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Abstract—A hemisphere dielectric resonator pattern reconfigurable
antenna (DRA) is proposed in this paper. The proposed antenna
element can operate in four states (SI∼SIV) and correspondingly
reconfigure its patterns in four directions. A thinning linear array by
non-uniform spacing with the element is constructed to scan its main
beam from θ = −77◦ to 77◦ in E-plane with 3-dB beam coverage from
θ = −90◦ to 90◦ by changing two states and progressive phases.

1. INTRODUCTION

In the modern communication and radar systems, antennas are often
required to transmit signal in different directions. Phased array [3–5]
can electronically control its main beam by adjusting the excited phase
of the elements, which results in its extensive applications. However
there are two key factors which limit the pattern scanning ability of
the phased array. One is the mutual coupling between elements and
the other is the inherent directivity of the element pattern [2]. Some
effective technologies have been developed to suppress the element
mutual coupling in array design [4–7]. Recently, one attempt has used
the reconfigurable antenna as element in the phased array design [6–8].
The pattern reconfigurable antenna can reconfigure its pattern, thus,
when it is used as an array element the pattern scanning ability of the
phased array can be improved because an additional degree of freedom
is added.

In this paper, a hemisphere dielectric resonator (DRA) [9–11]
pattern reconfigurable antenna [12–14] is presented. The antenna
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can operate in four states (SI∼SIV) and accordingly reconfigure its
pattern in four mutual perpendicular directions. Then a thinning
linear array [15–17] with non-uniform spacing is constructed using such
elements. The studied results indicate that the array can scan its main
beam from θ = −77◦ to 77◦ in E-plane with 3-dB beam coverage from
θ = −90◦ to 90◦ by shifting the states of the reconfigurable elements
and progressive phases. Another outstanding advantage is that the
proposed array has ultralow grating lobes.

(a) Bottom-view of the presented antenna

(b) Side-view of the proposed antenna

Figure 1. Geometry of the antenna element.
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2. HEMISPHERE DIELECTRIC RESONATOR
PATTERN RECONFIGURABLE ANTENNA ELEMENT

2.1. Geometry of the Antenna Element

The presented dielectric resonator antenna with a bottom foam layer
(relative permittivity εr = 1) is shown in Fig. 1. The dielectric
hemisphere has a relative permittivity of εr = 6, a radius R = 7.2 mm
and a height h = 3.5mm, respectively. An inner cylinder with a radius
of r = 6.6mm is removed and re-filled by a foam cylinder with the
same shape. Four metal electrodes (c1∼c4) are inserted into the foam
cylinder and p = 1.1 mm away from the edge of the foam cylinder. The
metal electrodes are distributed symmetrically on the circle and have a
radius of rpin = 0.62 mm and a length of L = 3.48mm. Four microstrip
branch lines are etched on the surface of the dielectric substrate and
connected with the four metal electrodes, respectively. Another port
of each branch is joined together and then connected with the feed
probe. The coaxial feed line has a characteristic impedance of 50 Ω.
Four gaps with a width of dcut are cut on the four microstrip branches.
Four switches, i.e., k1, k2, k3 and k4, are installed in the four gaps,
respectively. The ground plate has an area of 2.1λ0 × 2.1λ0, where λ0

is free space wavelength at operate frequency.
According to the pin diode (MA4GP905), when the bias is null,

the diode operates as a low capacitance of 0.025 pF, and when a forward
bias is applied to the diode, it can be equivalent to a low resistance
of 3 Ω. Thus, for closely simulating the real switches, we substitute
Cload = 0.025 pF and Rload = 3Ω for the open and close states of
the switches, respectively. By opening or closing those switches, four
radiation patterns can be obtained. When k1 is closed and others are
opened, the antenna operates in so called state SI. When k2 is closed
and others are open, the antenna operates in so called state SII. And
so on, the states SIII and SIV are obtained, too.

2.2. Simulation Results

The antenna is designed using the three-dimension high frequency EM
simulation software HFSS10. The simulated return losses (S11) of the
antenna element in states SI and SII are shown in Fig. 2. The results
indicate that the antenna can operate well around 10.04 GHz in the two
states. Fig. 3 shows the simulated radiation patterns in the E-plane at
states SI and SII. It can be observed that the main beam of the antenna
can be scanned in E-plane by switching the antenna states between
states SI and SII. The main beam direction and the corresponding half
power beam coverage in E-plane (xoz) are (SI, −44◦, −13◦ ∼−75◦),
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(SII, 45◦, 12◦∼76◦). As our expectation, the patterns of the two states
are symmetrical, and the corresponding characteristics of states SIII
and SIV can be obtained too. For simplification, the characteristics of
states SIII and SIV are not listed here.
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Figure 2. Simulated return loss for this antenna.
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Figure 3. Simulated radiation patterns in the E-plane at two states
for this antenna element.

