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TANTALUM AND PRODUCTS CONTAI NI NG THE SAME LI KE SPUTTER TARGETS

OF THE | NVENTI ON The present invention relates to nmetals. in particular
tantal um and pro®@%¥313de fromtantal umas well as methods ofPCHERIWGEEnd
processing the tantalum In industry. there Eas al ways been a desire to
formhigher purity nmetals for a variety of reasons. Wth respect to

uee 0'as a SpareErmary IRLAUR A SABRRTE SO bk T KT SRS IR 2

capacitors. Thus, inpurities in the netal can have an undesirable effect on
the properties mm&&om the tantalum Wen tantalumis
processed. the t f ore and subsequently crushed and

| ~ the tanta“l um sepg. atrec!e tthr acru g oreaxgtlcua %“athe sred(gf %e%om
sol uti on and densi ty SREFEt AU PR % JHPEFFSH EE ARG the"

tant al um f romt ngn a? sweﬁasur}[aét S&O E\la i Idnr%CESSI laae"t'am ?nd ot her I r’rpurl tl es.

The aci d sol ution contarni etanf1 u crystalllzed |ntoasalt
and this tantal um cont ai I’ISII ng[h sal t al Sl eeenardgerg
vessel having an agltafo rf ypi ca?l

wher ei n tungstegeg Sng}“)( r?s%e tut
typically be a BiYe "Wal VLS UF

nic
surface. The, o al ats as uttErm% tarqet %ns Ol!s\{zfeedm Ielecrncal ¢ ng O Eh as capa?‘{l W?%! in the
However . durlng sucn praocessin tan a wder 'S COﬂ am

the various sur frﬂ&a@ts.anthh\?etap h&desxga?gffect%nﬁ‘vg g& Hes IFND Arthoee Forr%?d frot%%he tiHl

and/ or nol ybdenum contain am nan can be vo | zed

d b I I
Ng ri R/g S gn 3 e\C}\;‘ e nEI'h gge\lg'}}eﬁpgaa}aﬁlx C?gr%cepsle(g Ew){anafa{nlilpcgl?afr{eg ;‘rgrﬁ% eQhd subsrtrgxsrg!\ bl'ugh%d Ina

remove. thus preyeniding el ko rmhgmg{ars roh AL ALHERRL %&(ﬁﬁl m%mﬁ&g&'sﬁb%%n

there is a desire to Ker- pur’ ant a umpro

substantially L &Y J &Ldt{E nS.PQén%Hn Lé B%urﬁ%ﬁ tpech L{j ldtl@!g c&ntﬁ% &rn?%ﬁﬁxsﬁggmer

di scussed above. ere 'S e5| re ave a tantalum produc avi n

hi gher purity, m‘F britfes. gfh@'aad SIS co%ﬁx/mgrme‘?anﬂmnf g{hm $r95>{a"11H£oemroQ§£xJ ahd lhﬁzanﬁaaﬂ.@h

as fine gran15|ze can be an |npor ant ropert or sputtering target

fromtantal um si N i
i hi ckness of t he&ggg{n gastégxrhg!eﬂggge}ﬂ 68 G th 4 Qe TRUAY ECholditle LRI YnsBlvea of

00/ 31310 PCTI USREEPAR Bl ine 0SS orcamtbaénmn ngpatnm? el 5D, PaY ivage) fiine

grain size can lead to i nproved honoeeneiry o deformati on and €nhancenent

of deep drawabi Itvfnyanaeéia&hsletvgmabes&awh PRI e S iR mfsareh@lmelsmt IRk difolved in
capacitors cans aboratory crucibles, and increasing the lethality of

expl osively for nRglePRNGidiA ta@falum( fwiderS) HoMed QhkAgt @XF WFoResbifb, tRNaAI powder is
cont ai ni ng products can increase sputtering efficiency (e.g. 5 greater

sputter ratepcangnaRhakd 6y @RSRNAR OBcePMLSOLIRRPYN CShuadr with Bk @28 urfd@&Pand/or
drawabi liry), in perform products. SUMMARY OF THE PRESENT | NVENTI ON A

feature of the pmeseRfuni AMRMIgQRdcS. ManPkevintiRna cdii @ oRtiel itink 3stkadldAMmelting,
product exhibiting a fine 1C grain structure and/or uniformtexture.

Anot her feature edced: highlp EdsbRITefricidveitdiB.g.l 18b. M. fHdOV). BRes@indpltleesn bPfunel iEficalt
and/ or conponent™ containing the high purity tantalum An additi onal
feature of the poespniibie wendve.aius bevehinganvey higepypiaatssesoduor. make the hi gh
purity tantal um product as well as the articles, products, and/or
conponent s cont ai ni ngAdchdinplly gherpsral deyire 15 ofraim kigiletl ParinAdidialinin Qiidlicts etadhustiesandalid
advant ages of the present invention will be set forth in part in the
descri pti on whi chvdidahd @naminatuds bitaifed kiringitlelprdo@sifpgisnged abbveo NAkd) e @Sedekiten
or may be |l earned by practice of the present invention. The objectives and
ot her advant ages hok attinelynar @sdiaf haliny Bigier purink lfihe frein s2alahdeth wiigmatduad. N@udhlitey
means of the elenents and conbi nations particularly pointed out in the 20
description and agpentredcral azexan belan impdriagnpepptrh efsiespametintatyers madh\fant agphsy siaad
in accordance with the purpose of the present invention, as enbodi ed and
broadl y descri bedinhgriekizg cah krad primgrevet uniforainytof durknesd cfttessptraret deppatkdi fmreFuslier.
having a purity of at |east 99.99S% and nore preferably at |east 99.999%
The tantalum netal preferably has a fine grain structure and/or uniform
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2 5 The present invention further relates to an alloy or mxture cogpay 90039
tantalum wherein the tantalumpresent in the alloy or mxture has a purity
of at |east 99.999%%oamdiarore preferably at | east 13 MAY 2003 A4DB30d/32R10
PCTNS99/ 27832 99.999% The alloy or mxture (e.g., at |least the tantalum
present in the alloy or mixture) also preferably has a fine grain structure
and/or uniformtexture. The present invention also relates to a high purity
tantal um e.g., oteirredyttecdniininggee tarralem Bayine fiae Eralg sizepagdead thammrevgd homogenely o
recrystallized grain size with an average grain size of about 150 p.mor 5
| ess and/ or havidefgmatigsr andrambanqemdnt of Jeep ngié’andlﬁ@mb%hﬂéw ahich are |bynefitial rugppkont
the thickness of the tantal um and preferably throughout the entire

t hi ckness of t hearagiivrsaransnieharaterty candles andiiaveapine ta leatisbie mé exphdsively famed genejor:
texture bands within the thickness of the tantalum The present invention
further rel ates (ERPsiraHoiforotientirnd fahtaltre coptpiningnsesuct§ papningrepee siyrrias niiniency feg
tantalumby flat-forging the tantalum nmachining into rolling slabs,

anneal i ng rol3l i regFast |iyer rae) andread InFragge naTn apioreRy (9. inhiessqd, degprrisawabitityl énl nerfgrm
the plate or sheet. Final products such as sputtering tareets can be then
machi ned from t Heodadieal ed pl ate or sheet. The present invention also
relates to a sputtering target conprising the above-described tantalum
and/or alloy. The sputtering target can also be forned by radial forging
and subsequent round processing to produce billets or slugs, which are then
forged and rol | el ENTAGN15 t hen be nmachi ned and

MMARY O FTHE PRESENH IMENT,
anneal ed. The present invention further relates to resistive filns and
capaci tors conpri si ng: fedwse efisienpeesehe inyentitnasio pravited igh parit rasalug drespct extiifziting a fine
present invention also relates to articles. conponents. or products which
conprise at }leas¥aip firugiae andfoianifoppiesudescr i bed tantal um and/ or all oy. 20

Al so, the present invention relates to a process of naking the

above- descri bed t ant aingfhsripatuss of the pespetdnversige isj to grovides gtiglese pragusisrndlgr SoARENENtM
with pure sodiumor other suitable salt in a reactive container or pot and
an agitator whi cipsnkthahigh prsgetattalen or have a |iner conprising a netal or
al l oy thereof which has the sanme or higher vapor pressure as tantalum at
the nelting point of Ancaddiignahieardrp af the presens invengionoln £ RepYide pracrags t¢ mpkgthedigh gurin
processi ng tantal um powder by nelting the tantalum 25 powder in a high
vacuum of 10''"' ®efplpm grodvay e well i@ thsr amisles rieodptit ped/qr remagnents caudinivgethe fighputithe
vapor pressures of the inpurities existing in the tantalum Preferably, the
nel ting of the t@HU¥Pum powder is 13 MAY 2003 WD 001 31310 -4 acconpl i shed
by el ectron beamnelting. PCT/L'S99127832 It is to be understood that hoth
the foregoi ng gener alA44BgRal foapures andhsepyaniasss of B IPESGThigvaEP M lebefesiort pitReprn df e
exenpl ary and expl apatory |y and .are ipntended to provide further

expl anati on of tﬁesﬁ‘r"%@e‘m’d‘i fg\y%’ﬁt #grin paé‘sw‘ﬂ P& PRREGNT oy dgseriiEienoR) PR b\Red P

DRAW NGS Figures 1(A-B)-11(A-B) are graphs an orresponding data rel ati
to texture gradi _&fﬁc("e? ?I?'é‘}‘é’ G Beni é%ﬁ@&%t*%@gﬁiﬁaew@%ﬁﬁaf ﬁhggfe%&“?vsﬁmon il
gllj E-ll % y( 3' gg% a?Lﬁ]dbe?l%cggn(dl %g%%g)g%g'%é:?? It}'xgﬁ{}g?hstq %ﬁ:corlﬁbi atljér]isl{:a]ﬁ?c?x?azly ?Jt];intreu guq in the

6)

20 description and appended claims,

To achieve these and other advantages. and in accordance with the purpose of the present
invention, as embodied and broadly described herein, the present invention relates to tantalum metal
having a purity of at least 99.995% and more preferably at least 99.999%. The tantalum metal
preferably has a fine grain structure and/or uniform texture.

25 The present invention further relates to an alloy or mixture comprising tantalum. wherein the

tantalum present in the alloy or mixture has a purity of at least 99.995% and more preferabiy at least



10 DETAILED DESCRI PTI ON OF THE PRESENT | NVENTI ON The present inventj @y 2003
relates to a tantalum netal having a purity of at |east 99.995%
Preferably, the tW@o#Iam netal has a purity of at |east 99. 999RCAMUIITIA2
range in purity fromabou 99.995% to about 99.999% or nore. O her ranges

i ncl ude about 99.998% to about 99.999% and fron 15 about 99.999% to about
99. 9992% and fron1apout 99.999% t o about 99.9995% The presen inventiaon
further rel ates’t8%% nBtalonr! BYuHEE e 2cEHp P SBRlumpresitgh thsudloy & e i
metal, such as ; tantalum based alloy or other alloy which contains the
hi gh purity tanP&ierRlY 8% adine s spuswreathp YH&RT te¥ret he al | oy. The inpurities
that may be present in the high purity tantalum netal are | ess than or
equal tc 20 .005% anbiet BFpFERanYeptcs gifp relde Srhbigh PEHY taBifered Seiable o B @
refractory netals of infinite solubility it tantalum such as niobium

nol ybdenum and SRUfIfTEE fassst. having atfelbyreatveishlidse craim sanwittean aysiage edses of et 2l 1P frg
the tantalum netal preferably have a texturf which is advantageous for
particul ar edd (REpRVoghariie 3 gy tlf Biyph fxtueubsenetly henughout thiaiknesfeof ths faEiuTm
nmetal or alloy thereof is fornmed into a sputtering target having a surface
and then sput t eRPreferbly thquehious th enfirgythickrss offhy Wrgkm fRdfahEnd/os hevige pr aksense of
invention |leads to a sputtering target which is easily sputtered and very
few if any areasT8 (OREeHePandsy ity thedrgkasss pidianial@hut t ering. Further, with
the texture of the tantalum 13 MAY 2003 WD 001 31310 PCT/ US99/ 27832 neta
of the present inventPoRresephipveapen fugher frjatest o trpasuiagiuring dldien gndt ey dtom d8R8en
a very uniformsputtering erosion thus leading to a sputtered filmwhich is
t her ef or e uni f orffREggedjatium py ﬂ%téormgetheetﬁww-tﬂﬁgvnwmmtrcahtgélahwwaa}ina&llaﬁylab&
»purity but preferably a purity of at |east about 99.995% has a |ain size
of about 150'%ni CPHRETE Plajecs sheetphenrapnealise (he plaseor shepft AinalArofittatuch & sETeripg@rgets
partially recrystallijzed, and nore 5 preferably at |east about 80% of the
tantal um met al %80 beghep yraghinef from ghe apnepled\pEIF ORBFER preferably at | east about
98% of the tantalumnpetal is recrystallized. Mdst preferably, the tantal um
metal is fully recryﬁ%lmefezbawew"safo fefate; & b SRHTEHISAIER HAMPEFNS 11 3PP ifpFrided
netal have a fine texture. Mre preferably the texture is such that the (
100) peak i nt ensFEAPTRIA A%y hE SRUTHIRR drteeh £28) 2lsp e dRmes &Y Biat foeeine-And AYRSFAUY
| ess than about 15 random and/or, has a natural |og (Ln atio of (11 1
):( 100) center PERTFHIRGSPILEE biggts sy e e"ifgfé?déﬁgew[’ew é‘ﬁ‘?é‘fs&t PBifp can
about - 4.0 (i.e,, neaq}n , ~4.0, -3.0, -2.0, -1.5, -1 .0 and so on) or has
both the ( 16D) %%H?Fﬁ?ﬂwgﬂFﬁﬂg?%$ and the ratio. The center peak intensity
is preferably from ahout O randon1g§ aQout 10.tanon1dand nor e nefe%a I¥
is fromabout O randoff PE BHBYRUE FRHIBATS SrRisive I Th ey BRRToITPIHENS Aoy
ranges i ncl ude. put.%{e @ot g}nited to, fromabout 1 randomto about 10
random and .5 fr&M ABCHTNE 98688 t o about 5 random Further, the log ratio
of (111):(2100) Centeﬁhﬁ%@%nﬁ“&%ﬂ?hﬁgeﬁmi§ ;ron1about - 4.% tqw@ﬁ%ut }5m%£g
more preferably from abBut -1 eBof 35LBEER © 416 FHRTCO LT PRBICE WhTR GeEPTs 2%
ratios. include. ?d t&mwﬂbout -.1.0 to about 10. and from

about -3.0 to ab%§%¥@$%§“%@%¥%%ﬂ%%ﬁ?5% Phe tantal um net al has the
pr of erred T e ure w tHes Byt bepn R 50 ok B e Pt SE Ry S e
i bt bt -0 ALl ERTERL Bl SELEOL0 LIS SR TUBCELTRY A6
Ad t al Mategd i Y . . 31-42:

t ool Nbtall ur s FpARER el Gt ard Bk b BRER s SRt e A
819-831: Wi ght : ' _ ' ' . . '

Doj 1o, Bei | i ng, 1550 "pichodkef BBt AR GRS by SR Reprk bt ARA0E,
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Comput er - Assi sted M croscopy, I ncor por at n

their entir et2F \ E&Nd‘élelfn%rh?éﬂ%cunﬁ ro?ild"' 'tTrr or%r@e%ﬁe@%#@o@%eﬂe’%&g lo'ngr than the vapor

PCT/U899{2783? The high purity tantalum ne the present 1nvention can
be used in a NuUMBRERS ofMeGRABuriiEQkishnd ¥ AOGRaluh NEreflf201), Rthdiding J 2 bAlHM SBRké!is
can be made into a sputtering targef or into chemcal enert~ (CE) nunitions
war head |iner which conprises the high purity nmetal. The high purity netal
can al sc




be used and fornmed into a capacitor anode or into a resistive fil ﬂéﬂyez[wg
The tantalum netal of the 5 present invention can be used in any a r
conmponent whi ch cwovwemticonal tantalumis used and the nethods arch/usespEs32of
meking the various articles or conponents containing the conventional

tantal um can be used equally here in incorpofating the high purity tantal um
metal into the various articles or conponents. For instance, the subsequent
processi ng used 2Femplskediry elseTpnbeam mRfingar get s. such as the backing pl ate,
described in U S. Patent Nos. 5,753,090 a687, 600, and 5,522,533 can be used
here and 1 o these phtieietbs uadeestaod that hos e Eveeping edneriak degspiptonepd) th jollpwing fesle e
herein. Generally, a process that can be used to nmake the high purity

t ant al um et al O‘%S“'t‘ﬁ@" pre exeaplany 299 explansery ORY endassingnded 1o prrividg fsthes cundapariog of th
vacuum nel ti ng process, and a thermal nechanical process. In this process
or operation, trfeeS?feF‘VWFl@fgaﬁﬂ*Wss i nvol ves the steps of extracting

tant al um rretal preferably in the forma powder fromore containing tantalum
and preferabldy the ore-containing tantalum sel ected has | ow anounts of

i mpurities, especr al | y, | ow anpunts of ni obi um nol ybdenum and tungsten.
Mor e preferably, RIEE DESERIETION QF SHE DRAWINGSHdenum  and tungsten is bel ow
about 10 ppm and nost preferably is bel ow about 8 ppm_ Such a sel ection
leads to a purer tantéguigm!eBal (AR taey eephs éfcrmssppdipg delzgglating e toxatsy graien
melting process is used to purge low nelting point inpurities, such as

al kyde and t r ansincieenaatiginess v srdenangd lograip 1WPQ)EE“’€GW§6WWWH@°@PI% vs. L
tantalum material into a 2 o fully dense, malleable ingot. Then, after this
process, a ther nfal /P8R pEmghaarity pants tes ShhpRICHREHEWN-ch can i nvol ve a

conbi nati on of cold working and annealing of a tantal um which further
ensures thatthe preferred grain size and/or preferred texture and
uniformty are achr eved i f desr red The h| gh purrt t ant al um net al
preferably may bBERMH ESCRIRTIONOE THE RRESENTINVENTION Nt al um wi th at | east
one agent {e.g., corrpound or el errent) capabl e of reducing this salt to the
tantal um metal 2 ~ anidefPERserhdpventien (iaies i BHEUR GRevAtRGIE DPUTY sBetolmt 8HI%%i n
a reaction container. The reaction container can be any container typical I y
used for the realEieEbly.che uplumdneshies SHYTIVEPT W 495 2R98%Hing Fant rates dit @rtnargcgn

