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AND TEXTURES A?1D PROCESS OF MAKI NG SAME 5 The invention relates to netal
articles with fine uniformstructures and textures and net hods of malginMAY 2002
‘'such articles. In particular, nmetal articles of type described are
especially useful as sputtering targets. Sputtering targets of high purity
netals and alloys are widely used in electronics and 10 sem conduct or

i ndustries for spu i j i to i btain |arge size
targets. SUMVARY O&}%gm&%ﬁgbcwligﬁﬁé %%ﬁ@lfgﬁﬁhu on there is
provi ded a high purity TEXTARER ANDiRRE@CESUOR MAKENGBANIEr i ng target having
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on June 1zlsgﬂlﬁg@%n&g§] thgglgosure of said application is expressl y

i ncor porate éence The rocg conpri, ses: ﬂif‘é rovidi ng a
metal billet; Butwévas .t«'ﬂgﬂi Alehigh PRED hefaly P@?X‘?g“‘f afe@rle Iremics e
recryét al Isema:tomhmdremmtmt torepwfering ¢himbirad. Itxsylesapl;ﬂleyo olgaia 1a@b side tamgptds. cant
between the ends of the billet to be forged and press plates of a forging
machi ne i i i i be forged to reduce the friction during
forgi ng; %@ﬂvﬁ%‘}gﬁﬁé#hﬁ{’ﬁhﬁﬂ to a desired billet thickness with about
70% t 0 95% r edinatéapdgncSith thengyentor therefioprgededa hightputity taitelwm arode such as
t enper at Upytfking %#ét Hﬂ/xﬂé@bghﬂdaﬁff ultn?brﬂl t&fnSre NntMufa? qHE Hv@ﬁhdnrbohﬂ)'rﬁ&rbe SS
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nmachi ne shalblbm_whpgckets in both ends of the billet ends prior to applying
the solid | ubrAqﬁ&sesmo §1lbfvfde0ﬂ1€'ﬂémélﬁh%ﬁ@éiﬁug ke eraamldsedtlhec\ﬁahbmin Ne.

Foraed, &t pfighEIRELALLS e LA DD SSIRSANAS, okl Semmpmsd . ¢,

recrystal I'f'zat’i on anneal
provi de t herepdyyiraferenge- sTf&gg%ﬁss SERTSES'r ecrystal i zati on. The rol ling
reduzt i on per pPasevidisg dartal dilley, i n accordance with a relationship of the

m ni mum 35 redzjﬁgm n&%ue@?osasfor%.{g% bhfURIGRHRE 1l msnaﬁghgﬁgmm delagt

t hi ckness af i ng. Gener he reducti on pass ing rolling

i s about Tt? 3t 0 20% per pass. Another enbodi ment the i nvention conprises a

metal articl e,3)spmings seliddpbricasttichyeen thegods oftizatiiliy tabmsagediand picsd plates of
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cor r espondi ng éﬁﬁ%‘ﬂ&ﬂ‘{?rf%e@)f’l%ftﬁtaPEUtrTB%‘PWI&WWEat| on. 5 Am)ng rret al's

wi th whi ch t h&)relliegthietill@ao phee ajiblairedhcaore infthjckiess pT{ﬁrolmxg pdsb suficienMa, Au,

Ag, Re, %m@ﬂgnggrhﬁgfoggg@ﬁd,sg&m%,l,Ianas their alloys. One enbodinment of the
nmet hod conhpri an ingot to a sem -finished

o rgvs iR R e A .

billet, inclu FF(?rysf"e)‘Fa é‘H’B‘Ta@ g s Rt i ngot casting.

hond§e ni Zit iﬁgam@ﬂmﬂmmnmaﬁmshﬂl@apmm in bathtendoofkhalyll¢tenty ik tockpplyinghe
cast strumb4sics 1@%&@:&&:&{%@& p;rafefra@;k)l eslich s gkl eia&hﬁiafame ea@w

t her nonec an| cal t

f
et TOTe KR it SO o Sod S S T e
desired ttemcmaelrc @yprowée theiboginnimgtstage of $idticgeapsigllizationt he i nvent i on,

c f' d/ \tNar m wor gﬂugtﬁbllﬁfgqe&ﬂ%dr s %[d@sﬂéﬁ@d?] ﬁc@ox‘aﬂi@:\hﬁkﬂ aeeq&ﬁ&mab ¥f the Aaimu f or m
Str ures . anda stron | eXx es u ement _in
per §I’ n,anrggucélpn gBrlRan 8lfl g {ﬁ’ g_nd‘l tli)e deglrgit bll?e% thlckness a er orging. Generally, the
reduction per pass during rollmg is about 10% to 20% per pass.
Another embodiment the invention comprises a metal article, such as a sputtering target,

