10

15

20

25

30

5 DESCRI PTI ON  TANTALUM SPUTTERI NG TARGET TECHNI CAL

FI ELD The present invention relates to a tantal um
sputtering target having a randomcrystalline
orientation, high deposition speed, superior film
evenness (unlforn1tyﬁ35$65u8$ @eneratlon of arcings
or particles and favorable target use 10 efficiency.
BACKGROUND ART In recent years, the sputtering method
for formng a £j/l i al h as netal or
ceram cs has Bégﬂfégggpﬁﬁﬁﬁﬁ&gﬁgggT%?%ﬁgﬁ such as

el ectronics, corrosion resistant materials and
ornaments, catalysts, as well as in the mnufacture
of cutting/grinding TROMHNRDAL B HBbrasi on resistant
materials. Although e Sputtering nmethod itself is a
wel | -known nethod in the foregoing fields, recently,
particularly in the electronics field, a tantalum 20
sp‘irtet eresantt svgotion uielatbs etof ar ta‘rtbalmm@pmtaﬁag otﬁrget having a

onpl ex shapes and formng circuits is in de
rand@;@m@rwmlgme torientation.ahigh ©depgetionsspeeff ae@%n%ﬂm evenness

(anif iy PeinehORDetaLBRr g BEPPOT e ANy der TRl targgt uee

- ing to a tantalum material, and thereafter
emc%aﬁiorning rolling and finish 25 processing
(mechani cal processing, polishing, etc.) thereto. In
this kind of manufacturing procedure, the tantal um
sputtering target | BAOHBRE@UOND ARTi n such a way t hat
the cast structure of the ingot or billet wll
destroy by the hot forging, disperse or elimnate the
pores and segregations, y further annealin )
t Hnsreqe@t: ry9§f8a|ﬂ iez%h?llltéﬁff% metbee der femaingra f\!me‘ifP'%. mﬁte“als
O stren he structure can

SuChGENEIERT § BN B2S BoRE e 'ar{wna%@ysq%%%”?%& B igronics,

cordin R BhT Bl STl JHRGEIPAE s e
manfjf%lrc%r@gofad?ﬁtlﬁ@&&e Fg@' Mb@tdi@%nﬁ@!ﬁé&bﬂges&%t‘Fﬁﬁbnals

structure w | stroyed, and
Although the sputtering method itself is a well-known method in the

foregoing fields, recently, particularly in the electronics field, a tantalum
sputtering target suitable for forming filims of complex shapes and forming
circuits is in demand.

Generally, this tantalum target is manufactured by forging and annealing
(heat treatment) an ingot or billet formed by performing electron beam melting
and casting to a tantalum material, and thereafter performing rolling and finish
processing (mechanical processing, polishing, etc.) thereto.

In this kind of manufacturing procedure, the tantalum sputtering target is
manufactured in such a way that the cast structure of the ingot or billet will

destroy by the hot forging, disperse or eliminate the pores and segregations, and,

by further annealing this, recrystallization will occur, and the precision and

strength of the structure can be improved.
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generally uniformand fine (100 ,u mor less) crystal
grains can be obtained. 5 Meanwhile, when sputtering
is perfornmed with a target manufactured as described
above, it is said that the recrystallization structure
ofGaresalyasgeakingl la medesnandrmast fingm ebiliehhasrancrygial grain
. uniformdeposition w || becone possible with tar eﬁs
diam@ieyion §OBB Of §RQNE- oANEh BSta BISUAIG SHGIREting thisdpaed gribillt to hot
.direction, and.a film wth redyced generation of
forging AR GeostrTizaton ABaiitihy e SR e BERel isp e e, and a
c : r Ss
geneéqut Lﬂ’gfotplg)r ég)rgc{ ﬁhé‘rgg%oug Zlg EF g@%&ﬂ&%ﬂﬂ%@@%ﬁH B 'GotBi et
F afE AL, | iRER WpuBbFiHGt ! SeffbriteRdthUBi A58 maRdfactured as
arranging the crystal orientation in a specific
desctbegcibove, ar & keaidthadibwet setrystatiizatiorefsénuctuve Raft #vet target will
Docunents 1 and 2). 15 Wen observi ng the nmechani sm
becoofe mexe fiseaind waiforom, angnaifatr yeppesiivnmg|l kecome possible with
recrystallized structure is an aggregate of individual
targeds yavids avweiyatal ey frdatiq |ajrangeds gy grﬁpqgtfgngwectlon, and a film

it ST oS S SRS ot B s Db BBl e

d . the object via plastic working such as cold
can t?%ﬁﬁ%ﬁé;@qs absorbed in the primary crystals by the

tFBRRINRHYE Afartiid d,quhgg pPOc@sCEf i tArghit! AdddsOres RiithakiRg the

strarn 1s accunul ated”therein. Such 'strained primary

recrystaifiatlon stkcud fiaengidvaniforn) bngtarteiging thdarydtal orientation
extrenely fine wwth slightly different orientations

in a apecifgaliredtion tare | eing aelogbdce (e 9., refrrntoaldatenadiiauineents 1 and
and are al so separated into a plurality of different
2). areas with significantly differing orientations. Wen

P e TS R e S el 00 b, o
recrysiiisal PRYRLe o) fh A4 @RRH4L 8 4G IR IGPIERT Win, Iebbectively
differ3fY S 9Fidatidhy, W%&fﬁegr@(sta‘}n% dividdds bgoa,sa?r%@ﬁ asbundary.

that these su%gral ns are condi ned, and a specific

Befofe! Peirpa iy <h eMS ot surbe amiTetrain agaye ttalthe zagestovie, plastic working
corrodes the non-recrystallized 30 portion, grows and

suchpao oot esilingds rabsoyptsdin thegtrirnary @yvialshbyp thatraabgranular slip in
target, it is said that a target having a fully
a centgiprdjrechpn, arecathesw@iati&aécwaygaﬂe@thq’faiw- anneal i ng,
anéjdcha%tr%?nsec ip?ie:ﬁjarfa}bgr\ffgtalsh 6%\2”«2 gona ase\%?vivc];ljkccell structure that is
extremely fine with slightly different orientations aggregated with lattice defects
such as transition, and are also separated into a plurality of different areas with
significantly differing orientations. When this kind of deformation structure is
heated, the celis change into subgrains (recovery process) through the
combination of transition or rearrangement. The change from a cell into a
subgrain hardly involves any change in the measurement.

And, it is considered that these subgrains are combined, and a specific

subgrain grows to become a recrystailized core, corrodes the non-recrystaliized

portion, grows and promotes the recrystallization.
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crystal orientation is favorable in stabilizing the
structure. Wen sputtering is perforned with a
tantalumtarget as described above, 5 there are

problems in that the evenness (uniformty) of the film
wiWith beleotalum targel, dt is said Heher arg@tnh@wn&racmiysre&mta"lzed

rticles will be rormted and the quality of
struc&s@thaéadngndwognw%wamamd &t éjfelSG%%‘i §t griwving a specific
t PCT 2 1 Pat ent Docunent 2]
crystalrionaian ']ﬁcfa" r&%%b%iﬁ 8Bt Eﬂf STHE | NVENTI ON

W hen %&B@ggt@g{qr@éﬁ, RRETH R 1aBel 35 dbahbBlihbove,

avi ng superi
theredﬁF@%er@%@ﬁ@Rﬁéf RS Wn%s%hﬁjrﬁ‘f%ﬁﬁﬁy)t 'oﬁ‘Jﬁhépﬁiﬁﬂ vhﬁ become
I mevenness (uniformty) is superior,
lnferlceﬁﬁéqgema@cﬁn af ar¢ings @ndpparticdsewill ise pr@dutmid anld the quality
conparison to a conventional tantalumtarget with an
of spatteang eepositioniwill deteperaté. c crystal orientation. In
order to overcone the foregoing problens, the present
inventors 20 discovered that a tantal um sputtering

Patep FgHmERy 1 B RVGHHOZHATER bt ol um ¢ ar get & can be
PateBf PRl 2L BT R h% 7y a0al or embat on.

Based on the foregoing discovery, the present

i nvention provides: 1) a tantalumsputtering target,

wher ei n when tihSUOSORE OF DMENBAMENTION al | i ne 25
orientation is 1 on a tantalumtarget surface, the

area ratio of crystals having any orientati on am)ng

(100), (111) and (110) does not exceed O.5;

t Al @ 0@9@& @femen@quﬁf‘béwe“ﬂﬁ@r'%lt‘h oRfain & F@@Wm §puttering
the overall ﬁstalpne orllglnta

target MVg]qJﬁppec‘rrlge BROJIHGR PTOPH es|) {q(?e&eoﬁ%sgttqrh?p%e%fs high,

Bl v A e i e

reduc\:j\'ﬁd ?ﬁt{{tfn%éﬁlﬂ)nt & %eEoﬁ\‘Féiﬂfcﬁ\'angaﬁt%lLH tﬁFﬁéﬁth\’fﬁf ﬁh@mgement

sum of the overall 3 crystalli'ne orientation
with asspbc;m@ sanbabkomtioar get surface the sumof the area
ratio of crystals having any two orientations anong
( 160prderlid) owerdonkl Qhe diesgoioy pectdemd, Gh@s present 4inventors
the tantal um sputtering target according to any one of
discovpred tha)a tandelim waekeiing target haviag Lﬁ%pﬁapgéﬁp@.ﬁﬂ%ﬁommes

is a sputtered erosion fa
in compartsog {o conventetonat tantalum targets can be obtained by improving and

devising the target structure and randomizing the crystal orientation.

