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" Processes for pattering amorphous fluoropolymer Teflon®AF, passivating high temperature superconductor films, and improved
. electronic devices with amorphous fluoropolymer Teflon®AF films are dxsclosed.
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superconducting thin filnms, each said filmdeposited on 30 a substrate,

and b) an outer enclosure having neans for - hol ding the resonator
conponents and nmeans for nagnetic -di pol e coupling. A neans to increase  _
t he power of such devices is desirable. ‘U.S. Patent No. .

5,159, 347 di scl oses the use of 35 anorphous fluoropolyner, Teflon[err] AF,
in the construction WO 95/ 34096

PCT/ US95/ 06427 o . 2 - of a

m cromagnetic circuit as an insulator between - magneti ¢ conduct-or -
strips and an el ectrical conductor. ~ Use of such fluoropolyners .in
patterning filns for m crowave and mllinmeter devices has not been 5
wi despread. One of the desirable properties of a film - of anor phous
-fluoropolyner is its essentially snooth, non-stick character. This .
is, however, viewed as a flaw if one is trying to cause a second
“material, i.e., a phot oresi st conposition, to adhere to it. [Inmaging
of 10 the conventional photoresist over a fluoropol yner |ayer such -
as pol ynet hyl nethacrylate by deep UV fol |l owed by devel opnment | eads to
a photoresi st mask over the - fluoropolyner. This nethod suffers in two
regards. ~ First, an intermx layer may formdue to the partial 15
comon solubility of the photoresist and the . fluoropolymer. This

| eads to a | ack of resolution during the subsequent etching of the

f I uor opol yner
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thrLough t he WO9%/341086i st nmask. Second, the patterned | f | uOPCRIOSIPN6427| S
deficient to an anorphous fluoropolynmer 20 wth respect to water

resi st ance. .~ The present invention provides solutions to these
varitous probl ens by providing a process for &adhesion of - and pattering-
of anorphous fl uoropol yners such as - Teflon[err]AF. This results in the

further aspects of the 25 present inventi §&48& a met hod of passivation for

super conducti ng mat efiGOROPENERR TROTIVTANY SaYBR' FORORIGH THYMPERRIGHE C
noi sture, and inproved m crowave and mllimeter #“£¥£§§1 uc&ﬁﬁ&%
devi ces of increased &@%@BCONDUCRHB|E?F@;%ﬂﬂi?@P¥Pzﬁﬁﬁ Siai %ﬂ?

SUMVARY OF THE | NVENTI ON EIBLD ORVEHE| INVENTEONles a process for
produci ng pattern anmor phous, fl ug ol yner_filns i cQmnpri ses
the steps of: ° %ﬁe preg?ngo?ﬂYﬁﬁ£§8%o%h@?ﬁﬁﬁﬁ? Y INSuE™ voro- 35

pol ymer fil mon apsobessesefor pati@tisyGorphous fluoropolymer

PCT/ US95/ 06427 - @rr ' b)
exposi ng the surfggglgP 9ﬁé'gﬁ8T§ﬁgﬁ%vating ?f%%r%%%??ﬁﬁﬁu ?In1to an oxygen
pl asma to pronpt esupercopguetesniilms and devices with,amoxrphonsdg t he

aﬂhfsi on p[ onot ed £3UbE8E61ymer Ore ENENn®AP BYONMS. f | TOT£DEY YoBHpriddB Wi th a
pnotoresi s

| ayer; . d reating aJ.atent inage pattern'
Pn t he Hot ofBEFeFeR-geyieys aths UG, FRrAns: S1S0Eore) TReE

Teflon®AF films.

One of the deficiencies of some high temperature
- superconductors is their sensitivity to atmospheric
15 moisture. Exposure of microwave and millimeter |
electronic devices containing superconducting materials
to moisture usually results in performah¢e degradation.
Thus, means of passivation, or making the superconductor
more inert to environmental factors is desired. Another
20 problem for many superconducting devices is their large
size, which is often dictated by power requirements.
'Thus, a means to increase the power of microwave and
millimeter superconducting devices while maintaining a
small size would provide numercus advantages in various
25 applications; Copending.hpplicatioh U.S. Serial No.
07/788,063 filed November 5, 1991, discloses a microwave
dielectric resonator comprising a) a dielectric element
positioned between two discrete high température :
superconducting thin films, each said £ilm deposited on
30 a substrate, and b) an outer enclosure having means for
holding the resonator components and means for magnetic
: dipole coupling. A_méans to increase the power of such
devices is desirable. - .
U.S. Patent No. 5,159,347 discloses the use of
35 amorphous fluoropolymer, Tefloh®AF, in the construction
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actinic radiation; 10 e) devel oping the ina%CFﬁghotoreS|st

| ayer VO 9534096 . cqte a patterned phot or esi st- | ayer ove \eld bhous

- fluoropolymer film f) etching the anorphous quoroponner.
film - through the patterned photorgesist layer by reactive ion. 15 -
etching or ion bean1etch|ng, and - .. g) optionally, stripping
t he photoresist by - anl *vents or oxygen pl asma et chi ng.
Thi s |nventP§nafE#FF8Wa§P89 ﬁeg Fmﬁﬁnﬂﬂiin ulatqr hek¥eeNdi el ectri c

resonat or caighietiegcoRBuctor strips and #h e Fextdical Q:m!’dudt@&i Ltioned

(il e, each%e8) i PRRR.EpReolaLbiCS r%ﬁ%@ﬁ&?'ﬂ BT

out er encl osdezowavengndembilineter dev g heemnat or conponents and
means f mﬁﬁ%prea@ éhe%f ?Ré‘p&éé“.ﬁz Epi‘dfbéfﬁémfo‘ée'ﬁ'lh conpri ses
yner |¢

a ayer an anDrE ous fluoro on| er.r ] AF)
. posi tioned B@t fEeRPhAES | EPGE?P?W’énﬁt the dalgyy smoothyenperature

super condUChbﬂgsi:ubm character. THis$ 151,vem$we%=f Urijletieddadv ad €3 aan :
| nproved 38 ragl gg gncytgegéce co Si : a) a support
havi ng depodit 88 t ¥iag wIY S M%&W%"nd‘ £ i §h tenperature
superconducphngorbsmstlbomposition, to adhex® tad itcastImagdngomwifact poi nt
D) 9 s EaeBonbBROLEATDREL SLed fUY Whe ¥ VMBI 1RYLT 2"
such as polymethyl methacrylate by deep ov followed by '
development leads to a photoresist mask over the
fluoropolymer. This method suffers in two. regards.
First, an intermix layer may form due to the partial
15 common solubility of the photoresist and the
fluoropolymer. This leads to a lack of resolution
during the subsequent etching of the fluoropolymer
through the photoresist mask, Second, the. patterned'
' fluoropolymer is deficient to an amorphous fluoropolymer
20 with respect to water resistance.
The present invention provides solutions to these
various problems by providing a process for adhesion of
and pattering of amorphous fluoropolymers such as
 Teflon®ar. This results in the further aspects of the
2! present invention of a method of passivation for _
superconducting materials rendering them more inert to
atmospheric moisture, and improved'mioroﬁave'and
millimeter superconducting devices ofpinoreased power
while retaining a small size.
30 ' SUMMARY OF THE INVENTION
.~ This invention provides a process for producing
patterned amorphous fluorcpolymer filﬁs which comprises
the steps of: : |
' a) forming a continuous amorphous fluoro—
35 polymer film on a substrate;
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4 WO095/34096 c) at | east one patterned diel ectric | BEYSISN642Tsai d

| ayer coating the high tenperature superconducting filmand | eavi ng

.£xposed the contact pad, wherein the_i nprovenent conprises the use of
an 5 anorphous fluoropol yner (Teflon[ePr]AF) as a dielectric | ayer.
The present invention further conprises a nethod - for passivation of

hi gh tenperature supercobjucipusing thie Ismrfocﬂpofsthg amprphousg t hereon a

| ayer of an f DESCRI PTI ON
OF THE FI GURESQIuagB{)BE%éf kﬁﬁégﬁf ' Sxygen plasma to, promote T he

process for pa@ﬂbeniqg:fllns of the present invention. A B, C and E
each have the sanme neani pg '&&&Hﬁid %helédhbbiaﬂgﬁr&ﬂotednsﬁﬁhlée la, A

ayer of S bRUERSBRORHRous LIS TIRT A SLF BAfSoR BRALRESEREE

whi ch the surfaageg;i s bei ng exposed. Figure Ib deplcts a

phot oresi st layer E coatig g é{g%ﬁfgﬁ fg% @Qog*gﬁg LQ{@éﬁﬂzin

Figure 1c depicts the dev ot OF 51 ot | ayer E
by means of eprgupeesbstaaamrow meanelrmf Qvﬁ@mtexpesérsdtas F.

Figure 1d depi ghgihle Egalggighln1after the 25 fluoropolyner |ayer has
been et ched. Figure 2a illustrates a known sugfrconductor

di el ectri % esonator of €he CVRMRING Fhe imaged phptoresisy Layex ($@. Hrs
film wherein UfSadénatpatbeﬁﬁled photdsuEstatlayes dverc theuambephousO

Figure 2b illu te ng andw ch type - super conduct or dielectfic
resonat or mhic%aug PﬁﬁSSF “?1fm Figure 2c illustrates the inproved
sandwi ch type _ . £) etching the amorphous fluoropolymer film

" through the patterned photoresist layer by reactive ion
15 etching or ion beam etching; and
| g)'optionally, stripping the photoresist by
organic solvents or by oxygen plasma etching.
This invention further provides an improved
microwave dielectric resonator comprising
20 a) a dielectric elenment positioned between
two discrete high temperature superconducting thin
films, each said film deposited on a support, and
b) an outer enclosure having means for
holding the resonator components and means for magnetic
25 dipole coupling, wherein the improvement comprises a
layer of an amorphous fluoropolymer (Teflon®AF)
positioned between the dielectric element and each high
temperatore superconducting £ilm. :
.~ This invention further provides an improved
30 radiofrequency device comprising |
a) a support having deposited thereon a
signal layer comprising a ‘high temperature
superconducting thin f£ilm, |
b) at least one contact point comprising a
35 conducting metal contact pad formed on the film, and
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film of fluoropolynmer (12) . WD 95/34096 _

PCT/ US95/ 06427 5 - deposited on the
superconducting filmadjacent to the 4 dielectric. Figure 3
shows a graph of unloaded Q val ue versus circulating power for the

resonators of Figures 2a dathS.I.egét ‘Qe,a\@y e rcﬁ'e?.%cér'?&pﬁ.ﬁ§ggt t he

resonat or of " Figur& 28having no pol yner coati n
_superconduct|ngaﬁdl&aY¢neCQAti@9b©&%sht9hé%#mﬁﬁ#ﬂtQ¥e S“Peﬁqgﬂﬂ“ﬁﬁingas in

