to
two symmetrical edges for surface current reduction, excess
current reduction, surplus resonance, and extreme directional
pattern. Additionally, the full rectangular ground plane is re-
duced on the rear side of the dielectric substrate for antenna size
reduction and impedance bandwidth enhancement, as shown

18
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FIGURE 5. Simulation results of the reflection coefficient (S;;-dB) for
referral antenna cases.

in Fig. 4(d). Fig. 5 shows the simulated reflection coefficients
(S11-dB) of the four referral antenna cases. From Fig. 4, it can
be seen that owing to the CDR, a 1.54 GHz resonance mode is
perceived, owing to the flower-shaped patch radiator maximum
dimension from center 2.02 GHz resonance mode, and owing
to reduced symmetrical octagonal ring side edges, 3.23 GHz
resonance mode is perceived. Moreover, two remaining res-
onant modes are perceived at 3.95 GHz and 5.54 GHz, ow-
ing to flower petals and the coupling between petals of radius
R, (inmm) = 2l 73],
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FIGURE 6. Simulation of parametric analysis for variation in (a) flower petal radius (R,), (b) CDRA radius (rp), (c) rectangular ground plane width

Wa).

5. PARAMETRIC ANALYSIS

The parametric analysis was performed by changing the circu-
lar flower petal radius (R,), CDRA radius (rp ), and rectangu-
lar ground plane width (W¢;). Fig. 6(a) shows the effect of the
flower petal radius (R,) on the reflection coefficients (S1;-dB).
By increasing and decreasing the flower petal radius, due to the
change in the electrical length of the overall antenna, the reso-
nance notch can be shifted towards lower and higher frequen-
cies, respectively. Here, R, was tuned between 1.12 mm and
3.12 mm, and the desired resonance notches with optimum re-
flection coefficients were obtained at 2.12 mm. Fig. 6(b) shows
the effect of CDRA radius (rp) on the reflection coefficient
(S11-dB). By increasing and decreasing the CDRA radius, due
to the change in electrical length and the coupling of energy,
resonance notches can be shifted towards lower and higher
bands, respectively. The CDR radius (rp) is tuned by 18 mm,
21 mm, and 24 mm. Finally, the desired notches with optimum
reflection coefficients were obtained at 21 mm. Fig. 6(c) shows
the effect of the rectangular ground plane width (Ws). The
ground plane width was tuned from 28 mm to 34 mm. It is ob-
served that owing to the change in capacitance, surface current
distribution, and edge interference, the desired multiband reso-
nance with optimum reflection coefficients and bandwidths is
obtained at Wz = 31 mm.

6. PROTOTYPE AND RESULTS DISCUSSION

After the effective parametric analysis, significant dimensions
of the antenna were determined for the prototype design. Sub-
sequently, the prototype was fabricated and tested in an ane-
choic chamber (800 MHz to 18 GHz) as shown in Fig. 7. The
proposed multiband FPSDRA is built using a dielectric lami-
nate of FR4.

Subsequently, the flowerpot-shaped patch radiator was
etched and excited by a combined microstrip-line-tapered
trapezoidal feed line on the topside of the FR4 substrate.

@ j (b)

FIGURE 7. (a) Top view of fabricated substrate and (b) bottom view of
the fabricated substrate.

WWwWw.jpier.org
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FIGURE 8. Proposed assembled antenna prototype topmost view.

Finally, a cylindrical DRA (AL,O3, epr = 9.8) is attached to
the top of the patch radiator. This feed line is excited by an
RF SMA jack connector (50-€2) as shown in Fig. 8. During
the testing, a slight inconsistency was observed between
material properties and built-up tolerances, signal degradation
caused by cables and connectors, thickness and quality of
the adhesive used to attach the CDR on the antenna plane,
as shown in Fig. 8. The reflection coefficients, peak gains,
and radiation patterns were measured using a reference horn
antenna measurement setup in an anechoic chamber, as shown
in Fig. 9.

FIGURE 9. Anechoic chamber test and measurement setup.