Based on the foregoing discovery, the present invention provides: 1) a
tantalum sputtering target, wherein when the sum of the overall crystalline
orientation is 1 on a tantalum target surface, the area ratio of crystals having any
orientation among (100), (111) and (110) does not exceed 0.5; 2} a tantalum
sputtering target, wherein when the sum of the overall crystalline orientation is 1

on a tantalum target surface, the sum of the area ratio of crystals having any two

orientations among (100), (111) and (110) does not exceed 0.75; 3) the tantalum

sputtering target according to 1) above, wherein when the sum of the overall
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5 The present invention also provides: 5) a tantal um

sputtering target, wherein when the sumof the

overall crystalline orientation is | on a tantal um

target surface, the area ratio of crystals having any
crystaltine erigntaieraischgn 4 lardpkion 1arget sunfpc@0he s of the aréa ratio

o e, Rk S A s LASTLPD HY Boes no
ook %L SRR AR S S 1

3) abg(/éfs\kﬁla}'él ;ﬁ%@&érﬁah@% hﬂget Surkabd ;aaa*sangt%mmraﬁ

rea ratio crysta avi ng
a“TYlet ‘b?eéﬁﬁtemv@htl@ﬁsaﬁﬁoﬁﬂo\(td@@) 5@04%an(a1llﬁa) S@O&é’rs@dtarget
(110) <001> and in which the rotation error is wthi

wherdid apahnidle aumNBf the sve(all cerstaltin@rorentationofsmal on @ tantalum
rolling plane) does not exceed 0.75; 7) the tantal um
targelsssrpﬁam;e etheg area geaticaceforaysigla h®lnabaik, oripaiasion among

th ||
(1001903 >0l B 2ot € AP0 51 aP e whists 1z, Fafioh ferca e pthin

10° e ?@(570& %/_%t@llé@ V' g an%ﬁl‘ﬂ\é\?tggf@iiﬁré;ﬁéhgﬂamﬁ%ﬁgexceed

0.5; %ge rah lhf?\ns L RFinl Sté’?’pé? Ph na@ﬂb Sihf‘%élwp tﬁx'tﬁe overall

rrentation XISI’] O rolling plane oes not

crystS?ﬁﬁ@‘%ﬁm@rﬁtﬁm g o) a thetallin t lsUFPa 8@ UtHees i Bf tthé @Réa ratio
according to any one of 5) to 7) above, wherein the

of crf?@ml@hmlrﬁ@rw twor beestations amhge(ﬁlO)sOO$>or(n1f1&)s@01> and
he present invention also provides: 9) a tantal um
(110)s001 peanthgnt whipdt the whtatieinnewhens twighist t&nggainsg an ND axis

neasured with the conpl ete randonness of th
(orieniatientats Gormal ke ralling Rlaps) does M@Xﬁsgéo@-gﬁ‘ ELs Bntatum

o P L B0 B e
crysté‘hl?’ig cﬁ'iesl"ﬁgﬂ i Y'o‘heg tﬁﬁ‘t&aﬂjrﬁ tQFHett%u %rEeSL?n'dT thB&rea ratio

gure as a avi ng 1 or nore

of c@@%al@rﬂéﬁnh@ ahe t@voobrlgﬂtaq!iorn@cbhmhg PﬂﬁO)ab@le M18)<001> and

rection ~therebet ween; 10) the tantal um

(110400t beahadint @hgsh tmcrotaiidmgetmr agywiohia 00° hgairsd &) ND axis
above, wherein when the strength is neasured with the
(orlentahrpheams%orraatj(bmr@éimgofpianﬁ;) dogstnt exeeatt @t?@nand 8) the

bei ng in a pole figure based on EBSP 4 surln‘%
tantadqmogptsmrm trgBh aGHOTAING R ANPR( OGS tufx abeve.a nérein the

ented with a scale

th of
fa“*ai‘ffv%a&f Sﬂffgce '?)S‘r%%ltt%éﬁé % ??1 ‘the pole figure
ﬁ@\eodﬁggg%%\}&ﬂloﬂ SldoeNHb0a8E: B)0h MRHSIURPsRMeYing Ntarget,

wherein when the strength is measured with the complete randomness of the
crystal orientation being 1 in a pole figure based on EBSP measuring the (100)
orientation on a tantalum target surface, a strength of 1 or more is represented
with a scale divided into 6 parts, and the 8 in the pole figure has a peak having
a strength of 1 or more not only in the 0° or 90° direction, but also in a direction

therebetween; and 10) the tantalum sputtering target according to any one of 1)

to 9) above, wherein when the strength is measured with the complete

randomness of the crystal orientation being 1 in a pole figure based on EBSP
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direction, but also in a direction therebetween. 5 The

present invention also provides: 11) a tantalum

sputtering target, wherein when the strength is

nmeasured with the conplete randommess of the crystal
meassiringnthat (168) Issientation an @ aitalum drroet sHsfageon stresath of 1 or

moreqis, TaResSaed; WG 15caie Shafeuntd Egpﬁ?ré%?m@rﬁﬁ%dbamgﬁhe pole
sor 5 ) SRR BT B BT IRS or o0
dlrecﬂBReﬁut'él oWE%s%t;ﬁﬁ%%‘%ﬁéﬁv@@ﬁ' on (00) in the pole

as a sprea or nore; 12) the tantal um

Sert bddihtt ﬁ‘fv@ﬁhoﬁcﬁl@bdbﬂgmﬂ@s any) aomtﬁfuni)sﬁ&teﬂhﬂ target,
above, wherein when the strength is neasured with e

whereipnphehether atrdngihe s mdastined oviths tiad ammpdemearam:mnmmg of the
1in a pole figure based on EBSP neasuring the (100)

crystair pRentatibnmeing 4 naatpolefiguse pased wt EESP m%&%tﬁgtuhe (100)
of 1 or 15 nore is represented with a _scale div

orienfatiop @n @amaluahéargﬁé spEReE ot iR Athor ancef@a!s% Tepresented
with Agsele «By ReH e P Barts, A BP o dHRBE ity S e Bving

s 7, B et 9 A SEAORIg 918 gl
has é“é‘éf@é&? of PES IRl mBFei 12)2h& QaRfalurh %u&t@hﬁ?&aﬂg@t B@cérHing to any

ess; 14) the [tantal um sputtering] target

one @fCt)Ofij)ngb@e ankieitin erreerothel $trémgth3y radmseed Wit tiencomplete
the target has a fine structure based on a roll-

randgmoess wédhst crystalirsientatipnwheingt hentarmpde figure desetison EBSP

anal yzed with EBSP, crystal ains having a cr}/st a|
meagyiigignthei Fid0forEntation gp alianfa&m darged syrfaggoanstrenathqf 1 or

mores eperaaryed i e SRBGAMURG 1l Bajar el iian anpwg wit

eSS R AR SN 8 )
the %o? n@%@é’%asvﬁ‘gfnﬁédﬂ bhooPk ihdred13 E}_fﬂﬁe [fantdleh s5uttdiR)Yarget

Ef fect of the Invention The present invention

accoydifh ds aa?/&umem vy teef 2)eatbove) vilteein thel sverbye ctystairgrairdsize of
a tantalumsputtering target having superior

the tdrgmbds B0gnmpoiesst it} the Eaetalbe sm@t&umd)sargebacsw@aw to any
is high, filmevenness (uniformty) is superiaor,

one géﬂél’f‘aﬂl%rﬂb@ﬂ/e avhﬂrﬁ@stm tqcsaet has @sfm% sﬁr@&ugeobaaﬁ%i ppe roli-
procewﬁ%{ré&h?@: o st Grar! 1HASR Bt Wi FBgP. orystal
graing rxg\tn% fﬁ‘.%laér’aﬂ{‘ sfizrergf‘%qo 150 4 m exist in an amount of 100 to
1000 crystal grains/mm? 15) the tantalum sputtering target according to 14)
above, wherein the tantatum target surface is a sputtered erosion face; and 16)
the target according to any one of 1) to 15) above, wherein the purity of the
target is 99.99% or more.

Effect of the Invention

The present invention yields a superior effect in that it is able to provide a

tantalum sputtering target having superior deposition properties where the‘w

deposition speed is high, film evenness (uniformity) is superior, generation of
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on the target surface. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a mcrograph (magnification x 100)
showi ng t he tantalun1target obt ai ned by perform ng
the cold finishin rocessing and recrystallization .
arcingamsdlartigjesfis fﬁéu gadithe mserﬁfﬁ@ﬁnm of Higytarget is favorable in
m crograph (magnification x 50) show n %?e ta m
comnaarsg:@tto DSCAVARIPTA BBt UPNRRIPt W AFyS mf@ﬁpﬁig?“ arranged
and recrystallization annealing of the
O”thgﬁ HﬂQ%ntlon Fig. 3 is a mcrograph
(nagnificatlon x 100) showi ng the tantalumtarget
obt ai ned by perform ng conventional forging and
recryst al | igAEFOD ERTREFTION OFSTREDRAW INGES M crogr aph
(magni fication X 50) show ng the tantal umtar get
obt ai ned by perform ng conventional forging and
recrystallization anneali ng. BEST MODE FOR CARRYI NG
OFTg THEs IaNwENDRCAp i (negaifinationer i10§) shoying die tandalum target
resent invention havin randon1cr stal orientat,i

Obtal?@dg@rﬁferpﬁfﬁoym%uﬁh&ct@ﬂ dfiRisPIRg: EOsSSingh ARd p?‘?%%%@ﬁ'zat'on

ecific exanple, forenpst, a tantal um

annepﬁmg ﬁg?@? If)frié?lse(nSé \éqqtgp high purity tant aI um of 4N
beagngg/% c?%ragﬁ @&é’ﬁm{i&n&?' tsﬁ%ghé‘wﬂgﬁmé %tﬁlum target

and I'S 1S cast

obtaiRBEP g@"r’fdrr‘i‘a@‘% @ Ridid etinishigt .prbbéssing 9ahd Ofed@yéthﬁtzatton

I's subject to a series of processing steps including
annedling Afithg présyrgiimgantionol | i ng, anneal i ng (heat

treatnent), finish processing and so on. Specifically,

f drigi assawucrotglnepfﬂ dmegifitgtiongot1 003 shopjirg the santalum target

annealing (first tine) at a tenperature of 1373K to
obtamgqlg}y perdming @og,vgfgtn@wirfgfgng @@)ﬂ recrygtallization annealing.
yztalllzatlon eal i
e

eco
387 of Gledideh FRacafPeldy & 5P shEFingdtnd santeiyn target
obtaﬁ%gﬂ@/ By RBLohYERloRa 18 g&l b b Ag Jﬁgnﬂsﬁ@ﬁ%ﬂ)ﬁém@asmg

t enper at ure between the recryst allization starting
tenperature and 1373K - cold (hot) rolling (first

time) recrystallization annealing at a tenperature
between the recrystallization starting 5 tenperature

and 137BEST MQDh ROREARRYGNG QWHdt THIE INVEMT 108k cond

tinme as

The sputtering target of the present invention having a random crystal
orientation is generally manufactured with the following process.

To exemplify a specific example, foremost, a tantalum raw material (usually,
high purity tantalum of 4N (89.99%) or more is used) is melted via electronic beam
melting or the like, and this is cast to prepare an ingot or billet. Next, this ingot
or billet is subject to a series of processing steps including annealing—forging,
rolling, annealing (heat treatment), finish processing and so on.