Figure 2a but N@nd ieawﬁ &kposed tlﬁ’é"dé?ﬁiébﬂ djacryl ate on the
superconductin&&FFInﬁ 6 %c dlannnes ri?fasent t he resonat or of

t he. present erFﬁVeﬁPPoﬁmBF°¥Fﬂﬁ? RF & Tefl on[ err] AF

on t he su&e&ﬁaaducmﬁerbpbnrymabe(-u-amou@nsntas na dieleperior mance
gai ned by the resonator enploying the present ‘invention-is
denonstr at ed. lfger. Figure 4 illustrates the .inproved radi of requency
devi ce of the presemhelpmesbntninTbattpecfﬁrthgreqqmpsises a mgtihode

TE | WENTI Q Soe BasBEVELEE, BE nigh omperature slpebcondudeidg TTIEN O

patterning 20 fiQ,E\ﬁeFempyiﬁiﬂﬁoﬂéﬁ@ﬁéf»ﬂ‘?etli%‘%ﬁ%’t driayRr Rfedtst is
applied asy@ tRmdrbhbist e18088psiimée. The photore5|st is then

exposed in an imge-w se fashh&E%%@%é#ﬁg—gﬁ;ﬁpﬁaﬁﬁﬁl ation, for exanple
t hrough a mask. The mask ue feat ur es defining
a pattern. Figures la to 1d illustrate key steps of the
' ' process for patterning films of" the present invention.
A, B, C, and E each have the same meaning in Figures la:
15 through 1d. In Figure la, A is a substrate, B is a high
temperature superconducting f£ilm, C is a layer of

fluoropolymer, and D represents an oxygen plasma to
which the surface C is being exposed.
Figure 1b depicts a photoresist layer E coating the
20 fluoropolymer layer C. - ' '
Figure lc depicts the development of a pattern in
photoresist layer E by means of exposure to radiation
and developmert labeled as F.
Figure 1d depicts the ‘coated f£ilm after the
25 fluoropolymer layer has been etched. '
Figure 2a illustrates a known superconductor
dielectric resonator of the sandwich type, HTS film-
dielectric-HTS film, wherein HTS denotes high
. temperature superconducting. o
30 Figure 2b illustrates a known sandwich type
superconductor dielectric resonator which is tunable.
Figure 2c illustrates the improved sandwich type
superconductor dielectric resonator of the present -
invention having a film of amorphous fluoropolymer (12)



25 The A¥@8W34096 t he photoresist that are exposed are madePCTUSISOE42Ther

soluble or insoluble in a specific solvent terned a devel oper.
«Resists function by altering their ~golubility through
radlatlon i nduced chenical reactions. These reactions can either

increase the solubility 30 (positive tone or decrease the solubility
(negative deppfrdfedf onhthe  PuRpRERNAYAhNSh L1 addAeenSoSPt £BE and

negative resisyseigktegt,this change in solublllty - Duri ng

devel opment in the first cgse; the irr a s._are dlssolved
by the devel oper ‘| eB¢BHF®a 3 §°"ﬁo§|?ﬁ§‘ ?édﬂ’]cﬂaqﬁfg% vtatr?" VS 3 Re resi st
and it is cibctiiaBifi§6power for the resonators of Figures 2a and

PCT/ US95/ 06427 posi tive
resist. ﬁﬁthgc ecgha 82%53 ?%rcles A dRTTT At nﬁ é?ﬁwiﬁsgﬁgﬁgggggassolved by

t he developer Figureed®i gvangegatbe9$QngYMﬁrtQQ§ tdact &Anthe the resist,
and it is ter”%@p@rﬁ%ﬂaﬁbganGEifﬁ i |Vt boxes @eiébﬁﬁgéﬁt &he eXpOSGd

ot o 2aapatPRaEnin BLTEFe T AU HAMARG B aoating oF o |V
phot O(r]I esi st Iapauymethbemeanaceyﬂte ézemlchuperconductmaomlget hatle of
Pemmerat ol BLabR dRRhRhas 6 -RERRFFAL ‘the BeoriiSly. B i BECHE,
methacryl ate (RkMaptdonpofyFigdee 2échahing rmtenataing of T&ﬂi&r@aﬁw st ant
Lo misture. | ¢ngs sGbbkEbRlhoting £11R" P YindddiRait! Mger f11min this
performance gained by the resonator employing the
present invention is demonstrated.

15 : Figure 4 illustrates the improved radiofrequency
device of the present invention. The specific elements
will be detailed in the text hereinafter. _

' DEIAILED_DESCBIEIIQN_QE_IHE_INYENIIQN
In known multilayer resist processes for patterning

20 generally a photosens1tive resist or photoresist is

applied as a thin film to a substrate. The photoresist
is then exposed in an imagefﬁise fashion to light or
_radiation, for example through a mask. The mask
.contains clear and opaque'features defining a_pattern.

25 The areas in the photoresist that are exposed are made
either soluble or insoluble in a specific solvent termed
a developer. Resists function by altering their
.solubility through radiation-induced chemical reactions.

- These reactions can either increase the solubility

30 (positive tone) or decrease the solubility (negative
tone) of the irradiated region. The terms positive and
negative resists reflect this change_in solubility.

During development. in the first case, the irradiated
regions are dissolved by the developer leaving a
35 positive image of the pattern in the resist and it is



ent invention provides for use of an ) :
fIuoropo”&ﬁgﬂgk§$n1betmeen the substrate and t he phot%?ggéggﬁ#é&er.

Such fluoropolyners provide a * protective |ayer over the substrate and
a nmet hod of passi vation of devices imgcorporating the patterned 20
substrate. Such anorphous fl uoropol ynmers have not been - used i n known

phot or esi st pa%éeénén?hgégfgféghdggfgyse thé“¥553d31d§s& h%hgluoropolyner

to the substra oFest st ayer wWas a probl'em and further

because efihicradiatedhregiers fare clissolyed dy ftheodgyslppers 25
wi thout dest rogeaoiﬁaea pﬂeggéféé Simade £ WEHE giitern irf\ede 3alsdst,

By anor phous f uoroEo ynmer Imis neapt a nO{jq %ﬁ:ﬁ talline
“f1 uoropol yner 8P dr i oi%cﬁﬁﬁ? 6ded negative, ifs ?ﬂl b e exanpl es
I3 ngl udeI a CB)SOH!GEloﬁlﬁen?Pthé &ﬁbééwosﬁb&Tﬁﬁa sa(ﬁeras‘ Iaé:@ @ﬂdﬂ&l wbl )1, f
| oxol e an t uo, oet I able fromE
l. du Pon’f'hﬁguﬁﬁnéﬁ spﬁ %aékpt?/éﬁﬂ##g[ioﬁ %Qﬁﬁ?ré? The
t hi ckness of theplibatbnglbyedpattérnwdi)tﬁbrﬁuhsnnate-. The 10 mi crons

thick, prefer 3 o
BCT/ US9E/ 0642a8i1¥t9r§si9t 184E£OLS  then cﬁﬁ%{s’!ﬂg@cemoved. The present

i nvention provides §nBWBc@§§hPQF of Prﬁﬁt@&&ﬂr@Prﬁﬂ?*ﬁQRH?Q£ﬂ&'phous
f1 uor opol yiger prbﬁEctive TOYOFr i 6veH 4 NELEh e nztgrﬁ)tén@ermm conti nuous

AP 1 Lo CReL e LD O3 PUOSILE S )y SO D paigour 2o of
adhesi on; c¢) omethaeryhgtehePMMA) or polyimide. Neither material, '
though resistant to moisture, is as efficient as
‘amorphous fluoropolymer £ilm in this regard.
15 The present invention provides for use of an
amorphous fluoropolymer'film between the substrate and
the photoresist'layer. Such fluoropolymers provide a
protective layer over the substrate and a method of
passivation of devices incorporating the patterned
20 substrate. Such amorphous fluoropolymers have not been
used in known photoresist patterning'processes because
adhesion of the fluoropolymer to the substrate"and the
photoresist 1ayer was a problem, and further because
efficient techniques for etching such fluoropolymers
25  without destroying the photoresist layer were not
available. _
By amorphous fluoropolymer film is meant a non-
crystalline fluoropolymer or fluorocopolymer.
' Commercially available examples include a copolymer of
30 4, S5-difluoro-2, 2-bis(trifluoromethyl)l 3-dioxole and
tetrafluoroethylene, (TeflonQAF) available from E. I.
du Pont de Nemours and Company, Wilmington, Delaware.
The thickness of the film employed is from 0.25 microns
 to 10 microns thick, preferably 0.5 to 3 micronms.

74—



adhesi on VORS34e9¢ surface of the anorphous fluoropol yner PCTUSIMEIth a

photoresi st layer; d) creating a |atent” | mage pattern in'the

phot oresi st |ayer by neans of 10 inagewisse exposure to actinic radiation;
e) devel opi ng t he i naged-photoresist layer to create a patterned

phot oresi st | ayer over the anorphous fluoropolynmer film f) etching

t he amor phous fl uor 356 present| AnVarbien Prevides 3 p¥R9eRY A0t or esi st
I?yer by r?ﬁCtb&%dh@%n?tﬁﬁhﬂﬁfﬁ%dféﬁorﬁﬁ@ube?ﬂ&é%dﬂ&lﬁﬁfﬁﬂrilﬁs‘Op}iona||y,
strippin e - oresis organj c_sol vents or oxygen pl asma
etch?gg.g ' °°mpr%§8§9r§gsssﬁﬁgﬁh?ghalhQQEE&?QH?ﬂ9&PQ$W¥H¥$on can be
ciarri ed out i namedphoasi ?i:laotypOSyﬂérSﬁbmrmes substrdte; X)) exposing

el ectroni c devices a ) ri S ' rature

super conducéjor é:?‘%—rﬁé&%?ﬁe?éi ﬁicigué'ggépﬁg\?si ?f‘;%ﬂ?"%%%ﬁ;@ﬁ%& ra?ﬁ err]),
sapphire, gal | oxygenspiasma to ptaugke adbesionirelaxgrdadtinonrdhe Suitabl e
super - co ! S | @)
Lasr Cu0, Lamo%g?k%tf%?‘cg%%%%fgg%ﬁ%%é oﬁ%{%%id@hoé&%& Soxebo Y F BacuO,
TI PbSr CacuO, BifASy withoa photopesishdayen Hokreahigoradahentot hers.
Particul arly mmw§%&ﬂﬁ%ﬁ%M%%ﬁﬁﬂa (edhs off BaCaCuO

(221 TS RGA132) eybobREe BRI ot SRURIR) o
on a support, the imagedxphpteresistabapenito atreatmte gattxdestr]),
LT 1 SABEERS st 8981 SqrgRbhl EnoiifSis ARG i fhtn, O
PCT/ US95/ 06427 £) etching the amorphous fluoropolymer film through the

' pétterned photoresist layer by reactive ion etching or

15 ion beam etching; and g) optionally, stripping the
photoresist_by organic solvents or by oxygeh plasma
etching. B '

Substrates on which the patterning invention can be
carried out include various types of substrates commonly

20 used in electronic devices as wéll as various types of
high temperature superconductors. The former include
silicon, alumina (Al203), sapphire, gallium arsenide
(GaAs) and indium phosphide (InP). Suitable super-
conductors are of many types and include YBaCuO,