13 MAY 2003 WD 00131310 7 PCTIUS99127832 the order of about 800C to about

|, 200C. _For pur pos¥s%4t 25K Bk enmtors @}’r‘:ﬁﬁf"i“%?ﬁ ‘“CFﬁeeabP‘éﬁ?,‘?qsdﬁoé‘t?Htgﬁrgﬁ%/r angfron
thelrner |nthereact|on cont ai ner, i

sal t - cont ai nithg £29Rt 2GR ‘ch‘b‘f‘t‘ré)gé%?éﬁt a‘@aﬁp'%i‘bla@“bteg ?%’dut?r "rﬁ’@“‘tsﬁe"g%%(?t Tf“b presen
tantalum is made froma material havr ane or gher vapor pressure
as tantal um at tl?eenﬂ‘éﬂn%"% ’%‘?Sﬁ?a&m ‘H\Qy twér‘it‘ é?"ﬂﬁ’i‘lsesft*f'eh ﬁtﬁ”f“é(t‘ﬁi’r‘a Y metpfgsugh as :
reaction container can b lﬁ me mat er i be |ined as
wel | . The |iner FEAU@Preqal HI°§/°‘|C‘)"1‘E hﬂfgrcf"?t?ﬂ’?f‘shetff’g *?’l’@tyrI BRG A ReLoRRnent
and agitator thatfﬁ rt\g%r n contact with the salt and tantalum Exanples of
such netal mater 4% %hi ch can formthe liner or reaction container
include, but are not Jlinited t

me base terjials nade ni ck
chronmium iron, mangan&<dBPYIEsS tﬁ‘i‘ Eezli’rf’sé‘i.‘}ﬁ’? ﬁi}ﬁFBm\frmammt}gﬁtgLﬁ[%s than or eq“a' «
rut heni um cg al t S hodi . corrb n
olrJ 1 oI ;I | oy herogé)/ a’é?styqlil "h%&%’“ter?é!‘e %F-‘é;y“t%t? é\[mica{? Pt’a?g'x“t %@ﬁ“ﬁ"@ﬁ&? i
vapor pressure a mmm srﬂgt Lin “E‘ t of ta tmal um net al . Preferabl y, the
metal is a nickel™ cke ’ as% gﬂufno?}’ 222 omi um or a chrom unbased

cont o ner and/ L?”a‘g’{ t :ié‘rre et R ot oot Mt it ] ”uarnt%eeml%? Fithea s
fromabout .5 cm_to, ab hi ckne ses (t]
the bounds of theth’p:}r1 'essaevaf“aﬁeﬁl\}ser?ﬁ Ifaglﬁ%f“ enﬂ e it ﬁgmﬁaﬁeo?hs“ 8?"1? Wﬁ@rtgﬂn%a &
of the sanme 15 or teri

sal t - cont ai ni ng t ae%l (glau %Qﬁereo?‘%téong% moaspu grénﬁg%¥e?£anngh 5 rgce ang the ng'mer[ﬁd the texture

cont ai ned t hezr.er g l%u&ma nfaPR tﬂﬁ gresenﬁwetny lleaqgto as utten &rpirgey\(vklhh i €2 Sy %puttere% arrtld

t he agent capable of re ucrng " al'u secon

reacti on contain [ doi-ng .t

any agent which ﬁ%gﬁ%ﬁgmg 1nWQs&HaEgJ§%P?§t§% ﬁgwn%'ﬁﬁeagi %g%%%tggbmmamr
tantalumto just tantal um 20 netal and ot her |ngred|ents (e.g. salt(s))

whi ch can be separated fromthe tantalumnetal. for exanple. by dissolving
the salts with water or other aqueous sources. Preferably, this agent is
sodium O her exanples include, but are not Iimted to, lithium magnesium
cal cium potassium carbon, carbon nonoxide, ionic hydrogen, and the |iKke.
Typically, the second salt which also is forstied during the reduction of
the salt-containing tantalumis sodiumfluoride. Details of the reduction
process mhrch 25 can be appIred to the present |nvent|on in view of the

T I 1 o, o o . T T 1 o~ 1 e~ Y ~ o



The above-described process can be included in a multi-step procéd#iwiiidn
can begin wi 5 low purity tantalum such as ore-containing tantalum One of
the inpurities tHe®oE"HAI0be substantial present with the tantal (PgrU§99/27832

ni obium O her inpurities at this stage are tungsten, silicon, calcium iro
manganese, etc. In nore detail, low purity t-antalum can be purified by
mxing the [ow purity tantalu which has tantalumand inpurities with an

aci d sol ution. medof %wprwm inyentoRthespufiering §f the SRS taiget Ipdls &2 \eR G FRUREE he
crushed before being conbined with an acid solution, The acid solution
should t 0 capa®Peonghusdradipgte p sryttesethimanitiqhas thgrefare) uniprmy a5 avell g Fitinprefaed gt the
inmpurities, especially when the m xing occurring at high tenperatures, Once
the acid sol uti BrallasaieeRny perny. Spterefer iympuww%ﬁtgé%wét @@%@,émﬁ%am sjze of 400 ot
all, of the solic containing the tantalumand inpurities, a liquid solid
separation can &PchiErokhpclssswi Freferginaheatantplumonee! énds lesst Rapigihy rravsallgpds @l more
inmpurities. The solution is further purified by liquid-liquid extractior 15
Met hyl i sobufyl PRE®BNAET least PRyt 88%ref e apglue megl s sastvatetized j4es QVEINPRIF BRfFTREI: 3 least
sol ution, and deionized wat~ can be added to create a tantaiumfraction. At
this point, the2ieHolB obtherprsdinymesl i yeqmystafliged; hostpeplereblymthsi tetaien el iafilbn
is generally bel ow about 25 ppm - Then, with the [iquid containing at

| east tantal um "H&2llizeduid is pernmitted to crystallize into salt with the
use of vats. Typically, this salt will be a potassiumtantalumf]|uoride .
salt. Mp 20 prefer ab?gy,,n ig prefsrresiaha the gl haypp Bnegexrure. {NMore prafarabletie tewere is
with an agent capable of reducing the salt ini 1) tantalumand 2) a second
salt as descri bé&thasoihe (10Phpesk insprpiurithinugny %t igqsimsatel icknessd ihe t Priegrthinhe
reaction will occur in a reaction container described above. As stated
above, the séconbPush’ BYAIMoendor Basaaanisblog Epareae efd | Fp:0R0 carsertpadkt ifpasiHespyjthin the
di ssolving the salt in an aqueous source an washing away the dissol ved
salt. At this stHfancrymeat Heas ihpn Hpurid (tameantemifs— OypLchf -0 &9 ssem) prgegtigg
2 5 Ta. 13 MQY 2003 WD 00/31310 PCT/LS99/27832 -9 Once the tantalum
powder is extradtedtPO) FamRie Hieasiy @ats @i TRAGENERPrA¥ infenuRy isPastestbhi R 25944 8 rap¢A™h g
any contam nation fromthe reaction container, can be renoved th,rough

mel ting of the taAtCH (Phiefriome atd morp arefesshby 3 {ipm BeaNEIR Fandomh top@oye) erdam Ot P8}
of ways such as a vacuumarc renelt or an electron beamnelting. CGenerally,
t he vacuum dur i rf§pTeiddnteRsity rapges jnclgde. by e netiligiifed todromeabed rades f%ag?tit o llmgﬂoaﬁv}/
existing inpurities fromthe recovered tantalumso as to obtain high purity
tantal um Pref erfiBiapoutd fradem o 3ery S sadar &upthen sheoegpiors Bl bitt W esntenreakiprensitipsgs ¢
or nore. Prefer 3{)I Y, e pressure above the nelted tantalumis_| ower

th th
the vapor pressufoBLb8 —¢leoRRUal’ iparEiPrefesdly; iemabers 11 5209 &2 eOPTstRD's {ag’gf
h i ckel iron.to b .zed. The di t f . th t, i t
Shoul d be as. | arBPemen felien Put FERL IERAk JPogi-auePoortigrr8 o7 SPACRALD Bitg 0
| di t { | t f to. i nt erf ich
enhances. pur i {1 A0t BREPRY B SRH Bt e S ey SE R Rl ReR e
f t t. of d k to be | d to the netal dur.i .
by ocasal g, whi oRE fisrd EteEnBie »Rhyseul S ae ((fnorraiPBig medhd Wl oy o
mass of nelted t ant al um conso i dat.es,. .t he ingot for msol1 Wi | Ib ha e %ﬁfourlig%e
of 99.995% of® hi GHEFTERE SPEYS IRV o 5898 &1 WHBREY Mariia be ME¥E (T SR BERH
i f bl ! t | t f boyt t 800
e ®per hour useid S5 G6E08, PARE Sobbltungeree BriRatb, 00 e QEBHab s

vacuum of from agé)ut 1,X.,10:.3 r
a )¢

. b ~ . I
B LN G L

nelt rate is from abo 6 abou odr” 'usi

26, 000 volts and L.t 6 S nd under. a vacuum,of fr, t 1
! EH: ngl )Hu . I:

to 1 X 10-' Tor rI.n!eW[tmﬁlglr gg%%% %ugﬁsthﬁr% R&}baf) %eéesaé'f'%?u"fghel me?‘? gré?se()flxlggtgna

preferably of 50 . I hour, MSENg. 25- vol NGy 12 ~
to 22.000 anps u%&gé?d"gzs g’gg‘ﬁ lf?r%%%’?ﬂog‘(" a‘i%“"—éj"t“f)e“%e)?“l’g;‘u“’e%é @?‘g’éags&l@rr%ggg"”%a’ of
preferably 800 t ) . u frQ . t. !

8. 000" anys, “andCriasr s iRt Fobs 1 XD MPpyoHpd g iRRtyieks St
high purity tantgluymingot can then be thernmomechanically processed to
produce the high purity tantal um containing product. The fine, and
preferably fully recrystallized, grain structure and/or 2 5 uniformtexture
is inparted to the product through a conbination of cold and/or warm
wor ki ng and in process annealing. The high purity tantal um product
preferably exhibits a uniformtexture of m xed or 13 MAY 2003 WO 00/ 31310
-10



PCTI US99/ 27832 primary ( | 11 ) throughout its thickness as rreasquoMAl?yzugg
orientation inmaging mcroscopy (OM or othe acceptable neans. Wth respect
t o t her nonmechani c&P 0pBstessi ng, the ingot can be subjected to rRSTIUSAH27832
and/or forging processes and a fine, uniformmcrostructure having high
purity can be obtained. Thf high purity tantal um has an excellent fine
grain size and/or a yniformdistributio The hi purity 5 tantaI
preferably has an avgli’eab@ PRI W?@%W@@ﬂ?&ﬁ“ﬁ“@ﬁ% ol beét%%id‘f 3 Qe ErF?anO‘or
| ess, nore preferably gout 100 cro s or uﬁ and even nore ﬁFferabI%
about 50 ni cr ond™gpee| thgueh MFYQ%’E“B“ E‘Ef plecahpedm ?/@F’a”gséurﬁf‘%ﬁ ‘ﬁ’g§t|°2§’§ fhrpical g
from about 25 t out. 150 m crons; from about 30 .to a )

and from about @wnaﬁwaﬂfab“w ?f}f"ﬁlrfgmp”lstéheﬂ%@‘lﬂu’f‘?’ Hﬁta Bﬁ hlﬁSWFerFféltcé’f algg
the present inventiqgn) referably has 10 ppm or |ess netall 1

inpurities and E’F é?eéla”ado ogmed ANty p (FPaTIO] fade °0L“t° 32'35‘?5'15‘1‘117]6? ayeEs ghN@“‘al%H‘e‘Z‘S"fﬁ}ﬁFm
or less carbon. 1f a purity |evel of about 99.995 is desired, than

resul ting high pEES PYsaHenLRn brystddp apyjagicl akcompqnant Mhich soryaFona) tagalyge 15&686@ &
ppm or |ess, and r ferably 50 En1or | ess, O~, 25 mor |ess Nz, and 2
ppmor |ess car weanégfpf@é@ the varighsi g et g5 %"H%%Etcora%nsta? FePYRgriogal tantalum
sputtering target, the fol|ow ng. process n be 15 used n one enbodi

the sputtering t&% Bee‘t“‘?‘r%f’d%‘lyf*}“& f”ﬁ%rpcﬁ?“ﬁﬁ‘hﬁﬁ'rgf‘ pyyit ‘&W%Jla‘i“ lﬁ’??faﬁré’lma‘lhe E"‘aﬁ“sbaé“

by nechanically or chemcall cleanln% t he surfaces of. the tantalun1netag
wherein the tantQPEAFHRLE] PHEES eshist w BRECSUREAFT) 'R JaLiPS UG (4 g af ok Ped
to permt the Sﬁgsequent -proceSS|n% t eps_ descri bed bel ow, Preferably the
t ant al um et al eking platendescriberiip Uon Batentliess>- 57 0% 2P £84 aef 3,722,531 an usest bergpe
The next step involves flat forging the tantalumnetal into one or nore

rol ling sl ab& THHese PRI aﬁgncgrrp%ﬂgﬁ InFeIr gEENYIEFEICE it def or mation to

achi eve substantially uniformrecrystallization after the annealing step

i medi ately fol | owi nGeRFHE> &Pragss ‘Qatd@sa%rufegé?jm%Iﬂﬁvb‘ghﬂﬁ‘éwrtﬁltﬁl‘i‘%@e@l 6‘?)”‘?5%’“
t hen anneal ed in, vacuun1and %t a sufficient tenperature % ;chleve at eagt
partial recyst al PYPUAM RRIVET2 rEiinePEcess: ﬁéa"g‘f“a'ﬁihé’)g Progrse ARt 3 By ﬁ?Fé%?Picﬂ@’°°ess
tenperatures and tines are set fqﬁth bel ow and in the exanpl es.. The rol

slabs) is then sHBjPEREESEP t BRI 5 e RERBARTPSIS| PYRYeS et ﬁé“aﬁagp@waw&uv%*

and parallel direc ns to the axi f 2 5 the starring . tant

(o0 P et ant PERETRLE T ?B?Vrff £ o St aE L Shoe R S B
bjected to_fl tt I 1 t d

Final e at* a GUTRT i He oy SRpts 6P eaaeg'ﬁ@i@wa S gy moBenin,

t t df t.t t

R e i ke ek

of ( 100) textural ba dsSt r{ea[)l ]sabeL abou ﬂ; % tura Xl gu tel

plate can then bE"hEEHARNT RS Tyyor RN aIF r8r ﬁ? “i'mf

the sputter~nQt t, havi ng desire Ty
forging will occﬁf‘gg‘?"t%r"“tgﬁe ¢ SS ‘t“ a&“&‘“r‘?‘ee%““ ‘|°°s“'35‘ 58% Jﬁﬁei %?‘8 g P°f“‘ l“é’“‘%‘%es
about 4 hours at chﬂEp £s ran

a e
pr ef er abl y bef or & Colag& F ansmox{ eteﬁsgfrqn] etantﬂbma I eac?rg.oléﬁtﬁrg L?eei Qa%m matenai into a

tenperature gﬁ 08 ﬁf”f' Een? m%??@é \ﬁ] é 0 e% %ﬁgl?hq trocg‘éogfée}-lr nd fax%cgal ?rogﬁss can ge iselt which

h
from about % urs) to achi evée eas?

recrystallizati Ogan%voll\lpgﬁéngtmaﬁ%n%ﬁc% &%m gr)ld% gglgg #a tarnaqu }1 h Fu?tur etrllsggeé that the

transverse rolling at a era S an

tenperatures of E ?eut%%?sx?egﬁ&%r p?’e?eQrgd eJ(tgrertupoJng%pa a[chlg\%dqp B IdI ng Of t he

tant al um pl at e, annea nneal’i ng a

tenperature and for Tl]ie_th% pﬁr‘ﬁt'tah@u%%etas @ﬁaﬁm ﬁé’vene%% verEa%u eCsEu¥ ?ﬁ%#mrlrgt%‘ﬁ&&uﬂp

of the tantal um netal exarrp es I n I's application set

preferred detail %vxt}%t Ia\str o%?g t(e Féuﬁd B e%ﬁm@rﬁ)séa te OAQQIIC ‘Erﬂné"@}{ tc} e qut%grﬁﬁq%tal

the tantalumnetal into spu argets |nvo ves nechdanically or

chem cally clean, xfm%Px% 1 ntl’ieﬁ@mtafmtoﬂ HEIEHF o r(:z?cu& contilé:. %ﬂ@&?&x%o&mﬁg&t&n

wherein the tanta um netal has a SUfficient start I ng cross-sectional area
to permt the Subaés‘rﬂte@mm@m%awsmo@nﬁe Qf‘:ﬁ&féf%gls% @%@uldmﬁstﬁgéhh% Bratures on
i nvol ves round forgirng the tantalumnetal into at |east-one ro rein
the rod has sufficient deformation to achieve substantially uniform
recrystallization either after the annealing step which occurs imredi ately
after this step or the annealing step prior to cold rolling. The tantal um
rod 2 0O is then cut into billets and the surfaces nmechanically or

chem cally cleaned. An optional annealing step can occur afterwards to
achieve at least partial recrystallization. The billets are then axially
forged into perfornms. Again. an optional annealing step can occur
aftermards to achleve at Ieast partlal recrystalllzatlon Fbmever at Ieastf

o Y M o, o, o I T o o r o o o "




Preferably, the sputtering targets nmade fromthe high purity tant mﬂ?gﬁwe
the foll ow ng dinensions: a thickness of fromabout 0.080 to abou .50,
and a surface arewofwemabout 7.0 to about '. a 1225 square i naREsUsSIFiITes2
hi gh purity tantalum preferably has a primary or m xed (111) texture, and a
m ni mum (100) texture throughout the thickness of the sputtering target,
and is sufficiently void of %IOO textural bands. s__ The tantal um netal of
the present i nvERFISHOEHRUHIIS BRI ) Caphst iPEREEDR BF PISFAURERUPhRE repepon
uses conventional tantalumnetal as a component or as part of a conmponent.
For instance, tREANSHPRMEANFTEE dhe ©aHoh EONRINgTo HHish &piesdp CB%I%CE wish the selorAIBHESt
inintegrated circuits, such as sem conductors and the |ike. The designs
described in U. 3aiay A thengent capaplog7edyang the salde tasiglym. is madssiraysa magiab s ing
5, 986, 940; 5, 986, 496; 5, 986, 469; 5, 986, 410; 5, 986. 320; 5, 986, 299;

5,086, 294; 5, 98SAMEYPT hicheiamr gBsurs 28 tpalm sk the awkingRoIRS] the fpstalynn dhe agitator in the
conventi onal deS|gns and each of these patents 2 0 are incorporated herein
in their entifret§eion pyntainer wp bpmede ofthesams Fetamial o capledinedas welh el hp inss e exist Anly gy
devi ce which typically uses sputtering techniques to deposit nmetal to form
a conponent or pErrortighs ¢f theomisHoresmntaer aad QUYL CPRR INFopiaR wtith the vaElhant dastal. |
be further clarified by the foll ow exa | es. which are intended to be
purely exenpl ar FX#RPiesioe sysh é’é’é‘rﬁ’a“?fﬁl?é‘rg’itci’ﬁﬁ orm theglinepgy reAgiis cpgiRIRED mQiidey byt arg ot
EXr 1 MPLES Exanpl e 1 PCT/ US99/ 27832 Numerous sublots of sodi umreduced
commer ci al - gr addmitshicaheithbpsheraterialsapadn i nighrl (T ORBBFon RNSSE: JIRUm. ZiGopiEm.
chem cally analyzed for suitability as 99,999% Ta feedstock for electron 5
beam mel ti ng. Ré‘ﬁ’?’é‘g‘em“a‘i’?%é“‘éf‘é.‘ﬁm é@alﬁﬁbﬂﬁu@awa%‘m@m%@r 3 cmbinagnythesept BY
(]OM/E!SChar%F Mass Spectronetry . powder subl ots having conbi ned

ni obi um ( Nb)Z0 nolQMFbREsNG AS lomass the ahlmr ntﬂt?ﬁ@‘é]@%# SEIDY OriniEATTVRROY PIESSR B fte MeBEg PYIH&h
8 ppm were sel ected for neltlng The sel ected Ta powder sublots were then
bl ended in a V- cERHNERd Ereferdly %aﬁebxsamﬁ%?hwé%ei@ssewm AFBOREMSS Rakpmivm-
master |lot. which was again analyzed by GDVS to confitTn punn~. Next. the
powder was col d fasgatox Pr@apqoglorpqnégog-éefe%lélOp &lif)linprin pripthey reassiqn pogRgiger and/or agitaror. if
approximately 5.5" 6.~" in diameter, each wei ghi ng nom nal | y 300, pounds.