having a near-to-minimum of statically crystallized grain size, and uniform texture.
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| 5 DESCRI PTION of THE DRAWNGS FIG 1 is a photornicrograph showi ng grain
structure of tantalumtarget: center |ocation on target, 100X 25 m crons;
FIG 2 is a photonicrograph showing grain structure of tantal um targell 7 MAY 2007
m d-radi al |ocation on target, 100X 25 microns; 20 FIG 3 is a

hot omi h_show ' : | ; [
on target TPt HER B Sl i Ror bERL A IO AR G P Dol B6ANIT
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attain siepeofprozeasiog aniifigut o st seaiinni fekddviBer ehydng| for zaimple. arehig] inpy
gyp' cal Ly, .%Qf‘otg%{:ﬁ{@/éomti’&nﬂiﬁ ool BOUNERL RSt \{'Jrgirﬂ?% BleB0h&nR e Gl SHuAGRSSEd
y rol IThg or uUpSettirg-1orgling operations, 1n both cases, an ori gl nal
bi || et dndritiet Beparpign P@oweglbzz Hlet shaping ard thepnemerdasicahireaimentie fg‘wreqaé@@
s{g ai n grdube fEPéedrhiE Q%gbﬁeﬁﬁ?la?ﬁt,nwdaﬁeﬁﬁlk YhdEmeralldrgiddl] ehctuPO%d piloBuce a
(M M) %{53{% 10_0t%vm§re 5 Ho/ Do ?%M = h/? ar.e qu g;?t'lt -di amet.er ratios
of the GEHGRAGIVE | PLONGABLPAEness oL GHrRReFs Of SifibYSnte F%éig‘ﬁ‘?fm Mgrsine #4
final ranedingdre usediodsesiopedrdmely five,cpEore sintcturgeandsivapg, wnfbringetaxgakiay i n
th £ 5 = dt-<Butt oMY iginal billet ratio M
my Do B I D B e g O Sl e 17 mi ts of “strain

shown in previously described equation (1) as follows: 2 0 2 MAY 2002
() 73PESERIPPEOINIDSTIHE PRAWEGGSt i on(2) is high enough to optimze static

recrystalli i ' : - . i
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si gni f icodiatasy, YUK 2é mig®n&nopunt of strain in sane areas. Al so denands on
capaci ty of FaGlDigH photdiesopraph shoirghgaifisirhctiie eEfalym a gt pVd-gial tocatias of
equati on t%zr)ctal?:ﬁ)é? %ori rIogr,ge target billets may be too high for sone

appl i cat’i B _r% S1'E .f’here may be restrictions on attainable strains by
r#l 1ing or FOGf digs naptopisregrepnshovring Biainstrustue of tagtalum iiget ssploselidsphg
to produce tdtiger, andxl B @Rré@r gets. But the original billet ratio (M)
advant ageou houl d be | ess.than, 1, . ot ise the end fiect . during

ol Ting or Eot oo ph fuPe AR Aed iy 0L 08 e IO fRkiREART 00 4
strain di st FlGubiivan invarsgagie figire showingdMiol e cwkia texgwres andrradialdiopationy enrd f or
thin billet§iGt Bgs aPirlverte IR BFurd AHSNINFIEOU bivbis Nh:d; beselioesidi ficantly
Iﬁfr ger than the billet thickness and the nunber of reductions per pass can
[

| uence the result. Because of the foregoing, rolled billets my have
concav@ETRE.ERIPESCRIRHOMXi num strain at contact surfaces and m ni num

strai nts f‘} _ W%ﬁﬁrﬂ&b%&iﬂohﬁch&ﬁ@ﬂi&ﬂt&xé}ﬁ% it?s[&sﬂ?ﬁle w&ﬁ:&éﬁimﬁm az@cgltli:xi@?r)]rirg
recrystallization and.devel o ) se structures,. Recen ubli s

Tapan SirEn Do G R on aRn B A b R S R SRR T PR AP

i nt ensibiket podatssasl Byi nelfingfor sipeetting-fayging ®pstations. Embbth ouses campwiginalibgiet length
apneal i(pg) iHRURYA! 1o 4 i thRRARL(ROAAGANRAagd trARRhALEL ACRERUEY Y thrmula

al t houg Ine grain size Is described for Sone tardget parts, the Japanese
patent data shows |arge deviation in grain diameters. Strain non-uniformty
fromf@tpi ng #{1ritHop1008aee -t(MM6)R/3Y H00% ng. Because of contact

friction, extensive "dead netal" zones are present at the central billet
area. This results in low 25 strains inside these zones and, hi %h pressure

and | oahereMe i HofPe lapd M tp&brte; heighupidiameteieratios of e origingd bilet j2pd 1§ t h
B3l ar gevdrkiLkdanast, tarddpaRagy. TRl 86 M) eSpré@ibedByEicfdekirgd REREShapB dnd

expensi.ve tqols .but ca t_RLO rQduet s h uni f raj: Dy i £ S.
That i < RTEHE R raeTY e T Bels) Ytk s AR e

