;e3ezz{D| :}| ~6~Tx<15 Cctober 2002 *~0000z* HTS FI LTERS W TH SELF- RESONANT

SPI S Background of the Invention This invention relates to
h| g E‘ superconduct or (HTS) mnis filters and m njsGtobePhEIEL" S
sonant spiral resonators as the building bl ocks, I ch have the

@00
??'Y?QF S er Y, SRS BSOS ot 0 peent

l1oss, high off band rejection, steep skirts, due to extrenely low [ 0oss in
the HTS 10 @cﬁ%o%h&ofa&qn%o ilters have many applications in

t el econmuni catrTt ion_and mlitary equi pnent. However, for the
“regul ar design oflhis F¥entien relates iorhigh eommerateie superconanctyri(HIShgumi-ocks ar e

l'ar ge i nssi ZBterd thd AGh-mdtip i&a%tm%&mieg@ﬁm PirdtesbBfofC3RHEdihe equal to
appr oxi rratell_é a half gavel en . For Iowfrag uency, HTS filters wih many

pol es, the r ?Ifté%CS\PéPl?f}'IS&fF 17 SIUNFEEIP%FOSERlE,  The
substrates ca‘et\{,éynmd dcb,mfﬁ!{g& circuits are special single crystal dielectric

materials with hi Mor.eov t he fi.l bstrates are
even nore costly ﬁpgfﬁgtﬂéfb&?’% the Vagtég?srfﬁjﬂeﬁ%@?#ye;{?wdﬂ?@gﬁ“&? g%%*r rable to
reduce the High diflband @m::y\stéépamrtsame itd extremtely lsv 188 hrothed TS .

Fyrther re, ftgr[ml h?lél—%igfﬁl CI rc(})%hcgﬁk}’ s?x??elecogmqgﬂ'eg the cooling

time, an the COS er at I Ng cryogeni Cnt enper ature
i ncreases wiipdtninmmtativgiang nmilxta,m c@spmsntz eHOWen@sefoaﬂws regqrdardesigored at o r educe
the HTS filt &Qﬁo £ j:Tele Thar a prior
art design tfgfrgi ﬁxg(taﬁ’&[r% §§?§tétf)eél bioEEsz? lirg%y usﬁ:?nlgfglfgfi ﬁlé%tm rcuit'’
el ement s sudiegdimensinncofithe sesanafor ﬁ&ﬂé%ldﬁa apRIgximAtely athﬂ&fw@émathor Wsed as

the buil di ”Qo@'ﬂ%g{ﬁ&m?fH'fﬁ' Blidistpliem ona Qﬁe@éﬁﬁphsmgmaﬁg@s‘i@y H}gé 25

approach does, reduce "t he si ze of However , al so
probl end? FlngthHélr'%"uW&su?‘Gﬁ% tS ?‘?f&!}élaf?r?c‘é‘ﬁ fingle spi ral
\IAEduE tor s E@«i‘tﬂedﬂ‘ic E‘lagflﬂi’a.];!k with digh dsttd ﬁ\dstbbead thmunﬁ ﬁﬂmeiod&d subsn'atbels

i ch-reach-the regiaon far .he e_i-nduct or an r e
rose-tark BE fuspar tart THEFIRG, FS=Ulgpta RO R S TRt %1 oo
desi gn, the thmHTSrfdtﬁrafzem&mgpsacaﬁCdeﬂ&@etfmmt Elgﬂmnomfméhteﬂ'l‘ﬂo ot her
circuit conpppe Uﬁx@c@éhﬁ%’*ﬁﬁf&ﬁ%%o a?ﬁetmmﬁ e Bbst t§'€odl § fo S two

ends is Iocated at the cente the spir cannot be directly
connect 88 t GOPeReHBE CYSRPUR tsReReTatire ‘B?TG%"FS pathinRE2SIRECEQH e HES- oRh9SEom t he

center end Qfeﬂn@@ca@@hsftﬁ'redﬁ&éliﬁéHTI‘StﬁJteiiBQEhﬁﬂmﬁﬂﬁaﬁﬁ&ﬂglts rfaitharive] dge or

fti-l t. be fah d I duct
They not onl v deebatic 3 PioF A (Guk 5 IRANEC DR Ber FEer SIS0 re
di fficult t&hiaed deng” eléhient$, suthes eapacitors sl invdystotsdo |bmilddmhjemxiatmped
capaci tors: y(e,d Bﬁl&ﬂ%ﬂ}oc%QPH'Tg_ﬁll%?sga%etﬂﬁex #1%“05%\?&615!

unaccept abl e very arge erance ti1s us nar --,.s 'r

G'¥5.. appmaclr does radncethotize oD fltgrse Apwgvenlit -tlafph@ﬁ preblemghi ch
requires a wsvme BetpelANRa iddtBtodd fgh ho %hhdmtehsﬂobmvxaltage

across the ause .arcin u ose thJ S ve nisto
use self rrensF t?hé}ﬂ‘?%if ?@GW&?B@@@H rf%'OBfé‘rﬂ?Fg"‘# ers and
at the sane md@ersabEMHMabremttﬂklbemnSdmmmm $ocohd,géns. Bri ef
Description Of he . Dx ur ho rihor. art conventi onal
spiral induc ors n%@ﬁzﬁ; e&fkgg %\és\/\%fttg ﬁazliﬁadugéol ra‘fsp‘l\)/nductor and
Figure 10 shomce:d(to othet aurcmptrqm;bonmﬁalsmh)as capiﬂcllérsgctceBm gmf@th@ he pr esent
e e 0N a8hau3 Rl Aol ORI d ol o e BAISidH Sty a self
resonant spiral resonator in the rectan u orrmm ure 2 S o a self
resonant spicpaiectedde pthepeomponents. b OFden e the rcnnmopﬁn e §CBIST ner s.

Figure 2c shoygrike irﬂ;ﬁ&ﬁ%%fanwar&hﬂoﬁemﬁs Sr-briagé Bﬁm%ﬁf-ﬁ?&*bxfe?f m
Figure 2d shows a %elf r esqnant s ﬁ [ esopator in e egircular form 15

Fi gure 3 sh&ass mustipp fabrg d’Pr?@?\P %’QHFtOFn nl,enfyrdegradecr ostri p

l'ine 4-ppl eﬂm&mméeldﬂt@éﬁwbuﬁ@ofarémaamo fam&mgm@d,tmwﬁd
resonators with rornded cornergd cen unLn ad.s ar atl el Lines

i nput / out put™e S [ 1gTedyce jpmpe ﬁarpémcg% fq'rBBtmv BH5nd Fig. 3b
shows the cmdﬁ&maﬂybnuﬂaewptdﬁiegtmla#gsﬂomca The otictr &sdmiel amplatharof t he
present invention of a
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24 microstnip line 4-pole HTS mini-filter with self resonant rectangul ar
spiral resonators, transverse offset inter-resonator coupling adjustnent,
.and inserted line input and output coupling circuits. Fig.1dactdsardobhe
front view, and Fig. 4b shows the cross section view. Figure 5 shows a

third enmbodiifpdigedl &Bs‘mﬂa& QPIEEh rdqied very ﬂahow gulpq;eaﬁéerni tvoleRctioligs 4- pol e

HTS mni-filter with sel resonant qc¢t.agon s . resonators, transverse
of fset i nt erVitabighdf ¥pltags asTash fregyhichpay ca &“i%erted Li ne coupling
i nput and out put md}wpés‘edﬁt@lsﬁafeaﬁem&tbheewﬂfdsom irdlekofthtgrs b shows

th f th t t
nvent 1 on oftob<agn ek a6 pn e Rl By Bhlhk o RIPPE TRy ik 2 °r eSonan:

circul ar SSpiaoaheqtmaqmehlans circular center tuning pads, and parallel |ines
i nput/out put coupling circuits. Fig. 6a shows the front view, and Fig. 6b
shows the cross sectlon Vi ew. F| gure 7 shows a fifth enbodi ment of the
present i nvdsméfdde t 1 he ANRS ne. 5-pole HTS mni-filter with four

sel f resonant re%g&gwﬁmm orrmem;&nmfp@mcmwcﬁ%g&guble

spiral resonator i nserte I ne i nput and output coupling ci its
Fig. 7a shouk:shawspsgware spralindustrrpng Fizuse dhshews » ereiaspiabadngiar vi ew. 7

a _.. ~19- - - _ Fibke2 %M@;h@gcnzeaﬁr&bﬁwtepﬁs&%ﬁo& fnl différeinbodi ment  of

the present jnvention of a mcr stn l.i ne -mul t i pl exer t
channel s. afje SHE 2ashApE rsed e B“tﬁBF rﬁfﬁ?afﬂrh‘i‘ JIF?%?gL{%‘tPH“geIf

resonant r e@txgmgabahowearsellf réseﬁmapmﬂaescmatbrmaﬂmlrbahngdlmfsm witht / out put

I . Th bi 5
o Tirer Forfindtsorifs FBlHe ich¥ b oflrol< St apl e hlos 8 pohekdifn 0.
section vi eviorfi §igueczdsltmslfs!emdtmmmsmormﬂh¢ ¢iecydarfemmt i nventi on
of a m GEostri p 'Fxéﬁﬁg’ﬁbw@‘é'f%&l il ﬂ}%se%hﬁﬁgﬁ‘lll&l ofE AN R-GlARNE!

COI’TpI’I ses an o- m ni resonant_ rectangul ar" spi ral

resonat ors, Wﬁ@eﬁﬁ"rsampmﬁlﬁ' Mt ﬁe}fﬂﬂwﬂéﬂtfﬁ&t@ﬂﬁﬂmﬂpﬂﬁbméﬁm&ﬁt"@ The i nput
circuit of thgndtdldohRl&%EMkted @inin gﬂahe af@ patieriils Aauyotiht t&plihgr m Fig. 9a

shows the front, view, _and Fi shows t ross sectron view.. Figure 10
shows a t hi rfcBith JiBnimihogss tﬁ%%vwé%ﬂnd.ﬁﬁsa%%?ewsahe O TFEN YAEY- Li ne

m ni -mul tipl exer F/lgﬁxh4f§hUWtha¢Umﬁ|emboﬂﬁﬁént(blf&m1ﬁ’bsenOﬂipén&ﬁﬁof&n 15 8-pol e
HTS mni,zfilter self.r nant -t rs, and
paral | e|20| i NeS |¥¥B’$‘/‘ E' t}?g(gg |%lg ﬁlﬁ{g%lf{%so%{ an Cl FCEIt of the
mul ti pl exer rcsonawra,h@nmmofbpm@h—maonéwf munllpggdjusmpnymdsnacnedﬁm@ nt view,

and Fig. A o t ES R %&e&ltsorrlglevyhoggmereo&%e%@ 4gmbodi ment of
t he present venti o gl‘lp“l’le 4 20 pale HIS mni - f|| er with self

resonant re 8W§§1¢§F°%S§F?%“Y‘E‘§onat ors with rounded corners, center tuning
pads, and parall efhgxhbﬁes‘ﬁoweﬁlﬂlﬁxi-cbembcbthnﬁﬁuﬁlﬂthﬂgrc@mtmchaon bf gmlérohmpi S a

I
o ong | hes R BF HS mintyE iy solerElonochigdh sl ok ppfiofs, Bialefy 5° °°°"
pr ot ot ype Sqﬁsben@:x—rbﬁnaalz ccl!mhdgnadluhmt,@dmeadd Hoe eowplingitpuand ost ri p
line HIS m rbélﬁdt'cffgﬂ \/\g Salth6Ws. ife! oo %W'%H& E&f%%ﬁ%&ﬁ:‘é Eé’énon -
sho

resonat ors. t he rreasure S-Paraneters data o e mni-filter
shown in Fi gﬂcvzz in which Fig. 13a shows S11 versus frequency data, Fig.

