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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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m%t relagcgnq an%p %E)g‘ragrgcb{wvomororﬁwo%oélgmgntgr%{étcﬁadsi%rﬁ%ge% 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 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.
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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 associated with
adhesion, stress-migration, electromigration, oxidation resistance, etc., while still
maintaining a low overall electrical resistance in the conductive copper-containing
material.
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by improvements in other properties as well. Similar effects can occur in higher order

alloys.
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I ative
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S b P P00, L 25 94 Dby SRRl
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. h ni.qgue praperties of. indivi
PR bt i oo i e B 0P s ot Todether with o
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 will
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, to less than

or equal to about 99.99 atomic % copper in addition to the two or more elements
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carefully to achieve desired chem cal bal ance for

consi stent sputter deposition as well as production
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Oﬁgbq]z‘ 'eWﬁ &R 8Qr AhRRAIGf WCAPRRIBR |§é)higﬂ§§orﬁbﬁfbpper alloy,
al to about 8 atomc % copper in additio

ttﬂmereﬂame @rnqmotseofeqa@hg\w§opBeWr’2g@j5§s HoY lpited to any partlcu?ar value.
@Fgﬁégf)%s@%ggo wos Bl ‘?&;r@%ff ftﬁ%"ﬂohfé@pﬂ)érsélgﬂieﬂt@%ﬁh be present in

anmount of the two or nore
mqewe!ﬁnt Amounte. wiarisaly wAPTBEVRY.GHF BTV S082GbR| g oncopper
&ﬁ%la%@e & &hyCother Marc%pp@r@éraérabl y a

co |ne total of the two or nore resent
t (0311 can ﬁ@nfqu@m glpmep@agqonhtthgbgﬂt o s €an| B% Sespemally

LRt s t6r @k 6r %hérQQ@@r] cdﬁ@é@@fr\!{mmﬁ@ Eﬂidiys[TEHcE feixamngle, silver

In acc ance W t i nvention can co

G@ngj%gm@g@é@,ﬂmmqv? eéqctr@mug%m kesisiance chE)‘TéetP its rapjd gl‘l_‘fuswlty low

&ff‘ﬁ‘%ﬁ rexRhiGiR) 854 Hgﬁrﬁt&rh% waigtite daltrRugheitintunaieen &hcrease electrical
econd el enent selected fromthe Ili??td of el enents

resiaitydn mAHARS TN cap B o i IEPSHIR §°"%S‘?{b pEsistance.
| AlIininGfh & AsdPBé Ltiiabi adr iMpldyfgaddrosian réxistafiaerand 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

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



exanpl e from about 100 ppmto about 10 atomc % In
particul ar instances, the anount of the first el enent

wanassesend el ement can be atomically equi val ePeT/US2004/027090

rel ative to each other. For exanple, the invention

e pRRBREARVRHoN. AN %R&nﬁlﬁﬂ/ttﬁi'nmlrﬂ %pﬁﬁ?ﬁﬁ@ﬁ intofdance @ftl?mecinventlon is
percent of a second elenment. Simlarly, targefs o

i AeRSHiPPd Witk seferepppia @@3 copper and 0.3 atonic percent
offoaad)i rst Rl egmituchidifl 59, SwRtRNE4n RRY, Clobte i%{méﬁe $6CQBhiconductor
el errent [ 0029] Exenplary ternary copper al

mEeRSTuGHian igisheln &b ReAPHECe BilERiNZ2. HWW%Q%PM pe dor example, a

|

aH@né&?ﬁﬁﬂg@a%ﬁﬁ%@ﬁ?@?r%ﬁEt&éﬁgte% IQ/O ga;wg‘égﬂé@mgﬁthc{?nogenous
CEPPaRAian, ig 1@ be anderajood Hied the@}&b@tr@ato%/&gmns%mwwous layers and
Wg@a@&%rélﬁt@v%b?mﬁ%h&ﬁﬁ)t Sdbgﬁg’tg]%vw&é ni Igco(?gg%'bmbmed with

material of the invention’is a her o er
aPfidtjonal strectyres Hieraps cambereteres t@sa%n Sﬁmrpoodmt@rrsubstrate To aid in

e|nedtpidtatioR HOthd iclBirh€ AndOfABY, MRl tdr El %EmYc%hHl?ctlvelghbstrate” and

partlcular |nstances two or nore o he non- cop
el semigansluetan ﬁé)SHaT@seﬁte |¢¢f'n@‘é1uFQ/améﬁ'ﬂ annumrzstructlon comprising

