25 MAR 2004 1 TANTALUM SPUTTERI NG TARGET AND METHOD OF MANUFACTURE FI ELD OF
- THE ‘| NVENTI ON This invention relates to a nethod and apparatus for

produci ng high purity tantalum 5 and the high purity tantal uhb #éR gildduced.
In particular, the invention relates to production of high purity
tantal um BACKGROUND OF THE I NVENTI ON Tantalumis currently used
extensively in the electronics industry which enploys 10 tantalumin the
manuf acture of highly effective el ectroni c capacitors. | S, 1 inly
attributed to {TReNRALIAVMEPANT ERNE| TARFES ANDr THP@pQ?tM‘gQJUgf\C?HgOXi de film
on the anodized netal. Both wought thin foils and powders are used to
manuf act ur e Kk i addition, thin filmcapacitors for

m croci rcuifl%g'bp?f:?gﬁlcg&r}géﬁlgwor d by anodi zation, of @@BW%{HM,
whi ch are nor nallhi; iprepdRIcERie° §ﬁ{Tﬁ%P$F¥41ﬁ’.pa_r#é‘ﬁ RN T 50 sgutter.ed in 15
an Ar- B2 anbisemé hiegh phetyuasiunisbpaodubidn IT aatieware theyipyeahon Klalfs &y proguckon
diffusion barrier . & a Cu layer and a silicon substrate in new
generation & %“Elépltu(l) ensure that the cross section of the interconnects can
make use of the high conductivit roperties of Cu. It is reported that
t he mi crost BACKGROWND QR SHEANYIIIYNof the TaN filmare, unlike TiN,

rel at idve' Bé i nse"rﬁ,}nfaiu}éﬁigtc%éda? WP asdntiv ey incibe diettiapivs .indﬁh'ei; whish 6MPIPEN i s
consi dered a ch, 20 better_di i (A id PadcittrdN Tids isahiigdy

manuf adPure? W%“b% S@P“%%"ﬁ%tfg%ﬂﬁj éa?ftgftgﬁ e[el?rg{nelirtihzl idFRlm bhesenbdea film
appl i cat i onstiibutedne thd #1oas PREEFUN FECCRHBORTPY, OniGR purity tant al ym
sputtering taigeBsthaweugeelds doilsMod powders #ie uged ie ManwirRteY #BYULEd T n the
\Avor I df f oday a,igdﬁ}ig}e rd'n-%{ % fgéﬁ%&?ﬂir%‘fbmﬁi&dﬂ@ﬁﬂmmi@ﬁ ap(foaszié hymn;)dlzatlon of

ept af | uot antal at'e ak7). Proges ' ¥ Agapt & ttered in
conmmer ci al | yanigum g ‘?hfE?T%Bﬂpag&?ioﬁ‘?c#ﬂgF@ﬁgﬁ%?%éducégﬁ ﬁquﬁm_}:gnt al um
oxi de (IFa. , @b )ArN;rembient & form ap adfrchiankad layse jhxl ‘_ft&feg_iaﬁ% éncfﬂ'al um hum and
non netal | i G,.f.RekeiCaker @0 beilicandbstarribomv generasige Fhips feenswa e B Bt t he

t ant al um pent achl gr,i d | {Bxe RO 0L HE con@@tiviey propdyidraddian;It nd t he
thermal di ssSS%t}oﬁto?éhrf lgﬁﬁ%\%&é 'cmRe%tJ?o‘?%B} r&g&m{i}w Tﬁq Akt alenedieitiier as
powder, sporfgeorGe thah &€ TAEFORBICHIe A4 SRV ar i aeg ,&&gt aclogssdg%dganmléhcant
amount s of opgedly inasnsiiet fo the depopapn F%@Pﬁlstig%e‘. h 48" PRAUCt ant s and

i Mpuri ties that: ARG RRGIRAITINNot tp Shmfichng utisg cepPEHISIBRBBHHES. For
renoval “of inpurities,in i | UB% 284G e MibreaBruBhlck intiysttys hightpanty

conduct ed. DO IFgT teh_gster%lﬁ h?éla BLtlNg, most of the metallic | nmpurities

and i nt er st | epANTERYREIGEESAFE T because of thejr h{,e%]h éln?ﬁé)diunpr essure
at the melting pMostofahe atmhial metelmoieedin tuswerld lofeX 51955V %1 ¥R P Ent s,
except ni obi %Hﬁcti%h’ Bgﬁ&ﬁ‘s@i MA@ aaRte (LT, )nPaackseshon e Aaiprdapjed -
elimnafed thhs M i Sighil k! i+&udem¥ehﬁ&ie§ oBBanint sxigeTadvitlenoyed
by direét vEIHEFFPRAL BY YEhE renoval , of ox%ﬁggoé K68 ALAR ni ckbHEEAN] SIS
i nvol ving f omewlicaprustears siaperp SFIAEMOH SRURIL A" 8% GES, “alim num oxi des,
water, as wekdbdsnigodeaxindesiugfontadtheatpnigium pentachloride {TaC1,) with magn ) e

sodium or hydrogen; and the thermal dissociation of TaCl,. -

Reduced tantalum is obtained either as powder, sponge Or massive metal. It
30 invariably contains significant amounts of oxygen, as well as other impurities such as

reductants and impurities that may be present in the starting tantalum compounds.. For

removal of impurities in tantalum, electron beam melting is often conducted. Dunng‘
f the metallic impurities and interstitial gases are vaporized

electron beam melting, most 0 ;

their high vapor pressure at the melting point of tantalum (2996°C). ’

