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ABSTRACT– Adesigntheoryisdescribedforwaveguide
&planeinductivestriptitersthat takesthehighordermode
interactionandfinitethicknessofmetalwithdielectricsub-
strateunderneathintoaccount,AnX-bandbandpassfilter
is fabricatedwithHigh-TcSuperconducting(HTSC)ma-
terial. Themeasuredresultsof the HTSCbandpassfilter
arepresentedandcomparedwiththe CADpredictedfilter
performances.

I. INTRODUCTION

Ibcentdevelopmentsandtechnologybreakthroughsin
the microwaveand millimeter-wavewillleadto rapidde
velopmentof HTSCpassiveand activecomponents.And
on the otherhand,microwavesuperconductivitywillplay
a moreandmoreimportantpart in the designanddevel-
opmentofmicrowaveandmm-wavecomponents,because
of lowinsertionlossesandnegligiblefrequencydispemion.
In addition,HTSCtechnologywilloffersignificantreduc-
tionsin weight,siseandpowerconsumption.Takhgfilter
as example,the HTSCmaterialcansignificantlyimprove
the passbandinsertionlomandskirtselectivitybecauseof
the highQs of the HTSClinesIII-M Recently,the su-
perconductingwaveguidefilterhasbeenreported1~1,whose
waveguidehousingis madeof HTSCandinductivestrips
arein formofsilver-platedmetaL

Theconventionaldesignoftinlineiilterl’]+]forHTSC
applicationis limitedbytheareaofHTSCthinfilmsinthe
X-band. Themainideaof thispaperis to usesupercon-
ductingmaterial,insteadofmetal,inthedesignofinductive
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strip insertfilters(Fig.1).A designmethodis introduced
fmthispurpm,aadth~H!IIWfilmMrwMwrfoctcon-
ductors.

Themethodisverifiedbymeasurement.Themeasured
frequencyresponseof the HT$Cbmdpassfilterthat hss
beendesignedandoperatedat X-bandshowsgoodagree-
mentbetweentheoryandmeasuredresults.Theminimum
insertionleesof the filteris 0.2w at the temperatureof
T1.5K,

II.THEORY

ConsideringonesectionofwaveguideII-planeinductive
stripinsert(Fig.2a),becauseofthesymmetry,thescattering
parametersof thestructurecan be foundeasilyfromthe
symmetricnetworktheory,

1s’$1= j( 11+%1) (la)

$21 = ;(% -%) (lb)

if theevenandoddmodereflectioncoefficientsS’;landSfl
are foundrespectively.Forevenmodethegeometricalsym-
metricplaneinFig,lissupposedto bea magneticwalland m

fortheoddmodeanelectricalwall.

Foreachsubregion(Fig.2b),thecomponentsofelectro-
Wetic fieldsareassumedto be a sumofsuitableeigen-
modes,

q)= ‘jj’y++vy-)ef~
m=l

(2(J)
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and

{
COS(k~,8W),even mode

q = ~ ‘Ieh jsin(kj,BW), odd mode v = (2),(3] (30)
n=l

where
q,n’ = -jqtsin(ks, n’z)

h:, n“= jk%,w’sin[b, n’x) v = (l), (2)

ey,n(s)=jq$in &, I@’(u - z)I!7’

sinh, tN’132
‘-

.%ink,,?w(z - o~- t)cq

u’= (1, ol+t<z<q+t+d
O, ohrtvi.se

u“ =
{

1, (q+t+d<z<a
O, otheruJi8e,

~;andk;arethewavenumbersin z andx directions,and
modevotlagesV* are thestillunknowneigenmodeampli-
tudes of the forwardaud backwardwaves.

Bymatchingthefieldcomponentsat correspondingin-
terfaces,

ql) =
Ef), (z,&)E FM;

Ey, (z,y)e m; (40)

o, (z,$ E Ft.

