. successful reduction,-in siz

. Copper Wring-Wth H gh Tenperature Superconductor (HTS) Layer TECHN CAL
FI ELD The present invention relates generally to the use of diffusion
barrier layers and capping |ayers with conductors formed by a damascene
etch schenme, and nore particularly to the use of an HTS (H gh Tenperature

Super-conduct ; 3 = 1 1 vial .or her apertures . having a width
of |ess thaneg%%@%%mmweﬁw 5@%@@@5@%%&@1‘
BACKGROUND . As is well known by those skilled in the art, a continuing
goal in I;l,f" yring and production of sem conductors is a reduction in
si ze of conpong circuits with the concurrent result of an increase

i n-the- nunber of circuits and/or circuit el errents such as transi stors,
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. reduct.i oncaj BSers Wi [%g ive n connectj ng devi ces and
circuits. EE)l\r/l\%vgcr aso‘?%ig&g%n uct %ﬁé zf? gﬂ@d"?‘%l’%"“@bﬂ?ﬁ@r and

smal |l er, &Qggm LoLeraonnect s i ncreases in the -

past _al'um RUM was: ugﬁg lgéer% S SHpregn T"ﬁ?g rifireqches; wias orgeker apartueesn oxi de
. t he. diaqly G e u turl ng techni ques now favor
'copper as t h Rn-éétltngFQ gp @%‘%’@%ﬁ? sy baripe.eappepoide. mat eri al s
(organi ¢ and i norgani c) ar e. favored as the dielectric material. Not

surpri si ElgA t hese material changes have required changes in the

-pr ocessi In particular, because of-the difficulty of etching
copper w thout also

- As is well known by those skilled in the art, a continuing goal m manufacturing and
- production of semiconductors is a reduction in size of components and circuits with the
- concurrent result of an increase in the number of circuits and/or circuit elements such as
. :transistors, capacitors, etc., onar-siuglc semibonductor device. This relentless and successful
- .;» Teduction in size of the circuit elements has also required reduction in the size of the conductive
-+ lines connecting devices and circuits. However, as the conducting lines are designed to be

smaller and smaller, the resistance of the interconnects increases.

_In the past, aluminum was used as the metal i mterconnect lmes and silicon oxide as
__Athe dielectzic. However, newer manufacturmg techniques now favor copper as the metal for
. +...interconnect lines and various low-k materials (organic and morgamc) are favored as the
- d1electnc matcnal Not surpnsmgly, these material changes have quulred chaugcs in the
proccssmg mcthods In partwular becausc of. the dd’ﬂcnﬂty of etchmg copper thhout also

‘ causmg uaacceptabie damage to the dlelectnc matcnal the techmquc of fonmng the metal -

) mtcroonnect lmcs has expencnwd sngmﬁcant changm Namely, whereas alummum

mterconnects could bé fonned by deposmug a laycr of alurmnum and thcu using photores:st,
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causi ng unacceptabl e danage to. :the dielectric material :the technique of
formng the netal nterconnect I|nes .has experienced signifcant changes..
Nanely, , whereas al um numinterconnects could be forned by depositing a

| ayer of alum num and then using photoresist, -1 |ithography, and etching
to leave a desired pattern ,of alumnumlines, the formation of copper.

i nt er c dithegrephy, ardechingo faape . desirgd pattemend alyninunplinss.dkeforBation SFPRPESTy r ef er r ed
to as a danascene or dual damascene process. The danascene process is

al nost mmm@mmwwn@dmmemow cogmonkydefenrd igs pdapasceansch as a
trench, canal or via is cut, etched or-othérwise formed in the underlying
" di el ectaridual damascenetpreessf Thé @hathMSais almosethe reversp of gtching; pusk iwplyt el v,

al though copper has the advantages di scussed above, it readily diffuses .
into. dlsedtﬁcanapemismhlaahtremhdcanaldrhmmo.widwdmrcﬂlemhssﬁmmabmdhmt or devices.
Di ffusi-on of - copper into the dielectric materials of a sem conductor dejce

“can cau&ﬂe@&igdlﬂ@cﬂieiddabnhbnﬁ&edwmfmhhlqna doppdrudi ng el ectrical shorts.
" Therefore, is typical to forma diffusion barrier |ayer betvveen t he

copper edfo ondu d | eads t he di.€l ectrjc t e, of a '
| sePnpcongtSJctor bg"é@‘ ?’é ai!@%gggppgﬁﬁqst@era%v é’ﬁ%“% ‘xf 5t refr—actory

metal s ; dnl,tl’l es of these tals ‘'Sonme _exanpl.es o barrier -
| ayers iffuses i Waw#&vﬁ 171 qdugspr 361*? 0‘54@ , TiN

(titaniumnitri def and var i ous conbl nations of these rretail as well as
other - fRAPERintotheadiceanc paateralynfaspraicondyglor deice cap FRUSS FoFgUS 15 on t he bot't om
and Si dewal | s.of the trenches

- problems including electrical shorts. Therefore, it is typical to form a d:ﬁ‘usmn barrier layer

g between the copper used for. oonduc(ors and leads and thc dlelet_:tnc matcnnl of a semiconductor
: -de_;fioe.‘. Typical.barriec layers m;'iy be formed of refractory metals and nitrides of these metals.
‘Soine éxamples of prior art barrier layers include Ta (tantalum), TaN (tantalum pitride), Ti
(titanium), TiN (titaniom nitride) and Yaﬁnus’ponlbinaﬁons of these metals as well as other
metal The diffusion barier layer is typ:cally formed on tl_m bottom ann sidewalls of the trenches
| and vias of the copper interconnects to prevent the copper from diffusing intn thn surrounding
silicon dioxide as other dielectric matcrial In addition, according to the prior art a c;apping layér
of a suitable material, such as silicon minde could be deposued as a cover layer over the
completc structu:e mcludmg the oonductor areas and thc diclectric layer before another laye.r or

B _ ‘~.level of melectnc stmcmre was deposued.

