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J.P. COUSTY - S. VERDEYME - M. AUBOURG - P. GUILLON

I. R. C. O.M., U.A. C.N.R.S. 356, Facu1t6 des Sciences,

123 Avenue Albert Thomas, 87060 LIMOGES Cedex, France

ABSTRACT

Rigorous numeriml analysis of an axis s~e~ical ~,},b

diekztric resonatorsmodefilw is presented.

Two dimensional (2D) andthreed-ional (3D) finite element

method(FE.M.) is appliedto computetheexactscatteringmatrix parameters

(Taking into account the excitation probes) of this device, A sensitivity

analysis is also prformed and permits easierfilter tuning. Experimental
resultsaregivenandarein goodagreementwith theoreticalones.

INTRODUCTION

Dielectric resonators (DRs) are widely used in microwave

applications,partictdaryin microwaveffltexs,dueto thcii desirable~opztics

andtheircommercialavailabilityatreasorrablefxice.

The high electrical performancesreqtderedfor microwave filters

achievementwith D~ ned rigorousanalysisableto provide their Mraviorrr
with high degrrxof accuracyparticularly for severalparametersresuhsof the

filter synthesii like thecoupling ketweenDRs, the input andoutputcoupling
cocfflcients,thepnp moderesonantfrequency(fO)or theunloadedquafhy

facror(Q~.

Up to now [1], [2], [3], [4], the study of each parameters is

generallydonesepnately.

In order to take into accmmtall DR inferenceson eachother and

then to study the structure completeness,a solution is to use the 2 or 3
dimensionalforwd oscillationsftite elementmethod(F,E.M.).

fn rhk paper,we only presentresultsconcerningaxis symmetrical

DRs structures which necessitate only the use of the two dimensional
F.E.M. Section 1 describes succintly this method used to solve

electromagneticforced or free oscillationsproblems,applied to DRs devices

characterization.In section2, anexampleof suchananafysisis presented.It

consiststo evaluatethescatteringparametersof a TMola DR mode coupled

with two coaxial proke.s.Theoretical rmdexperimental resnhs are given.
Then, a sensitivity analysis will be performed to show the geodetical

parametersintluen~ on the deviceresponses.Themetfrod may be extended
to optiim all structures.The analysisis then extendedin section3 to a two

DRsaxis symmetricals!mchrreexcitedby two coaxialprobes.

J . FINITE ELEMENT ANALYSIS

The two dirnensionafftite elementmethodpreviously introduced

[5], is usedto anafyzeaxis symmetrkxdstructuresasshownin figure 1. ‘he
structureis composedof N homogeneous,liiear, isotropicandloss-lesssub

medkuns,bounderedwith a circular metallic enclosure.It is excitedby two

coaxial probeswhich may supportboth T.E.M, modesand the first hi~er

order~ modes.‘Ihoseexehatiortsam.rqm.sentedby rnagrieticandelectric

surfacecurrentsimposedin thereferencepkmesPl andP2

In order to calculate the electromagneticfield and the scattering

coeftlcients of this device, we solve the following wave equationdeduced
from Maxwell onesappliedto distributions[5], [6], [7].

jj[(:(rOt)(H]J)(rOt)@dv-k2jj~H.0.dV

where:

=-jco&o&JmW .$dS
Pk

His thernagneticfield vector

(1)

~ is therektive dielectricconstantofmediumi

k=co~o

V is dtevolumeof thestructure
SPk isthesurfaceofportk

J
mptc

representthemagneticcurrentatportk

$ isatextfuncdon

The secxmdmemberof the equation(1) representstheexcitationof

the structureandit cartk developpedto introducevoltagecurrentswavesak

and bk in the forrmdation. After anumerical processing,we obtain a kar

systemto solve.