35 Essentially all elements, except niobjum, tungsten, molybdenum, uramum and thonun"n can
be eliminated this way. While the metallic impurities and nitrogen are removed by direct

gen takes place via mechanisms involving formation and
antalum.

because of

volatilization, the removal of oxy :
evaporation of carbon oxides, aluminum oxides, water, as well as suboxides of t
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-1 25 MAR 2004 1 The purity can be further inproved by repeated el ectron
‘beam nelting. OQther refining processes include vacuumarc nelting, vacuum
sintering, nolten salt electrorefining and tantal.umiodide réfiMRIG)L wth
t he i odi de process being the nost prom sing technique for renoving
tungsten and nol ybdenum 5 The above nentioned refining nethods are not
effective for renoval of niobium fromtantalum Since tantalum and niobium-.
are closely associated with each other in _nat ure t he rer&r)g]va ﬁof ni obi um
i s critical Thepupiegsarbe fumhey iRpgred et EPERdclng FT WFERE OFer rREE,

separ ati on frsceg@f fidntiedadheforemebidpCctiom vinaring rhrids selERCtREi5EE pBht
extraction, Py'n%&;ﬁ‘@?éﬁ a@ﬂh ftHeaiﬁaﬁlHQBl%Ees@ baiRg lelhasBpioatisingl @chhiyge fant al um
t ar get manutfmac urin roc cl udes” forging ingot into billet, surface
machi ni ng DEMPYEE “E‘Ei‘?‘} ‘B? P’"%f’“ri“nt 0 pi eces, coI d rolling i eces into

bl ankss anneal i Tige aliolvamcst,lcnfed pefinirte metaols #Es 7ot GLBRINETHTOPE %QER’Pﬁﬁmpl at es.
SUMVARY OF JHE o NVENT KR Lhtaldin asE Bibsiamcee wbdely dskeeigpedesigntach mthentii on t her e

i's provi dedIt gjr,ng@%,eg}%glt%fé},?@%rr%ﬁsuamc&qs lp&%&d%mg @B tedidh Y i radtia,um

sputtering urit t al met hod

conpri ses plieir ﬁw@%m%%‘lcﬁ%ﬁ@ﬁ? ’a‘id}")élﬁ’fla‘(ﬁ’t’ﬁ?tﬁ? su?b% Fvem eq{ a%]?ﬁg t he

purified K2dadrihatiéh pidathsdenat anysallisatiopowder , refining the’ tant al um by

reacti ﬁﬂ W'ht hi ?ﬁé Dftatuaf a?gwnﬂ‘ahmdrbx%mqlré‘&ﬁsr iaEluds denimig] ibgan gnté hitlet, aurfaed um t o
ig

forma purity B‘i}anFWni’/':”%gg{Oa‘ﬂ?caf Stiak ]thhggne%gg [ plasksCORBRIRET al

KTTaF, sal t Maghes dgm ores” i drofluoric and sul furic
aci d m xt ur elanksofinadieishipg 2id bending terbackieg RHIERt ext ractl on using
met hkyl i sobut yl ket one (M BK) and crystallization of K2TaF7. This can be

repeat ed se gﬂl‘% e inpurity levels, in particular the
| evel of Nbgﬁ-&@h%%dl um reduction %qp Ul’tl fied. KTak, il %ﬁﬂg{p}g&lgﬁdeg hB@ |iquid
|i qui d}f educt i o REPHIRRCE ‘W‘]b 8"?5‘1‘5 VEIiIRR BT Gnt's % Gy are

heated to aboyrodh€i6g GighMokitvetaniglyni spitering t%rﬁ%?ﬁaﬁ%ih%étgéd’“i"mt&mf‘lﬁ’é‘ S|°et ort for
reacting wi ,lg,dhgc]aF Agitation of the reactants is provided to accelerate

the reduction T eactl Ay AlbALe. 500k AGoukbiEn HBAEd Bl keIX DAL, fucirgahe

retort, crushed,

t 0, separat et he
salt m xt ur eurifsg }ﬁ'ﬂﬁf 2P PEdues 12RfR %W%Bﬁgfa%’iﬁ '?lﬁt‘m%%k ﬁg] r&?%\ggﬂ %rg
el ectrqp beain fedllyiekgirod hesemelpg edantalam th dorosaBeh RUPR! ‘?B‘F" B4 n seri es.
El ectron beam mehtispgide qmngrﬁ,ﬁ & dopthasalthTak.ash, matedyy disclingdaitziumess| ts in

fhe ool of it By au L | m%ﬁlldwm@c&h whagsg toward
t he goal of 1&&);{% uoHﬁﬁEl g.\c &Féic:dé{;l&gﬁ f&ﬂ%ﬂﬁ?ﬁlt oVe c

bi 11 9ra. and meiiky hesburiketnn CALE KR o8 e Bt g‘gg‘?;ﬁdch, 'm”%gfbetrﬁpggt?%%ggaf nt o
billet i s Cuineb Rt Dwpi Beéspuithilohlsaineaftisnlahtie lews o Mol | ed into bl anks.
Bl ank anneal i ng dqgiffehh&dn Q¥ bur fled TREE Coraluérad phetiquif tiqabtredupniog retort
recrystalli Zwei‘l(gre K,TaF, and diluents (KC1 and NaCl) are heated 1o about 1000°C. Molten sodium

is then injected into the retort for reacting with K,TaF, Agitation of the reactants is

provided to accelerate the reduction reaction. After cooling, the mass is taken out of the

retort, crushed, leached and washed to separate tantalum powder from the salt mixture.

