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ABSTRACT

A Microgrip-Slot Coupled Rectangular Didlectric Resonator Antenna (RDRA) operated a
dominant TE'11:mode of operation is invesigated numericaly and experimentdly. The effect of
dot dze on the radigtion charecterigics of the RDRA is dudied. The antenna dructure is
smulated usng the High Frequency Structure Simulator (HFSS) software package. A few
experimenta sat-ups were examined and the antenna parameters were measured. The smulated
results are presented and compared with those obtained by experiments. It is shown that the sze
of the dot can dgnificantly affect the radiation properties of the RDRA and there are good
agreements between numerical and experimentad results.
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1- Introduction

Didectric Resonators (DRs) in cylindrica, rectangular and other geometries placed on top of a
ground plane could operate as an efficient antenna and have received increased interest in recent
years for ther potentid applications in microwave and millimetre wave communicaion systems.
They have been widdy used as a tuning component in shidded microwave circuits such as filters,
oscillators and cavity resonator [1-6]. They can be fed using different feed arangements
including an axid probe, microdrip transmisson ling, microgrip-dot and co-planner waveguide.



The dot or gperture-coupling scheme was fist introduced by Pozar [7] for microdrip antennas.
This type of feeding, then, was used by Martin [8] for a cylindricd DRA. In 1994 Shum [9]
numericaly andysed a dot coupled RDRA usng Finite Difference Time Doman (FD-TD) and
reurn loss was cdculated and compared with experimental result. Theoretical andyss of a
microgtrip-dot coupled RDRA based on the moda expansions and the spectrd domain approach
was developed by Antar [10]. Yau [11] dso reported a rigorous numerical study based on the
Method of Moments (MoM).

In this study a microgtrip-dot coupled RDRA operating a fundamentd TE'11:; mode is
investigated numericdly usng the Finite Element Method (FEM) and the results are compared
with those obtained by experiments.

2- Antenna Structure

The dructure of the RDRA under investigation is shown in Figure 1. It congsts of a didectric
resonator with dimensions 19 19" 9.5mm® and didectric constant €,=38 which is located on the
ground plane of a microgtrip line and feed through a nonrresonant narrow dot. The dot of length
L, and width W, is etched on the ground plane of the microgtrip line. The open stub at the end of
the line is Ls<=22mm long, which is nearly | /4 where the magnetic fidd is maximum, from the
centre of the dot. The feed line is etched on the bottom sde of a piece of RT / Duriod 5880 with
dimensons 90mm (length), 80mm (width), 0.787mm (thickness), relative didectric constant of
2.2 and copper thickness of 35mm. The line is 63mm long and 245mm wide giving a
characteristic impedance of 50W.

Microstrip Feed
Line W,
b .
S i L x‘_ﬁz
_______________ dY [
Y Ao -V f
o L <d*; y
resonator & e >
LS

Ground Plane A z
| o Jin X ,[i
€s A II\ i E]E y

Substn!ate | Mt
Feedline

Figure 1. Themicrodrip-dot coupled RDRA sructure



3- Antenna Simulation

The antenna dructure is smulated using the HP85180A High Frequency Structure Simulator
(HFSS), which is a software package to cadculate S-parameters of the high frequency dructure
such as trangmission lines and antennas. The smulation technique is based on the FEM caculate
the full 3-D eectromagnetic fields insde and outsde (far field) of the structure. In generd, in the
HFSS the geometric modd is automaticdly divided into a large number of dements, cdled
thetrahedra, and dl these dements together are refereed to the finite dement mesh. The fidds in
each eement are represented by a locd function. The value of a vector fidd quantity, E- or H
fidd, a a point indde the dement is obtained usng interpolation based on the vaue a the
vertices of the each ement.

Antenna dructures can be andysed usng the HFSS by defining a surface, which totaly
surrounds the structure as an absorber boundary. This surface represents as an open space and is
dlowed to radiate the waves instead of being contained within. On the radiation surface, the
second order radiation boundary condition is employed that is[13]:
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where Ew is the tangential component of Efield on the boundary. The radiation surface does not
have to be sphericd, the only redtrictions regarding to their shape is that they have to be convex
with regard to the radiation source and to ensure accurate results, it should be agpplied at least a
quarter of wavelength away from the source of the sgnd.

