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PCVP20101063193 DESCRI PTI ON TANTALUM SPUTTERI NG TARGET TECHNI CAL FI ELD

[ 0001] The present invention relates to a high purity tantal um
sputtering target that has a uniformand fine structure and which yields
stabl e plasma and superior film evenness in other words PQ]HP?‘BP’Pﬁ?’ﬂ?P Not e
that, the generic termof "high purlt?/ tantalum will be used in the
present specification, since t h@BEBGRIPUAN y tantal um according to the
present invention contains (is added wi t h) nol ybdenum and ni obi um as
needed, and the additive amount of these elenents is small. BACKGROUND ART
15 [0002] _ | N TReCENLU VESPET TERINSPUARSETIg met hod for fornming a
filmfrommterials such as nmetal or ceram cs has been used in nunmerous
fields such as el ectronics, corrosion resistant materials and ornanents,

. catalysts, as well as in the rrg%l%_@ﬁéwl_q: @i peut ting/ polishing materials and

abrasion resistant materials. ough the sputtering nmethod itself is a
webd)- known in the foregoing fields, recently, particularly in the

el ectroni cs fighd, r?séﬁﬂﬂ'mleHﬁbﬁFPé'lraR%r tdd Kigh qRlrity tattahine dpattefiog namnet il ns

of conpl ex shapes, tormng circuits or formng barrier filnms is in_demand.
[ 0003]tkerieasah lupjfotrhiandt faet wmum@argéwhi® bE@éL&ﬁ@@eWWf@ﬁ@é‘ﬁWet”Hé filvot "

for gl and annea at t eat.me | &t

perfo eﬁaeg{, et Pg??rb\é(glﬁ ! %@'tgndﬁadgs$aﬁg 885 %ttgmm&ﬁ a mat elt?y
and t hgﬁ%ﬁfrﬁer\/vlip‘%fef 9%8&1 ne thel bicrentrgetificatidn, psmceilse rgls (it damtakimani cal
processi ng and polishing thereto. In this ki ndhaa pr oduct i on

pr ocesagcotding htet ther pliesgnpenyestiand coptaime ishpstdesy With)| & elnqusf’P%y t he
; 3?{ hﬁlé@ﬁhﬁé? peéd% er Sae Ph%&@d mo% Egﬁtﬁgﬁﬁeﬁ@ﬂtﬁg%ﬁ%lﬁgat i ons, and, by

|za Fon w occur, ~and the densification
_?_Rd stlrength gf t he structure can be inproved to a certain degree.
e nolten and cast ingot or billet ra%é has a crystal grain size of
50 mmor nore. As a result of BAfp @@‘%QS'D[ )ﬁngot or billet to hot forging
a[bg?ﬁ ecrystallization annealing, the cast structure is destroyed and

uhitorm and 1 ne gcent years, the sputtering method for forming a film from materials
such as metal or ceramics has been used in numerous fields such as electronics,
corrosion resistant materials and ornaments, catalysts, as well as in the manufacture
of cutting/polishing materials and abrasion resistant materials.

Although the sputtering method itself is a well-known in the foregoing
fields, recently, particularly in the electronics field, a tantalum sputtering target
suitable for forming films of complex shapes, forming circuits or forming barrier films
is in demand.

[0003] Generally, this tantalum target is produced by repeating the hot forging
and annealing (heat treatment) of an ingot or billet formed by performing electron
beam melting and casting to a tantalum raw material, and thereafter performing
rolling and finish processing such as mechanical processing and polishing thereto.

In this kind of production process, the hot forging performed to the ingot

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

30 segregations, and, by further annealing this, recrystallization will occur, and the

densification and strength of the structure can be improved to a certain degree.
The molten and cast ingot or billet generally has a crystal grain size of 50
mm or more. As a result of subjecting the ingot or billet to hot forging and

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



PCTI JP2010/ 063193 pmor |ess) crystal grains as a whol e can be obtai ned.

[ 0004] Meanwhi l e, if sputtering is to be perfornmed using a target produced
as described above, it is said that the recrystallized structure of the
target becones even finer and nore uniform nore unifor mREERFBHITEPBMOT s
possible with a target in which the crystal orientation is aligned toward a
speci fintodieser tiystal gagids @sfa imole ¢dn bewbtained.at i on of arcing and particles

d stabl h teristij b bt ai . . i
Bhken to achi SVESEWhIRel SvGeR0 s IR bR PERRY<ising 2 EBETlERBlag "
al i gnigRAciksy Shyw & is Ui HA S Fedrpallided skDeiré of tl taegét setonted deen

production process of the target (refer to Patent Docunent 1 and Patent
Documéiner apd niore Jrodom] maverisdiesn, deposiiondedorsibie withia iweetip WHCh Higet for

formn TaN fjl.mto be. used,as arrief. | y i1k NGt | whi ch
i's obtcgfs?ﬂl%ld °5'§nta6'ﬁpai'§1i @”8?’06‘1""?@ %Osﬁgg{ﬂgf aﬁﬁ&é H&rr%ﬂ&é%@b:t%@a@ng Ag,
AU angcllrfonadt RERGRIHA PaNIcRS vl Stablestrairae@ridiiccban he abkeinedt eri sti cs,
causing the total anount of F Ni , , Si i

f Fe Cr A, Na, and K as inpur.it
el enents to beM@eeuqgsmrgbe!r@stgke@mmwﬁga finer g B’l.?rr?_t"'{/"qu_én ir?lcrgﬁ?@ﬁe‘%/he
56, 95 SeReS oty ARid Ak B RATBricTBON oy TENbFodife Wifghtion | HEMENIE of

o

99. 99 ent en review ng
t hese prad @ition[R6ewbfthe targee (refer o Paitert IDsuneertd arvkPeafeinéBlocomenhs).
i nclusion of a specific elenent realizi, a.fin t ructur t heyr eby

10 gpedi | i zi ng t hMOW%%d'SQl?SF%%FF‘HQ%ipé'GFygT?Q?rglsﬁ%rﬁPrW@u%ﬁﬁﬁp @”1 ﬂ’c*ﬁegases
the di i LADSing ¥iirAdehiBs iBbiaiidd by 88hfEMing MO0 td0P0 an
el emn@gaga{#%bg%gé%%jﬁn-gcgqp@ggwrﬂg@hlggﬁ?gwﬂ% a% el emalpl sel ect ed anong
Ag, AppanchfCan i glementrseledtedfardof 1Ag,0AR0aRH U HsveetlemeHcRaving eifdi ti ve
elenment is a trace anpunt,

I it .is considered, tha I Ry rQb of

di f fi Gustanes disgNaLes FaterierslRt &aUSKighe O?déf*iog‘}“cg%(ﬁleyﬁd\a/%ﬁisgt}is‘gmaf 25
AS shopy '5” g %E@rité/ 8ferRais Nt B aBERm3or [de, iand! wsihgra bighapurityt Sadh | vi o,
W CGe, an %:o IS respectively tolerable at |ess than 10\/\}0 m . 20 m .10

15 ppm  awiich GhepaiueTihtsingddnesaticting sushi MRty PERMEHS &h éFﬁBhW@ ﬁaﬁgﬁ 9fs 1ess
than 5 m Accordingl { bed above, al though Patent
Docunegﬁ)ﬁ'ggtc&lgéga%gy%ye‘%ratﬁsl?%axirh@é?%?gré%munt of Fe, N\, Cr, Si, A, Na,
and K as i mpuriypereh&Bnig tieseeratent I6cuppentsr therssis rmdiaciisuge dolhgh

purity Ta in which the value obtained by subtractin uch i npuri | enent s
i s wi teffact tafigheadnglision 99 agspefi ¢leynent, realigRg) 6v®eglﬁimqur8fng?%éﬁé@ﬁxal

purity tfﬁﬁﬁk'ﬁgﬁﬁéﬁﬁ%ﬁ% erates) 99.99% This is a level that is

| over % high purity tantalum and it is strongly assuned
20}5&;@6] t he char apetidusaig sPafenhiitupueitt § ineneaatsithe alischarpe ampuitzela pCTI J
20’

V0200008 beslippanenfnBsuaREATOIT 06 i enenkgp 8, G687 FET bl B AR nen
3] Jag&ﬂﬁ@’é@’%ﬁiﬁ%@ggﬁﬁé%@d“%opﬁﬁgtAepmﬂt:iuom N0 a0 -HA9681 B S0LOSURE

OF TH bj ect of the present invention is to
provi dgpra. Magveveur singet thet additive @lerment rsgat tsaggeBMasibr it 95 r@naidened 3hah and

e S A Y S Samb R R A0 T B R AR e

osspecific el emenis shown in Table 1 of Patent Document 3, the inclusion of amounts of
Mo, W, Ge, and Co is respectively tolerable at less than 10 ppm, 20 ppm, 10 ppm,

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

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

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

is strongly assumed that the characteristics of high purity tantalum cannot be utilized.
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[00101In order to achieve the foregoing object, the present inventors

di scovered that it is possible to obtain a high purity tantalum sputtering
target conprising a uniformand fine structure and which yields stable
plasma and superior filmevenness (uniformty) by maint aiPGTAEO!KESSISgh
purity of tantalumand adding a specific elenent. Based on the foregoing
goct dPatent Ddreinperdsid Rubilished t/apangseVianstation1gf VWQ2002a% 18R%put t eri ng t ar get

cont aj ni.n mass ronore. a | f [ vbd
conenttaPhOnent U BN 405, B0 Sy o eern g
o1y b AU SR SFMRABSE FBbISRY Uheh@niald PISAIpACAT N 1208 60064 ai i ng

10 maSs ppmor nore and 100 20mass ppmor |ess of nolybdenum as an
essential conponent, and having a purity of 99.998% or nore excl udi ng

- ol ybdenum and gas ¢ ; I‘H'ﬂo":rﬁ’“tte” ng target containing
10 mass ppm or nore WE@&E ég:mﬁgkqﬂé’:és oI nmol ybdenum as an essenti al

pogyponent, and having a purity of 99.999% or nore excludi ng nol ybdenum and

gas,_ component Siy Gjedi Yy HLe ot AU iR AR 5°1d BRoVidl GLhight BOFGl Bhtdiamany one

of 1) to 3) above, ereln variation o ybdenumTontent in
t ar gesputieriP Yaget leessprising arueifoantadidifine pstrucniengntlawhish welsisr fabte t o any

one of 1) to 4 bove, i | i i i .
(oss; PRI BaTheUpErba I Sttresr g o ga e atur i ¢B6 Eork Bl oBierei
vari atd qa & gha%dgqrﬁséggegirﬁeléjbrﬁbﬁ@ is 20%or less. [0011] The present

invention additiona rovides: 7) The tantalum sputtering target
mowmpr di ng t o amyordeetmachipve dhe forgboing, olijeet: e prasenhimientors disrovertmass

ppm of ni ohi l,udi ng.0 ' : ,

e s DslE o 08 5D B AR k) A ulbofing o

PCl MP20%0A4R G34Fhe0strl @G aRd@HdIEyieids sthslemslasing @wCswstiritg firlevedaassn

ni obi um and gas conponents is 99.998% or nore; 8) The tantﬁ:c(uﬁlngs uttering

a ar getunitarovity) hglmaintia)iniabdbe,higmpwiérofé@Hﬁhmaﬁg apslinghd SPEp P and

mass ppm of_le i ohi , h i t
according to 7 a%%%é@?ﬁ? ﬁérgﬁélfh@c%%?a\fen}lﬁag%é%ﬁi{gh%%\rﬁotgfﬁﬂr?g?jg%gagew mass
ppm ory)l ess of Anjapkilum spd@Srinkh eargaticahtainiaput treassippnargenore @oddi#g t o
any one of 7) to 9) above, wherein variatj ?n of con{ent of .ni obi um ar,rnd
mol ybdeasmPPi eHess f gralybdemnasran gsgential component, and having a purity

99.998% or more excluding molybdenum and gas components;

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

3) A tantalum sputtering target containing 10 mass ppm or more and 50
mass ppm or less of molybdenum as an essential component, and having a purity of
99.999% or more excluding molybdenum and gas components;

4) The tantalum sputtering target according to any one of 1) to 3) above,
wherein variation of the molybdenum content in the target is £20% or less;

5) The tantalum sputtering target according to any one of 1) to 4) above,

wherein an average crystal grain size is 110 um or less; and

6) The tantalum sputtering target according to 5) above, wherein variation of
the crystal grain size is £20% or less.

