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ABSTRACT

In this paper, a wideband Sierpinski carpet patterned cylindrical Dielectric Resonator Antenna (DRA) operating in the
X-Band is proposed. This DRA is realized from low cost Teflon. An impedance bandwidth of 50% is obtained cove-
ring the entire X-band with similar radiation pattern throughout the band. The average peak gain within the band is

about 5.5 dBi.
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1. Introduction

Dielectric resonator antennas (DRAS) have been sub-
jected to many investigations since their introduction in
1983 [1]. The DRA is useful for high frequency applica-
tions where Ohmic losses become predominant for con-
ventional metallic antennas. In addition, they offer higher
bandwidths and gain when compared with microstrip
patch antennas. Over the past few years researchers have
tried to improve the impedance bandwidth of these DRAS
to increase its functionality. Wideband DRA has been
demonstrated for cylindricall DRA (CDRA) by Chair ef al.
[2] and for rectangular DRA by Li and Leung [3]. System-
atic analysis of improving bandwidth using this mode
merging technique has been reported by Y oung and Long
[4]. In [4] it was reveded that the actua reason for
wideband operation of CDRA was due to unequal rate of
variation in resonant frequency of the TMy39 and TMyy
modes with change in radius to height ratio as shown in
Figure lillustrating an edge fed CDRA.

Guha and Antar [5] reported a new design by using a
set of four CDRASs symmetrically arranged around a cen-
trally located coaxia probe covered by a dielectric rod to
achieve wideband performance by merging closely spaced
resonances. In [6] Walsh er al. investigated a set of three
different configurations of CDRA like the stacked, core
plug embedded and embedded stacked respectively to
achieve wideband resonance characteristics. It was re-
ported in [6] that for core plug embedded CDRA ma-
ximum impedance bandwidth could be achieved by si-
multaneously making the embedded plug region diele-
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ctric constant as one and ensuring the maximum occu-
pancy of the plug region. Keefe and Kingsley [7] re-
ported RF range liquid DRA that uses water as dielectric
which adds a new range of diglectric antenna research.
La et al. [8] revisited the radiation efficiency of DRA
and using Wheeler cap technique and confirmed that
radiation efficiency of DRA is much higher than micro-
strip antenna millimeter wave frequencies. Recently inte-
gration of DRA with other circuits for on chip application
using silicon substrate was reported in [9].

Chen et al. has proposed a miniature dual-band diel-
ectric resonator antenna with a parasitic c-slot fed by
microstrip line [10]. The proposed antenna achieved band-
width and of 3.3% & 4.3 dBi at 2450 MHz and 5.7% &
3.8 dBi at 5640 MHz.

The enhanced radiation characteristics of a cylindrical
DRA are presented by A. Singh and Satish K.Sharma[11]
by employing the dual coaxia probes in the differential
feed arrangement. The DRA offers an impedance band-
width of 68% and broadside radiation patterns with good
gain and low cross-polarization levels. In comparison to
this, asimilar single probe fed DRA provided 82% band-
width but with the mix of the omni-directional and dire-
ctiona radiation patterns with high cross-polarization
levels.

Liboli Z. et al. presented a broadband dielectric re-
sonator antenna, formed by carving out notches from cy-
lindrical geometry to form the bowtie shape and fed by
coaxial probe on one of the notched sides [12]. The pro-
posed bowtie DRA combines shape deformation with
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at edge

Figure 1. Geometry of a typical cylindrical dielectric reso-
nator antenna. The main design dimensions are the radius
“@’ and height “h” asindicated.

low permittivity resonator achieved impedance bandwidth

of 49.4% covering frequency range of 4.194 - 6.944 GHz.

The simulated and measured radiation patterns are con-
sistent throughout the operational bandwidth.

In this work we have presented a rule based method to
achieve wideband performance by drilling out Sierpinski
carpet fractal patterned regions from a CDRA. Section 2
deals with antenna design methodology and parametric
study. Thisis followed by resonance and radiation chara-
cteristics in Section 3 with final concluding remarks in
Section 4.

2. Antenna Design and Parametric Study

The proposed antenna is analyzed and parametricaly
studied using CST Microwave Studio™. As discussed in
the previous section that a wide bandwidth can be achi-
eved by proper merging of closely spaced modes, simi-
larly the first design step was to parametrically vary ra-
dius to height ratio for a CDRA with ¢, = 2.1 (Teflon).
The radius of the Teflon rod based CDRA is taken as 19
mm. For a height of 24 mm the closely spaced reso-
nances merged resulting in a wide impedance bandwidth
as shown in Figure 2.

This is followed by drilling out from the centre a cy-
lindrical region of radius a'which is 1/3 the radius “a” of
the original cylinder. This CDRA is afirst iteration Sier-
pinski carpet fractal patterned CDRA with edge feed
which is named as SCFCDRAEFI 1. Similarly the second
iteration is created by further drilling out eight cylinders
of radius a" where 4" is one third of «'. This is
named as SCFCDRAEFI2 and its return loss plotted
against frequency is shown in Figure 3. There is a dlight
improvement in impedance bandwidth as compared to
thefirst iteration and the original CDRA.

