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Investigation of Wideband Two Elements Dual Segment
Half-Cylindrical Dielectric Resonator Antenna (DS h-CDRA)
with RCS Analysis
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Abstract—In this paper dual segment half Cylindrical Dielectric Resonator Antennas (DS h-CDRA),
deploying homogenous elements, are designed and analyzed for wide-band applications. At first a single
element is analyzed followed by two element DS h-CDRA. Further, Radar Cross Section (RCS) analysis
is performed for different angles and frequencies. The proposed antennas are excited from the center of
the ground plane using a coaxial probe feed, which results in TMg15 as a mode of excitation in cylindrical
DRA. The input impedance and radiation characteristics are determined and compared with measured
results, which shows good agreement. The proposed DS h-CDRA provides measured wide bandwidth
(=~ 98%) from 5.0 GHz to 11.5 GHz with gain of 4.85dBi, and it is found constant throughout the
operational band (with omnidirectional radiation pattern). The designed antennas performance has
also been compared with two element h-CDRA and found even better for the same volume and effective
radiation area. The RCS analysis has been performed for monostatic and bistatic mode at different
frequencies and angles. The proposed antenna has been found suitable for 5.0 GHz WLAN and WiMAX
wireless application.

1. INTRODUCTION

Dielectric resonators (DRs) can act as an efficient radiator and used as an antenna, once it is left in
open environment. Material having high dielectric constant (g,) and low loss tangent (tan § ~ 10~%) has
been used for fabrication of DRAs. In the beginning, Long et al. [2] investigated a cylindrical dielectric
resonator for providing efficient radiation with some enticing options and characteristics namely zero
conductor losses, high radiation efficiency, small size, light weight and ease of excitation that make it
appropriate for wireless applications [1-3]. Mode of excitation and shape/size of the DRA is the most
important thing for radiation characteristics. Some of the fundamental modes have been investigated for
cylindrical dielectric resonator antenna CDRA, namely TEg1, TMg15, HE115, EHi15, and TEg1145 [3].
DRA does not support surface wave and ohmic loss, which leads to its high radiation efficiency [2-4].
Recently, bandwidth enhancement is a major concern for antenna designers. Several approaches
have been investigated by researchers for bandwidth enhancement, such as changing the aspect ratio of
DRA [5], using multi-element concept [6], using stacking and multi-segments [7-10], sectoring/splitting
of the basic structure [11-14] and an air gap introduction below the DRA [15-17]. An experiment
was performed by Petosa et al. with multi-segment approach for rectangular DRA, to get wideband
in which low dielectric material was inserted below the DRA [7]. For the improvement in bandwidth,
stacking of a annular ring DRA has been introduced by Luk and Shum with coaxial probe feed [§].
The triangular DRA with segmentation approach has been investigated for bandwidth improvement
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and found to have 35% bandwidth [10]. The splitting of the basic cylindrical shape has been proposed
by Mongia et al. [11,12] with bandwidth improvement for monopole type radiation pattern to enhance
the bandwidth of the DRA. When a compact cylindrical sector DRA is compared with conventional
CDRA, it is found that there is a decrement in volume by 75% [14]. The air gap has been introduced
below the DRA to enhance the bandwidth [15-17].

The monopole type of radiation pattern has been described by some researchers for various DRA
shapes [18-22]. In the beginning, monopole type radiation pattern was reported by Mongia et al. [18]
using dielectric resonator. For TMy15 mode excitation, a circular pattern dielectric ring resonator was
powered by a central coaxial probe feed. The monopole like radiation pattern has also been demonstrated
by Guha and Antar [6] for four elements CDRA which shows nearly 29% impedance bandwidth. Half
split hemispherical DRAs were investigated as broadband variants of low profile monopole type DRAs
with 35% bandwidth enhancement in [9]. Multi-element concept was investigated for various forms to
improve the bandwidth such as four elements rectangular and triangular DRAs, which provides 35%
bandwidth with monopole like radiation pattern [21, 22].

The radar cross section (RCS) analysis of antenna has been investigated as an object involving a
stealth technology, which should be as low as possible. The antenna/radar signature is proportional
to the reflections from antenna surface; RCS analysis significantly increases with the use of antennas
in military applications. Therefore, RCS analysis and its reduction have attracted great interest from
researchers over the last few years [24-27]. The RCS analysis will explore the orientation of antenna
while deploying based on application. In the monostatic case, the proposed antenna orientation has to
be kept at 0° angles, while bistatic case different-different angle orientation has to be considered.

