PCT/J P2010/ 063193 DESCRI PTI ON TANTALUM SPUTTERI NG TARGET 5TECHNI CAL FI ELD
[ 0001] The present invention relates to a high purity tantal um
sputtering target that has a uniformand fine structure and which yields
stabl e plasma and superior filmevenness, in other words, uniformty. Note
that, the generic termof "high purity 10 tantalunt will be used in the
pr esent specification, since the high purity tantalumaccording to the
present invention contains (is added with) nolybdenum F’&ﬁﬂpzm"@g?‘?}m as
needed, and the additive amount of thes enents is small. BACKGROUND ART
15 [0002] In recent years, the spgﬁﬁgﬁfpﬁoﬁ'et hod for forming a filmfrom
materials such as netal or ceram cs has been used in nunerous fields such

as electronics, corrosi on re5| st antP ornanents, catalysts, as
wel | as in the manufacturBA r\%mgﬂmt erials and abrasion
resistant materi al s. 20Although the sputtering nmethod itself is a

wel | -known in the foregoing fi il |y, particularly in the

el €&tronics field, a tantalum %%‘Pﬁ?‘%h@‘get suitable for formng filns
of cpogl ex shapes, formng circuits or formng barrier filnms is in demand.
[ 0003] General 1y, 1iHai srebcHitientivn Aliges td & Higiopurite darbslumespetigringgtatdet hot

forgi ng 25and anneal i ng (heat treat I, med by
per f or ni njahasd V%fﬁr'ﬁ@aﬂ&'%ﬁ?*%ﬂ-em %\tyuﬂcés %}86%%%5"%5"9 slubgﬁverfrfrﬁ erial,
and t her eé\fehﬁéssp@rﬁ fdﬂtdﬂ\n@-dg ohdufdngltsartdotélthats thepgeneriss teny @fudIShaBUTReC hani cal
processi ng and po shin

pritess, Rty 'flc}?“’gfJ Hb o‘?rﬁﬁ%i‘t 3 e%catton g"'tﬂ c%):ﬂ]' % h‘éh%"\%f taﬂfaﬂﬁ#f £ :);mt he
cast str U@éddfcﬁng & shermesatt ievéntionatantainge (poa@@damthmw@déa‘é{t‘t an@ and, by
further annegl) D0 Bb3:ank 56¢ YOI Al Bnbkd beReruts saall e densi ficat i on

and stren'(}ff"f‘l' ture can roved to a certain degree.
The nolten and cast ingot or billet generally has a crystal grain size of

50 mMmmor nore. As a result of sHNH&SROODMDIARTI ngot or billet to hot forging
and recrystallization annealing, the cast structure is destroyed and
uni¥ oft¥land fine (100 .

In recent years, the sputtering method for forming a film from materials

such as metal or ceramics has been used in numerous fields such as electronics,
corrosion resistant materials and ornaments, catalysts, as well as in the manufacture
of cutting/polishing materials and abrasion resistant materials.

20 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



PCT/ JP20101063193 pmor |ess) crystal grains as a whol e can be obtai ned.
nmomveanwhi l e, if sputtering is to be perfornmed using a target produced as
descri bed above, it is said that the recrystallized structure of the target
becones even finer and nore uniform nore uniformdeposition is possible
with a target in which the 5crystal orientation is aligned toward a
specific direction, and a filmwth | ow generation of arcing and particles
and stable characteristics can be obtai ned MEaseRoed63pe bei ng
taken to achieve a finer and nore uniformrecrystallized structure and

al i gni ng prher Esy)strydtal graies asna whaletaandedbiairgseci fic direction in the

duct | - - oduédddadat ent
Dot °%) "9 0° Meslupheils bidfha b, & bp S‘sﬁa“ﬁ?éf?'%ﬁﬁ“"gﬁ?ﬂ ‘T target for

formng adsEafibed dbove Gt issaiddbat the resrystallized struclyegof the 1roet PEROMERGVET | m whi ch

| s obt ai ngd By, %Pé BRI L HobrR d&BosHidM i@ hoskibieWRIanirgstih atichdhanong Ag,
Au and Cu as an el enent hawqr;g sel f-sust aj_ned dl_scha'?riﬁﬂe &para teristics,
t anth & "ésw'm

causi ng t¢restalooeentatiasuis abignece towgrd @y spegific directiag, Wity
el enent s gé}]epﬂioé%@aﬂ;mﬁlé?ﬁ paftRfes ahactabie Exhracténisyibs part be gbtdiaed.n whi ch t he
ne

val ue obt y subfracting such inpurity elenents |. it hi range of
99. 99 to 99. 999%Ngaspes afbaing @ken BGe ﬁ’é?ﬂﬁl’ﬁ and more ”“'%'W\Vé}%’(??ar"gg‘?em ng

these Pat gRict R CaHae Blighing &S @rystal Nérietitatioh aswarl nospevificedifastion df thée

i nclusion of a specific elenen eal L zi a fi her eby

st abi | i zi Agdyaiien grogesmof %taﬁﬁ%@%f% %%}?&?qofymﬁgﬁﬁrﬁ%%lygﬁ%aggiz%cr eases

t hey ghosEhar ge antvsreowdr, disclbsudsis Byhigtoptiritg Tatargetffonforeing AdiaNfABIAPe of an

el ement up to 0,001 ppm as _g.result. of o Sl e Moo3qb eot ed anong
Ag, Au antSe8pA§ %b%fﬁe'g'ﬁi‘ﬁfﬁ? ag‘?u W'."ﬁéﬁln?‘ghgg%@%gh%\?\g\e/%@%lﬁ??nce the additive
el ement i ppra dfr & eleatantistlecied amonmAgi der 2l Cvaes @ReeleMPRt BV BFEm of
difficulty in adjustin i i Y8l N, €y @i, imtNaN) .

As shown *Ftﬁ%%qdégs%aéqqu{a%@%g%%&%%ﬁ?&g‘,eq?l%g%ﬁ%?tusi 081,| f ar%ga.nt.s of M,
W Ge, andndi asimmsieclements,tor b¢ dPAIPPE 6k leposand; HRIRD 2 'Sﬁbﬁ’;‘“ %PBm 10
ppm. and 10 BB yatil 8bt§#n§8% 206FadtRg E0cH pdfilytdi@Rents isumtranienandenatt i s | ess
than 50 ppm room Accordingly, as described above, although Patent
Document 99.88¢99.888% (refarde FgtenhBoguseeNt Shnount of Fe, Ni, Cr, Si, A, Na,

and K a:sl_ i _nrpu\r,\j1 t y\ﬁmgﬁqg\né\,lsing qh%g@ pgegpgomﬁabm. theresis randisaissung taathii glh
purity Ta in which the val ué obtaine subtractin el enent s
i s withineffee of dpg)énchisiongoiod) SP%C'@@?’QQ@@&I «eaﬁﬂeg |ao{)!2eer'%"?'#18& %ﬁﬁe‘é‘éb&ct ual
purity falkl-9iibRy ew ghaher ates) 99. 99% This is a level that is

| ower than conventignal high ity tantalu bl S,eS I ssuned

t h&P [@P@ char act ePAiEYRY. d%‘tﬂﬁg[h"%%ﬁ"? § 'Pgﬁ%ﬁsmgc%%cﬁgpebéﬁgl??Ic?szgd.

PCT/ 3P20 14653 1eRinr e filitdsinie dieriouAt of arl ele@éniNamio] (A0 bpRM BSLTREW OF1 ]

Publ | shed Japenese 1rans) 21190, Sh g A0S f ERLARINDIOOTIG 1 US

ppm. However, since the additive element is a trace amount, it is considered that
there is a problem of difficulty in adjusting the content and in adding evenly (variation).
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) 899.99%.

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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[ Patent Docunent 3] Japanese Published Unexam ned Patent Application No,
2002- 60934 DI SCLOSURE OF THE | NVENTI ON 100091 An obj ect of the
present invention is to provide a high purity tantalum sputtering target
conprising a uniformand fine structure and which yields stable plasm and
s superior filmevenness (uniformty) by maintaining the high puri ty of

tant al um and addi ng a speci fi c elenent. [0010]In order
i PetPEoRGed pi e < o

f or egoi ng M%a 3 nvent ors di scovered that

obtain a h ﬁ ﬁ: ‘% utteri r.get a uniform and
fine '€ uc 8“ 9‘*’ Ishg §'?%ﬂ?|3%qg?“§%qg“ 8%\&%25@%3?%% | m evenness
(uni f or mi t Patdnyt Dasaumemlzpusg:'attérﬁ Nu.g83m238ty of tantal um and adding a
specific e . Bas on_ t he_for j.ng di.sc r he pre [,ayention
o ovi des: (PBETROPCHTEY SPeRteet BHPIRGoR HPger e porieoR NG SO0 el ° v o
and 100 mass ppmor |ess of nolybdenum as an essential conponent, and
having a purity of 99.998% enum and gas conponents;
2) A tantalum sputtering t?ﬁ’%%@%@ﬁ?%?ﬂsq EHml?séswppm or nore and 100 nass

ppm & ess of nol ybdenum as an essential conponent, and having a purity of
99. 998% or nore exar ubljeagofnmbymdmr‘rmwndongastocpnmpndamhigh pLity fantadumb al um

sputtering ) .ass, np. | ess of
nol ybdenun?%d’sﬁjégré ?An&}r[}%g O%Brﬁ?n a&gﬁjﬁ g rvﬁ?'éWgPIOSQS%@‘LB% or
nore excl uplasma mbwbdmum alndegﬂmessr(rqunemt)e by malnfﬁirmg thet lEghupustpft er i ng
target acc I 3) above, wherein variation of the

nol ybdenum@é%hﬁﬁﬁ&)?@a{%gg %%ce%lérpéﬁzo% or less; 5) The tantal um

sput t €¥Ping t ar get laowdsr i aghievs thejoregeing pbigyt, the mqse@bmventowchevene@n
average criaf filis q;roﬁélﬂlest'ozﬁbtélﬁ a;-:lﬂ%hp urﬂ{l tél‘ﬁ§l§m ?ﬂﬁtem@a trg6t LSSrRing™

sputtering target accordi ng ove, whereln variation of thée crystal
grain si zeUnigrm @od §pe P@é‘%“relﬁ!?élvﬂl'cfh\ée|6$ stabletplasmacsnd Biererdiimieyennesy

provi des: (ufifortitg) Ey&%nﬂ{a‘mhg’ﬁmkéttﬁgﬁf M}By éﬁéﬁtﬁﬁm?&rﬁ:pédéﬁd@@a é&cme)éle?r%t of 1) to
3) above, further cont ai mass pp ni obi um _excl uding 0 mass

nin
ppm wherein the tR5E&S 05Hﬁf%fe%fngrﬁﬁcﬂﬂ%ntﬂﬁlp%mdﬂmt'HPrPf"é,"dfs mass ppm or

nore and 150 mass Apiftalum sputtering target containing 1 mass ppm or more and 100

mass ppm or less of molybdenum as an essential component, and having a purity of
99.998% or more excluding molybdenum and gas components;
2) A tantalum sputtering target containing 10 mass ppm or more and 100
mass ppm or less of molybdenum as an essential component, and having a purity of
99.998% 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 ym 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
3



PCPJP2010) 063193 or |ess, and wherein the purity excludi ng nol ybdenum

ni obi um and gas conponents is 99.998% or nore, 8) The tantal um sputtering
target according to 7) above, further containing 10 nass ppm or nore and
100 mass ppmor less of niobium 9) The tantal um sputtering target
according to 7) above, further containing 10 nmass ppmor nore and 50 nass
ppm or |ess of niobium 10) The tantalum sputtering target according to
any one of 7) to 9) above, wherein variation of contentecsfiPzoiombdiesm and

nmol ybdenumin the target is 20% or less; 11) The tantal um sputtering
target acwdessj agl wheraimthe parityfexaiding mlybdaen enioligwaag Gah camPeRfdisage

crystal qral j 1 S.110 pmor less; and 12) The tantal um sputtering
t ar get agﬁg?'g?%é%?'oﬂo E_‘L') above, wherein variation of the crystal grain size

i's 20% or8)l ess. [The thtolA sijutiefing:targst adserdingyiend)iabgye. further containifs pr esent
I nventi On1Oyhg%sgé‘qnﬁaﬁl\’leperérﬂf1dﬁfrﬁ§é§tppm o:gﬁééqﬁ rdtignt O provide a high purity

tant al um spu target conprising uni formand fine structure and
which yi éds st adlhe tantakimsputieriag trsgetorcepiding ovarateye, fLiRgTPRNNG by