The pressed IogsP’?f?E}"éyFt‘ﬁghwtﬁ‘é‘@%Fs”s@ﬂkrﬁiﬁ % ELP ARG A€M 1A G %heh 55&% cag be
vacuum | evel of aboEt 1% 3-10'5 ton. For this oReratlon t he | ogs wey
covered wi th tanibet hisehisdkebopys iR RESTEN RSSO RaYE MuldPle sy SR it e same
el enents. The dqugge ggs wer e thgg ﬁlde fed into a 1200KW EB furnace and
drip nelted &t @““““ mgeriakysgser into a 10" water-cool ed copper
cruci bl e under a vac%ﬁ | ess t han 1? %Ece cooled, the resultin
first-melt ingot was ﬁé@?“t"&‘a‘“mﬁﬁ%‘& “i“h“f‘ éa%?’ FRIPIR QL BRVIng A MEn RN R TEFiRg

th EB nel tj 1 t
rerel ted a thi r ol et PEEEP &fwdg o, ik B 4 Rt Cple o7 SRt o o

Ibs./hr. A sanple ken fr he sidewal | of the result r.
chen cal anal ysi 88y @we%nﬁ TLRREPIE" RLLS ST S waaaéb?ﬁéﬁmng%&sffﬁo“f%m
confirmed that the Ta i n % 99 9992@qpu & t@np} pot? um el
fluotantal ate (KS?%:agf“‘ Bt BF ABYY SR e ‘é“ﬁlér 6ﬁ‘f“8’ RS “é'loé?é”s antatim
anal ysi s, th i bi t 5 ni ob |u

Were al so angdyzB 6‘9‘? %‘Ee’é’t%e %&f %hﬁo 3w o Bt S Pl e R B et
ppm for M and begl articular vel

Nb of 2 ppm or g @ssolv%nbmg V\Iltés ate{ Plr ot eiacbf)oi% ohnaé }ﬁ%gy ﬁus aléen%l V\ﬁeum ath
00131310 _I examples include, but are not limited to, lithium, magnesium. calcium, potassium, carbon, carbon
monoxide, ionic hydrogen, and the like. Typically. the second salt which alse is formed during the
reduction of the salt-containing tantalum is sedium fluoride. Details of the reduction process which

25  can be applied to the present invention in view of the present application are set forth 1n Kirk-Othmer,

Encyclopedia of Chemical Technology, 3* Edition. Vol. 22, pp. 541-564, U.S. Patent Nos. 2,950,185;



13 MAY 2003 PCT/ US99/ 27832 than or equal to 2 ppm In each sanpleqaqﬂgég%
total recorded anmount of Nb, M, and Wwas bel ow ~ ppm Four |ots of 2%

| bs. each were andg®edio One of the | ots was transferred to KDERCT/BSMORTA32
whi ch used a pure nickel vessel and a Hastell oy X agitator The Hastell oy X
agitator contained 9% M and 0.6% W The shafft and paddles 5 of the
agitator were then shielded with 1/16"'' nickel sheet using welding to clad
al| surfaces expd&¥d!f:d. thE6; wdATob#6. Ruhendrtpdly of BOBrotrmiNEc eRNEFap Polosds
was used except as noted bel ow. The Iot was subjected to the agitator in
the presence of B BagwdounBh4%iofAta8htad 61@1‘“@(9{9\0&”. ofThese paetisaind - plisalinas 2
was then washed with water and subjected to acid treatine and then steam
dryi ng and t hen §eeres#edinytheipentirety by oerepeadi§reinA sanpl e from each batch was

t hen subm tted for gl ow di scharge mass s%eg anal ysis. The two tables '
(Tables 1 and 2) bel oWeshoygriesdbed prapess g3g Do Halged| i3 2 yti-gapepragest dbich s3gbegRevi
final analysis of the tantalumrecovered. Table 1 15 KzTaF~ Spark Source
Mass Spec (SSRB) lommmritydanealymysich ps qreycogiining kage|ugy Cgg ahihe jIpNENAS thag can be substantial
TOTALNunber (ppm (ppm (ppm ~(ppm 12<| < 2<521<1<2<432<1 . _ <2<541<1<~<4 Tabl e
2 20 Ta Powder GPEsHDViggheas n}\jagigbivgpé@hec g[wgt)ies Alikip §Fage gre fungsten, silicon, calcium, iro
Sanpl eNoMoWIOTALNuber (ppm) (ppm (ppm (ppm 51. 40. 380. 272. 0561. 20. 300. 502. 007
1. 00. 250. 291. 548 Manganess et.c-nza mo&g?etalpl,iw PR 103 ADPORY iGESYOniBEh Sy PRI GBRIu
-15 As can be seen in the above tables, a high purity tantal um powder
suitabl e for el e¢hichhastasaiymmaad fmpaties withanaeid chig'élﬂ- Thadvbrurissanalume of Peesrat as an or
purities on the order of 99.999% purity can be obtained by the processin
shown in Exanpl e shouldefis bp cmshzd beforygingi¢ompingrt witlpprotsisssolugien: hB&@Flégple‘sonwéMdg‘
used. First, a 99.998% pure tantal umingot was used which was subjected to
three el ectrdf bézneble pidisselving sybprardiailyeallept the tnpaium 998 inpraitiesd psageiathe phenrfomixinghe
i ngoi was machined clean to about | 1'/ inch dianmeter and then heated in
air to about 260CcquFmeathghirmpergtureshe | ngot was then flat forged, cut, and
machi ned into slabs (approximately 4 inch by 10 inch with a | ength of .
approxi mat el y 28 i nchOne trackdselprion sschad wlisieaidimg tedissahie srbsiangipfly1iHnetelh.iakghe solic

/[ wat er solution. The sl abs were annealed at |1050. 1 [50. and 1300C under
vacuum of 5 X 10-<onfgjpipg the tanelymy gidsimpuriiien aclismyd ld paparatiqnt @n grat ehish gelk seperal
0. 500 and 0. 250" gauge. This cold rolling was acconplished by taking a 4.
inch thick by 10 TFPRVR 2Ry ofie pidissaive iremyritiesn Shesplatipndsfrthes pyrifiadby liquid-liquid extractior
perpendicul ar to the ingot axis at 0.200 inch per pass to 31 inches, wi de.
The pl ate was!3t hefietndisptaty! kesang (NIBK) ¢ag be pred fosepact i fagtalym righ spiygon, ardrieigaized s s
to 0.650 inch thick or 0.500 inch thick. Both rollings 15 were done on a

2- Hi gh br eakdown #®PF 3¢ terFeate 2 fapiaipm drpction é\t HiisRoms heeameurt f pigkiunhpresen ip 151118
passes of 0.050 inch per pass and then 0.025 inch per pass with final

adj ustments to necé’ﬁ“a‘&‘“i'-ia?f?lgrﬁ IspensElly BROWRPSHE® PALh pl ate of 0? 50 inch plate.
using a four high finishing rolli m|l. The plates were then subjected to
a final annealing at t@ﬁ‘p@’ g ‘pg‘f’ta'l"}“é?ﬁ]%ﬁargal‘i’ié‘ﬁé!qu*ﬂﬁsepeﬁ’l"f‘%’r‘ﬁéiJi-VFté 7¢ Into
process began wt

el ectron beam nel Splé %‘fitg 9‘???‘%8 (5% gyt?:lﬁ T;’rﬂ%ﬁ@{]iﬂgg S”gg‘gig ftilé gjeg’?%g‘gvéagﬁb‘% ‘?"fiég Bl e
i aet er a7t of® mAtEae et S8t Lot Bt Gt Fb e urabe ot b np degat n
2nd 2 bi 1 ets (1 aBPEmAn G Pl & e Fege A compRn G B Yeabe el
0 eraine unameg oo Mot UG DL S e RS L 800 B oL o

The perfornms were thgn cl ocbk roll gc}vto a t%c n\(,a\sgs of bou{ .0.400" to gi eld
discs of a di amet BPFGFABRO5XFRRRIE Fymyte anm by, fissolding Mot dth &Y 2BFOY SR H 2"
mul tiple 13 MAY Z003 wJ UU 31310 -16, PCL' ~' US99/ 27832 passes. 0 <200, aac
i nch per pass to aboug?& ﬁgﬁsq}vﬁéﬁaltt %‘f‘gﬁ.ﬂagﬁh@e R t'\‘ﬁé?“éﬁf"h'éﬁp%qyl9%&8%99'99‘
about 0.5 inc :th'#:k by multiple passes of 0.100 inch per pass. Then, the
di scs were cl o6cked rolled on a four high finishing mll in three passes of
0.050 inch, 0.025 inch..and 0.015 inch reductions per pass to yield a disc
of about 0.400 inch thick by about 14 inch dianmeter. A quarter of the disc
was cut into 5 four wedges and final anneal ed at tenperatures of 950-1100C
Tabl e 4 bel ow summari zes this processing. Metallographic and texture

anal ysis was conducted on |ongitudinal sections of the plate materi al
(rmeasurenent face parallel to the final rolling direction) and on radial
sections of the forged and rolled discs (neasurenent face parallel to the
radi us of the discs). 10 METALLURG CAL ANALYSI S Grain size and texture were
nmeasured along the longitudinal or radial directions of sanples taken from
rolled plate and forged and rolled discs, respectively. Gain size was

o B A AN A A~ ~—~ B o -




1000 and 950C. However, each of these sanples showed evi dence of Fjﬂﬁgﬁh?d
and/ or unrecrystaliized regions at or near the surface, and
recrystallizati onvgadiiem were reported to be 9899% For pl at es panmesl2esszat
1050, | 100, and 1150C, ASTM grain sizes ranged from5.3 to 3.7, with al
sanpl es being 100% recrystallized. 25 For t%fre round-processed discs, al
sanples were reported to be 100% recrystallized, with the exception of Disc
C anneal ed at 950C Whicthe waswd 99dest exyradted lfioin tregreacGrmipny impuraiss mha&T MclAditg
13 MY 2003 WO 00131310 _17_ PCTIUS99127832 7.' ', 6.1-6.8, and 5.9-5.9
wer e measur ed iamytcheanghasion Samphesacirmeatiset, gan BBB@ﬂO\&@@lOouaaantm@%@e tantalum
respectively. Annealing at 1100C produced grain sizes of ASTM 4.0-4.5. For
bot h processes.pavdgse findi ngs denonstrate that a fully recrystallized
grain scze of 5! Eun or finer is achievable using either the plate rolling
or the billet forgirigepnatesmwatr can @reditet z egnbér 6fi weab swhrealvadigmpe rabeltree aof
from about 950 to about 1050C. Should the unrecrystallized areas b. limted
to only the Surélewen beqi onsingf Geheallpl tt eacutthairitghéy men Wik be enfbvied tpyremove
machi ni ng. Texture Measurenent Technique: A limted nunber of sanples
(chosen based ofubsmatialylany gisted impesied frog) thepeqoeeregdg@thlvnpso as exdbtamehighrpality nglum.
Mount ed and pol i shed sanpl es, previousl: prepared for net al | ur gi cai

anal ysis. were Brfstablyette meltingeoctury i@ adighpyhwum afeh ey |Gapmgr e Areferdhbvate pessaisi d
etch prior to texture nmeasurenent. Orientation Imaging Mcroscopy (OM was
chosen as the neloMotie welet tantalumgs awerlthas the vipecraessiseseof the tmstaliimipguities alvirder foy thess
determ ne the orientation of individua grains wwthin a polycrystalline
sanpl e. Est abl i stradridsesodhrrs gokss aiiontods vatonzag Bre disegter ofitheddast firgacshoudd beves largs
have been unable to resolve anv |ocalized texture variations within the

t hi ckness of:’t hes poasitialpuferatiatgseicaths. 9 ‘4 Hiclikor TheHazadiahygiasyrep a giaitranett yuréice to
sanple was increnentally scanned by an el ectron beam (wthin an SEM across
its entire thichkeows inerfhae Which lesheaces rrifiddidouastsi Inpadditien, shedurgreingot éidmdigyallevsder a
measur enent point was then indexed using a conputer to determne-the
crystal ori ent atsfeaser. anprgirpf @ald hwasia ippiedmpagted gpvihel el flyring peasessiag, rwhing) impreves the
orientations for each data P0|nt w thin the measurenmen grid array was
created. These fRitfitats afche,fngl pradueth Ongertpa masteftmegdgpntgum sengelidpres, (e pegrderdied il
grair 20 orientation maps and calculatin ol e flmwes and orientation
di stribution fureteiaoHsly eERFEye oepmlz,eoml@rf?eragw 9P o heeher Temtlestrprobeam AFogessing
described in reference to the sanpl e-norns coordi nate system That is, pole
figures are st RIS cep at 3 mel ratwrﬁﬁtfroweoue%qogq #hoptsB0R dhsnigr hqup uginge209PGit0e28,000
surface, and the reference direction is the rolllnghéor ,radial) digrection:
li kewi se, ODFs a&Pts af halps0daps: ﬁ@dunmrtawaque& @fef&m fhgut | lgawpﬁbenda? %Paﬂorr More
coordi nate system_ Term nol ogy suc 5 texture" neans

the (111 ) at orff€erfivaiieelhfi lspffoefaé%ﬁ% t%fbp‘gf 6%°rlpeﬁftfée"ea%fé°ﬂp%°§P fogf: O?%‘f?&s
the ( 11 1 pole orlent d to be nornmal) th the surface of,the plate. In
the anal yses, &Wé? APPSOt IRAERT YEHM of rqrs 2k FAB3IOUGK 6] B3 11t respect to the
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o aoont ng. Coxt UPE Byt FOIP Her R TEPRFGE THyR-E e “Rove o regn 8407 1 X

orientation maps, are i mges of the mcrostructure within the sanpl e where
each individual gr ﬁ'ls "color coded " based on its crystall ographic

orientation relative 1:[th B &8, et s‘ég‘“ ﬁ%‘é’hégge t?%mﬁc?&‘c&fl &594 %,%wfgégﬁme high

which it was taken.

det d al the | ty
& were 11t e gs Lo e 'Y fgélugg'g?sénwd BERRR oy el R R e

axes Co the 097 Mot Gefl LFRLRNGL AR AR S OKLEDLAL Ol IRAR, SELNE T,

reveal the presence o ext ure or ien rou ness on
t he product; in Ne I&% I d
grains i denti fi eg@%’és%&émin Hee'mh?pggtg%nmgm y&eé’bﬂgosethél%' u‘l"%\;}gr Al EO?H%F“&
grains with | ow anel e Qral n boundaries. Analysis of the Texture Results:

O M scans were taken al one the thickness of each sanple 15 provided; for
the 0.500" plate sanples, separate neasurenents were made for the top and
the bottom portions of the plate and reported separately. The orientation
maps were visually examned to qualitatively characterize the texture
uniformty through the sanple thickness. To attain a quantifiable
description of the texture gradients and texture bands in the exanple
materlals the rreasured EBSD data was partltloned into 20 20 subsets, with
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through Figures 11 (A and B). The heavy-gauge tantal um pl ate exhiBiMediiihe
nost uni form through-thickness texture; thf only sanple containing texture
bands was that prwoesssth with a slab anneal of 1300C and a fi napcanamsrerab2 of
1000C. In addition. the 0.500" plate materials also had a rel ative weak
(most random texture base on pole figure and'%DF anal ysis. Conpared to the
heavy plate, the 0.250' sheet: contained a slight to noderate texture
gradi ent and somemay{ld&ribreughbutiieshickness ay Beaiirpdby onleryesion prppging MicrpsREEMIr athe s
showed a nore defined ( 111 ) texture in the CDFs and an increased _
promi nence of ( 29GE3ble M@nsTH¥Ityreepadt eosthermerpeackepictlipropesking, the ingat carf betsebiaeigd o rolling
uni formty and banding was found in the forget and rolled discs. Unlike the
met al | ur gi cal prebPerrfereiag progdsses anshet fipe.cnByrmrgerefimicterp Having| high @urdly eaa de geained. The
effected by the use of internediate annealing. For discs A B, and C. each
of which were priigbeydnantgurhhaspe exsellenyiinegrainesiseand/ ert acunifprmedistiibytions (Tap Bigh piiis
texture gradients ranged fromnegligible to strone_ (depending to
processi ng pédr arfetadyms prefgrably ke jag laverage irferygialized gyim @izt gl abowis) emcroms g lggs, georD,
whi ch 15 was worked fromingot to final discs wthout internediate
anneal i ng, the rrexerbisabputdp®hifeans erdess.candendn mers graghsabiyr aput 80 micraohyy lesexRagess o
gradients and sharp texture bands. Simlarly, disc C which was al so forged
f rom unanneal ed Mitdbleaveragarrainhass arirdeftomabpit Loio abeyt X microrst from gpoutzil dpabskidwed
a strone texture gradient and banding in the sanple final anneal ed at 950C.
For disc C, i ncrigsmsntjdfime apeus( o apredp mice¥per at ure to 1100C acted to
dimnish the gradient, elimnated the bands, but 20 strengthening the )
intensity of (100) tdge {?F‘é"l‘(sd‘rﬁb(wréhl*‘?m?ﬁ@sEfe-‘é’l"f"é/é%‘@“-fPffé?ﬁbgﬁ’ésr Waam agles mealiic
anneal ing tenperatures were also evident, but to a | esser degree, in both
the other di$c nEpPEitiesind PEFERbIRE Ppra av/lgss @adé aprmppraese Na ERdoihPPRET less carbon. If a purity
m crostructural and textural observations, the follow ng concl usions coul d
be made regar di ni§vel ofebeisOP Ais frsirdetsan theyesuliipg highopurieyLeatah preferably Bds metallic impuritie:
sputtering targets:; 13 MAY 2003 WO OO 313t 0 PCTNS99127832 - 20For fl at
products, slab affrieat 59 ermer Besutnd Prefarablyei0apimyer ¢fss AolS ene eless N6 @5 prm gElec
is nore preferred) and the final anneal tenperature is preferably kept at
950- 1000C, nore ﬁf@f‘-erably 1000C. The resulting product is characterized as
having a recrystallized average grain size of |less 50 pm and a (100)
i ncremental i ntensi tyY i refRee4o taking fig ipgapng QFpiBed SPHEFTAS leesgn theyfojiyvigg pracest gan be
):( 100)" of Less than -4. % For round processing, billets preferably %re
anneal ed pri or T b grefgoatimeTh-ore SPHGTIE TS BRI PR Py dent3rumgpptal Can be made
i nternedi ate anneal at perform./|evel. Finaf_anneal tenperature is
preferably 950- " Bjpeehanicy oPrirefmicay dfaging i rrrees g e s hiioi sireliin
is characterized, as havi a.recrystall Lzed aver,aifE s%{,ai n size bel ow

S
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Recry. ASTM | 2? alhar; aSs{.l 1cele4?t Qeef%;n}/aégm%ﬂac%e%g Qubsstalm%xglly ur@form recrystallization after the annealing step

immediately following this step as described below. The rolling slab(s) is then annealed in vacuum
and at a sufficient temperature to achieve at least partial recystallization of the rolling slab(s).
Preferred annealing temperatures and times are set forth below and in the examples. The rolling slab(s)
is then subjected to cold or warm rolling in both the perpendicular and parallel directions to the axis of
25  the starting tantalum metal (e.g., the tantalum ingot) to form at least one plate. The plate is then

subjected to flattening (e.g., level rolling). The plate is then annealed a final time at a sufficient



Recry. ASTM Grain Size Recry. 9501 7.0l 986.71 987.0i 986.7~ 98ii PM[AY 2003
| 10006. 5996. 5~ 996. 5~ 991 6.598110504.5" 1005.0! 1004.5i 1005.099F~T,

, 10505. 0~ | 004. 51 W8boH3fy 1004.51 100111111001 4.51005.0! 1004 .poTdsdRks32
4.010011111504.0i 1004.0. 1004.01003.7~ 100Note: ~Llaterial Puritv fvas
99.998 % Ta 13 MAY 2003 WO 001 31310 PCT/ US99127832 Table 3 (con't) Sl~ ab
Anneal Tenperature (C) 1300Gauge of Pl ate Produced from Sl ab. 250". 500" Pl at e
Anneal Tenper at temperfr@ ahdABTMuBicniint z &8Xe laZ @crage AT Wre@f aqual tSowzless than about 150
Recry) 9507. 098 ~6. 79810001 6.5 1996.5 1981 110501 4.5100 15.310010505. 0100

[ 4.51 |00l 11004 mict6©dnd0d ted® lsibSi@ritially @did Q000D Bxtviral HabBd3. Preferablf) n0 Q108)113¢ Hal bandy/AY
2003 PCTI US991 27?832 -23Table 4 BILLET A BILLET B BILLET C BILLET D

PC. VELGHT Annealexiguitie alateldaathencz| needhablicalyroe ellemdtailyG:lednel hgrin7dhd faomgg i@ 5O si@ndr@s0
C Upset Upset Forge Upset Forge Upset Forge Forge 2.5" Thick 2.5" Thick
2.5" Thick 2.5" targst wkingmyaiadired G5OGioANn Hpadalivl 06808 fiveiod ivileoctvn efter the 2Malohinreaal is
Machi ne 'Cl ean C ean Cean Cean 421bs X-Roll to X-Roll to X-Roll to X-Roll
to Gauge Gauge Ghergen Gafeget [EstAOOL 4ok B 'terfinekOE:S radgidHOm SabienCiotaBams ek Shlae,
Cut Saw Cut 10.S | bs/qgtr. QuartersQuartersQuartersQartersAnneal Anneal Anneal
St udyAnr i ea! St ug@yr8trabyoSlorechy & NNEDY ASTIVIRE ME$sG)eGiRAda RISk AR REXUEF 0., flom( bOBIFIPC2
(100% 7.1 (99% 7.2 (100.'0)10006.1 (1009 6.~ (100%5.9 (1009 b. 8

