DESCRI PTI ON TANTALUM SPUTTERI NG TARGET TECHNI CAL FI ELD [ 0001] The
present invention relates to a high purity tantalum sputtering target
conprising a uniformand fine structure and which yields stable plasm and
yi el ds superior filmevenness, in other words, uniformty. Note that, the
generic termof "high purity tantalun will be used in the present
specification since the high purity tantal um accordi ng t oPHESHrEesent
invention contains (is added with) tungsten, and nol ybdenum and/ or ni obi um
as needed, and the additive anmourRESERIMESON el enents is small. 15BACKGROUND
ART [ 00021 In recent years, the sputtering nmethod for formng a
filmfrommterials such as netal or ceram cs has been used in nunerous
fields such as el ectroni cFANTALUO BBV TTERINGaMARGETer i al s and or nanent s,
catalysts, as well as in the manufacture 20of cutting/polishing materials
and abrasion resistant materials. Al t hough the sputtering nethod
igself is a well-known in the fJEEHNICALIFIELDS, recently, particularly in
the el ectronics field, a tantalum sputtering target suitable for formng

fil fEObs conpl ex _shapes, formng circuits or formng barrier films is in
demand. (DOM Gendhel prgsenthineentiontralaies tapdueh iPsripy GAlRIED BYUPUPRIATERY t he
hot f or 9i g B3NGB GAIIROAIFAL SiBREERA) WAt 3Meldd SRibiObIki & YRtded by
per form ng ectron beam nelting and casting to a tantalumraw material,
and t her eaferir fime efenmassginrahéi wiordandnifarmitg iNetedbals diergpneiie kerasohBidhani cal

rocessi ng._.an I 1. shifng to ' 1 0d.0f cgqi,%t t he
ﬁgt for gpﬂﬁt?p%n@?ﬂr?egk@ob% %e?n%ottAQ%Q%e}tﬁ#gﬁgw&h es![tﬂr:g]oyrﬁqiﬁgﬁ@gﬁst

st ruct ur @ntaluspacceding teltheipnegent imention esntaint §e gddgatwitndungstern, ang
further annealing this, recrystallizati il l0eC i.fd cation
and stre ﬁ%gpu&h%”cg?"r ﬁ'c?ﬁﬁ'f%aﬁgﬁeg%&i %;kg\éﬁe%!dt'tg'%a%%w?ar}ﬁ r?t] eg‘?gg.@n{é
The nol t s cast ingot or billet generally has a crystal grain size of
50 nm OF nore, As a result of subjecting the ingot or billet to hot forging

and
15 BACKGROUND ART

[0002]
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

20 of cutting/polishing materials and abrasion resistant materials.

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.

25 [0003] Generally, this tantalum target is produced by repeating the hotforging
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

30 or billet will destroy the cast structure, disperse or eliminate the pores and
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



PCT/ R2010/ 063194 recrystallization annealing, the cast structure is
destroyed and uniformand fine (100 pmor less) crystal grains as a whole
can be obtained. [00041Meanwhile, if sputtering is to be perforned using a
target produced as described above, it is said that the recrystallized
structure of the target becones even finer and nore uniform nore uniform
deposition is possible with a target in which the crystal paofiP2eret@iPON i S
aligned toward a specific direction, and a filmw th | ow generation of
arci ng aretrystaliiative armedling, dhé eastrdnatitreris destosyedandoeniopnaandeiine (100

Thus, neasures are i ng taken eyl finer and nore uniform
recr ystapmqgﬁssgtcpﬁiﬁﬁl?f%ngﬁa aa‘?"ii‘ﬁ%f:ﬁﬁ%{e%\é’l‘%ﬁ?@t al orientation toward a
S|0fe€ebd4i c directi Meanwhilbeif gpatderitg Bntopbe peserréd smgt atarget pfasiucest @spl e,
refer to Patent

cunment 1 and Patent unment, 2). [ er,
di scl osefe$dibgdmA epﬂfr'Ist§/a'ggh?tatﬁﬁeﬁecfyg?éi'fzg%nft%&%reﬂhfhﬁ 1%9?06\%8%\5%% as a
barrier bayetinkMNafd Gor lihift@mf imdre WiHifokmi depaisition e (hasyibowitai sntargetOin001 t o
20 ppm of an el enent sel ected anong Ag’, (Qu and.Oé. ast. an el enent . a]vi ng
sel f- 15whighdhaichestel Arigpiatiegds aligfieddeWrrd e specific 4ITE5Hog: ?ﬂ%a{%{‘&l" Munt  of
Fe, N, i arfsh hdBtibild ¥hAherstcs dad Hecobt@Beppr n or | ess,
and usi ng%ge'ﬁlhghé#%rrc!}?ya Ta irﬁd\;\eiiach t he val ue ohtained b subtrac.fi ng such

inpurity el ement Jhig, MEasNRS e beilggiaken foadyeyind §91nes Fhd et FNiYMPat ent
Docunment 3} ciarii %V&rgyra' NGridriafsh BMarNh sPeeipRitEstiort her e
is no di 5¢ Ss?%"rlzeeq %trlf%%rez%nde?l}%ﬁb t(r:?f t he in(I:I usion of a sSlagci fic el emrent
real i zi nn thefproductionrprocesseofdhe target oyexanpe| ieferig Ratentdpegiment 1 and

[ 00061Pacrticular| y, ent Docunent 3 increases the discharge anount of Ta
i ons by E&fﬁrﬁg%gk%eﬂf?ﬁ. tesi mal anmount of an element up to _0.001 ppmas a
r esylods; of cont ai Margower, giseloeed isse hight @ity e tergagfor frmirmia daN Himele kenount

of 0.001 to,20 25 .ppm Howexer ..Sjnce the. it it race
amount, Hgeq 3853?@{'%2‘%%{ Fifa ut“ﬂrg}demﬁ‘swélgpﬁ)rl%gﬁegme})ﬁ% ygglo%?gﬁ Fcﬁhfgtof'/m?‘nfoa justing
tpepc;)nt Pptgo ana@ni ‘talegdﬂitt ragleteah I Iayr!o(ngaA?aWuoar)id Cu fas an elemntsh@m-mdg isﬁlf-?rab| e 1
of Paten cunen : e incl.usion of appun . is
ridspect i V?HF?"‘FQF‘E?%N? S&qraptgggtlclsh%usilag g]%#]&aiagﬁﬁh/f"fl'%y'ﬂ?gfr? r'ﬁ'do‘ 'y qbhpm

Thi s al opgqadds iHpuriey BRIt k@Hei TORPpANDURsS] bad usigl @36gh parity50a ppm 30
(00071 Accordingly, as described above, ,alth.?u%g Paf ent .Rorﬁ@rrent 3 f
descri beyhigethgivalia pliainge Ay stbigrnG UG MAyty gipmes)s Is \yithinge TERGE QT 5

i mpuri ty ol RBoSodds Q8 PRt Wocduffehit 3pnd using a high purity Ts in

whi ch the val ue obtained by subtracti n\g,)\%such inpurit?fkel enpent s ii i thin
the range of 99.%hen regewngothese katerviepcyments, Bhiere FenQ ASEISYRII? d0F fal | s

bfol ow (t%Iff‘éEtaI)teﬁw)e AatuSd? of & gﬂeZi?iQ]&érgéﬁtgﬂealizing a finer structure and thereby
stabilizing the plasma.

[00086] Particularly, Patent Document 3 increases the discharge amount of Ta
ions by adding an infinitesimal amount of an element up to 0.001 ppm as a result of
containing an element selected among Ag, Au and Cu in an amount of 0.001 to 20

25 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).
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.
30 (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
100 ppm or less, and using a high purity Ta in which the value obtained by
subtracting such impurity elements is within the range of 99.99 to 99.999%,” the

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



This is a level that is |ower than conventional high purity tantalum and
it is strongly assumed that the characteristics of high purity tantal um
cannot be utilized. PON] [Patent Docunent 1] Published Japanese Transl ation
of W2002-518593 [ Pat ent Document 2] US Patent No. 8,331, 233 [ Patent
Docunment 31 Japanese Published Unexam ned Patent Application No.2002-80934
DI SCLOSURE OF THE | NVENTI ON [ 0000] An object of the presemnt/Jizaéntdion is to
provide a high purity tantalumU) sputtering target conprising a uniform
and fine structuTkisand lewel thatyis édviar thamisbaveritiesaBhighdusgiyg@niabm  amchit

o epeer 1o SBnaaTsutba WatThe BhdtBisPdics F SrER BY fadiuf cdrBL Bo Uih2a] Bdd P9
Pr ep@Ri [PEANDBESMESPUBIiSiEd Nfanise Tsanststionttf $VOR0eH62858% hi gh purity

tantal um sputtering target conprisj niformand fine structure and

whi ch yi faa@tg%mnb?b@_gﬂ:aé?m%% e&?gb% il mevenness (unifornity) by

mai nt ai nNipagerk PR clheht Ybbinese PubiihkalunBxatifie RdicngApplisatni NG 2002-&188At .
Based on the foregoing discovery, the present invention provides; 1)

A tantalum sputtering target containing 1 mass ppmor nore and 100 nass

pprn or less of tungsten aggaL A OF TRRTRYENMONaNd having a purity of
2099. 998% or nore excludi ng tungsten and gas conponents; 2) A tantalum

spulPf®Y i ng target containing 10 nass ppmor nore and 100 nass pprn or |ess
of tungsten as aAnessestt ofathecanepenteimventindishtv preyide putigh pusty BotawBy, or

re excludjng tungsten and gas ¢ 0 , t Rt 8L1LRJY
t8r get c%’?ﬂq!ﬁ”ﬂg ng" m'sﬂﬁ?o?n'%&eggﬁgﬁgoﬁﬁngéﬁe p%Hnl’)lt g‘}rhﬁwezlg H%f até B’r%gst en
?S ant eSpI@@?laahn@wp@mnﬁlm andniessi (uifarmity)i by nodintghirgp 8% bighnprétyesic! udi ng
ungsten an as copponents;.. 4) The tantalum sputtering target according
to any o H‘"%f)“dt g afpefic EPeé‘i?n variation of the tungsten content in

; 2?%’??.{ get t i0 Saﬁo%oﬁrgjeg]gﬁiéhi(teve Te fé{)eg’t‘in@ bijettathenprepenttievenorstdisapeered _
size is %Z’@ it é?sqi@%t,o ‘é‘%\tainoé)gi@ﬁé’%ﬁ%ﬁ%ﬁ%ﬂ{e’gSh?ﬁ%nﬂgﬁéefé%?g%’ﬁﬁisﬁsgl@d?Lgl P o
3} above, el SAdNSEi@ti@arf whidh yidiysétabledsigéria hd@upérictifnavehesss,
(uniformity) by maintaining the high purity of tantalum and adding a specific element.
Based on the foregoing discovery, the present invention provides:
1) A tantalum sputtering target containing 1 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
20 99.998% or more excluding tungsten and gas components;
2) A tantalum sputtering target containing 10 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components;
3) A tantalum sputtering target containing 10 mass ppm or more and 50
25 mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components;
4) The tantalum sputtering target according to any one of 1) to 3) above,
wherein variation of the tungsten content in the target is £20% or less;
5) The tantalum sputtering target according to any one of 1) to 4) above,
30 wherein an average crystal grain size is 120 pm or less; and
6) The tantalum sputtering target according to 5) above, wherein variation of
the crystal grain size is £20% or less.
(0011] The present invention additionally provides:
7) The tantalum sputtering target according to 1) above, further containing 0



joolijThe present invention additionally provides: 7) The tantal um
sputtering target according to 1) above, further containing O

KT/ R2010/ 063194 to 100 mass ppm excluding 0 mass ppm of nolybdenum and/ or
ni obi um wherein the total content of tungsten, nolybdenum and niobiumis 1
mass pprn or nore and 150 mass ppmor |ess, and wherein the purity

excl udi ng tungsten, nolybdenum niobium and gas conponent®TAI&01996288% or
nore; 8) The tantalum sputtering target according to 7) above, further
cont ai nitagl C0mees HppRrexciudingr @ neasd (OO, ofaslypgenem dndéy HEbikDI, WHGEFlim

and/ or niohiu 9), The tantal u utterin t r.di bove,
Furt ner Bnet horghuef aeSepomobpoRabh HidiRehBhES ! RESSBH g, herd bnd

nol ybdemgn adsoppri @bieds] and Wheféia thanpuity raxs/pdingetunggtenamyaybdeneor. di ng t o
any one of 7) to g%ﬁabove, wher ej \1071ri ation of content of tungsten,

nol ybdentigPigigand WPW%%'%%%Q%EE 0§ Y% or 1ess; 11) The tantal um

sputterigg tar geﬁ'héﬁméﬂlhﬂgp@t%rﬁugytaﬁglﬁ gcoring @ 10 abake ferthevheongainingn
average crystal grain size is 120 p

m or | ess; anﬁ 12 TQF t ant al um
sput t er i HyMeas gem aioperedth19bMess PRELYdESHAaY d%‘#%‘éi‘ GhNEPY e cryst al
grain sige is 209hohali@Rin shEd il tafetldiRoldWets Tpabold)Gidldheomainmont

i nvention yields a superior effect eing able to provide a high purity
t ant al um @mass epMmer mareyand 8o rwss SirAyeRlesh P BRPdaHTiaRd/ XNk Tr e and

whi ch Y1 s, ot abhe haRIR BORFHPEILA addolhE N BRgSl BNTS €5 B) Ltbudy

mai ntai ni g the high um and addi ng tungsten as an essenti al
¢onponenwvherird vanatidneof eatdemtgofntongsteéan melvbdensm aicbpiokHmMdn M draet §j nce

t he pl asg%aogsta ilization during sputtering can also be realized in the
initial $tade of°%sputtering, the present invention additionally yields the
ef fect of1)bei ng ahkdantalusheptierirgh@rgatrascording teanBE8F QiIDHO FRYI NG
OUT THE | NVENTI ON (0013 i ri t alumis used as the raw
mat eri al WB'%/refrh@n 4 rlagplghfs(tqlgalpg}zgelﬁ 1%@{5}@#9%%%%&% esent invention. An
exanpl e ¢f) this lhghamtatint gpitterirgl tangetacsbaimy ton Maddoye 1 whetsir vatidionhe
journal of technical disclosure 2005-502770 entitled 'H gh Purity Tantal um
ahd Sput PEPEseYSTAlAsRD SRS 6P AP YRSPurity Tantal um' edited by the Japan

Institute of Invention and | nnovation).

[Effect of the Invention]
[0012] 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

20 which yields stable plasma and superior film evenness (uniformity) by maintaining the
high purity of tantalum and adding tungsten as an essential component, and further
adding molybdenum and/or niobium as needed. 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.