R Nt ai N otk 6fmBHY didlscPhaleind biGss adlbamol ybdenum as an”essenti al

conponent, an urther adding ni obi umas needed. Mor e?\rﬁz% since the plasma
stabil i zat®on dudhadariplim shutiegng faToel acsomting o AYARE 9T {) 14D 399VFi al st age

of sput t afididn variioR bESSHntioRMiBBiLMChdadelibdepnm ih yhe/tarjetls #20% arfidssct  of
bei ng able to shorten i i

the burn-in tinme. BEST MODE F R THE
| N\VENTI ON'00013] T%ﬁ?@tﬁ'uﬂhF?LE‘S‘?”P%Fﬂ’%?ﬁﬁﬁcP@"l%‘Qaa“aYsﬂegg éeﬁ%%?@%% of the
t ant al um yfeagin taArgeiage @tdl graihsiz@isesionim bnesstandn.  An exanpl e of this high
purity tantalumis sho in Tabhle 1 (refer.tq t i our hni cal
di scl osur&SZOOS- é%'?f%t\g@m ?‘?J‘@H"g Hr%% qﬁﬁ?ﬂ"}?q‘?aﬂf 3%’%‘ gﬁ & p\tﬁétr{%ang Tar get
made of Hifge Etystakgraihaiveds wp0%edigsed by the Japan Institute of Invention
and I nnovation). 30ln Table 1, the total anount of inpurities excluding gas

conponents is less than 1 nmass ppm that is, 99.999 to 99.9999 mass% and
t hi s ki ndEéécthf tite Ipvantibg] t ant al um can be used. [0014] [Table 1] (Anal yti cal

\\,’M?‘H:@%LOOE] The §RYLE&EI: Meh@Pfbia8Ta LUperidr SRRObf baNEBbRQD prévidy #duced
high purity tantalum sputtering target comprising a uniform and fine structure and
which yields stable plasma and superior film evenness (uniformity) by maintaining the
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]



foll ow ng process under normal circunstances. To exenplify a
specific exanple, forenost, tantalum for instance, high purity tantal um of
AN (99.99% or nore) is used, and appropriate anmount of nol ybdenum (M) or
nmol ybdenum (Mb) and ni obium (Nb) is added to prepare a target raw materi al .
The purity thereof is increased by nelting and refining the target raw
material via electron beamnelting or the like, and this is case to prepare
an 10ingot or a billet. Needless to say, the high puritycuamesess of 99. 999
to 99.9999 mass% shown in Table 1 nay be used fromthe start.
Subsequent[[rybleﬂhl SApaytraitvale) bil I et is subject to a serl es of processi ng

steps of pEpeATOS , finish
processi ng and 6] f or egoi ng
ingot is Bubj for L a
tenperatu o F3—-o—Ha 3Kk nd)
recrystal E&et—g—gﬁo arreal-rro— .<$g?.°_&2(,>L t

recrystal fzattpg,f ot K=, 5EeCOomnq '

recrystal frzat™ g, ) 0. Mitrix

recrystal MeZati phods0 13|63 K -|<@ail r St)|i col dl<bont) riw |1 ng<e05 (gByrt h)

recrystal [arzal I pao@anneajasng Tlkows a_Stley t | nfobenper Be ur e |90l
recrystal [si zat | 1] -1<00(secdPad, akofedediOscal d<U%BHiy _rolling -

fifth, a tal et i on [BnealPAY fmm%‘%i Ag—{ enper at ur e
(()f recrys gb':m %gg; ' 'EE" oF izg'ggsi ngi&a - Q){:?L ™
PC17JP201p/ 0631p2 r:xfe.' : ”[ <0,0.01] The Ns ergiRaor—r Rl gETTored to the
| ngOt or A et <b t 1 OCE T Oy <0ﬁ cast SI’RLI 9] Qolddse Ul'rp er\_a).(ﬁf el m nat e 1 he
pores and sseore Eﬂ.{)dlu"a’ I\mllul, Y- 04.6! t Bl an @ésl g [pe1 S, |E€6s VSt Al | i zati on
W || occuframdjL i denkid TCabbdTv aNgcét T e of fdne stjramsure| 5 can be
i nproved RO a CEQbAl N _ORQT €€ pyorr epedus ng {oeost or efiwl ng lewkel f of gi ng or

col d rol | [ohg anfkop@cr ysfral 1 zpt.hon arhea LF-.OOTI'he ftecr varEP8 zat i on
h

anneal i ng{Mray ofdogoibe ppef or nfelo p_t hg<0f®r egal ng prlocessi-ng process,
t he struclferal E pect s ben bel<PBucedPas mhi%%s pbssibile by—repeati ng such

I t : | varhl d
ECOfBg] ) 2T SoARIGHARG ol M Bl eyl ints ok e

rech roma O staffing tenperature of
r ecr yst al follewinggnogess UBdy ﬂQfmaW'BémE@F“FQﬂ nmed for only once or nore cycles.

Thegfinal target ?@%R@mr)ﬁryqoéﬁéd‘fﬁde%pwl?&‘éﬂ%@flttbrﬁanﬁf fie indtaged, ihighsh

pr OCGSSI ng such as nmach and polishing ﬁch The tant al ﬁg{lﬁt%‘get IS
produced BHEWdtaBIRIUMeOff GNeé% 985 ROAPRR); B UBTDHCRLS ARREPRAAHP

Ci r cunmst angfbdeRith (M) %rﬂ’h@@b@éﬁuﬁﬂ(lﬂ@tQﬁﬂnloslunemﬂa)wsaaddedlaoaxepmem‘| cation.
Mor eover, since the esent i_nventiqn, pan hvent rgpmeithte 2 g{ oduction
process, ttﬂféettféwg’é‘t‘teﬁ%{n-r% Pty e ‘%%[ﬁ‘]‘sﬁ b9 S na

i nventi on r5Q\We4tériddvia @fecﬁr&@b@amaﬁeﬁﬁgs or the like, and this is casertnt prepaie Eh‘aw ng a

Ao uns it & DR oo e v AUy BRI L e 1
grai ns of rhdae% shogmtin Wabled raapbé ysémmrrrﬂm:sjamse.

Subsequently, this ingot or billet is subject to a series of processing steps
of annealing-forging, rolling, annealing (heat treatment), finish processing and the like.
[0016] Specifically, for instance, the foregoing ingot is subject to — extend forging
15 — (first) annealing at a temperature from 1373 K to 1673 K — (first) cold forging —
(second) recrystallization annealing from a starting temperature of recrystallization to
1373 K — (second) cold forging — (third) recrystallization annealing from a starting
temperature of recrystallization to 1373 K - (first) cold (hot) rolling - (fourth)
recrystallization annealing from a starting temperature of recrystallization to 1373 K-
20 (second, as needed) cold (hot) rolling — (fifth, as needed) recrystallization annealing
from a starting temperature of recrystallization to 1373 K — finish processing a target




[ 0019] The present inventors discovered that, in the production of this kind
of 6N level target, the crystal grain size was locally fine at the portion
wher e nol ybdenum of a content of approximtely 0.5 mass ppm under nor nal

ci rcunst ances had segregated at approximtely 1 mass ppm by chance.
Accordingly, as a result of obtaining the hint that the addition of

nol ybdenum may be effective for achieving a finer tantalumtarget, the
present inventors found the opportunity that |ed to thisCcluAzemMIEBIEN.

Mor eover, during the foregoing exam nation, as a result of conducting

numer ous ®Rtesal. mrents on materials that are of the same nature as nol ybdenum

i nvgﬁJ il g hat-‘-hggg Sﬁga‘ﬂ?@ﬂ? ‘p@H&Hé%r Mgt mm@wﬂpéﬁgﬂoy'ﬂ% édsesent

s di scovere umis ef ective. 002br¥] Speci fical Iy, what
i s i npor t strictuip.tdisneree ergiminaleriheneresand-poregagens. and..yifurthenaangalish i s t hat

1 mass ppfﬁisorre({%tﬁhzaa%gnm@owﬁsamméﬂeﬂsﬁﬁ:ﬁtl&f ah® kirbrélam eMmesstaeflr@i ned as
an essential conponent in tant al um havi n nor e

(% purity of c§(§f9€)8%or ]
exch udi ngcarbPs HeRIAYAH @i cefiain 89rE8 by {ERSATAY t??e@é%@'"goc ofYRg ARSI hpm i s

PCVMP2010/ Qﬁ%%%dﬂ%&%ﬂmﬁ%%neﬁﬂ'r@w daél rédrpdtalliztion QhﬁéalldQSnaQ' orysbe ppm 1
mass ppmas _the lower limt of nolybdenumis a nune aI ue f

exhi bi t i ngefar@ed Snegdn e 1oreaoing PIRREFSYPRERSS: HiSnt %ﬁrﬂed%%cbsepaq B?ri t of
nol ybdenupgdused BS mupess bbﬁﬂlttle fyr repaatitigaguthngctyballizdtforcannehlinightwiger esent
nvention, The den et ecause
:/\,h\én rrIDI yMBéer?ﬁﬁﬁu %&8@5%’&? rfling; ?'Ydjéeé;@%ggdllgtsaf'%% a"%é)a"wfb?gﬁﬂ?ﬁpw Igoccﬂf, a
pard of nxtaptingesrtiperaturerdl rebryladizatenrty SIBES K may be peifgrmed domgrileonsewir| | ari se,
d the b ti I ifi Obi
ays 5 piars pieh Thrlng) Siget FApET obatfeohe g tnth Vgt e Bo! U
nol ybdenupnocéssingasucbasmohmp@hndmcﬂlﬁmt@h there is no particular limtation
in ”}1%} over | i mfh rﬁ%gﬂgn&ré’gtog' U éaebaéh%%n'm@ fordg®ingeprobiGetibR0 Mass

ppm this upper excee d as wth nol ybdenum se reﬁatl on of
ni obi um t pledesst gn@arcuermaém!cumnf@n@%r@t thigepiggheion| F‘ﬁfmdl S Qe 3100 mass

PPy Wat of ndii foramorém'ﬁ SRcIGR PRosER Mb&&iwn'sa{uﬂ dH PRestioni 6 thbat t he

total anmount o denum'and 15ni obiumis 8 m Oor nore d 150 mmss

ppm or | e@@dUQfMﬂQWstm§a®§E%Be pEﬁi’l”S?Qanst%iem BtP ﬁ%ss?ﬁr@'é‘
unrecryst glbhtfEoRes -l O theds tar§etgnd vari ation of the crystal grain size

s o somtcrael & iy el AT B, HESCHRRE o bl A7, 11
characteristics of the tantalum target, but there was always a problem in that the

20 crystal grains of the target would easily become coarse.

[0019] The present inventors discovered that, in the production of this kind of 6N
level target, the crystal grain size was locally fine at the portion where molybdenum
of a content of approximately 0.5 mass ppm under normal circumstances had
segregated at approximately 1 mass ppm by chance.

25 Accordingly, as a result of obtaining the hint that the addition of
molybdenum may be effective for achieving a finer tantalum target, the present
inventors found the opportunity that led to this invention. Moreover, during the
foregoing examination, as a resuit of conducting numerous experiments on materials
that are of the same nature as molybdenum or materials that can be added together

30 with molybdenum, the present inventors discovered that niobium is effective.

