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ABSTRACT
The aim of this paper is to describe an ana-
lytical method which permits to characterize the

T mode (frequency, quality factor) and to

MUyS

show that we can use the dielectric resonators,

excited in this mode, in many applications.

INTROBUCTION

The dielectric resonators of cylindrical sha-
mode were used in most of

0y$

microwave applications while the TMDy6 mode was

pe excited in the TE

forsaked. The present paper describes a simple ana
lytical method which permits to characterize the
TMDYG mode and presents results of differents cou

plings possible with a dielectric resonator (cou-

pling between two dielectric resonators and quali-

ty factor of a waveguide below cut-off loaded by

a dielectric resonator excited by a propagating

waveguide).

DETERMINATION OF RESONANT FREQUENCY AND Q-FACTOR

OF A DIELECTRIC RESONATOR EXCITED IN TM LOCA-

Oy$

TED INSIDE A MICROSTRIP STRUCTURE

1. Resonant fregquency

For the cylindrical dielectric T€sOnators, the

boundary conditicns cannot be expressed by a sim-
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ple analytical method ; so we must used approxima-

tions. In this analytical approach, we suppose that

all the walls of the resonator are not perfectly

> =

walls (F.E = 0 ; 1 AF = 0), thus there are evanes

cent fields outside the dielectric object. The figu-
re (1) presents the structure.

With the help of Helmholtz' and Maxwell' equa-
tions, we can find all the fields of the differents
regions.

When all the fields are knowed, the boundary

conditions are applied at the interfaces (r = a;

z = + H/2) which permits us to write the next rela-

tions.
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Where Jn, Kn and In Bessel' functions and the prope-

gation constants are related each other by the re-

lations
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2. Quality factor QO
Calculating the stored energy in the different
medium we can write :
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where (WS/WJ is the ratio of the stored energy in

the substrate and that stored in all the structure

-1

R and Q;1 represent the loss tangent of the mate-

8
rials (resonator and substrate). The loss tangents
can be measured directly ; so to determine the @
factor, it's only necessary to calculate the stored
energy and the metallic losses. These two quanti-

ties are very simple to evaluate when the electro-

magnetic fields are knawn.

The comparison, between the TED s and TM

Oy$
mode frequency and quality factor is given on the

figure (2).

COUPLING

1. Coupling between a resonater and

a microstrip line

The resonator excited in TM

Oys mode is quite

similar to an electrical dipole (figure 3).
The coupling can be of a megnetic type, so in
the low frequency equivalent circuit, we place an
inductance to describe the coupling (see figure 4].
The coupling factor, characterized by a lcad
QL factor, is evaluated by determining the input
impedance Z

of the equivalent circuit, so we find
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the next relation giving the QL factor as a func-
tion of the stored energy, the QO factor and the

longitudinal component of the electric fields [Ezh

2 (4)

0 lJ’resonator height Fzdl|2
4ZC w W
o

ZC is the characteristic impedance of the micros-

trip line.

The good accuracy between theoretical and ex-

perimental results is shown on the figure (5}. We
must precise that we have used the following ap-
proximation

- no influence of the lateral metallic walls

- no perturbation of the electromagnetic

fields by the microstrip line.

A very important factor, in this kind of cou-
pling, is the axial undwedge between the resonator
and the line (An undwedge equal to 1 mm involves a

variation of QL. factor equal to 3 and 5 % of this

value].

2. Coupling between two dielectric rescnators

in a cut-off waveguide

For the design of bandpass filters using die-

lectric resonators, it’s necessary to know the

coupling coefficient between two resonators. The
figure (6) shows two resonators located inside a
cut-off rectangular waveguide.

In this structure, we can consider two cou-
plings the first is the coupling by the resona-
tor's fields and the second by the evanescent
fields excited in the waveguide by the resonators.
At low freguency, we have represented the structu-
re by two rescnant circuits {supposed without los-

ses) coupled by a capacitance C (see fig.7).



If we consider two identical resonators we can

obtain a simple relation for the coupling factor

The coupling due to the resonators' fields,
noted KR' is obtained by using a similar concept
developped by SKALICKY {1}. So after calculations,
we obtain the next relations

€ [g
o
| KR| =

_zw_”mv E, E, o

where Ez1 and %22 represent, respectively, the lon-

(5]

gitudinal components of the electric fields outsi-
de the first resonator and inside the second reso-
nator.

The coupling due to the evanescent fields
excilted in the waveguide [KG] can be calculated as
a function of the stored energy W and of the reso-

nator electrical diggla; moment P.
¢ B En P1
| Kl =
W

where Ez is the electric field created inside the

(6

second resonator by the first (this field is ex-

pressed as an infinite sum of waveguide modes {2})
The electrical dipolar moment §1 is expressed as
a function of the electrical fields inside the
first rescnator.

The thecretical results show that the KG is

very low compared with the Kg coefficient (the

R
coupling with the free space is very difficult
if we calculate the wavegulde impedance and the
radiation impedance of an electrical dipole we
note a great mismathing between them.

The figure (8) shows the good asccuracy bet-
ween the theory and the measurements. We must pre-
cise that we have considered the unperturbed fields

of the resonators while the influence of the per~

mittivity discontinuasty is very important.

3. External Qe factor of a dielectric resona-

tor inside a cut-off waveguide

A cylindrical dielectric resonator of diame-

ter D and hieght H is placed inside an evanescent
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rectangular waveguide A of width a and height b.One
of the extrimities is connected to one propagations
waveguide B of the same height but of different wid-
th a.

When the propagating waveguide is excited,the
(E,Q]Fields in the waveguide will excite and induce
a polarisation current density 3 on the dielectric

resonator.When the waveguide is excited in the TE

10

mode, it can be seen that the resonator functions in

the TMD s

The external QB factor characterizes the

mode.

cou-
pling between the waveguide B and the evanescent wa-
veguide A loaded by a dielectric resonator. To de-

termine this quantity,we developpe the fields in

the waveguide as an infinite sum of waveguide modes

and write the radiated power
G| i
s r

€ A

(7)
r

)

radiated EM of the TE

10 rectangular wavegui-

E ., H
r’ 'r

de mode.
On figure 9, we see the good accuracy between

theoretical and experimental results, concerning

Qe factor.

CONCLUSION

This paper shows that the TM mode can be

O0yés

used as the TE The same structures of cou

0ys mode.

pling have been analytically demcnstrated and the

study is in good agreement with experimentation.
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