DESCRI PTI ON TANTALUM SPUTTERI NG TARGET 5TECHNI CAL FI ELD [ 0001]

The present invention relates to a high purity tantalum sputtering target
that has a uniformand fine structure and which yields stable plasm and
superior filmevenness, in other words, uniformty. Note that, the generic
termof "high purity 10 tantalun will be used in the present
specification, since the high purity tantalum according to the present

i nvention contains (is added with) nolybdenum and ni obi um as needed, and
the additive anmount of these elements is small. BACKGROUND ART 15 [0002]
In recent years, the sputtering BESRBIPFION forning a filmfrommaterials
such as netal or ceram cs has been used in nunerous fields such as

el ectronics, corrosion resistant materials and ornaments, catal ysts, as
wel | as in the manufact ur BANTALYM SPMITERINGHARSERt eri al s and abr asi on
resistant materials. 20Al though the sputtering nethod itself is a

wel | -known in the foregoing fields recen%l , particularly in the

el éctronics field, a tantalun1é%ﬂ?#$pfﬁdq E¥get suitable for formng filns
of cpoe ex shapes, formng circuits or formng barrier films is in demand.

[ 0003] General Iy, ﬁh@irﬁe%ﬁﬂti@erB& FI4IES td & HJHOBUHRR taritslurh epemdringgatgee hot
g e

forging and anneal | at treatnent) of an i n&ot or bill et fOﬁ@ed by

per f or m rijaidias& yndarmp eRdfine prycliye aRd whichyiglds $tadle PRSIBAN FUPHRT Y er i al |
and ther E‘é%fehﬁ%sspfﬁf foﬂ{]e!ﬁivl?&d%,obrﬁifoﬂﬁitﬁ%téitﬁét$ mefogenamien_g dub][ghawmechani cal
processing and polishing thereto. S N this,. . ction
pritess, tapaluantwill heghsry &‘Pd?"ﬁ%"d‘ttsBe?'Wt'?t'Pﬂ'g?)'f‘ceop"ebp'gq\g’tqm% ﬁaﬁ{ag@gtroy t he
cast strugdchidihg t IREIF6set iAVdntibmadontdirte (ip oaddedanih)3tolybdgnusgagndns, and,
by further annealin his, recrystalli i on. W CC, and the

densi fi ca‘?'?tﬂwnﬁd‘egg‘?‘tﬁ@a ﬁhq)?cﬂltﬁg aﬂ%é&t}b%sec%%&%'ggfsn%ﬁ%l{/ed to a certain
degr ee. The nolten and cast ingot or billet generally has a

crystal grain size of 50 nm or ult of subjecting the ingot or
billet to hot forging and recr?&@ﬁ%@?éﬁl{?@nneal ing, the cast structure

i sldegprioyed and uniformand fine (100 pmor less) crystal grains as a
whol e can be obt ahnesknt [y@s@4iHdesputhiingemettodsfipu formingray films frem Batepds f or med

Fecryst al fiectr BEPUEE Ariate ROoTar Je Peimerbud foBsplir pobieclies, o o
more” uni f esrsidapesistantomatesialp and iopiagnents, Isatalyste: gewell gs ihthemayE g st al
gener at 1 o cinabel bRl ird BRSER (oot BEEAR, P07, £ 1o e
obt@i ned. Although the sputtering method itself is a well-known in the foregoing
fields, recently, particularly in the electronics field, a tantalum sputtering target
suitable for forming films of complex shapes, forming circuits or forming barrier films
is in demand.
[0003] Generally, this tantalum target is produced by repeating the hot forging
25 and annealing (heat treatment) of an ingot or billet formed by performing electron
beam melting and casting to a tantalum raw material, and thereafter performing
rolling and finish processing such as mechanical processing and polishing thereto.
In this kind of production process, the hot forging performed to the ingot
or billet will destroy the cast structure, disperse or eliminate the pores and
30 segregations, and, by further annealing this, recrystallization will occur, and the
densification and strength of the structure can be improved to a certain degree.
The molten and cast ingot or billet generally has a crystal grain size of 50
mm or more. As a result of subjecting the ingot or billet to hot forging and

recrystallization annealing, the cast structure is destroyed and uniform and fine (100



Measures are being taken to achieve a finer and nore uniformrecrystallized
structure and aligning the crystal orientation toward a specific direction
in the production process of the target (refer to Patent Docunment 1 and

Pat ent Docunent 2). 10 [0005] Moreover, disclosed is a high purity Ta
target for formng a TaN filmto be used as a barrier layer in a Cu wring
filmwhich is obtained by containing 0.001 to 20 ppm of an el enent sel ected
anong Ag, Au and Cu as an el ement having sel f-sustained di scharge
characteristics, causing the total anount of Fe, Ni, C, Si, A, Na, and K
as irrpurimwyoelbesjmsisalgmutsaasl@@hplpwaobebbt;@edand using a high purity Ta in

whi ch_t he val ue i igg W thin
t he [P%?ﬁ]ge of 99. %taﬁe”ﬂ%g Q%@'@BPE%% t%%p %@ﬁ?%u%ﬂ?é Blced When
revi ewi nglestried aBaverittis mdmmearecw@wéed siryegure PE@P&%’Q?tebePBm?T’léveé‘f fect of
the incl %lePgnd’ﬂm am%ﬁhfrgsrfﬁgwggﬁ%g eﬁo%%h@. ;Etgssmefw.&ﬁé taﬁgétuwwmtwd t her eby

stabilizing asna articul ar lrf}( Pat ent Donﬁ %WI ncr eases
t hé di schraysial amﬂmﬁ‘tlonofs aligriegntovisyd Al sPAgNGAIeRYqMni 31ds A of an

el enent %ﬂétlgn gpérci'ﬂ a%aﬂlcfeg%% ktaBle &\Qfﬁc@éri@tlﬁgcaarbeﬁibﬁm sel ected anpng
Ag. Au a In an a 1 ver,, since he additive

elemrent is a traé@aéwaﬁ{e be\"tg tﬁ?ﬁﬁﬂﬁ'%@ég‘efﬁ%ﬁmf’ﬁé?”gb"% regVSieleT %Sm of

difficul ts)(rubtﬂr@%blséllgﬂ& the %@l@faﬁrbfneﬁ’taﬁbn rtovaeddl ﬁl&pemﬁmlcﬁre(:tvmr lratthaeon) 25
As shown in Table at ent

s of M,
W Ge, armomﬂ%prpe%sgémevtéwgft @%f%tgg%ﬁeég&f’mr §rs'|Ja%8't Qé?n pm 10
PP p@ed 10 ppm NBae@ealmsad@l;sa mghtpmmymrgetﬁxformnm dabilm tabat is | ess

th 50 0007] A di t
bocurrent 13tas Al 19Es 1t kg o FS AREE s s Enfitd Q88T (P20 20
and K as pﬁﬂi’pldiflahyeleﬂnenEQélectéd) dpeong0Ad,08u mmah Gu aseers elemant (having %‘f’m gh

purity Ta I h the i L RSuhn i el enent s
IS Wthi ﬁuﬁ{}?g‘v‘%ﬁaéﬁﬁga'@fe% "tsﬁ 5%8@5}4‘?%#%5 I OW{eJrS‘IQFeSNE'Cr g.’pyu gl‘a gct ual
purity fadrdsKteel nmpu(myoélemantestg: beg]@oppm or less, and upjfgs? F‘@han"éX/E? Mhat is
I o r thap.co WRhtth® ¥ ofissuned

t he @Hé} Q'SS' e s ?%g&owﬁm{ab&%’rgl&ﬂt“?gmr}%ﬂ;%gﬁ]‘%ot be uﬁ]‘:gl zed.
[0008] [ Pa29:29A tolXOcANPEn(refet tmethmE é@nese Transl ati on of W2002-518593
[ Pat ent  Document v@ﬂed-\ué r kp%? Pa@erﬁ:ﬁoca%% {sPaicpais Rydisersiredd tdapanese

Publ i shed Unexam ne i cation 2002- 60934 DI Srﬂ(’:\IaCﬁURg OF THE

| NVENTI Oneffesbobihe inclusion of 2 mqﬁs] %ﬁefﬁffeﬁlﬁ@gp? digen ptryqtire cliegy

provi de asQMiH‘n g Va\émtaant alum sputtering target conprising a uni form and
fine structure an I ch ﬁl el ds stabl e plasna :ﬁed ) r§u5ﬁer| oun{ éﬁﬂdevenness
(u#l foeei ty) by rRaHRuET gtenhE)Oﬁwgﬁ"tp%Mq%PSS? LARSNARY A7PN08 ng a

specific .Shz,eﬁfaadm& Qﬁminhes.%ﬂahom oa@hneqwem lnp t6 Or08d qipnyawbjresslt,of t he
pr esent inventors discover ed

it le to i i purl ty
t ant al um eNARIBg 2R glaneny selectsd? rf‘%'?gn@ ‘?&%n'{'aﬂ%a (ﬂ]ngog ?8?{%?3 and
whi ch yi ehghs. Béwéles, gh@esm addiu\ﬁeL@ememrlsfa tmeeamnumss i$ gnisidered that by

mai nt ai ni ng the hi t REEhI &fi nt.
Based on YR IFgPE ffté‘%g a)pas% l?dn@%r?te =n§ gl(\%" )=
25 As shown in Table 1 of Patent Document 3, the inclusion of amounts ‘of

Mo, W, Ge, and Co is respectively tolerable at less than 10 ppm, 20 ppm, 10 ppm,

and 10 ppm. This alone adds up to impurities in an amount that is less than 50 ppm.
[0007) Accordingly, as described above, although Patent Document 3 describes
“causing the total amount of Fe, Ni, Cr, Si, Al, Na, and K as impurity elements to be
30 100 ppm or less, and using a high purity Ta in which the value obtained by
subtracting such impurity elements is within the range of 99.99 to 99.999%," the

lower limit of the actual purity falls below (tolerates) 99.99%.

This is a level that is lower than conventional high purity tantalum, and it

is strongly assumed that the characteristics of high purity tantalum cannot be utilized.
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1) A tantalum sputtering target containing 1 mass ppmor nore and 100 nass
ppm or | ess of nol ybdenum as an essential conponent, and having a purity of
99. 998% or nore excl udi ng nol ybdenum and gas conponents; 2) A tantalum
sputtering target containing 10 nmass ppmor nore and 100 mass ppm or | ess
of nol ybdenum as an essential conponent, and having a purity of 99.998% or
nor e excl udi ng nol ybdenum and gas conponents; 3) A tantal um sputtering
target containing 10 nass ppmor nore and 50 nass ppm or |ess of nolybdenum
as an essentijal conponent, and having a purity of 99 998% or nore excl udi ng
ol yl‘?&‘@hun@ aleat B&%“%ﬁﬂb‘?\%‘?%‘?" JapanesiTreaplptan P24 18383 t ar get  accor di ng
to any ongPafenfDoduPneht 2pDS VPatentNe! 381,283 i ati on of the nol ybdenum cont ent
in the tar 0%

et is 2 r |less; . The tantal sputterjng,t ccordi ng
to any ondPgentiociienyd asgvese Gt onper Byehiepleti g A endC P 118
pmor less; and 6) The tantalum sputtering target according to 5) above,
wherein variation of the c i i i % or |ess. [0011] The
present invention additi oné@ﬂﬁ‘giﬁ?gsﬁig%\}%ﬁ&@ant al um sputtering target
acco¥®ing to any one of 1) to 3) above, further containing O to 100 nmass
pplm 81; ni obi U(T eAgI olijédt Of AhaTpaSepP Mventivdr ieits ;irdéwdet atiadh @myrtantalhml 4
nmol ybdenum apd. ni pbi umis .1 mass _ppm or re .a 150 S ess, an
whet oi n t REUISEIG: (rast GelibriFgs i Pyt e stidireaden BRED bt stkles i <
99. 998% orplasmize and s Tupetiarfilal evenagsst (ualforndty) by getintaining rtble hight purify) ofabove,
further c I i . 18S m_or re and 100 mass ppmor |ess of niobium
59) The tagﬁéghjm%%u#ggﬁan%et%@fﬁgmez;rr'g'cor ding to 7) above, further containing
10 nHEe$01 ppm or notreordadtoZ@hiens thepioregoingl abjest, die piesentinyentot®ilisddveradant al um
sputterin e or di . f t -ab el n._variation
of conten?hé_cg? { %legglés&ﬁngéﬁg% %[I)'f %b@gﬁﬁnm |R’n nha@r?as?a@%nnlﬁsﬁ ( m‘_’%f‘%’é@;"‘ 11) The
t ant al um spiiemeandfpe stiugitre ard whigh yigldsstahiy plosma @nd Byperisr filp) evelhoess, wher ei n
an aver age,sfoYmindlb hBinGH ' | ; i tal um
sputteri ngutar g@? gﬁ%’?@i@?ﬁ%@?ﬁﬁﬁgmﬁ%@%@? ﬁa@gﬁ;‘e’? %%ﬂ?%?%?ﬁe crystal
grain sizeis 20988s%ed @sle qr¢'@@ﬂlsmveméhq Wﬁﬁﬂti'ﬂyﬁ]‘t'%@ff’ﬂ@qsﬂ The present
inventionqyields a @HRARM Sputhirnghrgat cQﬁthlihﬂ\fgab|n$asE3:d?ﬁ QYirfisteandi Wy purity
tantalums utterlng target conprising a uniformand fine structure and
whi ch yi elfSS PPALPEES fdnelybdeaua asaar sisential srmpansitsand hayinast iy 9f by
mai nt ai ni 189.908% dringdte RuEILdiNg RolybaBh@h afY gaslébhgorightsybdenum as an essenti al
conponent . and further addi nf%ﬁim obi um as needed. Mbreover, since the plasna

stabil i zaiz? on durﬁrf@"tgb'm SRyt gg target containing 10 mass ppm or more and 100
mass ppm or less of molybdenum as an essential component, and having a purity of

89.998% or more excluding molybdenum and gas components;
3) A tantalum sputtering target containing 10 mass ppm or more and 50
mass ppm or less of molybdenum as an essential component, and having a purity of
99.998% or more excluding molybdenum and gas components;
4) The tantalum sputtering target according to any one of 1) to 3) above,
wherein variation of the molybdenum content in the target is £20% or less;
5) The tantalum sputtering target according to any one of 1) to 4) above,
wherein an average crystal grain size is 110 pm or less; and
6) The tantalum sputtering target according to 5) above, wherein variation of
the crystal grain size is £20% or less.