Knowing the frequency at which the structure is acting, the
computationof this systemyields to:

- thescatteringmatrix parametersin referencesplanesPI andP2

- themagneticfield vectorin eachmediumof thesnuctme

m rueparticularcasewherethereferencesplanesareshortcircuit~
J~Pk=O and the second member of (1) cancels. ‘Ms free oscillation

analysisyieldsto eigenmodesresonantfrequencyandfield distribution.
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Figure 1: Trans&r&tween coaxialprokes

II . ANALYSIS OF A STRUCTURE COMPOSED OF A

D.R. COUPLED WITH TWO PROBES

A) -Structure rrresentation

The first structure we are going to study is shown in figure 2. A

DR of radiusr=l 1mm, heightL=7 mm andpermittivity %=36,8is enclosed

in a perfectly conducting cylindric cavity of radius r’=2r andheight L’*3L.

This DR is supportedby a concentriclow relativedielectricconstantmaterial

ring (e.g.Teflon).

The DR is excitedin its electricaldipolar TM0,1,6mode,excitation

which can be achievedby mean of coaxial probes mounted axially in the

centerof themetallic cavity. The referenceplanesPI and P2are chosenfar

enoughfrom the discontirruities,sothat thehigher TM modesof rheprobes

vanishedin thoseplanes,

i? FIRST COAXIAL PROBE

rJs-
1 w ISYER COAXI.AL ?ROttE COSDLCTOR

(r~dius = 0.625 mm)

DIELECTRIC RESONATOR

: r=llmm; L=7mm; $=36,8

Vity:r’ =22 DIUl; L’=21mm

TEFLON CONCENTRIC RING

~ .sEcor’m COAXIAL PROBE

~

Figure 2: A dielectricxesomtorcoupledwith two coaxial proke.s

B) - Theoretical and experimental resrrlt~

‘IIre F.E.M. describedpreviously is usedto computethe scattering
marnxparametersin thereferenceplanesPI andP2of the sbuctureshownin

figure 2.

The theoretical S21 modulus variation as a function of the

frcquerrcyfor a 6 mm depthpenetrationYokes is presentedin figure 3. Since

the DR is supposedloss-less,thetheoreticalexternalquality factor Qe cantE
obtained from the-passband responseof the one pole DR filter (figure 3),

afplylng :

(2)

whereOJOis there.sortarrtpulsation,A(o is thepasstcmdwidth.

men, to evahratethe Ioadedquality factorQL,wefKSt ewihrate the

udoad~ qu~ity factor QOby solving the free oscillation equation md

knowing Qefrom thetheoreticalrespxrse,we deduceQL horn:

A computation of theoretical and expwiiental QL factor for

different coaxial probedepthparetration valuesis presentedin figure 4. We

canseea goodagreementbetweenthoserhtwreticalresultsandexperimental
ones. Figure 5 shows the 1S211parametervariations as a function of the

frequencyfor variusprobedepthpenetrations,

Is,ll
3,508 3518

DB:

.1

.2 -

-3

\

Figure 3‘: Modulus of the transmission coefficient S21 as

a function of the frequency for a 6 mm depth
penetmtionprths

rl,.lo’

[A
1.5\ “.,

I
+++measured

.
\

— calculated
?

I

‘t

as “L

Figure 4: Loadedquality factor

Figure 5: Modulus of the transmissioncoefficient S2, asa function of

the freouencv for varim mohr dmth renmatinns
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C) - Sensitivity analvsis

Filter designers may study the influences of the structures

dimensionson the filter responsesto know the degreeof accuracyrequired

m them,The theoreticalsensitivitycalculationaftertheresolutionof the linear

systemhasalreadybeenpresentedin [5].

For the structure given figure 2, it yields to the scatteringmatrix

termsderivateasa fumion of:

● geometricalparameters:cavity heightandradius-axis shifting
rcsorratom- probedepthpmetmdon

- rwonator heightandradius.

● ektrical parameterslike: RD pmnittivity - supportprnittivity

Note that it is alsopossibleto computesensitivityrelative to many

parametersat the sametime. The computeralgoridtm permits to obtain in a
few secondsaccuraterestdtsfor structuresslightly different from theoriginal

one.