13b shows S 12 verigue dsmlswyarf&mmﬁ@od]ﬁem of ifSpiebiinveRoy6f8US frequency
data, argg Flrgxcm%t?;% 1%1(135 IW%-HSSZ 2 Veél?elxj‘%nzhes%fferlég%agta Sietular spiral resonators,

circular center tuning pads, and parallel lines input/output coupling circuits. Fig.

6a shows the front view, and Fig. 6b shows the cross section view.

Nd

Figure 7 shows a fifth embodiment of the pl:esent invention o{ a microstrip
line 5-pole HTS mini-filter with four self-resonant rectangular spiral resonators,
35  one symmetrical double spiral resonator, and inserted line input and output
coupling cimuifs. Fig. 7a shows the front view, and Fig. 7b shows the cross

section view.
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Fig. 14 shows the neasured S21 versus frequency data of the mni-filter
shown in Fig. 12 to show the frequency shift caused by changi ng the nedi um
. of the space above the circuit. Fib. 15 shows the neasureds Octobhep2062

i nternmodul ation data of the mni 35 filter shown in Fig_ 12 to showits

nonlinearity behgyige g showsa first e&%&@%&@ﬁ%eﬁ%hﬁn 6fa B?@mktﬂ ention

I n one aspect, the i nvention conpr|l ses a sel resonati ng spi ral onat or

_conpri si ng AURiRR-TRHReT Y S ehareriau Eaeh c‘l‘ainﬁél OUERERY §-Role g}ﬁ ral

fashi on suchpibh@iteeWitR6ElfiredonBRTedthip ﬂdhfe&@mt@acdﬁdq;amlm R¥esa gap _
di stance whi.ch js Ies t han thegél ne w dt h V\/FIEI’EI n.a cenjral opening
in the resonBguyoupyEc %‘l‘g’flﬁ‘ﬁ R?W&i“éq‘ifa'ﬂﬁﬂ’é‘ tplexer isip the bRy gap

di st ancesi n sphidr foiniEFiy. 88 shdws thedtdie views pad Figd. 188 showse el dobsGedion ses an
HTS mni-filter conprising a) a substrate having a front side and a back
side; b) at 1¥%st two self resonant spiral resonators in intimte contact
10 with the frontFlgnrdQ shbwslaesesnjidsﬂmmmnemt)ofahepmsaxnmmnmmoh-resonator

coupling ne sSm ssi on
line with a |rs eﬁ%ﬁ%@?é&*?@”%wgcﬁ_ connec? ‘[“5‘?%‘?‘%“5’?&{?% and a
second end &eralt BT Stroing-fflter MMK-@@WUG&@DM&%ipm&lr\msereﬂwrs,l@d r esonant

I
spira ﬁso'ﬁ%ﬂéltshneeﬁgnconngﬁ‘ﬂ%u@ﬁigpddcﬁﬂs CTﬁ&H%»ht ﬁmrdﬁ?élﬁuﬁlp? @P&m ssi on

line with a’firs cted toan_out put connector of the ter and a
second end &dihsicasraded hinapsiplidisefomm. (g dxshowsdhe ﬁ%‘@@?’sfmﬂfss)r%ht spi ral

resonat ors; sg&,vgﬁ,e@,&ls@%dﬁl Hbwt enper at ure superconductor film di sposed on
t he back side of r at oun ane; and g). a plank gold film
di sposed on the ?ﬁﬁé‘iﬁ ﬁB@f%fPaB‘?‘é 'p‘é(ptbf)ﬁffé‘é‘itd’i’ve’?‘%f’wp?n anot her
embodi nent , nﬁh@sﬂﬁpﬁh‘refmitﬁ-mlﬂtlbhxa‘ Waﬂfs fdmphénn&is fEHcchdgﬂ]ef wmﬂtﬁres \;\iﬁ _ ]
conprise; a)k a:s r S r.ont ac erein the
.front i?de)s('ﬂd?ﬁgg pr%g 'rpsosna?trgc |n | rrra?réao r?flact with the
at | east twataﬁskiirmsmwb@ngmgw!mgmmmts ermput_jtarcuft_otﬂﬂEmudbptmcam, 30 b)
a second bl ginehh gt EEHALA BEE. gv%gg%gemt%e fedok LB PP HORndufe Dack

side of the superstrate as a gro ane;
the cross section view.

Figure 11 shows an embodiment of the present invention of a strip line 4-
20  pole HTS mini-filter with self-resonant rectangular spiral resonators with rounded
comers, center tuning pads, and paraliel lines input/output coupling circuits. Fig.
11ais a cross-sectional view of the mini-filter and Fig. 11b is a plan view as seen
along lines and arrows A-A of Fig 11a.

Fig. 12 shows the layout of a prototype 3-pole 0.16 GHz bandwidth

25  centered at 5.94 GHz microstrip line HTS mini-filter with three self-resonant
rectangular spiral resonators.

Fig. 13 shows the measured S-parameters data of the mini-filter shown in-
Fig. 12, in which Fig. 13a shows S;; versus frequency data, Fig. 13b shows S;,
versus frequency data, Fig. 13c shows S;; versus frequency data, and Fig. 13d

30 shows Sy, versus frequency data.

Fig. 14 shows the measured S, versus frequency data of the mmi-filter
shown in Fig. 12 to show the frequency shift caused by changing the medium of
the space above the circuit.

Fig. 15 shows the measured third order intermodulation data of the mini-

35  filter shown in Fig. 12 to show its nonlinearity behavior.
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c) a second blank gold filmdisposed on the surface of said second high
t enper at ure superconductor film In another aspect, the invention conprises
-mni-nmultiplexers conprising at 35 | east two of the m ni-fiqst@¢tobet 2602
di fferent and non-overlapping frequency bands; a distribution network wth

one conmon port asg nput for the mni-nultiplexer and multiple

di stributi ngéiﬁg!ﬁﬁl——&géﬁ&—ﬁ—%ﬁ% distributing port is connected to a . ,,
T Inoneaspect,\théhmm&&&hﬁ&esasémr@bh@ﬁegs;aﬁa)i?esaﬂdtbﬁwondl ng
input of one. mni-filter, and a nulti f_out put \nes rein one

out put |ine FOREGHIERL 5%""{”81)%? Eg’ﬂglll ‘&ﬁ“%ff “%r?ﬁ?h’PPI ter.

These and otduehﬂmsp@acmthhes'hespmdrftqmnadnmihd:rrh@'mfchstamt\ehlbmh lemsnts will

becore agparGal g itk UEY whBAS RcRl LPEUIPRAELCRRMAPRANG Clals, It S

shoul d be no hat an erence signs ns are nerely as
aids to an ehmee?wlmnmpwmﬁdyﬁgudﬁothﬁéoéﬁlﬂgepﬂlmﬁen emboﬂlmﬁesmmt to be
construed as |imy,ipg SCORE idva £ Al @Elgtﬁ

Preferred Enbodi ner?psthl;p%f?hgtqgr leseﬁigx&{l)n(\’/néb$1| oall ovi cBnggs ng t he
size of HTS filters widhasubsies havinga E fe fh %Sikaﬁ%F,ls based upon the
use of self resonant spi hfjeadt@NORBERESONadt PiraFlebor265r BRMHnSR EGtadt€SONAt OF' S
have different shapes, |§g§1 e%ntr)ggtégp uISP rectangul ar with rounded
comers, ‘polygon and circ the size of the

sel f-resonant spiral rcgsaﬂRMronalmdei-ﬁsbﬁt@mhpn@gniesh@l;gﬁt romagneti c fields
for mnimzing the crogs-talk, it to._red wi_dt.h of the
gap between adjacent L n&% “ém%"?‘?dﬁ‘ge nécerélﬁfl%lfl Sﬁreaﬂsrgfsélémqwet‘w %pl r al
resonator. There are sevérslendeoimediedito au iy eotrivsior of tredfiiter tnéquency of
e sel [esonant, <Pl ral skeRian Sl R0G BRI Bbstlee S0 T2l
3. Placd5a conducti ve.t umisnpagsspirairesanetossint er of the spiral. The third ,

Cireuits of the i 91 ap RattRpis O Cordiiing PRsheriRop hE s P ' "0
lines configuration, whi &Ftéadprrnsetedio ar QHIPHE WOQSfWhFrﬁétem‘haone end
connected to the mni-fi Eé&hd%n&@é\ﬁﬂﬁﬁh?ﬁét&m@o@ﬂl&t@@ﬂt%iew of the |ine,
the other end of the line |sa[§ ’%ﬂ ed to be close by and in parallel with
the spiral line of the fflv8E APBP2CFer the input circuit) or-the |ast
;eso[\ﬁt 6?_—|(Ior t he ?utﬂ)ugbmgkgimght)cmpmqm@;mcmcuonﬁlm ch:sposmtqnt.lthecoupl i ngs
or e filter; 2. Inser ses a transm ssion
Line with one end connectg‘% 1&@&%@9%&5&5& Tacgﬁ?uedr plaft; B cénnector via a gold
pad on top of the |ine) @h@nbm&ﬁ@]élsgq*seﬂmtmmnkblg@&ma@an@o be

inserted into the split c}@nd{,éta,eﬁm the first resonator (for the input

circuit) or thelast eso ator r the ut CII’.C r vi de the
i nput or out put "F’ nl? e T VE A SEP- F@)sz l i ngs

bet ween2adj aomphscr esonat ors in the mni- 35 filter are pr ovi ded by the

over | appi ng of the el e‘al tgg #ga%% r%e%ﬁgngstl {h%dﬁelgﬂﬁ% & whbgspdl.acent

resonators. The coupll Hred ways. °1. Change
t he | ongitudinal dist anc@’obfeﬂthhaa?mﬂc l§pp$1§{m ametesonact Change t he

orientation of the Sp' ra{wtﬁ?ﬁé’ﬂ%&f&o ésoﬁ%&%s%ﬁd%ﬂ&x@'ﬁoh@ﬁ@@é?@ﬂé S
| ocation 5 ': , f~Ed

~ ., 15 Oct ober 20025ub5m“—
30 b) asecond blank high temperature superconductor film disposed

at the back side of the superstrate as a ground plane; and
c) asecond blank gold film disposed on the surface of said second
high temperature superconductor film.