Unfortunately, the tradmonal dlfﬁlSlOll barrier matenals have poor adhesmn to
- '_ copper and may peel away thcrcby creatmg poor mterfacc propemes mcludmg a path for copper '
SR to dlffuse mto the subsequent or cover layer of d1electnc matcnal. Thc same path may a]so

L allow monsture and contaminants to dxffuse from outsulc into the cOpper S0 25 to form porous
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-and vias of the copper interconnects to prevent the copper fromdiffusing
into the surrounding silicon dioxide as other dielectric material. In
addition, according to the prior art a capping |ayer of a suitable

" material,.such as silicon nitride, could be deposited as a cover |ayer over
t he conplete structure including the conductor areas and the dielectric .

lfayer “tepperaxiden dn adsitidnathese bawrief motetialpalsqreatehigh clectdent reistane ahgallieposi t ed.
Unfortunately, the. traditional diffusion barrier nmaterials have poor
adhesigﬁmuukssuﬂpsbdadeQAy peel away thereby creating poor interface
properties including a path for copper to diffuse into the subsequent or

cover |ayer ofydi Ik ﬂﬁ%@“ﬁf@&c@ﬁ I oW noi sture
and cont am na Ifl(g f‘hgngk?s?' W%mﬁoutm%e into e copper so as to form .

_por ous 43O [ Jome:Tofo [T £58 DA bifin s al so
createsﬁu'ﬁmb gggu gﬁggﬁg?%nce HFP&pgeonetr?%s su el ow 300 k
U.S. Pat: nt 6,041 136 issued to. wan, et al. and enti.tled Superconductl ng
‘St ruct Jpgss @&m&‘%’tﬂ 53’8 ‘'ng structures that i nclude ' rare earth

barlun}copper oxi de, and espeC|aIIy yttriumbarrier-copper oxide." U.S.
Pat ent 5, 629, 2G&. Pmaﬁmaﬁﬁamldmhmka,m amickntithed E’t@dss‘félrltremsgﬁor
Preparing a Layered Superconducting Structure" al so discusses the -

pr.epar atdyered Shpeicdnditing SirsotireT dsdiscoistamhe peparativnof e ldyered superconductng al  t hat
i ncl udes barium copper oxide conbined with rare earth elenments including
yttr i Ungtructure based on material that includes barium copper oxide combined with rare eaith elements

in¢luding yttrium.

U.S. Patent 6,518,648 issued to Lopatin and entitled Superconductor Barrier Layer
for Integrated Cuctut Intercounects provides an mtegrated circuit that mclud% a high

tempcratwc semiconductor matcnal such as yttrium banum ooppcr ondc as-a barrier layer.
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U S. Patent 6,518,648 issued to Lopatin and entitled Superconductor Barrier
Layer for Integrated Circuit interconnects provides an integrated circuit
that includes a high tenperature sem conductor material such as yttrium
barium copper oxide as a barrier layer. -3 SUWARY OF THE | NVENTI ON These
and ot her problens are generally solved or circunvented, and technical
advant a o 0 j : \eved, by the present ‘invention which discloses
nethod3ﬁ§ﬁgﬁh§%%§ﬁ§§¥#¢%§f¢%fning a sem conductor structure conprising a
first dielectric layer that defines apertures such as trenches, vias and
the |like, fill Stesantdotberppiblenssicegeatdaly shiwld od cinmsvented, pndtedwdcal t 0 f orm
metal interconnect |ines separated by non-conductive regions of the
di el ect advantagés be'gedetalfyariitved, bythe pregntinvantion wiich distlog:s apthotisiard or tr enches,
and_ according to one enbodinent, a barrier layer of one or nore of a
r ef r act agpararm e foratinga midondirordGuctira bomMprisiagerfirfktdidatiylagn thabddfinesdes of
these netals, is used to forma conformal filmover the sidewalls and
-bot't om @ferufts sithas irdtcResavish Mid the 1BRCMBE with doppee isifd the dudtifarascARprdtays
i nclude, for exanple, '"a rare earth barrier copper oxide, such as yttrium
bari um ePRRAR me@Kinfiecohfect MRS sRRRAILY RAn-ConduRIVERELIGHS theldtfechRI ri er layer. A
conductive-netal such as one or nore of copper, copper alloy, gold, silver
and. conpounds of , these netals is-then deposited over the HTS layer and will
function as t heFriopioforgnghe copper wising di the apastuge of daenchiss, %ca?tﬂa’@\%e'&
Accordi ng_to anot her enbodinment, the wiring nay be covered by an HTS
cappi’ ng embadiment; HbarggrdayerRf onp ek mere ofip miastory; et gyelyas titanium, tantalum or

tangsten and nitrides of these m, is used to form a conformal film over the sidewalls and
“bottom of the aperture and/or trenchies. A layer of an HTS that may include, for example, a rare
- .- earth barrier copper oxide, such as yttrium barium copper oxide is then deposited or formed over
B the barrier layer. A 'ooii&ﬁ&i?e*métal such'as one br more of copper, copper alloy, gold, sitver
" and compounds of these metals is then deposited over the HTS layer and will fanction as the

wiring or inferconnects in a semiconductor device.

