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Among the applications for which it can be desired to form a mixed-metal product or
alloy are applications in which it is desired to form ingots of high purity alloys. It can be desired
to form ingots of high purity alloys to enable formation of sputtering targets (also referred to as

30  physical vapor deposition targets) from the ingots. The sputtering targets will have uniform
distribution of alloys throughout as a result of being formed from ingots consisting of a uniform
composition of high purity alloys.

Typically, alloys are made by either adding elemental alloy components to a molten pool
of bulk metal, or by pre-mixing and blending various melt feedstock materials with one another

35  before actually melting the materials together. A limitation of the above-described processes is
that the processes do not lend themselves to a batch melting process in that at no time is the

whole of an ingot material simultaneously molten. Because of this, several consecutive melting

1



1 WD 02/ 061168 PCT/ US01/ 50645 operations nust be perfornmed in order to
forma uniformrefractory netal alloy. Wthout nultiple nelting

oper ati orwp 0e@6ilet i ons in chem cal conposition formin a PETWSOHi/MY4F ngot
material. Such variations in chem cal conposition can |ead to problens in
structures formed fromthe ingot materials. For instance, if sputtering
target s arapefatipmsgolust beoparfotnaed in guster todorar 4 wikorm Befiaploryspeialtalpy. nWithewt get s can
have non-upj . i cal i tt0 f : i f chemi cal
conposi 11 ARl tpaRtor VAR hlé“%na{f%Jgﬁﬁﬁﬁ@%ﬁﬁ‘*ﬁ%&“ el ed i
sem conducnaferialf Stwhiveriationsin orermisalicampesitidn cheleapiotpreblans if stowpiur¢sdommedget s t o
deposit a {1 ] i ve: : f ? be
nompgencous s s ke pRBRIE RS HpE it SURFRL Ry ok R ronl B8 bl it
chem cd@ ctberpmwirtingtargets danHoroyereiifoym vhenli¢ah cempopitivnsarflesting the gent-uform

transl ate | J.af | j il . { osited
fim and SSaCALaKEHEL bR de il PR bl PR ARIRROR hierl oGP

above- di sclabsation, emtepiakwillibe spytetddionetle targetidy dépopit afilnhodoseoygenflestivé or mi ng

i ngots hayi unj A 0 t her
aspect of ai\ﬁhggdﬁer' ﬂ%{aﬁ%{}b ea@% ‘?ﬁ;{% g':sﬁltg %%?%th%gg&)lgrlﬁiﬁo%?%}O%Sﬁéee@%%ﬁﬁn'elg?%%hnoI ogy
i s 15 changiriatiorsimehenlicahtomposit abanddomiogemeity withis s eputtenngtorgeesan tesslatedliatvas cene
proce S. hi f t €L l.um C 26 o i j | ayer
et or 1 o bR speg G PRl B FRBRRE i, SRR UL BV YT
been uti | i @egriamgerfiliner | ayers in the alum numtechnol ogies to inhibit

al um num atons §{r i i i j - i J 'fglﬁ

causi ng devi ce ﬁ?rgfln %ro iég.'al%gsg‘ﬁ%g%s’ﬁﬂ%%g%@h& E)cejde§ %?%15&%@0,’1&%%& ex alr}%’}ag?ts
react i vel yhaymgtuhgfornmapddombgeapousroinposgen througho®0 ni tr ogen at nosphere. The
TiINfilnms are fQu t e Hoor. ier S.: I Lve t .. because
the diffusivi tyglcl)élgecrgppﬁgtrc’fgl%edjﬁ% p%?]i;sé]ﬁaé Hllt%ya%rdfcllrfﬁléﬁ%eécoﬁ%egpﬁ?lglﬁggiﬁot her
probl e t heltangiagfrom @lmmiium aitbtrastiyt progessas taitdppéraigaldatmastenmproesses.i Eleshifis
barrier | s _can occur in_attenptl I L.t ani ¥ to

i el eot ri o menmia R ot BleIR ol |8 BRELE o be ANEHIRIRRERANY,

mat eri al s tdhiemaitpdo(Tiy) filos hadbeen uijlized esbadiie|layetsin the plmaninatechnplogiehto25 as,
for exanple,.silic i.oxkde) . . Cl it.d : ed by
such poor BhisBalisfilh At hERkinBRd O Machf GHbciRihenihe faLE T
titani um faHderce ThafiNo@lew catebeclooymaidiy for efamplenretdtivalyisputiching # tienivmeargetimé s f or

di ffusypn |. S : j i Ve . 0 IS

tant a1t g dup RS RS ARkl G heBAFh 86 1AEE (R glr

nanonet er - sdcaesd thegliffisivity of cappemragonasrtiroggloiNciilmmisdad high.abi ity as a barrier
| ayer for prevenpti LT US| . A drfilc oci at ed
wih TaN i o ¢ nannpie SRRt b5} e WENEE bl il dabaRE 0! 21
econoni cal layers panarcporimstenipting toayhers tifaminm reatgrialsdo diglstioc nfageipls.c Specidigally, it

processes.. Ti i [ S eri . .
Accor di ngl ?,Olﬂlgl? C gﬁhgﬁgae'&g% g‘é Jl[eg%\% ad %ge lgroggﬂ:oe&lr?g{og M@%ﬂs&@gﬁtﬁé ];[{%?Frl%l%gum
mi cr oelect aspfir ezamphd sditenydioddatand éhat drouit defedtatanda cofsedigpyyel poor adhssicmnnect
tec h npl ogy if gL Oe%ltqg%o?cptﬁé grogﬁmg géégéuﬁgc?\gltl{ Qtréniﬂlrh! 1.11151% hi$been development
t1tani um conpri sing

of non-titanium barrier materials for diffusion layers. Among the materials which have been

developed is tantalum nitride (TaN). It is found that TaN can have a close to nanometer-sized
grain structure and good chemical stability as a barrier layer for preventing copper diffusion.

30  However, a difficulty associated with TaN is that the high cost of tantalum can make it difficult
to economically incorporate TaN layers into semiconductor fabrication processes.

Titanium can be a lower cost material than tantalum. Accordingly, it could be possible
to reduce materials cost for the microelectronics industry relative to utilization of copper
interconnect technology if methodology could be developed for utilizing titanium-comprising

35  materials, instead of tantalum-comprising materials, as barrier layers for inhibiting copper

diffusion. It is therefore desirable to develop new titanium-containing materials which are
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substituting zirconium halide for the titanium halide.

In another aspect, the invention encompasses a method of electrolytically forming a
titanium-based mixed-metal material. A mixture of titanium and at least one other metal is
electrically deposited as a mixed-metal product. The mixed-metal product is melted to form a

30  molten mixed-metal material. The molten mixed-metal material can be cooled into a mixed-
metal ingot. The ingot comprises the titanium and the at least one other metal. The titanium is
the majority element of the ingot, and the ingot has a purity of titanium and the at least one other
metal of at least 99.95%. The method can be utilized for electrolytically forming a zirconium-
based mixed-metal ingot by substituting zirconium for the titanium.

35 In another aspect, the invention encompasses an iodide transfer method of forming a
titanium or zirconium-based mixed-metal material. A mixture comprising either titanium or

zirconium is provided in a reaction apparatus with iodine gas and a heated substrate. The
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20 Fig. 3 is a diagrammatic, cross-sectional view of an apparatus utilized in an electrolytic
process of the present invention.

Fig. 4 illustrates a graph showing standard reduction potential for a series of elements,
and further showing a window region encompassing elements having a standard reduction
potential within + 0.5 volt of the Ti**/Ti reaction.

25 Fig. 5 is a diagrammatic, cross-sectional view of an iodide process encompassed by the
present invention.

Fig. 6 is a block diagram of a melting and ingot-forming process encompassed by the

present invention.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention includes new methods for forming mixed-metal materials, and in
particular applications encompasses new methods of forming ingots comprising mixtures of
metals. In particular embodiments, a mixed-metal feedstock is produced by one or more of a
reduction process, electrolysis process or iodide process, and such feedstock is subsequently
35  melted to form a homogeneous molten mixture of the metals. The molten mixture is then cooled
to form a mixed-metal ingot, with the metals being homogeneously mixed throughout the ingot

as, for example, an alloy composition. The ingot can be subsequently utilized to form materials

4



metals. In particular enbodi ments, a m xed-netal feedstock is produced by
one or nore of a reduction process, electrolysis process or iodide
process, wod2menbs f eedst ock i s subsequently 35 nelted to fPomrasal/swabgeneous
nolten m xture of the netals. The nolten mxture is then cooled to forma
nixed-netal ingot, with the netals bei.ng honpgeneously m xed t hroughout the
ingot  as, %JQHIHE?“@"“S&WX e-mefyl cogmpiigns F"f?rfleS“FﬁeFPrrlQ%S%ncéébF igeot sgdequent | y
utilized tﬁhlfz@d Wf&ﬁﬁl@g’dpﬁﬁ&mg‘ﬂarg@ Q?-{s%t%&ﬁﬁt P&I&M@&%&Q&ﬂ&sws rblé&’&bﬁ

honbgeneous m xed-netal conpositions are sired. For 1nstance ngot

can be utRPeestsdandiodigs propRgSes avethern ﬁifgcrtbaﬁi g@tf@uslx i §-8- Frsob ot REE3 %%s. ous

reduction QUHEIRIILE ,an&?an(IEerJté‘ﬁAﬁpl1cBﬂi&10&§§1€I\$0 @gvd94 o1 des Fapae8ses have been
descri bed reV|oust ent Nos. 254, and 6, 024, 847; and in

U.S. Pat ent:0d3r; *Hlét6r08ﬂ Sé"érandap S\Batelﬁmwwéeﬂawg 08{99¢-d33 arggll mceyporated
6, 063, 254, heddifl bPre@téhc847, and U. S. Patent Application Serial No. 08/994, 733
are all incorporated herein by reference. In particular applications, the

m xed- net al s prBwpedicalaninphraiors deimiygmeplp Proﬁ’é‘e‘i ithiA therinech 2albbe tiniwnd al s

(i.e. titapissmMbridls (6. tRadiih KA1l be/a BAiSHE Riembhi Wit thb SrctiRY,2nd In otiRpd In ot her
applications the m xed-netals wi Il be zirconi umbased mXxtures (i.

zi r coni um %pligatipes the mgxedayetls will be|zispragim-hasedmixtyrpe(i.przirgeriym wit] ‘?en‘fér

ti tani ym bagedtyetlehl WthiR fhe Ak N EHIE: aaﬁﬁgl.baga&&ﬁwu%e% o Gicoluld-BBLE! Y be
utilized informng sputtering targets. A use for a titani um based

sput t er i ngmpgiesan Blrtmatekx fectitizeshin écagw SRtPiNg Fargels- thaysg der actigniverbesed

sput t er - deRQgdrins @R br ?-zuéohﬁﬂpl')agéﬂ s?ﬁi%&ﬁg et ba{n%%ﬂéﬂhmgposftﬁ)}x BFPn a
sem conduct or subs%rat e. Either a titanlunt based | mor a zirconi um based

filmcan bagjpmibpgdgr gisconiupihasedehilm owes@mtcend%éa@smp@hem tpsipdasedr om 15

copper - Confiig &HagcGRATRBRLE fifin E‘,&h lﬁtlﬁﬁfiedcég %%@ﬂhﬁer ApEdeAloBhkr) déerl(;nr}?om
sem conduct or substrate. Specifically, the I'm can be provided between a

copperlX onteapsicapaiaBgsemaenty rémotb@rwempo%tﬁﬁ@ﬁ@ﬁ%w& thg S@r@lﬁvr@sﬁmb%rrate

substrat e, SRB#ARN L il bad BegR6Vided tRFRYE N oppRREHainTeHo R bRt i Qfer t e
copper - cont ai ni ngs conponent ‘to the other conponent associated wth the

subst r at . COTOBANs q fig semigprdupipriulstragia ansk cap e uldlizgd fosprevient copesr mistatiqni{eon er ns