25 LaBRaCuO, LaSrch, LaCaCu0O, LaSrCaCu0O, LaBaCaCu0O,
LaSrBaCu0O, TlBaCaCuQ, T1BaCuO, T1lPbSrCaCu0O, BiPbSrCaCu0Q,
BisrCaCu0O, BiSrCu0O, BiSr¥CuO and others. Particularly
preferred superconductors are YBaCu0O (123), TlBaCaCuO |
(2212), T1BaCaCuO (2223), T1PbSrCaCuO (1212),

30 T1PbSrCaCuO (1223), or BiSrCaCuO (2223). The high
temperature supercondﬁctor may itself be on a support,
for example, on lanthanum aluminate (LaAlO3), yttrium
stabilized zirconia, sapphire, quartz, magnesium oxide
or strontium titanate.
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WO 9
a-substrate nay be.by nmethods known in the art for utlon coatlng
These include knife coating, dip coating, roller coatlng, spray
coating and spin coating. 5 Preferred f@& use herein is spin coating.
It has been found that adhesion of .t he anorphous: f1 uoropol yner can be
promoted by subj ecgbRgihgeosUEh@CEont inudlis té}ﬁ‘% YUY R o :{&&@:y”er film:
to an oxygen glasna rising greater an 10@6oxygen p asma for.ned
ina 10 barr FlﬁroﬁlﬁnﬁPb¥5ég¥ dethads, knoyn, in. fhe i on

etching react gé6r Eblﬁtiéﬂaémin@ppmﬁé‘sé VW rRsludes knife toataageaaepadhem on
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are normal |y aemptising (greate {(QXHFPRS 1R E@alfPﬁH‘eFr & 8ol uti on,
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to marked undtoctncrqgselodsesion of a eamgand eatsrdali tot kbewor st case,
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under | yi ng substrate been conventlonMIg/ acconpl 1 shed using |iquid
et-chi ng techn?ﬁu%gemﬁ?tﬁace' ‘perhaps by int oducing a degree of

15 roughness into the treated surface. Such a treated
. amorphous fluoropolymer surface will readily hold any of
a number of commercial photoresist compositions.
Photoresist requirements for'microfabrication are
similar, regardless of the erposure technology. The
20 more important'requirements'include'solubility, |
adhesion, etchant resistance, sensitivity and contrast
(resolution) Since films are normally deposited on a
substrate by spin-coating from solution, solubility in
organic solvents is a necessary requirement. The resist
25 must possess adequate adhesion to adhere to a variety of
substrate materials ‘and to withstand all’ processing
steps. Poor adhesion leads to marked undercutting, 1oss_
of resolution and, “in the worst case, complete '
destruction of the pattern. Pattern transfer to the
30 underlying-substrate has been conventionally
accomplished using liquid etching techniqués which
require tenacious adhesion between resist and Substrate
in order to minimize undercutting and maintain edge
acuity and feature size control. As geometrics are’
35 reduced, liquid etching is being replaced by dry-etching
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t hese techni qu very: Strl ngent requirenents on

t he
resist. Most The @I&sd éQmﬂTéQ@ttﬁi%@Wfsoﬁongéﬁﬁ PHB&EEG“@%S 15
reactions in apagniéd ¥vBEHe Uevd 1, déﬁﬂiaﬁ @nifbtropid etchihgnperatures in
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represents an opheaivmnmjstrlngent requirements on the resist. Most
dry—etching techniques rely on plasma-induced gas_
15 reactions in an environment of high radiation flux and
temperatures in excess of 80°C. .

Sensitivity is conventionally defined as the input
incident energy (measured in terms of energy or the
number of photons or particles (fluence) per unit area)

20 required to'attain a certain degree of chemical response
" in the resist that_results, after development, - in the
desired relief image. This represents an operational,
 lithographic definition of sensitivity. Note that
sensitivity increases as the dose :equired to produce
.25 'the lithographic image decreases. The. sensitivity of a
positive resist is the dose required to effect complete
eolubility of the exposed region under_conditions where
the unexposed region remains completely insoluble. In
the case of a negative resist, sensitivity is defined as
30 the dose at which allithographically useful image is
formed. Clearly, the sensitivityiof a resist should be
commensurate with mechine design parameters to allow
optimization throughput. The pattern resolution
attaineble'with a given resist for a particular set of
35 processing conditiens is determined in large part by the
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radiation are desirable.

Photoresists useable in this inventive process are . (
many. They may be positive or negative working. '.

15 Positive resists are preferred. They may be single
component or two-component systems. Both chain scission
resists and solution inhibit resists are suitable for
use herein. Planarizing layers, antireflection coatings
and contrast enhancement materials may also be employed

20 with the photoresists. They may be sensitive_to a wide
variety of actinic radiation, ranging from deep UV to UV
to visible to infrared. Also the radiation can vary to.
x-ray radiation or electron orfion beams. Many.suitable
commercial varieties are available., Preferred examples

25 include Shipley 1400 and 1800 series resists, and KTI890
and AZ1400 series resists available from Shipley Co.
Inc., 2300 Washington Street, Newton, MA 02162,
Overcoating the amorphous fluoropolymer f£ilm with the
resist layer may be by various'teehniQues after the

30 amorphous fluoropolymer is treated to promote adhesion
as described above. Suitable techniques'for overcoating
include knife coatihg, dip coating,'roller coating,
spray coating or spin coating. Spin coating is
preferred. B
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process are many. They may be positive or negative working. 15
{Positive resists are preferred. They nayjpe single conmponent or
t wo- conponent. systens. Both chain scissi'oh - resists and solution

inhibit resists are suitable for use herein. Planarizing |ayers,
antireflection coatPPitonal bakknpg otfinvingle Ftepscmant fadlowi the may al so be
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variety of actinic radiat rangi ng.fromd to visible to
|nfrar)éd Al soa‘?‘#weﬂ?%cﬁpé#r ?Pir& photor skjvﬁ Eﬁﬁ?ﬁtlon or electron
or ion beans. NhnyAmmtphﬁnsafluordpﬁmymersmexhab&et&Qniaed sgaubibicy |
Preferred gxa I hi 00 0 sjists, an
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f1 uor opol yner ﬁﬁéﬂBﬂ}]éﬁéé‘e no inteFHiX 1agee" igagogﬁeaydl‘.@{. glgnd echni ques

after the 30° anprphous uoropo yner is-treat esi on
as descri bed éﬂ&ﬂéﬂa Gﬂﬁ¢@5@§iﬁ§rt@véh@oﬁ@?ﬁghOus i ncl ude knife

coating, dip Cﬁﬁidfﬁpo][ﬁ&éxerlagf&“ N&his lead8' &% Soﬁlgﬂgdé’éréé"é‘fcoat' ng.
§8&?U§8§58@ !fesolution in t e photoimaging?gevelogqent Pr°°ess-cpt|ona
baki ng (drying) steotmimdgidgarideeveloprenti saepsnfof malbit bayesor phous
fluoropol yner Loyl processes suitable for use in the present
invention are discussed in. "Microlithography: Process
Technology for IC Fabrication,™ D. J. Elliott, McGraw
15 Hill Book Company, 243-252, Bowden,:M. K., "Materials
for Microlithography", Thompson et al. Eds., ACS
Symposium Series 266, pp. 39-107, American Chemical
Society, Washington, DC (1984); and Reichmanis, E., et
al. Chem. Rev. 89, 1273-1289 (1989) each of which is
20 herein incorporated by reference.
Imaging and developing of the commercial
- photoresist composition employed in the present
invention can be'by recommended procedures by the
photoresist manufécturer. The developer may be an
25 organic solvent, dilute aqueous acid or dilute aqueous
base depending upon the photoresist employed. After a
post development drying step, the patterned photoresist
layer functions as a mask for patterning of the
amorphous fluoropolymer layer. Because of the water
30  sensitivity of high temperature superconductor
substrates and because the substrate underlies tne
amorphous flnoropolymer £ilm, non aqueoue patterning
methods are employed when such substrates are used.
It has been found that reactive ion etching or ion
35 Dbeam etching can be employed to etch the amorphous
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Due to the lack of a -common sol vent for the anorphous quoroponner
~and photoresists, no intermx |ayer ag formed during the
application of the photoresist to the anorphous - quoroponner Iayer.
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etch the af®rphausication of multichip modules.

The use of amorphous fluoropolymer, patterned or
not, in the construction of high temperature
superconductor power.carrying devices yields improvement
in power carrying ability and resistance to moisture

20 effects. !

Devices of the prior art improvable by the
patterning technology of the present invention include
radiofrequency (RF) and microwave transmission line
structures {microstrip, stripline or coplanar type),

25 resonators, filters, delay lines, digital interconnects
for integrated circuits, and MCM's (multi-chip modules).

The present invention further provides an improved
microwave dielectric resonator comprising a) a
‘dielectric element positioned between two discrete high

30 temperature superconducting thin films, each said film
deposited on a support, and b) an outer enclosure having
means for magnetic dipole coupling, wherein the
improvement comprises a layer-ofian amorphous
fluoropolymer (Teflon®AF) positioned between the

*
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12 fluoropol yner. Reactive ion etching using greater than 10%
oxygen can be used to etch away the underlying anor phous
fluoropolymer filmat a rate nuch greater ¥#han " the photoresist |ayer.
Due to these differential etch 5 rates between the photoresist and the
anor phous diekuduxﬂquaNEmehheanhobachshsghlagmperaturé destroyed.

‘The result of t%urps?pé‘”ﬁf %é‘f’;o%iri?terned ‘passi vat ed area on the

under | yi ng subs *hi gh t enper at ure super conduct or
film The phot or esiBtguxes ZH}ZanahomnampyrbondBQDieq micoewavec sol vents

or oxygen %Eig}d?éﬂufﬂﬁin ?oldingrde;QEeQrOQ§§Ssﬁ5wﬁr¥hpresent

i nvention can be usef ul ég very thin fllm
o

capacitors ° Figuues da-aresppergrrgnehing il pEeEaye oF Rhe 15
fabrication of ds,wuy:fas) dpel grsrided in the fOim wsﬁppamtrspms

fl I d th f
temperature | BORATS comARSeRLushie EAAm a0 PaRtEEtked tRis8PRArEy cren:
in power car rylwig;latﬂilelqcmiﬂb 3. stSapporto 200iist ar 8ingle ekfretad. that
Devices of the yid of e {dPuded B tspﬁercondﬂétkgr BLig igghnol ogy of

t he present |nvent|on I N m Crowave
transmi ssi 6f | iEkeferablst, supposs 29 é-Po;‘fPFP‘ﬁd ofr LaAiQa, HAGaQs o MO type)
25 resonators,afdd Ity 3ikdel ay lines, digital interconnects for

integrated circuits,_and MCM s nultl-chl noduyl. es
g . Generally, supercondué%or %ﬂ lb may be formed

from any high T¢ superconducting material that has a
surface re;istandé (Rs) that is at least ten times less
15 than that of copper at any specific operating
temperature. T, can be determined by the "eddy current
method" using a LakeShore Superconductor Screening
System, Model No. 7500. Surface resistance of
superconducting £ilm 10 can be measured by the method
20 described in Wilker et al., "5-GHz High-Temperature-
Superconductor Resonators with High Q and Low Power
Dependence up to 90 K", IEEE, Trans. on Microwave Theory
' and Techniques, Vol. 39, No. 9, September 1991,
Pp. 1462-1467. 'Generally, superconductor £ilm 10 is
25 formed from materials such as YBaCuO (123),'TlBaCaCtO
(2212 or 2223), T1PbSrCaCuO (1212 or 1223), or the like.
Superconducting fi;m 10 can be deposited onto
support 20 by methods known in the art. See, for
-example, Holstein et al., "Preparation and
30 Characterization of TlzBazCaCu20g Films on 100 LaalOsz",
IEEE, Trans; Magn., Vol. 27, pp. 1568-1572, 1991 and
Laubécher et al., "Processing and Yield of YBazCu307-x
Thin Films and Devices Produced with a BaFz Process",
IEEE, Trans. Magn., Vol. 27, pp. 1418-1421, 199%1.