i ngot s thakange@feframtabopt 1.86 to Ve ewhiictdsdinnitpehistaimshean de pravigesly fescribed
Japane%augﬁﬁpa}aghﬂQ§%232061. 30 The patent describes a conbination of
forging 'and rolling for titaniumtargets at tenperatures bel ow the
tenperature of phase transformation. The process uses a tenperature bel ow

t he phase transformation tenperature bui well above the tenperature of
static recrystallization for heavy worked materials. As a result, the
process cannot optim ze recrystallization and develop very fine and uniform
structures/textures. 35 In contrast to the foregoing, the present invention
includes: 1) performng the forging step as frictionless upsetting to

provi de stress-strain uniformty and intensive working wthout materi al
cracki ng and press over-loading; and 2) performng the forging step at
tenperatures bel ow the mnimumtenperature of static



0 2 MAY 2002 recrystallization for corresponding conditions to provide the
finest and nost uniformstructure/textures. The steps of forging, rolling
and anneal ing can be optim zed to provide costs effective processingyanhy 2002
‘target performance. The original billet has a cylindrical shape and a

vol une and |l ength-to-dianeter ratio Mb. Cold upsetting is preferable, but

in some cases preheating of the billet and tool to a tenperature bel ow the
tenperaturg,of static recry | 1] pon may be used to reduce working
pressure aﬁ'?j | oad. Two t hi n%é%ele ?9(%1/‘) solid lubricant (3) are placed

between the billet end and forging plate 10 (4) nmounted in a press. It has
been sf ound t hakw g st eqh@fh(L) $s AgHEnIhab HRENIE §ifli ety 8RRt oREY 1 ftin {at%ié.
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Dt o ( Moy BB e M sty bl fes R a4 ToWE py
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equation 87% < <
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M=0. 16) prpwidesed REIfORSitrasanded f? Msn balets elel roMidRendt& ddiiiHagedBsly Bduld be

prel im nary f.or illet is..ralled r.further reduction of thickness.
AgREe mﬁ%@%ﬁﬁﬁa@%&g Skl Bl S of ST o R
nut ual |y plaresiidiRecause oithe faegomgsrolied iiesimar havesprmuetikeshapesawigh matioup ke
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buckl i ng aftRshigh Fihe birARRIiOJdsomiealidr ReéahrgbiPads, Mhd JahndsOphtemQntAnbws 8RGE h
(L), and lauckt.l ng Is gl | r? nated if contact | ength exceeds a billet

t hi ckness ﬁYlaé?’}’grgr%"r\el?meeésf pass. In other words, if L>l-r, then 35 (4)
c~IH z 4 (1-E-3rain mn-ygformity fomp foppivg ypych siropges than-for wllinge Beerupe of captacer . a
= (1- h/ H) A& exaedsblel "degi mealt ebnedargdRtsepest 3he deatrallhinét apgss Thistrbsuftoirmshva ( 4)

for gliffe . i i - Ty :
cova 5o ﬁé%'/ggﬁé%?ége 8&%92’%8%%"@84@%&?8’ B Upsesing bulk targets from
average r S, r T I

alpngs Gl vith a faggg Gickpesslo-dippelerIaliq regyites Xery PO WS Peesprs aad expeaiye
about 10 taokebui €anfiol prodads| modictsawith anydermagrairhdiamglersidThatais v thetforging
thi ckness op&htidTe nsthP fisedFBichot brekddhwri dTicst Bigolseingy.f or 10l 11 ng wi t hout

upsetting reduces possjble reductio 1). venti onal [ |

suffer from bg@he a&#"%"gﬁ(?é’ﬁf’ﬁ ¢ %?’eﬁ%{;ﬁféﬁ ’)Sr% c-r_'gﬁﬁ%‘?ﬁ%ﬁ%ﬁ%&ﬁ%%éﬁoﬁgs are
equall y uilhe petgntdsiserities a spmpinnten ofifpigine and rolling i thardumniargpts ablsmiperatiiesgh
ratios of pelellthdlemperatie 6fPhie iagiforlatiok e procédslus@lateRp@UineLBIBY the phase
prelim nagx‘an%rlrrlxa%%n ?e%? Chdrird Gut Pelf &%vpﬁ)%‘?(ﬁﬁ}?err%u}emf%ﬁﬂ?%gcggswll'i a%' %t}%@ousl y
t he upsetting opera on provides a pre-rolfing brllel ratio ?n’f 0 ess

t han aboutvorked matesialsi 4sgiesplithansocsss Aot Qpimige rechstallizaioryaad deyslemsralingng a
billet. Pafidudformathuttogstedired.i ons . from about | 0%to 20% per pass are

al s seful f g r ai LSt i wo..the final product.