" sem condugt boppeSioRaidift @mpaitit Rhe &Eé?‘c@rﬁﬁ&'éﬁﬁa@iooﬁé&@%tﬁl%eesub@aé gghiangd to
mean any construction conpri si n]g sem conductive material, including, but
q

not lim telatefnsetatmmqﬁﬂ?éiﬁlrebﬁheﬁe W, dherfepms “pemicondygtive substsate’eanid conduct i ve

waf er Aei t RemicahRber gfbs&dﬁe”a@é@em‘md B o Eﬂ?,fdoﬁétﬁgtl&if ddRIpriSRe s'erm@nau&lb@r eon),
and seni conducti ve mat eri al | ayers (elt er alone or in assenblies

conpri si ngM#etdyingleding bag nof limitpretor ufknsemiqepdyctivg materiglepyugh as 2 wmigepdustippor t i ng
struct ur e, whfscleit Miene HUb aRGhblles BbhSifkidethet MBteSATIHERBASTH ¥Bicohdub§deur € 25

descri bed above. An exempl ary_ sem conductive material 1s silicon, such as,
for exanpl Baterighiyers (§iheralone s insssamblips comprrge piher material)-u Fhase Fubspiel er

| ayers t haltefefﬁﬁe aResuppbiihE Hhdturd) ﬁl%fuuing, 5k Rot liaMEd B, 4R IRhiSddbtive SRMRSL | NY
essentj al | or consisting of titanium and oné or both of Zr and Hf:

and such | @rbg abayepAn exrmplAY peypandpitve ByateHal it sikepat sick awiriexample,
consi st i NgmERBJHailRL bificord fAMENE 18RS lish bRGd Bhrribd hy AN ANEe PRGuRE uRkghh of Zr

and Hf . Armnlq the zirconi um based barrier

are layers comprising, consisting essentially of, or consisting of titanium and one or both of Zr
and Hf; and such layers can be formed from sputtering targets comprising, consisting essentially
of, or consisting of titanium and one or both of Zr and Hf. Among the zirconium-based barrier

30  layers that can be particular useful are layers comprising, consisting essentially of, or consisting
of zirconium and one or both of Ti and Hf; and such layers can be formed from sputtering targets
comprising, consisting essentially of, or consisting of zirconium and one or both of Ti and Hf.

A method encompassed by the present invention is shown in the flow chart of Fig. 1. At

an initial step 10, a mixture of metallic elements is provided. The mixture will typically

35  comprise titanium or zirconium, and in particular embodiments can comprise both titanium and

zirconium. The elements can be in an elemental form in the mixture of step 10, or can be
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submitted to either electrolysis process 14 or iodide process 16. Further,
al t hough t Pfecesfingifkpagiquine diechprscis e be wplerstoad ghatith grogessesshwngpted py Beeedi ng

in parti CuiRhedlinofS baPRoonhdctell n fePerf8o HRARSWE BOHodoRRY. FHENRARESHRERI

connected by the dashed arrows can be connected in reverse to the shown
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provi ded t grobRBHE trbANedicQGERScel?12 th AL lydid|Rbtet e, m%werfﬂhwﬁowmrffa%%ﬁ“ ng

fromreduction process 12 to electrolysis process 14. However, the shown
flow can e Relsied Bow edentationy ip iakthe alesteplysisiprocessds sanprellipansidered Sﬁslﬂiegl process
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mat eri al ter a reduction process, and the io process is  considered

to be a prowsdeedisiter Pé%?ﬁssl"iébaﬁ‘ B leaéitﬁ qdfi@ﬁ@ﬂl pweﬁqafl@rt@pwhﬁéwﬁmhméby

acconpig sh&thePdtectBlysis pRREss 4 BElehRti¥S procddt pLess 14 or reduction process 12.
After the flow of mat eri al through one or nore of processes 12, 14 and 16,

the material is? %rdh%ﬂ%%laataﬂ%ﬂﬁw&tone qTHeorp PhRIagesser $2.ddipé k6, 8t mageriahis

processin gcdﬁgld&E&Qprlaguct V‘”Ph&ﬂﬂocﬁﬁmﬁ ibjReed tob b}o@&sfhg 8f REPHYGhich B8brises
subsequently cool i n% the nolten material to forman ingot. The ingot wll
I8

have a ni xDEiRS the Peidastetnd Subsgienthrogling e pokien material & form s legelr dhe @Btect i ng

at | east SQIEna0f a AixbrBef &Eﬁl&ité"@)‘ntameiﬁﬂéfe% Qfith BRI Fhikdufe BH&ARD At Jeadlisblmb 6€d 1 N
t he conposition of step . However, the final conposition fornmed in the

i ngot sthe prigipal ﬁwumﬁf éleéﬁ“tﬁ efemenisilized 37 R cormRasition of gematl. Slosveves. the
conponent g£BRASitbAAImED S th KEdtoestf 18hBPhal0a dRRrdnhSoikhiBRLH S R1ABRMYY

t her nodynani cs of
of component elements than the mixture of step 10, as the kinetics and/or thermodynamics of
processes 12, 14 and 16 may favor one metallic material relative to another.
The processes of steps 12, 14, 16 and 18 are described in more detail in Figs. 2-6.

30  Referring initially to Fig. 2, the reduction process of step 12 is further illustrated. The shown
process forms a mixed-metal material consisting essentially of, or consisting of, a
titanium/zirconium alloy. Initially, zirconium tetrachloride (ZrCly), titanium tetrachloride
(TiCly), and a reductant (for example, sodium or magnesium metal) are mixed. A resulting
exothermic reaction produces an alloy of titanium and zirconium. The relative proportions of

35  titanium and zirconium within the alloy are approximately proportional to the proportions of

zirconium tetrachloride and titanium tetrachloride. Accordingly, a titanium-based alloy can be

formed by utilizing a higher proportion of titanium tetrachloride relative to zirconium
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processes 12, 14 and 16 may favor one netallic material relative to
anot her. The processes of steps 12, 14, 16 and 18 are described in nore
detail irwbiog®6118 6. 30 Referring initially to Fig. 2, thecrasavsicen
process of step 12 is further illustrated. The shown process forns a

m xed-metal material consisting essentially of, or consisting of, a
titani un Zetrashloridenand 2 gigeoniupi-hased ally canj bederied by pelizinghhigher gescqnpecafy)

titani um t£&5ﬁ“§1k&&kﬂ&a&&&k% titafHFh tBrrdcRIGHEL. %&mﬁ@% EXaIRh & des@@LyM or

magnesi um netal ) are mxed. A resulting exotherm € reaction produces an

al | oy of tVitharefarenceiecrnzimbedimentrittilizingmetal lqride rqgetepforit i e wgflerggodthatani um
and 21 1 Conbklophy el (s uRluliftded B SIGRRRELK ARKALVeIPLOBO Ll POfridel { e
proportions of zirconiumtetrachloride and titaniumtetrachloride.

Accor dingly, a Thetregeiantauititizaddn tie resipctioarprasess of Hign2&ilbiypigellyl e agasgousiogher
proportion a I as b YR 1tPsoal Al 8o, 02/ 061168
PCT/ USOL/ 51(5(%51(1-‘>ﬁ>h£t;1 eltg(j?rgﬁ% o‘% |t%quug{ﬁlh an gﬁ‘%}r}}%&sn}éﬁgﬂrrﬁ%sg EQ’I oylc%nn be formed by
utilizi ng tatrdshlphide anslditendem @gecltlﬁrlde zitrkeon g@ﬁﬁ?ltséomae‘mcgﬁdilﬂb’ therattiope t o
titaniumt t [ X b ference
to an enbo ﬁ@ﬁi? in(t}% % %I ‘z‘?ﬁr?f‘lg’;a’%g&g@a“ ]%%‘cl)#llﬂl Ig%rdég%ta gtf?tn g?ﬁﬁ dﬁézgelowtl)e%%ger st ood
that ot her Sqidtpélﬁsehl&f liqiedpleseende Lgas bhased in addition to, or alternatively
to, thg netal chlorides. 5 The reactants utilized in the reduction process
of Fig. 2 will typically be in a gaseous or liquid form For instance, the
reductant can c@npri seNaDtelCh@litki{sirtfa€lb zi r coni um tetrachl ori de and
titaniumtetrac orlde | m Accordingly, the reactions
occurring in th reductllQ 9%@8%@2%@% sﬁrmari zed as reacti ons (1) and
(2) below, in which s = solid phase; | = liquid phase and g = gas phase.

10 (1) 4Na(l) +nli +4
->7Zr(s)+4NaCl (1 hélﬁés‘ﬁl'%%Zr 5&1 %?l}@gcan afl or%r%a m xeacfngegnqeg&bg%] uenﬂyS ch
spongel T anmbledsnd sedpddn forp an 1@0met taadbe atilized 0ot Beddstask firogitherthe ¢1Pﬁgl®b’tlc or can
be utilize t r lectrolytic process 14 of Fig. 1
or the iod 8%§?)r?40(§:es§% g%fl&ﬁ‘d ?r&%& IXIOQE(?U 'h the reduction process is
illustrated in Elﬂg)Uglzﬂasred:ueilmgar@pewlsdlgsmtédon Figo? a3 eipgarprocehd fosfoming st i ng
of titani U£ﬁo Pgnsgsltlflg ﬁf]t'it%m ||tnd ilr%oﬁlgm 1slf5'€ee&1§igng%gd {hla?ﬁle ;elaﬁctwﬁ 9116%55 92{?1
process can orm o metal nmateria I'nstance, one al s
sel ected ffoomothhlemgabugetmﬁnéiosmstmgzemeof mate, maBals BlecteB&omahe gr@ep Comstm@s, Dy,
Er, FeZO A_ff B, ]ﬂ)g ,L@i, .dé/,g@o %@;Dﬁwgr, FJéIbGd &‘-Iﬂr HJ)\I'La ]ﬁ% 1}4§CN[O I\:ﬁ.{rquh’ Pr, vV, W
e utilizédi o w th*-t

Y, Yb and Zr,”’ can conbi ndt1on 'w tani um to For m an
al l oy. Mor %ms?geta,f\f,&émyb aoh Zo cirdlessutiliged io cbrebindtimnivdigghe tganivh o foims ered

el enents Cé\ﬂ) Eé §p|e3:1 @;ﬁl ' A 57(?} &ﬁér h e\é\’j &fi?hetﬁs{eﬂ%leﬂﬁhrs ehd t%%lﬁllﬁard' ﬁie to

formall oys e re ion ess. terna Ively, one or nore elenents
fromthe gmmhmaagmmtb tltangmdttrat\hbn@ toferm dBeys iGahe rGhicti@ppro@ss. Aﬂgﬁrnaﬁvely,Fe Gd,
ig ':fan Eg orfe. G mon delM?entMom mg’grolhg t:osttméD &p AISE BaSEE (§r Ce-@c C;r'Dy, l\llr FWGdY and