The pre ' ntion further provides an inproved - m '
dielectﬁﬁggpé@%ﬁator conprising a) a . dielectric elegkﬁiﬂﬁg§&??%ned
bet ween two discrete high 30. tenperature superconducting thin films, each

‘'said film . deposited on a support, and b) an outer encl osure having
means for magnetic dipole coupling, wherein the - | Mprovenent conprises

a |l ayer of an _anor . I I 1¢ etlonlernr] Qsi tigned
bet ween t he d%nﬁf£3§&§4§§§ ﬁ%i%&ﬁ%%% %g?fiax_ib EL in_éﬁg %ange of
PCT/ US95/ 06420.2 to 1.0 micron, preferably 0.5 to 018 micron. dielectric

- element and each hiqgfg ha%ﬁw_gesanatoiumsrfeeﬁla&twgpésimonin%i ]

Fi gures 2a-2c show superconducting m crowave . .resghators wt

hol di ng devicé§PRQ§ts@&M?qQ¥in95ﬂﬁﬂﬁﬁqg§_, Iéﬁgé§ﬁéﬁbéﬁd9@ting ni cronave
Lesonat or ssW fdielectri@}ﬁﬁl.y Eléiapaf&w @0 dctszch ipe tgiraded raxoftlwpﬁog_t sI 20t _
earing superconguctin Iol _ROSkLhi Ooned iLn.contatct Wi lelectric
30.. Support pAV R §%naﬁ§qéF8§?§lehaPr? aitgﬁ3§€§7?§¥ti%%wn%?iﬂed to
super conduct oadhelsiveOmategiakschayabeyemployed: Zolyméthyiled of

LaAlJerr], hqg? . h naed : @peral ly,

super conduct or ?%%??%’Eggggéffg?%gg.ﬁgg Lé?ﬁ%ﬁﬁ%&ﬁ??ﬂ%ﬂfﬁb super conduct i ng
materi al that SHxfage of supgrcenductdng: £3dm ARstot marei iamlychondt en

times |essp laiehBeRriBaB09f agoneel ak 88YpeBeebti SupeLEshdvsting _
tenperature. Tg.cap.,.be d ternlﬁed gx t he "eddz current: . method" using a
LakeShore Sup&idBndfct of 1UFrEekPng§hows the devices of the present

invention with a film of amorphous fluoropolymer 12 .
between the superconducting film and the dielectric. _ (
_ . Dielectric 30 may be provided in.a variety of
15 shapes. Prefgrabiy, dielectric 30 is in the form of
. circular cylinders or polygons. Dielectric 30 may be
formed of any dielectric material with a dielectric
constant €:>1. Such dielectric materials include, for
example, sapphire, fused quartz, and the like.
20 Generally, these dielectric materials have a loss factor
(tan 8) of from 106 to 10-° at-crydgenic temperatures.
The &, and tan § of the dielectric material can be
' measured by methods known in the art. See, for example,
Sucher et al., "Handbook of Microwave Measurements",
25 Polytechnic Press, Third Edition, 1963, Vol. III,
Chapter 9, pp. 496-546. ' |
The configuration of the microwave resonator, when
in use, is maintained by holding device 25. The holding
 device can be any embodiment that maintains the relative
30 positions of the components of the resonator during
thermal cycling associated with use of the resonator.
Holding device 25 includes sidewalls 45, bottom plate
' 50, top 1id 60, pressure plate 70, and load springs 80.
Load springs 80 are Sufficientiy strong to retain the .
35 configuration of the microwave resonator during thermal
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30, or, alternaoxysep fised| sgsper. aluminuny siANes i Rrefarply ap9sped.

" Pol ynet hyl . fired copper or aluminum.

Thin

The microwave resonator can be coﬁpled to an
electric circuit (not shown) by coaxial cable 18 that

15 includes coupling loop 21 protruding into cavity 85 of
the resonator. The orientation of coupling loop 21 and-
depth of insertion of coaxial cable 18 into cavity 85
can be readily adjusted to ensure coupling to the
electronic circuit.

20 In order to make the resonator electrically tunable
without lowering its Q-value, low loss ferroelectric or
antiferroelectric material must be introduced into the
resonator and a control E-field must be established in
the ferroelectric or antiferrocelectric material.

25 Figure 2b shows one example of a tunable HTS-dielectric-
HTS :esonator; In this particular.case; the dielectric
is a ferroelectric or antiferrocelectric rod 90, which is
sandwiched by a pair of HTS films 10 deposited on
support 20, The resonator operates at TEpin mode

30 (n=1,2,3,...). The RF energy is coupled in and out by a
pair of coaxial cables with a loop at the tip. The |
resonator is put in a holding device 25 with springs and
spacer to hold it. ,Ih this particular case, the control
circuit consists of a HTS-metal interface 95 with a via

35 hole to the back side of the top support 20, bonding
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superconducting film210 to nore firmy bond 10 dielectric 30, as well
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to protect superconducting film210. Figure 2c shows the devices of -

t he present
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LiTaO3, or PbTiO3. Examples of suitable
antiferroelectric materials for rod 90 include SrTiOs,
LaAlO3 or KMnF3. But the disadvantage is that the
Q-value of the resonator is limited by the loss factor
of the ferroelectric or antiferroelectric material.
Figure 2c shows a HTS-dielectric-HTS resonator of
the present invention. All elements are the same as

_ those of Figure 2a but the resonator cbntains a layer of

amorphous fluoropolymer 12 on the superconducting film

. 10, The layer of amorphous fluoropolymer 12 is

25

deposited on the superconducting £film and patterned
using the process of the present invention as ‘previously

.described. The present invention also includes tunable

30

resonators of the type shown in Figure 2b having an
amorphous fluoropolymer layer on the superconducting
£ilm. . | :
The high T¢ superconductor-dielectric:microwave'
resonators of Figures 2a-2c are capable of attaining

high Q-values, due in pert, to the ability of support 20

'bearing film 10 to prevent axial radio frequency fields

35

from extending beyond the London penetration depth of
the superconducting film 10. This is accomplished where



15 CWOI95RB496 Load springs 80 preferably are fornmed of PCTUSHAMARgnetic
material in order to prevent disturbing the radio frequency fields in
the resonator to achieve the . highest qssible Q val ues. Load springs
80 preferably 5 are forned of Be-Cu allogs. ' Parts 45, 50, 60

and 70 of hol ding device 25 are made of thermally and electrically
conductive mat esupports 20 prer gubstantially grerter ritkpr e diametemel |

as to ~ enablog @fibiielceRlicC80! sBItRhL’ £8Q08! Breqiahéy fhe1dd ard0 60 and
70 therefore may be forned of, for exanBIe, xggen fired copper,

al umi num  si | veconfiaeg, withig.Fhencavi YfF?$H°Eo€5 etyeen ¢ ts

The m crowave r@@onator can be coupled to an electric circuit (not
shown) by coaxial caRle 18t - _incl.u ' i ol udi ng
into cavity 85 of l'ljlmt H%er gg)ﬁaglg gr.rﬁg g’?‘ﬁﬁﬁgéﬁ% ogg%+9§€%%£ﬁoﬁ%o%k 21
and dept h &hei superconduttingxEilmcif| bag sbeen ofound to Secreasecan be
readily adjuste n e | | | iit. 20

In order to nakg_rtﬁgg%r éggngﬁg?gé}’gg%f}?c%?fyt%fna‘ﬁ‘}‘-g%%ﬁ‘ﬁ]?fﬁﬁ ower i ng
its Qvalue, |okacses pérpscieasti 8.orThe im0 amayerertain spakkial nust.

be introduced i BuRfrhde imperkE8efNshSs! affl fo CamdFttods ff1Ridtopdilymes

est abl i shed, | i

n the ferroelectric or gntiferroelectric material. 25
Fi gure 2b sH@wslﬂﬁgre SnBresghty & ﬁaB?epgh%¥CFQHQ§qu§§c gases jggn

resonator. In tkentepathesel dmpeafectibnsdi eWliver réectricdls currentoel ectric

11 me 10" deposi Canonaates turlibh chd 24y, FUEMAE Calf MR ot FR

node 30 (n=1, 2hese. armosPherir gasegycawsing @lectricald anaingy which

o gy cSGE Rl ek efaticd e thh dfice. TRPYRWLARIAN 1

15 of amorphous fluoropolymer, preferably TeflonQAF, on the
superconducting f£ilm surface £ills in any imperfections
and therefore decreases electrical arcing and increases
the power of the resonator. Figure 3 depicts a
comparison of the resonator of the present invention C

20 with known resonator A of Figure 2a not having the
amorphous fluoropoiymer layer presenﬁ and_with known
‘resonator B;_like that of Figure 2a but having a layer
of polymethyl methacrylate on the superconducting film.
The resulting increase in the unloaded Q value of the

25 resonator of the present invention is shown. '

The high Q-value superconducting microwave
‘resonators provided by the invention have a variety of
potential applications. Typically, these resonators may
be employed in applications such as filters,

30 oscillators, as well as radio frequéncy_energy storage
devices. The miérowavé resonators of the invention also
may be employed as frequency stable elements to reduce
the phase noise for oscillators.

