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FORMATI ON OF SUPERCONDUCTI NG DEVICES USI NG A
SELECTI VE ETCH NG TECHNI QUE

TECHNI CAL FI ELD Thi s application relates to a nethod
for selectively etching portions of 5 superconducting materials to produce
a superconducting device with a desired configuration. The inventive
nmet hod uses ion inplantation in conjunction with chem cal etching to
produce m croscopic ' '

e, i Croscop! | Or SOMSCONDUCTING DEVICES USING. o

t enperature superconducti ngs SEIRCIVERPCHING SECENIGUENSt rated that HTS
materials can provide faster, quieter and nore preci se el ectronics for
the 21st century. A HIS device could switch nuch faster and require
much | ess power than a silicon transistor, have several orders of nagnitude
| ower mcrowave |oss than that of a metal at satellite operating

frequenci es (10-60 GHz) and e%@m brain signals with the
hi ghest sensitivity. The HTS 15 d under devel opnent

i ncl ude Josephson junctions, superconducting quantuminterference

devices (SQUIDs), radio frequency (RF) coils, boloneters, and
m crowave conponents. THeis 3peligstion relpten ta 2 orethad for selectivaly gtchingpestivas of

d d f I f
syotens, S sofercordsofing sl G rdfute s SRRl PR et S8 R gnet  c.
non-invasive c@lhﬁ%ﬁk‘iﬁbﬁ e {r%nﬁ\r@meﬂﬁaras&eﬁhtm@wﬁtmﬁ i conpfticliBa twittet | ve

eval uation for ny structural materi al s, d geophysi cal exploration.

The RF coi | s chemlicabétchifig th araiush ovicroacopic supycﬂmiucmg deroesat i n

signal -to-noise ratio or image resolution in MR (nmagnetic resonance

i magi ng) systenms. A HTS boloneter built on silicon nenbrane is very
BACKG OF THE ENTION

Recent progress in high temperature superconducting (HTS)

10 electronics has demonstrated that HTS materials can provide faster, quieter and more
precise electronics for the 21st century. A HTS device could switch much faster and
require much less power than a silicon transistor, have several orders of magnitude
lower microwave loss than that of a metal at satellite operating frequencies (10-60
GHz) and even detect human brain signals with the highest sensitivity. The HTS

15 devices currently under development include Josephson junctions, superconducting
quantum interference devices (SQUIDs), radio f;equency (RF) coils, bolometers, and
microwave components. The Josephson junctions are the building blocks of
superconducting digital circuits for ultra-fast computers and communication systems.
The SQUID has a variety of applications, including magnetic, non-invasive diagnosis

20 for the human heart and brain, non-destructive evaluation for many structural
materials, and geophysical exploration. The RF coils made of HTS have shown a
great improvement in signal-to-noise ratio or image resolution in MRI (magnetic
resonance imaging) systems. A HTS bolometer built on silicon membrane is very

sensitive in order to detect radiation and small changes in temperature. Prototypes of



|
sensitive i o0 detect radiation and small changes in tenperature.
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HTS m crowave devi ces have a superior perfornmance in both space and

cel Lul ar comruni cati ons. ' The full realization of

t hese HTS devi ces depends on the devel opnedt of reliabl e processing
technol ogy. Due to the fact that HTS materials are oxides (e.g., 5 YBaCUO
and Tl BaCaCuO), they are very sensitive to the environnent such as .
' moi sture, chelts alisrowand derices havEhesupariboparforamate trbatk spddeyand eeliwiposes t he
“surface | ayer of the materials and degrades the performance of the
“devices. As csonuByMealonfe yield of the HTS devi ces by conventi onal

i etching nmethods is verypo Q.. O . 20

| Cheni cal etching is one %@ rﬁ?‘éﬂ‘&}é’i} 0[‘}(9)( e@é%?%ﬂ?velc%s %@83‘%@5&? t&gsﬁe‘étﬁlo?!rrlle%t

: super conduct i gigefidbl t_fobés’ﬁné'i@&ﬂitﬁédgy. thee fd the Takt (e TIPS #addriags £ ioxides (é.g.r, ce
‘necessary in the etching process due to the formation of hydroxides an

car bonat es5 YBa@U@radc<TiBa€a800),they areavesy sergitive todhe eyvirdpment sugh ast chi ng
met hods that had bee . deyel oped, have a typi cal ration of about, 3-16
Tnutes | i coRosERe chemiceh S84 Baforg The Sy ekl decssees BRREHEGS | m
This | ong etghy | | : i t he
films and | osdgpridBab I el el Fe3 s orane Wi FB b 2 A ARSI the  Ced
- chemi cal r eagfitldf ths HEBiddvies by benvendofsetiting hretiefds ieverg Paor,@ds.f enly dduce
‘the possibility of degradation of the superconductivity at the surface of
.the films. TH%. et chi ng process nust renove the unwanted portions of

ithe filmwyhile retaining,.the sel.ect ed k0 0.4 short .nerj of
tine, 18 "Enbaier AenRE T G or it wELls iy 8 huldeudheng
sem conduct OfgypercondlR¥ihg #sin fFRC FIdWover, tAB siroBg Sietmbd il ArinzOfoRRen
applied for inhibiting superconductivity in HTS filnms and for

pat t er ni ng HiSceasanyadn thieetching pf@ses (ke withe formation of Ayroxides antd chbonétes

Patterning HTS Fi| Mul t.i | ayers"” . Phys. Lett., Vol 2 5 p.
240, 16047 IpEre oS auEerials ARG PR S Re Fisthofthethed gk h
reactive dﬂév&%gé&‘]?&&"& @t{&ﬂ%ﬁgﬂoﬁ BEathAtt BL ¥Sintcdntadt Rith the etching

non- super conducti hg nater . uni nhibited portion remains

super condift i aggntaessirhmgde3000aA thack film. Thiy long dtedinpytithb eauses an indnedsed ed
region. Thus, the applicatiogns for this type of device is limted to a
f u|g| y | éyétpgqfeglgm% of &_e fdpps and loss of ¥tg superconducting propertlrgs due to the

increased chemical reaction. A rapid etching process is therefore required to reduce

the possibility of degradation of the superconductivity at the surface of the films. The
etching process must remove the unwanted portions of the film while retaining the
20 selected portions in a short period of time.

Ion implantation has been widely used for doping semiconductor
devices. Recently, ion implantation has also bee.n applied for inhibiting
superconductivity in HTS films and for pattcming HTS planar devices (See Ma et al,
"A Planar Method for Patterning HTS Films and Multilayers" Appl. Phys. Lett., Vol

25 65, p. 240, 1994]. In this process, a portion of a HTS film in inhibited with reactive
ion implantation and the portion converts into non-superconducting material. The
uninhibited portion remains superconducting as the device region, surrounded by the
inhibited region. Thus, the applications for this type of device is limited to a fully
layered structure.

30
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The |nvent|on provides a nethod for formng a designed thin fi

superconducti ng device using a selective etching technique. The technique
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all ows for the sel ective patterning o? superconducting thin filns

either as a single layer or as a 5 nulti-fayered device. The inventive

nmet hod fornms a superconducting | ayer on top of a substrate material. A
mask is then applied to cover selected portlons of the super conducti ng -
|l ayer and ions are inplanted i SWMMARY QFTHENNMENIIONeni cal et ching

techni que such as an acid bath is applled to renove the portions of the
super conducting | ayer which were not masked and ion inplanted. The

resulting 10 device cafpbgveRidd ﬁ‘é’i/?désfa(}n&ﬁo&@@rdfonﬁlr% a désigdélihin film

nanostructures such as carry confined devices, Josephson junctions,
SQUI Ds, RF cosupsrcohdictingidevice usingracsetective etchmmeelguquhasThmtbchmlque aHow$ lier
process enabl es nicroscopi ¢ superconducting, deyjces to pr oduced.