25  Hf, Ho, La, Mg, Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, Ti, V, W, Y, and Yb can be utilized in
combination with the zirconium to form an alloy.
If the formed alloy is a titanium-based alloy, then the total non-titanium metal content of
a material produced by the process of Fig. 1 can be in a range of from 0.001% to 50%, such as,
for example, a range of from 0.001% to 10%. In particular embodiments, the total non-titanium
30  metal content of the material will be at least 0.01%, in further embodiments will be at least 0.1%,
in yet other embodiments will be at least 1%, and in yet other embodiments will be at least 2%.
The amount of at least one non-titanium metal in the mixed-metal material will be provided to a
sufficient concentration in the material to present to greater than 5 ppm in a material pure to 5N5,
greater 50 ppm in a material pure to 4N5, greater than 500 ppm in a material pure to 3NS5, or
35  greater than one part per thousand in a material pure to 3N.
If the mixed-metal material is subsequently melted and utilized to form an ingot as

shown in step 18 of the Fig. 1 process, and if such melting occurs without intervening processes
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conbination with the zirconiumto forman alloy. If the forned alloy is a
titani um based alloy, then the total non-titaniumnetal content of a
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%to 50% such as, for exanple, a range of from0.001%to 10% In
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material pure tf(gﬂ% taﬁé\)l ?azﬁ%&ﬂfn?ﬁa%@& alf %ngt?llé g{[al B&?ﬂrc%mﬂ@%éteﬂ reat er
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oroscto okl sh Bk AONEH PR R Bl R SRR 21107 1
mat eri al pmatdnd@drebg'swhgrqateo(i@gmn of a 1Rateyial pure an4N% greatenthrmfPepporfinfar om 0. 001%
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LB PN TR B R R Rl B0 AR iy L, ool 2
at | east 0. 01% Inipartfculat évabodmdndihrerdigioniprdcessef BRig. 2 b@dstutlﬁzem% formaget ot her
enbodi nent east and in ot her e be at
| east 2% a?l}?g cg%%n% gfttfta %dizégcorgﬁrg aﬁglﬁé"gl rlf:l(%lrlﬁ m c% thm&e? ]ﬁma;ﬁ‘llbfc(ed met al
mat er i | vmtbﬂuuﬂné)aie(a witlothe delgt other metslﬁeﬁﬁemtﬁnhumbﬂngzitcpamnow camb¢ Hionmer i al
;[ (r)] gr rer:.tegf‘ | g?d g'ltﬁ%leeornb;[ Q rmeta?ge{sufes %1}r1 omugxd) mé%tan?%{ g t (r)mt52|r5| a?r gﬁ? gr t go Sngm
or greater thanRefeeinpaeit tqoﬁg 3, Itlmwkatndysmpracqmtébmf Fag. 1pudescribed Bidnorg detail.
parti cul ar t he reduc 7ed to
form an ?q)er(g%l%%g/ gsf illus tra? afi appa a?]atlbsm ik ZI 1?8% Ilntfllljze(gfor gn &gﬂ?mwﬁ}ta’lc Pltocédu
processes, oﬂthepmmlemvmhomaAnpﬁaatnibMtcommmeumﬁm&seﬁlZ Aw titode Sreandiehtfodst Yeewe net al
besi defO ti tr%nlldle'I Qh nacle ';SEORI i fe b %895 rg\'il &H&"an&b%%ﬁd o st&& only
ot her fret aP Y)e5| es Z1 Fcontum'd el ng 9t ani um rring nextMto I'g. 3, the
el ect r ol ysh&capreompss, ﬂmexafnplé, one ot bmi; Otﬂasnwmtmdirciqmwmrle p@t‘@tlaarlembodiments,
an el eot r oot Redtod S o IR BhitSne P M ARG BBET | 00
a furn?cfe 5%15131;&1}; o {76 Y0 1 %ABarﬂd @aﬂwo@%ﬂ@ﬁElaFe CZDH[ﬁrHWLaLédg \Mlt, IMmNbLHNdLace 52.
A neta e t i n 58 can
conpri se, % %%;Snlg’?sé fao{r%ﬁ%IrYd'l:?gt ﬁ&?,%, gféafl% i r(r?ﬁe%ﬁc%l%%lrﬁ a&%gg%}ﬁeoﬁgerrti cul ar
enbodi 2@nt mptal seteetednfibml thd gedsdonsikingai At By Bei Be Cai Cafb s Byt B, GdeldBt one

other net ai{o,sfal, ?/f:gt, E/fljl, Mo%,tl\ﬂENg, rP(t),US%, Sm, Sr, Ta, Ti, V, W, Y, and Yb. In an exemplary
embodiment, titanium is a majority element provided in the feedstock, and in another exemplary
embodiment zirconium is a majority element provided in the feedstock.
An electrolyte 60 is provided between the anode and the cathode. The electrolyte can
30  comprise a salt, such as, for example, sodium chloride or magnesium chloride, and can be in a
molten form due to a temperature maintainéd by furnace 52. |
In operation, an electrical voltage is provided between anode 54 and cathode 56, and
metal is electrolytically transferred from mixture 58 to cathode 56 to form a mixed-metal product
62 at cathode 56. Although mixture 58 is described as being provided against an anode 54, it is
35  to be understood that anode 54 can be considered an electrical interconnection to mixture 58, and
that mixture 58 can be considered to effectively be the "anode" during the electrolytic transfer

reaction. The composition of mixed-metal product 62 can be determined, in part, by the voltage
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consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, &d, Hf, Ho, La,
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conpri se wpreoailosn and at | east one other 25 netal sel ect @dTfusonsdashe group
consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, &d, Hf, Ho, La,
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can be determ ned, by the voltage 8 WO 02/ 061168 PCT/ USOL/ 50645
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potential &gy rB@LQH@i wmrbr&%ramy%mﬁﬁg% 2Ele8HB10b 8% oFbiBmerfls Gthet thahlzrtbhlundt AR &
V\,indowformedp he reduction for Tie/Ti. Accordingly, if

a vol t age BnAypt 4nédynec9félsmatrtapragldsbatlcgthvdet% can be dpteyined bythevpliage adilized i on
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formed in t mxe uct 62." Accordi ng apparatus 50 can be
utilized fivem plwrrccfmtx«amomu@ifforapomexw ofelti A/ Ti ISplmb@hdca widet aumibgrofielerents can

it %, ook BiPE i orBGER ki Vet FIRBY b PEYLOR AGEMERBioph Ot ST 2
aspect of pdmnplrfesmntzermmvefrifﬁ i is xmhtz@i fPosferably.rm vo@agermm@w wrlbwu@tcealtm@at hode
56. For

if amaorlt is titani terial at
oat hode 5601 A1 BsiorEB Pasgion SRR E arserk et B gPie dfer PRt fe.
than tit anorsifconiuit), iofavaidrEdiog excyssive purtty tospraduccéi um  then product 62
will preferably_ c rls ast .0. 001% of i rconi um
The anount andR?tg‘ggg Bfx éqa%’ﬁese fI 104198 Progess Wzi’t’c(ﬁ(%’f”ﬁo‘&i’z%gﬁﬁp B’a ét’sm ned
by theool dhagemmhtildallg Blisstrdieall Speydfivaily,Fg. 5Ghewdhntapparasthat (0i cogprisiteed ieadtioh8.
Speci fical | ndow f07 volts e reductign
potentiar HBPoEdReAdrRoh SRy ie Sinfe FPpied BT i And RN SReat o ron s
can 15 be i0dcatepdy iatoeehctitrt c:hambﬁdmt Fcfi:ﬂstbd‘ka]m&cémﬁrlsem:htﬂ@gt@ Mferelmmam‘ls 8nd
volts fromth redutlon g&l}l for. conversion Q%T{g 1S utllgized.
Pref er abl y©? e RTRE R b g G BB Fraratorh g A ognE e4108 e
reduction ié(pf(ﬁlitled ahthi‘neéacaorrmmbaartly)z ehﬁmentlol( ﬁcﬁﬂine@mmﬂ teapspeits metal frorh ani um
or zirgoni VQi ddi n cessive ur|t ferring
next t® Fi }323%9& Zﬂgﬁ(’g’(ﬁ%&gs“g?tf?gee ' &ﬁ? Elﬁtaklé eBéle teld Ofgo uggﬁa%esl %bo flﬂ?%n 8f Fig.
1is product 110. The transport of a metal from feedstock 106 to heated substrate 104 is described

below with reference to reactions (3)-(5), and specifically is described with respect to formation

of a titanium metal.

3) Ti(s)+1(g)—Tilx(g)
30 4 Tily(g) + Ix(g) —Tils(g)
) Tily(g)—Ti(s) + 2Lx(g)

Accordingly, the titanium is converted to an iodide (specifically, Til), and the iodide is
subsequently decomposed at the heated substrate 104 to deposit titanium material 110. The
reactions described above are merely exemplary reactions, and it is to be understood that the

35  chemistry of metal transport in apparatus 100 can comprise other reactions in addition to, or

alternatively to, those described.



20 diagrammatically illustrated. Specifically, Fig. 5 shows an apparatus
100 conprising a reaction chanber 102. A feedstock 106 is provided within
reacti on wbhanberi6d 02, and a heated substrate 104 extendsPCRIUSO/S®mE i on
chanber 102. Feedstock 106 conprises at least 2 different netals, and can,

for exanple, conprise either titaniumor zirconiumas a nmajority metal. An
i odi ne gas 108 Ajrge pirteapsigeef ampateriahirpm deedsteck 10 dnpreduct b, can depspdera amerg

i odi ne gaSotﬂ&%hlﬂésa@t%{glgEltat%rer@ffél‘lenﬂca[ ivéen fhRadal %&n&-%sﬂ’a@e hﬂa& EShcsiuRBsd at e

104. The netal 15 osited onto substrate 104 to forma product 110.
The t r anspdriediest and kipatigs oftreastior efadartiselar mefgl wigh leding tofornpysiodide.@s el a3 s

descri Ded iife:out iy S6] BEENGENLA! HEAC RSN (G th@m@taﬁie)%wehpal ly is

described with respect to formation a titani um netal

Ti (s) +P2( ghccordingdy, g‘)feedgt@cl( 16 cpmprigeg p nmxtm@(céylememtt?, tg(rgyduct B e ¢amppgise a >Ti ( s)
* 212(g) mfa{rghwglg dlffé}&ttsfoﬁc%mé uﬁn@lﬁmﬁﬁrah;gm&éat @srfeéd%blgﬁm(oﬁp%cf&' cally,
Ti 14), an Iodide I's subsequent deco heated sUbstrate
104 to dep@emple; differaageriniuneties @]lodlqecfonfmﬁlen Of wasiony mﬁslllel@é@p$, pedforabove are
merely exegplahks [n%nk?&ﬁodlé’é"&écbrh dsfioh pra‘?loHMQmE RAfhed hat the 35

chem stry of metal transport | n apparatus can conprise other reactions
in addition to,Fasdstock lpépmmmmeswpr@@mmaﬁ@x@r@e@m prislecdn figtheygompricrome 68

PCT! LS S54%cAch 688 0 FRS 8 BlnoRREU K1 B, BTE LSS 19D b0

product 1 can epen on ings, a tenperature erenti al
bet ween f eGddifolk LEOBzaMe, Mobdh, MEI 1’0450 Fanac%nT:@eﬁL NaW dnand¥b.i odi ne, and

Kinet!cs OAudfiafbly Moo RAah bbitthl pRbRinaithy Hari Bl oA cdnFuliRf B 08 de.

as well as I net reaction o nmet a econpose
to form t her mae eleinpws seflasted fitom the @(@@mmlﬁ@ig;pf AlLfB, fBacs Cocke. @96%@@1?11, Egs a

m xture ofg I t al r
di fferent sfg Po‘%@“@?@%%k ﬁgﬁl@% rggr%ggntW ggyygg‘g%t gjggd ?g)gac&ue
to, fold eklé)mpn eqmptise p@d@nmetslmzncmlmtan@sandflrtheod@rmmse opermatniagmelerhenisar i ous
metal lic iodifg mm%ﬂéjégﬁp odlbibd l{%egm%sg “%é“déleéé €3, & 01511 e eﬁf’ﬁ%o ét' on

of various rretaI|C| st’oék 106 can cohpri epré om Rat é
zi r coni um MgnMnddn, Ny NdhNF, Pc@np?m S, T él, ¥ W. oambYe Altcsnpsivels, m@duetltléd f rom

Lge Er oup &(Pll\rlﬂtfilfnﬁxk;o rf)gedgirn rﬁ%iy tﬁanuﬁﬁ"an@%an ﬁ%herggnprgg ’oné:ér mc;x)g eleﬁénts ?e?ecte b
Al't er nat | v@bly thef goewpspusisting 0BAL QnB@s(ﬁ?’pG%;C@, 69, &SRy, rEa,t%L Sid,th’ffa Hm Wgam can
furth cogmr t ed fromthe group consisting
of Al eio nng Nﬁ%cPN?Pr% §%O§ &Q/”W'YSY%%&% o H. Ho. La. Ng. M M.
Nb, Nd, N| , Pr Flsc6 lssMoclsﬂlagmax desmpwn of 2 syffer mdricacan bag @@zeqofpb@a procassing 10
can compri s 1%%?%“ﬁt Slakisidly Cﬁg' ST G hdn 4\ Bp RORPE B pHIfSA08 TOT €
el enents selected from'the |you consi sting of § Co
Cs, Dy, Er coofed heagth 156 and ganold 158. Inpperation, aviged merlq{m; poNied thla@ugh Sgrt 1g]ﬁnd3r

Ta, Ti, V, mWed%’y v@éllqmmeltn‘lbé (tsl?crhQgtfby&hﬁﬁplemﬂgﬁncélecgrwmam gun) to form a

25  homogeneous molten mixture of the elements present in the feed material. The molten mixture is

subsequently poured into cooled hearth 156, and then flowed into a mold 158. Mold 158 can be
in the form of, for example, an ingot can. Accordingly, the material flowed into mold 158 can
cool to form an ingot. The ingot will preferably have a homogeneous composition of the
elements initially present in the feed material.