Specifically, for instance, the foregoing ingot is subject to annealing (first

time) at a temperature of 1373K to 1673K — cold forging (first time) -

recrystallization annealing (second time) at a temperature between the
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required) - recrystallization annealing at a

tenperature between the recrystallization starting

tenperature and 1373K (fifth time as required) -

finish processing to forma target material. The .
recrystadligatignostartig temgpemtas aad 13 Fhe ¢olddorgrgdsecend time) —

will destroy the ca 10 st SeUCt ure, di sgreartse 0

recryglaliaaiane FHRCHOKbs (Rifd SWaPbgdti dhs STHRBIAUP { BPWHRAN  the
reory BB A 1 ERerall By 2pf 3973R, sl BRER o8 trstime) -

recryéfﬁ?ﬁﬁf%ﬂ éﬁ%&i&é[}étﬁ@erﬂggfﬁﬁre 'DPt\A;Jb% fry !%%ﬂé??lliiﬁ%ti?% )s/tarting

rocess, a crystalll zation annea

tempBfatuReT 4Ry MRy 10| (o @S EtimBY +epsiat (M) trdilgt (b66ond hne as
structural defects can be "15 effectively reduced.

requifed)t her ,recplstal(ibation r @nhealingndtr ecr yerhaklatasd | between the
anneal ing at a tenperature between the ) o

recrystadiizedionl starting tempeeaturengndehpieita(iifite tigred ag Ipguirgd)y — finish
be_reg;ated or may be perforned for one cycle.

procegfing i fam adaigetimatgrigl.prately  finished in a target

SO rgg of toling e reAoatanngdt Gl IR d¥troy the cast

; AN . .
R A, 8 08 B89,y v
anneiaﬂﬁg%is?rﬂeé stdiiattionhRilcyalrabn@rtherakisfh hfid @gth of the

random as possi bl e w thout arrangi ng such crystal

struc@ireatdnabe npafveldn® 4 aedain deyreaespeci fic direction.
Therefore, although a preferable exanple of the

mdnthadbtagaing process alhougbsioei lestysilbzatjon apnealing may be

present invention is not limted to the fore%;oi nfg
perfaraxeds 2611I0N6E, focereating dbisobvicendhasstiydural defects can be
etocguA BECEH T SFRERRE S o LA TR OR AP Rgine
o terpraL | S5 RRE sEFERE o g gk may

be r&pHdtbd! Sihlay PEPePfofmeRCTorSéd lchémt | aherddfter! s is ultimately

present invention also, after pérform ng the processes
finiskd fno4 edrget ehgpe 0ld fimigh theoSés difg s noh hemactdningsdr polishing.

tantalumingot or billet, it is desirable to perform?7

r edthesighl | theattaotelamnetargetg iat raamefapturad umathb etheeeleregoing

the recrystallization starting tenperature and 1673K
mangfgchyindopiagesst Mbas iy perticdany Heparantuini ner preseRt dvestion is

158 S5l b Bob I abaBE o BHSECES ok TR et such
cryst%choyii;ﬁ%ﬁr{ '?g?p%ﬁgrg%' OB PR YecliGn ! NPherefore, although a
preferable example of the manufacturing process was described above, the
present invention is not limited to the foregoing manufacturing process so as
long as the manufacturing process is able to achieve the random crystal
orientation of the present invention.

During the series of processes, it is necessary to destroy the cast

structure with forging and rolling, and to sufficiently perform recrystallization. In

the present invention also, after performing the processes of forging and rolling to

the molten and cast tantalum ingot or billet, it is desirable to perform
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5 simlar to conventional nmethods. In the present
invention, it is desirable to performannealing at a
tenperature of 1273K or less after the final plastic
wor ki ng process such as rolling. Wien perform ng such
recrya’mﬁlmt&on@nnemé&ne atsa tamperaigte betwadanetheatsicriptelisation starting
ping or deformation of the tar This is

temp@rﬁéué%@ﬂerfﬁi@éﬁ getay tp makesthe a@%v&@gguw 'ewéftfm ni gother

wordS PUBE t &V Iah e aealt i Ty BTGB 8 B ey wgetaristios s
sougﬁgrﬁf n?akifugt\t%?tl‘ﬂ[ Ituréaﬁﬁé)gnﬁt C{H@'W Sur)l%g?gftd)fhearecrgstathzatlon

rocesse TUCt ure,

samﬂéﬁ"ﬂo‘ccﬁﬁfe‘h'ﬂ‘%né%@%dé  other words, obtained is a
tantal um sputtering target, vvherel n, when the sum of

the twerpiebent Mavehtiameitols edésitabiem fios perfobrrorarmealing at a
tantalumtarget surface, the area ratio of crystals

templesatung cdnl2 43K ent mssoalfteratimwgln@lmuc wotking mega_mr)ch as
wi Il not exceed 0.5. When the area rati o exceeds
rofling. s¥éen .ggarf@,ny\gtgﬂsugh, ameglingn thene ispapoptect of aliev;atlng the

warpfin 51 JBioRy 2. NeLEIGE, wh End HRaCEnSUDIEEL 18 finish

proc%sr%vrg:{rjgg%ﬂﬁ&e& t?'\gﬁlk%}‘%%{s tf)l?Sr §ﬁé§ét shad ég:' N ne. 20
de[e‘Her afhfothifdatort Bfe SR NRirgér %tétﬂ%ﬂotﬁreﬁwwﬂm Rave a

havi ng any two orientations anong (10

recrysldifatiotho 86 ubRie xR0 ofl. d JollProsedsedabiactaré,aund ahkecrystal
condition for random zing the <crystal orientation.

orientiitidn twilis bleicotheofrandamal un t aihget wetds, acbiained ||s a tantalum
desirable that the sputtered 25 erosion face
sputt&aagttatgett whergin; wbenghe sum of g ﬁge@du}ré%t{a"m@ orientation is 1

on o GNEHIL 49 hiS IR LBt |5R2 'BHA ChPgian aLd A3y Prentation
am om?g] gﬁé’(})eggﬁﬂfgricﬁ(ﬁm lv%h?‘n%?, eX¥8eld Ibes Ob\b\ﬁﬁ% @Qdar%yr%% Slceeds

present 1nvention s

0.5, Qeﬁié&\ﬁé X@étéia@mﬁémﬁ R tb%fcbﬂge F?éfgﬁintiamtﬁﬁb obfdt of the

e overall crys l'ine orientation is

preséntORvaéntieitahhon bakoRilevegur face, the area ratio of
crystal s having any orientation anong (100)<001>,

( Fuiryi0dvithathd rédéntiaoentiamdvhen the shimt bictheoteralb erystalline
error is within 100 against an ND directional ax

is
orientation il 1for @ tesvtalam &Grget sudage, Ky Jdesifeble Hwt the suuy of the

areaora%o of crystals having any two orientations among (100}, (111) and (110)
does not exceed 0.75. This is also a favorable condition for randomizing the
crystal orientation.

With this kind of tantalum target surface, it is desirable that the sputtered
erosion face, in addition to the face prior to being subject to sputtering,
comprises the foregoing condition of a random crystal orientation, and this is
required in order to sufficiently achieve the object and effect of the present

invention.

The present invention is desirably a tantalum sputtering target, wherein,

when the sum of the overall crystalline orientation is 1 on a tantalum target
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Simlarly, the present invention is also desirably a

tantal um sputtering 6 target, wherein when the sum of

the overall crystalline orientation is 1 on a

tantalumtarget surface, the sumof the area ratio of
surfacey elseaanatiogohryydtals havingnaay i wientaiinmgmong (100)<001>,

(100) <001>, 111%><001> and (110)<001> and in which the
(111)<0@ &z icow &10pF0G > @hdHnvhic @@dﬂﬁﬁto%ﬂ”ﬁbf%wtbm 10° against

o A B T A i o
SR, HEr e SHBU0N i, SEECERLEATE A Sy
targe! ag)&@r%gfwﬁeﬂﬁ; ggla*nrl‘%‘l“tﬂ@ @vrlé/rail"‘&ggfa'itﬁ@ %hbﬁﬁﬁloﬁ”@“g on a

> and 10) <001> and i n which

tantatd?ﬁ’ téﬂ:{été%ﬁ [ s5emvbt fthe aTF@Q ratiai o5 brygta NhaAinG any two
(orientation axis normal to rolling plane) does not

orientatzeedafMony, (10NJ<00E>1 GitIaken =4 Binda( Y&y <8+ avel bewhgch the
a sputtered erosion face are al so desirable conditions
rotatiborerrercisi withing @hegabisten MRdaxs f(edentgtionraxipineseat to rolling

invention of random zing the crystal orientation of
P'anet)ifg)etsa'?@e?xce?ﬁé) E?’esent invention is also desirably a

AP, SR e SR, O, 3 S
cryst@@é%tcmen%ﬁcﬁp ﬁ | ?%ré)t)gﬂmjr téﬁe"[‘ s’&?ﬂa‘éefhﬁ%ﬁnk{ﬁ%ﬁg #?8a ratio

nmeasuri ng oriemation onh a tantal um

t iR &Ry ﬂv@tdﬁéiﬁéﬂ'b@s‘ g P0G <09 16N epeODes and
of 2 éyﬁgg@?algg d| vi ded r| nto 6 pgrts g gﬁd )t he 0O r\‘nef)

(110)e0ba >f agdiria Wakchatpeaktdian sgor ds switiingl & agalhstramR axis
not only in the 00 or 90G direction, but also in a

(orientiationtaxim nottat healling:plansy doeasenafl axceeHeD. 7§naa¢nthe tantalum
orientation can be further co trolled, 2

further.
targed i fass| aelaen@.&ﬂuéwge%fer%f@n s e plsoe %'Eﬂ‘?'e geaditions for

oo S5 BB Bt B b v

orien&&%%n Bfﬁl%et%f@g structure; when the target surface is

anal'yzed W EBSP, crystal grains having a crystal

greHen dﬁbé@npfan@eﬁ\ﬂd?\ 1§0alébnhe§i>ﬁb§!? bnta'#ﬂalﬁﬁptﬁﬁutt@hnéofhrget
to 1000 crystal grains/mt ; he purity of the

wherelti 9giendthd stréfigBPi6 ofeavured witte thenstinipletes raidomkessy of the
the crystal grains smaller and randonizing the
crystat peestationibsinatli otnavipdle figuse based e £3P dneasysingyiheg(100)
t he unlforth/ of sputtering.
orientation on a tantalum target surface, a strength of 1 or more is represented
with a scale divided into 6 parts, and the 8 in the pole figure has a peak having
a strength of 1 or more not only in the 0° or 90° direction, but also in a direction
therebetween. As a result, the random orientation can be further controlled.
As further desirable conditions of the present invention, the average
crystal grain size of the target is 80 4 m or less, and the target has a fine
structure based on a roll-processed structure; when the target surface is

analyzed with EBSP, crystal grains having a crystal grain size of 25 to 150 um

exist in an amount of 100 to 1000 crystal grains/mm?; and the purity of the target

is 99.99% or more. The conditions of making the crystal grains smaller and
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The structure of the tantalumtarget according to the
present invention (annealed at 1173K) is shown in
FIG 1 (magnification x 100) and FIG 2 5
(magni fication x 50). Further, a conventi onal

randeretzingthe Ciystal osientatiarn wllkss!alsj et effect rad dmpserdng itheaundarmity
annealing at 1373K) is shown in FIG 3 (nagnification

of sputtamg. and FIG 4 (magnification x 50). As shown in

g VLS 05, P A5 BB PLIR B8 mention
ARSI SRR HE P kA b o i 2

(magY‘ch'é'tzBH Skgh as rolling without being subject to
anneal I ng generates strain due to the heat fromthe

S Puirther Aagonpenadndlrecras iz giraoturé ¢s pisjoceissigugystallization
conditions, and war pi ng (bendi ng) or cracks nay

anneatiogirat Hﬁ?BKaa ipr sbewh imvE6t | Dr{magnifisation §udﬁO§startd FIG. 4
wi Il not be generated. 15 Mdreover, this targ