According to another embodiment, the wiring may be covered by an HTS capping

layer followed by another dielectric layer.




BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understandi ng of the
present invention, and the advantages thereof, reference is now made to
the foll ow ng descriptions taken in conjunction with the acconpanying
drawing, in which: FIGs:1-6 illustrate the nmeth d steps and resulting

apparatus of the sem conductor device of the present invention. ' DETAILED
DESCRI.PTI ON OF | LLUSTRAT| VE EMBODI MNENTS Referring nowto FIG 1, there is
shown aB‘EJFEiQ%ﬁ Qb FEEIPRAWINGS ur e i ncl udi ng a substrate 10 formed of

one or nore |layers such as |ayers 10a and | Gb. Substrate 10 .is covered

by -a first |ayerdioRicomipRletmditindimy o icprSentidveadoniad themnamages er ned to 7

define one or nore :. apertures, trenches or vias. As illustrated in the

. exanp! egpfeof tlferenbe id db Badd 16 thk Fo1BRVidg REGPESns kfh@n in chifanétivd withahd hat have

been prepared for filing with copper or other conductive netal according to
the darrg‘%g Wﬁ% wd mekpoul d be noted that trench 14b al so includes a

. via 16t aﬁagﬁgﬂgnds ﬁégﬁgﬁ substrate layer 1 in a manner well known to
those skilled in the art. It should.be appreciated that the termsubstrate
10 as used her &gs: i illysta the methad steps@rdrespliing.apgaraiys ef the gepricondegtor -~ '
‘alternately may represent one or nore |ayers of various sen conductor.
devi ces devies of dherpiesontiimventiomt er connect i ng netal li zation |ayers. Thus, the
term.substrate is intended to be broadly interpreted. For exanple,
typically the substrate 10 nmay be conprised of other dielectric-layers
~.:simlar to the dielectric layer 12. D electric |layer 12 may be any
"suitable dielectric material ‘including a |lowk dielectric materiat.



As is well known by those skilled in the art, the use of the damascene
process and "the use of copper as the interconnecting |ayers has sol ved
many problens while at the sane tinme creating other problens. For exanple,
when the conducting or interconnecting |lines are made of copper, the
copper may diffuse into the surrounding dielectric aredas if steps are not
taken to prevent such diffusion. Thus,.as shown.in FIG 2 there is also

“i'ncl udmmWHQN@EMWAHYEWQW ntended to stop or hinder

t he di ffusion of the copper |ons fromthe copper interconnecting wiring

into.the surr efr&%%h@ﬁfi 08 sErhichiRit B frubucincludilg - |
substrate 10. e t |n co orma arrier layer 18 may be sel ected from

vari.ous, 4 %ﬁmQBfég&]ﬁnB bii¥lor Sk fFhs hRKCI0aHR £, Shbsudll o ikasRain L he
art. Suit erla S |nc e or exa e on y, Ta -6 (tantalun), TaN
(tant al g gLkl Qﬁgommmgémamy%ﬁma e bS48k ok tUngst en) WK
(tungst nnitrid vari ous ¢onbi nat ese and ot her materl al s.

-Fggﬂh?r%@‘%wﬂ?ﬁo v'aByA?ﬁp %ht 0 %é%n‘%i g‘:ﬁaggttﬂé con or HT% (H gh
R .
;ﬁrsf:‘l‘ﬁé“ﬁé“i‘@?@“‘*ﬁﬁ’”ﬁﬁ PR R Db o
o o eemehssbin ey RRG: Susmet bru B %&@eﬁ%%aﬁ B b

tenperatures "Tc" even at ambjent pressure
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or alternately may represent one or more layers of various semiconductor devices including other
interconnecting metallization -laye:s. Thus, the term substrate is intended to be broadly
interpreted. For example, typically the substrate 10 may be comprised of other dielectric layers
- similar to the dielectric lajcr 12. Dielectric layer 12 may be any suitable diclectric material

including a low-k dielectric matenal. -

As is well known by those skilled in the art, the use of the damascene proceés and
the use of cop-nper. as the interconnecting layers has solved many problems Whilc at the same time
- -creating other problems. For example, wheq the conducting or interconnecting lines are made of
~ . copper, tie copper may diffuse into the surrounding dielectric areas if steps are not taken to
.prevent such difﬁjsion. Thus, as shown in FIG. 2 there is also included a conformal barrier layer
. iS, which is intended to stop or hinder the diffusion of the copper ions from the copper |
interconnecting wmng into the surrounding non-conductive portions or regions 12 and the
- Substrate 10; The thin confprmalbarrier lgycr 18 may be sélccfed from various ones of the prior

art barrier layer materials well known in the art.- Suitable materials include, for example only, Ta