30 The feed material provided to apparatus 150 can be a product of either the reduction
process of step 12 of Fig. 1, the electrolysis process of step 14 of Fig. 1, or the iodide process of
step 16 of Fig. 1. Regardless, the feedstock will preferably comprise a mixture of metals, such
as, for example, a titanium-based material having at least 0.001% of non-titanium metals; or a
zirconium-based material having at least 0.001% of non-zirconium metals. If the feed material is

35 titanium-based, the non-titanium metal content of the ingot can be in a range of from 0.001% to
50%, such as, for example, a range of from 0.001% to 10%. The non-titanium content can be,

for example, at least 0.01%, and in particular embodiments can be at least 0.1%. Alternatively, if
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can conprise predom nately titanium and can further conprise one or nore
el ements selected fromthe group consisting of Al, B, Ba, Be, Ca, Ce, Co,
Cs, Dy, BwpoRe¢116kl, Hf, Ho, La, My, M, 20 Mo, Nb, Nd, N PCPrISO8si645m Sr,
Ta, V, W Y, Yb and Zr. Fig. 6 is a block diagram description of a system
whi ch can be utilized for the processing of step 18 of Fig. 1.

Speci f i cal thgmatejigf formerl |m ths inggt is girepniyynshased, ths orsirgonius] mefalcoplerigambgin 154, a

cool ed heag, éﬁnéé&fr dsfb«yoléi%hak TorRRERA E'ﬂ-?ﬁ;o@oﬂ/?&ﬂlo%tf%&hal thbﬁorpoured
through port 1 te

vacuum el H&% as, for exanF e, with
an el ect r ofircheinmceient Cﬁlbbq%ﬂqfrﬁté) @%shﬁﬁmg@lﬁ@dﬁﬁ fliments ginde t leaw0. e
el ements presen fread t r uently
poured into coo‘l&ééc)j& &llagm 15%@2% (t%lﬁsesr?irﬁfg %blgmlg%egtfﬁoﬁadl%8%%r§% 158
can be 5 i ntatghle Spuitaring farggtoonwxising b bomegengongmixtera af meelie elgmaggs gan ehe
mat eri al t will
pref er abl y}L a&g@gdﬂg%egunloqge& g%é% Iggéan%sggﬁﬁ hcl)ctrl?q%l% Q%SEPS&;& fg%%%?mﬁ%ﬁalkég%?y pr esent
in the feedrcositmrbasad bag®r IRker forpseyentingerpper difiugion.ded t o apparatus 150 can be
a product of ei r t t f
el ectrolysis pr%?%sbghge? 1@8‘1&‘{0 ngq?anﬁhpga%éfmg%n%hsggf%%%éayg}r%gg% Sfo o? @bs tep
16 of Fi g. sputterReppsititndos attatget doawusing d&r ewprnple, mtaemelr @zmoylbmeﬁq@rw@eona o Xt ure
of met S mofdelkmefi ’selgc%d i?c?ﬂ?‘ﬂn@gﬁmp@o&slsfﬁé%f{m} 1? é'(,%l CF'EB#aEH F@t | east

0. 001% of non-titani um Zl reoni umy ase rrat erra vi'ng at

| east 0. 00G85H Hodr, Mgy MornMarNedidaNs Pr IS¢, SthriEaed, WaieXband Zrs 155 note
titaniumb in a
ango. of £ Ty sE o SRichis Bkl Splitrin ARb B 1 Fheek i G R £ B
to 10% Thehiplaretipically preclodad feom tlt@mnmﬁesedfsmﬁeemmﬁe@ of the prlem“tt 0.01% and

in particu ' I WO
02/ 061168 Jﬁ%{i’fﬁg%?% 5 %"ttq%g“p o hﬁ%% b H‘A}t 1&18{"?%&%‘“@ hombencdd

zi r conlum hixswd of tithrdum ovithone oomera of treistbd demnésn thnerb@r Smtterlltgeipphmg@sof
fromO. 001§ Furt her,

the non- zir céo rle%?n %‘66?11%1 gﬁltt @%Yabn qggelregt | ejglg . %J%/Q QQ%O%é%éog%r 3ilt{‘icntejl ar

enbodi ment traighoubef ait of teedemets presentictbo bptieringgaeet! dfatndology efttbe pressaess of

r1 9. 8 Cani 08 h bl e Lt nbAbINESs BiSiid 6 folifbd, 3pLAAQR, <inoPHEREIIAY
targets conprising a honoge s m xture met al | enents can

parti cul ar dhtheisredent mvemtxglpmteltsear mmgd m@b@scb@sk,umﬁﬂwdpbgy phith¢ Bres@etsmv@tion o form

atitaggu

ai 11 uhon, Cpo e RmosthdoBeTLRAT RNl & o G ol HledBE RYRA pRRHRETEC,
barrier | atpeget wiina b@n¢89nmdmwd-nﬁﬁllmrenostﬁepﬁmugh@ﬁ froma target
conprising, f ory f?me?’l EII i Melﬁ@lﬂc&mﬁﬁ) @Zye@ﬂ’lta#eﬂﬁ‘l Wcﬁ Barﬂa‘Qa}%F can:le fSH‘Heg

el ements selected fromthe group consisting o , Co,
Cs, Dy, FEr by fpatter@dposkion fram a farget qoglprlwhg, forsxample, zmjgonuprp m qnpnbmg‘gon \&ﬁl} or@r Ta,
Vo T VB8 et Eef}'éc%ed%tn?ﬂle glofifontBi% RlaL'BIBaChE RIS Ul 6L Ipert kY 2

sputtering target resent ention ar€ &l emrents’  which
typi cally ﬁd,ehﬂ Hddch, MgaMnt MoaNb.iv¥d, badacbesprot Srefd, ﬂg\&,él‘{,@{étasd b Thee prior

art. ACC%PJOH qlnycan Bbge&nbﬁ%h%aa&fag Pardet B QERFEry LENRhORBHs bt feh@ sBYl AT art

for form ng

least 70%, at least 90%, at least 94%, or at least 97%. In particular applications, the amount of
non-zirconium metals can be provided to a sufficient concentration within the sputtering target
that the zirconium is present to less than 99% or less than 98%, while still being a majority

30  element of the target. Accordingly, the target can comprise, for example, a concentration of
zirconium in a range of from about 50% to about 98%, or can comprise a range of zirconium of
from about 50% to about 99%. Further, the sputtering target can consist essentially of, or consist
of, zirconium and titanium.

Zirconium-based sputtering targets of the type described herein can have properties

35  similar to those of titanium-based sputtering targets, and accordingly can be used for forming

diffusion barriers to impede or prevent copper diffusion from copper-containing materials to

other components associated with semiconductor substrates. There has not been a process
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15 m xture of titaniumw th one or nore of the |isted el ements. However,
for sputtering applications of the present invention it can be desired
that a taw@ek/ocunpri se a honogeneous m xture throughout eCTaisvl/sde43 he

el enents present in the sputtering target. Methodol ogy of the present
invention can enabl e such honogeneous m xture to be fornmed. Specifically,
si nce net hésyelopggin thefpriohart for Exming aispyttenng Wreeheansisting ot herjograequs nfixdmigsf ock
met hodol 00 QhiuhRGitHne e Mbrel JHMRMHseq BlemhntS Bk hhdHofbol) OFRE BREGY vt Uz et 2l
i ngot which can in turn be utilized to forma sputtéring target WItT‘I a
honmpgeneougahiegedh-hepoggneeuspislire tp bp famed Lpheilieally) fincemetliodplogyee! theagresent s t o
be a zir coplUmpaRR MRkEMleal fee?ét'&ﬁl, R&hSdoRzy log%ag E)regéh@ixﬁggntfoﬁ B BY

I r exanple, zirconiumin

sputter-deposition froma target conprisi nrwg,_ ) 2,
conbi nat i ohemgeipopnmixedrimetpbricconiuamiasedsingos Which seh inrtembe hélizgd eaforieansi st i ng

of A, B Baedi it hoffBgerSus ZMonitth-badel mixeIndeH ] M,
Mo, Nb, M%N?’?‘%P?r,ga%”é L Sm e, Ta, Fﬁ"?ﬁ v?sgvvm’_xv, el “\’/'EE’ osifleypihold, M oan
be present in tHéhesaenier dayerigtaberaganivnebesgdmpletizlysuclo hadertlaver famrbs fofmed by | east
55% at | gagl. @004t Al dnPRSleeP?Qtipridhe | AN 4ntally 8 of @RS Lind 0¥ fitadi
particul ar gijg‘pprlc% gat |1 Qnrs_, ?ﬁegearmﬁ)rr\lt _lh%’fc gs?l%lﬁgzsi{rnélonsf tsjltr’n0 rrcg)t g%tggégﬁfa%gm
provi ded t endzboruf fThe Hitepiumean bepreseat indire spirttening targee tospremplenyi oucenizatigns of af hat
the zi{gonjLuni b L Y01 : .83 j Pl
being a rraleori ‘t)(})?’ %g&%@@nﬁeégﬁ/ﬁygﬂ?@%ﬁ/@g& %?1 Llﬂgrillgb?el 1 c%tﬁﬁqes’ t\tﬁglrnjlg@%n%gn
conprise, bapn espdapravided tacpywdidaient eqnicentradn witiin the mputteringitarget thatdlee toforfis om
about 50% i r f Zi. I om about
S0%t 0 aboti BOsE ey {hag PPise SASFRISR s, 8085, okl h AR Pl AT Ty
of , or congieaer thanf500 ppmdwmianget purd ta INa AT greater Zhanoe parhpep dopshnd pua taegeti ng
targets of I - her el . j to
those of tTTam vy Bad Rl il W AR R prmn Bl BAE LT o
form ntp dbdrfiersiodmpererar prevent coppengifusonoironp capperrtontaiypanatetidlf tasthen fr om
copper - con{ giJai kdqak; . n i i

sem conduc_tcgllrlﬂslp setg?(;:;(ftﬁl eésd %L@h%?%c oﬁ%dsé{%%%t e%nq‘gér%%l %?%ggée%%g%@%?% Oeéoff%B