Rol |03|§Jng reduc%gﬁrg‘%gvﬁbé %ﬁ%ﬁéb@h?rﬁ%@%dgeﬁdo%@w?g ler. strains at billet
surfaces whi | &)pederaingihe fRIgas stpp s HEUNess wossliag &1 BSVidF glhess-supip anifermity
billet m ded miensivt m@rkindithéh eseerpheracietearl medsioner-lohdingrestd enbodi ments f or
per form ng Up%ye}f&gni e?&éilnkthpgt%mfnf%tqge%%cl%wm@ Rl {efiidbdnie of Q5d @St
step in target™processtng 1S recrystallization anneall ng. r many netal s
and alloys, strains fromequation (3) are enough to optim ze static
recrystallization. To attain this goal,afirst the | owest tenperature
necessary to start static recrystallization, and then the shortest tine
necessary to conplete that at all billet volune should be determ ned.
Correspondi ng structures have the m ninumgrain sizes and the | owest

di spersions of grain dianeters inside each |ocal area. As the present

met hod al so provides uniformstrains at any pan of the billet, the m ninmum
tenperature of static recrystallization may be realized as the optinal
tenperature for the whole billet at the shortest time. This results in very
fine and uniform structures and strong, uniform




texture for the target produced. Another enbodinent of the invention is
preformng forging in a few steps with successive decrease a billet
thickness and resunption of filmlubricant at each step, That way fo[yglmmm
may be prolonged to low billet thickness without distortion of frictionless
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col d gl hd }£ eri/‘dm}b?icﬁntrfﬁh' engbl%ETBB@iral :@Euc%és BE wa%l%r B@EQLEE’ 3!f thepda5t 8F the

passes Vit rtial t ass | ong fqur directions under

an an§f'8! bﬁge tr E‘r#é ﬁ‘fsl&fggs %%é“‘?‘ ﬁ1§§‘§ (ﬁﬁc etqﬁé“?lblll)éﬂe BUFD BeEtiSHer e
cut fthem@entral, md radl us and external areas and anneal ed at different
t enper at ures duri ng 1 hours (h and investigated for structure and texture
nd ph tom crographs theregof are shown in FIGS. 1-6. FIGS. 1-3 are

@hot o?ﬁ crographs of the égr{‘tﬁre <mPee r adi al and edge, respectively, show ng
the fine grain 6 0 2 MAY 2002 at the center, md-radial and edge. 5 An

' nporﬁémm%ﬂmhaﬂanmﬂf&% gmakmuwaﬁm &E?@&ﬁﬁﬁﬁ@r&iys&?ﬁ%énfshﬁ%nﬁﬁd

uni formstr stro ture t oint o
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di mensiibng. and proceSS| ng routes which can be applied to manufacture
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texture. es arge |can venment
sput t¥lhingymay bgasedy ¢lbnmwéﬁe peiforrpsd 1ﬂd‘WP mpeawdecuﬂar |dar§@trr<ms| ve
for vierpregsceposioidbtionitt atirelsdikeishapet Itdi mmpsmmso provide the most uniform strain

distribution during rolling by controlling roll diameter-to-billet thickness ratios (/H), billet
thickness-to-diameter ratio (M) and reductions per pass. An important aspect is to prevent

30 buckling along the free surface of a éylindrical billet at the beginning of rolling. It has been found
that buckling area (T) is approximately equal to a billet-roll contact length (L), and buckling is
eliminated if contact length exceeds a billet thickness h1 after the first pass. In other words, if
L>H, then
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Billet Height, 1-107"6"4.5Billet D aneter) Do3.7S"3.7S4. S15Mbl. 861. 6l
structure of a tantalumtarget. FIGS. 4-6 are graphs show ng Tool

crystal l ographic orientation Process Flow Steps for different billet g9 MAY 2007
di mensions. Mo = 1. 86Step 1: Anneal the billet in vacuum 20 Step

2: Upset fiar @@ Rithe 81 dehR@r.ted ¥pﬂ/m_oa%ﬁalmmngu&mcﬁa;%exa]gasg.muxaﬁons with
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3: Fl y- cdermayip (Arkes dfferepiae Wﬂlﬁéﬂarﬁisﬁ?gf‘g{ i%’ %)Rol| the billet at room
tenmperature to required final thicknessStep 5:Anneal in vacuumto obtain a
fine grain size and uniformtexture . cMNternate route for Mo = 1.86 Step
1: Step 2: Step 3: operation. Upset-forge using teflon to a height such

that Mb.= 1.0 . [Vacuumi{an | th rged bid/l et t-for bi I}l et using
teflon to a fin 5 3z R AR L%@GVR ‘%ngﬁéﬁ $tep 5: Step

6: and uniform {expf e.{ M36= 1. 6 Bby-cut the Ssuf f aéss of thHesfo ged billet
Roll the bill et arToomtenperature to the required tinal thickness.

