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ABSTRACT: Radially embedded probe-fed circular disc dielectric resonator antenna (DRA) for ultrawideband applications is investigated.
Initially, a single-layer probe fed DRA is developed. The probe length is adjusted to optimize S11 performance. For a probe length of
10 mm, a measured —10dB bandwidth of 47.8% (4.75-7.74 GHz) is obtained. The design is modified with two concentric rings of
different dielectric materials with a hollow center. The modified configuration improves the matching from an S1; value of —18 dB
at 5.23 GHz to —24.2dB at 4.56 GHz. However, the measured —10 dB bandwidth reduces to some extent to 38.4% (4.2—6.2 GHz).
In another modified design, an air gap is introduced between two inner discs of Alumina supported by a solid outer ring of Teflon.
The radially embedded feeding probe, therefore, protrudes into the circular air pocket sandwiched between the two Alumina discs. An
improved measured bandwidth of 55.9% (6.66—11.83 GHz) is obtained. Measured S11 of —24.1 dB is similar to that obtained for the
concentric ring design but at a higher frequency of 9 GHz. All three antenna designs feature a reduced size with a volume of approximately
1963.5 mm?, wider bandwidth, and consistent radiation patterns over the operating frequency band. It makes the proposed designs suitable

for ultra-wideband (UWB) applications.

1. INTRODUCTION

Federal Communications Commission (FCC) has specified
ultra-wideband (UWB) technology and approved the
release of an unlicensed spectral frequency band of 3.1-
10.6 GHz [1]. This UWB technology possesses characteristics
such as high data rate transmission in short range, low power
consumption, more precise positioning capabilities, and
minimum multipath interference [2], making it suitable for
applications that include mobile communication [3], audio
streaming, augmented reality, smart home, and monitor-
ing applications for hospitals and military use. Reported
UWB radar includes railSAR [4], boomSAR [5], SIRE
radar [6], SAFIRE radar [7] to detect landmines, and military
targets while [8], [9], [10] are used for human detection
and monitoring conditions of patients in hospital. In recent
years, major brands such as Apple, Samsung, Google, and
Xiaomi launched UWB enabled devices [11]. Impedance
matching over the required bandwidth, size minimization,
consistent gain, and radiation pattern over the operating band
are some of the major design challenges [12—-14]. In recent
years, numerous types of antennas have been developed for
UWB applications. These include Vivaldi antenna for low
radar cross section (RCS) applications [15], slot antenna for
modern UWB communication systems [16], metal waveguide
slot array antenna for harsh environments [17], and resonant
cavity antenna [18]. Other reported antennas include printed
circuit board integrated planar circular disc monopole an-
tenna [19], compact dielectric resonator antenna (DRA) with
band-notched characteristics [20], and DRA having consistent
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omnidirectional radiation patterns over the bandwidth for
indoor communication systems [21]. Although Vivaldi and
array antennas are preferred in UWB radars, printed antennas
and DRAs are more suitable for small electronic devices in
indoor communication and positioning applications. Even
though the conventional DRAs exhibit better bandwidth
(typically 10%) than other low-profile, small-size antenna
such as conventional patch antennas (typically 2—5%) [22],
they need special design modifications to achieve UWB
performance. Techniques include stacked DRAs with the
same or different materials [23], separating the resonator from
ground plane with an air gap [24], introducing multisegmented
dielectric resonator antennas [25], creating air gap inside the
resonator [26] and feeding the DRA by a patch [27].

Antenna size is crucial because of the space limitation in
UWB communication devices. The overall size of many anten-
nas becomes large owing to the large ground plane or substrate
used in them [28-30]. Efforts of addressing this problem with
antenna size is reported in [31] where a square-shaped DRA
having no additional ground plane except the flange of the coax-
ial probe is designed. Another DRA reported in [32] is designed
with a ground plane of the same size as that of the resonating
element.