30 Tantalum refining is done by the iodide process or electron beam melting. These
methods can be used in paral]el or in series. Electron beam melting is prefcrred as the last
step because It results in an ingot which is smtable for further physical metallurgical steps
toward the goal of taraet manufacture.

Electron beam melted ingot is forged into billets and surface machined. Afier

35 surface machining, the forged billet is cut into pieces, which are further cold rolled into
blanks. Blank annealing is carried out in an inert atmosphere to obtain a recrystallized
microstructure. The blanks are then machined to obtain 2 final finish and bonded to

copper or aluminum backing plates.



.mcrostructure. The bl anks are then machined to obtain a final finish and
‘bonded to copper or alum num backing plates. -2 25 MAR 2004 ] For
characterization of targets produced by the invented process, hia 41
anal yses are conducted. The nmethods of chem cal analysis used to derive
the chem cal descriptions set forth herein are the nethods known as gl ow
di scharge nass spectroscopy (GOM5) for netallic elenents and LECO gas

anal yzer for non netallic el epents hl rifie terial
of thelpresent FRAVERIAEAZ4HAY °f&"§%et5t9{3ﬂ‘°§j8'@' éhg %%Q&J%CES%%&?‘%%H%QH
i mpurities, araronkggen Toontethnts of chemisgl anhiasis m@m d%e ﬂifpﬁ*r‘Fm“B | AexeIiPy RS, a

ol ybdenum o f&r’tﬂqﬁb§51§'§rect9@hﬁmbd§3ﬁnoﬂﬁtas RRediichage ﬁlessppemoappymlgm) foand a

urani um and t hqr mcont RhenRY Weight. It is also
possi bl e tometﬁﬁ’cfcf'u o aaﬁﬁa %\%an}gﬁ ?ortnt}x? eljaglc en

ht ...t otal of
ol ybd&num and tﬁhh@@bfrpu“ﬂed Bl"{}alhjm m@@ﬂlf’%ﬂe@@@ g‘%ﬁ“w&%‘ %r elis a
schemati c dE@grb@mr@ght i@l Inkwfilic dmpirities, chn payEeh icontent of tesy ther aleput é)‘PO %Hl um

reduction o @EI%F X mc;ll déhﬂﬁ'%?m%gétél L%néﬁthﬁ%f inﬁrcdhﬁlgffoﬁmﬂnﬂfbyaﬂlmdhdﬁ cel | ;
Figure 3 is 3

ra ust [ e
di stillati oHraptm 2 and 1 ‘1&‘?"@%9? ‘é° geﬂt gt’&mﬂ?r%ﬁ] H%b bhv%f’%.f’ Ilﬁglrl}%so i%Smgtla??31nt al um
target; andpﬁdgwtentaumshaamg esp hapfs mhhwmhb@tﬁfo wtbgmm IS

functigp of time 20 DETAILED DESCRI PTION 1) Precursor Purification and
Sodi um Reduction In nature, tantalumgenerally occurs in close association
with niobium tin and other _elenents. The nminerals nost commonly used as

raw nat eri alﬁﬁlfﬁﬁféﬁm'ﬁ]%@%a&@tpgﬁwgs 25 Tantalite, Wodginite, Mcalite
and Samar skite. FT@.ese i sehembis diagramof the h@nﬁdﬂmumﬁacg?l‘awwy““d ﬁ?igfﬂ@t“?‘c or
el ectrostatig TapLN€ concentrates are dissolved in a mxture of

hydrofluorlca sul furi'c.aci olutionis filtered, then
separatéd from rWLBf) d‘ch?écﬁlﬁmatf%dlagrgr%ﬁ?#ngggd§ actj.on pl ant.

i
The tantal um corfdgure B at & sghsmatq %!h%ﬁ‘éﬁlﬂ%aqoﬁtaﬁl%ﬂ’u&acﬁﬁ ﬁ %‘f)t)i Emn i nd
preci pitated w tHgaewanind 4Bary scdkmaticatitgedmsnf achnial®n 1I2@@xH20), cal ci ned

at an el evated GERELAL Wifiph O Virhdarkcd Bt AbUmON dea flctiar ol v, ¢ he
tantalumis cryst i zed t pot assi um heptafl outantal ate, by addition of KF

and KC1 to the hot aqueous sol ution obtained from solvent extraction.
| mpur e 2pot assi um hept af | out ant al at e obt ai ned by these net hods nust be
further purigiedikorpeseri@sieNsource of tantalumfor the el ectronics