a6 UcYve 'ﬁka{t&fan@r‘idlmgy butt h\%t @iﬂﬁtléattoof)ulﬁaé‘e% &fndb@tﬁle materials

non- copper elements can differ relative to eve
oYy apoh-SEBREAuRive nwafer PIU@qulormmIauas&ﬁn@llmnm@nsmg other

f raterfalRethkbiedh) Qndeée%ﬂ@dﬂhﬁct%%%nﬁslg%é%mér alone or in assemblies
advant ageous for ternary l33@er or der

cSRIPRTSIEL AN matRiate)- &’@ te% HAls gefers tovany surperting structure,

Uintlubing dodt ot Iiﬁ?lfééMS tﬁb SEMICBAH IR bW ARSI REAHeE BHGe T O
its rapid dlff low electrical resistivity and

hil@P34t oni ¢ \X@Pé‘ﬁ‘i‘ 24&?[‘ Redead Quen subat@in2? Avrfemerample, physical

eVl def@diting fRsth atthiget Yorhplisifat &yl &ltSe aEéJeadEsHméBat@rrE?y or higher
utilized for inpraoving corrosion resistance. Alu

caHenrRpenaliQr ptesalg. FoysicayRBYT FRPoSEPR yYlize a target encompassed

I By tHel ADERiIoANFANNTRYizd COUERBor8 $V/D ﬂ%ﬂ’f(ﬁl@%by% n‘i’éthodology yet to be
el ecL0 i cal reS|st|V|tX than titanium It

neR\ePPEAat PeRastiet ime? cansorPeseany phitha a%qnb@cu éerreafwnd higher

C@tﬂebﬂwa@éﬂa@hrﬁtﬂ ch® p%f@l’ébﬁ}%@ﬂeé@iécﬂn@ %oﬁpﬁ@agté'rﬁéjry or higher order
erty in the target and/or resultin

n%ﬂ el ater[%‘b§9Y'”Wecwp?3étma'fj9m&a' ta ﬁ??érOf dhesputsfpgetarget. In
abérﬂéiﬁarqaﬁalﬁk@smlltn M@érﬂ&n&fﬂ b%nﬂélly 6f4hé BbhpkitRIn dfthdtarget and

exe copper oy contalnlng
'QPé‘éttcggéf”S{%@gg %narm”ggb%f/%%%g% CP@PP@J%OM 027090

pr[ema}t | NVRNtdigissed aBARIRhertérdah} Anki hl@h&pﬁl‘deﬁqﬁé@ﬁals of the
cordance with the invention is described with

r BYEER G §oniPY desrable)BIOBETIRS a1 BATIPUAT Atstenies dign confer
ceombdeatiohOdf @Sﬂﬁﬂbeproﬁerﬁ@ﬂcﬁﬂﬂdlﬁﬁﬁ @4 which are improved relative to a

binary alloy compriéing copper and one of the added elements present in the material 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



construction is shown to conprise a substrate 22.
Substrate 22 can be for exanple, a nonocrystalline

wadosooms2svaf er. Al t hough substrate 22 is shownPEEUS2004/027090
havi ng a honbgenous conposition it is to be

updespt ood (sRa térhi?lsdﬂbﬁdﬁeﬁbﬁie? 2Bp P TSy S&n%ﬁgﬁ{tqfs@tommaﬂon of

| ayers and integrafed circuit deV|ces not
éIDJBsft’ma% tQZ'WPﬁHe%WQ@mrpperB?S & aorasiiowad gprlipation.  Additionally,

FAictiaP Bambimki diﬁt&req?énéﬁg rcgﬁ’ 'E)rdelé Ofhah8ELES R gao? ?mposmon

sen conduct or substrate. I nterpretati
ttiyaughostt thin filnuR4-1 burthew a"ﬁwng elememssean kepehihsen ity enhance adhesion

HRSEF 8d & aﬁﬂﬁderltyﬁ@%é:tepgu%grratﬁygfsthé ahGed é‘l@ﬁ'neqﬁ;féarﬁ% adjusted
to mean any consfruction conprising sem conduc

rimEraire ieReaneement obatanistlar iprapead or ¢ abhikwe a desired balance of
%Smb%@a%?éﬁényﬁmﬁgpgrﬁéﬁls%thﬁ\l}fﬁrﬂ s a sem conductive

waf er ne or I n assenblies conprising other

nkd0&r] aI s LRE&Sriy nodlivaitesidariacraminutar ithiekneas end aan hayeea thickness
?'féthﬁ(rarr?bllé) '?‘r%rrpébo'uf‘o aﬁﬁl@?ﬂg k& qbout Q'B%ic?dnﬁg s%hﬁ&f deposition from a

materials). The term "substrate" refers

é@fﬁﬁ‘d}fﬂh%@v‘%}tﬂpn caq pe utilizeddp Lmnwgyer@etacms al srmcrﬂednd eybstantially