Vabuum anneal the rolled target blank in vacuumto obtain fine grain size
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the best embodiments for performing upsetting and rolling for targets for optimum results.

The last step in target processing is recrystallization annealing. For many metals and alloys,
strains from equation (3) are enough 1o optimize static recrystallizatioh. To attain this goal, first
the lowest temperature necessary to start static recrystallization, and then the shortest time
necessary to complete that at all billet volume should be determined. Corresponding structures
have the minimum grain sizes and the lowest dispersions of grain diameters inside each local area.
As the present method also provides uniform strains at any pan of the billet, the minimum
temperature of static recrystallization may be realized as the optimal temperature for the whole
billet at the shortest time. This results in very fine and uniform strucrures and strong, uniform
texture for the target produced.

Another embodiment of the invention is preforming forging in a few steps with successive
decrease a billet thickness and resumption of film lubricant at each step. That way forging may
be prolonged to low billet thickness without distortion of frictionless conditions and strain
uniformity under relative low pressure and load. If forging is continued to the final target
thickness without rolling, corresponding forging textures are provided for targets. Similarly, in
the special cases rolling may be performed without forging with near uniform strain distributicn
in accordance with the invention.
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20 2) frictionless forging during upsetting operation that devel ops

positive friction along contact surfaces and increases process stability;

3) predeterm ne paraneters of upsetting operation to increase accunuIDaZt éAY 2002
strains, reduce press capacity and enable effective rolling; 4)

predeterm ne paraneters of rolling conditions to enable near uniform 25
strain distribution and cylindrical shape (for sputtering targets) of the
product; 5) usi J i e t tenperature of
Static recrystal i@E@.‘ﬂ%ﬁ;e%%ﬂﬁ@‘gu%%ﬁ&??%35%““33%%*?2%_ﬁ&%rﬁ %t get i th very
fine and uni f orlebprmiy tantadem §H Stnarddyghes i e doroedt bidlels of aboupd &8 moulshgth
at t ai pabl eandsbout 105maPREE @&dd. t hat vari ous changes and nodifications can be

made wit hout departing.from.the j.nveniiaon, caordin scope of. t he
Mvent | on_ shoul PR R eyl Epkb st i and rfe > e PR orgasgs®
2 MAY 20029%0Menantalumant dalesdensskpun mnébd tablet ar get conposi ng at | east about
99. 95 wei ght percent tantalum and a subgientially uniform

QLO00} cryst allographicorigntation acrossa-surface-of the target. 2 The
t ant al um sput t ELEMGNTar gef of TYRCAL1 furt herELEMENT si ng a mayiPraah t antfal um
grai nisi ze[ ot esg than 5P mcro?(z at_the targef, surfacg. 3. Thg rantarium
sputteringtarget “of claimi1 furfher conprising An avergge grai size df
about 25 nicrons.o04. The tantal uns sputtering target of ¢l aim 7 iproduced
froma frifgtrTonmtess—Torgegbiriter, 5. The tanta omsputering target—of
claim 1 having a thicknes§: and therein {he spu’ Bering tlarget cOnprisey the
substanti gl Iy unifjorm {10D) crystal | ographic orjgntation througlout ths
t hi ckress. —6—A—sputterrng—target—conprisrng—at—teast—abotut—99-95—wetght
percent tantalum®Bnd a maki mum &PHin size of |1 e¥8 than 30 micrdfls. 7. The
tantal um gputtering targef of chaym 6 prpduced fpom a fricti onhgss forded

billet. 8.rAtaftattmspurtert .rgog]a. get—ponprtsthg—an—ayerage—gratf—st+ze of

about 25 ri crons. N9 Ni <5
Al <5 Si 15
20 B 2 Sn <5
Cu <5 Ti 5
Co <5 w 25
Cr <5 Zr <5
25 Reported in ppm.
C, O, N and H by LECO analysis.
Na, Li and K by SIMS analysis.
Metallic elements by ICP (inductively Coupled Plasma).
or GDMS (Glow Discharge Mass Spectroscopy) analysis. Billets were upset-forged
30 at room temperature to a thickness of 75 mm. Teflon films of 150 x 150 mm?2 and thickness of
1.2 mm were used as lubricants for frictionless upsetting (alternatively frictionless upset-forging
can also be performed at 300 deg. C). Thereafier cold rolling with a roll diameter of 915 mm was
performed in sixteen passes with partial reductions of 12% per pass along four directions under
an angle of 45",
35

Coupons across the thickness of the rolled billet were cut from central, mid-radius and
external areas and annealed at different temperatures during 1 hours (h and investigated for
structure and texture and photomicrographs thereof are shown in FIGS. 1-6. FIGS. 1-3 are
photomicrographs of the center, mid-radial and edge, respectively, showing the fine grain