25

BEST MODE FOR CARRYING OUT THE INVENTION

[0013]
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
30 in Table 1 (refer to the journal of technical disclosure 2005-502770 entitied “High
Purity Tantalum and Sputtering Target made of High Purity Tantalum” edited by the
Japan Institute of Invention and Innovation).
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



In Table 1, the total amount of inpurities excluding gas conponents is |ess
than 1 mass ppm that is, 99.999 to 99.9999 mass% and this kind of high
purity 5 [0016] The sputtering target of the present invention is produced
with the foll owi ng process under normal circunstances. To
exenplify a specific exanple, forenost, tantalum for instance, high purity
tantal um of 4N (99.99% or nore) is used, and appropri ate amoent/Bf%t ungst en
QA is added to prepare a target raw naterial. And, nol ybdenum and/ or

ni obi um tamtalld cabdefusetdher added to prepare a target raw nmaterial. The
purity thereof is increased by nelting and refining the target raw materi al
Vi a[ogf]ecffa(?ﬁe @%am melting or the like, and this isgcase to gr epare an i ngot
or a billet(AnNewedl\ehs)to say, the high purity tantal um of 99.999 to 99. 9999

mass % sh E’Ie énn tgrgnl;e:ntr\atl n ”lﬂgment C’(');c;q th,l‘l _J'Efl'e%e:‘r"\te (?onoentt%\uon 'Fff‘ét?n&l J@F&M his i ngOt
or bill 5 % 'twgf’ ri orQly P[ OCESS| NG SLEPP 1SOT | (pom wy

anneal i ng- ot 'b(l).g, HrngiCheat i peat e L& prpcessi ng
and the fgrke: _ e Cghdsy. TR T TSEE0RE, ¢ fOrggaisng 1 hgot is
subj ect o= : IO =4 5T Tosh) [Smeajp o at ¢t enpEhassur € trom 1373
Kto 167 = T CbNg - [sseconpp.of ecr y$aral 11 gabl on ahneal i ng
from a SpErtT M= |Per qohT e Ofsp becr ystal i ZRhoon t0[k3/3 [=xe&cond) cold
forgi ng pu i fehoot enstjabTi zajo.on anngal 1 ngl<boom a $vart | hg.o20tEnperature
of recrygialTidaio®n tgdad3/3 Kosos(T1r &) col<dofshot) |reol |1 pg.ot (T olrth)

PCI LI P20[ED/ 06: Tftocdor ecr yfsé al | 1 jgabi on afsaeal | [3g.065r om go0sst ar {4019¢p t enper at ure
of recryptalTli iamos)n t del373 Kol (as heeded|<osecond)ircol dlot) rolling -
(as needpgd, 11 fltaops recrgst al | j<g.atsi on @&nrneal |<0Q05f r om|fa_st afvi0%hg t epper at ure

of recr yEt ai | i 4axonon t dsi1373 Ko.005f i ni $in probessi ng fi4 obt &% a tafget
material K 5 | Oa<1070|1The flar gi ngl<6p0ir ol | Mg pelP8tned gie t heli®dgot of bill et
vvill deBtroy ti¥edlcast |&t ructifpel di spherse P08 | nd mHt e t i8-O%bres)and
segregat |Sens, a0 by fINbt her|0dnfa&l i fiy thi §0-0%ecrydtbal 1 yA%on wil | occur,
and the dénsifilg&Pi on st rBAst H200f 19he 1Pt ure B‘ap__ b <00. roved to a
certain Pgr ee Fﬂjﬂo} Ppp f ng i ”ﬁgﬁlﬁf areq \Tbng C 'ﬁorq05f or-al nh oL $OrQ ol i ng and
recrvst al%izat ildido na -pQ‘?nunE PYhe—r ol S o I=0.0001
y Mn <0.001 Pd - ]<0.005 "7 |ro [<0.005 frafhean | ng my
Fe <0.005 Ag <0.005 Er <0.005
5 [0015] The sputtering target of the present invention is produced with the

following process under normal circumstances.
To exemplify a specific example, foremost, tantalum; for instance, high
purity tantalum of 4N (99.99% or more) is used, and appropriate amount of tungsten
(W) is added to prepare a target raw material. And, molybdenum and/or niobium may
10 be further added to prepare a target raw material. The purity thereof is increased by
melting and refining the target raw material via electron beam melting or the like, and
this is case to prepare an ingot or a billet. Needless to say, the high purity tantalum of
99.999 to 99.9999 mass% shown in Table 1 may be used from the start.
Subsequently, this ingot or billet is subject to a series of processing steps
15 of annealing-forging, rolling, annealing (heat treatment), finish processing and the like.
[0016] Specifically, for instance, the foregoing ingot is subject to — extend forging
— (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
20 temperature of recrystallization to 1373 K — (first) cold (hot) rolling — (fourth)



10 only be perforned once in the foregoi ng processi ng process, the
structural defects can be reduced as much as possible by repeating such
recrystallization annealing twi ce. Moreover, the cold (hot) rolling and
recrystailization annealing performed froma starting tenperature of
recrystallization to 1373 K may be perfornmed for only once or nore cycles.
The final target shape is obtained by subsequently perforwirfgpoforoniish
15processi ng such as machi ning and polishing. [00/81The tantalumtarget is
pr oducedrebagtadization Iaenémlrr@gmmga spianm'dennperqwrecﬁwcmﬁdﬂizamtnaﬂn K-

ci rcunst ces ut _thi (o) | on, and
Che. pr os B neeslpedsiiar sBHOMSE oo o RaipeBar D ot RiaE 5o shicRhl
Accordi nﬂbm a §tbﬂ|nb&é@@teralane dfaepryoriicetbrbrs 3T 30k —dinier processirgstesobtaind t hi s

20i nvent i on covers F of these targets. A material having a
purity |8leelPasals often used to | everage the characteristics of the

t Qn{oéh}lm target, TRelforghRr & rvdmgdaiyded tO1IRDINGEt bnbilbawilltdestroy Yisd adstgr ai ns
he target woul d easily become coarse. The present hY tors di,scovered
(4 é’g[l'

that, inst %Ufﬁr gignetses edjfn"i"ﬁ? dhapergs gnderategatipas, 4nd er appedindst al

grain sigg V@érgb@ﬂi@hhdn Wllf‘%céﬁlr bhe tH@rdén@ﬁch andl WianhBNoPiheasthibent of
appr oxi mat €l mass ppm under normal circumstances had segre ated at

appr oxi rmreby inpraved tphreniaic kgawes bynensating ding forggoing P@?uﬁofg'ﬁg b62'9i ni ng
the hint n&t”ta?tﬁ aﬁ({“?e&g{{hﬁ&%ibnognﬁémﬂﬁt RAndToh bR @cﬂ%ﬁ‘élhié%oﬁcﬁnn%‘éMfH“l a9 a

finer ta resent "I nventors found the opport uni fy that | ed
16 this omlydmet p@mrn@@m@omﬂwe f@mgqrrg; pro@es@n@gmcw@stamﬁtﬁmtw@hde§§t8a

resul t o 0 r Iy he sane
nature e Qgenupetont HFF HS FEXRRle BY abestgcRich doBhidbalioR inghirels o

t he pressvite.iMoreover, sheltsidgiet) eollhmmatld mmwsta@mnnraarmeaho@uperfpm@d #emect i ve.

fall 9j Spe || IS i rt.ant t ar get

of this g?%i?ﬂ’%mg‘?{@ﬁﬁ |°6ﬁe?r¥sr[$ﬁ5?t V\'sésﬁp%%%} ggn%rg”efwgﬁ%o%%éﬂ%ss ppm or

| ess of bupEsd eyclés Tranfiral nedetshape Bsheained by cobpeqnemtly iperfoeminglfinishhavi ng

a purity of 99.9989% or ?e,excl di tungsten and gas conponents. As

A@eded, = BrACESH DY SHeas YNG4, B mﬂ and/ or niobiumis further added

pr Olbbﬂa?d that t hirge epptdigasthgdmes ppcmncea pass @pmrws féregoingweroductidrt  of
tungsten is a nunerical value for exhibiting the f rerg?thﬂ(? |effect and 100
t

mass por Arogess HNdgp geMa rRircuBstansags teh this Prl?guﬁtﬂfﬁb St BErebhidlt ai ni ng

the effGEJ(erﬁanEQﬁorPf §§&f}he';5}\é§&ﬁtl PRentldie lslmaerad iifehtion dfwn@spmmﬁorset to
100 mass ppm because when tungsten exceeds the limt, 8‘?%7’%61“ o

mol ybdenpraceks.|Aaserdingly ahpdrigebean bp geedicer baghd OR atite RTE faih éﬁu on is
|2acon’pl ©n¥ention covers all of these targets.

A material having a purity level of 6N is often used to leverage the
characteristics of the tantalum target, but there was always a problem in that the
crystal grains of the target would easily become coarse.

The present inventors discovered that, in the production of this kind of 6N

25 level target, the crystal grain size was locally fine at the portion where tungsten of a
content of approximately 0.5 mass ppm under normal circumstances had segregated
at approximately 1 mass ppm by chance. Accordingly, as a result of obtaining the
hint that the addition of tungsten may be effective for achieving a finer tantalum target,
the present inventors found the opportunity that led to this invention.

30 Moreover, during the foregoing examination, as a result of conducting
numerous experiments on materials that are of the same nature as tungsten or
materials that can be added together with tungsten, the present inventors discovered
that molybdenum and niobium are effective.

[0019] Specifically, what is important with the tantalum sputtering target of this



10w Il arise, and the burn-in tinme will consequently be prol onged.

Based on the foregoing discovery concerning tungsten the present inventors
exam ned whet her there are any other additive materials of the sane
quality, and discoverd the additive materials which yield simlar effects
are nol ybdenum and ni obi um The present invention will explain cases of

addi ng tungsten or tungsten and nol ybdenum and/ or ni obi urrliCT/plﬁmvlf?éﬂ%ncl usi on
of tungsten or tungsten and nol ybdenum and/ or ni obium fornms a unifaorm and
fine stringéntion iafthehd masgapm tohemelsyard 4601 masss ppReoplessnefl, tugasteNipr oves
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oxygen, NYHARIBPm SAHRDHbweH linhio @8 nutgdterb e axinieti vmnefroalelxyubutmg the
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th ed,
and t heyfosegoing \effi?‘étuﬁi‘d 180412$7 h@?@%ﬂh‘ﬁ%’@e? H%'qecgftwﬁs:{%’ fsg "%F%‘ﬁgt i on

process BT & %Haﬁhérb@@s%ntTﬂ@ﬁtlorgaheqmpseanantostmrgeteaxsbeded from
t he purlw Int and[?‘z;ﬂ Sm gf t he present inventi oaa %Oﬁll i nce ﬁ%}? enum and
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ni obi um ﬂ)@%lymasﬁappm( hbecaxrseundienodyndseR ¢xcee Wit §e9'RE3 i on of
tungstenp, gPﬁlﬁq/il|p%CEl9r Q?ﬁ%ﬁ'@of tﬁhgﬁeHWwﬂéﬁrtﬁe'récr?@taiﬁQatld?ﬁletuh&mhrﬂéte
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lomi t i swileriseoandthenpgs-ipime wifl Cph$%ql@ﬂﬁbbelpfﬂp'ﬂ9ﬁj is exceeded, as with

tungst en, ‘seor eaBtuon 6f (B! KPUSTH FOSAEH BoRBHAG! ARUSIGD HECtesoRnd,

t herefore, the uppér I|m pprn i S inportant upon
co- dopi ngweutrog;tee{anm wiblejisd cthara anel/aoy olhebiagditive ftﬂﬁtﬁ"'atshéf tht AM&nount

of tungsten. and bden Il Olin P DEERtS Safk MBSS
ppm or nB¥ t%ln(?” Srady 6’?:%( ‘r@‘g%%%g%%] '\AhhTs i’s ge%euse out si de t he

f oregoi nmmwdgaumuenecnipsnm | Thedpesent gnvention seill aexplaiar cagesonf @ddinge

crystal grain si cr ea shown npar ati ve Exanpl es descri bed

Iat er, gsien Hngq Than HP'%“&H e,nc{/?r @ngﬁobu“ on within the sheet and

the o@& Ct ric energy |H<ElUs|bnthetuh@$teh ajr tahgdieh |a116tm0Wbdemdntm1d/mTcmnebngm

Consequentl , the uni for m teg/

| f h
tendencyqumst%é'"g‘arl%aﬁg fing tE‘éFé‘é’ecﬁf t&éd&ﬁg Stﬁ?r& iﬁuﬁleg tﬁ %%%téerf\d

(1 ndepenggniovastie é@%e&@'(&hfo%ﬁf}eé* thé 8pawarea filrpr M ovbR dirice théiptasma
i nventi on. Neverthel ess, what "r"l?)‘ﬂ uni, e in

co- dopi ngtabiizetien dufied SDFERIEWOFHY AfHCORE &RIZa%) St?ge Pﬂﬁp%'gp amount
%0 t ungst b@rﬂqn‘{’m ‘?ﬂ%ﬁh&@{e@ ni obiumis 150 nass ppm or |ess.
t or [

houg h € reason S 1s not necessarily clear, is considered to
be because al t hdudte foiegring sasenshg BuEhURA taRRIHD SR P§[§EGHI PydYyihRLy e

S L ar L S, o0 Yo AkiBd SRBREdatelamplbAdRS G 8 hRAiRRAR raBiks! AienPaobl em
oxygen, hydrogen, carbon nitrogen can be excluded. Generally, it is difficult to
exclude gas components unless a special method is employed, and they are difficult

25 to eliminate during the refining in the production process under normal circumstances.
Thus, gas components are excluded from the purity of tantalum of the present
invention.

[0021] Since molybdenum and niobium play a part (has a function) that is
equivalent to the addition of tungsten, they can be co-doped. Although there is no

30 particular limitation in the lower limit of adding molybdenum and niobium, the upper
limit is set to 100 mass ppm. If this upper limited is exceeded, as with tungsten,
segregation of molybdenum and/or niobium tends to occur, and, therefore, the upper
limit is set to 100 mass ppm. What is important upon co-doping tungsten and
molybdenum and/or niobium is that the total amount of tungsten and molybdenum



is on crystallization arise as their respective problems. Nevertheless
this co-doping also has its limts, and the results showed that any 1
addition in which the total anpunt of tungsten and nol ybdenum and/ or

ni obi um exceeds 150 nmass ppmis undesirable. 100231As descri bed above,
tungsten or tungsten and nol ybdenum and/or ni obiumrealize the uniformand
fine structure of tantalum but the inclusion of other 20metralio/ediponents
metal lic non-netal components, oxides, nitrides, carbides and other ’
cer am cSaridforhistifivalis 1amaksi pypeoniTese bhe 150 mass ppm ofigiss. i s because t hese

inmpurity el enents .are considered tq inhibit t f :
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pref erabl e range, 10 mass ppm or nore_ and 100
e an cdbenniamiboRpUTRRIN AANIOTRENSS SOFTCry 1P 83008SbEare AT rdidrng

tungst eg%aégﬂoggagi?i@g@éwgmoﬁnts of tungsten (ngeﬂ&ém ddariohpWhidhugrceputther i ng

t ar get esent”1 nvention contains 10 nmass ppmor nore and 50 nass
ppm or |assurdfpresaniped émthisingantéasent i al conponent, and has a purity of

99.999% or nore j t : i
ﬁé%rpgélég% wngﬂyﬁmgog% gﬁgpg?mn%ﬂtéo-doﬁ@'/|82%O/t963191

When co-dopi ng turigsten and nol ybde niobium it Is desirable to
adj ust tfbeegotricaprabimnstdoofiott tresie it thepiotatransowy ofi tiRgstae aner BYHPAE Y ingst en

upon addi ng t he sane., .[0025] W tantal um sputtering target of the
pr esent_?'?fe%rn'f'Pl?)'Hr,n 'Br@bé’?%ﬁ %%'%g\r/g‘%gati on of the tungsten co%t ent in the
target is t20% oplth@ssh thEheasanier #ppls mat nepessariy depi, figs cangjdered taRg

ol ybdentl)Jenga%ggv/ e(ljltrhorlljigﬁ%#gn&en, molybdenum and niobium respectively have similarities,
they are respectively different substances, and the problem of segregation and effect

15 on crystallization arise as their respective problems. Nevertheless, this co-doping
also has its limits, and the results showed that any addition in which the total amount
of tungsten and molybdenum and/or niobium exceeds 150 mass ppm is undesirable.

[0023] As described above, tungsten or tungsten and molybdenum and/or
niobium realize the uniform and fine structure of tantalum, but the inclusion of other

20 metal components, metallic non-metal components, oxides, nitrides, carbides and
other ceramics is harmful, and impermissible.

This is because these impurity elements are considered to inhibit the

effect of tungsten, molybdenum and niobium. In addition, these impurities are clearly

different from tungsten, molybdenum and niobium, and it is difficult to achieve a

25 uniform crystal grain size of the tantalum target, and it does not contribute to the
stabilization of the sputtering characteristics.

[0024] The tantalum sputtering target of the present invention contains, as a
more preferable range, 10 mass ppm or more and 100 mass ppm or less of tungsten
as an essential component, and has a purity of 99.999% or more excluding tungsten

30 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 tungsten as an essential
component, and has a purity of 99.999% or more excluding tungsten and gas

components.