TEe Sﬁ| ect | Yethéﬁﬁlﬁ?té‘%ﬁ paiétpm% ﬁswseegéwrtsemlrb@%emqréaawge\v laé/r»r fgasia,
the chem ca x?ﬁxfty%\g gg&%@t g@ J%X x?é &%Hloﬁgfohhg a%?ig&{;&gd c?iﬂ Q%ﬁ& 89”

(both ion ener eve e 1on1np sup

thin filnms W4 bubiGate materifMAVREsidistheWappliiRdab bvéralklRtsd P ditons @mas at a
much hi gher rate than the non- i mpl ant ed regi ons. t hi cker

super conduct i supefdohduatingdaysn pad tmsdee implgntsdiintoths tayer. Next aichamécal btehingd

in place of the substr te if BRI EF
DESCRI PTI ON ¥ 6\baf\| cid bath 5 apphedgoremove the portions ghect s, feat ures

and advant agegy Qitcgﬁ%‘g"gl??\‘%’&on 1! Elle 1% G Red and iotd 1&&&1.“ Tﬁ@‘rés*aﬁing

foll owi ng detarle en I n conjunction

acconpanyig dhv&waagsbe&bnﬂgmgdtmhe psedt eJgt,@d HEF®naliovaatiuresf suchas icanregnt i on,
in which: 25 lis a flowchart of the steps for
forming a sup‘@ﬂé"é?ﬁ@lGEYlF?'PgJOSePhSO&éW‘E@nﬁs$QHIQSﬂ enls, Polamnetrysn FUSTOMANE que;

waveguides and filters. The process enables microscopic superconducting devices to
be produced.
The selective chemical etching processes can be modified by altering
15 the chemical etching solvent and by altering the type of ion implantation (both ion
type and energy level). The ion implanted superconducting thin films will be
removed during the chemical etching process at a much higher rate than the non-
implanted regions. A thicker superconducting film or a superconducting bulk wafer

can also be used in place of the substrate if required.

20 BRIEF DESCRIPTION OF 'i'H_E DRAWINGS

Further objects, features and advantages of the invention will become
apparent from the following detailed description taken in eonjunction with the
accompanying drawings showing the preferred embodiments of the invention,
in which:

25 Figure 1 is a flow chart of the steps for forming a superconducting

device using a selective etching technique;



4 Figure 2 shows a single |ayer superconducting
devi ce bei ngV098/33665onst ructed i n accordance with the inventi cPCT/US98/01093
Figure 3 shows a multi-layered superconducting devi ce being

constructed in accordance with the invention; 5 Fi gure 4A
shows a superconducti ng device constructed4i n accordance with the

I nvention with a protection |ayer; Fi gure 4B shows an
alternative superconducting device with a protection | ayer;

'Figure 4C shows a mul ti ﬁé*@&%ﬂo@gﬁ%fr&g@ﬁygé Grc@ﬁ&ﬁ&ﬁxg"&ewbe%eﬁ%pari g

‘protection |ayer; are shows table co

tetching rat escdnstme@dimmcmr@mdemmthemvmnpﬂxant ed HTS structures;

iFigure 6 shows a graph of the data fromFig Fi gure
7A shows a bol oneter madigin 3bews aamuib-layered ﬁmrqumngo#vw beimg or to

chem cal etchj 7B shows a bol oneter 'nade in
accordance w {:%%{rﬁctedrllr\l/g%ctordance w1thth$:%rﬁ}eﬂﬂérgm cal etching; and

Figure 7C shows a top ViFgmrekAtdhewaal @g@g&@ﬁﬁ&iﬂgﬁbﬁcaesﬁsrtﬁ@&qqn%é&dance
the invention. 20 SCRI PTI OF A PREFERRED EMBODI MENT
The present |wwtbrth¢mvenmxrmtb@nuro@gmbwmg devi ces usi ng a sel ective

et chi ng techni que. Supe ondggts'hln th| Lm; are fa rpe n.substrates and
can be patterned t&'@THESiEYS 1@‘6 Bt FHRTTCOoPAEC Vicg®IRB | d be an

1 C chip waf er ,QfecfBA%yep, from convent i onal oxide materials, such as

SrTiderr], LaAI qerr] ‘Al[err]derr], or MJO. The use - of an ion

| i npl ant ati on devi ce set Figure U€ s;hbwpanmdtldamted syperconducting devide withwi t h t he

use of a nask or nasks covering sel ected portions of the superconducting

Iayer al | ga/s protectipp JayeRe enpval of the ion inplanted portions of the

| ayer during the chemc t han

the regi on not inplant eg %gghé’\gggrt]%bé%?éngﬁfh% ?q%}\l}egwg?béuvggﬁﬁum an?h
implanted HTS structures;

Figure 6 shows a graph of the data from Fig. 5;
Figure 7A shows a bolometer made in accordance with the invention
15 prior to chemical etching;
Figure 7B shows a bolometer made in accordance with the invention
after chemical etching; and
Figure 7C shows a top view of the bolometer made in accordance with
the invention.

20
DESCRIPTION OF A.PREFERRED EMBODIMENT

The present invention forms superconducting devices using a selective
etching technique. Superconducting thin films are formed on substrates and can be
patterned to a desired configuration. The substrate could be an IC chip wafer or made

25 from conventional oxide materials, such as SrTiO;, LaAlQ,, Al,O,, or MgO. The use
of an ion implantation device set to the proper energy level in conjunction with the
use of a mask or masks covering selected portions of the superconducting layer allows
for the removal of the ion implanted portions of the layer during the chemical etching

process at a much higher rate than the region not implanted. If the concentration level



5 . of Wa@ggmgi cal etching agent (typicall y' an acid) is h,@y,‘ggg;gﬁggof

the un-inplante regions will not be dissolved at all. However,

the ion inplanted regions will be di ssol ved. Therefore, only the

sel ected regions of the superconducting thigh film covered by the masks
will remain. The etching process is greatly speeded up due to 5 the ion

I npl antation and this reduces any degradation in the remaining

super conducting portions. . . ..The preciseness and
mi croscopi ¢ spiteshemial pishingagant (typicallyean #id) is lowiengnghithe pernmplanted

allows for fine.pattern . f ed | .l

The i nventi vere[:gr‘ 5 %°ZR%§PS§§\Y§%3§§&E‘8§%H%§§ }l%g%gé(’a@?@g]}%n\%%m&%sh&éh%
nanonet er or dgfss@ived| TherefRRNBXBRRERE A refidls SPRRIUPBRBADIIHURY RS Whi ch
can be produced are a J’osephl ne junctron, boloneter, RF coil, and a

‘wavegui de. Theseered by theimgskd awill cerpainn dThet diching priagssisgreathespssdet umdamto
ultra-mniature chip,. sensor Qr el ect oni&qt.coqg%]ent desi gn. One

exanpl e of 2a thedongpplaptation and this refuges.any de 108 1 e IgmANNG, 5 scanni ng
tunnelling m | defects objects as small as atons. 15
0,7 SR oL o