We only present here a computation example which pmit to

appreciatethe accuracyof theme!hod.Figure6 presentaa interpolatedcurve

for AE1=+O,land the computed responsefor $=ql + Atr We can note a

vw goodawcementbetweenthe restdtsobtainedby usingthe interpolation
software and those obtained by using a new mesh of the structure and

rmming againtheprogram.

D) - ~i~her modes _

Up to now, we are working with the first TMODR mode. In this

chapter,we will seethat the samesoftwarecan alsobe usedto evaluatethe

electricalparametersof thesecondTh$ DR mode.The responseobtainedin

this caseis shownin figore 7. We w verify that thecoupling factor is lower

thanthe oneobtainedfor thefust TMODR mode for the sameprobesdepth

penetration,astheftrst TM. modeenergyis lessconcentratedin tie DR than

thusof the secondone.

m - ANALYSIS OF A TWO DIELECTRIC
RESONATORS STRUCTURE

A) - structure r)resentat ion

Two dielectric resonatorsare included in a perfectly conducting

cylindric shield. They ue supported by a concentric Teflon ring. The
excitationis achievedby coaxial~obes mountedaxially in thecenterof cavity

(figure 8).

Figure 9 presentssomeresponsesobtained for varius distancesd

betweenDRs asa function of the frequency.We canverify that the coupling

coefficient [1] decreaseswhen d increases.‘Ms coeftlcient solution of the

forced oscillation problem canbe comparedto this obtainedby solving the

freeoscillationequationandevaluatefrom (4).

(6)

wherefk andfooarerespectivelyfrequenciesof evenandodd RN3tksof the

DRs structure(figure 10).

Figure 6: Modufus of the transmissioncoefficient S21m a finction of

thefrequertcy

--- computedwith q= 36,8

interpolatedwith A&r= +0,01

~ * j$ computedwith $= 36,81

/’ \

-. FO= 4,5635GHz
‘\

Af = 1,5MHz

Q,= 305 \
-6 -,

Figure 7: Modtdus of the transmissioncoefficient S21asaftmch of

thefrequencyof thesecond‘flv$rnode

IXYER COAXIAL PROBE CONDUCTOR

(radius = 0.62S mm)

I I DRs:r=llmm;L=7mrn; &,=36,8

Cavity: r’= 22 mm; L’ = (4x7td) mm

DIELECTRIC RESONATOR

TEFLON CONCENTRIC RING

COAXIAL PROBE

Figure 8: Two dielectricresonatorscoupledwith two coaxialprokx

Figure 9: Modulus of the transmission coefficient S21as

a function of the frequency for varius
distances d between DR

---- d=80mrn
-— . ---- d =70 mm
--------- d=64rnm
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Finally, some results concerning the DR height and radius
influerrceson the 1S21I respxtses rue prwent~ on f@re 11. fie~ ‘esulw

show that a completely analysis sensitivity is very important for filters

adjustments andfor the experimentalrespr.se predktion from marmfactoer
performances.

IV - CONCLUSION

Theforced oscillations two dmensiomal F.E.M. presentedin thk

paper leadsto the scatteringmarnx parametersof a cylindriml DR structure
excit~ on the ~,m,p modetrsiig axial coaxialprobes.

‘Ile sensitivityanalysisis usedto observethegwmeuimi variation

influence on those S parameters and can be applied to the structure

optiiisation. We havenow to usethe threedmensiormal FE.M. to analyse
asymmetric structuresand, for example, the excitation of TE or HEM DR

modesachievedby coaxial loopsor microstrip lines.
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Figure 10 :The inter resonators coupling coefficient as a
function of the distanced between DR

free oscillation
forced oscillation

Figure 11 : Modulus of the transmission coefficient .s21 as

a function of frequency

—computed with r = 11 mm and L = 7 mm

% x Ainterpdatexi with Ar = +0,01

i- -1-+-interpolated with AL = +0.001
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