(10099 1050~. 8 ( 108Gt~ 5@°C 1A for @)ibre Ge.£., 1ftbah put./Ohofirlt0 @bcu0y HobBDw.abhicve & 1) iprtibl. ~
(1 00%94.~ (100%d.U ( I 00io)REX = % RecrystalliZ2ation 6.25" Di aneter 6"
D aneter 15" D asretelizatiod 8f tMA¥n2DA3ndD ORF3bB 1R &IdGOling BLraTierde30Ghaiy ambient
Anneal . 1050 Pl ate Anneal 950G aln Sl ze~6 7l ncrenent'’

0. 025" I ncr enment (rdnipgsafed Bl tirt waah rodijng Is aR briflerDHS-0b leh 220 abbOFT0:L56- 0 7331
1271.110 0241.5541. 5430 0150 2791.146-1 4161 1591. 774-0 4371 4811. 3350 1083
271 0861. 1090 9961 DM2thOe®el @RardSridg bi B4 GanBEihlplatd biefddkblly1ths 6dri28ind 1@ a vacuum
8850. 14132. 2942. 73-017141. 4771. 3290. 11150 6071.229-0. 71161 020. 2811

29171. 5360. 6340 BS&BE a7 AldmPRRERr) 83O 2 s ALff9RA-10 achieve complete recrystallization of the
60200. 0971. 051- 2. 38 . 0. 500" PLATE 142Sl ab Anneal : 1050 Pl ate Anneal :

1000G at e Stze: wBudinmueendhg ex@ndd5 thisepmicaion el fotth fuftidO prefefred detailoyith3esBRP@ this

, 495 0 0020 8482.988-1 2630 4123.998-2.2740 3040 676-0. 805D 520 717-0. 3261
1671. 401- 0. 1871 M®8:ing91- 0. 1282 0711 4450. 3692. 0391. 770. 14102

191. 6430. 29111 5410. 3271 55126. 7220. 0914 30134 2280. 1313 47t

41.9041. 4550. 27151 5¥4othar3Gy 0 $4E6]1thg B6RILR3GR) S07spuBE82Qe14 (ival s 8@chanically or

7091. 504- 0. 75190 6150 395. 0 44201 0270 4990 72 PCTNS99| 27832 13 MAY 2003
WO 00i 313~0 15 chemically clean surfaces of the tantalum metal (e.g., the tantalum ingot), wherein the tantalum metal

has a sufficient starting cross-sectional area to permit the subsequent processing as described above.
The next step invalves round forging the tantalum metal intq at least-one rod. wherein the rod has
sufficient deformation to achieve substantially uniform recrystallization either after the annealing step
which occurs immediately after this step or the annealing step prior to cold rolling. The tantalum rod
20  is then cut into billets and the surfaces mechanically or chemically cleaned. An optional annealing
step can occur afterwards to achieve at least partial recrystallization. The billets are then axially
forged into performs. Again. an optional annealing step can occur afterwards to achieve at least partial
recrystallization. However, at least one of the optional annealing steps or both are done. The performs
are then subjected to cold rolling into at least one plate. Afterwards. the surfaces of the plate(s) can be
25  optionally mechanically or chemically clean. Then, the final annealing step occurs to result in an

average grain size of about 150 microns or less and a texture substantially void of (100) textural bands,
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WO 00/ 31310 PCT/ US99/27832 -~ 0 Qther enbodi ments of the present ijgyaptij@n
w Il be apparent to those skilled in the an from consi deration of the
present specificatdeuyifpd practice of the present invention di sctrosedrss2
herein. It is intended that the present specification and exanpl es be
considered as e:cenplary only with a true siéope and spirit of the invention
being indicated by the follow ng cl ai ns. 13 MAY 2003 31 WHAT IS CLAI MED
|S: 1. Tantal unEXaMBLES aving a purity of at |east about 99.995% and an
average grain size of about 75 mcrons or less. 2. The tantal um netal of
claim1, whereilkxempled metal is fully recrystallized. 3. The tantal um net al
of claim1, wherein said netal is at |least partially recrystallyzed. 4. The
tantal um metal of clMNamamous sublhte cjoriuatsesiuced oBWHastialradetanhium Rptidervsach weighing
recrystallyzed. 5. The tantalum netal of claim1l, wherein about 80% or nore
of said metal iabow@et-§09tlbsl. Mpeabemiglly Fralyzed Sorseitabitityme PX999%f Tadteditonk for elgpiranei n
said netal has a) a texture in which a (100) pole figure has a center peak
intensity | ess kepmmeking URepesentativeckomples ol each powder togwverg andlyzgd tyiGloy Dis¢hameg0)
center peak intensities of greater than about -4.0, or c) both. 7. The
tant al um net al MhssEpegiromedry (WRMS B ipewdsnsublio bavingrcoplingd niahiuar(dp), polybdefumpiMabout
0 randomto about 15 random 8. The tantalum netal of claim®6, wherein said
center peak i nt@dgingyen(¥)immnityaouent (s thademwers selbddtfori@eltirgndom 9. The
tantal um netal of claim6, wherein said log ratio is fromabout -4.0 to
about 15. 10. The t alive sglested Te pewdepfublets sermti@n biwivied imiarV -k Hiehdsytopepdice ai s from
about -1 .5 to about 7.0. 11. The tantalum netal of claim®6, wherein said
center peak i nt kawsiengous $0§0rpoundzpbwdar master datchdieh tvas aebivanalyesd byfrlefdhic carfms ai d
log ratio is fromabout -4.0 to about 15. 12. The tantalumnmetal of claim1
havi ng a pufift yPury. Negiho 9ovaBEwastcold dgosriicaly Pregnd) 061P'qd intgrgrpaatleds apprgximately 5.5"-
conprising the tantalumnmetal of claim1. 14. A netal alloy conprising the
tantal um met al 6f" 8 diampteeach Heighingmominalha} 00 ogundo e presserdylogsieere them dagassed Aet al
of claim3. 16. A sputtering target conprising the tantalumnetal of claim
1. 13 NMAY Z00Beagys a1 74509 fopbauesat mypctuay lgest ofebawp 14~ sl0N ¢prt [Fer thianpendtiamnthedess|
of claim6. 18. A sputtering target conprising the tantalumnetal of claim
3. 19. A capaci were cevared yohsnialuinsheetsieprevgpitcaitammarer fpm gie furhage plempents0. A
capacitor can conprising the tantalumnetal of claim6. 21. A capacitor can
conprisi ng the tant alhgffsresedlospwere then sideded imo a 100KBEER furnage dnfl drin mefipd pt 2 rate
conprising the tantalummnmetal of claim1. 23, Aresistive film l,ayer
conpri si ng the CENPMsdhnineeadl" waterspasdprrper Pupiblengdes gjvaqupm desy hamd 0" e Once
conprising the tantalumnetal of claim3. 25. An article conprisi n% at
| east as a conp®PRidt the 1sanlting firstmglvingettwas inyried; punigrs the sapp furpgee.apd regielsd using the
conprising at |least_as a conponent the tantalumnetal of claim6. 27. An
article conpri sifiRf R melingpprameters. Eherdn GHFE RO e 282l erefdnAEmsitedyrthied tipenpus
28. A sputtering target _con;pri sing tantalumnmetal in the shape of a
sputtering tar gt hhvingblapt apelro&rot)d Ib5Mai n si ze of about 50 microns or
| ess and b) a texture in which a Iog‘ r%ttio Ff ( 111 ): 100) center eeak
intensities of great&rYtHaKesAHGhon Hegideyay of heregiltigingat fonghemisal aprlsis Gy Lo
100) textural bapds. . The sputtering. target _of clajm 28 havi n
average grail si@%ﬁﬁe £ eé‘f%‘%‘f”’@%’@' A6yt e W@Fﬁ‘ﬁga gt wﬁ?ggg%dﬂué‘i‘i ng
target of claim28 having a ratio of (111):(100) center peak intensities of
greater than about 0. 31. The sputtering target of claim 28, wherein said
metal has purity, of | east 99.995% tantalum 32. The sputtering target of
cl ai m 28, wher eifi? metal has purity of 99.999% tantalum 33. The
recrystallized.

sputtering target of claim28, wherej aid netal is full

34. The sputtering térpcjﬁfsmg'rE‘@fﬁ&ﬁﬂﬁ%ﬁ%"&ﬁﬁ%ﬁ?@ Ringe-Angy “Pr‘ié’tsﬁz?rz I flapsyspec analysis,
recrystallized. 35, The uttering target.of clajm wherein said net
SCTUTLy 1 eoryot KEqe B S B ol b ol g iR grdiRed by
claim 28, wherein about. 80% or e,of said nmetal .ig fully recrystallized.
37. The sputteri’RG vt é‘étde%‘fn%la’gﬁﬁv 58,W°"\°m8'f’”éi°nppg‘af°a%i‘°oa‘dr%{%Wo?‘fogppr“r 'rh\%bgﬁt
0 to about 15.

particular, the K,TaF; had levels of Nb of 2 ppm or less, of Mo of less than | ppm and of W of less



38. A process for making the tantalumnetal of claiml, conprisi nggrn(g‘ac?ﬁ' ng
a salt containing tantalumwi th at | east one agent capabl e of reducing e
salt to tantal umvamebasisecond salt in a reaction container havipQg/Uasp/27832
agitator, wherein the reaction container or a liner in the reaction
container and the agitator or a |liner on tﬁé’“agi tator are nade froma netal
mat eri al having,the sane _or higher vapor pressure of tapntalum at the i
mel ting point ofantHEURLALAPEMIT S8h sampis. Hf @@E%"W aguit of 33 Moyand ¥ivas balaw 3
salt containing tantal umconprises a potassiumfluoride tantalum and the
agent conpri sesPREbERUIRS ofH200Terecapy w6 ¢l ai m 39, wherein the second
salt conprises sodium fl uoride and/or sodiumchloride. 41. The process of
claim3 8, wherein pFSf thedor ¢ge trpmigrehiodiie: feaif?Tn‘f’%{F}hi‘sﬁﬁat"é’ﬁt"&?ﬂﬁfssﬂéf‘?ja
process conpri SEE‘?F faorm ng an acid sol ution c,or%goi si ng tantal um and

i mpurities and doict peigon deHatelgy X agiaPRionERedt” Moend g % oihg shag and paddles
containing tantalumfromthe acid solution containing the inpurities: apd
crystal lizing t NeIeREIaPr $61 tep Sielded mitai/me ﬁ&kflﬁ*&e&lﬁﬁs&%ﬁmfocﬂaﬁ@# R HRogFq 1
containing tantalum_ 42. The process of claim41, wherein the tantal um and
inpurities are WFIFERIY ore conprising tantalumand inpurities. r 43. The
process of claim4l, wherein the acid solution conprising tantalum and
impurities are for ma“élS‘b‘viaréd?fjb‘f"hfeﬁ‘&“%{bﬁ"éf“g6‘1%?’?‘6??“’9&‘lah“%erdg’élﬁ‘éd%ﬂ%was subjected
conprising tantalum 44. The process of claim3 8, wherein_the reaction
occurs at about SBOERY B HE PresersDYEUTRHTPIiEm & form 1apglum e wdery, dhe fapsplu oviger was
claim3 8, wherein the reaction container_or |liner and the agitator or
liner on the agFfERPEredHid ol ad ey © sHE TR B4 thyn Fetmfirying andjtheg gjreening to -
chrom um iron, nganese, 13 MAY 2003 34 titanium zirconium hafnium
vanadi um téehné%a’ﬁ%ﬂ" rut henium cobalt, rhodium palladium platinum or
any conbi nation thereof. 416. The process of c¢laim45, wherein the netal Jis
ni ckel or a ni ckel - bASEEPIefremp gach harch ‘T‘ﬁéheﬁrsgi%%eg fopr el diseheras massaRst analysit-h&he
metal is chromumor a_chrom um based alloy. 48. The process of claim45,
wherein the met &F° PUS(FERIFs dandd bplpy Mg A8t 8 2gRp sis e ¢ er’ﬁﬁﬂ%ﬁdé&%@ﬂ%ﬁﬂ%*affm
38, further conpri si ngr ecov&ari ng tantal um by dissolving the second salt in
an aqueous sol utiegpMalEprecopEed. nr ocess of claim 49, further conprising
melting said recovered tantalumin a suffi (;i nt vacuumto renove
substantially any existing impurities in saf fecovered tantal um and obtain

high purity tantalum 51. The ocess, qf cl ai Sg\wrei n.the vacuumis
10"i torr or*’more. 52. The pro‘géélg%B?rkg?”é‘fer{’?%ﬁ,pe AN pressure above
the melted recovered tantalumis | ower haﬂ the vapor pressures of
substantially all of the inpurities. 53™Ph8H1BE¥ss of claim 50, wherein
the inmpurities are—+grovetd—py—vaportzation—et—the—+Apurities—5S4—Fhe
process of claim 50,51\593 rrei n sai( nel tijng |§Ma? conplli shed_.by ‘el edf l; beam
mel ting. 55. The |prot8®E of | cl ai®f™0, wherei'®¥aid mel tPHY is| accBM i shied
by vacuum arc rerpett B ecesstHRg—56—h PH-o€£SS- of1et-ad 565 \me+<egi—ﬁ—-t—he
high purity tantdlumis allopwed tp forma soljd and|subj®cted to arolling
: 1 et <4

process, a forging prdcess, |or bolh. 57 The:tantal um al of clagn 1,
wherein the tantal um netal has a Substanti al Ié% finejand ﬁniform <
mcrostructure. §8. The tantal um hetal pf claim 1, wherefn the tantal um
net al has an aver‘age—g+att—st+ze—of—+rom-abeut—25—+o—abeut—+F5: +3—MaY—2003
35 59. A process of making a sputtering tar.l%@t fromtantal um nmetal having a
purity of at |east 99.995% conprising: a) &Rani cal | y or chemcally clean
surfaces of e tantal um al erein t t ant tal . has a sufficient
starting cro 02 seetpnak ,g?elé%twcge;\&\@wpﬁc a’%"tq‘zmgﬁé%%}?&ggﬂﬁéf- by —ftat
forgingthetantalurﬁéW% into | east oné°’rollilng s gf)

ir subs{PBRti al |y
uni f or m r ecr yst al Hzattonr—after N A 1% Step—eh-—ey-rechant-eq ?;%Iyl ot
the at | east one rolling sliab atlda sufficie )

& Ll} 1
" raI L V\hereifﬁﬂgre af
| east one rol ling sI'8B°Has |suf fP&ent Hef olion fto afRFeve
n £ ] 29
chem cally cl ean surfaces of thelzat | east o rollling siab; d) an ng
' t enpler at and for?

anno.n.

5

sufficient tinme tio achi eve |at Ie]a]st pa'tialo‘ 5ecrystalli tionjof t at
| east one rol | i ng~stab—e)—‘ecotd—or—war-mrotng—the—at—t+E€ast—oenre—+ottrg

slab in both the perpendicular and parallel directions to the axis of the
starting tantalumnetal to format |east one plate; f) flattening the at

| east one plate; and g) annealing the at | east one plate to have an average
grain size equal to or |less than about 150 m crons and a texture
substantially void of ( 100) textural bands; 60. The process of claim59,
wherein the tantalumnmetal has a purity of at |east 99.999% 61. The
process of claimb59, wherein the flat forging occurs after the tantal um
metal is placed in air for at |east about 4 hours and fromtenperatures

Y T v 1 . A NN PN PN ~ o~ —— - Y I 1 o



13 MAY 2003 36 conprising: a) mechanically or chemcally clean surfp{msmg
the tantalumnetal, wherein the tantalumnetal has a sufficient starting
cross-sectional aweaos@igpernmt steps b) through i); b) round f oogiusgi7ke
tantalumnetal into at |east one rod, wherein the at | east one rod has
sufficient deformation to achi eve substantidbfly uniformrecrystallization
after annealing in step d) or step f); c¢) cutting the rod into billets and
nmechani cal | y or Asbaarbe ceh inthaecdbewrtatiidien egir fusityesntahfm pdwderlsititable tf@ ;elechon dgni roakak | v
annealing the billets to achieve at |east partial recrystallization; e)

axi al |y forginging 41 s canntebpéared enrdnmiritids )on ot érda af PY99arineetyi cagbd bberinee bf dre s
to achieve at |east partial recrystallization; g) cold rolling the perforns
into at | east omecedizgtsbownamBxampledpti onal |y mechanically or chem cally cl ean
the surfaces of the at |east one plate; and i) annealing the at |east one
pl ate to have akxamplr3age grain size equal to or |ess than about 150 microns
and a texture substantially void of ( 100) textural bands, wherein

anneal i ng océurs at Teadistinchpredesspnafjodapgiésj weps usedt First,699.99%e ppe aoeiss indot was
claim64, wherein the tantalummetal has a purity of at |east 99.999% 66.
The process of ebediwhidhdyaswhigecedno thne algumdbeams giehgtogeaiucesa 8 inelr nanidyl eiameterg
the tantalumr netal to tenperatures of about 370C or |lower. 67. The
process of cl ai mgd Thhaesiwas prachined tiearf ©rajound ! 't ieh kiiameet s1d thdnehedréd ih atrso stoat
anneal ed. 68. The process of claim64, wherein prior to cold rolling of the
perforns, the péfiEriors-Soersailineiagoeeas 6 flaf foegepront esimaolined istb sii4approkiataelyrd
the annealing of the perforns is vacuum annealing at a sufficient

t enper at ur e and ifchrbyd Otinahevithae ol efvgpprozomateit 28 intlz at32dnch) andlBerViz¥ Q601 Bith
70. The tantalumnetal of claim 1, wherein said average grain size is about
50 microns oy | é58HNGl/watdrasntuad Fharedbalvekraunaalgd at [960.i1150. ofd 1800°C @akt valondf 5
99. 995% an average grain size of about 150 mcrons or |ess, and having a
uni form pri mary X 101 Ton) for &xhburs,ehdnhmotiughedt ihe pidn sbdhes 9.50¢ artdhie2 50 ptugd. UThis cold
metal . 72. The tantalum nmetal of claim 71, wherein said netal is fully
recrystallized. r?8ug Tisexcdomplishedivp takitged 4 mEh thickbyn F7ibeh wilebyeiOnnchdong stk bad roliisg
at least partially recrystallized. 74. The tantalum netal of claim 71,

wher ei n about 989%pemendiontae togke isgnt ekina 0400 inch peepasywBainkliez wdle. The plaidreasti@ntadledim
metal of claim 71, wherein about 80% or nore of said netal is

recrystal lized. pABllelThde ingeiiasib end. 1@ inah peyfpass keell. 670 7rikch thickor f1500enghulrick PotbFollingom
99.995% to about 99.999% 77. A sputtering target conprising the tantalum
met al of cl alSm Pere f@e oa gdighdirdabtows aeilingomiplr iEséhy thetpéates avateabliehbpretubipleppasses
claim71. 79. Aresistive filmlayer conprising the tantalumnetal of claim
71. 80. An arti c¥f@.06®imph pes pasgandithen 8424 inglspen pasd s firah adjtstmeents anmneet & fnishedande obf
claim71. 81. Tantalum netal having an average grain size of about 75

m crons or | ess,%-¥fdnchaiaiery 0869 pomplete. ysing g fansthigh| finishingrreliimig triikb sThe iates Fhre then
tantal um nmetal of claim@81, further having 50 ppmor less 2, 25 ppm or

l ess N2, or r 25upptiedde a Finad annggling ariempsratgesebfrem PFbnid St Ger eof . 83. The
tantalum nmetal of claim81l, having 10 ppmor less netallic inpurities. 84.
The tantal um netal of Tt altemaB® prpesss brapn Wil iarRy-95 0% myre Tr Whiels svaOpubjeptsd pptireor
| ess N2, or 25 ppmor |ess carbon, or conbinations thereof. 85. The

tantal um met & offecEPmpIsNgnelts igHspdirhansiagey 2adees bedabgrartior & beingiferzedh diie irgor was
m crons or |ess. 13 MAY 2003 38 86. The tantal um netal of claim 81, where
sai d average graf'fn ©padeforesd psing GRYuPtansors tafodiemes affrapdiiges mpes affpbout 20%
tantal um netal of claim8l, wherein said netal is fully recrystallized. 88.
The tantal um net ZRUCHPD &Y HPnPB PasswhEPBi His SaipEnefipte siock.st gxﬂletp dhsY ' Cpartt ileng) yere
recrystallized. 89. The tantalum netal of claim 81, wherein about 98% or
more of said net&kchingd, pedty §illsty(iabelpdd andB) werpannealed: aa | QPRTGrishite) billsts Goang iDyegdined
wherei n about 80% or nore of said nmetal is recrystallized. 91. The tantal um
netal of clai m 84nanRERlEd-eaxt heibéletfpters uppea foreep taperfasmspf beight ofvhi e biten whitippeyforms
pole figure has a center peak intensity |ess than about 15 random or b%) a
log ratio of 2y 14#n§C ‘(e’ﬂmﬁaleé’eaﬁtl%srm%e%ke PeRiCERicY e en geckgplsdite s thitkasss abdut
-4.0, or c) both, 92. The tantalum nmetal of claim 91, wherein said center
peak intensity i &44% Gidpeisns ob2 SAREERT tRproxaielyt Han Thibwisacepsiplishertiyriskinganultipice
tantalum netal of claim91, wherein said center peak intensity is from
about O to about 10 random 94. The tantalum nmetal of claim91, wherein
said log ratio is fromgreater than about 0 to about 15. 95. The tantal um
metal of claim91, wherein said log ratio is fromabout 11.5 to about 7.0.
96. The tantalum netal of claim9l1l, wherein said center peak intensity is
from about O



r randomto | ess than about 15 random and said log ratio is fromhidhéalr
than about -4.0 to about 15. 97. A sputtering target conprising the

tantal um netal oWWyU4iiP81. 98. A capacitor can conprising t hePt AN 3R Tt
metal of claim81. 99. A resistive filml ay?é conprising the tantal um netal
of claim81. 100. An article conprising at Teéast as a conponent the

o o AP b L G LBl
i i 11 ) i,
s umiform XU Bl B IR gl BIORREUTS WILEKIERS Sl M g o

said tantal um sputtering conponent i spuyt i.ng tar . 103. The
tant al um sputt eﬁgmém%'ﬂ@‘ﬁé‘h "eﬁfpaséqsé’? Pr&loo‘ﬁéf‘ b\}ﬁgr'éﬁ%h‘”@&%gg ’t“émegll‘cﬂ?ﬁs per pass 10
Sputtering conpa m or urities.