ndustry. 35 |n genepalysihafiskiMaheRicls Rubaosal ate my be purified by a
a

procedure such In nature, tantalum generally occurs in close association with niobium, tin and other
elements. The minerals most commonly used as raw materials in tantalum production are
25 Tantalite, Wodginite, Micolite and Samarskite. These minerals are enriched by wet gravity,
magnetic or electrostatic methods. The concentrates are dissolved in a mixture of
hydrofluoric and sulfuric acid. The resulting solution is filtered, then separated from
niobium and other impurities in a solvent extraction plant. The tantalum concentrate is
transferred into an aqueous solution and precipitated with ammonia to yield tantalum acid
30 (Ta,0,xH,0), calcined at an elevated temperature to yield tantalum oxide. Alternatively,
the tantalum is crystallized 1o potassiumn heptafloutantalate, by addition of KF and KCl1 to
the hot aqueous solution obtained from solvent extraction. Impure potassium
heptafloutanialate obtained by these methods rust be further punfied for use as a source
of tantalum for the electronics industry.
35 In general, potassium heptafloutantalate may be purified by a procedure such as
follows:
Technical grade potassium heptafloutantalate (K,TaF;) is dissolved in HF, e.g. a
49% HF solution. A mixture of HF and H,SO, can also can also be used for the
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.follows:. Techni cal grade potassi um heptafl outantal ate (K2TaF7) is dissol ved
infly, e.g. a 49% HF solution. A mxture of HF and H, S04 can al so can
al so be used for the -3 75 MAR 2094 di ssol ution process. The afgwyaR 70
K, TaF, dissolved depends on the tenperature and concentration of HF. Since
the dissolution rate is very slow at roomtenperature,. the mxture is
heated e.g. to 90C in a suitable container. The solution containing K2TaF7 -

is covered, to prevent |osses du evaporat.i L fEB8e and

cont i nuous| dpssotwtiopeProesss TRsERAt Prglﬁt_ﬁ%g’ é‘ﬁﬁ%gidﬁ%? gﬁ_glpglﬁzédﬁ%ur. A 65C KO
sol ution i soacdestioneftfe Kackaby dissytiopirels iayfdy £1RY 3 QM ARG 28005 on i s
stirred whignsORIHeft8d £.6. oG0P ireapaEtablewnetaintheThe whitieh gentaining & Gtk 6h

preci pi tates, as, K2 1aks | Kofiafbuils T@igtol OW at  room
t enper at ur ¥Rk I%lpreegfnﬁii%sg%gulg EC? ?\?d?!t)ﬂdmd shd sifitedbolhbud ¥

: red shed. and_dried, N ohi um
tungsten, HEPYHERRERPrOFMAESH POy %u%@ds??"ﬂ%?ilﬁ?nﬁfléﬁoa}hﬁIﬂl’?gsfol ution.
Repeat ed di &afibhlitbhdihe IEubing sg@ndmi isistimed whilneapling e PmpPHABEJe™t 0 obt ai n
extr enel y I, alhRUbishidPiiodniies as i PiRIRe feadluainnbORiTaR ist‘wgbg@ﬂ, |
mol ybdenum “Ur ani um an or i Ur 4 i fficult S TREeRy €l ectron
beam mel t i §OMAFBPEYLTE] 8?1351?@8( eﬁﬁlhﬁﬁf‘g “%f%ege%g .dﬁlgddt gﬁégluﬁu& dissaluion
hept af | out ambigbdemczircobiamy wranisaRdGheam KM WéPE[‘F"”byafRFggg AR
el ect r o} YSi $dWrediREH6T in@ bOYseRN G urter Bhebtaimexsrepfely Wepwimianiglugl ect rol ysi s
is very sl Oﬁe 15 theref ofe Sediuen islisdeh@n, irtnitis 0dd iHFiupl ebrEstng | arge
quantities .mﬁ?tﬁ’alll—c, rnto kgnt ahﬁuFm rTIEt al .. The o (Jgt\o{) ¢ Ldson -reaction
can be wri t difrulido emeye by ST e Ty lﬁkﬂ%ﬁaﬁy ﬁﬁ Reterring to the .
drawi ngs, FI G Pomisowsheptafiedanrelasrean e nedesd WwHap %@BM%@H d sgérri ed out
by placing K2haks% @neiuesimsylotiiie Tl fag cfueducien WCHectsCls,is VT8 Cl
CaCl2, _etc. 1nto a.reac ' j | fubdhtRds AEKI T, infhenmBact or i s
pl aced!?n a‘hﬂf?‘ﬁ‘éé%m é?%é%?ﬁ%”%egg%r%%&ﬁ%}%n% point of the salt mixture,
usual | y undewetal0BoCovers) edstion Hastinm 528 P {6 84 i nto the reactor and
stirred while controlling the tenperature. After 25 cooling, the mass is

removed from t hg £9a¢h@i1)=¢4Mshee+andF | eaghed with a dilute acid to

-

recover tantalumnetal powder. The powder is conpacted and nelted in an

el ectron beam furnace. 2) |odide Process 30 Tantal um |4 Syl @duced
fromthe reduct iReferons wohhdrwrgr KjGad aP 4t Eedpiiel Wagﬁgég’%l 1V\l/ﬁi his a
Process si Mchaied bex BylRadig K eF prdcews dilatedalisorch pekphoitidt ForoF™ §g6‘nge
titanium The ﬂi’ﬁ% %Irea%pgd.ﬁ%gd Q¥ih tah@rirgdaeoick. 0 Mhe feastodisynaced it aftmmacapst  of
the inpurities t exist. in th G ASaRfundd 1000PC. WoltMp, etc.
The metal i eHF PrAEOvE BF r‘ﬂegﬁng%%}\lggbh-ag%giﬁ% a ve?]){?eﬂil}gq oxygen centent.

sodium is injected into the reactor and stirred while controHing the temp - B
25 cooling, the mass 1s removed from the reactor, crushed and leached with a dilute acid to

recover tantalum metal powder. The powder is compacted and melted in an electron beam

furnace.