6



.0 z MaY zooz 9. The tantalum sputtering target of claim8 conprising a
maxi mum grai n size of less than 50 mcrons. 10. A sputtering target 02 MAY 2002
conprising at |east about 99.95 weight percent tantalu m the sputtering
‘target having a thickness, and a maxi mumgrain size of less than 50 m crons
t hroughout the thickness; the sputtering target also conprising a
substantially uniform QLO0} crystallographic orientation throughout the

t hi ckness s r jm 10 . conprijsing an
ver age : SEhre sl IR CRG 36 BE chBEESnle Bl it Bt i e ton

t hi cknessat 12, ceffee, tintediz0mngpadet ering target of claim1 further conprising
an ;aa/er age tammimiporghebdvadiage odfhd @sativhante Gproduionss atryt il ztrﬂrlgﬂ_fomﬁ
surface. ring. | St .a : wel, ght

per cont "t SRCAPeh R Sk By onh 8 BRI NY o' BESINER e SR 1y
t ant al um afpinabler Thedollayrigeare yariqus gﬂlﬁi dimensiopeiandguodessiiarauies Waieh eanlbe gepliedr ged
billet. 1l méukiRtird phidithgitapeaesivith apiirnIhio@saicnlrenst cg@@ua%%ﬂﬁ&%m&j. ae
percent ta : i - .1 han out m crons.
6. A e ReCa AR A QUL SR AR lp Vel RGN R PRO AR O O
mat é0i al to updedoliayipg expmmdesase Hustradiveniar yrrious reptible staytingdillet girpengigys:2002
the upset forging being conducted at a tenperature below a m ni num

t enperature of st at-e—+eerystatHzpti-on—pt thT corpesition ol the billet,

t he upset forging|Biderpleigtibhg utili zdti on| ©f a|lddbrigant to entirely
separate the billgf. . Troma forging [ durang ,the forging. 17. The net hod
of claim 16 mhereiéﬂﬁﬁgffﬁbéisanL_.&%p 35 Aﬁfnwwfheggrgup consi sting of
pol ket raf | uor oet py,ene _and pol yur gt.érane} 1.48. | The néthod of claim 16
further conprising formng the netal article Tnto a sputtering target. 19.
The et hopl0fss #lca SepSronlBteidl biREahREGINRY the metal article intoa
Sputtering target curs during the upset forging. 20. The nethod of claim
18 wherein th 96#%|ng the netal article into a

Step 1: Annea] the billet in vacuum.
20 Step 2: Upset-forge billet using teflon as a solid lubricant at room temperature
or at 572F to specific height required for rolling.
Step 3: Fly-cut surfaces of the forged billet.
Step 4: Roll the billet at room temperature to required final thickness.
Step S: Anneal in vacuum to obtain a fine grain size and uniform texture .
25
Alternate route for Mo = 1.86
Step 1: Upset-forge using teflon to a height such that Mo =1.0.
Step 2: Vacuum anneal the forged billet.
Step 3: Upset-forge billet using teflon to a final height as required for rolling
30 operation.
Step 4: Fly-cut the surfaces of the forged billet.
Step 5: Roll the billet at room temperature to the required final thickness.
Step 6: Vacuum anneal the rolled target blank in vacuum to obtain fine grain size
and uniform texture.
35
Mo=1.6
Step 1: Anneal the billet in vacuum,
Step 2: Upset-forge billet uisng teflon as a solid lubricant at room temperature

or at 572F to a required final height suitable for rolling,

7



sputtering target conprises further processing of the netal article after
the upset forging. 21. The nethod of claim20 wherein the additi onalﬂ MAY 2002
processing conprises recrystallization annealing. 22. The nethod of cZI aP‘r’rz
16 wherein the netal article conprises one or nore of Al) Ti, Ta, Cu, Nb,
Ni, M, Au, Ag) Re, and Pt. 23. A nethod of formng a netal article
conprising at |least 99.95 w. % tantal um and having a surface, conprising:
formng a billetggonprisi a. G ik ' inhcludes 99.95 wt.% 11 0 2
MAY 2002 tantal u?ﬁ%ﬁgliol i zi nr}qy gu%sg_{mggrog{lhgg‘ﬁrg%igemﬁtpset forging being
conducted at a t&®pératur ég%@ﬂeéwnﬁl HiredradfmPeEatye Karegpiecofinad fragkness.
recrystal l'izati 0s1e1ts>fs: the GARBQSKb@Btal a fikkeprbinlsl-8tand Lili€orHPE&Sturd Or gi Ng
conprising utilization of a lubricant to entirely separate the billet from
a forging tool during the forging; and after the upset forging, the billet
being a netMo=atficle conprising 99.95 wt.%tantal um and having a surface;

the surface havigigy @ substgheiahd pilleihveduii{ 100} crystal | ographic texture