Use of the rare earth elenent yttrium conbined wi th barium copper oxide
(such as YBa2Cu3O7+ or Y2Ba4Cu7Ors). is especially effective, although
other "rare earth" elenments that nay be conbined with barium copper oxide
to form superconductors include samari um neodym um erbium gadolinium
ytterbi um dysprosium holmumand luletium_ Still other alloy formlas
© conbi nemmaﬁ'aﬂéw@dﬂwteﬂ@nﬁr(ﬁ@wm TNSitappminitgide) W Gungstes)y Wbl e.  Anot her
~alloy, - for exanple only, is “rare earth" rutheni um-oxocuprate such as
RuSr,, (tangstgn eitrgb il varieysmombinais Of thesgiaad ethsd matesialsydiarrieg bayer 181maheand
2.45, y is between about 1.55 and 2.45 and z is between about 7.55 and W
The | aydeposi@ddly ahy ot of aarjnus sititable techigues avel kodwivly theseskilled initke athen typical |y
.covered .'by a top layer 22 of tantalum Thus, it is seen.that the diffusion

T TN RO TSl S SRR o °
N I Gh ni i.de ad Of I A
LT ARSI s, TR A
VRS, gt GRG0 S K0 AR RHR S R BBEAT v

the prior art diffusion bagriey. | ayer of al nitride materials exhibited
" poor Iga'd (FREEBY, of BPEdaTion HEij‘F{l'@ﬁ“ 8@’8&1 aé’geah?ysh?“@#ua%tg%ﬁaﬂpﬁeﬁngr esi st ance

when ‘used with snpll gepmetric apertures. The HTS Jayer 20 of this
i nvent i &mggﬂms ot cSppeT isitiop Lo thegprrep geﬁwéfcﬁiﬁfr@m
resi stancg for apertures, trenches or - viag having a wdth | ess than 300 t

I | n - mesRical fmperaireso TS| evep af ambignd gregruessy boyexamp)e HgeallesBa2 (@33 B3 cappi ng
ayer 30 oqver T :

- aTc or critical temperature of 138K.

. Use of the rare earth c_lcment. yttrium combined with barium copper pxide (such as
* YBa,Cu;Oy or YoBayCusOys) is especialy effective, although other “rare earth” clements that
may be combined with barium copper oxide to form superconductors include samariom,
- neodymium, erbium, gadolinium, ytterbivm, dysprosivm, holmium and luletium. Still other
alloy formulas combmed with rare earth elements are also believed to be suitable. Another alloy,
: i_"br example only, is “rare earth” ruthenium oxocuprate such as RuSry (a rare earth element)
_-VCu,Oz, where x is between about 1.55 and 2.45, y is between about 1.55 and 2.45 and 2 is

between about 7.55 and 8.45.

The layer 20 of high temperature superconductive material is then typically covered
- by atoplayer 22 of tantalum. Thus, it is seen that the diffusion barrier layer further comprises
. 'an HTS layer, such as for example only, a “rare earth” barium copper oxide sandwiched between

- . abottom layer of tantalum or 2 tantalum-rich nitride 18 and a top layer 22 of tantalum.



- the conductive material regions 28a, 28b and 28c as shown in FIG 5.
Al t hough cover layer 30 may be added for all applications, the cover | ayer

30 is. especially inportant if still another l|ayer of sem conductor devices
is to be forned over the conductive wiring 28a, 28b and 28c. Unfortunately,

as was di scussged ove, the typical prior art. t nitride_ |l ayers do not
adhere well ‘g":‘?ﬁg"%w@l’s ?h%r"&?ﬂ?ﬁé%‘lhﬂ? depad @Wﬁ%&aﬁe‘f‘gﬁ/‘s’gubj ected

to CWP. Further, the conductive |ayer such as a |ayer,.of er nay
i ncl ud SISO at o erm the semicogductorwining a&ﬁ%lﬁﬁ&?ﬂﬂ%&?%ﬂ&%ﬁ%ﬁﬁg‘gnbet ween

t he copper and the prior _art protective cover |ayer of netal nitride, it
was notin Bifb dmiivas Blentiaped ahaye.tan prigs PRt HREGISIgR Bayries teyer of Bl Mo BAEgls o o

_the layer of nmetal nitride would often peel away |eaving no bayrjer

bet weerexhisitedpaopedhesiontio gopnse Hdplign easuliadrin bigh plegtacal resstaperivhca used Wil | pe
. appreci ated by those skilled in the art, when the barrier of netal nitride
i 5 absemall georpetdoppsanres. ohts KIS layer 28 of this inyentiopsieas befies adhesion andprlibithyer of a
dielectric thereby often causing electrical shorts. Therefore, peferring
agai n tmudhlI@rerslectrical resishance fongpentu®s, treaches poiviahaving aivddthiess an 300 Avent i on,
does.not use the typical netal nitride cover |ayer but instead is an HTS