Figure 10 shows the simulated and measured reflection co-
efficients (S1;-dB). The simulated and measured reflection co-
efficients are < —30dB at 1.54 GHz, < —20dB at 2.02 GHz,
< —20dB at 3.23 GHz, < —19dB at 3.95 GHz and 5.54 GHz.
In Fig. 10, absolute bandwidths are shown as BANDI to
BANDS, whereas Table 3 shows —10 dB impedance match-
ing bandwidths in percentage. As shown in Fig. 12, the pro-
posed antenna provides adequate agreement between the sim-
ulated and experimentally measured voltage standing wave ra-
tios (VSWRs) obtained around ~2 with < 5% deviance ow-
ing to fabrication tolerances, SMA connector stray effects, di-
electric material property variations and losses, copper con-
ductor losses, and experimental environment reflections. The
evaluation between the simulated and measured peak gains

20

O —7T—TT—T——T——7T——T—7 T
&5
-10 1
A5 |- .
-20 - . \ T
-25 |-

=30 |-

BAND--3 BAND--4

Reflection Coefficient (S, - dB)

.35 | - "
| BAND-1 BAND-2 —=— Simulated - S11 (dB)

ol A . ., | —e— Measured - S11 (dB) ||

1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 55 6.0
Frequency (GHz)

FIGURE 10. Simulated and measured results of reflection coefficients
(S11-dB).

is depicted in Fig. 13 with convincing agreement. The mea-
sured peak gains are 2.01 dBi, 2.05dBi, 3.02dBi, 4.85dBi,
and 2.24 dBi at 1.54 GHz, 2.02 GHz, 3.23 GHz, 3.95 GHz, and
5.54 GHz, respectively. The discrepancy between the simu-
lated and measured gains is due to substantial feed, connec-
tor, and cable losses. The simulated radiation efficiencies are
98.12%, 92.51%, 83.60%, 87.15%, and 85.59% for respec-
tive bands, as shown in Fig. 13. Additionally, in this design,
the fractional power losses associated with the CDR and the
remaining antenna structure are calculated using the accepted
input power (P,), radiated power (Prq), conductor loss, and
dielectric loss. The simulated fraction power losses in CDR
are 0.01/0.01/0.02/0.02/0.03%, and those of the remaining part
of the antenna structure are 1.99/7.48/16.39/12.87/14.38% at
1.54/2.02/3.23/3.95/5.54 GHz, respectively.

Figure 11 shows the E-field distributions of the simulated an-
tenna geometry at 1.54 GHz, 2.02 GHz, 3.23 GHz, 3.95 GHz,
and 5.54 GHz, respectively. It indicates high current density
at different elements of the antenna geometry. Fig. 14 shows
simulated and measured radiation 2D polar plots of E-plane
(xzz-plane) and H-plane (yz-plane) at 1.54 GHz, 2.02 GHz,
3.23 GHz, 3.95 GHz, and 5.54 GHz. These radiation plots have
attained adequate gains in the boresight direction due to the
variation in the dimensions of the ground plane, tapered trape-
zoidal feed, and CDRA.

Table 3 shows a comparison of the proposed prototype with
earlier designs in terms of several antenna performance parame-
ters, such as resonating frequencies, operating bands, DR prop-
erties, type of dielectric laminates, size of antenna, Si;, and
gain for L1/S/C band applications. Compared to the prior de-
signs, the proposed multiband antenna is compact and has low
cost, employing a novel flowerpot-shaped patch radiator ex-
cited by a combined microstrip-tapered trapezoidal feed struc-
ture, integrated with a reduced ground plane and a low-cost
cylindrical dielectric resonator. Moreover, this new design of-
fers adequate results in terms of reflection coefficients (S};-
dB), peak gains, —10 dB impedance bandwidths (%), radiation
features, and radiation efficiencies for mentioned applications.
Finally, the proposed prototype is suitable for 5G-enabled
GNSS (5GNSS, 1.48-1.59 GHz), state of the art wireless appli-
cations, such as UMTS 2100/PCS 1900 (1.88-2.21 GHz), Wi-
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FIGURE 11. E-field distributions at 1.54 GHz, 2.02 GHz, 3.23 GHz, 3.95 GHz, and 5.54 GHz.