Figure 1 shows e nmethod for form ng superconducting

devi ces using a sel ecti Vihegirédisengss finihmicostopiosiridthe ¢dn béden &opd thedbhon of
t hese steps W l| be shown in subsequent figures. The nmethod of Figure
1 all ows for irsplantation dgyige pllewpEardmedatiemsdo e predured de ther swpercopductor

I ncl udi ng nanq@-steucture to be created wi&h ut (%estroxi n r
di'storting thelByJ0F ENRTYe PRRSST: SR pdine syperchpduiiing deyicss Sver o e, o
Step 101 djgs pﬁmn&e&ﬁ&r&ﬁi%&'(gdxﬁ@eﬁﬁg}é bfmega?&céﬁm&ﬁhgfd%v&e@%ich can

which the structure is to be created. anpl es of high tenperature
super conduct i bgproducedarearfoa¢phimhjunttian bobemetss RE coil BGIG wavegBide, ThHese

films thickness will vary. b ) application. In this described

enbodi ment , t KBY dRYiE ther dssiens s BoBse ig ap ylgpymigjatuts chig, SeRSOEOF ¢ at e
mat eri al al so ' ' -Upo | )

The results of }étg{g{)rgg ﬁgﬁﬁgﬁéﬁltsﬁ%lgﬂ 'SQP%E"? ?l\ll/lgfei et cquggghp%gr]ﬁ?%géﬂg% %{‘ﬁeth?rrs
filmand tip fowvescanhing itinnelliigmitedscdpe wiiich detedts abjenrds speill chtemst | me

wi t hout danmagi ng t he . desired superconducting structure. .
Step 103 dliSigns a mask &hgwe lishewsdhestersintbe meghad for formingrsuperrondnctios

which are to penl i, eXaNRl % inPrelRtiul SERRBRL BF8R SpilBsdn SPHARS bY

nor mal
steps will be shown in subsequent figures. The method of Figure 1 allows for very

small superconducting micro-structures, even including nano-structures, to be created
without destroying or distorting the superconducting properties of the created
20  structure.

Step 101 disposes a superconducting thin film on a substrate upon
which the structure is to be created. Examples c.)f high temperature superconducting
materials which can be used in TBCCO or YBCO. The film's thickness will vary by
application. In this described embodiment, the thickness is between 300A to 1pm.

25 The substrate material also varies depending upon the intended use of the structure.
The results of this method is to selectively etch away portions of the HTS film and
leave only the intended structure in a short period of time without damaging the
desired superconducting structure.

Step 103 aligns a mask above the selected portions of the HTS films

30 which are to remain. An example of a mask is a photoresist mask formed by normal
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. bet ween 10 keV to 500 \Y the does 10 .of .1 x 10[err,
c10[err]/cnmerr]. The iﬁtepﬁ@g Pr%

- can be achi evsaskiy fisstiisnequnitergd beforg the HEES film.y

6 photolithology which will inhibit ions frominplanting in the

| under | yi ng WO98/3368%r conducting material during the fol | owi ngPCHAISIBOH8 on

st ep. Step 105 then inplants ions into the structure
with an ion inplanter device or other conventional nethod. An exanple
of an ion inplanter device which 5 can e used is an Eaton's 3206. The
lons are inplanted in the direction such that the mask is first

encountered before the HTS film Different e_hergi es of ion inplantation

can be used. pm?olitf_i’(ﬂé%%%i&ﬁnﬁﬁhﬁﬁtﬁléné‘ from indphitiagiipare wéehyag Si, A, B,
Ni , Fe, Ca, T, , My, Co, P and Sr or ion nolecules (SigJerr] and

Si 3F4) . For tsapencemductiag material durisg thetfolowmpgdimplantationestep.gy | evel shoul d be

' to 1.X
sheodmplantsjops intp eﬁfﬁ%%é@p&mqrhe
portions of the. ' W'ﬁ I G e whi
Step 107 then({éghcgm 8a}*'+)g/b etc ggﬁtrﬁ%tﬂ(ge)&rit'ﬁgégégpl S?{f SIP 2& iﬁ@%ﬁ%%\g% which
et chi ng i s5 priahdeaBédisRarER6E3206) FHydbs f¢ implaatediihnige digestionsuch tias the
phosphoric acid to the structure. The ap&fi cation of the etching, agent

TerantanergiesiofignAmpiantation

" sel I vel L yi i d he desired ' . h
convent i onal R8T G5 e B elrERu S S Pules s Ay BEERT ERY

whi ch have begnpp M%, TR, PGB Gbh Mdfchles ($1002 4nASiPRA)! IFR Shevatdialiave not

been I npl anted (described in nore detail below). Therefore, after a
speci fi ed anulestritel herein, the erergy lavehslenid bé betwetrel@ke's dd F00 K edgand thetdoes

por Ui on ol0 ¢ 17 1k FOGELF & UATREH: e oad REDAngE e, yamee the i o B,
This all ows f&hiéﬁ%ﬁﬁ%ﬁg‘soﬁﬁamgrgﬁ&'c?ﬁﬁrgh'Byttlt@mg@?' red pattern for a

sel ected applfication. sphoric acid can ve a concentration of

1.5X10[err] Mto only Step 167 ¢enahemidallyictghes tHeamtiteghuwnae. Aheehemival aci d
bat h, the etched superconducting device, rraﬁ/_ be annealed with a furnace
or a rapid t eiehieg ispiefseably perfornrmd byrapplying srvetchipg egent spch agpphespharie aeid

seconds to 3 I nyt e tQ.strenat.hen-rhe resul ti evj ce. .
Figure 2 s hO\%g rﬁé‘?#’é&?g%l ghSPpﬁh‘%hﬂ%P FI@’(? e&ﬁh"ﬁ ‘Jﬁfeh{llgaﬁfeitl’enégcﬁgeﬁr Sfi ibé’ g uP%uersmg
form a sejsctiRéstlichnday af Acid Yath, by 'sbiettivedy bsis1ying @lie dcid s antiesited fegiddOot
phases of manuf act ure. ... Structure 202 shows a
substrat e 20byanyrothdriconventiana methnd f Theradid viloemeave thepertiensefithe BT SAfilmm s k

205 is also aulrliligll;' ﬁgveot}/eeegx i(tng] 1emp anSteé rr]rilu%hftjés!tgr] thgn &g%%ﬁleox{s r\]:val:fich have not been
implanted (described in more detail below). Therefore, after a specified amount of
time in contact with the dissolving agent, the structure can be removed from the

20 etching agent leaving only that portion of the structure which was masked by the ion
implantation. This allows for the creation of HTS devices in the desired pattern for a
selected application. Phosphotic acid can have a- concentration of 1.5X103 M to only
etch out the implanted regions. After the acid bath, the etched superconducting device
may be annealed with a furnace or a rapid thermal annealer at 450C for a short period

25 of time (30 seconds to 30 minutes) to strengthen the resulting device.

Figure 2 shows an example of the method of Fig. 1 being applied to
form a selected HTS device. The structure (device) is shown in its four phases of
manufacture.