5 e S

RaP SR AN GdoCa SRgME 1 B, 260 AHLmER AP Gy 34 Baifbe fomea

B8R0 PEUTRIR RV varigupppolgeisaldbetureg from a tar get

CWQP sing Aﬂn)éxé}f\plgll'ﬂle a@P@éﬁoﬁjeﬁﬁérbbﬁﬁgét A (fo%\})osmons of the

hi gher order copper alloy materials ysSi ca

Hé/ﬁa@ﬁ"t PR TiewriygHseiuy i fgepation b nmgrggmects@yVarrws interconnects

*fdﬁﬂh%ﬁtlh %c@%né@ 'lechtﬁeQHmBﬁ 'a‘?@%esg\@d”\ﬁftmqggréﬁgg 18" Figs. 5-7.

ITEt odo| 09 et to be develo p08|ted
A0

Egierinhipitinbelodig Sp conatrypiian ?8 ffethonarasdayingridmatetine?6 deposited
ouétedn RS dufhde Eﬂ%&ﬁateoéff ﬁ/fa@é?lay Ia@@r SEROSA Imtﬁtdoto a particular

corrprl se ter nary g er order opper materi a
HRGi ?Tgma'é”é'oﬂ%g?'i Penfqr@ﬁmptemant 'GSlt!'ﬁta'P materige An opening 28 is

BANided WHh &:aériRtfron Bn uB@értéuﬁ‘H&@fhrdd@ﬁtnﬁmgﬁé fdnlﬁrEa%‘}n particular
can consi st essentlally of the conpodsition o

{ngiagees Baarovided suph thatiPaurfaeR: plasibeksate 2R ie oxnssed abthebase of the

bpsded. SIRBSLELPSUrfabOB3Pbe ASH Qéaﬁﬁilbg 2Gbd8 RR%Eon Fnhﬁjbstrate 22
i@hggry and hi her order materials of the 1nvention

onf er R&t@;&r OB IFig- Sr BPBYQ" P@meawaaﬁeﬁa'&@rqandqﬂ Ripvided within the

bﬁéﬁn&’g’wfF&rrﬁﬁl?onC&ﬂﬁt@l‘coﬂne&@m«beﬁ\a&érﬁﬁhs@f fdi‘eeﬁ(bﬁfé@ %puttenng from a
Farég(gertlestot hin film 24 wh are I nproved relative

fghe, igvgntion| %’V'C{%‘ﬁfﬂ fllgpp@l%%e}n iCWYifdngtpngqse formation of

&Medwr%bﬁmedrﬁcd?ﬁpﬁ%@'Uepbﬁtﬂd%af@ﬁbﬁ?drﬁ'a té’rfget b1l thBirkfntion to cover
For exa can _have inp

8pPae f Gﬁ;%{; F}ﬂ’(aBYP F@é"rr?i afrcd, hed’é’@i"é‘é%&‘e gerasited gterial overlying

fagei 26 ban by sal|5l=§é’q(?téntlyf't’él‘r@Vé’dj U»}IQ()IF é’;&n‘iﬁk\ re@8hida MeBhanical polishing
relative to shows results of

bi
ot aileL oWEN A § %24 rb@sﬁ?%@&)ﬁ%% "ePVab JRAHPIHPy IPlerGeapget 30 can

oehprisedry obfthd feenary ma&mals%”r hige of % W dtSriat@ectibéd above, and in
m xtures of the invention havin

B%I?lflﬂ%l{,p%}?ﬁ%&r%p ﬁg'??'%}r%"sﬁ?t'a %frﬁgﬁpgs@é% a,chpgalg@n identical to that
pmwkiediiromersﬁsﬂté’rtngmaxgetbeyond the |l evel or resistance

jeved i i nar 0 al | oys having either el enment
iﬁg)#g Hegmng tX FCg gp such shows an alterne%lve 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



7 WO 2005/ 021828 PCT/ US2004/ 027090 [0036] Use of

ternary or higher order copper alloys can permit
weomsomszati on of thin film24 to inpart desiPenus2004/027090

properties for a particular application. Addi gl onal |y,

R hor e oF QAo & B Seh@ah i frergqpoct 30a. 1

fSuphnempodimgnt.heged @wro% regn dln@ntéﬁt\ea @aropbelng hevslecart substantially

r
%@P&g’rﬁfw‘egmﬁ% gﬁfg?m%s*é%% la)?e‘} g% d o“lgﬂﬁ ééé génlg Breferably comprise
2ay ttegy tefﬂ@Wn@th'@i\QfeOfdﬁhMﬁ@ndewflbw pbotd end @an be dep03|ted

