WD 2005/ 021828 PCT/ US2004/ 027090 PVD TARGETS COVPRI SI NG COPPER | N
TERNARY M XTURES, AND METHODS OF FORM NG COPPER- CONTAI NI NG PVD TARGETS
TECHNI CAL FI ELD [0001] The invention pertains to physical vapor
deposition targets containing mxtures of copper and at |east two

additional elenents. The Invention additionally pertai n(fﬂsto thin filns
and int erc%%éo(?f/%m%rrpri sing m xtures of copper and t WG TS0 22090

el enents, ‘an ' i K% | ,memmm

deposi tion tgygﬁgﬁﬁm‘éﬁﬁeﬂ?f @WO 2]_Physica svapor

deposition (PVD) (e.q ORTRRMNG GORPER-CONIANING RYDFARGEIS) for formi ng

films of material across substrate surfaces. PVD can be utilized, for

exanple, durin em ductor fabrication processes to formlayers
HRUCAT FELD

ultimately utEY Integrated circuitry structures and devi ces.
[0003] A typjooet] PVD Tieinedntiom pestirsi togshysical gt depositinadtatgetsacaiadiinge d
material {0 RSP Ahlar dna B faabPiBCachisndl eRHleRd e Ridhitn abdiBhgly O an
appropri at e ‘appar at us". e supstrate I's provided Iin a location of the
chanmber spacedains torthinikms endgetercamects eamprising| mlasmrqswécewg@w g o5 p@ia er ed
or otherw s &g O EHethbRIBi IdhBing B6rpel-contithirgShyslE&d 9spot 8sbobilieitalgee.
substrate. [0004] | n'ﬁgart I cul ar aBBII I cations, targets conprise copper
material s MW‘%QP OFJHR INYENTPY f or m conductive fil ms across
substrate sufdoogies. Exesphlaayorajapdsition(RuD)<e.§.osputt@ipppie frequentiitiizevgior
conductive fJll ns ' eS8\ i ch ,

cont ai ni ng dBAUGCRPS Fiera SRS G L SRERE  Byb daitl SlzEg R iample

i nt er connectdyring rseaniegnductos nighrication Prasewsss cls, fogm siayers ridireately Wikizadi fed
whi ch has trfﬁ[@&r@\%&cirdﬁit@%tr@&@'p’e@éndﬁek)@és. openi ngs extending from an upper
surface. In so appljcatio GO r-cont aini fil re .
sputter- depozqogild Wi t%?’?‘?'@@%ﬁ%&&ﬁaé‘ﬁgﬁﬁ ad?f@%}gf?@bﬁdo‘)g‘é c%Fire[ngatgr%éo[ rate
bet ween t he mpdapbsigd. Thedargeipip qroviciad withisra thrambenoivadappropriatecapiperatus.

bet ween t he peni - Jor. e : ' - ' Lshing.
The. copper - cLa SR i Pl n° BB, or A By Rler TBECOAISRE InePRlch B

t hi ckness t onaleiiablobttea yaraet| is sphEereghOhioHgawise Hisipggad frompihe ttargedapdds ti on
of the coppedephdhe®lpct thé Subkrabeal |y utilized to forma "seed Iayer" of

copper-contml g mater.i a thin

film upon a re'Hﬁ’f"ﬁilf:ﬂ%hﬁ%h@Eﬁgég@é@%&%gﬁgw@p}ﬁg’ﬁkﬁﬁlg @&ﬁ_ﬁ ﬁ%’]ol?q zi ng

met hodol ogy witizedito fdrinasandystivet fiims d@psssiubstota sUBacesn| Enenplapt dnplicatiowsyfof or

providi ng angadichianRl doRiuctivieins Afe duar damascene processes in which copper-
containing conductive films are utilized to form electrical interconnects. In dual
damascene processes, a substrate is provided which has trenches, vias and/or other
openings extending from an upper surface. In some applications copper-containing
films are sputter-deposited within the openings and over regions of the substrate
between the openings. The copper can then be removed from regions between the
openings by, for example, chemical-mechanical polishing. The copper-containing film
can be sputter-debosited to a sufficient thickness to completely fill the openings.
However, sputter-deposition of the copper material is typically utilized to form a “seed
layer” of copper-containing material where “seed layer”’ is used to refer to a thin film
upon which a remaining thickness of copper can be grown utilizing methodology other
than sputter-deposition. Exemplary methodology for providing an additional thickness of
copper can be, for example, electrochemical deposition. Thus, a copper-containing

interconnect will typically comprise two portions. A first portion will be a thin film
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copper can be, for exanple, electrochem cal deposition. Thus, a
copper-containing interconnect will typically conprise two portions. A
first portion will be a thin film 1 W 2005/021828 PCT/ US2004/ 027090
corresponding to a sputter deposited seed | ayer, and a second portion
(typically ‘R,? oosBsR 1ty or bulk of the interconnect) wi be a | ayer
fornmed over the see Iayer by non- sputter dep03|t| ng ?%WP%@QQ” [0005]

Various difficulti V t lized to
Sput ter et ofordopis 558 sPfud AERRUbE o AR i P shetnd SoRcfEnthly e L
target can breajoma b; bkt efcthe mtermem)ewlbbaeﬁayah@nhwover ecieed layerkyanopower
and heat cang g’ﬂfngfécﬁn,q&ég warp if the target does not have
sufficient stren to contend with the hi owers to which the target
i s subjected [0@6806] Yarjong difficyyes eandPer 1FOH '@Hﬁe whaty RYR taraeje, gigrutibped é3 i t i on
process can @du&& mbtaw@nwer subgBatpr ahlpaniBulgrssputéradpplicatibistriehargel tar bee.

t f ot t E
ot ol Gont ai SHbIRGER 19 (et ot s PR, SEE BleRts #ebfer RG89 gouse targets
st r ess- i nductedvary igthattarget does eat have suifigientt stremgtin teciootend with theihigh. powers to

Addi tional ly, tah iggve ot her undesirable properties such as
poor adhesi oWﬂi o aldé(;ﬁls%ﬂjec materials of the substrate. [0007] It woul d

be desirable [9Q96Hevel Bb“% ﬁ?R}é‘fedc@WH% PtAhpHGEa! YEROE IHeRRRicR SEOER%E Cabistpr e

of L he abovehaes\ef.b@esroalemblmlm Wit thbewl BB doRipbath bOthepfiladid Giong

suc target comosit e aspect
the inventi O?Ppémﬁ éﬁé’ég@taacepﬁ%?@grg:(}'g EF"SOCQB(%?W ekluce[d I!’%Jé'tes Rt%i ni ng
copper and astrdsemnducet wugratieh, electrainigestiomentier, corosian. aAdditionaliyithefiims lsen at
lleast two adglbiy %?bncﬁg?dﬂ’é WrSpdPfdsnderl éé)ﬁﬂo%dﬂegﬁﬁio ARy 'hﬁt@nél@@ﬁhé han
about 10 atomc e Invention additionally enconpasses thin filns
and i nt er conf®&f®e-whi ch contain the mixture of copper and at |east two
added el errent[eommere tthbulhoieedesmblettbeleeéloﬂ taret cdmpositierddetcheddeirsssbhe | S
from at. m 0, ne
aspect the |$1rvr3%rg?)6ﬁ]gear?ége eesgibee hk?orle?rhl?s i t%%e‘%t'og)%%tho/as f%) Pg%\gllcmg st“ﬁ? e
conpri si ng clergsksompasitianso or nore el ements sel ected ftom Ag, Al, As, Au,
B, Be, Ca, @MM%Y&THE@WE@EHO@G H, Hg, In, Ir, Li, M M, No, N,

Pb, Pd, Pt, Sb .
[0d08 ] In one aspect the invention encompasses a physical vapor deposition

target containing copper and at least two additional elements, a total amount of the at
least two additional elements being from at least 100 ppm to less than about 10 atomic
%. The invention additionally encompasses thin films and interconnects which contain
the mixture of copper and at least two added elements where the total of the at least two
added elements is from at least 100 ppm to less than about 10 atornic %.

