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Abstract: A U-slot rectangular dielectric resonator antenna (URDRA) is studied experimentally. In this configuration DRA
is placed over the centre of the rectangular ring slot etched on the ground plane fed through microstrip line feed. A comparative
study is made between rectangular dielectric resonator antenna (RDRA) and URDRA which provides improvement in
impedance bandwidth from 5.5% to 58%. The dual band of RDRA is changed to single wideband operating at X-band and
Ku-band applications. The radiation pattern of both the antennas are measured and presented.
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1. INTRODUCTION

In the recent years, interest in the study of DRA is developed
due to its attractive features such as small size, high radiation
efficiency, high bandwidth, low cost and low weight. They
are very important components for several communication
systems operating at microwave and millimeter wave bands
[1]. Different shapes of DRAs such as cylindrical, conical,
elliptical, pyramidal, triangular and rectangular have been
presented in the literature [2 – 5]. The rectangular shaped
DRAs offer more practical advantages over other shapes and
have more design flexibility. The bandwidth of the DRA is
dependent of on the aspect ratio, hence it provides more
flexibility in terms of bandwidth control. There are many
feeding techniques, such as probe feed, microstrip line, slots,
co-planar lines, etc. [6 – 8]. In order to achieve wideband,
different methods have been introduced, using special DR

geometries, stacked antennas with different size or dielectric
materials, an embedded DRA [2] and L and T-shaped DRAs
[9-10]. In this paper, a comparative study is made between
RDRA (with hdr = 0.3 cm) URDRA1 (with hdr = 0.3 cm) and
URDRA2 (with hdr = 0.6 cm). The URDRA is comprised of
a rectangular DR, in which a U-shaped slot is cut. The RDR
is replaced by URDR and it is seen that the dual band of
RDRA is enhanced by using URDRA1. Further by increasing
the thickness of URDRA1 to URDRA2 the dual band
operation is changed to single wideband, increasing the
impedance bandwidth of the antenna considerably. The
return loss, radiation patterns of the proposed antennas are
measured and presented.

2. ANTENNA CONFIGURATION

Figure 1 shows the geometry of RDRA. The antenna
comprises of rectangular DR of dimensions Ldr = 2.21 cm,

Fig. 1: Geometry of RDRA (a) Top view of RDRA (b) Side view of RDRA
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Wdr = 1.64 cm and thickness, hdr = 0.3 and dielectric constant
εdr = 11.9 fed by a rectangular ring slot of dimension
Ls1 = 2 cm, Ls2 = 0.5 cm, and width of ring Ws = 0.2 cm
which is U1 = 2.5 mm, U2 = 5 mm, U3 = 5 mm, U4 = 10 mm,
U5 = 5 mm, U6 = 2.5 mm etched on the ground plane of low
cost glass epoxy substrate material having dielectric constant
εr = 4.2 and thickness h = 0.16 cm. The rectangular ring slot
dimensions are taken in terms of λ0, where λ0 is free space
wavelength in cm. A 50 Ω  microstrip feed line with Lf =
3 cm and Wf = 0.157 cm with stub taken in terms of λ0/6 is
used for impedance matching. At the tip of microstrip feed
line a 50 Ω coaxial SMA connector is connected for feeding
microwave power. Slot coupling offers the advantage of
having the feed network located below the ground plane,
isolating the radiating slot from any unwanted coupling from
the feed. Figure 2 shows the top view of U-slot DR and

dimensions of the individual slots. This U-slot DR is replaced
in place of rectangular DR.

3. EXPERIMENTAL RESULTS

The impedance bandwidth over return loss less than – 10 dB
for the proposed antennas is measured using Vector Network
Analyzer (Rohde and Schwarz, German make ZVK model
1127.8651). Figure 3 shows the return loss versus frequency
graph of RDRA indicating that the antenna RDRA is
resonating as dual band giving out the impedance bandwidth
520 MHz (5.5%) at 9.42 GHz and 730 MHz (5.47%) at
13.24 GHz.

Figure 4 shows return loss versus frequency graph of
URDRA1 and URDRA2. From the figure it is clear that
URDRA1 is also resonating for dual band but with improved
bandwidth such as 2100 MHz (22.2%) at 9.91 GHz and
3640 MHz (28.48%) at 13.72 GHz. And URDRA2 is
resonating as single wideband giving out impedance
bandwidth of 6790 MHz (58.25%) at 13.93 GHz showing
the dual band of RDRA and URDRA1 are combined to single
wideband.

The X-Y plane co-polar and cross-polar radiation
patterns of the proposed antennas are measured at their
resonating frequencies and are shown in Figs 5 to 7. It is
observed that all the antennas show broad side radiation
characteristics with low cross polar level.

The half power beam width (HPBW), return loss and
gain of the proposed antennas are tabulated in Table 1. As
URDRA2 gives maximum bandwidth among the proposed
antennas, its variation of input impedance is shown in Fig. 8.
It is seen that the input impedance has multiple loops at the
center of Smith chart that validates its wide band operation.

Fig. 2: Top View of U-slot DR Showing Dimensions
of the U-slot

Fig. 3: Variation of Return Loss Versus Frequency
Graph of RDRA

Fig. 4: Variation of Return Loss Versus Frequency Graph of
URDRA1 and URDRA2
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Fig. 5: Radiation Pattern of RDRA at 9.42 GHz  and 13.24 GHz

Fig. 6: Radiation Pattern of URDRA1 at 9.91 GHz and 13.72 GHz

Table 1
HPBW, Return Loss and Gain of RDRA,

URDRA1 and URDRA2

Antennas Frequencies Return loss HPBW in Gain in dB
in GHz in dB (degrees)

RDRA 9.42 – 30.44 36.26 6.53

13.24 – 20.67 18.76 1.22

URDRA1 9.91 – 30.22 36.26 6.53

13.72 – 22.75 105.94 1.83

URDRA2 9.59 – 21.23 80.51 9.26

13.93 – 22.67 145.43 1.26

Fig. 7: Radiation Pattern of URDRA2 at 9.59 GHz and 13.93 GHz

Fig. 8: Variation of Input Impedance of URDRA2
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4. CONCLUSION

A U-slot RDRA is studied experimentally. It is obvious from
the results that the impedance bandwidth is increased from
5% to 58% and shows broadside radiation pattern with
improved gain. These antennas are quite simple in design
and fabrication, hence find application in X-band and Ku-
band frequency range.
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