nt,. has .50 | ess netallic. i 04. The .
Eont &l um Sputt SPFRE den ARG oL ik R 40T At CRBICh AT BHTDR B Hae
Oz, 25 m or | ess , or. 25 m qQr | ess carbon, ogbi nations thereof,
105. Thgpt ant al gﬁ‘ﬁ §’g!fi’ﬁ &y g %ﬁﬁgﬁéwpﬁ?‘“@f 8‘{)%0‘_%8@? g'h ‘?@E‘@w SERTYRE Bs

metallic inmpurities. 106. The tantal um sputtering conmponent of claim 101,
further having B8°PPM or less Oz, 25 ppmor less N2, or 25 ppmor |ess
carbon, or conbinations thereof, 107. A sputtered deposited film of

t ant al um pr oduced byMF’ﬁ!é%?ﬁ[h‘ftaé‘? feRyrecs Wit COBFUCTES g rAngiEiginaljsgegionsrpfothe plate
tantal um sputteri ng conponent of claim 101, wherein said average grain sjze
i s about 100 mi EPBHY (Brasprement fag@aralighdo fhg fing) @ﬁw&ﬂlﬁﬁwiaﬁ@mtmbﬁrgmnscﬁ the
claim 108, wherein said tantal um sputtering conponent is _a sputtering
target. 110. Th r¥¢3ﬁf’%‘l°ﬂ?ﬂ‘Eiﬁﬁﬁ‘?eéﬁufeﬁ’ﬁ“‘éﬁﬁﬂﬂ%@w‘ft‘ifradﬁsafﬁlﬁ‘i’ﬁﬁ); wherein said
tant al um sputteri ng conponent conprises tantalum having a purity of at

| east ~99. 50%°t ant al um 111. The tantal um sputtering conponent of claim 101,

wherein said tan{ g: ug igtﬁger: 2% ggrrpri ses tantalum having a purity of at

| east 99.99%t a AL tal um sputtering conponent of claim 101,
wherein said tantal um sputtering conponent, conprises tantalum having, a
purity of at |east 9@@8%%%% Tedife meaa"sedmiwg%é@%m% ¥ rﬁﬁawﬁ*ﬁ&%ﬂﬁwm
component conpr (RAES TPRR AP A MR ARpUIFE §oosE s reBe S OGP AHEA e
114. The tantal utteri 0 nent of claim 101, wherein said tantalu
sputtering corrpttji{ggi(?p?%eg?’ﬁIr’}rgl}gr%‘ﬁ?g?%ltﬁ ai‘é?:?%“gﬂ‘gi.‘es?hém ‘éfﬁtpéqdﬁ?ﬁdé’&dg‘? é‘?‘tiaﬂ

conponent” of_ claim,101, wherein.sajd fantal umsputtering conponent is a
Coant part i al Ty TPEG PSS A Tees Gita ¢ RN e B TED B PG OB ARSI o

| ai m 101, wher ej 98% re of  sajd tantal tteri t
< rooryst al |1 zGfeeRgo MgREe vt BROAPS BB PR PEOiboN Rl Grec FAFTR RO oo

wher ei bout 80% . said tantal t erd t is . .
e e ob o pg0o TRE S G APy ThRbh ook e SPRER T ooy
it f f 9.995% t t 99.999% 19. The tant al tteri
C e | TR SR bain R Dt B85 DR
or less. 120. The tant alt&rpag%%teri onent of claim 101, wherein said

.Ng_Cco
average grain si TP S oﬁtresﬁlgn%t%a“éf)’oeln 150 mcrons. 121. The tantal um

comonent combr i ses. tarrd EHTHE ratiTsR e meaR PR e ek R e o
| 22. The tantal u put thdNg one f,claim,10 erein said tant

Sput ter i ng. compr PLLGHE RHCTE RRIRANERS & ey D Hrop L S Bt 3Btk B

Lot or oo AP PR TEN, Ml AL R LD SRS NN,
tantalum 124. The tantal um sputt.er] 0 | ai m. 108 erein said
tant al um sputterélbrf’g %06 %%ﬁgﬁ?eglgé)ﬁtglp %dgggdbt %ﬁﬁ g?‘é}r&n ﬁ%{/hﬁﬁbamas%ﬁrraﬁe\éqﬁop %? w5,

| east 99.999% t a\%@%ﬁs%?npl\%%b]e%g%\‘/o %Q%S:’falﬁzjéd_lﬁ. The tantal um sputtering
, e

conponent of clarm réin saird avérage grain size is about 125

1 | . 126. t ter] i : .
T rore o Lers 120 RS AP ALMBR TSR CAIIRER o, Gl b v

The tantal um spuft Bk SOTROE gr?!bal%fat $§0|@<Lr ghi%f%as 9‘6‘%‘?%%%@3%&?. %&%&%%Jéﬂ%M 7.1-

Sputtering conponent 1s at [east partia recrysta

tantal um sputtering conponent of claim 108, wherein about 98% or nore of
said tantal um sputtering conponent is recrystallized. 129. The tantal um
sputtering conponent of claim 108, wherein about 80% or nore of said
tantal um sputtering conponent is recrystallized. 130. The tantal um
sputtering conponent of claim 108 having a purity of from 99.99S%to about
99. 999%




131. A tantal um sputtering conponent conprising a uniformtextureldMAY 2003
primary ( 111 ) throughout a thickness of the conponent. 132. The tantal um
sputtering conponedti@fzicl ai m 131, wherein said tantal um sput t ercirngss/27832
conponent is a sputtering target. 133. A sputtered deposited fil m of

tant al um produced by a sputtering conponent-ldf claim 131. 134. The tantal um
sputtering conponent of claim 131, wherein said tantal um sputtering
conmponent conpr i &e$. ténrrd L9 Aanerargeasurgsiuin itheydise fsaraples| anpested 999390 9800.aan8 4 PIAE
135. The tantal um sputtering conmponent of claim13l, wherein said tantal um
sputtering conpriepesiveinnimealing iave0ig pradysed graiysize oASTM484.509. 99% t ant al um
136. The tantal um sputtering conponent of claim13l, wherein said tantalum
sputtering conponent Foobrtr preeesses. dreseafindmehaamonsyata thetie ifully redrysteilizbegsit s890085%
tantalum 137. The tantal um sputtering conponent of claim 131, wherein said
t ant al um sput t er pmgr tenpoKEsble osiy ¢iveshe Ent wllngohthe ibitlgt fargmgrpracyss of a preferre

| east 99.999% t ant al um 13 MAY 2003 42 13 8. The tantal um sputtering
conponent of %l afinal a8da] tewperateievf Fam dbounidad thovtd §80°€eShavlf howpenentizddsrdag bl y
recrystallized. 139. A tantalum sputtering conponent conprising an average
grain size of ablimited7doniy the wrfaceaszidneefsheapintt. henthdyfear ba reraovedi bemashinmexed ( 111
) throughout its thickness, which is substantially void of (100) textural
bands. 140. The t ant dlexmyes MiststememgTachniguendntimiofd gératiem of 3@mpleh dehesen tmadddor
tant al unsputteri ngconponent is a sputtering target.141. The tantal um
sputtering conpomeniturgifal csidisnhwdrd Ased itraexaure alysisl Mandted andgplihed sampigs prgyenent
conprises tantalum having a purity of at |east 99.50%tantal um 142. The

t ant al um sput t er pragareddopoergdhutgial amalysis. mele3@nplopdiess a¢xturs santples after being given a heav;
tant al unmsputteringconprises tantalum having a purity of at |east 99.99%

t ant al um 143.0 Thecid @¢it mioumtspu¢ measirergenc oPnrolaemtimedingdVgrosgopB ) IMitvey diosen saiihd
tant al unmsputteri ngconponent conprises tantalumhaving a purity of at |east
99. 995% t ant al unméuidd of kraure amatyais berrisp af tewmique) atldlgypodeantine the oFigitanod 8Dindividua
wherein said tantal unsputteringconponent conprises tantalum having a purity
of at |east 99. 999¥s walt alpolparystiline Tamplet dstelishedtesimiduessucing X oypomeamon diffractior
claim 139, wherein said tantal unsputteringconponent is fully

recrystal |l i zed. 146uld ine teamtmbigrte spoive envi lnglicd ngxome mariatidns ofitinnhd 3ocknesh of 8i n
said tantal unsputteringconponent is at |least partially recrystallized.|47.
The tant al um sputantahimmaiesslsponent of cl ai m 139; wherei n about 98% or nore
of saidt-antal um sputtering conponent is recrystallized.148. The tantal um
sputtering cdAponent bdr the aalysis.3@¢ch (ohreeiamplavauinc80®stally sratned d&f an electron bean
sai dtant al um sputtering conponent is recrystallized.149. The tantal um
sputtering conporfeittin ef SEMapdress 39 enjgh dlrickness:gbe bhcksratien Kduohé paeashganerated for eact
100m crons or |ess. 13 MaY 2003 43 150. The tantal um sputtering conponent
of claim139, whereasursmariipgingyvasi thengndexed; using p eemPuBDIoAeE MRSt prysidlpsientagy.  Frppe
tantal um sputtering conponent of claim 139, wherein said average grain size
is from about 25 €8 saprRiti@ ravsdptadile eesdningthporiepatiopfiontagihiaiprein atthindghederspEIment
conprising a mxed ( 111 )-type texture throughout its thickness which is.
subst anti al | y voigid ¢fray wpoayatade xthereafilenisrgs 25 hsanpurhaa fof ubsequsnthyprredueing ger
conponent of claim 152, wherein said tantal um sputtering conponent has an
aver age grai re0si ZAsemgtioppapsand catyoiatpeolsi{igursy anf eriegtatigmdistribpgien fupgiions (QRFs)-
sputtering conponent of claim 152, wherein said average grain size is about
100 microns or |ess. BBSOnvEREON AS¥UAS ORSTEAHORSt % id?fgnb,eérmorﬁgfwceofo teaiefplggorma
wherein said tantal unsputteringconponent is a sputtering target.156. The

t ant al um sput t er i REFIEHRBGITEN THRY ischoks fgures are "fipndardized” sughcfhat the”origin is normal to the
tant al unsputteri ngconponent conprises, tantal um having a purity of at |east
99. 50% t ant al um 11%?7*’-. surfacs. padnifie, Felrsneh Airacdn in gre ColHRRo19E Mdiads dieptignyyikesyse. ODFs are
wherein said tantal unsputteringconprises tantalumhaving a purity of at

| east 99. 99% t ant AVaypfengd withiesPect it 1Y FRP S PermesPoTAate Si5EIn d RTninsiosy such A PS5 !
wherein said tantal unsputteringconponent conprises tantalum having a purity
of at |east 9% 9J8YH'E anteas tirhthesd! 1) FRmicPianesar A Yl eprienlgd &ootﬁwaﬁé%t(ansfhe (111
claiml152, wherein sajd tantal ungputtering c onent conprises tantalum .
having a purity oPolegenes Drbe G U ST A T BB Th © PSR i SSYtat PP
conponent of claim 152, wherein said tantalum sputtering conponent is fully
recrystallized. 161. The tantal um sputtering conponent of claim 152,
wherein said tantalum sputtering conponent is at |east partially
recrystallized. 13 MAY 2003 44 162. The tantal um sputtering conponent of
claiml152, wherein about 98% or nore of said tantalum sputtering conponent
is recrystallized. 163. The tantal um sputtering conmponent of claim 152,
wherei n about 80% or nore of said tantalum sputtering conponent is
recrystallized. 164. The tantal um sputtering conmponent of claim 152,

A~ ——r
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176. A process of nmking a sputtering conponent fromtantal um netald MAY 2003
conprising: a) nechanically or chemcally clean surfaces of the tantal um
metal , wherein theodanial um netal has a sufficient starting cr®ssus®erisdnal
area to permt steps b) through i); b) round forging the tantal um netal
into at |east one rod, wherein the at |east'bne rod has sufficient
deformation to achieve substantially uniformrecrystallization after

anneal i ng in st &fedeasyied $tBpespeet tocthe gample Ipngitediral diertipht Shemfere.dt wasgRegssary to
mechanically or chemically clean the surfaces of the billets; d) optionally
anneal i ng t he biffsessthe pricaiatipredai fam the lseitudinglitp sAmplg-parmy) SPUAingy HEFBAS P& ot
axially forging billets into prefornms; f) optional]y annealing the preforns
to achi eve at | 8584555857t lexinre ppadysips These Watvrrsﬁ?ndgstedc%noaghrw oficpmPuteh @lggsemsor s
into at | east one plate; and h) optionally nechanically or chem cally clean
the surfaces of the @®inQsigatwtionansy Berived figrgy principies gl presepyine e informalios| in Hy
the at | east one plate to have an average grain size equal to or |ess than
about 150 ni €r of@mahverse Roje figuees.cuipation tmang 41y imagesaighe micrpgortueaithiny thg sample
bands, wherein annealing occurs at least in step d) or f) or both. 177. The
process of cl ai riharygachdsridupingrainjisd‘celamtodsduntasssunt israryferlessnbis raeprtatios rejative to
sputtering target. 178. The process of claim176, wherein the tantal um has
a purity of at [hezefmaddirespy, of tiroplate plediss frsewhictoft wap iaken. 17eGprodyse these imagsy the
round forging occurs after subjecting the tantalumnetal to tenperatures of
about 370C or | 6WeEp! axpsglor eaph grapy (@eiersned eloeg Bp fanginplinalyfiesceqnrpf ghe teyiure gample by
forging the billets, the billets are anneal ed. 181. The process of claim
176, wherein priM) peredied 9portioptnge gansvére dieesfoprsprg aligrethp cafiel wiss Hride normal
anneal ed. 182. The process of claim 176, wherein the annealing of the
prefornms is acieatiamefalel sampeje. aPrieatagert maps FeEYRIo fexenb the presgnes efriekirobands of pradienty
achieve recrystallization. 183. A process of nmaking a sputtering conponent
conpri si ng roundiPeghdghh grickasss a0 uhe meodedt innewalam, peensation mary dave ApeHRY Hege.
said at |east one rod; forging said at |east one rod into at |east one
preform anneal i%f§exwi epingt idengified byopnaical migrescony cewIbF icorgposed of sateral amalk ergjpewith
preform and annealing afterwards. 184. The process of claim 183, Werein
sai d tant al um spoit-erelsgmn kun§sotfent is a sputtering target. 185. The process

of claiml| 83, wherein said forging is axially. 186. The process of claim
183, wherein said rowﬂﬂbsgﬂmmg?ﬂsmr@bd SEEF WelR tplep @leas the fhiclpges efgack sample
sputtering conponent conpri si g; 13 MAY 2003 47 radi al forging a tantal um
netal ; forgi by sHEpdietaint e PrA0feplate sappiess separdie areasustoinighers Bkrdg fog thedprjand the
tantal um netal ; and annealing said tantalumnetal. |188. The process of

cl ai m 187, wher ef°Hom8 agrtens afhaplaprdpencried epiptdbnponent is a sputtering
target. 189. The proc%ss,of claim 187, wherein said sputtering conponent
has no textural (100)/"H&Henation ggwps YRS Yalbesamied dp GUpHIANTY BITRGIERN, the g gure
sputtering conponent has a uniformtexture_of mxed or_primary ( 111 )

t hr oughout the tHERHESEORh e S2EpE THgFg TR GRYb feAtantifiaple. deacripripn: gk the pipxture
maki ng a sputtering conponent conprising flat forging a tantalumnetal; .
anneal i ng sai d t 4AHSISEAT FEtgbands gy the ﬁ@mgafname%fhamﬁ%wt%sﬁdﬁ&aavaapwt&t@ B
sheet; annealing_sajd plate or sheet tg achieve_a tantal um netal h@ving

textural ( 160) BaROES grachirpresringdsys Serepeiohflepty thrapping tickasss o Paifm um
Wher ein sai d_f oEESEh(TEPRER i orsn OB YoF St Wit Aisc-nind O A L SAEEa ey
Sputtor | ng. CompoRBED ST CH WP B BB CTRELHSBURE. anth BT HOPReEsEs
o e or ort mars s, BB S NGRS kot Vel D LIS B R
195, The prOcessls.g{aa%{e?ietg].,]ﬁﬁérias et Fond Gof A Rh (1BoRPut {81 12% SOTRRNE bn

is a sputtering

25 these publications are incorporated in their entirety herein by reference. The texture gradients were

then described graphically by plotting the (100) and (111) intensities. as well as the log ratio of the



13 MAY 2003 48 196. The process of claim 194, wherein said cold dddi6rliBar m
wor ki ng conprises subjecting said tantalumnetal to rolling and/or forging
processes. 197. Wooopincess of claim 194, wherein said tantal uRCTE$8R78AAS a
purity of at |east 99.50% 198. The process of claim 194, wherein said
tantalum metal has a purity of at |east 99.99%tantalum 199. The process
of claiml194, wherein said tantalumnetal has a purity of at |east 99.995%
tantal um 200. TRE:(htldce gdunstioncdepth of the 4ampigh ehheserresulis are gea frrhlinubigwies afA HePS a
purity of at |east 99.999% tantalum 201. The process of claim 191, wherein
said flat forgi tgoughpigures!1dbautB62% strain reduction, or an equival ent
reduction in area of about 3:1. 202. The process of cIa|n1191 wherein the
rolling inparts a st Fheihsavyeeduge tanghimoplate peuhite S hegmostomiformiyaropghebiglengss agxtud; &t m
191, wherein the rolling inparts a strain reduction of about 94% 204. The
process of cl ai nnly Sampleenteiaing taxivee bendserds ithagpregesssdwgth plsiab enngyl of HOBIC dnd adina a
tenperature of about 950-1050C. 205. The process of claim 187, wherein said
radi al forginfg iamsarof $08Noun 288%6ns the §iSA0'y aleimetetats alorhagp redayue weakgmpst random
reduction in area of about 8.5:1. 206. The process of claim 187, wherein
sai d forging af tiexurg bag¢ an pélefigiragnd PPEranglysh bumpsadsosthe Agamy pledutse 030" ShEFF.
The process of claim 187, wherein said rolling inparts about 84% strain
reduction. 208. cmhénqdradéieksso obdegdtatertnie gradiepiand spme evidencernf aexfurabpndinia. eAlsg died
rolling is at a tenperature of 950-1050C. 209. The process of claim 170,
wher ei n sai d t arthieigange pletessshowesl agerg dejord. (1 11 @xuikliethp OBEeand anincishsad promipgnce of
wherein said tantalumnetal is a 12 inch nom nal dianeter ingot. 13 MNAY
2003 49 211. Thdl@.ocess of claim 176, wherein said tantalumnetal is an
ingot. 21 2. The process of claim 176, wherein said tantalumnetal is a 12

i nch nomi nal 1di anet eh¢ grepsast vapiatglity Trrermsobseyrs wiformina nh ba8ihig wek équad in theaforgec
tantalumnmetal is an ingot. 214. The process of claim 183, wherein said
tantal um netal i2sd golied disgsc Hinbibgrihe aeradingioa treapetting dfte. tex2ur of fPraed prdoroledsdissp was
claim 187, wherein said tantalumnetal is an ingot. 21 6. The process of

cl ai m 187, wher eiffacteddiydhe usnefantermediete ainedlisg.aF o dis¢spls B. proirf. pash otvighev s Proeeret .
217. The process of claim 191, wherein said tantalumnetal is an ingot.