~ o~ - - - -

In another aspect, the invention comprises mini-multiplexers comprising at
35  least two of the mini-filters with different and non-overlapping frequency bands; a
distribution network with one common port as an input for the mini-multiplexer
and multiple distributing ports, wherein one distributing port is connected to a
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al'ong the transverse direction. The third way can be used as coupling
strength fine adjustnent. The mni-filters of this invention can be used to
.build mni-nultiplexers, which have very small size w t houti5<¢tobéi 2002y
performance. The mi ni s mul ti pl exes conprises at |east two channels with
two mni-fil I I, bands,
an i nput di S‘:I[I’ICE%'[I oY n ﬁ/\%@% dmﬂﬁg%egﬁ?tdtﬁmﬁ ]?tb?Ph@gg{gﬂs t‘ﬁg%t&g?ﬁélme
input distr mﬁwtdweﬁetww%&a@weeoaﬁmgeﬂm% ofengmgurfdterons: 1 Single

bi nary sputter f%é@ﬁn@b&@ﬁ%@b&@ffﬂeﬂéﬁﬁoﬁ'aﬁﬁ% eIl efRirdedts Nar y

sputter to coppine the two inp he t elsi Q a 10 common port
serving as t‘ﬁ‘gPl?er‘fBE‘FaPWc‘Ett%‘ar#ﬁ&‘ H.ﬂa'%l!“ﬁl"é CeH, AFSnEry sputter,
whi ch coBlsi ssheuldfbeGioteaiati feteﬁicesfghﬁgﬁéﬂ mfﬂ:é)tlaa:warsmﬁ&lgms aidsfoan Nst age

Conbi i ng. 21K b“”ars@awﬁt%gétﬁsat e DU SR R e Es R P o i

mul ti pl exer ;thd scagettidreaf. muf t i -branch | i nes, V\/nl ch consi st of a comon port
as 15 the input of the mini-multiplexes and a mul ti pl e of branch Iines
connected to each channeI The Iength and wi dth of these |ines nust

appr opri at elhjetaiig i § Loivogymentht chi ng at t he |nput and the
out put the m

m ni - nuﬁpl pl exeswgﬁnﬁin%ﬁ?oﬁﬁhdw%ﬁ%d n‘fﬁ&é%%ggg?{r%@&ﬁl S | nvent| on
can be in t HacrHicingpafgmapchand isdasesyponitheusered ssﬁﬁgwante@panb one ground

pl ane, they xet&ax&@nnt@sememans tfaprésbﬂao:fsqta% Wiffebert sEARS ! ihaluBingd
superstrate and t oun Eﬁ etﬂ He conve |onaI %/ to make snal |
filters is UJSF ﬁ%ﬁ‘ﬁ%ﬂ% \ii dgfh compsts; RO 5?‘??%%“ ed inductance and
| unped capaci tande &&rﬁ@fd@é@&ﬁ@ﬁe@ff&h@&lﬂ-ﬁ@oﬂm kpirzﬂlg:sbhﬂek&d)ﬁ) the filter.
A prior art ] ctor Ei | a shows
B Pectadgul SPRERS s bR nelif FRUBHE dofhifui g tne ks B3l ir ik rlcaty
structural cotperibawsithbf thegap hdivetenadptertiiges andreiduce the centercopes arémt  of

Rig Ib (th%%@n%bﬂl{eg&(a‘?&ce bei ng-t he-shape or configuration of the
spiral), the sane reference nunerals are used to denote the sane structural
conponents. AccorEiergirg severrianethods tgshangedheresorant Sspuencyofeuetor |i ne and

nunmer al 2 lfreéoli'lﬁn ugpﬂasdiﬁtd%eﬁncﬁﬁh &ien fﬂi‘tﬁésﬂiﬂﬂ'ﬂﬁetprdxdx&@tﬂe Nurer al s
3 and 4 ﬁre the ect| n ds | rm nal ends of. conductor

cat
line 1 & “Y%"“ é‘EF“é %d‘PhER}Pt‘]c% €8 HFonuClYRUBEE er of the
spi ral i ndugiadrat th‘EtmemendﬂhéepmlsmhwmmmEﬁggcénheasanisasdiner&etqhen@onvent| onal
design for fgﬁjﬂ%ng a lunped circuit resonator as the building blocks of a
e

filter. In tl rior 35 art conventional design, the dinensions of the
| unped i nduct or rihetinpe apd eufpyt feupling sepuity afithe Faini-fifeniave tvp dasise| f

resonant” fro%ﬁﬁgﬁﬁﬁoﬁ“thmaﬂQﬁineE'&aﬂﬁélﬂﬁndﬂ,Whﬁ'c‘ﬂcdni;ﬁﬁ@?ﬂ%&xﬁhsixﬁﬁ frequency
band of a‘%he filter to avoi d adverse |ntat§r erence tomthe sel.f resonance of

the i ndéet oline|Withenssmdicgnrgsied o theming-fijtes’sicapgector via a gold pad onippof _spry
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capaci tance and the need for center connecti reover, these neasures
al so confine nost of the el ectromagnetic fields beneath the spiral
resonator, hence solve the cross 20 talk probl em caused by far reaching
magnetic fields in the |unped conductor_ Fig. 2 shows four enbodi nents of
the self resonant spiral resonator as foll o%rect angul ar is shown in Fig
2a;.-3,-fectangul ar formw th rounded Mﬂﬁﬁﬂsg shown in Fig 2b, a pol ygon {
shape |s shown in, F|g 2c, and a ci rcuI ar shape shown in Fig. 2d. As seen’ =
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25 conprise-a high tenperature superconductor line oriented in a spiral
fashion. The adjacent lines that formthe spiral are spaced from each ot her
. by a gap distance which-is |less than-the width of the |ine1s October 2002
The-central -openi ng-in-the resonator- has a di nensi on appr oxi rrately equal

to that of thRngdR Hhilvaee tiredtion! mr{dﬁ& Wa9edn bQQWErcouhﬁﬁ%

di nensi on has only one di nensi on (r.e., wdth) whereas t
openi ng has We2dius@tons (i.e., length (or height) and widt h)
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concentrate at_the Line corners, may redu he power hand]

capabi | i ty ofPlitiss winch censists, aaradsdeﬁrl?elp stagsopbitiBary sphitigs| fean Ne pr obl em

Fig. 2b Shomﬁa%&éﬁbﬁdﬁmﬂﬁdﬁﬁﬁw&kﬂi&@"’iﬁtﬁuﬂb@ﬁ@@ﬁ%cﬁﬁﬁrﬁl resonator in
a rectangul ar Form Nhro nded corners. In the enbadi nent of Fig. 2b,

numeral 15 i SomH iQ ; SOMAIRRAOLE seTyng as énl@}g opfbe fuipty adj acent
turns, numer aultiplexes; 3. hpfatdhdmmh-bmhﬂme@wmeﬂ Ednsist bha térRmah persdson cl ose

toth t h,of. d d d t t 1 ded
cornors b t 18 i er HE M A8t B Win BRI A e 1R PO REHS eahy 1"
resonant spi claalnncles"c‘hmdengtbmdmdihbﬁgmae Hoesmiist appiophiatelynaoatn iRGuck at he
conductive | to ER/eFhatéin §tt§1@?n @Bn@ﬂx&"&ngﬂ]xt%@'hi%%ﬂﬁ xﬁuiﬁ;ﬂ JyyEpral 22

is the reduced center open a ea Wt nsi on ose e W dth of
the reduced thgsntire Gearencinkand|of e miptiredtiplexeme | S 120- degree corners of

thedl i nle 20. tThe ?B%Bnﬁﬁﬁl@é}@&ﬁdﬁxﬁhfrﬂmubﬁi@&%tff%shﬁreﬁlﬁ&n &ﬁﬁﬁéﬁh%@d to tglz
pardi cu octagaon for e 0 a 0 ape, provide
Phat 1t s TSR e Wi onb swstaltrdmn g o dne. Fes i gan b R hapes.
Fi g. 2d showheatipolimd fonamvidda mmmfasdr&rmtdandesmrgmcsmmesl resonator in
a circular form t i ne,
nuneral 20 2b is #ﬁe%%v%n &Pa? ﬂ]w%l ace tlljtf:%gkh&n%re g%&d%%“reduced
center open Whish uflizes Im@edm@ntgnmramd mcﬂeanwedﬂifo@ reseratersdiced gap
26 an%”“””ﬂen&ﬁd tﬂo&?%@lﬂﬁtﬁl&? I&t fd?Gn ﬁ'ajiﬁﬁﬁétfldlséﬁomﬁfﬁ%nﬁefn ?pen h
ar ea uni n e resonan re e spiral resonator e
tuning pad Lw Il SPWE & deqian @33?“ i% IPaﬁﬂﬁwarc Bl $hape-shape, but

i nstead may Becaluﬁb ﬂﬁ@traaguil adsmiamrdﬁtsarftm;udaaoabbﬁtgmus thesane asthat &f f urt her
to be understo tunr be e_ot her
configurati ofr21§ g’@c; %‘é’dﬁ%%%%e %Q‘ggg%eof °?§$m¥%%°ﬂﬂ¥?%m Igh‘?o t he

spi ral -reso:mmfdmemgmekﬁsupmscdwrdenomﬂlgmstnmnnﬂ@mwnsmtems a first
enbodi ment of L g;;par..ﬁeerﬁdegl Bladstht s};mmsaucrorwaaanmu@ 56L fno esonant

spiral resonators I's case having a rect angu ar con |gurat| on with
rounded ¥or ngapshetween adjacentiyms of pouduciasilingd - dunemls 3 audgt argtheshows the top

or front vi eaaneécﬁdgegafdghacﬁreda@tmet&hﬁnar%hdwpfy&xdac@mﬁer%ﬁ&hu@eayseyv In
Fi gures 3a and 3b, al 30.is a ﬁrel ectr{&Fsub trate with a front side

and a back s?‘d%Pen‘Fﬁ%a Ut icppductor;ah the cepter o -on the front side

of the substrate BRe hduaBRVMRoW i Fig. rafemdxﬁhm&heemmws@ﬁfef t he

substrate 30_(which 35 j.s. senrnthe Cros tro i ew. 0 3b but
is not seen 19 Gy ﬁﬂ’%ﬁéﬁf ﬁséh‘?j}?‘gfﬁjb%?e cﬁj aﬁllfﬁ Ta ik ilm31
(see Fi 85 3birt smrventionahdedigre tlgrdimedsiofs d¢fithe hnmedfinductor mustbaicgrefifllsgol d f | m

32 (see Fi i i « s as the

cont act o t o funithaRERERe A0 MRl ity T B bl chit ik 05 B 1DC
-~ ghqst_ﬁ—gqmns]hggmmncy band efthe filter to avoid advcrs;gntqugfp 2002

3a, numeral g frd S Aenan D6t 8 I MiraElolad @2003Ab 21pph@AgUl ar spiral

raI

resonators wth round corners e I 'nter-resonator couplings are provided
by the coupling gaps, 38, 38a, and 38b, between the adjacent resonators.
The input coupling circuit is in a parakl el lines form which conprises an
i nput (m croship)
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5 °Line 35 and the coupling gap 39 between 35 and the first resonator 33.