2) lodide Process .
30 Tantalum metal is produced from the reduction of commercially available K,TaF,
by sodium, which is a process similar to the Hunter process used for the p;oducuon of

sponge titanium. The metal prod'uced by the reduction of sodium contains most of the

impurities that exist in the K,TaF, such as Fe, Ni, Ti, W, Mo, etc. The metal is in the
form of powder and has a very high oxygen content.

35 The method described herein is capable of producing high purity tantalum 1Tr0m |
scrap or impure tantalum metal. The process is based on chemical transport reactxons., n
which tantalum iodides are formed by the reaction of impure tantalum metal with iodine

gas (synthesis zone), at lower temperatures, then the tantalum iodides are decomposed on a
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.35 The net hod descri bed herein is capable of producing high purity tantal um
‘from scrap or inpure tantalumnetal. The process is based on chem cal
transport reactions, in which tantalumiodides are formed by thgs;mgaogg on
of inmpure tantalumnetal with iodine gas (synthesis zone), at |ower
tenperatures, then the tantalumiodi des are deconposed on a -4 Z 5 MAR 2094
I-hot wire filanent, at higher tenperatures, to produce a very pure netal
(deposition or thernmal deconposition zone.). The inpure ! is

conver tled irhpbwgaﬁéﬂmﬁtvs"b@éﬁ‘%éemp&%‘ﬁ’?sdf%@”‘ﬁ%efhv 230N gﬁahgﬁﬁ'&éﬁg:gﬂa}ons in the
synt hesi s zaRgmalSdetafssitionpores) The Smpure tapjannT 51®OYTef YA BHEYSSPIEEAct i on)

(2) Ta(s, i 'ﬂ&iﬁ%\;oﬂhé}‘élﬁ))w‘ﬁ]gTﬁﬂc'ﬁGﬁk)in(@ﬂ"hﬂheﬁi soneeaction) (3) Simlar
reactions can be Witten for the other tantal umiodi de species, such as
Tal3 and Tal,. The gaseous species of tantalumdiffuse iﬁ‘?fret he t her nal
deconpdsi ti on zoFass, impuraht S@&4RTI5E@) t 0 f GYRPHIY E2 TGt al u tal according

to the follow ngrieagpient SKQES(AXSTaSsthah(rgdctither ndP) deconposi ti on
reaction) (4) The thernodynam c factors are inportant to understandi ng and
controlling the 15 process. Thernpdynam c.cal cul at. ) gRfearried
out to deterni neSEpRIPHIPRDED Qﬁd@?@flif?‘fg&l&&l}aﬁ PrigHE ,mglggﬁglgl\sé?’ts,g& erature and
pressure, i npthRISYyMilresoss prdesddconghos idiffusn inty Bigdaermal ENBRAETPE 2WFagr am of

t he appfbr at t’fﬁ] | ScfRUNol BT b tBitafum Ttel picorRsoapphilaving reactort ai ns a cel |,
filament an Fee terial and is designed to run batch operations. After

20 each run the apparatus is cooled tg roomteg;ger.atur etign)d di @Zssenbl ed.
The preferred i odild@)delsiSIebr the r ef ARG ITPTPARIE GAE°Ts an'al | oy 600
(I'nconel) <container clad with a netal nore el ectrochem cally noble than

tant al um accor di Rg, 401 d¥Enansl kRlkI8e GhfflahitQFBhidtQaiittial @8 comtotimgale

nol ybdenum or tungsten an al | t her eof I | PERYRMeSn
cont anmi hat i offoefss ¢ ‘E]éeqng PARY ¢ H@%‘fnﬁ %g‘f)e;b Te %ng%mﬁéﬁg%th Iglggl >

