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ABSTRACT

A compactmixedmoclescylindrical])li~n~~clielectric

resonatorfilterinrectangularencloslwtwithexcellentspu-

riousfreeperformanceispresented.SpaceCollplingl>e-

tweendifferentmode’sdielectriclcsonators i)l)d iris cou-

pling between identical mocle’s diehxt 1ic 1esonatcms are re-

alized in the filters. All couplings are con]] )ut er{ by rigorous

full wave mode matching technique. :1 (i-pole elliptic func-

t ion filter is clesignec{, constructed illl(l tt,stwl, !kcllent

filter frec[uency response isobtained.

1. INTRODUCTION

Dielectricresonatorloacledfiltersplit~iill important,role

inmobilecommunications.Sigllifi(.illltd(mlopmcmt efforts

havebeenspentand great, progress has IW(.II i](hir~,~d in

D.R. 17ikerstechnologysincethren~l{If1900”s[1-.5].How-

crer,thecouplingsbetweenresonat(wsillc usuall,vrealized

byiris,andcavitiesaremostlycylindli(i~lenclosures.Pli~-

nardielectricloadedresonators[6]hil~-(’goodnlechiulical

stability,butirisesarerecpliredatdiffcloutsidesofcavity,

whichmakesthestructureofthefiltrrnlorccwmplexancl

moredifficulttotune.Furthermore.th(>contactbetween

thecavitieswilltendtobe poor.

Dielectricresonatorfilterswithoutirisoperatinginciual

IJIZI,mode wereclesrvibed in [.1]. ‘rh> (h aw In]clc of this

kind of filters is its inferior spurions ChilriM”tCriSti(”S. For

T&l (funclamental mock) single mocle filtrrb. Shit ilbl(’ de-

sign of the coupling structure can sup]nvss t ho tra nsnlis-

sion of the higher orcier mocies [7]. ‘lb itchieve tlw negative

coupling between TE mode resonators. coupling probe is

usually needecl, ancl this will make the construction anti acl-

justment of filter more difficult. .+ recent paper [9j reports

on the application of mixing the 7’L”01 iin{l HEI, modes

ring clielectric loaded cavity resonators ill il cpasi-elliptic

function filter. The structure aclie~-cs p,ood spurious pcv-

formance.

In this paper, a new configuration of ii dielectric res-

onator loaded cavity filter is proposed. Nixecl 2’I.301and

HEII single mocle planar clielectric r(~solli]tors are used in

the filter. Space coupling between different mode’s clielcc-

tric resonators and iris coupling Ix%wrcu iclrnticill mock’s

dielectric resonators are realized in rho filters. Rigorous fldl

wave mocle matching technicpe is used to compute all the

coupling coefficients. The cotnpllted results are comptared

with the experimental results, a,ncl it is shown that they are

in good agreement. A Gpole elliptic fhct ion filter is cle-

signecl, constructed and testecl, Exccllenr filter f’recplency

response is obtained.

IL CONFIGURATION AND ANALYSIS

~ typical structure of a 6-pok’ canonical elliptic fhnc-

tion planar dielectric resonator filter m it rectangularen-

C1OSLWQi~showninFig.1.Tho highpm mittivitvclielectric

issupportedby a lowdielectricconstantmaterial,anc[the

structurehasgoodmechanicalstability.Two dielectricres-
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Fig.1The structureofthe6-poleellipticfunctionfilter(a)

sideview(b)topview.

onators in the middle of the filter ar(’ (ymating iu single

HE1l mode. With the HEI1 mode dirlrctric resonator:

negative coupling can be obtainetl by i]is (’i~sily. so thilt

elliptic function response can lx ~(>illk!(’( [. “1-11(’ coupling

between clielectric resonators operatiug iu samr mod( are

achievecl by irises. Direct spacr couplinxs arc used in the

filter between TEOI ancl H&?Ll mod, (Iivlwtric rnsonatou+.

The spacing between l“Eol ancl HHj I resonat{>ys to it(hi~~-e

a certain coupling is much less thau t hil t Ixmve(w two 7‘Eo1

mode dielectric resonators to i~(lli(~~-(th(> si~lll(>coupliug,

Thispropertymi]l{esthestruct~wcofth(filr(r~oln])i~(;t,

verysimpleant{easytoI]llild.