[0011] The present invention additionally provides:
7) The tantalum sputtering target according to any one of 1) to 3) above,

further containing 0 to 100 mass ppm of niobium, excluding 0 mass ppm, wherein the

total amount of molybdenum and niobium is 1 mass ppm or more and 150 mass ppm
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11) The tantalum sputtering target according to any one of 7) to 10) above,
wherein an average crystal grain size is 110 pmor |less; and 12) The
tantal um sputtering target according to 11) above, wherein variation of the
crystal grain size is 20%or less. [Effect of the InventirjJridbop&dd?] The
present invention yields a superior effect of being able to provide a high
pur i t yr eyt ahdmwisgreir g mrity axgeidirgpmuaiybsiengng niobitior andugds fdongp stentsct ur e
and which yields stable plasm and superior filmevenness (uniformty) by
mai nt & AY9Y8Tner M%® purity of tantal um adding nol ybdenum as an essenti al
conmporent, and f ' faMela]l : Velithst pl asma
st abi I% zation Eﬁgitégﬁguprﬁgaé@%ﬁlgbggtdﬂ%%ggmﬁgqge%\%%’ ??\n?iﬂe&?ﬁ?t iI al stage
of spultreassigpmt drempreeardt! G0ress ppm addss obn@biymyi el ds t he ef f ect of

TR N s e

mat er i@l maés Bﬁ b H%@Waé@b?ﬁio@l@@@oﬂ‘ﬁidbﬁlﬁnpresent i nvention. An
exanple of this high purity tantalumis shown in Table 1 (refer to the

j our ndi0) of t eching taittallin cpesteriegteamtsozerdingrieianyeene pf ghtelr pPgvaant al um

st Pty ARala B balBGor ekl By ABHhOYad N e BApRES 2025 BEIRPRN |
i mpurifth es excirnditastalia HUtePng thiydtadcesding harany oms of Mo tdhadbdve,

99.999 to 99.9999 mass% and this kind of high purity tantalum can be used,
[ Tabl &vhEreinrRn gyerear ongstabyraimeizs]TAOHuOr ESshgnlar get of the present

' .nven'h‘? nis pﬁ'ﬂglfﬁﬁt%llmwt#u&t@ﬁné’g%ﬂ@w&goﬂﬁrﬁﬁé%12%@80??\9&5 in variation

ci rcunét ances. 0 exenpl ity a specific exanple, forenost,

t ant alofifiie EQ&tdl Gaiantss isht2Vpuiessy tantal um of 4N (99.99% or nore) is
used, and appropriate anount of nolybdenum (M) or nol ybdenum (M) and
ni obium (Nb) is added to prepare a target raw material. The purity thereof

is inrc[rgﬁ?aedhhé” rftiioﬂg and refining the target raw material via el ectron
beam Ing or the I'ike, and this is case to prepare an toingot or a

motd et . Need| e$ke tppesant, invértidi gieldsuaisuperiantedieanobbeng. ade tooproyideong
mass% shown in rom.t.he s

Table 1 be used f tart . .
Subsed\ thuV% {?ﬁ%glq%éggﬁépngitp&# MR A upgotm andg ggeO?trupcrt%rCeeggc!i ng
st eps \#HickR PR §t38td PlaghiiPand SLibérikh fil@a\RMNeRS ((Rigdmity) 8gtrmaintainingithé sh
processing and the |1 ke. [0016] Specifically, for instance, the foregoing
i ngot high pubjyeet tantalume inp Medyideyum as an essential component, and further
adding niobium as needed. Moreover, since the plasma stabilization during sputtering
can also be realized in the initial stage of sputtering, the present invention

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

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

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

tantalum can be used.
[0014]
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1?:- (first) annealing at a tenperature from 1373 K to 1673 K - (first)
cold forging - (second) recrystallization annealing froma starting
tenperature of recrystallization to 1373 K - (second) cold forging -
(third) recrystallization annealing froma starting tenpercataeeo/iod3193
recrystallization to 1373 K- (first) cold (hot) rolling - (fourth)
recrysfrddie 2ft i RapiBealdng froma starting tenperature of

re_cry. = tion f'n 1':2|7’-2 K 20( c.nr\nr\ld’ as_n.eed.?dr?. ] ||ng -
(fiftpFlas nEeusd* dct'y8ta FinsateigH ARPea] TRG Fram AT S T RG t Bnper at ur e
of regrystal HLiwan [to 1378 Komwili N sh prpcpssivig |a t ar glet [ppm wi]

PCTLI _ €1 . | V0. e fcer gl ngoor rollfrag pejb.orsmed fo the

i ngot [ _bITehowW I'T [deStroy<olohe caslin st rupbuse, di|sper sel<onosel i minate the
por es mm 5 oy -b.od LRer anpheal 1 ng tjois, rlecogsst al lfi zati on
w I cur, gstne densiTi¢atghon andy St repgbh of tlhe strigcbure can be

i mpr ofEETO Fokkd Tl TJodear S6oRy T TNy [0€)10r €gok Ng Clladixf Of gijng or
col d y@ITTTOIgnek TECT Qg 1 on apneal i pg.o1 'he rjecrystgbbd zed7i gn

anneal T Tl OIY Y 05 ;DT T O WER5 ONCE[E N T NEoT0T eg&e,ssl ng pQrocess,
the s gucturply oFEefectfg; can ,Orleaucehfaas 100 asS pgss! bl ej<byoy epedgti ng such
recry . oo AT T T Ce: MPLEO0VE[<.0631€ COli porolling and
recrysg _ 5 W'TT%GTYO Boby  Stlar t1 ngl<benper atjure of
recry ghat T ZiGhpr _ TEYs DE PRY T or M@ ohOT onflayi oncpoor nore cycl es.
The f prat—tafget—shapg TS OltE, et D SUDS EUETT 1Y [FoRpg 11 nijsh

proce TSl &S TTEK goqylld POt ST M=o [0fP 8] 1 alhesn tarjget is
pr oduget—baspg o thetoreggi g, B OUpGt T O PPEESS [phder TooeR!

Circums P00 Eﬂl\fo PT ORIt 1,00 TRIMO0 Y5 iET 1 Y[pan S [@Xepl 1 1|i cation.
Mor eoyef E: ST e PIRGS et [T ent O[S TG g™ T VTt on|giodin€ product i on
procegs—the é‘o%bpc:il CRT Pe NI OpyCed [FISed $0y (g% er OCeSERpo1and |this

| nventhenr—eepais-atH—pt thesearvet L, 20.005 Afratertal |having a
puri t y=reve %looypvl'uo;\ugftcll iSO [FVeT Ay chie_chpracte(Tstrcs gf the

t ant altum-target,—but—ttrere—wWas alwayS—a problremim that the 20crystal

Hoddns of the traegghutteHid tarst! o bies oresenarimeentiod0iV]produgade vetit the
inventors discovered that, in the production of this kind of 6N | evel

t ar getfollewiegqroeess ungderl ﬁpfgiaéé"ir%@slad@&ﬁl y fine at the portion where
mol ybdenum of ﬁg?&ﬁﬁ@gﬁ% gggggiex(gfg}ﬁagy f&efnydyf,S%rﬁﬂmTHrr@?nnélaﬁé@' high

ci rcunst ances appr oxI hat e mass ppm by chance.
25Accasditpotantalasm afr éNUl99.00%bdrainmered ishaséd nandhappresisieldamoont off

or coemoNRJBAYEY Mpb@RANEHEBAHEY (HA! APd: Rigb e Praed e St ehare’ 4°
nuer S s T B e B e st U & 2. mo ybdlenum
or matrem alatetiflaviacelacten drtcen meltjeg ferthaoile; rantothydderaRe OHRICPAES EAt
Lnvent oS O e QR e Ree s e Ray M HidH Pthity Santalum 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
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
temperature of recrystallization to 1373 K - (first) cold (hot) rolling - (fourth)
recrystallization annealing from a starting temperature of recrystallization to 1373 K —
(second, as needed) cold (hot) rolling — (fifth, as needed) recrystallization annealing

from a starting temperature of recrystallization to 1373 K — finish processing a target
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[ 0020] Specifically, what is inportant with the tantal um sputtering target
of this invention is that 1 nmass ppmor nore and 100 mass ppm or | ess of
nol ybdenum i s contai ned as an essential conponent in tantalum having a
purity of 99.998% or nore excluding nol ybdenum and gas c®eponaone/es319%s
needed, 0 to 100 mass ppmis PCTIJ P2010/063193 further added, provided

t hat tidtsri@lxcl udes 0 mass ppm 1 mass ppmas the lower limt of nolybdenum

I f hi bi t th i f ,
8817 he upper 1 THA [oTGiNGu SRUhhePEnehio i B R efles G gy e BT h PP
ef f ecrstr%tu?é‘edlﬁé‘@@rbtr éhﬁﬂﬁé‘ﬂé'tﬁ@ pores and segregBli®nyPRed, ty mrtheﬂbnn@élyigienum

is set to Ss ppm because when nol ybdenum exceeds the |im

segr etfds,i mryﬁtamme\nlmmt | anst the deasifigationRNAosieRERWGhH the %FHQFHFQ he

tall t
consegtenel e df ahbeie GuBed vrisBeRn B P by ran g Br Kold
funct rQng bhat re'cﬁys‘?émté’tftirﬁahnééllrfghe THe Astalydtblinatidn emhgltrenumay otlydsn be
co- doped: Althoug there is no particul ar |mtat|on|nfgelower limt of

addi n@en‘paned.rqnoeh@ theptaregoinptprosessing (R5oagRs. e Stissiiral fefasts cap s
Lim t?edd%c&deégerﬁg%graes Bfn#lblé Ir%pgﬁﬂH@su%ﬁgfe%%@tﬁlggatﬂicn %hﬁ@élmqm\ﬁlegf to

occur e uppér Fmt?i’s set to mass ppm

I Mpor \dtkoUorthe océla p(hag) Iﬂ@llnygip(mmmemsltalnlzabomumnmeailhgt petfiermest dlonareount of
nol ybdenum and 15ni obi umi s %0 [ nore and e@?&\,éﬁ’ m or | ess.

[ 0022 $taitirg tempetaiueeof f@&ﬂéﬁt%ilézqtr?@ goKgay é?ﬁg%e PR’

porti aftk | hPlsBble§idRly PEffERSIAY ffsi$hown
in thgﬁ%gangac;fée‘ﬁl ve E@%‘ ?%Hg%{‘g@ ri gecg{t?iltbgrb}gasgd e(?l#l a(yid?tl on, ' he

resi straddsgindj siah wmamtnlrvmg Ialnd pdﬁeh'mlgeet and the electric ener gy until the
initial stabiljzation ten i

f
PREIfi | m al so bR dfetalymy "iQSF |Q-|-|hreo§supgﬂd uent !H% fé)é%%é Eg #%ghgg%t gf °
addi “?)réé’és%euﬁaewﬁo?m%fl ammgﬁééa(bnﬂqmgnamcaddl irie@od vibi wlerelxcaed t he

anount prescribed in this invention. VWhat is unique in f)he case
of coeokemphgcatmrt hisloreduer f 6rwothﬁg peesit eifeaiéot o r&&c@r‘r\ inyentipd phit

anount of | ybdenum b| u Q on for
this iPEOHNIONRIGSEST i § %ﬁdt@ %@vé&gc;&fglgssgdgghs#t ce%égghﬁrgi;gﬁie

ol y bGeHtoANSVBFORI BRI tg@@gct ively different subst ances in spite of
their simlarities, and the probl em of seg%\gatlon and Sffe t on

crystal lizati of mateds havinaed royrdy Jexeli ¢ dpIdian ugedelo {8YeEa9% 1R pi ng
al so hiﬁﬁ%}_ﬁ?ﬂ%t}c@n%fy the@ Bshth i égﬁégt Buf %éé"gatlsw%é%’o LPBLIEANN thathheh the

t ot al denum an brrum 30excee mass ppmis

UndeSldr?&bﬁ%rair@&&héhargenWGmd easibf bewdrpédearsa. or nol ybdenum and ni obi um
fornms

posne, and ?L%"hé‘ﬁgiéﬁiniééﬁfé sCotrierdfat oy JeobragiEn Hus Bl SN "

yg;le?\ég\éel tﬁllqéﬁethteh@rty efl‘ e QZ%Q%MdSSE%F?He&?PﬂSTdMBe%ﬂﬁié@WH&e GadlyBdsturne
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
molybdenum may be effective for achieving a finer tantalum target, the present
inventors found the opportunity that led to this invention. Moreover, during the
foregoing examination, as a result of conducting numerous experiments on materials
that are of the same nature as molybdenum or materials that can be added together
with molybdenum, the present inventors discovered that niobium is effective.