and an aver age ai n size,of less.than 50 _Ricrons...24..The nmethod of claim
23 wherein the Igi}ﬁ? lIil'cant ilgpsgstéFrégtbléit}?fu?lﬁﬁ%eﬁ]%neasgar %asgﬂ%f%iﬂsﬁtir%od“ gefnperame
pol ytlét r af ned i -hyl ene and pol yuret hane. 25. The nethod of claim 23
further conpri sigigp §0r m nFij-be saifdcat oftht fegedi Bild10 a sputtering target. 26.
The met hod of cl@Lm,25 wh [ : ' t ar.td Ny a
sputtering tar geﬁgﬁ(;%'cur S tj)(rﬁitﬂneglglpﬁeatt 8(%)&{%9? %ﬁg’f%g”%é‘?%‘%“éh ﬁue kl%sg' of claim
25 wherein the f8emPng t heinrealan vagppmdp ebtpigtading @y size apdynifgpyextuEonpri ses
further processing of the netal article after the upset forging. 28. The
met h of claim 7%@%-' Lt i 0on ' I
r ecr?gt allizati oﬁ_]eannea]ﬁé ﬁlgﬁt@@%ﬁ%ﬁﬁébﬁ@?ﬁ%gfgng‘fogq%géllgno g@%é’?g}%ﬁ] (ﬁ?g',grsrgf al
article suHghtsPuEbhplarass blagk YAk aMAXigE graw Yz Is5s thas S0 upigrons endrp dndfpmn
crystallographic texture of {100} across the face and through the thickness of the target.

1) working a billet during thermomechanical processing by combining the
frictionless upset forging and rolling;
20 2) frictionless forging during upsetting operation that develops positive
friction along contact surfaces and increases process stability;
3) predetermine parameters of upsetting operation to increase accumulated
strains, reduce press capacity and enable effective rolling;
4) predetermine parameters of rolling conditions to enable near uniform
25 strain distribution and cylindrical shape (for sputtering targets) of the product;
5) using as the annealing temperature the lowest temperature of static

recrystallization; and
6) producing a sputtering target with very fine and uniform structures and
uniform strong textures not previously attainable.
30 It is apparent that various changes and modifications can be made without departing
from the invention. Accordingly, the scope of the invention should be limited only by the
appended claims, wherein:
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12 0 2 MAY 2002 30. The nethod of claim 23 wherein the netal article
conprises a thickness, and an average grain size throughout the thi OidnMAL 2007
of | ess than 50 microns, 31. The method of claim23 wherein the netal
article conprises a thickness, and an average grain size throughout the

t hi ckness of about 25 microns. 13 .A&9. AnL. A9. A'r. An& A

r.AS . ASUf _. AArAES: Ah. AA. A bd8@

<T$[I'TE"""""|'wnmhb] WJ] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
a] ca] cRaU] caj cRa] aabsa)wnlspalieang tdreal eainpabmal &t(édst about 8895weight , » » , » » 46
777V77(8[ 8c8f 8i 8{vql gb] XU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]ca]calc
a] ca] cgjamabhrianlalahcalc alsubsizeabitpLadden} ced)ealstalloged pHit BHeAtation=;
=c?d??@\AABBBBBBBCCChDnDo DgDx Dz DDD} xr mgb] XU] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca
] ca] calearabsshcai@ekaiilicatargktal ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! DFcKf
Kk Kx KKKLALVLLM M MVIMNI NNNO#Og Oy O~-O00BP3QxQOR} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ¢
a)l c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca! RVRRRS+Sr SSS7T=TJ TWJUU#V=VVVWNW WNK? XXXXXY: ZZZ} xsni d_ZU] ] ca] ca] ca] ca
] ca] ca] ca] cad-ca] che tgnialumarulieiatayeel elaia) ¢ Apdareonopsiag @] ca) ca] cal ca
] ca] ca] ca] ca! Z&é&[ ITITNTAN], ] iL | ANNYRAAN

D G : 722XEHD _'2@}‘]@&9[ BIR|24f © JFéﬁ]"&%ﬂ e9]BisI NS aldhe daiest sufee$ca] cal cal cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca bd8eCl yF3%40% u-u& ()-S

Y'10% u& ()-@0% u& ()-FY "10% u& ()-10% u& ()--Y(&M0% u& ()- @

@| Z8!'! @10%AB ()1 | OnPAQWIUE: () - 4,09 H | 0% u-u& ()- I
YO 0% U- U& (4 Y%)&%E?gg%&'% gﬁlf“élﬁ\%‘%gg‘lﬁf%' 1 “."H%f%’éﬁhrysﬁ‘é!a@lowg&' ()-t
S @10%E £ ) s 1 LAL @102 ') i hnd @10%& ()-tu}[<1 10-u
£ 10% uﬁ{égeléﬁgﬂ%ﬂﬁﬁfﬁg%%ﬂ N% ()-1° y2SH#10% 9- 9&' () - y2SH#10% & ()-".' 1
0% u& ()- <dE
10- uy$10% & ()-S!0°fy' 10% /& ()-!'>fy 10994 % & ()-!Lfy' 1098/ 3/ & ()-(10% & (
)- 10-u 10-4uo\ TZpfetahdlun@pitéiing tarde1@fdBif ¢ produced from a
L, @10%/& ()-'V,@10%/ =/ & ()-!", @10%I G & ()-S10% & ()-Tl $]; E
10! ! C frgrtiondess forged billek, S/ 10% / & ()-f,10% & ()- S# (10% & ()-![ SH
(1098/ B/ & ()- " S# (10%EUY%X ()-b@10!!!L F
5. The tantalum sputtering target of claim 1 having a thickness; and
wherein the sputtering target comprises the substantially uniform {100}