This article discusses radially embedded probe-fed circular
disc DRAs and explores different geometric configurations to
achieve wide bandwidth. The feeding probe is embedded ra-
dially as against the conventional approach of probe feeding
along the normal of the resonator faces. Three antenna configu-
rations of the same volume (1963.5 mm?) are discussed, which
will be referred to hereon as Ant. I, Ant. II, and Ant. III. In
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FIGURE 2. (a) Simulated \S11-parameters for different probe lengths (L,,) for Ant. I. (b) Simulated gain and efficiency for Ant. I (L, =

conventional DRAs, resonators are placed on a metallic ground
plane or a dielectric substrate with a metallic layer while the
proposed Ant. I and Ant. III have no additional ground plane.
For Ant. II, an annular outer metallic ring around the outer
cylindrical surface of the resonator is used instead of the con-
ventional planar ground. In general, a resonator mounted on
a much larger ground plane leads to a broadside radiation pat-
tern [33,34]. The approach of eliminating ground plane or us-
ing cylindrically conformal ground plane leads to an omnidi-
rectional pattern behavior as well as reduced size.

2. ANTENNA CONFIGURATION AND SIMULATED RE-
SULTS

An initial estimation for the design specifications of the res-
onator is carried out using [22] and [35]. The estimated di-
mensions are used to computationally assess antenna perfor-
mance using CST STUDIO SUITE Learning edition. The de-
sign parameters are chosen such that the operating frequency
band lies in the UWB allocated frequency band. Different con-
figurations with two dielectric materials are studied. As against
the conventional approach of mounting the DRA on a metal-
lic ground plane or a dielectric substrate with a metallic layer,
Ant. I [Figure 1(a)] comprises a single homogeneous dielectric
(Teflon, e, = 2.1) disc excited by a radially inserted probe
of diameter (D,) 0.9mm which is an extension of the cen-
ter conductor of the SubMiniature version A (SMA) connector
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with its flange serving as the ground plane. The simulated Sy;-
parameters for different probe lengths are shown in Figure 2(a).
Simulated bandwidths of 55.6% (5.64-9.98 GHz), 55% (5.24—
9.22 GHz), 44.7% (4.91-7.74 GHz), 22.6% (4-5.02 GHz), and
16.7% (3.28-3.88 GHz) are observed for probe lengths (L,,) of
9mm, 10 mm, 11 mm, 15 mm, and 20 mm, respectively.

Ant I [Figure 1(b)] comprises two concentric rings, the outer
one of Teflon (¢, = 2.1) having an inner diameter (d;) of
15 mm with a thickness (¢) of 5 mm and the inner one of Alu-
mina (¢,, = 9.8) with an inner diameter (d2) of 8 mm and thick-
ness of 3.5 mm. Since high permittivity material leads to lower-
ing bandwidth, and low permittivity material leads to poor cou-
pling between probe and resonator, Alumina is chosen as the
best choice due to its medium range of permittivity. Other de-
sign parameters such as inner diameter of the outer ring are esti-
mated from computational results. The configuration has an air
pocket of a diameter (d3) of 8 mm at the center. A metallic layer
of thickness 0.05 mm is attached to the cylindrical outer surface
of the structure. For different probe lengths, S;1-parameter re-
sults [Figure 3(a)] are observed. A bandwidth of 50.8% (3.34—
5.62 GHz) is observed for a probe length (L) of 8.5 mm.

Ant. IIT [Figure 1(c)] consists of a dielectric ring (Teflon,
g, = 2.1) of inner diameter (d;) 15 mm with a thickness (t)
of 5mm. Two dielectric discs (Alumina, £, = 9.8) of diam-
eter (d1) 15mm and thickness (¢1) of 1.5mm are placed on
both faces of the open center of the ring as caps resulting in
an air pocket of thickness 0.9 mm between the discs. The exci-
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FIGURE 3. (a) Simulated S11-parameters for various probe lengths (L,) for Ant. II. (b) Simulated gain and efficiency for Ant. Il (L, = 8.5 mm).
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FIGURE 4. (a) Simulated S11-parameters for different probe lengths (L, ) for Ant. II1. (b) Simulated gain and efficiency for Ant. IlI (L, = 7 mm).

tation probe which is an extension of the center conductor of the
SMA connector is inserted radially and symmetrically through
the dielectric ring and positioned between the dielectric discs
at the center with an air gap of 0.9 mm between them. Fig-
ure 4(a) shows simulated Sq;-parameters for probe lengths (L)
of 7mm, 10 mm, 13.5 mm, 17 mm, and 20 mm. A 10-dB band-
width of up to 68.7% (4.94—10.11) is observed.