nge 725 ..
mol ybdenum aoptraing getddtipng supots PRREIISif PIEEH & SEI&MSIS&B%?%%"I“B%S“N“
tenperat uresz,ngl | oy 600 (Inconel) containers are also used for the
refining of metals, ﬁ%?ﬂic%?arg;ra’m 8P8le Zhparatisti@ietun if IFagied N The bioces tipess net al s
are refined under GITTErcrt opergting condilions, AnfilanRplatde st pur e
t ant al um r od<9mainRssietfils § Kt eT6MpoSIt fon”strTace. Th df il ament can be in
the shape of eahluothcepprrdies ia coléd (©Taem 1AMPRRIE ang ﬁill&qsgé@ée ts surface area.
30 It is al SO oSk Bicerted istha el fo Meaefinibgoftattalutmoisi mcllen sl tisrendlr f ace
area and cel| 0 Oedr lil:ra'%ilv}égt & metlhtﬁoicle%eﬂmtzmicﬁlﬂmii@ﬂaﬂ fgiakid Mebilinhyo tm
external powdd BUDEl Y poace il bl LATRRL, LEMMEl ALLE (A Li R heedNhe
deposi tion r ghleride GeEUEBPYEENTss SEB AL PPEd Fo> nai it ain f he - 11| anent
t enperat ure brtdisepreiGfOcoanthikso0d, the safined tatabi &Y sgllscomParFay YWF on t he
fil anment; molybdenum and tungsten do not react with iodine at cell operating temperatures. Alloy
600 (Inconel) containers are also used for the refining of metals such as Ti and Zr, withoul
cladding, since these metals are refined under different operating conditions.
A filament made of pure tantalum rod is used for the decomposition surface. The
filament can be in the shape of a U or can be a different shape to increase its surface area.
30 It is also possible to use multiple filaments 10 increase the surface area and cell
productivity. The filament is heated resistively by an external power supply. Since the
filament temperature affects the deposition rate, the current is controlled to maintain the
filament temperature between 1000 and 1500°C. Tantalum crystals then grow on the
filament. .
35 A cylindrical molybdenum screen is placed in the cell to provide an annular space 1
to 3 inches wide. The annular space if filled with tantalum feed material in the form of
chips, chunks or small pellets. This type of arrangement gives a high surface area for the
reaction between feed material and iodine gas in the cell. The crude tantalum can also be
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The iodide process described above may not be able to remove significant amount.s
of niobium. Therefore, the current process has been modified to obtain pure tantalum with
30 very low metallic impurities including nicbium. In the modified process, tanta?um scrap
or crude tantalum is reacted with iodine pas to form gaseous Talg and NbI,, which then are
separated by fractional distillation, since the boiling points of these two compounds are
different. A schematic of the apparatus is shown in Figure 3.

Crude tantalum or scrap is placed in a vertical tube made of Inconel and clad with
js placed in a furnace that is heated

35 molybdenum, tungsten or an alloy thereof. The tube s
to 400-700°C. A carrier gas such as clean argon or helium is passed over an iodine bath.
The temperature of the bath is adjusted to get 2 specific 1, partial pressure. lodine gas
reacts with tantalum scrap to produce gaseous tantalum and niobjum iodide. The gas from
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melting may be necessary to get very high purity materials.

Scrap, impure tantalum, tantalum powder obtained from electrolysis o
furnace to produce high

r reduction of

30 K,TaF, is compacted and melted in an electron beam drip melting

purity tantalum ingots.

4. Target Manufacturing - ‘
Ingots obtained from electron beam melting are forged into billets and surface

35 machined. After surface machining, the forged billet is cut into pieces, which are further

cold-rolled into blanks. The blanks are annealed in an inert atmosphere to obtain the

desired microstructure. The blanks are then machined to obtain the final finish and may be

bonded to copper or aluminum backing plates. A schematic of the target produced is
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K, TaF7 may be r SRR E*apIsIR ¢ Ameseus §eoeiolsd %/Wf i) & ci’“iiali—i TaBE After
Fi r st K2TaF7 séil&rwere analyzed. The niobium content of K,;TaF, was rcduccd by 50 pércent after

the first treatment. The results are shown in Table 1. The data shown in Table 1 indicates
it is possible to decrease the niobium content of tantalum by this method. The purified

25 K,TaF, may be reduced by sodium.

Table 1
1p1 n ,TaF, Atter First K,TaF, After
Element Ongmal K,Tak, T {N e Sccon &. i
Nb 4.6 <2.2 <]
Mo 0.2 0.1 0.1
W 48 1.1 <}
30 Zr 0.52 0.14 <0.1
Th <0.01 <001 <0.01
U <0.01 . - <0.01 <0.01
Na 1100 130 50
Fe 4.8 1.2 <]
Al 2.5 1.2
S 8.7 1.1
35

The datz in Table 1 has shown that the contents of Nb, Mo and W are largely
lowered by this method. It is well known that these elements cannot be removed from Ta
metal by electron beam melting. Therefore, a removal of these three elements from the
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The data in Table |I has shown that the contents of No, Mb and Ware |argely
| owered by this nethod. It is well known that these el enents cannot be
renoved fromTa netal by electron beamnelting. Therefore, a renoval of
these three elenents fromthe Table 1 -8 25 tl1 fl K TaF, is beneficial to
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|

Ta produced yMe Gt ’f‘ rfn?/\f)ltﬂ(% g C%%g%g?}%ﬁ?ﬁ@@ﬁﬂﬁcdmdﬁ?gﬁ': c fllfed? 8, Of
and W The HKygta#l, 4pmr7|g9f Twoproguact &K S%urggﬁdg‘g*%%mi@)“i%al%éfsié‘agg E‘%AR}II;ILE 2 An
i odi de cel | nyagoUsi8dv ! Phedhaeluaeinpubd tientbal9#985°%6m scrap available in the
market. The cell was made of an Intone] alloy and |ined wth nol ybdenum for

the EXAMPLE 2
An iodide cell was used to produce pure tantalum from scrap available in the

10

market. The cell was made of an Inconel alloy and lined with molvbdenum for the

preliminary experiments. A molybdenum screen was placed inside the cell and Ta scrap

was used to fill the gap between the screen and the cell wall. The cell was leak checked,
< then evacuated to below 10 microns. The cell was heated to 850 C. under vachum. 1o
evaporate and remove organic and other volatile compounds. Then the cell was cooled to
room temperature and the precipitates on the lid were cleaned. A filament made of pure Ta
was installed on the cell lid. The cell was sealed and evacuated 1o below 10 microns again.
The feed was heated to about 500-600°C and the filament 10 1000-1200 C. When the feed
and filament temperature were stabilized, a measured quantity of iodine crystals were
added to the reaction chamber. The current and voltage supplied to the filament were
measured continuously. From these values it is possible to calculate the conductance,

20

which is related to the diameter of the bar. The vessel pressure, and filament and feed
material temperatures were controlled. Tantalum bars are successfully grown by this
"~ method.

