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

The present invention relates to a high purity tantalum sputtering target
conprising a uniformand fine structure and which yields stable plasm and
yi el ds superior filmevenness, in other words, uniformty.P‘Not?e't%af! the
generic termof "high purity tantal um' wi | be used in the present

speci fication since the high pur PEPGRIRTAPHM according to the present
invention contains (is added with) tungsten, and nol ybdenum and/ or ni obi um
as needed, and the additive anpbunt of these elenents is small. F, BACKGROUND
ART [0002] | NTANTEMUM SRETTERINGPLARGEThg met hod for forming a
filmfrommterials such as netal or ceram cs has been used in nunerous
fields such as el ectronics, corrosion resistant materials and ornanents,

catalysts, as well as in t he My AQIEAE FIELIﬁ)) of cutting/polishing
material s and abrasion resistant materials. Al t hough t he

s[@QPﬂIerlng nethod itself is a well-known in the foregoing fields, recently,

particul arly i nridpredepftin@Hton fdiged. toda hagh falmm SRYAILET EPGHdriTRirget
suitable for formng filns of conplex shapes, form a?plm rcuits or formng

bar r i eEOMPriaiNg & umfoaranmmﬂnezsts{o@msqn@mm Ivields isfable sasnarmnday§ids | s

"not  sreeian R Fsrigat of Bk BbRISrBPRnd ARFEAAR, MiFBend SRR, 10 o

t ant al potityaysfaied il b’desteHeireaﬁéepreBehf cyp@bﬁ@an@dmlsmge athd fiighi plarity
processi ng such as_nechani cal processi ng and ollshlng theret
r

I n t hi Brtalae aecypdiuta thm Prretddaventins pentains: 4 Agdserwih rﬁéﬁi‘%@?ﬁ 9 ngot
or bil &) B’Hténunﬂjgﬁwo?ym%@lﬁgﬁrg?%e%HEHCEHﬁ &he HoRIRRESEMBUNEL ﬁe@@téelﬁ'éﬁtégor €s

and segr ations her "anhealing this, recrystallization w |l
occur,nsaenﬂall he densifi cati on and strength of the structure can be inproved
to a certain degree. The nolten and cast ingot or billet
generally has a crystal grain size of 50 mnmor nore. As a result of
subj ecting the ingot or billet BACKGRAUWNGiIAGTand PDLI P2010/ 053191
(g;?/stal lization annealing, the cast structure is destroyed and uniform
ine (100 pmor less) crystal grains as a whole can _be obtai ned.

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

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 hotforging
and annealing (heat treatment) of an ingot or billet formed by performing electron
beam melting and casting to a tantalum raw material, and thereafter performing
rolling and finish processing such as mechanical processing and polishing thereto.

In this kind of production process, the hot forging performed to the ingot
or billet will destroy the cast structure, disperse or eliminate the pores and
segregations, and, by further annealing this, recrystallization will occur, and the
densification and strength of the structure can be improved to a certain degree.

The molten and cast ingot or billet generally has a crystal grain size of 50

mm or more. As a result of subjecting the ingot or billet to hot forging and
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[ 0004] Meanwhi l e, if sputtering is to be perforned using a target produced
as described above, it is said that the recrystallized structure of the
target becones even finer and nore uniform nore uniformdeposition is
possible with a target in which the crystal orientation i SCEIi2gRed" Ponard a
specific direction, and a filmwith | ow generation of arcing and particles
and st wsrystalisation annealing thesaplestaurttienBadestroyed and unfierd apg e 890ar e

bei ng t formrecrystallized structure
and al F'S}ﬁ?ﬂsgﬁ Cﬁ%@‘ QE/A'H@%?.aenﬁ@[eu%ﬁ owarc[l'%i specific direction Oin the
po@duct i on pr oq\ﬁ@@wrﬁné he spattgerg (S oo b@(pﬁl}ﬁbﬂned eufserg adaFga&tepmdDoedlrasnt 1
and Patent Docunent 2). [0005] Moreover, ﬁ I os fa ri t

t ar get ARG APAYE. a'tﬁﬁaﬁq' I“P@tt thepeeqryeigliz ‘t”eeP thg gwg%n] % ring

glilm \é&b ,&héé %lﬁhdjfb‘?g UFoRRAN R Hifcﬂnpgégf)?ltlgﬂ |Q$Bs%fblé‘%?r| %”%’ﬂ% etSR ect ed

anong ~AU as an el énent aV| n sust al ned di schar ge
char actvaidhstheasystebosemigtiohes atigradd tmmrdta spedtic dikiectialr, angia filh witkdlowand K

t | |
Shi ch SRRSHIPOSY B659 Rad TEyTQapeRacrTg et PR b By BhEREYT W (hin
the range of 9% tRARrB9Q¥e et Fiakeh FRIRMeVINg W BRdr Sd more uniform

When revi ewi ng these Patent Docunents, there is no disclosure to the
20ef f emcrydtaliined istroctuse (alndoallgaml}g)ﬁtﬁ f:iy@tailcémtathnet@wazd @gS@?GIflmétfe@tquct ur e

107 ner eadeemaUaRueh Bl s e BB LT SHa bye et atert PRRT et T o

of an phesRModdihd 9. 001 ppmas a result of cont ai ni ng an el enent sel ected
anong Ag, Au and Cu in an anount of 0.001 to 20 25ppm However, since the
aldefist i ve el emerVloieovar tdisgesegrisuatigh puiity T IIDELBOTHAY & FaNdimdobe

E)\r/g?: :{I%%ﬁ]fg' o b Fidt | éﬁ/er%ddélxg\m flw%?&{'%e&#ta%%g 4 c@gfnﬂ@ng‘(@r’ll th 20

![EC| Uigpﬁh of aglig@wihéntofselk!bteo\/\lan?g Al Ao drsl 1Cas pecan weémenblhavaty seﬁ{ | ess
an and 10 Thi I
in an guggpﬁ{edtmggﬁanr]gqc@@ggc{?ggﬂ?@@cggﬂgglthe total Smount SPES IHID CtrOSll ’m“ﬁ' s

and K as impurity elements to be 100 ppm or less, and using a high purity Ta in
which the value obtained by subtracting such impurity elements is within the range of
09.99 to 99.999% (refer to Patent Document 3).

When reviewing these Patent Documents, there is no disclosure to the
effect of the inclusion of a specific element realizing a finer structure and thereby
stabilizing the plasma.

[0008] Particularly, Patent Document 3 increases the discharge amount of Ta
ions by adding an infinitesimal amount of an element up to 0.001 ppm as a result of
containing an element selected among Ag, Au and Cu in an amount of 0.001 to 20
ppm. However, since the additive element is a trace amount, it is considered that
there is a problem of difficulty in adjusting the content and in adding evenly (variation).

As shown in Table 1 of Patent Document 3, the inclusion of amounts of
Mo, W, Ge, and Co is respectively tolerable at less than 10 ppm, 20 ppm, 10 ppm,
and 10 ppm. This alone adds up to impurities in an amount that is less than 50 ppm.

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

lower limit of the actual purity falls below (tolerates) 99.99%.
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30 [0007] Accordingly, as described above, although Patent Docunment 3
describes "causing the total amount of Fe, Ni, G, Si, A, Na, and K as
inpurity elements to be 100 ppmor less, and using a high purity Ta in

whi ch the val ue obtained by subtracting such inpurity el efEWIEO0LHP hi n
the range of 99.99 to 99.999%" the lower limt of the actual purity falls
bel ow (tol er at d8)is &0adevel th@Gs [oweo trpegneNtiphiak high punityJantajuyat apé it ower

char aceaeneesmat St dhe Yot ER R Bt berityde el Saner GO Bt ent -
@o’o@mpbteﬂt Dsehieheq RLBRSNES Safsfett Ridnemtioh oAN00R031BEFYI Pat ent
cunent 2] US Patent No. 6,331,233 [Patent Docunent 3] Japanese Publi shed

[Uggégfﬁ”ﬁé@”m_ eeumenpel WeAatent Ne. $682.43934 DI SCLOSURE OF THE | NVENTI ON
oot o) (Fled Uil ol JopReSE Uit OheAhnnd PR AhfsiBn Rcbuaadas

_ _ teri arget conprisin Ine structure and
whi ch yields stable plasnma and superior filmevenness (uniformty) by

mai ntai ning the high purity of tant ddi speci fic el enent.
[ocrio]lIn order to achi evdﬁ%quggloéﬁ]gﬂ%gﬂ@ygmﬁﬁg‘ present inventors
dbsspvered that it is possible to obtain a high purity tantalum sputtering
target conprisi .15uni form and, f.i ne structur d 1 eh yiel e
pl asma and supﬁ’?&?’ﬁﬁ%%@%ﬁ?‘?@?@ ('rl')fﬁnft'é)Pn'iSti?) pﬁ@%i%@%npﬁg&t %Z“%lhg

puri tysefittdriy edrdBt 2BehRRMHNG anFoesidridc fink estRbureBanedviiBht yieldsostapls ng

di scovery, the present ‘i nvention provides: 1) A tantalumsputtering
t ar get pkasmaaianﬁngurlerm{s&mpwmeﬁ%Kén@fmlmwmni%’ﬁﬂgrthﬁ‘e§§hopu'f”i¥n§§t en

as an gssential ¢ nent. ., . i.;ng a purity of 2099.998% or nore
excl ud ér@ae'f’ﬂhﬁg? 3%8&%03 8%1%“@%%{)%%% s; 2) Atantalum sputtering target
cefopi Ni ng 10 NMBSHJOPIO athiews thafuleddidgratgsctptite preskas mvehtdranigsioseras an

essenti al conponent, and having a purity of 99.998% or | i
tungstgwtdhd}srrpms@mﬁ@n@b{ggt a gigh gurity é\ntalum sputte?ing tg%re? c%)%prlljs%é]ga

uniform and fine structure and which yields stable plasma and superior film evenness
(uniformity) by maintaining the high purity of tantalum and adding a specific element.
Based on the foregoing discovery, the present invention provides:

1) A tantalum sputtering target containing 1 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components;
2) A tantalum sputtering target containing 10 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components;
3) A tantalum sputtering target containing 10 mass ppm or more and 50
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components;
4) The tantalum sputtering target according to any one of 1) to 3) above,
wherein variation of the tungsten content in the target is £20% or less;
5) The tantalum sputtering target according to any one of 1) to 4) above,
wherein an average crystal grain size is 120 ym or less; and
6) The tantalum sputtering target according to 5) above, wherein variation of
the crystal grain size is £20% or less.

[0011] The present invention additionally provides:

7) The tantalum sputtering target according to 1) above, further containing 0
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3) Atantalum sputtering target containing 10 mass ppmor nore and 50
25mass ppmor |less of tungsten as an essential conponent, and having a
purity of 99.998% or nore excluding tungsten and gas conponents; 4) The
tantal um sputtering target according to any one of 1) to P/ ABONES3 kher ei n
variation of the tungsten content in the tar is 20% or |ess 5)
The t alot a(l)ﬁbmmppmr iexgludéngy 8t mase ppdi, nef el g)dyndﬁbam/mmlqmum) VEIR5918,

Cantal i Ol XA, CryRbR pRUR IS riricfluB® Rimo & Reull mes ahly (e

cryst ah5rrﬁa§s ?lehe drsled9%apd WRSRin [tRE Iorith e xeresmy ttungstent nwiylsdidium onal |y
provi des: 7) The tant al um sputtering target according to 1) above,
f ur t hepiobisint andides @MpaEIePE 89§PGE3LOMAS 100 mass ppm excl uding 0 mass

ppm o, ol ybd ﬂﬁ%&ﬂ'ﬂg{uﬂ{ SBER@HI@&\F Bt ‘Ebgrdlirg;etcs ZS %)898”hﬁ'meroéorﬂéﬁﬁ tenand

nol ybdenum ari d rami s mass ppm or
wher ei N0 hisspirhtor rexiel are mgo tnmspmn ,or hedsydidaolybdenumbandioanidbgas;

conmponents is 99.998% or nor he tantal um teri tar accord
to 7) %ove f ukhenEntalom éPHttﬂ@ngiéarﬂﬁ§§Cﬁﬁ'ﬂ'Qﬁ 97[3375)@ %l] &g‘tt o

I ess of b;%?ﬂaléﬁnov r‘yﬁdr ?g%é&”& m3r Ié@?ofﬁﬁ'&‘ BHUﬁPé‘r‘i&/@FhﬁﬂJldrﬁr get

accor d| ng to er cont aining 10 ppm or nore and 50 nass
ppm or 10ess of Trrtd ;drdalnmauﬂémg nargel weocording tdr&nyt ane aifuf Epfi repveg

cont erV MBIt QIGHR, ST Bele LM aStE i BBDBAFTHT AE TLppue T URb9B8f S ess:
1+20% or less;
11) The tantalum sputtering target according to any one of 7) to 10) above,
wherein an average crystal grain size is 120 pym or less; and
12) The tantalum sputtering target according to 11) above, wherein variation

of the crystal grain size is +20% or less.

[Effect of the Invention]

[0012] The present invention yields a superior effect of being able to provide a
high purity tantalum sputtering target comprising a uniform and fine structure and
which yields stable plasma and superior film evenness (uniformity) by maintaining the
high purity of tantalum and adding tungsten as an essential component, and further
adding molybdenum and/or niobium as needed. Since the plasma stabilization during
sputtering can also be realized in the initial stage of sputtering, the present invention

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

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



11) The tantalum sputtering target according to any one of 7) to 10) above,
wherein an average crystal grain size is 120 pmor |less; and 12) The
tantal um sputtering target according to 11) above, wherein variation 15of
the crystal grain size is 20%or less. [Effect of the InventVoA” RA21The
present invention yields a superior effect of being able to provide a high
puri t ytandaitel ¢#n BeWSedri ng target conprising a uniformand fine structure
?llaéj‘ i/\/n 'Fébléf' | ds stable plasma and superior filmevenness (uniformty) by
n| ng he high purity of tantalumand adding tungsten as an essenti al
conponent (Araldcdl Weluber addi ng mol ybdenum and/ or ni obi um as needed. Since

the plas abi-H-zat+on durng-sput tering-can—al-sohe—+e t he
initia Bty ' TG ?Cﬁ%enéﬁ‘ eﬁrﬁmeﬁ F(\é‘ﬁfei’tgﬂm ddE AT Y el ds t he
ef f ect beHnc tHo—short-aALEKE o BEST-M; CARRY! NG
aurT T ' 3 . tR-HS—HSed—as t he raw
mat er i g .U.Ea_(_'l:a. gu_‘n* i ;.g' g;f =R+ An
exanpl g i Fabl e 1 {(refer

np Q&L‘_t_z: Hf'(‘l—lin < |1|ri'|'\ 'to the
j our na cl gl -ty—Jant al um
and Splitteri-nglilr get tatde—o! SHi-ted Bl Xthe—Japan
I nstit iogSand | ¥ ¥ Tabed 4 ~%Helt ot al

anount £ o ?prSI es Q6$‘| udi ge ¢ hadt <9_-O]nfnec ppm t hat
is, 9905009 tq<680°l9099 |¥assy di ity |<0.005 tant al um
can belfused. k6841 TdBl e 11 ; i ; E| The l§ g taraet
of t hGED.L&S_&a;O'pQ\S\/PF]T ilBh is '#)(Qpﬁlf‘pd Wt h t Je%%50] | n\aftnn pr %_s_u_n_(]gr J
nor mal Chircuy PBhceg Sr <0.005 Pr <0.005 Au <0.1

K <001 Y <0.001 Nd <0.005 Hg <0.05

Ca <001 Zr <0.01 Sm <0.005 TI <0.005

Sc <0.001 Nb 0.1-0.46 Eu <0.005 Pb <0.005

Ti <0.001 Mo 0.05-0.20 |Gd <0.005 Bi <0.005

v <0.001 Ru <0.01 Tb <0.005 Th <0.0001

Cr <0.001 Rh <0.005 Dy <0.005 U <0.0001

Mn <0.001 Pd <0.005 Ho <0.005

Fe <0.005 Ag <0.005 Er <0.005

5 [0015) The sputtering target of the present invention is produced with the

following process under normal circumstances.

To exemplify a specific example, foremost, tantalum; for instance, high
purity tantalum of 4N (99.99% or more) is used, and appropriate amount of tungsten
(W) is added to prepare a target raw material. And, molybdenum and/or niobium may
10 be further added to prepare a target raw material. The purity thereof is increased by
melting and refining the target raw material via electron beam melting or the like, and
this is case to prepare an ingot or a billet. Needless to say, the high purity tantalum of
99.999 to 99.9999 mass% shown in Table 1 may be used from the start.