(magnmificetipal * B0)  Agvehawwiie khe drawingsedhe o?ftﬂgxbur@r omﬂ%taﬂtaium
targel poaos g hBHop eseat IMERIBNS caghl FEPIaTR eyt v e iapiiona!
fecry?fﬂ}*&ﬁf%tﬂ?&g What is nost inportant in the present

.
%0 aimfor a rmre random cryst al

orF'LFfP'{e?té ?éP it ?infs@i'eg \Wh Tce\%b(ﬁfgakhéf? @E'r@ﬂ‘ln? without being

anneal’i’'ng, nd 0 pr e such random crys

subjef ke BhAGAIMY §éndratPsteaA Fttuel VBB tHean frioad tméwttwln@f@eratlon
target surface, but also to the erosion face appearing

dependinghen sthat precedsihgceoratitiarise arst agepingefbendingyi nciasks may
progressing. This kind of target structure has a
occusi dnithe prerensfmntionn hpwgmlv SHgh skain Wil bei a%ner@“if%dce

this kind of structu rea ne
cH‘éW@PH@r dhis Gaettmalarial i Neve Miie" P@E@&%SS %99 or more,
bl e r
viokgiR iR ot AR gt \Zf%%r‘%c%ésﬁﬂés#ﬁé%féﬁ@%e 28 a target
ed in detail with reference to
supe Eyﬁ{%x&ﬁqphggﬂwhgétg‘ dzjlrrpl es are nerely illustrative,
anghhhés PhESERhpbRYAINTH QRe 3PesBAt linventidd wayo kem for a more
limted thereby. In other words, the present invention
randsimalckyst8l orieptation ivia tretllmlgyantierempspielhaétmm mrme‘abmga and to

patent, and shall include the various nodificatio
provigehssucht rendann erestahprieatasipnt of thej presant gvention not only to the

target surface, but also to the erosion face appearing in the sputtered face at the
stage where erosion is progressing.

This kind of target structure has a significant effect in improving the
uniformity. Since this kind of structure can be realized merely by changing the
final heat treatment process, it is applicable to any improved versions heretofore

and there will be no increase of costs.

The present invention is now explained in detail with reference to the

Examples. These Examples are merely illustrative, and the present invention

shall in no way be limited thereby. [n other words, the present invention shall

10
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[ Exanple 1] Atantalumraw material having a purity of
99.997% was subject to 5 electron beamnelting, and
this was cast to prepare an ingot or billet having a
t hi ckness of 200mm and di aneter of 200mm 0. The
only beylispited Bydha sRopeeplplaim fof @a@agea%§halbm%%m%wwous

ft f tend f to thi
modifcaginsciin e KRB Ra ESATAPS e AAINEN { hi & was Subj ect

crystallization annealing at a tenperature of 10
[Exaxﬁgﬁ,‘oﬁ As a result, a material having a structure in

NS anﬁaﬁlﬁnayﬂ_@lg %t&ﬁansgabmgr al Busthangt 99 gngcwam subject to

ness o mm and di aneter of 100nm O

electfdt deBRImdNG, andithisWaas e} &@tpréﬁafexé@nrﬁbdtwrgbmut anding a
upset forging at room tenperature once again, and

thickness pé 28I0mmaand nizmatal 6fn200mm per f'i'd'lermxystmegretmdiameter in
again at a tenperature of 1480K As a result, a
this wewaaapﬁmfmgt%{yﬁnumure in which the average

st al ai n di anet ¢ 0
X G 1ofbs BB TOrm TS0 AR AN dulor g aloahls R of thilSat. room

BB 60 FRAERE P i kg o
1 500?(;.‘ bﬁ%%’&%b‘gg L én%t r'(ieérl i \)‘P&f %asst?@v\cgﬁ Wbﬁ’ﬂ‘j’”@‘ B@&ldgRTcrystal

grainPiRARSSH RO206% S thitksd¥sbN 180, g@ﬁd gedraeier| of MDOMG & was
t hi ckness of 10nmm and di aneter of 320nm 4>. As a

obtainedul t of performng the foregoing process, it was
possible to obtain a tantalum sputtering tar?
hd\exig tbmrmmu@recéntcatemnw@r@nﬂ amﬂeﬁp?tﬁﬁe ygifdfat room
25 the overall 5stalllne orientatio

(oMRCEHLER SCPaAgR S0 Gy SlaHeaton aanpaling s Berformed thereto

AT e M 00 o
whicﬁttbﬂcé gﬁaﬁ E}?arﬁpéi’ﬂéhf‘étﬁfj i€1051.08, f‘ﬁﬁﬁné’sessﬁf HBBfm, and

er a Imlar orrentation. he aver age

dlam‘é[é/rséfa’OCQﬁ@'é‘ whé®pldinkfe target was 40 9 m and, when
he 30 target surface was anal yzed with EBSP, crystal

grmxts thiaviwag subjegstial coldaientesidz éorgingpfan@o upsetl Gargingn and
recry?s)t(r:uﬁ;aqt?or: gnﬁgaﬁr:g) lf':zrt]t 1 1Qif3 Kl, Oso u t}s?e qiggg y Csru%?etc?l tog(r;gllid nrso/ II?%Q once
again, and annealing at 1173K (900°C) thereafter as well as finish processing, so
as to obtain a target material having a thickness of 10mm and diameter of
320mm ¢ .

As a result of performing the foregoing process, it was possible to obtain a
tantalum sputtering target having a random orientation wherein, when the sum of
the overall crystalline orientation is 1 on a tantalum target surface, the areas ratio
of orientations of (100), (111) and (110) are 0.5, 0.4 and 0.1, respectively.
Further, this target had a structure where the spuitered erosion face described

later also had a similar orientation.

The average crystal grain size of the target was 40 g m, and, when the

target surface was analyzed with EBSP, crystal grains having a crystal grain size

11
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Incidentally, since the sheet resistance depends on
the filmthickness, distribution of the sheet
resi stance within the wafer (8 inch) was neasured, and
the status of filmthickness distribution was exanined

of 30t tioetGhy m BxiSpatirf it amaynttdid 09Hect000eelystah geainaimm
points on the wafer was neasured, . and  the standar gﬂﬁ
dévmgemauy( sinoe e sheet Jeaiséancerierpads s thg dilgn higkness

As. evident fr

distrbioRt he oHeEh £y SERse NN BRsEr b B TRTIANER Medged. and
the s?%}ﬁ ffftnqthcﬁﬁeﬁ%'d ﬁt%tft?&naﬁ%s‘gxa?rﬂ%{]?ﬁe%%ggto the

age 0 ering was snma 3.2%;

t @éedtﬁoﬁli\j’ AHeA Bt rb@asté}ﬁ:é‘ a1 19 ik %%St%e Whfek Wd%Ur‘h'eﬁﬁured
was smal As descri bed above, the tantalumtarget of

and fheagtahdadd Bagiatiohi(ah) weepestdlaed. s rdrestity arralshewn innTable
uniformty, little variation in the filmthickness

1. with an 8-inch wafer, and no generation of arcings or
particles, and was therefore 15 capabl e of inprovin
t Hs cridenty fiom shakleedi N Egoyle; 3)n vapigtion #p the gesigtance

dssthButlon wﬁ?‘nn ?he Tﬁbl tefrom tHe znltlantage of sputtering to the final stage of
sputtering was small (2.6 to 3.2%); that is, variation in the film thickness
distribution was smaii.

As described above, the tantalum target of Example 1 has a high
deposition speed, favorabie film uniformity, little variation in the film thickness with
an 8-inch wafer, and no generation of arcings or particles, and was therefore

capable of improving the quality of sputtering deposition.

12
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-)CC) Nd (Ti WOo~ C7T00(C OC -) NN (v) Oa

b OO OCC7C) C ) 13 [Exanple 2] A tantalumraw

material having a purity of 99.997% was subject to

el ectron beamnelting, and this was cast to prepare an
[Examplgo?] or billet having a thickness of 200mm and

diAartrgrtatggun? f raz\:&)ogg]té 1al’ hg\rf]iggc%y%tu%{y %rfabglg%%m&gé si;urbject to
electron beam melting, and this was cast to prepare an ingot or billet having a
thickness of 200mm and diameter of 200mm ¢ . The crystal grain diameter in
this case was approximately 50mm.

Next, after performing extend forging to this ingot or billet at room
temperature, this was subject to recrystallization annealing at a temperature of
1500K. As a result, a material having a structure in which the average crystai
grain diameter is 200 # m, thickness of 100mm, and diameter of 100mm¢ was
obtained.

Next, this was subject to extend forging and upset forging at room
temperature once again, and recrystailization annealing was performed thereto
again at a temperature of 1173K. As a result, a material having a structure in
which the average crystal grain diameter is 80 x m, thickness of 100mm, and
diameter of 100mm ¢ was obtained.

Next, this was subject to cold extend forging and upset forging, and
recrystallization annealing at 1173K, subsequently subject to cold roiling once
again, annealing at 1173K (900°C) twice as well as finish processing, so as to
obtain a target material having a thickness of 10mm and diameter of 320mm ¢ .

As a result of performing the foregoing process, it was possible to obtain a
tantalum sputtering target having a random orientation wherein, when the sum of
the overall crystalline orientation is 1 on a tantalum target surface, the areas ratio
of orientations of (100), (111) and (110) are 0.4, 0.4 and 0.1, respectively.
Further, this target had a structure where the sputtered erosion face described
later also had a similar orientation.

The average crystal grain size of the target was 60 4 m, and, when the
target surface was analyzed with EBSP, crystal grains having a crystal grain size
of 40 to 120 ¢ m existed in an amount of 100 to 1000 crystal grains/mm?,

Incidentally, since the sheet resistance depends on the film thickness,

distribution of the sheet resistance within the wafer (8 inch) was measured, and

14
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5 this case was approxi mately 50mm Next, after
performng extend forging to this ingot or billet at
room tenperature, this was subject to
recrystallization annealing at a tenperature of
the stEBOOKS filhs thickmeess distributenerasiexamineythersby.uct ure | n
whi ch the average crystal rain diameter is 200;u
t ﬁp@r&ﬁ@gﬁy,dhemm%re%ﬁ@f@ﬁ & poigts eDGh R TaaWasTHEasUred,
obt ai n this was s ct exten for
and (iR AnSEIIATLELR { BIHET SRRt o THRCESIRAFE Shn A Table
1 recrystallization annealing was perfornmed thereto
again at a tenperature of 1173K. As a result, a

"‘Nserévf’derﬂaﬁbﬂg Babth M YChyr Bxhplavhp, CWaFlﬁﬁoﬁVW QS@ resistance

crystal grain dianmeter’is 80 u m thickness of 100mm

distriBiion MthiH BEpédetdford QRS KAl stage dbtspuniedng Nexte findli stage of
was subject to cold extend forging and upset forging,

sputtaridg wasr gl [3.2ate dh3%)nethht rig, aaridlid8Kin the film thickness
subsequent |y subject to cold rolling once again,
distributienmaseragll.1173K (900C) twice as wel | as fi n| sh
process

aﬁ%.da@ﬁeﬂgdS%b%%?aﬁdpaa\?éﬁﬂmaett@? “S5oRtampe. 2R B high

sl BT S RO AU e s
an Bhﬁ&'\ afdr Crysgbrﬁ%ﬁ‘}d 8p a%‘iﬁ?@& yfee st rE-ﬁ\ciskflﬂ&‘solfherefore

e overadl I ne orientall on S 1 on a tantal um

bﬁ!@teitn gihgafe dquiginabeasutteingPdePdsi@sn ent at i ons of
capa p?lll? andd(ll% g‘?ue 0. 4, O@(Z and 0.1,

[Examﬁ&aoaa]ct ively. Further, this target had a structure
where the sputtered‘erosi,on face described_ 25 later |
al’sdaniatim gawi matedrli Baviadi én putihe ofv8P 8§ % ryas asubject to
grain size of theta,rg\ﬁt was and

electip geemsNalting R tais %é@sw?g rﬁ’jri'a@rsnp a'?:ﬂf;m%?r igf having

oI AP BB oL, Sy ER RN i
this Jﬁ%‘é' ,?g%lfﬁ?%&,mglté]g%oy,gg_ sheet resistance depends on

I'cknes distribution of the sheet

rofd 8! R Weffbhﬁnfgh%ﬂ@fcﬁrfof@ngn€d1)thléa$ngma§blrl§idet & droom
14 the status of filmthickness distribution was

tempexaturé\ethis hersebybjeBp e récryatallizatioheamisdingr atsa dempeeature of
at 49 points on the wafer was neasured,  and the
15008t anfimadreselti at makerial havingia staueurairewhichihe avenage crystal

are shown in Table
grain diameter is 200 4 m, th|ckness of 100mm, and diameter of 100mm¢ was

obtained.

