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Radiation Pattern Prediction of the
Unidirectional Dielectric Radiator (UDR)

Hongming An, Member, IEEE, Ke Wu, Senior Member, IEEE, and Renato G. Bosisio, Senior Member, IEEE

Abstract— This letter presents a theoretical prediction of the
radiation patterns of the unidirectional dielectric radiator (UDR)
using a cavity approximation. The antenna structure is first
modeled as an NRD resonator, and the electromagnetic fields
at the radiating aperture of the antemna structure are then
determined and used to calculate the radiation fields and the
radiation patterns of the antenna. The validity of the analysis is
confirmed by the measurement results.

I. INTRODUCTION

HERE HAS been increasing interest in the development

of various antennas at millimeter wave frequencies for
mobile and satellite communications, traffic-control and anti-
collision radars, and space power combining circuits. Although
the planar antenna is a strong candidate for these applications,
the significant metallic ohmic loss in this type of antennas
is difficult to overcome. Dielectric antennas have the merit of
low loss, high efficiency, low cost, and ease of fabrication, and
they are therefore suitable for millimeter-wave applications.
One promising type of the dielectric antenna is one that uses
the nonradiative dielectric waveguide (NRD) [1] structures,
with which leaky-wave and end-fire dielectric antennas have
been successfully analyzed and developed [2], [3].

A new antenna called “Unidirectional Dielectric Radiator
(UDR),” uses a NRD resonator, has been proposed in [4].
Preliminary experimental investigation has shown the great
potential of this antenna for many applications, such as in
arrays and space power combining circuits. This type of
resonant antennas has wide beamwidth and unidirectional
property and retains all the advantages of NRD components.
So far, there is no theoretical analysis available for this
antenna. In this letter, we present for the first time an attempt to
analyze this antenna and predict the radiation patterns using a
cavity approximation. The antenna structure is first modeled as
an NRD resonator. The resonant frequency is determined with
a novel numerical hybrid technique [5]. The electromagnetic
fields at the radiating aperture of the antenna structure are
then calculated. The equivalent electric and magnetic current
sources are then determined and used to calculate the radiation
field as well as radiation patterns.
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Fig. 1.

Unidirectional dielectric radiator (UDR) structure.

II. ANALYSIS

The UDR antenna [4] is shown in Fig. 1. A dielectric
resonator is located in close proximity to one of the metal plate
edge apertures (distance = d). The energy is only radiated
to the open space from this aperture, while it is suppressed
in others due to the cutoff properties of the NRD structure.
It is well known that the radiation fields of the antenna can
be determined if the electromagnetic field distributions at the
aperture is known. For simplicity of the analysis, the metal-
plate of the antenna structure is assumed to be extended to
-+0o0, thereby resulting a typical NRD resonator. The numerical
technique proposed in [5] was employed for the analysis of the
resonant structure. This technique is based on a combination
of the method of lines with the mode-matching method. The

-analysis is briefly outlined in the following.

The methods of lines with an equidistant discretization
considering the symmetric planes and the absorbing boundary
condition are used. With ‘the procedure developed in [5],
an implicit tangential electric-magnetic field relationship in
the transformed space-spectral domain is obtained at the
dielectric-air interface. Then, the coupled field components
at both sides are matched through a standard mode-matching
procedure with a coupling matrix. The unknown resonant
frequency and the field coefficient matrix are calculated by
the determinant equation. Therefore, the electromagnetic field
components in the UDR radiating aperture are readily obtained
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from the tangential fields of the d1electrrc -air 1nterface with
the followmg equations:

—
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where qb—"f(z;_d,t) and @¢"(,__ ;) are the scalar potentials at
the air side of the dielectric-air interface. « is the Fourier
transformation factor in z direction, 7 and Th are the
transform matnces D,, D., e—m, and m — e are the
discretization matrices, ‘and Ye, nare the resulting diagonal
matrices. The meanings of other parameters and matnces can
be found in [5]. i

As such, the equivalent electric and magnetic currents on
the aperture can be determined from the field components and
the electric and magnetic vector potentlals (A and F) of the
radratlon fields [6] can be calculated w1th ‘

( -QyX +QxY)
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with S, is the aperture area, E, and H, are the aperture field
- distributions.  is propagation constant of free space, f' is the

unit vector of ﬁeld point, and r’ is the vector of source point.

Thus, the far ﬁeld of the antenna can be obtalned as

E = —jwpA — jwenF x 1 - (C))

where 7 is the wave impedance of free space.

III. COMPARISON

To show the va11d1ty of the approximate analysis, the
calculated results are compared with the experimental ones
published in [4]. F1g 2 illustrates the E- -plane and H- -plane
radiation patterns of a UDR working at 9. 5 GHz with d =7.5
mm. The dimensions of the dielectric resonator (polystyrene
€. =2.58) are a, =13.5 mm, by =13.0 mm and ¢, =15.0
mm. It can be seen that a good agreement is obtained between
the measurement and calculation for a large angle range. The
diversity in the vicinity of £90° may be partly due to the influ-
ence of the feed probe of the prototype and the 1mperfectness
of the rneasurement envrronment and also attrlbuted to the
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Fig. 2. . E-plane and H-plane radiation patterns for d =7.5 mm. ——:
calculauon of th1s letter; -« - -+ : measurement of [4].
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Fig. 3. 3-dB beamwidth of both E-plane and H-plane patterns versus UDR
pesition d. — 3 'calculation of this letter; +, o: measurement of [4].

approximation in the analysis. Fig. 3 shows the comparison of
the calculated and measured 3-dB beamwidth for both E-plane
and H-plane patterns versus the distance d. Again, one can see
a fairly good agreement, especially for the E-plane patterns.
The analysis predicts —oo cross—polar levels for both. planes.
This comc1desw1th the measurement results (< —20 dB).

" IV. CONCLUSION

In this letter, a simple yet efficient theoretical approach is
presented to predict the radiation patterns of the unidirectional
dielectric radiator (UDR) with a cavity approximation. A novel
numerical technique is used to analyze the resonant properties
and to calculate the approxrmate ﬁeld distributions of the
UDR at the aperture. Subsequently, the equlvalent electric and
magnetlc ‘cutrents are determined to calculate the radiation
fields. The calculated radiation patterns of both E- -plane and
H-plane agree very well with the measured results. Our worlr
is being continued to develop analytlcal models using the
results of this letter for UDR applications in a mrlhmetrr(
rece1ver for rmcrocellular commumcatrons
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