This paper presents the concept of sectoring of the basic cylindrical shape along with multi-
element and multi-segment approach for wide bandwidth and monopole type radiation pattern. The
design and development of the projected MEMS h-CDRA are investigated through the Ansoft HFSS
simulation software system. The prototype of the proposed DRA has been fabricated. The simulated
antenna performance has been verified through measurement. The proposed antenna shows 98%
bandwidth (|S71] < —10dB) with uniform monopole-like radiation pattern for the complete operating
frequency band. The input characteristics of the two elements DS h-CDRA have been compared with
the DS h-CDRA. The RCS analysis has been performed for prosed antenna. The monostatic and bistatic
RCS analyses have been carried out for different frequencies and different angles.

2. ANTENNA DESIGN AND ANALYSIS

The half split cylindrical sector dielectric resonator antenna (h-CDRA) has been built through cutting
vertically in two uniform equal half of a solid cylinder. The dual-segmentation (DS) approach has been
imposed in the h-CDRA to make a dual-segment half split cylindrical dielectric resonator antenna (DS
h-CDRA), which is shown in Fig. 1. The h-CDRA has been constructed with a sector of an arbitrary
angle (. Its sectored face has been left open so that approximately magnetic wall boundary conditions
can be imposed on it [3].

By assuming a magnetic wall approximation for complete surface of h-CDRA, the field inside the
cylindrical sector DRA in terms of TM,,,, modes is [1, 3]

E™P = [Ady, (kvr) + BY, (k)] [C'sin (v0) + D cos (vh)] cos (k. 2) (1)

Here A, B, C' and D are arbitrary constants which depend on position and feed of the DRA. J,,, Y,
denote the first and second kind mth-order Bessel functions, respectively, where m is the positive real
number which depends upon boundary conditions, and n, p are positive integers. Here for simplicity
purpose, coaxial probe feed is chosen.

The resonant frequency of TM,,,,, mode:

2r f 2
2+ k2 =k =€ op (7) (2)

X! 2p+1
where k, = 222 k. = Gptl) are wavenumbers.
r a 0 V2T 2R

X' is the root satisfying Jp,'(Xmn') = 0.
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Figure 1. Geometry of segmented cylindrical sector h-CDRA.

So the final equation for the resonant frequency of h-CDRA calculated for TM,,,,, mode is [1, 3]

m™a

2
C
= X2 2 1 3
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Here for h-CDRA (3 = 180°, so it makes DS h-CDRA through stacking of the two different dielectric
materials. Here €, . and h.g are defined as

hegr

Ereff = and heﬁ = hjower + hupper (4)

hlower/Er,lower + hupper/gr,upper
Using Equation (4), approximately effective dielectric constant and height have been calculated. From
Equation (3), it can be observed that the resonant frequency is inversely proportional to the effective
dielectric constant of the material. Further, the Q-factor of the proposed antenna will decrease with
decrease of dielectric constant and tangent loss (tan d = 0.002 for Alumina and tan § = 0.001 for Teflon),
which will result in bandwidth enhancement.

The sectored face has been left open so that it forms approximate magnetic walls. The magnetic
walls on faces 1 and 2 have the boundary conditions

OE,
=0at ¢ =0and ¢ = 0,
9% (5)

n:%wher60<ﬂ§2ﬂ

Here face 1 and face 2 are combined and make a single face on which above boundary conditions can
be imposed.

Here v is a nonzero positive integer to satisfy the boundary conditions at open face. The solution
for open face requires the condition C' = (0. The resonant frequency depends on radius and height of
the DS h-CDRA for a particular mode. The resonant frequency for TMy15 mode of the DS h-CDRA is
calculated using Equation (3) for 0 < ¢ < 1. The calculated value of resonant frequency exists between
6.5 GHz and 9.25 GHz depending upon ‘¢’ value.

The two elements DS h-CDRA has been designed using two DS h-CDRAs, which are kept in such
a way that the coaxial probe touches the center of DS h-CDRAs to excite the proposed antenna. The
performance of the proposed antenna with dual-segment approach is tabulated in Table 1 and Table 2.
From Table 1 and Table 2, it can be observed that the bandwidth enhancement can be achieved through
the low dielectric material kept below the high dielectric material.

From the above analysis, DS h-CDRA has been made up of combining two segments (lower segment
and upper segment). The DS h-CDRA has been designed with Ansoft HFSS simulation software and
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Table 1. Variation of segment thickness and dielectric constant of two elements DS h-CDRA for lower
segment [Aupper = Neff —Niowers Er,upper = 9.8, effective height (hes) = 13 mm).