The spacecouplingbetwewlTE{I1and H EL, mocle cli-

electric resonators can be changed I)y t mling the screws T12,

T23, T45 ancl T56 at the side wall as shown in FiS. 1. The

met al plungers over the 7’E01 modr rcsonn t (m+ are llsed to

tune their resonant frequencies. ‘1’h(’tuuing S(WWS ilt the

sic{e of the HEll mode dielectric ~~s(~lli~t(>~s i~r( used to

change their resonant frecluencies. 13(’(i~lls(>th(’r(, is no con-

ducting wall between the TEOI mode diele(tri( resouato~

and the HEII

cpency of the

mode dielectric resonator. the resonsut fro-

unclesired orthogonal HE, , mode is much

OP~or
shorl

Fig. 2Eq~livalent scattering nlatrix net\\,orl< oft}vociiffere~lt

mode dielectric resonators through a slot.

higher than that of the operating HE,, nl(xir. thus ena-

bling singl~ mocle operation of’thr HE, , mode.

Rigorousanalysismethod ( themode nlatchiugtccll-

niclue)isusedtocomputetheresonantfrequenciesofthe

clielectricresonatorsand thecouplingcocfficieuts[8].By

placingaperfectelectricconduct,or(I’13C)wallandaper-

fectmagneticconductor(PLIC ) wall, the corresponding

resonant fre(ltlencies ~c and ,f,,,areol)taiucd.‘Uh(’coupling

coefficient for single mode is given by:

f.’ - fm’k=”,2
J, +,f,,,’

(1)

To obtaiu the coupling coeffkieur Iwtwecu two dielectric

resonators operating in two diffment modes. th(. rps(]lli~t(]rs

and the cliscontinuity between them arc modeled I)y their

equivalent generalized scattering nliitlices its shown in Fig.

2. One terminal port of the circllit is tcrrninatwl with i~

short circuit, while the other port is termlinatcd once with

an open circuit, and once with a short rircl lit, For each

of the cases, the overall generalim([ scattering rniltrix of

the structure is computed i~rld the ((>rr(’sl)(>rl(lillg r(xormut

frequencies are obtained. Thosr r(’somm(vs au the lliltll-

ral frequencim of the structure ,fol. ,f(rzAU(1,fr. ‘~h(w the

coupling coefficient can be conlpllt(,(~ Ily:

(2)

where

f’= , ?’!%’
.f7J(.fol +.foi) –.f[)l’hlg

(3)

III. RESULTS

Fig.3 sho~~,sthecouplingcoeffi(icurI>otww.uTWO7’1301

nmdeciiclectricresonatorsbyaverti(:llirisvrrsmst11(,length



of the iris.Thiscouplingisachievedthroughthemagnetic kz= kTEkHE - [9]arealsoshowninFig,5. The results

fields Hz of therespectivemodes.Thlujonlypositivecou-

plingcanbe realized.Fig.4 showsthenegativecoupling

coefficientbetweentwo HEI 1 mode resonators by a ver-

tical iris as a function of the wiclth of the iris, NTegative

coupling can only be achieved betweeu t ho H EL, mode res-

onatorsthroughtheirradialelectricfileds(Er ). The iris

is rectangularshapeandlocatedatthecenterofthecross

sectionplane.Fig.5 showsthespaU>couplingcoefficient

between7’1301andHEII mode dielectric resonators versus

the distance between two resonators. It is shown that the

numerical solutions are in good agwement with the experi-

mentalresults.The computedresultsolxaincdIJ,Vthemod-

ifiedlargeaperturetheoryusingthe i~l>proximat,e e(luiition
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of the approximationprovicleverygoodi~(.curacyforsnli~ll

couplingvalues.

A 6-pole elliptic function filter with center frecpwncy

4.035 GHz and bandwidth of 40.0 MHz is ciesignecl, built

and tested. The normalized input /out put rmist anres ancl

coupling matrix elements oft he filt m i~sol )taiucd from syn-

thesis are: RI = R2 = 1.2475. JUJ2 = JJ,5C = ().9415,

M23 = f1445= 0.5909, JZ31 = 0.79.53. J{]fi = 0.0566 and

f\4z~ = –0.2690. Computecl response of this filter is given

in Fig. 6. The measured freclueucy wsp(mse of the filter is

shown in Fig. 7.
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Fig. 5 Space coupling between HE and TE mode dielectric
resonators.

Fig. 4 HE mode negative coupling verslls vertical iris Fig. 6 Theoretical frequency response of the 6-pole elliptic

width. function filter.
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Fig. 7 Measured frecluency response of the designeci 6-pole

elliptic function filter.

IV. CONCLUSION

A new type Of mixed modes ])li~l]i]r dicle(t~ic rmonatm

filter in rectangular enclosure with good splmious perfor-

mance and simple st ructum is plesrnt (’d, Ri~orolw arialy-

sis method is used to compute th( c(ml)ling co(>ffici(wt of

the resonators. ‘Jle numerical solutions are iu good agrw-

rnent with the measurecl results. A G-pole elliptic function

filter is designed, constructed ancl t est,(d. Excellent filter

frequency response is obtairwcl
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