[0009] In one aspect the invention encompasses forming a copper target. A
mixture comprising copper and two or more elements selected from Ag, Al, As, Ay, B,
Be, Ca, Cd, Co, Cr, Fe, Ga, Ge, Hf, Hg, In, Ir, Li, Mg, Mn, Nb, Ni, Pb, Pd, Pt, Sb, Sc, Si,
Sn, Ta, Te, Ti, V, W, Zn and Zr is formed to have a total amount of the at least two
elements from at least 100 ppm to less than about 10 atomic %. The mixture is cast by
melting and is subsequently cooled to form a billet. The billet is worked to form a target
where the working comprises one or both of equal channel angular extrusion and
thermomechanical processing.



Sn, Ta, Te, Ti, V, W Zn and Zr is fornmed to have a total anmount of the
at least two elenents fromat |east 100 ppmto | ess than about 10

atomc % The mixture Is cast by nelting and is subsequently cooled to
forma billet. The billet is worked to forma target where the working

conprises one_or both of equal channel angul ar extrusi
t her momecha¥? 2898 cessing. 2 WD 20051021828 PCT/ oo gy o

DESCRI PTI ON Fﬂmlgt) red enbodi nents of the

i nvention ar g@gg@%@@y@@ég\, W %RE\’rve erence to the follow n

acconpanyi ng deQ@] ngs. Piefryred embpdjments @féheal"\tﬁ"ﬁg?%mﬁawibed:b%%g\ect i onal

vi ew of an ex I lMhgsonstruction. [0012] Fig. 2
ﬁfﬂfér{éhlefo tEB RIISIRAG BRBibaHInG dAkwhgS

is atop view o g. 1. construction with the craoss-section of Fig.
1 extendi ng allofHdl | i neF'%- 1 d¢ & ﬂaf?g@m?tﬁof?rs'ﬁ?ﬁ'?“é Yiew 20t i88 o PXERPAY
Cross- sect i onakgevbhaekingplate condiittiont € at a particular processing step in
accordance w e inyentio 0 O ; ults of -
conpari son st @Pég of cdrf8s ﬂ%L'?‘géfﬁ]s‘ éh%ecoﬁ? t§&§%}f@h§§%%@%‘e’,'éeglﬁoﬂagrf{7'9'

al l oys and exerypeéraling aimagding &il of Fig. accor dance with the invention. [0015]
Fig. 5 1s a dighapmmat k. £1sQSfuchsihdi Bbs VicihaPliod of #UBSBhEA ricBlar

prelimnary step of a processing nethod in accordance wt
i nventi on: [ OPFRERSSing gteP i gesordancp ¥t e VRRlioRj g. 5 wafer fragnent at a
processi ng st geo14pubserigenthdwd thdakulBfof Edraparibon $t0Mids/df chirgbion fedistare of

di agrammatic cross-sectional view of the Fig. .5 e .
alternative p?‘ﬂ%&%"@ﬁhé'“gﬁyé‘géyé &Bgsﬁeﬁ'é"h“rtw 't“%te{“ﬂ%'ln a8$° lﬂ%ﬁ‘éé %r.' ‘_“?Eﬂﬁ'@?"ﬁ g. 8
shows a conpar®®&h of figaidnisspzaisgrashmatier erossogrstional lylewapls aceybstate aild oys,
and exenpl ar Ypr%ﬁﬁiﬁﬁpteﬁepé)@rbcé@hﬁfme%&infaféédf@éiwcb RitRedvdatpe W th the

I nvention. [3019 g, 9 shows. a co ?fr,l son @f t he effects of heat
treatment on uPPhate 'PeﬁsiPlaeV@’r%fn‘g? ig- 5t Walr ragmpHett, @ QISRTING: Step

bi nary al | oyssubasyhentnio thaeofifligay ternary copper material forned in

accor dance w ie | KGN Lo bETANLERDESGRTTL M K1 & JRGEEATEP

. f
EMBODI MENTS [ | nt erconnec on cc'):pper technol*ogi es
repl aci ng al u@fieMnatiye processing step subsequent to that of Fig. 5.

foot8] - Fig. 8 shows a comparison of grain sizes of pure copper, binary copper

alloys, and exemplary ternary copper materials formed in accbrdance with the invention.
[c019] Fig. 9 shows a oomparisoﬁ of the effects of heat treatment on ultimate
tensile strength for pure copper, exemplary binary alloys, and an exemplary ternary
copper material formed in accordance with the invention. '
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
~[0020] Interconnects based on copper technologies are replacing aluminum
based technologies due to the lower electrical resistance of copper, improved
electromigration resistance and lower costs of copper relative to aluminum. In a manner
similar to aluminum, many properties of copper can be improved by additions of small
amounts of other elements. Specifically, the use of alloys can reduce electromigration,
stress-migration, corrosion and other undesirable effects relative to pure copper. It can
be advantageous to "use ternary and highér order copper-containing conductive
materials to address various problems including, for example, problems assaociated with
adhesion, stress-migration, electromigration, oxidation resistance, etc., while still
maintaining a low overall electrical resistance In the conductive copper-containing
material.



based technol ogies due to the |ower electrical resistance of copper,

I nproved electromgration resistance and | ower costs of copper relative
to alumnum In a manner simlar to alum num many properties of copper
can be inproved by additions of small anounts of other el enents.

Speci ficall the use of alloys can reduce el ectrom grgtiBoesezr090
stress- mgr‘é? Q?r"(o 188 r 0si on and ot her undesirable effects relative to

pure copper. advant age rnar

copper - cont a| 313‘ ondE%rtH"\Pé’seﬁTat 'ﬂ?rf’?ﬂ'@ 'ﬁ% dé&%?‘érgsé/r\?gpu?%g#s&g EﬁiJ

i ncl udi ng, f osddétinaatpleenisrio Hieres ta 8% 8 ddraane donpet-tontainingasiyre. A m'XtUFe of
stress-m grat &ﬁper friderﬁﬁureqn&rgfv@t?dﬁﬁionémleﬂﬁwsqg réiBFePlotdCE ,coﬁ;eﬁcgmmhd e

still nmint | ow over al | ectrical resistance In the conductive

copper - cont ai WIXW@e haying ey higher 0’99‘\@3’2’@0‘5Wi%’?ﬁ‘%ﬂﬂ%?ﬁ'é‘ﬁﬁ)‘ﬁ%'@vﬁ"@@? 1]
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t ddi t I f t

mxture. A i Gerpese masgpse e Alef i P kB AR e TERER il R S
referred to awmaotalipyscanddmtheaisnissipn befowtthe mixtaes arg rederteddd s alloysidlt is to
relative to tgr Ur?d:) rsrtégdxﬁoweeﬁ' th-gpﬁ\e %&iﬁu‘éé %&n ﬂ%\iet Bfind &H@r%érpﬂue 5@395 Bg i N

any of numerous .. conpl exes and
i nterspersed agpeingltee GW'W R‘Ftﬁf‘%‘% "‘lﬁffeldltﬁ ag a|'qys t"htigle prseussiop thatJlaws on

ar et typi cal | yednlin E&}ﬁ% asfp@étgbnﬁe AldraYSbein @ form dthe tr&h&ﬁéﬁd&&iﬂ@iﬁohﬁ ow, the

m xtures are r re is e under st ood howe

that the nixt J&gg can h&@g’ef‘?a){}lr?g){@lzwgrterpﬂ@ ttpqt}' r {459 y?iﬁ) the, '(E’(‘f%fﬂrl‘ ngly
t he exenpl ar yrefativetoi birlasy alleysis thetithe teresy and kigher ordet aﬂeym@mmmmm
follows can ir&dafag@ g?@fegsnnabgaecﬁ@«ardbwent F&MinB8ndel pamémrrm%m whBARn in

true alloy form enef 1t util |Z|nagternar or ger order
al | oys of t he8q9dgdelat FpRer Fa RAMIEY treduge (plgaromioraype whie ?"Ff@ M CA%r y
and h} gher olr3 ariy leBYcH ABSIEN. O)Kbddﬁjur@drdwheroﬁlaéry afldye@ib\j\;]&ﬁ&f thadaloyasail ng
specific pro For .| NSt ance. Iy

copper can pr Rj,g?ﬁlylbﬁ SP&P Frre‘ldg ?g{)e?ﬁtlﬂo%g%rﬁlog%%v\gmsglﬁ?r recfiﬁmp%glggqon b%t
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the alloys W Lijow b4 Ghlctr¥miBRtisi &rfablcsnéswn hG e | mr&@octtﬁé}es,g ra’a&w.ﬁa or
sui tabl e for reduci ng’bcorro& on but seldomare suitable for