PCT/ USQOL/ 5hahspriog ery éir dpredng asputtering targat censistifigoef athomoeizengous neiputetof titaniynt ar get
consi sting,af e i j i 1 t he
ot ed ol om0 iSRRIy BE bk sferfjnyerfloh Gl NTe ch RofRBenBlus HREGRGRD (10
homogeneoube feimady Seedifeay sinse methoddpayaif fheadstnt inventinpenalte pimoxrdtogyl of t he
preseniy | YRRk Ghefiblody B &b ffetinlRlaiol SRI8HOL KomdBADALRLAMNCRE L he
present invention can m a S5 honogeneous m xed-netal zirconi um based

i ngot whi chitagizm/borpntingot whish gan injtyre e vidizedtorfoun a syytieringrtangef withraget with a
honogeneoug,, z1.L5304 $UkRASES b Bt e roughout. If the
barrier Iay%r g:és toﬁ'lg?tia1 a t?t%ﬁﬁ%eggieéc%ﬁ{?g%%géﬁ barrier |ayer can be
formed by sputter-deposition froma target conprising, consisting
essentially of, or consisting of titanium and boron. The titanium can be
present in the sputtering target to exenplary concentrations of at 10 | east
70% at least 90% at |least 94% or at least 97% In particul ar
applications, the amount of boron can be provided to a sufficient
concentration within the sputtering target that the boron is
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present to greater than 5 ppmin a target pure to 5N5, greater 50 ppmin a
target pure to 4N5, greater than 500 ppmin a target pure to 3N5, or
greater twem2oedepart per thousand in a target pure to 3RCTASDEMIGW T bor on
m xed- metal sputtering targets can be used for formng diffusion 15
barriers to i npede or prevent copper diffusion from copper-containing

mat eri al s €bARMBer conponents associ ated with seni conductor substrates.
There has not been a process developed in the prior art for formng a
sputtering target consisting of a honbgeneous m xture of titanium_ wth
boron, butl.met ho8iarethpd of formmg afitaniumrbased péiedinstnl peaduet eopIpEisisg edmtiiAdY eneous
mxture o RelrObrRehiytREklclhE &l 1kl ork WS nATRe b@@l%@&ﬁémgfa bl pRodeen!

i nvention me m xed-nmetal 20 feedstock, nethodol og % resent

i nvent idon camixedinetad plodwe geNREGIRS tilaniuwe andeat gnst opg matel Wmndmg 10ﬁ leati ch
can in turn dx&élofﬁa@%l%%t&ﬂﬂ?&télh%ﬂdét@vﬁérblﬂg target with a honogeneous
titani um and boron m xe conposf tion throughout. 12 WO 02/ 061168
PCT/ US01/ 50645 CLAthk/Bt lgast mermtﬁ@ﬁthsfat lewst priervoetel helidedp pelestad disethargreeri- et al
product, conpri S{igGAAN Mhalpe, BaXEUICE, L Dl EARLH, BRIHSIE. ¢ M, MEast

one netal halide wt CI hg ‘agént’ to. produée a 5 i xé pr oduct
conpri sing titanNbiNaMN, ISGI,S,msSI‘ &nd/, MBt¥alYbowd Zespondi ng to the at |east
one | of the atyl & the at | east one netal
of tggltogt | east onet %re%?gdrﬁaﬁ de ?Jslsg{g%a!gﬁ?egé fromt%e ?r oup consisting of
Al , B., Ba, Be, Ca, e migs-mgtal prc[gguct dempriges gre@igr thpdf 0.0396 of thg at lmgt orghmetalp

.Nd’ N, Pr 2. SC, méﬁod Jfacia lvb’%re}él thcy Qmé@q'fegl roélgctrcg'ﬁ xrgeé( atéIPtﬁﬁlO VA OdUCt
is at least 99.9 pure; the m xed-neta P rrpr ses greater than
0. 05% of theofathezité@sitonen@taﬂret al. 2. The net hod of claim1 wherein the

m xed- rreta prod f

nmetal. 3. The m?ﬁég&ﬂ?@éfc&ﬁ%l%&h&ﬁgﬁf IF\nlﬂtéﬁ n%ta]rgl{%lua COIIHPES %&%%?ﬁ%:no(%g@i ses
gr eat e}5than0ﬁh6%lea1®n@ﬁnetalhe at |east one netal. 4. The nethod of claim1l
wherein the at | gasheRRPoTEEA ity a0 R bithat js ity JiGdEpL hod of ¢l aim 1
wherein the at |east one netal Is The thod of claimi1
wherein thd at | Ehsmetbekofimtainll Vd@rﬂprﬁhsetsleaztonenﬁtali'srté’omﬁlﬂad of claim1
wherein the at |egs etRS'cFofE‘P}uﬁ'1dx$ifé¥Q%{éh§Qﬁeﬂone%%tzﬁcorﬁ? %ﬂod of formng a
titani umbased m Xxed-netal product, conprising electrolytically depositing
a mi xed-nmefal pr Ebhm@th@@mallslln’dleeﬁlrnﬂlmﬁkaét%ﬁHteitﬁtlamnmﬁﬁ%\ﬁﬂ at |east one

ot her tag, the :%30? ol | Qi t t he group
consi sitqeng ‘of f‘%eélll for Iﬂ?g %gtmﬁ&m %E%gim}& D}%ﬁldﬁ& &%pfrédgq Hf , Ho, La,
My, M, M, Nbctroﬂgdlcalm depq:s(ltmgsomxecgnﬁta]g}roduvhcowrlsmg a mixiyg o@ﬁtgmzm ancj\mer ein

least one other metal, the at least one other metal being selected from the group consisting of
Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb, Nd, Nij, Pr, Sc,
Sm, Sr, Ta, V, W, Y, Yb and Zr; wherein

25 the mixed-metal product is at least 99.95% pure; and

the mixed-metal product comprises greater than 0.05% of the at least one other
metal.
9. The method of claim 8 wherein the mixed-metal product comprises greater than 0.1%
of the at least one other metal.
30 10. The method of claim 8 wherein the mixed-metal product comprises greater than 0.5%

of the at least one other metal.

11. The method of claim 8 wherein the at least one other metal is only one other metal.
12. The method of claim 8 wherein the at least one other metal is two other metals.
13. The method of claim 8 wherein the at least one metal comprises Zr.

35 14. The method of claim 8 wherein the at least one metal comprises Hf.
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25 the m xed-nmetal product is at |east 99.95% pure; and the m xed- net al
product conprises greater than 0.05% of the at |east one other netal. 9.
The net howook/oellies m 8 wherei n t he m xed-netal product conpCrassi/groeeat er
than 0.1 % of the at |east one other nmetal. 30 10. The nethod of claim8
wherein the m xed-netal product conprises greater than 0.5% of the at
| east one 16t her 4Avgtethiod of forminp e tifpaiuobprsed miedinetapipiedt.comprifieg: at | east one

other netal is only,Qne Rt kR Haniunt 1d 1JRCoFRIHRPHCA] inGlrdlcrtippliahei N the
at | east one other tal1 Is two other netals. 13. The nethod of ¢claim8

wherein the at |wdisiodioneasmad aheatesmpbstgiesthzat leasgonepher el paingselgcted fremai m 8
wher e n the at | £asi,,005 Tl el TR E%E, chAckB,08 00 1AR: ICTLLSGY 50645

15. A nethod of g a titanium baséd m xXed-netal produét, conprising:
provi didSng a m xtMnaMefNh, NdaNi, EmSariun.1Sedkt VoWe Yolherd &t al in a reaction
apparatus wth iodjpe: fhal Betallif B 1ochBasds tOREmOt her
net al bei ng sel ect gﬂggtglpgﬂ?t%glngz}dgﬁgé%geﬁ%@?%ﬁg rg?akﬂ B,loBla,nge, Ca, Ce,
Co, GCs, Dy, Er, tﬁ@}iu@élqdld#a,ndBmiodldapfﬂhgatle@_tm,qth@bmeﬂwb, Nd, Ni, Pr, Sc, Sm
Sr, Ta, V. W Y, Yb, 308 glnd RaGih fbgide*aﬁd e § Rt PR 1eh R i SRR 1

other netal with the iodife gas to form titaniumiodide and an iodide of
the at | east onéeheatetheubstrate.and utilizingdeatrfronnie substrate toaieramnosoitie didahandt he

i odi dgof the at ) t . e . d

i1 g heat  rPemREh s RlHodifsBlyphd iR RO RELERR BAE 1 ce
m xed- nmet al pr odekdreizonpri sing titaniumand the at | east one other netal;
wherein the m xed- A (S ‘ ) %pure; and the

m xed- net al produc{%%:glﬁ}f)efaingeg%%oﬂg‘gtli&rtI%a%?bat?g{g’&?(ﬁcpt he at | east one other
metal . 15 16. The ntht mixkdofieta peidnet tompitires gicatert than h@S%e df thestdéastnne diher
conprises great eﬁf than 0.1% of the at |east one other nmetal. 17. The

nmet hod of claim %t wherein the m xed-netal product conprises greater than
0.5% I6f tke at Tleas¢thwind chiohéf whestialthe miged-fikiel predusbebmpkises| gadarer h8n Q%r ei n
the at | east e [ i;s only one other netal. 20 19. The nethod of
claim15 v\/ne(?t(eh:;l%nat tag%g?g@é%g tél'one other nmetal is two other netals. 20. The
met hod of Il ai m Ti& m¢teedeifiglainh &5 wherbig dlst mizedmatel produsbenmprisesgreater thae 0.5%The
met hod of C'&%ﬁ@&?ea&’%%g!h&%&ﬁ at | east one netal conprises HE 22. A net hod
of formng a zirconi um based mn xed-netal product, conprising conbining a

18. The method of claim 15 wherein the at least one other metal is only one other metal.
20 19. The method of claim 15 wherein the at least one other metal is two other metals.

20. The method of claim 15 wherein the at least one metal comprises Zr.

21. The method of claim 15 wherein the at least one metal comprises Hf.

22. A method of forming a zirconium-based mixed-metal product, comprising combining a

mixture of zirconium halide and at least one metal halide with a reducing agent to produce a
25 mixed-metal product comprising zirconium and at least one metal corresponding to the at
least one metal of the at least one metal halide; wherein,
the at least one metal of the at least one metal halide is selected from the group
consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo,
Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, Ti, V, W, Y, and Yb;
30 the mixed-metal product is at least 99.95% pure; and
the mixed-metal product comprises greater than 0.05% of the at least one metal.
23. The method of claim 22 wherein the mixed-metal product comprises greater than 0.1%

of the at least one metal.

