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[0005] A limitation on the purity of conventional nickel/vanadium materials is
typically imposed by the purity of vanadium. The nickel/vanadium materials are formed
by mixing high purity nickel with high purity vanadium. The nickel can have a purity of
4N5 (99.995 wt%, excluding gases), or even 5N (99.999 wt%, excluding gases), but the
vanadium will generally have a purity of 2N5 (99.5 wi%, excluding gases) or lower. The
purity of available vanadium thus limits the purity of Ni-V alloys that can be formed.
Accordingly, there is a desire to develop improved purity vanadium materials.

[0006] An exemplary prior art physical vapor deposition operation is described with
reference to a sputtering apparatus 110 in Fig. 1 to illustrate exemplary components of a
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[oﬂk‘i The apparatus shown in Fig. 1 is but one of the many types of PVD
apparatuses. Other exemplary apparatuses include apparatuses marketed as or by
Unaxis, Balzers, Nexx, Ulvac, Annelva, and NOVELLUS. Some of the apparatuses
utilize round sputtering targets, while others utilize other target shapes, such as square

and rectangular designs.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] In some aspects, the present invention relates to sputtering components.
For purposes of interpreting this disclosure and the claims that follow, the term
"sputtering component" refers to any component from which material is sputtered or
otherwise removed from during a physical vapor deposition process. The common
sputtering component is a sputtering target, but it is to be understood that sputtering can
occur from surfaces of other components besides a sputtering target (such as, for
example, coils, pins or cups), during physical vapor deposition. The phrase “sputtered
component” refers to a sputtering component from which material has been sputtered or
otherwise removed. As will be understood by persons of ordinary skill in the art,

sputtering targets can be formed from metal blanks, plates or slabs. The phrase
3
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[0025] The structure formed from the alloy can be a sputtering component pre-
fab (such as, for example, a sputtering target pre-fab) or a sputtering component.

[0026] In particular aspects, a molten nickel/vanadium alloy is cast into a high-
purity nickel-vanadium ingot using appropriate conventional vacuum melting techniques,
such as, for example, electron-beam, vacuum induction melting (VIM) or vacuum arc
remelting (VAR). Repeated vacuum melting steps can be employed as desired to
improve the overall purity of the ingot and/or to obtain a resulting high-purity
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I‘?) rY strugturesforma i n accordance wit

nickel/va adlum alloy of the present invention will comprise from about 4 weight percent
vanadium (with the rest of the alloy being nickel) to about 10 weight percent vanadium
(with the rest of the alloy being nickel). Results of an analysis of a nickel/vanadium alloy
formed in accordance with an aspect of the present invention are presented in Table 2.

The alloy comprises 6.64 weight percent vanadium.
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[0029]

An exemplary target construction 11 which can be formed in accordance

with methodology of the present invention is described with reference to Figs. 2 and 3.

The construction comprises a backing plate 12, a target 14, and a bond 16 between the

target and backing plate. The bond can be a diffusion bond, or can comprise an

interlayer material (such as, for example, a solder). The target 14 can comprise high

purity nickel/vanadium in accordance with various aspects of the present invention. The
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Ti 2.4 GDM5 C 5.2 CDMS M 6.4 GCDMS Fe 27 GDVM5 Co
2.7 GOV Cu 11 GOMs Zn 0.14 GCDMS Zr 2.3 GDMS Nb
WA2B4CENE M 4.4 GDVMS Hf 0.03 GDMS [ 0029] ANnPCT/US2003/037463
exenpl ary target construction 11 which can be forned
in accordance w th nmethodol ogy of the present
copgitustien bhoasbe utiized e thaderast pefstiveiinre! @ b ieposition apparatus of

thé3type ae&r@eaabamnmf&@mtbwgs 1@ backing plate 12, a
14, and bond 16 between the target and