[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



and the electric energy until the initial stabilization tend to increase.
Consequently, 20the uniformty of the filmalso becones inferior. This
tendency is the sanme as the case of adding | arge anounts of nol ybdenum
(i ndependent addition) which exceed the anmpbunt prescribed in this
invention. What is unique in the case of co-doping is that the foregoing
probl enms do not occur if the total amount of nol ybdenum and ni obiumis 150
mass ppm or |less. 25 The reason for this is not necessaRCTAURROWIBHPS, however,
it is considered to be because nol ybdenum and ni obi um are respectively
di f f er entfusheriddsdesovided fiat ¢his xclbdssr O s1ass 0RA-t 1 89SS RE ?%ﬁ‘ep‘PWB’l em of
segregation gnd effect o j i g biRg leffedteafet00 ve
pr obl ens.""’—'ﬁe&é?d?tﬁ{egu@o'-s %o'%{ryneafcgﬁ\;s% aggﬁ'gﬁ??ﬁ?tf??ang the results showed
t hat any mdsﬁppmmsitnewwemlimin@fnwﬂs@nemmuﬁﬁheowpnﬁﬁ|"w}48hmﬂ“§ﬂﬂ"9n ium
30exceedsﬁn%ﬁ%rqﬁééreggmi#v%n”&gesi rable. [0023] The inclusion of nolybdenum or
n

nol ybden bramfornms a uni formand fi ng st ruct ure of t&ﬁer; ar get,

t her eby st abi | i z@betuppeplimit oh moibdenyp inFelstor 108 BITPRILSCPLCaNTT Orfi ty) of
the sputt ' NimiSisB§Rghitsh Bt Asoddehabiill zaturom part iohg
sputteri nrgsggdnédgbggx%gdrece{g iII?étZ slgg t?h('a,i niti a{g st age. of SR N Top
Amendnent makybdgnupy in whish 3aecsorygalizatios i soPRES WS #1%e can be

short ened; ; b&Broldiaedoi ng case, the purity of tantalum needs to
be hi gh g%"?ﬂ”;}';cms_e%ueihfsiy . 9§r 998% or npre. F‘erﬁc‘)n)g@l?t ROTRANELH Sohe h & smal |
at omioe2't adi us~ sucHness NiSRiHTE R1aVRyRI PBG RS A BB EY Sgen can be excl uded.
Sipge it AP haybacaihf it eah be to-deped. udtbougisthetsrip on eatisulahinaitdion speci al
met hod i s enpl oyed, .an ey are diffjcylt. t i 19 gdahpmoiftthie refini ng
in the prHdhedows( 'H?'b%'ggg']'l%ﬂ@f"uﬁ'ml%"gc|rr"81f'}rqr§%l§f’1{c?e£® @_gs_gg onents are
excl uded fpgniiniedpsrexcseded, nanitl molybfenuna gngeagation ioh ORI ends (190241 As
descri bed above, | ybdenum o 3 el iwRatiemportanttdp@nuni f or m
and fine g‘f‘?“&(f’cnﬂrg‘% orfaﬁ'faaqpﬁéqr Imgt%%tg Eie&%nc ﬁssﬁ%oﬂrﬁpof th rp metal
conponent so-dopihg Inhdlybdecnmnaridahiobignpisniaat the tolgl sounk o m°?yé’§'?"%rﬂ5‘| des and
ot her ceramcs 1S .h | S0 rledddi S 1S because these

i rrﬁ\rhri ty B’?’EWHHP? "é‘?s(r-:-s'rgcogtlr']gf g'(réeéci_ to Irﬂ?}éhsl%ﬁpﬁ t hg ef f ect ﬁ?fn.zrgltaley&,ﬁlﬁgum or

mol yhg@epum and ni s tsnberausad @utsidsnthe tTREgRINgnBFT « YRS ST dar Ly di  f er ent
fr _o][n ol Y?ﬂ%‘g,ﬁﬁ 9£rid??8h361?%¢é15§15@ﬂ§ram akd lﬂmea%sd ab tshown ¢ friei Gurhparaiveachi eve a
uni form crystal grain size of the tantalumtarget..,. it

cont ri but Examplehdescrived|iaten Endnn FdtiRR tE%m%@Wﬂhé}“&'ﬁ@r gc‘%'g‘(rﬂ?@?i sfggét

The t ant al s ekl dHardyPidte theDhitiah stabligtion ttend eintieane.coonsahv@tyas a nore
preferabl e range, 10 mass ppmor nore.and 1 &tnh
rml29bdenumhewmgﬁﬂmyb@éﬁ%ﬁ'%alsﬂibﬁﬁ?rﬂﬁ ngré%'siﬁ§ {I%Fd%go IIig_ofrq'(%nétagﬁesgnd %has a
purity of cg%e gﬁ%iﬁq &Y BBtk Wil ity baiehyrh dizdepgndenioad lmnhwblob@gfceﬁﬂrponent S.
Mor eover, the tantal um s‘g,ut&jgr.i ng.target of the present invention contains
10 mass pphe amovrspeessrpedh gLV or | ess of nol ybdenum or nnl%%?enum and
ni obi um as essent iat EIRQRENTtSe cavsedfltasiopingus thay thefforggoing gogbigm e

excl udi ng nol ybdenum . ni obi um.an ARBAIS i Qraris\Pphhortiées. t ant al um
sputteri ndmf8‘1’%%%tofaﬂémﬁf’@tsoémoifbg@%@%roﬁﬁ, Iprl_ef.gr%gl, , s(;fgri a!t)i on of the
contsent ofTHeRkyEsefL thiois o ngtassatinciead howsien fhis RORSIHETI0RE PS5 or

| ess. 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.

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
puttering,

[0023]

stabilization during sputtering can also be realized in the initial stage of s

7



So as long as the inclusion of an appropriate anount of nolybdenum yi el ds
the function (property) of formng the uniformand fine structure of the
tantal um sputtering target, the uniform dispersion of nolybdenum or

nmol ybdenum and ni obiumwi ||l contribute even nore to the uniformand fine
structure of the target. Needl ess to say, it is easy to achieve
the above with a standard production process, but it is necessary to take
note of caudTHiiyet W& 4t&?ati on of the content of nol ybdenu‘FﬁT@’Fm?‘r‘B%/Vbdenum
and niobiumin the target to be 20%or |less, and to have a clear intent to
achi eve t he thedvasn-in frap/Pa0beseB®M6E ( 0026] The variation of the content of

ol ybdenum or ol v R U BleBGg Bkl YR, Sk Gkl f BRSO A Hca?center

exanple, in the case of a Ing three
poi nt, 1/2 [98i98B%uir ndre. ilerd gaﬁcoam@npvmtsmthuarﬁmaﬂ@t@jnlpéadlﬁ%wopreéﬁyygﬁn its

vi ci ni ty) Oﬁ% SQQﬁ Gl ?illr’ﬁg!f‘r?% P bﬂcgu&ew QHQQ lttlé‘ﬁeﬁé?myedlﬁleﬁlt foleedisk, and

anal yzing t content o um or nol ybdenuim and 'ni obi um at a t ot al
of 17 poi nt 92 TOMpPENents UP|Q§érﬁ &pPeqidli 'ﬁ?theél'ﬁ@@m%dcéﬂq dheyparendifficylt deunt ed

as one poi nbﬁ%rna@@ur\f@rth@tréfﬂﬂ\g' i tﬁ@bﬁ)‘dbéﬂoﬁ%r@ées& r|1tﬂdérer‘$cﬁ’ﬁl‘étd:l?‘f;ﬁmﬁfahliléss based
on the fornmula of ((maximum value - m ni num val ue) gﬂe xi mum val ue + m ni num

val ue)) x 1683 COUPPNantAre gxeludas o the Ry t?”é"f"ﬁ'@tOf RIGRENS fnuetin:

: nvent I_E_dﬁﬂ; or e 10 R§ géRKipEd é{bovbhrﬂo@td@éf’r@ﬂ'ﬁor(?ﬁb{ﬂidéhuﬂra@drmcﬁ)ilmerelaﬁze]tﬂé) pm or
€sSs. e Ccr in size ¢ rerine an

appropri at eY éi‘ﬂ '%o'? WT‘VBH%R&IH"??”MWB%WB#'BH@ Hﬁ"&bm? '&ﬂ'apﬂ‘%ﬁ‘éﬁ nal

pr oduclti on afemmsaonmatt)aliéoni@nlmeewaés/ mmdgak@rndé:e and ataerscengmtcbes aver age

crystal grain size to be 11 e nd t.o0 i nt.ent ,to

St eve he it Sad Fapamissbiel TR i beisise et Uy Siha R Aoy o,

size i s 20%cwinhibitshe eﬁ@ﬁﬂif]rﬂ'mmdeaumadn roolyindentimearal/miobige. ¢v gdditidn, thesen si ze

in the tant alfrlijptl gr ﬁeect.lgarfyo t?rgn %% foWdeﬁiﬁFB %Ptybg%rﬂ?{fagcfﬁﬁ%@% an ItSCO' d

target, by t (‘center’ point, and
point in thi d)fmwttomhlepdnemwfmm drygahgrain mzewthemaréalgmttaﬂgqtmhd It ﬂn@anbasa ng

t hr ough thec&ﬁp @{hF ﬁ"fibﬁéﬂdq'fggﬂ%ﬁﬁbma&é}%ﬂg ystal grain 20size of

tant al um at S + center point (since the
center point is coum%(carwummpupgmnq jayget 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.
B



The variation of the crystal grain size is calculated at the respective
poi nts based on the formula of ((maxi mum value - m ni num val ue)/ ( maxi num
val ue + mninmum value)) x 100. 25 [0028] This kind of target structure

yi el ds stable plasma and superior evenness (uniformty) of the film

Mor eover, since the plasma stabilization during sputtering can al so be
realized in the initial stage of sputtering, the present invention
additionally yields the effect of being able to short errcrhrezold@sénes n ti ne.
30[ Exanpl es] [0029] The present invention is now exFI ained in detail with
ref ep@Bce to t he Thsaaption. of Tiesmtdnt afiplolybdanum pemelvpdenymy apd BOPYE  and t he
present inyention.shall in b i pl oRPtarget hyabligd thvéw ds, the
pr esent i'HM‘PW&ﬂ'SJB%%“P ée}%é%élre' ﬁn‘éhéegé%eﬁ _atrr(gﬁfi cat or¥g iﬂ%l uded in the
t echni cal pavas ¢amtergioinithil @ paenfithe madiuse@uPIwin 1o 4w 9dtel BERNEY B Mhpl e 1) A
raw mat eri.al. obtai n : 1.1Q &&?‘“ } ha@RK dndeghalyeiagend to 1
mass ppm‘f'%m’tygﬂflglgﬂﬁlg%%,'%%aég%ﬂgﬁrg 0 ggbg%gg)?was subj ect yti:sobel ectron
beasm nel téantent efrdolybdenuwaer malybdetn@”p?@pa?@u@r?tPﬁ@f@'tOfﬂg\A°ﬂ'gs H5R9™ % ness of

200 mm an | anet.el: it b habndhaimtiy. Si ze was appr oxi nmat el
55 nm Af 8?&%@%?&&& thé %8 int 8 BouritePASbnedpcint} pp y

mng extend forging to this ingot_or, bill room
t enperature, thi Sheaarigios) @@?'Cﬁlﬁtng@rtg%f%ﬁpﬁf’tk@t‘?%ﬂs gﬁ?’needa?rf h‘ge%éctnﬂga
Lorperatuig rf?éxirﬁ?u% ke -Ainfnun® Salbd)/(mAxifinevalad + animog walie)j €A@®Bss of 120 mm
and a dia {er o] 1?0

R R e e
P o e B e oo ot AreasoRRRT 2t U & of
1480 K. Aee Eened by dhe,pd "é?i’g%ft% H’%‘Frﬁ‘ﬁg'qg‘ﬁ@ ‘fﬁg'i@“?’?ﬁ%mﬁ%‘wem
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.



again, a material having a thickness 120 nm and a di aneter 130 mmtp, and a
structure in which the average crystal grain size is 150 pm was obtai ned.
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 dianeter of 450
mt. The average crystal grain size of the target was 110 pm and the
variation of the crystal grain size was 20% And, the veswaRN@NKIEY t he

nol ybdenum cont ent 20was 20% The results are shown in Table 2. [00321Si nce
t he gomet (Bxempktiince depends on the filmthickness, the distribution of the

sheet resistance (!IL‘ P?“t(’) E’%wf/‘\%! ﬁ%tahé? r?]'y %P@E)mmemsm bAGnicantépMlaldnhe

di stribution con 0 | ness. Specifically,.the sheet
resi st anc® bmass ppoita tantagumhayinge Ry, o9, 890 Wag Sbjegtdp Et%cg?rég?ﬂ{g st andar d
devi ation g} t Dol ¢ wadRast¥® profarkilingst Idvinigna ithiickhabs ef 200 evndedt |y, the
fluctuation o? the resistance distrihution in the sheet is small (2.6 to
3.29) 11 ofmieteriohP0Q Gmds (A8 St VN TFRWER SBROEPSSIRY Pl ng i t hi s
Exanpl e; that is,agdi@eftbitihg!@kterd fodding Bethis ihgotionbilknaiseonditernpérbiutd.on i s
Sput t e | nERHES S o FERSRIEARIERIEE SISBPRTIIe Bhipopas PR iegA o N
resul ts shoNMerid) hdahg 8 ticknEbs!ist 120aamdes sdismetenphtpa meebandha siudtifRe, the
e R A B A, 7 e ot
[Tabl e 2] El ect r §amlequently, 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 mme, 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 um, 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 (g) 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