[0011] The present invention additionally provides:

7) The tantalum sputtering target according to any one of 1) to 3) above,

further containing 0 to 100 mass ppm of niobium, excluding 0 mass ppm, wherein the
total amount of molybdenum and niobium is 1 mass ppm or more and 150 mass ppm
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20can also be realized in the initial stage of sputtering, the present

invention additionally yields the effect of being able to shorten the

burn-in time. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [0013] 25Hi gh purity

tantalumis used as the raw material of the tantalum (Ta) target used in

the present invention. An exanple of this high purity tantalumis shown in

Table 1 (refer to the journal of technical disclosure 2005-502770 entitled

"Hi gh Purity Tantal um and Sputtering Target made of Hi gh Purity Tantal unf

edited by the Japan Institute of Invention and Innovation). 30ln Table 1,

t he tot aloraesspanid wherbimthie pliitg exeludihg diclyhdeasn cistiion@nd gas sohpawntshan 1 nass

ppm that. gﬂ*’ %9 999 to 99. 9999 mass% and this kind of high purity

tant al um'e B 9L Blgre '[0014] [Table 1] (Anal ytical Value) [0015] The

sputteri g tar gefTheftarnthlempsmstering tanget retccandingsto i) civave: dustiher leonfainingol | owi ng

process exenplify a specific

exanpl e, u@ émr}&nvgﬂtnaﬁr{e %&m%toﬁwgr?;spﬁrr}or % Ofﬁjoé;fmburl ty tantal um of 4N

(99. 99% @& nor e) The tardaldm mealm)tangﬂhaaccardmdgrﬂ) appveyduiiad ceni@iningo) or

nol ybden t fpare a target raw mat erial.
t‘@ *%@p&ﬂ?gr rﬂb%bdnﬁrgdrh%sbdﬁn 8Osl

The puri I'S 1 Nncrease melting an ref|n|n9thetarget raw
mat eri al Wa el edhe tantpeamsovitetingtpraet acrerdingde anywaeohi oY) abQ¥R to prepare

an i ngot vﬂferé?n mr,ahﬁﬁ of %@ﬁ@gﬁo&@mw mélﬁﬁiehhﬂhn fHértbl"gﬁt itanbaloimsef 99. 999
to 99.9999 mass% shown I n may be used fromt

Subsequerity, t hilseitagatmospugering:fargel a§8‘EIFl§‘St‘°t36Vé’“§é§ 7$§° é) ?ﬂ%@esm ng

stigps of vﬂ@éﬁtbh%@e:ﬁ@é Giy@&l am dizend, 11ermnea4le§sgan(\d1eat treatnent), finish
processi ngejand the 11k b}gem ficall i nst an t he g‘loregm ng

i ngot is €bject T8 ta""%’%f“e?ﬂ’"? fargst [a§°°rd%?1*‘? 3@( ")’b%(ﬁn\gﬁ?fengaé?

t enper at W thef drdtal beais sie i+ dB%4 drléss. (first) cold forging - (second)
recrystallization annealing froma starting tenperature of

recrystallization to 1373 K - (second) cold forging - (third)
recryst al[Effecabf e Iaventiad]i ng from a starting tenperature of

|1 137 j
B ORI A
r ecr yst altighz paritp tartaludh3siaiticring Iﬂgetecm‘rm;smgsa nmé@rﬁd?n‘d:élhd stuettite andl | i ng -

(f ifeh, %é%eﬁggggtg Q’s%&a?érlwte .8&%’&@8@4&@3@.&%,& bgtrﬁélﬁt!alﬂﬂgttﬁé‘rper ature

recry ni'sh processin
high purity of tantalum adding molybdenum as an essential component and further

adding niobium as needed. Moreover, since the plasma stabilization during sputtering
20 can also be realized in the initial stage of sputtering, the present invention
additionally yields the effect of being able to shorten the burn-in time.

BEST MODE FOR CARRYING OUT THE INVENTION

[0013]
25 High purity tantalum is used as the raw material of the tantalum (Ta)

target used in the present invention. An example of this high purity tantalum is shown
in Table 1 (refer to the journal of technical disclosure 2005-502770 entitled “High
Purity Tantalum and Sputtering Target made of High Purity Tantalum” edited by the
Japan Institute of Invention and Innovation).

30 in Table 1, the total amount of impurities excluding gas components is
less than 1 mass ppm; that is, 99.999 to 99.9999 mass%, and this kind of high purity

tantalum can be used.
(0014]



material. [0017] The forging or rolling perfornmed to the ingot or billet
w Il destroy the cast structure, disperse or elimnate the pores and
segregations, and, by further annealing this, recrystallization will occur,
and the densification and strength of the structure can be inproved to a
certain degree by repeating the foregoing cold forging or cold rolling and
recrystallization annealing. The recrystallization annealing nay only be
performed once in the foregoing processing process, the structural defects
can be reduced as nmuch as possible by repeating such recrystallization
anneal i ng mmbba] N@mﬁmym@mathe cold (hot) rolling and recrystallization
anneal i ng { ation to

norfn

1373 K rraypﬁmémtp fwoe?"?rtg('j Flemem OIV&EO*%?:“E Tg'fﬁ&h)re cycI ‘ T e fltﬁél t ar get
Shape i s phtai ﬂﬁdlph'?lmhl !Lﬂ.erfnrm halpe Wl o :’\rn = such as
machi ni ng‘_fand pbPPU R nglCol 00 1lst-Phe t d5t al uliP-Llargetts Bfced—pased on the

i <P SUNRNVY! | NI LR UYL

f or egoi ng-é&ed-uéms TS T4 ey ees—hrt—th) s

product i O "“thid'og S—HeFE o1 -gﬁs-l—i—f—\: o Ybreyygr, Stpce the
present i N\&cut; Jd:odso oGy T oo t 150 FOmTleceos) the target
can be prpRuceddeEed Ok, ot e, T OCEYEES, o t i S|w nvenpkhlov.soyers all of
these targ&rs. 1<0005 As <Foopat ETjcal  Npgodsy a feeir | L y<oloevel pf 6N i s
often useBi to TBvenage [she chlasact eri|sd | cs]<bost he taI @993 arget, but
t her e was|ral wayk0805pr objBem | nj<¢.¢iat t fes  20]<ep0sst al Jigr ai nP0bf _the target
woul d easjSly bef6sds coalRee. [I0OD9] ThdCpres 0 fed that, in
t he produflion POt hj anr nd olfO-®BA | eJBl 1 akA: §0510|5 gal n size was
local |y fre—atdLle porkion % roibdent: i=Bf—appr oxi mat el y
0.5 PR e e 15001, - dSm - [R0.0 £0.005 ; |

- O MASS RPM-URpET;7Ao! A A A T | T oo PT oKl matel y 1
nMass ppm py—chepgto Mo 01 e el AR foopPrarni ng the

hi nt t hat pthe—afigpdiom R o sieTunTiiEy DEoedsl ectjive | Qkooeaini eyi ng a finer
t ant al um [CAT e [<oBd1E€ PT [fn0e Nt OT|By T oud.odsne oppor t Yrovor that led to
this i nvefifal on. |HBIIEOVEJpa  OUT [<0i@5 T NE [HOr eqPong _exain natilon, as result of
conduct i nge nune <oms expel nenfkewon ndeer i alw.0hat hre ofl the s nature as

| ybd I h dded d h
or oA | nvent or <1 1 SEBRPRA bt 8o prts Papyic Fy Hodlpgpyscmeum the

Speci fi cafdllywmgﬁpadcessundmmotraaitcimilm!stanm tantal um sputtering target of this
invention is that 1 Ol ATor &

i's

100 mmss

ont ai ned as a-ho
99. 998% opuritpr antaiurh wdi 4y (wlwdmumm)dISgaseobcﬁmoﬁémosﬂa ﬁsa’ﬁ@éﬂ

deg Rt (NS |§XaQi'dH&'Q§ p@e;ﬁ?é%, ppm 1

enum 1S a hureri cal

h

mass ppm as

SETTRY & 5

nponen

WbHénlfrﬁ xll(ellto;]% ﬁ%um %da

?[&d f&gpmo?{g?a%tﬂﬁm Rr ih&arceOhight! ybdenum

n tan

I'um

avl n

val ue

a purlty of

Oto

for

exhi bi t i ntargdtaaw onasesisil. n'[:haepuréy;therqqﬁ@p inggaseisky ppﬁhmggng ﬁ%ﬁrmgbtgg targel « of
S'rt ﬁ\bkaQaM‘%l@fJ 8dle t@fpréﬂ%ﬁe pihesent

nol ybdenu
i nvention

FQv{«Sﬁ]atté}El VBpélfzctldrﬂbé?rﬁ

enumi s set to

because
whéfh nol yb‘lsehafnael% eblgedlgss [to FRY,, %@e'@jﬂ'é@élf'ﬁyoﬁ"@f“"hﬂ fgtfg’ﬁ %Dﬁggoccur

part of npikBA.REEh iITAMIE & ndy e dRemEp @,blgta}ﬁtl onis i ncorrpl ete will ari se,
and the burn-in tinme wll conseq uentbly be 8 onged. %g St nc ry obi um
pl ays a part (hasSyPseawtyotiys ipgekor g%‘alﬁ” ISFHRA 1e5eF REP'R smgo

nol ybdenugs addeafifolfing: Qolliﬁgp %ﬁneaﬂinb hiea g frebtiring, firisnpropessinganidaie Ilhem tation

inthe lower Iim¢{ o i obi t he u S t 0 mass
ppm %8It his uppe$p‘?‘%'fﬁf“?ye(§°rq'§sq gl?efﬂ'egggg\%r OL'sr?HF]%t(jﬂgnu%]%"gefgtggn ation of

ni @bi um t engestyt anrRamy at andmpetaerreffmnmsrm tapIp@s K i-nfitst)i eids frging —100 nass

W ' d h
Potal  amotieott gy ot eaie tai e Fhriy GHIEAIS o ieletiasfol ) o0 "M

ppm or | ed4873 KOQZﬁcb'hd)scold forgngus éthirdutesiystallizatiory emr@gbnmgomau@tamng
unrecryst ?c-zlt%ﬁezraet rd’ %Ftregr%talllzatlon to 1373 K - (first) cold (hot) rolling - (fourth)
recrystallization annealing from a starting temperature of recrystaliization to 1373 K —

(fith, as needed) recrystallization annealing

20 (second, as needed) cold (hot) rolling —

from a starting temperature of recrystallization to 1373 K — finish processing a target



arise and variation of the crystal grain size increases as shown in the
Conpar ati ve Exanpl es described later, and, in addition, the resistivity
distribution within the sheet and the electric energy until the initial
stabilization tend to increase. Consequently, 20 the uniformty of the
filmalso becomes inferior. This tendency is the sane as the case of adding
| ar ge anmounts of nol ybdenum (i ndependent addition) which exceed the anpunt
prescribed in this invention. What is unique in the case of
co-doping is that the foregoing problens do not occur if the total anount
of nol ybdmatenialand ni obi umis 150 mass ppmor less. 25 The reason for this
isn ecessaril I i

nol ygé”ﬂum and nl%g &ﬂ{gr%nr%@%&g?%d tgﬁ%?@‘r’gﬁ{tﬁ%ﬁ%@!{ggﬁﬂgg I'n Spl te of

t heir si nétrustire,idispersenat eimingbe WImﬁnMgr%H@n%ﬁn@M fiertties anneghing
crystalligati 0 t dopi ng
al so has ﬁ‘ ?%ﬁ%lhz%‘ﬁﬁn hg&]rregrﬁj ‘%{{S‘fﬁ%‘w %ﬁ&gﬁ?/nd#gﬁﬁeoﬁhﬁétn@mhl ch the
tot@l amoeant b@ﬁnmoquotoeawmﬁmde@reemlimme& theclgseapi Gelgs Erginghen cold

undesir ablloﬂnpgEa?@ér%ﬁy%\ﬁlhkﬁ%%n@gh f Y Paflbn ARASHRAS R GHidpeéri Obi um
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[0020] Specifically, what is important with the tantalum sputtering target of this
invention is that 1 mass ppm or more and 100 mass ppm or less of molybdenum is
contained as an essential component in tantalum having a purity of 99.998% or more
excluding molybdenum and gas components. As needed, 0 to 100 mass ppm is



Needl ess to say, it is easy to achieve the above with a standard production
process, but it is necessary to take note of causing the variation of the
content of nol ybdenum or nol ybdenum and niobiumin the target to be 20% or
| ess, and to have a clear intent to achieve the same. [0026] The variation
of the content of nol ybdenum or nol ybdenum and niobiumin the target is
nmeasured; for exanple, in the case of a discoid target, by taking three
points (center point, 112 point of the radius, and point in the outer
periphery or its vicinity) on eight equal |ines passing through the center
of the di fkheraadticanptoyidedghaththisSexolatesnd rodssnprny.bdenass M @8It EUIm and
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Crys rarn Siz a | S ) Xa e, 1In e
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formul a o&o-Hibpig inalybdealmeand niohiunuin that the) fotateamanninol malbdenyi @y m
Vallf'SJ €)) Xm%gl%m is 1 mass ppm or more and 150 mass ppm or less.
{0022} This is because, outside the foregoing range, unrecrystallized portions
arise and variation of the crystal grain size increases as shown in the Comparative
Examples described later, and, in addition, the resistivity distribution within the sheet
and the electric energy until the initial stabilization tend to increase. Consequently,
20 the uniformity of the film also becomes inferior. This tendency is the same as the

case of adding large amounts of molybdenum (independent addition) which exceed

the amount prescribed in this invention.
What is unique in the case of co-doping is that the foregoing problems do
not occur if the total amount of molybdenum and niobium is 150 mass ppm or less.