Figure 4. Configuration of the linear phased array.

3. LINEAR PHASED ARRAY WITH
RECONFIGURABLE ANTENNA ELEMENTS

For avoiding the appearance of grating lobes and reducing the mutual
coupling between adjacent elements, thinning array by non-uniform
spacing is adopted to study the performance of the linear phased array
with the proposed reconfigurable antenna elements. Fig. 4 shows the
configuration of the proposed linear phased array. Twelve elements,
named No. 1–No. 12, are arranged along x-axis with different spacing
(d1 ∼ d11) and all of the elements operate in the same state. In this
paper, we study only state SI. Element position xn is represented as
follow formula:

xn =
N−1∑

0

dn =
L

r − 1

(
r

n−1
N−1 − 1

)
(1)



188 Ding et al.

where r = d11/d1, n is the nth element, N is the amount of elements
of the array, L is the total length of the linear array; in this array, we
choose L = 8λ0. When the array scans in E-plane, each element’s port
exciting phase is

∆ϕn =
2π

λ0
xn · sin(θ0) (2)

where θ0 is the scan main beam direction of the array. The simulated
return losses of each port and mutual coupling between two adjacent
elements are shown in Fig. 5. In this figure, it can be observed that
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Figure 5. Simulated (a) return loss of each port and (b) mutual
coupling between adjacent elements.
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at the operation frequency of 10.04 GHz the biggest return loss is
−15 dB and it belongs to element No. 2 and a mutual coupling of less
than −10 dB is obtained between the adjacent elements. The studies
also demonstrate that the mutual coupling between other elements
gradually decrease with increased spacing dn due to the thinning
arrangement of the array.

The radiation characteristics of the non-uniform spacing phased
array are analyzed. The array can scan its patterns in E-plane (i.e.,
ϕ = 180◦) by changing the progressive phase ∆ψ, and the results are
shown in Fig. 6. The array can scan its main beam from θ = 0◦
to −77◦ in E-plane (ϕ = 180◦) with 3 dB beam coverage getting to
θ = −90◦ and without grating lobes. The detailed data is shown in
Table 1. According to the symmetry characteristic of states SI and SII,
the array can scan in E-plane (ϕ = 0◦) from θ = 0◦ to θ = 90◦. So the
array can scan above the xoz-plane (i.e., θ = −90◦∼ 90◦, ϕ = 0◦) by
reconfiguring the array operate states between states SI and SII and
changing progressive phase.

According to the same characteristics of the antenna element
four states, the other thinning array by non-uniform spacing can be
designed with the elements being arranged along y-axis, the array
can scan above the yoz-plane (i.e., θ = −90◦ ∼ 90◦, ϕ = 90◦) by
reconfiguring the array operate states between states SIII and SIV and
changing progressive phase.
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Figure 6. Radiation patterns of the proposed array with various
progressive phased.
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Table 1. Array pattern characteristics in E-plane of state SI with
various progressive phases.

Beam direction
(θ◦, 180◦)

3 dB beam coverage Gain (dBi)

(0◦, 180◦) (−1◦, 5◦) 13.95
(−10◦, 180◦) (−6◦, -12◦) 15.12
(−20◦, 180◦) (−15◦, −22◦) 14.51
(−30◦, 180◦) (−27◦, −34◦) 13.49
(−40◦, 180◦) (−36◦, −44◦) 14.12
(−50◦, 180◦) (−44◦, −54◦) 13.89
(−60◦,180◦) (−53◦, −64◦) 13.42
(−68◦, 180◦) (−66◦, −76◦) 13.21
(−72◦, 180◦) (−66◦, −83◦) 12.31
(−77◦, 180◦) (−68◦, −90◦) 11.71

4. CONCLUSION

A new hemisphere dielectric resonator antenna with four reconfigurable
operating states and four patterns is presented in this paper. A
thinning linear array by non-uniform spacing with the proposed
elements is designed to scan its main beam from θ = −77◦ to 77◦ in
E-plane with 3-dB beam coverage from θ = −90◦ to 90◦ by changing
two states and progressive phases.
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