So as long as the inclusion of an appropriate anmpbunt of tungsten yields the
function (property) of formng the uniformand fine structure of the

tantal um sputtering target, the uniformdispersion of tungsten wll
contribute even nore to the 10 wuniformand fine structure of the target.
The sane effect can be yielded in cases of co-doping tungsten and

nol ybdenum and/ or ni obi um Needl ess to say, it hHcEJeasystid achi eve
t he above with a standard production process, but it is necessary to take
note of causing YWhenardaingtungétentamdtroolysdemine endionnicbim Hidisdgpigtlet o be

20% or |ess, and have l.ear in J
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vari at i ogydedg theesa@mnt ent of tungsten, nol ybdenum and/ or niobiumin the

target is measurged. for e le, ,inthe casge,of a discoid.tar takin
t hr B&5poi nt s (ceﬁﬂ rtfhﬁotiaﬂif"‘?”r@/sf”%’i"?ﬂ P%Se‘fﬂﬁtﬁﬁaaﬁeﬁsf,“ @Hﬁ o r?tggf%%abfvhe out e?
peri pheryarfioh tof tRO tuNdstémicoilen®in ehe) Birgenisat20% neslepasthergatier apgiest he

center of the disk, and anal yzing the cog%)ent of tungsten, nol ybdenum
and/ or nilRsHY agndieRing tyngstan a1d MplyBEEAYE andET SN + center point (since the

center point is §QMHMBngHIKhEAHALEEN 3F ANEHREbHHE Jamount of tungstepujisieguent |y,
the variation is cal cul ated

_ at the respective goi nts base(%uﬁg th% formul a
of (( maxtheufwnotigruépropaityl AlIfeEINGdhe URHRTMALARC HN@ StHCH R 2BPEINE) ) x
100. ing ¥ RORLILEL SR &ehgSteh g 8bnBbulehdveh RS8R the
i nventi O?ﬁutt%p%%rb§¥,gt?§gby, tH%Bgvera e c?ygt aI| rgti nusi_ze is 120 pm or
lless. Thenitonysaral fing aiructuiezef thariatgst s Bra pedemffecheamgiieided 8t cages of
appropri at rml. production process, but it is
necessar%’ﬁ%ﬂﬁgwgﬁg{neé%w&?l@g?ﬁgﬂt g%a?vr{g(r%a{%@'crystal grain size to be 120
pmor |ess, and Neeliase ta shgait isntesy tooaciiéneetke t#wveamith a standard  \pre

preferably, the variation.of the S raj i . . The

same app'i"l%ggcq?ﬁ'ow °88§%d%1qd€'st '&?‘l%es?g é'?g( té)ﬁllg k%%;%ggﬁé%lgié%%ﬁ?to rL| %ﬁ]ﬁé

{ 0027% Thmngﬁéhaddrgént?iﬁ ﬂhbetaag?rtag@e &{2%% al Ieﬁsa;amdsio_zbavm at dtcleait nterd| tcrmt .
arget is neasyred; for_exanple, in the case o | i aki ng

three poftfieve tenfame. PEe ?%‘?Eo?%%ﬁ USS’&’”p%?'ﬁ??'ngftﬂﬂ%%?gﬁtaq’gf ﬁ{oﬂ@td%a ggi us, and

poi nt i nahdyer MEbi@fm. peri phery or its vicinity) on eight equal |ines passing

t hrough the center of the disk, and neasurin lt@gg(lbgéxsta Ggral.n size of

I
t an8%lUm at a t of B¢ vafiation ghhe conter ?.fdf‘ﬂ%teg Wi NITrSHRRIEM e
center p@ieithrdet i€ AEAsERAGRS00SMAE NIthe 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

20 vicinity) on eight equal lines passing through the center of the disk, and analyzing the
content of tungsten, molybdenum and/or niobium at a total of 17 points {16 points +
center point (since the center point is common, and counted as one point)}.

Subsequently, the variation is calculated at the respective points based
on the formula of {(maximum value - minimum value)/(maximum value + minimum

25 value)} x 100.

With the tantalum sputtering target of the present invention, more
preferably, the average crystal grain size is 120 um or less. The crystal grain size can
be refined by the addition of an appropriate amount of tungsten and a normal
production process, but it is necessary to take note of causing the average crystal

30 grain size to be 120 uym or less, and to have a clear intent to achieve the same.

More preferably, the variation of the crystal grain size is +20% or less.
The same applies upon co-doping tungsten and molybdenum and/or niobium.

[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



The variation of the crystal grain size is calculated at the respective
poi nts based on this formula: {(maxi mum value - m ni num val ue)/ ( maxi num
val ue + mninmum value)) x 100. 100281This kind of target structure enabl es
stabl e plasma and yiel ds superior evenness (uniformty) of the film
Moreover, since the plasnma stabilization during 10sputtering can also be
realized in the initial stage of sputtering, the present kcrAEmoi0eA94
additionally yields the effect of being able to shorten the burn-in tine.
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the technical concept of this 1nvention, pan) (Exanple 1) A raw materi al
obt ai nedSPUAEEiasPERRIY)len i n an amount corresponding 20 to 1 mass pprn

tg tantal um havi nge damationtof toé cRBta? Yffh vRs iStlibated 41 ted Asspeotivelsmmts
nmelting, and this was cast to prepare an ingot having a thickness of 200 mm

and di ankased ot thElormMpiAap. The crystal grain size in this case was
appr oxi %?}(httﬁﬁg% - minimum val B ABaxiRfih 05108 Rmewherdd@)pkngot o this

i ngot o t roomtenperature, this was subject to recrystallization
aﬂneedal ng at a tEhigerind @f darget sBociure epablas stahlg Plaspia apd RIS SURSHATNg a

t hi cknes f - - j e O ﬁlé‘&n ikt iridgWhi ch
t he aver%\@%ﬂ@%%@pﬁ@fgﬂg} g’f gbggﬁ%s%(géoﬁ \?\ggggtﬁ?al nedfil staisehioh &rig
Sabsequesylttering lias alesbe ndalized in theeivitiohstage ofispgttering, tyseteseotigyenyioat room

et o S DAL PO OSSR RROAGT IR TR DTS
and heat treatnent
[Examples]
[0029] The present invention is now explained in detail with reference to the Examples.
15 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.
0030] (Example 1)
A raw material obtained by adding tungsten in an amount corresponding
20 to 1 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. 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,
25 a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
in which the average crystal grain size is 200 ym was obtained.

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

30 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 ym was obtained.
[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 mme.

10



30again, a material having a thickness 120 nm and a di aneter 130 rnnp, and
a structure in which the average crystal grain size is 150 pm was obt ai ned.
100311 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
nrrep. 119/062194 verage crystal grain siczgrof/obhe target
was 120 pm and the variation of the crystal grain size was 20% Moreover,
the variation of Thdravéraggshatal goaihsize ofdise 2086t Ware12@pon, asd Hreevasiaion in

Tabl e 2, 032] Si nce. the sheet, resistance depend t ess,
Che ai st9 BRbRegainBee Rk L7 ET bBLARET HERRREar B HE yhonEh il
geasu][ ed/vlé?):tzdi%ﬁkhé E@smtb%tré BRoWh enTasedi ti on of the f| I mthickness.
pecifically, the sheet resistance of 49 ts.on,t neasur ed
to ERCul ate t heSECaRPRCHLGRISENGH d@B?”qsﬁ @Eﬁﬂm thickresS, tﬁg dﬁimp'ggul ts
shown i NofTeH @néet eé@,&sn&é ¥ ﬂw@ewfal'éicmaiiridh@spfwdshméa%arﬁ aashedk Sthei but i on

in the sheet is small (2 romthe initjial sta t he I d
st age ofdistbuti@nt icagditian tQﬁltBe @J’ﬁrﬂbl@”eﬁ%aﬁpch'ca%éh?l%h@?hg?el'ﬂgn?ﬁ %f ﬁge? ilm

thi cknesg, ﬁifs%tnrt'hPWd anw $ meiRlifed t caloulate theTQSn@érG‘HeMaﬁéh (@NAEAYF.N equi red

up to the initia stabl Ization o uttering was al so rreasured and showed
120 kW, and decAeathed resistst thW@slm tTableh @wnevidentp| tee 2fluctugtion 9ésinges

shorten Rditdie b@étﬂbwoﬁ In g, drld8t  RYERAPERe &g@'z‘o apwthe%uél@adé lgiheas

favor abl €] rove utter
deposi ti emj s[agerm‘l sp[uﬁebh@ irR1hig (Eﬁample( Eatnip) mezﬂucngnam/ thefigpithickrssai ned
by addi ng B ﬁsten r@@l an amount corresponding to 5 mass ppmto tantal um
havi ng a 'BU H ?f‘ 5> 999% was subject to el ectron beamnelting, and this
was cast to prep@ne efctiicy)@nehgyiengirad tup tkinesinitiol s@®lizatiorant sputtareger of

200 v nWwa;r g SO m%ggt?rledgr % Qno I ZcF 15(1)1 k(th San%ageecrggsseoa %@rtﬂé'rg?l}lfgl %o% fm

Table 2. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

15 film was favorable, and it was possible to improve the quality of the sputter deposition.
[0033] [Table 2]
A Variation i Electrical
verage |vana |on| n Variation in Resistivity Distribution Energy Uniformity
i Crységl Crait} GCr_ystSa_ W Content in Sheet up to initial of Film
ze rain Size Stabilization
Example 1 1 120 +20% +20% 2,6 ~  32% 120kwh Favorable
Example 2 5 110 +17% +18% 25 ~ 3.0% 100kwh Favorable
Example 3 10 90 +15% +16% 2.3 ~ 2.7% 90kwh | Favorable
Example 41 20 85 +10% +12% 2.0 ~  22% 1 87kwh Favorable
Example 5 50 80 8% +10% 1.7 ~  1.9% 85kwh Favorable
Example 6 70 75 +7% +8% 1.3 ~ 1.5% 82kwh Favorable
Example 7 | 100 70 5% 6% 1.0 ~  1.2% 80kwh Favorable
Comparaiive| (. 130 £35% +40% 38 ~ 6.0% | 200kwh | Inferior
Example 1 . ] | RO —
80
Comparativef 5, | Variation |, gaeq £70% 45 ~ 7.0% | 130kwh | Inferior
Example 2 caused by
Segregation
[0034] (Example 2)
20 A raw material obtained by adding tungsten in an amount corresponding

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 in this case was approximately 50 mm.
After performing extend forging to this ingot or billet at room temperature,

11



After performng extend forging to this ingot or billet at room
tenperature, PCT/JP2010/063494 this was subject to recrystallization
annealing at a tenperature of 1500 K. As a result, a material having a

t hi ckness of 120 nm and a dianeter of 130 mry, and a structure in which the
average crystal grain size is 200 pm was obt ai ned. Subsequent |y,
this was subject to extend forging and upset forging at rooomiempeyiat ure
once again, and recrystallization annealing was perforned thereto again at
a tenpertatsiias Oibjd4a0 rémystaNation dAmealingauh teroferabpeaf 50 KoAgarngsehd heat

[ [ al havj hj d ' 30
i, AT ARG IoKRGH Gl e LY A0B I a0 0 S B SLATENG o T

was obt ghRgfich Ha0RRlagethstang@mt $ixe id Totsumagasodipieet. to cold roiling and
recrystailization annealing

~and finish processing so as to obtain t ar get
material having aUPSRCRAKSSthist weg sHbisrt d oeéefwf&%@mra%‘f URSE &@Bg | d
wer ki ng d;%ﬁh {BGiorsiumd bhé@b%;ém, AR Rl AlichhanBlill Ragperfbassd thereto
adjusted to achieve the fol'l owm ng ave}r(gge crystal grai.n §|ze and, vari ation
[

t her eof . aguin b agAMpreataipepfatidOcioy tR0H aianespl of srRealay %fﬂl”@r?% h¢ata) so
change dt??ﬁﬂ%'npg 9. BNRarddl hh\‘/iﬁ A HEne®E 1RUNARE 8Rd al dismesred Meho,

adj ust nent was pgssibl e1nthrs %xarrpl e. The aver age crystal
grain siamel afstriittere arvweich tesaverageaiystaharaimsize iy 188 vevrwahebBedwas™ 17%

Mor eover, the vagjatl f g cont 182 dtSiRHtion are

si M1t | y shown |ékgélééﬁ1|% 88‘2 E@%O%@%Sﬁ%@%ﬁt ?1(2 gﬂ%ewﬁgs_i%ﬁ agéggy depends on the
fiol m t hi skreading, arefinisls prodessingrso2aofo eltainshtasgetrpaiesiohh@dng A thiRkN&ssf er (12
i nches) neasured,.t o che e _di Sk | j AT o) ¥ j

t hi cknesé\?‘ﬁosﬁ‘&?f‘? @aﬂ'?’y?‘ce{r?gbéﬁg%ll‘gr esp@%@(g\@oﬁ‘@;&cb’gﬁlﬁéﬁlgﬁgﬁ H%éllrf fer was
measur edint pe0aldeld ahe lddtavert aniilasted dewchievethd &)llowray evdrage crystal grainas t he
results shown in Table 2, evident]l the fluctuatiol j ce

di st ri butiFeRNAnarREOR Hb%@ffé"gﬂﬂw ¥I’&ezggerﬁge §“tf’3'/3q qr%@ng%%énlgr\{:’aﬁ?féﬁ g’[ﬂage to
the end sikagnafde SBpérdRRd BA thaatditive Exauml o tuhgsteni the foregoingeciustmenin of
the filmthickness distribution is small. The electrical energy required up
tl6 the iWPEPaFsiBiednithis EXPI®IF-of sputtering was al so measured and showed 100

kW, and decreasgfle RerdgBecryR8rbm SHO¥NheNarget was 110 [l amd2he Thtistiorbesi des
shortening the burn-in tine, th

e evenness guniforrrit % of the ?{fi.llmwas
f avor abl thereafavas +hé%. plyepsre theovariasiopd the durasie P§ tsnt pRg +-s1§ t-tHe
deposi ti FH}.UILL) Q%agi}nilgﬁifgﬂahﬁir?’i’abe 9. A raw material obtained by addi ng

tungsten In an anmount’ corresponding to 10 mass ppmto tantal um having a
pur job3s] of 99. 999Gineasthe whipetiesistansiecdanesds wadhe N dhigknesgnthe; HEPYRRT cast

Lg Prepare a0 Jget Laving @ Y Gies $12Tind) WadNHeasured 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 shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.5 to 3.0%) from the initial stage to the

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

The electrical energy required up to the initial stabilization of sputtering

was also measured and showed 100 kWh, and decreased, as the results shown in

Table 2. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

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

[0037] (Example 3)

A raw material obtained by adding tungsten in an amount corresponding

to 10 mass ppm to tantalum having a purity of 99.999% was subject to electron beam

melting, and this was cast to prepare an ingot having a thickness of 200 mm and
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pa/ jp2,010/063(1191 diameter of 200 inp, The crystal grain size in this
case was approximately 45 nm After performng extend forging to
this ingot or billet at roomtenperature, this was subject to
recrystallization annealing at a tenperature of 1500 IC As a result, a

mat eri al having a thickness of 120 nm and a di aneter of 130 ginp, and a
structure in which the average crystal grain size is 200 pmwas/ehiiai ned.
Subsequently, this was subject to extend forging and upset forging at room
t enper at giametstef 280anmep. Ahel cryetal yetimbize dmthio casenwas Rppigximealely bfammed

t hereto again at tenperature of 1400 tq, . eating
forgi ng and heatAﬁ?re%‘? ming,gaeRd f%{gwatt83'i"§ﬁ’99?°é\§fr?@%5 {?l%(?:rt{neténségritg?mn and
a_di anet @i ¥39sibjeato rd@oadiitatid seiasliag bawmpératute chd60@deAsraystal, grain
size is 100 pm was_ obt ai ned. 038] Subsequent|y; IS sul to cold
rol ling aﬁtﬁt?%i!rhﬂﬁﬂlﬂhﬁﬂ?%oém@ A ,agﬁﬁiné}phgghédgw&@%iﬁdn%&é%?%g to
ogtain aintvgﬁiaﬂrl(ef@?e%éébry%vb% 3iz& hd 2bmarswas od@inean and a di aneter of 450
mng). Cold working and recrystallization annlgdalingtgi n the r'qule and | ast
wer e adj ust ed t oSubsemiatly. g wasosbigrtdeePdgRd 019 aF"é)rUeﬁsﬁ A9NGiFe and
variatio N8N @ YELP881iSA1EH AHneBlifg Wasipesfornad tarétat | on
will al S%oﬁ%}n@%&ra%&%ﬁ?ﬁgaghtﬂe adrg?t“ve anount % t,ur?égten, tpg

f or egoi nagaidjat st temperatare pbt4ibice 1530 Khirs aiesHb|oé repeating Torgin §&r age
crystal grain size; of aGi [ 128Nt BRd \WPhiatidieM 3 aiepf was
15% Nbrg%%t re,n?ta{qg'n\’/aar Haé elroﬁhgﬁ%g\r,l%ﬁ@%gegglen' content was 16% The n(rﬂgsul ts
ane si ni had bystsbove i whith bheaveragecasiabione sizads AR &M wasptaiifde depends on
the filmthicknegs, the distribyfio e I S{gane&vémlitenwaf er
(129P%Ehes) was %\‘-5‘8%(%9@%?' 0 t@ﬁec 25t %36}’%#3? ?i Eﬂ?l ](;)or%ﬁ@(s)naz{dt i.oﬁyof _ he film
t hi cknesann&yieg] aihd ahisk prodesssigest as &5 dbtaana target matgiel hawna | thisknews er was

measur ed calculate the s ard dew ationp. r At g AS t he
results 9{1??%”{‘ AN 2 @mf,eré{;?tgﬂmw; ﬂﬁi‘} Wﬁﬂ%ﬁ%ﬂﬁ} %ﬁcr@?&l%aetlop Snnealng o

di stributi g infididanghaatwére sdjadted (2 .a3hieve 2h& Flidwingnavéragenirystall gréirage t o
the end stage of sputtering in thjs Exanple; that | the flyci { of
tie fi | nfizhiaEneiatign é@?rﬁﬁgtﬁlmugéigﬁw%ge crysqgl gray %'%%%Qlde\z:%ﬁ%ﬁ@ﬁawgner gy
required a§B dn@ gﬁ%eb@h&ih@'on&hélatibitiZéltathﬂanBf ®pystear ihedonsingl adusteastr ed
and showed 90 Q , and decreased, as the results shown in Table 2. Thus,
besi des #lagmosaiblegnithie EX@Mple.n time, the evenness (uniformty) of the film

Seponton oosdie bl 958 i spo e tialiiston i aran
[ npan arrﬁ'léteofcwas g4 p¥ndViergover, the variation of the tungsten conten¥ Waas H%gﬁ; 'H?egs en
20 results are similarly shown in Table 2.
[0039) Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

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

The electrical energy required up to the initial stabilization of sputtering

30 was also measured and showed 90 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.