25 The reason for this is not necessarily clear, however, it is considered to be because
molybdenum and niobium are respectively different substances in spite of their
similarities, and the problem of segregation and effect on crystallization arises as
their respective problems. Here, this co-doping also has its limits, and the results
showed that any addition in which the total amount of molybdenum and niobium

30 exceeds 150 mass ppm is undesirable.

[0023] The inclusion of molybdenum or molybdenum and niobium forms a
uniform and fine structure of the target, thereby stabilizes the plasma, and improves
the evenness (uniformity) of the sputtered film. Moreover, since the plasma
stabilization during sputtering can also be realized in the initial stage of sputtering,



25 [0028] This kind of target structure yields stable plasma and superi or
evenness (uniformty) of the film Mreover, since the plasnma stabilization
during sputtering can also be realized in the initial stage of sputtering,
the present invention additionally yields the effect of being able to
shorten the burn-in tinme. [Exanples] [0029] The present invention is now
explained in detail with reference to the Exanples. These Exanples are
merely illustrative, and the present invention shall in no way be |imted
thereby. In other words, the present invention covers the other nodes and
nmodi fi cat i otte bursinitheel cambé storfepedini cal concept of this invention. [0030]

Ex le 1) A | obt d b d N t
A L T Ny e N T
t o el ect r on99888%reIntared;ere ghstdonponerts mtﬂa shrali @atcenia raivssuch ge bxyyen ng a
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at a tenpergg lhgteocfung'ng%? %gafb‘ﬁn@tﬂeearghﬁct tegé hﬁ&erw&&%l@%égg@%@gzz of

120 mm and a |arrete _ _
crystal gragas @qm@onestsmemdnaémbﬂvamw Of m&mm ofjihemrésent invendiomas subj ect

to ext for gi ng Wdé&ﬁ@éd JHBR/Q'rﬂ& BlenlLR Y icR/BRERGh ‘dﬁé’nBBﬁﬁ\ :’égl%%e and

recrys I zation anneal i ng wa OI‘ rred ereto agal n at a errper ature of
1480 K. As wnifosm And fine strepluies pfnfgntabmg bzwgtimdclm@i ot @féart metel cerprangntsg

mat eri al hah‘;bﬂaﬁl:canérhhﬁ@%& SRENETTHRGEL, %tﬂ&é&%%dé@gndn"&\er%rﬁicsgtd ucture

in which the average, crysta grain size is 150 pmwas obt ai ned
harmful, and impermissible.” This is because these impurity elements are considered

to inhibit the effect of molybdenum or molybdenum and niobium. In addition, these
impurities are clearly different from molybdenum or molybdenum and niobium, and it
is difficult to achieve a uniform crystal grain size of the tantalum target, and it does not
contribute to the stabilization of the sputtering characteristics.

The tantalum sputtering target of the present invention contains, as a
more preferable range, 10 mass ppm or more and 100 mass ppm or less of
molybdenum or molybdenum and niobium as essential components, and has a purity

of 99.998% or more excluding molybdenum, niobium and gas components.

Moreover, the tantalum sputtering target of the present invention contains
10 mass ppm or more and 50 mass ppm or less of molybdenum or molybdenum and
niobium as essential components, and has a purity of 99.998% or more excluding
molybdenum, niobium and gas components.

[0025] With the tantalum sputtering target of the present invention, preferably,
variation of the content of molybdenum or molybdenum and niobium in the target is
+20% or less.

So as long as the inclusion of an appropriate amount of molybdenum
yields the function (property) of forming the uniform and fine structure of the tantalum
sputtering target, the uniform dispersion of molybdenum or molybdenum and niobium
will contribute even more to the uniform and fine structure of the target.

Needless to say, it is easy to achieve the above with a standard
production process, but it is necessary to take note of causing the variation of the
content of molybdenum or molybdenum and niobium in the target to be £20% or less,

and to have a clear intent to achieve the same.
8



15 [0031] Subsequently, this was subject to cold rolling and
recrystallization annealing at 1173 K, and finish processing so as to
obtain a target material having a thickness of 10 mm and a di aneter of 450
rrinD. The average crystal grain size of the target was 110 pm and the
variation of the crystal grain size was 20% And, the variation of the

nol ybdenum content 20was 20% The results are shown in Table 2. [0032] Si nce
t he sheet resistance depends on the filmthickness, the distribution of the
sheet resistance in the wafer (12 inches) was msasured to check the
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9 With the tantalum sputtering target of the present invention, more
10 preferably, the average crystal grain size is 110 pm or less. The crystal grain size can
be refined by the addition of an appropriate amount of molybdenum or molybdenum
and niobium and a normal production process, but it is necessary to take note of
causing the average crystal grain size to be 110 pm or less, and to have a clear
intent to achieve the same.
15 More preferably, the variation of the crystal grain size is £20% or less.
[0027] The variation of the average crystal grain size in the tantalum target is
measured: for example, in the case of a discoid target, by taking three points (center
point, 1/2 point of the radius, and point in the outer periphery or its vicinity) on eight
equal lines passing through the center of the disk, and measuring the crystal grain
20 size of tantalum at a total of 17 points {16 points + center point (since the center point
is counted as one point)}.
The variation of the crystal grain size is calculated at the respective points
based on the formula of {{maximum value - minimum value)/(maximum value +
minimum value)} x 100.
25 [0028] This kind of target structure yields stable plasma and superior evenness
(uniformity) of the film. Moreover, since the plasma stabilization during sputtering can
also be realized in the initial stage of sputtering, the present invention additionally

yields the effect of being able to shorten the burn-in time.

30 [Examples]
{0029] The present invention is now explained in detail with reference to the
Examples. These Examples are merely illustrative, and the present invention shall in
no way be limited thereby. in other words, the present invention covers the other

modes and modifications included in the technical concept of this invention.
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0030} (Example 1)

A raw material obtained by adding molybdenum in an amount equivalent
to 1 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and

5 diameter of 200 mme. The crystal grain size was approximately 55 mm.

After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mm@, and a structure
in which the average crystal grain size is 200 ym was obtained.

10 Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1480 K. As a result of repeating forging and heat treatment
again, a material having a thickness 120 mm and a diameter 130 mm@, and a
structure in which the average crystal grain size is 150 pm was obtained.

15 [0031} Subsequently, this was subject to cold rolling and recrystallization
annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mm¢.

The average crystal grain size of the target was 110 pym, and the variation
of the crystal grain size was ¥20%. And, the variation of the molybdenum content

20 was +20%. The results are shown in Table 2.

[0032] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

25 As the results shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.6 to 3.2%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

The electrical energy required up to the initial stabilization of sputtering was

30 also measured and showed 120 kWh, and decreased, as the results shown in Table 2.
Thus, besides shortening the burn-in time, the evenness (uniformity) of the film was
favorable and it was possible to improve the quality of the sputter deposition.

[0033]

10
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[Table 2]
e Electrical
Average Variation oW P ;
Mo Crystal in Crystal I\\:lirg“mtl mt Resistivily Distribution in Sheet Ene:gi)t(.l:p to UmIoFrirIn i
Grain Size | Grain Size ol r'1.|a N orFiim
Stabilization
Example 1 1 110 +20% +20% 2.6 ~ 3.2% 120 kWh | Favorable
Example 2 5 100 117% +18% 2.5 3.0% 100kWh | Favorable
Example3 | 10 90 +15% £16% 23 © 27% | ookwh | Favoravle
Example 4 20 80 +10% +12% 2.0 22% B87KWh Favorable
Example 5 50 75 +8% +10% 1.7 ~ 19% 85kWh Favorable
Example 6 70 72 7% +8% 1.3 ~ 1.5% 82kwh Favorable
Example 7 100 70 15% 6% 1.0 ~ 1.2% 80kwh Favorable
Comparative | . |  1an | .aser | o = i
Examole 1 0.5 . 130 ) :_t350'_ﬁ_ __f‘ﬂ%___ 5.8_ - __6.0%_ 201)kWh 1| Infenc_)r_
770
Comparative Variation o i
Example 2 150 caused by +50% +70% 4.5 7.0% 130kWh Inferior
Segregation

o034 (Example 2)
A raw material obtained by adding molybdenum in an amount equivalent
5 to 5 mass ppm to tantalum having a purity of 99.999% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mmg. The crystal grain size was approximately 50 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a
10 result, a material having a thickness of 120 mm and a diameter of 130 mme, and a
structure in which the average crystal grain size is 200 pm was obtained.
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
15 treatment again, a material having a thickness 120 mm and a diameter 130 mmo,
and a structure in which the average crystal grain size is 100 pm was obtained.

[0035] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm¢@. Cold working and recrystallization annealing

20 in the middle and last were adjusted to achieve the following average crystal grain
size and variation of the crystal grain size. Although the average crystal grain size
and variation will also change depending on the additive amount of molybdenum, the

foregoing adjustment was possible in this Example.

11
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The average crystal grain size of the target was 100 pm, and the variation
of the crystal grain size was +17%. And, the variation of the molybdenum content
was 118%. The results are similarly shown in Table 2.

[00386] Since the sheet resistance depends on the film thickness, the distribution
5 of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49

points on the wafer was measured to calculate the standard deviation (o) thereof.

As the results similarly shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.5 to 3.0%) from the initial stage to the

10 end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

The electrical energy required up to the initial stabilization of sputtering was also
measured and showed 100 kWh, and decreased, as shown in Table 2. Thus, besides
shortening the burn-in time, the evenness (uniformity) of the film was favorable, and it

15 was possible to improve the quality of the sputter deposition.

00371 (Example 3)

A raw material obtained by adding molybdenum in an amount equivalent
to 10 mass ppm to tantalum having a purity of 99.999% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and

20 diameter of 200 mme. The crystal grain size was approximately 45 mm.

After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure
in which the average crystal grain size is 200 pm was obtained.

25 Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mmg,
and a structure in which the average crystal grain size is 100 ym was obtained.

30 [0038] Subseguently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mmg. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain
size and variation of the crystal grain size. Although the average crystal grain size

12
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and variation will also change depending on the additive amount of molybdenum, the
foregoing adjustment was possible in this Example.

The average crystal grain size of the target was 90 pm, and the variation
of the crystal grain size was +15%. And, the variation of the molybdenum content

5 was +16%. The results are similarly shown in Table 2.

[0039] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

10 As the results similarly shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.3 to 2.7%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

The electrical energy required up to the initial stabilization of sputtering

15 was also measured and showed 90 kWh, and decreased, as shown in Table 2. Thus,
besides shortening the burn-in time, the evenness (uniformity) of the film was
favorable, and it was possible to improve the quality of the sputter deposition.

o040} (Example 4)

A raw material obtained by adding molybdenum in an amount equivalent

20 to 20 mass ppm to tantalum having a purity of 99.999% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size was approximately 40 mm.

After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,

25 a material having a thickness of 120 mm and a diameter of 130 mme, and a structure
in which the average crystal grain size is 200 pm was obtained.

Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat

30 treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 pm was obtained.

(0041] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing

13



100341 (Exanple 2) A raw material obtained by addi ng nol ybdenum
in an anount equivalent to 5 mass ppmto tantal um having a purity of

99. 999% was subject to electron beamnelting, and this was cast to prepare
an ingot having a thickness of 200 mm and di aneter of 200 mmy. The crystal
grain size was approximately 50 nm After perform ng extend
forging to this ingot or billet at roomtenperature, this was subject to
recrystallization annealing at a tenperature of 1500 K. As a 10result, a
mat eri al having a thickness of 120 mm and a di aneter of 130 nmw, and a
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rolling qhé %[‘VSYa?{ge” a L\ké%u?dweﬁ , e vanstichl &'tﬁ@ nilyeRASH 8n@At as to

obtain a arge ng at ness 0 mm and a di aneter of 460
r NOW. CoIwdasm.tﬂR?/mghamul’ceareﬁmdarlylstlawnmeémiméal | ng 20 in the middle and

| ast were adj ust ér}c)? pglsn%eﬁ\é/e?srj'étgﬁcef(%p&ﬁ%&gtlﬁviﬁﬁlqgi@krgdsth@ldlsmbﬁl si ze and

vari §t%on of the g Ze he average crystal grain
si ze and ofatheasheeh resistance s thhavajer (Ehémtienlgwen measusertite jdfeckaiifunt of

| ybdenym, i g c%ﬁﬁigg’h 9 ki M?Tuﬂaé?.h é"@e@ﬁ’”ﬁé \quiltlfe LRkt hesisthr@ sl 4

The average cryst rain size o pm and the vari ati on

of the crgpmtapn Mafeswa%maww% calgyipte th@eﬁt’«vu#ar%@?\'dﬁvoaiw)tth%fe%l ybdenum

content was 18% aLhge ré‘s’iML ﬁﬁm%ﬂ? sﬁb\m It dble §hé\)MbritIV tﬁélﬂh&u&lon[&(ﬂ?&] Since
t he sheet resistance depends on il mthickness, gcf’ t“tb;ﬂ'gecon 5 of

the sheetresistgnes dﬁts@unqn inrike \ﬁm%rls e‘me" (@ ﬁfég)zwégom@sgw k the

distri bu"érﬁ%t&&f‘é\' iduﬁt@rlﬁﬁ it fhﬁs Exdnipié:nthakiBeme fluspatdr btk Ifin tiitknesheet
resi stance of 49 points on the wafer was neasured to calculate the standard

deldi at i orfligtelutionds gmall. As the results sinilarly shown in Table 2,
evidently, the fhyugtdiadtiican eférgy tequirdi |t Rnke lﬁitlaltstatblimhmnof sputledngheet i s

small (2.5 to rom,t e to d sputtering
TRt S s Aemepaued Ag sheued b kiAo IR ORI Tag82, s
distri bUtbééIdelsSslﬁJﬂtéhlhg theeb@hae ttine; athe esvenggssr equfonmaty) W the filmewasi ti al

decr easedv ARt e i BirPiei8 AEUHEE ¥ ChiRBPUEREAR. KON, anc

decr eased;
20 (00431 (Example 5)

A raw material obtained by adding molybdenum in an amount equivalent
to 50 mass ppm to tantalum having a purity of 99.999% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size was approximately 35 mm.

25 After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a
result, a material having a thickness of 120 mm and a diameter of 130 mm¢, and a
structure in which the average crystal grain size is 200 ym was obtained.