The HFSS maps the E-fidd computed in Equation (1) on the absorber surface and then
caculates the radiation fidds using:
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where Ewn,Hw ae the tangentiad components of eectric and magnetic fields respectivdly and

Enoma 1S the norma component of the dectric fidd on the rediaion surface s, and G is the free
gpace Green's function.

4- Numerical Results

The effect of the dot dze on the radiation performance of the antenna is studied first. The
resonator is placed on a non-resonant coupling dot where dy=d,=0, which makes a symmetrica
coupling between the resonator and the dot. The dot length Ly is varied from 6mm to 14mm and
itswidth W3 is varied between 0.2mm to 1.8mm.



The dmulated results for reflection coefficient S;1 versus dot length for different vaues of W,
are shown in Figure 2-a It can be observed for each dot width, there is an optimum length for
criticd coupling. The optimum dot length decreases as the dot width is increased. For the
consgdered range of dot size, the reflection coefficient varies between ~ —0.5dB and ~-32dB. For
dot width Wz 1Imm, the maximum coupling occurs & the dot length of 9mm. Therefore, the
optimum coupling can be obtained by adjusting the dot size.

The amulated result of the resonance frequency versus dot length for different vaues of width
are shown in Figure 2b together with fitted curves usng Microcad Origin software. It can be seen
that increasing the dot width or length result in the resonance frequency to decrease.

The smulated radiation paiterns of the microdrip-dot coupled RDRA shows that the patterns
are not much affected by the size of the dot. However, as shown in Figure 3aand b for Le=9mm,
the radiation patterns are generdly symmetric, but for the other vaues of L, they ae dightly
deformed due to the under-coupling or over-coupling of the resonator.

5- Experimental Results

Figure 4 shows the variaion of the measured eturn loss and resonance frequency of the RDRA
versus dot length and different value of the doth width. It can be seen there is an optimum dot
length for best coupling for each vaue of width. The measured radiaion patterns are shown in
Figure 5 and which shows that patterns are not sengtive to the dot area.

The experimenta results together with the predicted vaues in case of best maching point at
Wa=14mm, L;=9mm ae summarized in Table 1. The resonance frequency differs by only ~7%,
which is bdieved to be due to fabrication imperfection such as gap due to surface roughness
between the dot and resonator.

6- Discussion and Conclusions

The microdrip-dot coupled RDRA was andyzed usng FEM. Reaults indicate tha the
numerical method predicts very well the radiation patterns of the antenna and these are not
affected by the sze of the dot. There is an error in the smulated resonance frequency and
bandwidth of the RDRA in compare to the measurement vaues. The resonance frequency differs
only by ~7%, while BW differs 20%. This is believed to be due to fabrication imperfection such
as ar gap between the dot and resonator in the antenna structures that is needed to be taken into
congderation in numerica modeing to produce more accurate prediction of antenna parameters.
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Figure 2: Smulated reflection coefficient and resonance frequency of the microstrip-dot
coupled RDRA versus dot length and different vaue of width.
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Figure 3: Smulated radiation paiterns of the microdrip-dot coupled RDRA for We=1.4 mm
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Figure 4: The measured resonance frequency and reflection coefficient of the microgtrip-dot
coupled RDRA versus dot length and different dot widths.
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Figure 5: The measured radiation patterns of the microgtrip dot-coupled RDRA for Wa=1.4
mm and different dot length.
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Table 1. The amulated and measured results of the microgtrip-dot coupled RDRA
at the best coupling condition for Wz=1.4mm, L;=9mm.

Simulation M easur ement
f, (GH2) 2032 2.147
Return loss (dB) 25.064 42877
Coupling Coefficient b 1.118 1014
BW (%) VSWRE2.6 2.25 2.7
Directivity, Gain 354 3.02
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