Simulated gains and efficiency over the operating band for
Ant. I, Ant. II, and Ant. III are shown in Figure 2(b), Fig-
ure 3(b), and Figure 4(b), respectively. Computational result
show antenna efficiencies in excess of 88% for all three config-
urations. Figure 5 shows the F- and H-fields at the resonating
frequency for the respective antennas. It is observed that the
E-field is the strongest along the probe while the H-field is
circular around the probe. The field distribution is indicative of
a transverse magnetic mode.

3. EXPERIMENTAL RESULTS AND DISCUSSION

Measured permittivity, permeability, and loss tangent of Teflon
used to fabricate the antennas are reported in [36] as shown
in Figure 6(a). Experimental characterizations are carried out
using Agilent E8362C PNA Series Vector Network Analyzer.
S11-parameters are measured for Ant. I [Figure 1(a)] with probe
lengths of 9mm, 10mm, 11 mm, 15mm, and 20 mm [Fig-
ure 6(b)]. It is observed that a maximum bandwidth of 47.8%
(4.75-7.74 GHz) is obtained for a probe length of 10 mm. The
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bandwidth and resonant frequency are inversely related to the
probe length [Figure 7].

For Ant. II [Figure 1(b)], S11-parameters are measured for
probe lengths of 8.5 mm, 12.5 mm, and 16.5 mm while maxi-
mum bandwidth is obtained for a probe length of 8.5 mm [Fig-
ure 8(a)]. Matching is improved from an S7; value of —18 dB
for Ant. I to —24.2dB for Ant. II at the resonant frequency,
while the resonant frequency shifts from 5.23 GHz to 4.56 GHz,
resulting in size reduction. A measured impedance of 35.5 +
71.1and 50.3 — j7.1 is found for Ant. I and Ant. IT at 5.49 GHz
and 4.67 GHz, respectively [Figure 8(b)]. However, in the case
of Ant. II, the measured —10 dB bandwidth decreases some-
what to 38.4% (4.2-6.2 GHz).

S11 parameters are measured for Ant. III [Figure 1(c)]
with probe lengths of 7mm, 10 mm, 13.5mm, 17 mm, and
20 mm [Figure 9(a)] using Anritsu MS46322B Vector Network
Analyzer. A maximum —10dB bandwidth of 55.9% (6.66—
11.83 GHz) is obtained for a probe length of 7mm. The
improvement of bandwidth is observed compared to Ant. I
and Ant. II. Improved matching observed in Ant. II is also
maintained in Ant. IIT with an S;; value of —24.1 dB while
the resonant frequency shifts to 9 GHz, affecting the antenna
size. Figure 9(b) shows the fabricated prototypes of all three
antenna configurations. A comparative study between the
proposed designs and their respective advantages in terms of
their bandwidth, size, and design simplicity are highlighted in
Table 1.

WWwWw.jpier.org



PIER C

Thakur and Bhattacharyya

(b)

(@
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FIGURE 9. (a) Measured S11 results for Ant. III. (b) Photograph of the fabricated prototypes.

TABLE 1. Comparison of antenna performance showing best bandwidth for Ant. III.

Parameter Comparison Comments
Ant. IIT achi
Bandwidth | Ant. Il < Ant. I < Ant. IIT nt. llTachieves
maximum bandwidth.
N lized ant i
Size Ant. 11 < Ant. 1 < Ant. III ormalized antenna size

is smaller for Ant. II.

Design simplicity

Ant. III < Ant. II < Ant. I

Although all three designs
are simple, Ant. I have

the simplest geometry.

Radiation pattern measurements are carried out for all three
structures: Ant. I, Ant. I, and Ant. III and are shown in Fig-
ure 10. The radiation patterns for Ant. I are measured at the
resonant frequency of 4.82 GHz. For Ant. II, radiation patterns
are measured at the two S1; peaks (4.56 GHz and 5.7 GHz) ob-
served. The radiation patterns for Ant. III are measured at three
different frequencies of 7GHz, 9 GHz, and 11 GHz to ascer-
tain the pattern stability over the bandwidth, since a wide band-
width of 5.17 GHz is observed for this design. Measured results
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show that the radiation patterns are omnidirectional in general
and remain relatively consistent at these frequencies indicating
suitability for application in UWB communication devices re-
quiring omnidirectional radiation properties.

