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SUMMARY

Since many years dielectric guides have been

used to realize microwave components {1 } at milli-

meter wave frequencies.

In this frequency band, the coupling of die-

lectric resonators with such guides will permit to

obtain integrated dielectric components like fil-

ters or oscillators.

This paper presents the study of the coupling

between a dielectric image guide and the TEOY6 cy-

lindrical dielectric resonator mode. A lumped equi-

valent circuit is given and the coupling coeffi-

cient between the guide and the resonator is evalua-

ted. Experimental and theoretical results are also

presented.

. Dielectric resonator

To evaluate respectively the E.M. fields, the
resonant frequencies and the quality factor of the

dipOlar TEO ~ dielectric mode we use the 3rd order

approximati~n defined in {2 }, {3 }, in which we
suppose that all the dielectric interfaces are im-

perfect magnetic walls [fig.11. With this assump-

tion, the expressions of the longitudinal magnetic

components ‘f TEoy& mode in each zone have been
evaluated and Hr and Ee components are deduced

from those by using Maxwell equations.

Writing boundary conditions at
terfaces, we obtain two eigenvalues

are solved simultaneously to obtain
frequencies of the TEOY6 dielectric
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equations which

the resonant

resonator mode.
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J, K. are respectively Bessel functions of

first ki~d and modified Bessel function of second
kind.
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Dielectric image guide (fig.21{4}

We have solved Helmolhtz equation to obtain
the expressions of the EHflfl mode cOmpOnents Of the

guide.

C the tangential components are deduced from

longit~dinal one’s per using Maxwell equations.

Using the effective permittivity (cre) method>

we have find the eigenvalue equation (2) which Per-

mits to deduce the propagation constant (3 as a

E [fig.21function of the dielectric guide dimensio s
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For this dielectric guide we have defined the

characteristic impedance Z- by (3)
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Coupling between a dielectric image guide

and a dielectric resonator.

To use them in the millimeter frequencies band

as filters or in oscillators it is necessary to cOu-
ple the dielectric guide and the dielectric reeona-

tor.
Acting on the TE

?

mode the dielectric reso-

nator can be assimila ~~ to a magnetic dipole and

we couple it to the dielectric guide by orienting

the resonator axis perpendicular to the guide pro-

pagation axis (fig. 31. Let be Lr, Cr, Rr the

equivalent circuit parameters of the resonator and
Lg the equivalent gel+ induetancs of the @d~.
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In figure 4 we present the lumped equivalent cir-

cuit between the guide and the resonator. !-m is the

MUtual inductance which characterizes the magnetic

Couplingm

At resonant frequency the input impedance Zin

calculated in the coupline plane verifies :

Q. : unloaded quality factor of the dielectric resa-

nator.

by the

tor is

gnetic

The induced voltage in the dielectric guidl>

current Ir flowing in the dielectrl’c resona-

flv = j (dLm 1= (5)

This voltage can also be obtained tty the m;r

F!L~R [between the guide and the resOnatOr)

defined by
,,

C is a coefficient which takes into account

the disalignement between the magnetic field line

Hr of the TEO ~ resonator mode and that of the

Ydielectric gu de Hg. C is defined by (71

c=’LHrH;d’
~‘r H;ds jHgH; d,

S is a sectionna’1 plane.

(7)

We have drawn in fig.5 the curves which gi-
ve the C variations as a function of the distance

S between the dielectric guide and the resonator.

From [41, (5), [6], we obtain :

The external quality factor Qe defined by

(91 has been evaluated as a function of the distan-

ce separing the guide and the resonator

[9)

Zc and Zin are respectively given by equations (3]

and (81

Experimental results

A transition [acting at 10 GHz) between a

metallic waveguide and the dielectric image guide

has been realized using the parameters presented in

(5) [6).

The characteristics measured of the transi-

tion are :

return loss > 25 db ; VSWR < 1.16 ;
insertion 10SS : 0,5 db.

Dielectric resonator characteristics :
diameter : 5 mm ; height : 3 mm ;

permittivity : 36.

Characteristics of dielectric guide :

permittivity
‘g

= 2,54 ; width : 17 mm.

The experimental and theoretical variations of the

external quality factor Q are presented in

fig. 6 and 7 for differen? pOsitions of the die-

lectric resonator.

CONCLUSION

These first results show that it will be interes-

ting in the future to use simultaneously dielectric

guide and dielectric resonator ; in particular to
realize microwave integrated components in milli-

meter wave range.
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Fig.A : lumped equivalent circuit.—.
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Fig. 6 loaded quality factor variations

4@e

/

//

3CU ++ exp
,//

th— //

‘~:1

+

.

.
.

H=6.5mm Dmm

08;;
345578 $’3

Fig.’7 loaded quality factor variations

.—