Subsequently, this ingot or billet is subject to a series of processing steps
15 of annealing-forging, rolling, annealing (heat treatment), finish processing and the like.
[0016]) Specifically, for instance, the foregoing ingot is subject to — extend forging

— (first) annealing at a temperature from 1373 K to 1673 K — (first) cold forging —
(second) recrystallization annealing from a starting temperature of recrystallization to
1373 K — (second) cold forging — (third) recrystallization annealing from a starting
20 temperature of recrystallization to 1373 K -~ (first) cold (hot) rolling — (fourth)
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To exenplify a specific exanple, forenost, tantalum for instance, high
purity tantal um of 4N (99,99% or nore) is used, and appropriate anount of
tungsten (W is added to prepare a target raw material. And, nolybdenum
and/ or niobiummay 10 be further added to prepare a targefT//aNormitiéri al .
The purity thereof is increased by nelting and refini ngf_th,e target raw

mat er i gcrystallization apnedswnirems a piagting termeenatwe, ofJaarvskalizationdasls BK pr epar e

. < . . _
2o 00 B eedeezechha) PR ST 2 ag reEARUOM B teohysra i Shdealie, TP
thi s i figeta starbhg kehpemtsiebjfaetnyistalbzation s 373 Kr-ofiesis bnepessagstol@thin

anneal i ng-forging, rolling, annealing (heat treatnent), finish processing
and t hd targeématedri16] Specifically, for instance, the foregoing ingot is

ie@agﬁct to - eXﬁr@‘ﬂ)@m@gc}@%g@p%éﬁ&%ﬁe@m?é gn@,%t at bﬁleftﬁnipe@@fra énd casp 1373

1673 K - (first ging - (second) “recrystallization annealing
f r om aststictutd, niisgerap er ationimatefthe eorgs aad segregatinons carkl3 1y frthe( spsealig col d

of | DechystgerySsalizasion ik sesi inc fhe 8BS tanth o dridh iy e bt U
PCV, | P28 Q0gdtEded ?&rayééreel?ig id%@?éé"&y%ﬂégliric\j@%é f&r@‘g)@in?g %@ ifoginEopenr ure

of recrystallization to 13 - (as nee secon (hot) rolling -

(as newling andfreglystalizatinabnnealingohlthonghl thegreorysialiizaticr enngalinghpyat ur e

f [ ] ' 3 - fi.nish i j ,
o oG bR SR i e GBS B GRSt BB o
Wil desh meyrddiRedasd nfldhias Wassible DRefepRating &duchi ratgstaligator asnéslthg
segregations, and, by further annealing this, recystallization will occur,

and t hivigerMoreaveri he eold (5eb daling a5id tassystallizalialt aneealingePeHYMREHONy a
certai r i far I i i and
recr ystant rogur el ARRERt R ARk BGR % Ha 73 g Pk b pRtoRhsl tahehf i oy
10 onbiyniaee pytlksr Mad finat ¢arget thapé o eptiimed py atesequentyr perdssning Himish
structural defects can be reduced as nuch as possible by repeating such

r ecr ysPHICESSIRgi iehamdachinga ane eclisiP@over, the cold (hot) rolling and

recrystallizati in tor tatt i t
r@@r‘sist al li zat i-I€oHr?15 ?%Hl%g!fg %rﬁgt; I%éﬂggﬁgéodr)nr‘% e?o?holrtl y f%n'rcge ogra rSrjrr%r&eléﬁcoycI es.
The fi palcesar gedersnapeal <irchirsitarextshybgtutiie quredutijorpenéthod iy Merslys Fan

rocessi h, hi ni d.polishing. [00113] The t | t t i
P oduceteTRllgR. e Ai PG FNGRIER: Bang e diveliiany Ohdraroddodn ' ©

Ci r cUNBLRBEESACEHING, ShetAPee EhRBeFrbRted padBA BhYotREr SreRERES iRt ihan. and

the present invention is not an invention of the production process.

Accor dinvghtion cheensalgeftthese targets: oduced based on ot her processes, and this

20 nvention COK"Ra elrljal C?'Tavﬁnhgesae ph?i{yg%vse'l of 6N is often used to leverage the
characteristics of the tantalum target, but there was always a problem in that the
crystal grains of the target would easily become coarse.

The present inventors discovered that, in the production of this kind of 6N
level target, the crystal grain size was locally fine at the portion where tungsten of a
content of approximately 0.5 mass ppm under normal circumstances had segregated
at approximately 1 mass ppm by chance. Accordingly, as a result of obtaining the
hint that the addition of tungsten may be effective for achieving a finer tantalum target,
the present inventors found the opportunity that led to this invention.

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

[0019] Specifically, what is important with the tantalum sputtering target of this
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A material having a purity level of 6N is often used to | everage the
characteristics of the tantalumtarget, but there was always a problemin
that the crystal grains of the target would easily beconme coarse.

The present inventors discovered that, in the production Jf/EHP&/%KilAd of ON
| evel target, the crystal grain size was locally fine at the portion where
t ungst ieneofiora i dnatehtMess HPHR oXi MEre|ando 180 1RASS MR RidERS i tyaesten is

ci rcunst ances, ha t j .

rccor drHIR) o o PSSR s yRingtRM, G by B ot deB L Fpore

t ungst excloding beurgfsterc tande gher canpbeentsg Ad ineedetarlt ab uhd@ anget ,ppnhmeof
present inventors found the opportunity that | eg t?}jt hi ﬁ invention,

30Mor et\dfodenur ARY/ORAIGAHBagS MW@ adradroyideddhabiisetttdes UdBrghieRing
nunmer o [ ts O ten ai.e A8 ten
or e o arE FRER. e Bur b o PR e Myt AR IGn ERyB RGeS

i nvent fyregeihg affeet, eshd 180 masy pgemasntiae dppeobinitrofduegstehdsting elpper limit
[0019] Specifically, what is inportant with e tantal um sputteri.n r get
of t hi o rReniaimng 1he 65850 NRVERREHNYR At NE Lmﬁ'am% Ng3teg '3%8{ 00
mass p 0 S - TREGRSBN W fapd egsenfimal sayregas on

t ant al ﬂgthgnva{.sﬁgspﬁ.u“ ty rng %EQ@gg’%hg?{éﬁor%&gggfudi ng tun_gst.engand gas
conponertyhdehsinnedtedsur) atpart 0Dtungsterpipnwbich ribe yearyatatizatian ds infosmeled i s

further added pravided that this exclud 1 mass ppm as the
| ower Y"l‘lﬁ?rﬂseofapnpﬁﬁﬁgluérﬁ"ri' gmg \Hlljlnc‘é)ﬂsggpe@@ lg‘:ég?@ﬁnggﬁ biting the foregoing
effect, and 1003smsp JPThESidrEGoiHgPEischbidfyt cOhcdrmngstengdtent ke upreeent i mi t
for maintaining the effect of the present invention. The upper limt of

t ungst wventors eexansinedowhetherpihere RreadRy athen additiyst Batesalsefsthensameni t
] f 1ol il .0 f )| '
oot yortp i, qincbrA OO o pABRGH] mete R Wil GRS Himha vethects | aR

consequfiNtideren pad aflgsidm. The present Basedtian wilieekplairg aiasgs dof coldargy
concerning tungsten; the present inventors exam ned whether there are any
ot her Hgsterver wagsianadrd grolyhrensinang(PAINiIeR¥Mand di scoverd the additi ve

ials whic | Nyl C I LAk ioHi
oL+ nvent 1B SiqtSbR s Hin6alhcn LGRS KB PENBIERAN b OO and
WD: ygg&ﬂrm‘s\ angjif@rmnémdg:rfium sft{dlﬁ?@@] Eﬂhth_e;c targeis itoereby stahi@sesame)plafammsarm and
mol ybdenum and/ or ni obi um fornms a uniform and_fine structure t he target,
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to eliminate during the refining in the production process under normal circumstances.

Thus, gas components are excluded from the purity of tantalum of the present
invention.

[0021] Since molybdenum and niobium play a part (has a function) that is
equivalent to the addition of tungsten, they can be co-doped. Although there is no
particular limitation in the lower limit of adding molybdenum and niobium, the upper
limit is set to 100 mass ppm. If this upper limited is exceeded, as with tungsten,
segregation of molybdenum and/or niobium tends to occur, and, therefore, the upper
limit is set to 100 mass ppm. What is important upon co-doping tungsten and

molybdenum and/or niobium is that the total amount of tungsten and molybdenum



[ 0021] Si nce nol ybdenum and ni obium play a part (has a function) that is
equi valent to the addition of tungsten, they can be co-doped. Although
there is no jo particular limtation in the lower limt of addi n/%

mol ybdenum and ni obium the upper limt is set to 100 massSCBPRIPH thi s
upper limted is exceeded, as with tungsten, segregation of nolybdenum
and/ orami/obiighiure frl$ massoRPVIQr mﬂmammgﬁﬁm@,pnrﬁ@rmr limit is set to
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i nper ecause these inpurity elenents are
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stabilization o sputtering characteristics. é’@ 4] The tantal um
20 sput t enietg t@mgehents, etaicesentmeétal entripemestmteides, ayides, carbiggpeand

preferable range, .10 na or mare, and 100 mass ppmor |ess of tungsten
as an Qg’seéﬁ?f '%dﬁ'gaﬁﬁﬁﬁ’,gﬁlﬁmﬂ%@%&[ﬂ%’i ty of 99.999% or nore excl uding
tungsten fin anthigas RRBEMSe impurity elements are considered to inhibit the

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

i

different from tungsten, molybdenum and niobium, and it is difficult to achieve a
25 uniform crystal grain size of the tantalum target, and it does not contribute to the
stabilization of the sputtering characteristics.

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

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

components.
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Mor eover, the tantalum sputtering target of the present invention contains
10 mass ppmor nore and 50 nass pprn or |less of tungsten as an essenti al
conponent, and has a purity of 99.999% or nore excludi ng tungsten and gas
conponents. PCT/ R2010/ 0631. 94 When co- dopi ng tPGHEEHIoHMd

nmol ybdenum and/or niobium it is desirable to adjust the total anmpunt of

t hese conponentWhas carddping turigsteandgnelvibdeiun angimr rielitAy it i seskagle

prof ot g (e R GG REot Bk @iy o oHiF R B Eainh R B on,

I ess. Jiing & sapiel. i es upon co dopi ng tungsten and nol ybdenum and/ or
ni obi um as the inclusion of an ap riate r[Dunt of

t10925kt en vyi el dé/Vtthéhﬁdﬁﬁtql'ém %Rﬁtt%@rgt taraek of BienPiRpenhdn rt‘% r efREARY ne
struct fguth bfifhd AHAUNSAACH! A8 ERGGEY +50% UPIdRL MY SARESHaMiS

tungsten w € even nore to e unitorm an structure of the

tar get upd'riﬂeo&wmgemfngstemamd hmlybdﬂrdmdand/ommc&sumf co- dopi ng tungsten and
nol ybdenum and/ or ni obi um S
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to be r les have clear Intent to 15 achieve the sane. The
sane appltternguiaegetc thelapifogn dispgssion aindnasien brd wonirdnde evenirbiauia the

[00261Th var i tlon of .the nt ent of_tungste denu i |um

01 n 1 neupprgRendensSirt of B1F Bibnpise Tinerecl et die TN fech 86

t aki ngcéiabgmg%hggt%n(mw (I add/r PRIgKmof the radius, and point in

t he outer peri pher(ﬁ or itsvicinity) on eltgw;g>| equal |ines passing through
e

thg/cent er of tNeedlesk, toasdyarialisyAasy thea heopbeymgaitlena $BNYAenum
f h
cont or PRSTRIST eefiop R dh ofrfy 1€ B Bk Rl fplisMEtne! vt bflece (he

Subsedqtigiistah cbhenyanitati @m?etsw:@bcui@%edr adss o €5 peoti aeclpai mtentbmsed on
the formula of ((maxinmum value - m ni mum val ue)/ (maxi nrum VS| ue + mni num

2i ) val ae)ipva theosame. The SameWIPFPI“G‘tShéPP'&rﬁchﬂﬁPrmngﬂ"Q§Wh§n a’F‘Q@’tdePu'Fhe
presen%na}ayﬂg&{?“% nore preferably, the average crystal grain size is 120
pm or Tess. crystal grain size can be refined by the addition of an

ap@psppr i at e anohg vafiaticmos tien canénd ofioumgdtepr mﬁyﬁde@unpaod&xsnloﬂnum it is
necessary to take note of causing the avera a géeﬁgg S{i %.e tR be 120
pm or ”’@s?rg%ttn'é meagided; forcexaprieni e £85 |ae9 C?' fa y taking three - o
pref erg@qnl’s é’rﬁer"%lrﬁtﬁ&nﬁe ttd?efhérr)éahél agl'aab&nﬁrn’-%é %uté’roy%r%hér?scﬁ itsThe

sanme a upon’ co-'dopi hg tungsten and nol ybdenum and/ or  ni obi um
[ 0027 1Vicanitypon &tigidrecpfal tihes aaesmgdhmugﬁtthe agnéarrofdhe eliskn andeanadynrinzg tha

:ﬁ: g:t Blgr?tﬁgg ? ﬁrg}%ggqr%‘ Onrwol(%ggﬁum and/oF r91|eob(l:fjir%eatofllc to%afjofs ??'p%u;[tgr{ggtﬁon% taking
center point (since the center point is common, and counted as one point)}.

Subsequently, the variation is calculated at the respective points based
on the formula of {{maximum value - minimum value)/(maximum value + minimum
value)} x 100.

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

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

[0027] The variation of the average crystal grain size in the tantalum target is

measured; for example, in the case of a discoid target, by taking three points (center
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point, 1/2 point of the radius, and point in the outer periphery or its
vicinity) on eight equal |ines passing through the center of the disk, and
measuring the crystal grain size of tantalumat a total of 17 points 116
points + center point (since the center point is counted d§/0He0F6TAL)}.
The variation of the crystal grain size is calculated at the respective
poi nt speiatet2awintefsthegiegdivusa:and(pairt wuthevedtae periphenyraints, Wciigy) Presighum

| > ._ o ; : Phum
ot abt e AT HE Mot dBe ceMalbr e atel Tnd spbBEe, e Ml farsfed! oo
Mor eovsive oitanetalunhat plteisinaf $7 dirts 166 pomtslurdemger(daipuisireyel thg ceatergdaiot be

realized in the initial stage of sputtering, the present invention
addi t i §rf@unjed pgoas Ravkef f ect of being abie to shorten the burn-in time.

[ Exanpl es] [0029, r j L LS I i I bailiet h
reference to the J%%@QE&QH%_d@@@ggﬁgg%%@ﬁ%ﬁ@%@% rlf%?ﬁh?t FI3?’;{}tl]\tlsve,
and t heagsdormhisifonmemti on shall in no way be limted thereby. In other

words, the present invention covers the ot d d ificati
e AL oA T DA LG MR TEV e P S SRNeY % i 1) A

rayerat eri al obtipd NGl By 1ag rsgrubw?e%reabléél stibl@PlkthaCald GRNELPErio20 to

1 nmass ppmto tantal um havi'ng purity of 99.993% was subjéct to el ectron
beam nevennegs amiformitg) whghe M. tMoreoypar sinad thagelasmay stapilization ckiings of

200 mm and di aneter. of 200Q. tra The crystal grain si in i, was
2ppr oxF R 681 Blsp be Femlizet M ina o 585t & sPHELEad o8 HErgTiFBRA.

i ngot gadiBbh4IRt yialds'tRe BffeeiBebaihY #dle tsBor@stheUhirach tinfe.r ecrystal i zati on
annealing at a tenperature of 1500 K. As a result, "25 a nmaterial having a

t hi ckness of 120 nm and a dianeter of 130 nma-1(p, and a structure in which

t he avw 8§]%/stal grain size is 200 pm was obt ai ned.
Subseq I@), his was subject to extend forging and upset forging at room

t @tHRLr AhYrErevdGEirRGation i8ntbw esxpysinad | ih zdédtbivwitmneferemge Y@ sheditampred.
gﬂgr ﬁ;ghggg %&@Ms g?enpnecarrgi[yljilrlSstgtivglggd%he %?esaer{teiﬁ\lljell;[tio%fshraellpi%agc; \r)v%yfb%r ging
limited thereby. In other words, the present invention covers the other modes and
modifications included in the technical concept of this invention.
0030] (Example 1)

A raw material obtained by adding tungsten in an amount corresponding
to 1 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.

After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
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 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 1480 K. As a result of repeating forging and heat treatment
again, a material having a thickness 120 mm and a diameter 130 mme, and a
structure in which the average crystal grain size is 150 ym was obtained.