However, uti | PUsiomizoR,for ¢ tallagng yPfotpe rﬁ”@héﬁ" 6r‘EFé'f°”ﬁfl”695°’c%9?“°aéfP'Po TSt h
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cust Qm Z?‘t i On_@?}sﬂ ai | O‘tihgg b&gn Irbnr?d tﬁ!atl 2¥ o; Rerrnﬁy Qﬁ{iéﬂep B'Jdgr mittfes ot copper

appl i cation.
and additional elements can be utilized to simultaneously address multiple problems. In

other words, it has been shown that for particular mixtures of alloying elements the
benefits provided by Independent elements can be combined to provide cumulative
effects. in some instances, benefits or enhanced properties are observed tor the ternary
alloys where the total enhancement provided by the combination of alloying elements
exceeds the independent enhancement of the property obsérved in the respective -
binary alloys. For example, addition of a total atomic amount “x” of a combination of a
first and second element can provide an improvernent in a property (such as corrosion
resistance) relative to pure copper, which exceeds the observed improvement in that
property for a binary alloy containing the same atomic amount “x” of the first element or
second element independently. This enhanced improvement can also be accompanied
by improvements in other properties as well. Similar effects can occur in higher order
alloys.



conbi nati on of effects can also allow other undesirable aspects to be
addressed. [0023] It has been found that use of ternary or higher order
m xtures of copper and additional elenments can be utilized to

si mul t aneously address nultiple problens. In other words, it has been
shown that for particular mxtures of alloying el enentg. ﬁ@om}é%ﬁjf'ts
provi ded bywpﬁ?f’gﬂ%lﬁ%fent el enents can be conbined to prov’lit de cunul ative

ffects. | t d
effects tepﬂ;g@ﬁzgpfoag dgp@ﬁ:{iﬁ&%ﬂ? t...ﬁ%@anc dormgﬂgf&gérgﬂ ﬁ@tﬁnge
conbi nat i on ofenbgricey progerti¢seofeone or mesecfée)d@anthﬁéomwé%&wﬁl@ma @Pﬂ?&r‘ﬁf@ﬁwfﬁt of

the property ¢ ?wfa%nbn oitzh&rdngénﬁgéﬂ \«ehaslbbé}aroun&qhhtqrerQmEaépeeesmdnery
addition of a fotal atom

second el emento" &ighethPaes a'@vaﬁ?"ﬁ%%%ﬂé%ﬁlﬁ '"F’ﬁa%? l?l‘%’ﬁ)é??’i?ﬁt 5‘7.158'?@ %%'”ary
corrosion r e&llojtsanmm)mrrgehrajt bivihe tetenmantse presanp dn thewlarnaly e bigbetsortiérealloy.

e Pt AEEUTERbly. et AhaerNRRBR" &% deier ' BihsBhd NorCBRRA! "TRA e

sane atomc a ement of  secon
i ndependent | y utifigatian @frtnanwamduhmbewéereaﬂpymn aljow grablemade berddiesspd Vﬁty

i nprovenent s 'sButfbtnh&WarQJtQQﬁf/&' @ aftsw PRbloms B B laddre§bll $QAtRe 8 RinfCokied! N
hi gher order al 5/ 021828 PCT/ US2004/ 027090 (0024] An

addi t i onal berﬁ@f"ﬁ‘f‘e BRUEENg Bty ternary or higher order alloys Is that
t he enhanced [wmert | egtiligdtion BtedaryoP highetlotday cappér dlieyscanisometiinds@rasbhtow a

| onger tar gﬂ] Schuﬁles W d%:t%gltktn lqt.%t $b?eﬂmﬁ)% cﬂ?ﬁbts%grp g{e%)gﬁtdepbéﬂegq‘ﬁnsb en

found that

advant ageousl| ynatw@lseas be ﬂr&‘r&g@ﬂglx; mff@wg@smmreatbpmet locrbamlvy:omleko?ge to

cont ai ni ng a”)fhepfmu Jheprﬁb&fe%rﬁff’mdi\}‘d%:‘éﬁélbmérﬁs téi%dn%flﬁ%r MixRFe Riusthey siciar

al | oy. Accordln % t?%d ngF‘tar e & gedto Wlthst nd
hi gh power. THBEUI{q phiayp dspired o ?’B'Fﬂ%"t?“%ﬁw ’ﬁ?"@ﬁ Pt $HERT deRPPIERRsas

al | ow pr obl enmastpmdoetiondtia borsaginevstcompegitiont eri ng targets and/ or can all ow

probl ems to beiﬂ@?ﬁr esseAin %ﬁél‘@?dr{ %é? cfohét oqu can];%omrtjhgl? mSQ&:Fngﬁéeng

targets. [0025 i1izat copper l'oysS can
soneti mes preddthithe methppelegyt of dhe Pfﬁs%méﬂt@ﬂ &ﬁ?t éqﬂh@@lowbtsﬁqsprﬂ@d generally

conposi tion cmwra&@n@dtolﬁgsdﬁm tﬁeﬁrg‘et bdﬁ&trwuon maéaarmoﬁlds aQ&@ethQ bonded

i ncreasingly ul t

the uni que pr L?‘%E@ p@? ?%fo\'f&b E’g Ei?lt ; ezﬁzﬁ%ﬁ?"\é"pf'ﬁe rW)&r%gEe'rmst
be sel ected @@deefcabﬂiey allpysamhmelemsws midudese hSatking plbtal thcen fcomprise any
consi stent spyidfe MASBRS ifcluaMg B8t V¥ lifnited to, for example, low purity copper. Interlayer

16 can constitute a diffusion bond formed directly between target 14 and backing plate

12, or can comptise one or more distinct materials provided to improve adhesion
between target 14 and backing plate 12. Exemplary materials for interlayer 16 include,
for example, one or more of silver, copper, nickel, tin and indium.