Subsequently, this was subject to extend forging and upset forging at

30 room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 pm was obtained.

[0044] Subsequently, this was subject to cold rolling and recrystallization
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shortening the burn-in tine, the evenness (uniformty) of the filmwas
“favorable, and it i Swas possible to inprove the quality of the sputter
deposition. [0037] (Exanple 3) A raw material obtained by adding
nmol ybdenum i n an anount equivalent to 10 mass ppmto tantal um having a
purity of 99.999% was subject to electron beamnelting, and this was cast
to prepare an ingot having a thickness of 200 mm and di aneter of 200 mtp.
The crystal grain size was approxinmately 45 mm After perform ng
extend forging to this ingot or billet at roomtenperature, this was

subj ect  t4nne&NHgY Shdfinisl pidcessinnseas tongptait adtatgehetesialinayvingfa thigkgest As a
result, a _material, having a.thjcknes ! eaftfg 130 mmtp,
and a st r‘?jglgdf"é‘ and ?/\ﬁ'iaﬂﬁg‘?r é4§gé‘?"§‘g'eé%§§yso arIQg gﬁaafér%ﬂ’sslﬁaz"gh?dsm%rg{) rpr% was

obt ai ned.in 2RSHREE aeddsy wetd1adjusiad te abievs thedoliovies average P glaba@Npset

¢ : A A o . - Ui
por for e e aTLyg i oh i Gy PR d uAdpod S NRRRI IS SRUTBIRE Y 5
r efgeat i ngarfdosatiatian will disoeziange depanding caghe Addidvengmesnt 3_f mﬁ%?"?{b’"h%?%i ckness
120 mm agggﬁagﬁ%'g%?%%;ﬁ@erﬁgsg%wb'e?'gﬂ‘saﬁ’é‘“ ture in which the average

crystal was obt al ned. 30 [ 0038] Sui? e ue.nh(l)r% this
was subject to cdhd aveiageretysial@raiesizg of fe|targgt Ve 7amAb AN iﬂf AR i ni sh
processin ' \D%% oAl 3@l Bl AMdtdh oftel mdyiienbinddontesswad 10 mm
and a di a(?fért?ée)?&%t#@g@%m%_ . écﬁlwor Ki ng ar'ld recni stal lization annealing in
the mi ddl+l0hdhedesultaeresigpiisshowntip Tablgi%eve t he fol | owi ng average crystal
ar g [50,1%] ze and Y%iﬁcfétthg@héét_rbél_@taﬁéé/éellpﬁhdlgbﬁhmehﬂmaicklmsshﬂ)_aglﬁstumomver age
crystal grain size and variation w al so_chang e

addi ti ve efnthenshest reeiFtApER tinthe ¢ Wafet 6%%@'6%‘?3’ &ﬁu@?%ﬁg@%g&%‘gs}f‘%l ein
this Exangbbution condition of the filh@hiskresagBpexificallyaltheyshéet resistenest of AR target

was 90 pm and the variation of the crvs | I dr¥. And, the
vari at i onp%ﬂtspﬁéh?fﬂPf?bW@ﬁmﬁaéﬁrﬁgi%fa'%%t‘sett%%}g ﬁ%&;dé\gﬁn}[’@ftg\[ e simlarly
shown in Tabl e 2.ad 98394 Misrirmildrigeshowe @t Talie i2s evidentlydthedlygation efdBe i | m

t hi ckness, the distrihution of ! &S 4 PRGR thdlinftiBestigd ®the 12

i nthes) m@'sfﬁ‘ﬁgﬁfs&@”?%" %@8?“?%@33?%?3?‘5[}??@9?Con'diﬂﬁ[i on gf Eﬁﬁ{‘e film

t hi cknessendSpagé fof eputteying tim this Feamplecthiat isa eefluptuation BBFW?tf MJAICKES waf er was
nmeasured to F)BI:I cul at et he standard deviation (a) thereof. 10 As the

resul ts sPRTPHYINVSSEBAN in Table 2, evidently, the filtljgag,t uati on%ofn t he

resi stance di striThet électrical enecgysteqeired up &evie injtial stapiizaliondy SPYRE{INg o

initial sta bétEaded, hébowrxiamable;2.fThag, i s, the
fluctuati Hﬁgglfsshéea}gﬁeﬁrﬁ%gﬁslthgﬁﬁggé k@?ﬁ??‘?gut i %n IS, The

I, .
el eet ri cabesidas ghorteming thed buw-inotimﬁethenp‘ﬁf&%%t(%qu"i"”@élt bh Hreofimy pittering
was al so fgggﬁalﬁf eQn@R%ﬁ%ﬁ){éﬁﬂleQ@iMw MBQueiRg bPREcPuttarslepbritian. i n Tabl e 2.

Thus, besides shortenin e burn-in tine, the evenness (uniformty) of the
fil monsess {Erx@a0pdPle, and it was possible to inprove the quality of the

sputter depositi OR rai APfAal OBtERERI 15 #ding malbdartuer inadn ahewiteadiv@igntaddi ng

nol ybdenum i n an anount equi val ent 20 t SS X ving a
purity of tof0 09sspREde %“ﬁ’ﬁ%that”ﬁgél%’é'{yr%ﬁggg °Wr%§oﬂgﬁ%c?tota%§j&%hiw§b%s cast

;ﬁgﬁgfsgigeﬁg\%i@n tﬂiﬁge. sgtc?)?e)?ibrrat L té(ﬂ; i e A?{rg?fj)er?o;rr:ing
! i 30 :

ext end foPW’tQSZSW'E“%g aq[ﬁ’ﬁ“f‘é? g\gta rggm ![rréafelgr ature, this was

subj ect to recryshfédgerfatming extenddbrging tathisingehereriiat gk woBt eTREHIRS: As a

L s U s S ' 1 ' a8 430 rnmw,
; ﬁzua st? Herr?a d‘fearé i ?L}?l%i;{éPfg?rﬁ%t%@iz/@r&ﬁgéerﬁ‘gfg@n& ?a%ﬁ@ﬁt@edﬂf@%bm A r nmw,

grain siz? i& 200 was
obt ai ned. result, a material Satisg auibickhgss afti28 mmang mfiameter §f 439 BNEP 18P ng and
upset forgjng at. roo GKLAL P00 pRAwaLestHiRédl | | zat i on
anndal i ng%@”ﬁe‘?i‘"ﬁf‘cﬁéﬁggﬁ%&@ g&gtgg%ﬁ‘at a terrger at ure of 140004500 K.
As a result of reBebsdqugnityortaispaspebiertde extend forging and upset forg

room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1 500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme@,
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30 treatnment again, a material having a thickness 120 nm and a di aneter
130 mmw, and a structure in which the average crystal grain size is 100 pm
was obtai ned. p0411 Subsequently, this was subject to cold rolling and
recrystallization annealing, and finish processing so as to obtain a target
material having a thickness of 10 mm and a dianeter of 450 mmw. Col d

wor king and recrystallization annealing in the mddle and | ast were
adjusted to achieve the foll owi ng average crystal grain size and variation
of the crystal grain size. Athough the average cryst rain size and

vari at i orandid étrmtmnnuﬁtmtgtbed&ﬂagellcrygtabyratmﬂddpe iJmeN%ﬁﬁgﬁﬂe%f mol ybdenum

the foregoi ng adj e i n, t The
aver%@ crystal éﬁg [@ t e of Q‘fﬁ Ftﬁedt © QbﬁS?mﬁp afid recrygta\l}ngetllogtl on of
t he crystamheaglingj andsfimish pmses,lsﬁ]% sohasito Qbﬁmn wdpigsgt I‘"@t@f'é\‘ hQVH'@ HiRickBRRSnUm
cont ent g tlantICal iRl LF 436 fyid TCAR UM IR AT cLsERkborCanrbfHG2] i nce
t he sheet” resistance e en on

i'ckness, the distrjbution of the
shéet redin theamidsle and Iaet wefecadjpsted ity epfieve thadolipwing Aeaiage crysiab @i e

10di stri et 4%&@%% 'opﬂleoér%(étglegrfalnl dld. kb OGS the mef‘t Il gtaintsie sheet

resi stance o pol nt's on waf er was neasured t gl at e he standard
devi at i orgndavprigtipsywithplso change dependiagoRdhe addifveanaqoyy P 'PPV G0 '] n Table 2,

evi dent'wore b fahfodsﬁﬂé?ﬁwaél @éfsﬁl@ﬁﬂh@fﬂx%h‘@l‘&e distribution in the sheet is
smal | g from tﬁ

e initia to the_end stage uttering
in thi s Exarrpl e; Thﬂaver?se cpystal 97%?'6%Pf @'%?%ﬁge't‘ﬁﬁs ??Pm ?ﬂﬁ?&? v%gaf?d?]
15¢hi stri tHﬂthé)&yetﬁl gramldize was +7%. And, Thevatlatiar of tbalmalybelegym cefantrveas up to the

initial stabilization of tterin s ,al so nmeasured and showed 87 kWh,
and decr e~<§s/ea-heé§s‘§tﬁ80§19'1“ﬁg#yﬂo&"éﬁT\é\ﬁﬁg besi des shortening the burn-in

ti meposbjhe evennesmcéum blogetirésigtarade depends bmneammfthuvmal the dighdutian was
possi bl e ro ual i t of 1 L @RA3]
c&)the ee I'eSIS inc% evya}f%r hﬁbt i n g?ﬁlﬁ'éoo o chle

( Exanpl e nol ybdenum i n an
anount eglistrtaitientconditia® ofrmssﬁ th|¢lmessarﬁnﬁlclﬁnall¥amm§h%t pseﬁﬁt@@peo?f 49. 999% was

t t t
bt ng. a i e f?e@%mé“éﬁ‘gwd‘?ya“m“ el g h e ReRRe ol grain
size was appr oxi Hatthe yestls similagp shown iy Tahle ?o?‘ﬂ‘i‘%yeﬁaﬁé'HEf”‘Ft&"gq to this
i ngot or rgél%tjaﬁ&tt altstni) |qué’gﬁ@étq§ Small §td"@%°/§l#2h¢t}fe |ﬁ|ﬁalrs%§e)/t6ttwé lization

anneal i ng a ure o a resul aving a

t hi cknessengf stepe rnﬁrsmttﬁnag dinathia @rxaﬁ‘Plelébe nffH?‘uaaﬂ'El °3 ﬁl @?‘3‘ "EH° whi ch the
aver age %é’tﬁt’itﬂ’on%f’rhﬁl size is 200 pm was obt ai ned. Subsequent ly, this was
subj ect to exten orgi ng and upset_ forgi

.00 erature once
ag¥®i n, and recr y§'thalq|¢°£"&tai| @neramew'ﬁeﬁg%@st%ﬁéwf'% ml'zﬁﬁ] f%"ﬁ‘& h at a
E eﬁpff at ;Wé‘s Ao %quégaﬂégﬁb\lfed ESKWh! aﬁwt " deréised, %mfol imngdn Tatslg2nThusnd higg
reatnent again, a nateri al n i ckness
riny, and>esides r $hortgpiag the pHrEn ttﬁ'ge aﬂ?@r%’&@"%ﬁsygfnir?r%aaiqg?zeh?@géloo pm was
obt ai ned.ta{Q2Hid] sHdERALISEYsINNe td iipfovedie qudiifyeafithe sputter depositibhng and
recrystallizati on anneal ing, and finish processing so as to obtain a

t ar g@HINEPEAMRIE “havi ng a thi ckness of 10 nm and a di aneter of 450 |inp.
Cojgd wor ki ng and A e matesibl ottaihbd by addieg Inilgpdenumlie aniamsiuat egdvaenst wer e

o A asa ks (aRlalf hAfind “RART of BY B HALLiS26 sRédsratiar i at i on

of the crtgs e average crysta rain _size
beam melting, and this was cast to prepare an ingot having a thlckness of 200 mm

and diameter of 200 mme. The crystal grain size was approximately 25 mm.
After performing extend forging to this ingot or billet at room temperature,
30 this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure
in which the average crystal grain size is 200 pm was obtained.
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto

16



5and variation will al so change depending on the additive anmount of

nol ybdenum the foregoing adjustnent was possible in this Exanple.

