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DESCRI PTI ON  SPUTTERI NG TARGET 5 TECHNI CAL FI ELD The
present invention relates to a sputtering target

capabl e of shortening the burn-in time and performng
deposition on a wafer or a substrate at a stable

speed during sputterinqg. ND ART Her et of ore,
t he reduction of partlﬁglseéaéﬁﬁ% rovenent of
uniformty (uniform zation of the filmthickness and

filmresistance) were 15 sought by controlling the
crystal grain size and crystalline orientation of

hi gh-purity tant ablt AERINGSTARGETant al um
sputtering target. Exanples of this are described.
bel ow. For instance, proposed is technol ogy of
providing a tantalum sputtering target, wherein the

average crystal grarfBECHRKECAS. PIBELDO 300pm 20
variation of the average crystal grain size according
to location is within 20% the oxygen concentration is
50ppm or less, and, with respect to the inmpurity

n U p
@%Fe%&é,rﬁ 1n\L\5’1%t|oﬂ F%Bﬁ)gk 'é 2 %p%lt?@ﬂhgpt&frdé} gapﬁlble of
0 nt. o |ti.ng netal elenents
ShOftbﬁ‘r?éth% Blyp* 'Erf'"a%gazsd‘%o?f,ﬁﬂﬂmnge%%po Buh T or a
r|n tar is.,able to inprove the dep03|t|on

SUbStéggeeé‘? gP?@ijdPHE'ﬂe%BP'H&”ﬂQe pl ane orientation

of {110}, 1 {200} and {211} having a high atom

density as the sputtering surface, and inprove the

uniformty by inhibiting the variation of the plane

orientation (PateBAGSGROUND ARUrther, proposed is

a tantalum sputtering target conprising a

Heretofore, the reduction of particles and improvement of
uniformity (uniformization of the film thickness and film resistance) were
sought by controlling the crystal grain size and crystalline orientation of
high-purity tantalum materials in a tantalum sputtering target.
Examples of this are described below.

For instance, proposed is technology of providing a tantalum
sputtering target, wherein the average crystal grain size is 0.1 to 300um,
variation of the average crystal grain size according to location is within
+20%, the oxygen concentration is 50ppm or less, and, with respect to
the impurity concentration, Na = 0.1ppm, K = 0.1ppm, U = 1ppb,
Th = 1ppb, Fe £ 5ppm, Cr = S5ppm, Ni = 5ppm,r and the total
content of high-melting metal elements (Hf, Nb, Mo, W, Ti and Zr) is

50ppm or less. This tantalum sputtering target is able to improve the

deposition speed by selectively increasing the plane orientation of {110},
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5 crystal structure in which the (222) orientation was

preferential froma position of 30% of the target

thi ckness toward the center plane of the target for

i mproving the uniformty throughout the sputtering

life %Patent . Document 2). Patent Document 3 proposes
1200} and 2 1pheuieg ahigh adpnt denisity agohe smystedogpsurspag, and

at | east substantially 99.95wm % of tantal um and a
impraveothe unifommitgxiwirhiditingathe Weriaiidraoé the plane orientation

substantially uniform and having a maxi num grain
(PatesitZ2oobnfghtm prons or less. This technology is useful

as a nmetal product having a fine and uniformtexture,

PFUtREl APy pdSed i Py faRithNdn! §b9ﬁfér_irﬂ§t fdgpbtﬂeéeniﬁg#’sing a

order to reduce the particles in the i st age

crystélpgiﬁfﬂthfggﬁn%h‘?&’ﬁ?ﬁ(}e?zgﬁlfdg{ij?pfétjigh(\HQI f Ofdbely )C]tiail Yrom a

I'S | npor tore ace rougnness an

el im rk-affec I r.(residual stres
positiBi] B 50% Bl 1Ea°HCRBESL It bBTY Y gpBubr Hlane of the
anpl e of , thi i s..sho ,n Pat ent cunent 4. 20
targePXFE R Prduindife 4GSR Bt ianingut (e seediasiagie (Patent
reduce the generation of particles by substantially
Documarnti 2ht i ng the machining defect |ayer (crushed
| ayer) resulting frommnute cracks and m ssi ng -
pdtatemisDogemeent & popiose < lee Metdli produet @rebsa atputtering
| east on the surface portion of a sputtering target
targef comp s ighy atl¢asigsubstntékilp B9 . Dewacderf thatalemhisdsd a (100)
this, 25 Patent Docunent 4 describes that it is

cubici f@daut@ndf tivar ehé neurtreef isnsabstantibRgeuhrYBMNESSd (Bving a
of 0.051limor |ess), and give consideration to 2

maxirf&_@ﬁ*P@irﬁm 5 ‘g?rd@ Prﬁc?éll%’%éi B ssel a_trih‘Pé‘téehhthogy is useful as

i stfri bution materi a efects in order

2 moBURBENER, ufly T A, AHD, LRSS FFEE D MiFTary o
sputtéﬁﬁaq%rbgg.uces the abrasive grains and