The output coupling circuit is in a parallel lines form which conprises an
.output (mcrostrip) ' line 35a and the coupling gap 39a bey¢esdtoBerd2gv2d t he

Last resonator 33a Two tuning pads 36, 36a are placed at the center of

resonators 34 and 34a, respectively, for fine tuning the resonant frequency
- of the resonadjerent Brnsisiublibe lafiy nifraiiortbe width of adsdu@rdmed 1 37ad tee

o d : : . i
e’ comneot | Sotter AR el 48 s fEndplaBitlo ¥oine EEBRARS Solf JencRO) OO0
second enbodPyiecugent waha spiel dingigs thrpngh.  Bothaneasiyes gauselraagnnatic fislds sel f

resonant r.ecﬁﬁﬂ%‘bﬂ fﬁBE}F}(ﬁaH tﬁ@WiﬂHb&o@ﬁn& taust Ef‘d}kLQﬂElSeﬁﬁ‘éeSQHjaEQnta enment,
in which Fig..4a shows t shows the cross 1 S

e front view and Fig. 4b
section Vi ewCIreuSneysanentioned abovs éﬁe@\gﬁqu@@%ﬁlﬁé@é cRnyeptiengldsiiEnsi de and a
back side. Thgprbich igthel diffidultglof conmeuiiig the tehosipaigRd 408citb@af thoBéntsi gfe of the
substrate 40thas ﬁglftm in Fi&t 3a. As indicated by the cross section view
shown in Fi gthesgiraligothere FEBITfSe substrate 40 is disposed with a
bl ank HTS fil| m 41Thepmistrg iaventibr sgivesithe pesbléme bynutilizihg theeelfoesonante and a

old film42 }s dis £ n t.0n_ o 1 20 seipin s the contact .to the
Oon -t rer gl bellRaP Bl Retl ofihofineE) Phe ferfedhic b (1S
and 44a W e thieepewting frelfjiencysqualsto the stlfrepohancedimgnetcy; sonat ors. The
inter-resonator couplings are pro 'gq@gp%{]m coupling gaps 49, 49a, 49b
s part1cual
&t

bet ween adj acent. resonators. In thr, ul ar case, the inter-resonator
coupl i ng st r Betptlaisi the mduptapesiofthe spiralind|ut ib thopasasificieapapitange betwene

adj acent 25 KGAQABRRHESS  APhehfidnedabotd] fSiiTS iﬂmﬁraéﬁgfr,@ﬁgaa&iﬁbie&ol ocation in
the transverse directio .. The 1 nput_coupling

for. the f.ine.adjustnent
circuit is iPFApertbe $28 Q%ffﬁlitqs@rmm%m%@w ¢ Qpen argaofithe,spingli ne 43
Wi th its1®ext gudees!5an FRera imdb)is welbsy theg@ap (Hundrile2 Hidip! 12dpidriad) | i ne of

the first resqgnator 43 with .a coupl.in 47 between the he out put
coupl i ng i r BUMEST teichnderch e BE BrioiilAdl | Dike MERi e e Al SRS 30 out put
| i ne 45a wi t fiz¢ bEthe xpieaideshnatar, rbmvelso klimamatbihe nred faredditiohal dapacitaptd t spi r al

1ine of the 4 1 i t ol d
connecti ng p@i@gﬁ{%?&%gaa‘%gn%%o%b%%%&t 'ﬁgs‘%ﬁgﬁ?’zegﬁ%%é\éﬁgﬁi H?)?{r?es 45
and 45a, respkibe elpetrgmagnetgifigidspeneath theripuel riesamatarohenge selvathefdarpsser ' s
connect 0y, BM probRWM caubédby fir $hiRHE e Fndehbtidn SHO ROhERRhp&f cdnfictdy POl € HTS
mni-filter circuit 35 having sel {.-resonant ur octagon spiral resonators
as its frequency ié’é'r 26??%§¥°€?§W§ﬂ%¥n°f‘ﬁ Q%?’?ec"f? C@‘.’“";‘E‘ﬁs‘gﬁé\ﬁ?gfﬂ%’ﬁont Vi ew,
and Fig. 5b fillows: rdvtanguixs $s sheeiniin Figy2e wredthingnlal fold with rauntied|corders C
Substrate w : | .4e. HIS mni~filier circuit is
di sposed on %5%83?.{‘éngfigs%%dg?’S@?’hg?‘%%E%%h?’&q‘ énfgéc?@p{%@%%ﬁiET oo 15
Qct ober 2002sheyvngndigy 2dn A sgen Bubigmess Ladidcthe self-sgsonart spiralgrssona®rs on vi ew

shown i m&i geommRtiseaifePRApePitale sBberbdfustdP Bhe 856ntefin S5 i3 paRied. Whth a
bl ank HTSf'e'nﬂﬁl serv n% round of _the ni-filter Ercwt., and a

as .t he.
gol d fil m 523q1acent inssdart tomn thespuf! ate spag ffﬁﬁ‘%n}’f’ﬂ@ré%ﬁtg% St he
m ni - L il ]'Eer ' wmﬁmkssmhu.afwmm of thé Une. SThe cunifal Gpemirgs: n-t‘ﬁc fedonabeichasand 54a
are the four ,sel f.-resonant_actagqn spjr resqnat or s, .The, i nt er resonat or
coupl i ngs ar SE5PIOR 3@3"5’?@%@ °8‘g"’8|5? ﬁﬁg°€‘§5§a%8’fa§§%, It%%%?deﬁsé‘ﬁ%en adj acent
resonat ors. haowever, shabsha gapulimensions bas aneonendisrension (e widti)oviEréasghest r engt h
is adju d F?ﬂﬂp‘g’ 3, i L AOGHHn) esonators, as
wel | ass%(’;\ S‘%IXI g t eag%oqweﬁgoqu'é?qw%ﬁ%gﬂ}?ﬂjjtransvhg

) resonator' s location'in t rse direction
for the fineAeerdinglyethe phiase Téimenpipn epprovimately eavaldathat pEthegap he i nsert ed
i ne form whg Hahs i s 1 it RASHatk 56

i nserted i\rll\?ggt’??léeégsp | t&s%bﬁ%g,ﬁﬂ%éédoﬁﬁge%? gﬁéﬁ%%ﬁ?or SStE%lfﬁ% a

coupl i ng gap5tF asdhswingle draemsionnf the gap distaragp It should #lsq be noted fiarn he
inserted | i neghes M-2Wh:A focQivREI GRAINEMs QibsRttially ffnme@icll 4nd hhé & sBapeended

i ne 56 nsert ed lnt? é?&@z&llté%pl ral ldégeﬁgf ttHe | ast resonator 53a with
a coupl iHg 1¥75Regingly, nqtgrrestanilydegiical 19); the shapg Of IS Te03 a8, oy e
dihsposed on the iWﬁmtreﬁfdilceﬂ%sp:ni Figimm&aahﬁisiﬁacomhﬁﬁmﬁﬂc\/ﬂﬁmaaﬂ)r O\I‘/]i di ng
the connectipns to the mni-filter's conn or not_shown. Fig.. 6 shows a
fourth enbod@n’éﬁl?e %ﬁpq} eecil-aﬁl&cgm ’rﬁ“ﬁqr?elicll%tléﬁecﬁe &elljlop “havt H’g‘gtgflct)sur sel f
resonant circular spiral resonators as its frequency selecting 20 el enent,

in which Fig. 6a shows the circuit front view, and Fig. 66 shows the cross
section view. Nuneral 60 is a dielectric substrate with a front side and a
back side. The HTS mni-filter circuit ¥s disposed on the front side of the
substrate 60 as shown in Fig. 6a. As indicated by the cross section view
shown in Fig. 6b, the back side of te 60 is disposed with a ..
'OF Afik:-EAS #1:m 61 25 serving as th found of the mini-filter circuit, and &
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15 October 2002 Fig. 7 shows one enbodinent of a 5-pole HIS mni-filter
circuit having five self resonant rectangul ar spiral resonators as its

. frequency selecting elenent, in which Fig. 7a shows the ci{50ctoder@002Vi ew,
and Fig. 7b shows the cross secti on view_ Nuneral 70 is a dielectric

substrate with a front Sld a hack  si de. HTS ni ftlter circuit
i s di sposed F‘Fféo‘t? 85t to qﬁ&‘?ﬁﬂ?ﬁr@?é 7@%“%?4%{/\}1413 OFFeﬁ €7a_ As
indicated bygol:& erBfﬂﬁEQiﬁeShOV\ll’l in Fig. 7b, the back side of the

The Sl ter cﬂfn@tr??id ciil S Bp A PR SO iR b ey

serving as ttmexmcs;lt;\&mhm@ytddac&nhnlpom&hmdlmgccapﬁnltmmﬂmI{S‘Srrerttatsgﬁmm I n

Fig. -7a, s 73.. 74 r | f..reso

rect angul ar n%f"ﬁ!ﬂlrgsosn%‘to aFO% 8%%?%1 O%M'Ty ? SZ%aS%g%P s;ée)osf‘gn etf dt‘@gtt :@Eﬁ

doubl e spi r alself-essonantespiralresapiator sn eemamgula} fororwitbdoumitdtdousrs dvtbs as t he
i ddl I f

m adl e reSO”I%HEEe) é?ﬁof'?%ﬁgﬂ Hﬁﬁ@&ﬁﬁ@'ﬁ@&nﬁﬁéﬁvﬁw mfBefHl léﬁh lg%S’ e o

the 5-pole f ris to clrcuit geonetry symretrica respect
to the input bafteen Rdiasent s, Tpmesalals seroiedneedgeatsT apan 258 ®ithdls any 15

symetrical fidénsidd d16e tw:ttéﬂwﬂﬁﬁl oftHEhedudel8S 16, HNE rubiePil- IRadRates the
coupllngs axe provided b e coupl i ng gaps 5a, 75b, 75c, 75d, between

adj acent Qeséﬁéld&i@“ﬂeﬁ"{ tﬂ“’s ImelYi cul ar case, the inter-resonator coupling
strength is adjustpeg ﬁxhgwga%ﬂgexhb@i@ﬁmwtﬁéhetp&tsmmmspﬁﬂrasana@ema

resonators. The input .co in IS nserted ljine.form which
conprises an OffagoR 1qrmya W‘g‘ﬁe‘?{ gbj ﬁ%ﬁ‘“ﬁ‘é‘?t‘%@ﬁnﬁh#ﬁ%‘hﬁﬁ@nserted
i nto the spl ibetwagen adjactrit dems)nuineralt22rie devathwed ¢8ntet dfencaredwithiitsg gap 78

bet ween t hem,. The. QubD n reuit i s | i form which
conpri ses andgmf'nﬁmtn |sneet°%%ﬂ9wﬂt§fﬁ)t sge“f eﬁ%%%ﬁﬁg‘t{r"%%m%rai??n&?%tﬁnserted
into thelypl |1t20sipgncak:onn¢mf@he lings20. r'&%@i—@ﬁoﬂmﬁs{m‘d rpsan%tomslmhg gap 78a

bet ween t hemedalich foqnﬂep%tﬁawarrae orf dRZtﬂ@r ﬁrcsnﬂeéﬁw,go e-,nput and
output lines 16 and 76a, 25 resp tlve prOV| |ng t C t|o S to the
moni-filter Srevfaddbetdthas mere ccvmgrse disipgisththe Tegtangylar shapes.

m ni - nul ti pl exes, F@g’iQH sﬁmgta%u&wémlao&na@d ﬁthgs%tmeebnatnt E]I!u?éﬂ 1é63na @B
a

respectively, recta I ar sel f ir resonators. Fig.
5 Shows. ¢ hi 2EHGHE il T HGS PROdpERS Aol 23 2 RGP JRE B Sharrer o)
80 is a 20 el @6ty the gap bstweai edmetnlnu&ni mnter&ll.’zaes thededuckd ckntsy afen aftee HTS 30

mni-nultipl &Sitscdl@%géx&% hl%sé’io%ﬂ@%ﬁ&h%@tﬁé‘:%d&écﬁ%%g%‘lﬁd?mm%%t i 1§1§°W” I n

Fig. 8a As indicate Cross sectl he back
side of the §Mﬁ&@bm8$93§1d¢%%§éhem¢fo@%ﬁm27m¢PWI&JPhSerV| ng as

t he ground 0§esbﬁzﬁ1tfﬂe6heﬂ€9|offtlﬂzl tc%d’a@di" {The Mitin@ p&Pisthol rdsticBedl foSthidi Sposed

on top of 81 set t m. ni.-mul ti er's case, which
i s not shovvrtsp'sf"’h%p E’?‘é‘cﬂ?é?ﬁﬁ "“b “Hﬂﬂchlltl gg‘k?‘???&“%@ﬂ‘ Yare
slightly23li f fbiteary founs. \/Itistfmmherwbe hﬂdmsmgdﬂmﬂﬁmmg\pa@hﬂwmelmedm i nput