[0027] Target 14 can comprise ternary and higher order copper-containing
mixtures having a variety of suitable compositions in accordance with the invention, In
particular aspects, the copper-containing material will comprise copper together with two
or more of Ag, Al, As, Au, B, Be, Ca, Cd, Co, Cr, Fe, Ga, Ge, Hf, Hg, In, Ir, Li, Mg, Mn,
Nb, Ni, Pb, Pd, Pt, Sb, Sc, Si, Sn, Ta, Te, Ti, V, W, Zn and Zr. Typically, target 14 wil
consist essentially of the particular ternary or higher order copper-containing mixture
and in particular applications will consist of copper together with the selected two or
more elements. Target 14 contains from at least about 90 atomic % copper, 1o less than

or equal to about 99.99 atomic % copper in addition to the two or more elements
5



as production of a honbgenous conposition. [0026] An exenplary target
construction which can be forned in accordance wth the nethodol ogy of
the present invention (set forth below) is described generally wth
reference to Figs. 1 and 2. A target construction 10 can include a

target 14 beysisd gad backing plate 12 through an int Tar get
14 can corrp?ftge %ﬂgr nary or higher order copper all oys‘;Clrﬁjép‘{o‘g‘g?g‘?o

m xtures. Backin | at e n co [ £ a I udi ng
but not i mi tsék? ggF?oF\dpe é%%{fr?ﬂ)%o ?(P?fﬁ %ﬁ’r el 3'%]“"‘ 3 h?ﬁ‘p‘;?f@b%rdén%é{ can
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backing pl at eprefl%\t}légrcgﬁ\eﬂe@%m'bf {6 16 re ERMBE bisbi G 1ofER & beddn at

provided to i sion Dbetween targ?et 14 and backing plate 12.
Exenpl ary nat'é&ﬁ'ﬁ‘laé’mﬂtdpm?Pﬂ’@ﬂ'&%ﬁé"ﬁa"la@wtr?cﬁ%% > for exanple, one or nore
of silver, copges} ni Ckethary boppePmateridislinwetorfhowith thelgentivhlcan @omgrizapr i se

t er nar and h| her er - ainin tur | N arl ety of
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Ti, V, W Zn exampifromapeitca0ippm te abqyei0 atamigi%.| In Pé@ﬁ@?fgwst%rscg%mq %i'l'q“w of
t he parlt I cul agt thefirgPdIdmeéHt ahd ghdihd @lefRht CHaCtorfibdlly AqUivalgnt Tbltiverte eacnd i n
particul ar ap

i cations consi st of er together wit
sel ected two {’ rgxag]pg.rélpﬁ g‘ve'ﬁdgpgeé‘foq%sgegnﬁaaqe% C?nrac')mnga pg!‘igaﬁd Aout
90 atonic % caippiemercent df @ssecorthelement. &iuilarly. ttergethb o thegaveptioragamdompse

copper in add&oggé?rhnﬁ(bﬁ BB mic/ffer&nt B4 ﬁrsﬁél&ﬁ&ﬂtaﬁd 03 HéMid Yar/eRPdHE&bcond
PCT/ US2004/ 027090 selected fromthe [isted group. Preferably a total

amount of the®W®tor nore el enents present in the target will be from
about 100 ppmjoda2e] | esSEskdnipargheratry 16oppéailay Patelils ewhigh ebatambbguivalent

conblnedtotal of th r eyfrom
S| east at Bt S0 oo pRhE B oR, RGBS Cllo oAl ok
Ternary coppefu/Pbatér §a40§a1°/n laic B8P SatYe Snf-Gatfet Fre Guiddatts AB/0cIYe Adndnd se,

consi st essemt;,u/@bg%,gj/o @Jt%?@%br%ﬂat%fs%ﬂ@ﬁémenﬁ first element selected
fromthe |i st el emen d fromthe 'l?VSt of

ect
ol enents.  The PR | veRharRaUR FBPBTROTELE! SR RVAOISTTRG PIahEr T LoPeSt
limted to a thardiatige hmpunts blieachmdn-cappebelemérois nat limivg t© dnyuartadanalud 00

ppm to about 0.0 fstdhcds! Pl MBH & the Woh-B5ES eleMdfits WERUY present in
equivalent amounts, atomically. Alternatively, the amount of each of the non-copper
elements can differ relative to every other non-copper element.

[0031] Particular elements from the list of elements can be especially
advantageous for ternary or higher order copper-containing alloys. For example, sliver
can be utilized to improve electromigration resistance due to its rapid diffusivity, low
electrical resistivity and high atomic weight. Although titanium can increase electrical
resistivity in materials, titanium can be utilized for improving corrosion resistance.
Aluminum can also be utilized for improving corrosion resistance and may produce less
degradation of electrical resistivity than titanium, It is to be noted that particular
amounts of individual elements can be adjusted to provide or maximize a desired
property in the target and/or resulting film or material.

[0032] Use of ternary or higher order copper alloys can permit customization or

failoring of thin films formed from exemplary copper alloy containing targets of the
6



of the first element and second el ement can be atom cally equival ent
relative to each other. For exanple, the invention enconpasses targets
cont ai ni ng copper and 0.5 atom c percent of a second el enent.
Simlarly, targets of the invention can conprise copper and 0.3 atomc
percent of a fi rst el enent and 0.3 atom c percent of g §aIRF027680CTENT .

[ 0029) Exe ?091 é’i’nary copper al | oy materl al s which cont aln eqw val ent

amounts of first and SEeco ncl.ude t %
A O st iR veeg AR SRepey BT ahigh B neha P id Bbelorp’ e o
Al ; and Cu/ 0desribediginCefdeenedioFigBere at % i s atom c percent. [0030]

Were the COpp@ :%:ﬁat er ialcofdiruk QGV%H\ Ol Seafo?' %plé)rgesfenﬁ&ﬂ&ﬁior
alloy, the relatrve anounts -of each non- cgq% | enent ted

to any parti c@peatruction ifeshown o gorpRrise g|substrats arﬁi’@%"atq %&)G‘%ﬂb F%"E‘H?prge

non- copper el %Baaérﬁstélm sh@orﬂmsfe Nithdudh sEis§tiate @b mthoaﬁasl né\&hg aalﬁdmiogeﬂduby
Al ternatively, can hffer

relative to e\98'F‘9°38'PHér's tﬁ(?ﬁ ”E‘g%f}g?ﬁgﬁ“é%sr#sm[(?)fﬁq "Eﬁ?et nué“lﬁr%lﬂz P AN
fromthe |ist imégratbedrenilt devicen (it siesypi cSubisirate 22 iependerdly ws as combinedwithy or

hi gher order %89{?0% I&r‘ﬁ@tﬁfé‘s%e’?&n@ah BeY fuferfefl o £54 d@ondﬁétor"s%straf@nl'o% fn

utilized to inp resistance du ts rapid,
diffusivity, I'wfe@l"@fbtqf |tb%1lc'a|"'é% |“!?ﬁ |f9’|°Wy‘hanE"Pﬁ g??"!i‘ioﬁﬁ‘\"‘é“"?/\é%ﬁ\’@te and
Al though ti tanééﬁn&&.aurbtdrn%ﬁmso" eheCidbfinedl to rrasanstanyl eynstractioat eom;&lst‘ng

titani um can be ut rovi S si st.an

can also be utsFmICQ'éJd' ‘I'ZVSrm?tﬁIﬂﬁJ d\rﬁtﬁj Cgﬁr'oo 'gﬁ (#g bé" a%e@% '&éﬁgﬂ'ﬁ% magermgpuce

| ess degr adatsugn asfa eémeiconductive waleri (sithari algnet hamin essembiieancorhprising atoerbe
noted that parrﬁdtéiﬁlsatﬁeragrgow &n@éon&&%e"hﬁ'&ﬁél I&)e?sn@lﬂe? aﬁff\@ Ol?(ﬁ'\ adimgiegd to

provi de or maxim ze propert target and/or, resulting
fil mor matericamprigingoahgr ropteriaky. tT@P r\%[FV‘SH)tfs"ﬁ‘ie FRigTs &7 8 SUPBPRY SHYFWS) s
can permt cusicRiingatut Ast lidited fopthk eéritihdadtivé Bubistrated desciibedapolel r om
BT 208 oL N R 2 PR sl 200 ORIy, o,
i n accor dance vaparidepdsiting fromret tatgat ¢omprigiegsanyi df de wovmdmﬂlaadéﬁroerytoo highey. 3.
[0033] A constydif bhier iy mdralk, FafkidiEvapbPliepd¥ifditlifizinga tféﬂéBi‘r%Ee%
construction is shown to conprise a substrate 22. Substrate 22 can be
for exanpl e, 2y the invention can utilize conventional PVD methodology or methodology vet to be
’ developed. Deposited film 24 can comprise any of the described ternary and higher
order materials and can preferably be deposited to comprise ternary or higher order
copper materials having.a composition identical to that of the sputtering target. In
particular instances, film 24 can consist essentially of the composition of the target and
in particular instances can consist of the target composition.
[0035] As discussed above, the ternary and higher order materials of the
invention can confer desirable properties and in particular instances can confer a
combination of desirable properties to thin film 24 which are improved relative to a
binary alloy compriéing copper and one of the added elements present in the materlal of
film 24. For example, film 24 can have improved electromigration resistance, decreased
electrical resistivity and/or improved corrosion resistance relative to binary alloys. Fig. 4
shows results of studies of corrosion resistance for exemplary ternary materials of the
invention. The results show that ternary copper mixtures of the invention having
particular combinations of elements can increase corrosion resistance beyond the level