The average crystal grain size of the target was 75 pm and the variation
of the crystal grain size was 8% And, the variation of the nol ybdenum
content was 10% The results are simlarly shown in Table 2. 10 [0045] Si nce
the sheet resistance depends on the filmthickness, the distribution of the
sheet resistance in the wafer (12 inches) was neasured to check the
distribution condition of the filmthickness. Specifically, the sheet

resi st ancgainf at4Stepperitere @f 1606 tort 08 K whs a mesadtaf eepeating forging andhede st andard

devi at i h f. .1 3 | J7

v dent | yreefier AEEE, ApAgrcl RV koS YaT i gEa bl 398 fde, 1 et i s
smal | ( 1.ahdtacstric@9d) infwhich the@vémpe babtatgra'g@iledsﬂﬂ@zumssqtﬁ@l@ecbf sputtering
in this Exanple; §h€%¢qub§ﬂy,ttﬂﬁ Wagc%dtofﬁ bt Reflirdg! lal t R RESStion

di st?PBution is el ectrical energy required up to the
i nisti al sinasalingzand finistoprospssinoesd agtovrpiain pdarogbmateriahaying SMERFSss kv,

and dect 639 8%m ana Gifheld? of 450 farfy. d8M SworkiRPER] RefseiRatchirigalige burn-in

tinme, the evenness (uniformty) o e filmwas favorabl e, a(gg it was
possi bl e in ¢he mjsidieyend fst weea adiysted ta RehieyahedpliodihbaYereheYPE0FE" (Exanpl e
6) size arfd VHMORbE iHePbryQBL grhimeslzd AL GhH theaveysydedtystali graiarsiznount
equivalent to 70 nass ppmto tantal um having.a puri iiéf of| g& g%@t’{?ewas

subj ect tapdereationow!l pisashangrdenenging 2AANE AT t"(ﬁé“%ﬁ' PBYBRIEPAr € %an i ngot
hayi ng a tblahsikg a8strient R8s Bt inthgma@apleof 200 rnmu. The crystal grain
si ze was approxi nat el

30 mMm L Af.ter, per ' t forging to
Thi< ingor br bi Theeviress sHRA arbsize gF e RpLeELO L, Bl e Edud
recryst aldfitwaéy a8 Ganes was £6% A teevaiatioeobthe bEfddenUMsoBteptadan t , a
mat eri al havi a thickness, of 120 d a diameter of 130 mmw, and a
30st r uct Lﬁﬁgfmﬂﬁgm@ﬁ af%ﬂ"’i@@’r?ﬂ%’" ?Té{)'glr}'grai n size is 200 pmwas obt ai ned.
Subsgsuent | y, t hisincease shest eedistancesdepends b thgi fiy thiknegp.sbe dissibylieny at room
t enper at ur.e, ongce ai.n, _and recr, P LN AR NR8Ad et Wecheex fiey med
t her et o a‘ﬁatpﬁ eegq?% %ré ea?'brtﬁgoqﬁgﬁé)@ t%gcrh&@O&éK. As a result off gzepeati ng
forging afistrifigiah donitiomef theaflan thicknesmtSneciicallyathenshaet re3istRprese 490 nm and
a di amet ep{oin g’ Qn tHMyafer was measured to calculate the standard deviation (o) thereof.
As the results similarly shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.0 to 1.2%) from the initial stage to the

20 end stage of sputtering in this Example; that is, the fluctuation of the film thickness

)

distribution is small.
The electrical energy required up to the initial stabilization of sputtering

was also measured and showed 80 kWh, and decreased, as shown in Table 2. Thus,
besides shortening the bumn-in time, the evenness (uniformity) of the film was
25 favorable, and it was possible to improve the quality of the sputter deposition.

joos2] (Comparative Example 1)
A raw material obtained by adding molybdenum in an amount equivalent

to 0.5 mass ppm to tantalum having a purity of 99.995% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm
30 and diameter of 200 mme. The crystal grain size was approximately 60 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure

in which the average crystal grain size is 200 ym was obtained.
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and a structure in which the average crystal grain size is 100 pm was

obt ai ned. [04471 Subsequently, this was subject to cold rolling and
recrystallization annealing, and finish processing so as to obtain a target
materi al having a thickness of 10 nm and a di aneter of 450 mmp. Cold

wor ki ng and recrystallization annealing 5 in the mddle and | ast were

adj usted to achieve the follow ng average crystal grain size and variation
of the crystal grain size. Athough the average crystal grain size and
variation will also change depending on the additive amount of nolybdenum
t he foregoi ng adj Babsegoentlyashipowsi Slbject o telitend Hayingl and upset forging at The

average Cr¥ ?&n&&gbﬂagﬁéfg#@&%ﬁﬁaéé&#ﬁinﬂ@?aK&ﬁﬂH%¥@€ﬂeﬁnﬁpﬁ%éh§$'On Oof

the crystal grain Size was vari ation enum cont ent
was 8% Tlagaines @l temparatursiofiil @0 toy 15000nAS a rasadlil of repealing fBdi®) aoda hedte sheet

resistancgg %ﬁauﬂn trﬂ%ﬂél'ﬂ%h@ afhw”b%ﬁéss I3 il Shd la (ﬂ%ﬁg%@r ?ﬁoh%ﬁ‘?sr‘eet

resi st ance |n was neasured to ribution
condi ti onapf atstfelcturq lmwmnfbthﬁ@sgrageswetafgremlalge is 1A@ uEwas obtairgdst ance of 49

15p0i3s on the vsligleqiTORILIAT LANGR! pULacdiig shandesgaiisianti on (2)

t her eof . fesults sim shown I'n 2, evidently,
the fl uct @awailngoandtwn@r@p@%smwaﬁ@tqht%@lt@rsei rﬁateﬁel '!ﬁ‘!@éta thickaesg | (1.3

to 1.59 fof e0mihand a.b.abte%fiasn Hané oIE RErFHgRERI RErysRMLAIRIN dtdhehithgt hi S

Exanpl e: the fluctuation of | mthi ckness distribution is small. 20The
el ectri cafl @ﬁé?'ﬁ?eraé‘ad?sftwr%lﬁdlf'ﬁtegﬁ%aFrﬂ?‘ﬁ 2] ARRTABIA!T PRPHHOYHELHAN er i ng
wagoal so grasdahdedhraich %hw@dry&al lgkn sﬁ@dbﬂeﬁlé%ﬁégdmgaﬁjl&hﬁm was netbl e 2.

1 was. PAVUNS N Bl Chibphrath R apioie Aap A6 4ol s DX IR et 08 0o pe”
sp:Jt L gr deyas sii30iyom. an[dQ{MQﬂor( Eb(taamh&t ttaTbE%‘gé‘Zémsm iAid, odmaal mmeﬁtHe_y addi ng
no enum|nanam)n e 0 ma um having a
pur%/ty of "5’@"’66@‘6}“&8 e@%% "WOQ 8| ?:"Pt?(?ﬁeﬁ' i?ﬁ"P ownﬂﬁﬁ-a@%g this vvasgcast
to pr®pare an i ngdincéthel ﬁ@earasfstariceelspemfs ddtfe ffitm #mickndssathed distribtior00 M.
fhascryst ot ol ShBeCIERuRe, APRIeOYRI! GoY idred] Wad oy R (P ERLATHEX! €0

forglngtothlsm IS was subject to
recryst al Hislrigttiom conditigel ofrl'gljlea‘ilmaththmﬁsr §pa¢lﬁ;cadiv ths et resistance i %t , a

gﬁ 52; 3|r eB?lﬁ{s\';agl tﬁ%wghﬁ m?ﬁﬁea%hrejdztg I%qh@ sghmta%(nag%rb(]cg%errédw and a

average cry s grarn size 1s m was obt ai ned.
Subsequent | y, t hiAs thesresuits %mtlartyosr@wmend’ ablerZjienigeninl theptiustuation Qfﬂ"@ at room

tenper at UpspiHes &aﬁsaﬂon%w%@vg@# L5 6§%t‘b% ﬁ&ﬂlth@mnwaapeﬁé
i f o

thereto again at a tenperature o to 150 resu repeatl ng

foPgi ng aned Kiage of seatterngtindbisi Gomparativeckraampleidbatng, thetfuctueies 8T 120 mm and

a_di anet efinmlBRkhéyEdhtritténds Rideuct ure in which the average crystal grain
size is 100 pm was obt ai ned.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 200 kWh, and increased, as shown in Table 2. Thus,
it was not possible to shorten the burn-in time, the evenness (uniformity) of the film

25 was inferior, and it was not possible to improve the quality of the sputter deposition.

Similar testing was performed for a case of adding molybdenum in an
amount equivalent to 0.5 mass ppm to tantalum having a purity of purity of 99.999%,
but the same tendency as this Comparative Example 1 was observed. It was obvious
that this also affected the purity of tantalum.

30 [oos5] (Comparative Example 2)

A raw material obtained by adding molybdenum in an amount equivalent
to 150 mass ppm to tantalum having a purity of 99.999% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm
and diameter of 200 mme. The crystal grain size was approximately 20 mm.
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[ 0050] Subsequently, this was subject to cold rolling and recrystallization
5 annealing, and finish processing so as to obtain a target nateri al
having a thickness of 10 mm and a di aneter of 450 mmtp. Cold worki ng and
recrystallization annealing in the mddle and | ast were adjusted to achi eve
the foll ow ng average crystal grain size and variation of the crystal grain

size. Although the average crystal grain size and variation wll also
change dependi ng on the additive anount of nolybdenum the foregoing
adj ust mrent was possible in this Exanple. The average crystal

grain size of thankprpgRImsextéhdroigirgtd thil ingotion Gilst ahroom tepemtyet al grai n

size was b% And, . the variation of the | yb C O% The
results aif"é "‘éqsrﬁ“h&?\h'ﬁ '@%ﬂﬁl}'?"ﬁ'o"réﬂv%ﬁﬂg gﬁ)&%eeg# H?geoqﬁ Fﬁgms(h)g%ta rérge(ﬂg'l st ance
depends onmitgial hdvingtanihicknessof 120 ennilasd a idimoteterrof 380 trinep, and @tstriuelyfest ance i n
t he waf er, 2 i.nches) was asured . the . distribution condition of
the fil m'P&ijﬁlfﬁ'ﬁ&sg‘.’er W?QFCQJF'P)?,'Z%'%gogﬂrz]&l%srdggallg‘%d?ance of 49 points on the
waf@er was nmeasur &lbsequeatly uhistwag kebjettandextenddiovding 0% ypsgt fordingat |

As the resul t.s simlar [ : ' I ermddahbreds | on of

t he resi srpgrﬁ'ct mﬁ?@urr?lgh ?%@%@H@J@%{%@%ﬁpg%gﬁqﬂb(oﬁs tor 1.29 fromthe
initial sigaeat tenieraOenel W0ade 1600 Kpas rerepyibol mPreaing ferginaAnd Neehat | s,
the fluctyalblon Yaid Memblendl AdVifd<Q &Sk idss b PithidPa 4 Biafigedrl130 mme,  The
el ectrical enérgy required up to the initial stahilization 0}} sputtering
was al so anskastrusture rdwkint rscavetagrR\S/sta gEpiR&iEe Ba004m was elBNRYi n Tabl e 2.

T.hfbs oosaf S1 des Sh@u%@é&\%au*hﬁwi@%&- isObjebtTRo doltP rEMe NS réanysitdlicmtiont y) of t he
£ifmwas favorable, and It was possible to rove trllﬁ quagltﬁi%nggsthe
sputter cpesting and fipishpogceseiaga Pale gkia {?Eg)eé mgerial having raw materi al
obt ai ned Gvioadfi A AalarRITeM50iMp. BOBUGrkiag ahy adayrtallization Brmeedisg ppm t o

tantal um having a purity of 99.995% was subject t.o _e el ting,
and t hi s fidke fddle apd Bﬁgwaﬁeeacglﬁt‘?‘ﬁf@(&m‘%ﬁa%iaﬁﬁpﬁrqphgtgkgﬁgs&?[*%?\/%gmﬁ 30and
di anet er gfe 3RP vahaton di@eCdrystblagrainr sizen kit 2iee Faegaing Adjusiment Was gBt mm

After performng.extend forging to this_ i i fo: RO}

t ehper gt Lﬁc§§|b{enlﬁghla,égn@aa?lggFX%BP'PE%I}dy@?gp?ﬂgé%{g {y(s)ﬁ'l gﬁr?ﬁeséﬁcﬁt at gaet

t enper at uwgs efippbBeAIK. 70Asma butethel variationatt thei ciystélaarpingsize WAS égﬂ"é’sén%f 120 mm
and a dianeter of 1 nc i 1 MoRbaekurer yst al
grain si Z¢'¢ O@B%Jssﬁ]%\xlggg%g?tgqmﬁg% Slrlliekatie” .P!nﬂ, %!J%\ggkagﬁ;ﬁﬁl y, this was

subj ect tepntertt erad 170%gThe resutis aesimildrlysgpwe innfai®dm t enper at ure once agai n,

ompBal ur e of  1AUEEA §eROE R OB o e g o

II't of repeati ng forgiﬁngﬁgnd heat
t r e@t ment ofatiei sheet teaistancal inhthei wafer ({1 Biipriess wWap2BeaREA A0 fichn8ter 130
nmt, 5and.a, C iol ' t I 8B&cifidalp tthe sBieéti resisianee iof 49400 pm was
obt ai ned. d|§11r|%t£og|] Eﬁj@?@%ﬁ%ﬁ@n t?@i«?é\?vasg‘?l;bgeg tos.col d 5 | | ng and
recr yst al pointatondhe wafes was meastied 1 Falpwate jhe staadard dewglian(a) Mefsel-oi n a tar get

nor ki ng and. rear st aE e e & i LSt EEE

adj ust ed tesistanee aistribution ipthghest @ |gggﬂ%agomﬁé?méveaﬁlﬂg| ‘Litgaésf&é\@gand
vapiati ongff stah8 df'spdtetingdhahie Cdnigarativet Exdnepld; thatgis) thg fadjuatiomehthenas not
possible In this Codﬁ{lag ati veI Exanpl e, and the average crystal grain size of
t he t ar gefiimyhickness WRA '3/8M9%at i on of the crystal grain size was 35%
Aﬂd’ vari $t ibf)n ngﬁdagggmbglmimmemmmp towitse indikg stahﬂizatﬁgmft@%ﬁ*;ggfi Im larly
shown in Ta : i nce e : ot film

t hi ckness"a§ ﬁgod'i'esa H%LA’@O%OWT‘%%?i%eggiggte%%g&s}%tégggglijflat?ﬁe wafser (12

i RchES) mmm?bw?lem shertdn thadudi-it imeuhe erernssaieniformiby OEH@d;fe'fiW mf

t hickness. Specifical. i RELErdepbsifigne Waf er was
medlur ed 18 Bifiar AP Vi hepeRdEElye i P AR of e 2pluirsiofts

ation (a) thereof. . ,
[0058] if the additive amount of molybdenum added to tantalum having a purity

of 99.999% exceeded 100 mass ppm, the crystal grain size coarsened and the variation
increased rapidly, and variation of the molybdenum content also become prominent.
This is considered to be a result of the segregation of molybdenum, and it
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As the results simlarly shown in Table 2, evidently, the fluctuation of
the resistance distribution in the sheet is large (3.8 to 6.0% fromthe
initial stage to the 20 end stage of sputtering in this Conparative
Exanple; that is, the fluctuation of the filmthickness distribution is

| ar ge. The electrical energy required up to the initial
stabilization of sputtering was al so neasured and showed 200 kW, and

i ncreased, as shown in Table 2. Thus, it was not possible to shorten the
burn-in time, the evenness (uniformty) of the film25was inferior, and it
was not ReRidtbferkd thatretaditiohof gxeksivey mofybtéreins sundesirableposi t i on.