Foam whi ch EShaFnE stk Rrddsrd B gRinfle s ol 4k totfic@fs o ' "o

respecti vel ythetmuab@mlﬁmrzhnﬂmgm cireplar ieonfigurations pi raI resonator of filters

83 and 11 ': -:~ + bé&@ﬂ@g IjE&ii 2 83a,
respectively. A d| rlsgﬁ?'fgﬁrsn&nv\gr I'n a .sin |nary s%ﬁ?ltnt?‘g? form
serves as t hBavipgfRurselirepensnt|spirgresapators,fip éﬁs‘é?é FHAYISE & redtanganon i nput
Li ne 86, 3@ Tbbkﬁ?étﬁﬁbn&%thﬁﬂﬂd&f&iiﬁ&s dsri c&'éangrmeﬁtanerm gend of each

of the branch Lines 85 85a C ne unc ion. 87, and the
ot her end 1 nobast B or 1B St o DO B ﬁggﬁsqéé SR GBS PR YIS | vl y
The di nensi obsFighreS3a afid ab, lﬁﬁxcrﬂfm 1s&ﬂldid§mhc8§ubaﬁ'ﬁemﬂﬁ£ﬁ6ﬂt side siith a way to

Pl eauency R 195 R Aoy el s S0 B B g BRI o0 1 550 e

out put coupl mﬂ:gtrancﬂ@mstshow'xﬁ irf Figt 3a and3®. aliet B8k side of the stubarqjaii@(waichl i nes

f whi | 7 7 87d,
rggg]ectl vel y Ween'i:‘ltah%sergnér%lmél"h vkév{;l? % %’eg%kﬂaglgtrw%eﬁ@ erssglﬁ@o&5 3

Qut put i nesxssh@oawgh@ bdankdTE® filrm 33 {sqerdg.cib) perving asdhe ground pbtheno

channel s of Bﬂﬁ-ﬁﬁté}'cu&ttt}\%ﬁ(ﬁﬁnﬁ@&g RPLGIdPAs RGP oPSr 1HI8PARAE188b are

di sposed on the input |ine"85, and out Ilnes 87a and 87b, respectively,
provi di ng théndc@‘ﬁﬁ%‘&slaéﬁhe%%@h@%m’mnﬁtﬁ%aé%é? ich 5ok 83k 0 Figt shown.
15 It should be understood that the formof the self resonant spiral
resonators in the mni-nultiplexes is not restricted to the rectangul ar
formillustrated in Fig 8; but rather tBey can be of any configuration such
as shown in Figs. 2a-2d or conbinations thereof Further it is to be
.unders_t ood that the formof the mpM'IENEEDSldEEut coupling circuits of the

mn1 't‘f-'fter’s |n the mn| rrwtlplexer IS not restrlcted 20 to the paraIIeI

o s T 1 o rr o




35 mini-nultiplexes is in a 2-stage cascaded binary sputter form The first
stage conprises a conmon input Line 95, a T junction 96, and two branch
lines 94 and 94a, with one end of each of the branch |ines 13%&b8eP%602
comonl y connect ed to T junction 96, and the ot her cud thereof connect ed to

th t 94b 4 ~~N T
15€O|c'?gger 2 S;Wﬂggg %‘eﬁ;a’aﬂf‘ é‘n’% E"tsaﬂ%‘tmﬁ?é‘ggt?éﬁﬂaalstage
conpri ses ]tmmﬁbnmrst wgﬂpihoahﬂat Somavki The tmt:xuﬁtdsJn;atratramxplélmggsl3 awptovbddaatryy _ '
tt e C n rise

Thout | nes Bhpolblingait 36 Sn R S bR Gl ef Kesomaltiy e SRR o0
94h and 94i ; ml]ﬂmgrmpnmt ks meaq)aw]e] hﬁdsdonﬁ;lwhmﬁcbommsesam lﬁput (sntlmpl) Fig 9a.
The di t h

€ di mer'53| ngg %ax?cigthe%% se%flgnce ma?érh%sa&iﬁl ?ﬁstqgs%ngﬁk'%?t ﬂf: S’tj ch a

way to provi e |nput e mni- over
t he frequencyouplingeircwy briit ragJarﬂ’@l iwaMew Wﬂpamummémwmh el

m ni mul tipl exgL 35, Zﬂﬂhanné’t?ﬁhn%rgaﬁ%b%ﬁe@feeh@%a%n&ﬁﬁﬁ&%ﬁs@hﬂt‘m %ttgt,exes

conprise the two exers output I nes a, 97b,

97c, which sBINRS pags 36, 3Gacare abﬁe%etttboﬁcm?rr&fsrwﬁt% and: }a, spectively,

{nhm 4mﬂh tipl lﬁiﬁﬁne@&uﬁ amesdi;aﬁtﬂ &Ecy&merés@nahmﬁdtjwar@&m‘olodl ment of
e 4-c nel mni-multi each chan conpri.si n po

mini -filt%r &weﬁwadiéﬁ ?53@ Q\ﬁt%‘ 053394 ﬁf‘égg 353’

rectangul ar gigpectivelycproRRigy the cEn@cuauﬂ@tostheMni ﬁherfsrmhembﬁymarsﬁoﬁhg 10b

shows the cross secti,opn view. rrera | O e rlciil]g?_subs rate W th

a front side and Si&ASROYs ﬁée g'lﬁ?ﬁ“g P?)IF ST FUPR 4 sposed

on t he fronth&tm@forntsélﬂﬁesanamlnmbmgmurﬁplyalr&ﬂmatoﬁs;asutnﬁ'mmydmyemlng Cross

section view WG | t}g% 100 is

di sposed wi t l&ngﬁ\? ﬁ}h@?%? ‘g%i%?ﬂ?serww‘?vggm?ﬁg roud%s&?@{‘%

m ni - mul k3 pl sectien views.UNumerahdO & adieksciricl &mewsth@lfgplégde apd athapk of 101

serving as thge CPRd ﬁfrs&lﬁltﬁttera}dﬁt gﬁtsguéetdlaﬂtﬁé%nrém@@épme\éms%é & not
shown The frequency bands of tergy d.103c _are slightly

different antf hePRIGE Bvar IAéﬁE‘?‘ﬁife‘tl ﬂt‘?r‘????scflﬁ?t‘%‘é‘ﬁt‘té?%wn?hg‘gdﬁgttm bution
network at thaekisiqeudf thé sublfaré 401 adiRposetiwitl Ablabk PITSGiMm 4B sériting a¥ake hed

branch |ines for i_ch. r.i ses 0 line 106 t chi ng
section 105 PP ‘Q”Eﬁ? i hller circh o 6‘%@%@0 érﬁltfp?“re?e"‘ﬁtﬂhc??“gﬁ 25 107,
107a, 10, sOviogasthekOnthct thithe ohiimefiéirrrasefwhichlis nbOgtowrl GadFigO¥g, 105,
106, |07, 10 Y/ ﬁﬂd‘“ I to provide
t he i nput |nltz) a’%@fﬁé‘%%’% %Qﬁ%th%qfﬁfs%if&&&ﬁgﬁ(@s o@g?&tp frequency
range cover i f¢§onaterss She IMtergsRIREay CRURIREs gFe P%ld&déumup#mgam&. pl exes.
The out put Ccageudk Betdlech E@aéen@?e%@ﬂtoﬁl hh tHispArtiphleX @Se, GRETHtérSresdda@orf Our

mni-filter's o t ut 108a 108b whi ch serve as the
f our out put ‘f‘]“ﬁ @h 1"(??‘?&39? Wﬁleq??e@ eepthepdiagent, Fig. 10a.
Fig. | JZSshomsoxm!nre,)mrwﬂledfy andimﬁﬁﬁtdrisllbmonm thedrasverse | i ne form
with four regla QLS ihaad corners
as its frequenc@gge e%?tﬁlnéa&ell ema E 5@1{ ({ugﬁﬂg ctﬁo\y% sectlongﬁew ew of
the filter afesm3whichgomprises an mwlmnﬂéswxﬁeéﬁeaW@qamwrWQmsoﬁed A- A of

Fig 11 a. Nuef @k stilQipiril Bndlbohesitsk ké%oﬁél&siﬂ i avuohﬁu?%]é A bt and a
back side. The HIS filter circuit 113 di sposed on ront side of 1 |

O as seen i nibemy w“tmgcg%mcnﬁuwsgntﬁamaﬂt%@ lr!tcrfetf%‘rf CRBIFFI AR 111 i s
di sposedoon édiputitizekdsa wlm ief exttentied safrywadiis 46nmsertediie the split.spiral . Lo

~ - AVENDER o% d]cEFast rcsonator 4t30be azgo(i)x%hng gap 47a between them. Gold
connecting pads 48 and 48a are disposed on the input and output lines 45 and 45a,
respectively, providing the connections to the mini-filter’s connectors, not shown.
Fig. 5 shows a third embodiment of the 4-pole HTS mini-filter circuit
35 having self-resonant four octagon spiral resonators as its frequency selecting

element, in which Fig. 5a shows the front view, and Fig. 5b shows the cross
section view. Numeral 50 is a dielectric substrate with a front side and a back
side. The HTS mini-filter circuit is disposed on the front side of the substrate 50
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two ground planes for the strip line, a first gold film112 is disposed on
top of 11 | serving as the contact to the filter's case, which is not shown
-in the figures. Nuneral 110a is a dielectric superstrate W{gogobePios de
and a back side. As shown in Fig. 11 a, a second blank HTS film 111l a iIs

di sposed on the back side of 5 110a serving as _one of the two %round pl anes
for the strigs shpwa in Higseodd ipdicated by thelcross scgh@ngxswﬁmnnfzg@ bfth¢11 a

Th Hgo 11 ot SReoRtie dile SO UBposa ey DAk LA S B R R e .
mcrostrip Igrﬁ\émgﬂ%t&‘ﬁﬁﬂmg tﬁ’%ﬁf’a%‘{deb&‘gg%ﬂ@)sojo‘ﬁ% sqdy fatePeEabl i ng circuit
: zﬂg ;heffl rﬁerﬁi@a{ﬁe@ontlaﬁﬂtﬁﬂﬁéﬁﬁmpﬁlldrrs&:ﬁéﬁﬁt ﬁnﬂvxgl dgclﬁecmz ﬂﬁ]er@hmsdz.lo ~

a) o circe are each | ocated outsi t he di mension
of _ 1103 %‘ngg d?’ﬁ%@' f%t VséJP@a[ ﬂ}b"t”%?fomn it is
under stood tx’esnnatdneonplnrgsrare pmgmedbyltﬂ'&duﬁlmgrgaps 551;159&, SBbBbetwubxd al so be

i Sposed 0n Lig ks @llinalen s SRLAL AL ol e b I B0

circuits ali ownin . s and o b l'i nes
114 and 114aadam€eddm@auwglthﬂypbwm@db¢msnmmdmnrpsmam ag wellasdyl 15a,

respectivel y fﬁ@g‘ﬂﬂ%&% Abatibhln thk, &@Eﬁﬁ&ct}&%r Itﬁlc%_ﬁxsgnjx prare

di sposed on respectlvely | so seen _in ovi di ng
t he conr@ct i Biesinpy conpling ¢irauit is i theipgsrte m9mm6h mmpmﬁeam igrut114, |

l4a, 115 a”anléawﬂﬁséﬁbﬁ&éﬁ?néSBﬁH&&dﬁnMekﬁﬂ &?Bhﬁﬁfé&ﬂlﬁeﬁﬁ?edance
mat chi ng at the mpgt and t he, out lﬁé 20 In_al t he enb(izdl nents,

descri bed afg¥matord3vdthya equpling gap 4 bepwrenihen. ﬁﬁ%‘i’%ﬁ 8 GEFwbifduct or
sl mi e apom oyt SO e o S G,

a ~ an I is a
preferred * Hile Sopenseithe it %H&s&*&ﬂ&&sefﬂ% ﬁaﬁfwa‘a’éﬁm&hﬂwugi%ct ed
f rom t ha5gr qap 50 bsfveten tigenaf GbhliMddiBectivipg@ads 58 Mhd) 382 smpinposal anthequart z. 25
Exanmple A m f y 2 was
or epar od. 1 (s sl pBlpul B dCasy FeblayeRY it BHENR chltad PR e
filter in tmmm&nsmmcum@otw It consists of three rectangul ar self
resonant spiral g%‘ﬁiows%fo%enfbgdiﬁéxﬁofm polB2FIS RAVLAEr Rirkdi®! N9 pad at

t he center 22, 122a,  122b ar al | el nes | nput_and out put coupling
circuits, vingfour selfygsanapteirelar spirpl TesonRIs abits fTegyenay !9 ngi mensi ons of

