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ABSTRACT

An efficient numerical technique and computer program has been developed for the determination of

the resonant frequencies and field coefficients of cylindrical dielectric disc resonators in a configuration which models

the various effects present in real technical applications. It accounts for the influences due to shielding, planar cir-
cuit substrate, dielectric support and a dielectric post used to tune out fabrication tolerances.

1. Introduction

With the development of low-loss, tempera-
turestable ceramic materials for microwave fre-
quencies during the last ten years, dielectric reso -
ators have become potentially suitable for high-Q
applications which up to now were reserved for
Although the
of dielectric resonators have been

cavity and coaxial resonators.
properties
known in principle since the times of Debye "',
with their recent application to the realisation
of narrow-band filters and resonator-stabilised
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oscillators, a more detailed investigation of their
electromagnetic behaviour has become necessary.
In particular, the integration of dielectric reson-
ators into planar microwave circuits—see, for
example, Reference 2— requires a detailed analysis
taking into account the effects on the resonator
frequency and field of adjacent parts of the cir-
cuit, such as the planar circuit substrate, a metal-
lic resonator shielding and a dielectric disc support
introduced to avoid a reduction of the resonator
Q-factor.
influence of a dielectric cylindrical tuning post

In addition, it is useful to consider the

protruding from the top shielding in order to be
able to compensate for a shift of the resonant
frequency due to fabrication tolerances of the
dielectric resonator., Numerous aspects concerning
the design and the application of dielectric reson-
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ators have been treated individually in the techni-
cal literature, The resonant frequencies of shield-
ed dielectric resonators have been computed
analytically and numerically-see, for example,
References 3 and 4. A rigorous and comprehen-
sive analysis which considers the effects present
in standard practical configurations has not been
published previously, and is described here. Some
representative results are also given.

2. Numerical method

The general resonator structure analysed is
shown in Fig. | and contains all the elements
mentioned. It is of radial symmetry and consists
of five regions, I... V, each of which can be con-
sidered as a short length of waveguide either
homogeneous (I, IV) or partially filled with di-
electric (II, III, V). The different dielectric
materials are assumed to be lossless and isotropic.
Therefore, the electromagnetic field in each of the
regions 1...V can be expanded into a complete
set of modal fields of the corresponding cylindrical
waveguide, TE and TM modes.

Owing to the radial symmetry of the struc-
ture, the class of solutions which are possible

v B
B\ g
S

.*R_s‘

o

L

Fig. 1 General structure of shielded dielectric resonator
including dielectric support and tuning post.

decomposes into different angular dependences
cos((m@)) or sin (m @), so that the angular index
m can be predescribed. With m=0, the technical-
ly most important applications of dielectric
Although the method
of analysis employed is also applicable to angular

resonators are covered.

dependencies m* O, the computer program writ-
ten has been restricted to solutions of radial
summetry. The reason for this is that, with m=
O complex waves— see, for example, Reference
5-would have to be encountered in the partially
dielectric filled regions II, III and V of Fig. 1.
This would introduce analytical and numerical
complications, the treatment of which cannot
be justified in view of the relative technical unim-
portance of these cases. So, finally, the problem
is formulated in terms of the TE,, andTM,,
modes of the waveguides corresponding to regions
I..V for the associated transverse electric and
magnetic modal fields. For region q,q=1...V,
this means a transverse field representation of the
form

E{= 3 (Ancos Bonz + Bysin B%n2) Ebn

=t
H= —J;.'; (AnsinBnz— Bucos B5n2) Hipn

where g3 denotes the modal propagation con-
stants, 4, and B, the associated field coefficients
and j is the imaginary unit. N is the upper summa-
tion limit of the truncated modal expansions in
each region used in the analysis. The main advan-
tage of the above formulation is that it allows the
reduction of the existing three-dimensional dielec-
tric resonator problem into successive one-di-
mensional steps. In addition, it allows the use of
orthogonality relations which apply to the modal
fields in the cross-sections of regions I... V &,
and thus a significant reduction in the complexity
of the analysis. All the boundary conditions to
be satisfied on the metallic enclosure are taken