The present invention further comprises an improved

35 radiofrequency device comprising a) afsupport having |



spacer ;Tyy In this particular case, the control %ﬁb&%
consists o S—netal interface 95 with a via '35 hoIe to ack side

of the top support 20, bonding WD 95/ 34096
PCT/ US95/ 06427 : 18 : 16 wire 96, control
port 97, another HTS-netal interface 95a with a via hole on the bottom

t t t vl | dt
hePoort O ! EepSRttd rneredh & Aigfhar18hed EOHPERLLNG b Eh° AOP| I BC 1O
90 between tw'eewmef mmrmndwnau &Ehdat ﬁtémn b) abnieast omet he rod
can be changesbripactirpd it (dtprisingOa! &thﬁéhlﬁ?emeiﬁblcéoﬁé‘&éﬁspéﬁ'e the

resonant frequenc ge. her control circuits and tuning
mechani sns o (fil? and E§p3t epstoRaePatterRedqyant age of 10
this confBgurdﬁexncuridfﬁﬁydﬁheshmm Agysensoatingythe high very high because

the entire di r I 0g
antiferroel ec‘[eérﬁéfd er| %d&é&%ﬁu%ing ﬁ'&? éﬁat gg%{'&ﬁgr :5%?%% rt%e
mat eri al s f orconka®D path| ud@rein thendoprovemeut, cgmppbwmthe Bsepl es of

suitable 15 @gatd | n e SrTi B,
LaAl O[ err] Ordi:(gﬁ%:ff&éjtﬁ he Idé%n&%?ggeﬂ?g?ﬁgt %tsug Q val ue of

t he resonat or a¥Ph<he | oss factor - - of the ferroelectric or
antiferrael ectric Féxdneré o .shows an. impEb@eﬁeradialﬂaeQuenbEFdebﬁbeptai c-HTS

psonatr of o Pl SR S, phthe LSECBLAeRhE LiSeselSn S
This device typically carries power in the 2-30 mega-
hertz range. Power carrying performance was improved o ‘
with the amorphous fluoropolymer protectant £ilm as was

15 moisture (boiling water) sensitivity. The device is

' constructed (as in Example 3) on a support 20. A coil
pattern of high temperature superconduétor material 10
is generated on the support as a signal layer. Patterns
other than a coil are also suitable. ' The whole is

20 covered by a layer 40 of amorphous fluoropolymer as a
dielectric layer. The fluoropolymer is patterned and
condu¢ting electrical contacts 35 are formed on the
superconducting signal layer. _

A thin film or high temperature superconductor is

25 deposited on a suitable support using techniques well
known in the art as previously referenced. Suitable
supports and superconducting materials include those
previously defined for the patterning process of the
present invention. The amorphous fluoropolymer is '

30 deposited and patterned using the patterning process of
the present invention previously described herein. '
Since reaction ion etching and ion beam etching can be
used to etch both the positive photoresist layers and
the amorphous polymer layers at different rates, the

35 amorphous polymer can be etched before the photoresist



a?mrphous WQAN¥MS yner 12 on the superconducting film POITUSPHB6RZy or

of anorphous fluoropolynmer 12 iss - deposited on the superconducting film
and patterned 25 wusing the process of the,gresent invention as previously.
described. The present invention also inclddes tunable resonators of

the type shown in Figure 2b having an anor phous fl uoropol ymer |ayer on

the superconductiaygr is deistwoyed. Thusiha @roes Rection as depicted

super conduct or - dine lFQGhyirleC 1@ 9."30%¥Sined. rﬁé@ﬂﬁt&sﬁtﬁt Bty %&ezath?efn are
capabl e of attaining

I h I
support 20  depasited PF‘m%!?G F?\ggﬁggS%ﬁng*‘;‘%I Pﬁa’ﬂn’o‘}?‘rbte?qtel@ﬁé{? | t’%l
from extendi ng l&e;\éorfdubhepbagdea papeir previodsy hexdatelb by lvhe
super conduct lh ng. fgh'gahs a%8088£629€e4“€g££§ knoéﬁﬂﬁﬁy‘iﬁ%ﬂg

PCT/ US95/ 064 7 0 are
substantially gm@toe:r depasitiendtecbniques such olsesmirerti@ o that radio

[requency 1 el d3iigbrac on:onbiedyYb! hbBaibor6R iny domiak Gadie! voen

supports anor p oropolyner

12 on the dmsdugenann pﬁgdnm:#momﬁﬁslbeemfommlx SRk g Rd Lver.

arcing and 'ncr@QﬁQ.ﬁdi‘eals‘éW%'f PBwEbeléeéQnafoab@utaa fatctdﬁ(‘dle][z of at |east.
f ect.i ons no

2. The fil contain sma
Ziror phous. {180 CeMEATEE oy Copxearirn BPELERE VAFRGCH WHS A eRsRRRS | o
gases can an amorphoas flaoropblymer Y¥ecobehibméd i imltlmiRRErdevices

circul ates thrO%ﬁhtEQPp@QsEhtVQBBQﬂgioﬁ?n break down in _
The improved radiofrequency device of the present
invention_is useful as_a'transformer or as an electrical
15 interconnect or superprocessor in computer applications.
The present invention further comprises a method
for passivation of superconducting devices comprising
depositing on the superconducting material used in the
device a layer of an amorphous fluoropolymer. This
20 method is particularly applicable to high temperature
superconducting thin films. Suitable superconductors
include those previously defined for the patterning
process_of the present invention. As previously noted,
exposure of the amorphous fluoropolymer to an oxygen
25 plasma promotes'adhesion of the amorphous fluorcpolymer
to the film. As detailed in Example 4, devices
incorporating superconducting films coated with an
amorphous fluoropolymer are passivated when exposed to
moisture compared to conventional devices without the
30 amorphous fluoropoiymer; There is no degradation in
electrical performance when the amorphous fluoropolymer
is employed. - - ' '
_ Teflon®AF is a commercial product of E. I. du Pont
35 de Nemours and Company, Wilmington, Delaware comprising



t hese atnDtherlc gases causing electrical arcing which -degrades t he

perfor % he device. Use of a layer 15 of anorph ol ymer,
preferably Teflon[err]AF, on the - superconducting filmsurface fills in
any inperfections and therefore deggases el ectrical arcing and

i ncreases t he power of the resonator Fl gure 3 dep| cts a

conparison of the resonat t e .prese t vent W t h kpown
resonator A of FPRRH Yre=<. &ﬁdi‘:ﬁﬂg&g"f’f’ﬂﬁf‘ﬁ}ﬂ)? YmeT | ayer

present and V\didsn:dm@vund tetf&ﬂmmtlﬁlehueke et gebdesgaee 2a but having

‘?’hlaayggultl ng |?‘|€f%%se' hﬂ% e un :)%/.é eB@O #JIEO 2;1%%0%%& Iv%g'&r?lb[lgr of the

present inveras oshite Pasders that can Diec ddisgoluedainecerpainonduct i ng
m crovave s effﬁ%ﬁﬁt’%d’@ﬁiﬁ&ﬁsblfotzh‘Eh'e”)S%BHhEEiBﬁVSfahlé%!.?t y of

potenti al appll)l cations., Typically,. these resonator enpl.oyed in
appl i cati ons WRHFOER thin Silms sad G:?@ItliF’QtsoF?r°thV\EP¥na§°P§ﬂP3 #dquency

ener gy Storag@ther té&ﬂmn@ﬁas. Tlrwﬂt@;eomﬁapaesoaaherfomioﬁhe i nvention

| glh:tge noi se f *ﬁoyfgqé $56 ve&y(&rﬁ’éeegsggl (%' ﬂ’nﬁfl’:t her the

conpri ses an FGFp‘TS)vsnjl.véiﬁ: was:henflemyedqcy deV| ce corrprl sing a) a support

having 19 WO 95/ 34096 PCT/ US95/ 06427
18 deposited thereon a signal ayer C rising a h|
tenperat ure super chneftkuctFe him the Fefdo ﬁgah;icatedcdm &be p0| nt

conpri si ng a.fglmgagdguhgnﬁéy contact pad
‘The films of TeflonQEF were patterned using a (

standard photolithographic process using Reactive Ion

15 Etching (RIE). a photoresist etch mask ‘was used to
define the pattern on the TeflonOAF films. The process
utilized began with ceating the amorphcus flnoropolymer
£ilm (Teflon®AF) on the surface of the substrate. The
Teflon®AF utilized was a 1:1 solution of 6% F11-0201-

20 1600 with FC—?Slsdlvent. A1l.7 um'ﬁeflonQAF £ilm was
spin coated on the samples at SCOOfrpm_for 30 sec. The
Teflon®AF was post baked to drive off its solvent at
250°C for 30 min. The post baked film of Teflon®aF was
then exposed to a low power oxygen plasma for 2 min. in

25 a MCS LFés'plasma system. The plasma_system was a |
conventional 13.56 MHz barrel etcher run'at_zsow power
and 450 miorr preasure. The TeflonQAF was then coated
with Shipley 1400-17 positive photoresist to a thickness
of 0.5 micron. The resist was cured in air at 90°C for

30 25 min. The 1400-17 was exposed to UV light in the
range'of_loo mJ per square centimeter. The 1400417 was
immersed in a 2:1 combination of Shipley MF312 developer
to deionized water for 60 sec. The TeflonOAF was then
etched down to the substrate by an oxygen RIE. The RIE

35 system was a conventional 13.56 MHz, parallel plate



formed onWOS/3496n and c) at |east one patterned 5 di el REHYIISOA2E

said | ayer coating the high t enperature superconducting film and
| eavi ng exposed the contact pad, wher,in the inprovenent conprises the
use of an anorphous fl uor-opol ymer. (Té€f1on[err] AF) as a dielectric
| ayer. 10 Figure 4 shows an inproved radi of requency device, a

hi gh power indueeastarwitd the pewerec appaded: tonthatbotton eleqtuadelevi ce

typically carri ﬁﬁﬁ)%&{ed' n tdﬁpae%owae»eaetch d Q€r+zdéa§wff-bf%f carrying
per f or mance was |npr anor p ous uor o yner pr ot ect ant

filmas was 1540 Qmmqﬁvea(mqélngaﬁatfépy TaHe| OF 15, SCth SURIATALS <
constructed (ascénipdreiire ¢ 30%C7 aHaPprésdire d‘me|mTorr. pather n of high

t t ducto { | t

ho B sy gnal 51 ayeiARER EndadiEe” el kape, popebinf TREASHL WF, SoPE% e
whole is 20 cetahinng mycld dyevatyioy sher punping| speedoritierams a
dielectric | ayea[uton-'%{?.é | ARAley Yol vbs p%&SrQEthﬁ% condi€fgluct i ng

el ectrical contacts are fornmed on nduct 1 ng signal |ayer.

A thin filmor BEYH %mawwepépceﬁebcpsﬁﬁ with RYeEemely on a

sui tabl e SUDporsmmmgsﬂdwan@J.esm Teflon®AFOFl 1m8 eBehadt aBSapeaveously
referenced, .Sui t

hose - 19y Vi PR ot Bt o SpAoE  PARRG B bEgs dopfotf? Eiin"

present inventiwas réﬁnweﬂnnﬁﬂhousetbnenopolyner is 30 deposited and

patterned using the patterning prOCESSEfiMELQ_Zthe present invention -
previously described herein. Since Teactron ion etching and i on beam

et ching can be A sstructune Himhdidte Tefloa®AR waspfebsiceted Laythe and
the .amor phous  pRIMBH AR RIchel, Jinee s’ BiCkerl BAPAP weREOpRERUENE! V"
can be etched before the phot oresi
using a standard photolithographic process using
Reactive Ion Etching (RIE). A photoresist etch mask was
used to define the pattern on the Teflon®AF films. The
process utilized began with coating the amorphous
fluoropolymer £ilm (Teflon®AF) on the surface of the'
20 substrate. The Teflon®AF utilized was a 3:1 solution of
6% F11-0201-1600 with FC-75 solvent. A 2.5 um Teflon®aF
£film was spin coated on the samples at 2000 rpm for
30 sec. The Teflon®AF was post baked to drive off its
solvent at 250°C for 30 min. The post baked film of
25 Teflon®aF was then exposed to a low power plasma for
2 min. in a MCS LF-5 plasma-system. The plasma system
was a conventional 13.56 MHz barrel etcher run at 250W
power and 450 mTorr préssu:e. The Teflon®AF was then
coated with Shipley 1400-17 positive photoresist to a
30 thickness of 0.5 micron. The resist was cured in air at
90°C for 25 min. The 1400-17 was exposed to UV light in
the range of 100 mJ per square centimeter. The 1400-17
was immersed in a 2:1 combination of Shipley MF312
developer to deionized water for 60 sec. The Teflon®ar
35 was then etched down to the substrate by an oxygen RIE.