TABLE 3. Comparison assessment of the proposed DRA prototype with earlier DRA prototypes.

i DR Antenna Size (mm?) . . Radiation
F. Operating . . . DR Size S11 Gain | —10dB .
Ref. Material and Dielectric VSWR . Efficiency
(GHz) Bands (mm) (Shape) (dB) (dBi) | BW (%)
(epr) Substrate (&) (%)
156-1.58 Taconic 100 x 100 D = 38.6
9] 1.57 . CERI10 Taconic H =6.46 —15 1.0 | 4.50 60 72.89
(Single-band)
+ FR 27 (12) CER-10 (10) (Quarter CDRA)
1.98-2.59 .
2.4 Alumina D =235 < —40 2.40 26.6
3.24-3.85 . 50 x 50
[10] 3.5 Ceramic H=9.0 < =35| NM | 4.13 20.4 NM
4.85-5.85 FR4 (4.4) .
5.4 . 9.8) (Hybrid CDRA) | < —30 3.5 18.6
(Tri-band)
1.67-2.07 L =40
1.3 ECCOSTOCK < =20 | <2 4.9 19.5 81
2.50-2.67 . 64 x 85 W =40
[11] 2.6 Hik Rod <-15| <2 4.4 6.58 72.7
3.50-3.80 FR4 (4.4) H=21
3.8 . (10) <-20| <2 6.7 8.2 73.5
(Tri-band) (Square DRA)
3342
3.5 . L=44 —10.10 431 71.73
4o | 32 Alumina 100 x 100 W =44 16.92 5.61 76.24
. X = —16. . .
[12] 44-5.0 Ceramic NM NM
4.6 FR4 (4.4) H=17 —22.85 5.01 74.31
44-5.0 9.8)
5.0 (Square DRA) | —12.85 432 64.04
(Quad-band)
3.2 <-10| <2
. D =44
3.6 3.18-5.01 Alumina 130 x 130 = NM <-10| <2
18-5. X =
[13] 4.0 Ceramic . <-10| <2 | ~33 45.1 NM
(Penta-band) FR4 (4.4) (Semi angular
4.4 9.8) <-10| <2
DRA)
4.8 <-10| <2
1.48-1.59
1.54 —33.73 | 1.12 | 2.17 9.45 98.00
1.88-2.21 . D =42
. 2.02 Alumina —25.40 | 1.23 | 2.35 7.12 92.51
This 2.95-4.21 . 65 x 45 H=11
3.23 Ceramic Lo —30.37 | 1.34 | 330 | 21.08 83.59
work 2.98-4.21 FR4 (4.4) (Cylindrical
3.95 9.8) —22.32| 145 | 5.11 13.79 87.15
5.42-5.64 DRA)
5.54 —22.55| 1.56 | 2.54 5.24 85.56
(Penta-band)

(NM = Not mentioned, D = Diameter, H = Height)
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FIGURE 14. Simulated and measured radiation plots of (a), (c), (¢), (g), (i) E-plane and (b), (d), (f), (h), (j) H-plane at 1.54 GHz, 2.02 GHz, 3.23 GHz,

3.95 GHz, and 5.54 GHz, respectively.

Fi 5 (2.98-4.21 GHz), WiMAX (2.98-3.65 GHz), and n77/78
Sub-6 GHz 5G (5.42-5.64 GHz) applications. In the future, re-
searchers may improve axial ratio and increase gains using ar-
ray structures for next-generation wireless applications.

7. CONCLUSION

A new miniaturized multiband cylindrical dielectric resonator
antenna (CDRA) based on a flowerpot-shaped patch radiator
was designed, simulated, fabricated, and tested. The proposed
antenna is excited using a combined microstrip-tapered trape-
zoidal feed structure and employs a reduced rectangular ground
plane on the rear side of a low-cost FR4 laminate. A low-
permittivity, low-cost cylindrical dielectric resonator (DR) is
utilized to generate lower- and higher-order resonances. The re-
duced ground plane has reduced the antenna size and improved
the radiation patterns, whereas the novel flowerpot-shaped ra-
diator enhanced the multiband resonance. The cylindrical DR,
the center circular patch of the flower-shaped patch, sym-
metrical reduced octagonal ring edges, and coupling between
flower petals have provided resonating notches at 1.54 GHz,
2.02 GHz, 3.23 GHz, 3.95 GHz, and 5.54 GHz, respectively.
The proposed prototype offers adequate reflection coefficients,
gains, —10dB impedance matching bandwidths (%), and ra-

23

diation performance for SGNSS (GPS), UMTS, PCS, Wi-Fi5,
WiMAX, and n77/78 Sub-6 GHz 5G applications.
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