or resistance achieved in binary copper alloys having either element alone.
7



nonocrystalline silicon wafer. Although substrate 22 is shown as having
a honobgenous conposition it is to be understood that the substrate can
conprise numerous layers and integrated circuit devices (not shown).
Substrate 22 independently or as conmbined with additional structures

t hereon can be referred to as a sem conduct or substratleC "}-ﬁd‘ﬁ 5’7040”

i nt er pret atWVeR®802B¥e clainms that foll ow the terms "seniconductive
substrate"” and "sem conduyct or substrat are %ef ne

construction &Rk sinygse %‘é‘?r‘f‘%t‘?ﬂﬂ'@?‘?r\?é QRBPS aliovs ¢ADy R?&““@L,'&mfa%ﬁ%f’f
limted to, huinkfirnezs wmbmt destredrmtapeities for & paticuar apriieation.o nddittonaly,

waf er (either a?l‘c?u@?co 'ﬂor?ssgiee[%?lludn?sscfaﬁ desdnﬂtgncgél Q@ﬁsnﬁtéﬂé& of bd?l!!p%smon

t hereon), and sem con one
assenbl i es  ctorepghost thip fldm Rér leemail@m)elemn@ m@bﬁph@eﬁéﬂ P'Htaé“’e 40@9%% to

any suppor ti ng gff fo'tntinderlyM@!ritiérRg . THAUEtd @ ithd dddbd BRmiefts dafBe adjusted
sem conducti ve substrates descrl bed above. 0034

thin fj can be
formed over sQERaXmireenanegmen; gia RRILFHRAM Props eﬂc'ﬁev%ﬂcﬂesﬁeég‘tl?iq G
froma tar QEtcdﬁMﬁéalpﬁipB@nﬁmbv@:ﬁerttﬁlmﬂanbmmemdescr| bed ternary or hi gher

d t i iz
order, conper Tokal "™ kPt 0y BS0RBS ML il
met hodol ogy oof, feeexaogisl mam 04 anigrens tg @beut 39avicromse pputteredpppsiiohiem & an

conprise any @fqet &%gﬁ%flqu bb%ﬁlﬁ@&)bf@r’ﬁdla'y”ﬁr@hﬁérossod Qﬁéotﬁ@ﬁ@éﬂb&bﬁlaﬂ&nd
can preferably gb deposited to conpri order

material s havﬁ’ Mgr é“?ﬁtﬁ’ﬁ‘ﬁo%ﬁ APHAS SERY \“S'ﬁ"? %oaﬁ?{gﬁm’ﬁ!’f' lf’ﬁ%e%“bfﬁ"t ke fc}[@e‘Ppe

target. In pétfrés]s@lshﬂﬁcelrﬁ&h@.mleﬂs topolbgicaPiéamess. consi st essentially of the

Che tar get coftdslf i onA| 588, ReARed TGS (B AFRZe RGN P e
hi gher or der lnmnécpn %ﬂnspedifaﬂlcﬂé y ysqlubistforogtionah 'Q‘ﬁi@ﬂﬂéﬁﬂﬁegm%‘ﬁ“@fm%ﬂ i es

and in parti cighmdg ﬂn"b%“c@f@@rﬁ:% mqnthsqmeﬁronaare%eaiba@twnar}eféﬁer@e% rmjal §-7.
properties to t.hin

re roved relative
al l oy conpri st ”B%BB‘@'P "81%{9 l‘c-‘Jri’e"°8’F "‘Lc?‘f;é‘r@d%léﬁwﬂlaé ‘ﬂ'lfg\s/a B}ag%'a]r?ts *Hosﬂt%qe
mat eri al . of diwer em 2dper Borface o splhstratefd2l nvididriat geriHvie nphmnltndetd a particular
O oo 97 LB of RaleRAi NG an 4R 16 E8Eolp A EHLIAGE mdi swev%pw.ﬂaashsor

[ rrproved corrosi on resistance relative
resul ts of stRraYidas wichextepdsirem ap uehes syface thrgsigh aw@ﬁ'ﬁ! %f‘dtcéf‘ fepayticular
materials of ihienceb aagmuemsucmmt a@GHddeBf &Ib@t\fété Pals dxposvaray tHeQaABS b the

m xtures of the jinvegntion cu ar  conbi at ions of elenents
Can | ncr ease PP Pt Buied bufibe oBEDs, It St 8 0aee BtpiBp o
achi eved i n bifen38) copPeterriag todkis Ghavintegcopnachmaterd! 80rean beaprovided withindhe
2005/ 021828 opening. Formatlon of interconnect 30 can comprise, for example, sputtering from a
target of the invention sufficient to fill opening 28. In particular instances, formation of
interconnect 30 can comprise depositing material from a target of the invention to cover
some or all of insulative material 26. The portions of the deposited material overlying
layer 26 can be subseguently removed, by for'exafnple, chemical-mechanical polishing
or other conventional or yet to be developed removal technique. Interconnect 30 can
comprise any of the ternary materials or higher order materials described above, and in
particular instances can consist essentially of or consist of a composition identical to that
provided in the sputtering target.
{0040} Referring 1o Fig. 7, such shows an alternative processing relative to that
shown in Fig. 6. As shown in Fig. 7, via or opening 28 (Fig. 5) can be filled by providing

an initial thin film or “seed layer” 32 within the opening and subsequently filling an
8



PCT/ US2004/ 027090 [ 0036] Use of ternary or higher order copper alloys
can permt custom zation of thin film24 to inpart desired properties
for a particular application. Additionally, particular conbinations of
el ements can provi de enhanced consi stency of conposition throughout

thin film24. _Further, alloying elenments can be chose S0PRNE
adhesi on &o?%"é?s %4 to an underlying material. The r@g{rllﬁ(s) o@t he added

oty o iuSeERe hess R S BARTRS R <l B S8
i Mpr ovenent s such érhbdmnrﬁent nsedd .layled B2 Epn lipgy the vd or Dpanivg Bndricare dulistantially

part i cular ¢ Lskne R Ao dn JRYANR hjak 551988 1204 ool SURERY Somir8™

about Olmcrons m Ccro epositio
target of thany niltt\ﬁtlﬁr@hrvdﬁd"@@' gtder materalp (§‘G$Q5'P¢d PW@raf‘Qépaacbeo@QPO%lteg moot h

and subst ant Ip?éférybuy mll.an@bny%wbu% &to@p&dnroﬁ a%r&%nm‘ﬁ%a{dﬂaﬁﬂmn Bomprise
Alternati vel Y, OI’ med acr&ﬂs a sur ace a,VI varl ous

t opol ogi cal ﬁ’é?t 8%’ a[‘Y)(?éErS}]e RFnasy SRk OrdRs FaPRel: RllgKs WA Beq g?‘t‘{@t‘g and
conposi ti ons atémétive coridostiva matetialsantiding par-teppel materialsi Sefpaticular ihsdnead,i on

of inter CO“”‘?r?ge%als\éQ 'ngﬁﬁ c{ar%? dfiﬁ%f&gte%aﬁ?na 2l %%%&?%&&&ﬁc?ﬁﬂﬁ yillehtirt NE

i nvention are descCri erence
initially to Paitgly (8ot showtes coropietply gs siwngdn E@oﬂml%cqmaeqt ﬁgtﬁlﬂm(@ﬂ ibal 26

deposited 0OWBposhel W&ncawaﬁmpsémoﬁwm Bé Brovided MpbRdrhative ntMRY sief 1S
not Ilmtedto a%artlc%ﬁ Eb/ﬂpﬁ materi al and can be, for exanple,
an insul at i v@Srit&pTH og}s. cbepggtq s provided which extends from an
upper surface[obérjough Metficgblogy utRiBechfod foraing the goasttuctierd 200 as shsnan E@s 7be

provided such, gtaa%an@cu@ms sur‘§ n@upégoagﬁg 85?9 bﬁb&mm%nars ézzbeﬁdb\ﬁsg of

the opening. ex ose Sp |'ocati on
i n subst r at e oyerly SOT‘QGP,@] of REfUEPYrisHEace of Fﬁl{bat"’%'a)’%[r?er ﬂ‘éP&QfHWé@tat%t(@ﬂl al