V\D o 3 ‘7983%109?5 destroyed. Thus, a cross secti onpg/ ggg?é?@égoﬂﬂ in

F|gure 1d is obtained. Metal contact pads are then deposited on the .
superconducting filmin the voids in 22 the fluoropolyner |ayer
previ ously created by the 5 etching The pads are deposited using known

B aporati on. THENER, BEBREL a3, BT EPRVIHERORNE M Tad it SRl e,
conducting mlilalte m&b&mbwtgotheopoyervapplied tarchendratitam of power
| evel of abo@le%tfl%g%oq Eousd%?uorognp%o ¢ds! Qe FONWE &&é&crjbln L,ﬁ_esﬁ_mtmout t he

presence of an anor yner 1s .obtal ne devi ces

of the preseid a|3n\¢ént4|°@nv°1tsr a totahedrApELowdratel of rkRIR"e device of
age pr teseslt subst'r'&‘t%“%%e'r%tﬁ&%f ot 38°@, t?x@d‘%ﬁé@it?%@%@%ﬁiﬁct ri C'?'Ih

i nt ercon per processor -i n_copput er ica - e
pr esent inverﬁ% %Pﬂ\;’ﬁ? PresRyresuas kﬁ@?hﬁﬁn“a‘ggﬁﬁrﬂé&é‘?%ﬁ% of
sut)ercolnduct ietghing cyTleoby’ vargdng thedmingr@adtm}smercolnductl ng
mat eri al use iC aye P, r opol ymer
This 20 net h%c'i‘I t?:gla %g'ct tgtflogﬁl\ie gsilvlgcab?e‘?%ogﬁcwé gﬂ er {Juéri'g
super conduct ipRpvided Bn) missarpaépeesqpepseﬁummﬁsh extremtlmde t hose

previousiy defidersh fsqrdewsqleatt%@ e f1on®aR" Q&Qﬁé eﬁchaa REegephte .
i nvention. As previ ou 'y osure

X
f I uor opol ynerk ¢ 4/ T?S “5’F’a§ﬁ1§i OH‘BFE@SdFE%l Sﬁfﬁg‘q@ﬁ@ £ phous
f 1 uor opol ynemwas renio&etih@:ii:ﬂ acefdndet ail ed in Exanpl e 4, devices

i ncorporating superconducting filns {th an - am)rphous (
fl uoropolyrrer are passivated when e _

Epitaxial high temperature superconducting thin

15 films of YBazCu307 were deposited on two single crystal
lanthanum aluminate substrates. The depositions were
done using off axis magnetron sputtering with the
substrate heated to between 600 and 800°C. The final
£ilm thicknesses were between 0.1 and 1 micron.

20 The films were patterned by a standard bi-levei
photolithography process using ion beam milling. a
photoresist etch mask of a spiral COii with 1.5 mm wide
lines and 100 pm gaps was used to define the spiral coil
pattern on the HTS films. The bi-level photolith -

25 process utilized began with coating the HTS films with
KTI 496 K molecular weight standard polymethyl
methacrylate, PMMA, at 9% solids. The ﬁhickness was
approximately 1.2 microns. The PMMA was cured at 170%:
for 30 min. The PMMA was then coated with Shipley

30 1400-17 positive photoresist to a thickness of
0.5 micron. The resist was cured in eir at 90°C for

25 min. The'1400-17 was exposed to UV light in the
range of 100 mJ per square centimeter. The 1400-17 was
immereed'in-alz:l combination of Shipley MF312 developer

!5 to deionized water for 60 sec. The photoresist was



foi st ure WOHASEA®E t o conventional devices without the 30 ReSASAY0A427

fl uoropol ymer. There is no degradation in el ectrical performance when
t he anor phous fl uoropol yner S enplg*p Teflon[err] AF is
a commercial product of E 1. du Pont de Nenours and Conpany,

W m ngton, ‘Del aware conpri sing - WD 95/ 34096
PCT/ US95/ 06427exposed to a low power oxygen plasma zpd descumedq,oTR@er of

4, 5- d} }‘I uor o- ﬁml&qbl:ﬁtitdipéﬂ w?mtmwr)ela:&e 14oo|-dr70xelses=anﬂad beezAF 1600 and
tetrafl uoroet ene ades, a i,] a err an
2400. Both ar '&?/‘é??avfﬁ% ‘g‘pc’s%‘\ﬁﬁﬁe S\WE‘S ?ﬁgt ﬂ?g BFved in
certain 5 puithLﬂﬂlaupexi&qﬂanaﬂcentdmembe pnoﬂhetBﬁﬁ-ﬁSOhnghrqnge.
unlforn1th|n f t n

Lechn ques S ForbfreABSsEd W0 udd Uil cpd’ us 28y, P R8Ke, i\&rl%o'ﬂﬁé. ssol ved
(6% by weight) in F'Ile@rmmrqxposed TS/ £ida was ekgbednbyogsgon ien

EXAMPLE 1 beam milﬂ&é I uctl i de't it eE%h' Qﬁheﬁhkﬁﬁeﬂﬁsiﬁa@ﬁécat ed in
t he foll ow ng manne The filns Teflon[ err] AF were

patt er ned u3|n§ ratest%ﬁﬁkﬂ??[ﬁﬁ@ﬂﬂqq:ﬁE&P&pRFctﬁPoEE§§ BRFPgRERCti ve

lon 15 Etchiegehdd By cohtiiiniimigetinel iohC beamsinilaingspdotess witldefl ne
the patter

wth coat B, %Qe%t%tlhé’%[se”ﬁ%' Qy% TH8ePL8CE85 nm/man it 1 |1 2ed began

Conducting metal bonds of gold were photolithograph-
ically defined utilizing exactly the proéess described
above and were deposited on the HTS film using DC or RF
sputtering. The substrates with the defined metal bumps
15 were annealed at 510°C for 1 hour to ensure low metal to
HTS contact resistance.
Five Au wirebond leads were attached to the metal
contacts on the HTS films. The device was then cooled
to liquid nitrogen temperatures and DC, RF, or a
20 combination of electricél power with 15A peak current
was transmitted through the spiral inductor. Failure
rates of coils tested at this point to 15A power due to
arcing was close to 100%. A 1.7 pm Teflon®AF film was
spin coated on the samples at 3000 rpm for 30'sec. The
25 Teflon®AF coated wafer and spiral structure was then
post baked to drive off its solvent at 250°C for 30 min.
. The failure rate of coils tested with this coating was
0% at 1SA power. _ '
EXAMPLE 4
30 Epitéxial'high temperature superconducting thin
 films of YBasCui07 were deposited on two single crystal
lanthanum aiumihate substrates. The depoéitions were
done_using off axis magnetron sputtering with the
substrate heated to between 600 and 800°C. The final
35 f£ilm thicknesses were between 0.1 and 1 micron.



film (Tiddaphevs’ ] AF) on the surface of the substrate.
Teflon[err] AF utilized was a 1:1 solution of 6% F11- 0201- 095?%36 wth

FC-75 solvent. A 1.7 [errlmTeflon[err] AF fil mwas spin coated on the
sanples at 3000 rpmfor 30 sec. The 24 Teflon[err] AF was post baked to
drive off its solvent at 250[err]C for 30 mn. The post baked fil m of

Tef I onferr] AF RS e fitmgnwsée%sgtag?edleyvQoyﬁnw&%ﬁm' for 2 mn.

in 25 a MCS LF-5_pl asna S%sten1 asme system was - a conventi onal

13.56 Mz baPP@F%tiEHBBrPB YaPrQSEWp’é%\H'g ion heak WAIdRG+ Fressure. The
Teflon[err] AEh%&rEBQBtCéﬁcEdmask oiVléhs bl Qb LK GRtlY I0.GS infnd Wllde

phot or esi st a_thi S ron e resist s .cur in air
Bt g0l err] C fapessgnds0R im sang vanuded (R detine. Fhe BiHaL foth | he
range of SLOOpaﬁtpsn eguthe HTSt Eilme:r . Tﬂ'éldail-érm)ren] phutolith imersed in a

- 21 combinat, QLS ERLEY AT Ed &ﬁe‘vﬂxgpﬁs%:%‘&méq% WLVGE Wy Tor 60

sec. The Tef err] ate by an
oxygen RI.E. *Wé ROE K3901§9§%éﬁ1Mﬁé@@tc%#ﬂnﬁﬂtinnﬂlxmBﬁhleFt paral | el

e Yoty nen, « W apli e eidoens T S5/ 08T
react or W |

mode) . Sanpl 8BPFEFLMALE ¥d %%rf #%SP@P was W‘icﬁ"t S7%C otal gas

fl ow ratk of £bb SOcminsubs'heaPmm wasttaﬂe:ercdaﬁem afit¥[shipley and pressure

of |20 Tor 1 115817508 RTRET pRLESSUL £oA%, KPR CAINIG o I oughout, the

etching cycl € by Vvar I'Ng Sp zed tomatic throttle:
val ve. This Bt §htnﬁ|gr90nd| Thenresist p\@m G@dedmiram:blotampﬂﬁ?cetfdr profile

Wi th extremeb¥ min, fThe- 1400-17 was exposed to UV light in the : (
‘range of 100 mJ per square centimeter.' The 1400-17 was
15 immersed in a 2:1 combination of Shipley MF312 developer
to deionized water for 60 sec. ,The_photoresist was
~exposed to a low power oxygen plasma_and descuned. The
PMMA in open areas where the'1400-17'resist had been’
removed was exposed using a collimated deep uv source _
20 with 10 J per square centimeter in the 220-260 nm range.
The exposed PMMA was developed using toluene for
4 minutes. _
' The now exposed HTS film was etched by argon ion
beam milling. 1In order to etch the channels in the
.25 substrate, the now exposed areas of the substrate were
etched by continuing the ion beam milling process with
the substrate etched at the rate of 10 nm/min.
Conducting metal bonds of gold were photolithograph—
ically defined utilizing exactly the process.described
:0 above and were deposited on the HTS film using DC or RF
~ sputtering. The substrates with the defined metal bumps
were annealed at 510°C for 1 hour to ensure low metal to
HTS contact ‘resistance. .
Five Au wirebond leads were attached to the metal
contacts on the HTS films. The device was then cooled

L9
[&;]



shooth si JEN8F34996 The Teflon[err] AF films etched at a rate POEUSI5{06427

[err]mMmn. The top resist masking the Teflon[err]AF film was renoved
with acetone. - A structure int Tefl on[err] AF was fabricated
in the followi ng manner. The filnms of Teflon[err] AF were patterned 15
usi ng a-standard photolithographic process using . Reactive lon Etching