[0031] Subsequently, this was subject to cold rolling and recrystallization
annealing at 1173 K, and finish processing so as to obtain a target material having a

thickness of 10 mm and a diameter of 450 mme.
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tfl again, a material having a thickness 120 nm and a dianeter 130 mmtp,
and a structure in which the average crystal grain size is 150 pm was
obtai ned. [0031] Subsequently, this was subject to cold rolling and
recrystailizat on annealing at 1173 K, and finish processi’iy/&e0a83 1P
obtain a target material having a thickness of 10 nm and a di aneter of 450
rri rrp The aveThge avyatalgairy §ie &f thy Wraetsvae 180 Hheandihgeyanaion120

pi n, t h he,&¢ 0 Vv, he
vari at? eﬁry%%é g?%l Q?gW%o%ggé‘{wgo%&)tn?ﬁ,é%gsuI féﬂértgwg%gﬁn&{”rt\e abl e
2. [ 00%2} spo9e TIHEré“shﬁgfaré%ﬁbﬁh&ﬁ%bﬂ&ﬁ@ends on the filmthickness, the
distribution 50f the sheet resistance in the wafer (12 inches) was neasured

tle0%heck the diSn¢e Hig poreleaianasnderendseon thedih thigkrass, %@&tﬁ'b%m Y,

t he sh 49 p e: zg@ss cuylat e

t he stanf& ﬁ@/ﬁ%gﬁégﬁieaantwenﬁfgp HE m‘ﬁ"ﬂfa?f he reséﬁt %ﬁ%\% flﬁll’? Tabl e
2, evi flllentULMQntd:md"ﬂlmbﬂahe drimth|¢lmesse§pebEﬁnaHay,dhhet shdntt iesistamce bé 48heet
is sma 2.6 to 3,2% fromthe initi aget t he 10end st age of
s_putt_eﬁ"i"ﬁés 'htriehY‘@f measpigg tq galc@l ‘5"19 ﬁdf?vﬁt'q%@%ftﬁgﬁﬂoghi ckness
di stribution i ssrfﬁél results shown |ﬁrh13alﬁlaegt ré\ﬁé‘ént ety flREH0Rd ofPtHeO t he
initial stabilization of sputtering was al so neas and showed 120 kW,

and dewrsésdseck ditributonr iesthiet shesh asvamiat] (‘Baﬁ)t(e32%)|'from theekithé stageoia el ng

the b ti th ' f t he 15f f bl e,
e RS T el NS SRR B St bL LB PSR ©
[ 0033] glsthhiBnad shi@341 (Exanple 2) 20A raw material obtained by adding

tungsten I'n an _amount corresponding to 5 mass pprn to tantalum having a
purity of 99, 99die a@gtrmbjeas@rgst cequieast Bpriobi@aninitial tsrcaiyhzadn@a phsputiRinndcast

to prepare,an in havi n 1 0,,mep,
The or §2r a1 riffRtled BRaShded 120080 g PRl L T tang M
per f or Tapig 2XTIARY] Hedidisnghdreerifg shé Baat-irotime), Hh@bvéhnéwmﬁlmﬁyﬁbﬂm

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

[0033] [Table 2]

Average | Variation in Giegiricl
9 Variation in Resistivity Distribution Energy Uniformity
W |Crystal Grain| Crystal ; N )
i o W Content in Sheet up to initial of Film
Size Grain Size S
Stabilization
Example 1 1 120 120% +20% 2.6 ~ 3.2% 120kwh Favorable
Example 2 5 110 +17% +18% 25 ~ 3.0% 100kwh Favorable
Example 3 10 90 +15% +16% 2.3 ~  27% 90kwh Favorable
Example 4 20 85 +10% £12% 2.0 ~ 22% 87kwh Favorable
Example 5 50 80 8% +10% 1.7 ~ 1.9% 85kwh Favorable
Example 6 70 75 7% +8% 1.3 ~ 1.5% 82kwh Favorable
Example 7 | 100 70 5% 16% 1.0 ~ 12% 80kwh Favorable
Comparative| 4 130 £35% +40% 38 ~ 6.0% | 200kwh | Inferior
Example 1 R
80
Comparative| g, | Variation | 500, £70% 45 ~ 7.0% | 130kwh | Inferior
Example 2 caused by
Segregation

[0034] (Example 2)

A raw material obtained by adding tungsten in an amount corresponding
to 5 mass ppm to tantalum having a purity of 99.999% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 50 mm.

After performing extend forging to this ingot or billet at room temperature,

11



PCT/ JP2010/ 063194 this was subject to recrystallization annealing at a

tenperature of 1500 K. As a result, a material having a thickness of 120 mm

and a diameter of 130 mmp, and a structure in which the average crystal

grain size is 200 pmwas obt ai ned. Subsequent | yCT/#HP18/ %8t

subject to extend forging and upset forgi ng at roomtengr%ga rature once agal n,
a

and r etlsmwaalaubmt toreciystabizatien aasepild o arampaiateePiapHink o g result
temper Rnwfzgtgrl Q}ajv‘trg&%aﬁlcp(ﬁgg ﬁf 128 nfh" %%Lg Ela%et[efegg‘l‘%q)ﬂﬁgn@oé% '&gstﬂl%rgeat

treat eriar- having 8 AR TKhess 1 di aneter 130
nrricpin mdhahetawmger@ystal vhdic Bizehie 2®®q1ragms:olytatrwd grain size is 100 pm

was obt ai ned. [QHIP 5] Subsequently, this was su ct .to caold ro'{oi ng and
recrystail i zat idWpseagentinndus Wi SHRIGCH |t‘i’1|e§‘itf3rﬁir g‘&@w R s PSRt 69'88'[% n a
t t

ar get gyt RhBoridhe ecryse?%}?? EHSSrécrg/Etah%atnbhrHrﬁ‘fé‘él!]ﬁg NABERE A Hefeton TP

Col d wo |ng zatl on annea In the"mddl e and | ast were
adj ustegbm(ntea:temperatthe dfo140ﬂ/\1tm95a0é¢ aégeadeyelttaﬂf rgp%tmgsiozgangmnd/heatat i on

thereof. Al t hough the aver %e cryst ralq ize an rlatlo al so
changel&@ Iy tm@teé'ég aving %rtﬁ'&hg ?ﬁdagt 8Rv 4 ﬁ@’t‘%ﬁeég @mcp,
adj ust geqy é’tﬁ:’%tmﬂ@ﬁﬁ'mmlé’n tHe é\%rﬁ @E}Wﬂtblegram size is 100 'ﬁli‘Q/a%VcﬂftﬁlﬁédCF ystal

grain size of the target was pm and the vari atl on thereof was 17%
Nbosepver, the \Gubseguenthof thlhewwnwbmtctﬂtt@m wlingl sand Tieeryséallizationar e

simlarl hown ble 2. [0036] Si.nc he on t he
0¢i 1 mt 8 %ﬁ@gs angﬁgn REI9ESEY0TY Btotﬁl‘?’té'ﬂea ﬁﬂ@%ﬁm@gs, sth%%@ €SI(ﬁwﬁhe Waf er

(12 i n@ﬁ‘@@}nr\ﬁ@ﬁtd@é%ﬂﬁ@l@rb@%b&ﬁmd hec it sédrkivigt aren repystiatlizatio®anhéslig | m

t hi ckness, Specifi cal l{ t he sheet resistance of 49 points on the wafer was

measur dtheomiddle wngt tast meretatidsted taeashieveihg flloviey eyerage crystal graimas ¢ he

It b f ot
i stri e R bbcer AEREh e 2BRaqs SR gal Sip L VERAERRE.
t he engisatarg@gefdepieudirey bmghe adthive domeuntlof tuhdsten| the foregdihgiatjustinent of
the filmthickness distri but| onis small. The el ectrical energy

15 r equi r Wa@s 9SEBIe HlethisnEt(@'é‘P &t abi | i zati on of sputtering was al so neasured
and showed 100 g, %38 t5PGEsh si28 cﬁ'?ﬁ’et Bt hasShe) 'Qna_%’ﬁ)é 9a|3at|o-|:hus
besi des short eni ng 8 -Irn tine, e ev ness (uniformty) of
C. fi | mhaasoff waer#(71%, I\/mneb\ver \tb&svpnammbé the tungstev eontent quad ¢ﬂ9%:;fTh€he
Sputter d goa tion. 003 é JIEXS]n'pC% A raw materi al obtai ned
by addfe‘r§g§l lﬂﬁ%ﬁrﬁ'ﬂ?ri Koy b liable rrespondl ng to 10 mass ppmto tantal um
mgry 59 a puri tysinge 8% RSP r‘@,@.%téh% 86perh®s Bhake FifA th@ﬂﬁééﬁa'the Rigstrigibr hi s

s cast to prepare an I ngot having a thickness of 200 nmand PCT/|
20 P2010/ 0’63!]1e931hebtar®uﬁanoe iDOthamealfer THE oroheshlwas angasired it gheick Het‘:se was

approx; n? t%n conmlon of the film thickness. Specifically, the sheet resistance of 49

(53]

points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.5 to 3.0%) from the initial stage to the
25 end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.
The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 100 kWh, and decreased, as the results shown in
Table 2. Thus, besides shortening the burn-in time, the evenness (uniformity) of the
30 film was favorable, and it was possible to improve the quality of the sputter deposition.
[0037] (Example 3)
A raw material obtained by adding tungsten in an amount corresponding
to 10 mass ppm to tantalum having a purity of 99.999% was subject to electron beam

melting, and this was cast to prepare an ingot having a thickness of 200 mm and
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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 !riny, and a structure in which the PAVERHYLO TPy st al
grain size is 200 pmwas obtained. @ Subsequently, this was subject
to extdinmeterofi 2 amdp.upRecristal @raig size inobis easfpwpaPRPEINaieudaimm. and

recrystallizati anneal i . 1k i ure of
1400 o 1500 kAR PRPERIRE A RERTBARS 5t MEICER LARAE BomPchBRpARE IR
a mat efhilvabavibpet o durpdtarizatidr @nAvalandatea dapetatureld0l 500X, Ad @arduls
structure in which the average crystal grain size was obttai ned.

1 whi C . . is. 100 pm
[ 0038] a SusEalleaMing a thiskaesmel §20mp@ndA dametenPf ﬂﬁ% MYRE: PRE AMUGYE2at i on

i crbaghiaf ¥l ohBtaR AL GF G080 20y PR PN g o

recrystal | i zat iSubsagoeatly,nihis mwasheubjedtite extehd dsigingemadadpssit Bdging alchi eve
the foll owi ng average crystal %r ain 15 si %.e and v?ri ation r&her%gk_.@ﬁ% t hough
the avEXAyETEPYRAlAIE @feR AJAINz 8NYHACVARIFAIGA ANSRIAY AP RRMYE HefiiE °hg on
the agéi%ér}m’ag ?@Hﬁéra?&ret&nm(?%]ﬁbé K K £a%84lt %ﬁ'lré‘éééffﬁfgt folgipgRaRphEate i n

this e average crystal grain size of the target
was 90trpatmentdaddie, aanatriabhavingr @dhickasss 329 mbr abdear diametey ak30amingd, of

the t t tent was,16% The 70results . i | in Table 2.

[ 0039] A e tukenB CR LIS uerbaS sEpuATArel s Bhds ThTE e alatda p o' ©

d[b&%ts{]i bution ofgidrqsBRey, tEEl HanaRbidttt e d@aeromﬁ% At hes)ysialtizateas ur ed
C

to check the distribution condition of the filmthickness. Specifically,
t he sheetealing, shdrfidsiopror@spinionte asrio téaineg aroakdaterid iaving 8 thigkeeasat e

the sta rd devjation (o) .thereof . : ULL .'

Tabl o O TRUTBEAN § AR ohplaitgn droleeking ARLIRD gREEelch BRARAT, o
sheet jrstheRliddIé 2and 18t wefeadjnstadttoeadtiéve dhe $6lRgeng avehmyes od/stdlagrainof
sputtering in this Exanple; that is, the fluctuation of the filmthi ﬁgness

di stri digeiand variatian thergele Aliherohithal avaragey ¢SERJ9PELSIEE 3 VREAHAT MGl
tabil izat | f i . d
decr cadoh crabofebh Y R dhd dattte ArifufhedeAT et g AalichmeANE

bur n-i fabipm@sibldé evearespld uniformty) of the filmwas favorable, and it
was possible to inprove the quality. of jhe sputter position. [0040
(Exanpl e 4) A rHW f¥e@geary {Sf"’H%@'@yO%a@&’l tﬁgoeitd%%gﬁrllmna%‘ﬁ ”&%&aﬂ?“ n
corres ' R P 1 i2f0m%8 ShORMJReh Fhd W ARWI1BY, aTHIri ty
of 99,g%%%gss%ébwgé%é%ggnég%m mel ti ngé, %nd this was cas% to

pr epar essastsiangaimitaly sigowan irhilekleeds of 200 mm ari d di aneter of 200 ni np.

The crystal grain size {n (his case was roxi mately, 40 e

APt per f or ni _ne&ﬁ@%ahﬁ‘a{@%a??ﬁf’ﬁ‘PE”ﬁ?ﬁgB%‘B?ﬁi’Hﬁ}‘@Pe%%SOW”bU“O”
tenper gi Ype, sf?é’éts rdASiafbb] PCthd QvaRET Yt %dﬂeé?t\iva@_ @easatdddo atherk the
tenperature of 1500 K. As a result, a material having a thickness of 120 mm
and a distitettion odndiBon rafntbp, filam thieknessu Sredfiqally wiie Bhegak resisieage Ardt al

grain %Ioﬁftes on tr%ggva‘?gr] was rr?é)é[sau'rgggo calculate the standard deviation (o) thereof.

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

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 90 kWh, and decreased, as the results shown in
Table 2. Thus, besides shortening the burn-in time, the evenness (uniformity) of the
film was favorable, and it was possible to improve the quality of the sputter deposition.

[oo40] (Example 4)
A raw material obtained by adding tungsten in an amount corresponding
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Subsequently, this was subject to extend forging and upset forging at room
tenperature once again, and recnystallization annealing was perforned

thereto again at a tenperature of 1400 to 1.500 K. As a result of repeating
forging and heat treatment again, a material having a thi ¢kn€d¥9990%%m and

a dianeter 130 mip, and a structure_in whi chot he aver_a%e cr%qut al grain
si ze ito 2DMasmpRas totanialieyhavingcunyritseh S8ARR® Was suriectiaLItiRERa o col d

rollin nd recrystalli ian li.n f1.nk Sk i to
obt ai 170G GBP ik HaoeF O P RARE e neE By oy icRRES 2P 200 B 3! © 150
ni m( p. digalede MO J00BNPAT e erssdlajrhinzste pnthancess wag appraXimatelddlenand | ast
were adjusted to achieve the foll ow ng average cr sf I grai si ze ,and
variation ther &oFr paroRsighextead forring o Bys &19qt oé%’é' ei at; Q%mgﬁam%?ﬁuéﬁ'i on

Wl al!h?éngg%Ugfecggcfﬁémlggﬁglcl)i%ti%ﬁﬁnﬁgﬂrﬁ X€ ARpSatE diursastienas bhesult,

f or egoi ng adj ustme ssible 1nth's Exanple. 20The average crystal
grai n sinzatenl Hawngd artgieknessoB52@mmand a Hemeter af 1 3 mrher aod avgigIClo%

Mor eover, the variation of the tun%ségg content, was 12% The results are
si ni | aifyhish & averaggdtrystal oalp 2535 200 HRSVEHQRIATEES | st ance depends on the

filmthi Ck”ess,sddéégdéﬁw,i i gy Qlibfele 16 s@ind esighiaee Upséth@rgvia%at (12

i nches) was neasured to check the di'stribution condition of the
t hi cknessn tSppeidtireadnog agaie, shdaecrystd!lizatino arsealing peisnperfomaehteafaier was

nmeasured to calculate th ar, iatio , : t he
resul t 393ARMP L?ﬂ“ﬁ%r@l%érezo,ef img%ﬂsg}gﬁlﬁ% ?I%&@@)é\)tfitr%ﬁé%wgt {Qr9ing Ang Q%%@s

di st ri pukinfehti shdiRea sHeRiral hasifRl b thidkRedd 12029 bndra diemeter ti30 nst@ge to
the end stage of sputtering in this Exanple; that is, the fluctuation of

t he fiéandatitaicheesn Rhich the averegercrysakerain size is 100 pm wapRbtaingd: r i cal

ener require t 0t | lizat i . ri

ne4d ?/ed gnd s%&qg?km,ﬂqlgnlc\fﬂéecs;sﬁuggésééd,{&aés& hggllruitgﬁrﬁcg @Wﬁ%ﬁ@& e 2.
Thus, hesédlRg, Sharfiesh pebddasingusd ak o tabitain & teegevenatertd havinigf athickygssof t he
filmwas favorable, and it was possible to inprove the g aljty of the

sput t ep! #eFYBIANcLA diameter P6E RG] MR arkPd Wyrking and recrystaliZafios, ABPRRING

obt ai nﬁdtrﬁénﬁéjﬂé hd %9%&? %@ugtggwms ie GO IHE FRRNHNG GvePad cRRSA GHaM Lo

tantal um having a purity o subject to efectron beéam nelting,
and t hiigevas! ¢asdtidrotherephrdthaughiyetaveaaga grestalngrakmeize aid 200ation wild

O eeasgsiaaamitig on ins RiSkie Sl e Son Bt Meis eSS ay Baiustmen! «

i ngot Idskilie A tHiCRLLBPEr ature, this was subject to recrystallization
anneal %Stﬂgts a E%errpler at u'r;n? of 1500 K. As aresult, a material having a

t hi ckness of 1Zthemavenadeaxcrystahgtain sife althentarget wagi 8B 11 acd the varaig ch

t he average, cryst grain size is 20 S .,obt ai . gnt this
was suﬁ]eé of W@gé%t oﬂd%(‘;?ﬁ‘f‘?{g?%‘?‘lda%g%'?agﬁ itw&gsi%ﬁfc%gﬁ%ﬁ?&%%%g? u/?'e+ﬁo/ence
agai n, (&fks'REYRlA sFAh g TaBRER! i ng was performed thereto again at a
tenperature of 1400 to 1500 K As a result of repeating fo ng and heat

rgi ]
tpeat ment agai rSinae ffiae sheat rasistange depandkpadse 1o thiﬁka%ﬁ,atﬂai gtepgiion 30

nsci , a_structu LN whi a Y, I i i+ Z €tk Sh L pm
was. obphi figasads Ferdints oL dfr Y ARBeRILREE mBLRLRe 8 et B P
recr ysyahtiivarin eondinoe alfi the, filanehitkmessh $pentiesdiynthesshast resistanae mfadq ar get
mat eri al having a thickness of 10 mm and nm:P Col d