(0020} Specifically, what is important with the tantalum sputtering target of this
invention is that 1 mass ppm or more and 100 mass ppm or less of molybdenum is
contained as an essential component in tantalum having a purity of 99.998% or more

excluding molybdenum and gas components. As needed, O to 100 mass ppm is



PCTLJP2010/ 063193 the burn-in tinme can be shortened. In the
foregoing case, the purity of tantal um needs to be high purity; that is,
99.998% or nore. Here, gas conponents with a small atom ¢ radi us such as
oxygen, hydrogen, carbon, nitrogen can be excluded. Sinc@GTt/PPEOgEAeTally
difficult to exclude gas conponents unless a special nmethod is enpl oyed,
and t hgyher sddbd, frovidedt thaethisiexatuded d inmpst RNY: ef iMiasiy PPAY 8RN IGWELt i on

process under normal circunstances S cp e : r t he
DL+ ©yimit Of BRLBRIEY S QU Lany SLAJRh e SR B e TRy SES rdh U0,

mol yb B dgpEn RO baRAGA! ik 2Be tpeaimirhiofon amahthiniey she uct ur e
of taﬁﬁwﬁb% t%‘%e mcl@g‘?&.ﬁ of Vot her rrlet al L!i]'-t%) conponents, netallic

non- mefffelct obtmeqreserst inoemtdes, nitrides, carbi des and other ceramics is

e S T RS IR A S Shan e

considered to i enum or no num and ni obi um

I'n adgﬁélgﬁaen& e8fcddBRUtHd iliast, ageyyrebatir ywf dnblypdentmf wimogoly bal grarinobr
nmol ybdendam and niobium and it is difficult to achieve a uniergB crr_yétal
gr ai n rsolybdefiumhie whishathenreciygjalizatign is ﬂn%@@e\??ow"ﬁariﬁvi BLd dNe PY R

stabiljzatipn of the,sput I characteristics. The tantal um
sput t éw%é\nlfgqrbsee[qugﬁtlyﬁ%é é)rﬁtfads E i nvention contains, as a nore 8r ef erabl e
r@pge. 10 mass Spe efobiome priyd a0fartreBas pprfunctidrgsthadfis nedyivrien iR dhe

o e and O SSSEntL Lo SOOI o B0 B BH iighofo- 959%

Mor eover,, .t i thiBh r afmit he sBf &5€00 Mmasemphenf doist ai ns
10 nas8 tBSnHQ@FF M‘gbgﬁgaﬁg rtr‘rlgg)'surﬂlg’ptrrtr?oﬁrjﬁlseerssmlofl r?ol ybdenum or nol yhdenum and
ni obi WPRS [FABENtS axceodponastwith andybdenumpeenrsgayPnodl. 9IYBrehEF dO

| udi | ybd i obi . V] |
Sput t chacg, &) gBeIegpre, e HPBSEATHIRagHE DAY TR erer o ot J Tk ghat, Jm
cont ent,, af, g’ mﬂgﬂéﬁhﬁf Rl MRBRIHTE aRdt Bhehotamanmouriteoft amogdidensim2@sior
| ess. 0 as

ong as the inclusion of an appropriate anmount of
150l ybdeiobinnyisel dsassheprhoncaorsnarihi 9 Erasy) PRIN o d8%H-ng the uni form and fine

structure of the .tantal um sputteri E nj i oetibrf
net2¢bdenum or IS B HRFAHS A onsﬁ)‘% Eﬁ]e gg‘ﬁ?”%iﬁﬁ#bﬂé%%@vﬁﬁiﬂ? to the
uni f or piand i giasbh Ustteecroétal beaih asigeincreases as showNeladinesSOMPasANe it i s
easy to achieve the above with a standard gr.odugti.o (PHOGES S, lw% shéeti S
necessBxgmptes akscriveddatsr, aadsinraidite VARirssiSuN yO(FhsFrWZJ '8@37@“? 0
nol ybden or l.ybd m i abj: LR b8se. 208nsaquepdlg, and

g%? eeﬁa i teﬁ&( u%ﬁpﬁmé %ﬂle%ihrgeth&h%%r{ rieto irtrbgse. 200hsEqUensis

to hav@" o achieve same. PCT/J P2010/ 063193 [ 0026] The
sovar i at i yafforiiey epmiefilm oilsotedodersumfenondih terdancina rokTf 3 ehe

t t d; f le, inth f I e Ki
thr oo, posenot agea laraparinunts /o BebRECEH e epeaRelt 3G Bal MRS exed C6 29
per i phﬁﬁ%’gﬁ\%u;bl{r,éfe‘gcﬁb@&Wihié"fh\@n%ﬁ equal |ines passing through the center

of the anal'yzing the content of nolybdenum or nol ébde@um ac?d
ni obi um at a t of\alat & uAiGupdn the cas® opopretoping tsethab NeIregoingd ithereie“ L ent er

point is counted as one point)). The varjatl.Qn (.S b idas.
r espectobec@diihing tﬁéa‘?,é’tﬁmglﬁ‘tthéa?%t?%ﬁ"é{nW%{Q'%'%Wrﬁfn@/cgﬁ?g f:i)('!)rri ni num
oeval ue) %f%%‘ EYRYRIHE ishnBi RbEBYBaYiR) S8k, howldi@r, Mg ohsidetaxhteaberespuse er i ng
target o the present 1 nvention, nore . . : ¢ thei
molybdenum and niobium are respectively different substances In spite of their
similarities, and the problem of segregation and effect on crystallization arises as
their respective problems. Here, this co-doping also has its limits, and the results
showed that any addition in which the total amount of molybdenum and niobium
30 exceeds 150 mass ppm is undesirable.
The inclusion of molybdenum or molybdenum and niobium forms a
uniform and fine structure of the target, thereby stabilizes the plasma, and improves

the evenness (uniformity) of the sputtered film. Moreover, since the plasma

[0023]

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



iopreferably, the average crystal grain size is 110 pmor less. The crystal
grain size can be refined by the addition of an appropriate anount of

nol ybdenum or nol ybdenum and ni obi um and a nornal production process, but
it is necessary to take note of causing the average crystPaIT/JBREPPE349Ze t o
be 110 pmor less, and to have a clear intent to achieve the sane. Mire

pr ef ergbbyrn-intene aahatd shiortdnddhe crystal grain size is 20% or | ess.

[0027] Th iation of th size is
arget T meadiraforasoins sapp et piriter iarsgh ReBf o SR MBE AD: YT ari ng
three isooé§§3§8%c%9trﬁ6rep%&§e-, Oq];iszc@ﬁli[p%eﬁﬂ(s iR & afhals at@ié pRiivg sushtde out er

peripheéry or its vicinity el g equal lines passing through the center
of thexdyek, hatdgerasarbbngnitiogearaast ¢ eyelaidad 2841ceeit i geagpdly Gifiawlt 10 t ot al

[t hexd _ i ey d i
5 a5 onevpbiAgas comogeneTier arerene g SodTE ghlifoEl 70 Belahe dFicah".

the r ‘?c? %ﬁﬁﬁrﬁé&@ d?J‘PiinPttﬁe basadg oM th prodeiciih redess(urier mormal aelretenstantes, mum
val ue)/ (maxi nrum value + m ni num val ue)) x 100. 25 &%028] Thi s kind of target

%s_t{uctgasmoymmmtgaemeéclpda@ﬁ@naﬂw RuIB¥Of éﬁf)tékk’@hﬁfe_ R'GREPLIPMERYON - of t he
B4 eal i 70d | PEHSCIPEH RO RS JRoRpaGLTar SRS SR HicBucaRfe al so

sputtering, the present Invention

addi t iyg@al;h¥ori ehsts fike @fdcete of beitalgrabbet tthes hwinsiont b diben-metal i ne.
30[ Exanpl es] rooni The present invention is now e>,<t l,ained in detail, ,with
10 1 ef er @ewpansnthemetalip INes-Metal seorRenges oxides sy BP?S’i F?E?é‘??saf"inae?thgﬁd t he

b esener i B g R B B R ed  n ¢ he
t echnieakidesss apt indibit the dffectrifi oolybde@ling dP20ntybeieBLEB qro08PbiYExdhpl e 1)
addition, these impurities are clearly different from molybdenum or molybdenum and
niobium, and it is difficult to achieve a uniform crystal grain size of the tantalum target,

15 and it does not contribute to the stabilization of the sputtering characteristics.

The tantalum sputtering target of the present invention contains, as a
more preferable range, 10 mass ppm or more and 100 mass ppm or less of
molybdenum or molybdenum and niobium as essential components, and has a purity
of 99.999% or more excluding molybdenum, niobium and gas components.

20 Moreover, the tantalum sputtering target of the present invention contains
10 mass ppm or more and 50 mass ppm or less of molybdenum or molybdenum and
niobium as essential components, and has a purity of 99.999% or more excluding
molybdenum, niobium and gas components.

[0025] With the tantalum sputtering target of the present invention, preferably,

25 variation of the content of molybdenum or molybdenum and niobium in the target is
+20% or less.

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

30 will contribute even more to the uniform and fine structure of the target.

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

and to have a clear intent to achieve the same.



A raw materi al obtained by addi ng nol ybdenumin an anount equi val

mass ppmto tantalumhaving a purity of 99.998% was subj ect qto el ggtrgg .
beam nel ting, and this was cast to prepare an ingot having a thickness of
200 mm and di aneter of 200 mmw. The crystal grain size wISTaApproReXidtel y 55
nm After performng extend forging to this ingot or billet at room

fopsaper at ur e, tThe vasatisnbf eud contentof petiytidenzan pomalyldenun @ngtnigbium

t enper at f 1500 K. As [ ' '
and. & ihmarget BIMaaBTRAWO! SaTPSIPJBF Grse ih At el BRI Sg o7 ™
grain r?g'irﬁg O(bént%?%o?rg}‘g?% attaéf”fﬁ@- SRS BSHE PbIrY in tthé ouNes psaph@gtort its ext end

f orgi anc upset ( room tenperature once again, and
r ecr ysAahity) zm éight equaldines pasangpibréughnthe eardeceichaghsh and ARG LR ure of

1480 K. As a resul f ti f i : b
5 mat er RN AHOIe R AL SEoKbg e bl af ArobiGh THInER Boie o\ e
I N whiche iBEBET 86 He/sémbr Pbint I Sduited 3s brle gumtpas obt ai ned.

t
Subsequent Py this was subject to cold rolling and recrystalli i
anneal i ng at 1T#8 Jdriatind i$ icalosiated @ééb%irﬂ@%%ig’ﬁsoqi'ﬁtso%sé%ng% ﬂlﬂez?%b?ur?a

mat eri al. havi ng a thi ckness of 1.0 j

sver gl 7S S “SPRTAT oAD ipal ATR ERR n0, E
crystal greyith Shéetamsiun? tinichg t v aofi dhé ent h

content was -20‘% The resul tsoieue sh(‘%]vvnd“;grge Tab eegpras O e vl baaen

101 esi s:matgapllapﬁrﬁd@vemge lpeystall gratheizR e d 40 HIhET §iSSt TF%%?YB%%S%?‘%{%Q?H@QS .
resi st,ance. 1 n t L. i . . . .
cond 1T e T BiRh o AL SR R B K o e af 40"
Poi Nt Sae nidtsuMedSd avasrmalastudedtion pratesd, 1w it e necasridy dodatie 19t8rPf( a)

thereogaiusing the average crystal grain size to be 110 pym or less, and to have a clear
intent to achieve the same.
15 More preferably, the variation of the crystal grain size is £20% or less.
[0027] The variation of the average crystal grain size in the tantalum target is
measured: for example, in the case of a discoid target, by taking three points (center
point, 1/2 point of the radius, and point in the outer periphery or its vicinity) on eight
equal lines passing through the center of the disk, and measuring the crystal grain
20 size of tantalum at a total of 17 points {16 points + center point (since the center point
is counted as one point)}.
The variation of the crystal grain size is calculated at the respective points
based on the formula of {{(maximum value - minimum value)/(maximum value +
minimum value)} x 100.
25 [0028] This kind of target structure yields stable plasma and superior evenness
(uniformity) of the film. Moreover, since the plasma stabilization during sputtering can
also be realized in the initial stage of sputtering, the present invention additionally

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

30 [Examples]
[0029] The present invention is now explained in detail with reference to the

Examples. These Examples are merely illustrative, and the present invention shall in
no way be limited thereby. In other words, the present invention covers the other

modes and modifications included in the technical concept of this invention.
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As the results showmn in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.6 to 3.2% fromthe
initial stage to the end stage of sputtering in this Exanple; that is, the
fluctuation of the filmthickness distribution is snall. PEREPIN&e3f$cal
energy required up to the initial stabilization of sputtering was al so

