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Abstract

This paper presents the study on a compact polarization diver-
sity antenna array consisting of two orthogonally placed hy-
brid dielectric resonator antenna (DRA) elements. A prototype
antenna array for IEEE802.11a WLAN application is designed
and measured. Over 20 dB isolation and 18% input impedance
bandwidth is achieved while symmetrical and unidirectional
radiation patterns are maintained over all the IEEE802.11a
WLAN bands (5150 − 5350 MHz/5725-5875 MHz).

1. INTRODUCTION

Multi-path fading is an important issue in wireless com-
munication, especially in the indoor environments. In order
to reduce the signal fading caused by the multi-path effects,
antenna diversity techniques are therefore applied to both the
transmitter and receiver sides. Although extensive research ef-
forts have been put into the diversity antennas development [1-
3], the design of a compact diversity antenna system suitable
for mobile application is still a significant challenge due to
the stringent requirements on the antenna size, bandwidth,
efficiency, and isolation.

Dielectric resonator antenna (DRA) is an efficient radiator
with inherent merits such as small size, high efficiency and
ease of excitation. However, the relative bandwidth of a single
DRA is typically below 10%, which can not meet the increas-
ing demand for wideband operation. Recently, the multiple
resonances technique that was formerly employed in design-
ing wideband microstrip antennas [4] has been successfully
applied in DRA design to enhance the bandwidth of a single
dielectric resonator (DR). By combining the resonance of the
feeding structure with that of the DR, a compact wideband or
multi-band hybrid DRA can be designed [5].

In this paper, a 2-element polarization diversity hybrid
DRA array for IEEE802.11a WLAN is implemented on a
small ground plane compatible with PCMCIA card. The single
hybrid DRA element which is first reported in [6] comprises
a rectangular dielectric resonator and a conductor-backed
coplanar waveguide (CB-CPW) slot. The backing conductor
and the lateral metal sidewalls around the substrate form a
back-cavity to block the backward radiation from the slot.
This structure has the advantage of working on a very small
ground plane, while retaining symmetrical and unidirectional

linear polarized radiation patterns. By putting two hybrid
DRA elements orthogonally on a common ground plane, a
compact polarization diversity array is achieved. This array
occupies a small space of53 mm × 25 mm while offers
wide bandwidth (>18%) and high isolation (>22 dB) over
all the IEEE802.11a WLAN bands (5150 − 5350 MHz/5725-
5875 MHz).

2. ANTENNA STRUCTURE

The proposed single hybrid DRA element is depicted in
Fig. 1. This antenna consists of a rectangular DR and a probe-
fed CB-CPW inductive slot etched on an RT/Duriod substrate
(εr = 2.33, T = 1.25 mm), which has the same size as the
dielectric resonator.

Fig. 1: Top view and side view of the single DRA element

As shown in Fig. 1, the CB-CPW is designed with a metal
strip of widthWc and a gap of widthG, whereas the inductive
slot has two arms of equal lengthLg, and the distance from
the slot to the probe feed point isLa. The rectangular DR
with dielectric constantεdr has a hight ofd and a rectangular
cross section ofa × b. DR is placed above the slot with a
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distance ofLb from the slot to the lower edge of the DR.
All the sidewalls of the substrate are metallized so as to
connect the coplanar ground planes to the conductor backing.
The lateral metal walls together with the conductor backing
constitute a back-cavity to block the backward radiation from
the slot. The resonance frequency of the rectangular DR can
be roughly estimated with the modified dielectric waveguide
model [7] and the inductive slot resonates at approximately
one guided wavelength (2(Lg + La) ≈ λg) whereλg is the
guided wavelength of the slot.

Fig. 2: Top view and side view of the DRA array structure

The 2-element polarization diversity antenna structure is
shown in Fig. 2. Two identical hybrid DRA elements are
mounted orthogonally to each other on a common ground
plane. The ground plane has the dimension of54 mm ×
25 mm, which is close to the space for antenna on a standard
PCMCIA card. The gap between the two DRA elements is
5 mm.

3. MEASUREMENT RESULTS

The single DRA element geometry is simulated and op-
timized in the commercial software ANSOFT HFSS. The
optimized antenna parameters for IEEE802.11a WLAN ap-
plication area = b = 22 mm, d = 4.0 mm, εdr = 14,
Wc = 2.6 mm, G = 0.5 mm, Lg = 6.6 mm,La = 6.2 mm
andLb = 9.2 mm. Fig. 3 shows the measured antenna input
impedance and return loss for the single hybrid DRA element.
Two resonance frequencies around 5.3 GHz and 5.8 GHz can
be observed. The frequency range of the measured bandwidth
is from 5.05 GHz to 6.05 GHz, corresponding to a relative
bandwidth of 18% (S11 < −10 dB).

The measured return loss of the 2-element array is shown
in Fig. 4. There are some differences between the input
return loss at the two ports (S11 and S22) due to the an-
tenna fabrication tolerance. However, both antennas have input
return loss greater than 10 dB in the frequency range of
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Fig. 3: Measured input impedance and return loss of the antenna element.

5.125 − 5.875 GHz, which covers all the 5 GHz WLAN
frequency bands. Furthermore, the measured mutual coupling
(S12) is less than−22 dB over the matched frequency band.
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Fig. 4: Measured S-parameter of the antenna array

Fig. 5 and 6 show the measured antenna radiation pat-
tern on the x-z and y-z planes at5.2 GHz and 5.8 GHz
respectively for individual excitation of antenna 1 or antenna
2. The radiation patterns of the single antenna element are
broadside and symmetric at both planes. It can be observed
that, antenna 1 radiates a strongEθ component while antenna
2 radiates a strongEφ component in the x-z plane. The cross-
polarization field component is at least20 dB below the co-
polarization field component in the broadside direction. The
reverse phenomena can be observed in the y-z plane, which
reflects the polarization diversity property of the array. It is
noted that the radiation front-to-back ratio is above12 dB
at both frequencies, confirming the consistent unidirectional
radiation characteristics across the matching band. Fig. 7
presents the measured single antenna element radiation gain
in the broadside (θ = 0o) throughout the matching band and
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Fig. 5: Measured antenna radiation pattern at 5.2 GHz
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Fig. 6: Measured antenna radiation pattern at 5.8 GHz

a peak gain of 5.4 dBi is achieved around 5.2 GHz.
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Fig. 7: Measured antenna radiation gain in the broadside

4. CONCLUSION

In this paper, a polarization diversity hybrid dielectric
resonator antenna array structure is proposed. Two identical
linear polarized hybrid DRA elements are placed orthogo-
nally on a common ground plane with narrow spacing. A
prototype antenna array for IEEE802.11a WLAN application

demonstrated a 18% bandwidth, over22 dB isolation and
consistent unidirectional radiation patterns within the working
frequency band. The size of the dielectric resonator can be
further reduced with higher dielectric constant material to
achieve more compact array size.
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