%?%fg%ﬂ%mlﬂimé gr\m)é%?n%:“@ééﬁ)lrgle sﬁl‘hcfn]?qu?llfﬁﬂgﬁégélﬁtg aggé [£an gomprise
iPsrengeppearnpre @f tie derpamt i bigher pec kovpper aliys cdaschidace above or
%ltéﬂﬂ% HctR/E’ma{tQﬁalgéﬂmlng no& wg{e”%ﬁom %aracur?ar instances,

to a m Ccrons |t|on
ﬂéﬁfq&ls 3)2 amhé4 |cav@ﬁtld@mw@larMaienaJt3|4I dapexd depobitzdol fllytee via either

anar subst r.at
EArPR] (08 sFupl] o cBm ARl HESh LFia Y7, RGOS gS Pl A" can be
daposited fbwrn’wgllca'a(ﬂpgsge@osg@nﬂmmnHmvpmgdvdibycausrnatwe means such
exenpl ary application
tag'grgegtg{mteg&gh ﬁcal[dg??lgt}jor@nof the invention can
blOOAHr t i cuN@#h%dOngbﬂJullZadstl‘ tormingi tbe cofstiuttien @0rasestiown in Fig. 7
C G
A AP OL S ORBES bampicy FRI0L FECSY S Wbl 38 and 34 10
REG B SO0 ali af iaglupper surfaicy | Of EBSUIQtI\@dﬁmr(Z@C tTh@rDvEﬂrylng; material can
r v er
Sor el DS, FaflOIe i, She FRRH 25 58T BRorHBB® chemical
Mekhaniep! pelishingar other canventiynss tashniquesr i al and can be,
freoagxanpl g, a@tﬁltldrpwluﬁ‘ﬁ faﬁ@n e rocé%@eg Qgrn*o?rﬁm thﬁ Sdescribed

ovi'ded which extends from an upper surface
E%(?'@r itdf todee yegrstend that tbarmm@rul@d highes oeder emtérals of the invention

BAPYE GRFosHA mstn@aélteﬁwa%% ft&‘?\ﬁlq%s ARG Lﬁ n%?llﬂnﬁed to atomic Iayer

exposed at the base of openi ng
dergsifion hemiend Vaﬁ’erdeéR%i*ﬁﬂ and %\em@g@em@elaiapomom

qJobsdrate 22 u s[eogfg%rnggf eF rHI 1 &bl g:ogéer Qﬂ)ys far interconnect

i nterconnect materi al can e provi
BRRIGRYRDS £8P niEtPReh IerepARast craperties b, cian ©mmmié, s eimultaneously

feRfucify LS indBibet rhﬂ% el &%%lgréﬁngﬂd Bbrrddtn |n the interconnect.
[
ll_ﬁventlon sufficien o fill opening 28 n particula

R¥eAlows can B?WWE‘BWW'OVQ adhasoorin @Htefslbd%raﬂng:@ﬁ’mﬂa@eelatlve to
thepaiebioA proBASRS b?‘lpuifer éBBp@r bRbRaly QlfothGWhQ%etﬂ%, t8fahyPor higher

insul ative matéria
GOPL Fonee” Gl Maiedelsa 1 BVABIOB aral 5ras s sged aagesuchens laver

le%hb\ﬁn Slhlb?@qweéﬁdh)’cdrﬁ ﬁfé efbant&d 8% % alternative underlying
- mechani cal i shing or other conventi onal

F‘tey'éls 8t ﬂ@%xﬁé‘%ﬁéob%f %?fdvatlef'iiléc?ﬁﬂ ek addifienally GeMartageously
%a@ﬂﬂrop@ﬂﬁ@@h@rﬁa@ﬁy I@he?a‘ﬂ@ntﬁfeﬁéﬁ’rﬁgrﬁﬁér?rﬁlﬂé éorﬁ)%'ér diffusion, grain
egher order materials described above, and
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).



particul ar instances can consist essentially of or
consi st of a conposition identical to that provided

WO mooshzissputtering target. [0040] Referring torPEi/gs2064/027090
such shows an alternative processing relative to that