B UEhnapme 19howed 120 kWh, and decreased, as the results shown in Table

2. Thus, besid h i h =, i he ¢ i f: ] f
Che 111 m vas. FANaDAE EhaDIA neh DY ki MSadTiEp S ERASLRIPAER ), °
sput t g adrﬁgg’éagéhpfb ta[n%égﬂeha\[i%%urﬁt@@m.%@% was subject tofeleatombeani al

obt ai ne I'ng noly numTn an anmount equivalent to 5 nmss pm({o
t ant almettimgvamy this puas toasbto peergreIemdnRgalgwnd at hidiness I BL BRI i ng,

and this was to prepare an ingot havi I f 200 mm and

i e Clamgier sbaOmAFRoTTBedrya B el Siee s AP B EOe Bt U050

After perform Rgeeyd@siethihg estett fdginbite thisgagoor billel &t roam tesoperature,
tenperature, this was subject to recrystallization anP g i at a

t enpettiais was sdbjesido recryatallizatiosanneaing@t arteEIPehal6 g i éd’ﬁ%gkoﬁe%éesé‘l’t’ 120 mm
and a di anet of 130. re. i i t g al

ot ai 1 SZETE N2 O NRESS g R did ¥ et Had i Mg Suaen

subj eGh wWikcrereenbrbge g'rywa@i?dinblsﬁzeis 00 ghmyaatobtaivedt enper at ure once agai n,
and recrystallization annealing rforned thereto

t enperat ure of S!I!h@@ﬂll@ﬂJIB(ibiSK\!Va%\sga@jg‘gsﬁﬂ exignd, Ihang; ﬂ@?@%&?ﬁ%%énrﬁj Feat
treat meni t%g?ds‘{}%@?@tgsféﬁin{‘égxd [%rﬁstémEQMﬁE%néamgmhgyp@r@rMbarmémm 130

nnny) FogMy i e average crystal grain size is 100 pm
was ohigimetla t¢PP3RtureSobs4sLEntsya resilsoinepesiing Evginganbheat Eratmegtand

tallizati al i ng,, .and finish i I t t
i e 1agAmag Mgl MERe4S tEKIr Pl ah ACa el BT day nPibE hdta) & o°
wor ki ng, AR i GrHEH ﬁig@%b?%@ﬁ%wﬁzg@s 150 nhevasistdhieednd | ast were

adj ust’ed 10 achi eve OW ng average crystal grain size a%(ﬂ. v?ri ation
fostihe cryst al Sybaequaitie. thié t waaghubjret deecalfe OHpgt AndyraPySE 73R

variation wll al hange dependi t Lid ivddenum
he. f BN 24djue: eatd HBSTRUBcrBTNS iR ol d BB B S Bt as1 o5
The avialaeEsS by $6 MmURI A drdrAeteplof uBe rimget was 100 pm and the variation
of the crystal grain size was 17% And, the variati? of th trml (ii Aum
content was 18%heTherage ansialarainssizg PhHS AEgRhAS Qéﬁ'l‘earf? 'FOY%% @I nce

t he she resi st ance depe of h i HSHSE DS b&émurhuddraentof t he
sheet ?fgéﬁes?ré(ﬁﬁaé IR g'égm\ggééri ?ft% ﬁﬂéh&eﬁs% 1iIalltells rreg)itgrr]éézﬁ?lg check the

di st ri Ryt ironys ol tdsans afe shewhiih Mable 2kness. Specifical ly, the sheet

resi stance of 49 points on the wafer was, neasur 0 u Lk andard
dessRiat i on (cF) Sifes EF sheet resistance gepgrs ‘P'E—:z*ﬂﬁ ﬁ@qiﬁ]'ﬁ?rﬁéas% it/ﬁés Ios\t/t\l/rllﬁl]tn abl e
2, evident!ly, the fl tij, Ofh P sichabyavali shebduretioto ionecketheheet
IS sna?ft%ez.%ﬁeg %Sb#émf?dh\ ﬁ]eg Vxllér}c?{el(I:'Jtlg Ln?ggepto t he end staqe of

sput t egistbuitiont dorsdifiorampltee fiimathickesshSpieciicalint thensbeet RSISaNeE Ohitkness

distri Bgitnltsogn Itf?e \?Vrf:\lfaelrI was measured to calculate the standard deviation (o) thereof.

As the results shown in Table 2, evidently, the fluctuation of the

2b
resistance distribution in the sheet is small (2.6 to 3.2%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.
The electrical energy required up to the initial stabilization of sputtering was
30 also measured and showed 120 kWh, and decreased, as the results shown in Table 2.

Thus, besides shortening the burn-in time, the evenness (uniformity) of the film was
favorable and it was possible to improve the quality of the sputter deposition.

[0033]

10



(&3]

10

15

20

The electrical energy required up to the initial stabilization of
sputtering was al so neasured and showed 100 kWh, and decreased, as shown in
Tabl e 2. Thus, besides shortening the burn-in tine, the evenness
(uniformty) of the filmwas favorable, and it was possi BCGPR1PAHBve t he
quality of the sputter deposition. [0037] (Exanple 3) A raw
mat er i @labtbRhi ned by addi ng nol ybdenum i n an anmount equivalent to 10 nass
ppm t ot-ant-al-um-havi-rg—a—pur-ty—of—99-999%was—stbject tF' tcrii clut ron—bepam
melting, and this waswcast| vapr €pare an i ngot having a - 200 mMm
and ZOEi amet er | offo 200cnisbw. iﬂ'ﬁrest_ad:rgﬁé@gﬁlﬂ@FS&FW%@"E‘@W\EH%W%SS%% ﬁgﬁoﬁ’iﬂﬁi 15 mm
After perforni hg ext @HHSParifdTfe1o this| i ngot or bill et|satiliztiogm
tenpergture, t{rS Was SUDj|[€Ct _To[re sfalTizatlon aphea at
t enper ptTi#%4f | 1500 K. ""As airz%éult,%méfLaL_h R bjﬁ?% e%gorag? 120 mm
and a fdimsmicer | ofs 130 1omil,| andea|straxct ur @5i n whi che®he aWeWageaeryst al
grain mg@gy?ﬁ@;pm v%s—cbt;qg%\ed.—i oSubsequently, fhI's Wasys Ubdebie { O
ext end|{0rgi-ngl-and—upset—Horgi-rg+at—room-tenperature—once—agatin,—and
recrysf axnirzat { 080 apne® i g Wes perfBr npd2fher et o atfdi n| &Y tleifFEér'ai ure of
1400 tp 1500 Kl As B rgsullt of, repgaki ng fior gi ng andb-he@atsskvealt sanbe agai n,
a mat efd vi-rg—a-t-hi-ekARess—120—m-antg—a—diareter—130n =
st ruct piriseas owhi ¢h t he’2avelr ag@® clyst¥l grdifn size i 5100 B wals HP i ned.
30 [00B&.meubseqpent [y, tihi ssowas suhj ect 1060 cold raled i pgeoamd | Favorable
recrysgal p'a ron—apneat nlg,—aﬁd fini shiprocessing sg as to obf a}ifn, altarget
mat eri pl ghasd NG &5t hi cRhesls ©F*10 rf’and &°di amet er®Bt 456™ i jp. "Bl g
wor ki ng and reg¢rystal [4zzatfi on annealing|in the niddle and |ast| were
adj ust pdotrerataci aye| tvhetchol | pwi,Nng ayes age 4¢rystal gr@b n| skEenandnasar ijat i on
of the|cPyst [grai n°8iz®.| Al t hodgh t he|average crystal|grain gize
PCT/ JPR NPt i-on—w-H—al-se—ehange—depending—omthe—addi t i ve
@9 nt(E%mm ipdenum t he foregoing adjustnment was possible in this

ampl'€e. The average crystal grain size of the target was 90 pm
and the vari at Aomwofmatérialabtainad by addingimelydenumom ahamauns Saave&Nton of

t he nol ybdenum cont ent, was,16% The .re e,SkLmn QR ble 2.
i00391tgi£g‘@s§rpé)ngﬁ%gqnt?@§? HaxXNg A BgB@n(g@é%%g?%eW% Hg%bﬁc%tg%%ess, "t eéFﬁ

di str irﬁglttihﬁ,”aﬁfj thitewabeaist rtQSdréE)aﬂ.ﬂQni ingbhRaviabed tifitRnéstcbe2POwas avdsur ed
to check the distribution condition of the filmthickness. Specifically,

t he shﬁametersﬂfsao@rmm%fﬂlmcﬁyétaﬁgéalﬁﬁ'%%WaWBFOW@‘%\éggJP@H to cal cul ate

t he standard dewvi ati gn - b | in
Tabl o 2. ovi defvie) e BRERETarok tq s igkr o RHich 3t Rodiy BRerARA |
sheet thi a8l butfjdcBtd PedryZlliatiom arvesdlingt atab Enaperatwet ¢fe 1600 Kt dgeaof

sputtering in this Exanple; that is, the fluctuation of .t filmthickness
di st r i leaufon mategahhavingaethicknassi ofal 2GAup Wdr%atﬂ%@rl?ﬁ 1[5@ AP %’H Bl
stabil j [ fr i rnaf viidosamerd 90 kW, and
decrea té%&u%@n%%%ﬁ%g%%gg@st%ﬁ%@ %gg?%gggs}ﬁgrteni ng the burn-in tine,
the evenness (@®ubkeqointy), this was subjecivis dxtanst &g and vpsela®r@bgsitbl e to

i nprove the quality of the sputter depasition. [0040 aw
mat eri@O%Eﬁrﬁpﬁ'@éurﬁyor&i?d?%”nﬁp‘}S_ﬁ%rﬁfﬁ%?llzﬁtt'gﬂ %W%ﬁﬁ?g&‘/ Fé%f@]rﬁe(g%é??% 20
Mass p&’ﬁih%ttaawr@ﬁmd}évdf%@ RHURBOY KOTASE. 1389 oNespSathiceirging arldehéaton
beam nefting, and this was cast to prepare an ingot having a thickness of
200 rmireatchetitsagztier a ohatzgial havipg aHeickpgss AL0gnET ANdia diameteafmboi™at el v
40 mm and a structure in which the average crystal grain size is 100 um was obtained.
[0035] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain
size and variation of the crystal grain size. Although the average crystal grain size

and variation will also change depending on the additive amount of molybdenum, the

foregoing adjustment was possible in this Example.

11



After performng extend forging to this ingot or billet at room
tenperature, this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, a material having a thickness of 120 mm
and a dianeter of 130 mmtp, and a structure in which the FVEPEY0EH It al
grain size is 200 pm was obt ai ned. Subsequently, this was

subj ect to extEmsatergengystatigwys eizefaithe tayoat was il ieipapd e ¥adald agai n,

and recrystallization.anneali S forum r.eto i
F opePLie Srettal aon tirones 1 e Ao 3he RETRfob OBk mB9RyBaf, Bontent
treat GRpt; APAT Phe fedisSdredlimhany BHoRntimiTalkress 120 mm and a diameter 130

m(p, and a structure in which the average crystal grain s i.s 100 pm was

| ze.i s
obteai ned. Since the Shissttraistange deppsdsas tb@ﬁilrééhlqkae%%ltberdd$tr IPH¥P NG
recrystallization annealing,, an i.Nj - SSLLg 0 Ny tar get
ot of PARaghiG! 4% RPDRRLS BF 181 nd 1) et areareiRgh A ooy
wor Ki RgstanGtidreebyatiah! éfzael Al aniaRAEs) 0SpRIFTdallyR 8 /50881 0SsistantheofrdAd| e
an ast were adjusted to achieve the tof| ovmﬁglg ?a/sragﬁ cr(és@]al rain size
and vaoings ioorthetwafaewesyseasurge 4p salsuiate the s1eedar fRWAL0R(HISTst al grain
size and vari aji Ll lalk: ' F it i fhe Of
ol ybdenum ¢ e A7 b e FREAE S, oG, MeHup BB LA
The avegiagmcerdistridution ah the shecol drhall (2bdet3.0%s feon ghe initial stagevarthat i on

of the crystal grain size was_10% A t he variati.on qf I um

10 cont ertndnitage of1sputtering Ipdbis Eéa@lp@’gﬁm |Saitl‘§/(ﬁ§ﬁ opno(%.ltgéﬂﬁmg&%ggg] Si nce
the s - | st depends on the filmthickness, the distribution of the
sheet mﬁ%élpéﬁéaﬁngegﬁ%ﬁ%t he wafer (12 inches) was nmeasured to check the

10di stTridetdotricat andirty orqoired hep to Ithe tinitiek atabiizabpe coff sRultaring WRe peet
resi stance of 49 point e waf er was npeas o] : andard
devi atMeasyssl & e_cf 180 kWh, o ﬁgcrpﬂaeq,ee&ﬁo% i Tﬁﬁllle(‘?' R, bBSide