5. 250 mzox ?elﬁﬁ&t,rﬁmwm& 5@865%0\;5&@1: bik&uit Frofit HiewandFig) GEhéta@e Oy. The

L1 Lver s AR Syl 84 oo AUS TR £ B AL 022
data, Fig. mbk sﬂdgmB‘hSHTSZmueffﬂu:s cirewtjsalsppsethomthefogt sidg ofthehows S~ 1
versus freq léﬁﬂé‘n}ﬁt@'@é §s stf:'vﬂr in¥3gl ah%&%e&%?quwu&w%e@%hm% 1~1is

t he magnltude of the | ection coefficient fromthe input port; SZ~ is the

magni t ude off1BHfY. ﬁ%ﬁ%ﬁ#l°ﬁ§‘%€%‘%ﬁ?‘?4‘éﬁﬁ%@"ﬁhﬁdﬂ%?§ g @he out put

port; Szs5is seRén éls the undoNﬂe-mﬁﬁ:ﬂltErc@émr land 2 gold filor 62 is.disposed on - -
ef | ecti on ,coef

.o 15tOct ﬁi@gﬂftﬁf the f }1 r& fromthe-
out put port; %ﬂ % ﬁémﬁlr it ‘Ealsﬁrﬂ?ﬁflf‘wnngfn 0&fY% ci ent from
t he out put pmnterztls)GB Het, 631apuhdﬁéahretﬁhﬁ:melfuesedaxﬂaﬁmuhesmra&resaxyﬁemnent with

t he conput ermsi: %hg - f idference was
| ess than O: /o“q%”f%e W Hv:d t?l {)%mgr%gggﬁ%%ﬁ%ér ent

condi ti ons. bpnmcmag_]acmtmtm mRURMPhIIS cipguitis in the|parallelling el ectric
const anggof t@ﬂﬂrﬁﬁﬁbﬁf@&zﬁ{:ﬁ{sé ﬁ%pxﬁﬁﬁc%k%ﬁd%%x&ﬁ&écﬂﬂxe‘@ teGHind Nitrogen with

arel at:cve g:gel e%ra{pgrv?q?qrastantewﬁggé’%p tel¥bﬁ first s I &14 howsfthe ﬁZl
versus freq HE‘V‘ R %i“’gﬁ € s for the
liquid nitrugt Gl gHt&uit%‘lrﬂthé? arﬁmlqa\EQ'oﬂn,iﬁuEﬁWyaﬁbufphtﬁﬁe only
0.04 Gz cor tS’Bﬁ? m@ﬁfgﬂ %ﬁ he center frew& Therpéery snmal |
frequency s an g¥| gioBY SHPinE AHRP fic fields
conf i nement betwezatdy mﬁehesﬁtstaisommoﬁﬁatmsnmmppédsléﬁﬁﬁam@hbabaﬁtﬁet ed under
power f mO 01 tt ¢ r wih neasurabl e changes
inits ég V\ﬁ'ﬁprﬁ g%lamfﬂ%{vaf?gﬁ lvfjlyogﬁr%squgﬁﬁaa& ?ngng shown in Fig.
| Sin a Iodidqugmcsmflﬂmmsonams 63 addl 634. SGoldecobratting ipads68 @idfi8a drene with a
sl ope of | f yﬁg?eg% aggﬁ, t he best
fit strai ghtd?%f’%]%ie?/l\ﬂﬁﬁ??% Fﬁ&‘@u{% or at?xﬁgkf[é,ﬁrlg oreg%rprél’vr%‘t%(?al Irtr%fjul ation.

The i nt er cegPursctiopeiodhe wini- 1##555“@@@5%0%@@511@?1139 g fignres. Both the power
and the TO test data are in line with simlar conventional HIS filters
with the sane line width and ten 20 tines |larger size. These test results

confirmed that the one order of nagnitd@e reduction of size does not
degrade the mini-filter's performance conpared to the conventional design.
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.. A~Ni E~~~ SHEET :,. ..... a .~ . KyAi!'H ~~f:~i~ 15 Cct ober
2002 WHAT IS CLAIAIVIED IS 1. A self resonant spiral resonator conprising a
~ high tenperature superconductor line (1 1, 15, 20, 25) orithOekbben2802pir al
fashion (i) such 5 that adjacent |lines are spaced from each other by a gap
{12, 16, 21, 26) distance which is less than the line wdth; and {ii) so as
to forma cent ralFigpkshaws qnexgnborymertnf afzpolgiEFFS minmiHtessireuit having
di mensi ons QfyeaifGsdiatt ﬁ@ﬁhi&%f%ks@ﬁ&i&ls ak Qs RQuaRY selefiff @emedt, @ 2. The

‘resonator of claim.l,_characferjzed in that the resqnator has a shape
sel ected frdhvich eyt Gpotdey 1g, 7b shopysdhe,HI08s SSREPR 1 ounded

corners, pol \bi@ﬁn(lsluﬁﬁﬂalql(){l@wd%lcc@c suﬂz%ﬁafeeﬁﬂilaﬁ@ht ﬁﬂe Qﬂxdia Badk sxderTlliter

conpri si nductj ve.tuni.n 0, e centra openi ng.
4. The r o?f?af% i& @&’ g’%’ﬁ?%?ﬁ‘tssi’%g t[satgﬁ {é PASSBRVAER pad
(28) di sposeRigl’hL Ltnamd&atcdaaly tb@enmss'\gcnaﬁ)vﬁ:w SHosvor mF .o thedfack bigferf 1,
characteri z t. ted tom
t he group cons %%‘gt"gf’pa’égé’%@é{ﬁﬂm ﬁﬁg%@ﬂgg%&%%%zgﬁﬁg offiie

(TI Pb) Sr zCa(mmeﬁltandm(lﬁtL R Sgel8auBDB disessl omtep ofdd Genting asghecl ai m 2,

Che. a‘?éﬁg ¢Sl b RO b RIS AR GG Byl onl o0 rom

(Ti Pb) Si Caci:rzomdam amhetfyls"r sglfalmmggrectaggqﬂar SAgle spiw)T830mAloRY, 78|l m 3,

charact er i zegjfirBsonhire M&t&uw&qaéeﬂﬁm’ym&@eﬂﬁct ed from
the group consisting of azCu307 TGé‘ azCagg ]ﬁ% T1 BazCa2Cu309,

(TI Pb) Sr 2Cadisirserusds the sty € L8 o spigad 57sqpaer O atdthei m 4,
cEar act er i zeghiddie dfiied SHbR: ﬁu@h%toe;ﬁm&ro mgugggsgaﬁﬁ ah%sjgggl ected tom
“the group consi st.i 0 ~ z.Ba

(TI Pb) Sr ZCadE PG tig e opp %&e&?&bs E%é 15 Cct ober

2002 5 18 15yﬁ‘1@eﬁ5ca1§ﬁnﬁx ﬁl@crm'l!th odd hmmberqmﬂlqsr |'l§lcngter—resonator couphngs are
provided by the coupling gaps 75a, 75b, 75c, 75d, between adjacent resonators. In
this particular case, the inter-resonator coupling strength is adjusted by changing
the gap width between the adjacent resonators. The input coupling circuit is in an
inserted line form, which comprises an input line 76 with its extended narrower

20  line 77 inserted into the split spiral line of first resonator 73 with a coupling gap
78 between them. The output coupling circuit is in a inserted Iine form, which
comprises an output line 76a with its extended narrower line 77a inserted into the
split spiral line of last resonator 73a with a coupling gap 78a between them. Gold
connecung pads 79 and 79a are disposed on the inpui and output lines 76 and 76a,

25  respectively, providing the connections to the mini-filter’s connectors, not shown.

Fig. 8 shows a 2-channel mini-multiplexer, each channel has a 8-pole HTS
mini-filter 83, 83a, respectively, with eight-rectangular self-resonant spiral
resonators. Fig. 8a shows the front view and Fig. 8b shows the cross section view.
Numeral 80 is a dielectric substrate. with a front side and a back side. The HT'S

30  mini-multiplexer circuit is disposed on the front side of 80 as shown in Fig. 8a.
As indicated by the cross section view shown in Fig. 8b, the back side of the
substrate 80 is disposed with a blank HTS film 81 serving as the ground of the
mini-multiplexer circuit, and a gold film 82 is disposed on top of 81 serving as the
contact to the mini-multiplexer’s case, which is not shown. The frequency bands

35  ofmini-filters 83 and 83a are slightly different and without overlapping to form
two channels. The input coupling circuits of mini-filters 83 and 83a are in the
parallel lines form, which comprise input lines 84 and 84a and the gaps 84b, 84c,
respectively, between 84 and 84a and the first spiral resonator of filters 83 and
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a) a substrate (30) having a front side and a back side; b) at |east two
resonators (33, 33a, 34 and/or 34a) in intimte contact 10. with the front
side of the substrate {30); c) at |east one inter-resonat oqR5Qrieher20238,
38a and/or 38b); d) an input coupling circuit conprising a transm ssion
line (35) with a first end connected to an input connector of the filter
and a second®3ntFspestivelyd A diskibutipr peyyprk 4g a sipgle bigary splitteripn seyenas or s
_(_3?%1; e%_antmahgmomuml efér| Gich coRifRisbStheGomnidrpRpHil BSd 88) alT-ne (35a)
Wi a first.