S[UDIM | N Filg. aditions to> Mimproved gprogemé!é %fOfa &Qeghﬁgnt%?connects

(F can be filled by rowd ng an|n|
fqomﬂ"é'f‘g Teglerals spuiter %@P%‘Q% Mt 1gEdelh eh theginderfions, the ternary or
%ktﬁé?tahlb( of ddskhttd &m improde p?*@@éﬁ&zéﬁgg targets themselves relative
/ US2004/ 27090 interior portion of enin
ttﬁfgaﬁ Ackinary says APwei sarpsy T aef"@pmve%mme@an include, for
Eamplen ret§r‘d§f’br€8f%}glhr§?6\kth vﬁ@\ﬁfjthb‘E%Xt%ret %%te?@f‘whbﬁ‘ Bah Hturn lead to

via or opening and can substanti al y separate

regtter pniformsity $frt6'ﬁ1f'||rn%9'l ethenayaragleposited freeefbelt%rgetr Aggomparison of
285 HctiR BP{ehfrat@dBYopurb REpdcr! '

B e O ek o Ao oot SEpAch SR GBEnc G containing

PREPE BPYNtEIE ¢ither Figr gy andateroany seppripbey ef tbﬁ vention containing

|b6§|€TCEQﬂ 13 f-,w,,l, &g ial 34 can conprise pure
I s thgﬂ?éernary or hi gher order copper

4006% des)éﬂ“r?kiéﬂ'aafoé% higher ardee afiexs ¢an additinally weovide increased

N&gel dtadngth dielty @Hd’(‘&ld"@&hﬁ&‘ﬁ%ran@qﬁ@@s@,tlﬁ% shBil rabn sizes which can
particular instances, naterials

iPgethieued. invhecarasts gi ﬂteamve@t'%p&,ucmeam&pnf pﬂ the piimate tensile
\strangth tof 9Dre db@[;&ﬂ BinkY, ddpRkr ﬁlb?%bntﬁfmr@ofﬁ’&eérela)ﬁd @Sternary copper

shown in Fi I nt erconnect "materi al

o8 f’l@dmwﬂﬁﬂf@ﬂ@mm%p@ﬂd Agpsssheyprin &ﬂg c9an Tbe increased target

RErengteeshrb¥nabié Qh@&bin&éﬁy Waﬂfne‘i%aer ﬁﬁ’oy ié?l{;etgxt@mhﬁstand higher
el ectrochem cal deposi tion 00 ogy

§PYI§TRGPONSFS ?’Ejr‘iﬁ”rpdo‘t'q’%'oﬁ@?@?rIQSE'}f?on 20 as shown in

Hovaey camakdatPa hbsoidiaice! Wigt INC GReRRIPEAS %e PoRMES it Somprise
one or both of materials 32 and 34 to overly sone or

3§Nagys o Righsp&rd ympdires & Goppar-eantajing apaterials, withemethodology

AURMNY e TFRSVERG. a'lmﬁéw tl@c@d;ﬁé‘ﬁ%rnuzﬁﬂera&églr@ﬂ él&'ﬂ@l’f’t@ciare cast by
from over rraterlal or_exanpl e, chem cal

i euph Bell '”%Fﬁfhfge 6?%16%#"%%\}@%@18&% Relikneigeaponents in

[a0&hdiblel NTAE GokipBRerit® cHh idel ér@(ﬂd@ﬂl ifh %'Ien?ér’ﬁ%\lﬁbﬁﬁ ef&RSone or more
for forl[gé{@g t he descri bed rs, it is

ML st t HatORAOBY Wé’f%Pf atﬁdOW?@hH\e 9?%!@@ ﬁ%t@i’tl af individual

efentidigs. i nw@ﬁfolt@rnmatefmal lb%uﬂﬁw&hﬂﬁébd@j dGomth h?faﬂi’érﬂe&%mform (i.e.
hec ni incl ug

| a
B e K o QPR PSRN Slsrnp. The castio can typically

ebechdutdmdeab vdenes ot otasr.iné®Bdvilontaat. use of ternary
| nt erconnect

o) igher qrder, co r Ilosfor

@Bphgat i o%gle aﬁ‘?r’f‘%gg%tt tfr@o??rﬂeme”p‘f’l?ﬁ@ot FRIJORyipte working to

ir@ua@ﬂéﬂiﬁdd&‘proserﬂe& tiadh e 56 YormeddHol R@irsd (L& éhﬁﬂé@ etthe working
rati on and corrosion. Il n

t
Bhf itiin e Rplee Paetibrrnerhediag) GaareS it Gopiograle subsequent
hdhiciséanments taitdned tathdesplyific @lidyatahpaitonl eAddiiongiyt ér 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

10



t he adhesi on provi ded by pure copper or binary alloys.
Where the ternary or higher order copper all oy

wondosnesks of the invention are utilized as a BEeRUS2004/027090
| ayer such as layer 32 shown in Fig. 7, such can