, a di ametg{j of. 450 r < of
wor ki ngOKRIOndar yexfan was Aeasnirad KRR ICHIPIE e MENFREIRVAHAT (A1 SiRtle
adj usted 1o achi vl heslipl | AP iR TEBRE £ KSiBhuf! 3he MidBafdld dahat i on
t hereof . Al t houg Ne average crystal grain size and variation will
resistance distribution in the sheet is small (2.0 to 2.2%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.
The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 87 kWh, and decreased, as the results shown in
Table 2. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

film was favorable, and it was possible to improve the quality of the sputter deposition.
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20 al so change depending on the additive anmount of tungsten, the foregoing
adj ust nrent was possible in this Exanple. The average crystal
grain size of the target was 80 pm and the variation thereof was 8%
Moreover, the variation of the tungsten content was -10% ‘fHé&“testil't’s are
simlarly shown in Table 2, 25 [0045] Since the sheet resistance depends on
tibra3)f i (Eramplekness, the di stri bution of the sheet resistance in the wafer
(12 i nches) vva neas r n ilm
t hi ckness. Spe fqv&ﬁe{@ﬂat %t%ﬂh %gglm {unpgfét(ﬁ‘ﬁ% ﬁ%gﬁqng%gﬁ@%ﬁm&néer was

nmeasur@dQ ﬁ}&\%@'pﬁ;mh & earttammshamdgradpmetyuoamcggg(%maémmea toAgedttun beaml t s
shown in Table

evi dent | y the fluctuati on of tf}g ﬁ{‘ ? %bance
di st r i mettingn ang W\%V\éﬁeéﬁis i BieRere @ ngph havee arthigkNess: of 0P AM &ndge t o
- the en t , : n of
“the film eﬁ: f(r?e%oz%:]jl'ﬁét ri >J|Scrt1)anl q?éi% %mh% céé@%ab%pﬁj&éﬁg\%&lf???y@ener ay
requi red up to Affes pemiotrmaig ektebd| foramng tmtro$ irgmitar drilleigt wasmakeswenattsr ed

and showed 85 kWh, and decreased, as e results sho { K It
PC111PHesL0A8sabiagh to fe%ﬁﬁ[&'zét'o"rﬁﬂgea'ﬁ&%% @H%@‘érﬁvg}g #We KRR S
the evgrﬁﬂ’%éﬁal nﬁ@é"fwc)(heé’é ot 180 Hirhanees dfaavaeabt €30 aftdo 'bnM@Sstﬂﬁﬁ@rlem e to

i nprove e sputter deposition. [0046 (Exarrpl e 6) A raw
mat er i al Wlmbhahe\adetqgeemtdshaggtamgmeea 200 [&m veamabiaingst.r esponding @) to 70

tot I h f 99.9
10 boam el ting, - HPeEAPEN s Eaatt subbebly ST (oal a2t 6Pt Rri st °c;
200 gl t&hﬁ@%t@lre @rﬁce’-QQalfﬁ‘%nd-Fl%@ry@faﬂﬁa%bngirﬁie@hﬁg Zfad pefitiinsed tkgetoas
approximately 3 perform ng extend forging to this

i ngot agalbuatlaeterapenewen ofetR} & 05@0 K h‘?\% ayigsuk whjrereating fasgingsand h?%tat i on
anneal a_tenp f 0 %

t hi ckntggma)efntﬁq?' é%éé%&% Pfé@ 8 tﬁpk%ﬁémﬁﬁgna é;?ﬁ%@?%lr é@n ch t he
aver aggn@ aysfukurgriniwhich e ager2ge grystabgrairbtiaened00 um was obtalnSdbsequent ly,

this was subject to extend forging and upset f roo erature
15 gpe#él agai n, andulseapenty. ithist Vas aweiaati iy Wi‘g %&E’%b B2l n - at

t | heat
Cr eat nenrealiy, fhdhich bfbckRSthalso 88 18 dhfEH d (hbsl @%ﬁdA%VLF@&?EﬁEPZ%‘*BSa
rnnw, aﬂdO mrﬁtdndca dizméeter \wihidél rhhm) a@mldgmrkmsarai reprgstalligatien asn&ﬂmgom was

bt d. [0047] Sub tl t,t Id roll
ecry st sHld grandh RBANaTE, adiherod) s SV B IReg BEEE SHRITIEN ar get

mat er i hamst d¥kiatieH Qill
wor Ki ng&gn rgg?%gﬂtﬁgg‘f%ﬁ%éﬁéﬁ ﬁ;géq%%e @I n th%*am)fgglégé};nd | ast were

20 adj ust ebtotcr:hamgleldmrertdmg boltheaddiive\emai aftysgetengthsl ieregaieg asivsimenkt i on
thereof. Alth he_aver e crystal grain size and variation wll also
changewééwa%”’b ig FEamy t| ve ampbunt of tungsten, the foregoing

adj ust ment  was RS &l dlaGel dtystal grﬁﬁ%'ﬁé 8f the target was 80he&nased age varytdral
grain size of the targét was pm and the variation thereof was 7%

Mor eovihereohwasat§%t iMereotet, Hbet warigtioanofcthet Brgsies cantentias &dfia sTbﬂ e
simlap ls\ﬁlt%haorémslrhllar?;/ ghowr% in Table 2.

25 [0045] Since the sheet resistance depends on the film thickness, the distribution

of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results shown in Table 2, evidently, the fluctuation of the
30 resistance distribution in the sheet is small (1.7 to 1.9%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.
The electrical energy required up to the initial stabilization of sputtering

was also measured and showed 85 kWh, and decreased, as the results shown in
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[ 0048] Si nce the sheet resistance depends on the filmthickness, the
distribution of the sheet resistance in the wafer (12 inches) was neasured
to check the distribution condition of the filmthickness. Specifically,
the sheet resistance of 49 70points on the wafer was neastféd?te/°at‘cul at e
t he standard deviation (a) thereof. As the results shown i

Tﬁbl e 'Eable\ﬂ.ld'ldfmsl. pesides shqmr}m thenbam-inhiéme eesevgiviess ENFPWUDY) o thﬁnt he
t g 1.3 to,1. 59 i Dt f
cputt TGS iR ebli s e pRERBIELBIyeRolg fle G4ARPS! e RuRPdeoBEBND o

dbosbyr | (Ruah@le sy smel |. KT/ FR: 10/ 063194 The el ectrical energy
required up to the initial stabiljzation of s ut_teri\%%c}/\(fﬁ al so neasured

and showed 82 WRW #irietiacpliziied by addify Uegsiansinsah TRHIEEPONCHfy s,
- besi de i j I JTE,, VIO i £ QryAi film
? was fa@oﬁ;ﬁ{aés%gﬁté Pﬁ] \}g@hﬂﬁégf@|gg&t‘r§9i}bﬁgove ?ﬁzasgth;qj%%}moéflé@tﬁg{ g%ét}fﬁt er
deposi tieftihg, JNHOBHS vasExastploepr@pare an ingot hadingaav thiskeesslof @0aimneandy

addi ng tungsten in an apount corresponding.to 100 nmass m nt al um
havi ngdiamsien @fy2Q WW@B@@/&W'&EWQ%%G trbt%é'i 9 Wﬁ%‘@&ﬁ?ﬁ%‘rﬁw}ﬁéﬁ B this

was cast to prw@r@e@t@r@?y&x@ﬁaiﬂagyﬁq E@lrﬁg'ﬂﬂﬁ‘i RhilkA Gt MR Perakter of

200 rnnmg9. The crystal n size in I's case was approxi mately 25 10nm
After ihés fvas subpobia esmlystatiigation aonedling atraytamperatine] @t 1500 Kobsna result,

tenperature, this was, subject recrystallizat] i t
10 t enper %{n@tgr@lthmaihlckgégs Pfei%(i) {nmé’la%lqa% 8\%”&%&§€?§‘§“§%h?§ﬂ%§@‘% 120 mm
and a g aeh the Qlerkfe dRLRI g sireSt Ot Uhevadlomaindy. t he average crystal
4
grain size 1s 200 pmwas obtai ned. 15Subsequently, this was subject to

ext end for gi ng Suhseqpeetly.f thigyiwas subjesbite exiprd @R @deUnsRl 1Prdingdat

recrystallization anneal i ng wa [ . Q. i ure of

1400 emuaTRe R aping Aty AR BT B ARG Yl frm i e L |

a mat egggih ftay tdtapératiivecémess0 250Ktk a dsalelf eepddthgrfonging @mntihaat

structure in which the average crystal grain size is 100 pm V\@I% obtai ned. 0
15 [ 0050] tresumrscpgain) § matarial hayingudjteiskness déPdMpbenA gy déﬁ{ﬁeter 0" mmeo,

recrys Li I - i find 25Sd t in a target
rac er 200 ARt (TR LRay BR0g e LR 2R R, 1038y s e, T “oorc
Weedtj ng and r eQuislequbhit ithis avEzealubieti to téwd niaiie amdl leasystakkzation
adjusted to achieve the foll ow ng average cr sta{ rain size arga;‘ variation
t her eoBNNeR NG @HH fikeh RIRGES§EIAFY 88 4P AN P BGrge r\'ﬁ‘gr}]aé(fqgoﬂ ckesg so

change depandi e Qﬁjatrﬁéte?%‘f' i4%bvrﬁrg@;0np%d%oﬁ<H@9§ﬁ@ %C{Xﬁgllﬁzﬁﬁ&g@hﬁéaling

adj ustment was possible 1n this _ e average crystal
20 grai n i the oiddlbarndtapetwerasad]Osteo toaaehie Ve thea follving avieeag £ryeidl RN The

o R o el RS, S0PEEh L e ol 5 b, el L
distri Qlébid?fénge depending on the additive amount of tungsten, the foregoing adjustment
was possible in this Example.
The average crystal grain size of the target was 75 um, and the variation
25 thereof was +7%. Moreover, the variation of the tungsten content was +8%. The
results are similarly shown in Table 2.

[0048] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49

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

distribution is small.
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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 (o) thereof. As the results shown in Table 2, eVid&at'PAS the
fluctuation of the PCT.,' 720 LO/06:3194 resistance distribution in the
sheet is smal | The. electsical eoprgy taauined umiteitae iaitiahstabdizalian <\ PRitIggHRI of

sputtering,in thi | e, toq t f o) t i iekness
P st r Db Be mictshury W Sholalien Ruit dhd UEREY RS the B8yl STORHLIE

st abi | Ta@e i 0MHfs, BReeidesr sHgteningviise BLaRinNrasy thed everchedsofuaido80itkWf, thand
decreased, as the results shown in Table 2. Thus; be?' des Ea?r eni ng the
bur n- i Him Was favaiablev apd diswas pRpsiBIeto;{Preye E*}?eq*r'?'lt)‘rﬂmiiée $ p@?'t'gﬁd it

- WAas_pPoss) tQ inprove the quality of the sputter deposition. [0052]
5 EBap e 2

nple 1) Araw material obtained by adding tungsten in an
amount corresp@nivgnaterial obRiredrag adopim tungsten @l amanaeunigoarespendingof

99. 995% was subject to electron beamnelti hi s S cast to.prepare
an i ngét TRRAVNAZ KPhite HARSLB N AnPYHY %ﬁggﬁégg% &asz\é@bjﬁ?ﬁfo ?F?égt@tnyst al
grain siza haithhi | l k inaving: a AhitRhiedtesf 200NN

ext end&%%rﬁgrjlnﬁglhpbg{]ﬁﬁ@%i \)r%;é)té%{rakgﬂﬁréa%h E%g%hltagwge?ﬁ ure, Ib this was
subj ecand diameetey sf £00i matg.obhacrystdli grginasiza in dhisetaseuves ppisonalely 2S a
result; a material having a thickness of 120 mm and a di aneter of 130 mw,
and a ¥fMucture in which the average crystal grain size is 200 pm was

obtained.  After perfiRwRflERIRhYfordifg $o WaS isgt @ dilldtatesbeneniargiung, and
upset forging at roomtenperature once again, and recrystallization

anneal thigwaasupiadt to rectystabizetion 20nealing at aterarew@iyer et 1A K5 A3 2065Hb 1500

K As | f. ' f i . i al
navi not AR eidilad S86RKARSS 6P 10 MNP, & Fhnokh St TR0 AR AR S TRARE 0L
t he avgngeiehthy alvatage Erystas hrsin isizeli§ R00mimagabbimet. [ 0053]

Subsequently, this was sub{ﬁeét to cold rollin gnd,recr st al | i&]at.i on

anneal i ng, and SubsegHepivclisiwap sebigst (@ %?'%i' OrgING URS®etraiN9nadli ng a
t hi ckn ' - Fiq% gl i

recr ysfoﬁv ?%rgp ?Foar%&%nﬁ@%‘?algﬁaﬁ]i’ %'n? %E%ﬁlﬁzgﬁgﬁ asa tI I%V?aeyg%'}f%@’%(gnﬁoregchi eve
t he fobhlawi dtta tarepageuer yis1400 ¢v 4600 K.z&s anesulirdfaepeatinghéargiog, anglheahe

f oregoi ng adj ust ment was ,n? and the

aver agée@inaitaR93ip afrimaiesi E‘@“)’?r}sézla Bh%bgségéal'%]n%ﬁlha%%m%?gﬁogHmf"ﬂer eof
2’?2 s??n% gﬁfﬁjcgr%\r,\iﬁh%\?ﬁr{ iR g@/%‘_’agklﬂ?ﬁﬁé?@ra‘ﬁ%&@% 108um 4 oRiHea. resul ts
[0050] 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 thereof. Although the average crystal grain size and variation will
also change depending on the additive amount of tungsten, the foregoing adjustment
was possible in this Example.
The average crystal grain size of the target was 70 ym, and the variation
thereof was +5%. The variation of the tungsten content was +6%, as the results

shown in Table 2.

30 [0051] Since the sheet resistance depends on the film thickness, the distribution

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

As the results shown in Table 2, evidently, the fluctuation of the
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[ 00541Si nce the sheet resistance depends on the filmthickness, the
distribution of the sheet resistance in the wafer (12 inches) was neasured
to check the distribution condition of the filmthickness. Specifically,

t he sheet resistance of 49 points on the wafer was neasur ¢dl/{fg0leRFB e at e
the standard deviation (a) thereof. PCN P2010A163194 As the
resul tresitavee distritatiioe i8,the\shdehis ymati Hd. O taut 20a) from b initie! F@giestoathee

di i but i i he. sh IS | 3,8 Q9 I AL
the. ertseagE OF SRRRIG ks FPpe oitpie b AR o e b 1R
fluct “@i%ir{%ti@ﬁ id B®afii | m thickness distribution is |arge. The

el ectrical energy required up to the initial stabilization of sputtering
was al so neasurlée aledtrisabwagr@oceduied dpdoitheriehiabgtabiizating ofespHttesingl so

h in Table 2. Th ' ' hint e,
The evifnel® FdsdRiing SurPEadR KPRR AT eb@aRg0, bkl OHE Snbfn %
to i mprawe 4. M ddsidesoshdrfning thid eurrdeptisie! tiemevenndsSi (dnlifarmitgsof thg was

performed for a case of adding tungsten in an amount corresponding.to 0.5
mass piim wes faverelleu@nddt vag Paspible toimiropehe 9U%thg>s§.”®§%£%fe&°%5'°§ane

t en 1 ti ve Exanple 1 was observed. It was obvious that

t[ﬁ(ﬂ’g] a@oﬁé?%ggéggémémri ty of tantalum [0055] (Conparative Exanple 2)

A raw nateri al AHdkdvaimatdriby obtiitietby wauglingeturigstem iraao amowdreaegspedding t o

150 mass _ppmto tantal um havi a purity of . % was subject to.electron

beam n#l Piﬁma%napmht%twéﬁ% Vt’“tsfﬁr% VeOfaﬁg'igﬁ_gg/‘iOm?ﬂt@fejﬁtef%ie%@Qs of

200 m’b@é}ﬂ rﬂlef%igigt, %hd%i:sz&gsf to EP@pé?éyaﬂ m(?o@mwmgsa&ﬁickﬁeééﬂbs29@&ﬁmwas
mately nm erfor

appr oxl After p ng extend forging to this ingot or

bi | | et and diameter ef@0atung, TRO cryshalsgnais skebndbis taser wes appapximasely &9
annealing at a tenperature of 1500 K. As a result, a material having a

t hi ckneS's of '120 mm and a dianeter of 130 mmp, and a structure in which

the average crysia pedfcrhiing exRndsfoddiRg REtKBSn @t éH Bkt at room temperature,
Subsequently, this was subject to extend forging and upset forging at room

t enper tisiveasosubjestdd mecastallizatiops aanealing: pbe tameeratyg abdSpErKoried
thereto again at a, tenperatur 1 . ting
forgi nbesé[' daH"ggferW i?gf’ nt t@ﬁg?%,s éﬂﬁgﬂ) terﬁrina?@(ﬂg\lﬁlj 'ﬁ@%é&t éfﬁiﬁng%@{pl%gaﬁfn and
a_di ansfrgtuds3h Whicﬁﬁhe@ér?é&ﬂy@@ gF&inisizensi 200 fifveway ebtgiesedir yst al  grain
size is 100 pm was obtai ned. roosal _ Subsequently, this was suP ect to cold

rol ling and recPybsesiueNivt this viam sabiash, o rdend HPENG itk B8Rl Y8 at o

R R A et L B
ver e agdpaint ftda tempehitercof 400 ¢b 600G Av er sgeltfyrepabting &irging ard aedt
o e oo bRt BN S A kPb s et S B b
oy EEP e R A e ey aat sy gt g o ooy
t gogst en cont erBubsesuedYy, dbist veas exuldject 40 nedldr Irgllishoand i FecTydiplization
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 thereof, 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 thereof was +35%. And, variation of the tungsten content was +40%.
The results are similarly shown in Table 2.
[0054] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49

points on the wafer was measured to calculate the standard deviation (o) thereof.
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[ 0057] Si nce the sheet resistance depends on the filmthickness, the
distribution of the sheet resistance in the wafer (12 inches) was neasured
to check the distribution condition of the filmthickness. Specifically,
the sheet resistance of 49 points on the wafer was nmeasur &tl/{*8"¢2PEH at e
the standard deviation (cit) thereof. i As the results s own in
Tabl e 2, evi dedtsl yhet resultsughowni oh Eblend, raxdentync@eqifieetyationi 8h 1& t he

sheet is.large (4.5.t0.7.00 fror i, Rigt i to t t of
Shott oA el R e B o 0% P el Afiaf Blagk! BOReht
10f i | nypdnig 6 sgLBE M@ itieie Comparaive Example; that Ehehelflectuaitioal ofether gy

required up to the initial stabilization of sputtering was al so neasured
and shijmedhidaeskwWstribwipn isdpsed, as the results al so shown in Table 2,