Table 2. Antenna performance with segment arrangement of two elements DS h-CDRA, effective

Erlower = 2.1 Erlower = 4.4 Erlower = 6.0
Plover () | hupper (1) = s S0 ST B W [ 7, (GHZ) | % B.W | 7, (GH2)
1 12 54.32 5.8 41.32 5.3 36.23 5.2
2 11 67.66 6.1 52.67 5.7 45.86 5.4
3 10 81.30 6.45 58.00 6.1 54.40 9.5
4 9 98.46 6.5 63.49 6.3 57.62 5.9
5 8 91.54 6.7 68.45 6.4 61.50 6.1

height (heg) = 13 mm.

Lower Upper Operating | Resonant % Gain

Segment Segment Bandwidth | Frequency | Bandwidth | (dBi)
g1 | h1 (mm) | g2 | hy (mm) (GHz) (fr) GHz
2.1 4.0 9.8 9.0 5.0-11.4 6.5 98.46 4.85
9.8 4.0 2.1 9.0 4.5-6.5 5.4 37.03 4.70
9.8 9.0 2.1 4.0 5.1-8.8 7.4 50.00 4.15
2.1 9.0 9.8 4.0 6.1-94 7.6 43.42 4.60
4.4 4.0 9.8 9.0 5.2-9.2 6.3 63.49 4.25
6.0 4.0 9.8 9.0 4.7-8.1 5.9 57.62 4.15

(a)

Figure 2. (a) Geometry and (b) fabricated prototype of proposed two elements DS h-CDRA.

fabricated, as shown in Fig. 2. The dielectric constant has been chosen as the upper layer (e, ypper) 9.8
(Alumina ceramic) and the lower layer (e, jower) 2.1 (Teflon) with very low tangent loss. The height
of the DS h-CDRA has been optimized for minimum reflection coefficient and maximum bandwidth.
The heights of upper and lower layers are 9mm and 4 mm, respectively. The radius of the CDRA
has been kept constant 4 mm for both segments. The dimension of ground plane has been obtained
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50mm x 50mm x 3mm through simulation. The dimension of the DRA is very low compared to the
dimension of the ground plane, so that it can be assumed that the ground plane behaves as infinite
ground plane for the proposed antenna. An adhesive material (fewiquick) has been used for fixing the
DRA on the ground plane in the fabrication process. In the fabrication process, the SMA connecter
has been fitted at the center of the ground plane as shown in Fig. 2(b). The probe height has been
optimized through extensive simulations for minimum reflection coefficient and obtained as 9.2 mm from
the bottom of the ground plane.

3. RESULTS AND DISCUSSION

The reflection coefficient versus frequency curve of the proposed h-CDRA is shown in Fig. 3. The
measurement of input characteristics of the proposed DS h-CDRAs has been performed by using Rohde
& Schwarz Vector Network Analyzer (Model No. ZVM, 10 MHz-20 GHz), and the extracted data of
input characteristics have been analyzed. The simulated results have been compared with measured
ones. The slight mismatch is observed in the proposed antenna performance due to the fabrication error.
From Fig. 3, the resonant frequency and operating frequency range vary, and therefore, the percentage
bandwidth of the DS h-CDRAs has been extracted and shown in Table 3. Two elements DS h-CDRA
provides wide bandwidth (~ 98.48%) and covers complete 5.0 GHz WLAN and WiMAX band which is
observed from Fig. 3 and Table 3. The proposed two elements DS h-CDRA has wide bandwidth, which
might be because of increment in radiation volume and area, lower resonant frequency in contrast to
DS h-CDRA [14]. The proposed antennas have been designed in such a way that without changing the
dimensions and volume of cylindrical DRA, it is still able to enhance the bandwidth (achieving 98%)
as well as gain (4.85dBi). Compared to other shapes (triangle, rectangle, hemisphere, and cylinder),
half-split cylindrical DRA has reduced volume and area. The proposed antenna dimension is very low
compared to above mentioned shapes, but performance wise it is better than other DRAs as shown
in Table 4. From Table 4, it can be observed that the proposed antenna has least radiated area even
showing better performance than other previous published designs.