I
S simTlarly show 1 n Table

2, eViﬁ#ﬁ?&%‘ Yhg RS drhyE ki itR8 e9bnhdss [eRfoshRyce thiedimivoag favorablet ard Bheet
is sma 5.(9to 2.2% fromthe initial stage to the end stage of

15 sput t evasigossiblertiosmpxenepthe; quality of the spister dgeEEHPNon of the filmthi ckness
t odi st{' but i o% is small. The el ectrical energy required up to
{9087l niE{3RMPIE 3Abi | i zati on of sputtering was al so neasured and showed 87

kW, and decreasgfly nitefA00tainedTephbdding Mblybdehasi thean shorurdraculy e

burn-in time, the evenness (uniformty) of filmwas favaorable dit

was possibmassepnmin tandalumehavagia puidy qf%@-é%%t"\éﬁs ﬂ\i@%%‘itf’iegﬁap%b?%m]

(Exanpl e .5 : ' [ by tARkdhESs HPI200d@m @ANdn an

amuntmgaw)ﬁvﬁngnW'§ yago&rr%gtg %%hggéoa&ltnaﬁ?gm‘%eﬁg\(?r}g adtpuri ty of 99.999% was
o0 Subj ecliahfetél €C20mmnxeaTnerehistalgraiarsize hias appsoxastelydtpmEpar e an i ngot

havi t hi ck f_ 200 di of 200 nrnp. '
e s appr oMTRRFBTPTINGAEDS RTGIS B e B ORI 8T
i ngot Q. Wa%lsglbie%tt t& gtgnﬂg?ﬁ% ggﬁﬁaﬁﬁét HeSmBERitees oft THOTEKI fistaadelsuitat i on

anneal ing a enperature o aresult, a material havi ng a
t hi ckngssatefialli2gvingraahitkaess aht2@mrofantca dianeter oaAd0 anEPs abe# BrYHUGhi ch

t he average crystal grain size is 20 ined.
SubsqueW%‘FD,th ﬁwgrqéscrgaﬁ?galnﬁge&m&?w%? Er%g{agﬁn “upset forging at room
stenperature onogAQALBNRNEhIE 864y SLB|dct 26t dxaendforsing randrvapseefdrgingedt
thereto again at a tenperature of 1400 to 1500 K. As a res&lt 0(1;I reg ating
f or gi ngpanderpatattireeancr Againg aind, rearyeialization apnaaigIavasPerrERed 139 and
a dianeter 130 nr and pn ' g5 & ahd Beat n
si ze i 8992 p‘?nt%ﬂgg%'t‘raﬂ ﬂé&%? gﬁﬁﬁ’f’@u’ﬁs‘épﬁeﬁ%‘*&%t’ﬁﬂ tfﬁWg sg)ttfgtect to cold
rol | ngegffertesgaift al iiaferkn hat®ly althRkGp36/1263t93 and a diameter 130 mmo,
and a structure in which the average crystal grain size is 100 ym was obtained.
30 [0038] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm@. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain

size and variation of the crystal grain size. Although the average crystal grain size

(S 7]
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anneal ing, and finish processing so as to obtain a target material having a
t hi ckness of 10 mm and a di aneter of 450 ming). Cold working and
recrystallization annealing in the mddle and | ast were adjusted to achi eve
the followi ng average crystal grain size and variation ofPGTRE2EPASYE grain
size. Although the average crystal grain size and variation will also
changandefeiatibngvitb alsohehadyti dep@ohm)ontthefaddﬁlv?tﬁmaum oftmelybdeegd: Hig

adj ust ment  was possible in th The average crystal
grainf %riese'r@raCiJﬁ 4 hess! 8 'ﬁﬁ“gﬁﬁ@”%%% variation of the crystal grain
size was 8% Af‘ﬁtf aVQﬁag‘é%r‘y@idl @%lﬁfsd@@fﬂ@ nyas oniranandalse vafatiorThe
results are simlarly shown in Table 2. 10 [0045] Si nce the sheet resistance

depends toa arystaf gtaim tShﬂQ:k\ta@s$15%hé\flﬂ sthel\{m”taf“@ﬁ foth?h@ogd}?é*@f‘u%gf’%t?& cein

_the wafer was nea he distribution condition of
°the fi3 ?f#%km%es@ e%reﬁ"@é?m%ﬂ?h@ "gﬁ%g ?em stance of 49 points on the
fgr was neasgped the sﬁh@'e@%sﬂé‘@nbéQiefpte&dd@hdhdémamlakneea)thehbstenbﬂtloms t he
results simlarly shown in Table evidently, the fluctu

151 esicft thec shaektresipiancenin ﬁh@h\e’aéﬁfeéﬁ i13¢ |Wa§1m?at38f@lda 4 On??%ﬁnt‘?%e
L B Bhan (BnlRBn ot AR RloABYL LSPedtedlf, the %h'ééﬂ@é@tanbeaéf s, the

fluct ess utlonls small. The el ectrical
ener gydigtd W' e wifet wakhreasureddd cetcaﬂntblthastamdam dsplattloer(vh@ereof was

| d d sh kW, dd d
10 S0nesi des. shor ABHNAGORHES BRI § By ddeuy abF FhPiaREh rfne pa '™
film V@&gta@%‘ér Q{rﬁﬁutl?@gq éﬁt\ %ﬁéep%s%ml@%c’co' W"/&)\"fﬂ)mhﬁe%mbl stageftotthe

sputter-deposi t1on raw mat eri al obtai ned
by addirmystegkydidspuitering |anthm*rﬁuampm1dhahiserﬂt\etﬂblcmtlﬁﬁs%f tHerfim Bigkassal um
havi ng a Burlty of ﬁg 999% was subject to el ectron beamnelting, and this
was cdlstripgtion &p3Pallan i ngot having a thickness of 200 nmm and di ameter of

200 my. The C"I’]ﬁ%ﬁ?\bct@n’bﬁ! Qnéfgi‘yeré/{ﬁﬁreap@é exithatieitisl 8@bitiration of sputteringf t er
perform ng exten orgin

his ingot or billet at roomée e a.aL)ure this

15was sumaseatsotmeaemeyls—lrw $h<2\aed &R K%JPv{he@JI‘(ii dgcreasgdt afrpBPWhUP agfe és % As a
result, a nmaterial.havyin e of it

rnncp, bedsrll%esd S@”@EFPU& g‘?tl’{n\'/\ﬁl g'ﬁ%f ﬁt@ea%er ageSIg::n @gﬁ)arﬁ gr Z(IS\'ﬁﬂg zﬂghl g'%goo urn

vas obigbpffe, and it was possﬁdl@WﬂﬂﬁmvbythetqlmaBtyerShelsbpttelt depositierend f or gi ng
and upset forging at roomtenperature once again, and recrystallization

gomeial (Eprapls 4er f or ned t her eto agal n at a terrper ature of 1400 to 1500 K.

As a result of f M irfgaidmo@ntrefuivalet
having a thi Ck‘%@ﬁ%@ﬂal 85 %dﬁg@tmbaﬁc‘ﬂ%ﬁﬁ I PCD3 P%Ol(r?%GBlQB and a

20St r uct {4 20 hiaselpip®h té tentalven agelngraypUaﬂy qu% 99@102@63 suljeot torglaeiEomBedined.
[0047] Subsequently, this was subject to | d. rol |tlh gg? o ﬁ.&ﬁdhdzatl on
anneal me@mgamdf g YraspPasiel9sPIRPase %'WQB Vg, [bgpge e@' rial having a
thi Ck”?%ﬁ @;102 T‘hé"cﬁf&éledramsﬁ@%a@ﬁpﬁproﬁﬂiaiewmmm and
i'7ation anneal i

recrys ng >3 1n the mddle and | ast were %T%ustedto
achi eve the foIAmepigfommgaggteumdyfgr@mg@@éhlﬁ "Sﬁlqté)fam%ﬁtv%trfpam REratHe

TR A e e e T R A S R
o5f Or 9oL N ARALHRAVRS & thRKNBSS f hbe i Al & dRraster ®f 130 mm(p, and a structure
in which the average crystal grain size is 200 pm was obtained.

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

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

[0041] Subsequently, this was subject to cold rolling and recrystallization

annealing, and finish processing so as to obtain a target material having a thickness

of 10 mm and a diameter of 450 mme. Cold working and recrystallization annealing

13
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The average crystal grain size of the target was 72 pm and the variation
10of the crystal grain size was 7% And, the variation of the nol ybdenum
content was 8% The results are simlarly shown in Table 2. [0048] Si nce the
sheet resistance depends on the filmthickness, the distrrdiuPr@oogsiox he
sheet resistance in the wafer (12 inches) was neasured to check the

di st riifbthe oriddlenand ilast wéret Adjubiddnia hchikne dise fSdngiavalrdge crystalsgraut

resi stance of 49 15pqQints o he .waf er S ured to cal cul ate the

o anasPe aadivaiaton ehthe rrevaal 6fain Sis. AU PeLSvarble V] Sl 9% hown
Cn Ta . ) ) _ ) ) et n

t he s%@gt\%‘ingﬁgpra [I‘ta\(§lb %ﬁtogétld.jSI% fr%%ﬂttﬁ% airdgﬂviéal g%age tglyﬁﬁghgﬂdtﬁabe of

sput t éoneggingradjhstenedtavgsl posdilble if thistxam@e. of the fil mthickness
distribution is_small. 20The el ectrical,ener [ equiar Lnjtial
Stabi | zat on THE Betce: TG ahaseihi s bl PhePtaT ShTE  HBa e eal

decr ea$ele cpstahgiin isizel aklse+20%I M, thesiddigsion hstr thenimdgybideaubutontent ti me,
the evenness (uniformty) of the filmwas favorable, and it was possible to
i mpr ovast frdd 2qual e resoftstane siplaneshaeposiabler?. [ 0049] (Exanple 7) 25A raw

mat eri al obtai ned by addi ng nol ybdenum i n an, anount . equi val ent. to 100 nass
Pt o tantal u%\”ﬁﬁﬁ%ﬁ@@eb?ﬁ%'%tﬁ'%ﬁ? d@Q?@@@‘Wv@@%B}‘@%ﬂe?% Péﬁ?tF'gHt'?ﬂeam

mel ti ,+han i S r A b t Vi itgk 200 mm
Thd LD Eheat SodneBoin 1o B Ol T s B R e 2 o
Af t er disgributioni egnexivenaf fher finmdhickneds. sSpenificallyr the Isheet aesisteoae of 49

t t ; 0 thi bj t t t | i i j t
t enperaitls Bnghe e’ whS xadastined ip Aok R RlaroAR) FRUIOPPLIREE of 120 mm
and a di anet er A9fthd 38s i BmirRnY sgnowrf WeTakle 2 rewdérly, the flaveadee ot tyst al

grain size is 200 pm was obt ai ned. uent | IS was

sugj e(fesistanGﬁCﬁﬁdbﬂti@@iim@eilﬁheﬁfp@eﬁmwbﬁ%pﬁg ?a2°§0lr; ?ftssfﬁ?tt@@rﬂféﬁi&k é}gge dpdee agai n,
t i.zat i i _ 93
S0ai n S0’ ShBe iR ERe IR Rl Be PR BFE T REE qUORRRDE it TEORKIBHEYS: g

and hegdtribiifs iedthal@gai n, a material having a thickness 120 mm and a

di aneter 130 nrnp, and a structure in which the ,ave{ﬂgge Wz&al gr ain size
is 100 pmwas 6he &leddcal eoensy]reguissd il the nitialssigaiizatiy] OF SPUESLRY d
rolling and.r [ | i LA | SOTRs to
obt ai rYQa Y ?Ig?ge(%éér@nﬁ%grélnglzﬁtdﬁh ngﬁgg?#ﬂfi %ﬁngﬁgggéqoﬁﬁnﬁg\ggﬂzﬁga%mt er of 450
m(. Gelstlesoskiongniagdthieedwystial firheatthenevwermesbi agifonmitie ofi thel dlrandas ast

were adjusted to achieve the foll ow average, crystal grain.size and

vari at'/faBte. epd 'EW?%PQFS@P%M'%W%‘?% ﬂHﬁlﬂé%?{%gﬁwtg‘?ra%éooﬂ Lt al grain
| iafion will also change depending on the additive anount of

ﬁ%@bggg%mﬂ% ﬁ}e 10f or egoi ng adj ustment was possible in this Exanple.

The average criseal mataiial alitaimedfbyt addingryelybdagumaingn agrint kauvalait i on

o ok SRR BT P LA ARy o B LR e O

the shpetingeahdttARCRagdeRRNds BphReahiihgdt hhliagnessickidss 6f 200irnt and
diameter of 200 mm¢. The crystal grain size was approximately 35 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.