crystallographic orientation throughout the thickness.

6. A sputtering target comprising at least about 99.95 weight percent

tantalum and a maximum grain size of less than 50 microns.

7. The tantalum sputtering target of claim 6 produced from a

frictionless forged billet.

8. A tantalum sputtering target comprising an average grain size of

about 25 microns.
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100 "0l ' 1099 <T<& 10%<u<&. U5 <& 109%<& "~ 109%<& 100
100% "' ' (*}[DE@ 1 q@r@lym@wt@@ ta[get [0} cla|m g)co;”':’n$prps|/ng a a)umum O-

J 10%J<U<& F 109%<& () -1 HOl " 109%<<<& ()-'4"|"10%<& () - *+++++
}rg\ = @2‘%@/" hg?‘fé) TN 0<75109%&' () -!1 110%<<& ()-010%& ()-!"
G(10%|'<T<&'() ,,,,,,,dEg\- 10'v  510% U& ()-Rv

10. A sputtering farget comprising at least about 99.95 weight percent
tantalum; the sputtering target having a thickness, and a maximum grain size of
less than 50 microns throughout the thickness; the sputtering target also
comprising a substantially uniform {100} crystallographic orientation throughout

the thickness.

11.  The tantalum sputtering target of claim 10 comprising an average

tantalum grain size of less than 50 microns throughout the thickness.

12. The tantalum sputtering target of claim 1 further comprising an

average tantalum grain size of less than 50 microns at the target surface.

13. A sputtering target comprising at least about 99.95 weight percent

tantalum and an average grain size of less than 50 microns.

14. The tantalum sputtering target of claim 13 produced from a

frictionless forged billet.

15. A sputtering target comprising at least about 99,95 weight percent

tantalum and an average grain size of less than about 25 microns.

16. A method of forming a metal article, comprising:

subjecting a metallic material to upset forging to form the metallic aricle,

10



510% U& ()-Rv 510% U& ()-Rs10% U& () -, : $10% U& ()-0,  10%

u& ()-,,,,,,,sY:g\=10'v 510% U& ()-R v 510% U&' () - R/ KAD2v

510%

510% U& ()-Rv 510% U& ()-R ,,,,,, T;g\= 10!v 510% U& () - R/ KAD2v

the upset forging being conducted at a temperature below a minimum

lemperature of static recrystallization of the composilion of the billet, the upset

torging comprising utilization of a lubricant 1o entirely separate the billet from a

forging tool during the forging.

17. The method of claim 16 wherein the lubricant is selected from the

group consisting of polytetrafluoroethylene and polyursihane.

18.  The method of claim 16 further comprising forming the metal article

into a sputtering target.

19.  The method of claim 18 wherein the forming the metal article into a

sputtering target occurs during the upset forging.

20. The method of claim 18 wherein the forming the metal article into a

sputtering target comprises further processing of the metal article after the

upset forging.

21. The method of claim 20 wherein the additional processing

comprises recrystallization annealing.

22. The method of claim 16 wherein the metal article comprises one or

more of Al, Ti, Ta, Cu, Nb, Ni, Mo, Au, Ag, Re, and Pt.

23. A method of forming a metal article comprising at least 99.95 wt.%

tantalum and having a surface, comprising:

forming a billet comprising a composition with includes 99.85 wt.%

11
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I%Brr?/&ofyé & E Z-snpﬂ.'éﬁ 8“’8‘1@1&%@?&% QMR&M@%‘QSQ” %49 8?8
$10% & () - % & (- | YRAIA QY ( - 0% &' ()10 . 7=10"
05 &l KRS NCd GragtsomBNhies biatgiG R he mopfBHERPRReL ine™1 0"
d%0% & () BRALRARE [ 7=10°( 23 10% & ()-  2y10%& ()- " *10%@& ()-
*100%& ()-T 18109 & ()- *+mLO% & () - ChDj DkDI DnDzDDDVU410 $° 10% & () -,
10% & ()-, 'fl10%(y& ()-
28. The method of claim 27 wherein the additional processing

comprises recrystallization annealing.

29. The method of claim 23 wherein the metal article surface comprises

a maximum grain size of less than 50 microns.
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