[093 ki r@*qﬁh%&%emﬂ?éymﬁiC@@ﬁrtﬁéora%whpw% efiemed ior

ac&#ﬂarﬁ,@rmﬂ'i rﬁ@th@ﬂolb @frthé‘}ér%rsemﬁ\%n‘tléﬁ is(REbwitH l%'ferﬁnce to
rget 14 can conprise

mpl e,
F'%u-’ﬂ ?f‘? 3n |T8§@PP$F§W8€!” eqmprwea@da@milﬂu@tamqt B2y Jhe @@rget 22 can

cor’rﬁgﬁ’&clﬁlgh gﬁnﬂ/ RRKBNRPESLIm iR ¥ e wi {Pwevangué/pspefts of th%gresent
2004/ Q 85" PCT/ US2003/ 037463 constructi on can

invaRtiqny: e essiryrdion 20 gan be silzed astthe trra® 10rin & deepeition apparatus

oft%@l@@ éé‘én@éd aﬂd%ﬁﬁlﬁﬁgfep&ﬁéﬁdb dqabove W'th reference
Anot her exenpl ar tar

[083Hst r/myt CFQS'?POZIG” D & apHtiedng eharaberi ﬁUC e ghayober of Fig. 1)
tha%ﬁéb)dﬁ%&é@ﬂ)@p@lﬁ&nﬁ cdnhﬁ‘loﬁé @ﬁ?(éﬁea's@‘é@ﬁ)(e'rﬁ’é{ehé Q\%E‘&’H,neﬁld

reference to I constructi o
Co@e?ﬂﬁﬁt%*é%s'%?SﬁBﬁ @rg%twﬁe ip ép@étapemcatlm begogeigerzd S@a?hermg

corfoRAdnkss TRY iEEMdPWiiG ¥ cAbSKE! tﬁ&%%é’éﬁu‘tt@nﬁ&&&ﬁﬁ@%ﬁ% include,

W th various aspects of the present |nvention
butgse 8ot liretadsR, %Sc%ebrémt ¢lpmpephisids; Rimstanp geps. 1t spmea

appliRR®Sst it @8n B Eﬁb’bﬂ’énh@lc lﬂf'\aﬁeﬁ?ﬁs %Mlﬁ’c?er%ﬁ%drpﬁﬁj%fgﬁﬂt?er%t h

reference to [O Any onent s
corgpriangs in ﬁ@até%%@“absaaéﬁerag fropethe wawwgetﬁonm@entﬁ)can
coritiinafty RaRXRRTBMidred ﬁBMtthgfdr@& TRRMHAHIAR %aﬁ o2 aﬂ@&u:ﬁ@& &nd

sone mmater| al Accord |ng conponents besi d
eVanRIgeRNteG alljspuliering @amone@ﬁ iepA potaptial spHEeringreamponents within

a rédtbh BRdrfier are formed from the same material as the target. Accordingly, it can
be desired to form the target and one or more non-target sputtering components (such
as, for example, one or more of coils, cover rings, clamps, shields, pins, cups, etc.) from
high purity nickel/vanadium in various aspects of the invention.

Nickel/vanadium sputtering components formed in accordance with the present
invention can be utilized for deposition of Ni-V layers over semiconductor substrates.
The Ni-V layers can be utilized in under-bump and C4 technologies. Additionally, layers
formed from high purity, small grain-size Ni-V sputtering targets can be used for other
semiconductor applications besides under-bump and C4 assemblies. For instance, the
layers can be utilized for silicide formation and high-end coatings in semiconductor
applications. Nickel has been investigated for use in silicide and high-end coatings of
semiconductor applications, but the magnetic properties of nickel render pure nickel
unsuitable for rﬁany of such applications. Addition of vanadium to nickel forms an alloy
having suitable magnetic properties for semiconductor applications, which is a reason
that Ni-7V is utilized in various applications. However, conventional nickel/vanadium
alloys have too low of a purity to be suitable for silicide and high-end coatings. In