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

(0044] Subsequently, this was subject to cold rolling and recrystallization
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15 of the sheet resistance in the wafer (12 inches) was neasured to check
the distribution condition of the filmthickness. Specifically, the sheet
resi stance of 49 points on the wafer was neasured to cal cul ate the standard
devi ation (a) thereof. As the results sim | arlRETERAIHOGHOTabl e
2, evidently, the fluctuation of the resistance distribution in the sheet

i s snmanheélind) drof ﬂnlﬁﬁ/()pr(ba:exalmgtemam toi clitaint aggrgeb materialgwying @ 4giskoess

k
o st 1 b0 o padshaiernetehat apldbmiel od R 4L eutayepion REFERME 4 *
st abi i 4@t B afP Wb ROaURSIE &PaBRass R fonsiviaganelag®d cjdhal grath

decr ease as shown I n ) besi des short eni.n the

bur n- isizet ane vatrlht;oemnhesm'yvétahgfam rﬁlZc'Gy)AlﬂTOLtgﬁetWei PYSTRES TH$IAY OFABIRZC and it
was possjible to rove the i t
(Congé}”QIYQY@t'EQaYHLEpaésot?hange gepené Xg\%& thgeaot%gtwlea Ogﬁg(?ﬁ'g ‘@3625'3‘?%4

ol ybqgrré:g@dgd‘agUst@rﬁ@%%a§§@$é4@le€lﬁtthltsCE)@nﬁplmiSS ppmto tantal um haVI ng a
purity o 5% was subj ect to el ectron beam nelg ﬂm ﬁéﬁ s cast
to prepare an Theaverrgs aystalidinioksiea §f B1e oA dankdMdPl %rvag

pi np. he C taI aﬁos‘:%:?@ 25807®SA|?&3958)\95\H§’31€6%5 #{2 MBlybdenum content%é@r

perfor to thi's I’'ngot or et at roomterrperature this
was SUIblIO%tTﬁe)résQﬂté)a%%ﬁmllm sloowaimeabler®) at a tenperature of 1500 K. As a

It t [ h t hi ck f, 120 ,
ot R e et A A

obt a| e R&ey égle%r%@g%r??’the wafer (12 inShd9eqsanimeasurdd StoW@Be(SthheCt to
exten rg| ng upset for room t enper at ure once again,

recr ysd@ﬂnbuta@m lcmlndammeaf ithregy fnlmasthpntmées n8ecifiealt shagdiast et?S'étacf@ﬁp tnét?ur e of

1400 to 1500 K. As_a result of repeati t again,
2 't GHOIE QR MRS aTeEd YA ing o ey SR (&) SRR
structure in Waischet B8y RY 8lrAGHCENSHRlN géBIeHZSe\Zlaenﬂy 106 fluctus®nadftthened.

[ 0053] Subsequent HI s was subject to _cold rolling and. rﬁg{s@ésttglthl zation

15anneal nesgtarmeddlfstrmtslbnpndbeweﬁg issemal (1d ool &%) Homathgenit Sving a

t hi ckness of 10 mn r K
recrys® ﬁaﬂa%ﬁpl& 5}9 |nn |$‘§5<§hneoq t?jﬁ%?e 'and f@é%t%rgf%ﬁgftehéctnoesaschl eve
an appgiefibubs ,@g,e,raqge crystal grain 10 size and variation of the crystal
grain size, but the foregoing adjustnent was not ﬁozqsql ag in Q%@ erin
Corrpar ative Exd’rh@l electivgl eneTaw e Hp dpdhegpiigh S PN 'f'

0 pm _and variat l fn A”I(hbwarﬂ’attson Of
the nolaabAeEoane MabOaHoGhah, HhddRoRid RS shoin)

he tesults are simlarly shown in Table 2.
20l 0054] p&iines éHtﬁtechﬁyttheeBuBt-mn¢|mejetbteneseone$31e(umf¢rmltm| ek tleg filmy yeas

distribution of the sheet resistance in S neasured
to chefaworatdegand Vs PRTPIRIBHRITPENG tt"":'tcr‘rt!ﬂ(il V%ﬁ?rﬁ%ﬁ‘ﬁt@éfggﬁe@?n cal ly,

t he sh tance of 49 points on the wafer was neasured to cal cul ate
t[ﬂ%mstﬁg}aaﬁ@gaegw ation (a) thereof. As the results siml ar

shown in Tabl e Rrawvhaenial pbtaihed by wstdirg Mmalykstenure it 88; APAWRLEFHIKRIED ut| on

th heet I 6. 09 d
Stage 87 &En@s'tsémrﬁég‘?aétamrgt@a uibsitiah B o spBlEE0R ek PE el
950f the fdd éf'ﬂﬂ?sﬁaéj'c%f tcb%?é;fé’te'&w irfc@ehaving a thicknesshaf 20Gcimi ard
energy req to the initial stabilization of s&%éerlng was al so

measur eldarmtdrshBQQmm(pOTthryﬁﬁHgfaﬁtﬁléa%’flf apRroX e 4Bl e 2. Thus, it

\t’\lﬁz ?Ioi[ mpOSSI bI&fttropeS grrn%lﬁa etxt&a‘endbfgr&n'grtotthg‘%ngetﬂ'@r EMenaes M 'Hé?hf)é’rra'ﬁ!lrby) of

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

(@]

30 structure in which the average crystal grain size is 200 pm was obtained.
Subsequently, this was subject to extend forging and upset forging at

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

treatment again, a material having a thickness 120 mm and a diameter 130 mme,
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25was inferior, and it was not possible to inprove the quality of the
sputter deposition. Simlar testing was perforned for a case of
addi ng nol ybdenum i n an anount equivalent to 0.5 nmass ppmto tantal um
having a purity of purity of 99.999% but the sanme tenderf&JVBZ19/HF3393
Conparative Exanple 1 was observed. It was obvious that this also affected
t he pandtaystodctueninaviinh ti3® ayoGRE] crysiehpriasizeds ERAKIN &vas) obtained. A raw

mat eri al obtained by adding. depum.in. a it egul v Taly mass
PPt to tantal uﬁ‘r‘etﬁ R R, gﬂﬁmt%’!’yg%f%%Qg% %gn‘;ﬁ@}%c?&?o e?%r%:t?lpg?’lt&ﬁ{e)am

mel ti Rgnedt, tAHESTHNGE pPacdssig Bb eRabeoRain @ gntehmatedalchaving knkiskneds 200 mm
and di aneter of 200 mmtp. The crystal grai n size was atgﬁ,roxi mat el

.20 mm
P ar moPA010r0esd gadiameter of 450 apingr Grad MATKINGgRRSk FRATMSRBIZglIo]y anaeglmgs i ngot
or bil] . 0 u i 1 Iz At &
anneal't i BoGRr e TR Bhuslesh b 28T the b SatEIe ey gl |
t Ei ckregsand vhﬁ@ti@?oﬁﬁde&r%tarrgta&n sdﬁe.wmdughpreaavbrggetcmstaljgeaih mlxﬁri ch
the average crystal grain size is 200 pm was, obtai ned. ;: sequently,
this wad \auigiebwill glsoxehangs aergninara t?ﬁ@&d'tfvgrﬂpﬂﬂnfa?fmégﬁg?@ eﬂja ure
once (Wap i I i was performed thereto again at
a temerg?mﬁkﬂyé%ﬁ% ég%%&&%@gé@%g@mu?t of repeating forging and heat
treat nent agai Tihe avergr cybtaiavaingize bhitekizegst wae 7@2npanand the aaeaken 130
rnnco, and a structure in which the average crystal Lo si | pm
was olSf &estystal @rpinoHes Waﬁjmgjéz’q@é‘ﬁt fRe v ?W@%{tﬁsmfg{éae?%%c%q%éé@o\%ggng and
fenySIs%,lfr@Fés‘Bﬂls%ﬁé%ﬁhilé}Ws fri hsla rocessing so as to obtain a target

t

mat erial having a I ckness of 10 mmand a dianeter of 450 nm_Cold working
andr ecr yst al | Siraeitbe shestaesistgnea depends @l teediva thigkneger Belistigrtent o

achi ev n appropri.ate average cryst I [L\Si { gL e

cryst zﬂ? @‘reaisﬁggﬁ ig,S'S%‘\J ©t Hbe%ﬁ%rgag rng%giﬁi%%%gmﬁ{sé%ﬁgfédpgés?ﬁ'?g itﬁ@t hi s
Conpargdtiinetide 2BRHRionaddtHe BlndRIcREEs < F Spédificallyaitne siheet oésistamceaofgé® was
supposedly 70 pm but the variation of the cryst?cliggrai n sigﬁ] was, 50% and

var i atrooms cadbedvaigr wegregasired tasslciieitae sidard ggMiation Apathessolor ¢ he
| ybd % . i i lge 2.
ol ybdenum conhehe 1BS,E0 Yyt SRR ISTAER 21 Albefly (o neRoT ! Re

[ 0057] Si nce the resrstan nds on the I ckness, the
di st rirbyistaree2@efribution sheled shest Btsmak (1.8 tohe5Mffeom(the initishstepeiaghe

measured to check the distributian condition of the filmthjckness.

Speci fanchistgge t9fe SRHERENG &8 &igin éaWPPGA h}?om’ﬁcg’aélr?nt Rk W&r gbﬁm@?ﬁ)&ggur ed

to Calo‘i’f\'riﬁhﬁoﬁ hegmbndard deviation (a) thereof. As the results
S

simlarly shown in Table 2, evidently, the fluctuation of the resistance
di stribution i Thehelestnieat enerdyaragrired. @ to te dsifiaf siabilization mftspattedpage to

the 25end stage of sputfering,i IS aratiye X i he

f1 uct U42$ 8l§0 e?ﬂ‘érefjiq’}# ?ng‘fjmggé(\/ghs?%%?ﬁeﬁeﬁsa%ﬁ%m%@% %’cfr’r"i'stéal
eneny gesuid efoBni the hurhtihatimgt abk! beainaye Qinifpniitypréfnthenddmabvae
measured and showed "130 kW, and increased, as shown in Table 2. Thus,

it waganombimszicdl waspassiie tniraprovedhe analityrl the BeURCEAPRRSIIQNI f or mi ty)

of the_fil was inferior, and it was not possible to inprove the quality
d‘?“?thEé?mm% deposi tion. 100581if the additive amount of nol ybdenum added

to tantal um hay pgy dtefialt YotainePb? AQengeesdeenlifDirmas anppmt aduivatentst al
grarh t?)I 12 80 ?r?gsrssggsnd tc(;i r’:gntglhuemvhzgvlir% Iaorr;urity of 99.999% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm
and diameter of 200 mme. The crystal grain size was approximately 25 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.
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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deposi distkution is small. P mp q y p

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 80 kWh, and decreased, as shown in Table 2. Thus,
besides shortening the burn-in time, the evenness (uniformity) of the film was
favorable, and it was possible to improve the quality of the sputter deposition.

[00s52] (Comparative Example 1)

A raw material obtained by adding molybdenum in an amount equivalent
to 0.5 mass ppm to tantalum having a purity of 99.995% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm
and diameter of 200 mme. The crystal grain size was approximately 60 mm.

After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure

in which the average crystal grain size is 200 ym was obtained.
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Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mmg,

and a structure in which the average crystal grain size is 100 um was obtained.

33

[0053] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve an appropriate average crystal grain

10 size and variation of the crystal grain size, but the foregoing adjustment was not
possible in this Comparative Example, and the average crystal grain size of the target
was 130 um, and variation of the crystal grain size was +35%. And, variation of the
molybdenum content was +40%. The results are similarly shown in Table 2.

[0054] Since the sheet resistance depends on the film thickness, the distribution

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

As the results similarly shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is large (3.8 to 6.0%) from the initial stage to the

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

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

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

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

30 [0055] (Comparative Example 2)

A raw material obtained by adding molybdenum in an amount equivalent
to 150 mass ppm to tantalum having a purity of 99.999% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm

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

18



2.04 44 00 150 140.4 188" 157.3 Average 17rvistgl Grain Sre..5 100 50 47 40

42 3:1 32 troritocciorellicrgi \rano hog in Crystoi GlL1381 Size 3311% 5. 794
134 a/ 4 98014 ri S5122 Vail:Agri in Content N310 and |I'3:2 o

PCT/JP2010/063193

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

5 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 um was obtained.

10 [0056] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve an appropriate average crystal grain
size and variation of the crystal grain size, but the foregoing adjustment was not

15 possible in this Comparative Example, and the average crystal grain size of the target
was supposedly 70 um, but the variation of the crystal grain size was +50%, and
variation caused by segregation was considerable. And, variation of the molybdenum
content was +70%. The results are similarly shown in Table 2.