The excitation is a Z-directed coaxia probe with the
length “/” mm and the radius » = 0.635 mm. The probe is
located at the edge circumference of Cylindrical DRA
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Figure 2. Simulated S11 (dB) with a different DRA height
(h).

e L B

\. CDRA  SCFCDRAEFII

S11 (dB)

Bt -

o
i —@—SCFCDRAEFI1
| | | —A— SCFCDRAEFI2
25 . . T . T . T T T
6 8 10 12 14 16
Frequency (GHz)

Figure 3. Comparison of S11(dB) plot of a typical CDRA
with first and second iteration Sierpinski carpet fractal
CDRA with SMA probefeed at the circumference.

and connected to a SMA connector. The probe pin length
“I” is parametrically varied to observe its effect on reso-
nance frequency. It is seen from Figure 4 that the reso-
nance frequency decreases as probe pin length increases.
A probe pin length of 6 mm was chosen for which 10
GHz centre frequency could be achieved.

The depth of drill “dpg;;” isaso parametrically varied
to observe its effect on impedance bandwidth as shown
in Figure 5. It is observed that increasing the depth of
drill improves impedance bandwidth. When the depth of
drill is equal to height of DRA the impedance bandwidth
IS maximum.

To further improve the bandwidth it was desirous that
different resonances must be properly excited within the
SCFCDRAEFI2. This could be achieved by shifting the
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Figure 4. Variation in S11 curvesfor different pin lengthsin

circumference fed Sierpinski carpet fractal CDRA of sec-
ond iteration.
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Figure 5. Variation in S11 (dB) curves after varying the
depth of the drilled out region in Sierpinski carpet fractal
CDRA of second iteration.

position of feed from the circumference to an inner point.
This new design is named as inset fed second iteration
Sierpinski carpet patterned CDRA which in short formis
written as SCFCDRAIFI2. To insert a probe in a simple
CDRA holes need to be drilled. Here, as a cylindrical
region of radius «' is already removed from the origi-
nal CDRA for designing SCFDRAEFI2 so it is easy for
inserting the coaxial probe pin in the inner circumfer-
ence as shown in Figure 6.

To further study the effect of the drilled out regions
the holes were filled with dielectric materials and the
effect on resonance behavior was observed. It is seen
from Figure 7 that the maximum bandwidth and proper
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Figure 6. Illustration of the proposed antenna, (a) side view
and (b) top view.
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Figure 7. Variation in S11 (dB) curves for different values
of permittivity of plugged region in fractal cylindrical DRA
of second iteration.

frequency tuning is achieved using air i.e. by simply re-
moving the drilled out material.

3. Results and Discussion

The proposed antennais analyzed using CST Microwave
Studio™. From the S11 (dB) plot of theinitial designs of
the antenna as shown in Figure 3 it is seen that there is
an improvement of approximately 6% in impedance
bandwidth after first iteration and improvement of ap-
proximately 14% after second iteration is achieved. The
impedance bandwidths of the individual designs are also
tabulated in Table 1.

The simulated S11 (dB) of the inset feed Sierpinski
carpet fractal CDRA, asillustrated in Figure 5, is given
in Figure 8. The impedance bandwidth is calculated to
be 50%.
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Table 1. Impedance bandwidth of various designs of fractal
based CDRA SCFCDRA: Sierpinski carpet fractal cylindri-
cal dielectric resonator antenna.

Parameter Impedance Bandwidth (GHz)
CDRA 4.1967
SCFCDRAEFI1 4.4262
SCFCDRAEFI2 4.7541
SCFCDRAIFI2 5.0

EF: Edge feed; IF: Inset feed.
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Figure 8. Return loss plot of inset fed Sierpinski carpet
fractal CDRA of second iteration.

The E-field distribution inside the fractal DRA (FDRA)
isillustrated in Figure 9 for three frequencies at 9 GHz,
10 GHz and 11 GHz. At lower frequency of 9 GHz it is
observed that the field is confined within the DRA con-
firming that it is the fundamental mode. With a definite
pattern of drilled off region which in this case is a fractal
geometry, the resonance freguencies could be fine tuned
resulting in awide impedance bandwidth.

The radiation pattern in E-theta for Phi = 0° and Phi =
90° are shown in Figure 10. A similar radiation charac-
teristic is observed within the band in both cut planes.
The simulated antenna peak gain against frequency of
inset fed Sierpinski carpet fractal CDRA of second itera-
tion is shown in Figure 11. The simulated peak gain var-
ies from 5.25 dBi to 6.25 dBi within the band. At the re-
sonant frequency 10 GHz the peak gain is 5.511 dBi. The
computed efficiency is found to be above 90%.

4. Conclusion

A new broadband cylindrical dielectric resonator antenna
is realized using drilling off Sierpinski carpet fractal
shaped holes in the original cylindrical dielectric resona-
tor. By shifting the feed position from the circumference
to an inset position it is seen that matching over a wide-
band covering the entire X-band becomes uniform. In
this design, impedance bandwidth of 50% is obtained. In
addition, the antenna cost is very low as an attempt has
been made to realize DRA using low dielectric permitti-
vity material like Teflon. With these features, this design
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Figure9. E-field distribution inside the fractal DRA aswell as near theantenna at (a) 9 GHz; (b) 10 GHz and (c) 11 GHz.
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Figure 10. Simulated radiation patterns. E-theta pattern for Phi = 0 deg at (a) 9 GHz; (b) 10 GHz and (c) 11 GHz. E-theta for
Phi =90 deg at (d) 9 GHz; (e) 10 GHz and (f) 11 GHz respectively.
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Figure 11. Simulated antenna peak gain of inset fed Sier-
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