conmponents. The itenms within a chanber that can be
sputtering conponents, include, but are not limted
WO 2004082785, cover rings, clanps, shields, pinsPenus2003/037463
cups. It some applications, it can be problematic if
material s sputter from non-target sputtering
coglsrfbdhe ralativiely puia Ni-V ipdoysathat ¢asl ke rypduassriedn spuiering éargets of
thd s idRhiGPERPHE it ledOr SIIRﬁHHéHB tl @n@%@cfné;é'aﬁphcatlons.
sputtered fromthe target. The probTem can
al l eviated, and even prevented, if all sputtering
conponents and potential spgikhfiblgd conponents wi thin
a reaction chanber are fornmed fromthe same materi al
[0932} he t 4rjef-purky dinvdngrjlis/uniidireetiamalliblotdeliac aid igh f or m
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beipg b irgehalout 80 Frdie ithe Bickpeereidle alpb ip lﬁﬁfethaﬂ &% enal to about

O‘VMQI% ét‘aﬂln@qmclgﬁesh'bf b 2ssbtfl Olfhec\@cfﬂ)@ 'cBbl@G tcpfooh'\ t'e}'ﬁperature and
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cufc'a ueid pnabas gestiongndie seelieps afﬁjSL(bﬂeqt%jc‘ﬁr’f@ﬂ c@hms(a for
exdififlle! & @éiﬁﬂ)ératuré RIS 14d0PF rﬂ@gmdorﬂm&uo%d By n:brdyrou.ﬁg*eétlfor

gral n-si ze Ni -V sputterl ng targets can used

exgppler abayg fﬁ%?ﬁ%ﬂ%@iw%ﬁbﬂeﬂé% 'ihQﬁB'C‘B"@ﬁ @étheuﬁﬁ%emnsﬂe dinal

thiéMs o PSRN hissut 0F38F %d BSEANC ThehBBand & FSlirkdbrRR the
utilized for silicide fTormati'on and hi gh-end coatin

segtiong émpretareRly tiardiregiinial @ad ialing thepare direrlion gedpe uni- rectional

rom £5b408b Aol OAftdt e hét ahldl dofl remngefﬂthalsabnc%dth%%bﬁmre
sem conduct or applications, but th

anm%%a&arygcr@ﬁsw terperatiggdior e&m@efﬁt@yéﬂ 60Qj %é%ﬁ Hp)far about 1

hof9r many of such applications. Addition of vanadiumto
nickel forms an alloy having suitable magnetic
properties for sem conductor applications, which is a
reason that Ni-7V is utilized in various
appl i cati ons. However, conventional nickel/vanadi um
all oys have too low of a purity to be suitable for
silicide and high-end coatings. In 8 WO 2004/ 052785
PCT/ US2003/ 037463 contrast, the relatively pure N -V
all oys that can be produced from sputtering targets of
the present invention can be suitable for silicide and
hi gh-end coatings applications. EXAVPLE [0032] A
hi gh-purity Ni-Vingot is uni-directionally hot-rolled
at a high tenperature (such as a tenperature from
1400F to 2400F (760C -1316C)) to decrease a thickness
of the ingot and produce a slab (the thickness of the
sl ab can be,