[oo40] (Example 4)
A raw material obtained by adding tungsten in an amount corresponding
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Et TAIR2t. 0/063194 to 20 mass ppmto tantalum having a purity of 99.999%
was subject to electron beamnelting, and this was cast to prepare an ingot
having a thickness of 200 nm and di anmeter of 200 runp, The crystal grain
size in this case was approximately 40 mm After perform ng
extend forging to this ingot or billet at roomtenperature, this was
subject to recrystallization annealing at a tenperature Offl/IB00/0KI%As a
result, a material having a thickness of 120 mm and a di anmeter of 130 Reny,
and a SttolBftmess pmnvtbrta:haluhehamg agerrity f 19099 aias ssibjest loseledorbiams

B L

ain écrystallization
anneal i rmam&rmbomd Tﬁeb@sml a0 Bizatin thid eaqeevas apwoarrnalelsa@rotmmwoo K.

As a result of r for i.n nd. heat, .trea i I
havi ng a thickn er1 %Xtﬁﬁﬁ?%[ﬁ’é@g?t@%"grﬁ r?é% Ileggﬁl ms@"ﬁ%%@
whi ch t h@isaves 3@se &ty e sidiligativreamaling 408 teﬂﬁpmmrebf b0 H. As[a0e4dl,
Subsequently, thi's was subject to cold ({Olll qu raéstal I atl an

anneal i n@maéefeamawngw tb?‘%@%%?s?n HPhHman 6dlﬁ5‘i‘ A0di%s L%?Iturﬁaw ng a

thi Cknesﬁ é\ygﬂaﬂgﬁﬁr%lz@is Zl(ﬁﬁ)umvvﬁd)obt%d wor ki ng and
recrysta Ilzatlon annealing Tn the mddle and | ast were ﬁ{g}]US%ed to_.achi eve

the fol | owi ng avwaﬁﬁlU@ﬂS}bt@Fs yiegi $Hbigc do MRk 9TgiNdoAN] WEPELIPTIRBHough
the average, férn¥r%et Q{ur&?ﬁbé‘a élﬁeaﬁ@%&%témidt%ﬂ aMrlehlifd 9as peaBared ereadi ng on

the additive a fungsten f oregoi ng adj ust ment was gosa ble in
tihi s Exaagme atatemperatureThfeMdlﬁthab@OQ:Kyéﬁafe@k’&loﬁr%qe?ém%ﬁo'@ﬁ@ g Bedt was 85

dt
P inger ertregmeth pBhind B AR BPhalRg o fikkRt 2¥Hhm %”@SV?}‘&E@F‘*J"%%*‘“S‘@
[ 0042] Si aneatshactshetwhiels itts averegeieryetaﬂgramszaesﬂo Hm W Rbieded. t he
di stri but f h t t d
Lo btk the 25aPUBTTBETYn TonURE: SHBS 15 oS! Phalinty apas e stifizalBRacLy o
t he sheeanrieasing! &ntenioh pActepeingtsd amtd distaincd ha'rgabmateelabha\&w Bdh@&m%ﬁl ate
th tandard d Tabl
55 et dont 19 ABd A dRnGEL cAShATR: Foid workingtnd BERITAIA R ARMRIT, 207 ©

i's smalljn( %eqntdgle'zaaa@lasft rv%FbtdtﬁuStéd ttd akhievagiee falowieg am*ase angxestaifgram
sputtering in this Exa thefluct#t on t hickness

i adi st ri pigeiaHd \;agnag%mereof A”hough tr‘\%@"%‘?@‘étw Igr@We?(‘)'ﬁ‘?/ apgd’ﬁf'?{én AWt o the

initial fhg SRYAE BAHING: ¥WRDUA SRUABSEH! 1Bd ferrdomaupbst@dnt W,
and decré%ggghhggatéﬁéhre%u I'ts sholvvn in 'IL'IabI e Ig@ﬁThus besi des shortening

the bur nwian poksible ip s Exammes s (uniformty) of the filmwas favorable, and

was possible §fei € SRWS 85 FERAGI the QBriatidr0043]
Exarrpl e 5) he'dV a'TBE@é %%@' g‘ﬁ{alb'&%t??gﬁ]ﬁg by addi Hg tungstennla;] an

amount ctreresfpeasi kg%t d@eovers eppaiationt eirthaltungsien cAGeAt Warit %of 180, 999%
o v AR ORI TR, 0 L1 Sonh oSt P o e
si z@od2n thi s cas&imasthambeekiasistatge dsamis 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 shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.0 to 2.2%) from the initial stage to the
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 87 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.
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After perform ng extend forging to this ingot or billet at room
tenperature, this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, a material having a thickness of 120 mm
and a dianmeter of 130 m ng), and a structure in which the average crystal
grain size is 200 pm was obtai ned. 10Subsequently, this was subject to
extend forging and upset forging at roomtenperature oncecdgaimnsiand
recrystallization annealing was perforned thereto again at a tenperature of
14Q8ha10 Ex@fple 5As a result of repeati ng forging and heat treatnent again,

a material having a thi ck

structure in whi IﬁaVE’Wéa SU %'”88;% @pﬁ’st%ﬁ‘jé%lr sﬁgﬁm&lﬂgsgaﬂﬁ %I ned.

15 [oroggisp m.@m%wrﬁamﬁm@mﬁ@a pSIHty] cfffgg 999% alad subjelct ﬁmgalacntd)n beam
recryst allization annealing, i

f h t t
mat er i alMeEY ngndh thiswaen thpr‘f"L@arlﬁ%l'gH@%L%gﬁaﬁ é%ozlgﬂy%ﬁt:ovg oo

wor ki ng oleF OF ¥66 # dpz'ﬂ'ﬁé &Qs@ﬁ@% tipg m fhid é&%erwabib@prammdtayt%mne
adj usted to achi eve the fol I'ow n(g average cryst al Bﬂra n size and.variation

t hereof . Al t houghfterertpiminggexten fﬁr&'ﬂgd? éh"ﬁ "Qoﬁér gt 3PP FEBIREA S 20
al so Chqng%gsea?dggmg r&wétgﬁﬁﬁ%' édn\é‘%hﬁd@f-lé‘ien%erbwﬂél%f €500 Khas hoeagni ng
Was i anpl e

adj ust SS The aver age c st al

grain siamabérial hevmglagbtckm oot 20nmmeant @ Hiameden of 130 BBER S %

Mor eover, r n 10% The results are
simlarl 9"@“@' % %V%%A% Cr%t @%4%‘?%%’1%@ ltﬁﬁglgés:sﬂéebé%\m?ga st(;nce depends on the
gl mthi ckness, Shssetjushily,bibis wasofubjent terrxdend &ypisgannd UpRet fedinaradr (12

i nches) was asured to check

t hi cknes’@OMGFIR FIHLG plce ?g@nsaﬂf{&‘; iét{al[g%’a‘affﬁbgiﬁg% gﬂgj \%Qﬁ egt)[)ﬁéwmfeelrétv\g} er was
measur edadein @@laqah@bﬁatuﬂeeofs‘[mmdm th0deli As iacesglb pf t&paaeog forgingtangl heaful t s

shown in able 2, evi den the flyctuati

di st ri butedmenh agais. aLa e“%g hayge @ thi kpe ?%qgoé{%n %‘f%% @%?éﬁstlﬁgﬁ%? age to
the end gipgeat0bufPintwigEn Be averbde EryEbaag“tﬂuesme it 00 g waeobtainetluat i on of
the filmthickness distribution i

Th |
leqide4ted up to tRELSeAUENEY. §|i"§bWIan§‘tr;E?ﬁ6ﬂ & %%%tE°£F‘9n§%&2£ee°ﬁs§%'ﬁ%é§§3$;gy

and ShO\AErgn FSdeR8ing o #Std fistaines tirgst rabievial hamngvéntmmmm/ 963
94 Tabl e %Rﬁvgh%@g%gs shor?er?l ng the burn- ;g"ﬂ‘ﬂéé he .evenne

(uni f or nof 40 Mot ante cﬂamme\mé%amabl goldaperking feﬁB@éﬁ"‘W&W@“P F‘Sve t he
qual ity ?\ftg%hﬁldﬁ%“%ﬁt? ?/f}lé?é'é rj}l?éied kO QdRikvé ¥Rl average crystalyraiaw

mat eri al al ne sten in an anount correspondi ng to 70 mass
ppmto tsin¢ aindmamatmlm@'leiepfuﬁlﬂﬁyum tig@awgg@\ﬁa@t@mﬁ@cﬁlzq é‘“gl"é(:' ifhWilleam

|t ng. @ad LIS 00 diaSbo LG BHSRAL Brlind d1ABhgdiaN  tRE ferekBingleaRREmeRt 200

d di anB he crystal grain si elnthls case was
appr oxi makelppssblermmthis Example.

The average crystal grain size of the target was 80 pm, and the variation
thereof was +8%. Moreover, the variation of the tungsten content was +10%. The
results are similarly shown in Table 2.

25 [0045] 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 shown in Table 2, evidently, the fluctuation of the

30 resistance distribution in the sheet is small (1.7 to 1.9%) 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 also measured and showed 85 kWh, and decreased, as the results shown in
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After performng extend forging to this ingot or billet at room
tenperature, this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, 10a material having a thickness of 120
mm and a di ameter of 130 mmw, and a structure in which the average crystal
grain size is 200 pm was obt ai ned. Subsequently, this was subject
to extend forging and upset forging at roomtenperature oncezagarm! and
recrystallization annealing was perforned thereto again at a terrper ature of
1400 t o 156 2KThds, mesidssustiorzhingeipeaiurmin fimegthegewantmeres seniforrly)raénbe agai n,

t t h 120
St ruct urm HeIAIGREh g e g RO STy Rl mge iy TR of 8 sPUR s P, g
[ 00ddak, aRmuently, this was subject to cold rolling and
tallizat I d f t t
Mt er i al having A raNiTERIRE8LORANEY Birdis HTaTEra By oasptorapehing,) 5O
vwer ki ng @ngh f8es Mﬁﬂhﬁb'téﬁtéﬁjn@Haﬂﬁ@@%dnt}go@b 999% e subflabt & eladtrd;ralseamuer e

adj usted to achieve the follovving aver age cr?/st al gr ai n % f@nand vgrl ation
t her eof . maltinBoagHh ﬂﬁ'ﬁé”%ﬁ/é?%tg'@ REPIELRN |t hayingea AEKRESS; At 7 Th™M PM%al so

change dﬁ?%ﬁ’ér%@ 280 n’gﬁg ?Hé"chlsvaﬁ oRiIRYRE i9thid bAGSWES a gﬂwmﬁaé@m M.

adj ust ne 0SSi e aver age cr st al

grain size of thAﬁerapqézrnvmemsn@fﬁ@rgg\ﬁdOttWé iRgationdillsh at ror isMRELRIURY,
Mor eovery, ﬂgs ¥36]%€L|tgg€cr9§ta "?g%é{ﬁ%@féﬁce | qu&ﬂbe%ﬁe BUB50J Re As@sieklils ar e

simlarly OWn 1 eet resistance depends on the
fiol m t hi alnmiemal hakiegdi thioknbss PhtRGbmm aed idkasneter st SIGmEep.iandiheyRer (12

i nches) was, .neasured_to t tion of the film

t hi cknes@wgﬁ%@] ?vceé?g%/c&gﬁiﬁ %%‘Eg'tzgr'sz%?@spg‘#@% 30poi nts on the wafer
was measured to Gabsaduendy! this stesnsishiectdevexiendriorging aheérupset forging at As
the results hown n Table 2, evidentl st ance
di stri bufq%9h'§ ’?P?rﬁ{é"es RASE apains AR Irec(qs%mf%tlb% %’k%%% 'HQ a’?‘ R)eﬂfon% &trfé?éﬂtoage to
tﬂe fenfl ééﬁﬁ%ﬁgfteﬁwgiétafd gmwo tdWHSOCEKaRpIae:esu;hwf répsatingdofgingcanchheain of
the filmthickness distribution i R LI P2 3

The el ecleridant @gaigy Mt d@ving 2 @%sg n1|2§3l m §F§tﬂ Fgmia?eroﬁ&%]m e
sputteripgq \é’%?ruélu?é’lmﬁléldrtl%iaﬁé\ﬁgé Repaes gfdn kidk,is a00 pdewaeabmlhedas t he
results shown in Table 2. Thus esi des short al n(glm e burn- L0

evelasss (uni f or SUP§IAUSItlyndhisi m@aswaubIEal 4P ab? Ia[nc\,\égcrﬁ%gﬁlz%fdg to
I nprove LAgLig! LAy fifih heceiRIHg & a8l &P BStall #farget MEARI hbFxganthikigss

of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing
20 in the middle and last were adjusted to achieve the following average crystal grain
size and variation thereof. Although the average crystal grain size and variation will
also change depending on the additive amount of tungsten, the foregoing adjustment
was possible in this Example.
The average crystal grain size of the target was 75 um, and the variation
25 thereof was +7%. Moreover, the variation of the tungsten content was +8%. The
results are similarly shown in Table 2.