30 can be pr @yi glgdrivdd Bhdior Péi‘nov@@qmrﬁ"'@verﬁﬁﬁtﬁﬁéll@"'b?f fdrNd@FrpRNAEHical0 can
tar of the invention

conprise, for_e u rin r.om

suf ficient ténﬁcf'(ﬂ%!cﬁ%?ﬂ%g ore Vﬂﬁ??ql%ﬁh'ﬁor”e nstances, formation of

i nt erconnect [B042an cdmaddition tbewtiization e QR processed rf@‘rﬁ\oamngalﬂ’@edesoribedhe

i nvention toganefis t&@érend&stéydlmmndtaﬁ%%a K ér%fr@err'nﬁkengé of mB%vpﬁroh' Sl

of the dep05|ted materi al overl ayer can be subsequent ly
renoved, by 8} Pedenositad USHWeGH‘PE‘éi"’ %%ﬁQH?SC'B‘F'”‘HlQ P@H‘Phb’““eérm 8lomnig layer
convent i onal degosyien, chemibal vegar dbsyarion amanac&bchbmbmewgnonl nt er connect: 30

o DR L ocloBR O, tHE LB B efndfP PP ofder SRS At or, BRARITELT, of

descri bed abo and in par es
or consi st oﬁplﬂlcﬁ@nﬁd@ht impact diereanoedt mropetftMt by.pfasvéxseulel reimi@neously

sputtering taddfiBhg stress induced migration, electromigration and corrosion In the interconnect.
These alloys can additionally improve adhesion to other underlying materials relative to
the adhesion provided by pure copper or binary alloys. Where the ternary or higher
order copper alloy materials of the invention are utilized as a seed layer such as layer
32 shown in Fig. 7, such can provide enhanced adhesion to alternative underlying
materials (not shown) such as barrier materials, and can additionally advantageously
impact properties such as agglomeration, stress migration, bulk copper diffusion, grain
size, oxidation resistance and electromigration resistance. Appropriate combinations of
alloying elements such as those described above can be chosen to impact interconnect
properties through diffusion into a bulk copper material which is subsequently formed
over the sputter deposited layer (such as material 34).
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[ 0040] Referring to Fig. 7, such shows an alternative processing
relative to that shown in Fig. 6. As showmn In Fig. 7, via or opening 28
(Fig. 5) can be filled by providing an initial thin filmor seed

| ayer” 32 within the opening and subsequently filling an

20051021828 PCT1 041027090 interior portion of the mﬁ& doh an
addi ti onal ‘ﬁﬁf@?’y %34 to form | nt er connect 30a. such enb 2(ybment

seed | ayer 32 line th |

separ ate nat e#(fbg?] 34 fV’oPn t'r?gu |ve%FUé' p{@%nﬁ%eed P%ggérndB@eé%oﬁmws
pref erably cotopprisieg mateyialgfsputtas qemﬁe# irom rtaﬂgptghérthaarndeﬁlomﬂm tesnasy or
descri bed ab%&&a@epamypees@m% ﬁ\‘i’pro\l%rpﬁépfél’rt%@ lo¥ tHdlthrh bt tiiehsBRYSiefatle

vapor deposition. |nterconnect fill ‘material 34 can comprise pure
copper, any dP tengetsiabbinamalgys o @ﬁ%@@?ﬂe? < UpRsRved AroRs{es fae idudedohpove

or al tler nat leaerr@ranmuadatwof@alsrgto&dttﬁwmmﬂhudargg mmracamaecanrmum leall ® | | 24
pal’tICU alr | nti,c teri

P b daposi TE oy TR & offer Blets Sendslh B beGRA" & comahegh bP
conpl et el y asgraihsizes ama fenction pf tetmperetupinnrite copper binarly cGppet alfoy$ eontaining
deposi ted by e'axu% &ﬁaunféao@e.sneﬁ%?a?tanerataﬁaryesbp@ﬁaley ewthsiﬁ,dermsn é&ﬁt&rﬁuﬁbﬁt ive

means such as, for exa , rochem cal "deposi tion.
Met hodol ogy Lath T‘z”éﬂAﬂdﬁShPU?MFr‘ant he construction 20 as shovvn | n Fig. 7
can in parti Clqdoas] I ‘NSt BNeC REnaBO s mgmermdeIauhys@aaraedMnabpbhwdé intedaeed al s

32 and 34 to tﬁrgﬁ stJethﬁ anE }o%atg}la‘ %o%pos\pon%% kﬁn ?%ﬁaﬁéra’in@%&?[ﬁkxg&l ayer

26. The overl nar i ze romover
mat erial 26 big aﬂtmveéxmmﬂ targeémgfmheanvenm hé\nmr@nanfﬁﬂ pisthe niitireate densite

conventional $RaHAI 'oﬂbkﬂé codpg%%larylda ?@@QIldyb eams.mngltzh ot 2Rtah®8 térﬁéry Bfper

processes for formn e un erstood t hat
the ternary atay Al {51%3?"68?%@"??&?’& 'zﬂng%f's tsh%w’] Wvé?rt? o&he Dgreaged ta
deposi t ed usisughgtal daer erablevibe ttembnyi erukighdr nederdaliog thrgbts rtot withistand ehtbhbo

atom c | ayer[%)gﬁgaa?h a,g,amg; rgrg\,;acje W gptgr gﬁﬁ) sition and el ectrochem cal

deposi tion. e _use ternar er order copper alloys for
i nt er connect i cat T¥@els @aﬁcqwﬁga@q WIﬂh fther @M‘?ﬂ’i‘é% tcap bgfermeadely goynprigenr

e?anPl e, si W][«tbﬁ\aﬂe&uﬁigb{er Sra6lumixiGesS b 85D tetdsual tmaﬁahaEI @ith rr|1(e|thodology

el ec romgralon an nt er ec ese all oys can
addi tional |y TYR QS\/@ gﬁhgglpoﬁ"?'ﬂgb{hﬁﬁpm@@ °ﬁé’eﬂ’§f’e‘$ mgnis argy ‘éﬁ % to
the adhesion pelting. dlugh melting can mgqbtewed)mtmbnmamr)exarhme,ysemngvmlcempdrents&r nary
or hi gher OréjeﬁJCIS@ppﬁg @drﬂnd&}{ed’@ké‘r{ b&pfoviaba i BlehBYEM ok rdth Snéllol Hoffd s

a seed | ayer such
master alloy(s) or comblnatlon thereof to obtain the desired content of individual

elements. The molten material is subsequently cooled to form a hardened uniform (i.e.
homogenous) mixture of the copper and additional elements. The casting can typically
be conducted under a vacuum or other inert environment. '
[0047] Billets formed by the casting can then undergo appropriate working to
induce desired -properties and can be formed into desired target shapes. The working
can include, for example, thermo-mechanical processing with appropriate subsequent
heat treatments tailored to the specific alloy composition. Additionally or alternatively,
the working can involve equal channel angular extrusion (ECAE) to reduce grain size
and/or influence a desired crystallographic orientation. The ultimate shape of the
targets can be such that the targets are configured to be bonded to a backing plate to
form a target assembly such as shown in Figs. 1 and 2. Alternatively, the targets can be
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32 shown in Fig. 7, such can provide enhanced adhesion to alternative
underlying materials (not shown) such as barrier materials, and can