for exanple, about 1.5" (3.81 cm); wth a typica
def ormation i nduced by the hot rolling being at |east
W@bouns9890 (i . e, the thickness of the slab is PerES1005087463
or equal to about 10% of the starting thickness of
the ingot). The slab is cooled to roomtenperature and
C into several smaller sections. The sections are
subjTegtiRntich HQmduak! i ng (at, for exanple, a
tenperature of from 1400F to 2400F), followed by
cold-rollin sat for exanple, about room tenperature)
to feducé MifeHvanadiyne seutisring kempeReNt sHYCtUE eomnrising at least
99191 iigrass ekdl@MinG yad8R| RicR@HY vAnatfum (0. 89 cm) ). The hot
and cold rolling across the sections is preferably
uni -di rectional, and along the sane direction as the
uni 2di r ed'f SREFErNG SPMPRGEE S H¢laiMdoreingaet least9R 95
welphospatiemgdsel] ikl @fd VdHadRAGt i ons, the sections are
anneal ed at an increased tenperature (for exanple,
aboyt 16Q0F (871 C) for about 1 our). 9 WO
200 /0529’3@’5S U@f@@‘@PB@’?@HEU‘U@_&@%ﬂh?ée'fi‘qw%téﬁ%ﬁt88-999
weightdo@atiudiig Jased) ridkekghd vaaarinim sput tering conponent
structure conprising at least 99.99 weight%
excludin as . ni ckel and, vanadi.um. 2. The .
Sputier i TG BBRA B EepéiE el S s Depuitpriag targe
strigtaiet  99. 995 wei ght % excl udi ng gases, nickel and
vanadium 3. The sputtering conponent structure of

gacts.  nitkapuip R Geigor Pt oBarS et protan

conmponent structure of claim1l as a sputtering target
st r B¢t ur éhe SputiEhieg $rgett suctuge dfanlajet4 s8¢ a gputtaringdéarget. ai m
4 as a sputtering target pre-fab. 6. The sputtering

target s rdikﬁée%e%a&]fun?%@ltﬂéhﬁ %ﬁ%‘?@%%tﬁ’lﬁ%'rg%o{‘n%ﬁgi% at tast
A ni ckel / vanadi um sputter] n% COnpOnent st ruct tre
99 98 mysighs Yon gxclitdingegasies, wicked enduedrpdilyy and bavinl ag agerags grain size
[ [ rain size
BB B BRAT AR ol B8 AR PIERRISE 2 " 5
about 40_microns. 8. The nickel/vanadi um sputtering
conmBonenihe hickelfvapadien sprli¢ringrcoawoaentsiuciues pigaim 7 as a

SpERITAG B8 MbomdrR pffap.

9. The nickel/vanadium sputtering component structure of claim 7 as a
sputtering component.

10. The nickel/vanadium sputtering component of claim 9 wherein the
average grain size is less than or equal to about 30 microns.

11. The nickel/vanadium sputtering component of claim 9 wherein the
average grain size is less than or equal to about 20 microns.

12. The nickel/vanadium sputtering component of claim 9 comprising from
about 4 weight percent vanadium to about 10 weight percent vanadium.

10



9. The nickel /vanadi um sputtering conponent structure

of claim7 as a sputtering conponent. 10. The
woe@kebr7sanadi um sputteri ng conponent of cl ai MPOI/US2003/037463

wherein the average grain size is |less than or equal

to about 30 mcrons. 11. The nickel/vanadi um _

sput'Ber i I§ediskpbranasiuay spekiafing conpnsest ¢f daie 9 eareprising about 7
Weg%mbgrcghtz\%nh&uh@ss than or equal to about 20 mcrons.

12. The nickel/vanadi um sputtering conponent of claim

9 conprising from about 4 weight percent vanadiumto

abodf- 10 TheNipke!/\meadigry snuiauRg eampongnigh caing a2 sestering
tarG6il/ US2003/ 037463 13. The ni ckel /vanadi um sputtering

conponent of claim9 conprising about 7 weight

per cent va\nadi um 14. The ni ckel /vanadi um sputtering

conggnent® '8Yer Spuiierderasited feigmthesipuigring tardgd of claig 14,

| ayer sputter-deposited fromthe sputtering target of

cl aitg) 14Thé bickdinanadiaiedputtamiomponht dieidim® oMMt least
t 99.995 wei ght %

f.claim9 c ising at |ea
99 295 eI GASNG GReEReNCEhand Yanadiin 17, The
ni ckel / vanadi um sputtering conponent of claim 16
wher@i n The nick¥ldkagdiugr sputielrigZenmpbnbriSE dldvan 60theréid @he