[0048] 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

30 points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.3 to 1.5%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness

distribution is small.
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A raw mat er obtained by adding tungsten in an anount corresponding to 100
mass ppmto tantalum having a purity of 99,999% was subject to el ectron
beam nelting, and this was cast to prepare an ingot having a thickness of
200 mm and di aneter of 200 Mtlp. The crystal grain size in this case was
approximately 25 10mm After performng extend forging to this
ingot or billet at roomtenperature, this was subject to rereysP@IHi zation
annealing at a tenperature of 1500 K. As a result, a material having a

thi ckness of 120rh@meleottical dhanygtrequicdd msﬁorthemltlelrﬁtabtll@ctlpncqupelﬁﬁﬁn%| ch

the average crystal gra ize

Subsequ §9S°trH?§SL{Kg§ aé@bf 432 %éﬂg% thesre‘z'::tSul SorSB?"rV]% lr}at room
t enper atyife ONTRUNTRIsHesHHbHeARGYIRE éﬂukm-mumenthemmhemg(wmfsrmn@r)fairtlrmd

t hereto agaln at a tenperature of 1400 to 1500 K. peating

f or gi ng d!ﬁdvﬁﬁefavoﬁap@ataﬁﬂrhttw%"ga‘i’??'b'%t%‘ﬁ‘ﬂ‘ew% en‘ﬁﬁ"Wgoféﬁ? %S@tﬁ OTES nm and

tgg( ek and a structure in which the average crystal gral n size
an[ﬁ(ﬁ%‘epm evag omnal ned. 20 oosoj @ Subsequent lsénnlth S lﬁect o cold

rolling and r ecr@réﬂ\wmat@a@ﬁ ehitaingd Lyl 39419 B P 5’1“83@3 gPeY 'ﬁ% to

Obt al n g,t &l S e RUbRct taBRicebn of 450
a&P ?d(gﬁfg r%rg}p rt%@rgyg? aaﬁn?gét ?Eﬂ@aﬁngéeﬁ?ﬂoé in the}%r?‘l dg#g%ang | ast

Wer e adj meammetIMQacamdethe wae chsll foduPpRreatt inagh Nayipg @alhigkpgph o
vari at2'5°” g%h%ﬁér of’ic}gg frhee ¥§Lg dg&&%ﬁ Fhis Tadk Nadl HHreishaiedy DBt i on

wil | ange pendi ng o Itive anmount of tungsten, the
for egoi ngnadj ust rrent Was p055| ble in this Exanple. The aver age

crystal ‘orain si zg. ofo e, AE0eh. YBSEQo R, 804 of BRYAF Icd @AdRgper v

5% The vari ati ent as the results shown in
Tabl e 2.thB0vdDOTE&itocecrstallishtiret anresiisg ahaeerdwatm‘s obASORK. ABlenesWlt.ckness,

the distribut]i of th heet st anc S
nmeasur ed® ft %rf?i@ﬁv'{"ﬂé‘ @I%F??%ﬂ{ f@nme'bﬂ'?ff? |dj)!5r5.'g é}g r &ﬁ{eﬁ mﬁ#&t%? %Z%E‘)scém

Speci fi ciglyhieh tHeeaveh@Rs criyesi giaaﬂeleecs‘zet!?pmoum sbtaimethe waf er was neasur ed
to calculate the standarddvlatlon t her eo r o in
thbl e 2, evi dent Pybsaayently.ultis o ‘? tﬂeeXt@d ;%;9%1165% ui%%! F&gﬁgegsvlnstance
di stri buFdoﬂPténﬁbérQ@res bR ab§|n55ﬁdj Ire tQIhialloh é%%eaflmg)maefperfbrmed Heratbage to
the end stage of sputteri

the fil n@gain @kﬁetgmp@raﬁwq nﬁHQthq %5%& AS a Clesull 31 repeﬁglggg?rgg} cgﬁe Qt?,e?gy

required U & l 9f129PHhi ahd ROdisaRt@! 530 meapur ed
and shom}er%agt??]ﬁ&ﬁgm & gécnraztggggb J%élé?iéésr esuits shown in Tabl e 2. Thus,
besi des shbatstutiuge mmbmthe ayerapereTysiaharay 62Ads 400 w1 was AP1RJNSdf the film

g@;Béan?gﬁbl e, agfpidqiRty PAFS! WaS EQ0EEPHOVELIE NRoIfHR Ay rédrysthmzatidat t er
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mmg. Cold working and recrystallization annealing
in the middie and last were adjusted to achieve the following average crystal grain
size and variation thereof. Although the average crystal grain size and variation will

25 also change depending on the additive amount of tungsten, the foregoing adjustment
was possible in this Example.

The average crystal grain size of the target was 70 um, and the variation
thereof was 15%. The variation of the tungsten content was 6%, as the results
shown in Table 2.

30 [0051) 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 shown in Table 2, evidently, the fluctuation of the
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10052] (Conparative Exanple 1) A raw material obtained by addi ng tungsten
in an anount corresponding 10 to 0,5 mass ppmto tantalum having a purity
of 99.995% was subject to electron beamnelting, and this was cast to
prepare an ingot having a thickness of 200 nmm and di aneter of 200 Rinmy. The
crystal grain size in this case was approxi mately 60 After
performng extend forging to this ingot or billet at roomctenpenature, this
was subject to recrystallization annealing at a tenperature of 1500 K As a

r ezul t, r@sﬁan%éio@é.triﬂ\s,\thﬁ}annhia tﬁetshbékiemuom L0120 )afrain dhelirdties tsgagedb the0 man,
and a structure in ich the average cr Size i S , s
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upset fo Qe t enperature once agal n, and recr yst al lization

anneal i n(ﬁglgﬂr\/\llggtlﬂtlrs'fsor med thereto again at a tenperatur n1§f00 to 1500 K
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h t he average cryst grain size I's 100 pmwas obt ai ned. %
SubsequeTiably 2. fThiss, bmdmsi]mtﬂnlrtg)tf@dwtﬂnﬂfbItlmen@‘eaﬁ\'ﬁﬁﬂf@éwﬂ’ﬂ'&rmi'tl)a?f R
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1 cknesBmfos 5 aHiekn 4T 4 617 aF B 518 STl vl eyl b RpuB: Sdcstoniav! ng @
I ecioysst adddrﬂ;adriam Exm*epllei’t)g in the mddle and | ast were adj usted to achi eve

the follow ng av a t he

f or egoi ng adj ust gﬁtf’l’tﬁgkeg tﬁ}f %d@ﬁg t?lﬁr}g%SY%yna%'j} gﬁ@g?%@?&nﬁoﬂiﬁwgnd t he
ayer age @yt @asg rp@hﬂ t6 itzetahin thheinyaa getitywas 9&395%rwaarﬁwbml itatslestronher eof
was 35% And, variation. of the sten conten I are

si ni | ar | YeRRSRIING apghinis E’as[‘?@éé&’l‘% ChEE ?'Hén%%t@&%?’ea i kg-r%gg °<r§2§gn @ on the
filmthi gkpassnetbhsr 206 MmdUTheBryefal ighsin Shreein thssiastamaseapprokimeateinfter (12

i nches) was neasured to check the distribution condition of the film

t hi cknes®M.Speci fically, the sheet resistance of 49 points on the wafer was

nmeasured to cal Cﬁ'ﬁ@F Eertfé\'ﬁwlﬁ? @Q@ﬁﬂ%l@ﬁ'}@ t@tth[%ﬂn ét)ortﬂ”llfﬂt%@foom @émﬁﬁéiur94

As the results shown in T , evidently efluc i.0 Oﬁ)f E
rlési st anthés @M8§t$lilb%ﬁt|T@nchfvsttﬂibzaélﬁéeﬁlnﬂeéﬂ"l‘%raéé‘ %m@erp ‘5/&}’ Bm thé

ini tial e%sﬁﬂe at%ﬁ& Iﬂ%gz%qgﬁkﬁgsssd?ufﬂoerhhﬂgnd 3 deﬂnéte(;Qﬂﬁ@O&ﬁmWﬁ abdanpl e;

that is, uation the filmthickness distribution is |arge.
The el ecsmmcaane |ewﬂn<g°ytheeaymra@&icwﬁiat oraimeize i 20EMYaHehtaingdi on of

sputtering vas aksp deaswledenbolaMea ROBEY. oRdy e giseedorghy bhe

results al so sho was not possible to shorten t he
burn-in todmxerhpaa&uemmeesag(aunlahdrremwyt)alhcathmenneahngww peffasmedithergity it

was not OSSI e to rov f

#OSi i | agg?'aﬁ |ar1E?mv%?§ &t Pﬁ?%@@“? gsb%kgaAge P‘%&%‘tﬁg%ggé“"ﬁggf@ﬂd ?ﬁ@a‘ﬁaamunt
cor r espofgafgerit aigairh Memmdvmgt amlmaknﬁssh‘am gn @ngua idiameser pae iMmeof
99.999% but the sane i‘ P‘i as t hi aratl % Its observed.
It was oBO0f GUrUcHae in WhiC ﬁ PRE & ltgrﬁ AN '?;ﬁ Fqum '00651

(Comgy ati ve Exampbgedlent§A thii;WV\F%t QUbplt abt ablldedoltmyg aaltd mgctyatadigaton i n an
am)unt nglr\eeaslﬁg,nghg %nlsh processing so as to obtain a target material having a thickness
25 of 10 mm and a diameter of 450 mmg. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain
size and variation thereof, but the foregoing adjustment was not possible in this
Comparative Example, and the average crystal grain size of the target was 130 pym,
and variation thereof was +35%. And, variation of the tungsten content was +40%.
30 The results are similarly shown in Table 2.
[0054] 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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to 150 mass ppmto tantalum having a purity of 99.990% was subject to

el ectron beamnelting, and this was cast to prepare an ingot having a

t hi ckness of 200 nm and di aneter of 200 inp. The crystal grain size in this
case was approxinmately 20 mm After performng extend forging to this ingot
or billet at roomtenperature, 20 this was subject to recrystallization
annealing at a tenperature of 1500 K. As a result, a materi/alkobawing a

t hi ckness of 120 nm and a diameter of 130 inny, and a structure in which
the average cryshalthgr addultsi gsovrs i20Tapin Baseviderdiyndbe fluctuation of the

Subsequently, this was subject to, exten r Qi t  f i t room
t errpe(rqat r@sbflam@éh%tglawtrﬂn '&nthe rﬁ%@%@ﬁgﬁg@i (gaé E’oﬂb%nfgcgﬁ it%‘gﬁ]\i@s’ SBJ :‘tgrglrr}gd
thereto ey s@geicﬁ ?ugériﬁ&‘W‘Hﬁi@@ﬂrﬁ’p&éti@ﬂ%ﬁ@leﬂﬂﬁ i, thasfltuatiool af toe

ng 1o n

repeati ng rging and heat treatnment again, a material having a thickness
120 nm afffoh thicHhegeedislribution igd@dj9€and a structure in which the average crystal

géai n size is 109, DMNaGHRNBIYLRAqUNES D toSWRSIARKE Blabllizatidn of wadttesinbj ect to
c

Id rolling and recrystallization annealing, and fi ru sh ﬁ#ﬁocesshn% S0 as
to obt ai wamatsarmgeasuted @nisholedi2g WVhhank etaassd. apine Gsiis alsa SHO8 M anet er

f 450 romp, d ot ki : i zat | jsdd| d
0 ro%&?l%_ CJHeE, g’\ﬁa?%t rpﬁ%éu}é%} ﬁlokhﬁéﬁ PN MOREM fime, itne thenmdsddl e an

| ast wer'® chieve t W ng average crystal grain sifze and
vari at i ofunifbenigofof tirifin kesfiofesiguiang ihwaagtatwessiiestorBPrpEsRHERIYO hi s
Conmpar at j ve Eﬁa |l e .tand the average crystal grain size of the target was
supposedVS‘? BAlG erq?ﬂ '‘Yhe variation thereof was 50% and variati on caused
hy POT/ JP1,', OSRAIGS to<irgegae patiroredias acans iofleddiph dungsten invay aEPHEN of

t he tungsten content s 70% a he r i, m. . béigola 2,
(005715 Feeesrracioades Buss it o IRy R b on s BL R oechable
di st ri bufeosarRé tbhderidyess tHieToptpmnatve Bxamplenafveas ptiserved HeyasweRYieHSasur ed

to check the distribution conditi org Pf the filmthickness. Specifically,
t he sheethat 8us alegrafieciod he PHEIYRILHA Y he waf er was neasured to cal cul ate

t he neEs Ao Sleui@Ekamplea2) t her eof . As the results shown in Table
2, g)\ﬁ/%sgeﬂfa(f y? tﬁe Tl ucPuat)i on of the resistance distributian igp(#r{aer\ngsheet
0

i15 | arge (4.5 toAmeguaateriahoptaingdby pdingtypaster 17 AR afiHnd 88

sputteripgq ' LIS, FAP epurithdf dosgogbevdd sutjeett tooelectfort he
10fil mthi é‘éﬁeréég%f’@?ﬂbﬁﬁaﬁ“?%ﬁﬁi s lar S?ur f The el eét&@grln ener gy

requi r ed beamtroelting: andithisayasseashid PreaRieH BoihAYingR tigNGas© - R, o
s SR B0y BRI R ekt S Sprohauty so7anl ¢ 2
(unifornmity) of tferpitformiag extensrforging tmthis ingakher billet FEANPPEPERY Fpr ove
tzrg)e qual itrtmig w%fs Stu'PJj%C§ Pourtetc rstaﬂf?i%?lght&nﬂ@alir‘g@c%n(d@?éﬁ% &f 500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure
in which the average crystal grain size is 200 pm was obtained.
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
25 again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 pm was obtained.
[0056] 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 mmg. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain
size and variation thereof, but the foregoing adjustment was not possible in this
Comparative Example, and the average crystal grain size of the target was
supposedly 80 um, but the variation thereof was +50%, and variation caused by
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A raw materi al obtained by adding 2.2 mass ppm of tungsten, 32 mass ppm of
nol ybdenum and 12 nass ppm of niobiumin a total additive anmount of 46.2
mass ppmto tantalum having a purity of 99.998% was subject to el ectron
beam nelting, and this was cast to prepare an ingot having a thickness of
200 mm and di aneter of 200 nrsq. The crystal grain size in this case was
approxi mately 55 nm After perform ng extend froT/gi2eigyoesePst hi s
ingot or billet at roomtenperature, this was subject to recrystallization
anneal i nggedgatioh avgrecaisideraloit. ABOOvaiation o the turngsienacarderwag TH¥%i Ay a

t hi cknesg of 120.m n%a di ;.n%feé of 130 trins, and a structure in which
the avert E]ée%ﬂ]ﬁssﬂrﬂ'la@r NN Z8P%%200 pm was obt ai ned.
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forgi ng AQLHGH cbAQASHTRN the Gifth MhicRndBrt Speglfichiay ithg shethiadisiase 4269mm and
a dianeter 130 rnnw, 30and a structure in which the avgr&g@tg%s al grain
© P

size i s AQUSomthagvaie wahBgas1iedso salcagtr the fiardard deyp ct to cold

rolling and recryst@ll izafisoBhaynenl Tasleaty, ldviderfly, and fludlistonpopaassi ng so
as to obtain a target material having a thickness of mm and a dianeter

t 10

of 450 aiesistancTistibeticige beysbeal isgarien(4sh &7 §) frrmthe Jubal\jroes® B  and
t he vari at | : . )/ %lc%p - . aiHe FlctGataSoflth&o
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wot hi n 6fin thicknessdistribubereisdagen i n Tabl e 3. 10060] Si nce the sheet
resi stance depen on the filmthi s disst k4 j eet
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condi t i ona®hisbhredsrat tahtl choeesd. 138pdthf andincygaset eas feeteskiés RSP ShewWnof 49
poi nts on f was, neasured to, cal i rd Lat (c)
Pher eof . Table 2" i 58 At ResSBiFE 1SRRG e By B AL e o
f I uct uat jupo@hity)of tigs fikh aedntdiist, rarkilit was riat poksibehieampraevestinel qualiy. @ t o
2.59% fromthe initial stage to the end stage of sputtering in this
ERanpl e: therwrtttesderasdion uct uati on of the filmthickness distribution is
sma%bsﬂl (Example 8) The el ectrical energy required up to the initial
stabili1zation of sputtering was al so maasur%d and ShOV\Fd 55 kV\? and
decreased, as thd TEusmatesialoolmngchby Ad0E932 21HASS PRESPIIREIEREr PRATHY t he
burn-in ‘B%rf{"of rﬁ&?o&‘é&ﬁm%ﬁﬁ 1(2%!a§Qant¢f)ni@5iuﬁwhﬁ o idtanavagive anssuhloe 462nd i t

e to i nprove the y of t

was poss quality, he sputter de,gosi tion.
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
20 melting, and this was cast to prepare an ingot having a thickness of 200 mm and

diameter of 200 mmg. 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,
a material having a thickness of 120 mm and a diameter of 130 mm¢g, and a structure

25 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
treatment again, a material having a thickness 120 mm and a diameter 130 mme,

30 and a structure in which the average crystal grain size is 130 ym was obtained.

{0058} Subsequently, this was subject to cold rolling and recrystallization
annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mme.

The average crystal grain size of the target was 85 pm, and the variation
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15 [well [Table 3] I,di tt nargy up to :Vh: itLi1l14 Eta Ira s.3-332 titit
r3o, earn; [ 00621 ' Exanpl e 9) A raw material obtained by
adding 3.2 mass ppm of tungsten, 67 mass ppm of nol ybdenum and 2.4 mass ppm
of niobiumin a total additive anount of 72,6 20 nass ppmto tantalum
having a purity of 99.998% was subject to el ectron beamnelting, and this
was cast to prepare an ingot having a thickness of 200 mmcanmdoidiosgn®t er of
200 runp. The crystal grain size in this case was approxi mately 55 nm

Af t er pedfftae roryegalegrbiansizé avas sty o Mdneéaverngariation dfithe entent 0 dingsten,

t enper at ur

t enper at'ﬂP&bgénhLlfgﬁﬁ S@.iO%E@n?E{Se\&iﬁ'li{' %S/‘%iﬁlq% Ij %@%@rggg@gﬁﬂﬁéﬂg cah
[0060] 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
5 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 shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.0 to 2.5%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness

10 distribution is small.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 55 kWh, and decreased, as the results shown in
Table 3. 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.