It was found that the temperature of the filament and feed as well as the pressure
affects the deposition rate significantly. The growth rate of Ta bar is related to
conduciance of Ta bar. The growth rate in terms of conductance ( Mho) is shown in Figure
5. Very high deposition rates are obtained by this method as shown in Figure 5. Chermical

10 analyses of the resulting tantalum bars from several runs are given in Table 2. It must be
noted that scrap used in the experiments was not homogenous in composition. The original

composition of the tantalum feed material is also shown in Table 2.

Table 2

35

Run 1

Run 2

Run 3

Run 4

Time, hrs

79

45

62

45

Weight,

5925

5043

7829

5969
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shown i Fi gumrenle . Very high deposition rates are obtained by this method
as shown in Figure 5. Chenical analysggpleof the resulting tantal umbars

from several runs argg H@aterial T NUST DEonctwofagon Bfiet s¢rap used
in the experinments was not |honpg€aceasraion conpgsilvelting (AMseage PPyt nal :
conposition of the [tantal um feed pal) is also shown in Tablel2. Table 2

35 Run 1Run 2Run 3Run &ehrs| 79456248%Tine 59254 ?727(?1?"959 Veight, -9 2 5
MAR 2004 1 5 10 15 20 25 223 15
Cr 205 0.19
Nb 463 270
(8] 221 <25
EXAMPLE 4
20 Ingots obtained from clectron beam melting are cold worked and annealed to

produce target blanks. Initial ingot breakdown is done via a combinationof side and upset
forging. After surface machining, the forged ingot is cut into pieces, which are further
cold rolled into blanks. Two rolling temperatures are considered: room temperature and
liquid nitrogen temperature. The former is called cold rolling, while the latter is referred
to as cryogenic rolling. The reduction at rolling is in the range of 70 to 90%. The rolled

25 - - -
blanks are annealed in an inert atmosphere or vacuum under different conditions to obtain
the desired microstructure and texture.

EXAMPLE 5 -

30 Blanks with fine grains and desired texture are machined to obtain the final finish

and bonded to copper or aluminum backing plates. A schematic of the target produced is

shown in Figures 4A and 4B. .
In the foregoing discussions, il is apparent that various changes and modificaions

may be made within the preview of the invention. Accordingly, the scope of the 1nvention

35 should be limited only by the appended claims.
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-30 35 Element Feed 1 &Run 1Run 2Feed 3Run 3Run 4 (PPM 24 -120090050590185230
Mb1.21.71.31.2 WB0. 0000. 280. 190. 20. 25 01009030810660176 N100<1 1gﬁ§ﬁmk
EXAMPLE 3 Tantal um crystal bars fromvarious runs were nelted
el ectron beam furnace. The analytical results of the tantalum feed stock
and the nelted tantalumingot are shown in Table 3. Feed Materi al
Concentration After El enmentConcentration Melting (Average ppm (Average m
Fe3441 Ni 223 0.13 Cr050.19 Nb463270 EXAMPLE 4 | ngots obtained from

_el ectron beam nel CLAYMSr e col d worked and anneal ed to produce target
bl anks. Initial ingot breakdown is done via a conbinationof side and upset
forging. After surface nmachining, the forged ingot is cut into pieces,

which are further cold ro|led into blanks,. [0] 1] W%Hﬁl‘lg' iRe &
consi der ed: roorﬁ-terrpér&!ﬁk@gafﬂi PIe "Qﬁn@'ﬁg\gﬁgﬁ&éﬁg@%ture. he ?orrrer
Is called c Ig r *.Iing, while the latter is referred to as cryogenic
rolling. T ePEdticti on at rolling is in the range of 70 to 90% The rolled

‘bl anks are anneapgifying a¢, Tafery a disgoheien @rogeium under different

conditions to obtain the desir | CL.OoStruct ur ESAMRY:

Bl anks with fi ner&aings PYA eae'éf'd@e&; P Br E"g’r"éﬁ%%'ﬁg@ Préducerts tﬁé’%

final fini Sg?wggg gﬂaded to copper or alum num backing plates. A schematic
d

.of the tar uced is o _
reacting said tantalum powder with iodine in a container.

2. A method according to claim 1, wherein W and Mo in said
K,TaF, are reduced to less than about 1 ppm, by welght and Nb and
other metallic impurities in said K,TaF, are reduced to levels lower than

about 20 ppm, by weight.

3. A high purity tantalum producing method comprising:

reacting a feed material with iodine gas in a container, the feed
material comprising both tantalum and an impurity and the impurity
comprising at least one of tungsten or molybdenum;

forming a reaction product comprising’ iodides of tantalum; and

decomposing the tantalum iodides on a filament and producing high
purity tantalum containing a decreased amount of at least one of tungsten

or molybdenum compared to the feed materlal.