24. The method of claim 22 wherein the mixed-metal product comprises greater than 0.5%
35 of the at least one metal.

25. The method of claim 22 wherein the at least one metal is only one metal.

26. The method of claim 22 wherein the at least one metal is two metals.
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m xture of zirconium halide and at | east one netal halide with a reducing
agent to produce a 25 m xed-netal product conprising zirconiumand at

| east onewopwtablie®rresponding to the at | east one netal ofCrhEsoasosheast one
metal halide; wherein, the at | east one netal of the at |east one netal
halide is sel ected fromthe group consisting of Al, B, Ba, Be, Ca, Ce, Co,
Cs, Dy, Er27.Fe, e method qfiglaim 32 wggemmip at jggst onmetai\ﬁpmppqpes TIDI’ Sc, Sm Sr,

Ta, Ti, V, 2SW Y, TRt of30ith Eﬁwﬁé%ﬁ%%icﬁh oRE REHELontppis@tHS! east 99.95%
pure; and t he m xed-nmetal product co rlses %reat er than 0.05% of the at

| east one #®t al . A npthodpf formingligicgiu drimpedypesa] eraduethe@mprisiagl - net al
product conpgi&R 1951@%%51’[&?%%19&1111&%1 ﬁ?édut:&%n@ﬁmh%é@ﬁxtﬁ@ 8f ARbALm afdat The

nmet hod of clalm wherein the m xed-netal produc rises greater than
0.5% 35 of leaw ong othesanetal, dhcat fpastape othe, merﬁéemﬁﬁqiwddfoncﬂhagwmonm@rgeqfn t he

at | east one tal erein
The a1 | enot *oo: B BECRTLY 0O, BRI Fe, 6 e HISLIRISRA, O SN R AeT O

The net hod o$mc$faT¢nT22f\MﬁéF@n¢lehéhemml east one netal conprises Ti. 28. The
met hod of claim 22 W@?ﬂlﬁéd%(ﬁglﬁr g&&%as@@e)s . af@nprises HE 29. A net hod

of formng a zirconi um base metal product, conprising

el ectrol ytical |y defhestixddriaetal pradueidonmptisgh gmt@dh@w Umpf the atdepstongiotetr e of
zirconjgym and at o1 east one other netal, the at |east one other netal

bei ng sel ected fromthe group consisting of A, B, Ba, Be, Ca, Ce, Co, GCs,
Dy, Er, Fe30.Gd, TWhe method afglainvg? whereinbs mixpd-mijd! prifluct gmprises, greagrfhag, 1% a,
Ti, V, WY, fjne m xed-netal product is at |east 99.95%
pure; and th%ﬂﬁlgite%m%gh@ﬂet uct conprises greater than 0.05% of the at

| east one dt-her Thomethedof 01830 29 whereinghamitednetal priogncp ompiisesegdreater Han 0.5%

m xed- nmet al X reater than 0.1% of the at | east one other
BOHGasGRAEBL iJ
netal. 31. The net éf?scf%g?{ ]lslﬁigtzrin 29 wherein the m xed-netal product conprises

great el5 thdh 0. 50he methed cleim PRaberciprike aidsetionerether metalds @y ofisgienmetabd of
claim2d vherel MhdiRedtd di2fith 20 WeRinifd ar Wlithe Lol 008 AePRERAE A 33

The net hod of claim?2 ereln east one other netal 1s two ot her
met al s 3434.The ﬁhﬂtm@ihOQﬁfC@hlaﬂmgeMbﬁr@ﬂqasttOhematal¢0@ms1§eSd"ne metal conprises

T The met *Pf?éjmgtﬁoﬂf%ia% a&w‘ﬁg‘é{n%&tgase Lk ?19& et al conprises

Hf . 36 "A net hod of ormng a zirconium m xed- et al pr oduct,
conpr i si ng36.20 pAawtieidreg faamirigetzireenion-based mmdﬂmtdmdadu@a@mpumeg ot her met al

in a rgaction appar Eﬂf&“ﬁdmg a mixture of zirconium and least one other metal in a reaction apparatus
with iodine gas and a heated substrate; the at least one other metal being selected from
the group consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg,
Mn, Mo, Nb, Nd, Ni, Pr, Sc, Sm, Sr, Ta, Ti, V, W, Y, and Yb;
reacting the zirconium and the at least one other metal with the iodine gas to form
25 zirconium iodide and an iodide of the at least one other metal;
transferring the zirconium iodide and the iodide of the at least one other metal to
the heated substrate, and utilizing heat from the substrate to decompose the iodides and
produce a mixed-metal product comprising zirconium and the at least one other metal,
wherein
30 the mixed-metal product is at least 99.95% pure; and
the mixed-metal product comprises greater than 0.05% of the at least one other
metal.
37. The method of claim 36 wherein the mixed-metal product comprises greater than 0.1%
of the at least one other metal.
35 3. The method of claim 36 wherein the mixed-metal product comprises greater than 0.5%
of the at least one other metal.

39. The method of claim 36 wherein the at least one other metal is only one other metal.
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with iodine gas and a heated substrate; the at | east one other netal being
selected from the group consisting of Al, B, Ba, Be, Ca, Ce, Co, GCs, Dy,
Er, Fe, dpokfosrib, La, My, M, Mo, Nb, Nd, Ni, Pr, Sc, Bem/tSeys0kas Ti, V,
W Y, and Yb; reacting the zirconiumand the at |east one other netal wth
the iodine gas to form 25 zirconiumiodide and an iodide of the at |east
one ot her #&t al ; Thamaeihgdfclaip 3¢ waerginithep lagshone etheraneigl ds tieotheparigls. of t he at

| east one gf her ﬁretlﬁéthcs@ofcrar}ﬁsmﬁ&@ﬂtwréart%@meaﬂ&r@hgéslﬂl ng heat fromthe

substrate to deconpose the iodides and roduce a m xed-netal product
conpri si ng*%i r coRamsteadriclaim 3¢ whergisithep deagonemeiabeogiprisesiier ei n 30 the

m xed- met a3 pr odnGlemod o@?on'nﬁ%%tuta%%n%&@ﬁ'iﬁd il irloBe cSthprReget al product
conprises greater than 0.05%of the at |east one ot her " netal. 37. The

met hod of clai m 36 edvdininga miurapkidanive halidesné garqr masnpiheraraial Jplidss with e han
0.1% of the at }eg@c?ﬁ 4386 t@ﬁ@@ﬁce%ﬁ&éd—mé@l p?&iuctT %ex@ﬁttltf%egi mGJe%‘tHE} ?h@tal

wherei n the m xed- net aI product conpri ses greater

| east one ot her hedided are Stectetifiomtbe grodp esmsisting Qfﬁésle&hfeﬁdeBrB% Be, %ﬁ: CPse%fst one
other netal is opl DygBeF \Aﬁtcﬂﬁhfrf% g, Mg,lﬁn\&% o, RENOS:, 5’&’54&@9%5@%53( 40.

The method of clarm’3 eréin the at 1east oné othéer netal 1’'s two other
metals. 41. TheYhem%d of claim 36 wherein the at | east one netal

conprifgs Ti. 42. Tﬁraurrgrhg%?éafma&mmuéﬁo YRR Ehdlte haseﬁtmétﬁ tergodret al

corrprlses HE 43. A ne formng a titani um mxe -netal ingot,
conprising: 5 conbi edofigg the mokenmixedinetal matelinirinthantivkd-meiel ieges toringasr e ot her

metal halides w Z(S)Jr?np%sm %%Hﬁ:'n%d%‘il@ mé]rg lofﬁgﬂﬁé{‘&l@, tfle e%?ﬁxo%@hﬁelr n{éfa%gUCt

wherein the one es are selected fromt| roup
consi sting of ha¢dregeppnding A& oneBr mpeg, of e othEezamei@ls of thg one @gmorpynetafhalidgsp theGq,

Hf , Ho, La, , " and
71 10 ol ting. ¢ hanudbeinbhe Mfori(bigmEhor B nebincihen Iai pilly ok rankln
materi B : and c@@lthq@etmmomﬂtheememlwdtm&?95r%t erial into a m xed-netal

i ngot ; the44 ngot Thefxﬂ&ﬂéd PR b gfﬂ@efﬁ%@tﬁ%lﬁ’rﬂ‘ﬁalﬂfe i{'Pf mQr%Qﬁfon L&l v%en%ih‘e one

or nore other neta corresponding to one or nore o r metal's of
t he one or nt‘hﬁ@thnlemethlhahqiqm@snemlr@blorldﬁst anium being the majority el enment of

the ingot; 4 he iq eti?@d’éf*&%rgzrﬁ’%bﬁe%tﬂ m};&tthgﬂélgﬂ}t} A ?ﬁﬁlﬁ&ga{,?d:ﬁe%e&me

ot her mstals of at [east 9 5% 44. The erein the
titani um hal inges other metalstof pi least I8P de, and wherein the other netal

hal i degy ar g met aly, £LB5d HRfFim 43 wherein the ingot has a purity of the titanjum and the one or
more other metals of at least 99.9995%.
47. The method of claim 43 wherein the one or more other metals comprise zirconium.
48. The method of claim 43 wherein the one or more other metals is only one other metal
and consists of zirconium.
25 49, The method of claim 43 further comprising forming a sputtering target from the ingot.
50. A method of forming a zirconium-based mixed-metal ingot, comprising:
combining a mixture of zirconium halide and one or more other metal halides with
a reducing agent to produce a mixed-metal product;
melting the mixed-metal product to form a molten mixed-metal material; and
30 cooling the molten mixed-metal material into a mixed-metal ingot, the ingot
comprising zirconium and one or more other metals corresponding to the one or more
other metals of the one or more metal halides, the zirconium being the majority element
of the ingot; the ingot having a purity of zirconium and the one or more other metals of
at least 99.95%.
35 51, The method of claim 50 wherein the zirconium halide is a zirconium chloride, and

wherein the other metal halides are metal chlorides.
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45. The nethod of claim43 wherein the ingot has a purity of the titanium
and the one or nore other netals of at | east 99.995% 20 46. The net hod of
cl ai m 43 whbaresret he i ngot has a purity of the titani um almdTiusel/smwes or
nore other netals of at |east 99.9995% 47. The nethod of claim43 wherein
the one or nore other netals COITBI’I se zirconium_  48. The nethod of claim
43 wher ei nS2he ofles ethednfelagm AR Whersindhesingod hasp RuribpRS the ispninie @ad the gpror

consi sts of gZikGaRE MBkls2PatiShst Isoet hod of cI a| m 43 further conprising
form ng a sputtering target fromthe ingot. A nmethod of formng a

zi rconi um Pased Fhedathodeaiglaim 4§ @ﬁlere@dhﬁjpg% ﬂlﬁfga P"(‘S’@f’r‘ﬁc the Agonumiand e @nfb‘?r

zi rconi um ha}llbg%t@pﬁlle@g%fgtrleﬁpggegggg%er metal halides with a reducing agent
to produce a m xed- net al fpro duct; nelting the m xed-nmetal product to forma
q

mol t en Imi x#4- et Bhe methad ofglaim 49 whers theyprionmore pghchBIctaRreleaied framdhe

material int oﬁ%wnéﬁql HRWRIB, IHAOBL, Cat@@do“tgm)y,EIOPPchﬁHFQJoZLEQ@QWd one
or nore othe tals correspondin he oné of moré other netals of the
one or nore NetMd Nidlri $eSm, b &a, Ajiy (W:inrﬁl%é(Png the majority elenent of the

i ngot; thesd ngot rhaylng &cg% '55¥vh9femzthé&ﬁ% Hideichr 13Ei1sQBBpAYe RN, Ot her
nmetals of at | east 99.95% . The nmethod of claim50 \/\herel n the

zi r coni um $al i deThemethed qf@hﬁhé%“@h‘le@rthﬁ@,e onpgre afkes mstals is prey enarntler mstal|

hal i deg are %tc%hsxﬁmf‘%fténﬂﬁé 16 WO 02/061168 PCT/ US01/ 50645 52. The net hod

of claim50 rein the ingot has a purity of the zirconium and the one or

nor e ot her Shet al Sheomethed ¢fwdpim 50 Yhogohe Bducinpagentis Jelsated fromthd IPWO wher ei n

the ingot ha fd the one or nore other netals
goé‘g’é%dof tsgdugltl n{egl? ﬁrﬁf rflmgg;ﬂﬁ% d

of at | east 554 T of claim50 wherein the one or nore

ot her netaf% ar eThehethodef claim i) firther epmpriping imingispyftesng mrget fiom Hie ingRs  Ca,
Ce, Co, Csgg Dy 5m o%yf%nd'@ﬁ)tltmum Jo8oed MiedMibtal Mot, cDRpridid, N, Pr, Sc,

Sm Sr, Ta, 55. The net hod of ¢l ai m5 wherein the one
or nork ot her met al sleeilysichlisedeppsiting amixtusof timampgndis s Peothermegd thher ei n

the one or nore gifgkq ;{ta#esoeiga%ké/d 88 Rides metal 10 and consists of
im

titanium 57. The ‘netho wherein the reducing agent is selected
fromthe group consiekingths mikedsweialmpdnst taforarrimeltey meisedinetatapaisrial;zpd  The

met hod of claimb50 o oSSR SRMEd-BEthNAed ahdBkotf  om t he
ingot. 59. A nethod O&E?{)rm ng Hl&??%é%%{rﬁﬂglgg%é mg‘%(ed-trret% in %?t

conprising: 15 ebaunrisoigyhd te;tenwry anibihe 8 ledshepether metah eheditanivm bava ke mparitt
| east gpe other prlalyof {hla‘?ngot, the ingot having a purity of titanjum and the at least one other

metal of at least 99.95%.