Further, in order to reduce the particles in the initial stage of
sputtering and obtain a uniform film (uniformity), it is important to reduce
the surface roughness and eliminate a work-affected layer (residual
stress layer) on the surface of the sputtering target. An example of this
is shown in Patent Document 4.

Patent Document 4 describes that it is possible to reduce the
generation of particles by substantially eliminating the machining defect
layer (crushed layer) resulting from minute cracks and missing portions
generated during the machining process at least o‘n the surrface portion of
a sputtering target for a high-melting metal alloy. In order to realize this,
Patent Document 4 describes that it is important to refine the finish

surface roughness (Ra of 0.05um or less), and give consideration to

2
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5 refines the finish surface roughness through the

steps of lapping, polishing and nechano-chemn ca

pol i shing, and thereby reduces the residual stress

caused by grinding. Further, Patent Docunent 5

describes a sputtering targ et wherein the surface
redugip@giies working sstepemioar r¢lét§gan tohéhe ot igtribotitemt obfmaterial

Si, A, 10 Co, Ni, B and high-nelting netal elenents
defe@sdhmdﬁg‘ ttOheubsianatig(II;c@rir'th‘fatesthmmewhiDWQ:drqienbmsser with

as contam nants is 500ppmor |less, the hydrogen
cracksoahdndrapouthkrokag.f ace is 50ppmor |ess, and the

thi ckness of the work-affected | ayer is 50Nm or |ess.

Par g8t s HaabBRffeabndHit RfdthodeyeuRes iH@tabmive grains and
necessary, the target is manufactured by precisio 15

refmé%”fﬂé‘gfinél'E %IJH%EDV}B E}l‘?ﬂ'lessAsth‘iiSﬁ h Bpd ahg 5 c%f lapping,

t1 ng wor n partic am)n f|n|sh|n

I pol i shing,,0
polisiffiy, A, é%ci%ﬁopmﬁwaﬂ pifispliar T BV Tetlices the
t erln tar and.it may be difficult to prevent ‘

remdgﬁg Ef Pﬁﬁ oi?y HHMINGs even i f the surface
roughness_i s adbust ed when high deformation is 20 )
pdrirhabd” atenisDpsusmentedescbepet anyttatng target. wherein
deformation is perforned, the atom c arrangenent is

the sdrfacer bedgbnesshi@arnigl b Opfmtdrelessly, tthel txtadicooitendenf Si, Al,
during sputtering beconmes |Iower, and even if the

Co, NiyrfBcanmbulgigresselting ometaanelamem@neb(f:ludiagaswipMmary '
of the surface is small, it eases adherence of

compbaretntgl@:sdtamy]ezxﬁﬁpba%tsﬁw%omhm%n% iRese ny dPless,
keep the thickness of the work-affected Iayer o t he

the h?@‘fdg”éﬁ cotfiBh®lor B§& -sutraée hégibpgffﬁ’loﬁﬁ‘PééQn the thickness

perfornmed so that the thickness ec e

of the @\)’d&g{ -8¥e2edd I%&E‘Wss é%ghr&?tleggss' ply ?eﬁf Iois ﬁrﬁllte'sn\feé ¥urther

the nu ["'es "and par

,descr li%g%glggﬁlﬁetns%eces%a‘?{/,f ﬁ% ta?getwg%éﬁg*acﬁﬂrehtby precision

cutting with a diamond tool.