15 [ooe1] [Table 3]

Content of Average Varation | Variation in .
Resistivity Distribution i i
Examples w Mo Nb W, Mo Crystal in Crystal] Content of . Y I E”erQ". Umfor'mlly
ee R in Sheet up to Initial of Film
and Nb Grain Size  |Grain Size| Mo, Nb and W I
Stabilization
Exampla B 272 32 12 46,2 85 1% +6% 20 2.5% 58kwh Favorable |
Example 9 32 67 2.4 72,86 50 7% +8% 15 ~ 19% 40kwh Favorable
Example 10 3.7 0.9 5.1 97 95 +18% +12% 2.3 ~ 32% 80kwh Favorable
Example 11 i - 16 27 92 13% +16% 22 ~ 23% B0kwh | Favorable
Example 12 12 15 18 31.5 00 114 %% +10% 2.0 2.5% 55kwh Favorable
Example 13 17 - 42 59 55 7% +11% 1.4 ~ 1.7% 45kwh Favorable
Example 14 18 2.1 22 421 87 +12% +11% 1.9 ~ 23% 50kwh Favorable
Example 15 23 0.69 25 48.69 73 8% +15% 1.7 ~  2.3% 45kwh Favorable
Example 18 24 .97 75 | 98.97 47 +5% +8% 1.3 ~ 1.6% 35kwh Favorable
Example 17 | 53 1.4 - 544 B0 +10% 9% 1.6 ~ 2.6% 50kwh Favorable |
Example 18 57 48 45 150 40 7% +15% 1.5 ~ 2.3 55kwh Favorable
Example 19 70 31.5 | 447 146.2 41 8% +17% 1.6 21 50kwh Favorable
Example 20 | 69.8 50 30 149.8 45 8% |  +15% 16 24 55kwh | Favorable
Comparative 34 .
Example 3 1.5 120 40 161.5 Unrecrystallized +60% £25% 4.0 6.5% 150kwh Inferior
Comparative 15 .
Example 4 5.5 15 150 157 Unrecrystallized 150% +30% 5.2 7.5% 300kwh Inferior
Comparative 20 B "
. . 3 . ) % . ~ .79
Example 5 62.7 | 53.4 | 487 164.8 Unrecrystallized 150 % +25 4.1 6.7% 170kwh Inferior

[ooe2] (Example 9)

A raw material obtained by adding 3.2 mass ppm of tungsten, 67 mass
ppm of molybdenum and 2.4 mass ppm of niobium in a total additive amount of 72.6
20 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and

diameter of 200 mme. The crystal grain size 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,
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a material having a thickness of 120 mm and a di ameter of 130 mmy, and a
structure in which the average crystal grain size is 200 pm was obt ai ned.
Subsequently, this was subject to extend forging and upset forging at 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 treatnent again, a material having a thirckess/d2@ nm and
a dianeter 130 airily, and a structure in which the average crystal grain
size is d%teﬁnl‘hasmglattalcheebs ¢f0t2@311&msba|damet9r oft 10smungds asd 1§ Bectu® col d

rolling an stalllzatl n anneal i nd finish processing so
as to ob‘f‘é(YqH aﬁ"&é‘?gerﬂy fa"h%%? f‘?gﬂ% %t‘#s ionesgaof 10 mm and a di anet er
of 450drmﬁ) Subsequefihg taienagesublecsttal exgeral forgingeamd upbet fosgiggtatwas 50
pm and the variation of the crystal si ze 317(V

vari at i oiROBT tiRerRiyrR eRte egalﬂuﬁ%i sqﬂﬁ%ae%&ﬁ?a}wa? BeBmEerstoni 0 8u
The resuldsnat @ téﬁm%\élfbthr% Jreddo® - 15d00|Q6A$ aSieagle of I‘Ebeﬁhﬂ@forgmgl atdalne
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the filmthi %HU@E@? inIGE {Hecﬂe!ré(%e EN@ta‘FB% siz8 % $3@pREwES obltalriédl nt s on the
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As pbea) resul ts sBopequenttublitiis 3wagy pukinel yo eqkd follingr gadi BrrHalization

resi stange diisl bk Byys Rn gha fihfsR ot gé'slsudgfsé gekd obthirba tt:«?rg%t &%erfai RAvibd@

initial staeéoth tage 'of sputtering in th anple; that is, the
fibuct uatihmkness ohtd fnnh and Ialdtakmetes 064@@ i@t i on i s smal l. The

el ectrical energ ir t jol & rin
wes. 8l 5o measur oinaALe B st al o4, 8t Holer g 3Ry ST Bk} Bl the BRRIR e i n
Tabl e 3. oﬂ'flneScryb’QSigctﬁs sideonbent 1. Moeedugr nvaniation md, the eonéans riridyggsten,
(uniformt of the 95fi.l mwas favo to i nprove

t he qual 8?"9%@@&]9&?'8? "(‘ﬂ%wgﬁ‘ﬁ*c?@f -ﬁﬁo%gqlté(g?%ﬁ% alB\ee:S ™ A raw
mat Rpdspl oDt ai nesmxe thd dhagt Bsitarresdgpends bntthe G #nckr@ss Mnashstpmtlodiﬁ

nol ybdenum and 5.

ni ohi u tal addjt e 9.7
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beam nel gishsutian EohBitien EESthe afin mmée@as@emaumgmb $teveit rrgsmtahbe cKridss of
200 mm and di aneter of 200 . The ¢ ra n e.in tH?s se was
appr oxi naeiis,orstheriter was measur%ioeqa"ﬂﬁﬁt?é Bd%@tdﬁ){&atPBr 5% this
ingot or billet &g Er@%&@f@%ﬁ@%}vwﬁr Tfaﬂbllé 3Na§wa§|bmyecthet ﬂuémet‘mtc&ﬂ tHezat i on
annealing at a tenperature of a mater.i G§t@5]g¥o ng, a
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t ai ned.
distribution is small.

The electrical energy required up to the initial stabilization of sputtering

was also measured and showed 40 kWh, and decreased, as the results shown in

Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

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

ooes] (Example 10)

A raw material obtained by adding 3.7 mass ppm of tungsten, 0.9 mass

ppm of molybdenum and 5.1 mass ppm of niobium in a total additive amount of 9.7

mass ppm to tantalum having a purity of 99.998% was subject to electron beam

30 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.

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

22



Subsequently, this was subject to extend forging and upset forging at room
tenperature once again, and recrystallization annealing was performed
thereto again at a tenperature of 1400 to 1500 K. As a result of repeating
forging and heat Streatnent again, a material having a thickness 120 mm and
a dianmeter 130 inincp, and a structure in which the average crystal grain
size is 150 pm was obt ai ned. Subsequent |y, thi spenvamosuwbjiect to
cold rolling and recrystallization annealing at 1173 K, and finish

processi jAgyisiéh B dverady ystabgiladt gied |smmpmaha§1ebtamgda t hi ckness of 10 mm

and a di aneter of 450 10The a
was 95 pm and tREP nme OW'SoWaPh%J a?x%ﬂ({d??{g%@?%ﬁﬁgég%&rg'kg%egsggEt
variati opyoif tdnfisera@id 8Rte Qéalhuaﬂ@i@ﬂystﬂﬂimbﬂmﬁhmyiwas peiformedthenétohi n

12% The results are shown in Table 00671Si n th t
depends 20RIN 1986 af teMpefal Ekele 00 "t°h1>5Qﬂ Kt JP‘F l?tﬁeﬁﬂl:tu ﬁfeep[eﬁgng R%E{“gr%a @??’3223 in

f
Ee wa e{r?eﬁ;cﬂr?elg §Qﬁsép§%ﬁf?§§?“ﬁﬁda Erﬁcl&]@%klzbhﬂmléﬁu st diblietdrorBocendy,t i on of

e film Iy, the sheet resistance of 49 oi nts on the
vvaf er wasndraaductede fnovidiah $1e aresage erystah aERln 81284y 190 HEWaRPPEHIEAeof |

g esfgq%h:]esm ts S%%’Fe%dén?ﬁ“tﬁs waEV A68LH Yo &ﬂ@ Fdllh'@t %H' Pk taﬂui’éhon

ce distrib sheet 1I's snal 299 Tromthe
initial ammﬂng @t tihé3 énandtfiaiph wbcegsing 9 Eﬁ@o phtatrha éafﬁﬁhﬂ’ﬁﬁ!*a' badP9Ps, the

fluct uat ﬁ&? é{)??f(ﬁ‘lﬁl%é% &Mg@ oﬁggbﬁ}' but| onis small. The

electrlc e|n| stabilization of sputtering
was al so measur edheradesdgevmybtsngdaimslzanﬂthtetarwm 9&pm lvedrteg yptiioghown i n

T e L T
qu?glr It %’u ﬁf)ogltdgléggmaddamgg?nmﬁ iMthin 22% e reBxisngriesshbdn in Table 3. A raw
T Shti (oo oA hock SRl L ch B0 Dyophel P PO BOID o
g{ e(2:t7r gﬁéﬁ élzfn@nﬁgﬁ frﬁ&%@gﬁ? |thﬁthd1£\lva€lerpl41 2 tipichafs) Wad IB8amsd Sobpleark the
tlhi cknesgisffoution Qﬁ?ﬁﬂg'ﬁﬂ Qfdﬂ?aflﬁé‘t @Faésk@ggéggrt)o ‘}?WT{‘F@ %ﬁfgg ?'tsﬁ?'gﬁ\a“r? g”i ze in
this casg,asoR R WieRas meaztrdiMo calculate the standard deviation (o) thereof.
As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.3 to 3.2%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
20 distribution is small.
The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 80 kWh, and decreased, as the results shown in
Table 3. 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.
25 [ooes] (Example 11)
A raw material obtained by adding 11 mass ppm of tungsten and 16 mass
ppm of niobium (molybdenum was not added in this case) in a total additive amount
of 27 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
30 diameter of 200 mme. 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,
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.
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After performng extend forging to this ingot or billet at room
tenperature, this was subject to recrystalfization annealing at a
tenperature of 1500 K. As a result, a material having a thickness of 120 mm
and a diameter of 130 mmtp, arid a structure in which the average crystal
grain size is 200 pm was obtained. PClLIP201: 11063 Subsequent |y,
this was subject to extend forging and upset forging at rreofteNPeErat ure
once again, and recrystallization annealing was perforned thereto again at
a tenperature ofsddRquentlyl 308 Was Asibiect és eixtendf forgipe sandhgPsrigraie égd heat
treatment again, a material .havi a I Ck j 130
mg), ard@°% EMMFERHIECRGE mlg,@t}(ﬂ%C&(}Q@%@@%@g%%&gﬁfﬁggﬁgg o?thFf%% pm was
obt ai nedaqa{irogﬁgjtem&'mmttﬂmm, tot 1508 Kvaks aubjdtof tepeatitglfargingiang Rasd

recrystallization annealing at 1173 K, and,fjinish C i o]

obt a%/n dreaimgat a%@f‘e?i'ﬁﬁteﬁgl\/h%\dn%atW?%Rﬁ%%QEQWTOaﬁngaoﬁ%ﬁg{égﬂgr%m@@r 'of 450

rynp. . ?rhdastructuge. in VJRI% ?,\é?gh\,wggé:é?{/ﬁt:aagram Q‘ké\_isﬁmpmfv;ash/mtaiaeget was 92

m an e variation 100 e crystal grain size was 13%
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the filmt Istribution of the sheet resistance in the wafer
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shor t eni gEIdEoR WoRditiBn tdfniae Rifmethickepse sSpdaifivatlpr thet sheabfresiR@NES |0h4Ras
favorable, and it was possible to inprove.th | 4 iRt BEteptt er
déposi t i BANtavhine(wafghyPe ﬂ%sure&o gg?cu?atg\tped%aﬂfggg‘ré%&lﬁ%&(gf%ed tg'y addi ng
12 mass ppm of tuagENesditsd SHaeH PPMadile Nkl ghidenthym thed flugtuaties §fpticof

niobiumin a total additive anpunt of o, PRM.I o t.an ' a

purity ofesisianesdistibytian) ha sheptds é@?ﬁi‘%gﬁm (?@Frﬂ“ng’,e 'gﬁ' ﬁ%t%gé fﬂ%ﬁs&gast
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al” gr

The cryst In size 1h this case was approximtely 55 nm 30 After
per f or m miggtritnttionds Al ng to this ingot or billet at roomtenperature, this

S subject to regr Lizat i LP o e diti@rpeviniation affsplEeONK. As a
\r,%)sul t, a materi gﬁ‘%%%%‘gélaé'ﬁ%rgggﬁg@?&ofaﬁo E;nnland a di arretl%resﬁéwégg

rnng), anhsaalsd medsured ianditiowed: 6@ kKiVerangedesrpated. ag Ben'est
was obt aITna%Fe' 3. 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.

pm

[0071] (Example 12)
2b A raw material obtained by adding 12 mass ppm of tungsten, 1.5 mass

ppm of molybdenum and 18 mass ppm of niobium in a total additive amount of 31.5
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
30 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.

24



EV /1 P201 Subsequently, this was subject to extend forging and
upset forging at roomtenperature once again, and recrystallization

anneal ing was performed thereto again at a tenperature of 1400 to 1500 K
As a result of repeating forging and heat treatnent again, a material
having a thickness 120 nm and a dianeter 130 rnnmw, and a structure in which
the average crystal grain size is 130 pm was obtai ned. [ OOT7/20p010/063194
Subsequently, this was subject to cold rolling and recrystallijzation

anneal i ng at 1178uiéeqasntly ithissivapraabissitaextandatorgiog omichivasel forgine @t

mat eri al having a thickness .of 1 i Ry
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rreas_ured to check the distribution condition ? the filmthic B3
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to cal .C%r?{egliﬁ&%t ?W‘i‘ﬂ‘?‘%\ﬁ? RN rbesLsid) sd BSkeBbtain a target matehal hingng esul t s
shown in Table”3, ‘evidently, the fluctuation of the resistance distribution
in the sthisknessokthmm gnd @ dianetesof 499 BM®he initial stage to the end stage
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O et ekioni e Shoriut bag 24.0SIRKETRET B hfen LBhS 9%,
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s
and a structure in Ich“the average crystal grain size is 200 pm was
obt ai neddistribution is small.

20 The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 55 kWh, and decreased, as the results shown in
Table 3. 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.

[0074] (Example 13)

25 A raw material obtained by adding 17 mass ppm of tungsten and 42 mass
ppm of niobium (molybdenum was not added in this case) in a total additive amount
of 59 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.