60. The method of claim 59 wherein the at least one other metal that is deposited has a

deposition reduction potential within £ 0.7 volts of the reduction potential for conversion of
Ti** to elemental Ti.

25  6l. The method of claim 59 wherein the at least one other metal that is deposited has a
deposition reduction potential within % 0.5 volts of the reduction potential for conversion of
Ti** to elemental Ti.

62. The method of claim 59 wherein the at least one other metal that is deposited includes

Zx.

30 63. The method of claim 59 wherein the at least one other metal that is deposited is only

one other metal and consists of Zr.
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deposited m xture being a m xed-netal product; nelting the m xed-netal
product to forma nolten m xed-netal material; and cooling the nolten

m xed- net\wb o668 al into a m xed-netal ingot, the ingot Pcorgsei/sienyy t he
titaniumand the at |east one other netal, the titaniumbeing the majority
20 el enent of the i the ingot having a purity of titaniumand the at
| east one Yt her 'ghowcﬁtm {S%g@f henepnysising’s0. The met hod of cl ai m 59

wherein the at |easéonﬁﬂﬁng)£ Jﬂ&&uréreﬁﬁamﬁrhaahde%naiﬁ@@ﬂsah@éiwl%@& reaucuq;iegeﬁit&i on
reduction potential within 0.7 volts of the reduction potential Tor

conversion of  TRreduce g nixedriagigldpedstpck, s nppial hatide comprising th atdqastions g9einher ei n
the at |east oneyghlhgiq metal that is deposited has a deposition reduction
potential within 0.5 volts of the reduction potential for conversion of

Ti 2+ t O el emental Tvhergp theplpstrohstically depositingitiizeghowmsredimetal fredsitckpeast one

other netal thatgagoge %Q@ﬁbﬁ@g trhﬁk@érx‘ﬁ%ﬁam@ﬁ and3fe Adeast'die offlet Ao Rim @eal m 59

wherein the at | east one other netal that is deposited is only one other
netal and consi siedefo azathodewigrsupon e tittaBmPot AUSB! prsohes meihare geposifidapod of
clai m 59 furtherge iRl 9rode@Toi Ning a mixture of titanium halide and
metal halide with a reducing agent to produce a m xed-netal feedstock, the
metal hal i @ conpmediodgf fammingp Zireepiym-based BiNgdimetakinggl COBMTISNG: wher ei n t he

el ectrgl ytically degasiolykiBsiyHepdsti#ga Iﬁlmreryfm&nﬁﬁ{ﬁh af REHShSer Aefhe anode
and conprises transferring titaniumand the at | east one other netal from
the anode to a ¢hesitsdaiximebeinpsmixedanats Peodietm and at | east one ot her netal
are deposited as thenp fh%%lf@ﬂtlﬁétalFﬁF&q&{Q$ fon’ﬁ% mcteMRERAG 1 naRFidE: EHQi a

zi rconi um based nm xed-netal 1 ngot, rising: 10 electrolyticall

depositing a m xt ureo§ag tilpn@!i?n mme@rﬁ@ta maqe@%lslttoeﬁéxeétmﬁé#l ingst, e ingofke

deposi ted m xt Ur&nﬁﬂsi‘ﬁ 1 ¥ ofddn HRIHe atﬁéa@tq}ﬁ%theﬁiﬁétﬁl' 8 LR Behik et al
product_to forma m)lten m xed-nmetal material; and cooling the nolten

m xed-Yet al mat empiarityiegmenofithedagntyhe agonhﬁg@sapltrﬁmf Ageriumephibe pElRay t he

zi rconi um and th&le%fthekﬁét%i Of%lgagbblgg%rret al, the zirconium being the 15
majority element of the in the ingot havi ng a purity of zirconium and

the at |1ea& onEhegnethed Qﬁ?? aip 63 pvherein|thecpt leagoneether ntal thehis depostipdchan ¢l ai m
65 wherein t f8odfion r@@ﬁﬁolp&ﬁerﬁ%m{hlﬁ@b@lvoftfﬂﬁ{thé RALERPSd LR t@?&n@ersﬂﬁ@ps' tion

reduction potential wth .7 volts of the reduction potential for
conver S| on OZI' to elemental Zr
20 67. The method of claim 65 wherein the at least one other metal that is deposited has a

deposition reduction potential within = 0.5 volts of the reduction potential for conversion of
Zr*" to elemental Zr.
68. The method of claim 65 wherein the at least one other metal that is deposited includes
Ti.
25  69. The method of claim 65 wherein the at least one other metal that is deposited is only
one other metal and consists of Ti.

70. The method of claim 65 further comprising:
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Zr2+ to elenental Zr. 20 67. The nethod of claim65 wherein the at | east
one other netal that is deposited has a deposition reduction potenti al
within OwbBoobtiss of the reduction potential for conversi ®@aTAfS01/A625+ t o

el emental Zr. 68. The nethod of claim65 wherein the at | east one other
metal that is deposited includes Ti. 25 69. The nethod of claim65 wherein
the at | east one otdembinyg mnixfuigef Firsondepbalideand metablilide wish aredudieg agepital and
consists of Ti. é%gducg DeirmRtRed Qbistsdkdin R hdtat b&ﬁ prisRiERkd &t 1436t one die’\O

02/ 061168 PCT/ US01/ 50645 combining a m xture of 2|rcon|un1ha i de and net al
halide with a redﬂ@bﬁ@-agent to produce a m xed-netal feedstock, the netal
hal i de conprising tHe.af tﬂe%%&ol?ﬁ@ll?&éb@§1tmémﬂ1§é51th@ﬁg(em{a?fe@dsrt&ﬁ as an
electrolytically depositing utilizes the m xed-netal feedstock as an 5
anode &nd conpr|%@éa&ﬂ&n@?@WBHﬁgﬁﬂmm@@ﬁ@uwnamhmﬁNé@ﬁtmﬁéﬁ§fm@%bﬂ%¥ﬂﬁr net a
fromthe —anode j8esoGRAMREAWAGHSHRE Dirdol i nt GPRAY BALIRY: Betal FBBLp0RMQ OF her
nmetal are deposited as the m xed-netal product . A nmethod of fornlng a
titani um based nasstleeomized-gietal prgduct: conpri si ng: providing a nmixture of
titaniumapd | eagt, 4 Akt -Baséd MERE R Buirlie: 10 Wi th iodine
gas and a heate gﬂﬁfg%gﬁ& ggi ?hg fﬁi ??taﬁ%bﬁ%ggdn?%e at | east one
other nmetal with t hrovidilz manigturs of Gtahigmrand feastane otfrer redidl dea madiogappasdtisde of
the at;J east one s ing the titaniumiodide and the
|od|de(%f the at ﬁ%g@@egﬁgﬁg?#%? ne%aa&fo the heated substrate, and
utilizing heat fromeadiiagshetitanium endithe afdeasirapo gbenhetalivathi theivdian gasts fgpmoduce a
m xed-metal pr OdﬁﬁﬁlumEWdé‘an%iﬁﬁmﬁﬁ%%hthQEﬂgéé%ne(‘o fiel:ng titaniumand the

at | east one ot her m xed tal prdéduct to forma nolten
m xed- met al nmat eri alrans@rihg thfddhmmg iqdirs andthe éadlideiof de-apisasi pnngthas micial tathe 0 a
m xed-netal ing hB%q Qﬁﬁst one
ot her netal, t hce)ﬁ%afe?gﬁtfsh%g%%fl Hgm eﬂegnfatfbg? @Q&%&@f&edﬁganmq? EO I %got t he

i ngot Having a pnmducy aofixedihetali pooduetniie mdametalemsivct@ﬂlepmlmtamm?@d thef at

| east 99. 95% { claim71 wherein the at | east one other
metal is selecteﬁ ?%#??ﬂ%pggghp consisting of Al, B, Ba, Be, Ca, Ce, Co,
Cs, Dy, Er, Fe, Gd,mpiting the mikesl:me{@j praduct tq\/fprmrqbnoltemlxeﬂrmetq:b,mateggl al‘\l;h] Sr, -
Ta, V. W Y. Yb and,Zio, 38 Jien HGa iRkl ifb AiilkhimdiGhet Mucifigorat | east

one other netal conpri ses zirconium
comprising the titanium and the at least one other metal, the titanium being the majority

20 element of the ingot; the ingot having a purity of titanium and the at least one other
metal of at least 99.95%.
72. The method of claim 71 wherein the at least one other metal is selected from the group
consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb,
Nd, Ni, Pr, Sc, Sm, Sr, Ta, V, W, Y, Yb and Zr.
25 73. The method of claim 71 wherein the at least one other metal comprises zirconium.
74. The method of claim 71 wherein the at least one other metal is only one other metal
and consists of zirconium.
75. The method of claim 71 further comprising forming the mixture of titanium and the at
least one other metal by combining a mixture of titanium halide and metal halide with a
30 reducing agent to produce the mixture, the metal halide comprising the at least one other
metal.
76. The method of claim 71 further comprising forming the mixture of titanium and the at
least one other metal by electrolytically depositing the mixture of titanium and the at least one
other metal.

35 77 The method of claim 76 further comprising:
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74. The nethod of claim 71 wherein the at | east one other netal is only one
other netal and consists of zirconium 75. The nethod of claim 71 further
conpri si gofoeneiing the m xture of titaniumand the at | e@stu/usaeswiher
metal by conbining a m xture of titaniumhalide and nmetal halide with a 30
reduci ng agent to produce the mxture, the netal halide conprising the at
:c east onehot her et ac#mbﬂlﬁg a Wi@urd®t hﬁﬁﬁumﬂlandleadnmn%ﬂal hallde hﬁm aeéuiipim%g sgenfto
ormng the mxture of tita t he at t one .ot her ta

et oy cal 1y BOBBEAT R PHA Ridtothdrgpet B GRPITOE DR et R 836" one
ot her netal. 35 7#etaltlaed met hod of claim 76 further conprising: 19 WO

02/ 061168 PCT/ USOL/ 50645 a mxture of titanium halide and netal
halide with a reduci ¥ era@‘é'il. TDCH"’M gatljlﬁ'él Oémﬁg}Eté]bzeﬁé’f’éﬂ‘qué@‘iigafﬁeélﬁtmkt%én met al
hal i de c®npri si ngaidde ad confprisds t@AgerfibieaniuiRbha the aploght mecrtmr Poetah fom the

electrolytically depositing i zes the m xed- net al dsto an 5
anode and conpri s&%d F%%afq@fi??” geunop fhsitianiumend af sastong %ngrtm% éregéﬁ‘e“'ftedrﬁt al

fromthe anode t@eanig@iI@aenihemduiRemlhiiond bthaithétdn and at | east one ot her
nmetal are deposited as the mxture of titaniumand the at | east one other
metal . 78. A nmethod of forming a zirconi um based m xed-netal ingot,

conpri sing: 78.0 pr avhéhdibfForiHing! 4 iR oflfim Daded HikddmeMdnd a5inpasiey: Ot her net al
in a reaction apparatus, wth | odinhe gas and a heated substrate; reacting

the zirtOni um and t heroxidinggmixtugsof Zgeqham arc legst gfierather mtal B TFRSUIYLAPPREIF or m

zi rconi um i odi de mlﬂﬁhelg@ghrmeamﬁea Adstdie;| €ast one ot her rret aI
transferring the zirconiumiadi de and the iodide of the.a st one ot her

metal to 15 the heaf@fingibstiicapum agdthe gt st onepihen atel Wr’%metl egaveP® e t o

deconpose the Iodkiel@muanﬂdld@mmﬂq&h@emwieaatoaéotﬁé@ﬂamt the m xed- netal
product conprising zirconiumand the at |east one other netal; nelting the

m xed- netal product {TARSESSTIRG the AFopp indideand the igdide pfthe atdeast ong gthermmeinling t he

nol ten 3 xed- et akhemB4ted duBbtrakd) il Rilidink B6ht WBindhe duB&Rite to UBRNIpBEAke iodides and
conprising the zircqonium ancg t he a(is | east, ope ot her nmetal ,, the zjrconium

bei ng the mj ori t Jroaresranikedsmeiahrrodush e mixetkmptakRsedussempgSine propin B the
zi rconi um and t hea@kast @RShher R8Q1;0t her netal of at |east 99.95% 79. The
met hod of claim 78 vvherel n t he da‘B | eas one other nmetal is seI ec ed from

the group consisti ngetms e miged-pgtal paductg forma melten rriged-pgtal rE*?’te“ @y, H
Ho, La, My, M, M, BbvlingheMblteMNinixedimetabenateBal infra miked-mdtal inyot, tH¥ inYot and Yb.