e necited tp a ut copnect o f th ilter, and a

second end & 0@3307;81“;{’@3%1% Bgﬁék%@dspﬁadwgﬁ (_’_F’Eﬁg‘é Ofﬁifi‘rogst%"n%?%ﬁ?“%a); f)
a bl ank condfcaridv@safcoinmdndyt formhiested 3@ T-janctidnel7) and il atherodndttheresfubst rat e as
a ground pl ane; a.fil ' O Sai nk co ctjve film
(a3) “as. the LneaRf oitouind (fBrehehd R APRSHPR, The BB HAT | o
each of sai B%B854,&8sandi8iare sedented wrsuch s waydo prajuded thy ispweinpedamsonant spiral
resonator a . L4 : O i afﬂilfc 1t,,lg conductive
film(~is ?%%E%Ewh%%%?gﬁ?g;vgﬁh%rc H%ror, N mﬁng er}rKr,ioni -filter of
clai m 9 charfmguendyeands of filkers 83 and §3e-h&he ewmpt sospling Rircuitsffdiess $ht e (110a)
having a fraopl 8hde Alfe gasxmalﬁnag fisim, W ding AR the SRbubhgs 895 shfie

superstrate 10a) iIs Itioned i.n intinmate contact " wth the at |east two

| .
resonat dfs cﬁ(7§’p6%‘1e e &AP g% 87d osereshiyelyoyetvra thgmanddhe lash reggnaterofy second
bl ank hi gh tfepeRRbigR. ORPHIIGREBTL ahd BTH Alsé ddrkess theum®nrdinad for ke back side

of the superstrate (1 as. a ground plane: and j) ,a_second . fi]lm

D1, i oe Rt Bk rhaanu i okl Sl raE R i b e

super conductdispoked on theidpyt lime 86 andomntpwtdines 87nareh 2, reapestivetly, mi ni -fil ter.
17 "- ~- . ey, ~ -~ - .. |_E=i. 15 ber 2002 1 1.
The mi ni - fi TREQPAEE the seppeqipns theltpintinmil

v

SHE. - .' 0
3R %’é’tﬂ c?t%s’ gﬂtpsg?% ‘é’Pr ate (110a)
is smal ltér in si Zéshdudthbe imedessidrd that the farm of the seid-resoparit spgal reswhatdrs t he
i nput coupl i; LFGUl th.- : ' . he 0w put
coupling ci r@%ﬁéﬂghé%%%lgggéﬁwgggr%ﬁclt}g%tg%%g&o%t S ilgiést{a%% lgl%ngﬁy ons of
the S super shut gatherthayicapdbe of ppy configusatiqn surh aeshoym i Eigsn29-2d%ar act er i zed

in that the QidndRIPeAlE Buihtief 80 Be Ghddrstbbd fat Bk fbrrh Sf §RlifgdEMdS rom t he
orous cons S0 o e s RO Gl Tl 0, et o m 10
char act e0i zead thepdraltdl ine Gmishgivntie Figréa bur iestsatbethenkik ifitrms rfaylberséd 1 and
Ti 2Ba2cacuzotc i el b SR PR bR RN Bl o bR 0.
14. The mi nilifeifbrmer of claim 10, characterized in that the substrate (110)
and the superstratg d dhbdd)a REShdEaabbdiResFEeAhynnehesit adiblaes t he group
consisting OJacill_(?if\lanngl’ hal\\{?n% anLEI-’;;Icl)jlg %—ITSS xaﬁgrﬁbfllitre? with qur?irsg ~resonant rectangular
25  spiral resonators, in which Fig. 9a shown the front view and Fig. 9b shows the

cross section view. Numeral 90 is a dielectric substrate with a front side and a

back side. The HTS-mini-multiplexer circuit is disposed-on-the front side of 90-as

shownin Fig. 9a. As indicated by the cross section view shown in Fig. 9b, the

back side of the substrate 90 is disposed with a blank HTS film 91 serving as the

30 ground of the mini-multiplexer circuit, and a gold film 92 is disposed on top of 91

serving as the contact to the mini-multiplexers case, not shown. Numerals 93 and
93a are used to designate two 2-channel mini-multiplexer similar to that shown in
Fig. 8. The frequency bands of mini-multiplexers 93 and 93a are slightly different
and without overlapping. The distribution network at the input of the 4-channel
35 mini-multiplexer is in a 2-stage cascaded binary splitter form. The first stage

comprises a common input line 95, a T-junction 96, and two branch lines 94 and
94a, with one end of each of the branch lines 94 and 94a commonly connected to
T-junction 96, and the other end thereof connected to the input lines 94b and 94c,
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15. The mni-filter of claim9, characterized in that a conductive tuning
pad (36) is disposed in the central opening of one or nore of the at |east
.two self resonant spiral resonators (33, 33a, 34 and/or 3445 Octébek@00Zhe

mni-filter of claim9, characterized in that said filter contains an odd

nunber of self resonant . spiral, resopators , 74a, w th one
resonat or befGsBeEX %:{tp SeeoRd SEAgE( ?@5" éioﬁmpﬁ? 'é@n‘?lP%ﬂyISPLT 5&at ed

r esonat 08 (76}11&&61‘3{311&}&& t&edmdxbgﬁlaspo ° ersf @ﬂ‘mmsamml elmﬁpﬁiu&gﬂaxetrmh
‘connected s nes,w 1 eqgr, tipna 17. The
mni-filter p éé%a@d c??%ﬁ?%\eclfl@?t lﬁ%‘% 9ﬁ§ af’ﬁ?t%c’t‘ﬁ cﬂﬁﬁfng%i a%%?‘gﬂt coupl i ng
circuit is i hrantlehmr%lf,l Mg, Piénasd 941\7\,bndamput:hn¢sr9‘§,€934k, a3l mdrﬁ4m astrip line
35 or 3 ]R)”? 3 | 35 or
gSa) d%g)S ¥ |§P§'€ éegggﬁ?é&@% é‘g%g%r 2@1%4%914%%”89905;] or éélgﬁe{gf t he
said mini fi ms&lﬁhawt@P@l@@hé%WBmem of the ruR WFQIr ostrip

line (35 or gadkhe féue REY f¢ hcyands &f the 4-channdl min:— 7 ~_-
15 COct ober 2002 18. hecymmﬁlgeﬁ%veﬂnél exeosu’r(?teac e;?m 9, cha?actgﬁze in “hat

sai d film (3mpltplexsss Ehe oHPYLGIFFUYS aﬁrbec‘bﬁmwl paumylipleseycqaprssithe 1 9. A
m nlh mul i t} p}v?%?-&%axﬁﬁmiﬂxﬁhﬁ‘lﬁ pleRe) ob dfput BAcst 9sz7a,ngn# ?’7&:'\‘1{&76? s€¥3 aétgdd83a)
each minj-filter havin u s different fromand does
not overlloap Wtfﬁmt%'@“ft%é‘&%é“é& ‘gﬁﬁ%‘l“ gp’%‘a‘@ﬁﬁ’é‘m‘ﬁ ayfhown iy Fig 2 ) 5
distri b:,lt i oln net V\Bigngsljidwsxlnﬁmdmﬂﬁhmh_ j bmeqittoﬂtﬂé)—ca&)MS mxujllgmtxlStip(Dzrxet;L m

m n ti xes .and nul ti | Lt .i erein
oneI dImSJt ri Bu{?}faﬂﬂ ‘68?113“6%13% fp@smépél&-@gerg%é f(?%sg%ﬁ’dﬁgg fls)e%gf (84 and
84b) of one h@a);wi‘thbtghtseﬂﬁ&}onaahcbctang)llaaspi[dltréqohetom‘ Tagt Matshbwedlse (87a and
87b), where W I out put
of “bne. i nt - ot e dhBle 108 Euk/ ks SORRERAEY, Moo DIERANILRA, 00 P
two m nilsi I%@S@atﬁ mdtha et side andrarack sidea THedi TS mimemuliiplexer cireritls in claim

9. 20. The na%oswbwm E&ﬁ%&foﬂb@'ag‘sﬁ&nn ﬁi@fgamérum&éa@e&ﬂme%%e of said
at |east two ni-filters individ %F y .canp Hﬁﬂf@t | fer as set forth

in clai m20 stonyiewishawn;ipFign]0p; @%@%516? °E$h§| e &%FMF?%W| n that
each of f sai ﬂaatankmﬁmﬂ\mmmmgla{srﬁwgouﬂwbmhamm—mmmwf drlsaBSuxa, fgiuw -filter
as set forth i cl aim

Gharact or1 oV Aimie7 igdiondes o8 1o o510 BruPEeb iR Hfs B eEplhl 07\ qua 1y
conpri seX) a mmuhipldxiet’s easeawhipbtis oty shiowinn Thel feiqueddy bag0s 28filtda ¢ 034 H3z,

mul ti pl exes e m@&g t | east two
mni-fil terqu nd%na du%g‘llw3 Eﬁ%ﬁﬁ%&eﬂgﬁ rcr]i‘%th(ﬁflg%e ghgg[fgt ﬁ%??l% [ n claim13.
24. The m ni chagpels.plhs tien getwork at the appit o€ theA-ghangel ma-rpdipleger saj d at

| easlt 35 t Woisith BimatdHet kmch by foibhd khichCdiiiTise £ 8 cémionl inpitl in@r108sa set forth
in claim14.

matching section 103, line sections 104, 104a, 104b, 104c, and five junctions:

25 107, 107a, 107b, 107c and 107d. The dimensions of 104, 104a, 104b, 104c, 105,
106, 107, 1072, 107b, 107c and 107d are selected in such a way to provide the

- input impedance -matching of the-mini-multiplexer over-the frequency range

covering the four frequency bands of the 4-channel mini-multiplexer. The output
circuits of the 4-chanmel mini-multiplexer comprise the four mini-filter’s output

30 lines: 108, 108a, 108b, 108c, which serve as the four output lines for the 4-channel
mini-multiplexer as shown in Fig. 10a.

Fig. 11 shows an example of a 4-pole HTS filter in the strip line form with
four rectangular self-resonant spiral resonators with rounded corners as its
frequency selecting element. Fig. 11ais a cross sectional view of the filter and

35 Fig. 11bis a view as seen along lines and arrows A-A of Fig 11a. Numeral 110 is
a dielectric substrate with a front side and a back side. The HTS filter circuit 113
is disposed on the front side of 110 as seen in Fig 11b. As shown in Fig. 112, a

first blank HTS film 111 is disposed on the back side of 110 serving as one of the

13
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mni-multiplexer of claim19, characterized in that at |east one of said r
at least two mini-filters conprises a nmini-filter as set fdb6tPctpher2¢42m 15.
?6. The mni-nultiplexes of cI aim19, characterized in that at Ieast one of

d 5 at | - th
oram 16, 270 greli diuile o tob Gl SRTRAORIRRETho < aibilec B 56 of P11 1 11
-l east one Ofsengasdilel‘:@%@@“?mmtﬁlicfals%t“éh@h é@%ﬁhmﬂathmﬂﬁmfsrlter as set
forth in cl affddl 113&13§dxem%1muyer§mkéw%a>ﬁ% gheah@wa&@mdehﬁgact erized

in that each of sald at |east t n.ni ers Individually conprises a
moni-filter shewaanF ¥%3rla‘h aﬁ‘?"‘?ﬂdahvio gTstmEDhlals dispgsed.on the hack side of

Af i || E~I BED 11blEkdrving as one of the tw«:)0 ground lanes for the strip line, aseconéi gold film
A A AL o0 el Ao bl Al AL AT AL AL SR A Sl AT L v
a] ca] ca] ca] Ghﬂ)Wﬁ] cAs tajflsvadhoevhdaFiga]lda) I:Y(Xa]lcﬂhﬂ&]remki]zeaiamamppwhmby

#L#JIV] alC 2]l ICI ?]l F%gkiéggé&éo}%@ﬂﬁf@lﬁ] %‘g]x %’% c%ﬁt%cé}’%%]l tl,%ﬁ %fat]’%ﬂ’f)gé] ca] ca] ca] c”

alUl ca]ca]c a]coaﬂ»lu@ mm]utIan}ld dehistaid @ g ancadstay beg ¢ Bzcaid) gud cortadt\fad

|----(***( _;1_6 & ? }’ aU]ca]c$a]
SRttt P e B ok gk s LR
LOL_L&MO* Oaaymmmgé QFHEQHH&%H%WU E&Mhlfsawh}sg%];é‘cﬁdm%]n@ a] cal ca
] ca] ca] ca] ca] ca] ca] cal c ca] ca] ca].ca] ca] ca] ca] ca] C caU] cal cal ca] ca] ca]
ca] cal! km@@fﬂ.ﬁfﬁ%ﬁ% 1 ® e el ipasecEsEsAl ASPBRYE A ca] ca] ca]
g aA]I c”a] ca] cFigahsaghe s aﬁ&aﬂ.@aﬂ $dp Giaks di £ aldcple akd @@h&&hqatbqﬂs&:} caj ca OXE

15  microstrip lines 115 and 1153, respectively, on the substrate 110. Gold contact
pads 116 and 116a are disposed on 115 and 1154, respectively {also seen in Fig.
11a), providing the connections to the filter case (not shown). The line width of
114, 114a, 115 and 115a are selected in such a way to achieve the impedance
matching at the input and the output.