t .30. mcrons. 18. The nigckel /vanadi um
avér%g??ﬁalﬁ? He° @gq?r?)sotﬁgrﬁf’ r %quaéfoa%ﬂuag&%%f’%‘?'n the average
grain size is less than or equal to about 20 m crons.
19. 1&he ithe kieké¢liranadiumrapsiierirtigesomppnesind ezt 6ofhetdinitin

ol BREATH Rl ) PR 'l A vanct um o

ni ckel / vanadi um sputtering conponent of claim9
conp®i si ihpe aickélapadiudSBpoB&ingsiogipodenteot claird i1Bgogsising from
. _ . , Cum

b g et el gl o RoBA e BRI, 1 age

grain size is less than or equal to about 30 microns.

22. 2@he mhhe Risk¢l{vanadumrapsiteringerompgnenimi claémt9 eomprisiagrat least

j : I ' |Ss | ess than or

ggég%\g@qhgkh %Eu?m?@lar%ég?ﬁ%%[ %d;\./aﬂ?ﬁ@n{m ckel / vanadi um

sputteri nlg conmponent of claim 20 conprising from
21.  The nickel/vanadium sputtering component of claim 20 wherein the

average grain size is less than or equal to about 30 microns.

22. The nickel/vanadium sputtering component of claim 20 wherein the
average grain size is less than or equal to about 20 microns.

23. The nickel/vanadium sputtering component of claim 20 comprising from
about 4 weight percent vanadium to about 10 weight percent vanadium.

24. A method for producing a nickel/vanadium structure, comprising:
providing a nickel material which is at least 99.99 weight%, excluding
gases, pure in nickel;
providing a vanadium material which is at least 99.99 weight%, excluding
gases, pure in vanadium;

melting the nickel and vanadium materials together form a molten
11



about 4 wei ght percent vanadiumto about 10 wei ght

percent vanadium 24. A nethod for producing a
woe@kebr7sanadi um structure, conprising: provi BCTYSH03/037463

ni ckel material which is at |east 99.99 wei ght%

_ | uding gases, pure in nickel; providing a vanadi um
mqlfﬁ& pdiumaioy fromsthg nigkeland vaoadiomyaatgriaiss ansk el udi ng

gases, PYbSirigthy ﬁﬁﬁ@v‘éﬁédlﬂtﬁldﬂb@ﬁ) ol arHl(QJéf?va{%H@@ structure, the
vanadi um mat eri al s toget er forma nol

nickglyRnadiimeatrupitte peing eBleast AP weipkike eroludiag igaAes PHIEsyin nickel
anfivamdilg. ni ckel and vanadi um material s; and cooling
the nickel/vanadiumalloy to forma ni ckel / vanadi um
structure, the nickel/vanadi um structure being a

| ea2P 99.158 M@heshelwlaim,24 whareip thprigkel/ vaadium ﬁ"H‘F’féI@eqomP”SGS
froRébovad dighfperéant vEREJIIRB e8o@f1 OQA/QQF\"E‘ peffcetll %r%loﬂmtn he

nlckeI/vanadlun1structure conpri ses ron1about
ercent

t percent nadi um to about 10 weig
Vg8 uminS SO AT Gera Sieighelxeadih sirigire comprises
aboutelaneamameli um structure conprises about 7%
vanadi um 27. The nmet hod of claim 24 wherein the

an ter| ast. 99. 995  wei ght %
Zxcgzd. 2]5 ggﬁé@ &faém %ﬁ Ingyanagiumymateial i tilegst 99.995
we@hmm@mmﬂgegaeea ;idneuwm&@hnﬂat erial is at |east