5 Thus, it was nﬁ‘l}eﬁgl%?;{r of e%%r%?éeétﬁl%dt Ug r;[ WhE-ihRial sMbiliZak8nSyesilaRsing

(uniformty) o m was 1 or, It was not possible to inprove
t he dughé taysdmdaRarepuht ehodepo0d kb, graiBsieasEdanpitee 8gsults also showna r aw

terial _obtained by adding 2.2 . 32
Tol ybaEnTAblend. Tonwhst WS RGN HD, TGllarb Y BT (00 aBuRE B s, 2
mass p if}:ﬁahﬁ*)g%g!h;éh”ﬁ|H1’J‘Wa€9n19er{2>‘r',r hhy it%a@?\o?%%%ib%’stoﬁ Wabreot the Rladitt 6PN

beam I's was cast to prepare an ingot having a thickness of
200 mmhaenspudieamiepesitioh. 200 rnnp, The crystal grain size in this case was

imately 55 r . Af t f or i ' i
10 Pho6t or b 1 | efaiiel iestinoae parairest (14 casd o Apithilfigtehdh o8 AfphBLY,
anneal BMe%or@ér%&W@f@Ws@ (ﬁﬁm 15 9ntKIuni\hadinges Wiutity ef paiitgrdf 819, $88Mnbug

t hi ckness mm and a diameter of 130 mmtp, and a structure in which
t he avtheagemertesdahcyrasi ihisiGamparative bxamele bhvas qeaerved. It was obvious

Subseqyent |y, ,thi ubj ect nd forging and upset forging at room
t enper &%ﬁ@gmaiﬁa,tﬁ%ﬁﬁ”fye%ﬁtggfaﬁ’ﬁ zation anneal i ng was perforned

t Bespt CCH9phtRe Bxdeprez)at ure of 1400 to 1500 K. As a result of repeating
forging and heat treatnent again, a materi al havi,ngna t hi ckness 120.nm and

15a di ameter 130 A naw, Mateiial oktained oy Adding tyRgieN ihENABPURECAFSIRANIING 5i n
si ze | i . tdabos - hadli b&edn t
cord 1 5 1A ke el b e, b0 e, BURRP BF 9019907, iafisHORRE (0 pakén L O
procespbag melting, hed s aias st & gespanaberingdt Heairghg thickressiai@dd rom amnd nm

and a diameter of 450 rrirricp. The average crystal grain siz t he
t ar get digaretgsopAPO AWAP: HEe\aYstat 96 S‘?@i’??’?‘?@fé?d@ﬁ r8§|n?q{8§/6%g}na1 grain

size was 11% Iefd inb1t8 tAR"RhEBL obillUATBR teripbidagienum
and ni obi um m%&%ﬁomﬁ@g e%?]ée@feog@lnps are sﬁown in Table 3. rﬁ?OOGO] Si nce
20t he shess wasssidtjectde rdeystalizationtammebiingnat i tekpesature e 180@ K AsA remilof ¢ he
sheet resistance in the wafer i nche NALS I
e B SR Lo R DERh APl et K e
resi st ﬂﬁ‘%'é?ﬁthé%\)%%gé SnRSiNGiE s Y66 urPasyobtaihedcal cul ate the standard
devi ati on %u t her eof . _ _
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
25 again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 ym was obtained.
[0056] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
30 of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain
size and variation thereof, but the foregoing adjustment was not possible in this
Comparative Example, and the average crystal grain size of the target was

supposedly 80 um, but the variation thereof was +50%, and variation caused by
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As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.0 to 2.59% fromthe
initial stage to the end stage of sputtering in this Exanple; that is,

fluctuation of the filmthickness distribution is small.
electrical energy required up to the initial stabilization of s%l

was al

sagragalinn wesernsidaiable. ¥edk \wariation of dee durgsden gentand Wwasst;
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distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

As the results shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is large (4.5 to 7.0%) from the initial stage to the
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 the results also shown
in Table 2. Thus, it was not possible to shorten the burn-in time, the evenness
(uniformity) of the film was inferior, and it was not possible to improve the quality of
the sputter deposition.

(Example 8)

A raw material obtained by adding 2.2 mass ppm of tungsten, 32 mass
ppm of molybdenum and 12 mass ppm of niobium in a total additive amount of 46.2
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.

After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
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 130 ym 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 pm, and the variation
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[ 0062] (Exanple 9) A raw materi al obtained by adding 3.2 nass
ppm of tungsten, 67 mass ppm of nol ybdenum and 2.4 mass ppm of niobiumin a
total additive amount of 72.6 20 mass ppmto tantal um having a purity of
99. 998% was subject to electron beamnelting, and this waé’c?fél??lofoémﬁ‘g’epare
an |ngot havi ng a thi ckness of 200 nm and di anet er_ of m‘rgl The crystal
grai n ¢f the ¢rystahigsaipasiee weas approxyiaiaavey. wWiaten of the conten Fﬁl@}gs ten,

per f Ortg{'og%td%ﬁdﬁpgné f Cg)laLll W é;s[ MRk L8W0ThaY eQﬁI{sl zﬁ’% ﬁ'FoerPmnTétﬁ@’@er ature, this

was subj recrys I'on anneal 1 ng nperature of 1500 K. As a

resgl t; 21 PC'Hlché?ﬂﬂé)é{Gé’étgés&tarweedepaéndmm thge f:llm mlck«ms thed disRibutionand a
di anet er of 130

, and a structure | t he average  crystal grain
size i@f %%@Sﬁ?%%éﬁ the water 13 @@bggqu@ﬁmeaﬁlﬁ?g {f\%s&‘?ﬁb?@@t to
ext end .Eﬁ[b%'uaﬁ ERbitde f the i hidkngse0d b@ﬁ?ﬁf)ﬁtﬁéesl%&ere@%rﬁbe ando
recrys i zation anneal i ng was perfor ma(ﬁ) ereto again at a tenperature of
1400 tpomt'sOdih the vafa wamaasufedkmeﬂcwla@ thersjamdardrite vimion (o) dagneeht agai n,

Stract ur o i n wASHIEnE Sy 306VEr ot Labigr i rParaeny sTEssUsHAe”ob: Bned.
resistance distribution in the sheet is small (2.0 to 2.5%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 55 kWh, and decreased, as the results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

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

[ooe1] [Table 3]
Electrical
Content of Average Variation | Variation in . Ao . )
Examples W Mo Nb W, Mo Crystal in Crystal| Content of ReS|st|\i/r|1tySI'31:;|butlon uftr;elrrgr{ial Urgffc:if;r:rl‘ty
and Nb Grain Size  |Grain Size| Mo, Nb and W _n
Stabilization
Exampie 8 2.2 32 12 46.2 85 +11% +6% 2.0 ~ 2.5% 55kwh Favorahle
Example 9 3.2 67 24 726 50 +7 % +8% 1.5 ~ 1.9% 40kwh Favorable
Example 10 3.7 0.9 5.1 9.7 95 +18% +12% 2.3 ~ 3.2% 80kwh Favorable
Example 11 11 - 16 27 92 +13% +16% 2.2 ~ 29% 60kwh Favorable
Example 12 12 1.5 18 315 90 +14% +£10% 2.0 ~ 2.5% 55kwh Favorable
Example 13 17 - 42 59 55 7% +11% 1.4 ~ 1.7% 45kwh Favorable
Example 14 18 2.1 22 421 87 +12% +11% 1.9 ~ 2.3% 50kwh Favorable
Example 15 23 0.69 25 48.69 73 +8% +15% 1.7 ~ 2.3% 45kwh Favorable
Example 16 24 0.97 75 99.97 47 5% +8% 1.3 ~ 1.6% 35kwh Favorable
Example 17 53 1.4 - 54.4 60 +10% +9% 1.6 ~  2.6% 50kwh Favorable
Example 18 57 48 45 150 40 7% £15% 1Z5 ~ 23 55kwh Favorable
Example 19 70 31.5 | 447 146.2 41 +8% +17% 1.6 ~ 2.1 50kwh Favorable
Example 20 | 69.8 50 30 149.8 45 6% |  +15% 1.5 ~ 2.4 55kwh Favorable
Comparative |\ 5 | 450 | 40 | 1615 - +60% £25% 40 ~ ©6.5% | 150kwh | Inferior
Example 3 Unrecrystallized
Comparative | 5 5 | 4 5 | 450 157 . +50% +30% 52 ~ 7.5% | 300kwh | Inferior
Example 4 Unrecrystallized
Comparative | o, 7 | 534 | 487 | 1648 20 £50% +25% 41~ 87% | 170kwh | Inferior
Example 5 Unrecrystallized

[0o62] (Example 9)
A raw material obtained by adding 3.2 mass ppm of tungsten, 67 mass
ppm of molybdenum and 2.4 mass ppm of niobium in a total additive amount of 72.6
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,

this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
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[ 0063] Subsequently, this was subject to cold rolling and recrystallization
annealing at 1173 K, and finish processing so as to obtain a target

mat eri al having a Ot hi ckness of 10 nmand a dianeter of 450 itinp

The average crystal grain size of the target was 50 pm ar?@l”ﬂ%’%w(?é?l?"atl on
of the crystal grain size was 7% Moreover, variation of the cont ent of

tT uglgstematﬁﬁaummmtalﬁ&neﬁs)eimm apdthdiamedes ofrhel puegl #8d ArETUSHEGN i n
abl e t he fil hi ck
The. o CryhipRand AUae' dpsalarn SBR' 5 280G MRRAaRIRY. TP 1! T hehes) was

neasured to chaipskhaentnst thidwidsosubjentlitd iexteraf forgend iahch u;bléeikﬁmeg;ieg at

Specifically, the sheet resjistance of 49 points on the wafer wa sured
to cal @AateMpaRtuiepRLa adaBy PREITBAYEE)! |zla|q@p@61peapng was per?ormecfmg é@sul ts

5 shown | buti on
“in theé@?{é-z\* a}etség?rﬁélwgl.fgﬁood r15&5%)@1‘% t)}cr‘?nf’t ?ﬁgslﬁ’l‘;t"of:?‘@? st %ngtﬁé’s%ﬂnd
st age wpéatsmarittagdimgaimatehias hExﬂmgpa dhickhegs 1280 miveahd i disgoeten 180 P .fi | m

t hi ck di stributi i cal
up o ERbasHUR 18 FhEeTRIG SN g RS Greh R AP B8 nd  Showsd

and de t I T ir
Yo, and decsaasadents Wie LRSSbEhoNn ddl TN Sandheerydemnisiion

t he evenness (uniformty) of the filmwas
f avor abheealimgdati 1178k, poéﬁlntﬁfepmesarplcaﬁeas treobjigén Rttarast neaferighavieg a

deposi Exa A raw material obtained by

10 addi ngﬁﬁcq"‘f‘eﬁgéqﬁd'ﬂ{g'b? qmér?& ?‘F " & 490 HEY ppm of nol ybdenum and 5. 1 nass
ppm of ni obi umTHe avdrabelcrpstei §iane spRDoMtheahrdbt ivasrSS Lppartd thearaddtion
having a purity of 99,998% was_subj ect to electron beam30 neltin and

this wabthrastystd piedpaize wasi hg6r Meigong' avaridtiorndisteoFonigot ointemes q@i‘anret er

f 200
o rctyedentRypdFickioifofus MR £kt Trkiterdls o SRR BN T Fet 2t

r @&m t enper at urSincé e shest Bebit@nde topendy ystiae filnz dhickness) rilealdnstgblatora
tenperature of 1500 K. As a result, a material havin 120 nm

15and a @f et sheals resigane)in Hirl viafer r(Jet (ncbespwyas po awregs QL eﬁk\(z;hech t he
aver aggistffbAl cHifidh Yrahe! AimPHichBeS R RAFdthe sheet resistance of 49

points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.5 to 1.9%) from the initial stage to the
20 end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.
The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 40 kWh, and decreased, as the results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the
25 film was favorable, and it was possible to improve the quality of the sputter deposition.
ooes] (Example 10)
A raw material obtained by adding 3.7 mass ppm of tungsten, 0.9 mass
ppm of molybdenum and 5.1 mass ppm of niobium in a total additive amount of 9.7
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
30 melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,

a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
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Subsequently, this was subject to extend forging and upset forging at room
tenperature once again, and recrystallization annealing was perforned

thereto again at a tenperature of 1400 to 1500 K. As a result of repeating
forging and heat treatnent again, a material having a thi cKiH&¥80428%m and
a diameter 130 nrrico, arid a structure in which the average crystal grain
si ze i & Whioh pine asisragiet ey statigrain 6e6s 260Hgaqamebtainedthi s was subject to col d

rolling and re stal Lizatjon anneal.in t : i nj r sl ng so
as to obtain a% 88{19 ‘e 's‘alwq?aﬂ'hﬁcgt?tﬁ%ﬁ%é@%@%&hm% %%d%gl&gga%et er

of ~ 450rJ8m peméerﬂwreadr%eaggaiﬁ,r YAt abcyEailizasibAarpkalihg Wy gefomesl retny  and
the variation of the crystal grain size was 18% _Moreover g\]/Hz%raieaan':({'gon of the

Cﬁnt endgan atunigoeeratyrel 9fb ta ARA0 K. o arreakls ofiremsalingolay bedli s are
" in .1 : 7] Si t - i il
5 th ckrisgait i, piiffergh haF ey tuRRAFSs 120 (PR ARS £BRERER. B0 ! ! M

i nchesjndvasstiagerigadvHich tHieakerabe alystargraint siee i< 605dium amsadbtainedf i | m

t hi ckness. Specifically, the sheet resistance (gf L}Mm nts on ttf“e v%/af er was
nBesslir ed to calRuNseoMenHy dhigndvasd sHbgGt IQEQIR) rqlling y3d recrystallizationag ¢ pe
resul t ' e ' i i t iaBh&vi e
distri Eﬂrﬁ%l\rﬁﬁl %nltﬁ?b‘s(hgggtj flﬁﬂsehgﬁﬁc}eg?lgb%%t %)é %&%@?ﬁr; rg(r)t% ertlernfgtr?;htg!sg?\hs g‘ge to
t he enthicknege obfl Ospot ared BrijainetdrofsiSBranm.e; that is, the fluctuation of
the filmthickness 20distribu[ioniss ectri

. The G |
10 ener gy required N5p2YFPRETYHAL PAIN SIZ8RT NS RIS Was %M'e?ﬁ‘ig‘%%“%@o
masurgﬂt@eg%rﬂvggarﬁgizm s an@odegipasry, vagatidieof @ CbAteplt @Mungstéabl e 3,
esl des shorteni ng tﬂ

Thus, _ e burn-in tinme, the evenness (uniformty) of the
fil mwaslfenuabbagd niplduintwag withiss13Ye The resyisoste shawrylial 2kble Bf t he

sputter depositd.on. 2.5 [0068 Exanple 11 . . i

0[8?65] ned by addi'Rge 1 Frjaé%t r&&}ﬁtéch HEB,%’E%%E’%%B fign ﬁgggn%%gmq@% 'Eiﬁsltto li'tﬁdnq
(ol ybgenwen yrsetnpdsistddes ihntidiwafeas@p inthas) ovad raddslrede tanghsek tife 27
mass ppmto tantalum having a purity of 99.998% was subject to el ectron

15 beam ndistribvgionaeenditions ofibe fHat thiekrinsspanectisallngthe FRGPhiPiStBRFR A&t of
200 | . o | evrnas .
2ppr oxPRRP) MEWRIE waS iR palUBIE RS Bha HAMEUEIGF (d nkféch. BEoC ves
i ngot or billetaqattheoesadlienpoainurie, Tables 3nasvidahigcthd oflucteatist alfl theat i on