addi tional | y advant ageously inpact properties such as aggl onerati on,
stress mgration, bulk copper diffusion, grain size, oxidation

resistancer‘@ﬂg0 Eﬁﬁgronigration resi stance. Appropriaignﬁgﬁahﬁﬁb5ons of
e

alloying e AtS Such as those descri bed above can be chosen to inpact

i nt erconnect ties.. ugh_ di ff.usi nto a bulk c ger .materi al
whi oh 1o subSeBERTIS, b Bkl &g oot Bif b B uioBt PR LR R "o
mat eri al 34) target WikDOBY Ordie ® @rkinwpla®d/ 027090 [ 0044] In addition to
the i nproved properties of layers and interconnects conprising
materials sputter deposited fromtargets of the. inventions, the ternary
or higher order alloys described can inprove properties of the targets
thensel ves relative to targets of binary alloys or pure copper. The

i nproved properties can include, for exanple, retardation of grain
growh within the target material which can in turn lead to better
uniformty of thin filnms or other |ayers deposited fromthe target. A
conparison of grain sizes as a function of tenperature for pure copper,
bi nary copper alloys containing various anmounts of either Ti or Ag, and
a ternary copper alloy of the invention containing both Ti and Ag is
shown in Fig. 8. [0045] The ternary and higher order alloys can
additionally provide increased target strength due to materi al
conposition and the resulting small grain sizes which can be achieved
in the targets of the invention. A conparison of the ultimate tensile
strength of pure copper, binary copper alloys containing Zn or Cr, and a
ternary copper alloy of the invention containing Ti and Ag is shown in
Fig. 9. The increased target strength can enable the ternary or higher
order alloy targets to withstand higher sputtering powers and can

provi de longer target life. [0046] Targets in accordance with the
invention can be fornmed to conprise ternary or higher order m xtures of
copper-containing materials, with nmethodol ogy involving the follow ng.
Initially, the copper and other desired elenents are cast by nelting.
Such melting can be achieved utilizing, for exanple, nelting of
conponents in a crucible: The conmponents can be provided in el enental
form fromone or nore master alloy(s) or conbination thereof to obtain
the desired content of individual
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el ements. The nolten material |s subsequently cooled to forma hardened
uni form (i.e. honobgenous) m xture of the copper and additi onal

el enents. The casting can typically be conducted under a vacuum or
other inert environnment. (0047] Billets forned by the casting can then
undergo appropriate working to induce desired pr opert'f.ﬁg@ be
formed i nt oVQLEEH arget shapes. The working can ini(’: u e?&{og?%
exanpl e, ther‘ﬁ%ﬁchani cal processing with appropriate subsequent heat
treatments taf d to the specific alloy conposition. Additionally or

al ternatively, tHibeiwerktiongeipwdis:nvol ve equal channel angul ar extrusion
(ECAE) to reduce grain size and/or influence a desired crystall ographic

orientation. The ylti m?msmﬁaﬁomepéd&@ntdr?&ﬁﬁisﬁgp be such that the
targets are configured to b .ackl‘%gtcgl ate to forma target

ﬁﬁ bondeajrtéjé) a ]

assenbl y such as shownd"eReEngLor equa) I 90AoMIC parcri CPRPENY  the targets can
be 10 WD 2005/ 021828 Pgfirst isdeddlehatdd configured to be utilized as a
nonol it hic target wher . LERi oY r t
utilized with bonding Sé%ﬁ%é{‘“[?fpﬁﬁn%ﬁg{"g?'Eﬁ%%%@c@?%‘gﬁ%ﬁ%%ﬁ|vs The
i nventi on cl dieingcgeiested poritngsrogvopsisting of Ag. Al peyA, BaBe.F@p6e. Crafddiet i on
target conpriga e, Hf, SigSMl IQM,WMnQﬂb,@ﬂ'PB' Pd, @1, %8, 8¢, @Nsk, REMBEN!V, WORPET ;
first added el enent; and. 'second added el ement, the first and second
added el emsnt%"fj ch being selected fromthe group consisting of Ag, A,
As, Au, B, Be, Ca, Cd, Co, C, Fe, @G, Ce, Hf, Hg, In, Ir, Li, My, M,
No, Ni, Pb, Pd, P2, ShTheghwsigil vargndeppaitiormargetyt claig 1 whergin, a tolgheenipined 2.

The physi cal' MARAT of #&NSIahi S8boh@hdRb oRefits Biedbrt irV‘ﬂﬂ@fa‘?égdi' ;saro{nﬁata%asmﬁ?i ned
nt in e target is

anount of the fi,r?t nd. secgnd adozed el enents prese

from at |eastPPIH® ‘”ﬁa’f'ﬁ“t"t?}0 1d0Q1OMG%- about 10 atomic % 3. The physi cal
vapor deposition target of claiml wherein the target consists -
essentially of coBper &mlphysicaf vapor depesitionclaiget ati¢laim ¢l shereinsthe target

consists essentially of copper and the first and second added elements.

4, The physical vapor deposition target of claim 1 wherein the first and
second added elements are each present in the target at 0.5 atomic percent.

5. The physical vapor deposition target of claim 1 wherein the first and
second added elements are each present In the target at 0.3 atomic percent.

6. "The physical vapor deposition target of claim 1 wherein the first and
second added elements are present in the target in equivalent atomic percent relative to
each other.

7. The physical vapor deposition target of claim 6 wherein the first added

element is Sn, or Ag.

8. The physical vapor deposition target of claim 7 wherein the second
added element is Al, Zn, In, or Ti.
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4. The physical vapor deposition target of claiml wherein the first and
second added el enents are each present in the target at 0.5 atom c
percent. 5. The physical vapor deposition target of claiml wherein the
first and second added el enents are each present In the target at 0.3

atom c perce he physical vapor deposition tar ggfciAis260s4763¢!
wherein theV ???%’?21 second added el enents are presentﬁlin the target

in equivalent ato rc rel ati,ve t h 7. The. i.cal
vapor deposition ?]*ar ggﬁqe@ﬁys&aéyamo%d?mg ‘2 tﬁrgﬂfg % itfurgaagodnpngﬁgﬁmd i's
Sn, or Ag. 8~adﬂférbelp'hgmisela¢ted/ﬁﬂpmthecbﬂmwwtl#lﬁlng vbAgy &, Asf A |BaiBen Ga,\GdeCei n

t he second | @ , NNb 2
PCTI US2004102 090(% e p%?rs‘f'té' vapngdggoiq pocit iggr%gtg%g eI

further conpr:¥¥.#® @445 rd ~added el ement sel ected fromthe group
consisting of Ag, Al, As, Au, B, Be, Ca, Cd, Co, C, Fe, G, Ge, Hf,
Hg, In, Ir, Li, M. NhThel\lﬂ)ysihhl vale; dBphsitibnh tarﬁht ofSclamSiQ wheveinTihe tdrget Ti

Ve o2 and gt Mot RBial 68 Y IRPLRRER] P REAREn! C! 2 M O

wherein the - consi sts essen |aI er an irst, second
and third added el enents. 11. A physi cal vapor dep05| tion target
conprising: coppét aﬁlﬂhYaFa'l"é%ldeE%m%F%Q?é?ﬂ’@‘”@'@gect ed fromthe group

consi sting of Ag, A, a%ﬁer,dhd B Be Ca, Cd, Co, Cr, Fe, &R, Ge, Hf
Hg, In, Ir, LI, My, Mh CTi,
0t M M SRl oo B Sha g Lot
in the targetALbéllB@Gar@#nC@t Ct, Ea.fda, CeOHp Ha lndr, Liellg, Mind¥b, Nb &bt Pdl PaSbni ¢ %

12. The physigak; s@ww&pvsw zmna@r q%tautatnog.h@fmb%lueM%@é@mmg t ot al
anount of the at |eas ts is from about ‘ggprpto | ess t han

about 2 at oniREesepHp H\?rﬁ’g"t fS'"g ‘l"ﬂ'@ abﬁ?"éﬂ 8PP lodess t’é?é‘pﬁ?QV‘t i Mgt of

claim 1l wherein the at |least two elenents include one or nore of Sn,
A, In, Ti, Ag and2.Zn.Thephysitebvaphsddposiliontangetof deipoti whesein thertofetammuntc| ai m

11 wherein the y@bORhst two elements is from about 1000 ppm to less than about 2 atomic
percent.