0
-10 4
=204
& 4
= v
S’
= -404
24 ] .
=50 6.5GHz =8 Sim. Two Element dual segment h-DRA
1 —®— Meas. Two Element dual segment h-DRA
-60 4 7.45 GHz —#&— Sim. Half split dual segment CDRA
4 =% Meas. Half split dual segment CDRA
T T v T Y T v T Y T Y T .

4 5 6 7 8 9 10 11 12
Frequency (GHz)

Figure 3. |Si1| versus frequency curves of proposed two elements DS h-CDRA compared with DS
h-CDRA.

Fig. 4 illustrates the information about the input impedance and frequency characteristics of the
planned antenna which has been analyzed by using an Ansoft HFSS. By observing the graph, at the
resonant frequency (6.6 GHz) the values of measured and simulated input resistances are 52.54 {2 and
50.5 2, respectively. The calculated and simulated input resistances provide a close agreement and also
show a satisfactory resistance match with 50 €2 coaxial probe feed.

The near-field distributions of the designed antenna have been observed at resonant frequency
6.6 GHz using Ansoft HFSS simulation software. The dispersions of E-field and H-field appear in
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Table 3. The performance of two elements DS h-CDRA and DS h-CDRA.

W Dual segment h-CDRA (DS h-CDRA) Proposed DS h-CDRA
Parameter Simulated Measured Simulated Measured

Operating frequency 5.8 11.8 GHz 6.0-12.0 GHz 5.0-11.4 GHz | 5-11.5 GHz
range (]S11] < —10dB)
Resonant frequency 7.45 GHz 7.6 GHz 6.5 GHz 6.6 GHz
% Bandwidth 80.53% 78.94% 98.46% 98.48%
75 6.6 GHz
E 50 Zsaatittane.
& |
,1:.. 25 52.54 — j2.5 Q (Meas.)
% |
E‘ 0- “
%-25- —=—Sim. X;, —e—Sim.R;, |
Lo 1 |[—*— Meas. Xi“—v— Meas. Rin
-50 T T T T T T T T Y T Y T T T

4 5 6 7 8 9 10 11 12
Frequency (GHz)

Figure 4. Variation of input impedance vs. frequency of proposed two elements DS h-CDRA.

Figure 5. (a) E-field and (b) H-field distribution in proposed two elements DSh-CDRA.

Fig. 5(a) and Fig. 5(b), respectively. It can be seen from Fig. 5 that TMg;s dominates the mode
energized in the proposed design. It is obvious from Fig. 5(a) that the electric field segments confront
their counter vectors in XY plane and in this manner causes no radiation along the broadside course.
The ensuing electrical field’s square measure polarized on coordinate z-axis and therefore causes a
vertically polarized radiation encompassing the diverging structure sort of a quarter wave particle.

By using Ansoft HFSS simulation software, the pattern for the far field is examined. Radiation
pattern of the projected antenna has been measured inside an anechoic chamber. The simulated and
measured radiation patterns of the proposed two components DS h-CDRA have been analysed for both
E-plane (XZ and Y Z plane) and H-plnae (XY plane) at the the resonant frequency (6.6 GHz) which
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Table 4. Comparison of the proposed antenna with previous published structures.
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Shape
of DRA

DRA
Radiation
Area
(mm?)

Operating
Bandwidth

Percentage
Bandwidth
(1511] <
—10dB)

Resonant
Frequency

(fr)

References

Four
element
Cylinder

1570.00

3.0-4.0 GHz

29%

3.4 GHz

Half
Hemisphere

2513.27

2.8-4.2 GHz

35%

3.7GHz

Four
element
Triangular
with
dual

segment

924.00

5.5-7.8 GHz

33%

6.9 GHz

Half
split
Cylinder

1687.00

6.6-7.6 GHz

8%

6.87 GHz

[11]

Half
split
Cylinder

2354.00

7.08-7.83 GHz

10%

7.43 GHz

[12]

Half
split
Cylinder

1854.00

1.7-2.3 GHz

35%

2.1 GHz

Cylindrical
sector

1085.51

1.68-2.30 GHz

10%

1.8 GHz

Four
element
Rectangular

1904.00

5.0-7.0 GHz

35%

5.7 GHz

Four
element
Triangular

924.00

4.7-6.8 GHz

37%

5.45 GHz

10.

Half
split
Cylinder

239.00

5.1-8.3 GHz

51%

6.25 GHz

11.