[0057] Since the sheet resistance depends on the film thickness, the distribution

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

As the results similarly shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is large (4.5 to 7.0%) from the initial stage to the

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

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 130 kWh, and increased, as shown in Table 2. Thus,
it was not possible to shorten the burn-in time, the evenness (uniformity) of the film

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

[0058] If the additive amount of molybdenum added to tantalum having a purity
of 99.999% exceeded 100 mass ppm, the crystal grain size coarsened and the variation
increased rapidly, and variation of the molybdenum content also become prominent.

This is considered to be a result of the segregation of molybdenum, and it
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was discovered that the addition of excessive molybdenum is undesirable.

[oos9] (Example 8)

A raw material obtained by adding 1.3 mass ppm of molybdenum and
0.74 mass ppm of niobium in a total amount of 2.04 mass ppm to tantalum having a
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,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure
in which the average crystal grain size is 200 ym was obtained.

Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 150 ym was obtained.

[0060] Subsequently, this was subject to cold rolling and recrystallization
annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mme.

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

[0061] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

As the results similarly shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.6 to 3.5%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

The electrical energy required up to the initial stabilization of sputtering was
also measured and showed 100 kWh, and decreased, as shown in Table 3. Thus,
besides shortening the 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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[0063] (Example 9)

10

15

[0064]

20

25 [0065]

A raw material obtained by adding 32 mass ppm of molybdenum and 12
mass ppm of niobium in a total amount of 44 mass ppm to tantalum having a purity of
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, 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
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 130 pm was obtained.

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 um, and the variation
of the crystal grain size was +11%. And, variation of the content of molybdenum
and niobium was +11%. The results are shown in Table 3.

Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the

distribution condition of the film thickness. Specifically, the sheet resistance of 49
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thickness of 10 mm and a diameter of 450 mme.

The average crystal grain size of the target was 50 um, and the variation
of the crystal grain size was +7%. And, variation of the content of molybdenum and
niobium was +8%. The results are shown in Table 3.

[0068] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49

points on the wafer was measured to calculate the standard deviation (o) thereof.
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annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mme.

The average crystal grain size of the target was 47 um, and the variation

of the crystal grain size was +5%. And, variation of the content of molybdenum and

niobium was +6%. The results are shown in Table 3.

30 [0071] Since the sheet resistance depends on the film thickness, the distribution

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

As the results similarly shown in Table 3, evidently, the fluctuation of the
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The electrical energy required up to the initial stabilization of

sputtering was al so neasured and showed 35 kW, and decreased, as shown in
Tabl e 3. Thus, besides shortening the burn-in tine, the evenness
(uniformty) of the filmwas favorable, and it was possi @&/ fea10RpIeve t he
quality of the sputter deposition. [0072£ (Exanmple 12) A raw materi al

obt ai mesistayicadtistngudan imtte phestos sl bddrharh.8%d feen tioe infédlstageni®theri obi um

[ I f 150 . ' [ %
was s GBCUPOF P arulieroR ‘bl rerdPivy (M Vi BURHeRE Bt o Blesdess 7T
havi ngjigriblMicikReshalef 200 nm and diameter of 200 mmp. The crystal drain

size was approximately 55 mm _ After _{}Jérfor_nji ng extend forging to
this ingot or bhe¢lalectseal engroygegeirad uelo the §ilelsstabbzatian o sputtering

recrystallization ld 0 a
rac of e AE0 M Bt} of SRR BaRe pothdym IS AR ke,
St r uctpyeisRidsn swbitehinghthaatrirage mygsttaé @reninessi amifosm2PO0 ap ntheadinobias ned.
Subse uentI?/, this was subject. to extend f_or%i ﬁ%]and upset forging at room
t enperayepblepAed iyas Rosakle toaipmyevathe dudlity AT HisheRY S FERSYOBY f or ned

et jn at a tenperature of 1400 to 1500 K. As a result of
ﬁ@g{éat(lgﬁé&f)(@g?jng and heat treatnent again, a material having a thickness
120 mm and a dAas®et gratdrdd ottaiped andaddisgrarcnase ppm wiinadlybden i emnalge3

crystal grain sjze js 100 was obt ai ned. 0073] S equent.| hi.s wa
1o STt oha Bl & Feblutnb SR Sy B 35 et B o, A R 2 Mg
finis ff}ﬁ(??@%‘%' Wes %Qxbgef%t E{goé?%éﬁ?édgbéaﬁﬁmtnmr ihdd waRvéng ta grBbalengss of

10 mm and a di anet er The average crystal grain
si ze dhgotieavireg gehickasssiof AP nemdanchadiametenef A0 simehéhe cpstall grginesiae si ze
was 4% And, vari aﬁxil\ﬁg of the content of nolybdenum and ni obi um was 15%
The r 437 PRPIGXENA, MM Tabl e 3. 13074] Si nce the sheet resistance depends

on the filmthphgakppaforrhitg &htehd FrdingPid ﬁﬁb)fngbher slileett reshsempeeature, t he
wafer (12 inches) was neasured to check the

_ Ir ec _ istribution condjtion qL t he
15111 m tihisokae sbjespiscieciysializatiarantenling atesiemmaralursof 4608 s agrsthe
f , | , i a4 th
Fesul BT A G SuERE L fad 4 BhB ARG Sel I rngland BistRbyrgs The
resi stinR@fciiltrss avdrabe@nystal driatn sizeds 200 | smalds qtaibetdo 1.8% fromthe

initial stage to the PCT/J P2010/063193 enij st age. of sgutterifn in tthi S
Exanpl e; that Psbseaeentiyudhisatdsnsiecthte £xigh ﬁ?’@lﬂ%ég RSt 8&'?%@ is

smal | . | L : ik ; t irRidd
St abi "9 PR S L e e P Tite ara

o0 decr easgrn % heyerature 14900 THAB K. Wesadesult hbrepadting forgng@nd-heatt i ne,
the evenness (uniformty). the fil.mwas orable, a i ible to
| o ovEPATET ALy 3 GRAtEHal BUNBR THBKIeY | ot T PoRadE Pk 3305,
A T aw g Sikln B WHRth Ine ARILGE chikidl JraRSsiEOT 900 it Wademduamaad 95 mass

ppm of niobiumin a total anmoun mass ppmto tantal um having a
[0073] 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

o

25 thickness of 10 mm and a diameter of 450 mme.
The average crystal grain size of the target was 40 um, and the variation
of the crystal grain size was +4%. And, variation of the content of molybdenum and
niobium was +15%. The results are shown in Table 3.
[0074] Since the sheet resistance depends on the film thickness, the distribution
30 of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results similarly shown in Table 3, evidently, the fluctuation of the

resistance distribution in the sheet is small (1.6 to 1.8%) from the initial stage to the
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10 purity of 99.998% was subject to electron beamnelting, and this was
cast to prepare an ingot having a thickness of 200 mm and di aneter of 200
nrnp. The crystal grain size was approximtely 55 mm After perform ng
extend forging to this ingot or billet at room tenperat urRETUP2010/063193 t hi s
was subject to recrystallization annealing at a tenperature of 1500 K As a
r esul tend1gageatf espustieringvin rigisaExdmplendisat isf thiepBuetvation o4 tae Jilratteickpess 30

mp, and .a str.ucturF in which the average crystal grain size is 200 pm was
obt ai ségiribution is small. g psequent iy, this was subject to extend forging and

upset forging fhe ré?@éﬂi&@l”&@ér@?%@u@é@%paﬂﬁiﬁb iratsl stebitiystiad bf zputterng
anneal i ng was perforned therefo again at a tenperature of 140 1500 K.

0t
As a measublso oheaspedeindghiosveg 4Q ki ansadecrersechasesiiovay sy hablg %TgEhé#Si al

havi ng_a. { hi ckness. 12 n .di anget e ; ; ract LA Whi ch
t he ag’&s‘ e éF?@?@ngﬁ}ﬁ%@?g@%ﬁé’lgﬁé pén\]/e\j,r\wé%sob artlllf%e '.t%[ 3%7%\% i vists
Subseqygsthble, ahbiiswiepossibjeelt improeetite qoality of trensputesrrdestosltionzat i on
annealing at 1173 K, and finish processing so as to obtain a target

irar@r (RXampl¢i WY a thickness of 10 mmand a di ameter of 450 mp. 25The
average cryst ah GfAhGic ot BoRlindd\By AUAR 515n4; PEin GolBEeNE id 95 of

the crystal grain size was e content of nolybdenum
and nirphsdimpwasf Hdbiuhin aeotditamauet shdwh.4 makabpem3to favtampshaREst e

Sheet U 51 B9 05T VERSURRT IS iaT AT ML et it NS CALLE Pretiart "
30di sty bl Ay EANUliibeed of 250 birharidiiaRaseof o6 ey dinkycrytiae gaiieet

resi stan points on the wafer was neasured to cal cul ate the standard
devi atdizenw@aaJapphedieately 55 mm. As the results simlarly shown in Table

3, evidently, e flyctuation of .the resjst LSEEI i J heet
is small (1.5 A§eiP§ g RRd forig, o Sa@@%f 8%@';& gggéds'ﬁg‘a@%gweré
sput t hjsNgad QubRBtoeR i higealingeatfd wehperatos off1 500K fAS mrediltkness
PCT/ ﬁé%&‘%?%%%?’%%ﬁh. st ﬁﬂgﬁl}!llz%tﬁﬂfg srr?al I@ e he el ecqs rgi ?ral ener gy

. T
requi rethaigrialhaving & thickresssefalaq mraend @ demaiet ekt3hgMBsal Br ed

ahor ¢ ARTACY P BY AR P T3 LS A ez I Aadan Yo FRALRALS of “the i1 m v
favorabl e, andgubseagemnssthiy evdsositiprowe extendyterging aotl upsetsiorgingrat
ot ai rien{erHpAH e B GRHaEa PpAn b1 S HOF DAl 4R 2B RSP B (Ho8Purm i n
by ko L e BRI, PR LY Uk 0o oG RS v
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.

[0076] 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 42 ym, and the variation
of the crystal grain size was +5%. And, variation of the content of molybdenum and
niobium was +13%. The results are shown in Table 3.

[0077] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (g) thereof.

As the results similarly shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.5 to 1.9%) from the initial stage to the

end stage of sputtering in this Example; that is, the fluctuation of the film thickness
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10i ngot having a thickness of 200 nm and di aneter of 200 nmrm p. The crystal
grain size was approxinmately 60 nm After perform ng extend forging to this
ingot or billet at roomtenperature, this was subject to recrystallization
anneal ing at a tenperature of 1500 K. As a result, PCTIIPEO1AEEEPT al

havi ng a thickness of 120 nm and a di ameter of 130 rnnp, and a structure
15i n wistdbutidreisearealage crystal grain size is 200 pm was obt ai ned.