30 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

25



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

Pd / F2C. 10/ 063194 room tenperature once again, and recrystallization

anneal ing was performed 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 nm and a dianeter 130 rnnp, and a structure in which
the average crystal grain size is 130 pmwas obtai ned, 5 pcow:251/063194
Subsequently, this was subject to cold rolling and recrystailization

anneal i ngoat tefibéRatlire amek Agaih sindrenostalizatios @nasaling was perormneadaihgesto

mat eri al having.a thickness, of 10 nd a di r.of 450 .
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iloi tial sibhibid wasivitbin off1 % plie esuitgaweshosinsio Tabksdr ed and showed 45 kWh,
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subject to electron beamneltjng, an IS, was cast to pr ) j.ngot
AAvi ng a thicknedg Be Jeylismsan nd|"aﬂ'\.§bgr S:1t9f 6‘26%“8@1' nth? gH(gtB%V%tao I{hgr ain
si ze in thiSaf@SAstBEtGP R Bei dRkeelyshAll (T to 1.7%) from tAbtiritialnstage tariheg
extend forging to this ingot or_billet at room ten&era&ure, , tgbs was
subj ect erd stageyatsnuttesng i this FxanIei ghat isa thestivsdyation & B HBJHICkNeSRs 4
result, ga i al ing a thickness of 120 mm and a di aneter of 130 mmtp,
and a stgﬁ'{ﬂg&]ﬁéﬁ %ns V\ﬂ}(ch t he average crystal grain size is 200

obt ai ned. The elediticajirnergy reduired Winto fisojndtl stabilzrtion ! ﬁeﬁg]?fwl@sand
e | CHPAIB R0 SIS SRR, 308 el sErHB bz aicr
Table 3. 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.
o771 (Example 14)
A raw material obtained by adding 18 mass ppm of tungsten, 2.1 mass
25 ppm of molybdenum and 22 mass ppm of niobium in a total additive amount of 42.1
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 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 mm¢, and a structure
in which the average crystal grain size is 200 ym was obtained.
Subsequently, this was subject to extend forging and upset forging at

room temperature once again, and recrystallization annealing was performed thereto
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again at a tenperature of 1400 to 1500 K. As a result of repeating forging
and heat treatnent again, a material having a thickness 120 mm and a

di aneter 130 mmy), and a structure in which the average crystal grain size
is 130 pmwas obtai ned. [Oon] Subsequently, this was subject to cold rolling
and recrystallization 5annealing at 1173 K, and finish processing so as to
obtain a target material having a thickness of 10 nmm and rar/dicamesser of 460
nmy. The average crystal grain size of the target was 87 pm and
the varizairnat @ftemb@rawrysifalmgrtau1r509|&eAsAaseslﬂp/of epeatineiorginaeindtiesh of the

content of tungsten, hdenum an obi u ults are
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depositio £ Vi ddlng
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ni obi um gigtriduti®rt abnditich tof \tee ditmuthicknéssd Bie@ificalys tpprﬁl'te@t registaneeoh49i ng a
purity or 99.998% s subject to .elect be was cast
to pr epaﬁ’%‘ntérmtﬁ deateas greastirdd tQﬁ:@Ecé’[ag t"?o%”h‘??’% S’Q%’t'oﬁgﬂ?)etbgt) f200 nrep.
The crystal graiAssihge rédulishsRowasi Wasleadpr evderityel the58uctmation of the

After performng extend forging to thi il

t Bnper at @sistanag; stiagtion iy t@gtshe@t Fe%’?‘?'i 59? %e&%bﬁ Sdn'#'%lgsq%ﬁg fo the

t enper at f RtHi€ $kainple3 Ahatéi rrmeemmuatrmvmgeanmhhckms of
120 m*na%ﬁddasejl Fﬁr%%gﬁegﬁélmolmnp pand 21 gtructure in which the average

crystal gistibatien Besmal. 200 pm was obt ai ned. Subsequently, this was

subj ect to exten bary ROt mi't%‘l’@tétﬂ%ﬁérﬁbﬂ"sﬁut@é?ﬁ@ again,
and recrystalli zg %8:'{1 é{:%elgﬁ?g %P?&fmr er@or med t hereto again at

t enper at wae aifo i@SUIEd arBﬂ)@theﬁksﬁoakW@s and Qﬂcrf?a@ﬁéaﬁﬁﬁbe frﬁﬁ“ﬂ'isnﬂ"oé{‘ﬁu'“heat
20 Table 3. 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.
0oso] (Example 15)
A raw material obtained by adding 23 mass ppm of tungsten, 0.69 mass
ppm of molybdenum and 25 mass ppm of niobium in a total additive amount of 48.69
25 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size 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,
30 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
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PC113. ,010,10V:tlf, treatnent again, a material having a thickness 120 nm
and a diameter 130 mmm), and a structure in which the average crystal grain
size is 130 pmwas obtained. [00611 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 nm and a di aneter
of 450 rnnmw. The average crystal grain size of whe:tianger was 73
pm and the variation of the crystal grain size was 8% Mbreover: variation
of the ampt@Bht 8faihuagasterial Maliyddethickness 120 orhandragiiaheter A 30595 ¢The

results are shown in 8 h
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Pt
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require 9= 1Al i zation 'of sputtering was al so neasured
and shovmdlyb&emm,andmnbhiwrvm\e@maé5?/dwé'hﬁé§%ull$saf§ﬁbﬁﬂ“l'mTq*&'SI?’e 3. Thus,
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i obi am ARacles ZPAGHER o JoS Z{ﬂm“tﬁrkﬁ?%%ﬁ“’&é@?"‘&%?@n@?g R o R ng 2
Fg” ty opoiR@ FHAB&OwSH Wu@mbutsd telcatiutate tHeestan @5 dreleviatign (@)ntdjetem‘s was cast
prepare an | n'g(s) ' th%a\fésnl.ﬂts SF\Q\}VS kmesise‘b% 32 0ewﬂtﬁ/ndthe fluctuation of the
resistance distribution in the sheet is small (1.7 to 2.3%) from the initial stage to the
15 end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 45 kWh, and decreased, as the results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

20 film was favorable, and it was possible to improve the quality of the sputter deposition.
[0os83] (Example 16)

A raw material obtained by adding 24 mass ppm of tungsten, 0.97 mass
ppm of molybdenum and 75 mass ppm of niobium in a total additive amount of 99.97
mass ppm to tantalum having a purity of 99.998% 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 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 mmo, and a structure

30 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
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
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di ameter of 200 mmw. The crystal grain size in this case was approximately
55 mMm After performng extend forging to this ingot or billet at
roomtenperature, this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, a material having a thickness of 120 nm
and a diameter of 130 rnmw, and a structure 30in which the average crystal
grain size is 200 pm was obt ai ned. Subsequent | yrcT/hIs/000a® subj ect
to extend forging and upset forging at roomtenperature once again, and
recryst adrd a strictoresinivedth thg avesagrecriystahgrairt $ize st R graiwasaebtaine@nper at ure of

10040, 1500 K SSoB B o6l LERCAR L SNGRN, BER kA RRIRRLn 20 .
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and recri{iokaess atd il %’P‘Fﬁ@éﬁ‘qrﬂ eéf’ﬁﬁd;@"i/@ and finish processing so as to )

optain a target & aiérd e*&&@télggrélntiiié*ﬂm&&aﬁy‘et SN&sﬁm |arlndaﬁd theavaatationof 450
ny. 6The average crystal grain size of the tar s

vari ati off b erietak gipdn sizegvas ritSsh. ZMOWeS%arﬁﬂg gﬁe C\?Qﬁ?‘éﬁf g“ngbsﬁer{ 'he

cont ent rﬂlﬁggpé‘ﬁg%%ﬂ H%|irhct€éw\WHﬁH¢8% aieUBE WRSareishBin in 8%pleThe results are

shown in 0085] Since the sheet resistance depends on.the film
t hi lotaaess, the dPiceitbeishest resistance slepends eritka Higr Higkneshdhqsfstibyiien

i nches) Wﬁ}beggsﬁ %’tlr tgn&-?qﬁkt NGafrS 2 Mitheen %éds@FboOftotcfHécf('ﬂh@

t hi ckness eet resistance of 49 points on the wafer was
reasur eddIB'(DIbGHd)mlobadIBOﬂ] loé the drlluathd:kdesa &ineasificaby, tiﬁe‘?*‘@@f resistance of 49a5 t he

results shown | t
i stri bURToN arHnerETeruds s it We Sipimatvilioh (6 BRG 2128 1o
Eﬂe ]?nfl stﬁgekof Asptlrtet eesulig ishowhi & ehlepie; evitiently sthet Alectaatian watihen of

e filmthickn I St b t g |
r equi r ed'S§p ?'Eetcﬁ%tnfl’H{j?q g\r §'ltjsa\"|[?% %P%m %fto s1p6u{° g??‘nthér%t'a ﬁqg J {r?gglgu(rager »
and showegld 3eagle W, spuitdrifg o &eis Ekamade; tthat isethe ﬂls:tsdrtmwnof the Tirb| thicByesthus,

besi des shortening t burn-in time, the evenness (uniformty) of the film
Was favo?'&Blbé't'o'?aﬁosmngas possible to inprove the quality of the sputter

deposition. 20 [ 9R8GledtfiecdBefyyldquired up to the initial stabilization of sputtering
was also measured and showed 35 kWh, and decreased, as the results shown in
Table 3. 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.
20 [oose} (Example 17)

A raw material obtained by adding 53 mass ppm of tungsten and 1.4
mass ppm of molybdenum (niobium was not added in this case) in a total additive
amount of 54.4 mass ppm to tantalum having a purity of 99.998% was subject to
electron beam melting, and this was cast to prepare an ingot having a thickness of

25 200 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,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure

30 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
treatment again, a material having a thickness 120 mm and a diameter 130 mmeo,
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A raw materi al obtained by adding 53 mass ppm of tungsten and 1,4 mass ppm
of nol ybdenum ( ni obi um was not added in this case) in a total additive
anount of 54.4 mass ppmto tantalum having a purity of 99.998% was subj ect
to electron beamnelting, and this was cast to prepare an ingot having a
thi ckness of 25 200 nm and diameter of 200 (lanp. The crystal grain size
in this case was approxinmtely 66 mm After percormiingesext end
forging to this ingot or billet at roomtenperature, this was subject to
recryst alrd  sfri@ireannEndt he Aieraye @pgtar graim sizofs TBOIMKas/dtainedsul t, a

mat eri al havi ng t hi ckn ss,of 120 and, a di anet.er 1 TVoati d a

st rlf8flur e 30i n mﬁvk&?%e vg}'%lg‘@a%%%ﬁt Efraﬁoi?asrl QEQ §I‘%O%% r%l[was gﬁt:t ai ned.
Subsequefidetiing Bt $178R, anPrigish pfr@ce%étngmd) atogbbitginaen thrgetanatefial lgivirg at room
t enper ature once agai n, and reC|ystaI i zation anneal i ng was perforned

t her et o thigknessael 4 MBh#RY AdiAnestst oMY 1500 K. As a result of repeating

forging and heatnﬁé 834 ABO nRGA JPainasi RS Ohk ahrgdRWa8 B0 haiek researkBin mm and
a dianeter 130 my, ﬁ?? 3€el o adrzamalstructurrgJ i na Oap h e avere{ e %rystal
ag

grai n sioféhé srysB0 grain wize Vmﬁhm%dMo[@GB'?l’a“@LHﬁ%de@ﬁPPS‘?” P94 bj ect
to col d Lol bhod, AW AN $b9) Thedbifia BURakANITAbIBL7S K and finish

processing’so as to target material having a thickness of 10 mm
andpoaessdi arret er 08in¢&dheraheet reS|stance dengn@g/@m hyefiler &g;qkapsgrta? qistibitiogs t he

target vgsy20 sRELt A0ehiEe AT B! WafkrOl12! EHBLY ! nilBUMLS kS CeBR the k.

Mor eovers; con of tungsten and nol ybdenum was w t hi
9% The dleﬁlbhﬁm aopdiitrowfh the fTratthe:kBessV\M&Cﬁce”)t Hbe stheet resisipaeen At 49 depends

on the filmthickne t he di stri.but t
oat e ( 19SS Walk was fiPsti S ShlsR eI’ A dE ey BRon ROARERALT Lol e
IMIB.:‘ (r:rt hi ckness. Rgetef |r§?1l|ﬂslyshbdvehmhé‘ebler &i stidently, dhe4fugioations opnthehe
was neasure o.calc
he the r@shiareeuiasicn roperset Busrmahlts ' 2t Phibtlshflar S RLthe
resi stanggy Qia’@bréfmﬁu'tt@ﬂn h the E&bﬁﬂe ahat i61the fuct@ateM) offthefilrh Heickmessi al

stage to the end sta sputtering in this Exanple; that is, the
flbuct uat digtibgtion ﬁesm%l m t hi ckness 15distribution is small.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 50 kWh, and decreased, as the results shown in
Table 3. 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.

20 [oosg] (Example 18)

A raw material obtained by adding 57 mass ppm of tungsten, 48 mass
ppm of molybdenum and 45 mass ppm of niobium in a total additive amount of 150
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and

25 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,
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.

30 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 mmae,
and a structure in which the average crystal grain size is 100 um was obtained.
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The electrical energy required up to the initial stabilization of
sputtering was al so neasured and showed 50 kWh, and decreased, as the
results shown in Table 3. Thus, besides shortening the burn-in tinme, the
evenness (uniformty) of the filmwas favorable, and it was possible to
inprove the quality of the sputter deposition. 20 room (Exanpl e 18)

A raw mat eri al obtained by adding 57 mass ppm of tungsterfCT/#801aSE4ppm of
mol ybdenum and 45 mass pprn of niobiumin a total additive ampunt of 150
MasgoRPM t 0 t ant @libsaganily)gtds puas tsubjdct 9@, FoBborakieg sarg eeervetallizpdet r on
beam nmel ti ng, and ]S was.cast to _pr r n. apg’)é/ti t by ss of
200 nm aﬁﬂﬁ‘egg’lﬂ a%{i}‘r Ro?néaﬁlsﬁ\pmfﬁsgl?ﬁ%%c%y@t% tgg?&af n siﬁz?gtelﬁ?]l r'E:":]r\llim.gln%ase was
appr oxi Wﬁfgﬁllw?fss%‘? 10hm and a diametéf dfes50penfer mi ng extend forging to this
ingot or billet at roomte rature, t was su t to J4hzation
anneal i ng at a t Bipayerege &nstal t5pp sze &fstﬁg t?@?ﬁ?”?{s%g) ”n@t %rﬁcl?gfey a{%:“lr)lg a

thi cknesg ¢ dpQaBieAldi-2 #habervefeoldn vaation andna cobteat blitengstenahi ch

t he average crysta

grain size is 200 p%vvas Lﬂét ai nEd. 30§%§%quentl y, this
was subjelybeenn eeddigiigiwRs WiHN 3@ TNEIgTHY 2¢ SPIEh™ rature once
agﬁfg&n] and recryﬁiﬁ;gé'thé?@é&r}e'sief&rﬁ@éldbasnd@&nwﬁlmmnbbe,rtaé distgaitionat a
tenperature of 1 to 00 K. As a result of repeatlna fOI’é]I r@ﬁgr}g heat
treat menof Hgaisheeta resistencenlin hhei wgfes (7 ahess Weso MARsHIRY &0 diNgFetBF 130
nrncp, apd . i&n | i S IRARIRANS AL hedt FesidtaRcd of 200 pm
was obt a‘i"gté'gyﬁ&{?éﬁ%@@%fglt@%é@géfh%grr‘%éﬁse ug%tél)s, t hi s was SEb' ect to cold
nol | i ng poidtsreecthgstadel was tiessuedie saloulpte thestandaed dgnigtien (7 etﬁo cessing so
as to obtain a targgt i Vi n thic findO MHh afdihanet er
of 450 nrrap. As e 'FB%Lﬁté gb%‘&@gfg g-ra?/!set ?I’ g‘?g‘?’ﬁ'@i@é g?&.ﬂtjhe target was 40
pm and idaRtarael distribotiaf irt the shepgstsadmali 6.5 te 2R nHeM7the ilbaledads to Wgri ati on
of the content of tungsten, nolybdenu o SofWhE i .Ehe
resul ts 8% SEL6H %Rﬁ"&gméﬁ&'s Bwe'qﬁ@é eh@Jésll%rgeﬂgtﬁ ?f\év}s‘%gitlrgr}%@{%%spends on
the fil mykhibokoesssmalhe distribution of the sheet resistance in the wafer

12 inches) was neasured to check the distribution AdL T film
'Elﬁi ckness. ) speci flNe Ale§Hrica! Rhesdhe auTed; W éPnhbe '(S'ft%@%%%(%ﬁé{?s%f ghut:teﬂg\gmf er
Wﬁs masﬁé?%lé&n@s@k&dﬁé@d tsRewed BHAR, deuidbcreaseiaps ttheresilts shown in - As
the resu

ts shown in Table 3, evidently, the f|luctuation of the resjstance
di stri buTalbla 3. Mhusebesides shartaniag the ?‘.‘%‘"f‘&_‘“’z‘?'ébﬁ e?’?'a'?ﬁstsh@nlf?{h'ﬁ&o?ﬁeage to
the end ﬁﬁggﬁ?gvcﬁ&gé’tiﬁ{d Eg,agrboggibre BXRPRIVE; the @blity of tHdwputlendepadiiam of
mthickness distri

the fil ution is small. 5The electrical energy required
up tooezt héExamplé 4P) st abi | i zati on of sputtering
20 A raw material obtained by adding 70 mass ppm of tungsten, 31.5 mass

ppm of molybdenum and 44.7 mass ppm of niobium in a total additive amount of
146.2 mass ppm to tantalum having a purity of 99.998% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 55 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 mme,
and a structure in which the average crystal grain size is 100 ym was obtained.
[0093] Subsequently, this was subject to cold rolling and recrystallization

31



was al so neasured and showed 55 kWh, and decreased, as the results shown in
Tabl e 3. Thus, besides shortening the burn-in tinme, the evenness
(uniformty) of the filmwas favorable, and it was possible to inprove the
quality of the sputter deposition. [0092) (Exanple 19) 20A raw nateri al
obtai ned by adding 70 mass ppm of tungsten, 31.5 nmass ppm of nol ybdenum and
44.7 mass ppmof niobiumin a total additive anmount of 1461/Z2me8S1Ppmto
tantal um having a purity of 99.998% was subject to el ectron beam nelting,
and t hi s;RsiicAst 11718 Rl sR@fiisAprodgeingrsavasty abtaini atengstgnaieriadmviig and

di aneter of 2 . The cr}/stal 8{%@ size in this case was approxi mately
55 nm 2bickpegsedf foRid AGlaEngteh 'MWy to this ingot or billet at room

tenperature, thi ghél‘@\?‘erﬁggj&fsttaltg?aih%iie’ﬁﬁthbkzl@?e't s aringr| amdthet vagiation
tenperature of 1500 K.

aresult, a material hayi a thi 120 nm
and a diefnbeesrygitl 4B Hizgowaatd % MPF‘?SE’?Dr‘@”iahO \féﬁgtc]qg%eg\i/éfag (t:ér?{}stal
? ain Sirﬁgp&ﬁem a‘?ﬁ‘dﬁ@rﬁurﬂ% | 8N £17%. The resifislreguewhliy Tablbids was subj ect

ext end PoOrging and upset forging at roomtenperature once again, and
recpyst al | i zat i o8inaarkeakheef raaistanes fdepapads Pﬂéﬁ%ﬁ'ﬂ‘ H’@‘gﬁnﬁsﬁgﬁ% dfsgrﬂﬂ'g'PQt ure of
1400 to 0 K i tin Ofhel U439 | RghsPMebdserdd 6 edtiemknheagai n,
a mat eri%f?n%ﬁhﬁétségﬁ'%t%gne'gs{hfzgaﬁ gr?g li&%igza%} er 130 rnnp, and 3
st r uct ur @isiributién conditien ax ehadémcthickness. grraaifically ethp sShegd 'SHYRA 86A3i ned.