218. The processwigfong prtvmintgmediaghanesling seps.dhe texiera Badenretaged from aegiigibjerie brong
nom nal diameter ingot. 219. The process of claiml 94, wherein said

tantal um met al i @erarflingrig otocessipparamseery) ik slight off apy aibending 4 Howpwsr, dorrlis &), evhich
tantalum metal is a 12 inch nom nal dianeter ingot.

CA(. AYF. AfF. 1 . Awquworqud fgm ingot to final discs without mtermedlate annealing, the resultant product

. AS. AF. AT (. A(r. ANY. A@l . Af Y. AS. A. Af . A. Af 3R&. AN . o ) _

5. Aa. Aa. Ay{. A@ AENEREHES. dparralalﬁ strng mxqu_grwnwandr\(ierpwmmbanﬁq SFirpilarlx, diged-, Afhich

. AL. AR A(% AuR rs*VL >?2CJ

“ju~yt oj d_zZU] ca] Baﬂaéaf%wé]f@@]ueweaéﬁdéé]e&w e eRpedrioRarera rdifecalso showed a strong
aJca]ca]cal] c

a] ca] ca] ca] ca] calc¥uF eufien2edbepéing Balccareiafins prrg el 2 OHARMNK Wie F) inweasias Hediagic
a]ca]ca]ca]ca]ca]ca%ca]ca]ca]ca}ca]ca]ca]ca cal ca}yL

a] ca] ca] ca] ca] cajed claTesgtera]te al 'O c afteda ] Allreiasng mrdiepn/gliRinated the bands, but
grr |vq|gb]X]c]ca]caéaa]ca]ca]ca]cA cal ca] ca] ca] c” %pa]ca]ca ca]ca]ca]ca]c
a] ca] ca] ca] caf cajeeagt ]“éa‘]“’cﬁ]“’@ﬁ]vc%ﬂ d8§)cigxtare rompoient- g Fowe S HFUBYRIS incrgasing Hnal
Y--.|..../1/}xsnid_ Z]c] ca]ca

a] ca] ca] ca] ca] caf®sylied] e@ﬁi’?éﬂf%‘&‘j’&ﬁf%]d@&] t&‘é‘f’ééisé“é}i?ﬁéﬁec‘af’@ﬁ}hé&]hé%ﬂ‘%e‘ﬂ]a@&]ﬂé%i]d
aJca] ca] ca]ca]ca! /[ x// A0O 1q11 222C334h44Y66) 777E889' 93979F9:

<7=>} xsni d_2z] c] ] hafeeyy supeRd 1%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] ca] ca] cal >?7?? CCCCDDx DD5EF. GNGGHwW
HHCI | 11 <JJ1L<LHL} xsni °*2]tEﬂ ]ﬂt?éﬂ%%f}%%i]%%}%&’f%&%i?&]ﬂﬁ%‘fdﬁj Elprigg Ca1ICRR U b
]ca]ca]ca]ca]ca]?w%fg%fa]ca]ca]ca]ca]ca]ca cal ca] ca! HLTLcLgLL#M-MMVBNN

Ot 00 QQ RRbSS/ T: (RRRDSERYR BTRF<ISing o Wﬂ%&]‘ﬁ%ﬂ‘%}!ﬂ&%ﬂf@&]ﬂ&g&?c

aJ cal cal ca]ca]ca]lca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalc

al XXMYY" ZZZZR[ [\ \\ T] MV, aaj cc) dddddef ggi oi i } xsnid_Z] c]]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]ca] ca]ca]ca]ca]ca
Jcalcaliij

j kkal gl I ImJmmnsnnRppg49qqqqqqqr Yrrsosst {vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] c*a
] cha] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
,altett &uu9vvwf wwRx\ xxyfyyyyyyz{||}}}~~~~P| wnmhc”Y] c]]ca] ca] ca]ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

caljcal P\w aj | 7_d&Nv/ q1{vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca! 1=I N a+0O+azl|wm
gb] W] c”a] ca] ca] cha] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
~a] ca] ca]ca] ca] ca]ca] cal ca]calc al qGS_dsP: $f;
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Q [} xsnid_Z]]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l la]Mgi] (u:a] C

a] ca] ca] ca] ca] ca]wapwapom] ca] ca] ca] ca] ca! [ ###$1&( 1*=*@ +-/ 111] ISB/UBB]' 8288

9A9} xsnid_Z] ] ca]ca]ca]ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj?fa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

aJ calca]ca! A9999V: . . C'M

A <<<<==t =A>M>P>@ACCCEGY ITNA Brodusiey skebranngal Jqmpesaures peferablide aqt Exepedal] 68F 6 WP it a

cajc

a] ca] ca] ca] ca] ca] ca] cafwsrReefpecd) wathedPe apeaeRreaTcapelpeykeag 8- RORKLLOLL

Wk<<==t =A>M>P>@\CCCEGQIJIWJJJI XK} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ¢ a] ca] ca] ca] ca] ca] Ewregiera)ly 400%) JHT tea g Pecd< ]chascieted Ay kedPEA] ca’ rsi K-

10% &

10% & 8 S 10% & () - 10%ENERlgErooR s g(a)mssFazblw&O em-agya 9f)gncrementy) igerpsity of less

s10% & ()- 10% & ()- yS 10% & ()-10% & ()- @10% & ()-3 10% & () -

s10% & ()-L 2 >f G F s1@ands randgm angoglog rtic-of o ox(kD0) yLless hapst @ ()- f 10% & ()-S

(10% & ()-s10% & ()->?@\BCJ \ bCF s10% 109%&' ()-S9 10%& () - &Fnl0%& (2- 10t

10t 10t: 10% & () - ss; * 1095 ®ufd precessing,ptjstsprederabog ase appgd ey tqfermger)dro ling into
109 ()-'10% ()-1 g 109%& (z‘ $Lg109%& () - uZgdEbCF s10% " 109%&' () -

109 ()-Y 109%&' ()- f 1O%Ee Pythqot iwmr(wtﬁf%@w&meal Agsriermder E%%nea' temperamre is

F.109& ()-S, 109 ()- “*y 10%& é 109&' ()- f&z 109& ( _E

$109%&' ()-i +i 2345dYNCF ﬂ@%bln 00013 @dwmrifyratéy 5 $048°Q- ) The reguitimggprqdpct is

characterized as having a recrystallized average grain size below 50 um, and a (100)

10 incremental intensity of less than |5 random and a log ratio of (111):(100) of less than

—4.0.



L2 10%& ()- 90 10%&' ()-5AMM\ dEYNCF s10% Y 10%&' ()-F 13 MY 003
109& () - $9f 109& () - 109& () -, &4109%& () - &FMLOY%& ()- U+$dEYNCF s10%

109& ()-1 109& ()Wb o0od@fk ()-3"109%& ()-Y 109 ()- 109%& ()-$1ngcy{gg;g@gp%
y 10%& ()- 10%& ()-3 109%& ()- @O%& ()-f"109%& ()- 109%& ()- TvUJEYN

$10% ,,"109%& ()- 9*109%& ()-Y F(10%& ()- S&2110%& ()-F

“$109& ()-1"' 100& ()-Lp>?@E:/ 10 10 7 109%& ()-5"100& ()- | 4109%& ()-
2109& ()- 0 109& ()- . 109& ()- @\W]XY:/ 10 10% & () - 3%&@L0% & () -

10% & ()-f10% & ()-, 9GL0% & () - & mL0% & (Tpble3 10VUWRIE: / 10 f 10% & ()-F
10% & ()- 10% & ()-MO% & ()- s10% & ()- S 10% & ()-R dE:/

Metallurgical Characteristics Process

Slab Anneal 1050 1150
Temperature (°C)
Gauge of Plate 250" 500" 250" 500"
Produced from
Slab
Plate Anneal AS % ASTM | % ASTM | % ASTM | %
Temperature (°C) | TM Recry. | Grain | Recry | Grain | Recry. | Grain | Recry.
Grain Size Size | Size
Size
950 70 | 98 67 | 98 70 | 98 67 - 98
i i 1 |
1000 6.5 99 65 99 6.5 * 99 6.5 98
i ' | )
1050 45 1 100 50 ! 100 45 | 100 50 © 99
E I i !
1050 50 .« 100 45 . 100 50 ' 100 45 1 100
l | | I
1100 45 @ 100 50 ' 100 45 ' 100 40 - 100
| | | !
— 1150 40 | 100 40 . 100 40 ' 100 3.7 i 100
Note: Matrerial Purirv was 99.998 % Ta




10 7 10%& ()- z 10%& ()-Y 10% & ()- 109% & ()-10% & ()~ 10% & (hrwwv a3
8II" " n""dE:/ 10 @"10% & ()- L*10% & ()- Y(10% & ()- f&z 10% & ()-1 8y
109 & ()-""10% & (WO bearsw=$$980@E: / 10° 10" 7 10% & ()-6"10% & (prrfhsssnrssz
10% & ()- 2 10% & ()- &010% & ()- 3.10% & () - WRIRYAYBIRG XY: /
10°3"10% 0& ()-3 10% 0& ()-10% 0& ()-$- 10% 6% () - &10% 0& () - % 10% 0& () -
100G "' (~((*aB:/ 100 10% 0& ()-!#S'109%J0J0& ()-1 z 10% o0& ()- 10% o0& ()-Y
10% 0& ()-Y z 10% 0& ()-**,,Y--.dB:/ 10 !2940%0& ()- & 10% o0& ()- 3.

10% 0& ()- @"10% 0& ()- s$ 10% 0& ()-y""10% 0& ()-.|....... / bC

10" !, &GLOY& () - &1 109& ()- 10' 0 10' 0 10ahie BcddVb 0& () - 6"10% 0& ()- 4

10% 0& ()-///x// AOOdEBC 10°! f 109& ()- f 109& ()- S

109&' () - 10%& () - $&S10% () - 109&' () -0 1qgll:

Ml Uk () - 0% () -
10% ()- y 109 () - Slab Anneal Temperature (°C) 1300
Gauge of Plate Produced from 250" 500"
Slab

Plate Anneal Temperature (°C) ASTM | % ASTM | %
Grain | Recry. | Grain | Recry.
Size Size

950 7.0 98 6.7 98

1000 6.5 99 6.5 98

1050 | 4.5 100 5.3 100

1050 5.0 100 4.5 100

1100 4.5 100 4.0 100

1150 4.0 100 3.7 100




109%& ()- 10%&' ()-F 10%& ()-Y66) 777E88dELC 10" 6" 10%&' ()- 4 109%&

2109%&' ()- &010%&' ()- . 109%& ()-,,"10%& ()-89999' 93979F9bC

10" %.g10%&' () -, 10%W& dopra@. Y10%&' () - S&LO%&' ()- 10 10 107 10%&' ()pcrassyyr7siz
<7=>?dEbC 10 "Z10%&' ()- 109%&' ()-f"10%& ()-1 10%& ()-3"109%& ()-F

10%&' () -?7??( @ABJELC 10" 3. 109 ()-@"109R3()- L* 109%& ()- Y( 109%& ()- f&
10%&' ()-F s$109%&' ()-BBzZC CQ\C] G CuCCh@ 10" ! y9 10%00&' ()-y9

10%j & ()-&YmM0% o0& ()- 10 10 10 7 109%& (L abde'4 0o (%-CCCDDXDD5EdEb@

101 & 10% 0&' () - S10% o&BILLET A1BHAER R ) BIL1§F (g RILLETD PC.WEIGHT

10% 0& ()-y10% 0& () - 5EF. GNGGHWHIEb@ 10" | 10% o0& ()- 10% o0& () -

210% 0& () -10% o0& ()-! 1098l () - Anneaop olnannealagiHdinanneaiad) Sdbs
10" 1 f, mM'10% o& ()-, *@ 10980d%' ()100€f10% o0& () -, y&10% o0& ()-$
10% 0& ()-"F"10% o0& ()-J1L9L: L; L<LHLTLcLbC

10" !1'$° S109%& ()-s310%&' ()- @l 109%& ()- 10'o 10' o 10' 0&96: 10% 0& ()- @. S
10% o0& () - cLgLL#MrMWIBbEPI® || Unsgofores Upsst Fpopsig, ppet Forge

f 109& ()-3"10%& ()-2C334h44Y6aBbC 10" s$ 10%& ()-!6l1""10%& ()- {5,_”1‘@%3()-

7" Long

Forge

2.5" Thick 2.5" Thick 2.5" Thick 2.5" Thick 6.25"
Diameter

Anneal Anneal

1050C 1050C

Machine Machine Machine Machine

Clean Clean Clean Clean 42 lbs 6"
Diameter

X-Rollto X-Rollto X-Roll to X-Roll to

Gauge Gauge Gauge Gauge

0.400" 0.400" 0.400" 0.400" 15"
Diameter

Saw Cut  Saw Cut Saw Cut Saw Cut 10.5 Ibs/qtr.

Quarters  Quarters Quarters Quarters
Anneal Anneal Anneal Study Anreal
Study Study Study

ANNEAL ASTM
TEMP(°C) GRAIN

SIZE
(REX)
950 7.1 (100%) 7.2(100%) 7.1(99%) 7.2 (100%)
1000 6.1 (100%) 6.5(100%) 5.9(100%) 6.8 (100%)
1050 5.8 (100%) 5.9 (100%) 5.9(100%) 5.9 (100%)
1100 4.5(100%) 4.5(100%) 4.5(100%) 4.0 (100%)

REX = % Recrystallization



109 ()- y 109%& ()- 109%& ()-, 10%&' ()- MBNN Ct OO QaBbC 10°!Y 13 MAY 2003
109 ()-!S"109%& ()-Y 10%&' ()-F 10% ()-F 109& ()-3 S

10%& ()-i QQ RRDSS/ TaBbC 10°! . 10%& ()-,,"109%& ()- F( 10%& ()- & 109& ()-

s$ 109 ()- !y"" 10M@OOEIPT: TTUi UUUUUAYNC 10! 10 10 10 8 PCT/US99/27832
1098 () - &6" 10%& ()- 34 109%& ()-Y @10%& ()- 010% ()- UUUUUWMIEYNC 10!
110% & ()-1 z 10% & () -

%4.510% & ()-Z10% & () - @ F10% & () - % 1(;%0%.. % IWY' ZdEYNC 10°! z
109 & ()-"10% & ()-F 10% & () - E(V&'é‘ 9
10% & ()-"ZZZZR[\dEYNC 10°! £ Og 1% ’te)a' "95900/‘ & ()-Y

10% & ()- S10% & ()- z 100/&'() \\\T]’\V ra'” 10°

10% & ()-6"10% & ()- 3. 10% & ()-S, " 109 %Ee(“)?”t Ok02fov & () Y(

10% & () - aaj cxV7/ 10°1 z 109& ()-! "10%]& 83 Y
incremen (111) ) In(ratio)
1 1257 1.908 -0 42
2 0703 1456 -073
3 1127 1.11 002
4 1.554 1.543 001
5 0278 1.148 -1 41
6 1159 1.774 -0 43
7 1481 1.335 010
8 327 1086 1.10
g 0996 1072 -0.07
10 2337 1.634 0.36
11 4 81 1.011 156
12 3321 2 885 0.14
13 2.294 2.73 -0 17
14 1.477 1.329 0.11
15 0 607 1.229 -0.71
16 102 0.281 129
17 1.836 0.634 Y
18 1771 4.277 -0 88
19 1057 1.921 -0 60
20 0.097 1.051 -2.38

- 0.500" PLATE 142
Slab Anneai: 1050 Plate Anneal: 1000
Grain Size: 6.5
Increment: 0.025"

Increment (111) (100) In(ratio)
1 3502 3495 T o000
2 0 848 2.988 4128
3 0412 3.998 -2.27
4 0 304 0676 -0.80
5 052 0717 -0.32
6 1167 1.401 -0.18
7 1493 1.691 -0.12
8 2071 1 445 0.36
9 2.039 1.77 0.14
10 219 1.643 0.29
11 1 541 0.327 155
12 6.722 0.091 430
13 4228 0.131 347
14 1.904 1.455 0.27
15 1514 2136 -0.34
16 1 366 1.26 008
17 1388 0 904 043
18 0 709 1.504 -0.75
19 0615 0 395 . 044
20 1027 0 499 072



g 109%& ()-$s@O0%& ()-,410%& ()- %r10%& ()- 10'jcc)dddddedE7/ 10°|

)]/-'(')'(;/é‘OC(VG)&' ():3 10% ()- 10% ()- 1 10% () | famay 203
()-1"10% ()-defggioiiiiidYNC 10° 10 10 10 ,8y 10%: ()- 96" 10%& ()-
| 10% ()-y," 109 QOPI3G 100%& ()-iij jkkal dEYNC 10'1 F @ RS

10% & ()-LG'10% & ()- F 10% & ()- SGLO% & (Js5- S
é(ioo/%/d&'&(%;&rr%o%% ((&)E;al gl | ImImmdEYNC 101 Y 10% & ()-
( "()-,3z "()-F, 10% & ()-910% & ()-3 F10% & () - nnsnn
10° | . 10% & ()-f,"10% & ()-1 $ 10%&0‘{")F§‘-)$"'F51U% & ()9%10% &Bﬁj;)?FEYNC
10% & .()' g4q9qqqqqqqbC 10° | s X0 Aing3l- &YAL0Pdage fYneal 010000t 10t 4MIO% &' () -F
210% & ()- 010% & ()-qqqqr YrrdEbC 10" | Gradl O &6 0) - 10% & () -$LT10% & () -
10% & () -nml0% & ()-F10% & () - r sosst etricikBiEat. 19025"

Increment (111) (100) In{raho)
i 17886 1286 Q33
2 1745 0 433 1.39
3 1948 0.782 0.91
4 3232 2.3 034
5 2892 3 517 -0 20
B 1.061 3701 -1.25
7 3 501 0.522 190
8 1026 1.944 -0 64
9 4 783 0.608 206
10 2.402 0 535 150
11 3087 2.547 0.20
12 0 859 2 571 -110
13 2585 0 897 1086
14 0872 2.955 -1.22
15 1439 128 012
16 1.657 2.131 .0 25
17 1.395 1 765 -0.24
18 2 506 1.105 082
19 1 541 1 381 011
20 0 593 1696 -1 08

- 0.500" PLATE 141
Slab Anneal: 1300 Plate Anneal: 1000
Grain Size: 6.5
increment; 0.025"