AP e b RSN M e T B
E S:of lé gﬁﬁ% c‘ggod\‘/lg% 0 Q’?ﬁ? % git]s vmﬂs% %8 %ngécoaggﬁb“én}g%}ggssb@l OE%P%SY g[qg égsroa? t0 er ned
IR TR A e R S0 S P O U,
urther P R Sict devides TS bR BB ov? B2 28 utiive wiring 282, 28b and 28c.
E Unfortunately, as was discussed above,_ the typical p_riqr art metal pitride layers do not adhere
“well to the copper intsmonnect lines wh@chr may have been subjected to CMP. Further, the
_ -_ conductive layer such as a layer of copper may include rough areas. Thus, because of the poor |
adhbesion qualities between the copper and the prior art protectivc cover layer of a metal nitride,
it was not uncommon for serious reliability problems to occur. For example, the layer of metal
nitride would often peel away Jeaving no barrier between the copper and a second dielectric
layer. Of course as will be appreciated by those skilled in the art, when the barrier of metal
- nitride is absent, the copper ions will readily diffuse into the second layer of a dielectric thereby
often causing electrical shorts.
. Therefore, referring again to P_‘IG, 5, the cover layer 30, according to the present
- invention, d@. not use the typical m_cta,i nitride cover layer but instead is an HTS capping layer.
The HTS capping layer 30 is formed in the same manner as the HTS layer 20 discussed aboye

and will typically be deposited to a thickness of between about 10 A and 500 A. The HTS

8-



do so. After the patterned HTS capping layer 30 is forned over the
conductive wiring 28a, 28b and 28c, a second |ayer 34 of dielectric is
deposited as shown in FIG 6 such that other |levels ,of the sem conductor
device may be fabricated. The second |l ayer 34 of dielectric material may
be, any suitable dielectric including lowk dielectric materials.' Although
t he preagplig laye 80 typirallpesteistoflyabi/Riting 384 28t0and 286 Byithe ascofialpedbred tded ai |, it
shoul d be understood that various changes, substitutions and al-terations
can: be iRtig2 hwhas fn AuG-Refkctingl€paiik (ARC] dsalo shewbin FIG15. aldosgiohehat t he

I nvention as defined by the appended clains. For exanple, it wll be
readi | ymb@e ARTCI ot bt Rasvedifindquiteli fob fukther paedessidaoit nidy AeybRinedessaeywd | ayer

t hi ckness may be varied while remaining within the scope of the present

i nvent i gyigo. Mor eover, the scope of the present application is not intended
to be limted to the particular enbodi mrents of the process, nethods and
steps described in the specification. As_one of ordinary skill jn the art
will readily apyecteautered SHhS qeeping layerd9isfonnnd quarthes ve WiAg 8o,
processes, nethods, - or steps, presently existing or later to be devel oped,
‘that peRStoandh28e aisenond tayern I4yef distectsiadedeposited asshown indd; @euch iapatherlevely 1y t he
same result as the corresponding enbodi nents described herein may be

uti | i zeof the semicinductorslevinempy bestahticatedy The seoend laxst 84 o) diddecjric maferial Jp¥nded
clainms are intended to include within their. scope such processes, nethods,
or - ‘st epbe anySuinhiTdicisct@t inchlidg Ik dielettricamtegigladuct or devi ce conpri sing:

Although the present invention andAits advantages h:';.ve been descnbed in detail, lt '
should be understood that various changes, substitutions and alterations can be made herein
without départing from the spisit and scope of the invention s defined by the appended claims.
For example, it will be readily understood by those skilled in the art that dimensions and layer

- thickness may be varied while remaining within the scope of the present invention.

Moreover, the scope of the present application is not intended to be limited fo the
particular embodiments of the pmcess,‘ﬁxcthods and steps described in the specification. As one
" .of ordinary skill in the art will readily appreciate from the disclosure of the preseat invention,
- processes, methods, ot steps, presently existing or later to be developed, that perfdnn |
substantially the same function or abhie'(e substantially the same result as the corresponding
'embodiménts described hémin may be uu]med according to the bmentrinventiqn. | Acmrding}y,

. - the appended claims are intended to include within their scope such processes, methods, or steps.



a dielectric layer defining at | east one aperture therein; a barrier |ayer

fornmed along the bottomand side walls of said at | east one aperture; a

hi gh tenperature superconductor (11Th) | ayer forned over the barrier |ayer.

in said at |east one aperture; and .a conductive material filling said

aperture in said dielectric layer. 2. The sem conductor device of claim!]

wherein the dielectric layer is a lowk dielectric mterial. 3: The

- -seni cond¥EATAS PMEDJ$: ciai m 1 wherein the barrier | ayer 'is a materi al
selected from .a-group consisting of titanium titaniumnitride, tantalum

tant ul un, ni t @i WicohdtR@EARALe cotipasih@n nitride, and alloys and conbinations
of these materials. The sem conductor device of. claim3.further conprising

- a-tantal um | guedecRiéBdyet dintifat led Bhe apesturt BiRregM conduct or device of claim 1
wherein - the barrier |I'ayer conprises a layer of a tantalumrich nitride

over the HTS hayRf javd ihukell bolS the ©OHGH b it Walls 3 &1id &fledseotioabetture; The
sem conduct or devi cg of claim?1 wherein the HS material is a rare earth

cuprate. (cop oV dR geggn,ﬁqgﬁ- | liuefor (HTS Py e S U balRY er ikaigh@i m'|
wherein the ﬁ%hrrat rna |§H§ﬁé‘§r&e‘ eartﬁ}%gl enent conbi n‘ed@s\;thmbari um

" copper om«g eip%&rg.an;{he sem conductor device of claim7 wherein said rare
earth eI-emen'fl IS selected fromthe '

- a conductive material filling said aperture in said dielectric layer.