Energy up to Uniformty Initial of Film Favorable 100 4rWi 120

kWhFavor abl e Stabilization 90kWhFavor abl e 87i eNt r Favor abl e 65kt n/ hFavor abl e
82kWhFavor abl e 80kWI | Favor abl e 100341 (Exanple 2) A raw

mat eri al obtai ned by addi ng nol ybdenum in an anount equivalent to 5 nass
ppmto tantal um having a purity of 99.999% was subject to el ectron beam
nmelting, and this was cast to prepare an ingot having a thickness of 200 nm
and dianmeter of 200 mmy. The crystal grain size was apprexpPaosyeed9s 50 nm
After performng extend forging to this ingot or billet at room

t enper at ufEablé Bj s was subj ect to recrystallization annealing at a

t enper at ure—ef—1500—Kr—As—artorespt—armateria mavi NG g4 i ckness of 120
nm and a qi amet er| of [ 3@rapey 'r[\!a"alah Dvaibtich b [ UCT | Pierdy xao| Awemage cryst al
grain sizg i heSEh 1 BICAESl | wo content by g Qnér\(/qgtﬂéee{n&a;ymm hP$™was subj ect

to extend upset | f orgi hg-at foom-tenperatti-e—onreg—agatn, and

recrystal l|i @atge®n| annealitong wazs%per £ ned 2¢ hﬂét 0 H¥ail n*UtVh 5 Ff"é‘?‘fbe rature of
1400 to 1‘09}(3(%82 As a resgy t|of,fepeaksng hergi ng ane heatwh htrveatrent
i havit-neg—a— 1 ne = 2 = !
again, a rmierial-having a—thigkness 120 nmand a diafetgkn 13m0y,
Example 4 20 80 +10% +12% 2.0 ~ 2.2% 87kWh Iiavorabli
- Example 5 50 _7_5 +8% i E% 1.7 ~ 19% 85kWh Favorable
Example 6 70 72 7% 8% 1.3 ~ 1.5% 82kWh Favorable
_Ex_a:\;lle7 100 70 +5% 16% 1.0 ~ 1.2% BOiI.Vh_ Fal’irible.
Comparative | " | 435 iasw | seo% 3.8 60% | 200kwh | Inferior
| Examplet | " | ] > -
770
Comparative | g4 | Varation | 4 gnq, +70% 45 70% | 13ckwh | Inferior
Example 2 caused by
Segregation

o34} (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 mm¢. 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 ym 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 mme®,
and a structure in which the average crystal grain size is 100 um 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 mmg. 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



and a structure in which the average crystal grain size is 100 pm was
obt ai ned. [00351 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 nmm and a dianeter of 450 rimy. Cold
wor ki ng and recrystallization annealing 20 in the mddle and | ast were
adj usted to achieve the follow ng average crystal grain size and variation
of the crystal grain size Although the average crystal RyTa#2a109632¢¥ and
variation will also change depending on the additive amount of pnolybdenum
the foregoi ng adjThetuenge vastapgrein sitecofithe targel was IR IHEY. anpide vapaWln/ 063193
The avera cryst al j | I : @n eflitl cohtentvari ati on
of the cr@&%ﬁé@ﬁﬁ@??g %%ga%bAﬁéﬁétvﬁﬁétwﬁéﬁ?onw t he nol ybdenum
content wess #18%. Thieesults are Similary shown|imTpble Zhown in Tabl e 2. [00361Si nce
the @%@et resistaneg tqggﬁ{lg%é??aﬁ&edé%bh&@ biirekmagBickidas, tié sistribotidri on 5 of
et e water (1

t he resistance i1 n the I nches) was rreas%{?d thg check the

di st ri butdfothecehest tresistange timdhe jwaiet K12 KIBSS). wWasJBFRTUEr 9 PR " eet
resistancg tfh}utéa d’bﬂh@&ﬁ #nd fifn WRE@RsYESpaErasIY @k bheet absisthateeoft 4& st andar d
devi ati on ?a t hereof . As the reisgll%ﬂs (fi . | arl%)tﬁgrgpﬂ in Table 2,
evi dent | ypointsen the wafgawasmeasured io ¢aleyiale thestangag BeviRHen ¢ 1'8Phe sheet is
smal | (2.5 to 3. QX%hE redmits Qﬁhiiaﬂ},tshahn % Tapte Rpevidently Otbe dlustuaiipn eftheput t eri ng
in this Exanple; that is, the fluctuati of, fi hl¥aY

di st ri butfesitange gigkpptionrinthg sBeetp é‘éi'lah éﬁgﬁglgroééﬁfornlég{gu'%m%loégtt%et%i ™ tial

st abi | | zagiosagd of Bliticaing NYthiExahsle; tetsuthediushatiom ohihe filno ShiRKNESS and
decreased, as shqown ip Table 2. Thus, besides shortening the burn-in tineg,
the evenndEPYHARF 8P/ ty) of the filmwas favorable, and it was possible to
i nprove tfie ewalricalyeradrgy hequirpdtupeto thepoitial stabilization D7 |sPelisingpha® §'§°

A raw materi al _obt ai ned b j ' TPRDTHRE Waskleent to 10
nmass ppm 'P’Basfué?é)ﬁ'l" S %08%&9%[[}?‘9{&%%?%%835%%5 subject to_electron
beam nel t hugleniag dh bura-imtimecthe evernass &ifoanity of thgdim Mas faygrapls: AM¢Rness of
200_mm and_20di oY 8épsit@hal N Si ze was approxi mately
45?$rm e ggésﬁtoﬁ@rp%ﬁ’gr%ﬁ%?%%Ofég‘?gﬂgrfor%di ng to this ingot or billet at
r oomEnpéEampled) t hi s was subject to recrystallization annealing at a

tenperature of 15)92 »gma?érjaftloﬁéﬁiéhtby AR Bl BdenbAVinng @mourit eaweadlentof 120 nm
and a di aneter of %

nrrirp, and a str re, i n wi I crystal
grain si zto 1&EmasopPpMicestalish Saag a purity °¥%b'lé98§d%asseﬂ{?ge%{ H}eﬁ hlﬁst,"g%s subj ect
to extend famngi BSd 8 waBSRikt {Pp@baEG &t ingophatiegpdhiaknase afi208 ragAnd, and

recrystal l[1zat'i on_anneal i_ng was per.forned th ! t a tenperature of
1460 to 19@01%f°A§0%"Y%JI'% WS??"QE,%%P‘F?,&"E'PSPé{ogg&éﬁgaﬁg‘a"?' treat ment again,

at mat ;—:-ri al ha:/xvih ﬂgﬁﬁ?rﬁld@nahﬁiﬂg%xfbaﬂ fdsrtmngnd this ahgatethdlet aiggbmw%wpeaﬁd:? .
structure in which the average.crystal My\asesaltt ai ned.
30" [ Go3EL s whbsebleR (DAt e Eatt Rybleffyer FH0h RIALE

recryst ?' E‘i Rkl lhaﬂiﬂg@ﬁhibktg:ss?ndm i st prienetariofi3e mf“?:{ﬁ 5386 aoggf’ﬁtf’?go?dt ar get
mat eri al havjng.a thickness,of .1Q. om YBRLiRdg. O r nnp.

wor ki ng ar‘fHW{"EEFrgﬁsﬁvgﬁqezcﬂﬁ%%'r?r%{ﬁ%gg};% %(gpwﬁ “ﬁ?e m@éﬂ e and | ast _Werg

adjogst ed to achi egebdeueetty, Ithiniwap swtiecide extend: iaraing and WSt i Jhri ati on

of the crystal qgrai jze. . Al AMiBR @B Redliny Wadl pegfomed theméo
PC17. 1pzoiméeﬁ@%r%@ﬁ%bé%?@H-%ﬁ“& '?ng'?é'sg%an e ge ondi ng‘ Or}.dt,%st addi tive
anount of againydidetlemperatire df 3489 e ABOGY; As Arfeplt ATEPFBLS"HIREY; IR s

Exanpl e. freatment again, a %Q@HQV@J\QQ)% GRiYiGIeas 190 M ahidze diafnetdrel I0amygedt was 90
pm and the variation or t

D o oo yosmuhossmbor o s b R e e
Sh%“[oésﬁi Tabl e 2. 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 mm¢. 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
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[ 00391Si 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,

t he sheet resistance of 49 points on the wafer was neasured to cal cul ate
the standard deviation (a) thereof. 10 As the results simlarly shown in
Table 2, evidently, the fluctuation of the resistance distribution in the
sheet is small (2.3 to 2.7% fromthe initial stage to ACéP2819863888age of
sputtering in this Exanple; that is, the fluctuation of the filmthickness
di st ri butandvaiistionnll hiso change depending os theadditivg anaquat g&mP‘éﬁ‘fﬁ“P@d p to the
initial stahil]zati] f Mo QMTal o nmeasured and showed 90 kWh,
and decrfj%%g%‘bbé@héﬁ{oéﬁgw?ﬁ e#aslti) %I@ﬁus‘%ﬁgﬁlezesi des shortenln t.h[I.e burn-in
time, the evenne3be @uerageciyita) grapt siee af ﬂ*ﬁrtafgwa\ga%%%waﬁi‘%,heg’ﬁﬂa was
possi bl e | iEj I §¥500f SRufidtich ¢dape sidijbdenurh @ehte(Exanpl e 4)
A raw mtog??%%%%/glratrl{gg'zgyﬁéza_sld%j?sng' lr%*?%de umin an am)yunt equivalent 20 to
20 Smass pyan 116%. dhe seauits RER/Simgarly ﬁf‘l??”l"t"ﬂ/-r%'?eg]& 999% was subj ect to el ectron

beawl ting, andiicitfe YRsetGasidtatde dUpeRdy én thie filmdiitkrieas, thg dstrbbliarkness of
200 and di aneter of 200 mm

) _ . The stal, grain_si imately
40 mm - of e’ Sheet AptiEANGSoi P RIS AT o0 ArRg Eef 16 ThEBr ! I P el
at room tfsRRRh WoRditibiios tNESIns thigkeess. tSpecificallys the bheedresistangenefdd ng at a
tenperature of 1500 K. As a result, .a ri L [ ess of 120 mMm
and a di sfsteen e waler ‘P’W?aﬁq{a‘aj«kf %ﬁ'?‘ﬂ?@ hh%ewl?rlr? a\?ﬁ‘%‘ﬁgltoﬁéég\bgégge crystal
grajn size i s 20Qsphe Wesiltolsinailanig dhown in Table 2, Sidrndiubatfiugtuakion & Hes” subj ect
to extend forging and. upset forgi. ; e iRitiaNksye@ahe, and
recrystal ’FF?%BF%H'SE{WHg%'ﬁnﬁéevsvgé&dgrg' %ﬁ %ﬁ%g%ﬁg{r_‘ggai n la}tl ?;.t enger ature of
1400 to 1&@Dsthige Absputieasyirnt thisf Exameat halgist thediustyation ohibg MM EhickNE&3t nent
again, a ér?thgrti al.%g%ﬁlil ng a thickness 120 mm and a di aneter 130 rnnp, and a

fill,

struct ur ™ ke € average crystal grain size is 100 p obt ai ned.
[0041] Subsequeritheyeledtiital engrgysapyieas ug o k6| 'a""'f"o?tla'i"I‘Fg;*?'gﬁﬁ<.‘1’!Ens‘\9‘k‘%%r'R

o ystal i zatl oRaaiegahiRowsddo kivh shy sceR2E| agstownds Teble@bTaim a tar get
material having a i f

thickness of 10 mm and a di aneter of ] | d
wor ki ng abepidesc sharteaingi thet Pemm-B eS| Thﬁge"qﬂmgﬁbﬁ%@y@éﬁ?‘ﬁ {Ihewrang:gdl e and
|ast wer eqaglau! gl 4naBLAMB 18 iprow thogLaly elve agetter dgsasdlongr ai n i ze and
variation of the crystal grain size. A though the average crystal grain

si ze et E¥aedh will al so change depending on the additive anount of
nol ybdenum t he fQrggaiddtiar8blafiedtytadong magisdepum inran ameuntRawAlRNt S5The

average crystal grain size of the targe 3 tdisirvabedhi on of
t hé0cryst mZ%maf%lpmi%ta\w/&’Zum P2Y8g aRHH?’#ﬁ%@%?S%%%”R@? totér’fgc nol ybdenum

content wating?8hd fite wassuakt m proparsi an Ingo! pamaﬂhkhr;egaﬁéotﬁﬂ“gcﬂtﬁ‘_ 2] Since
e sheet rests e S _on ; Istrirputiron o e
Sheet T oSBT ST IS THAP APa 1 3 che Ip dRBERTREy O

I'nc ‘was neasured to check the
10di stri buti on comfrtgesiorming teltend iforging e Blisiaget ordpiet at oo PPERie.s heet

resi st anCﬁv%‘va? %létﬁ%%?cta ?ec%téllﬂ%ti%%@‘feta i atPRAperuie®f 480 K| AS & résait, st andar d

devi ati on results si r%)l arly ﬁhos\l{w tiu Tabl e 2,
evizdent | y a mdteridl havihg atthickness of h20 masang afdidmetarof 13 IMY AP 7 FHE Sheet i s
smal | (2. 0 rith sizlis 2009@R wae obbneand stage of sputtering
inthis E%a‘krfﬁlﬂi;"%t Vgigqgg&%fﬁgr?ruct lljsati on of thfe fil m(t’hi Cét“l%?g?n at
Subsequently, this was subject to extend forging ahd ups g