Structure 202 shows a substrate 201 upon which a HTS thin film 203

30 has been deposited. A mask 205 is also aligned over the HTS thin film to ensure that



7 t hgyPsldagy under the mask will not be ion inplanted M/ﬁé!ﬂ/o%

I npl ant ati on st age. The mask 205 in this exanple is an el ectron-beam

| it hographic nask with a width of 0.1 [err]m The mask coul d be
conf+gured in any manner and nultiple mas coul d be used on the sanme
HTS filmif needed. 5 Structure 212 shows the structure
during the ion inplantation step. The HTS film 213 is ion bonbarded
with ion beans 217. The nask 215 bl ocks the i on beamfromentering the-

HTS thin fil thepartien npdesdhemask wili et beienisphantet Juring the implagggtion stage.

substrate 211, dependi n the S film.s thickness but ha .
consequenti al h@ﬁ@ggbgﬁn ﬂﬂ%e)éetﬁé]’g?saﬂ?le‘itﬁo -ﬁeam ﬁﬁlograplfnc ma?%@ta(ﬁvédﬂifg
shows the sty r f j ' ' ' ; ' et ed.
The mask has ot ik dolf b EorTEDkE Tty MRaBRP LA irbltiple masks olTBE

HTS fi |l m 224 ysétbori therssm22ETS Abkx ibficedbd. HTS fil m 224 whi ch were not- cover ed

by the mask have been ion i nﬁl anted. The portiqQn 223 of the HIS film
224 whi ch was covetBtetusy 24 & shoms the;sirugtyre dypng ﬁﬁll%i@ﬁl.mm@nﬁm i on

223 will typigal .bel | t r i ng of
t he \iMon be)altlron et}tysr gg%?&?l{)%htq?é% rfaﬁi%gﬁh %ebépagr}stilloh?%ﬂ%r&%{%&gé%%&,
the tails of jghpednefbmSéaéng\heHTY fiif HihdiRetlRbeletv £ 0Théion beanyd ZI they a

0.1 [err] m nask. ~Structure 232 shows the structure ‘after
its has been ester tetsubstrate 211 deprndirigeen the RTS fidni's thickness buthaweanthas been

submtted to a chem cal . etchi olution 20 and the portions of the HTS
filmuwith ioﬁ°¥‘§?ﬂ?§ﬁ?§ﬁ%‘ﬁ%&ggs UA% enoved. I the structure is |eft

in the etghing sol utionedQbyg 258 hémE 118 idd Pnd1Aati P bskbtich

portions gfe removed, ﬁm nlgﬁ- ?on ‘?Wnpﬁ]aefls?ggﬁg%?ﬁ onslvm ‘*g‘f‘}gé%e%%}n to be
et ched ayeompleted. Theweaskhas aowfbeth eerndwdil lagving bnly tha sestaer22 ladridothe i S
hi gh enough. Thus t lon 223 wi |l be nodified to now

he . bell shaped re |
have a roughMTS film 3d# Bertions 8522 ofithe ﬁgrtsnﬁ’é“ 3P wilugh wene ot severediPrihtsi on

| ess than 10 Holne ni |0 di . i ni ng
portions of t?%égkgl? ‘r’%%%egl\rqlggé&g ﬁaﬁt?e' tlxr%% LY 8%% ?%fgftgg P %Snghg%g“%& {V%gad evi ce
233. The str gotdte@by tt Badk B0t 8 itfRshtéDr Thaporibd 228 valpypically B Dbell

conbined with other structures delpendi ng upon the design specifjcations.
8 15 shape due to transverse straggling of the ion beam with respect to the masked

portions. For this example, the tails of the bell shape will typically be about 100 A
wide for 2 0.1 pm mask.
Structure 232 shows the structure after its has been selectively
chemically etched. The structure has been submitted to a chemical etching solution
20 and the portions of the HTS film with ion implantation have been removed. If the
structure is left in the etching solution for a few more seconds after the ion implanted
portions are removed, the non-ion implanted porﬁons will also begin to be etched
away at a slower rate if the etching solution concentration is high enough. Thus the
bell sﬁaped region 223 will be modified to now have a roughly triangular shape 233
25  with a sharp tip having a dimension less than 100 A or a few atomic units in distance.
The only remaining portions of the structure will be the substrate 231 and the HTS
device 233. The structure 232 can now be used for individual applications or

combined with other structures depending upon the design specifications.



IFi gure 3 sh ampl e of the nethod of Figure 1 being used to
forma wlt%&?@?gg structure which allows for a.greater rangRCHUSS1p3s

whi ch can be used as a HTS devi ce. : Structure
301.includes a substrate 303 upon which a HTS thin film 305 5 has been
deposited. A mask 307 covers a portion of 8he HTS filmwhich is desired to
be retained in a simlar manner as shown in Fig. 2. lon beans 309 are
applied to the structure 301 to inplant the unprotected portions.
Structure 311 shows t heFigseBtshows ah Beamysla of thelméthed bORignfd 1 beitpsisedts
313 now supports HTS filmportion 318 which has not been ion inplanted and
HTS 10 fi | nfoseya myiilayersdsimeinrgs whichallews e grepter rapige of shapeywdiichnedn has

al so been . Structure 321 shows a new HTS
thin film 327b%%{e§g%§§ggssflf‘élae'upon the substrate 323 ‘and HTS | ayer

325. This step is perfogaetubd 30¥ intRdEdEs18Rtr8€130% fipon whicl?mﬁrsﬁﬂuiﬂﬁiﬂﬁ%gg- A
new mask 329 is applied to cover the portion of the second [ayer 15 7
:which is tH rhbastieandepasitedr dsmbski 307 abareisaeorfitreofthe HIES fiiralwidel isdesired aver

t he entjret %. t he E)lortion of the first HIS filmwhich is to remain
in the device %{S’t%g’ﬁ in3,gmilar manger as shown i Figp? o fandgags 309a5e appliedgithe

I npl ant the f} ' then applied to the
structure :321%&&;&“9(30i lt&ﬂnplwhpﬁm@%ﬁ&%&?%n%4l shows the results of the
second i on inpl ant at i onStraétaree3 Mshoas thekesitscst! theloninfdaritaticier The siydiratthe
first HTS thin filmlayer 345 is deposited on substrate 343 and the
second HTS t hi}3 B9W seppeyis HES film poroncidi8iwhicl hag nas bepn ian implanted and HLS m

| ayer. Pokgi o d Lrst. thin.filmlaver a ortiqn 349 in the
'second thlilél ﬁ"?gé?lloﬁ‘?ngrgyjel? ‘ﬁ%{%l@ﬁ?ﬁv&beﬁgéw ﬁnﬁaqt%?g%tlﬂﬁskg@éé?ebw t he
pl acenent of fdehpvegspective masks. Portion 357, 359 of the first HTS
thin filmlayer and portions 351, 353 of the 25 second HIS thin filmlayer

! have been ion i npl ant edStructures32drshows 8 newdNTS thih film 327 big degusited upon
: Structure 361,sh r engi.ni S cture after strycture 341 has
' peen cheni cal ?S%ﬁ%ﬁ%g&%ﬂ@ﬁ ?%Sﬁéé%f’hflﬁétewqrfﬂrﬁl iANRE toHhecsslasti¥e peen
~ion I mpl i et :
é!éﬁlﬁ?ﬁﬁfcesse &H@Q,rﬁésk%\%ﬁ%ﬂ)ﬂlﬁatt@ﬁo%??}ge rﬁ?ﬂﬂ%{? ak tﬁezk?%qxﬂdé ﬁx%rn_ o

- renoved to |eave the 30 portions wer e not ante
. i mpl ant ed1¥ pud2d)whielyistosemain inrti¢ resulting device. The second mask 329 must cover the
9

entirety of the portion of the first HTS film which is to remain in the device so that the
second ion implantation step will not implant the first portion. Ion beams 331 are
then applied to the structure 321.
Structure 341 shows the results of the second ion implantation before
20  any chemical etching is performed. The first HTS thin film layer 345 is deposited on
substrate 343 and the second HTS thin film layer 347 is deposited on the first thin
film layer. Portion 355 in the first thin film laye;' and portion 349 in the second thin
film layer have not been ion implanted because of the placement of the respective
masks. Portion 357, 359 of the first HTS thin film layer and portions 351, 353 of the
25 second HTS thin film layer have been ion implanted in the process previously |
described.
Structure 361 shows the remaining structure after structure 341 has
been chemically etched. The portions of the HTS thin films which has been ion
implanted are etched at a much faster rate so that they are removed to leave the