Simlar testi ng was performed for a case of adding nol ybdenumin an amunt
equi WsPlefFXPPIN8)s mass ppmto tantal um having a purity of purity of
99.999% but theAs.awembfﬁmdeaﬁtymas biyhadslirGohBamags prm X anpyhslenuMeandobser ved.
It was obvious that thi SO ect f @ [0055]

( Conpar atd- (amass AP é)tf obiuh % Bt % o%ﬂt ke Aghrag% ¥P@tt%:t%£%@'bﬂ‘" ng

molsy bdenirityrof @9. %Ms subjscy t eJexttrdncbeaﬁonﬁlaB@ apgnhis was §AAP BIRPA%VI ng a
purity of_ 99. % was, S C r I abdstahg@invas cast
to prepar®’ 8%3%5'89 ahtg\?ié'%sEé dr ?cﬁeeag‘é %hgggﬁmiga a'&légt}g-l’rgrre?er %f 200 mp.
The crystside |gtrasoa$|vzasamomp¥tetv>ﬁ5rmlml y 20 mm After performng

extend forging t Q‘t Eﬁegrfdnrﬂgl texﬁarndt?brlgtnﬁtto‘iﬁls fr@;@ﬂbﬁtﬁﬂﬂ?@f RoHT t%mp'el‘i!tlﬁewas
subj ect to recrys i zat | on anneall

er at 1500 K. As a
result, ahlmaersuajbcm\remgstdhzcaﬁpean@fsa#n@ﬁt amwgﬁaﬁe& 3%@? gn%?’ aresstt 130 nm

an a S” &R ARVSH AL ﬁdmtaa%etgromwomnm aing a2hDctpre was
obta Hatdfil Ha@mﬂ‘]‘dtﬁgkg quently, t?n s, was syl 24‘ to extend forging and

upset forlgwhg‘ahélt'e avrage ew'fiew;@w@ed%@ I ecrystallization

anneal i ng was persmggéaignﬁqugtwasagab ébtatb @(térﬂnimeglwg ané upsetlipging et 1500 K.
As a result of repeating for @ ttre‘at 1 % m&,m@k@glal
havi ng a "eANJRMBLSIUS ONERP JFM? faupa§ H%y fPlcture in which

the aver aélﬁlrpé%ﬁfeﬁﬂp@étaierbfﬂwe tb 15008, psavasulbbit rapeattn-g fqrgmpmnp heat
n

Sub t .t

ol ndreamentrageins 1 pateRCGR vy 8 SMahebg ghMin Hh 4 B0 ARG OF L
t hi cknessarfa stuicire anshish theaivetage cofstat Geaimsige ISGﬂOdJm\kYﬁR Phigingdd

e gty 2ot ORISR R JIbEL So SR Bty Ve raduetiatiof o achi eve

an aPfffopriate a grain STze variation of he crg/stal
grain si zannehlkig 4thiel 78 &%, @gdifinigh adicessing: ae ands obfain igeast iaterian hayings

Conpar ati ye, Exa tal grain size of the target was
supposedI\Y7 V'ﬁ?sﬁﬁhgmnq?ﬁ%%\?%rrﬁéa{ {%ﬁ%g?ﬁﬁ{ﬁe cr stal grain |1 ﬁs 50% and
vazg ati on caused Ty avempgegarsta graimeize ohibe depabivas 108HM. A heyFioRs ¢ he

mol Ybdenuzp £ORL Rl qifteeid0 s 106! RAU! ahaliPorthdbirmedvof iuhiudehum Babl e 2.

[ 0057] Si n Fesl ST ance depends on the filmthickness, the
distri butmo!mumWBSOiHSf’/hé'th@%{'tSlaé%?'%Ct‘"ﬁHBe-aP'ﬁ?’fhe wafer (12 inches) was

meas ps‘%g to check; ﬁ%ethé'sﬁkét' Bsikanbe Géﬁl#id& ioANh@filnt fhckhédsntherdistiusios
Spec ally, the

resi stance of ts on the e asur ed

to cal cul oft thet Blaeeit rgsigtange dBvingt yaler (33 'Pﬁkﬁsgd'\'as Mheadred o EI}ESWSthEr esul ts
ot Si pg | aL' Y disthBytdnl !E]bn-ﬁﬁ@heofahe Qilﬁh drigkregs. Specifidally;tthatsheet rebistanee l0é|§9st ance
istribution in the sheet is |ar a stageto
the end seeige oprthapater was HbeaﬁH"eE’ﬂ? §£|Eﬂﬂt86’($%§t|38£r d'é\%?;n&rp@! F}Hyrédlfs
fluctuation of thg fhelrBydiai siisingssshdivatim |T|ab|te|bnvugnuyatl@eﬂuctuatlon of the The

el ectrical ener ired up.to the i 5 o [ 1Q w@terlng
was al so F?é!f!@%“f"g ﬁ’g’l{lgﬁ&\g‘& St 'ﬁ\ﬁl“a"gbg t|8n3c§0}(’a)amwh tﬁ%‘snh%psév\nélel n Table 2.
Thus, it w@sstgé opepstidring in this Eaample; tHab ish thenfligtuationof thenimethickprsss
(unlformt% Bof the fi,lm30was inferior, and it was not possible to inprove

t ha? qual i 5BEIOHE STl t er depositi on. | f the additive amount of
mol ybdenum added Tre ¢lenttia enerprisaugedupterthe pitis) stablizationpisptBefi@d’foo mass

ppm the crystal C e Qr{e%dv%&ls%wam mablecastads,r api dl v,
and vari a?{% %lgl %%dnﬂ&f E\g,ﬁt grr‘l(?aa?so becone Htﬂ?enimThl S is

consi der edes*.mesbehmermgj ttrne bdum-inetimegthey gyemesgf(uwmrgp was
favorable, and it was possible to improve the quality of the sputter deposition.
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was di scovered that the addition of excessive nol ybdenumis undesirable.

[ 0059] (Exanple 8) A raw material obtained by adding 1.3 nass ppm of

nol ybdenum and 0.74 mass ppm of niobiumin a total anmount of 2.04 nass
ppmto tantal um having a Spurity of 99.998% was subject to el ectron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm
and di aneter of 200 nmmw. The crystal grain size in this case was
approximately 55 mm After performng extend forging to this ingot or
billet at roomtenperature, this was subject to recrystallization
annealing at a tenperature of 1500 K. As a result, 10a material having a

t hi ceﬁ&@]ﬁ%b@fg,]lzo mm and a diameter of 130 rnmw, and a structure in which
the average crystal grain-sizei§—200-pm-was—ebtained . Sufsgguent]y, this
was subjeft to éxtend|derdi fg=%ind IpEetodor bi rE g romiiemal Sty e once
again, anfl recryst al hPat4"8n carmedlcitig Was Ber f or med th gain] at a

t enper at uf e«@t: .IMG))o.fao 22600 Ke AY a&or esulst pof 29r epeat npg P*Ht"gi fty“%hd heat

15t r eat ne,. Q&1 N: | @& frakerfi alsshay i B@e a t:shisckness 120»nm awd g rdi*ghet er 130

trunp, anJExan|?15 U
was obt ai hed.

i&h the~avierage| crystal +gr pi wvgi zZévqsl 150 pm
equent,ly,| T.his| was subj ect to fobswr diFderg and

X le 1 = 5
recrystal anzm%yz' Jng ag, 1173,,K | and 111 Sh processiwg [se«as to
obtain a E rget- : “having 4 thickngss|of, 10 mu.ahd .awdi lammter of 450
nmw. 20Th s"éf“"'“? gelcrystak-grgin|size-pf the target_ was :m@h_gr%ﬁm t he
vari ati on| Ghiiehe ¢ [g e84 |7 2%l T804 And, vari ati f—the content

of nol ybd =cpumua
Example 4

as218% «the| result s: are shoywn Ph" Tabt'e| 3.

00631 (Example 9)
5 A raw material obtained by adding 32 mass ppm of molybdenum and 12

mass ppm of niobium in a total amount of 44 mass ppm to tantalum having a purity of
09.998% was subject to electron beam melting, and this was cast to prepare an ingot
having a thickness of 200 mm and diameter of 200 mme. The crystal grain size in

this case was approximately 55 mm.
10 After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a
result, a material having a thickness of 120 mm and a diameter of 130 mme, and a
structure in which the average crystal grain size is 200 ym was obtained.
Subsequently, this was subject to extend forging and upset forging at
15 room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 130 ym was obtained.
[0064] Subsequently, this was subject to cold rolling and recrystallization
20 annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mm¢.
The average crystal grain size of the target was 85 um, and the variation
of the crystal grain size was £11%. And, variation of the content of molybdenum
and niobium was +11%. The results are shown in Table 3.
25 [0065] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
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[ 0061] Si nce the sheet resistance depends on the filmthickness, the

di stribution of the sheet resistance in the wafer (12 inches) was
measured to check the 25distribution condition of the filmthickness.
Specifically, the sheet resistance of 49 points on the wafer was neasured
to calculate the standard deviation (a) thereof. As the results simlarly
shown in Table 3, evidently, the fluctuation of the resistance distribution
in the sheet is small (2.6 to 3.5% fromthe initial stage to the end stage
of sputtering in this Exanple; that is, the fluctuation of the film

t hi cknesspgiitd of thd Warket Was imeasured to caT&watetrmCsItandaad dexiation yo)tberad ed up to the

initial st abili zg\ ﬁn qutggiﬁé%ﬁ Eﬁ)l%gs?v Snldgetﬂeﬂﬂauﬁtb }[’)ﬁcl’h 00 kWh,

and decr eased, orteni ng urn-in
time, t here@iét%hﬁ@a%tr(but‘mf o the Tsyéetdé stane (2.0 torR:ké foav thedtitia stagedoithe was

0y "5 r auPHEERT 8 SEERAIG s, Exttoni o, b dhcflBRar bl B m ARBS 3T Ree

ppra of ni ditribiutionris smalot al armunt of 44 mass ppmto tant aI um having a purity

o enar o on }“ﬁ;of bt/ SRl QAR FEIE! iflr Aiicbllbd o8GRy 1O
crystal gwas alssimeasimd lahd shma@bS&hWhaWdﬁQfWél as showiid Tallast Bfusper f or mi ng

ext end TR Ldefing HBIBImA thhe,| '{ﬁE AlenhOQMIFBRRALAH e AR Fayas

subj ect to recrysta ation annea at a tenperature of 1500 K. As a
resul t, afamerablei @nd ihwes ngs%bl@mlmpﬁé@é ﬂ“ﬂ%mfr?'i’ﬁ shidtendenostigier of 130 writ,
ang, Rosd} r@%ﬁ@ whi ch the average crystal grain size is 200 pm was

equ

obt al ned ntly, this was subject to extend for%dﬁ% and upgset
forging at A raw materlal obtained by adding 67 mass ppm of molybdenum and Z.

mass ppm of niobium in a total amount of 69.4 mass ppm to tantalum having a purity
of 99.998% was subject to electron beam melting, and this was cast to prepare an
ingot having a thickness of 200 mm and diameter of 200 mme. The crystal grain size

15 in this case was approximately 55 mm.

After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure
in which the average crystal grain size is 200 ym was obtained.

20 Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 130 ym was obtained.

25 [0067] Subsequently, this was subject to cold rolling and recrystallization
annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mme.

The average crystal grain size of the target was 50 ym, and the variation
of the crystal grain size was +7%. And, variation of the content of molybdenum and

30 niobium was +8%. The results are shown in Table 3.

[0068] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
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15room tenperature once again, and recrystallization annealing was
performed thereto again at a tenperature of 1400 to 1500 K. As a result of
repeating forging and heat treatnent again, a material having a thickness
120 mm and a dianmeter 130 rimy, and a structure in which the average
crystal grain size is 130 pm was obtai ned. [0064] Subsequently, this was
subject to cold rolling and recrystallization 20annealing at 1173 K, and
finish processing so as to obtain a target material having a thickness of
10 mm and a dianeter of 450 rinp. The average crystal grain size of the

target was 85 pmasané rééﬂnﬂs‘éﬁ\ﬂiaﬂ* sRéwofn Tdbie 81 avddently, ghaiflactsatioe ofdte t 11%
And, variation of the content o

ni_obi elhe
resul ts aegisanemisiriputionindhe shesy i %%@Mrﬁgf}ﬁém @8'{’ ll;ﬂr“ye@l sgtégon/(}:% depends
on the fidda étbgérbﬂqmenﬁdm thisSExdnipké;i that isf the Hiactahiiart ofrtbe ifin thickees t he
wafer (12 inches) was nmeasured to check the distribution condition of the
filmthi c‘i’éﬂélg‘ét'o“%g??'h cally, the sheet resistance of 49 P0| nts on the
wafgr was neasur amete)eatmiaq:uhagg redudrestugntbathe initiali tabilizatigapt sdtewrg |

As th | t b t t f
the. rest SbahuEo FBpvPB ALY SROMY 40 AR bRt epugl Fatle S om t he
initial shesfiest shdﬁbemgntﬂesburgen dimes pthe tavennessi (unifpsimityEcd i SiMiwas is, the
fluctuati t?x %fﬁ@ Pt he, ; wg%g%lbqg{z,eiﬁ@{(ﬁg'tﬁé &uéﬁgﬁdf% st F@egosition. The

el ectrica requ Inrti stabilization of sputtering
was @besp q&ampbeU)and showed 55 kWh, and decreased, as shown in Table 3.

Thig, besi des Sh%Fa%mngfengheota.ué@byrada.hgm b @ﬁeanma@bamm anc?3y) of the

was favorabl e 0sSi b rove t he gual i of the

sputter depesspan ohniohigm[ip @detpl AFRWHSf 89 mgps ppin to tantalur h ﬁ&’iﬁ dyiok

obt ai ned M@éﬂme sﬁ@;e&%%léeﬁah Béarﬁw\e&h@eanunhwwas?éammwmaﬂﬁ"gu obi um i n
a total anount of 69.4 nmass mtotanta%gﬁa/\’g 38 cpplér aYn8£ 9s 998% was
subj ect tbavé]ge%ﬂ“@ﬁe%@rﬁw{"iwd'@ﬁﬁtefﬂ e 482 P PEphT e an i ngot
havi ng a gmrggmg@gggmg\oo mm and di aneter of 200 mmw. The crystal grain
size 15in this case was appro rm ng
extend forging toAf{eﬁPErf?'ﬁ'g'?ﬁ eﬂ?’q%f"l@'éq E)tpls agshor b'"eteartzi ﬁf‘g&ﬁ?ﬁ%%o

subj ect tfhnsr\ﬁﬁswn?e%t to réarfyst@mzaltm&&ineug\gait aaemperpexrapUT@Od'f As5OESHE. As a

[

result, a mater hav ness SNEA Struclire 130 nmmw,
and a stradag! ?\‘"%h‘? ﬁﬁs g[lvgb @?ys‘i’%ﬁ grain si zg S Zg%u pr%ewas

obt ai ned. in which the average crystal grain size |s 200 um was obtained.
Subsequently, this was subject to extend forging and upset forging at

20 room temperature once again, and recrystaliization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mmeo,
and a structure in which the average crystal grain size is 120 ym was obtained.