20 In all of the embodiments described above, it is preferred that the high
temperature superconductor is selected from the group consisting of YBa;Cu305,
T},Ba;CaCu,0g, TIBa;Ca;CuzOg, (TIPH)Sr;CaCu;O7 and (TIPb)SrCarCusOs. It
1s also preferred that the substrate and superstrate are independently selected from
the group consisting of LaAlO,, MgQ, LiNbQ;, sapphire and guartz.

25 '

Example

- A mini-fiter having the circuit layout shown inr Figure 12 ‘was prepared. It
is a 3-pole 0.16 GHz bandwidth centered at 5.94 GHz mini filter in the microstrip
line form. It consists of three rectangular self-resonant spiral resonators, 121,

30  121a, 121b, each having a tuning pad at the center, 122, 122a, 122b, parallel lines
input and ouiput coupling circuits, 123, 123a. The substrate 120 is made of
LaAlQ; with dimensions of 5.250 mm x 3.000 mm x 0.508 mm. The HTS thin
film 1s T,Ba;CaCuy;05. The filter was fabricated, and tested at 77 K. The
measured S-parameter data are shown in Fig. 13, in which Fig. 13a shows Si;

35  versus frequency data, Fig. 13b shows §,; versus frequency data, Fig. 13c shows
S2) versus frequency data, Fig. 13d shows S;; versus frequency data. S, is the
magnitude of the reflection coefficient from the input port; S,; is the magnitude of
the transmitting coefficient from the input port to the output port; Sy is the



M n2-~ytoj e [V]] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
U c”a] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]cal U 8MT(& vgl gb] X
e [V]]]ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] calefctehera2082] ca] c
aUl caljca WV]caUca]caU ca]lcaUcalca eN?'nm . 1{!|wnf Yje [V]]] UV]caV]ca
WV] ca] ca] ca] gibaitddealfind fAlecidi-cdetidien] focth @d SbarlirhadkGat arl cal] cal cal ca
] ca] ca] ca] ca%%a ca r<(>!%% ng| wr.nf " Y] eé\&%}‘ U\/!i)aa ca .
W] ca] ca] ca] f t‘r@%'rgg’ngégpe c kTé’PE ut port to the input port.
a] cal] ca] caUThaheadeed d4th oal<hn] appdendddt oathaby/toraghgx Sidulited @& védy well, L0%&' ()
-1 LSy 109 () - LSQ-10% & ()= ZOLQUEES () =) Z94.00&' ()-6U wU3! p'y
1109%& () -1 f ﬁ{‘i ”TL"‘fg%q‘&“H g‘ﬁ""?‘“%ﬁ‘ﬁ%s(‘g‘?ﬂ %{%‘P | 1098 ()-1y
T110%*&'Y) - ! D! 10%&nhi-filtersis!alsaneged.ugder Yo HpFgred condidions. 10R4 is, it
10271 YL?+109R28& ()= YL 2:H () Amtartrs ¢ :
L<109%& ()-: gﬁ}e\%gﬁ Fhf% i _1%%???%{'%?[‘85&“}3_@@?% BP0 B () - T-1L
109&' () -1, CMsowas {estedvin iquifistirogey witlp gorelgtivy dighzirgoenstant of @ s! 1098 () -
109& () -, 4108 GimatebP Y86 JFid. 19ehbws ! $) veR¥&Rkhucnty Bata L W0ikH 131 i
N\ CF T 10%& (3o %'E‘fa! adr g% -‘é_ T0% P? *Zf' ' 10% & ue_n?Sy i 18
f[usa! " LI 10524hq3ir ¢ata pnd 333 isdoy she Eigvachniteney data) Thogegults indicate a
10 frequency shift of only 0.04 GHz corresponding to 0.67% of the center frequency.
The very small frequency shift is an indirect indication of most electromagnetic
fields confinement beneath the spiral resonators.
The filter was also tested under power from 0.01 watt up to 0.2 watt cw rf
power without measurable changes in its S;;. The Third Order Intercept (TOI) test
15  data are shown in Fig. 15 in a log-log scale, in which 141 is the best fit straight
line with a slope of 1 for the sum of two fundamental frequencies, 142 is the best
fit straight line with a slope of 3 for the third order intermodulation. The intercept
of these two lines gives a TOI of 39.5 dBm. Both the power and the TOI test data
are in line with similar conventional HTS filters with the same line width and ten
20  times larger size. These test results confirmed that the one order of magnitude
reduction of size does not degrade the mini-filter’s performance compared to the
conventional design.
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" 10%& () - s & 10%bér):enddc}c(r(lih’é11(ﬁ,l\ﬂ312&,(ﬂ§?bﬁi&ﬂed)nhs ird} FAB6( 3 such

R e e Mo
' distance Wh.lc is less than the line width; and (i1) so as to form a central
opening (13, 17, 22, 27) within the spiral, the dimensions of which are

approximately equal to the gap distance.

10 2. The resonator of claim 1, characterized in that the resonator has a shape
selected from the group consisting of rectangular, rectangular with rounded
corners, polygon, and circular.

3. The resonator of claim 1, further comprising a conductive tuning pad (28)
15 disposed in the central opening.

4. The resonator of claim 2, further comprising a conductive taning pad (28)
disposed in the central opening.

20 5. The resonator of claim 1, characterized in that the high temperature
superconductor is selected from the group consisting of YBa;Cu3;0;,
T1,Ba,CaCu, 03, TIB2;Ca2,Cu;30s, (TIPb)Sr;CaCu; O and
(TIPb)Sr;Ca; Cu30s.

25 6. The resonator of claim 2, characterized in that the high temperature
superconductor is selected from the group consisting of YBa,Cu;0O,,
T1;,B2;CaCu;03; TIBa;Ca;Cu30y, (T1Pb)Sr;CaCu,; Oy and
(T ]Pb)Sl‘zCB.zQ.l;Og;. '

30 7. The resonator of claim 3, characterized in that the high temperature
superconductor is selected from the group consisting of YBa;Cn3O-,
T1;Ba,CaCu;0g, TIBa;Ca;Cu30sy, (TIPb)Sr,CaCu;07 and
(TIPb)Sr;CaCu30s.

35 8. The resonator of claim 4, characterized in that the high temperature
superconductor is selected from the group consisting of YBa;Cu;O-,
T1;B2,CaCu; 0z, TIB2,Ca,;Cu;04, (T1Pb)Sr;CaCu,0; and
(T1Pb)Sr2Ca;Cu;0,.
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?18/&55&} O 100 | e %-1d0%1| & (gml TEa; 2" fct o5 8t T Pty 2 second
"L2+1090&" () - uMO* CaPY one ofsald at east two resonaiors (33);
: '1:):%)91 ! lllg‘y?ilflilﬁRga%ﬁl%&pﬁ%cohﬁmg it contprishlg a trddiitstod linsS@5aP 4| & () -!°
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1 =t10%4| & ! % F" 10%/(}36%;()45! F'109%EE& ()-f5" 10% & () -
f) a blank conductive film (31) disposed on the back side of the
15 substrate as a ground plane; and
g) a film (32) disposed on said blank conductive film (31) as the
contact to a case for said mini-filter,
characterized in that each of said at least two resonators is individnally a
self-resonant spiral resonator as set forth in any one of claims 1-8, and the
20 " blank conductive film (f) is a blank high temperature superconductor film.

10.  The mini-filter of claim9, characterized in that it finther comprises:

h) a superstrate (110a) having a front side and a back side, wherein

the front side of the superstrate (110a) is positioned in intimate
25 contact with the at least two resonators disposed on the front side
of the substrate (110);

i) a second blank high temperature superconductor film (111a)
disposed at the back side of the superstrate (110a) as a ground
plane; and

30 3 a second film (1122a) disposed on the surface of said second high
temperature superconductor film (111a) as the contact to a case for
said mini-filter.
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consisting of LaAlO3, MgO, LiNbQOs, sapphire or quartz.

20
15.  The mini-filter of claim 9, charactenized in that a conductive tuning pad
(36) is disposed in the central opening of one or more of the at least two
self-resonant spiral resonators (33, 33a, 34 and/or 34a).

25 16.  The mini-filter of claim 9, characterized in that said filter contains an odd
number of self-resonant spiral resonators (73, 73a, 74, 74a, 75) with one
resonator being centrally-lecated (75) and ‘wherein-the-centrally located -
resonator (75) comprises a double spiral form resonator comprising two
connected spiral lines with a 180-degree rotational symmeitry.

30
17.  The mini-filter of claim 9, characterized in that the input or output
coupling circuit is in the parallel lines form and comprises:
a) a microstrip line (35 or 35a), .
b) a gap (39 or 39a) between the said microstrip line (35 or 35a) and
35 the first resonator (33 ) or the last resonator (33a ) of the said mini-
filter, and

c) a gold pad (37 or 372) at the end the microstrip line (35 or 35a).
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*109%& ()- L' 1109 (33 #t 109& SE°..10 - O%&' (h) 109 ().-S. 1{!xa?~_@
11 (6 |1 uocs () @6 G mint-filters 3and83a),e mini-filter having a
ﬁequcncy band which is different from and does not overlap with
the frequency bands of each other mini-fiiter;
b) a distribution network with one common port (86) 2s an input for -
the mini-multiplexer and multiple distributing ports (85 and 85a),
10 wherein one distributing port (85) is connected to a corresponding
input (84 and 84b) of one mini-filter (83); and
c) a multiple of output lines (87a and 87b), wherein one output lme
(87b) is connected to a corresponding output of one mini-filter
(83);
15 charactenzed in that each of said at least two mini-filters individually
comaprises a mini-filter as set forth in claim 9.

20.  The mini-multiplexer of claim 19, characterized in that each of said at least
two mini-filters individually comprises a mini-filter as set forth in claim
20 10.

21.  The mini-multiplexer of claim 19, characterized in that each of said at least
two mini-filters individually comprises a mini-filter as set forth in claim
11.
25
22.  The mini-multiplexer of claim 19, characterized in that each of said at least
two mini-filters individually comprises a mini-filter as set forth in claim
12.

30 23, The mmi-multiplexer of claim 19, characterized in that each of said at least
two mini-filters individually comprises a mini-filter as set forth in claim

13.

24.  The mini-muitiplexer of claim 19, characterized in that each of said at least

35 two mini-filters individually comprises a mini-filter as set forth in claim
14.
19
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27.  The mini-multiplexer of claim 19, characterized in that at least one of said
at least two mini-filters comprises a mini-filter as set forth in claim 17.

L

10 28.  The mini-muitiplexer of claim 19, characterized in that each of said at least
two mini-filters individually comprises a mini-filter as set forth in claim
18.
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