20 - comprising the zirconium and the at least one other metal, the zirconium being the
majority element of the ingot; the ingot having a purity of zirconium and the at least
one other metal of at least 99.95%.
79. The method of claim 78 wherein the at least one other metal is selected from the group
consisting of Al, B, Ba, Be, Ca, Ce, Co, Cs, Dy, Er, Fe, Gd, Hf, Ho, La, Mg, Mn, Mo, Nb,
25 Nd, Ni, Pr, Sc, Sm, Sr, Ta, Ti, V, W, Y, and Yb.
80. The method of claim 78 wherein the at least one other metal comprises titanium.
81. The method of claim 78 wherein the at least one other metal is only one other metal
and consists of titanium.
82. The method of claim 78 further comprising forming the mixture of zirconium and the
30 at least one other metal by combining a mixture of zirconium halide and metal halide with a
reducing agent to produce the mixture, the metal halide comprising the at least one other
metal.
83. The method of claim 78 further comprising forming the mixture of zirconium and the
at least one other metal by electrolytically depositing the mixture of zirconium and the at least
35 one other metal.

84. The method of claim 83 further comprising:

20



80. The nethod of claim 78 wherein the at | east one other netal conprises
titanium 81. The nethod of claim 78 wherein the at |east one other netal
is only oweoewbmEnrs netal and consists of titanium 82. Thecwatshoshéas cl ai m
78 further conprising formng the mxture of zirconiumand the 30 at |east
one other netal by copbining a mxture o i rconi | i de and.netal halide
with a reducing gd’gwg:%{“é léﬁ‘ff’c%fxqrﬁ%“‘}?? Eﬁléf’é‘} p ger?E‘?ea‘i" ﬂh%ﬁefi‘ffé“gé’éﬁ‘ﬁﬁq si ng
the at |east ongrafubes mixgeiital feBdstock/ e MefaliRUidOfontdridingtheSt febdt bhedther
conprising formng.the m xture of zirconiumand the at |east one other
metal by el ectrd?%‘llia@gl |y depositing the mixture of zirconiumand the at
20° V0 021 061168 PCT) US0L 50645 conbl i nd ot treaf 5. T eonam hal i de-and

onbining a ture of zjirconiym i de an
metal Ral i de wi A% PAMRTHE @@é’ﬁ%f“n%‘fm“gﬁ‘hi'g the ghicpstcpnr aihey meteldypit gk, the
metal halide conpédesbd B@athdt vakrehgdmshe ARt6niARARY at 168t Gie otlRPBeMNRE @ipBsitede

electrolytically depaositing, utilizes the m xed-netal feedstock as an 5
anode and conpria§g?n?‘ QWS‘?%FW“H’(?%drﬂéeoaﬁsﬁﬁloﬁ?\ﬂth?%ﬂ%h | east one ot her netal

fromthe sanode A guaeipithge@ompadifimand b orZhdre BN @NPiedfrom@RSirogne ot her
netal are deposited ﬁ éh m.xture of zircaoniumand the at | east _one other
gakh § %ﬁ?@

netal . 85. ACRHP et E6npPiCSi 1Ay EnrFeatids inlodra Msr MogMaiht s

sel ectied from, NQ@rEcOSH, SICDA)V, $t, V) @nd¥b;Ahe ZibeinBahe BforitGlemet of R tarkst. Dy,
Er, Fe, . Hf, Ho, La,. , M, M, Nb, .10 Nd, Ni, Pr, .Sc, Sm Sr, Ta, V,
W'Y, and 3b; t H&esputisengEieetid clagp 87 phsroi it soncspiration Withinghs tareglgs atrhe
sputtering ti@gsgmps,.of claim85 wherein the Zr concentration within the
target is at least 70% 87. Th ,sgut%erj ng target of claim85 wherein the
Zr concent¥at i oﬁhﬁsfﬁeﬂnﬁt}%’@e@iﬁg@{‘ ? Wheppin theZrconegpygtion svithm therfgrgeldpafi t er i ng
target of cligistve8s wherein the Zr concentration within the target is at

| east ,94% _89. Tq'g sputtering t{a[get of claim85 wherein the Zr
concentration wikiRisPrIEHRS tpcgpiplclad 83 wherpia the Zrgongenigion yyithindhs fareshis A t ar get
of claim 85 aegses.n the Zr concentration within the target is less 20 than
98% 91. The spu]Lteri ng target of claim85 wherein the total non-zirconium

metal cont®ént of [ heRtteting trget qf clajm 83 wherpigdhehr cppesptraiion v the taesshipet ¢ he
ingot. 92. Teet®puttering target of claim85 wherein the total
non-zirco @iO.u m rerlIh{é1 lspu(%t%g}xgetg}geto (If c{aﬂg 85 wherein the Zr concentration within the target is less
20 than 98%.
91. The sputtering target of claim 85 wherein the total non-zirconium metal content of the
target is in a range of from 0.001% to 50% of the ingot.
92. The sputtering target of claim 85 wherein the total non-zirconium metal content of the
target is in a range of 0.001% to 10% of the ingot.
25  93. The sputtering target of claim 85 wherein the total non-zirconium metal content of the
target is at least 0.01% of the ingot.
94. The sputtering target of claim 85 wherein the total non-zirconium metal content of the

target is at least 0.1% of the ingot.

95. The sputtering target of claim 85 wherein the total non-zirconium metal content of the
30 target is at least 1% of the ingot.
96. The sputtering target of claim 85 wherein the total non-zirconium metal content of the

target is at least 2% of the ingot.
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target is in a range of 0.001%to 10% of the ingot. 25 93. The sputtering
target of claim85 wherein the total non-zirconiumnetal content of the
target isweto2ioerdst 0.01 % of the ingot. 94. The sputteri ngcrargesoses cl ai m
85 wherein the total non-zi rconi um netal content of the target is at |east
0.1% of the ing 95. Th eri tar aim 85 wherein the total
non- zi rconi 'um miI§ISpEtEFﬁ?§ g%¢f Cﬁ 8@%8@% %8@2”‘&8 | east 1% of the ingot.

96. The speg.t ermgplttaﬂ@targefco@ipﬁslﬁg Bﬁaﬂ&ﬁ&,rtmﬂrlielﬂ% thﬂhﬁgbrmsr@mhﬂdmrei um net al
content of the tg%g is at |east 2% of gg é %02/061168

PCT/ US01/ 50625%°t 9] Bre§‘i5‘h“t°tae°f’l“i‘?5“%tb?flg”é?“ {ohakkaL onéi sting of zr and
Ti. 98. A sputt eTliegutteding Girget 6MqMimI8 Rherin tﬁélﬂr dongentrionAvithixethe thrdehB atrej ority
el errent of the é/a get and being present to a concentration within the
target of at'#eA% 559 99. The sputtering target of claim 98 wherein the

Zr concent romt i orrrlw sphiteRing Regcl 8f @6in 98Svhatein the eamtentrion witHh thd eges Ut t eri ng
target of cla wherein the Zr concentration within the target is at

| east 90% lﬁﬁsnb e sputtering target of claim98 wherein the Zr

concentratign w THY sputtdhig tadged 6f cldifh 9Btwhetepthé ZPHrenkltickOHithi he tasgpuistaer i N
target of cI n19 wherein the Zr concentration within the target is at
| east 97% e sputtering target of claim98 wherein the Zr

concent( at ia:zn WI gy s@u&éflﬁg tadgc 6f cldith 98edSreir thaAr &B%entrdlh withis @btk isng t ar get
conprising Tj ,f ; the Ti being the magjority elenment of the 15 target.
105. The spu 2 14 /ﬁg target of claim 104 wherein the Ti concentration within

the targetig3s atThdspaddring @pet 3Faim DBevISRIH the Vi Aficdndb@aitwittin Gk airger Qs
wherein the% cgfcentratlon within the target is at |east 90% 20 107.
The sputteri @f’? f-get of claim 104 wherein the Ti concentration within the

target is g, | eASputRARS taddBeompliSing Pddey; T baih gt nforky dbmient Bfkhywher ei n
the Ti qconcentratl on within the target is at |east 97% 109. The

sputtelr ng t4f§kt of claim 108 wherein the B content of the target is
greater thgs. 5 P PRBring target of claim 104 wherein the Ti concentration within the target is at

least 70%.
106. The sputtering target of claim 104 wherein the Ti concentration within the target is at
least 90%.
20 107. The sputtering target of claim 104 wherein the Ti concentration within the target is at
least 94%.
108. The sputtering target of claim 104 wherein the Ti concentration within the target is at
least 97%.
109. The sputtering target of claim 108 wherein the B content of the target is greater than 5
25 ppm.
110. The sputtering target of claim 108 wherein the B content of the target is greater than 50
ppm.
111. The sputtering target of claim 108 wherein the B content of the target is greater than
500 ppm.
30 112. The sputtering target of claim 108 wherein the B content of the target is greater than
one part per thousand.
113. The sputtering target of claim 104 wherein the Ti concentration within the target is less
than 98%.
114. The sputtering target of claim 104 wherein the B content of the target is greater than 5
35 ppm.
115. The sputtering target of claim 104 wherein the B content of the target is greater than 50
ppm.
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110. The sputtering target of claim 108 wherein the B content of the target
is greater than 50 ppm 111. The sputtering target of claim 108 wherein

t he B corweni/oefieg he target is greater than 500 ppm 30 PC2/USITHB645
sputtering target of claim 108 wherein the B content of the target is

greater th art er tho and 3..The_sputte target of claim
204 wher ei & he T et poa ]toﬁ“fjﬁ‘e‘teﬂ‘et ¢ B cgent o tthaé%e“StgFF&F?fﬁ'g% 114.
The sputterls@ﬁpa{get of claim 104 wherein the B content of the target is
greater th m. 115. T tterin et of claim 104 erelnthe
B cont ent the%lfea@g mgiar%qt@ ]téﬁé{v efswq%ﬁ nte o %%@ﬂ%@

PCT/ US01/ 5064k pa&.’i;ﬁ'thaﬂg&dsputtel’l ng target of claim 104 wherein the B

content_of the target is greater tha 500 ppm. 117. The sputtering target
of clai'm 164 whel SRuitesine gresh At dam 19 C?‘P'?ést“i‘%&g}éta“‘i}@ greater than one part

per thousand. 5 118. The sputtering target of claim 104 consisting of Ti
and B. 23
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