Next, 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 1173K. As a result, a material having a structure in
which the average crystal grain diameter is 80 ¢ m, thickness of 100mm, and
diameter of 100mm ¢ was obtained.

Next, this was subject to cold extend forging and upset forging, and

recrystallization annealing at 1173K, subsequently subject to cold rolling once

again, annealing at 1173K {300°C), cold rolling, annealing at 1273K (1000°C) as
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1. 5 As evident fromTable 1, in Exanple 2, variation
in the resistance distribution wthin the sheet from
the initial stage of sputtering to the final stage of
sputtering was small (3.1 to 3.3%; that is, variation
well an finish piocassidc RAeAsIO abin mniarginmatariad having aghickness of
descyi bed abo the tantal umtarget of Exanple 2 has
10mrg %%Wa"ﬁeﬂgégggmﬂbﬂ'speed, favorable film

WA ot ReouEngTb bl eldbet kRdy baIFRTe optein o
tantafh <pBli8fing athotSm s bAA G, SAMiEh el ST AERRNENm of
qual ity of “sputt i

erin eposition. [ Exanple 3]

the olvafiiedryBlaiipwe oméstatish iavdmg tantatum ttarget s8Had® AHevaeas ratio
subject to 15 electron beamnelting, and this was

of onersthtives pfeptd®, di11ngor 6t10)i bretd.Bai.hgarad G.hj cespadtively.
of 200mm and di ameter of 200mm 0. The crystal %r ain ,

Further.athig éargeh hadnp sstaugtierenwdiesd she apviieead eswrion Taestdescribed
after performn xtend forging to this ingot or

later B|Splrﬁdo%ts'mﬂﬁfrﬁr%i"§ﬂw-at ure, this was subject to

53 AR I AL e eI e
el 8 Vs HRAVER SMSESIT b g £8aB i oo

of 5008t B30@fh eRBIdd int & SnVimt D06ab 10D0ex el gfanghna®.and
upset forging at room tenperature oncé again, and

r éacigehtaliy] satdeothearsheal iregistaeepdependedrt liee diim tiHBkness,
again at a tenperature of 1173K. As a result, a
distrihutien iodlthé shiesy resistangetwithinithe wwafen (8 nachlwasg greasured, and
crystal grain dianeter is 80 m .t hickness of 1 00mMm
the SlS CRITEPERNEFS ISHEHHI VRS SXERIBPHGEIRbxt , i s
subj ect, t o col or Qi [
APty HiS SR Rt H O PR AR et Wik asured,
b Suhj I Il i WeNE
and I SEAUER SHVENBRTE ) hBs SRICUERY. | et Hlo BhRUR in Table
1. 1273K (1000'C) as 15 well as finish processing, so as
to obtain a target nmaterial having a thickness of
10man evidersti fropt eTalwé 320nmmEgxample 3, variation in the resistance

distribution within the sheet from the initial stage of sputtering to the final stage of
sputtering was small (3.1 to 3.4%), that is, variation in the film thickness
distribution was small.

As described above, the tantalum target of Example 3 has a high
deposition speed, favorable film uniformity, little variation in the film thickness with
an 8-inch wafer, and no generation of arcings or particles, and was therefore
capable of improving the quality of spuitering deposition.

[Example 4]
A tantalum raw material having a purity of 99.997% was subject to

electron beam melting, and this was cast to prepare an ingot or billet having a

thickness of 200mm and diameter of 200mm ¢ . The crystal grain diameter in”

this case was approximately 55mm.
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As a result of perform ng the foregoing process, it
was possible to obtain a tantalum sputtering target
having a random ori entati on wherein, when the sum of
5 the overall crystalline orientation is | on a
t &leddy| dter apgornsingf xtend Hergingato thisi ingstt or biiiet at room
orientations of (100), (111) and (110) are O.

tempgraiute, 1thisr wasetuhioel ip reqrysiafizatiop nieaing et M@maerature of

1500k, 5 1 st 1 CHELP R VA S G260 oy

arain§Fidly 200,50 FyBinddicel S0l 5% BheBk et O0stgE was
Obtalgéal ns having a crystal grain size of 50 to 1509 m
exi sted in an anmount of 100 to 1000 crystal

ONdx0S AR walsheuBpitt ald yextedderding aheetpsetstaymgcat room

depends on the filmthickness, distribution of the
tempehatate pese sigaioeand triecrystaiézatidreannsalimg Waswpsrformed thereto

nmeasured, and the status of filmthickness
againiiaé er iepuerefiraae’ S480Knedstaseaull a Matepialchayisgq structure in

whichuhe EER0S SRUSEharSp Hiaaeebni | G0 F:dh, faafhagsso! To0mm, and
d. Th h Table 1. As
diamgs-:trd)g @E)?'?rgrﬂ 'I”gﬁ E)E%J F1ﬁg(?1arE§a?rrJIO\gnSI nva?i atei on in the
r Qfdxt! #NGCwadl §§|5 jelBHtth 080 Wl Emerr‘ldt %fndf hggétt 'F&ging, and

initial stage of sputtering to the st a

recr Eﬁ!ﬁz‘a@tdnnﬁnw@élsrﬁq!&k'11(73}<l dubsBadenhtl tsfm@ edt o o@idi rllingnonce
ylgn the filmthickness distri bﬁtl onyvvasjsrmll As 4

agairt e ateehlaigoate] 11316 (G010 [ thereadiegets wéll Bx dinfsheprdchasing, so
a high deposition sFeed favorable filmuniformty

as to jqhtaie aamrgeﬁ orateriat heving @ thicknasss of iGmm apd sdlantqiier of

waf er, and no generation of arcings or particles, and
320%§btherefore 25 capabl e of inproving the quality of

S ut Lﬂﬂ 885%@3@.}@@'}]@ ﬁ%@d{gé& Qg‘lﬁé\ﬁaﬁr&%}i% |B o obtain a

tantaﬁ!rﬁ o“s&iu%nﬁﬁatﬁgﬂ? Lﬁa'fiv ae}ﬂﬂd% né‘\?éh&?ﬂhetrémp rt?ueasfhm of

ness of 200mm an

the o@b?é??ér%téﬁﬁne?@ﬂéﬁﬂaﬂon ;J Reo§ emshaixmnwgu%m@me fatio areas
hi S case was approxi mately 55mm 16 Next, after

of a pqrs&@lrh\mn.g el enibritatigisngf (ma)hoswng‘m)e@om lahdt(140)<001>,
and irno\?vrhnich the rotation error is within 10° against an ND axis (orientation axis
normal to rolling plane)are 0.3, 0.3 and 0.1, respectively. Further, this target had
a structure where the sputtered erosion face described later also had a similar
orientation.

The average crystal grain size of the target was 35um, and, when the
target surface was analyzed with EBSP, crystal grains having a crystal grain size
of 30 to 100 um existed in an amount of 100 to 1000 crystal grains/mm?.

Incidentally, since the sheet resistance depends on the film thickness,
distribution of the sheet resistance within the wafer (8 inch) was measured, and
the status of film thickness distribution was examined thereby.

Specifically, the sheet resistance at 49 points on the wafer was measured,
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tenperature, this was subject to recrystallization
annealing at a tenperature of 1500K. As a result, a
mat eri al having a structure in which the average
crystal grain dianeter is 20011 m thickness of

and theGriamdandddelialien ¢v )ofad calowlajsdwad heFesbitaianedhonoxn, Table
this was subject to extend forgi ng and upset forging

1. at room tenperature once again, and recrystallization

R P SRt B 22\l v o
s BTG 1 s ¥y BB BRGNSyt AR o o
sputtéﬁﬁmé?m@maﬂbtﬁhnﬁ?-3.&'%3‘ thiPiig, %%egﬁam RCthé OfilRPtAickness

orgi ng and upset ‘forging, an
distrip6GeY Glagldrhait i on anneal ing at 1173K, subsequently
subject to cold rolling once again, and annealing at
11853 es8a0pE) nheveather tamtaluel |tapgetl ohi Bkampplecdsdiasg,a high
so as to obtain a target material having a thickness
deposition Gpeedntaveratie diém uwiforndy.Jitienvagatior irsthecllm thiggness with

an SBBEAATE! R GRNSFIATEP! AGCINGS Gut PRGISRg B0 Haaofpereore
' ol ' . th Il

capaflR, & trpAodRE iy $h R ik Gim ¢ ar ger

[Exa@wegﬂfe' the ratio areas of a crystal having the

ations of (100)<001>, (111)<001> and (110)<001>,

20\ 3afkaldm W hmialeridiohatingn ae bty icF 991097 WRas subject to
agai nst an ND axis (orientation axis normal to
electrarl beam pledtive),aared Ghi8, wls Sashtb Prdpareespéngotva lillet having a
Further, this target had a structure where the )
thicksess pé28@mmosnddidrmeterdfs200meds | atlde alystaltgiginmdiameter in

. simlar orientation. The average crystal grain size
this capserwas ARPIRIMAAR!Y 35MMm  and, when the 25 tar get

oM o pRAUHES it Bl hA A BE A A room
e, iy P SHEECLY, EELRERNABN I Tng a8 fempsratre of

1500Khe Ad lamdsbitc kn@aserial Halind Rustr@itugd i kdich et average crystal
resi stance wthin the wafer (8 inch) was neasured, and

graint diansdtat is 200 frin| thitknedenot $0Cimsn r atodi tdiametemofetGimmebl was
thereby. 30 Specifically, the sheet resistance at 49

obtaipednt s on the wafer was neasured, 17

Next, 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 1173K. As a result, a material having a structure in
which the average crystal grain diameter is 80 u m, thickness of 100mm, and
diameter of 100mm ¢ was obtained.