RioANGHEd BN hanGIRdd %h@ﬁidﬁehthi@ téﬂgb?ﬁvﬂ@tre' tHE t&ﬂg%é)ﬁﬂhﬁﬂ: refers to a

materi als (not shown) such barrier materi al s,
darqebettized W%P?Qﬂ'%‘@@rﬁ%@@@@@ i npact properti es
such as aggl oneration, stress migration, bul k copper
di ffusion, grain size, oxidation resistance and

el ectrom gration resistance. Appropriate conbi nations
of alloying el enents such as those descri bed above
can be chosen to inpact interconnect properties

t hrough diffusion into a bul k copper material which is
subsequently fornmed over the sputter deposited |ayer
(such as material 34). 9 WD 2005/021828

PCT/ US2004/ 027090 [0044] In addition to the inproved
properties of layers and interconnects conprising
materials sputter deposited fromtargets of the

i nventions, the ternary or higher order alloys

descri bed can i nprove properties of the targets

t henselves relative to targets of binary alloys or
pure copper. The inproved properties can include, for
exanpl e, retardation of grain growmh within the target
material which can in turn lead to better uniformty
of thin films or other |ayers deposited fromthe
target. A conparison of grain sizes as a function of
tenperature for pure copper, binary copper alloys
containing various amounts 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
hi gher order alloys can additionally provide increased
target strength due to material 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
enabl e the ternary or higher order alloy targets to

wi t hstand hi gher sputtering powers and can provide

| onger target life. [0046] Targets in accordance with
the invention can be forned to conprise ternary or

hi gher order m xtures of copper-containing materials,
wi t h nmet hodol ogy involving the followng. Initially,
t he copper and other desired el enments are cast by
melting. Such nelting can be achieved utilizing, for
exanpl e, nelting of conmponents in

11



a cruci ble. The conponents can be provided in
el emental form fromone or nore naster alloy(s) or

W@ oovsiozakg on t hereof to obtain the desired conpe@nuUsSmN4/027090
i ndi vidual elenments. The nolten nmaterial is
subagguently cooled to forma hardened uniform(i.e
honmogenous) m xture of the copper and additiona
eIenehP%"W?ﬁ¥”Hﬁ§WPﬂﬁscan typically be conducted
under a vacuum or other inert environnment. [0047]

Billets fonmppgsiba vhb@' d?e@&éthdlﬂta@m cbipfsingider go

appropriate wor i nduce desired properties and

i
can be for g@@tqrhta@ Qi@gP?'éﬂ 9P 8l PeisaploPPahe wor ki ng

can i ncl udg firdt aldxal8mbey; atdrer mo- nechani cal processi ng
wi th approgrlate subse@yent heat treatnents tail ored

to the spefiSPFdAddey eleaianb g firstandsegrnd addad slerpents each

aéuhgtsaat:tew‘okh thebhﬁt vu@hg.smg mg Anmetgenewgactja%tﬁlm Fe,
uc | S| Z

Eﬁ?& %ﬁ xtrusi on

Geff ga”HESPrMS MP tdtt%@fﬁbﬁt be S ePit 8. Gh TeTHeV, W, Zn,
ghd zmat e shape of the targets can be such that the
targets are confi gured to be bonded to a backi ng pl at e
to grnta tar ssenﬁ such as shown in Fig 1

Cand 22 At BhRaEYR ‘{PPO{ 5%&@%%&'%@%@’%6 total combined
200oAtQ2 W&st%ﬁéé&&r&ﬁé’ddeam&nw@r@éerﬁwﬁ ¢ th@eb® from at least 100

utilized as olithigc target where the term
pWBﬁ%F PgEgt@o % target utilized with bonding

to a backlng plate. 11 WD 2005/ 021828
PCT/ U$2004Tlﬁ)a’2mﬁcaldtdﬁok/ﬁjébbatld)m\t&r@m @n cﬁénﬁti ﬁeﬁhel‘ém the target

e L R S e, a

first added el enent; and a second added el enent, the
first4and Etee:@hyisicaxud/edorebemmnme tetgeh of lmiimgt Sﬁteeetm akk first and

%:%%B&@é@%gn&%gé egr@a&gi%nt lrﬁ%é ta_laét ﬁ %ﬁpr‘nqﬁerc%
M, Nb, Ni, Pb, Pd, Pt, Sh, Sc, Si, Sn, Ta, Te, Ti, V,
W ZnS- anbhegphyskcal Maeomﬁgmsttiah taegeb of dadqims1 twherein the first and

E%rog?”ad@éd @lleﬁt'ems%rg"g%h?d'es noth@lt g&@t 'Onsegf)m"iaél;@#ﬁént

Irst and seco e enen presen

target is fromat |east 100 ppmto |less than about 10
atoni® 9% 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.