As described above, cutting work (in particular, diamond finishing-cut) and
polishing processing (wet polishing or chemical processing) are performed in
manufacturing a sputiering target, and it may be difficult to prevent the generation of
nodules even if the surface roughness is adjusted when high deformation is
performed. This is assumed to be because when high deformation is
performed, the atomic arrangement is disturbed and the angle of the
particles discharged during sputtering becomes lower, and even if the
surface roughness is low, namely, even if the asperity of the surface is
small, it eases adherence of particles to the surface. Thus, it was
necessary to keep the thickness of the work-affected layer of the surface

50um or less.
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5 extremely long tinme to conpletely elimnate the

wor k-affected | ayer (residual stress layer) of the

target surface, and there are problens in |ow

productivity and a waste of materials through cutting

aq? grinding the target thickly. Further, it is

dilf ririgh dafgrmation nisy Regfogned sar deahrire (thigkness of the

instance, 10 up to around 0450nm of a target or the
work-affectey @yer exdeqds 5Oumgitsischot peseitlei togeffacdivethy reduce

surface gloss often deteriorates by selectively

the natmbemgf hoelwdeydrad partichedoundary. In particul ar,
tant al um havi ng high chem cal resistance nust be

patHishestdIbgRoneeifuls RffEstiValor i¢edeithelbss S '| frelg'ucres an
(0]

acid, and theré is a problemin that the renova

extrefiy’ fhgVUine 1D 'é&Hbgeoi'r?a}/dHiHiﬁ‘é'té- thé W?ﬁ'k-affecaectjolayer

sputterihg process, a tioning process referre
: n S u u .
(resiffaiCstrBYSTapihr) i SBREE: irtfes ' BOSOL 1 2eBoBRRiems in
stable..As Wth this burn-in process, oposal s have
low pEdlettius i pdvpsteof MaiariaBielan eBhfE ARG anRting the
final 20 processing of the target in order to
targebihigkat e the work-affected layer so as to shorten
the burn-in tinme when the target is used in the actual
dEpuEher.dh ipditfiadt taandfamalyepslishhedergaareas(for instance,
nmet hods require the sane | evel of equipnent as a
up to swotner ikndp Bk ef faotangetud mtheaitikegb g eh emichicpolishing such
25 Moreover, in these nethods, the burn-in tine is

as etobiegy ahdf tied sorfdie tgloget ofeenf deteribhgtdy dsgssestively
it does not provide the conprehensive 4 solution for

etchir‘é}the@Nﬂi]aI afty ¥l d o Ce sy ipitiicdulBr, {dbfiin haying high

cunment apanese Pateént Lai d- Open Publication

chem@ﬁ%%ﬁ@%fp%n%.gﬂéﬂt whth PeRRAIISGP nYak6Rucric acid or
sulfuric acid, and there is a problem in that the removal of the residual
liquid is difficult.

In the sputtering process, a conditioning process referred to as a
burn-in is performed while subjecting a dummy wafer to a flow until the
initial deposition becomes stable. As with this burn-in process,
proposals have been made to perform reverse sputtering aftér the final
processing of the target in order to eliminate the work-affected layer so
as to shorten the burn-in time when the target is used in the actual
deposition process.

Nevertheless, these various methods require ther same ievel of
equipment as a sputtering device for manufacturing semiconductors.

Moreover, in these methods, the burn-in time is merely shifted to the

target manufacturing process and it does not provide the comprehensive

4
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2004- 107758 [ Patent Docunment 3] National Publication
of Transl ated Version 2002-518593 [Patent Docunent 4]
Japanese Patent Lai d-Qpen Publication No. 10

H3- 257158 [ Patent Docunment 5] Japanese Patent

Lai d- Open Publication No. H11-1766 DI SCLOSURE OF THE

Soluthm/éwnsmrtqrynmtjse oyeralj RacesFsingeifeesent i nvention
is to provide a tantalumor a tantal um based all oy
target capable of shortening the burn-in time of a
sputtering target and mnimzing the fluctuation in

[PateriteDdeposent Oh spepaneser oBghent tlddi@pest Piuftrication No.
wher eby the production efficiency of 20 sem conductors

H11-080bhe sputtering process can be inproved and
stabilized, and the production cost can be reduced.

[Pate'rﬁ [9698Fnér9c th' Fah8Sef olf’ﬁﬂff-’rhigg %?#gﬁehce P %HI?%L“&n No.