Next, this was subject to cold extend forging and upset forging, and
recrystallization annealing at 1173K, subsequently subject to cold rolling and

annealing at 1173K (900°C) that were performed twice, and finish processing

was performed so as to obtain a target material having a thickness of 10mm and

diameter of 320mm ¢ .
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and the standard deviation ( a ) was cal cul ated. The

results are shown in Table 1 . As evident from Tabl e

1, in Exanple 4, variation in the resistance

distribution within the sheet fromthe initial stage

ofsspredudr ofperfarmihg the dategoirgpragess, &mas possigetawbtain a

small (2.8 to 3.2%,; that is, variation in the film
tantatumh sknbieEng darget hBuMNdoR rm@orgr@nqntatm waeesinpwheasdhosum of

t he tantal t h
the oyBEISTY PG RRRNENIR0ds dnpe & riali 09k 14 faqe, tbg area ratio

ol e Pt B IRt b BBt an
in WHIERWF\EOFC&&’[I% GRRAR ‘\:f‘wt‘Plf '1@“?%&“& ta*ﬂeN‘EiJ%llxlst Yorfntation axis

tering position. A tantal um'raw

norm&mdefdnmg Em\ﬁeweao Buoi2 nnafo 99re%9@&bumy sklitiest tHi®target had
el ectron eam nel tlng, and this was cast to prepare an

a structgrd witereithk edpuitaved grasionhiackndescribkd 2aBmalanchad a similar
_ diameter of 200mr(p. The crystal grain diameter in 15
orientafios. case was approxi mately 55mm Next, after

Pezbyfelog{/n@%%g?é&g?ag gr?ain §Pq%ag? ytﬂg}t%r(gile?ggats %O Ltbtlnl Iaerttd %hen the
arael SEHAE6 AL B0 YER0 VIRFERSDE iR BTREBRUN 5. Pyt gpn size

o a0 R B BUE AT PP TR g

ot GHBRGIyNaifice tHY ShHeRS reuRiAfde Wependsrsh tios dilmgtiaokhess,
upset forging at room tenperature once again, and

distribatioly of ahé ishabt cesistaneal witlgnvibe vpefief ¢8 mmdu)tﬂuas eteasured, and
again at a tenperature of 1173K. As a result, a
the stattieof film bicknegs adistribidian wap exawtines thetebkver age
rystal grain dianeter is 80 t hi ckness of 100
eciisally cher 1ees resstnAtALAL PBINS CRAAS ekl WaSHmeasured,
s subject t.o.cold extend f 0.
and SeSPgRiE e YRS 4 NeS uih " HE SRS ard SH8WAOM Table
1 subsequently subject to cold rolling and annealing at
1173K (9000C) that were performed tw ce, and finish

Pracessidt oAs PRSIEONMEH BXafhlb 050hatiafiof frRrteet resistance

material having a thi ckness of 10nmm and 30 di aneter
distrigoliiid@ ihin-the sheet from the initial stage of sputtering to the final stage of
sputtering was small (3.0 to 3.3%); that is, variation in the film thickness
distribution was small.

As described above, the tantalum target of Example 5 has a high
deposition speed, favorable film uniformity, little variation in the film thickness with
an 8-inch wafer, and no generation of arcings or particles, and was therefore
capable of improving the quality of sputtering deposition.

[Example 6]

A tantalum raw material having a purity of 99.997% was subject to

electron beam melting, and this was cast to prepare an ingot or billet having a

thickness of 200mm and diameter of 200mm ¢ . The crystal grain diameter in

this case was approximately 50mm.
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18 As a result of performng the foregoing process, it

was possible to obtain a tantalum sputtering target

having a random ori entati on wherein, when the sum of

the overall crystalline orientation is 1 on a tantalum

t dleget adter f perdornting axtend forging ofo dhigsingod amilef @heroom

orientations of (100)<001>, &111) <001>, (110)<001>,
temparaius, i thisawiashs thiect i ErGrystadizalpniapnpaling Atigpdemperature of

ooy B e ST R B e o
. t .
arainf b 203y b o QA € AMREGr 1 0prm  was

obtaiﬁifam lar orientation. The average crystal grain size
of the target was 60 u m and, when the 10 target

Sdaceniwawaznauprat W tdxtdRbRorginysaad @rsstniorhag @y room

a crystal grain size of 40 to 120 /1 mexisted in an
tempanaturd oote ldifain pahl0@ctysfaltizhtigy anneakng was performed thereto

Incidentally, since the sheet resistance depends on ,
again aé af temperaiwrnels 17318 sfpidiesWh dMmathdalshadpg a structure in

whick flge ¥ EATage VPR AT BRHBSET dp B # But TURIERS EhaAPREY and
.t by.~.15 S | fi , th heet i st t 49
dlamsgqerr efs%gm%%pe ‘Ifé’:b&aééé{' e sheet resistance a

measur ed, and the standard

id‘g\}’éﬁg%:t@@l%ﬁ sg@i%gf' %Cgélﬁt 8tendnforffrt lahd ﬂb&ats gﬂ‘dﬁhg, and

ent from Table 17 I'”n Exanpl
recry$@dlii2tiodNahRe Ry BeSITBR) CRibsdigbhilp Wubtt Wot £10 follig once
sheet fromthe initial stage of sputtering to the
agaiff,i amleadingge 07 3KD(SQNICY) ecoldg oilng, aimakhlig® 20 12838.(3090°C) as
that is, variation in the filmthickness distribution
well aadinishaproceasinge Ser av el okkIN @ taraet materalinving gdhicness of

Exanpl e 5 has hi gh deposition speed, favorable film
10m'@rﬁ£ﬁﬁ”@%}?r of g?p@%@ér-i ation in the filmthickness

o1 rePauPol RERaABIG e IPeding BRGEES, Rwdy pBREPRRS, Ghtein 2
tanta?lg}ﬁt i r%'riﬁwé Vsﬁf%e:tgtﬁvﬁlz;‘rfd E%n%ﬂ%ﬂiéﬁtﬁﬂon Ifreram. qritn e sum of

aving a purity of 99.997% was

the ovebhieefystallinglbgiehtRbrdaMonEd tdrglundfegbhberides, thasdrea ratio
to prepare an ingot or billet having a thickness of

of crgS@ierhanihgdiheretientatibn@adntt00)<0kHe-, (i <0 1gy §110)<001>, and
in wgilc?\nfgeerrotla?ion error is within 10° against an ND axis (orientation axis
normal to roliing plane)are 0.2, 0.4 and 0.1, respectively. Further, this target had
a structure where the sputtered erosion face described later also had a similar
orientation.

The average crystal grain size of the target was 80 4m, and, when the
target surface was analyzed with EBSP, crystal grains having a crystal grain size
of 50 to 150 ¢ m existed in an amount of 100 to 1000 crystal grains/mm?,

Incidentally, since the sheet resistance depends on the film thickness,
distribution of the sheet resistance within the wafer (8 inch) was measured, and
the status of film thickness distribution was examined thereby.

Specifically, the sheet resistance at 49 points on the wafer was measured,
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30 this case was approxi mately 50mm 19 Next, after
performng extend forging to this ingot or billet at
room tenperature, this was subject to
recrystallization annealin t enper ature of

and thecoandard deviakéen (¢ )awmpa%uéateﬁavﬁ hg results aee shewnrn Table
whi ch the average crystal grain dianeter is 2009m

1. thickness of 100nm and di aneter of 100mMm o was

O o b HAE TS 2, SELETE! g e

d:stnﬁ@t‘féﬁ’ WitﬁH ﬁfeaéﬂé?-ﬂ fﬂﬂﬂ?ﬁé g:ﬂ%@%ﬁg@%%ﬁﬁﬁ@ﬂ'n# '&?Er?é F?nal stage of

erature o resu
sputtHﬁﬁ&rWQE Qﬁ\énngzs & r31gh4)F &hlad |sV\Wa€||ét|bhe|na‘{l$é amm thickness
crystal grain dianmeter is 80 g m thickness of 100mm
distrigiigon dsdinaatet er of 100mm 0 was obtai ned. Next, this
was subject to cold extend forging and upset forgh
aké descriped ahbove ithe tantalan rtgr@at of 7/Bxample 6 has a high
subsequent|y subject to cold rol gponce

depoalﬁﬁéélpﬁﬁé avonqbﬁgmlmmfeyml%dﬁﬁe r"’él" g N Hm@a? ﬂuak%&ss with
273K 000C h

an 83505 wéfért%@%,&o R Bt AL oS WP aRRieae ogR WS hlrefore

oo O Bl P e g, P,

(Co @ém}élgk%metﬂrl ng target having a random orientation
erein, when the sumof the overall crystalline

OmseMt&tEﬁéimp% 1, entantaiant ahwnmeerithasing acpurityhef 99.997%
area ratio of cryst al s having the orientations of

was 616jerkan ttgctionl bpamome/tingl 1:0)kiis wasanast2o piepare @n ingot or
the rotation error is within 10 agai nst an ND

ba!let(hwrmahwbne&s(pézo%@mndtdjam@r@r WQ%W&; a Eecpfzstai grain

diameter, B iRt MES AEPSHTH L FouDs) et aaketlSipiBy Sdend
forgi t?{ ﬁb&g’t Ragindy & gi;:l"s.alhgo?rdre[ﬂ{l@tt h??%%rﬁht%n?ﬁ’éégﬂﬁ this was

rain=srze arge u m an

subjéd%% r%étgs?élwfénowaﬁﬁ@ﬁm@aﬁt aneh«}p?eegmaetd? 1HBSR, @(S/ﬁtr@bult a

grains having a crystal grain size of 50 to 150 ,u m

mateeisi Bheithgl & seiicRreUntwivith 188 dverad§d@rystyisgmiin diameter is 180
grains/m®2. Incidentally, since the sheet resistance

m, thitkmexsd ofd@Onire, and wiaretscrd SIOOMdids twahablaimedf t he

ﬁgﬁé&; régsssl gﬁajsn%%b\;,gctth{on gx?gm\j/va ffo(re\c;tng(‘.;salrlcrj]cn;))sg\t’a forging at room
temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1173K. As a result, a material having a structure in
which the average crystal grain diameter is 80 x m, thickness of 100mm, and
diameter of 100mm ¢ was obtained.

Next, this was subject to cold rolling and recrystallization annealing at

1173K, as well as finish processing, so as to obtain a target material having a
thickness of 10mm and diameter of 320mm ¢ .