into account analytically in the above formulation.
49
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In a first step of the numerical analysis, the modal
propagation constants 32, and associated trans-
vere expansion functions E.% , H.% are deter-
mined for a given start frequency. The integral
coupling coefficients between successive regions
q=L...V are then computed, which is equivalent
to satisfying the continuity conditions at the
interfaces I, IL... IV, V by mode matching. Then,
the elements of the characteristic system of equa-
tions governing the dielectric resonator problem
are set up. Owing to the analytical elimination
of unknown field coefficients on the basis of
orthogonality relations, the corresponding system
matrix is of reduced order N'=4N. It is split up
into two submatrices which contain the separated
TE and TM modes of the system. By systematic
variation of the start frequency, the resonator
solutions are found as the zeros of the determinant
of the system matrix containing the associated
coefficients, Typically, with N =4 or 5, accuracies
of the resonant frequencies of a small fraction
of a percent can be achieved. The order N'=4N
of the system mairix can be kept low in most

cases of practical interest.

3. Numerical Results

As a representative example, Fig. 2 shows
the results of a computation of the technically
important TE,,, resonant frequency in a situation
where the height H of the shielding is varied.
With L;=L,, i.e. without dielectric support, with
L,=H, i.e. without dielectric tuning post and the
remaining parameters as specified in Fig. 2, a
comparison can be made with Fig. 5 of Reference
4. Specifically, for the case of H = 19mm, the
first-order solution N=1 of Fig. 2 differs by only
about 3% from the converged solution of Refer-
With N=2 the difference decreases to
about 0.3%, and with further increase of N it can-

ence 4.

not be resolved within the accuracy of the figures.
Measured results from Reference 8 have been
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H-1;, mm

Fig.2 Variation of the first TE-resonant frequencies
with the shielding height H-1,
L=1,-3mm.l;~ 6mm. R=7.5mm, R=17. 5mm,
€, 2.5
-~ from Reference 4

N 1} this method

taken for comparison in cases where the TE,, fre-
quency is not affected by the presence of side-
walls. The absence of boundaries is simulated
in the method described here by removing the
metallic shielding far enough from the resonator.

As is to be expected, it is found that the speed of

TMors

131
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Fig3 Variation of resonance frequencies with the
dielectric support height 1,—-1,
H-8.83%6mm, R~ 15mm, l;~1,=2.14mm, },=0.70mm,
Re 3.0Imm,Rs~ Imm, €,-9.5 €,= 5, €,-36.2
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convergence decreases with an increase of the
ratio of the shielding radius to the radius of the
dielectric resonator pill. However, with N = 8
...10, even the truly open case can be accurately
modelled by the computer algorithm described,
Fig. 3 shows the influence of a dielectric support
introduced between the substrate and the di-
electric resonator on the resonant frequencies
of a specific resonator configuration in the fre-
quency band 1-15 GHz.

visible in Fig. 3 corresponds to the quasi- TM,,,

The lowest frequency

resonant mode of the cylinder cavity which
is partially loaded with dielectric material. With
an increase of the support thickness 1,-1,;
the first TE resonant frequency of the dielectric
resonator decreases, while the first TM frequency
increases. This corresponds to the results of
experiments carried out in Reference 7. Finally,
it is shown in Fig. 4 how dielectric resonators

can be tuned by means of a cylindrical tuning

TMa,,
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Fig4 Resonant frequencies as a function of the distance
of a tuning post from the resonator top

H=8.9mm,R=15mm,Hs~1,~1,=4.22mm, R4=3.03mm,

1,=1,=0.70mm, R;=3mm, &,=95, &,4=¢€,;=36.2.

post which consists of the same material but
is not resonating itself because of its smaller

: . a
dimensions " .

4. Conclusions

A post of radius r=3mm and height 3mm
is utilised with a lowest-order TE resonance at
12.077 GHz. TheTEsresonance of the dielectric
resonator under consideration is at 8.1996 GHz
if the tuning post is at a distance of 3mm or more
from the resonator top. By reduction of this
distance down to the point where it makes contact
with the resonantor, a shift of the TEq.s reso-
nance to a frequency of 7.988 GHz is achieved
which is equivalent to a tuning range of 2.5%.
If a post with a lower dielectric constant is used,
the effect becomes smaller. For this reason, and
in order to avoid a decrease of the resonater
Q-factor, it should be advantageous to choose
the same material, eventually with different tem-
perature coefficients, for the tuning post and the
dielectric resonator.
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