30 portions which were not ion implanted. The non-ion implanted (pure) regions will not



be et.ched .aty@glog3sgss dependi ng on the acid concentration, w | pBprRbgéiges at

arelatively slowrate so that there wll be no significant
deterioration in the resulting device. This | ayering net hod can be
‘repeated as need in order to forma desi reg devi ce configuration. 5

:One such device configuration is a multiplé RF coil device for
ireceiving multiple resonance frequencies. The RF coils are configured on

each superconducting |ayer, with the use of nasks. In Fig. 3, |ayer 365 -
has one or mobeeteled at all arofspending onghe acid coneeniration, Will !?ﬁ)‘?t%hq%Fat@dF‘%Ye}Y hi s

ot the S 3h ke o IRk ERE NG h ok URBRLE i
.super conduct i Rgertifdine@dd Wah 6B réated%s need irféraad ©dorh aliebied 6a6ei ques of

‘the present invention and the addition of a cap or protecting | ayer.
_]The pr ot ect i oconifigpeations deposited on top of the superconducting | ayer

when it is_forned so that th uper conductjng | ayer. w not, reagt with
ot her chen? cal con tsﬁgha% 166h¢ Wtwﬁﬂﬁgr‘%/"ﬁ{lElﬁr#%E?‘?ﬁf‘flﬁe g?rter
| eaving a "cl ﬁ@&hn@%ﬁﬁx@%%&nﬁag?%??%@ci ;5 g?.e‘iilﬁ@dllsréi’é’g&nﬁ ured on each

Many HTS materials-are make them ver reactive.

Exanpl es of Hﬁk;lgfdoﬂﬂﬁcﬁﬂgi layercrith the ude ofimaskyrlatRig.t3, dgyer 368 has oneorShdiedBF
Ce®2, Au, Ag, MyO or LaAl qherr]. A preferred thickness for their protecting
| ayer is 50- coils andd@®n367 has eng or mpreREepidh This ellaws the devige) Il tidetect 20

Fi gure 4A shows, a structure 400 with a .singl.e |ayver HTS thin film 403
deposited on %Pds’iﬁﬁ?i’? g}uiu%s{reggvﬁe&}v@}néﬁ%?xgglg?é%ﬁ. | ayer 405. The
protectiopgl ayer 4Qhrss 441 4B 8RPYCIRKSW sup@tonductifg deviets WhicRIcad bk

di mnish the ion beamin the ion I npl antation process. Two nasks 407,
409 are pl acecteatad whth thel (rehnighes bfthefpBesthi invention anidithe additionv s cap be
underlying portions 411, 3 fromthe ion beam, 6 The center 25 ortion 415
which is not PFPIRCERE éad’e’by%ée PRelsetioR laysr 13 daposited-ep op ‘{%ﬁ’ée FUPSTIoDgHEtingayer
smal | openin s e@nﬁ! Walalt: :

chem cal gwéggﬁ ils?\g&glgﬁ tﬁt8 F%th\ %‘i{: an \7\% ?ﬁ%ﬁ&?g?ég g‘ﬁ P ?rb? g?aé?ﬁg R %I‘F%é?? %‘?’%’nﬂﬁgy er

403 during t heomgtitlehtsgvhich it cormes & Sontact with after leaving a "clean" environment, such
After the structure 400 is chenmically etched,

10
super condd?t i #p ¢lea rem. 421 remains. The center portion 423 of the
device has been remvedM&E}ﬁﬁéﬁ%‘téﬁaﬁ‘@ar«s oxide mhteHSIs Willcif AAkD e §8y2S 2

wave gui de device, for exa
reactive. Examples of materials which can be used as protecting layers are SrTiO,,

CeQ,, Au, Ag, MgO or LaAlO;. A preferred thickness for their protecting layer is 50-
1000A on a thin film which is 0.1 - 1 pm thick. '
20 Figure 4A shows a structure 400 with a single layer HTS thin film 403

deposited on a substrate 401 covered by a protection layer 405. The protection layer
405 is thin enough so that it does not materially ciiminish the ion beam in the ion
implantation process. Two masks 407, 409 are placed on the edges of the HTS thin
film to protect the underlying portions 411, 413 from the ion beam. The center

25 portion 415 which is not protected by a mask is ion implanted by the ion beams. A

small opening 408 is made or formed in protection layer 405 so that the chemical |
etching solution can work on the center of the HTS film layer 403 during the etching

process.



Figure 4B shows a structure that is constructed in a simlar manner to 5
that descri b&P 78833663 4A except the bottom substrate |ayer isPCIFISI8/RL93
wi th a thicker superconducting material, superconducting filmor a
gsuper conduct or bul k waf er. Structure 445 contains a HTS base 447 and
a protection |layer 449 deposited on it. 10 Two masks 451 and 453 are

pl aced over the protection | ayer so that the portions of the HTS

mat eri al under the masks will not be ion inplanted. |Ion beans 455 are then

10 directed at struct urgfidhe sRudth@td00He cheanicaly ebhéd) SupkSonticting akvisk | |
be inplanted with I ons. When an ion beamis

directed at st2lcempimsaZBe center pashiomhé2hef tsdevice has b@mrenmye&f The resulting
gpenetrating a S mater,ial for a cert@8 8d.l stance. In this exanple, the
I

super conduct | §UFETETARRe Yied ps 2 Jigde gu WCPs rF’FﬁS‘i‘%%ﬁt ed range, 0.1 to 1
Lerrimin depth 15 fronkigli 48 LBwAU diefure 38 id QASHEAE HIELHARR e £ [ N

thicker HTS filmwll only penetrate partially 1nto ematerla

in this exd@npliet deboribedin Fignd Anaiceptaebeitbrh gubstrate Janearkis raylhdedonitly a ideicker
penetrated in their top portions. Therefaqgre, after chemcally et chi ng
t he struct ur e SUBsFQndug Engz astestal seperceniusting fikmqre sppereprsicigribullbwafes oy ed.

The protectiv f th str e I n. Flg
4A. Thi s new %ﬁl %thr%{lé ﬁé}galg% %gﬁd?uaes%&zané?@ﬁ(ﬁﬁ‘al ‘E@e‘%ﬁ’ 5‘? Yeture
457 whi ch can Tafd masks#51ed 453 are ﬂueéheoderhfep%feuﬁ&y ag‘«eflé’olthhﬂth%' mdh% dHhe
wi |l have different characteristics because o he addi ti onal

super conduct i ﬁﬂ‘&m@iahu@dquﬂlmmvoﬂ nohbe mmmrﬁmted Ion beams 4535 are then
Fi gure 4C _sho n,e |l e qf _nmulti er|n profection
[ayers whiDh AFeCid %FLP%F%%@H&H% gfeaﬂﬂﬂlaﬂf‘{%mat%ﬁ“ %B@Fd@ﬂ&%’éﬁq Wb 2s

devices to be;jgiseat ed. Structure 461 shows the
structure in Figure 4A after ion inplantation but before the chem cal
etching process is perfthmdanfd‘ﬁ&ehindll'dfrbd:tadéﬁéird&a&eh&erthe1onbéiﬂpllﬁé§ ed
upon substrate 463 gﬁ protection_l|ayer 467 has been deposited upon HTS
thin film I ay@Ptergsattersicngiratmg g HI§ maﬁenaiafgr peatin distangp ahﬁwe@mplgdhm ons
469 and