The tantalum target obtained with the foregoing process had an average

crystal grain size of 55 £ m, and there were variations in certain locations. It was

possible to obtain a tantalum sputtering target having a uniform orientation
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the status of filmthickness distribution was exam ned

thereby. 30 Specifically, the sheet resistance at 49

poi nts on the wafer was neasured, 20 and the standard

deviation ( (7 ) was calculated. The results are shown
whergin, pdisirethe sups oéhelcrveralt srystaline QL”eﬂtﬁtl(EkéﬁTﬁl gng tantalum

targel | obr Dhe BHeAY RFGR & G u%#ssétgfdbar?ﬂg% 4 Rifo]are 0.,
f 5 | 9
02apﬁ§f'r9§r53<8gfre sputterl ng was sna to 3.3%;

5é\tlon|nthef|lmth|ckness dlstrlbutlon
I b ! t t
EHEE Herch S SR ogo U R RiaAL agge! omness

(unlfé’rﬁhfﬁrd"ﬂthﬁ filhi bk enferiorabh@tautet tBe fquantyt b Gbm@érsdeposmon
an 8-inch wafer, and no generation of arcings or

to dep&a‘idratﬁ esTh@r@buABsarMmMédyshom iodladie &. of | rrpr ovi ng

the quality of sputtering deposition. (Conparative
Exdeplesulty showni hCembapatével Exampd f ofukabient wereephigined by

meaa@@é@n%@ fitet tasiblanse FladOchants 1 iahNEeR gy s with
TR E R -
Exarﬁﬂﬁ PR H%%¥ ?ég{gnc@e?‘vgtr bRkbR WiBGH tRE @g.@@ F‘rBFneﬂ"% initial

orgi'ng an upset forging thi's i ngot or

stagd BPEPLESRE &S tHefindINitageas spﬁtﬂ@du@?bvats%rge (4.5 to 5 5%\)3 that is,
recrystallization annealing at a tenperature of 1173K

variafisnan ties flint thisknesd distridutivavivag sigrdicantt ure in which
the average crystal grain dianeter is 180M m
t fwthess vaatidroomthe &ila thicknesern én 8doehnwgderwes significant,
obt ai ned. 20 Next, this was subject to extend forgin
arcmaﬁdaugseartm@wareatg%ﬁﬁedte brhiar@usede gy a4 itanef the

recrystal Liz ann al i ng was perforned thereto
sputtggpgideposy a\%@‘%ﬁf'&? €of 1173K. As a result, a

?aﬁ a structure in which the average
(Co 51&%3&6?@1}‘)?‘@% arreter is 80,u m thickness of 1 00mm

angk withapRAffp |é>f1 J@@amaw raRt fiatedhl I%ﬁnﬁ{??@ putity 8f BBDI7%

subject to co d rolling and recrystallization
was 80bpeet to@ledtronl béam masting| andishisiwas baptr toc peegiang arsimgot or

as to obtain a target material having a thickness of
billetleingaadhitkases ef 200m3e @i diameter of 200mm ¢ .  The crystal grain
diameter in this case was approximately 55mm. Next, after performing cold mix
forging to this ingot or billet at room temperature, this was subject to
recrystallization annealing at a temperature of 1173K. As a result, 2 material
having a structure in which the average crystal grain diameter is 180 ¢ m,
thickness of 100mm, and diameter of 100mm ¢ was obtained.

Next, 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 1173K. As a result, a material having a structure in
which the average crystal grain diameter is 80 ¢z m, thickness of 100mm, and

diameter of 100mm ¢ was obtained.

Next, this was subject to cold rolling and recrystailization annealing at
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The tantal umtarget obtained with the foregoing
process had an average crystal grain size of 55, Um
and there were variations in certain |ocations. It was
30 possible to obtain a tantalum sputtering targ
1373Ka\a8nyea amfln@hnpr@caéﬁmst is§na 1o \qhtaiB; & taf@ﬁérﬁn@ﬂe@ah faving a
overal | stalll %(rﬁrlentatlonlslona

th'Ckg%W't BFﬂJWi“n? ang é’c‘a G RIS2UMB %y eas ratio of
AR sk ppbBh, PR g e S pagedarsenes

cryst%g' S tant alumtarget, evenness 5 (uniformty) of the
I'Tmwas inferior, and caused the quality of sputter

depesidntalim tafrgéﬁbﬁtalﬁé@tvﬂth e féregulngspricessindd anl average
shown in Table 1. The results shown in Conparative

crystéixgrag sizé offo6Tam, antl thereewebs sariatibrisy  lnwas possigle lmeobtam a
sheet resistance at 49 points on the wafer (8 inch
tantalin IsputiReing target hawuagcalwpanmgerttai@rswaﬁtmadwhen the sum of

evi ation thereof. In Co tive 1
the o\yaralwyéww PH%n'iaé@F‘é? MR SRBIANTB 61N S TERBn e reas ratio

of orerfgiionty ST OB, Pk o8 (IS P2, G2 R nge%‘)o%%g’y
“Whehsr{)e}r)’cﬁmt gbr %rﬁwﬂe With MthR Cf‘é’ﬁ?aﬁﬁ l%frﬁqépmé\%'ﬂmess

“Was Si1 g cant= variation int

(uniféiiiBlNEShel MnAla8- infrorvah8real@edsthendddiBaor spuBee dBgssition
and ‘particles were generated, and this caused the

to dederadriaty. ofhé In@suifhﬁamp&lm;leriyr@odepmsmhi@n to
deteriorate. (Conparative Exanple 2) As with Exanple
1,The tesudtalahowmain Gamaratlvmgxxamylg 2p0ir Tabje dfwgge gbtaiged by
was subject to el ectron beam nelting, and

meagiyiftg ttBeﬁré%r éesaﬁanﬁgo%t 8P paints N ﬁa%.wae& ' Ehiledneas with

coryeal S RS 1 T 0 R D PR Cfperatve

Exavﬁ{nlteei Vi Jti% Fe‘}%gt ce dlg?Ll‘.thi%gl Withihthe s'h'é%??roﬂ{ the initial

[ &t a Foom erature I'S was subj ect

stagé 8¢ ‘s}éﬁ&é‘ﬂlﬁég thepﬂné‘lnﬂﬁgé igh@patteAnd W&elh?gél(ﬁ'/% 513"70$Kthat is,
result, a material having a structure in whic

varlaitzbﬂ iavies fige toickaésd dptdbutich waetségnifisankt80 a m
t hi ckness of 100nmm and di aneter of 100mm b was
obtwthesd wi%tmemntalhmtmaet mr&wﬁa(mﬁmmhﬂ pbithe rigm was
and upset forging at room nper at ure once agajn,

and
inferiogcyaréatian inze om Hﬂﬁmﬁs&h@ B ipeh A TREWasHEiBRigant, arcings

and particles were generated, and this caused the quality of the sputtering
deposition to deteriorate.
(Comparative Example 3}

As with Example 1, a tantalum raw material having a purity of 99.997%
was subject to electron beam melting, and this was cast to prepare an ingot or
billet having a thickness of 200mm and diameter of 200mm ¢ . The crystal grain
diameter in this case was approximately 55mm. Next, after performing cold mix
forging to this ingot or billet at room temperature, this was subject to
recrystallization annealing at a temperature of 1173K. As a result, a materiair 7

having a structure in which the average crystal grain diameter is 180 # m,
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again at a tenperature of 1173K. As a result, a
materi al having a structure in which the average
crystal grain diameter is 80 u m thickness of 100mm
and dianmeter of 100mm 4 was obtai ned. 30 Next, this

ik aEPBH A%, S HEPOL 0GuPY, LA Uk 2201
h
3o s, A e ol SR ot g o e s

tempePRupd RRdeVaddin! Badf Reagnangatiswapssaleg wanpetdbated thereto
crystals. 5 The tantalumtarget obtained with the
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of 96 ju m and there were variations. It was Possi bl e
whzchttbeowt@rageacrystahtgawwd@newérlsr@O ¢ an,getckngssngl 400mm, and
niformorientati on wherein, when the sumof the
dlametﬁfé?fzilq eyl t WRS oRtaiBedent ation is 1 on a tantal um

oty 1o ?ﬂ%?csqu%%‘ﬁq?; S8 sbfhb e o B2 3rRbaling at
1123K; s a% ﬁelflﬁrshllgro\é@ggmge%foo é“t@g)b?é’thé%ﬁcg& rﬁ‘hfé?zaﬁ'i Ma%ing a

arget’, evenn uniformty)

tmckn@@éof NH I Ahd damhetauseIRdmm Plual ity of sputter
deposition to deteriorate. The results are simlarly

Shmaritalufrabdrgel obTdired esith tise Stregoirign pfmgsarldd we average

Exanple 2 of Table 1 were obtai ned by neasuri t he
crystabgreén sizesifA7amnory and therevient savatianse Vhwes rmsm%@tg obtain a

with 15 Exanple 1, and cal cul ati ng the standard
tantauua\ﬁpamieang(targ)etth@yrr@;a unlfﬁrr@owpﬁaﬁatﬂqwf@@ﬁpw@e@ the sum of

om o LA PR L Vst
of cry%t'ﬁ&[ahax%a%eoérzefrﬂgﬁér% bf% S<ﬂ)5"[ (111)<700t19 ?1?&?@01> and

variation in kness di'stri‘buti on

in whit¢RStrd 9o¥atibhadiror "Fé”vhﬂﬁﬁ 10“ Eapatn@'t Sari ATH adolian (bﬁéﬁﬁtlon axis

evennegs (uniformty) of Imwas 20 inferior,

norma¥asirallingnplafeldre 0I7, ro. EfaraimeSSrelspeaﬂiNé}yl nfhsvmﬁfaiuwmrget
significant, arcings and particles were generated,

had aagedmetailysalmmbdnerrntethuémm ytheftarngee ssjace éowargl the center part
deposition to deteriorate. (Conparative Exanple 3) As
thereofi t h Exanple 1, a tantalumraw material having a

AR A TN R TR s SR L W
(uniformity) of the film was inferior, and caused the quality of sputter deposition
to deteriorate. The results are similarly shown in Table 1.

The results shown in Comparative Example 3 of Table 1 were obtained by
measuring the sheet resistance at 49 points on the wafer (8 inch} as with
Example 1, and calculating the standard deviation (o) thereof. In Comparative
Example 3, variation in the resistance distribution within the sheet from the initial
stage of sputtering to the final stage of sputtering was large (3.9 to 4.5%); that is,
variation in the film thickness distribution was significant.