99 995 wei ght% excl udi ng gases, pure in nickel;
.S at Iea

, I 99.
vvew g t % E qﬂ EJ;E e\/‘&l’i?ﬁ?"éﬂ"%ﬂ %ﬁll %ﬂﬁ' |S£§geast 99.995
weightoh edxeluding gasek,qidre/ mrdckels whesdin thetvanhediumh rdbteliglidas bt least
o035 Rl AR5 P 2 P IR

strucdtreris af least 9t996%a kclOdn@ §&sesy\pirg ka@mblwdnatgurgases,
pure in vanadium 30. The nethod of claim24 wherein

t he,qi ck rigl 99. 9 wej ght.%

excPir nas TS et 28 e L ine\GiBEimheledays aslarshae.o00
weight%erexaluding gatses, eaisd in V@Badigd. wei ght % excl udi ng gases,

pure in vanadi un and wherein the nickel/vanadi um

| o8 '
A o 8 S0 AR o
weighi$e.egxaluding gaisek glutevinmickiel mhstainithewaeadiomonatessal is at least

99.999 weight%, excluding gases, pure in vanadium; and wherein the nickel/vanadium
structure is at least 99.999%, excluding gases, pure in nickel and vanadium.

31. The method of claim 24 wherein the nickel/vanadium structure comprises
an average grain size throughout the structure of greater than 40 microns, the method
further comprising subjecting the nickel/vanadium structure to thermo-mechanical
processing to reduce the average grain size to less than or equal to 40 microns.

32. The method of claim 31 further comprising forming a sputtering
component from the structure, and wherein an average grain size throughout the
sputtering component is less than or equal to 40 microns.

33.  The method of claim 32 wherein the sputtering component is a sputtering

12



an average grain size throughout the structure of
greater than 40 mcrons, the nethod further

W@ 0wp058Hg subj ecti ng the nickel/vanadi um st r BCT/USE03/a37463
t her no- mechani cal processing to reduce the average
grain size to less than or equal to 40 m crons. 32.

targdle net hod of claim 31 further conprising formng a
sputtering conponent fromthe structure, and wherein

an auer agPeMhdthdy &f &eﬁmtdﬁrv%tggﬁ l{'ﬁe Héﬁ‘mo%éh&ﬁéél%cessmg
onent is less than or e m crons Theé

PrQ?é'Pﬁ%@n G’Feré%gfﬁ'%gz%\mwwﬁuﬂh@ S’ﬁ%ﬂ@e@ﬁ'?ﬁ@ tb@w&p@ﬁt t0j 39
miGoRfuttering 12 WO 2004/ 052785 PCT/ US2003/ 037463
target. 34. The nmethod of claim 31 wherein the

t her,po- hani cal praocessin produces an average

gr ai?’gD sr‘j- et”PﬁtB‘EFpr&ﬁ'mt%éugg?r (FOMpFiging formingsa piferipg
coRgbidnt from3Ble struGlRNEnd Rhereih &RIrAR @l $2edihPBudfout the

further co r|S|ng forn1aﬁ% &utterlng component
SPyiiesing CREIPSDPRES g thag of edirl i PR MigroB%er age grain si ze

t hroughout the sputtering conponent is |less than or

equab. t 0 TRE nBtksdPBFclaid®s witgeifehd\gslitefing bahpdnht is a sputtering
tary erein the sputtering conponent is a sputtering

rget. 37. The nethod of claim 31 wherein the
t her no- mechani cal processing produces an average
gr aBm. si zaetrﬂmtlmcgdsfcum:mtmemﬁrémmwihermé me@R&nitd) procebsing

orePff% g et 924 g tiRe SRt o S ieisfie o 20
miéromsn t he structure, and wherein an average grain size
t hroughout the sputtering conmponent is |less than or

equ to .3 The nmethod of claim 38 .
i n T8 "SR S Rrereng i Lhtgring
comaormut from3he structure, and wherein an average grain size throughout the
sputtering component is less than or equal to 20 microns.

39. The method of claim 38 wherein the sputtering component is a sputtering

target.
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