12



3. The physical vapor deposition target of claiml
wherein the target consists essentially of copper and
wo besheissd and second added el ements. 4. The phgBEUSBEN4/027090

vapor deposition target of claim1l wherein the first

and @econﬁhé‘éﬁ?ﬁc:ﬁl\/%@%oﬁﬁ& f‘a@% oPEIEWﬁ‘tfuﬁ%r'bBﬁpnsmg a third

tar get at . er cent si cal
3t plement selecird frem tm EoHP FODFigtingi af Aghél Asr Aw, &rﬁ:b Ca, Cd, Co,

@ p@@@@@‘iﬁfﬂh&ﬂﬁnﬁ% ams macmb Fm.eﬁs% i B} é@esé & 96 T2, Te, Ti,

..3 atomi c percent. he physi cal 'vapor
&'ek%ﬁ"t aehitar get of cl a| m 1 wher ein the first and
second added el enents are present in the target in

equi vapent Tﬁé PHySicRE V&SI désibh Vt‘?arg{e? ofeélﬁnx Qt gf%rem the target

The physical vapor deposition targe
GRRTIEP Rssantaltyiof spPRa@ed theé!rétnﬁeqonngnsmrdﬁddﬁ\g elegnerhe
physi cal vapor dep05| tion target of claim7 wherein

the segonda pdsl &%gbs;h(% @rget €Bmpliding:0r Ti. 12 WO
2005/ 021828 'P /uszo 41027090 9 The phyi cal vapor

deposi ti onCeRREHENdof claim 1 further conprising a
third add@ﬂe@ét%@bnﬁ%i%&ﬂecfﬁ&ﬁ‘tﬁ%% QéH%lstmg Of@ Al, As,

f A
AorB e, IC[égC%,_@og%Fe,l G G Mo, g L, mp Ng R Ni,i8lp, Pd, Pt, Sh,
Bd SlPBm 'I%bTeS'ﬁ V3N, Z8nd &, a Tfal afhount o th&¥ht Igé‘st t\ﬁ@gleﬁ{ents

si cal vapor deposition target of claim9
Ripspal R Wb ceteey MO S5t aain ipaf Than ghodppemicdie

the first, second and third added el enents. 11. A
physi ¢2l Van@phﬁ&ﬁoﬁdﬁok Gépdsﬁfo@&érg@%\‘mdnﬂl1r19/vheréiﬁ|°'t)rﬂ,£lbtal amount

a S ectedfromthe

Pﬂj;e ”eﬁa fﬂo I3 meRFs IS %qj)ut é %epprrtéo I@agth% abept 2 atomic
perceda, Ge, Hf, Hg, In, Ir Li, My, Mh, Nb, N, PDb,

Pd, Pt, Sb, Sc Si, Sn Ta Te, Ti, V W Zn, and Zr,

a tot ampunt. of the a nt

" oh 2k, ATl b ST BB aast o
aleoentslinatdeore dhmdr2 .of TheAlphy 3i, aglanda@por deposi tion

target of claim 1l wherein the total anount of the at

| east {§ wo [ bout 1000 mtao.less than
about 52 atﬁ']r]ﬁe %‘gar'c HPF%.%E S, 1918 s?fpglra "Q/Qﬂo}“’ﬁere'n e target
crpirises iadarnagrgisture bf eippemaritwateeditionaltdhenatts.| east two

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

16.  The physical vapor deposition 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 atomic %.
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el ements include one or nore of Sn, A, In, Ti, Ag and

Zn. 14. The physical vapor deposition target of claim
wdlooshemses N t he target conprises a ternary mRETIUS2004/027090

copper and two additional elenents. 15. The physi cal

vapor ,gdepo re

consm?s eiﬂs%n {)m&?%’f @%m‘:ifé‘({vﬁgee‘h %3‘# 2"@% 92’?3 includes

Ehirst elamnentagrar a (Seqmmi ¢lemant; dreglirst mid s¢a@inth eleimevite being present in

: 0

Ita%el{: lﬁﬁél%r%t a@)c?ﬁ“’g \ﬁlIH r‘?th% r%?truf@lre\/atl% ko %apcgeorth%r hd two or

nore el enents sel ect ed fromthe group consi sting of

Ag, Al19. As ThainteBpnmst oCalainCd8 whereirCthe filseandzaecaBd,elements are

gaoh ffserh tnklmicdpte atfls alfhic oght - P2, Pd- P S

anount of the at |east two elenents present in the
i nt er @8nnedhe lygenggnndot ofrclatm [ 8 adereld hepiingt and beswmdtdimments are