471 have not Blépe rcondu[;tn?ﬁ mgtegglcwg{}lsreen}) 1 P%low tPe ng%EanEed r?ngehg lrrtgslk%mdﬂ rdieﬂt&
the ion 15 ﬁiol’fpﬁx&l‘ﬁlﬁi supfac@r The€n. beam when applied to the thicker ITS WlinWR1 iy now
shows an additional HTS thin film 475 being
penetrate partially into the material. Thus in this example, the portions not covered by
masks will only be penetrated in their top portions. Therefore, after chemically
etching the structure, only the center portion of the HTS portion will be removed.
The protective cap will be affixed to the top of the structure as in Fig. 4A. This new
20  structure after chemical etching will appear as structure 457 which can act as a wave
guide like structure 421 in Fig. 4A but will have different characteristics because of
the additional superconducting materials in place; of the substrate.
Figure 4C shows an example of multi-layering HTS films with
protection layers which allows for further patterns and designs of superconducting
25 devices to be created.

Structure 461 shows the structure in Figure 4A after ion implantation

but before the chemical etching process is performed. HTS thin film 465 has been
deposited upon substrate 463 and protection layer 467 has been deposited upon HTS
thin film layer 465. Center portion 473 has been ion implanted but portions 469 and



deposi t ed -0RyHQE3sdest he protection layer 467. A second prot ectp@fukedvibost 76
Is 5 deposited on top of the additional HTS film475. The HTS thin film

can then be masked such that only selected portions of the second

| ayer will remain after the chem cal l(thhi ng process. A second ion

i mpl antation step wll then ion inplant the regi ons of the second

| ayer which are not covered by masks. The nask configuration must be
pl aced such that the first, Sthin fil ayer will not be affected, by the
10 second i & lihaye aﬁt%ﬁepdwwapm@%we@? té%%’&?&iﬁ?@ﬁé@’eo‘?aﬁ‘é UpettRe 9y 1 st
protection i IJ[xﬁ’%f‘or ﬁrg'%ecéger or by inserting a relative thick buffer |ayer

St pro ]

bet ween the fi ctron | ayer and the second HTS | ayer 475. The
buffer layer may use theSgagRrdd3edvakhdd®s an addifibreal PITS thixi filin 478)being Masks
476 and 477 are shown in this exanple. Structure 480

shows st ruct uleposited axftopof the pratsctierelayamsdiidA seemdpgoteriion leyeedGisd

chem cally etched, .The chem cal,..etch ro h ved the.iol

i mpl ant ed epRAFitedan tpp a‘iﬁq 10 ﬂg[}ge@m %ﬁfianﬁaﬁa‘gﬁ'@?‘eﬁ%ﬁ%?eﬁgﬁd as
wavegui des ' | ) ' '

Str ot ur o cormskl sith By Gl shckid BoAigRYRr BenSlR Ry e A IR ke . 64
of a HTS fi | rehemical stchihgprotess.t Avwecomlien ivhplantation step will thep iaf ihplent the st

sel ected portions 484 and the secqnd sel ect ed@fortion 488 of the 20 second
HTS thin fil fegignypf theseesmd;inver yrhieh-areingt covsred by magks. | The masleeqnfiguration

protection .. baveled 30 dafle 68 10fs bF 3GaM wifliBEbedrRned bym e, The

| ayeri ng ef f &8 Fi gure

15 shows a0 alyeSorfdCioh dnplaneatioRe TRICdinH@ dcadmplisied Wil L et protection
different concentrations of phosphoric acid. The results confirmthat the

process of 2Haydrghigkerauby inserémg & telativerthiglibuitfey layeebaweenp thecnstiprotéctign

o e o iSRS 3D oSk BB R

etching rate i i r different
i ng _It_.ﬁé g%@é@onﬁay%‘.pﬁe&ﬁi‘%%d‘m7 are sﬂ&%‘?ﬁﬂﬁé exa!%e.

condi ti ons. eSe condi t’ions are: when there 1n no i
i mpl antati on (col um 50Stryctr2)d8Gishows strinctsrebiy8rafienitihas bech miasked2iikeV of

Al [err] 30 (colum 507); 0) when it has been inplanted with 120KeV of
Al %er r} ; 1asné| i{rwjaq;meqqxdg qhe§n?ca ly etched. The chemical etc}rlrxll)mg process has removed the ion

h "PEp bR HTR R Mo, e ehe B Rcon D RePRRE vV

t he etching conducti1 ng

than that forortab®Fxoile inaiiciooave dpviaer €fhe resulting Btbudtiure ®dmpFigesa bwbstrate
especially true for | ower concentrations of acid where the di fference

in rates i s d8@awonpghicesaleqtedppriipes boles HISilmyrema. aftpraisati vhiaypr difer
is on top of the first selected portions 484 and the second selected portion 488 of the
20 second HTS thin film is on top of the protective layer. Finally, a second protection
layer 490 is on top of the second selected portion 488. The layering effect can be
continued as needed. ‘
Figure 5 shows a table containing the etching rates of HTS materials in
_ different concentrations of phosphoric acid. The results confirm that the process of
25 the present invention can quickly yield superconducting devices. Column 501 shows
the concentration of phosphoric acid used in the chemical etching phase of
construction. Category 503 shows the etching rate of YBCO, a superconducting
material, under different conditions. These conditions are: (1) when there in no ion
implantation (column 505); (2) when it has been implanted with 200KeV of AP*
30 (column 507); (30) when it has been implanted with 120KeV of A*"; and (4) when it



the ion, the etching rate can be selected as required

5 energy leyel for
w $%t uring process. The etching rate in an i nBCEAISE801093

for any
material is about 2-5 tines hi gher than that in a pure film when
fusing the proper ion energy and the proper acid concentrati on.

§Cat egory 513 shows the etching rates for alZifferent type of HTS 10

material, TBCCO. Columm 515 shows the pure non-ion inplanted HTS materi al

and colum 517 shows the ion inplanted material. Again, the etching
rate for the has beeniimiplantidewitli@06KeVsofdlel's tTheadaty sHovgl that théd Rech@igoiatefor tiad e
for YBCO is about 4-10 tines hi gher than that of TBCCO for etching

sol uti on abovinplruteg supgreandurties films is\esenter than thet fomithgpyramentipn implasted
D MY Cor AT TH5L B SRV iR ARk RerBlraliBs SHIGF SRR md® 1S

fmateri al s and

Usi ng phosphogifferéiek th ﬂtéﬁs%?éh@.eB? sefeb i 1k PR&er 141D i Shé lhé\f:]rdg&e
etching rate in an ion inplanted filmis nmuch faster than that | pure
film Bel ofv energy leivel fonthesion) the etrhingrateatan e selected ax tddjudred [foManyt he aci d
has no etching affect, on a gqu ilmwhjle it still etches an

r . f : )
i npl ant ed fi | HANYRFRUNRE PEORE ofh%?langraée insan peplanted materipl apabayt 2-5 times

i rEpdl e e B R SRR RS ey o3l B R EY el Bl lseld |
at an energy c¢fieetiedions faster than that of the Al[err] inplanted film

at an energy 120 KeV. Additionally, the . etching rate of Alferr]
inplanted filmis fastefatagany Fe shows thereichingaates farm differsat typeiof #ITS

et ching prgocess, ca \ ped r., HTS.fil m using .a pr tchant. i
conbi nat i ?)@ gamﬂ %@@hg#oiu in éﬁgﬁ}}ows the pure non-lo%. 1mp’i)an(%v.£?<ie f{g !rgatﬁﬂmr&t hat
high quality &dlﬁkﬁhgwfsﬁéﬁsﬁﬁ@&ﬁﬂﬁlaﬁémteﬁal. _xi?'ilhé‘aégéléi?@;fﬁg%ﬂhged

unst abl e bi nd.i n% and def ects on the surface and insi
super conduct i antedmatdrds dfasticallydnghenpThe ewhingrateSonYBAD és dbaiut #<l® times

i ntact dil atian t he.hind] energy is.decreased,  but_only a small
change occur SUeh;ithap ﬁ’@&gfﬂg&%@;&é@éﬁ% solytiq °ﬁ%§ég‘\*§ltM-sTl?%m&mﬁﬁifb very
much. It has L L2 .