Increment (111) (100) in(ratio)
1 1577 3039 -0 66
2 1125 1032 0089
3 1007 1824 -0.59
4 2.001 0698 1.05
5 2.091 2,748 -0.27
6 4 892 1.906 094
7 0.886 4.338 -1.58
8 6 052 0.882 1.893
g 3.392 0.317 2.37
10 2177 1.376 0 46
1 343 2.973 0.14
12 3.628 1.589 083
13 3458 0637 1 69
14 2.095 1 368 043
15 1 869 1.023 060
16 1371 2228 -0 48
17 2032 1,143 0.58
18 1949 1754 0.11
19 2175 3521 -0 48

5002 2.802 060

n
o



1,"10% /& ()-3 s10% & ()-910% & ()-3 10%&'()- 10% & () - MY 2003
10% & () - t&uuu9vvwdEbC 10°1 1Y $@10% & ()-@" & 10% & () - @0%&'(}-£‘
Z10% & ()-F 10% (}% F_310% & () - wi wwRx\ xxdEbC 10°1 | @10% & () -

LO" 10% & () - Sf, R s*g10% & ()-1 (10% & ()-Y f&10% & () - RETPSHyA7§32bC
10°1 ! GLOY&' () - &3100/&'() 10/ 10/ 10/ 8 10% &5 )-f &6"10% & () -

10% & () -yyz<{{||zX9bC 10" @A0%& ()-'F 10%& ()-!P G'10%y& ()-!
G'10%t& ()- 109 ()-!$I 109 ()-g|}}}~~~}[9bC

10" !, #&810%&' ()-!, #&B10%&' ()-! QS " 10%&'0(250" RLAGDIED( ) -1 10%& ()-!Y

10%&' () -~~~ ~!~(~. ~pS1bC Siab Anneal 1050 Plate Anneal 1000
I, #&810%& () - & #&B10%&' ()-) 76!, #&8109&' ( prabn HEBIDIR' () -!, #&810%&' () - . ~4~<~B
~C~E~G-pS1bC Increment 0 0125"
I, #&810%& () - & #&810%& ()-) ?6!, #&B10%&' ()-!, #&810%&k' ()-!, #&810%&' () - G-J~N~-Q
~R~T~V~pSle Increment (111 (160) in(ratio)

, H&B10%&' () - &, #&B10%&' () -) ?6!, #&810%&' () 324#&810‘%&7 ()-! 0#&810%&' ()-V~-Y~\~
~ ~b~d~pS1bC 1411

, #&810%&' () - & #&B10%&' ()-) ?6!, #&810(@4 () qazgt&slo’%() ! 1%?810%&' ()-d~i ~m-p
~q s~u~pS1bC . 73 8