3A8Lp oot B te oo BB "l i er connect. of

claim17 wherein the two or nore el enents includes a
first 2 eménthirafien gormpdBNGl aehiiuentof copieerfandstwaaptimore elements

S8reRd fr%h%@?&p%n@@tupd SR A, A@tﬁnéga@ﬂl@ov@oem & Ga, Ge,

anounts wth m xture Tel’ative to € ot h

THheg. i, éf:ébMQaMn (b\fb &li, a{?QTP@SPfV\,ﬁér%CF Pit$re Tieh Tt TiavdW, Zn, and Zr,
%etSféﬂgm%hﬁr@riﬁé afleBst %Célerﬂé% dsehbint A8 tgb)ﬂ‘ r?‘lrb%lr%t féom at least

.5 atomc percent. 20. The i nterconnect
VAR pRMO {856 tharyalouhHYaloabeihd el enents are each
present in the mxture at 0.3 atom c percent. 21. A

thin bpl m gREMiA BTG it X tWHReiRthCARRRE i nBliure.
nore el emsnts selected fromthe gr oup conS| sti ng of

Ag, 563 | nTh(f IIhun El}m q?/ﬁlaum@ \N?)erelﬂhthe prtugﬁdcoranseg@ first element

§§lect§d frofsn dd Ad eandld sec¥nd Wem@nt s@étled from IR, 2traénd Al.
anount of the at | east tvvo el enments present in the

thin t . 100 ppm.to | ssth

about 240" adBEnoBIoS SRS SonierPi BBCH G RER resand Slements are
pheeai in the@ixture btidreedsvaerit @tdnae pembntralagve 3eachendrhi n
filmof cl ai m 21 wherein the m xture conprises a first

CLETERL  FRAAhSoL AP0 s MhoalieRudgond of ement

cl ai m 23 whemiigra mhxéuré icomprisimpcsppenant mioccorandre edangents 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 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.

14
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present in the mxture at an equival ent atom c percent

relative to each other. 25. A nethod of formng a
wa@oeppeeistar get, conprising: formng a m xture PCT/US2004/027090

conprising copper and two or nore el enents sel ected

fr om t2|7‘9 ngﬁUpméﬂhBé' @ft blﬂl% ob I—‘I'?ﬂerﬁl’gl theﬁﬁnxtrl?r'é ccﬁls:s%e essenﬂally of

) n, 1r,

ﬁﬁpp%ﬁnd N’e atFI%aS‘%O e'Pt“é‘”@b Sc, Si, Sn, Ta, Te Ti, v,

W Zn, and Zr, a total anount of the at least two

el emenBs prasewhddoftdram MBS iHsren iR #e drndhs dlene®@Sihcludes a first

ﬁ$ %ﬁ to Ies$ han apout 10 atom c % casting the

SR aNE? SROPP ﬁ‘& meng %Bsséa[}%ﬁ?c%‘@o?'ﬁﬁ@mﬁ&eff@rﬁfﬁ%ﬁnt in atomic
RigLiveient arasUhty\Ritieh Be mikeIrdididtRe té eadPstie@ target, the
wor ki ng conprising one or nore of equal channe

angul extrusio thernnnechanlcal processin

562 TBR. 1 tTHE Ok a2 RGP B1the TRaLA & bieeani & e target in an
ta@sydFry. m xture. 14 S:\ HO6T488\ pctfornmat.doc WO

2005/ 021828 PCT/ US2004/ 027090 27. The nethod of claim

25 whepein_the mxtyre.consists essentiall )f . copper
and tﬁé at Tfﬁggge(tmtq% CE”E%EH‘F@re”?g‘e iafast ﬁé?%l?gthiﬂ‘ claim
25 wherein the two or nore elenments includes a first
el enedl. andhe methoddofetiaimeras, whbeirf iths tfomnilg SRE /et comprises
I sent i,n atom c equival ent anounts
Bo ﬁ(ﬂmﬂ ht% gr%r%p%tdaéae 'rnglpéa{t?\/e to each other. 29. The
nethod of claim25 wherein the mxture is present in
the target in an alloy form 30. The method of claim
25 wherein the target is nonolithic. 31. The nethod of
claim 25 wherein the formng the target conprises
bondi ng the target to a backing plate. 15
S: Ui 057\ 488\ pctformat. doc
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