2 '-Ihc‘semiéonductor device of claim 1 wherein the dielectric layer is a low-k dielectric

material,

3. The semiconductor device of claim 1 wherein the barrier layer is ‘a material selected from
- "g'group consisting of titanium, titanjum nitride, tantalum, tantulum nitride, tungsten, tuagsten

nitride, and alloys and coinbinations of these materials.

‘4. The semiconductor device of claim 3 further comprising a tantalum layer over the HIS

layer.

- 5. The semiconductor device of claim 1 wherein the barrier layer comprises a layerofa

- tantalum-rich nitride over the HTS layer, and further comprising a layer of tantulum.

© 6. The semiconductor device of claim 1 wherein the HTS material is a rare eacth cuprate

(copper o;tidc) material.

7. ‘The semiconductor device of claim 1 whérein the HTS material is a rare earth element

combined with barium copper oxide.

. -10-



group consisting of yttrium :samarium neodym um erbium gadolinium
ytterbium dysprosium holmumand lutetium 9. The sem conductor device
of claim7 wherein the HIS material is yttrium barium copper oxide. - 10. -
The semi conductor devi.ce of claim1 wherein said H'S |layer is a rare earth
Rut heni um Oxocuprate. 11. The sem conductor device of claim 10 wherein said
rare ear¥h Rbpssmicondatorismicnptcliin 7 wikdreinedd tye ¢arth clemontrisiclecrRd Som the ar e
earth elenent) Cuy,OL in which xi's between about 1.55 and .2:45,-y is -
bet ween- SToRRonsistBE of rivIn, 45masum) neodymitre} exisien, guddlisiung, yBetdivh, 8yspiosivnt.2. The
sem conductor devi.ce' of claim 1l wherein said rare earth elenent is

sel ect edhdlmiym anddutgtiwmp consi sting of yttrium samarium neodym um erbium
~gadolinium ytterbium r dysprosium holmumand |utetium 13. The

~semi conductor device of claim1 wherein the HTS | ayer has a thickness of
‘bet ween 9.10. kIesedigonductog device of blaing € whemindbe B8 mdtstidldeyttsivachagiumcoppdier ei n
the conductive material is conprised of a nmaterial selected from a group
.consi sti axjdof copper, copper alloy, ‘gol'd, silver, and conpounds and

conbi nations thereof. 15. The sen conductor device of claim| wherein the
aperture defined in said dielectric has a wdth | ess than about 300 A

: : "10. - The semiconductor device of claim 1 wherein said HTS layer is arareearthRuthemum '

Oxocuprate,

11. - ‘The semiconductor device of claim 10 wherein said rare earth Ruthenium Oxocuprate is
* * defined by the formula RuSry (rare earth element) Cu,O, in which x is between about 1.55 and

2,45,y is between about 1.55 and 2.45, and z is between about 7.55 and 8.45.

12, The semiconductor device of claim 11 wherein said rare earth element is selected from
the group ooﬁsiStihg of yttrium, samarium, neodymium, ecbium, gadolinium, yttesbium,

dysprosium, holmium and lutetinm.

13.  The semiconductor device of claim 1 wherein the HTS layer has a thickness of between

10 A t0 500 A.

The semiconductor device of claim 1 wherein the conductive matetial is comprised of a
material selected from a group consisting of copper, copper alloy, gold, silver, and compounds
and combinations thereof.

15.  The semiconductor device of claim 1 wherein the aperture defined in said dielectric has a

width less than about 300 A



-11 16. The sem conduct or- device-of claim3 wherein the apertur.e defined in
said dielectric has a wdth | ess than about 300 A . 17. - The

sem conduct or devi ce of .claim|. wherein said at |east one aperture incl udes
at | east tvvo trenches. 18 The sem conduct or device of claim 17 wherein one

.of said hes rt h I ncl udes a 19.. T er conduct or

‘device o cI aim %r‘é“ F :SWH ergin the apgreyre é"ef?“"ﬁ ‘?q .chPBﬁduCt i ve

metal fi i d,at st one aperture. 20.-. The sem conductor device of
il sagf»arsbﬁ%p

claim 19 ing layer is an M'capping layer. 21. The
sem conduct or deV| ce of claim19 further corrpri sing another dielectric

| ayer ov Lectri.c, la and I—FI'S ca n 22 The
sem condggzt o?ﬁ{ (el%‘?@‘g 6'?10? %‘ﬂ‘%%ﬁ‘%xt ﬁ'&'ieml &&8 %&gﬁé’%\%’? sai d
HTS cappkW ayer. 23. The sem conduct or deV| ce of cI aim 22 wherein said

“hard mas t3sayer of ARC.. 24. The sem conductor device of claim?21
wher ei n sai d HT' S capping layer has a thi ckness . --between about 10 A and

-'--32?. A g 8 TRl o) B0 BRER ) RBltin Gl bl fuid ar a8 bbdched ANAE

includes a via.

19, - The semiconductor device of claim 1 further comprising a capping layer over said

-conductive metal filling said at least one aperture.

-20. - The semiconductor device of claim 19 wherein said capping. fayer is an HTS capping

layer.

 21.  The semiconductor device of claim 19 further oompnsmg another dielectric layer over

said first dielectric layer and said HTS cappiag layer.