[0070] Subsequently, this was subject to cold rolling and recrystallization

25 annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mme.

The average crystal grain size of the target was 47 pm, and the variation
of the crystal grain size was +5%. And, variation of the content of molybdenum and
niobium was £6%. The results are shown in Table 3.

30 [0071] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
paints on the wafer was measured to calculate the standard deviation (o) thereof.

As the results similarly shown in Table 3, evidently, the fluctuation of the
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20Subsequently, this was subject to extend forging and upset forging at
roomtenperature once again, and recrystallization annealing was perfornmed
thereto again at a tenperature of 1400 to 1500 K. As a result of repeating
forging and heat treatnent again, a material having a thickness 120 nm and
a dianmeter 130 rnmw, and a structure in which the average crystal grain
size is 130 pmwas obtained. 25 [0067] Subsequently, this was subject to
cold rolling and recrystallization annealing at 1173 K, and finish
processing so as to obtain a target material having a thickness of 10 mm
and a di aggikRhcOlistibOticW.the sheet is small (1.3 toThe%yfremele initial stagk tgthei n si ze of

h 50 d. i ati of | al 0. sl 7%
and, var e, Sepee! telan e Sl yfdR nt BRSAt FunP TR Tdhes, "%

resul ts aigrihiows smaliTabl e 3. [00681Si nce t he sheet resistance depends on

the filmthickne he.distributi S koatne waf er
(12 inches) was ﬁgsetljerc rbcal Sn%rﬂgééd@rﬁg%f& {8{} I’ﬁle Eﬂ@%ﬁib@%hﬁ?@ﬁw%?m}(ghe film
t hiscknes svasSpexinkasatd wnd stmevesh3fekWh emidsiesreased fasshownimiabled: e waf er was

measur ed t Q. cal et a3 (F=1 ! (@i the fil As the
results sqe%dﬁgrsf@hgﬁg%tn?na#gw ZIH% qﬁ%iﬁght ;? , @ﬁ%’hﬁpﬁﬁ u_a? i Ionrll “é?‘S t he
resi st andevalaige randut wampassiblehte imhemye thesquality df theispgtteideposiign.f r om t he

init he end stage of sputtering in this Exanple; that is, the
1 uckls, GRS "7 | m thi ckness distribution is small. 5The el ectrical
energy required dpawomalesal oiitained by pdding 97 M3ssHPET O'TPRYRIEUMANY al so

megsur ed gad SHOWESoBdmNE, toRNEIMmEaRT? a56 thasd ppmtowantalomteving adpuribhus,
besi des shortening the burn-in tine, the _evenneﬁs ‘%ﬁ%{;l fﬁ(t)rm %e\é%r o;n the film
was f avordR9998%nWas subjaet talagienbeap MAlYRG\ANG: RIS WRR.Fe fe*Sput t er
deposi ti gRgothBGRGh thiERREBI0e 240 Inm and diameter Af 260\mimag. dhe atystbpamimeze by addi ng
24 mass ppm of nol gbdenum and 75 nmass ppmof niobiumin a total anmount of
99 mass PR WPTPYRPEIVAM ASVi ng a purity of 99.998% was subject to el ectron
beam nel ti ng, an@ftehpsformingcdadnd forgrigepahie irgot bnigitet o sadnmtereperdirekness of
200 mm angd. di aneter, of 20Q rrimp. The cr ' i xi mately
S5 his wa Sobieg Gapcryali R s et e gt %fs'tf’ﬁ?é‘“-“?*%g??%‘? bi 11 ot
at room temagriathaving 4 thickneessof@djmenand e diasestersaf ABPiImMe. and aFINEWIE ng at a
tenperature o 500 K. As [ L3, i fng a thickness of 120 mm
and a di a4 t?a‘.’Leéﬁgef’r?rlyﬁt%I,gr%ﬁ&'%'%??%ﬁﬁ&éesaébﬁg\ﬁqﬁ'ch t he aver,a&e crystal
grain size i s 20Bupsequestiybhisi wasl subject to extend fongise AREHASpt fArgiNg ahas .
subject t8o@xbadht Shadadlif, HRSELYLANPARA AhehiRYTdEmIAed herewICe agal n,
PRI I'ng was "pe

and recry ation anne rforned thereto again at. a

p (
t edfper at LAgainDAt 4 tdMperaturese014Q0 tad 580 Kedg|a rehlt pisRaatINgJOIINgAMShd heat

treat ”E”ttré%@ﬂieﬁ‘cal.??airl.r%t %&Lﬁ%h%ﬁﬂdﬁa tRickritiss MROSAM 1A adianidera 30 @mgl er 130
mm and a Sstructure’'in wnich the average crystal grain Slbfaglls 120 pm was
obt ai ned. afdoDStOICtursirhebigh e avpragerfnstalesaia gise sclo0 N #8p #°ENSA ng and

recryshal l'i zati OrSu%QQ&‘@niug,g 1t e Tubjecand ddii Biingr Ak seémgalizatias t o

obtaln a target material having a thickness of 10 nd.a. di r of 450
mt p. annealing atd 73 e 2RE dnish PERCEFSIRg 89 AS 3‘? oRfagya %?Phﬁiﬂéa? hg\\;/amsegt %7 pm and
t heg; vari ahicRiessfof D enrk bhE haliangstar 6f 45026myas t5% And, variation of the
content of nol ybdenum and ni ohi um was 6% .The. r t 4n Table 3.
30 [0071) Si nce t%geﬁeager%ﬁ?gtgé%é'zﬂé’gﬁ?d‘?r%ﬁW?E?Of*ﬁ?'ﬁqgr‘?ﬁlﬁ%%we}"é'ts"? t he
di stri butéfane efystangraahsieé wassi4ss.akvek vanmatioh ef Weef entgrt 2f mnitbdepurngsd neasur ed
to check the distrihution conditi f. f4 | mthickness. Specifically,
t he sheet"'%g'iné”faasﬁrég @t)]h%ﬁée?)%s %%r‘{&'ﬂtéﬁa\%gfdér was nmeasured to cal cul ate
the ptandard deviSitéeothe shpetirasisiante depende ondiaifilmsthigknessatheydigHBRAN i n Tabl e
3 36! denéfl the g#eeetwegﬁfa“@é'iﬂ r.'thgf w&@? (12 inches) was measured to check the

distribution condition of the film thickness. Specifically, the sheet resistance of 49

points on the wafer was measured to calculate the standard deviation (a) thereof.

As the results similarly shown in Table 3, evidently, the fluctuation of the

resistance distribution in the sheet is small (1.6 to 1.8%) from the initial stage to the
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resi stance distribution in the sheet is small (1.3 to 1.6% fromthe
initial stage to the end stage of sputtering in this Exanple; that is, the
fluctuation of the filmthickness distribution is small. The

el ectrical energy required up to the initial stabilization of sputtering
was al so neasured and showed 35 kWh, and decreased, as shown in Table 3.
Thus, besides shortening the burn-in tinme, the evenness (uniformty) of the
filmwas favorable, and it was possible to inprove the quality of the
sputter deposition. [0072] (Exanple 12) A raw material obtained
by addi ngn@7stagessr sppttemiy imtthistElempe; anal i§ 3hefisstuatiom afftherfilobthickness a t ot al
amount of 150 nass to tantal um having a purity of 99.998% was subj ect
to el ect r%"%‘&ﬁfﬁﬁﬂ‘nng, and this was cast to prepare an ingot having a

t hi ckness of 200 Thenetuttical aneyereqire@ QP torthe initied stabjlizatidn ¢frspuliedidze was

approxi matel y 55 nm r ] o f i this

i Ir[:got Xlor S %i%"t measyred,ang EWe%da@Mﬁ' %?'ﬁidseg'l\’ﬁ%&gng?éé@{w!tnoﬁbiegc?%ﬁug'l | i Izati on
anrgeal i ngheaidea ghertpeingtthe ebwh-irl 5i0@, Khe Ayeangsesuniformityh®f dig dIMH¥AS ng a

t hi ckne of 120 d i : i re in which
ke b gy R s Gyt r o 1

Subspearae (Example h3)s was subj ect to extend forging and upset forging at room

tenperature once i oty addlngZAtd :‘Aassa%wﬁ%fha bdéHnPaid 95 med
thereto 20 agai ﬁarg?”ﬁat?@arrper at u?b} 01 n'?400 to 1500 K a result of

r epeat i ngndssr ppm @f AiRdiutedn at lotahamonnt alglfd massARs o fRANRIT ABVE9 (% ckness

120y m agﬂmﬂ SHoRRBES wisSubREd b eldBFbribesit MEltiHg Saridthishiasitastte peapareage
crystal dr

al'n size is 100 pm was obtained. [0073]Subsequent i S was
subj ect tan bavtdavingla irkaaes ofeR00amANd; ‘ﬁ%!’f‘?%h°é%d?e'£m¢ngﬂst°“}f@§{?m and
finish progessd Apre&dmaeniss @ki.ain a target material having a 25thi ckness of
10 mm and a di aneter of 450 mmtp. . .. The r rain size
of the target vva@ftﬁbp‘f‘dfﬁrméﬂ%e’??{gi forgingfo; iy .,&o?%@}f%r@@gf {%ﬁf?ér%u%i ze was
4% And, pRhisktsubRcob rédigstampitiontannéaling lay b tempaTataradof 568 KuAs waesults oo  The
results are sho in Table 3. [,QQ74] Si . i ends on
[hD 11 m 4 ARAL IS 7 BRTESH AP h 200 S CHENGR R oP S, AR e
(12 i ncheswhisthshéeastgedcysial graincdizet ih @008 st wasoehtained.condi tion of the film
t hi ckness. Speci fj cal | t he. s esi st ; i s ihqetwaf er was
measured to cal cﬁuﬁf%ql%éﬂg 's g'n“ﬂ%?%”%fg@i @t%ﬁﬁ(arglﬁigﬁgo% t Rigihg As the
resul ts siooin tampgratiiewnce agdiabdrd Berystalligation| annealing WasRaARETEHRCHHO t he
resi stance di str] i ' i 9sSIRL htghgls drdomadt he
initial s398 a&%*%%fé"g#d&si@?e‘gQ?sﬁ_ﬁu??erin‘a" isﬁre?ﬁis_gEgg?%l e that is, the
f120ct uat | toratroentt dgairf, id matemiat Raings adhisknesh 20 gAM; andsagfameter 130 mme. - 1, ¢
el ect 1 Caln LNGHRYE AANRER the et ycl difutdi G Slze & £1D irh 4@k obaird, Sput L er g

wed 40

was al so mreasured and sho _ , and decreazﬁi , as showq l'hn Tabl e 3.
Thusiotesi des shdiubseaueptlyhdhinuwas isybiechdo said roling i TeeiFplizalPly) of the
filmwas : , hl ARR pRSESEIRY So a8 té BRtaRVLtarder ntpiaial hyving at he
sputter e@%glf"ﬁb%)tgl.w?gg?g]a I(Exarrpl e Iléj ° A raw materi al obtained
by addi ngthBknepsghdQ ngpand e JaNBufifh™ A8 95 nass ppm of niobiumin a total

oot 1o el et e o P coor & 8o gt
navi ng. a P HEEL SEH 50 i Sia AtataraPn Gl 3Gy o pRLHREAER 3R 20
size was HOBLMWaERL1SRY. The resalts are shown in Table 3.
[0077] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
30 distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results similarly shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.5 to 1.9%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
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After performng extend forging to this ingot or billet at room
tenperature, this was subject to recrystallization annealing at a
tenperature 01 1500 K. As a result, 15a material having a thickness of 120
mm and a di ameter of 130 mmcp, and a structure in which the average crystal
grain size is 200 pm was obt ai ned. Subsequently, this was subject
to extend forging and upset forging at roomtenperature once again, and
recrystallization annealing was perforned thereto again at a tenperature of
1400 to 1500 K. As a result of repeating forging and heat 20treat nent

agai n, a di@tistionlis éraai. ng a thi ckness 120 mm and a di aneter 130 rnntp, and a

structure in whi t he av ecr rapn.si t ai ned.