(RIE). A phot orai biqukd tniragemaFemperagyzgst 80dePCneRFhcopattern on the
TefloE[err]AF f??ﬁﬁind&%bn oquﬂéaﬁi?éfﬁtth%QdthﬁaISf%@Qaﬁo?ﬁtfﬁhéhfh -
anor phous fluoropol ynrer fil.m (Teflon[err on the surface_of the
substrat e. ThéWQ§ﬁ?¥#h§§&H9ﬂglﬁﬂﬂq t%&ésHi%?E %BHHFFSﬁ'ofA -7 18,

F11- 0201- 1600 virétudn®PaH Shlwewds shih Tcdatied ronl afheosiampllestat fil mwas
spi n coat edcon ) I 000 r f ® : ol f [err] AF
was post ba%e.d. %6(}?%“ “‘g‘?’-f aglq gsec. -p‘tg}o \%reerﬁ;‘?é‘t A?S) gﬁ:ﬁdcbtgg;%%g% n. The
post baked fil nspirabstrmgtiung orerjeAthens possnbekpdstd doive| ofif pther

pl asma for ' | - ma system The plasnma system

was a conventi osﬁ% ‘mltg' 5&6@ ' dﬁéfﬁl %g!tolciz'ﬁg‘r run qt&)ﬁgg&/ ower and ‘450
nmTorr pressure. The FERe%3FMN it shracture 1ppt H2QnfQ¥F ey 1400- 17
positive photor&isegt 2 Gnith 3kadddd e redilction BECERE. makiRumebRér Was
cured in air 90[ err The osed to W

at G.fQr 25 mn. 400-.17 was e
ot in 10 *\earnying GAoehid ihy oo THBRT AR, o PP PERG,SE AUTHITY
was i mrersed i nim oilingriHatanich cheSHieflop®uEs removed geducegetheo |
dei oni zed wat er ,§§g. T flpon[err]AF 35 was then etched down to .
the substrate b%/&génr gc%/g n rﬁ E@:Eﬂtyo.m 96/ 34096
" PCT/ US95/ 06427 - EXaMPLE 2

Epitaxial high témperature_shperconducting thin

15 films of YBayCu307 were deposited on two single crystal
lanthanum aluminate substrates. The depositions were
done using off axis magnetron sputtering with the
substrate heated to between 600 and 800°C. The final
film thicknesses were between 0.1 and 1 micron.

20 The films were placed as endwalls of a sapphire .
loaded dielectric cavity'as depicted in Figure 2a. When
the films were run at high power, the unloaded quality
factor (Qo) was relatively flat as a function of’ _
circulating power at 50 K temperature until it reached

25 about 104 W. At about 3 x 10% W, the Qo was degraded by
a factor of 2. See data points A in Figuré 3. A1.7 um
Teflon®AF film was spin coated on the samples at
3000 rpm for 30 sec. The Teflon®AF coated wafer and
spiral structure were then poét baked to drive off the

30 solvent at 250°C for 30 min. The exact same cavity and
films with the added Teflon®AF layer as depicted in
Figure 2c were able to handle 3 x 104W with no

- degradation of Qg as shown by data points C in Figure 3.



syst em was a conventional 13.56 VHz, par plate
reactorwgﬁsﬂg he bottom el ect ro%léb?#—as@%d

Sanpl es were etcm%mnm‘m"mm"m]" bi as of 400 volts, a total gas f1 ow

rate of 15 sccm = 5*substrat® tsenperaturg of 30C, and pressure of 20 niorr.

'. The chamber pressure was kept constant t hr oughout the etching cycle by

varylngthe ng spe - automatic throttle valve. This"

et chi ng condi r%h % a‘é‘?“&lﬁ (}gd an anisotropic etch profile with extrenely
10 snoot h si dewal | sk. THe prgdens dfor NEdducingepekseraedaamarphous of 1
[err]m mn. ﬁ%é&%%aéfﬁmkmachheoiﬁﬂeak/g&é%t&é m - was removed

W th acetone. Epi t axi al

hi gh tenperatq}fr-é’%‘tﬂﬁts@@n&@@t S%§PEhPR:15 fil ms of YBa[err] OCU[ errJderr]

wer e deposited on two sapglﬁ,ﬁﬁﬂﬁja continluaﬂhhaﬂbﬂ‘pﬁbum nat e substrates.
The depositiagns were % usi ggg% S, magnetron sputtering with the

substrate he P Y IeEe °§n %’f i nal - filmthicknesses:
were between 0.1 and 1 b) crexpodidthg the sﬁlriat:el mE uheeamarphousd by a

standard bi - Iy D h e mlling: A
phot or esi st e{ﬂ%rﬂg%y@n@ a%lé'plhrg ggl %x%@ﬁ ﬁfg -nm Oéf-'o g‘??]l nes and 100
[ err] m gaps agthegdemsit o define the spiral coil pattern on the HTS

films. Tog bi-level PhGiol idybriadlidl ene uhhhsasﬂg gat&@tsue}qa%éng the

HTS films with 496 K nol ecular WEIg st an po ynet
net hacryl at e ofkhe a&PWé’GI ff&s“’m?ﬁéy’t“ﬁf"c himswikla a pl °"e$iﬂ%§é"natel y 1.2

m crons. The lRAWdkwas cured at 170C - for 30 min. The PWA was then
gogten L ShuRlEY 0 RO R  BeViR' SohiprhebBafe’ ockisss of €
: photoresist layer by means of imagewise exposure to
15 actinic radiation; . C
e) developing the" imaged photoresist 1ayer to
create a patterned photoresist layer over the amorphous
fluoropolymer f£ilm; o ) _
_ f) etching the amorphous'fluoropolymer £ilm
20 through the patterned photoresist layer by reactive ion
etching or ion beam etching; and
g) optionally, stripping the photoresist by
organic solvents or by oxygen plasma etching.-
2. An improved microwave dielectric resonator
25 comprising . |
a) a dielectric element positioned between
two discrete high temperature'superconducting thin
films, each said film deposited'on a support, and -
| b) an outer enclosure having means for
30 holding the resonator components and means for magnetic
dipole coupling, wherein the improvement comprises a
layer of an amorphous fluoropolymer positioned between
the dielectric element and each high temperature
' superconducting £ilm.



25 mn. sed to Ilght in the r DTLS9F06643D M)
per square centl rrete mﬂmgﬁ@' ﬂﬂﬂU‘ﬂ - imersed in a 2:1 conbination
of Shipley M312 dev nlzeg7mater for 60 sec. The

phot or esi st mas _ WO 95/34096

PCT/ US95/ 06427 23 exposed to a | ow
pover oxygen plasma &hd mmvedrmdiofremwndemﬂmﬂ«mm t he

1400- 17 resist had been g4) g%\éqq.a\g@shgwggeaey§ggge@ tRetéomi£d deep UV

source with 10 J _per guare gn |rret$ t he 220-260 nmrange. 5 The
exposed PMVA Wi H&Jc1BYEF GOMRGiBIPgcADIER grexﬁpe]rature The now
exposed HTS fi |lsupsaToniduietdnly tAdgofilmp beammilling. In order to

etch the channels in the Igaty e 4 he
substrate re - - etchebcf ?t t)i%t%is ﬁ'& %Eétggﬁl §§‘g§$ ‘g‘?‘?ﬁs%&% fess with
10 the substr soadwctiod aetaﬂecoatecnfpe'a formeéd on’ the Gidauctandy net al
bonds of gold were photoldyt hegr aRfast one bgﬂ:e}éngafhféﬂe#iié ziéﬁzexact Iy

t he process descri bed - . abogve and were”deposited m usi ng
DC or RF Sdd daves. cvﬁgigabsbﬁahéshmmpeww.mm uakdRgs 15

were anneal ed &iiml@nher neaviag 6xbeuédtenen5¢mﬁé@?aw,t athdrein theHTS
cont act re attached to the

net al refé 3 ?vEWePﬁecﬁ$§rFFFﬁBEh$%é§€gﬂg6%$%H§3 %ooled ~ to
quuid ni t r ogerf lnerppodymessasnd Ofel&Etrbe bapér. conbi nation of electrical
P " Lo bea W Wneenos 5 PeBBIRIE bE M bkatatle
due to superconducting films comprising depositing thereon a

layer of an amorphous fluoropolymer.

15 5. The process of Claim 1 wherein the amorphous
fluoropolymer is a copolymer of 4, S-difluofo—z 2~
bis(trifluoromethyl) 1,3-dioxole and tetrafluoro-
ethylene. ' :

6. The_process of Claim 1 wherein the substrate
20 or_supercondncting film is selected from the'group_
consisting of YbACuO (123), Tl1BaCaCuO (2212), T1lBaCaCuO
(2223), T1PbSrCaCuO (1212), TIPbSrCaCuO (1223) or
B;SrCaCuO (2223) .
7. The process of Claim 1 wherein the substrate
25 1is on a support selected from the group consisting of
lanthanum'alumiﬁate,'yttrium stabilized zuconia,
. sapphire, quartz, magnesiﬁ@ oxide and strontium
titanate. : . _
8. The resonator of Claim 2 wherein the amorphous
30 fluoropolymer is a copolymer of 4, 5-difluoro-2,2-
bis(trifluoromethyl)-l 3~dioxole and tetrafluoro-
ethylene. :
9. The resonator of Claim 2 wherein the substrate
- or superconducting film is selected from the group
35 consisting of YbACuO (123), Tl1BaCaCuO (2212), TlBaCaCuO
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arcing ﬁ g9 O 1OOJ~—ZTI-7_T€FTTh1TefIon[err]AF f|| aSPi N
coated on the sarrpIH ”ﬂﬂm r 30 sec.] coat ed
waf er and spiral st L”mH post|| DARREHEST HASEERN If its

ure’ MRARARER oj | s

solvent at 250[err]C for 30 #ins =» 'Thzsfai ltested with
this coating was 0% at 15A power. . EpltaX|aI high

tenperature s - f|| ﬁgﬁfﬂoe ] ers. Qerr] wer.e
deposi ted on %EQE?? i££§§C%8+& (121?eﬁn¢$%un1a unlnéesﬁéubglrates The
deposi tions mBiérCaCuOd&a 3king of f axi's magnetron sputtering with the

substrate heat ed tQObEtWﬁﬁnr@QQnQEGrBQQ[éiéi&:zTuﬁeEéiK”tﬁ§5sﬁppdgt

t hi cknesses were between 0.1 and 1 mc 5/ 34096 :
PCT/ US95/ 0642%8 selected from the group consisting;gf lanthanum Tne il ns

were pattesnedibgminatépngetditm- éﬁd@ilized zummla t hagpidlBe , PeR@eEE, USi NG
lon beammllin otorg t et spiral coil wth 1.5 mm

of a
w de ||n8§88ﬁaiﬁﬂo°f8$?]i? ro@& Q?qﬁﬁﬂ ne the spiral coil = 5
‘pattern on the HTS1fli.| n¥he Fesobatbevef phmimlztﬁhereinptmsess utilized