(00931Subsequent |y, .this was j i nectierdonl | 1 zati on
(.17, 1T2®@0&0&%§z¥"%{ﬁh‘83‘f F}?ﬁsgtgyf?%"@%tgg@j ?t?ﬁ#ésﬂﬁq%rv %@ggs(i@fn so.as to
gbtain a target mgteid absdtavishgwa rhiTabiesy evidantymihanfuguaiote ef"eof 450
mr . p. _ ... Ihe ayerage, crystal, grai ' the it 41
pm and fasistange dirGHI I %%?éfsa maﬁ‘é]ﬁ tgizr;e%}/\ggmg{t}oe 'ﬁ}g?l_e%égfto ﬁi ation
of the CRYRRIgeObf SHINEHRGTN RS hRa U bisd the Btuationes thetfmHhiEkogSsThe

h
results are shown in Table 3. (00941 Since the sheet resistance depends on
the fil ndishibskinedsSmehe distribution of the sheet resistance in the wafer

(12 inches) was RBasdlE&flcalCerrdies eduheddifsta iHmitrit stabiltiationf shutternd i | m

t hi ckness. Specifically, the sheet resistance of 49 point er was
nsasur edwas ajsd mﬂ@tuaéec{ ped shawedr 3P U\é\(sh’ o‘gecﬁ'ﬁase[dhﬁgeth? .rgiﬁ{}. %@%
results i ahl.e: i lte bUREINf trdétthatdvenneds tunfomeity) sif dime e

di stri buﬁ?ggn?'nm%é%ﬁlgg? sﬁghgﬁgégtw? 16 10 2. 1(@{;; om.the initial fyRoe, to
the end $tragasdavarpbiet and fgvasrpassible PiaRsPe theriualityor the, 8Pytiey dERFTIN ™ o
the film hickln distribution is small. The el ectri cal
enef§P! r %’&T'P%S to the initial stabilization of sputteri n%wwjﬁ%was al so
measured and showeeavb@natsiial alainele by casising, 6X8 mas PR AT UGS Me%8bl e 3.

Tzhous, besbipﬂwegf %BR/B%SH&m”%n%% RUEDpbAh &f HiBbiut R LENBEEVE dRiduat 61 149.80f the
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 55 mm.

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

Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
30 again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,

and a structure in which the average crystal grain size is 100 ym was obtained.
[00986] 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
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filmwas favorable, and it was possible to inprove the quality of the
sputter deposition. [0095] (Exanple 20) A raw material obtained
by addi ng 69.8 mass ppm of tungsten, 50 nass pprn of nolybdenum and 30 nass
ppm of niobiumin a total additive anmount of 149.8 nmass ppmto tantal um
having a purity of 99.998% was subject to el ectron beamnelting, and this
was cast to prepare an ingot having a thickness of 200 mmrancodvanet er of
200 m?. The crystal grain size in this case was approxi mtely 55 nmm

Aft er petHicknessof eXhrenadni erdiamgter of 460 ssmapgot or billet at room

tenperature, thi subj ect, to recrys zat.i on neaI|

tenperature of 13-58 qxerqg;l %{V?%@Qﬂat“ sig ﬁtﬂkﬁr{aéﬁie%ﬁ? FH??Q%&%@‘““P 120 mm
and a di @ﬂﬁ{eebrz/@fal Bp&ini e w’a@diG%SMdu@é\WrevanihtidﬁldfflhéhﬁmwﬁrcﬁgengstglstaI
grain S|ze|s 00 pm was, obt ai ned
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1400 to 1500 K. As a result of repeating forging heat tremnt agai n,
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structur Elsirﬂ)u‘ﬂ’gh %nﬁnlgnadf%@%mcfh‘ﬁﬁ(hégs a8 d?flc"“a'llfe h'ﬁssﬂéé@ B i4Rse Pl ned.

(00961Subsequent |'y was subject to co recrystallization
anneal i nqolats aite w«afeawasmeasyreqotom&atﬁgh% étaaéafﬂdigwtlﬁﬂﬁohtﬂeéﬁcéet

matert ol having 4g B |LLAGIONARACH PAAKIESSGEadP R AlEhASH elE o

aver age cr he target was 45 pm
dand the mstarhca)dlstvi’outmlelrcﬁmmaletgiarlnall $1 5dov@a45%>5¢fm1\/tb\eeomarstagaft¢ te on of

h 0,
are showt s B Ehso gl SEHRE Pl RUERH arg A ickRes 2he ' ©

fil 21 t)hi dlsﬂﬁmﬂonﬁ.hsmdilst ribution of the sheet resistance in the wafer (12

i nches) was neasyred to .c t he di.st,ri buti.on. condtlon of

t hi ckness, Speci Hjhéa?'FSﬁ”c{’]rFé‘eé%é‘?qLP@& bl g‘ﬁ&e H’f't'ajlﬁ’ RN (?&l%(laHéé'{/{@f er was
measur edm@ #16d %éa%hﬁed hﬁd shondarsh dew, @indoclfec(reéseﬁhesetbé results shown in As t he
results shown in evi dent |

t he f | uct.pat i f th
diost ri but'PBlg ¥ nTrtLﬁe b§ﬁ'€@? sharteryag Iﬂ¥? ?U%‘elf‘c}"ggiﬁ? e'lvgarhqos(sh@n?ﬂrnﬁfy;lotf grlnage to
the end gihag@s %voﬁiw&-t £hd R%aks'pdsbibfe @ﬁﬁq@sﬁm the kralitly Sf tl’ié"@pdtle'd@ép@éllldm of

the filmthickness distribution is smal he el ectrical energy
reqiﬁ0$8éd(QR§“I?Qfat'YféEP<W“P|ea3 stabili zati on of sputteri ng was al so measur ed
and showed 55 kW, a‘?@rﬁ{ r &

Thus, besi des shortenl n %ﬁ%ﬁﬁ’ed By aHBﬁ‘lg F8tha ﬁ,ﬁ\m tirfysten, 1230

urn-in t he evenness (uniform ) of the
fi | m was ppanvafrablyederamal and mamsmmf @'QQHJmthﬁdqfél agditivampu gt fo16>t/

sputter genasiihaB- tahfRR] ndviRTBaHt \6F 9oG98% Gwal 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 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,
25 a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
in which the average crystal grain size is 200 ym was obtained.

Subsequently, this was subject to extend forging and upset forging at
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 20 mm¢, and
a structure in which the average crystal grain size is 100 pm was obtained.

[0099] 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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A raw materi al obtained by adding 1.5 mass ppm of tungsten, 120 mass ppm of
nol ybdenum and 40 nass ppm of niobiumin a total additive anmount of 161,5
20 mass ppmto tantalum having a purity of 99.998% was subject to el ectron
beam nelting, and this was cast to prepare an ingot having a thickness of
200 mm and di aneter of 200 runp. The crystal grain size in this case was
approxi mately 60 nm After perform ng extend fanrgbag/dsod his
ingot or billet at roomtenperature, this was subject to recrystallization
anneal i ng the MiddeAed dstveerofadiusiéd Ko adsieve thestdlibwirg awrege alyste\graig a

Lne. aver 858 2%, eiaIcg Gerpds DU e K600 S dmell Rial, fO BESBE th it of

Subs equegbhipardtive SEX#RSHIE UbhE €e b%@éé%ﬁbtél%@lmgz@mﬁ thip sayef wagBﬁgumt room
temperature once again, and recrystallizatio eal i ngpﬁaz\nﬁer or.ned

thereto ﬁ@fﬂﬂﬁ”ﬁtunéﬁqrbﬁﬁ@?% BP@'OBF) PRdoarigtiam, ‘9@5 & B?r'a}tlgﬁeat i ng
f@f gi ng éﬁﬁ&ééﬁteﬁ{ Sfiidiﬁ%enagﬁbl?bd@ndmtaﬁal ﬁbbltlﬁwiag L2590 Theessultb28rer ri m

a dianeter 20 nmw, and a structure in which the average crystal grain
SI ze is gloolaﬁwsb\a\sn@bfablﬂéd [ 0099] Subsequently: this was subject to cold

rol lifg and recrygtaihlbzg é%sf’éwﬁ%‘d nd@'&ﬂ tﬁé ﬂlﬁ&.%@%@&%r&tﬁm@a to

obt BN a target material having a th| kness of 10 mm and a di aneter of 450
mrup, Cof dlhewrﬂ’rieehgeaatanceclnyﬁmwafqraﬂ%nn%éaﬂaﬁﬁg“em@ég ¢hesko¥®194 in

the m ddlggt@Hﬂ b }1% ftish o tatﬂb%ﬁrtneﬁg (%?l{eezf |ctahg fchglé qgs@féﬁ&é‘%@ 4gryst al

grain si éreof ore j ust ment was not
possi bl epoints dri $reGaarpawas imeaskbrahiol calcwatd tmmetaadmdayﬂlatlppéohthGWJ n size of

the target was 34 pm (incl udi unrecr r §icO arj.ation
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25 diameter of 200 mme. The crystal grain size in this case was approximately 20 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 pm was obtained.

30 Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,

and a structure in which the average crystal grain size is 100 pm was obtained.
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approxi mately 20 mm After performng extend forging to this
ingot or billet at roomtenperature, this was subject to recrotallization
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was i nferior, J(Hé ggm ame toS i nprove the tﬂual i tn)é zﬁsot he sputter

deposi ti ovas {El@qme]as(,l@ﬂm alncpw@d QQ@MI@ agfi increased, as the resu shown

20 in Table 3. Thus, it was not possible to shorten the burn-in time, the evenness
(uniformity) of the film was inferior, and it was not possible to improve the quality of
the sputter deposition.

{0104) (Comparative Example 5)
A raw material obtained by adding 62.7 mass ppm of tungsten, 53.4 mass

25 ppm of molybdenum and 48.7 mass ppm of niobium in a total additive amount of
164.8 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm ¢ . The crystal grain size in this case was approximately 20 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 ym 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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35 This the sp@nsiidéposidono be a result of the segr egation of tungsten,

nol ybdenum and bi um and di scav e t e 0,

excd¥8llve tungstre\N?‘eHDT“)'/’Ea@ﬁ'urﬂqo&ﬁaer?ﬂerlaﬂﬁ] b{Y devg‘%rrga ?&i&] b t%n&flum
having a purity of 99.998% in a total additive amount exceeding 150 mass ppm, the
crystal grain size suddenly coarsened and the variation increased, and variation of
the content of tungsten, niobium, and molybdenum content also became prominent.

30 This is considered to be a result of the segregation of tungsten,

molybdenum, and niobium, and it was discovered that the addition of excessive

tungsten, molybdenum, and niobium is undesirable.
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PC1i 3P2010/ 1601 | NDUSTRI AL APPLI CABLI LI TY [01081 The present
invention yields a superior effect of being able to provide a high purity
tantal um sputtering target conprising a uniformand fine structure and 5
whi ch yields stable plasnma and superior filmevenness (uniformty) by
containing 1 mass ppmor nore and 100 nass ppmor |less of tungsten as an
essential conponent, and having a purity of 99.998% or norce/Jexeloidiing
tungsten and gas conponents. Moreover, since the plasma stabilization
during sputtering can al so INDUSERIALAPPHICARBLILINYt i al stage of sputtering,
t he {)resent invention additionally yields the effect of being 10 able to
shoPt®h the burn-in time. Thus, the target  of fgfshc? present i nv n%'é’é“ is
useful in the el &be peesent ifveatian vikis A SUPSHPNETRCT o PEINGLFPIR (7 ?’5 \{'e for
form ng fi f r SBrstistAd aUiri®r@r addfing ngrublre ised fil ns.
PCI | TP20 '@%@g%@ﬂﬁﬁhﬁéﬁggmﬁsﬁt %la unﬁn"[?nssgﬁug{teri ng target. containi ng 10
mass pprwhish yielde staide pEGressd mupeder filessvasmess (BRHASH xgbwa%w}ﬂi al
conponent, and havin i 9 | didieAhl con@ahent, and
gas conpBiRERPEM OfFno ﬁ‘ﬁ@ %sgkgﬁf%ﬁg%ﬁﬁgpgﬁéﬁggﬁﬁﬁ% ng 10%33 ppm or
more andafd haRBy PROTG of 88998% bungse exclagingriuagyentand] IR RPYARMRNS and

having a purity of 99.998% or re.,. i | i ents.
5 the. + MAvaRiah Spe e rame S AEE GV SR TR e b Bz e P e S
vari ati ot stdi dfupaiskeng anateedenit vehton adgibonally ields dhe pEeg.of beingThe

tantal um sputtering target. according,to, an I 1t rein
an aver aQB’%P;ﬁ@P&P"&P%PﬁF%‘P @?'sﬂﬁot%ﬁa éflogg'gg BFegghﬁlhg@ ?tgaor?tlglugﬁiu
sputteri pg LRLBShicaGRM, dhaticliarng asi Mtdigetseitatla foaforatingiillos of kempigist al
grain size is 20%or less. 6. The tan*,gl}um sputtering target according to
claim 1 ehapesaforming cilGUtser FRBHRAPATRE ™Y 0 100 mass ppm of nol ybdenum
and/ or niobium excluding O nmass ppmthereof, wherein the total content of
tungsten, nol ybdenum and niobiumis 1 mass ppmor nore and 150 nass ppm or
| ess, and wherein the purity excluding tungsten, nolybdenum niobium and
gas conponents is 99.998% or nore. 7. The tantalum sputtering target
according to claim®6, further containing 10 mass ppm or nore and 100 nass
ppm or | ess of nol ybdenum and/ or ni obi um
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8. The tantal um sputtering target according to claim®6, further containing
10 mass ppmor nore and 50 nass ppm or |ess of nol ybdenum and/ or ni obi um

9. The tantalum sputtering target according to any one of clains 6 to 8,
wherein variation of content of tungsten, nolybdenum and neabjrenm/iossidshe
target is 20%or less. 10. The tantalum sputtering target according to any
one of clains 6 to 9, wherein an avE€LAgdScrystal grain size is 120 pm or
less. 11. The tantalum sputtering target according to claim 10, wherein
variation of the crystal grain size is 20%or |ess.

L. A tantalum sputtering target containing 10 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components.

2. A tantalum sputtering target containing 10 mass ppm or more and 50
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components.

3. The tantalum sputtering target according to claim 1 or claim 2, wherein
variation of the tungsten content in the target is £20% or less.

4, The tantalum sputtering target according to any one of claims 1 to 3,
wherein an average crystal grain size is 120 pm or less.

3 The tantalum sputtering target according to claim 4, wherein variation of
the crystal grain size is +20% or less.

6. The tantalum sputtering target according to claim 1 or claim 2, further
containing 0 to 100 mass ppm of molybdenum and/or niobium, excluding 0 mass
ppm thereof, wherein the total content of tungsten, molybdenum and niobium is 1
mass ppm or more and 150 mass ppm or less, and wherein the purity excluding
tungsten, molybdenum, niobium and gas components is 99.998% or more.

7. The tantalum sputtering target according to claim 6, further containing 10
mass ppm or more and 100 mass ppm or less of molybdenum and/or niobium.

8. The tantalum sputtering target according to claim 6, further containing 10
mass ppm or more and 50 mass ppm or less of molybdenum and/or niobium.

9. The tantalum sputtering target according to any one of claims 6 to 8,
wherein variation of content of tungsten, molybdenum and niobium in the target is
1+20% or less.

10. The tantalum sputtering target according to any one of claims 6 to 9,
wherein an average crystal grain size is 120 pm or less.

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

the crystal grain size is £20% or less.
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