I nt ense concerni ng
V. t ar get naterlals has on the deposition speed,
2004'ﬁézz§§found that the {200} plane, which is the 25

rytalll tion o ut er np urfac )
[Patefit rﬁ??ﬂm%ﬁr%cjgaﬁpnlaﬁe Eyi?' 'O%l o fl-ﬁ Eﬁ?%d Version

affects the burn-in tine and the fluctuation in the 5
2002y 2% %ﬁent deposition speed. Based on the foregoing

di scovery, the present invention provides: 1) A
[PateniRacument 4 t atlapaneseaskatent olaig@peni ngubdicgsion No.

wherein FWAM of a {200} crystal plane neasured by
H3-2%7188 diffraction of the 5 sputtered outernost surface

is 0.1 to 0.6. It enables to significantly shorten
[Patehh D deuiment 5] nelgpuhesdi PataritangesdiOpehe Pubsieat®i No.

H11-1766
DISCLOSURE OF THE INVENTION

Thus, an object of the present invention is to provide a tantalum or
a tanta!um-based alloy target capable of shortening the burn-in time of a
sputtering target and minimizing the fluctuation in the deposition speed
throughout the target Ilife, whereby the production efficiency of
semiconductors in the sputtering process can be improved and stabilized,
and the production cost can be reduced.

In order to achieve the foregoing object, as a result of intense
study concerning the influence that the various target mraterials has on
the deposition speed, it was found that the {200} plane, which is the
crystalline orientation of the outermost surface (initial surface) of the

target, significantly affects the burn-in time and the fluctuation in the
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deposition speed. The foregoing conditions are the
optimal conditions for achieving the present
i nvention, which ainms at significantly shortening the
burn-in 10 tinme and inhibiting changes in the
subsequent deposition speed. Although there are

subspaupst Alsin0gitiovesREARY- and heat treatnent conditions
for achieving these conditions, such conditions can be
sdBaseddn ahbiforagoing détsudoimryshh@l prévze ninthevresttoonl provides:
that there is no reason for the present invention to

1) beAbamtdiy dheseantadinitnsed RUITdYSputrsringovardeét, wherein
bel ow, there are additional preferable conditions.

FWHﬁﬁCch‘ af {Ebéf g%gﬁf Eb’lﬁhbe nF @SN fd Py | R- r‘di/ 'dlﬁ?élf:tl@n of the

novel 1nven an i nprovemnen
g d h db dgt
sputtpfEOLEERHEYE ﬂ%f"preef""grgbf S8 'Zn%f”%E %%‘*8 sigHticantly
cop nventi,on bed | rap
shorthfle e Euzfy ndi R, Saf ghiST o s ATk g 16 " Huodequent
raph 1) above, wherein FWHMis 0.15 to O 45,
depo%@pg? -abl e results can be obtained when FWHMis
mnthln the foregoing range. 3) The sputtering target
achwdph@g@mgnsp@@*ggﬁﬂar%ﬁh@am@méwoa It'amﬁ/éor achieving
wherein the variation of FV\HMis within 0.05. It is
the pdesentibheenbon2whiedpairhe atasiguificandly sekexdngntiid burn-in
as possible, and the fluctuation in the deposition
time saedd inhibitingr eblyahgesf fincttheel subh odgbenheddepositidhe speed.
sputtering target according to any one of paragraphs

A:thoi,.)ght ﬂq&)e ar@ PrRferhBleebRo EXEMMY and héak wexFhaht iciditions
25 to O 4, and the wvariation of FWHMis within

aig%mi%\nr?% §t' i of dibha { Y d|t|6 St@énpl eselected

SSI urther i nprove t ect of t
- g p rget
arw@g@a N gﬂéﬁw g p;&gg@améﬁ@@?e §;#6'reason for the
present invention to be bound by these conditions. Further, as shown
below, there are additional preferable conditions. Each of these

preferable conditions is in itself a novel invention and is an improvement

of the foregoing invention, and it should be undersiood that these

additional preferable conditions do not limit the scope of the invention
described in paragraph 1) above.

2) The sputtering target according to paragraph 1) above, wherein
FWHM is 0.15 to 0.45. More preferable results can be obtained when
FWHM is within the foregoing range.

3) The sputtering target according to paragraph 1) dr paragraph 2)
above, wherein the variation of FWHM is within £0.05. |t is desirable to
keep the variation of FWHM as small as possible, and the fluctuation in

the deposition speed can thereby be effectively inhibited.