13 i |ﬁs&ﬁgéﬁﬁgg‘%‘fg‘° ggﬁnf@'ﬁ)’&‘gﬂn?égﬁ%%rﬁﬁné3"'%??%3?‘?‘? at the gucface,of
i nsul at i nS prid @it eeatertials and leaito a bpltarviayt dfpatterhivgg. et chi ng procedure

I nvol ves, first, the ch%m' cal reaction between . hosphori c azci d and
al kal i ne earth el ement sUSH& Rbegphogic|agig with P@K@Pﬁ%‘ﬁ%ﬁ‘@h&rﬁhaﬂ 5x10* M, the

6H P , =. ~
2P or ) +eal Sr LA B o4 i st e e e BUPEIY 7o
+BaCU( er r | +3BefHreitobd cdnt2iration SPHCEE0PIM, the acid has no etching affect on a pure

film while it still etches an implanted film. This allows for more precise construction

20 of semiconductor miniature devices because the non-implanted regions will remain
fully in tact. The etching rate of the AI** implanted film at an energy 200 KeV is
faster than that of the AI** implanted film at an er;ergy 120 KeV. Additionally, the
etching rate of AI** implanted film is faster than Fe** implanted film. A selective

etching process can be developed for HTS film using a proper etchant in combination

25 with ion implantation.
| It is known that high quality single-phase YBCO and TBCCO
materials have yielded unstable binding and defects on the surface and inside of the
superconducting materials after ion implantation. Since the lattice is intact dilation,
the binding energy is decreased, but only a small change occurs, which does not cause

30 lattice parameters to change very much. It has been reported that epitaxial YBCO



The second swedg/3nssst hé coll apse of lattices in the crystal. Thernshso1093

defects and the greater the unstable binding on the surface and in the
| attices, the nore chances for chemi cal reaction, and thus a greater
chentcal etching rate is expected. Figure 6 shows a

graph of the data points fromFig. 5. Li nel3607 shows 10 the etching rate
verses the etching aci d concentration for pure YBCO (non I on

i npl anted). Lipe 60 hows the et.chin es aC|d oncen r at.i.on -
for Al Tons s can beogRag on ton @ denainie STHSERRE i # G BRGESE YT, o
concentrati OnSi;ﬂ('iCplé‘xtaﬁ&PSThe etclt)iﬁF phoddiRS inbo1es, %‘!é BRANEi O r&ichbh Betwedhe

verses the aci oncentration Fe 1ons at 100KeV. The graph shows
visual 'y that phdsphofiGacittand aldalinerpartinelenhenis) &s the fislloweing Feactibalshdwat a much
greater rate than the un-inplanted material so that the

super conduct i F:RRCEYBRSUs@T be fornmed is this manner.

::Ingg:n? iSvZAﬁneZ mgn%B%’gil) @‘ﬁbvgﬁ @@f’ﬁde’t ezzq‘(jl 7$ﬁl H%%ﬁ@é-’hg as(b?_ﬁzﬂH 0+Oa?t ure

by c hangTﬂg sédonid rs(%?b $9 e Bl OF l:ﬁﬁébstlﬁ(ﬁ’ib éi?stﬁpaﬁk&%@r@d&‘e&k@ﬁu tHel €d.
iThe bol onmet er can al'so detect changes in different forns of radiation.

A bol oneter ¢ greatue threomstable bindinggent the eutificetdnd im the laticpsrthe gfore Me&fm’e is

thermally isolated, for. exa as a st andi.ng stru ture
el R Sh R Eiohe R g prirester pemical sl e 1F§§ tefh3.

first superconducting t ki g5lsﬁb%§$%;a#€%~tggg?tﬁggﬂiggg SC?;?&% 7 Sdws

| ayer 707. 25 Prot ectlve ayers ca op o)

super condaQt i @ etctirg fate Pearsés the stching aoﬁxi cctﬂbenﬁammrmopdeBm@ {rﬁmelbﬁ have
been masked and ion inplanted. The regions 709, 711 and 713 have been
:ion i npl ant edimplanted). Line 601 shows thepst srateversenihe arid copratieation for Aligns

fafter it has b@b}fé{?gﬁd‘é 693 sp?ixyse %heefggﬁ%fggbgrrs%ttﬁe adia %o A3 n 3ol AfSns

st andi ng top g con

14 | s POBIOKIeVEing\665 showatle a@ﬁn% TNe vérsés tiaBcidonb@tiatioh 764 Bé Rimst he
active part of the bol ometer fromthe rest of the structure.

Figure 7C is at ¥a9KoM.elhagrapbshons wisugilyithatthe Hlgpmatesial ghplastediveth ions is
remai ni ng uper uct i 725 127 m t he
bol omet er ! ﬁ?‘FE? Q?E{Jﬁa e”#ﬁ@’agﬁsipﬁdﬂaﬁegﬁdﬂﬂat?ﬁ% t}g Brtions 723,
725 are |oc a_t ﬁg:e%nhﬁ&mg?mateﬁuﬁ%ﬁ %%‘x‘iﬁéd@g tﬁlh fdhnéyer 705.
Super conducting portion 727 Is |ocated on second superconducti ng
| ayer 707 and is el evat &igureo?dt, 1B, tnd € shuwenrhm:nddrer denjce produced by the05.
This multi-la ered strycture %I | ows for, thernal ?o ation of the sebn3| ng
portion of nventive method. A bolometer can detect very small changes in temperature
changing its resistance which can then by measured and quantified. The bolometer
20 can also detect changes in different forms of radiation. A bolometer can be more
effective if the active part of the device is thermally isolated, for example, as a free
standing structure. '
Figure 7A shows a bolometer 701 which has a substrate layer 703, a
first superconducting thin film layer 705 and a second superconducting layer 707.
25 Protective layers can also be inserted on top of the superconducting layers. Portions
of the superconducting layers have been masked and ion implanted. The regions 709,
711 and 713 have been ion implanted.
Figure 7B shows the bolometer of 7A after it has been chemically

etched. Bolometer 723 now has a free sianding top superconducting layer 723 which



t he. bol onet The foregoing nerely illustrates the
principl es yoPﬁ’gsqsﬁventi on. It will t hus be appreci at ed ¥GEHUSIHAB
skilled in the art will be able to devise numerous systens, apparatus
and. et hods whi ch, although not explicitly shown or described her ei n,
enbody the principles of the invention and4are thus within the spirit and
scope of the invention as defined by its clains.