 H#EB10V& () - & #&810%& ()-) 26!, #&810% () -J1 #&81098" () - 1 (AEB10%&: () - u~x~{ ~~
~~~~I0T3bC ! 7 5 245 4.266 021
@3 g10% & () -, #&B109&' ()-) 76!, #8810%&s () - s H&B10%eg ) - | , #&BLOYE' () - ~~~~~~~
2bC | @NLF109% & ()- NLF10% & ()- NLF1096 & (98sNLFL100%& () - NBE109% & () -

@31z10% & () - ~~~~~~~ 77 bC ! 10 8 531 1.082 2.06

@N1F109% & () - NLF10% & () - N1F109% & () -'NLF109%8& () - Nﬁ:lO% &%) -) 2pE~~~~= zZ: bC
| @1F10% & () - N1F10% & () - N1LF10% & (11' N1F13% & ()Y 1|:10(92 ()-)?pE zZ:bC !
@NLIF10% & () - NLF10% & ()- NLF109% & () -NIF1Go¢& () - 100/& )-) ?pE

" &+05zZ: bC !

@N1F10% & () - NLF10% & () - N1F10% & () 1N1F101,°/1ﬁ75?&' () k100 80) - ) ?PE568<AFKzZ:
bC ! 17 055 4.066 -2.00

@ILF109% & () - NLF10% & () - NIF10% & () -INLF109&' () -NEF10% &5() -) ?PEKLMNOP\ W] 5
RL @Y10%"& ()- @ 10%"& ()- @Ynid% " & |-

' 10" 10" 10" NLF10% & () -) ?pE| al D7{Z9sRf®  ©3 Tase Tz

0.250" PLATE 1258
Stab Anneal" 1150 Plate Annealr 1000
Grain Size: 65
increment: 0.0125"

Increment (111) (100) In(ratio)
1 4 159 2.577 — 048
2 6 06 0.27 IN
3 4,407 0.964 152
4 2.336 1.175 069
5 2023 2155 -0 06
6 3.733 2.081 0 58
7 4117 2.131 0 66
8 4.718 2.721 0.55
9 5387 2.604 072
10 2.876 5519 -0 65
11 4 952 2 886 054
12 412 3 362 020
13 2782 1.715 047
14 0949 4.93 -1.85
15 1108 4.827 -1 47
16 1 3157 -115
17 2.357 6.294 -0 98
18 0 846 10 654 -2.53
19 1628 5.369 -119

n
o

0 866 4 458 -1.64



@T y"10%"& ()- @f"10%"& ()- Tf"10%"& ()- @ "10%"& ()-! "10%& ()-
"10% " & ()-7_ |obU4 @/mm%&'() (10r"10r"10r" v |."10%"& ()- "13IMAY 2003
|."10% " & ()- "10%"& ()- | y"10%"& ()-d|[:bU4 @G 10% & ()-
@"10% & ()- @ 1 3130 @910%&'() @L0% & ()- @F10% & () -gMilsoi Ko
@@ 10%W& ()- @ -10%W& ()- GBLOWE& ()- @ 10M& ()- @ 10%& ()-

@O0% & ()-Nv/g|[:bl4A @@ . 10%& ()- @,," " 10%& ()- @ $ 10% & ()-
@1""10%& ()- @y 10%& ()- @ 10%&'() q /01= INvU4 @s10%" z& () -

@s310%" z& ()- @ml0%"z& ()- 10"10"10j

@"10% & ()-Na+|[:vUA @ @ 10% @ z10%" z&
@10%"z& ()- @ 10%"z& ()- %cfé%”‘ggza& !ZE'FO [‘é‘a‘()‘%@@s 10%" z & (§) @
@"10%"z& ()-@ @ @10%"z& ()- @, 10(Vq" 510%2"2&' (- @
Glo%z"z& ()-+az|[:vU4 @ @@2f 10%"z&'{ 10%z"z&'() @@

10%2"z& ()- @, 10%"z& ()- @z 0°/<z'l'“ z& (& O/<z"z 4“)0 zlvU4 @&
10%" & ()- @mO% "& ()-10z"210z zi P %;4 7& ' ‘@L6Z" 10%" 2& () -
@Y4@ 10%" z& ()-Aq|[:vU4 @@" 10%" "11292%"&' 8))9 Ff"10%"& ()-
@\ 3"10%"& ()- 3"10%r"vé& ()- @10% ":& () OeDEFGS a4 -@O310%HE () -

@LOYXHE' () - 1O#r " #10#r "#10#r " # S, " 1086 " #&81() - Q.73 103
5 1938 3.585 -0 61
6 2302 3179 -0.32
7 5221 1 661 115
8 3636 2.6 0.34
9 2 982 1083 101

10 6 161 0322 285
k! 7 636 0623 251
12 7 336 0 46 277
13 4415 6.945 -0 45
14 237 1953 019
15 2516 3636 -0 37
16 199 1976 001
17 2.696 0.769 125
18 3155 §.257 -0 51
19 4 558 0.879 1.65
20 1788 0 595 110

0.400" FORGING 950A
Billet Anneal. 1050 PreformAnneal. 1050
FinishAnneal 850  Grain Size: 7 1
Increment; 0 020"

increment (111) (100) ingratie) -
1 2127 6 911 -118
2 4 289 4 447 -0 04
3 3421 4.819 -0.34
4 3 065 4.67 -0 42
5 3 879 4 672 -019
6 2133 5309 -0.82
7 8 206 1.239 189
8 9 086 057 277
9 9615 0425 312
10 10 558 1.57 191
i1 12 83 0.883 2.68
12 9 168 2.094 148
13 8 395 2.002 143
14 11 219 3.961 104
15 2512 31.816 -0 42
16 5044 4613 Q09
17 3898 6 144 -0 48
18 2.297 6 159 -0 99
19 5796 6 809 -0 16

20 2799 672 -0 88



S, "10%"& ()- f"10%r"-& ()- _dsP|[:vU4 @@ @ 10%#& ()-@ @ 10085@%(2}]“3
1109%#& ()- @ 109K#& ()- @9S10%H& ()- @10%#H& ()-:$|[: v
109%#& ()-@ @" 10%H& ()- @ 109#& ()- @109%#& ()- @y 10%HE& () -
@ 109%#H&' ()-f; | [WOMM#lox#lox#@ @410%H8&' () - @ S210%#& () PCIPsY27832
10968 ()- @1. 109#& ()- @," 109%#& () - gTeX7NA4 1 3 10%r"*& ()- @
"10%"& ()- @ s10%"& ()- @10%"& ()-'y, 310%& ()-! @, 310% "r"& ()-U [NA4
10r"10r"10r" @O%"& ()- @ "10%"& ()- @10%"& ()- @10% &()- @
10% " & ()-%@Ms|[: NAd 10 @ 10% F Jr,@g%g% - @@/10%5 & () -
@S10%G G& ()- @ Z10%6 G& ()- “‘}g@ ? 0% 109G
G&() 1096 G& ()- 10%6 G& () - /
el -/ 41096 G& ()- - 10%G 8&2‘5{‘ ””eaJA(%O A%?P%%& ()-" 1096 G& () - 10%G

‘tX<410(%10%5 G () - 109G G& () 1096 G& () - 10%65
T1096 G& () -1 10%6 G& () -, ~~>t X<41094.096G 1096 G& () - 10%65
' 10%6G G& ()- Ao  AJ]l LOAE"LE)rBié ey ?)535110 g@ (Jr=y %G G& ()-" 10%G
T109%6 G& () -1 109%6 G& ()- 1096 &8 ()s1gh N 044RUG G& ¢)g ~ 10%G
10%6 G& ()- - 10%6 G& ()- ' 10%6 G& {376 Ao8s soAJ] F* 04096 G& ()-" Ao8
4G G& ()- 10%6 G& ()- 10%G G&' (}- 100487 G&' (§ 953! & _2010%6 GR10%G

1096 G& ()- 10%6G G& () - 10%G &8 ()32460%C ©B3() - * 10%G

" (/ 6<ACl _?010%G G&10%G G& () - &0%3 () - 16 G- £ 10%

10%G G& ()- 1 10%6G G& ()- I NT[] 9071%;8/@ G&itﬁm G& 35 10%6G

T10%6 G () - 10%G G& () - 10%G () OO/G °() - °u| } A%.0%G

“Ao8  AJ] 10%6G G& ()- " 10%G G&' (- 5 10/@ ()-" _?210%G
10%3 G& ()- 10%6 G& ()- 106 & (),19159%3 0 - 1098 G& ()-° 10%G

- }aE) 10%6 G& ()- 10%G G& () - 10%C GRéif) - Apde AJ] 10%5 G& () - 10%G
1 PLO%G G& ()- 1010%G G& ()- 010%G G5 () - 4096 G&-()3  10%5

- 1096 G& ()- 10965 G& () - ~A>P10%G GERDYG 6&8(4) 1098 G& () - 109G
- 10% G& () - Ao8 AJ]_P10%G GRI0%G TGS () - 108G Gy 8)7 1096
- 10%6 G& () - 109%6 G&' () - 1096188 ()377] Nzlo%@%f’e& () 300G G& ()- 109G
- 10%6 G& ()-10%6 G& ()- " Ao8, A.J]ﬁ e gsaz AJ] 10965
1096 G& ()- " 10%6 G& () - 10%G,88 ()g e 2109 fm G&Ofg 1096
- 109G G& () - 109G G& () - 10%32@3& ()44630%6 &801() - L.ad?10%G10%6G
- 10%6 G& ()- A8  AJ] 109G G& () - 10%5 G& ()- "gK+l0%S G& ()- 10%6G
- 109%6 G& () - 10%6G G& () - 100/&; UG do - 10%6
™ #(, 26bBgK+10%5 GlO%G ] % g ' 10%G G& () - Ao8
@?JP gK+10%6 GLOYG G () cy ge w0 () $10%6
1096 G& () - PQRSUVXfJ*+1 9 :

a%o 109G G& () 1095
1096 G& ()-""Ao8 AJ]XY[\"_ dF*+1 %;“8%2 “UA08  AJ] 10965 G& () - 109G

10965 G& ()- 109G G& N x| _2+1096G 1096 G& () - 109G
109G G& 8 109G G&- 8 JO%E"I(E,E ()J“?a sgggﬁ&c{ﬁgﬁﬁ%’}mlo% & 8 * 109G

&38?3@83_5@&383_&38%@@%%@@%&&@@&&E%%@@%&

- Ao8 3.214 6 069 -0 64
3 2,869 6.976 .0 89
4 1.901 8 405 074
5 4.737 3 069 043
& 7163 4 567 045
7 797 2.348 122
8 15 184 0 506 140
g 18 894 0058 579

10 16 416 0084 528
11 12.528 0 215 4 Q7
12 13 644 1074 2 54
13 9.229 1.141 2.08
14 4 285 6858 -0 47
15 2 067 4102 -0 69
16 3938 4 881 -0.21
17 3391 10 311 -1 11
18 5302 6 265 -0.17
19 5.755 6 608 "0 14

20 4701 8 166 -0 85



AJ] 10%6 G& ()- 109G G& ()- | P10%G G&' ()- 1010%G G& () - 010%G G& ()-

G&' ()- 10%6 G& ()- 10%6 G& ()- 10%G G& ()- ~">PlO%G G&10%G G& ()- 1bMMY 2003
G& ()-" 1096 G& () %?0%3 G& ()- Ao8 AJ]_P10% GRI0%G G& () - 10%G

G& ()-" 109G G& ( Q938 () - 1096 G& () - 10%6 G& () - j N210%G GR'T(UsIsrbeRG
G& ()-10%6 G () " 10%6 G& ()- 10%G G& ()- " A88 AJ]N310%G G& () - Ao8

AJ] 109%6 G& () - 1096 G& ()- 81096 G& ()- 10%6 G& ()- #3RvU5 ULO%n m& ()-

)_

10%n &' ()- | %6 T10%n & ()- L410%n & ()- & mo%n me ()- 10G GLOG GL0G

GRWKYZ[\] aE) UL0%m n& ()- UL0%m m& ()-)?T UL0%m n& ()-0 UL0%m n& ()-

UL0%n m& ()- UL0%m m& ()-]”_ a~bB) UL0%m m& () ULO0%m m& ()- UL0%m m& ()-)?T
) -

U10%n m& ()- U10%n m& ()- UL10%m n&' () AL UlO%n m& U1o%m m&' ()-) 2T
U10%n m& ()- UL0%n m& ()- UL0%n m&' ( F 084 0fF) UL0%N m& (
UL0%n m& ()-)?T U10%m n& () - U@@l%ﬁ\rmaal( )N/Auwmrnwrwal MDY m&' () - _?)
UL0%n m& U10%mn m& ()- UL0%n 1 RINShANEEO BAD MECF91A SBEO%m &’ () - U10%m & () -
UL0%m n& ()-Y=) UL0%m nm& UL10%n m&' ()-' )2emdb0o%2& ()- ULO%m m& () -
U10%n m&' ()- UL0%n m& ()-U9) U10%m UL0%n m&' ()-)?T UL0%m n& () -
Increment (111) (100) In(rauo;

1 1.836 9.65 -1 68

2 4 837 7.584 -0 45

3 5785 5.354 0.08

4 1 468 10 287 -1 95

5 0781 17 101 -3.09

6 8 097 9.559 -0.17

7 18 984 1 486 255

8 25 471 0.166 5.03

9 31 554 0 083 6 39

10 29.911 0075 599

1 25 475 0 055 614

12 21.407 1494 2.66

13 6 505 2.777 085

14 0 085 1.665 -3.24

15 D 052 4.2 -4.39

16 0528 9.288 -2 87

17 1122 8 954 -2.08

18 2.67 8.715 -1 18

19 5137 8.222 -0 47

N
o

1453 10 944 -2.02



U10%mn n& ()- UL0%m n& ()- ULO%n n&' ()-fF) UL0%m UL0% U10%n n&' ()-) Pitey 2003
UL10%m m& ()-U UL10%n n&' ()- UL0%m m& ()- UL0%m m& ()- !U9) Ul0%n

U10%m m& ()-) ?T u o me' ()- UL0%m m& ()- UL0%m m& () - PCT/US99/27832
UL0%mn m& () - ! 9& " ‘?JlO%n U10%m m& ()-) ?T UL0%m m& ()- UL0%n n& () -
UL0%m n& ()- ULO%m n& () . 4: >BCDU9) ~ U10%r®10%m m& () - n) ?T UL0%m m& () -
UL10%m m&' ()- UL0%m m& ()- UL0%m m& () - DEFGHI NfF) UL0%n U10%

UL0%m n& () -) ?2T% ltegmmbaiinienis|df tie @epanimreqton WUL Bspparsit (o) those skilled in the art from
UL10%m m&' () - NRX\ bcdU9) ~ U10%m UL0%m n& ()-)?T UL0%n n& ()- UL0%m nm& () -
UL0%m m&' () - Wnodamtiokbfthe presgitispeoaisgriotdrdmcticlo Odnpraseht(iyvetRT diski@edherei. (1)is
UL10%m m& ()- UL0%m m& ()- ULO%m n& () - osw{ U9)

intended that the present specification and examples be considered as exemplary only with a true

scope and spirit of the invention being indicated by the following claims.



UL0%n UL0%m m&’ ()-m 2T UL0%n n&' ()- UL0%m & ()- ULO%m m&! () -

UL0%n & ()-fF) UL0%n UL0% UTO%m M () -) 2T% UL0%n m&' () - U ULo%mn me: (3 UAY 2003
UL0%n n&' ()- UL0%m m& ()-U: - 10m m UL0%n n& ()-)?T UL0%n n& ()- UL0%m n&' ()-
UL0%n n&' ()- ULO%m m& ()- Ba@Omm ~10%K & ()- " 10% ()-! 10% 0 0& ()-

$f 100K & ()- @109 & ()-10m mmiOm mBP| [: @Om m S10%& ()- L@O0% & ()-
S10%X & ()- S10%& ()- S109%K & ()- ~10% & ()-ai qybB@OM m y#10%K & ()-
y#109X & ()WHAEISSLAINED IS5100X & ()- 109K & ()- SL0%K & ()-yyY9o@om m
YH100K & ()- YH#109%K & ()- yH#L109WX & ()- y#109%K & ()-)? = y#10%K

& ()-yYo@om m y#10% & ()- y#10% & ()- y#109K & ()- y#10W & ()-)? =
yH#109K & ()l yYI@@hmmyl D966g8 fuyity ofiat 098¢ abowt)99. 995080 af’ avhrage/#hiiR0GLe&F( ) - ) ?
= y#109% & ()-y] AGLOM m y#10%K & ()- y#10%K & ()- y#109%K & ()- y#109%

& ()-)? = about75 microns or less.

2. The tantalum metal of claim 1, wherein said metal is fully recrystallized.

3. The tantalum metal of claim 1, wherein said metal is at least partially recrystallyzed.

4, The tantalum metal of claim 1, wherein about 98% or more of said metal is
recrystallyzed.

5. The tantalum metal of claim 1, wherein about 80% or more of said metal is
recrystallyzed.

6. The tantalum metal of claim 1, wherein said metal has a) a texture in which a (100) pole

figure has a center peak intensity less than about 15 random or b) a log ratio of (111):(100)
center peak intensities of greater than about -4.0, or c) both.

7. The tantalum metal of claim 6, wherein said center peak intensity is from about 0 random
to about 15 random.

8. The tantalum metal of claim 6, wherein said center peak intensity is from about 0 random
to about 10 random.

9. The tantalum metal of claim 6, wherein said log ratio is from about -4.0 to about 15.

10.  The tantalum metal of claim 6, wherein said log ratio is from about -1 .5 to about 7.0.

11.  The tantalum metal of claim 6, wherein said center peak intensity is from about 0 random
to about 15 random, and said log ratio is from about -4.0 t‘o about 15.

12.  The tantalum metal of claim 1 having a purity of from 99.995% to about 99.999%.

13. A metal alloy comprising the tantalum metal of claim 1.

14. A metal alloy comprising the tantalum metal of claim 6.

15. A metal alloy comprising the tantalum metal of claim 3.

16. A sputtering target comprising the tantalum metal of claim 1.



y#109%X & ()-z"B@Om m y#10%X & ()- y#109%X & ()- y#10%X & ()- y#lO%ﬁ f{MAY) mhj’
= y#LI0MX & ()-~bF* y#10%X & ()- y#10%X & ()- y#109%X & ()- y#109%X & (%)~
y#109X & ()-)? = y#10%X & ()-$%& ~bF* y#10%X & ()- y#10%X & ()- y#10%X
& ()- y#10%X & ()- y#10%X & ()- y#10%X &2()-)7? =" (, 7BLZvV6* y#10 y#10%X
& ()- y#10%X & ()- y#109%X & ()- y#109X & ()- y#10% & ()-)? =Z[ kvzZ: * y#10
y#L0MX & ()- y#109X & ()- y#109%X & ()- Yy#1l0%X & ()- y#10UX & ()-)? =zZ:*
y#10 y#1097&' (A sputerhaogeger conprising hesdntiuf) metghofOboh €' () - y#109X & ()-)?
=zZ:* y#10 y#109%X & ()- y#109%X & ()- y#10%X & ()- y#10%X & ()- y#10%X
& ()-)? = -lI8F* A sputtering target comprising the tantalum metal of claim 3.

19. A capacitor can comprising the tantalum metal of claim 1.

20. A capacitor can comprising the tantalum metal of claim 6.

21. A capacitor can comprising the tantalum metal of claim 3.

22.  Aresistive film layer comprising the tantalum metal of claim 1.

23. A resistive film layer comprising the tantalum metal of claim 6.

24. A resistive film layer comprising the tantalum metal of claim 3.

25.  An article comprising at least as a component the tantalum metal of claim 1.

26.  An article comprising at least as a component the tantalum metal of claim 6.

27.  An article comprising at least as a component the tantalum metal of claim 3.

28. A sputtering target comprising tantalum metal in the shape of a sputtering target having

a) an average grain size of about 50 microns or less and b) a texture in which a log ratio of

(111):(100) center peak intensities of greater than about -2.0, in the substantial absence of (100)

textural bands.

29. The sputtering target of claim 28 having an average grain size of from about 25 to about

50 microns.

30. The sputtering target of claim 28 having a ratio of (111):(100) center peak intensities of

»

greater than about 0. /

31. The sputtering target of claim 28, wherein said metal has purity of at least 99.995%
tantalum.,

32. The sputtering target of claim 28, wherein said metal has purity of 99.999% tantalum.

33. The sputtering target of claim 28, wherein said metal is fully recrystallized.

34. The sputtering target of claim 31, wherein said metal is fully recrystallized.

35. The sputtering target of claim 32, wherein said metal is fully recrystallized.
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48.  The process of claim 45, wherein the metal is iron or an iron-based alloy.
49. The process of claim 38, further comprising recovering tantalum by dissolving the
second salt in an aqueous solution.
50. The process of claim 49, further comprising melting said recovered tantalum in a
sufficient vacuum to remove substantially any existing impurities in said recovered tantalum
and obtain high purity tantalum.
51. The process of claim 50, wherein the vacuum is 10™ torr or more.
52. The process of claim 50, wherein the pressure above the melted recovered tantalum is
lower than the vapor pressures of substantially all of the impurities.
53. The process of claim 50, wherein the impurities are removed by vaporization of the
impurities.
54. The process of claim 50, wherein said melting is accomplished by electron beam melting.
55. The process of claim 50, wherein said melting is accomplished by vacuum arc remelt
processing.
56. The process of claim 50, wherein the high purity tantalum is alllowed to form a solid and '
subjected to a rolling process, a forging process, or both. -
57. The tantalum metal of claim 1, wherein the tantalum metal has a substantially fine and
uniform microstructure.
58. The tantalum metal of claim 1, wherein the tantalum metal has an average grain size of

from about 25 to about 75.
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b)  flat forging the tantalum metal into at least one rolling slab, wherein the at least
one rolling slab has sufficient deformation to achieve substantially uniform
recrystallization after annealing in step d);
¢)  mechanically or chemically clean surfaces of the at least one rolling slab;
d) annealing the at least one rolling slab at a sufficient temperature and for a
sufficient time to achieve at least partial recrystallization of the at least one rolling slab;
e) cold or warm rolling the at least one rolling slab in both the perpendicular and
parallel directions to the axis of the starting tantalum metal to form at least one plate;
f) flattening the at least one plate; and
g) annealing the at least one plate to have an average grain size equal to or less than
about 150 microns and a texture substantially void of (100) textural bands;
60. The process of claim 59, wherein the tantalum metal has a purity of at least 99.999%.

61. The process of claim 59, wherein the flat forging occurs after the tantalum metal is

placed in air for at least about 4 hours and from temperatures ranging from ambient to about

]

1200°C. /

62. The process of claim 59, wherein the cold rolling is transverse rolling- at ambient
temperatures and the warm rolling is at temperatures of less than about 370°C.

63. The process of claim 59, wherein the annealing of the plate is vacuum annealing at a
temperature and for a time sufficient to achieve recrystallization of the tantalum metal.

64. A process of making a sputtering target from tantalum metal having a purity of at least

99.995%,
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has sufficient deformation to achieve substantially uniform recrystallization after
annealing in step d) or step f);
¢)  cutting the rod into billets and mechanically or chemically clean the surfaces of the
billets;
d)  optionally annealing the billets to achieve at least partial recrystallization;
e)  axially forging billets into performs;
f) optionally annealing the performs to achieve at least partial recrystallization;
g)  cold rolling the performs into at least one plate; and
h)  optionally mechanically or chemically clean the surfaces of the at least one plate;
and
i) annealing the at least one plate to have an average grain size equal to or less than
about 150 microns and a texture substantially void of (100) textural bands, wherein
annealing occurs at least in step d) or f) or both.
65. The process of claim 64, wherein the tantalum metal has a purity of at least 99.999%.
66. The process of claim 64, wherein the round forging occurs aftc;ar subjecting the tantalum
metal to temperatures of about 370°C or lower.
67. The process of claim 64 wherein prior to forging the billets, the billets are annealed.
68. The process of claim 64, wherein prior to cold rolling of the performs, the performs are
annealed.
69. The process of claim 64, wherein the annealing of the performs is vacuum annealing at a

sufficient temperature and for a time to achieve recrystallization.
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72. The tantalum metal of claim 71, wherein said metal is fully recrystallized.

73.  The tantalum metal of claim 71, wherein said metal is at least partially recrystallized.

74. The tantalum metal of claim 71, wherein about 98% or more of said metal is

recrystallized.

75. The tantalum metal of claim 71, wherein about 80% or more of said metal is

recrystallized.

76.  The tantalum metal of claim 71, having a purity of from 99.995% to about 99.999%.

77. A sputtering target comprising the tantalum metal of claim 71.

78. A capacitor can comprising the tantalum metal of claim 71.

79. A resistive film layer comprising the tantalum metal of claim 71.

80. An article comprising at least as a component the tantalum metal of claim 71.

81. Tantalum metal having an average grain size of about 75 microns or less, and having 50

ppm or less metallic impurities.

82. The tantalum metal of claim 81, further having 50 ppm or less O,, 25 ppm or less N, or

1

25 ppm or less carbon, or combinations thereof.

83.  The tantalum metal of claim 81, having 10 ppm or less metallic impurities.

84. The tantalum metal of claim 83, further having 50 ppm or less O,, 25 ppm or less N, or

25 ppm or less carbon, or combinations thereof.

85. The tantalum metal of claim 81, wherein said average grain size is about 50 microns or

less.
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89. The tantalum metal of claim 81, wherein about 98% or more of said metal is
recrystallized.

90. The tantalum metal of claim 81, wherein about 80% or more of said metal is
recrystallized.

91. The tantalum metal of claim 81, wherein said metal has a) a texture in which a (100) pole
figure has a center peak intensity less than about 15 random or b) a log ratio of (111):(100)
center peak intensities of greater than about -4.0, or c) both.

92. The tantalum metal of claim 91, wherein said center peak intensity is from about 0
random to less than about 15 random.

93. The tantalum metal of claim 91, wherein said center peak intensity is from about 0 to
about 10 random.

94. The tantalum metal of claim 91, wherein said log ratio is from greater than about 0 to
about 15.

95.  The tantalum metal of claim 91, wherein said log ratio is from about 11.5 to about 7.0.
96. The tantalum metal of claim 91, wherein said center peak Iintensity is from about 6
random to less than about 15 random, and said log ratio is from greater than about :4.0 to about
15.

97. A sputtering target comprising the tantalum metal of claim 81.

98. A capacitor can comprising the tantalum metal of claim 81.

99. A resistive film layer comprising the tantalum metal of claim 81.

100. An article comprising at least as a component the tantalum metal of claim 81.



10% m& () -*hDyX710 ##3v"yF 10% n& ()-*yF 10% n& ()-*yF 100/m e ()

10% m&' () - *#3v" cGyX710 ##yF 10%r nm& ()-*#3v"yF 10%m m&' () - Mw 2003
10%mr m&' ()-*yF 10%tr m& ()-*yF 10%n n& () - gG]X?lO ##tyF 10%m n&' ()-*y

10%n m&’ () - *#3v" yF 10%n m&’ () - *yF 10% rrgL yF 10%n m& () - * & '>yx710 #yF
10%n m& () -*yF 10%n m& () -*yF 10% m& (¥ *#3v"yF 10%n m&! () - *

109 m& () -*&0139?F_?yX710 #yF 10%m m& ()-*yF 10%r m& () - *yF 10%n & () -
10%m mg&' % < "

Tovan me: () 2pEA E&M%&Mﬁ%ﬂé@% %ﬁﬁﬁ%@‘% éiﬂrﬁmns
10%m m&' 0%

109 e 8" 3. %%1‘ Eg%‘e)fésf Qﬂi‘?@%«a{%f nég %ﬂ E%Q;m@éem

Lo e E%‘Mﬂfg A w%ég-?{%é“ﬁ‘a%»%@l R W‘F%“%%B%m%yp
10%n m&' () - *yF 10%n] m&ﬁg 10%m m&' ()-*yF 100/m e, () *#3v"yF

109%r me: () SRHRRPRHNIE2 33 {,lpg rget.

103. The tantalum sputtering component of claim 101, wherein said tantalum sputtering
component has 50 ppm or less metallic impurities.

104. The tantalum sputtering component of claim 101, further having 50 ppm or less O,, 25
ppm or less N, or 25 ppm or less carbon, or combinations thereof.

105. The tantalum sputtering component of claim 101, having 10 ppm or less metallic
impurities.

106. The tantalum sputtering component of claim 101, further having 50 ppm or less O,, 25
ppm or less Ny, or 25 ppm or less carbon, or combinations thereof.

107. A sputtered deposited film of tantalum produced by the sputtering component of claim
101.

108. The tantalum sputtering component of claim 101, wherein said average grain size is
about 100 microns or less.

109. The tantalum sputtering component of claim 108, wherein said tantalam sputtering
component is a sputtering target.

110. The tantalum sputtering component of claim 101, wherein/ said tantalum sputterin’g
component comprises tantalum having a purity of at least'99.50% tantalum. _

111. The tantalum sputtering component of claim 101, wherein said tantalum sputtering
comprises tantalum having a purity of at least 99.99% tantalum.

112. The tantalum sputtering component of claim 101, wherein said tantalum sputtering

component comprises tantalum having a purity of at least 99.995% tantalum.
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115. The tantalum sputtering component of claim 101, wherein said tantalum sputtering
component is at least partially recrystallized.

116. The tantalum sputtering component of claim 101, wherein about 98% or more of said
tantalum sputtering component is recrystallized.

117. The tantalum sputtering component of claim 101, wherein about 80% or more of said
tantalum sputtering component is recrystallized.

118. The tantalum sputtering component of claim 101 having a purity of from 99.995% to
about 99.999%.

119. The tantalum sputtering component of claim 101, wherein said average grain size is
about 50 microns or less.

120. The tantalum sputtering component of claim 101, wherein said average grain size is from
about 25 to about 150 microns.

121. The tantalum sputtering component of claim 108, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.50% tantalum.

122. The tantalum sputtering component of claim 108, whereinl said tantalum sputteriné
comprises tantalum having a purity of at least 99.99% tantalum.

123. The tantalum sputtering component of claim 108, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.995% tantalum.

124. The tantalum sputtering component of claim 108, wherein said tantalum sputtering

component comprises tantalum having a purity of at least 99.999% tantalum.
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component is fully recrystallized.

127. The tantalum sputtering component of claim 101, wherein said tantalum sputtering
component is at least partially recrystallized.

128. The tantalum sputtering component of claim 108, wherein about 98% or more of said
tantalum sputtering component is recrystallized.

129. The tantalum sputtering component of claim 108, wherein about 80% or more of said
tantalum sputtering component is recrystallized.

130. The tantalum sputtering component of claim 108 having a purity of from 99.995% to
about 99.999%.

131. A tantalum sputtering component comprising a uniform texture of primary (111)
throughout a thickness of the component.

132. The tantalum sputtering component of claim 131, wherein said tantalum sputtering
component is a sputtering target.

133. A sputtered deposited film of tantalum produced by a sputtering component of claim 131.
134. The tantalum sputtering component of claim 131, wherein said tantalum sputtering

component comprises tantalum having a purity of at least 99.50% tan}alum.

135. The tantalum sputtering component of claim 131, wherein said tantalur;m sputtering
comprises tantalum having a purity of at least 99.99% tantalum.

136. The tantalum sputtering component of claim 131, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.995% tantalum.

137. The tantalum sputtering component of claim 131, wherein said tantalum sputtering

component comprises tantalum having a purity of at least 99.999% tantalum.
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component comprises tantalum having a purity of at least 99.995% tantalum.

ﬁ

144. The tantalum sputtering component of claim 139, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.999% tantalum.

145. The tantalum sputtering component of claim 139, wherein said tantalum sputtering
component is fully recrystallized.

146. The tantalum sputtering component of claim 139, wherein said tantalum sputtering

H

component is at least partially recrystallized. /
147. The tantalum sputtering component of claim 139, wherein about 98% or r;lore of said
tantalum sputtering component is recrystallized.
148. The tantalum sputtering component of claim 139, wherein about 80% or more of said
tantalum sputtering component is recrystallized.

149. The tantalum sputtering component of claim 139, wherein said grain size is about 100

microns or less.
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about 25 to about 150 microns.

152. A tantalum sputtering component comprising a mixed (111)-type texture throughout its
thickness which is substantially void of (100) textural bands.

153. The tantalum sputtering component of claim 152, wherein said tantalum sputtering
component has an average grain size of about 150 microns or less.

154. The tantalum sputtering component of claim 152, wherein said average grain size is
about 100 microns or less.

155. The tantalum sputtering component of claim 152, wherein said tantalum sputtering
component is a sputtering target.

156. The tantalum sputtering component of claim 152, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.50% tantalum.

157. The tantalum sputtering component of claim 152, wherein said tantalum sputtering
comprises tantalum having a purity of at least 99.99% tantalum.

158. The tantalum sputtering component of claim 152, wherein said tantalum sputtering
component comprises tantalum having a purity of at least 99.995% tantalum.

159. The tantalum sputtering component of claim 152, wherein ,said tantalum sputteriné
component comprises tantalum having a purity of at least 99.999% tantalum.

160. The tantalum sputtering component of claim 152, wherein said tantalum sputtering
component is fully recrystallized.

161. The tantalum sputtering component of claim 152, wherein said tantalum sputtering

component is at least partially recrystallized.
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tantalum sputtering component is recrystallized.

164. The tantalum sputtering component of claim 152, wherein said average grain size is

about 50 microns or less.

165. The tantalum sputtering component of claim 101, further comprising a backing plate.

166. The tantalum sputtering component of claim 108, further comprising a backing plate.

167. The tantalum sputtering component of claim 131, further comprising a backing plate.

168. The tantalum sputtering component of claim 139, further comprising a backing plate.

169. The tantalum sputtering component of claim 152, further comprising a backing plate.

170. A process of making a sputtering component from tantalum metal, comprising:
a)  mechanically or chemically clean surfaces of the tantalum metal, wherein the
tantalum metal has a sufficient starting cross-sectional area to permit steps b) through g);
b)  flat forging the tantalum metal into at least one rolling slab, wherein the at least
one rolling slab has sufficient deformation to achieve substantially uniform
recrystallization after annealing in step d);
¢)  mechanically or chemically clean surfaces of the at least one rolling slab;
d) annealing the at least one rolling slab at a sufﬁciel}t temperature and for ;1
sufficient time to achieve at least partial recrystallization of the at least one rélling slab;
e¢) cold or warm rolling the at least one rolling slab in both the perpendicular and
parallel directions to the axis of the starting tantalum metal to form at least one plate;
) flattening the at least one plate; and
g)  annealing the at least one plate to have an average grain size equal to or less than

about 150 microns and a texture substantially void of (100) textural bands;
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172. The process of claim 170, wherein the tantalum metal has a purity of at least 99.50%.
173. The process of claim 170, wherein the flat forging occurs after the tantalum metal is
placed in air for at least about 4 hours and from temperatures ranging from ambient to about
1200°C.
174. The process of claim 170, wherein the cold rolling is transverse rolling at ambient
temperatures and the warm rolling is at temperatures of less than about 370°C.
175. The process of claim 170, wherein the annealing of the plate is vacuum annealing at a
temperature and for a time sufficient to achieve recrystallization of the tantalum metal.
176. A process of making a sputtering component from tantalum metal, comprising:
a)  mechanically or chemically clean surfaces of the tantalum metal, wherein the
tantalum metal has a sufficient starting cross-sectional area to permit steps b) through i);
b)  round forging the tantalum metal into at least one rod, wherein the at least one rod
has sufficient deformation to achieve substantially uniform recrystallization after
annealing in step d) or step f);
¢) cutting the rod into billets and mechanically or chemically clean the surfaces of the
billets;
d)  optionally annealing the billets to achieve at least partial recrystallization;
e) axially forging billets into preforms;
f)  optionally annealing the preforms to achieve at least partial recrystallization;
g)  cold rolling the performs into at least one plate; and

h)  optionally mechanically or chemically clean the surfaces of the at least one plate;

and
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annealing occurs at least in step d) or f) or both.
177. The process of claim 176, wherein said tantalum sputtering component is a sputtering
target.
178. The process of claim 176, wherein the tantalum has a purity of at least 99.50%.
179. The process of claim 176, wherein the round forging occurs after subjecting the tantalum
metal to temperatures of about 370°C or lower.
180. The process of claim 176, wherein prior to forging the billets, the billets are annealed.
181. The process of claim 176, wherein prior to cold rolling of the preforms, the preforms are
annealed.
182. The process of claim 176, wherein the annealing of the preforms is vacuum annealing at
a sufficient temperature and for a time to achieve recrystallization.
183. A process of making a sputtering component comprising round forging tantalum metal
into at least one rod;
annealing said at least one rod;
forging said at least one rod into at least one preform;
annealing said at least one preform;
rolling said at least one preform, and
annealing afterwards.
184. The process of claim 183, wherein said tantalum sputtering component is a sputtering
target.
185. The process of claim 183, wherein said forging is axially.

186. The process of claim 183, wherein said rolling is cold rolling.

187. A process of making a sputtering component comprising;
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211. The process of claim 176, wherein said tantalum metal is an ingot.
212. The process of claim 176, wherein said tantalum metal is a 12 inch nominal diameter
ingot.
213. The process of claim 183, wherein said tantalum metal is an ingot.
214. The process of claim 183, wherein said tantalum metal is a 12 inch nominal diameter
ingot.
215. The process of claim 187, wherein said tantalum metal is an ingot.
216. The process of claim 187, wherein said tantalum metal is a 12 inch nominal diameter
ingot,
217. The process of claim 191, wherein said tantalum metal is an ingot.
218. The process of claim 191, wherein said tantalum metal is a 12 inch nominal diameter
ingot.
219. The process of claim 194, wherein said tantalum metal is an ingot.

220. The process of claim 194, wherein said tantalum metal is a 12 inch nominal diameter

ingot.