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 ym 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 mmg. Cold working and recrystallization annealing
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15di stribution is small. The el ectrical energy required up to the
initial stabilization of sputtering was al so neasured and showed 87 kW,
and decreased, as shown in Table 2. Thus, besides shortening the burn-in
time, the evenness (uniformty) of the filmwas favorable, and it was
possible to inprove the quality of the sputter deposition. 20 [0043]

(Exanpl e 5) A raw material obtained by addi ng nol ybdenumin an
anount equivalent to 50 mass ppmto tantal um having a prugg10063189. 999% was
subject to electron beamnelting, and this was cast to prepare an ingot
having a it It’he:kimi%amd |a20 Greraradinsted ita aehieve e fqmnmmvermcmtybgram grain
Ssize was a |mael S r t f i to this

i ngot or st'ﬁp vafe '?%g’f‘"nﬁ} %get?ggglrnggﬁ A"RS& Igfh?%g ;‘qg f\fgéi?leéc}?lgsﬁl l'ization
anneal | ngprﬂtvaaaﬁmnm&alsbwengﬁ derED0ing. onABe addl@@lﬁmourﬁoﬁﬁlpupql%u"hﬁ\ﬁ ng a

t hi cknes f f np, and a structure in which the
aver age C?{%g?'g? ﬁnﬂe’ﬁ?@g%iﬁ@%ﬁth% Eé%(')%t ai ned. Subsequently, this was
sulfj ect to exten(Thécalvglagg casthl 9m5l2¢9f@ﬁ‘rt§f99tw%sq Hﬂhﬁf“éfﬁ?e‘fa&?m”e once
agai n, {8y 2 hf SHTtAE ndijiRierim cegehn at a
terrper at tr}?éﬁ%%%%g i é% "8& #10%: Ahc?gg%\@t%n%@ repeati n)gﬂf orgi ng and heat

t r eat mentwasgailB%. ahereetsgl‘tib ate mmrwg;shawnmml@%s 120 nm and a di ameter 130
rnnc, and a stru ,b\,@;onloo pm was
bt aPhBH. [oosa] SiiEdnt St Sl MXERAGE, Hernahiclicsins st

r ecr yst aldfi that sheet ré’ﬂﬂtam@mﬁm 05&?&931?am17é8$)| wgs 'ﬁﬁ@ﬁ‘ﬁ%t%rf’hﬁab%&m ng so

bt Rdedofoadli t
0% 50 mihifiodlich HefiBipftk 2he G ?ﬁ%“%%ﬁé%@%%“@ﬁf@ﬁ“?qﬁn Q‘“m ddl e and

| ast wer ePQde: geﬂmuaferuemmw@%éo %w'%%'}?gst%ﬂf’é 5%‘"?4!09 in size and
vari at5| 03 of theﬁ@rt}rfétr@éultgrsﬁﬂhll&rl isRwn M Té‘bwghe\hdlﬁtlﬂvméalgetuaﬁiqrsdfalhe gr ai nf
size 5and variation will also c g,.qQn the unt o
nol ybdenu&fistapee f’ﬁF’@ﬁB‘?rh@ tanSU%trfégmamgb%?g’ﬁq@"? et'H'i %{&étofiﬁ@ The
aver age Cgnisitade of suitefing th tis Ekenplar @et isyne filictuation ahthetfiire ﬂmgkneasu on of
the crystal grain si ze was 8% And, the variation of the nol ybdenum content

vwakd 10% ostEbytioRis $malhy e similarly shown in Table 2. 10 NO45] Since the
sheet resi st ance Thepseefcapenbiyy eoliredt iy tkthesisitialt stabitidation iohaPEANS t he

sheet resistance in t c e

di stri but‘f"%gé%ﬁmaﬁ'% aB%VaI‘?\‘@eé éfﬁwtahl é]eec‘nga%ege%z i cafl GrasIB%CJ’(SI]JiSShheet

resi st anc@esﬁlfes4§1qmnimgsthenbmrlnen vwalfuﬁrthwasvameasajK'Gdfotfbltsﬁa‘Pfcfymeaﬂ'@ VA% st andard
L L Pk ol ST Plas PEsdtlE 1d F¥leng hUAikPot e SAQWA dboskahl © 2,

evidently I'stance distribution in the sheet is
SNEl foo43il. (Exbmplbfi)% fromthe initial stage to the end stage of sputtering

Idln s: P : Euﬁ( grr:p: 2 A Hzﬂ\? mlaterial B6tainel By LRHIngMméljbdeR@mfih laf dridupk Bgsivalent
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 mm. 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 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
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 mm@,

and a structure in which the average crystal grain size is 100 um was obtained.
(0044] Subsequently, this was subject to cold rolling and recrystallization
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The electrical energy required up to the initial stabilization of
sputtering was al so neasured and showed 85 kW, and decreased, as
shown in Table 2. Thus, 20besides shortening the burn-in tinme, the evenness
(uniformty) of the filmwas favorable, and it was possible to inprove the
quality of the sputter deposition. (0046/ (Exanple 6) A raw materi al

obt ai ned by addi ng nol ybdenum i n an anount equivalent to 70 mass ppmto
tantal um having a purity of 99.999% was subj ect to el eckaroPeol®ase®5nel ti ng,
and this was cast to prepare an ingot having a thickness of 200 nm and

di amet er ffneafy, Bhd Ghish Prozessiys saks tr abtaing tegakamaterah PRt tiPPesy nm
After perform ng extend f i t AL i diAlkizatidbn BAEAIN

t enper at u?fe{dﬂWH?gnci:\%g'a%j&re%tﬁ? orﬁrﬁgt:??@t\%{?ﬁﬁ%gﬁ JIEI 8%rg§nneal in t ag

t enper at uinetheimidde @nk lashsvese rdiisted, to Achigve theafollpwing FYe29¢ I?fyg 8" of 120 mm

and a di aneter ,of . u ithe Whérade chystahyairagiee cr yst al
grain si 78§ g"‘}dﬁngpt%qgmgsm%gﬁ/agﬁl]gﬁ?g%' Rliwugh_éﬁ%se ugeetdl?eta fyhi S Mas subj ect
t o ®xt endaridvagiation willicklzpei@inge depeneingan WS&WF'&?@@PQ‘?M’? 5‘%88"%& h, and

recrystal ] Cos Li , . ibhereto again at a tenperature of
1400 to 1@5@7%%&2'9% S\I\L#‘«’po‘é@ﬁleﬁﬁ ¥iPExEReb

t of repeating forgin d heat ent again,
a material havi ngihe Qwraﬂ@r@ﬁallgzﬂigrﬁﬁeﬁg‘eam&qqeéﬁéﬁg?’ %(f"gr#}é GandBR" 20
PCl702010&ﬂﬁgE§§ta@§|‘iirﬁsi§é WHE E8%E Ard, Wei vahatidreofaivemalybdenuyseaaitendwabn si ze is
100 pm was obtained. [00471 Subseq,uernfaﬁ)l% this was subject to cold rolling
and recr yt1Qi#e) Theoeps aip sgalernghownhiy %h processing so as to obtain a
t afglqdfBL eri al  heiHédtheashicbi RisREMSe déperdlsam the fimathitkaess, dre dstriagionNr unp.

Col d Ki d tallizgti N i L,dd! | @gt
acl ust ed Pb i PeYerERBEs) Moo o) AR i ol el R B, BN A0, et fon

of the crymkdutien abritiinzef, thal fillmohipknesse Specicalis theyabesl registange & 242 and
variation wll so change dep ' t bl déQiafibP o) theddof Mol ybdenum
t he foregBP'Hthia}"ﬁg"tafFém M%asﬁgészjglbgﬁlgqllgtr?tpﬁfgq%rg déI Y ) . ° The
average crystal ghathe esals similarlhesftwngeﬂah)&sz-ﬁ?dﬁgﬁy'é'?Fdﬂ‘fqt\‘éat‘\?ﬁPf %€ on 100f
the_crystal .grain.size: % , VAl RO%P oMl thé liitiarslagk dethem cont ent
T A AT,

own in Table 2, 4819 e sheet
resi st ancendefageds spattering injthis Exampie: & is.ithe H?tg?ztfq"{)qggli‘eohlﬁ‘ow‘%ﬂée&s heet

resi stance, he. r (12 inches) was neasured to check the distribution
condi ti on%bs?r‘huﬁgﬁsﬁﬁrﬁﬁt h

i ckness. Specifical]|y,. the sheet ' : of 49
15poi nts on t he wiheelegkisaharergy eAWrgd é‘QIteJL%ﬂrgt'{?ﬁéa%gﬁgtﬁ]O a?fcsié@tgvila ion (a)
thereof. asalsom asﬁec} By Siowddt S5 IBVR] dnardeyreabedvrasishowa iyl Batde 2eliiugent |y,
the fluctUation o?t [ [

e resistance distribution jn. i | (1.3
to20. 5% foesides reortening dhe U ?‘8‘% ﬁ'f%e &H&"'%‘?%g@“g{’%ﬁﬁﬁ gi‘? r@"isﬁﬁi hi g
Exanpl e:  teheyrfihisl ridat s psssibid® ifplove tife auatityss the sputter deposition.

[oo4s] (Example 6) .
A raw material obtained by adding molybdenum in an amount equivalent

to 70 mass ppm to tantalum having a purity of 99.999% was subject to electron beam
25 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 30 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 mmg, and a
30 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

treatment again, a material having a thickness 120 mm and a diameter 130 mme,
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distribution is small. 20The electrical energy required up to the initial
stabilization of sputtering was al so neasured and showed 82 kW, and
decreased, as shown in Table 2. Thus, besides shortening the burn-in tineg,

t he evenness (uniformty) of the filmwas favorable, and it was possible to
i nprove the quality of the sputter deposition. [0049] (Exanple 7) 25A raw
mat eri al obtai ned by addi ng nol ybdenumin an anpbunt equivalent to 100 mass
ppmto tantalum having a purity of 99.999% was subj ect PACDJR2P1O0EMBVN beam
nmelting, and this was cast to prepare an ingot having a thickness of 200 nm
and di amendra sbrhcmm)mrvﬂmhthﬂaser@wgwala' gl sizedis 180 WasWas YR Irat el y 25 nm

After erform ng NGyalsO NGeld follirty lahet rediystafieation
0r"'gt ure, ?ﬁt’)‘ée @ls g\!tarst g&k;r?%%rg?stal | i zla'?: OaG annteyaﬁ_%g& at a

terrper at wneeaiinglémmf iish mcassms&n as toohtgih artarget matariayhayingA ®¥ of 120 mm
and a di g rgggdjag&a{n'e@f of 356 nﬁ’ntﬁt('iél@w&l@ng Qnd/\fdcﬁletduizetuc&wmmgmgcr yst al

rain S|ze I's t al ned uen s subj ect
19 0 Sext endn fther gidele amj laghwere agikgied o aﬁh'?%%tfe%évgﬁtﬁfag%ﬁ%taa%’ﬁ?pﬁ andJ

recryst aldijezgld %Tla%‘ﬁ‘%?'tﬂen&yMIS BRY $ig. Matoldte tet averdySTenyft@0gaihGB2193 agai n
at a tenperature of to' 1

ult of 0 ng and
heat trea@ndeafiatigivij; 3'58 Cﬁﬂf‘?ﬁ Hﬁgloﬁdﬁ%a‘?ﬁ"v&?{%@t fg'gg&m uh' g@dl anet er
130 mg‘:pfoégéungaafuétgfégﬁlwasbasMemRtle(ampw age crystal grain size |sd100 pm
was obt ai ne ubsequen this an
recrystallizati oﬁ—% AARES IS '%Eﬁ%ls'f'? HY\@'% t%%%t@é%?%gng%hgéﬂeﬂg "g{)%al n a
taroget nesfeid alystabgrbinGize Wik €k%easd, dfie ddiation ahitie analykaepudcopena%e nmw. Col d
wor ki ng a r stalllzatl e n the mddle and | ast were
adj ust ed %q°§§‘ﬁ é%tstaﬁ%s'mgﬁf%ﬁmhao% g\L}-leglg je crystal grain size %gd variation
of tjescr yst aI grSmae tbé sheetAbsistoncghdepes %O@ﬁf@g@mdf‘%’ﬁfﬁ e Qistibgtion and

vari ati on Ll AL3QeGlange i RETVAEO (PN iHchBs Ul métopEmUatcretic i ybdenum

t he 10f or was possi

t Th
crystal giustnluut@n zeondttion (o the filge thicless. Oséﬁrﬁ];lrcﬂlh’d the, é%r’?ﬁ?@g‘f‘?&%ﬁ q?l
)’5“ al %oﬁ\%t]@ of kﬁ&w%?wé{?neé@&#ed td16aMAdth &id Qandaid tdatioel (yhkiereofn cont ent was