15 CLAI V5 1

A met hod for i§ positiogedoven pe birgagu The aiy gip \thermally isnlates the actiee part of theps of :
di sposi ng a superconducting thin filmlayer on a substrate material; 5
covering sel dwlemetsofromghe rest oS BieSYEiES: conduct i ng | ayer with at | east
one nmask; . ' [ [ [ [ '

| ayer, wherein said at flggge[”@@ f@hﬁ%gﬁ??‘ﬁhﬁ%@i ?r?%#ﬁg!('%&{]%ﬁ%én&?n sai d
sel ect ed por tr:MAfming superconducting portionsCIB37E2Rbhd 721 #hidhdFofidtithe bolometer
superconducting layer to remove portions of 10 said superconducting |ayer
wi th aci d Sahisehsing eirewit. Blag shpsmiondeathggemiinelportions 723, 725 are located on the .

The nethod of claim1,. wherein id_superconducting | ayer conpri ses an
oxi de mat eri a*l“!"’l"’ml;‘ﬁ“ctlng lmﬁ"'}’er%g : S“Bgmn&)‘*?ﬁgg H‘é‘ftﬁ’aﬁfls gcgisd on theper o
said ion inpl | : J ] i .

i The morRostBeeahERying lgyr 767 304 SLHRAHEN (P fret sufconducting layer
conpri ses usiZ0§. ThisimultiHlapdradstrnguidaiioos fut thermadl isclatidiesithe Bérdsieg pottibabeen

100KeV and 200KeV. 5. The method of claim1,
further incl dle hejometerst ep of fornming a
10 The foregoing merely illustrates the principles of the invention. It will

thus be appreciated that those skilled in the art will be able to devise numerous
systems, apparatus and methods which, although not explicitly shown or described
herein, embody the principles of the invention and are thus within the spirit and scope

of the invention as defined by its claims.



protection |\gyyssegessai d superconducting |ayer prior to said 'QETM%}IIW!% ng
20 al

st ep. 6. The nmethod of claim5, wherein’s

protection |ayer forns an openi ng and said chem cal etching step

i ncl udes applying a solvent to said Slllg_er conducting |-ayer—through said _
f ormed openi ng. 7. he nmethod of claim1, wherein

isai d superconducting device is a mcrostructure devi ceThis Sheet Has Been Replaced
16 8. The met hod of claim 1, wherei

super conducting device is a nandskAIMSure devi ce. I,”m

9.  The nmethod of claim1, further including depositing at [eas

addi ti onal superconducting thin filmlayer on said superconducting |ayer

di sposed on 5 sai d supstraj§nethod for forming a superconducting 4€vice cdRPrishizné
of claim9, wherein each said at |east one additi onal layers is

covered by a swpkofiefore said ion inplantation step.

11. The method of claim9, wherein said,i Otﬂ' ifn‘pl lant ation of said at
| east one additional | aylfRosHIE2 gipereopduciing thig filmlayer op 3 sebstiaty matemali ng

st ep. %0 . cov%l%ng selg_&g\dla @gﬁgﬁg 8€§al& L‘ﬁie%(’j“d“m ﬁyé:a\ivﬂh at leﬁ.

superconducCting device iS a
The et hod of ogé aladk;l, where said superconducting device conprises a
radi o frequency coil.

implanting ions into said superconducting layer, wherein said at least
one mask inhibits ion implantation in said selected portions;
chemically etching said superconducting layer to remove portions of

10 said superconducting layer which are not said selected portions.

2. The method of claim 1, wherein said superconducting layer

comprises an oxide material.

3. The method of claim 1, where said ion implantation step

implants aluminum ions.

o tpbenon 1 o
¢

15 4. . The method of claim 1, where said ion implantation step
comprises using an ion implanting device with an ion beam intensity between
100KeV and 200KeV.,

5. The method of claim 1, further including the step of forming a

protection layer on said superconducting layer prior to said ion implanting step.

20 6. The method of claim 5, wherein said protection layer forms an

opening and said chemical etching step includes applying a solvent to said

* c L M S *

superconducting layer through said formed opening.
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{14. The nethod of claim 1, where said superconducting device is a 15

Ibol oreter.  WO98/33665 15. A superconducting devi c®CIAIRIBOHIBQ:
i*a substrate material; and a thin filmsuperconducting
| ayer di sposed on said substrate material; wherein

§sel ected portions of said superconducting layer are ion 20 inplanted and
said device is subsequently chemcally etched with acid to renove said

sel ected portions. 16. The device of claim15, where
sai d superconducting devjce "Ph@method‘@\é%‘d' ld%fherem said su erconductm d_ev ceis

17 . The devicé of claim1 wher e Sai

super conduct i ragnxdmstmauredevme conprises a radio frequency coil.

18. The device of claim 15, where said superconducting device is a

bol oneter. 5 19. The device of claim 15, wherein
sai d superconducting | ayer S

20. The devi ce of cl alysﬁ1 15 Irnf' 89 0?gﬂilri)&‘dll ﬁg’e?é?%%‘? %%§4d°ﬁhg device is
formed on sai drﬁumﬁﬂduehbag | ayer. The
device of claim 20, wherein said protection [ayer does not 10

inhibit said ion inplantation.
5 9. The method of claim 1, further including depositing at least one

additional superconducting thin film layer on said superconducting layer disposed on

said substrate.

10. The method of claim 9, wherein each said at least one

additional layers is covered by a mask before said ion implantation step.

10 11.  The method of claim 9, wherein said ion implantation of said at

least one additional layers are performed prior to said chemical etching step.

12, Themethod of claim 1, where said superconducting device is a

wave guide.

13. The method of claim 1, where said superconducting device
15 comprises a radio frequency

coil.

14, The method of claim 1, where said superconducting device is a

bolometer. T
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a substrate material; and

a thin film superconducting layer disposed on said substrate material;
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< The.d W-Mw d protection |ayer in%bﬁwséﬁmho&at

sard lon inp antaro The devi ce of cIa|m15 further

| east one additional s h?etﬂﬂerbrtenngﬂdcayer

The device of claim 23 WE d at east one addltlonal
erei

| ayers conprises select ch h e been renoved.

25. The device of claim?23, a protection layer is fornmed on
each said additional superconducting |ayers.

26. The device of cl arwhexap seleeted iportioms of said supeseendsicting laysy are iop0

T o ™ Chpiinledsna Sl dntendt ACGIontY SPRRERLiykished fp Tmepeaidclected

conpri ses phog&?g %] aci d. 28. The met hod of claim
27, wherein s phosphoric acid's concentration is greater than
5x10[err] M 29. The met hod of claim 27, wherein said
phosphoric aci d S concentration is less than 1.5x10[ err] M

16.  The device of claim 15, where said superconducting device is a

5 waveguide.

17.  The device of claim 15, where said superconducting device

comprises a radio frequency coil.

18. The device of claim 15, where said superconducting device is a

bolometer.

10 19.  The device of claim 15, wherein said superconducting layer

comprises an oxide material.

20.  The device of claim 15, further including a protection layer

formed on said superconducting layer.

21. The device of claim 20, wherein said protection layer does not

15 inhibit said ion implantation.

22.  The device of claim 20, wherein said protection layer inhibitS

said ion implantaion.

23.  The device of claim 15, further including at least one additional

superconducting layer.

20 : 24. The device of claim 23, where each said at least one additional

layers comprises selected portions which have been removed.

e
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25.  The device of claim 23, wherein a protection layer is formed on

each said additional superconducting layers.

26.  The device of claim 15, wherein said superconducting iayer

comprises high temperature superconducting material.

-
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