T clenSRS{an104 S TR AT 6y SRR SETa1503 A kAT T8 A 380 19 08 ch
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20t enper distritutionde sagdi. n, and recrystallizati on anneal i ng was perforned
thereto again a tenperature of 1400 to, 1500. K. a.result _of repeating
forging and hegﬁhq g@:gnpmtenﬁgyﬁ,qur ﬁ'@rﬁoa “h 'f%'}%ﬁb'{'?ﬁetm%@‘i "t and
a di angler 5143 GnE AR éf?d‘@gawwgl@tkWﬁ, hAd WRicFERddRe Y BB RS YSHon @f ai n
size is 3% pm was obt ai ned. Subsequently, this was subject to
col d r ablend. &nds, rezsiges ahoitering dhe anmedn itinte, dhe EVEBNESS dweifarmilys ef the

g;gcgsﬁingﬂﬁggp\e}%r@tbi%%bt | g/_a% r;[oasré%efé t(gnlir;[1§rrc>ivglth|e1 %Yliaﬁﬁ’/ & tEQisﬁhﬂgﬁae&Ssiﬂ%.mﬂ
25 [ooe8] (Example 11)
A raw material obtained by adding 11 mass ppm of tungsten and 16 mass
ppm of niobium (molybdenum was not added in this case) in a total additive amount
of 27 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
30 diameter of 200 mm¢. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure

in which the average crystal grain size is 200 pm was obtained.
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The average crystal grain size of the target was 92 pm and the variation
10of the crystal grain size was :tel3% Moreover, variation of the content
of tungsten and ni obi um was within -16% The results are sh Tabl e 3.
[0070] Since the sheet resistance depends on the film thickn 23’5010/8?1 3

distributi f th
Lo cheok the disbREBURTDN thinuee: BRPIBF ihaxia NG ABSPee dERFnd R y o
the S,Prgﬁh}ﬂ eer‘ﬁ%éla?d}%eor%fe agga ﬁﬁéﬁ'& ?(lg@r?stranﬁaﬁ@ﬁ %hné@ﬁn%ﬁ@@%@fbrﬁ@d&hbmbat e

the s eviation (a esults shown in
Tabl e a’:‘gam\atczlaewnhperatme Jf| Ut 1500 & Ashe resst of sepmatingdorgingEBndmeat t he

sheet |1 . 2. 9
SpuLt SFeAgMaN adATs EaBTial NEHEg 3 SokHERS | 3R e Ao o p RSl Tt TR Rness
di stri by ?%‘Prucg.*réWWthf?%M&hé@%ﬂ&@'grgﬁ%lﬂé’|sf @WHWWaU@b&&inédﬂle initial

stabilTzation tering was al so nmeasured and showed 60 kW, and
dewoeased, as tSubseqsah’d)s dhiswmwaisn stajsice ©. coidisiollgsianss reppstalizaignt he

burn-in t t.h f

v poSEISBEE T v s B AREES Y Sert el TR rgfian fypdac 1
(Ega”Pih‘?ck%%lss%@?rﬁrﬁﬁh%rﬁ@é%nambté?bifalsoedmy adding 12 nass ppm Of tungsten,
.5 mass ppm of nol ybdenum and 18 nass tﬁm of niobiumin argg addi tive

amount of 31.5 Tresavarpge tasystahgrinigizefitag targslwasy9sMma V@ﬁa Clibj ect

to electron nel tin and,¢ h Ak
10 i cknebGSVSB0RR Sk UrSmir & NiyeBay” Safiatich RLFRASHER STURGsIeR Had 2
thi's CARRS|UMESvRAPRINKI1MEeE! Thd hedumts ard@hoihitinrTabée Bor mi ng extend forging to

this ingot or billet at roomt t t hi '
reovystal | | zat iBncadeahrigest AR P fof TTBSOcRIESS thE ditipytion,

mat er | a{ éﬁ?véﬁ\;\e%tchés{%%@@%ﬁ He Jv%QfeFm(“ﬂQ”ﬂwﬁeg | 3R ahegburbd0tan dRackantd a

structl € average crystal grain size is 200 pmwas obtai ned.
PCT/ JP@tribkRibB6Soridion of the film Budsmmerﬁnepjﬁcahy sthﬁth@,@ﬂoF@dﬁtaﬂ@ﬁ &k t%hd

forging and upset forgin mte a

151 ecr yspaints Qatth%waéﬁfn‘@ﬁfl‘ %Pﬁf%% Efé??lgﬁlﬁéed %PB{] da@%ﬂ%{]%q fjcg?d(perrper ature of
1400 to 1500 K.adsya rr@ﬁwst s‘Plfoer?RﬁaTbBﬁ fipféinﬂénw\dtﬂi‘@aﬂludma&tnrm‘ft tregai n,
a material having a th ness nm and a di ameter

struct mmstgncwdmhbmﬂlm avmeagfeeairlyﬁmll @r%ut@l 259%e f"°§n 1@ 'rbfﬂﬁ'v%ég%g? Hhed.
j prinj ubsequent | thi.s ,was—su (% col d
recr ys?ﬁﬁl%@% 'Ogﬁpémﬁgﬁg|”‘r1|éh'§tE)ia_Lr%|%Ktth%na ﬁl anle h%pg@gggﬁ%éﬂgghggn??}s
obt ai n_gﬁstﬁ@tftgﬁﬂs@%é?f' al having a thickness of 10 mmand a dianeter of 450
nr nw. e average crystal grain size of the tar and..t he
20vari ation The eléctrical energy required up to the mg?tlal staglllzatlé)n of sputterlng
was also measured and showed 60 kWh, and decreased, as the results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

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

(93]

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

ppm of molybdenum and 18 mass ppm of niobium in a total additive amount of 31.5
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
30 After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure

in which the average crystal grain size is 200 pm was obtained.
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| Oof the crystal grain size was 14% Mreover, variation of the content of
tungst en, nol ybdenum and ni obi umwas within --10% The results are shown in
Table 3. [0073] Since the sheet resistance depends on the fil mthickness,
the distribution of the sheet resistance in the wafer (12 PFHERYE s
measured to check the distribution condition of the fil a;at hi %kfness.
Specifical ly, Supsehuently, dhissmascaukiecutp syfands fygingandaRictiRY RS Alur ed

t I LAkl : ; | t

Shown AT RSB EHR! dodiR AL 80 cRlizaloh Shhealing was, perforfied MereEL 10

in theagdigelt d ferap@bture2of0140D & 5590 K os & hesilhiof repeatinggforgiogtane keat st age

of.sputterin inthis Exanple; that iIs, th (B!uctuatio.of tth-el @ilm

t hi cknlégaiman t%%p@dﬂatieé'ggﬁﬁ}“lng_ %(ﬁh*ﬁgn%?segg iR 28R & JRPRIGLITPA TPt o t he
51 ni i al, shaly lohgath akid + é@ér‘éﬁé%@é@@l 8|rsazEaRA%Y0 geh dRd chaned. S5 kW,

and decreased, as the results shownr in Table 3. Thus, besides shortening
tiezbur n-i n ti rBybsieeertheniieiss wasnistbjedt t 10 aofid t tedlirfg | andrarscrysializadios, and

e BRB S 5 RS aeab i et oSSR
t“”QStﬁ’i’blﬁ‘?\%%gﬁmﬁfﬁﬁ AL fiarneebidi®somahgdenum was not added in this case)
addi

in atota tive anount of 59 mass ppmto tantal um havi ncg a purity of
99. 998% was subjhecaveragelasystabaraie sinendf thedaroedmeds 80 $mend g Varetionepar e

an ingot  having a thickness aof, 200 i e r . rystal
0grain ngQ]? PryStehi Eala8ee WS %ﬂé/gxl}ﬂﬁg‘%og{ég g‘ijlf."?érrT;Rr)\tn éBmeAfz“ ggtreng?rf" ft‘é@ﬁ%@

ext endpfoRiehant 8nd MidbiiMaehs WithiH +16%. The rosuits arpstratuireTablbids was

subject to re-crystallization annealing at a tenperature of 150

: A [ , sg'K' .As a
rewal t, a mat erSiate e pheetresistancredepeids oo ther i dhiskeesidee AISFPUSE

and a structure.i J t:he..av y I, A L i

ot ai rie M HiE it IR SR, (oY Mifoshiind Meatuicd B biRekeh®
f or gi n@isgibutiBETéehdRREH @f GP8 1fAvh trickndsemSpreatiically othee sheeli resistadce of 49
recrystallization annealing was

f d th t i.n.at t f
151400t BONSDN k16 WaTal WESI2Hrod EpealEi P Hisr YPRGa e el (PEmENt aga n.
a mterial havifg del M&HRCSholt0 ifTYE6R 3, depBARY, 10 Wdtidtiora the

il
structure in which the average crystal grain size 1s 130 pmwas obtai ned.
5 [ 007Hsistahsedistribltion inire siesetdsisiret (20 te @) flom e Hilial stege astha | 2

tion annealing at 1173 K, and finish prqcessin 0.as t bt.ai et
mt or | 810 ring! apiipenpin s ek Bl 15 Meafuilefly o 46 it pRiheld
The avgaastohyisisflai@rai n size of the target was 55 pm and the variation

of the crystal grain size was 7% Moreover, variation of the content of
20t ungst en and 10eklaoticssendrohiraqaited uphte hesinitial siplilizafism of spatiening 3.

[0076) 310cS L NESNGY 483 SPbARECsS IR In8 YelchEaddd B He KARRS stdieh in

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

film was favorable, and it was possible to improve the quality of the sputter deposition.
[0074] (Example 13)

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

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

Subsequently, this was subject to extend forging and upset forging at
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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
deviation (a) thereof. 15 As the results shown in Tabl e 3°V&'898R1?Y, the
fluctuation of the resistance distribution in the sheet is_snal]| %1.4 to

1. 799 foositarneeratirei ecesagrje, and reeysiadizatiagensealing Washeifprmed: theeeto
Exanpl g;_.. t ] I i O i i St i is
ol | S0 B2 {epncdfrk, i AR TSR0 4 26 5 5B B FCRRhaCfomihp ol e 2,
sput t etiédtenerd Qigsms alrsatenabbavied amidickiensed2dsnkvand andiadezteedS8dnmags t he
results shown in Table 3. Thus, besides shorteni ng(?]t he burn-i.n tine, the

evenned’d @ SHUCBITRIR Whigh thenavarape clstalraraty sipe & 1aRHM 1arLPtBedi bl e t o

i pprove the qu he {§iRUL RN i {d Udid [RPihGl i< aeBhatdifdation
A@é]w mat eri al %o%%ﬁﬁéaﬂ%ytﬁgd%g fgsﬁgsfdpgr?ﬁ%f tuygsten, 25% mass ppm of
nol ybdemealiagdat 22 7i3els sapg finishf processingnsorasata olvtain adaiget veateriaiumving a42. 1

mass ppmto tantal um haying a purity . of 99.998% was subject to el ectron
beam n@‘qui”ﬁa? Ogﬂa R %”q\ll\ﬁﬁ%@?{értoé%péﬁ'é‘@e an ingot having a thickness of
200 mm n and d'ﬁ@%@ra?@ cAPlangmain $he @FriMettalgelaiss5iupe ardl el varkaDe was

approximately 55 nm After perform ng extend forging to this ingot or
bi | | et ofdherarpstat grape sizeuves 746 Mnrepveasvasiatioscal the qoatentaf dingsian isod

anneal i.ng. at a tenper of 15 K . I a material having a

t hi ckn'%'gg'u(m' WESV! étﬁh%‘emeaheéuﬁg ¥ sﬁéwﬁryf)ﬁiaglé 3nhd a structure in which

theeaver age cr\sih@d tHe shetSiedRtdrice?@pdrtsnas tiabfimn fisidkness, the distribution

ubsequently, this was subject to extend forging and upset fo%ngn@% room
Qe

t enperoft the shest wgistancayia thec wafenl (12zECNeR) AafedNeazHRdst

th t P20 3] i . J fold

Fosul t TSP BRA GotitBRrD or H8 Sl ST SREHICENG b Shediiebitdng oAU 4
t hi ckngsiatsla®thawaret waslimaeuesd t3€alcniaty thestdnaarst dewdatiore(d)thedsioth t he

average crystal grain size is 130 pmwas g@btai.ned, [Q07 Sybsequent |y,
this was subjeds ttbecetlisoshPwg HﬁdT"\f‘A@‘é‘rg}st%‘f'@?’itMi g'}? 311&?&5%1%9%& thl?S K,
and fipj ' | t t=o ' | tdhiHekness
of 10 HAEEIRARARR RR speRl BB AGRT ARG Bl MK deadt L ai n
si ze oénd ktageanfeputiersndih his Earanplapthedris athieoftucdiatidre of thyes fibh thicknesssi ze
was 12% reover, Yari ation of the content of tungsten, nolybdenum and

ni obi uASIERYERNHSMal1106 The results are shown in Table 3. 10 [0079] Since

the sheet resi Srfr@%cﬂwm@? réd@rdd Lp) fohinekin@rs stabiRzationt 6f Bptarhgof the

sheet resistance in the wafer (12 i nches) was neasured to check the
di stribasiaso coeasuredrarg shhwefli 4ankiVWh came secresised, fasciel (Esuith shomeetn

i f_49 poir he waf . at o dar d
dovi at 1816 %) T MOt EhotqiEng Jod el SR HhE FbRosE: RURMEH §r Bide ™
f 1 uct ugi ARAsFhvdaslel andriewas RREDIS tSiniprave ited qualityhd thdeputtesdepaitior( 1. 9

to 2.3% fromthe initial stage to the end stage of sputtering in this
Hrentpl sxampie 149, the fluctuation of the filmthickness distribution is

ST zaon ) "RpTel B PGSR SR BB AR5 N P
decr eagpgh ofadolyibeehamiihhé 22heassippm of niobium in a total additive amount of 42.1
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
in which the average crystal grain size is 200 ym was obtained.
Subsequently, this was subject to extend forging and upset forging at

room temperature once again, and recrystallization annealing was performed thereto
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20 Table 3. Thus, besides shortening the burn-in tinme, the evenness
(uniformty) of the filmwas favorable, and it was possible to inprove the
quality of the sputter deposition, [0080] (Exanple 15) A raw
materi al obtained by adding 23 nass ppm of tungsten, 0.69 PRE&SOBHMSF

nmol ybdenum and 25 mass ppmof niobiumin a total additive anmount of 48.69

.25 negain@in taonpensturweh HRA 1809 i iAs/a gesdb ob sgosating forgpe @nd; eat

el ectr A I : r ' [

Ehi okrCea BB f SnaffheL hal Be S nEERtss, f28 AR aRa A dlpeler OV g | |
thi s caseawtsicappliowhiah Heyawdragecrystal grain size Af 180 ppenkerantaigeéxt end
forging to this ingot or billet at roomtenperature, thids was Gzi?ct to
Rl st al | i zat iBHPSEAHBAIY ndhige Was: SHBISCht I SO Rl 1@n Asregryrsiéil qon3p a

et er | Mndihne ﬁfShkcgﬂg?iﬁisﬂfpr%%gs% W bBRt 8ltalfot hifteMBMdyingad 2

structure 1n ch the average crys grain size Is 0 pm was obtai ned.
Subseqtiroknegs of NDsnmieand ahji@oetdarof dbOench¢f. or gi ng and upset forging at room

thereto agai n e ERIR CRAIPESIA BE6TBe 1885 RESAS 00 et Pyl lat i ng
forgi ng ﬁ'iédcrgg?él F5ALdi28 104063294 bravERNaitRinnof theTBbRtehflof hayddign a

thi ckness 120 mmand a di aneter 130 n’rraﬁ, and a structure in which the
aver agmotybgenam gnadinobsimevas witBd bhi Yeashebesiiliseare stavosin] Taklesequent | y,

this was subject. to,.cold rolling and rec [ L. n i gt 1173 K,
L0 J45% i ni sh pr ogéég%? Hif 8 e%tsretsgt%b ea&%p%{“{%&é@%é ﬁ@?i’b'?gﬁ‘g%a\%é’%' 1% ness

of 10 gmipddsiecdi AERitghcdfin4ffe Warer (12 inches) waddiemessuragetcroheichl thgr ai n

size of the target was 73 pm and the variation of the crystal grain size

was - sdistriitionveanditierr ichtthe filer thistaessnSoecifigally.uiigs sBeet (asiSiBE Gndghd
cheet PRERCoRMIEWIh VAR TRl AR Id ol (i ahBorfiieyfathn (i tHeR o€ £ NE,
sheet resistangg ithet hesuMaf @ho@h2 in NThige) 3yesvidertbyr gt tfhuctieioihn tdiethe

157 eai st eRaBRS AGURIUASINGie el SMAG A2 TBaren B I EPeRe feandar d
devi at ) ﬁg’sﬂﬁeebr%g%grt\q in this @@m;ﬁé; tft i§ Sl AFCtS AN of Bhel Afth ShiBkness

evi den on o0 e resistance distribution in the sheet is
smal | ditributionds 3fallf romthe initial stage to the 15 end stage of

Gst 11 but Pon | S REEIRIER Snerdy rediied JPdlor e it teid [z 4tef, ot SEIHES "¢ he
i niti abva?eﬂ?&%é@édrﬁa Md %IHHWer?)@g(Wﬁsaﬁd Fz%cf@a%‘é'élr, e dedresinvethodn K,

and decreased, as the results shown in Table 3. Thus, besides shortening
20t he buiablen3.tTihws, hesidas,ehordesing dhé foorrmin Yimeofthe eyepoess MyneEsmiti of s e,

and | tfiI\An’ﬁaa/a%q’g%rglb?e,ta%dii Eagvp%s%rﬁ?e gouf'liTlu:i)rWe?F\e hﬂgn@p&f%g rspﬂﬁ@P&éﬁés‘?t"ﬂon.