4. A method according 1o claim 1 or 3 wherein said container
has a reactani-contacting surface comprising 2 metal more
electrochemically noble than tantaium according to. the chloride

elactromotive seres.
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shown in Figures 4A and 4B. In the foregoing discussions, it is apparent
that various changes and nodifications nay be nade within the preview of
the 'invention. Accordingly, the scope of the invention should be limted
only by the appended clains. Table 3 -10 2 5 MAR 2004 CLAIMS 1. A nethod

for producing high purity tantalum conprising the steps of: rifyi

K2TaF7 by a di ssl ut immethodeascordingctd wipiyudi mhemum%ﬁ% %ﬂﬁﬂ%‘%g
agent to produce tantalum p r; and reactin [ Waern and h
i odi ne i n surtaceacaBprisgs mwfﬁ'&’%g%#ﬁb ?g %Ta a“?ﬁ&i‘?f \?\l'}ibegebiana Wand M
in said TaF?Re%rDe reduced to | ess than about 1 ppm by weight and Nb and

ot her net al'MPg® urities in said K2TaF7 are reduced to | evels | ower than
about 20 ppm by weight. 3. A high purity tantal um produci ng net hod

conprising: reacting a feed materigl wth,i.odihe S} . ' IW’
feed material dbnprikimgthed @QCQH&QQU aﬁ,l?l'"én{]iq{gér %rgﬁjqﬁﬁgh@?r{pgri ty
conpri si ng ,at,l.east . Of é{_}rég YESR weightpeath edctungsten
pr oduct co%pf@?%,coﬁ%s%essio ﬁeﬂ?aﬁoﬁ‘{mgngﬁ dle?:j(r)npogihng t he tantal um
i odi des on gnd irhgggabnaﬁ-gl produci ng high purity tantalum containing a

decreased anount Of at |east one of tungsten or nolybdenum conpared to the
feed material. A nethod according to claiml or 3 wherein said container

‘has a reactant-cont acji of 2%&: i igirmetial onod e furhect compgisingl | y
nobl e than tantal'um aécg'?%i'lﬂr‘?g to, ‘f’ﬁg@gm oride electronotive

C ) ries, 11 5.
A net hod acgeefoRthéamciniting! salic riantaleai do rfesm anhighRUBLY i‘ﬂﬁ‘?aeigm f‘%%é“
.conprises nol ybdenum tungsten or an alloy of nolybdenum and tungsten. -6.
A nmet hod according to claim1l or 3 wherein the high purity tantalum
conprises | ess than about 5 ppm by weight, each of tungsten and
mol ybdenum .. . .
8. A sputtering target blank comprising high purity tantalum, less

than about 500 ppm, by weight, total metallic impurities and less than
about 50 ppm, by weight, tungsten or molybdenum.

9. The blank of claim 8 comprising less than about 20 ppm, by

weight, tungsten or molybdenum.

10. The blank of claim 8 comprising less than about 5 ppm, by

welight, each of tungsten and molybdenum.

11. The blank of claim 8 comprising less than 20 ppm, by weight,

total of nlobium, molybdenum and tungsten.

12. The blank of blalm 8 comprising tantalum and less than 5
ppm. by weight, total of niobium, molybdenum and tungsten.

13. A sputtering target comprising the blank according to ciaim 8.
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7, A nethod according to claiml or 3 further conprising electron-beam
nelting said tantalumto forma high-purity tantalumingot. 8. A sputtering
‘target bl ank conprising high purity tantalum |ess than about 500 ppm by
wei ght, total netallic inpurities and | ess than about 50 ppm by weight,
tungsten or nol ybdenum 9. The blank of claim8 conprising | ess than about

20 m b weight, t st en gr I . a zlaim8
: conBPi Si né Iessglghan %Bﬂ%‘? @%ﬁ%ﬁ%ﬁp&%&wgwt gég tﬁgﬁ']‘ ‘nd
nol ybdenum 11. ,%Q&i}p%agk rRAteiahi gbﬁ',p‘rgif? i BbtH fapalumaandO gipreasty one
of nio an

wei ght, total ium nol ybdenum tungsten. 12. The blank of claim
8 conpri si impusty avitmicditel g8s; than 5 ppm by wei ght, total of niobium

nol ybdenum and tungsten. 13. A sputterin r - i S %rﬁ ﬁ:gifd
according to cl i 9 52'91?&?‘0% MB@F‘S&PF&&F‘ISM%?@%%%@@H?@ 0 es
conpri si ngbfrtﬁ@cg't east m&%@j,i@prrpri sing both tantalum and at | east one
inpurity with 1odine gas; formng a reaction product conprising iodides of

tantal um and i odiepesating ahcleast | @aportiore ohpthe ttantalypn indides afromathe o
portion of the tantal,um iodjdes fr . reaction product by fractional
distillati SRABCURRY FHBE‘HEQ? ihﬁﬂ@aﬁﬂ‘&ﬁ%{%ﬁ- %%'rqltal um i odi des on a fil ament.
15. bThe m;ghOd FJeconipsBing iWecE8pardta Rintalens iokies! BRUAI filamerstopr i ses
ni obi um

15. The method of claim 14 wherein the at least one impurity_

comprises nioblum.