The r'esults are simlarly shown in Ta 5 h eet
resi stance depends b8 f@#\‘@sfsi'm'fﬁ”b’ﬁ?‘e‘ﬂﬂ&gab?ﬁee‘ﬂgé'fqg %ﬂ%ﬁg“# (ﬁﬁ@gs heet
r es:jSt antes ffs{%nE@&s‘t’%fuﬁén (nliPeiSREESS bmaRg1. ms Lﬁ%)drdrm tltehlemhl stage Withe ri buti on
condition o

the filmthicknpess. ecCli f| e of 49
poi nts oneichetagsr 8t Spetteringa iy gy $ ”IPéﬁ C t%d‘? '885 Wi@@*@??on (a)
t hereof . gistribution is sall.t he results sim I arI y shown in TabI e 2, evidently,

the fluctuat f th t e (1.0
o201, 205 from 1 haerpslea Sregl BeITUb b s HialabBfaR S speti ! [

Exanpl e; {hahisb eabliedfandGhuwed 62 ko, atmaécremeuhas:klmsm 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.

joo49] (Example 7)
25 A raw material obtained by adding molybdenum in an amount equivalent
to 100 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 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 um was obtained.
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
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distribution is small. The electrical energy required up to the initial
stabilization of sputtering was al so neasured and showed 80 kW, and
decreased, as shown in Table 2. Thus, besides shortening the burn-in tineg,

t he evenness (uniformty) of the filmwas favorable, and it was possible to
inprove the quality of the sputter deposition. 100521 (Conparative Exanple
1) Araw nmaterial obtained by addi ng nol ybdenumin an anpbunt equivalent to
0.5 mass ppmto tantalum having a purity of 99. 995@6ma§wyuhP@@@ﬂﬁo el ectron
beam nelting, and this was cast to prepare an ingot haV|ng églckness of
200 nm 3Gigaid iaatemiperatue om@ompsomheAs:ayg&talofgmﬁaﬁn%fozgé $289 88 oxi mat el y

?gom - ggé{’lhsrmggﬁg aglngge{ MidkRBSs 18 Finvend @ dh&héter ng@tmrmp billet at

s Was su to recry stalllzatlon qa<1llng at a
t enper at wnd aoftrutGEDinivhigkstha awe@geprystﬁll @@t@@ﬂﬁ%ﬁh‘ﬁ%@ "HP‘E ness of 120 nm

and a di ameter o sgr St Ul cbld Ydliirgh ahb erenetatigatianr yst al
gr ai ™% ze is 205”&%9\/\gnw’obt ai ne utI511>CT/‘]P201010

Sulss equeranhgalinghard ﬂm@ BIPSEEsINg Q%a%ﬂmnﬁo‘?@eﬁ@a%'&ﬁﬂﬁyg@ta h(ﬁkaf%g at room

temper at U QoG Gra%RlBmefd br US6 it At AdHiRNaRT Rastiatiarsameaing med
t hereto agalin enper at ure of

400 to 1500, K. epeati ng
forgi ng an@memdlﬁt a@t&ia%wer%géwﬁed 4o Rehieys é‘ﬁ TRIRNRG ager? é &r%%‘sgia 20 nm and
a di amet &f,c130 Wiloﬁ_’%ﬂ%éﬂc@ét’éu falif §izé. rAlmbug.‘rhtHehalemagar erygalcgrgintsi4e grai n

size is 100 pm was obt ai ned. ntI jwect to cold
rol Iing cand veaatapawill pisoLRangs, %?ﬂﬁ’g!sp.%éﬁ an'?‘% 'h%? @cgag?%‘psﬂ?as to

obf@i N a thrkeRk aBﬁ%ﬂﬁérﬁWab@bSﬁﬂem mmmnm of 10 mm and a di aneter of 450
ma Col d working and recrys i.zat d | ast
. q’ge EYRERE ;aglgf%rblstz %Pth%qgﬁ@l WQQ 7b §1n4 h@d el grRtien

were adjusted to te ave ? tal grain 10 size and
vari at i onpfafe t:rlystar:gmmtsiie gaa&ﬁ%sAn@ thé variatine o @ﬁé@@Wﬂj"H@j GPEEEREWES was not
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The el ecta;sﬁ@ht,&ﬂgrsgﬁé"r equired up to the initial stabilization of

Thbl o 2. Thue, | tTREeRBEATELPDIBPR LR P s el SRENEACHEAperfl hown 11
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to impr ngeglcrilees gHortenuYg ?Ifle tbrﬁ?n ﬁ\p%g,e'ihed%%’rﬁ'letsk Q@niformity) of the film was

25 favorable, and it was possible to improve the quality of the sputter deposition.

[0052] (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 mm¢, and a structure

in which the average crystal grain size is 200 ym was obtained.
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Simlar testing was perfornmed for a case of addi ng nol ybdenumin an anount
equivalent to 0.5 mass ppmto tantalum having a purity of purity of
99.999% but the sane tendency as this Conparative Exanple 1 was observed.
It was obvious that this also affected the purity of tantalum 30 [0055]
(Conpar ative Exanpl e 2) A raw material obtained by adding

nol ybdenum i n an anount equi valent to 150 nass ppmto tantal um having a
purity of 99,999% was subject to el ectron beam nelting, eqidriochismsv@as cast
to prepare an ingot having a thickness of 200 mm and di aneter of 200 rrinp.
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el ectri cal ener gy to the init utterlng

was al so neasured Tbﬁgﬂ% r('ﬁﬁé&ﬁi@é rRYred H‘R}Ilq h‘@r'@ §l ﬂab'%? '?h(?\%ﬁp‘i' bl e
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evenness IR RE It itieh AIbAR Wiihd. Hecbisthes ISy AgtugR0sS! Ol e

to i nprove e qual’ € spu i on. addi tive
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that this also affected the purity of tantalum.

30 [0os5] (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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A raw material obtained by adding 1.3 mass ppm of nol ybdenum and 0.74
mass ppm of niobiumin a total amount of 2.04 mass ppmto tantal um having a
S5purity of 99.998% was subject to electron beamnelting, and this was cast
to prepare an ingot having a thickness of 200 mm and di aneter of 200 i np.
The crystal grain size in this case was approximately 55 mm After
perform ng extend forging to this ingot or billet at roomtenperature,

this was subject to recrystallization annealing at a tesgeraiowsasnf 1500 K
As a result, 10a material having a thickness of 120 nm and a di aneter of

130 mmtp, and a HrieH périormirignextétidcibrdintetoahie irgpe ochijes e roogt tempesAtye. i s 200 pm
was obt ai hed uent | forgi ng
and upset thisdag; srgiest to rsm%@”,ggpgpn?%|ng%2é?%r}ye?at,ﬁ%béfggp%‘égf\gé}r%g tion

anneal i Nga H@&ariﬁeﬁémgﬁ?mldkhﬁsedfd2agan andia diantaetemdr130 umee.cmd BBIclUE 1500 K.

As a result of eatin nt again, a materi al

havi ng a ‘E‘H‘f%{égg"i’%e ﬁWthL% %ﬁqupgﬁhé%é&éhg@ d a structure in which

t hes aver age cr ystSabsequently,sthisewas stBjecipio eenchfsraing &ad frse6rebSbquent | y,

this was subj.ect t t &d thefetedt 1173 K,
and fini si° tSE‘é’Ssa?"Hg%nge agéb é]%br%e%{aﬁ%tﬁ' ﬁnbﬂaﬁ?eﬁﬁgéﬁgl ’gi':: hi ckness

of 10 mm agaih at ahtemmrewra)bf 00 tp 4500 sz'ﬁr?efe&\)'é%@@e%tﬂ%f?@l'“gg? i ze of

the targe i RickRids Of20t @ &ridya daimegerad 30 minge was 20%
And, varltté %gnﬁ%ﬁ'ﬂg 8%@5?1?5‘8?@% k ers1um and, ni obi um Eféﬂ? 8% The

results aansl samuremwa@héheaavermy%@'r%@"tsﬁs I éfmr“’@gl e depends on

g 0 fdbds H‘ thi Ckne%bs&&?erfﬂkfs"tﬁlé bwhd bkt ttbeccadne:eumg esnds trecrgetaliizatiohe waf er
I NC es was neasur ed

o check the ngl S %S ﬁ LiRRksst he film
th| cknessanmegling, @nddinjsh progsesian §82s12 OPEINLA aég% méfg porn g on the waf er was
measur ed 6101(ﬁﬁalncuh@benarﬁaeﬁ@marhmpdemdawmmg(mﬁ remstekbtatlon annealmg As the
results simlarl i dent | t he
resi st anc® Be §’E'ﬁ"¥% 8%‘ e ﬂ‘g gﬂ‘i&‘f aghieve J1 %{pp((%n%tef Hé%%%ry??odrﬁm
initial stiggantodriagoreptitirt agstabbraspsize cbutntheiforenping adiusipeng; washat i s, the
fl 15 . ggssotfle mr}ﬁlsfdompara IIV%IE}(ngn |e3gﬁi&| e’ dvBHge ¥ystat gfaifRbize of the target

was supposedly 70 ym, but the variation of the crystal grain size was +50%, and
variation caused by segregation was considerable. And, variation of the molybdenum
content was £70%. The results are similarly shown in Table 2.
[0057] Since the sheet resistance depends on the film thickness, the distribution
20 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 large (4.5 to 7.0%) from the initial stage to the

25 end stage of sputtering in this Comparative Example; that is, the fluctuation of the
film thickness distribution is large.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 130 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

30 was inferior, and it was not possible to improve the quality of the sputter deposition.
[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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The electrical energy required up to the initi ili i

( al stabilization of
sputtering was al so measured and showed 100 kWh, and decreased, as shown in
Tabl e 3. Thus, besides shortening the bumin tine, the evenness

(uniformty) of the filmwas favorable, and it wa [ [

_ i , S possible to inprove th
qual ity pf the sputter deposition. PCT/JP2010/063193 7117G?nngbnentt5i
410 endl ii Col/ 4847 |/ 4wonge 100 es so 0:7 14e 4 100 0 009294104497 42

34:4834 8..1 5 PCTIJP2010/063193
was discovered that the addition of excessive molybdenum is undesirable.

[ooss] (Example 8)

A raw material obtained by adding 1.3 mass ppm of molybdenum and
0.74 mass ppm of niobium in a total amount of 2.04 mass ppm to tantalum having a

5 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 mm¢. The crystal grain
size 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,
10 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 mmep,
and a structure in which the average crystal grain size is 150 ym was obtained.

[0060] 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.

20 The average crystal grain size of the target was 100 pm, and the variation
of the crystal grain size was +20%. And, variation of the content of molybdenum and
niobium was +18%. The results are shown in Tabie 3.

[0061] 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
25 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
r%@mwdmmmmmnMsmmbamuaem&mmmmmmmmamemme
end stage of sputtering in this Example; that is, the fluctuation of the film thickness

30 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 3. Thus,
besides shortening the bum-in time, the evenness (uniformity) of the film was
favorable, and it was possible to improve the quality of the sputter deposition.
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of niobiumin a total anount of 44 mass ppmto tantal um having a purity of
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an i ngot having a thickness of 200 nm and di aneter of 200 mmtp. The crystal
grain size in this case was approxi mately 55 nm After guenf20roepng ext end
forging to this ingot or billet at roomtenperature, this was subject to
recrystallization annealing at a tenperature of 1500 K. As a result, a
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[0083; (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 mmao, 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 mm@,
and a structure in which the average crystal grain size is 130 pm 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 pym, 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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of the crystal grain size was t11% And, variation of the content of

nol ybdenum and ni obium was *11% The results are shown in Table 3. 25
(0065) 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 resistance of 49 PCTOP20101' 063193 points on the wafer was
nmeasured to cal cul ate the standard deviation (a) thereodcrur2010063193 As the
results simlarly shown in Table 3, evidently, the fluctuation of the
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wass f avordistrieytioanslsmall. was possible to inprove the quality of the sputter
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beam mel t} esa&%rfehln§ YRS bGAsh tFr1Qe Pih@P&VeRnass «mtmuwofnmeaﬂmhwakness of
200 mMm an Iameter of 200 rnny). The cr stal ral%sue ?{éln this case was

appr oxi nefegerablsganthit was P@*?S'tﬁ%Fq '61%?‘4‘?&“%9 Aot fPEAPE i ngot or

bi |4 Gbesft (Ex@RPll OYPEr ature, this was subject to recrystallization annealing
at a tenperature of 1500

120 mm and a di arfef@¥ "‘éfe"fb@btﬁil'?%’ E’g%ah'tag & r"ﬁn%s{s? tﬁa lljfn'nv\x g ﬂhéemaglgp SSZ o
crystal gi’rﬁbsﬂpﬁrhbﬁnbbluﬁﬂiﬂ aomalvamoobttcﬁmadnammge@n@m pavingha §Uiiids subj ect
to ext endoff géé:!/g was suv)ﬁ)ec? (o} glgrt%nngea% 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 um 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 mmg,
and a structure in which the average crystal grain size is 130 pm 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 mm¢.