Sub tly, th bj ect t d i
R A
t her et g 295 M&ds el AMRRIMEE49 kWi Ahd @edke8fe . as°§hc$wm asThbledd. Thepeat i ng

forging and heat treatnent again, a materi al havi a_thickness 120 mm and
a di alesetesl 3borening freakiraistimet (he euenpese h( @”H\Mr 24dher 6@? alaQrain

Cof i v ghrcear pRsBBley Riidhe i ToERYSFY %%“%fidc Lo 2 to

%{vé}l (‘C@nf)gfélﬁfé E;a;tr@meag) havi ng a thickness of 10 mm and a di aneter of 450

rimy) wor ki ng and recrystalli zatl on anneal i i.n the mddle | ast
wer e adj ust ed AdanchiadealaPtaipEH Pt pAYIBI Are Rﬂ'ﬁ@fé’ﬂo%?%’wr&aﬂ@a@ﬁd

VoL e Rbet SEniERYR T a%6@h BrRiiftor A0 Jthﬁse gﬁﬁﬂﬂaﬁwaﬁh NEREBlpAS Not

possi BI' rrpara i've verage crystal grain size of

the t ajfo¥g 098% Wés ryTb(edtIQbLalea:tg)mbeam wedtald, ianelthio masoeast todiape dat i on
of the crystal grain size

mol ybdegeirhamieg ﬁu%@kﬂ@ﬁ%ﬁ@@é %{@A a'émﬂ\{%%@ B?rﬁ{pl iBFﬁgﬁﬁ% t"’"”Oé"’r%bl e 3.
30 poir(%}{]l gn ﬁ“?’{‘?@%%%' stance depends on the filmthickness, the

di str eet resistance in the wafer (12 inches) was measured
to check the dirster bbcfb'rmhngce»ddnmf@l@lrtg ta thés ingotrof Rillek @b oM SPBREFIEER | v,
t he sheet resi sta

ol nts on the wa t |ate
t he sttaﬁd‘ﬁ?%SH@\‘?ic r@r’?“ﬁi?"'? M EaRNeaHng 3 {%@ﬁ’\%@r%ﬁﬁ?@% As?%g\?\!néglildn Tabl e
3, ew% RiHtLal H vﬁ'hcjéWEHﬁéésOGf 210 kg anBETHbRRAOH0EIL BB cand batteture
distribution in e sheet is large (4.0 to 6. 5% fromthe initial stage to

the erid veielythetvarpgetasystabgiain sizeds SORpER as/ed teingdpl e; that is, the
fluctuat f the fil |
et uatLon of ek B VARl 19 0 ol o Tomckagig

IZ&IOI’]O uterlng was al so

masur%n@t@n%@@tﬁé drife ky¥in, and reaystdization mnelabm@ was prrforenegl thereto, it

was not possible to shorten the burn-j evennes n|f of
the fiagaings a temeperatureanid4Q0 gdoRbBic- B%fsélfSP%ﬁ Pg f%‘iﬁ fso{ éﬁ F%ty)

t he sputt e t é‘te@al%@ @im@ddi ng
ol ybebhaiari E. & Mageral hadh; & e e o el i havi ng
a puriyd afstiigtireyin Whuﬂ@ttﬂﬁﬁ%rag@mﬂystaﬂmaﬁametlteﬂna@mmV\@§ aHpiwedonpar at i ve

Egﬁgglnf a?u\r/;]/as OSbquesre\éSgntlyll,t 2SRV ]Sec oL roqllfgo M eRRt RSty Tty
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mme. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve an appropriate average crystal grain
size and variation of the crystal grain size, but the foregoing adjustment was not
possible in this Comparative Example, and the average crystal grain size of the target
was 34 um (including unrecrystallized portions), and variation of the crystal grain size
was +60%. And, variation of the content of molybdenum and niobium was +27%. The

results are similarly shown in Table 3.

30 [0080] Since the sheet resistance depends on the film thickness, the distribution

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

As the results similarly shown in Table 3, evidently, the fluctuation of the
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[ 0081] (Conparative Exanple 4) A raw material obtained b i

y addi ng 60. 3 nmass
ppm of nol ybdenum and 97 mass ppm of niobiumin a total anount gf 157. 3
mass ppmto tantalumhaving a purity of 99.995% was subject to el ectron
beam nel ting, and this was cast to prepare an ingot havi myTaPRHPEINARSs of

200 mm and di aneter of 200 nrnp. The crystal grain size i
60 mmre#étaace phstfibutiomm maemletrisrl@rigm(%%tcv §i &%) figot tf?ﬁ im\fﬁ'?eﬁ@gg%fg iflr%;qel g

t enper at ur.e; hi s j ect ' [ '
| nberRe raBol UKo WS bridare e AT B8 ARERITE T 15
m andg A bpnEdLdisfbulidh igTdrge. and a structure in which the average crystal

grain size is 200 pm was obtai ned. Subsequently, this i
forging and u “ﬁb@teleqirlgalr@\qurr@gmr@@mﬁhmﬁ g%‘@{ cﬂaaiéjggt}sﬁnsggﬁﬁgﬁﬁerﬁﬁg extend

recrystallization annealin f: h i
{ enpo AR AIES SRRl A Bl Tag kv BEHG REMR e 8 ShanAGITHR BETLS, ea
Hﬂegt r@ﬂgs g@g;@sg?lm shb@%n hﬁaikjmgnm tihies ke evehAGssniurafdmétypioh g B 130
, U ¢ ; :
bt & ek infaE RS SERR BA Pgse R RIS MHG S Bp cincorlr drRuR! fRpbdig° P e
recrystall i zat Sﬁﬂil{}h%gahgqga%g)%‘#fo?h%sﬁ&rpi @488 IfNtdifg afolybdehdrai in ant ar get
I CKness o)

material having a nm and a dianeter of 450 mn Col d
wor ki ngneimst ggavaisiialol 0 sahass pprmtsatantejuinnhavieg i pidite o&pdrifyagh 9%9@0,

adjusted to achie opLi I i variati
ot nebid e samefeanAnGY 26 B GO HErAUE GgoT Y o ae CheRl b Haf 8BS B 71
this gﬂgﬁ]ﬁzﬁ%pgf@@é{p{h@p@ﬂ of Bghtanet.age crystal grain size of the target

was 3 uding unrecrystallized portions), and variation of the
Gdop§t a{CormedraliveEXbeiMe )93 grain size was -55% And, variation of the

con i abi e
oo ToRMORAT D il N T L
niobium in a total amount of 157.3 mass ppm to tantalum having a
purity of 99.995% was subject to electron beam melting, and this was cast to prepare
an ingot having a thickness of 200 mm and diameter of 200 mme. The crystal grain
size was approximately 60 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a
result, a material having a thickness of 120 mm and a diameter of 130 mme, and a
structure in which the average crystal grain size is 200 pm was obtained.
Subsequently, this was subject to extend forging and u
pset forging at room temperature once again, and recrystallization annealing was
performed thereto again at a temperature of 1400 to 1500 K. As a result of repeating
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.

[0082] 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 mmeg. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve an appropriate average crystal grain
size and variation of the crystal grain size, but the foregoing adjustment was not
possible in this Comparative Example; and the average crystal grain size of the

target was 32 pm (including unrecrystallized portions), and variation of the crystal
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of the sheet resistance in the wafer (12 inches) was neasured to check the
distribution condition of the filmthickness. Specifically, the sheet

resi stance of 49 points on the wafer was neasured to cal cul ate the standard
devi ation (a) thereof. As the results simnl arlRETERRIAOPII9Tabl e
3, evidently, the fluctuation of the resistance distribution in the sheet

i s | angain(dz8was #550%) Ahdowatiation af theatordenigel melybreneryard aipbign was

sputteri in this Conparative EX o that is, the fluctuation of the
film til%4gk'n f%@?ﬁf%gw@?{"% %q%€wgble . The el ectrical energy
KRgyi red up togijee theidheak redistainte zrpends oh thpuilinethickpesasthel distribeenr ed
and showed 150 kW, and increased, as _shown in Table 3. %{1#{5) it S _not
possi leifetheo skhet resistansebin thenwelere (13 HRChRRInWES s MEASHF t et Whe film
~was inferijor. and .t ot [ te,d e lrbdi¥tapletdreasput t er
' deposi‘{'gtﬂh‘f il Cond'tlonV\@fs#mk'lﬁﬂﬁ%gg%gshggaéa@ﬁ%ég% ct)ﬁér}gg%]ggrréggtcasg of addi ng
mol y bagymtadrnthanvaep walks ragaswrebleotcalauldle theatmdapdndeviatiant(a) theréelvi ng a
purity of 99.999% but the sanme tendenc s this, Co atj v anpl.e 4 was
observed. |t wAS tBBVESUIE siataryshovy) §b¥§$lﬁe%t%\ﬁd?wg}?g{]?itﬂf"§€u(?ﬁé?gﬁttﬁ?um
2. 0I'N OB ' BageNkol) s ttheniiaPstdgeaognger i or
ef f ecEggggbﬁgen@gghugéﬁéhga%\#gg?gg lf?l-lr%lﬁ(‘gg??t y tzgnt al um sputt er_|§ng t ar get
conpr igidhgtageush §putrerandirf thie Gampatative Exaimplel thatyiseths flaetaplien gif d6&a and
superior filmevenness. in gther words, uniformty, by containing 1 25 nass
10 pprn Jﬂmﬁﬁnﬁﬁ%d@@@%'sgﬂ&eor | ess of mol ybdenum as an essenti al
conmponent, andTﬁQr%I@i:trr‘iicageﬂng%/ ifBRS§p RO hefinifiapbiabinzasionesfdguitteeingl udi ng
0 mass pprn thereof, and causi'ng the total anount of nol ybde L1m aﬂ,?] ni obi um
to be WasaiEe mpasoedrndtshonied 3601845, @fpfiﬂweﬁliﬁé%,asaﬁ’ﬁU)th\ﬂF%’ﬁ:;p Uy of

Che. plibif 150 RSP0 OaR R g Sp O R Can ot n o PLAR e D

initi ahafirﬁgﬁo@fanamwé%bngoséib@ forigfpeoie thevaulitp of tedsputtenalebpsiiosl ds t he
effect of being able to shorten the burn-in tine et of the

_ 9. al . ; ga.us, th%tar
I5present i nvent iSomilas testiepuwap rperiimadefar arhass ¢ afdNIpRRRAENYM i 28 a
t t itable f } fli f 0 i i I i
for o rmBaPf P ive RS O B o R AT R i e e e g

t ar get s£ABtahAEMY isTRBSCPAIPpvative Exanmde B0Qarusssepyed.ot Wassebipusingtodenum

as an essential conponent, and having a purity of 99.998% or nore excl uding
mol ybddiruatsaraifegiad tenpigie of LantabiM A"t ant al um sputtering target contai ni ng
10 mass ppmor nore and 100 nmass ppmor |ess of nolybdenum as an essenti al
conponent, and having a purity of 99.998% or nore excludi ng nol ybdenum and
opgas conponents. 103. A tant ANDUSTRIALeAPRYIGABYAT Ycont ai ni ng 10 nass ppm or
nore and 50 nass ppm or | ess of nol ybdenum as an essential conponent, and

hg a purity of 99.999% or nore excl udi ng nol ybdenum an S €O nents.
gTheppreser>1/t invention yields a superior effect of %eing gble to provide g%lgh p%?y

tantalum sputtering target comprising a uniform and fine structure and which yields

ol

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

or forming barrier films.
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4. The tantal um sputtering target according to any one of claiml to 3,
wherein variation of the nol ybdenum content in the target is 20% or | ess.
155. The tantalum sputtering target according to any one of clains 1 to 4,
wherein an average crystal grain size is 110 pmor |ess. PENPTHEOHAT al um
sputtering target according to claim5, wherein variation of the crystal
grain size is 20%or less. 7. The tantalumsputtering target according to
any one of claims 1 to 3, 20 furth " taining O to 100 nass ppm of

ni obi um excluding 0 mass ppmthergﬂb‘, alner ein the total anount of

nmol ybdenum and niobiumis 1 mass ppmor nore and 150 nass ppmor |ess. 8.
The tantal um sputtering target according to claim7, further containing 10
mass dpm or noAetamtalun0SprEsENg paiget costainio hirsasmP2 sy, MAES et AUm

sputtering target accordi t |laim7 j .
nor e éﬂ@ﬁsg@p% sppM 8?‘%’@‘2%”"%? %ﬁ%{)ﬂ?aﬁr{tﬁ%gﬂpﬁégﬂ g?ﬂ a: %"@%ﬁ‘mﬁY %gm o
t ar getgoagemy, &y Moreter@Ydifg endfbsémifand dax Compbesetsn vari ation of content

of ni obi um and nol ybdenumin the target 1s 20%or less. 11. The ¢ al um
SPULT @i ng ¢ ar felerialunT pHieTing LargebAanenieg AhgIass, BIer FERRANG: 100n

o got GELBIt W ors R FFad s ATk St F Fompb e R Rl bR o o
is 20%%998%ssi-more excluding molybdenum and gas components.
Sr A tantalum sputtering target containing 10 mass ppm or more and 50
mass ppm or less of molybdenum as an essential component, and having a purity of
99.999% or more excluding molybdenum and gas components.
4. The tantalum sputtering target according to any one of claim 1 to g,
wherein variation of the molybdenum content in the target is +£20% or less.
5. The tantalum sputtering target according to any one of claims 1 to 4,
wherein an average crystal grain size is 110 pm or less.
6. The tantalum sputtering target according to claim 5, wherein variation of
the crystal grain size is £20% or less.
7. The tantalum sputtering target according to any one of claims 1 to 3,
further containing 0 to 100 mass ppm of niobium, excluding 0 mass ppm thereof,
wherein the total amount of molybdenum and niobium is 1 mass ppm or more and
150 mass ppm or less.
8. The tantalum sputtering target according to claim 7, further containing 10
mass ppm or more and 100 mass ppm or less of niobium.
9. The tantalum sputtering target according to claim 7, further containing 10
mass ppm or more and 50 mass ppm or less of niobium.
10. The tantalum sputtering target according to any one of claims 7 to 9,
wherein variation of content of niobium and molybdenum in the target is +20% or less.
11. The tantalum sputtering target according to any one of claims 7 to 10,
wherein an average crystal grain size is 110 um or less.
12. The tantalum sputtering target according to claim 11, wherein variation of

the crystal grain size is £20% or less.
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