22.  The semiconductor device of claim 19 further including 2 hard mask over said HTS

capping layer.
<+ 23. .- The semiconductor device of claim 22 wherein said hard mask is a layer of ARC..

: 24 ‘The scmxconductor dewoe of claim 21 wherem said HTS capping layer has a thickness

bctwccn about 10 Aand 500 A,

- 25 A semiconductor device compnsmg'
. afirst dielectric layer defining at least one aperture therein;

- -a'conductive material filling said at least one aperture in said first dielectric layer;
' -12-



a conductive material filling. said at | east one aperture in said first
dielectric layer, _12 an HIS. capping | ayer over said conductive materi al
filling said at | east one aperture; and another dielectric |ayer over said
first dielectric |ayer and said HTS cappi ng | ayer. The. sem conduct or

26. .
.device of cl aiaWIPES capsihel ',d“i?} S ing | r ha t hi ckness of
bet ween -about 10 A andg‘gl Or%ié .“‘#‘ﬁ‘%&éﬁ?’@@ﬁ@ﬂ%%‘fﬂ Qg apFrtuEs; andy 25
. wherein said apehbiifi@edtt IS e ielectric |aye as a width less than
about 300 A 28.. The sem c%lrrl ﬂ%ﬁ%ﬁ%ﬁ%@@g[ﬂmagﬁﬁq@ﬁmaaﬁe HTS
material is a rare earth cuprate (copper oxide) material. 29. The

o amont conbi ne e ot i e MAEE St ST R e R aditReial co o

el enent conbi ned with barium copper oxl

claim 29 phRe@idBoadod 4@sBoR2rth el enent is selected fromthe-group _
~consi sting of yttrium samarium neodym um erbium gadolinium ytterbium
dysprosium holmumand lutetium. 31. The sem conduct or device of claim29

wherein: the HifheMBrhRbAdaEof Eevick bE U m&?ﬁ%ﬁc@{@%ém g‘?@‘ﬁ"ﬁ‘ﬁﬁ‘dﬂﬁﬂ@%ﬁ? ; ?];

maki ng-a sem conduct or device conprising

- Layer ovepasd widf9ist alaf abdi3dga N9 at | east one aperture in said dielectric
layer; I - ' ,

:28. . The semiconductor device of claim 25 wherein the HTS material is a rare ezrth cuprate

. (copper oxids) material.

7 29, The semiconductor device of claim 25 wherein the HTS material is a rare éarth element

combined with barium copper oxide.

© 30.  The semiconductor device of claim 29 wherein said rare earth element is selected from
the group consisting of yttrium, samarium, neodymium, erbium, gadolinium; ytterbiﬁm,
dysprosium, holmium and lutetium.

31.  The semiconductor device of claim 29 wherein the HTS material is yttrium barium
copper oxide, |

32. A metkod of making a senﬁiconductor device comprising the steps of:
formmg a dielectric layer over a substrat;s;;
dgﬁning at least one aperture in said di_élecuic layer;
fo:miﬁ;g a barrier layer on the bottom and sidewalls of said at least one aperture;

forming a high tgmpemwre superconductor (HTS) layer over said barrier layer; and

-13-



~formng a barrier |ayer on the bottom and sidewall's of said at |east one
aperture; formng a high tenperature superconductor (H'S) |ayer over said-
barrier.layer; and -13 depositing a conductive nmaterial in said at |east
one aperture defined in said dielectric layer. 33. The method of claim 32
_wherein the dielectric layer is a lowk dielectric material. 34. The nethod
“of ‘clrai m 32 ifepsiting aceadustive materidl inysaid 4t deagt onpapsrtusgidefradde sadidielegisica gr oup
consisting of titanium'titaniurn nitride, tantalum tantalumnitride,
t ungst enl®¥kingsten-nitride, and alloys and conbinations thereof. 35. The
met hod of claim 33 'wherein the barrier |ayer conprises a |ayer of
tantalum_'and. further conprising a |ayer of tantalumover said HTS | ayer.
'36. The Mt holbegnethqdgl glam 33 mbereinhe dieleqticlayieriss lowtk dicleetrie matetialar t h cupr at e
(copper oxide) material. 37. The method of claim 32-wherein the HTS | ayer
is a-rarg earth el ement conbined with  bariumcopper oxide. 38. The nethod
“of cl ai m?37 methodoficlpim 42 whergin the araerdayer is ¢ matariakselegted figm a groupyr oup
.consisting of yttrium samarium neodym um erbium gadolinium ytterbium
"dyspr osi (FRSIStRR PHtitaninm titaninm eitiidefan@lim, wintlyre nitdd. WhestdnatungRen nitide.ahd t he
"HTS layer _is yttrium barium copper oxide. 40. The nethod of claim 32
wher ei n HpY$ anrd epmbiyations thergofi ar e eart h Rut heni um Oxocupr at e.

'35.  The method of claim 33 wherein the bamier layer comprises a layer of tantalum, and

 further comprising a layer of tantalum over said HTS layer.

©36. The method of claim 32 wherein the HTS material is a rare earth cuprate (copper oxide)

material.

- 3.  The method of claim 32 wherein the HTS layer is a-rare earth element combined with

barium copper oxide.