Further, with this tantalum target, evenness (uniformity) of the film was
inferior, variation in the film thickness in an 8-inch wafer was significant, arcings

and particles were generated, and this caused the quality of the sputtering
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bill et having a thickness of 200mm and di aneter of
200mm (P. The crystal grain dianmeter in this case was
approxi mately 55nm Next, after perform ng cold mx
forging to this ingot or billet at roomtenperature,

t.his [,ect to recrystallization annealing at a

deposﬁgﬁﬁ%&@%gﬁﬁagg-1173K_ As a result, a material 30
h QG ructure in which the average crystal grain

IndustAYAG ik 180 Mm 23 thickness of 1 00mm and

diTBeer®finderdRmmsOnaea takjetiwieste Nextoarsbi wystats or crystal

subject to extend forging and upset forging at room _
orientdtirpecedrdirg oncenagdional seutystelizgtiarahhnealingare arranged in a

anneal ing was perforned thereto again at a ) ,
specificeapientation e bot 19 B7 ga0talun dargss having anndqra) ofRaligN.aand,

structure in 5 which the average Cr,

therefgicafEecian beFAEC 2 &arégmﬁh%@rﬁﬁ tt%'ﬂgg birindemanged to
1. 00mMm 0 i ned. Next. .t hi -

be a; BION PP RpEEal PR o ey abfitbrrhy hiuced

generifion of ek B gRE AT bl a SRR g Get e T o1

320nm 0. 10 The tantalumtarget obtained with the
foregoi ng process had an average crystal grain size
of 37, u m and there were variations. It was possible
to obtain a tantalum sputtering target having a
uniformorientati on wherein, when the sumof the
overall crystalline orientation is 1 on a tantal um
target surface, the area ratio of crystals having the
orientations of (100) <001>, (111)<001>, (110)<001>,
and 15 in which the rotation error is within 10"

agai nst an ND axis (orientation axis normal to
rolling plane)are 0.7, 0.2 and 0.1, respectively. This
tantalumtarget had a generally aligned orientation
fromthe target surface toward the center part

t hereof. When perform ng sputtering with this tantal um
target, evenness 20 (uniformty) of the filmwas
inferior, and caused the quality of sputter deposition
to deteriorate. The results are simlarly shown in
Table 1. The results shown in Conparative Exanple 3 of
Table 1 were obtai ned by neasuring the sheet

resi stance at 49 points on the wafer (8 inch) as with
Exanpl e 1, and calculating the standard deviation ((Y
) thereof. In Conparative
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25 Exanple 3, variation in the resistance distribution
within the sheet fromthe initial stage of sputtering
to the final stage of sputtering was large (3.9 to
4.5%; that is, wvariation in the filmthickness

di stribution was signifi &MMSFurther, with this
tantalumtarget, evenness (uniformty) of the filmwas
inferior, variation in the filmthickness in an 8-inch

fer si_gni.fi.can Ci .3 d rti.cl e
1 S B oL e BB B T 8 Soveran
o i 24 o iy o .
orys PP GIAFS RERTE AR HRAAPIELE e ARG B oyt
havirt8h ¥ ofiBAtRiRAr HROARE Y $08Y, $1PN) aﬁd/(sutmp doesinobieatéed 0.5.
according to conventional recrystallization annealing
2. arfe tantzumgedpuiteengs perget,i evhereiantveidrorthebstum sofathe overall
tantal um target having a random orientation, and )
crystaligeairiandatiomiss 1 euna entappinitatget s usfacantha swin of the area ratio
sputtering target being .demanded t b hi gh
of crysigiss havl apBdwo iRANBNS AMAA% LA 4 TOUATH 4119 gges not
rgg)u?id generation of arcings or particles and
eXCePAVofAbl e target use efficiency. 25 CLAIMB 1. A
t t ' t =Y t HOf
3. AT ptiteP ) RIGEL actORiRy o "afy ' EwEEERIwhen the

sum lAnhal syerhprgpsdtapinel Géntatibg igreanr atthmafim abigstadgface, the
having any orientation anong (100), (111) and (110)

sum @b eise Roda exideed chysialsZhaving amyaiwerodeniations mgnaray §EIQ), (111)
wherein when the sum of the overall crystalline
and @rlDpdoasinohexeedd O/ % tantal umtarget surface, the sum
the area ratio , of cryéstals havi ng an

f .
4. orfenfantebie SHHSIGSINGL bUPE: @PeRoRRdo an0)oNHaE Giaims 1 to 3,
d 0.75. 10 3. T t ant al [
whor BRI Bhach solon B ShAR R Bghor
5. vart%bkalﬁﬁ’:y ltt'ek’iﬁé ‘Pél‘g%ﬂt ?Jtleﬁ@in' SvHerPthd tsﬁ?f afUhe overall
target surface, sim’o e area ratio of crystals

crystafinenGrigtitidnGs aréataht00m BRGEssUridd) thé hida rat@d@f crystals
(110) does not exceed 0.75. 4. The tantal um sputtering

havii@apgt odetatidh rgmbdag {MPOPaE0 1of, (dHA)<@D1: and J110KB01> and in
wherein the tantalumtarget surface is a sputtered

whichrtbeirotatioacerror is within 10° against an ND axis (orientation axis normal
to rolling plane) does not exceed 0.5.

6. A tantalum sputtering target, wherein when the sum of the overall
crystailine orientation is 1 on a tantalum target surface, the sum of the area ratio
of crystals having any two orientations among (100)<001>, (111)<001> and
(110)<001> and in which the rotation error is within 10° against an ND axis
(orientation axis normal to rolling plane) does not exceed 0.75.

7. A tantalum sputtering target according to claim 5, wherein when the sum
of the overall crystalline orientation is 1 on a tantalum target surface, the sum of
the area ratio of crystals having any two orientations among (100) <001>,
(111)<001> and (110)<001> and in which the rotation error is within 10° against

an ND axis (orientation axis normal to rolling plane) does not exceed 0.75.
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5. Atantalum sputtering target, wherein when the sum
of the overall <crystalline orientationis 1 on a
tantalumtarget surface, the area ratio of crystals
havi n orientation anong (100)<001>, (111)<001>
8. arde garnazml&mmlnlntarmt AISCOTENG dPadNY PNer PHrolaims 5 to 7,
wi thin 100 agai nst ND ams%{rlentatlon axi s nor nmal
wherzw the taatalvwgtame& 4568 BRULSIEESIOYOB Tage. A

t%é al%ﬁ Bputﬁeﬁe{;’g? t%&g\%h?re\@ﬁ% W\@jgt?iﬁ@ﬁ aglﬂ?eggured with
the c%ﬁ@?t'gﬁghﬁaﬁﬁ%%s%frtﬁé%?ystéf‘&lérﬂﬁh&i bbgﬁn?ﬁr??l%cg uré’foased

avi n two” ori entatli ons

on Eééblawéggam?mé (10D} DrePfdtioreod a taniiehatdet supiatel Qnstrength

error is within 10 against an ND axis 25 (orientation

of 1 aKinsoreosmebrésented Iwittp apdaie Xdiddes intot 6 pecseadnd. tﬁﬁ g7.in the
A tantalum sputtering target according to claim5b

pole mgar@uhasvmmakﬁmsmana sirengtd of &roiimota pet anlyi inethe 0° or 90°

orientation is 1 on a tantalumtarget surface, the sum
d”'eCBPn thealﬁi’)é%ardif‘?%'oﬁfthﬁ%tﬂ?@haw ng any two

10. (% el ”‘?C?gw&a-lﬁa{b?ﬁ%%%ﬁrdavé Y e Fikiaims, 1 o 9,

el PR, s, PSR 04 oo o

crystéﬁBF:éﬁtﬁﬂbﬁ%ﬁ@W fﬂ\gatg%lgq‘tgiﬁé%&s@tjn@\ ERSPYn&Murdly the (100)
cl al s wherein the tantalumtarget surface is

orienBatRPUDRA ezr Esdatelms itanget avefacl, afsttanythlofm spunsrer isngpresented
target, wherein when the strength is nmeasured with

with arm:adﬂ)dwllca(éimralﬁdmﬁﬁaw(bfhet He iorthetpalle Gguenbas iagreak having
being 1 in a pole figure bagsed 5 on EBSP nea urijn

a stren@th(qfob)orénﬁ)@n@@ww iBrihg &'atft 3P uAre i b ud 9r°alfleg direction

h trength of 1 or nore is represented with a scale
ther e\;‘f"aﬂlntOGparts and the 6 in the poleflgure

f t
. thet%‘t ﬂg&%g rgfe'ie %—3 Svgﬂt?rgfh Ifrrgré@{ﬂ isOMbYslid with
&Wi@t@eﬁa%%mne]sg of-EHS &?ﬁbﬁbﬁ@ht&ﬂé% lb@mgw ith @f ﬁlﬁb figure based

accordlng to any one of I'ai ns t 9, wherein

on EBSPmcagusihg eng( 100)orierativredn \d tahtdlbm taegml siréace, a strength
randommess of the «crystal orientation being 1 in a

of 1 pwl mofé gsirepteseated wittBsPsealasdivided inke 6 pady, and the portion
orientation on a tantalumtarget surface, a stren

showsy withop peale haying: gr sikengtaqof i ohmorecaprealing 6‘8?:?9‘1”%%9 ND
aro SR n AL hABoR ok oA A G 5 2 Po,

12. 90rill HESEIER: sRHterflgS tarkBt BcbFRNG '8 any one of claims 1 to 9,
wherein when the strength is measured with the complete randomness of the
crystal orientation being 1 in a pole figure based on EBSP measuring the (100)
orientation on a tantalum target surface, a strength of 1 or more is represented
with a scale divided into 6 parts, and the portion shown with a peak having a
strength of 1 or more appearing outside the ND direction (0°) in the pole figure

has a spread of 20° or more.

13.  The tantalum sputtering target according to any one of claims 1 to 12,

wherein the average crystal grain size of the target is 80 4 m or less.
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15 therebetween. 11. A tantalum sputtering target,
wherein when the strength is neasured with the

conpl ete randommess of the crystal orientation being 1
in a FOIG figure based on EBSP_neasuring t he (1%8%

14. ofihentadtalgm SRuBetingtiargsh aaeqfeingsin rAYeSna Arvlamyt i to 13,
of of nore is represented with a scale divided. into
whergn et ordeh e Rl SETBHTS DA & (o arosSte R ARy e and

st.re h r, [ t.S| :
wherg e BF08, Sliof o AL i, BB V48, bind Raving, 2 orystal
i : ' it 0@ 1081890084396 GaiRImm?,
gramﬁ%@gﬁ%gé?-ﬁ?&# ?r‘gé?ls?@%?gmv\oﬁ{er ei nb\?,hentot he gt r eggtlh mm
15. | ThEcagtdl e yputteririetacgepacicedingndataies $4 oivhehen the tantalum
crystal orientation being | in a pole figure based on
targeEBGHaoe és arsputfetéxk e(d00) f&%.ori entati on on a tantal um

target surface, a strength of 1 or nore is represented
16. wilhe tantalame sguiteted tarde aceRding taysdyt Are Rir¢laps 1 to 15,

shown w th eak havi strength of 1 or nore

Wherﬁtﬁb@&r?‘iﬂiy&%ﬁ@? g%'gpﬁb% %gg% EMYBH- (0) in the pole
figure has a spread of 20 or nore. 13. The tantal um
sputtering target according to any one of clainms 1 to
12, 30 wherein the average crystal grain size of the
target is 80 u mor less. 27 14. The tantal um
sputtering target according to any one of clainms 1 to
13, wherein the target has a fine structure based on
a roll-processed structure, and when the target
surface is analyzed with EBSP, crystal grains having a
crystal grain size of 25 to 150, U mexist in an
anmount of 100 to 1000 crystal grains/mm2 . 5 15. The
tantal um sputtering target according to claim 14,
wherein the tantalum target surface is a sputtered
erosi on face. 16. The tantal um sputtering target
according to any one of clainms 1 to 15, wherein the
purity of the target is 99.99% or nore. 28
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