[ 0076] Subsequen'ﬁjlp'ﬁ elqcmcg g%u% Lgrgﬁ Lipoogh?ﬁ{rd%ﬁbﬁlz;{gog‘dw \({‘}@é "ftbgl l'i zation
anneal i PgNﬁaléolt?@aﬁge@IﬂH fsldefiprkaMidegreaeedxsaStdeowblraTablei?’t §et

mat eri al hay a thickness o a

The aver aﬁfé d@?ﬁp&?"'@? k‘Fﬁ RYrgan i"%'et heg{kg/Fg% V\gﬁkg@] Igj:n#gﬁ%%g"?/sarl ation
of & he crfy@drakble,gerrm mwas passibdestoSHprofe dhe qualityad therspottet drposition-ent  of

nol ybden and 13% The results are shown in Table 3.
[007‘91@ hkg]% P?{g esfst ance depends on the filmthickness,

di stribution of Dﬂhla\/\smetetlalr@'salee@htemﬂlng Phanagafnem pfimolybdanden anf rreasur ed
to chec karfs%?s ﬁ}t%\] ijhlﬁsl[lll\‘qutal 18 SABGALd ff 980 Rfast 'ﬁ?mf tb'tﬁ\télbhﬂ*ﬁ?ﬁh’gsa purity

Specific eet resistance o poi Nnts on er was_ neasured
to cal cuIQitQQ 9968 wassdbiect thQHC&ftoﬂch?a(“a'}‘elt'H@r%B‘fth's wad Cast PROAENY resul t s

sifglarlyy QIWOID?% tﬂ_@m&s%f Z@Uhﬂeaﬁd Miameh® of twmm iThB cofstal berirr ©ie St ance

distributidon in heet 1s small (1.5 to 1.9% fromthe initial stage to
t he end %@g@%@x'@ﬁfﬁb’t@mﬁ@ in th| s Exanple; that is, the fluctuation of

the filmthi cknegger Qérﬁrﬁ"h@’é)lt&m fofgirig®l this ingot or billet at Toven Eneperatieal  ener gy
and shondieAsHechitdeHuRPbZAIRn, maSIEAGAA (rTporapf oot AR e B ES L €
shorteni rwniatéeuabha\mgl dthidkABss dfhi20evs ane aslidmeter mfr1r$omy)upmndtmrqcmr¢n WaS
defosi 11 0 WIS PvaTeamBaR Bl PR 55 hapaRswis Soidha Y O e e A
obt ai ned by addi rgubeéquently, thisnweé sobjestoideerdenchfnigieg ardsepsghfArging @t obi um i n
Subj ect (o8 EepPi el Autly s esAgaRe B bRt ferole) R i oot
havi ng a édnlmhm&wnpﬁratﬂﬁi)ofm%wnd 1§0aifePera @SUQQOTQPPWQ‘Q ’}1)’?9(1!‘90"7‘ hedt grain
size was PR ) éma ne la}/ m@?erﬁVhavmg a thickness 120 mm and a diameter 130 mme,
20 and a structure in which the average crystal grain size is 100 pm was obtained.
[0079] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm¢. Cold working and recrystaliization annealing
in the middle and last were adjusted to achieve an appropriate average crystal grain
25 size and variation of the crystal grain size, but the foregoing adjustment was not
possible in this Comparative Example, and the average crystal grain size of the target
was 34 um (including unrecrystallized portions), and variation of the crystal grain size
was +60%. And, variation of the content of molybdenum and niobium was 127%. The
results are similarly shown in Table 3.
30 [0080] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results similarly shown in Table 3, evidently, the fluctuation of the
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After performng extend forging to this ingot or billet at room
tenperature, this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, a material having a thickness of 120 mm
and a diameter of 130 mmp, and a structure 15in which the average crystal
grain size is 200 pm was obt ai ned. Subsequently, this was

subject to extend forging and upset forging at roomtenperature once again,
and recrystallization annealing was perfornmed thereto again at a
tenperature of 1400 to 1500 K. As a result of repeating forging and heat

t r eat mentegig@hée ditribaticH inthe BAFAtNG latgd H.€ kn@.6%) TR0 theivitial staggitatka er 130

runp, 20and a struyucture in which the .av c - al i i hes 100 pm
was obt ai er%’ds?ta%)eg9?““%0%%’%%%%9["&9?@%? gx\%gglesEjrlv)ajﬂe%tth%gatg%@hﬁlﬂri ng and
recryst al fiinaRitkieRs artibatiomg largad fini sh processing so as to obtain a target
materi al having a.thickness of 1 d I:annt erpof teriftep! d
wor ki ng and recr é‘?a‘f'?‘?@cﬁ FBﬁrggr{%%@Ig:dﬂg) Pra{thtg Hgi?‘l %@ﬁéﬁTigg{é% e
adjast ed Wwas sishireasurad aagshoped $EK\dbh cardgacreasesk as s A . nd
vari ation, of thg & t?ol r%@hggu(éibﬁﬁtinlﬁme tEedePh 8SK0juRBorAftly 16t tFB film Was not
possi bl e 'f eE P p?ﬁfﬁ% atTve Exanpl e, and the average crystal grain size of
the tar gewasiateridd apehit(iasoiotgpsaiple triewravettae RuAlBGOTST ?‘?‘Eﬁgé‘?poéﬁ' Nvariation
of the crystal grﬁhﬁarsﬂeéﬁwsgv@ég/%%m@adfor\éaéés%téfoéu_dﬁlfg inbEbdernirent anf

I um wa 0

nol ybdenum and niob e results are sim Ifarl.i/ q,?%\@ @yn Tabl e 3.
30 10080 18now enhivaleniet0.5 mess pamde tanilendavion & psitt of RUTMPTHRTEZL: 1 he

di st ributj B&&L ad R gk ftive Exahple@ivas obdstved dtvess)obwimes measur ed
toﬁ%:heck l%nﬁghé%asr{[i?l nﬁt ﬁﬁla condition of the filmthickness. Specifically,

t he sheet thatthisaispraftectsd the Py ot @HM-he waf er was measured to cal cul ate

t he &Bﬂpd@&n‘gﬁyﬁ texafhpled) thereof. As the results simlarly shown in Table
3, evidently, the fluctuatjon of the .resista i i i h§ ot he sheet
is large (4.0 to Asraypaierghrbigped ﬁy?qidérpg éé‘g&a%g g)p?]h(gtridrll)ﬁ#a%t] 'gngbgf

sput t er i Ngakd pbii &f GOBDA! idtd YralRxmopit of 15RAEt mass ppmdofthuialunapa i 8f t he

filmthickness, di Jbution is |arge. 2Ct [ : jreed up to
thes] i ¢ BHRE BLE ST e s peSpiotpt e e it shE s BASEM maRE] 180
kW, and hReigeBR®ing ashiskiess of RO ainh end diamieter,of 200 REPnHIe FYHE BB (o
shorten the burn-in ti e éhemevenness (uniformty) of the filmwas
i nferi or, SERY2F APRQEMARY B3y 6 t o i nprove therpgual ity of the sputter
deposi ti on. After peBbmiing extend fargigg i@ thisiagetar hillet algiom 1LMREIANYE. 5 44 ng
nmol ybdenum.i n_an j : SerRperature ofnBad W Asai Nng a
purity of %Wf’?ysugg%gg‘% 5%‘8%%?@@% %nﬁggggn%m?e%d% a #d;l S Conﬁ rative
Exaopl e 3resalt, ®bedariabbaving awbicknsiseioh 130 mmand @ %afa?'éb°§? O AHE purity
of tantaly ucrtr%rg?rﬂfvhicﬁ%%ﬁ{r d 4GstPGRER sBels 260 iMWasRdbtdinad. obt ai ned by

Ss ppm of no de

addi ng 60: umand 97 .
Subsequently, this was subject to extend forging and u

pset forging at room temperature once again, and recrystallization annealing was
performed thereto again at a temperature of 1400 to 1500 K. As a result of repeating

25 forging and heat treatment again, a material having a thickness 120 mm and a
diameter 130 mme, and a structure in which the average crystal grain size is 100 pm
was obtained.

[0082] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness

30 of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve an appropriate average crystal grain
size and variation of the crystal grain size, but the foregoing adjustment was not
possible in this Comparative Example; and the average crystal grain size of the
target was 32 pm (including unrecrystallized portions), and variation of the crystal
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mass ppm of niobiumin a total ambunt of 157.3 mass ppmto tantal um having
a 15purity of 99.995% was subject to electron beamnelting, and this was
cast to prepare an ingot having a thickness of 200 mm and di aneter of 200
nrnp. The crystal grain size was approximtely 60 mm After perform ng
extend forging to this ingot or billet at roomtenperature, this was
subject to recrystallization annealing at a tenperature of 1500 K. As a
20result, a material having a thickness of 120 nm and a di ameter of 130
mp, and a structure in which the average crystal grain size is 200 pm was
obt ai ned. grSlmtﬁmquﬁfy’/p Avird, /atiationsaf tieecantend oé sodenush gne §ioBE W% s et

forgi ng di%ﬁf 6e%[gl o aﬁﬁaﬁ‘{]%“ﬁ‘qﬁbrgbl cand recrystalli zatl on anneal i ng was

per f or e erature of 1400 to 1500 result of
r epeabdang 25f or giSinpeahe sheettreﬂstememnend@anme #mrthickpqssy thﬁé‘!ﬁtr %Pthl ckness

120 mm ang gcdi ﬁé@tégls%gge NRMRe @ar 1S tifdheb) Was! Medklired t hﬂf\eakleth@ge

crystal grarn size m was obt ai ned 00821Subse tl his was
subj ect t distribiitibnr eanditiag Qir‘lt!e ifitse rthyigkness §%ﬁqf6ﬁ'lyaﬁ%éh?ﬂges'g‘ﬁﬁgef Pint
processi ngsQ oﬂﬁ?é Qg\%mvaé me%s&égg&&aléméterm@étaﬁwa aevmndnhuptheesfs 30 01 10 nm

and a dlaneter 0 nd re on eallng in
the middle and | a@@tthﬂéﬁ@ltﬁ@fm%'ééh?ﬂ"&bﬁ?lé‘%é awg«aﬁ@ @'ﬁfl 5@8{ %ﬁﬁge crystal
grain si Zgsaphc¥ %fskrﬁ:mhmupﬂ‘hetéheetcuéy&galm grai7ms)ifecen theuinitinhstageotodhei ng

adj ust mrent was not possjble in a ot ver age
crystal geed ﬁtaS?PésB'f'ttetﬂﬁa iR é‘?'§§i° q@%ﬂ%?‘?%ﬁ? %‘L’ EIH?tggt?Oys?qP% zed
pogd i ons)mnﬂn@kfy@,gld@ﬁmo@fs laige. cr yst aI gr ain size was 55% And, variation

of the content of_nolybdenum and ni.o egqsimlarly
shown in Table 3. Wé%]"%q grg(yhrgqglﬁ %géi():setz Eza[élﬁ tsélj&ynﬁgf | m

t hi cknesswas Bgo Ghe&fsﬁnebuind&howéd 6@ k\Mleemd me@asedam@hown trhEa%$ gihug1 2
I nches) was valdt PP l?go SO hE Bunfn3imd hd b\‘?él}n%QQ@UrﬁfbMty?Bf thaeiirhi | m

t hi cknes eet resi st'ance oi nt t he waf er was
measur ed was irﬁérmu.lamdet w:mnczttpaasjuedo ohenyo\eet the gualdy oftthelsek'}#ef deposition.

15 Similar testing was performed for a case of adding molybdenum in an
amount equivalent to 0.5 mass ppm to tantalum having a purity of 99.999%, but the
same tendency as this Comparative Example 4 was observed. It was obvious that

this also affected the purity of tantalum.

20 INDUSTRIAL APPLICABILITY

[0084] . '
The present invention yields a superior effect of being able to provide a high purity

tantalum sputtering target comprising a uniform and fine structure and which yields
stable plasma and superior film evenness in other words, uniformity, by containing 1
25 mass ppm or more and 100 mass ppm or less of molybdenum as an essential
component, and containing 0 to 100 mass ppm of niobium as needed, excluding 0
mass ppm thereof, and causing the total amount of molybdenum and niobium to be 1
mass ppm or more and 150 mass ppm or less, and having a purity of 99.998% or
more excluding molybdenum and gas components. Moreover, since the plasma
30 stabilization during sputtering can also be realized in the initial stage of sputtering,
the present invention additionally yields the effect of being able to shorten the burn-in
time. Thus, the target of the present invention is useful in the electronics field,
particularly as a target suitable for forming films of complex shapes, forming circuits

or forming barrier films.
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As the results simlarly shown in Table 3, evidently, the fluctuation of
the resistance distribution in the sheet is large (4.3 to 7.4% fromthe
initial stage to the end stage of sputtering in this Conparative Exanpl e;
that is, the fluctuation of the 10§LA$%%hickness distribution is |arge.
The el ectrical energy required up initial stabilization of
sputtering was al so neasured and showed 150 kWh, and increased, as shown in
Table 3. Thus, it was not possible to shorten the burn-in tinme, the
evenness (uniformty) of the filmwas inferior, and it was not possible to
i mpr oveA la\‘lﬂalQMEd;iuttynr(g‘ tatdut cSﬁlggi_irﬁf 1 dﬁ%@$ﬂ§tﬁ & more and 100 mas§'p|m'1|cﬁl1ests&£ft i ng
was per or_a case o i ng enum nt eg UIV nt to
0. hRekBARHT 5% e rapaiA RAVPRGeD BN hEyro R Rahoeot S o mite sduiBiaency
as t hmslyﬁoémm ahd yas Exrapphentsl Wwikseio bagationcf thé moBsdedum atmtehthatthé targetal so
affecie urity of tantalum 201 NDUSTRI AL APPLI CABI LI TY 10084] The
preséﬁ %%on yi el ds a superior effect of being able to provide a high
purity tantalun1sputter|ng target conprising a uniformand fine structure
and which yields stable plasma and superior filmevenness in other words,

uni f @ M tayitally spatiédigitangetlcodtainidgs! MRS PpmNET MorNEndL P00 FRsS pppiopleskess of
nol ybdenum as an essential conponent, and containing 0 to 100 mass ppm of

ni obPfifel¥bdrBgRds argssanty ePmeerenbpand havingr a eyHY fu9-A88%ner msral

anou I S ppm
arou GBI 80 024 S0 B A dr 53 IO 1 SRR R SBrEeS
gas (othecarget s +20% @oless, asd ao avetageplrastalegrainn szaisi 110zahioofesdur i ng
sputtering can also be realized in the initial stage of sputtering, the
present invention additionally yields the effect of being able to shorten
the BufhelhtbiufPspuithig 1hrd8t béiohihg ® olallf DIARAIH vBAARALbARe Ichystit Grath 1 N
the el ectronics field, pafticularly as a target suitable for formng filns
of cepliex2@haptess. forming circuits or formng barrier filnms. CLAIMS 1. A
tantal um sputtering target containing 1 mass ppmor nore and 100 nass ppm
or |less of nolybdenum as an essenti al conponent, and having a purity of

99. 998% or nore excludi ng nol ybdenum and gas conponents, wherein variation
of the nol ybdenumcontent in the target is 20%or less. 2. A tantalum
sputtering target containing 1 mass ppmor nore and 100 nass ppm or |ess of
nol ybdenum as an essential conponent, and having a purity of 99.998% or
nor e excl udi ng nol ybdenum and gas conponents, wherein variation of the

nol ybdenum content in the target is 20% or |ess, and an average crystal
grain size is 110 pmor less. 3. The tantalum sputtering target according
to claim?2, wherein variation of the crystal grain size is 20% or |ess.
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