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ABSTRACT

The scattering mechanism of the magnetic dipolar mode TE

incident in an abruptly ended rod dielectric

waveguide is analysed by means of a novel integral formulation. The accurate numerical solution is obtained from
an iterative procedure based on successive scattering approximation. In the second part of this paper, we applied
the previous results to determine the characteristics of circular dielectric resonators.

INTRODUCTION

In the last few years, the availability of dielec-
tric materials with high relative permittivity has
given a great impulse to the use of dielectric reso-
nators in microwave integrated circuits (pass-band
filters, stabilized solid state sources...). So many
authors have published approximate theories able to
calculate the resonant freguency of cylindrical die-
lectric resonators [11[2]. These theories assume that
the energy is stocked inside and close to the resona-
tor so that its radiation properties cannot be taken
into consideration. Professor VAN BLADEL’s analysis
alone can determine the radiation quality factor of
dielectric resonators [3].

In this paper, we present a quite different and
new analysis which proceeds in two steps. First, we
study separatly the electromagnetic behavior of an
abruptly ended circular dielectric waveguide together
with the behavior of a substrate plug ended one.
Secondly, we take into account the interaction between
such discontinuities to formulate the dielectric
resonator problem.

DISCONTINUITIES ANALYSIS

Our purpose is to derive the resonant fregquency
together with the radiation Q factor of the magnetic
dipole mode of a cylindrical dielectric resonator.

To do so, we focus our attention on the reflection and
scattering coefficients of the TE circular waveguide
mode incident on the plugged rod of the fig. 1 .

The plugged geometry can be changed into the abruptly

ended rod configuration by choosing L= ® together
with € = 1.
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In the discontinuity plane z=0, we have to match
the tangential electric and magnetic fields which are
azimuthal (subscraipt ©) and radial (subscript r)
respectively. The continuity relations can be expressed
as:
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The fields of the left-hand side of the above eqgqua-
tion is a superposition of the incident guided TE
mode (superscript i), of the reflected TE guidegl
modes and of the reflected continuous TE modes (super-
script r) in region I. On the right-hand side of this
equation, are superposed the transmitted continuous
TE modes in region II (superscript t+ for the modes
incident toward the metallic plane, superscript t- for
the other ones reflected on the metallic plane). The
constant a, i1s the reflection coefficient of the inci-
dent TE mode while alternately, the constants a (ny1)
are the coupling coefficients of the incident mode on
refleted and guided modes TEOn in region I.

The functions qrﬂ)) are the coupling amplitudes of
the backward scattered continuous modes in region I.
Backward and forward coupling amplitudes of transmitted
continuous mpodes in region II , are denoted by the
functions g (P} and ¢ (P), respectively. The variable
of these functions 1s either the transverse wave -
number outside the rod in region I, or the transverse
wavenumber inside the dielectric plug. If we denote
B(p) and B,(p) the phase constants of the continuous
modes in région I and in region II respectively, then,
these transverse wavenumbers can be defined either as:
0%= k2- 82(0) or as o%= ke, - Bo(p)
with k2= wzu €
0 00

The boundary condition at the metallic plane(z=L)
provides a simple relation between the functions qt+{p)
and qt_(p) namely:

¢ (o) = g0y o7 P

By introducting an indicator A such as A =1 if the
metallic plane exists, and such as A =0 if the metallic
plane is removed, we can treat the abruptly ended cir-
cular dielectric waveguide together with the substrate
plugged one by rewriting the above boundary condition

as: o) = gt o). b e7PIBL(PT
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Taking account of the simple relations in the two
regions between the backward and forward electric and
magnetic fields[d], the general mode matching equations
at z = 0 can consequently take the form:
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where X = A.e_ZjBI(p)L

We use now the orthogonality properties between the
modes of the same region in order to derive a set of
coupled integral equations the unknown coefficients of
which are a_ (n >1) and the unknown functions qr(p) and
qt+(p). After some algebraic manipulations we obtain:
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This system can be solved numerically by means of
an iterative procedure based upon successive approxi-
mations on the scattering mechanism which has been
detailed elsewhere [5].

NUMERICAL RESULTS ON DISCONTINUITIES

Fig 2 shows the loci of the reflection coefficients
in the complex plane versus the normalized frequency £D.

for the two types of discontinuities which can now
be separatly discussed. First, let us consider the
substrate plugged rod case; Fig 2 illustrates the large
variation of the phase of the reflection coefficient a
versus the frequency and the weackness of the radiation
loss ( a1 " 1), whatever the value of the freguency.

The situation is quite different for the abruptly
ended rod case. Since there is not metallic plane at
z = L, the energy transfered to the radiating TE modes
in region II can go to the infinity and we have more
radiation losses than in the first case. For low nor-
malized frequency values, the coupling between the
guided TE, mode and the TE continuous modes as well as
the radiagion loss at the discontinuity are very high.
As suspected, by increasing the normalized frequency,
the reflection coefficient a, in the latter case

. 1
reaches the limit: /E; ‘1
a, =

1 /E; + 1
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THE DIELECTRIC RESONATOR PROBLEM

The electromagnetic parameters of the resonant
magnetic dipole mode in a cylindrical dielectric reso-
nator can be carried out from the rigourous analysis
of the two interacting discontinuities we have studied
separatly just before. To do so, we could suppose for
example that the excitation is a flow of continuous TE
modes incident on the upper side of the resonator, so
as to enlarge straightforwardly the previous rigorous
formulation when studying this more complex case.
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It then becomes necessary to distinguish the dis-
continuity parameters a_ (n>1), gt (P) and qt+(D) by
additive superscript I and IT, depending on their type
at z = 0 and at z = H (see fig.3)

The resonant frequency f, of the magnetic dipole
mode confined in the resonator can be derived from the
stationary condition. The radiation Q factor can be
determined either by the sharpness of the rescnance
curve versus the frequency, or by the basic definition:

reactive energy

average radiated power

The theoritical study shows that the flow of conti-
nuous TE modes created by the discontinuity (I or IT )
which is incident on the second discontinuity(IT or I)
hardly couple any power on the TE resonant mode.

According to this assumption, we can use directly
the previous results obtained separatly with the two
types of discontinuities in order to determine the
resonant frequency together with the radiation @ factor.

The Q factor can be expressed as

1.2
0 = 2nf.H/ | vy (1 - |a1|)]

for the isolatedresonator ( af = a?z) and as
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0 = 4nf.H/ [ v, (2 - Iaft - |a‘1H| )1
for the resonator on substrate. In above formulaes, v
denotes the group velocity of the guided TE01 mode in?
the dielectric rod.

RESULTS ON CYLINDRICAL DIELECTRIC RESONATORS

Figure 4 illustrates the variations of the radia-
tion Q factor and of the resonant frequencies isolated
resonators (€ _=35 and € _=65) versus the parameter D/H
for which somé theoretital data are available from [3 1.
Our values of the radiation Q factor are found about
twice greater than VAN BLADEL’s predictions. The opti-
mum of the Q factor is obtained for D/H comprised
between 1.3 and 1.5.

Figure 5 shows the behavior of the resonant
frequencies of the TE, 6 mode for the isolated and on
substrate resonators and for two values of the permit-
tivity (e_=35 and ¢ =65). Our experimental results are
in good agreement with the theoretical predictions.

On the figure 6, we present the variationsof the
radiation Q factor and of the diameter D for the reso-
nator placed on an alumina substrate (¢ _=9.6;1=0.635)
versus the quantity D/H for a given resonant frequency
f =5GHz. In this case, the optimum of the Q factor is
Ogtained for D/H comprised between 1 and 1.3
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