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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room tenperature 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 treatnment again, a material having a thickness 120 mm and
a dianmeter 130 rrinp, and a structure in which the average crystal grain
size is 130 pmwas obtained. 25 [00671Subsequently, this was subject to
cold rolling and recrystalfization annealing at 1113K, and finish
processing so as to obtain a target material having a tkrcolmessssoB 10 mm
and a dianeter of 450 mmw. The average crystal grain size of the target was
50 pm and the vaAsé #id @sults simitarycshosingh Tgblei 5 evidesthwdhe flurtuatian of ther i at i on
of the content of . i obi i téthe shown in
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200 mm andcappraximedtely 56fmB00 nmw. The crystal grain size was approxi mately 55

) LSAT ter - per f oL ge fXAA SR B thilifyol BOBletar rddind eptpendturepom
tenger ature, this was subject to recrystallization a ngg{)Kg at a i
t enper at urteisofas sBbjecio reerystallization @nnealing pba F%PP%%\V[% 1 i CRASEE of 120 nm
and a di anpt.gf, igf habig dhRihess1d 28 nith BHE bidindter ofB0 Mmbeandvestageirer yst al
grain size is 200 pmwas obtai ned. qu%@ uent l%/ﬁl 1 h[*‘s was subject to extend
forgi ng arawhjgbdee pyarageg/ystal grein siz8d ﬂrﬁ‘é’f’%ﬁ Y%tce again, and
recrystal lization gyps&idehthy Maswhekhsiecres &hendtogingaind wisetfargnpet at ure of
1400 to 1500 K. As a result of repeating forgin %e agai n,
a raft er i al oRBVEMGERIUTR 0pRG 89N 1Y rﬁFﬁyﬁtﬁ@Z%f'oﬁig"amg?@gqq 0 n#‘t'%jg@gnﬁ g
structure jgaini & fentptPataiesapmoat ISDAK. dwai resak pbrepsatingforgingnaid it ai ned.
[ 00701Subsequent |y, this was subject to cold.ralli SECI SRl | zation
25anneal i ﬁ@eaé'!‘e'ltl%(@"'l(,a @ﬁg’%ﬂ ﬁ?‘@ ﬁrtB'Sg'%ess’lgﬂgos'ﬁJnaés %%o tai@'rc) a tardget
materi al  hgnd eigndture in which the average crystal grain size is 120 pm 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
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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t hi ckness of 10 mm and a di aneter of 450 anp. The aver age
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 nolybdenum and
ni obi umwas 6% The results are shown in Table 3. 30 WONSi nce the sheet
resi stance 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 sheeictuesiocgtamsmce of 49
points on the wafer was nmeasured to cal culate the standard devi ation (a)

t her eof . rAsistahee tieBiblticn iithe lsaeétys sialv .3 to TEM) droBy thevinitiad stdag to thee
fluctuatio f th PCT1JP2 06 i he sheet
s o | O oq sy N 15, e HFERREbTnE W BlnBed
sputteri rtgstnhsutbhinss:ﬁalarrpl e; that is, the fluctuation of the filmthickness
di stribution is sig electr]gcal S0e10Y recgd?reedqgaetbtt'hlaQﬁtlaleétﬁfll&)étldrﬁGNéﬂtﬁﬂrm{P to the

initial stabilizatron o al so neasur ed showed 35 kW,
and decr esaealso aeasiredmnd ﬁhdvm I Mhﬁﬂﬂsdecﬂi@t?@-e@ stWp e Akl 3t H¥Sbur n-i n

tinme, n r t Rfahe aivd Whs was
possi bl eelf %Yal%rgmgrg:\?/tgﬁf# etfhgua rIBBH Hi tHS idehﬁéé?ﬁ:dnﬁ&\ggfy?l onhe 10072]s (Exanpl e

12) favorable, ansit was pessitle tﬂbmrqvedhwuaé%qfﬁ@e HepdePosliAt-of ol ybdenum
and B, af @@? niobiumin a total amount of 150 mass ppmto tantal um
havi hg a purity of 99.998% was, subj ect t eI ectron rrer! t| @nd this
was cast to pr epeﬂ@“ﬁt‘i‘ateﬁ'@b?btﬂ'ﬁ?‘i’ ngaﬂd‘f‘ﬂ EKARSSPRE} © é‘nd | Sheter of

200y m ng)maé@"@prﬁ roVﬁbaturrglhaa 1ot bARUMEST 15D Piiassippet @l tgntstammavmg a punty Af ter

perform ng extend to this .ingot or bij ure, this
was subj e¥t9%PE et‘f"laﬁssgh»\egt '?a?'?‘at?“at?ﬁ?gh ﬁ'&ga?nd ﬁ{ise‘rﬂt%sé?a E’ﬁﬁ% OK. As a
result, a;ng@ttret/ingla thRKhexs o 200 itk aad siaofeter2 200manel Tahecnneﬁtnitgeam 8re 130 mp,
and a structure I }/\h% t he average crystal grain size is 200 pm was

obt ai ned. Was approx1maeg/u Qbently, this was subject to extend forging and

upset forging at Afteowetfempm attemc:forging tatlisi ingot gn Billeeatrgarp dempesalufenn
annﬁg H ngtggsuvm e%é%‘eargf:ltygﬁﬁl ét%n%neglgﬁ a%m?e;rtaﬁﬁ‘@@f foere Aefa rkd@f) to 1500

PRg eat treatnent agmjs a, materi al
havi ng a ai‘narhémeeaw]gZ@thnhnaSﬁdOféZQl rammnéra daeteral0 mRE. A PIRMPe in

which th bt d. 00731
SubsoquenlTy o HE SURGt Blystl e Si¢ 8 208 ) ““’(g‘;ﬁﬁﬁd?ec?ggf i zation

anneal i ng at 11733ubseaum\tlvt Hiiss wap resbiest i gxted dxrging s Apset £orpnd 4
material haui fach g@rétﬁt’e%@%@aﬂf aﬂ@réWsﬁﬂ&aﬁorﬂar&t&h@J waé pdridimed ithggeto

The aver age cr rain Size of the tar riation
of 20 he cr9eaimp gﬁqnp@@t%oﬁéto%%ﬁﬂ% A% t%ﬂir@’i ’%ﬁea 'ﬂaemf%’gﬂ én‘fhg‘?

mol ybdenuﬂéﬁﬂénﬂhg&h Uénnvaénala%(wma taethtokﬁedst f20amen ahbardiameSais@ nene,
[00741Si nce the shee

resi stance on.t he , the
di st ri but Pagha girugtye '%H@é’t‘ tP%gY%’?%ﬁl Eprf’"ﬁes SRt e&b l‘@z&l n%s?ﬁwas nmeasur ed
to cheek the distsgikuequemycandi @nstﬂijedthta toldnrdllinige lané seecrysigbigationcal | y,

the sheet resistance of 49 points on. ipglacul at e
t he st andﬁ?@?aa%glﬁhfﬁ <@ i f? sé-xr%rS?essmth% MB%BK]S%? he é@ﬁé Easlthglv mglaar |y
shogn i n thidknessSef uhcheid aydiatmbter bf 46 mag. on of the resistance distribution

the sheet t
:D?JT/ 1P20107 06|3i9§ *é%ave&%%e %JV%F'I% {??'{eerr ?@"& %gétru'éé @d i, aﬂ@th{eﬁlgpaﬁ)sn t he

f | uct uat i ehthefcrydtal draih ralzterma:km%sAnd varlatlon of the content (r)t;p molybdenum and’
niobium was +15%. The results are shown in Table 3.
[0074] Since the sheet resistance depends on the film thickness, the distribution

30 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

resistance distribution in the sheet is small (1.6 to 1.8%) from the initial stage to the

24



distribution is small. The electrical energy required up to the initial
stabilization of sputtering was al so neasured and showed 40 kW, and
decreased, as shown in Table 3. Thus, 5besides shortening the burn-in tine,
t he evenness (uniformty) of the filmwas favorable, and it was possible to
inprove the quality of the sputter deposition. [0075] (Exanple 13) A raw
mat eri al obtained by addi ng 51.4 nmass ppm of nol ybdenum and 95 nmass
ppm of niobiumin a total anount of 146.4 nass ppmto tremrebuweshsvi ng a
10purity of 99.998% was subject to electron beamnelting, and this was cast
to prepargdaftagengfoiputianngnin thistBracipte datds, the duetiationdof dhe il Bickpess200 mo.
The cryst(@l 'tﬁ.lrt'ai n si z£ was appr oximately 55 mm After perform ng extend
forging tHHHEN S or billet at room tenperature, thi s was

subj ect to recryJhaleléctical energnneqpliedgpao the tinitigl stabilgatonopf IwEeMe As a
result, 15a nmaterj ' ' i THoR Bt EHusof 130
nmd, and Véass?q?%@feﬁ%lée(?%xwgﬁe dt@e'&’g@??‘gg"%k?%%'? sg?\g?n sjze is 200 pm was
obtsai ned.beSides esjwdating , the busn-im dimey Bhe Gvepressx (usiermity} §f ,{be j\lﬂi s et

forging g, LOON SATRRLEPOLRIOBIRORABID qly oTe% shkial depoatibmn anneal i ng vas

perforne ereto again at a tenperature of 1400 to 1500 K. As a result of
r epemoisndExXammpie m@) and heat 20treatnent again, a material having a thickness

120 nm and a di anEhLe matdhalBbtained s @idiig'81c4 mass ppmwhmolybtidreinaamdt #gye cryst al
grain size is 100 pmwas obtained. [00 bsequent Ly, thi & syibj ect to
col d rol IMasp BRME of igapem dn |3 t?éﬁ'l%‘??“&hﬂég‘}éﬁd“ APy 4° fantad rﬁﬁnlgsiﬁ
pPr gressi NeliPofad 99890 Rha bibjéct té eefrorBdan meltingasnd ihisavastiaskiodsepad® 10 mm
NS 42 prin e HESAHATFEhoGA0 R 1 Aenp e vE e e heSrfu et e faroe!
vari at i ongigf whdgpprexiinatly 6 maml ybdenum and
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,
15 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 recrystaliization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
20 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 ym was obtained.
[00786] 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.
25 The average crystal grain size of the target was 42 pm, and the variation
of the crystal grain size was +5%. And, variation of the content of molybdenum and
niobium was +13%. The results 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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ni obi um was 13% The results are shown in Table 3. 10071Si nce the sheet
resi stance depends on the filmthickness, the distribution of the sheet
resistance in the wafer (12 inches) was neasured to check the

30di stribution condition of the filmthickness. Specifically, the sheet

resi stance of 49 points on the wafer was neasured to cal cul ate the standard
devi ation (a) thereof. As the results simlarly shown in Table 3,
evidently, the fluctuation of the resistance distributimtupoididemesheet is
small (1.5 to 1.9% fromthe initial stage to the end stage of sputtering
in this Exgtripbtonissaal.is, the fluctuation of the filmthickness

PCl AP2010/ 063193 _di stri buti on | I oot rhoal ired up
to the initial st@ﬁi‘f"?cﬁ%ﬁ rl oeﬂergysrgiﬂt%?euﬁ t};’gﬁe% aa%ég%g&pngggbﬁﬁg%nd showed
45 kW, anss slecmeasedd and sbdwahds KVadriddeRreaprg.as shewndredadedr Ui ng t he
burn-in tine, the Si,(uni f 1Y) e rficb it Shavimhakhe, and it
was possi%‘?sédetsog?orggl}'{@gg& F h%'srgﬂlléltﬁé; ﬁ(;ié ?\%é_nés%ut(l{dg?%tgzgoéi tion. (nmei

( Cdvpar at faveraBleaand ibwas pessitaetonimpeavedhe aunlity ofde BRUUSHEERAGUES nass ppm of

nmol y ppm of niobiumin a total anount of 160 nass ppm
AL e B

to t aving a ?/ of 99.998% was subj ect E/o L ctronlgtq)ggm

mel ting, and thi & wasmetesiel eaiped By a8diag 9Pan?FotPh A P‘H@ CH 8khd3s of 200
mn and d'@H?é nfﬁm%? nRBRNAhE tofd 8nfoliEdfalo0 Ghatisppht Btam@RIMARMIEXE perdtel y 60 nm
After pertformng extend forgin

to this jngot billet at r
t enper at uefe99.998% Wag SULIES] @queqq@nrmgphqngi ?’é‘fhﬁ‘nwﬁﬁ r?g%tﬁ? i gr]é)pgfé -
t efger at U gotavikgthiskndds ot 200 9ith tand diaffiterdf 200 inamg.ritheccrystal gkaiesige of 120 nm
and a dianeter of 130 , and a structure 15in which the average crystal
grain si zZ¥a% QPF?'Bﬁ"‘ﬁFﬁ'W&ngbt ai ned. Subsequently, this was subject to extend
forging and upsetaffeppgiforeniag extondridrging er thislingot@n bileb@fpem temperature,