[0oso] (Example 15)

&3}

A raw material obtained by adding 23 mass ppm of tungsten, 0.69 mass
ppm of molybdenum and 25 mass ppm of niobium in a total additive amount of 48.69
25 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
30 a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
in which the average crystal grain size is 200 ym was obtained.
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto

again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
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[ 0083] (Exanple 16) A raw materi al obtained by addi ng 24 nmass
ppm of tungsten, 0.97 mass ppm of nolybdenum and 75 mass ppm of niobiumin
a total additive anmobunt of 99.97 mass ppmto tantal um having a purity of
99. 998% was subject to electron beam 25 nelting, and thi §CV/§’§°18@§%19”1>/0
prepare an ingot having a thickness of 200 nmm and di aneter of 200 mmtp. The
cryst areafment again @ imaterigl baviagwadhigkprex il datramyasd gijameter 130 mmauf ¢ of

has oot S8 TEEEPE 1 QI thes freRbe shidR i feg W a8 Lt PR HEIRERE L™ s s
nesyl t, a nat erSusefaghing ahishineknesipjeet H2@oin @iithga aticametsystallizati®d nmso,

and a structure in which the average crystal grain size,is 200 pm.was

obt ai r@aneaiing at 1173 Ko Sqisbrtiopeseing 085 s HBpkL e PGS MURIAHANRG and
upset. £ Q10500 oY 0f AR PIREI AL ©rABEGnAGRI N, and recrystal | i zati on
anneal 1 ng was perforne hereto again at 'a tenperature of 1400 to 1500 K
As a result of Thepeairagg dystgl grgirsizehefdhe ttargst mast 7 Agan, rancatheayasiatian

havi ng t hi ckness 120. d di t 130. . PCT/ P2010463194 d
St T Uotel 16 S alih 828 PagE: or JRTEP Vg AHE0R3 1 Be15a B AL A nod.
roonj mégmgt%ﬂkliﬁ{;%h{ni&mrﬁ WES WiHI £89%t Ph6 0b&liIfsCArki dMpvanh TAsewst al | i zat i on

anneal i n and finish processing so as to obtain a target,
medser i al havi n@ince Hie khestsresistarentdepartsaonl tharéine thisknesso thergistribution

The ave e ¢rystal . in.si f th 47 d pat i
0 of °t heSt arsiion Geistafbt ifal® Sathgsaolefes) o mERupl 1L BetRet® of "
t ungst gRiripIMbY belsHBRRE the FnUuinaResy Sperif@tily, Tine siesatl tesistarceslodw® i n

Tabl e 3. [0085] Since the sheet resistance depends on the filmthi $kness,
t he diBeinfsout thmweferiwrs Bieestredls ealawate the staedaysidgvigtion {HdheePriwas

measured to chegk e J.Sstributi digt i h i ISknes

Speci fically, e té%eé%sqﬁﬂgsitsb?g’ﬁcéﬁg{g@g SOiérwg&gW’t ﬁ]eéc \{/L%Lﬁé}ms%?re?seur ed

tﬁ cal fédi@rélgtlzé h%tﬁmﬁmﬁmndtlhé%ﬁﬁiis‘]:)lerr(eﬂi)(ﬂ?‘lw 2@%) from the initial Atagehto thesul t s

shown in Table 3, evidently, the uctuation of the resistance distribution
15in theerthstagq sf §ﬁﬁ\t¢”'(9ur3¥m§ Exapogler Hsthis nde {‘HQTP%WO%P@@ ﬂ&ntﬂﬂ'@%é?ﬁf st age

of Spu&i%ﬁfkj ignii SHLEIIS Exanple; that is, the fluctuation of the film

t hi ckness Istribution is snmall. The el ectrical energy

r egw Led ngt ol;IT\/r\fhEelerdrﬁdalermtr@piréqmmd op tof thepimitiad rstatylizetonabt eputtering ed

and showe 5 , and decyeased the results shown,in Tahle, 3. Thus,

besi deWagriFe éﬂ‘??@‘r?ae"" ﬁ'bPWeSi%iwmvearé@éisﬁﬁé%asse@urﬁsfmen{e[ S O i | m

was fa |k ] b Ok !
dopos: ?‘?%I%%.%h%g%ég?dé(@aﬁ%mhg}ﬁe tRrh AP EMEE th@vBHALES Yuiforiitg) ePtHd er

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

o

[0083] (Example 16)
A raw material obtained by adding 24 mass ppm of tungsten, 0.97 mass
ppm of molybdenum and 75 mass ppm of niobium in a total additive amount of 99.97
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
25 melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mmg, and a structure
30 in which the average crystal grain size is 200 ym was obtained.
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat

treatment again, a material having a thickness 120 mm and a diameter 130 mmo,
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A raw materi al obtained by adding 53 nass ppm of tungsten and 1.-4 mass ppm
of nol ybdenum ( ni obi um was not added in this case) in a total additive
anount of 54,4 mass ppmto tantalum having a purity of 99.998% was subj ect
to electron beamnelting, and this was cast to prepare anFR§EVHEINg a

t hi ckness of 200 nmm and di aneter of 200 nm®. The crystal grain size in this
case ward appiuciuraan whiclsthenaverage crystal grajsy $ize iHe¢9 Bnivag OBIRIBRY forging to
this ingot or ki r OQu.t er, , L TH : ject T
r[@@%yst al li zat itgandsthgép ’ngmgt W§%t esr%r% rcgt tl?l‘ reE "3‘? V\@l@u %rﬁucASregR/rs teas"tlﬁattl,o na

mat er i ghndivigng el 78hK cling $isispif prd28ssing ancasatcdobtadt ertaiet hidieriainygviegd a
structure 30in which the average cré)%stal grain size is 200 pm was obt ai ned.
Subsediiéness of AP NG a fiaeetar Of 4RPdR % or gi ng and upset forging at room

t enperature on i bld i R34 T

t hereto again g?'egg\?ééﬁﬂ%%gﬁ}%ggﬁﬁ%ggodfﬁ géltg@oe%K. AsT gg{}\é%ﬁjl ?%giéﬁdg%gati ng
f or gi ngf tredclystdl dragasizenwvaageh%, Monsaver ivarialiani ofgthe conterhes surigedemm and
a dianeter 130 rrinB, _PCT/IP2010/0631_94 and. a structure_i ich the
aver ag@OSPPSOEMm @’P%Pf?bé‘i"?éN?%Yvﬂétﬁ‘ B&?’V\ggeéﬁ? f%@&.sh%@?{a%ﬁgequent ly,
tihe8, Was subj eqinddtpbRedtolekisth@ndepétidysh #he fipathierarnerd drRuriditiohl73 K,
and finish processing so as to obtain a target material having a thickness

of 10 ofmtledsheedi msigtancefin4B® efer (12 inches) Was dveasiyjedcioy sherkgh&i n

size of. the target was apd the variati of _t r i ize
was lod)oShW'QBv‘g?n,d"\'&ﬂ ioggh%:ﬂ“@f H}"F@eﬁng@ﬁ?hggﬁ\f’u%&s?@en&angkﬁf%rﬂ%%%ﬁn was
Wi t hi np&frs dMend Ratdrigadififeashemtd dald@bteethd sthR@S8] Gvistiort (@9 thbreef.

resi stance depends on the filmthickness, the distribution of the sheet

resistance in tAfe thaf egsyits2 shawhed) TaRlensastifidento Bifedluctyrtiondiodt outi on

ditiof L t b . ¥y - s 49
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t her eognd stage of sputtésng e tiie Exansplehthan is nthaflatudtjoreef tenfilny thickeess

fluctuation of the resistance distribution in the sheet is small (1.6 to
2,69 ¢istiputine i aMallal stage to the end stage of sputtering in this

Exanpl €; that ifgg b St él'%tnléf?@i/ ?@%&Fe& g ol ﬁng;iﬁ'@ﬁ@&ﬁzd%ns@)f Ebutdriiy 1S
smal | . e electrital energy required up to the initial
st abi | ivaatalen méaspetitard sjowad 28 sbVimearsdidedreaseds lasvihe BBUKWEhoamdin

ittty TR T R T R
‘(’VaEiaggﬁlirin %agé fhPoraBRY QK8 it Has PRkl tPimprdfe IREGLANty ITRRS shLBER déSEER/N.
[oose] (Example 17)

A raw material obtained by adding 53 mass ppm of tungsten and 1.4
mass ppm of molybdenum (niobium was not added in this case) in a total additive
amount of 54.4 mass ppm to tantalum having a purity of 99.998% was subject to
electron beam melting, and this was cast to prepare an ingot having a thickness of
200 mm and diameter of 200 mmg. The crystal grain size in this case was
approximately 55 mm.

After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mm¢, 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,
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5 and recrystall .*Tf%%\ﬂ-:'?aéé”&

A raw materi al obtained by adding 57 mass ppm of tungsten, 48 mass ppm of
nol ybdenum and 45 nass ppm of niobiumin a total additive anmount of 150
mass ppmto tantalum having a purity of 99.998% was subject to el ectron
beam nel ting, and this was cast to prepare an ingot havi ngC"a"tHP CkhEss of
200 mm and di aneter of 200 nmmD. The crystal grain_ size in@&)hi.s ase was
appr oxanthe styickee fwhich the averagectystal sEaiNGT#R Ify! T HENWaE PRt o t hi s

[ t or bille e r r [ et r hgation
e g at o S-BirsbRe, CHRE" el Syblekl g RRIE FONRE! drp TREH R RALAD

t hi ckneasealihg k20 1M3 linahd fidisamerbeessifig $8Gasntobobtainda darget owteria havinghach t he
aver a%e_ crystal gr ain sjze.is 200 ﬁgbwas obt ai ned. 30Subsequently, this was
subj echigKpeEX PEAY MBI @déﬁmeéﬁé’ O YPhg at room tenperature once again,

thiNGraRSizB &I ftRE TR et MR ® pAgainY M riation
t enperature of to 1500 K™ As a result o regmgatlng forging and heat

t r eat nEfrthe agystal graimsizevad + 1k Mpreovdr ganatin aberan of tanggten @nd130
md, and a structure.in which the average crystal grain size is 100 pm was
obt ai n'@&!y%dPWJ‘P‘%Nm%@éﬂq-[r@d’@é}‘ _35%%%‘?4 i ?‘ap% ' was subject to cold
n&shi N9 and reqiysd fd sRaAti reBisBHIRAdpUhdRt ol IhE3filka tiBkhdssnirshdiBiribeei®si ng so
as to obtain a target material having a thickness of 10 nm and a di aneter

of 4500fnif}f1@)shee_t resistancertie %i\@ew\éaj@: dilgsinghegy ajas sneaswedt e chaFlgehewas 40
R e e A O A R o

r esul t SoiafsCors tHafdt wabheasdured 0&IduISionte sthedstdaviatesi ) dnereoflepends on
the filmthickness, the distribution of the sheet resistance in the wafer

(12 i nches) wad\smiBeurasyitsosBAWBK i hEARIE s Br i BiIFEBIY. ctisdifucBIateon Chethei | m

t hi ck . i £ RV2 i st h ;
was mesSoialy SlstifRienlnhBRRRE R sEE GRSk (O HRohller sd bamester
the resnd stagghofvspitterrapiretts Exandgat that i¢ hibefluctwatinn ohtref filnhéhickagsst ance

distribution in the sheet is small (1.5 to 2.3% fromthe initial stage to
the endistagends s&idllttering in this Exanple; that is, the fluctuation of

the ilmthi Ckigesefichldd RINr@N réquiRiRLb: toENRItRI RedtifiRloncoresMdpgU r ed
up to the initial stabilizatidnh of sputtering was al so nmeasured and showed
55 kWhwaaralsaleseaased,aras shbwed 650 ki'éh, strwdecrearebl a@s3theTigsslts sbonie

h i b - |, i .h . i, f i . i
£ avor abPae Sinfhis Hesides s thiang oS BURGTR e top aPphyes (yrisTuli PLIRS
depos} filhPRas FAAFAbIel SE’hﬂer\'/vﬁs Bksidftd mvproes ehé glambictithe dpbedisioditior) nmass

ppm of tungsten, 31.5 nmass porn of nol ybdenum and 44,7 mass ppm of ni obi um
i[posa) t dbamplddi®)i ve anount of 146.2 nmass ppmto tantal um having a purity of

oo a0ame v 7 S5k B SHERRRS RO S mALpbh| SLTRFAR! 48 ndpere
Cryst app@r & Mofibdenum hAd %45 s VSN AP pickiumeined Yotabadtitive amount of 150
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mmg@. The crystal grain size in this case was approximately 55 mm.

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

and a structure in which the average crystal grain size is 100 ym was obtained.
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After performng extend forging to this ingot or billet at room
tenperature, this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, a material having a thickness of 120 mm
and a diameter of 130 mmtp, and a structure in which the &VéFAY¥ ¥ st al
grain size is 200 pm was obt ai ned. Sub i%guentl

thjs.
qubjlect to ext Swipseargithy His wasesubisehitRg cald (18 t@r?ﬂe%g?rdﬁ{??lg‘ggénagai n,

and rec al | i i : r i i
F emper SHFAIRG A 138 K AL R MBS e S0 M b afl SxftoBofidled fBving &
t r eat nRknagabN10 anmedrer a diarhater 0§480 ingkness 120 nm and a di aneter 130

e STy 505 0 BT s B I g e v

recrystagl Elgggag ’Qrgﬁg%i{zé!a %34 Q{A63 We@%‘?%iﬂﬂﬂoﬁ?of %g%dﬁyte@tﬂdf firYssdn,

processi Ng $ in"atarget material having a thickness of 10 mm
and a mioBmetaumodndtBdbiimwas within £15%. Tive rescdisaage sboystial Taasdn si ze of

the t t 41 d the, i i f t . i j 8%
WBreoaer s vars sites M Shent Baitaise daransut e fiRy Miingtsahit At oo
Wi t hi nye Wé)/"dshgé? fRhhce an etnehowiel N17akkBed) WR0MdasBetice tchecls heet

resi stance depends on the filmthickness, the distribution of the ?h et
r esi stdistribution tdenditigre of the fimcthéicknesas Speadigrby he Frratesistantss ot futi on

conditian of the filmthickness,, S iEicall resi e of 49
poi nt sPYAL %h\ﬁa‘fvgter\)(}é%s eSS eréjdtot %ﬁ@g{aféeutiﬂgt%a?z{j]%escfé;ﬁg)rnd@g é@%%? |F'on (0)

: Eer eof . éLO A?\dst htﬁe_r gﬁu_ltbs sﬁbwmiri mr']é'tﬂtbl 8, ?evi@?/r:ltdegtl'ieyiﬂubtzlmf?hu?f uthre![ ﬁn of
e resistance distribution in e sheet is s . 0.2. om t he
It atositae dotiBIoonD BEANEebls SPRItAr FyZiaot 0E Beaieb S e 't he

fluctuatian of L) i L ST but g | - i he
el ect r?'&%IS?%q?engSP@%fma Lﬁi@%%ﬁ%;ﬂ% %ﬁtﬁ g|7|‘at:hgsnftlda l|J I za'%) f E)hne glfm ékgalﬂees}i ng
was al gietrie@sdriednand showed 50 kWh, and decreased, as the results shown in

Tabl e 3. Thus, _besi des. shorteni t.he b -in tinme, . th ) .
(uni formity) oflMenelechica Raerde e Updrde il stRREaeR P5SP s B%e ¢ ne
qual i F%Fgfaol%@?né%{{)réﬁradgfgﬂé\ié/gh% kP099d CE¥ATEYEA  4Q@)the results showh AW

y addl ng 69.

mat eri al”  obt ai ne 8 mass 'ppm of tungsten, 50 mass _ppm of
mol ybdgabie nthE) bessdepsinoténing dbe brrm+n dmeptad exdaness, urdienmity) of theao. 8

beam nBi g foxsablmasavboe RS I Birrpde 43¢ AHATY e REuSRARBHIL"

UPR 2Ry i ter of 200 mmnw. The crystal grain size in this case was
2@%% {Emate?y 5@ mm After perform ng extend forging to this ingot or

billet at roomA eawenataniaéobfined by adeirg Gbpass PPe PEEMESeN | 3 atass
I t t f, 1500 K, . It i i
thi ckngbd B nig R e 40 7B ShJofiobfit ih:a JoBF Bk ARLACCE. |

t he avenggenfds¥spiin & driakin? aving? @0p ity Vels 991998/ heths subject to electron
Subsequently, this was subject to extend_for%i ng and upset f rgi ng at,room
t enper heamenelticg, andthis wascaséta PEPrare pRANYY aamth@ﬁ%@f%@ '8

ther et ai A Eﬂgf;‘%o@ Frirﬁ{ﬁp”i'hgtcg\gﬁa%ra%gig tiﬁiﬁ?%%sgwagsaﬁprbﬁﬁﬁtéﬁ5 Rrpeating

forgin arn; ‘a material having a thickne 120 mm and
a di ameter 130 Aférperfdrthing sixteret fargingrtowhisdhgother billet aig@oor fesnpéragirai n
size is 100 pm was obtai ned, [t'OO%] Su seg?eqt % this }/\g?g (?ij ect to.cold
rolli n@lgm@sragﬁqj@gttg”ﬂ:rya{qllgﬁ ion arinealing at a temperature o 00 K:"Asa 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 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 mme,
and a structure in which the average crystal grain size is 100 um was obtained.