38.  The method of claim 37 wherein said rare earth element is selected from the group
consisting of yttrium, samarium, neodymium, erbium, gadolinium, ytterbium, dysprosium,

~holmium and lutetium.
© 39, The me_thod of claim 37 wherein the HTS layer is yttrium barium copper oxide.
- :40, . The method of claim 32 wherein said HTS layer is a rare earth Ruthenium Oxocupratc

41, The method of claim 40 wherein said rare earth Ruthenium Oxocuprate is defined by the
- formula RuSr,(rare earth element) Cu,O, in which x is between about 1.55 and 2.45,y is

- between about 1.55 and 2.45 and z is between about 7.55 and 8.45.
' -14-



*41. The method -of claim40 wherein said rare earth Ruthenium Oxocuprate..i.s.
defined by the fornula RuSrr(rare earth elenent) Cu7QZ in which X is

bet ween about 1.55 and 2.45,y is . between about 1.55 and 2.45 and z is

bet ween about 7.55 and 8.45." -14 42. The nethod of clain140 wherein said

rare eartdy el bthbd (o from consj st ttrlum

samar i um‘ﬁneogﬂ%&um ef‘ﬂ"% 3’5 ‘"T‘”rﬂt Eﬁf‘%ﬁ@%&& WP hol mium
and | utetj t hod of .claim vvherelnth ISIa er, has a '

"t hi cknes t*né%n?%ﬂﬁ% I, geodymitg, e i’f‘!‘i’é- s¥ffar i n t he

conducti v e lS conprised of a material select ed froma group
consi st n% %%183 t? %opper alloy, gold, silver, and conpounds ‘and
conmbi nations thereof. .45." The nethod of claim 32 vvherei n said at |-east one

' ggenr)ﬁ :ngen‘g?fhe step ofoﬁ?l%?[ %Q'gglgmg‘q"égﬁﬁt%t hoe mc@%(rﬁnﬁ%@&grtherr

mat eri al deposited in said aperture defined in said d| eI ectric. 47. The .. =
met hod. of 4£1 ai of . form ng. sai d_cappi | ayer.

" conprises for.ﬁ}leng a pa?l%uilnr red Eeﬁe r?ﬁ'%% %‘i’éf@@%@aﬂ%mﬁ%ﬁglrl al. 48..

.. The. net ho 911' I m46 whe =|n sald ste f a | aye

~ conpri sesgflor m%r?gla a‘i‘,‘"“" “81? {?ef'ﬂgﬁaﬁfc%f’ﬂqs@gXMerel n

said HTS ca I is forned to a th| ckness of . bet ween 101 and 500
A— &nElea% tﬁgreof

45.  The method of claim 32 wherein said at least one aperture has a width less than 300 A.

~ 46.  The method of claim 32 further comprising the step of forming a capping layer over said

conductive material deposited in said aperture defined in said dielectric.
47.  The method of claim 46 whesein said step of forming said capping layer comprises
forming a pattered hard mask over a layer of HTS matesial.

48.  The method of claim 46 wherein said step of forming a capping layer comprises forming
alayer of HTS. - -

+ 49." . The method of claim 48 wherein said HTS capping layer is formed to a thickness of
. -between 10 A and 500 A.

- .30.. - The method of claim 48 comprising the further step of depositing another dielectric layer

over said dielectric layer and said HTS capping layer.

- -SL. Amethod of making a semiconductor device comprising the steps of:

forming a dielectric layer over a substrate; _
| -15- ,



.50. The nethod of claim48 conprising the further step of depositing

anot her dielectric layer over said dielectric |ayer and said HTS cappi ng
“layer. 5l. A nethod of nmking a sem conductor device conprising the steps
of. formng a dielectric |ayer over a substrate; -15 defining at |east one
~aperture in said dielectric |ayer, depositing a conductive material in said

at leaSt'On%Icaye &q&gmqlgab%ﬁgeon ﬁ%ie‘ilecg'i % P'[I’IC | ayer; and, fprrﬁ ng.an

HTS cappi ng over ctlve erlal deposited in said aperture.

compri Ses ¢ HERRIGRE <SP o AEl B il gt byl AR il .

about '%'Bd 504 A 53. The nethod of claim51 V\/nerel n the HTS materi al
isara Eere‘ th cuprate (copper oxide) material. 54. The met hod of cl aimb51
wherein the S mat js.a rare rth el ement. ned with barium
copper oxid 9“'5@ Wé‘?ﬂé&ayﬁ'F""(?F%“ﬁ?‘?H“%%F’éfeﬁ P‘E?‘ el gapetfire ement is

selected fromt he group consisting of yttrium samarium neodym um
er bi um _gad i tter dys ros hoI and |LLt et 6. The
met hod-of cl ﬁ‘?’@é" ﬁ{l‘gﬂ ﬁ*‘ r oxide.
-16 | . _ _

6 ~ forming said HTS .l_aycr to a thickness of between about 10 A and 500 A.

53.  The method of claim 51 whercin the HTS material is a rare earth cuprate (cdpper oxide)

materiﬁi.

54.  The method of claim 51 wherein the HTS material is a rare earth element combined thh

barium copper oxide.

© 55. . The method of claim 54 wherein said rare earth element is selected from the group
- consisting of ytirium, samarium, neodymium, erbium, gadolinium, ytterbium, dysprosium,

‘holmium and lutetium.

56. = The method of claim 54 wherein the HTS material is yttrium barium copper oxide.
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