1300 T o 18uonRe SRS B RetPRgR R IR AP B EgF) O, 28 4RI e
a mat eri ah ritAstiahjaving Atridknessof (22D mmn andd diametgret £30 Mm@, apgha structure

15 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
treatment again, a material having a thickness 120 mm and a diameter 130 mmo,

20 and a structure in which the average crystal grain size is 100 ym 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 mme¢. Cold working and recrystallization 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 simitarly 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
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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20and a structure in which the average crystal grain size is 100 pm was

obt ai ned. [0079] Subsequently, this was subject to cold rolling and
recrystallization annealing, and finish processing so as to obtain a target
mat eri al having a thickness of 10 mm and a dianmeter of 450 maw,. Cold

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

adj usted to achi eve an appropri ate average crystal grain 25size and
variation of the crystal grain size, but the foregoi ng ecija®mees was not
possible in this Conparative Exanple, and the average crystal grain size of
t he t ar gefesisamcddispibufiominl thelishgetlin lazge (460 4 Bi57adrosy "B'H%')s,tagfntgt riation

of the crystal grain.slze, %"ﬁ? Fripfe: it i9fthé Ractastivhesitthef
nol ybdenu%ﬁéﬁag%iogﬁﬁﬂ%r@gsﬂ\%% ea‘raériige;u tspar'e simlarly shown in Table 3.
30 pow] Si fileethickress listributies isdargace depends on the filmthickness, the

di stribution of t r eSSt anGe vkiar stBiRzatios e sputisrisg measur ed
to check the di stﬁ%b%?‘?g%algggtﬂ?tegﬁﬁegf%wghe IS5 =L '

the filmthigcknes ifically,
t hes sheet wagsiss maasaredfand Shpwedh 80 KWht rd iRgreased,3s sﬁ‘é‘%’l’é U‘rsga(?%ogcﬂ@é%'cul a%/e

the stand baldi _ASinkd18hd esaHriess ainifoingity) pf BRd¥N i n Tabl e
3, evi den?ﬁl&%ﬁ%ﬁk@ﬁlﬂ@té@ﬁgﬁéﬁ%@%m Nind ness Qi 9

uctuation of the P CI/J P201 .St ance
di st ri but we#inferiorpnddiuas nqt opsihlg &o M’%"e[teeﬁ.”%@g 0%%33@%2(1%’%%@&] stage to
the end stage of SRijht RitifPwad geifofméd faraa ahse of Eading elybdhaum il ant he
fluctuation of the filmthickness distribution i i SIgpes ri cal
ener gy reguiPHRieaypyalent tofko masgiPRMm t?ttﬁ'ﬂ?lluf";ﬁiatv% nA g‘f'hg%ﬂﬁrgg?ﬁ% 5was al so
measur ed gHcdths Bawe derifeAckihthisDsmparatieceamplas veisohseivad ThypeolyioUshys, it
was not possible to_shorten the burn-in tinme, the evenness (uniformty) of
the film REMTAIEE F’igerc,teﬁ[a[:tu‘a Wf'av%ganﬁ%?hpossi ble to i nprove the quality of
the sdesHt @Cofiparative Example 4) Simlar testing was perforned for a case

of addi ng nol ybdepum in ik BB AtMmASR gpnPoffRSIFbdaMimtandioant al um
having a purity o)fqr%%mqtej’glosﬁgé%gg%uaﬁl‘ggut ntqhe san% tezg?nC)ﬁ as tahi S
Conpar at i weasExpmnp be nBbivas inoa detel, agount; of b -3 Figss pem to tantalum having

15 purity of 99.995% 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 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

20 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 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

27



that this also affected the purity of tantalum (00813 (Conparative Exanple
4) A raw material obtained by adding 60.3 mass ppm of nol ybdenum and 97
mass ppm of niobiumin a total amount of 157.3 mass ppmto tantal um havi ng
a purity of 99.995% was subject to electron beamnelting, and this was cast
to prepare an ingot having a thickness of 200 nm and di anmeter of 200 mmtp.
The crystal grain size was approximately 60 nm After perform ng extend

forging to this ingot or bill et at room tenperature, thiP§T/Wé%1°/§Q§!ﬂ3ect to
recrystallization annealin

g a tenperature of 1%‘1 “@2‘6 esult a

mat eri al GEAI Rige yap H58¥n A \tﬁ"312@)° &Aptent ofimplgpdanugya $882nd a

;t Luctur eﬁgmo/o\/v![phé:fésmlfgaa,g\éﬁﬁlm? St%‘”m’frabff?' n size is 200 pm }I\B.S obt ai ?ed

ubsequent |y, IS, was subjec 0 exten or g at room

t enpd®8dur e once AGSE Hhe %ﬂ‘i’&t resistanee gepeEsand egﬁﬁgﬁﬁqﬁ"ﬁﬁg d'f)t%&lgg ned

]Eher eto a@gltﬁe adthetét ?éﬁ‘ﬁvﬁt cat I Ch_eDﬁNaie‘FOQtzt incAéx) Owds neasarede tou heak thlegpeatl ng

or|ngan eat treatneni agai ma r|a Vv mm an
Fg’amet edistrifytion, ggpdition, g & ‘:"stfq %’fcgf‘%s f%aﬂy ﬁgg%ergégsééﬂc?‘r%%zot Ja4I%

SI IZIe is 1@gmpmrv\ma m:&ltravarsedeas[uﬂéwtb]clsmbmmqumBtdnyardtdavatlmés)MQCt to coI d

rolling and recryst i Z an.ann i ng, as to

obtain a target né?g"fq fﬁu#a F‘Hﬁ"y Can .Egggsﬁd%évmeﬁwgﬁ@ﬁ&‘&@éﬁgoglfhgnet er of

450 wi np. ré?syétmowdlwnngloand theoshrest & largeaidole e fbribe initial slagaiteithee and

| ast were _adgj v, v e YhfiHe Si ze and
LW gﬁ st&‘%e s;p?.{t iy ﬁtﬂlsaéorﬂg%ﬁ\%{ Eﬁ{ﬁpl fRLERE e Hihtiodo

vari ation grain siz or egol ng adj ust nent was not
podsi bl e |flthml®eM§iabmqme|Mrrpl e; and the average crystal grain size of

of the rystal 32&?%%58%“%%&%%? B . °fv?r“.“%g%haé'f "the

cont ent owvaml%ueaﬁmohww shouisidutROVR¥h ?ﬂ@’o‘""f??éepe%?'l%"a{? daRE % Sy shown
in Tabl e wé@ﬁ’&%uBféﬂo@ﬂ%ﬂéﬁ‘ﬁ%’f buirR S ﬁﬂhénth@ éi@ﬁﬁéﬁés(umfbrmhﬁ dfltthenfultrhl ckness
t he di stribution e sheet resistance vvz? QJFI (H%
neasur ed t"@sd'ﬂféﬁ‘kr ?'I'ﬁs‘t wap 8t RessioreR “(‘E‘B??d?fri 4 'fy ?‘1 i ness
Spegi fically, thesphiRetedtingi wisapeoraled40r pajasé f addingemalghdenumais areasur ed
to calcul %tngaou%th gql;sl\Ea nnq%cr) ‘3 5d r%\élssa E);Ianqr{o (téir'?talum%aV|ng 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 spuftering in this Conparative Exanpl e;
that is, the fluctuation of the 10fil mthickness di i ' [ ar ge.
The electrical energy required up to the initial stzﬁfpﬁg%bﬁgﬁbi?é
sputtering was al so neasured and sicbmMS 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 rrp][ ove. éhemquuai bbmtebl‘n?tthg;gs ﬁoﬁtbiﬁ:’ngggpﬁmistiptpm od kfore 8hdi1l0&rm$s|asp;bmg>rwas
perfor or case of addi ng no enum i n_an anount J ent to 0.5
s s b MUbCERTH aR:A7 eseRtel fompnen 9o Badhe A REXHEe S imdRcy o
t hi s Coxghadig moBbBmumbAd dayasmpbsaitsied. 1t was obvious that this also
affected the purity of tantalum 201 NDUSTRI AL APPLI CABI LI TY nmeal The
present invention yields a superior effect of being able to provide a high
pu EI [ 5\%21 ,ﬁlférﬂéllugil émuuéugrlﬁj ialﬁlgattoah@&ﬁrag:wmabs ippgnfc_al ruoviefapiinBCamess ppre r?:stelsuct gr e
an i el ds st abl e S and superi,or filmevenn .0t her words,
i f or Ff RPVEHENIE RS, A S5 o A ST RSBRMo Ao 8. AL6H #9898 8F 1T UEs of
mol ybdexshidieg malybeemean bhdlgas eompomgiits. and containing O to 100 mass ppm of
ni obi um as needed, excluding O nass ppmthereof, and causing the total
anount of nol ybdenum and niobiumto be 1 mass ppmor nore and 150 nmass ppm
or | ess, Tk thnkalir rspufienng iatget @tc@8ing 38 Waim nor daiax2) wikeraip vanibtidrdefthen and

gas co nents. Myreover, since asma 30 stabilization during
sputte%&&gﬁﬁw§P§t8nb'8?I?éemrgegésdié%toﬁksﬁni tial stage of sputtering, the
present invention additionally yields the effect of being able to shorten
the burn—in tinme. Thus,.the target of the present jinventjon is useful in
the el &ct' b%ﬁ?@%ﬁ‘l’? épat?érwgr ﬁ%%%ppvﬁrysttoaapgro&&osﬁlﬁmsoﬁefof g’r wﬁgrrelgﬂ ﬁé filns
of conpleage bgpasgrairosize i80110iyne ol kess.or fornming barrier fil ns.

PCT/ JP2010/ 063193 CLAIMS 1. A tantalum sputtering target containing 10
mass ppm or nore and 100 rmass ppmor |ess of nolybdenum as an essenti al
conmponénThe @nthllmeputteriag pangiet yccofditPtodIbmd 4) whensie vanationdi the erpdtsilgiainum and
gas conpone . A tantalum sputtering target containing 10 nass ppm or
nore ahd® 50" %8"%5?11 or | ess of molybdenum as an essential conponent, and
having a purity of 99.998% or nore excl udi ng nol ybdenum and gas conponents.

3. The_tant al sputtering tarqget according.to claim./l or claim?2 erein
vari at Poﬁn%?a#%hmnﬁﬂl@‘ﬁﬁ%%w%o CeMYY ﬁ) ‘tqﬂ' t1a°rrg° 'mig]fﬂﬁﬁoro(fon%érgggo tgl.n The
t ant al 400 $matst gnh R nicbiuget exahelingl 0 rgagsop@m thereeof, afhetdiaiths tdtak am8untvdfer ei n
an aver%ﬁ/ dch{Stald g)rai n.sjze is 110 n%m ar I1§ﬁs. 5. Thrﬁ Jant al um

sput t ef 3?5 "5 &9 QDRI sy MBSS BPRi Ghmere BRE 2P PR PP P'd%5%f t he cryst al
grain size is 20%or less. 6. The tantalum sputtering target according to
claim r claim?2, further containi 1 00 nass m ni ohi

exccl uaf ng sl e Bt SihuBe 1 chih 2 MR RETRIRE: mrot B anc

ni obi umaore add 1OG mapP ppwroriessef aivbiubkb0 mass ppm or less. 7. The tantal um
sputtering target according to claim®6, further containing 10 nass ppm or
nore and 100 mass ppmor |ess of niobium 8. The tantal um sputtering

t ar get 8aThe tahtaligmtsputtérdrignatyet fagedrdimy to elEiraitn furthet Gomtaddngpihmass ppmeorand 50
mass ppm or (I?gés of ni obi.um The tantal um sputtering target according

9. .
to any 220 MESHEPE cgrdeﬁof\mog%mh vari ation of content of niobium and
nol ybdenumin the target is 20% or less. 10. The tantal um sputtering

target _accordi to any one qf clai 6. to 9, er el Ver. .crystal
grain 8i iﬁe itag\tzgl]%ﬁl Sﬁ’HﬁSPr(nq %&e& accor%mrérsto any oné’of C almg 6ntoai{' WheRdiR Y&riation
of content of niobium and molybdenum in the target is £20% or less.

10. The tantalum sputtering target according to any one of claims 6 to 9, wherein an

average crystal grain size is 110 pm or less.
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PCT/ JP2010/ 063193 11. The tantal um sputtering target according to claim 10,
wherein variation of the crystal grain size is 20% or | ess.

PCT/JP2010/063193

11. The tantalum sputtering target according to claim 10, wherein variation of the crystal

grain size is £20% or less.
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