[0093] Subsequently, this was subject to cold rolling and recrystallization
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annealing at 1173 K, and finish processing so as to obtain a target
material having a PCL11)2010/063194 Thi ckness of 10 mmand a di ameter of
450 m ca. ~ The average crystal grain size of the target wa

pm and the variation of the crystal grain size was 6% F%H&@P/OGQ}%&. ation
of the content of tungsten, nolybdenum and ni obi umwas w t e

r esul t snreezgingredvir 730K Taid &nh prooessing sPraseta %@aghéé@rﬁheéénag?%@@vﬁé%énds on

thefllmthlck t he d| ri e sheet resistance in the waf

er
(12 i nHEEFs ﬁ/&gqﬁé‘a iy rgﬁgetf fg,ﬁgc?ﬁmy]“ bution condition of the film
thickness. SpeqiHd sadrhje drixtasgret srzesafshana@emmmb@nnt@d)thetVﬁilah@ﬁer was

nmeasured to cal cul ate the standard devi at
shown ohthEabrysta, gr@m slzet Wps b Merepush :\&rﬁ'a&if’?‘t% re(lagcf’”tPAﬁ i SZ&H“ '

distri bu&b;g%g gaﬁbg ,M,gs L +{E5Th? rgsﬂﬁ@arferé?fﬂv@ﬁ‘ﬁw Tableizal stage to

t he ent'® |ng|n is, the fluctuation of
tB&af 1 | m t hi ckrgipse the Ehedutesmtance demmds on the film thichhesse tee distideutiother gy

reqwred up to th tial stabil
and ShohsHE 55 aaesBNGRchel R cvaree (e reoedt viesrBrAs o B ThefRob o
us; gﬂb‘l}jorag@{&lﬁ&% thBemmJ'Ernckﬁbs%' WhedialpyarRNeRset tYidtanca tof )4of t he

f|Im it was possible to inprove the quality of th
sput t epoiePosithe mfer[@@@&iee(s@wcﬂ)m aalcviataiengipadand deVlatlon tK ©

materlal obt ai ned by adding 5 f
10 mol ybdenum and ) 'E’ﬁ ?HJ{% &}‘Omfgﬁ'is‘ﬁﬁgﬁ'ﬁ a%ot 8\% QPHﬁ%glﬂ%el \%ﬁg'%arrr%tﬁt Qg;m%l 5
20 mass %Ee %tﬁ@unﬁ@r{ M é’l‘\é‘tﬁ i3 SPhHII %15/6% 2909 9 e |r8’u1£hjs$age tothe

)

el ectron eam tin is was cast to prepare an ingot

thi cknesd sihg@@? srpmttendg dm ahngtéxamplezcbfmatrﬂﬁptherﬂgct@?%@ &f t@‘? é'ﬂfna”gngae?% this
case proxi mat y mm After perform ng extend for

this i H@%‘ﬂ?‘gprb'?ﬁ il room tenperature, this was subj egt to arng to

recrystallizatipre %’M&ﬂ&él% Fehairper wm@inlﬂﬁwabﬁllzatmraof@ utterin
mat eri al having a thickness %Pylzg nmm aL% a di amat(f 130 ; glgi
e hlinea.

15st ruct was alsowmicahutddeand ahayede PO JOAN. gndi IPUEP3EFd. <
S“bseqfﬁ?ﬁeeﬁogbgsggggﬁeé UREREh :QSth%;th?rﬁqnftf?ﬁQ' g é\fé#mté% thﬁf&’m}tyf)@)fahe room

t enper rec zat1on anneal i ng was perforned

t her et g AGM I Rbrablé CAME t a4y PogHibld46 Impmviside dualinsobihespultter depeeient i ng
fum ng and heat 30t r eat nent again, a material having a thickness 120 nm and
a[omanéEﬁam@b?a%/ and a structure in which the average crystal grain size

I's 100 pm was ORtl%Wﬁ%nerial obtained by adding 69.8 mass ppm of tungsten, 50 mass
20 ppm of molybdenum and 30 mass ppm of niobium in a total additive amount of 149.8
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
20 this was subject to recrystallization annealing at a temperature of 1500 K. As a resullt,
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure
in which the average crystal grain size is 200 pm was obtained.
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
30 again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 pm was obtained.
[0096] Subsequently, this was subject to cold rolling and recrystallization

annealing at 1173 K, and finish processing so as to obtain a target material having a
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[ 0099] Subsequently, this was subject to cold rolling and recrystallization
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 PCT/JP2010/063194 in the mi doﬁce/J%?ﬁtP/%é@'é wer e
adj usted to achieve the follow ng average crystal grain size and variation
t her eofhicknasstdid Oronegod agiaaetet¢fedh0 MEWP.not possible in this Conparative

Exanpl e, and t t?fs rggty

(i ncludi ng unr Qﬁ‘&e%? |z<gg¥%o ta}"gr?ge, szﬂrng\?aé ia Hé ere ﬁ@(}a,r?ggm And,
vari at bpthedferjdtal grit ente w‘astl:l@%stl\ﬁﬁreolvef y\hestiom afnmewcomeumoﬂaangﬁém The
results are simlarly shown in roi ooj Si nce the sheet resi stance

depend?%ymtqwm ?P%WW'H%‘@!@% W'tthHeJ“E'hr’oé’t AhBUEss 8 s Mebablecki st ance in
tﬁﬁb?}"a er (12 ISﬂ@gg%%pem |ca ér%% Eepémgnttﬁéﬂﬁh%ﬁl'bkll?é’%é,jge%géfﬁb&ﬁdw of

I mthickne sheet resistance poi nts on
t he wabertheasheatasesigdnt® matrwlvmfert(Hé mmed;ar\uasiemeaswd (co))chdmkrthﬁ‘.

As th |t ho Tabl e 3 dent t th
Fosi ot dEbiiion, SoTAom o e LHSktess SRacicaly B Shecisisppie o0
initi agoﬁfsﬁ th& wiher Rad n%a%%e@;q SRBLIES tHstaRgAR ée@@rma(@)tthéeo&xarml e,

that i luctuation of the filmthickness distribution’is |arge.
The el ectri cal Amehhgy resutsi rsbowmp inoTable i3ni evidenty, abie i fuatuatiorofof the

sputterln so neasuped an sho 1 : n crea a

07 Beul ¢ it teE dBRBL B R IE S S SR (o pilve) 300 KA SFe0d By e
burn-i BnlidtEge To'ﬂ%p@ttéﬁﬁ@$r$ tNlﬁrE)fé?ﬁﬁlet Yhato§, iHeequcttlJQild\ﬁ%f it @ifrh QRickBesk i t
was riot possible to inprove the quality of the sputter deposition. 20

[ 0101] disttiiends iswealExanpl e 4) A raw material obtained by addi ng

i obiam i ¥ e Lot S et e Ru BRI B e B RS o RRGL AR O
puritywak 80 9A8%6was subjskoivetios® kv r and kizereaseld, lamgthearesﬂnt&mmwmm cast

to prepare an_ingot havi nﬁ a thickness of 200 mm and di arret er of 200 nmy.
The cr&§b¥ﬂ gﬂéﬂ% kgsides phemering 48e byas- '%ﬁﬂﬁ))@h%@ﬂ?e% (whiformity) of the

Al ter ﬂﬁ” & Qra% &M i EWag'd&s e E@lrﬁ 9 F%e Aalty! dr&he %f)uftQPHeposmon

t enper a |s was subject” to recrys i zati on anneal
t eoger @ampactivé E@nkpleAy a result, a material having a thi ckness of 120 mm

and a dianeter of 130 , d t t whi ch t t al
grain s: ze is Z%Ga‘ﬁrﬁ‘ﬁ%r a@%%nﬂ%@b%%ﬁ'ﬁ@g@@%syﬁgwﬁf Uﬁﬁ‘%’t%rgﬁﬁﬁg S :
ext end PE’W e maly%@@nuﬁﬁsﬁd horghsg BBFn SORBLILATRER Abt4T BAARGE AR, ofal@sq 5

recrystallization anneal i ng was perforned thereto again at a tenperature of
1400 tmas'sompm toAtardalues Waving ar ppetyt 0Hhg§9fAHB8gh rvgﬁSalsdbje@&ttOtd@@ttmmeaa”gal n,

2 T Hllnd T Bl SRS VAT e TR 5B it 30 e
POT/ Pzaﬂa%@c@BbPéOO mme. The crystal grain size in this case was approxmately 60 mm.

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

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

[0099] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness

of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing
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[ 0102] Subsequently, this was subject to cold rolling and recrystallization
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 nmg). Cold working and
recrystallization annealing in the mddle and | ast were adj‘t/St8H/t%8!%chi eve

the follow ng average crystal grain size and variation thereof, but the
for egoirhgjweammlermé lagh yveret agivsiedniocachievanithe &jlovdna Eveeaas sistal, araky,

al t hou t I [ al,. gr.qj i fot TN P

el wasdeunid S eRa, Pt ik Jofeding i Gt fds HER SRS hiis, ¢ e
was S0@onasHtative iIEXahible Cahs ebe Rvesagy egattalogravasizeovisihdetaagpbtewasutdl um
variation of the content of tungsten, nmolybdenum and niohiu s -30% as
the re§0Fgingheniecrystalized partions) [ and ypriakpm thereab Wag el /Peé‘nf‘g??{ﬁ'ﬂ%“%pends

~on the_fi [ ' ' 1 0Q Qi t i i
" waf er ﬁéﬁﬂ@ﬂ%@”ﬁ?nﬁ%{g\uﬂggf@ggﬂﬁaEnghrgbgfdgfrI uti?gﬁdif)*ﬁé&ﬁ@?%'ﬁ %!‘%et he
filmtbincilkanlgysshowspiecTdbled. | y, the sheet resistance of 49 points on the

waf er was neasured to cal cul ate the standard deviatjo a hejreof ... As t he
YGEH 15 shown 1 Aneaire SBecbuianes SSpARS PODE M oheEnt dha ki nce
di Stri Brthanshdlr REsigaReE 1S ardsrer 12 ienbshHial OBLSHRA M LéRlckstiage to
the end stage of sputtering in this Conparative Exanple; that is, the

f | uct udtstrirution cordifion raft theclime gaickiess: i Spadifinally stheasheet resistance of 4the

el ectrical ener required up to,the initial stabi]lization, of terin
Ovwas al gan%ggﬁ?é%%&gﬁg@,@%@%t@mlpuféﬁ%.*n%tﬁgﬁgreddqe\géf'%@rtgéﬁﬁfs al sg

shown 20 in TabAe fhe TB4GHs ishoWds iAOTaBRS Y, begideatp hetid efudthgtidiirdt- itwe ti me,

the evenness (uniformty) of the filmwas inferior, and it was not possible

to | n}oreﬁ}@tann@ digteibutign U’If thehshegius ti@igedepd 49 6 Dh) oot g if(i*@i;ﬁiﬁ%ttq’ e
Ex A ial i _addi _ : ,
554" e 8ok B SREENS ndRl AR g Fadthdle: thef s SRRt BF kD

addi ti ¥ipn amekidssodistbditi8n n@rsgepm to tantal um having a purity of 09.998%

was subject to electron beamnelting, and this was cast to prepare an ingot
15having a t hi cknE elgctier eRfrandean Bp ey t%FhezUbt'%ﬁt?B'ﬁ'Zﬁ*rﬁPE’f%t@?r"& ain

size | QalshiSo FASSNES ARPLSLAERYBOYVEN, B b Sleels! PeMelaie Alenehdidti 0 ng

to this Ingo room tenperature, i's was subjec
r ecr ystralTlabieatd. obh@s)niealasqnoat passitdepter sihanten dfie 1500-iK. time, #he evennesa

mat eri al pavin t hi.ckness. of . 120 and a dianmeter of 130 rnmy,_,and.a
struct Z‘H@quﬂm\xﬁiogltm HEN YRS ey )?QB;B WS digt RASPDIE 0 IHRTRI (k)&sq%%ﬁ%ioﬂed.
SUbseqH‘?é"&bQ{ttertdEp%sYt’ﬂﬁ.SUbj ect to extend forging and upset forging at room

tenperature once again, and recrystallization annealing was perforned
20t neviet GCoPPRRRR@IEXA6BIEI) again at a tenperature of 1400 to 1500 K. As a

result of repeajing forqi nd at _tr.eatognt i I LOg a
o L o SBoa g P AOAe05 hiR SR et g B of IR ) clhERE
aver ag@pfi ¥ irllytietiuin 8hadei5smh88 ppim W ficiraiin edtotal[diMhle SwosiatuensTy;
this was subject to cold rolling and recrystallization annealing, and

finish npﬂssmzm iy tartabun thaving & pudty aF §8t 9k evaaISURIRAL g %Jeﬁﬁfem of
0 R | AR . e KIS
anneal gt AL TS ARG HEbagTan Fodl HaTH) 2 YRR bR 208 shir ghu on

25aver agelighyes af 200ahmgs The apstay grdiasizenntthisrast, wasiappioxirhatetg20 ngm.
adj ust nent was not possible in this Conparative EX rrple and, alth ul%h t he
average cryst al Aieapariemmipg stendfergingso tussingot Bh}g'”? af Ry dergperature,
unr ecr yisk 3dd t io¥2Arrding SENE ¥ 190811 A Z9edE 50%
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in which the average crystal grain size is 200 pm was obtained.

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

and a structure in which the average crystal grain size is 100 pm was obtained.
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[0106] Si nce the sheet resistance depends on the film thickness, the
distribution of the sheet resistance in the wafer (12 inches) was neasured
to check the 1:3distribution condition of the filmthickness. Specifically,
the sheet resistance of 49 points on the wafer was nmeasur d"¥50C41°¢ Gt at e
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target f|3ultl’h|abrh@ss‘@|stri’mmtmnr'rgla‘rgéms of conpl ex shapes, formng circuits or
formng barri erT;\é Ielectrlcal energy required up to the initial stabilization of sputtering
was also measured and showed 300 kWh, and increased, as the results also shown
20 in Table 3. Thus, it was not possible to shorten the burn-in time, the evenness
(uniformity) of the film was inferior, and it was not possible to improve the quality of
the sputter deposition.
[0104] (Comparative Example 5)

A raw material obtained by adding 62.7 mass ppm of tungsten, 53.4 mass
25 ppm of molybdenum and 48.7 mass ppm of niobium in a total additive amount of
164.8 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm ¢ . The crystal grain size in this case was approximately 20 mm.
After performing extend forging to this ingot or billet at room temperature,
30 this was subject to recrystallization annealing at a temperature of 1500 K. As a
result, a material having a thickness of 120 mm and a diameter of 130 mme, and a
structure in which the average crystal grain size is 200 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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[0163'6?y one of Céﬂ gsthg sthgegresstance depends on the film thickness, the distribution

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

As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is large (4.1 to 6.7%) from the initial stage to the
end stage of sputtering in this Comparative Example; that is, the fluctuation of the

20 film thickness distribution is large.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 170 kWh, and increased, as the results also shown
in Table 3. Thus, it was not possible to shorten the burn-in time, the evenness
(uniformity) of the film was inferior, and it was not possible to improve the quality of

25 the sputter deposition.

[0107] When tungsten, molybdenum, and niobium were added to tantalum
having a purity of 99.998% in a total additive amount exceeding 150 mass ppm, the
crystal grain size suddenly coarsened and the variation increased, and variation of
the content of tungsten, niobium, and molybdenum content also became prominent.

30 This is considered to be a result of the segregation of tungsten,
molybdenum, and niobium, and it was discovered that the addition of excessive

tungsten, molybdenum, and niobium is undesirable.
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[0108]

n variation of content of tungsten, nolybdenum and niobiumin the
is 20% or |ess. 3011.The tantalum sputtering target according to any
claims 7 to 11, wherein an average crystal grain size is 120 pm or

12. The tantal um sputtering target according to clai ffA720MEHE n
ion of the crystal grain size is 20% or |ess.
INDUSTRIAL APPLICABLILITY

The present invention yields a superior effect of being able to provide a
high purity tantalum sputtering target comprising a uniform and fine structure and
which yields stable plasma and superior film evenness (uniformity) by containing 1
mass ppm or more and 100 mass ppm or less of tungsten as an essential component,
and having a purity of 99.998% or more excluding tungsten and gas components.
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. 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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CLAIMS

1. A tantalum sputtering target containing 1 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components.

2. A tantalum sputtering target containing 10 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
09.998% or more excluding tungsten and gas components.

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

4. The tantalum sputtering target according to any one of claims 1 to 3,
wherein variation of the tungsten 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 120 ym 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 claim 1, further containing 0
to 100 mass ppm of molybdenum and/or niobium, excluding 0 mass ppm thereof,
wherein the total content of tungsten, molybdenum and niobium is 1 mass ppm or
more and 150 mass ppm or less, and wherein the purity excluding tungsten,
molybdenum, niobium and gas components is 99.998% or more.

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

9. The tantalum sputtering target according to claim 7, further containing 10
mass ppm or more and 50 mass ppm or less of molybdenum and/or niobium.

10. The tantalum sputtering target according to any one of claims 7 to 9,
wherein variation of content of tungsten, molybdenum and niobium in the target is
+20% or less.

11. The tantalum sputtering target according to any one of claims 7 to 11,
wherein an average crystal grain size is 120 ym 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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