13.  The physical vapor deposition target of claim 11 wherein the at least two
elements include one or more of Sn, Al, in, Ti, Ag and Zn.

14.  The physical vapor deposition target of claim 11 wherein the target
comprises a ternary mixture of copper and two additional elements.

16.  The physical vapor deposition target of claim 14 wherein the target
consists essentially of the ternary mixture.

16.  The physical vapor depositioh target of claim 14 wherein the ternary:
mixture is a ternary alloy.

17.  An interconnect comprising a mixture of copper and two or more
elements selected from the group consisting of Ag, Al, As, Au, B, Be, Ca, Cd, Co, Cr,
Fe, Ga, Ge, Hf, Hg, In, Ir, Li, Mg, Mn, Nb, Ni, Pb, Pd, Pt, Sb, Sc, Si, Sn, Ta, Te, TI, V, W,
Zn, and Zr, a total amount of the at least two elements present in the interconnect being
from at least 100 ppm to less than about 10 atomnic %.
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conprises a ternary m xture of copper and two additional elenents. 15.
The physi cal vapor deposition target of claim 14 wherein the target
consists essentially of the ternary m xture. 16. The physical vapor
deposition target of claim 14 wherein the ternary- mxture is a ternary

alloy. 17. An interconnect conprising a mxture of coppgf or
nore el emﬁ?go(?@?lé@t ed fromthe group consisting of Ag, ﬂﬁm{&gmm B,
Nb, Ni, Pb,
t of

Be, Ca, Cd, Co, C, Fe, G, GCe, Hf Hq In, Ir, Li, My, M, N

Pd, Pt, Sb, Sc, Sit8. sniheratercepnectpf clajm T{\whersiq the g o mors elppipats inghidesm
Ithe at | east 4 wet iﬁérﬂémlahdi a[yéemﬁlrﬁled\éht,tthbafirbtrﬁrﬂrsé&mmeaémh&? bging pressmt at
east 100 ppm.to. | ess than about . 16,.% .13 05/ 021828

PCT/ US2004/ 022086 ei‘é‘fa'efEaem?”r??se"r‘-}"ché"r]?ﬁ%%ﬁ"mg% Rlaite e e, o1 1t he two or
more el enents includes a first el ement and a second el enent, the first
and second el enentl8 beThegnigraearast of giaim 48 yrhereinathyaifish pad secnd glamentaiateni n

the mxture rglRbicsnt irtheM&ur®bt RS atorhR pert&®. i Nt erconnect of claim 18
wherein the first and second el enents are each present in the m xture

at 0.5 atom c pergent._20., The intercaonnect of cl.aim wherein the
first and second éﬁe mes'n§F°8"n6§g8ﬁ°'%Tggé”ﬁ'fa‘relmnth? ﬁ'ZSt ﬁ{@? %%oggg@mspté % oni ¢
percent. 21. dach preseritinthe matgpe at).hetomicpeeentr e of copper and two or nore

el erents selected fromthe group consisting of Ag, A, As, Au, B, Be,

gta1 g% go1 g : an. _ICfJaA tr_clij@#iln'_\r_'é@m fidehg d Phixturé o{j hopeMEnd Mb or:\horewler?éﬂiﬁ Fﬂ,
, . Sc, Si , e, Ti,. . and Zr, _a al _a 0 e
Bl east two Slecilpd e gbwm coisktiad Apliag ﬁv-rﬁzf)@& G G 5 G P 6% 100
ppmto | ess thaHgdhduti, WO, Mo,d¥k, i, Rb, BL Pt, BheSd, Bi, Snf Td._meoTi._ Vi Zm @t Zr,
uherein the i hdibfiolrd oftrt ALY ! ddrithf-présint il ¥ fil fimfelrfiRfy &ligHeim 21

wherein the m xture conpri ses irst element selected from Sn and Ag,
and a second HIOPRBYIP lespthag eyt A9 8RMGYS- zn, Ti and Al. 24. The thin film

of claim 23 wherein the first and second el enments are present in the
m xture at an equi2eal eTte thihdilm of gtedmn @& whereie thetrixtaretip a darodry oixhee.. 25, A
met hod of form ng a copper target, conprising: formng a m xture

conpr [ tSI ng C](c)pg\er Z%Pd TH&hﬁrﬁlrﬂ%ﬁ %Iéxﬁrll §{Tﬁﬂér§ér& s&d Cgﬁ(h%@ co@b%&fhﬁsé%leﬂhﬁt
C O n S I S I n O 1) J u ) e ) J J U 1) 1) » Y ) ) )
. 9 sele%{ed from é?‘\s and Ag, and a secondce?ement selected from In, fn, Ti and Al H
24, The thin film of claim 23 wherein the first and second elements are
present in the mixture at an equivalent atomic percent relative to each other.

25. A method of forming a copper target, comprising:

forming a mixture comprising copper and two or more elements selected
from the group consisting of Ag, Al, As, Ay, B, Be, Ca, Cd, Co, Cr, Fe, Ga, Gs, Hf, Hg,
In, Ir, Li, Mg, Mn, Nb, Ni, Pb, Pd, Pt, Sb, Sc, Si, Sn, Ta, Te, Ti, V, W, Zn, and Zr, a total
amount of the at least two elements present in the mixture being from at least 100 ppm
to less than about 10 atomic %;

casting the mixture by melting and subsequent cooling to form a billet;
and ‘

working the billet to form a target, the working comprising one or more of
equal channel angular extrusion, and thermomechanical processing.

26.  The method of claim 25 wherein the mixture is a ternary mixture.
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In, Ir, Li, My, Mh, No, Ni, Pb, Pd, Pt, Sb, Sc, Si, Sn, Ta, Te, Ti, V,
W Zn, and Zr, a total amount of the at |east two elenents present in
the m xture being fromat |east 100 ppm to |less than about 10 atomc %
casting the m xture by nelting and subsequent cooling to forma billet;

and working the billet to forma target, the working IR ne or
nor e of e%YféFo Uid¥hel angul ar extrusion, and thernnn%chanli@!gf}gogg

Do 10 a6 o0k, TR B B Sl 35 BEE v, M SRS b

wher ei n t he roppenam theatdeast woeslereants. al |y of copper and the at |east two
el ements. 28. The method of claim25 wherein the two or nore el enents

includes a first 2gl enpeimetitd ohclaifta WheRirati® o ortnite bleMmsiits ABIddesarm&d

| ts bei t t t t t h t
Cerative (o ARG seul oot uf A5 Sbnf Aa s REPG Pire & P ELr o

i S present i reqtikxdert amgarits withirathe aixtay rdlativerio edéh dther. et hod of cl ai m 25
wherein the target is nonolithic. 31. The method of claim25 wherein the

form ng the targebg COMppinffitodds Bin'Eh Vilefeid Mb HiktureGs Frebidtt I thdtaRjelh&n 15

alloy form.
30. The method of claim 25 wherein the target is monolithic.

31. The method of claim 25 wherein the forming the target comprises
bonding the target to a backing plate.
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