o Sncar s oty L6 TR cermaplSie 0 0 I oL
was appr§%Fﬁ£FéFymét2r§¢%r%Ré funthe DMIRRELS iOg &) cantFpd{ err] C 10
for 30 mro EhecRItPruRsestaplioRing an tdlsdimicefield in said
material for tuning the device by altering the _
dielectric constant of said material which causes the
‘resonant frequency to change. | ' 3 ‘
12. The device of Claim 3 wherein the amorphous '
15 fluoropolymer is a copolymer of 4, 5-difluoro-2 2~
'bis(trifluoromethyl)-l,3-dioxole and tetrafluoro-
ethylene. ' : : o
13. The device of Claim 3 wherein the substrate or
superconducting film is selected from the group
20 consisting of YbACuO (123), TiBaCaCuO (2212); TlBaCaCuO
(2223), T1PbSrCaCuO (1212), T1PbSrCaCuO (1223) or
BisrCaCuO (2223). :
14. The device of Claim 3 wherein the substrate is
~on a support selected from the group'consisting of
25 lanthanum aluminate, yttrium stabilized zuconia,
sapphire, quartz, magnesium oxide and strontium
titanate.
15. The method of Claim 4 wherein_the amorphous
fluoropolymer'is a copolymer of 4,5~difluoro-2,2-
30 bis(trifluoromethYl)—l,3-dioxole and tetrafluoro-
ethylene. | '
| 16. The method of Claim 4 wherein the substrate or
superconducting film is selected from the group
consisting of YbACUO (123), TlBaCaCuO (2212), T1BaCaCuO
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"1400- 17 PEEININY p st to a thickness of 0.5 nit&ngitISOeML 1 esi st
was cured in air at Wf!ﬁﬂb u'" m)"m 25 min. The 1400-17 was exposed to
W light in the per ogquare centinmeter. The 1400-17
was 15 inmmersed in a 2:1 coﬁ%lnatlon of Shipl ey MF312 devel oper to

dei oni zed wate es sed to a low .
power oxygen p%'a%}%g’ééfé:&}\’é@. Qlﬁhg ’ bﬂ%?‘po re%f's.\/\here t he
1400- 17 resi stBigxCdtmn (2223)r.enoved was exposed using a collimted deep W
source 20 with 10 J per square centineter in the 220-260 nm range.

The exposed PMVA was devel oped using tol uene for 4 m nut es.

The now exposed HTS filmwas etched by argon ion beammlling. In
order to etch the channels in the 25 substrate, the now exposed areas of
the substrate were etched by continuing the ion beam i I'ling process
wth the substrate etched at the rate of 10 nm min. Conducti ng
metal bonds of gold were photolithograph- ically defined utilizing
exactly the process described 30 above and were deposited on the HTS film
using DC or RF sputtering. The substrates with the defined netal
bunps were anneal ed.at 510C for 1 hour to ensure |low netal to HTS
contact resistance. Five Au w rebond | eads were attached to the
nmetal 35 contacts on the HIS filns. The device was then cool ed WO

95/ 34096 . PCT/ US95/ 06427 '

25 to liquid nitrogen tenperatures and DC, RF, or a



- conbi natwoi95/3409¢| ectri cal power with 15A peak current Pc&ﬂg!’s{%zr?sm tted
through the spiral inductor. A 1.7 [err]m Teflon[err] AF filmwas spin
coated on the sanples at 5 3000 rpmfor 30 sec. The Teflon[err] AF coated
*waf er and spiral structure were tﬂ;s post baked to drive off the
solvent at 250[err]C for 30 mn. | mersion of this structure in
boiling H20 for about 2 m-n. caused no reduction of the nmaxi num power
10 carrying capability. Imrersion of this sane structure - in boiling
Herr]Owith the Teflon[err] AF renoved reduced the ‘power carrying
ability. Epi taxi al high tenperature superconducting thin 15
filnme of YBa[err]Cu[err](Jerr] were deposited on two single crystal

| ant hanum al um nat e substrates. The depositions were done using off
axi s magnetron sputtering with the substrate heated to between 600 and

800[err] C. Thejfinal fli ljm|thigknesses wer e he 1l ngcron.
i ade( as‘géndv\ﬁj | s of ,l!,‘.‘f’llllll d

)
w Flcgure 2a. \Whe mr_@ run at

factor (ci_ jflat as a
eaghed 25
Bh a

hi gh power, th
function of
about 10[err]v
factor of 2. ‘ in Figure 3.
Teflon[err] AF RS S fectbon the sanpl nn1ﬁbr 30
sec. The Teflo X Maf er and sp e then
post baked to drlve off the 30 solvent at 250[err]C for 30 mn. The exact

same cavity and ns th the added Tefl on[er Ag‘ | a géas depi ct ed
in Fi gure 2c E;JLG£b|1WDo handle 3 x 104Wwi t (3 YF gradati on of
Q0 as shown by data points Cin Figure 3.
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26 What is clained is: " 1. A process for producing
patterned anorphous . fluoropolyrmer filnms which conprises the steps
of : conprises the steps of: 5 g forn1ng a conti nuous anor phous
fluoropolyner filmon a substrate,; 2/ exposi ng the surface
of the anorphous fluoropolyner filmto an oxygen pl asma to pronote
adhesi on; 10 C) overcoating the adhesion pronoted surface
of the annrphous'fluoropolyner filmw th a photoresi st | ayer;
d) creating a latent inage pattern in the phot oresi st |ayer by nmeans
of inmagewi se exposure to 15 actinic radiation;
devel opi ng the i naged photoresist |ayer to- Create a patt%Bped
phot oresi st | ayer over the anorphous fl uoropol yner fi
f) etching the anorphous 80Q«Qropol ymeB0f i I m 20 tgg dugh Xhe patterned
phot oresi st | ayer by reacti | chi ng;" and
g) optionally, strippingt ! ' vents or by
oxygen pl asma et chi ng. An i ved mi ve TOctric
resonator 25 conpri sing 45
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a) a di el S¥O95/34086 enent positioned between two di scr et BRCHP§3%/06427

t enper at ure superconducting thin films, each said filmdeposited on a
support, and b) an outer enclosure havi ng neans for 30
holdlng the resonator conponents and neans for magnetic di pol e
coupling, wherein the inprovenent conpri3A§ a | ayer of an anor phous
fl uoropol ynmer positioned between the dielectric elenent and each high
t enperature superconducting film WO 95/ 34096 -

PCT/ US95/ 06427 _ 27 3. An inproved radi of requency
devi ce conpri sing a) a substrate having deposited therean a
signal layer conprising a high tenperature super conducting thin film
5 b) at |east one contact point conprising a -conduct i ng
metal contact pad forned on the film and c) at |east one
patterned dielectric |ayer, said | ayer coating t he hi gh tenperature
super conducti ng filmand | eaving exposed the contact pad, -wherein the
10 inprovenent conprises the use of an anorphous fl uor opol yner as a
dielectric |ayer. 4. A nmethod for ‘passivation of high
tenperature superconducting fil ns conpr|5|ng depositing thereon a

| ayer of an anorphous fluoropol yner. 15 5. The process of Caiml
wher ei n t he anor phous fl uoropol yner is opolyner of

4,5-di fl uoro-2, 2- - bis(trifluoronethyl)-1,3-dioxole and tetrafluoro-
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ét hyl ene. WO 95/34096 6. The pr ocess of Claim 1 wherein thePEUBISONGE4RT 20 or

superconducting filmis selected fromthe group consi sting of YbACUO
(123), TIBaCaCuO (2212), TIBaCaCuO (2223), Tl PbSr CaCuO (1212),
Tl PbSr CaCuO (1223) or Bi Sr CaCuO (22 : 7. The process of
Claim1 wherein the substrate 25 is o support selected fromthe group
consi sting of | ant hanum al um nate, yttrium stabilized zuconia, -
sapphire, quartz, nagne3|un1OX|de and strontium titanate.
8. The resonator of Claim2 wherein the anorphous 30 fluoropolyner is a
copol yner of- 4, 5-difl uoro-2, 2- bis(trifluoromethyl)-1, 3-di oxol e and
tetrafluoro- - et hyl ene. 9. The resonator of Claim?2 wherein
t he substrate or superconducting filmis selected fromt he group 35
consi sting of YbACUO (123), Tl BaCaCuO (2212), Tl BaCaCuO
28 (2223), TIPbSrCaCuO (1212), TI PbSrCaCuO (1223) or Bi Sr CaCuO
(2223).
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10. The M@B534086 of Cl aim 2 wherein the subport i s sAEHVEI0423m t he
group consisting of lanthanum5 alumnate, yttriumstabilized zucani a,

sapphire, quartz, magnesi um oxi de and strontiumtitanate. - 11.
The resonator of Claim 2 wherein the dielectric element is a :
ferroelectric or antiferro- electr§y/Buterial and further conprising a
control 10 circuit for establishing an electric field in said nmat eri al
for tuning the device by altering the di el ectric constant of sald

mat eri al which causes the - resonant frequency to change. 12.

- The device of Caim3 wherein the apn 15
copol yner of 4,5-difluoro-2, 2.
tetrafl uoro- et hyl ene. _~

substrate or supercg
consi sting of YbACUO

Tl PbSr CaCuO (1212),

fluoropolynmer is a
20 3-di oxol e and

titanate.
f I uor opol yner

35
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WD 95/ 34096 PCT/ US95/ 06427
(2223), Tl PbSrCa —TT'PbSr CaCuO (1223) CaCuO (2223).

A s

Dat§:..

.........

28

(2223), TleSrCaCuO (1212), T1PbSrCaCuO (1223) or
BiSrCaCuO (2223) .

10. The resonator of Claim 2 whereln the support

is selected from the group consisting of lanthanum
5 aluminate, yttrium stabilized zuconia, sapphire, quartz,
magnesium oxide and strontium titanate.

11. The resonator of Claim 2 wherein the
dielectric element is a ferroelectric or antiferro-
electric material and further comprising a control

10 circuit for establishing an electric field in said
material for tuning the device by altering the
dielectric constant of said material which causes the
resonant frequency to change.

12. The device of Claim 3 wherein the amorphous

15 fluoropolymer is a copolymer of 4,5-difluoro-2,2-
bis(trifluoromethyl)-1,3-dioxole and tetrafluoro-
ethylene.

13. The device of Claim 3 wherein the substrate or
superconducting film is selected from the group

20 consisting of YbACuO (123), TlBaCaCuO (2212), TlBaCaCuO
(2223), T1PbSrCaCuO (1212), T1PbSrCaCuO (1223) or
BiSxCaCuO (2223).

14. The device of Claim 3 wherein the substrate is
on a support selected from the group consisting of

25 lanthanum aluminate, yttrium stabilized zuconia,
sapphire, quartz, magnesium oxide and strontium
titanate.

15. The method of Claim 4 wherein the amorphous
fluoropolymer is a copolymer of 4, 5-difluoro—2 2-

30 bis(trifluoromethyl)-1,3-dioxole and tetrafluoro-

ethylene. , . _
16. The method of Claim 4 wherein the substrate or

._superconducting film is selected from the group

-{_'_consisting of YBaOuo 123, T1BacaCu0 (2212), TlBaCaCuO
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