Performance comparison of the proposed DRAs with re-
ported results in terms of their bandwidth and size is summa-
rized in Table 2. It may be noted that Ant. [ and Ant. III use no
additional ground plane except the in-built connector flange,
similar to the design approach reported in [31]. The designed
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FIGURE 10. Measured radiation patterns for (a) Ant. I, (b) Ant. II and (c) Ant. III. (Left: Plane perpendicular to the disc and probe. Right: Plane

perpendicular to the disc).

antenna structures are seen to be smaller by a factor of as much
as 3.5 compared to the structure reported in [31], even while a
12 times larger bandwidth is obtained in the case of Ant. III.
Compared with [30], where the use of a ground plane does not
increase the antenna profile, Ant. Il achieves a 7.6 times larger
bandwidth. The DRAs reported in [28], [29], [30], and [37]
exhibit a wide bandwidth, but their large ground plane and
high profile increase the overall antenna size. Referring to [38]

92

and [39], it is seen that Ant. IIT achieves a relatively wider band-
width with a compact size. The wide bandwidth with a com-
pact size and consistent radiation pattern makes the proposed
designs suitable for UWB communication devices. Additional
uses could be similar to the short-range data transfer applica-
tion that has been reported in [40], audio streaming, wireless
monitor video transmission, smart home gadgets, and military
applications [3—10].
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TABLE 2. Comparison between current and existing DRAs.

Absolute BW
Size Size
Ref. Antenna type Er [Freq. range] BW (%)
(mm) (Mo)
(GHz)
LP RDRA
;31] (No ground 10 31 x 31 x 24mm?® 0.54 x 0.54 x 0.42)\3 0.13 [5.18-5.31] 247
plane), 10
CP RDRA 3 3
10 31 x 31 x 24 mm 0.54 x 0.54 x 0.42)3 0.24 [5.13-5.37] 4.6
(No ground plane)
DRA with small 3 3
[32] 10 27 x 27 x 14.5mm 0.22 x 0.22 x 0.12A3 0.18 [2.39-2.57] 7.3
ground plane
Stacked triangular 3 3
[28] 10.2 & 4.4 | 140 x 140 x 18.9 mm 3.9 x 3.9 x 0.53\5 10.1 [3.3-13.4] 120.9
prism-shaped DRA
Compact stacked 3 3
[29] ) 10.2 50 x 50 x 7.5 mm 1.58 x 1.58 x 0.24)\3 7.5[5.7-13.2] 79.3
cylinder DRA
[30] 3D printed DRA, 10&3 60 x 55 x 23 mm?® 1.47 x 1.35 x 0.57A3 5.14 [4.8-9.94] 69.7
[37] Multi-layer DRA 10.2 30 x 30 x 5.08 mm? 0.81 x 0.81 x 0.14)} 6.51 [4.8-11.31] 92
[38] Low profile DRA 15 132 x 132 x 15mm?® 1.02 x 1.02 x 0.12)3 0.96 [1.85-2.81] 41.2
Embedded 3 3
[39] 345&9.9 60 x 60 x 15 mm 1.98 x 1.98 x 0.49)\; 2.25[8.75-11] 22.8
stacked DRA
Ant. I Circular disc DRA 2.1 d=25mm,w =4mm | d=0.42Xo, w = 0.07TAo | 2.99 [4.75-7.74] 47.8
Ant. 1T Circular disc DRA 21&98 | d=25mm,w=4mm | d=0.43)\g, w = 0.06\¢ 2[4.2-6.2] 38.4
Ant. III Circular disc DRA 2.1&9.8 d=2bmm,w =4mm | d=0.T7ho, w = 0.12)\o | 5.17 [6.66—11.83] 55.9

Ref.: reference, BW: —10dB bandwidth, LP: linearly polarized, RDRA: rectangular dielectric resonator antenna, CP: circularly polarized,
Ao: free space wavelength at center frequency, d: diameter, w: width.

4. CONCLUSION

In this article, radially embedded probe-fed DRAs are inves-
tigated with three different geometries with the same over-
all size: Ant. I, Ant. II, and Ant. III. A wide bandwidth of
2.99 GHz (47.8%), 2 GHz (38.4%), and 5.17 GHz (55.9%) are
obtained for Ant. I, Ant. I, and Ant. III, respectively. By em-
ploying the techniques of eliminating additional ground plane
and using conformal ground at the cylindrical surface of the ra-
dially embedded probe feed DRA, the proposed antennas obtain
a wider bandwidth with a compact size and maintain consis-
tency in radiation patterns over the operating frequency bands.
These features make them suitable for the use in UWB commu-
nication devices.
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