(4b)

themodevotagesinE&s,(2) and(3)cm berelatedto each
otheraftertakinginnerproductwithappropriateorthogo-
nalfunctions,

[K,j([v(’)+]+[v(l)-]) = [T,jpq+ [T2jp@)j (5a)

[P,]([w

[P2J([W

- [w-j) = [K#’@] (M)

- p’)-]) = [K,][v($)] (5C)

Thisyieldstheone-portscatteringmatrixat thestepdis-
continuityZ = O,

~(’)-] = [Sfl][V(’)+], /or even rno& (6a)

and
[V(’)-l = [SfJV(l)+], /or odd mode (6b)

respectively,Thecoefficientmatricesands:: areexplained
in the Appendix,The scatteringmatrixof the inductive
strip can be determinedfromEq,(l). Andseveralfinite
lengthinsertedstripsarecascadedwithwaveguideseparw
tionsto forma filtercircuit,

HI.DESIGN

Basedonthetheoryabove,a FORTRANoptimization
programofbandpassfilteris developed.Theparametem
11-1.andWI-W* that aredefinedinFig,4areoptimizedfor
the giveninsertionlossesin thepassband,the attenuations
in thestopband,thenumberofresonators,thethicknessof
dielectricsubstrateandofmetalorHTSCthinfilmcoating,

Foran &planemetalinsertfilterwithtworesonators,
thedesigndataareobtainedbylettingE,= 1andal = d+ a2
inthisprogram.Fig.3showstheinsertionlosscurvesofthe
filtercalculatedbyourmethod,whosesizesaretakenfrom
[6],Theresultsof [6]arealsoshownin thesamefigurefor
comparison,Asexpected,thegivenresultsof[6]agreewell
withourresults.

TheconfigurationoftwcmeonatorHTSCbandpaesfil-
ter isshowninFig.4.TheHTSCfilms(YBCO)arecoated
ononesideof LaAIO~substrate. The thicknessof HTSC
filmsandsubstratesarechosento be t = 200(I~and~=
ofmn, respectively.The substrates (s, = 21)with HTSC
filmsare then insertedin a metal waveguide,The HTSC
filmsbelowthecriticaltemperatureareconsideredasper-
fectconductorsandthewaveguidesbetweenthesubstrates
asresonatorsofthefilter,

IV.FILTERPERFORMANCE

Fig.5dmwsthecalculatedandmiimrii ilw’tiouIW$
(1/1$,/)and return loss (1~1$11)in decibelsas a function
of frequencyfor a two+esonatorX-bandllplane HTSCfil-
ter, Thecalculatedminimuminsertionlossin the passband
is O.Oldl?,and the measuredvalueis about o.i%dB at the
temperatureof71.5x.Themeasuredinsertionlossesareat-
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tributedto theonesofmetalhousing,substratesandHTSC
films.

V.CONCLUSION

An X-bandbandpassfiltermadeof superconducting
filminsertisfirstlydevelopedwithanimproveddesignme-
thodofwaveguideE-planeinductivestripinsertfilter,and
experimentalresultsat liquidnitrogenkmperaturearepre-
sentedwiththe minimuminsertionlossofO.MdB, It shows
the promisingapplicationof superconductingmaterialto
microwaveE-planefiltem.Theresultsindicatethat thede.
signmethodformicrowavepassivecomponentwithperfect
conductorshasthesufficientaccuracyto HTSC,

APPENDIX

InEq,(5),theelementsofeachmatrixare

IVIPJI= Ivp@JuJ,...]~, tf= (1), [2),(3)

Irl(i, i) = A(z)
/

4 eW x (/#/)’dz* y,:

K2{j,j) = A(s)
./
‘ih!].x (e@j)*&

o

A’=
{

jsin(kj’W), awn mode
cos(k:W), odd mode

v = (2),(3)

B’=
{

cos(kjW), even de
jein(k; W), odd mode v = (2),(3)

andin 1446),

[S,l]= ([II,[+[U1]+[U2])-’([U1]+ [U21- [K,])

[Ul]= [T1][K2]-’[P,]

[q= [Z’,][K,]-’[P,]
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Fig. 1 inductivestripinsertfiltersupportedbydi-
electrics

Fig.2‘I!ransitionwaveguidetoinductivestripandcross
sectionwithcommoninterface

Fi .3 Compassion of insertion losses of X-bandmetal
Iinsert k calculated by our method and ref. [6]

Fig.4Configurationoftwmonator HTSCbandpass
filter
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Fig, 5 Frequencyreqmses forthe filterin Fig,4.
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