Proposed
three
elements
dual
segment

t-CDRA

213.62

5.0-11.5 GHz

98%

6.6 GHz

Present
Paper
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Figure 6. Radiation pattern of proposed two elements DS h-CDRA, (a) in XY plane, (b) in Y Z plane,
(¢) in ZX plane at resonant frequency 6.6 GHz.
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Figure 7. Radiation pattern of proposed two elements DS h-CDRA, (a) in ZX-plane, (b) in Y Z-plane,
(¢) in XY-plane at frequency 5.5 GHz.

appears in Fig. 6. The simulated and measured radiation patterns have likewise been seen at two more
frequencies 5.5 GHz and 8 GHz to confirm the radiation pattern for the whole operating working band
in every one of the three planes, which appear in Fig. 7 and Fig. 8 individually. Figs. 6(a), 7(a) and
8(a) demonstrate H-plane (# = 90° for XY-plane) radiation pattern at various frequencies for the
proposed antenna. Similarly Figs. 6(b), 7(b) and 8(b) show E-plane at ¢ = 0° (for ZX-plane), and
Figs. 6(c), 7(c) and 8(c) demonstrate E-plane at ¢ = 90° (for Y Z-plane) radiation pattern at various
frequencies. The cross polarization level has 20 dB down w.r.t to copolarization level in E-plane and also
H-plane. The proposed antenna has omnidirectional radiation pattern in H-plane which is observed
From Figs. 6, 7 and 8. The proposed antenna has a monopole like ratihabition pattern in F-plane
with null at broadside direction due to TMy;5 mode. No radiation along broadside of the antenna has
confirmed that the counteracting E-field distributions within the elements of the DRA [17].

Figure 9 shows the gain versus frequency curves of the proposed antenna. Three antenna
method [23] has been used for gain measurement at an tilted direction of # = 60°. The gain has
a maximum value of 4.85dBi which can be extracted from Fig. 9). Measured and simulated gains
have a close agreement with each other. The gains of the proposed two elements DS h-CDRA have
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Figure 8. Radiation pattern of proposed two elements DS h-CDRA, (a) in ZX-plane, (b) in Y Z-plane,
(¢) in XY-plane at frequency 8.0 GHz.
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Figure 9. Variation of Gain vs. frequency curve of proposed two elements DS h-CDRA.

approximately a constant value throughout operating frequency band. The simulated radiation efficiency
and peak directivity at the resonant frequency have been observed as 99% and 5.1dB at resonant
frequency respectively.

The RCS (Radar Cross Section) analysis of two-element dual-segment h-CDRA has been performed
for both cases (Monostatic and Bistatic). In monostatic RCS versus theta for normal impinging plane
(Iwave § = 0° and ¢ = 0°) as shown in Fig. 10, with the increase in theta, RCS decreases from 13dB to
—8dB till 27°. After that the RCS increases to 2.5dB at 45°, then again decreases to —0.5dB at 55°
and becomes constant to around 3.5 dB with increase in theta.

The bistatic RCS vs theta for normal impinging plane (Iwave § = 0° and ¢ = 0°) is shown in
Fig. 11, and with increase in theta the RCS decreases from 13 dB to —8 dB at 60°. After that, the RCS
increases up to 1dB till 110° with a decrement in RCS up to 0dB at 95°. RCS again increases after
125° and reaches up to 14dB with increase in theta.

The bistaic RCS versus frequency curve is shown in Fig. 12. In Fig. 12 the monostatic RCS (Bistatic
RCS at 6 = 0°) versus frequency can be analyzed. From the curve it is clear that RCS is 7dB at 4 GHz
and increases up to 21dB at 9.5 GHz. It can be seen that the RCS has been reduced twice, first at
10.3 GHz having RCS about 19.5dB and the other decrement at 11.5 GHz having RCS about 19.5dB
again and that it increases rapidly with increase in frequency. On the other hand, for 8 = 30° to
0 = 180° except at § = 60°, bistatic RCS increases with increase in frequency.
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Figure 10. Monostatic normalized RCS versus theta curve of proposed two element dual segment
h-CDRA at different frequencies.
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4. CONCLUSION

The paper concludes the design and fabrication of two elements DS h-CDRA and contrast of the input
characteristics for DS h-CDRA. The proposed two elements DS h-CDRA gives wide bandwidth (~ 98%)
and covers the entire 5.0 GHz WLAN and WiMAX band with uniform monopole type radiation pattern
and achieves the gain of 4.85dBi in operating band. The RCS analysis of the proposed antenna has
been done for both monostatic and bistatic cases. The proposed antenna finds appropriate application
in WLAN and WiMAX band.
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