6
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above, wherein the depth of the processing strain of
the tantalumor tantalumbased alloy sputtering
target is a depth of 15mfromthe target surface; and
10 6) The sputtering target according to paragraph 5)
above, wherein the depth of the proceSS|ng strai
4)  tHdhe smuiienngrtargat ac@mmmaoeﬂtmwnesputnaéﬁg@phs 1) to 3)
target is a depth of 10Nmfromthe target surface. The
abovey egemeinnk ¥t M fyae]ldO}sapwatabrplankets ©.86 to 0.4, and the
significantly reducing the initial burn-in time of a
variatiant af UlHMais amithininethased 8y adjudfingpBWEIM ngf the {110}
target and mnimzing the fluctuation in the
crystdﬁp(@rﬁél i pRRGib Y @@Qfﬁ@tﬁeﬂ hapraveahd 'effféct"\Bﬁ"tﬁBYpresent
the production efficiency of semconductors in the
inventidff.t ering process can be inproved and stabilized,
and the production cost can be significantly reduced.

5) PTG BroPLSEG Ty af iy ey darafitfigs 1) to 4

full
above s tinLiTe s3ond it HeRraspaingnstial 13t el yantaium or
represents the internal stress 25 contained in such

tantalymhaseqallay, sRHEarNG takgel issardenth Ak 16e TAam e target

processing such as forging or rolling during the
surfager gad manufacture and 7 the processing strain during
t he machi ni ng process such as when cutting the
6) tdritgetsputterihgr ggef\Vitdtordiagl b graragraphesi dabbve, wherein
strain. Thus, a target has conventionally been

the dmmbachurmdc%@sm@tstraaﬁIMe tdriwiiont oF regtalam-Dhddwd alloy
surface can be reduced as nmuch as possi bl e by

sputt@fllhg\’t'aﬁ‘bbf‘gs 2P| ofs Oﬁhﬂfrd’ﬁﬁ'tﬁ% fe g@t_ts%rfféég‘.
ing~of the target shape through rging or

THd NGrdihi elﬁ‘/iérn‘h&f’?le%sf QLplet df"é‘ﬁ?w of significantly

un| ormzing t rarn "Size

reducii§ Th&Hitia?Hd plyms%pﬁg of Egtatnt%gldr%rgre WG 5h-b2sed alloy
sputtering target and minimizing the fluctuation in the deposition speed
throughout the target life, whereby the production efficiency of
semiconductors in the sputtering process can be improved and stabilized,

and the production cost can be significantly reduced.
BEST MODE FOR CARRYING QUT THE INVENTION

The present invention is now explained in detail below.

FWHM (full width of half maximum) of a crystal plaﬁe measured by
X-ray diffraction of the target only represents the internal stress
contained in such crystal plane, and this results from the deformation

processing such as forging or rolling during the target manufacture and

7
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preci sion machining. 10 The crystal structure of
tantalum as with vanadi um niobium nol ybdenum
tungsten and the like, is of a body-centered cubicle
(BCC) structure. Nevertheless, particularly with
hi gh-purity tantalumof 3N5 to 6N, since it is a soft
the pﬁtag%?gmg 8 ai'RéthrUhgéf’@rﬂ"aicth”ﬂg‘geBWC@%S Seichops when cutting
def ormati on processing such as forging and rolling in
the targein- oxygenated 15 atnosphere. Like this, since it
is possible to control the crystalline orientation :
t hFlvaidarglef 6MiEM oth el aopsisting resid gt strainh varhumysa target
orientations have been proposed. Wth a BCC structure

has dvwerttidemigdeyireahutayairalg §b6tﬁ%t$are%}’tlﬂfllﬁ‘alb 86raAR formed on

inclination of a m nor eroded surface w econe a

the siﬁltﬂaﬂé ic‘é%nbgeféedgﬁ%ﬁtdso%@éh té?ﬁgs%ri‘ﬁleob:‘yemlgwteﬁtihg odidual

IS consi t the iInter strarn o

suaiURIGH (8RO o RO 46, e A b RS g or
B gRISES T BN i Do b G BEePEind! srar

. pl ane obtained by X-ray diffraction in order to
size, | Wilfo 2SR hell BTG 3791 bohes URiRGsinsh the riasagt surface to

reduce the generation of particles is 0.35 or |ess.
precigi®femaeNi®éag. unli ke this kind of tungsten target, in

the case of a tantalumor a tantalum based all oy,

siloe ¢rystal adrictutef of ntan@iungapacivtivh i sahadhums niobium,

descri bed above and rotation of the crystal plane wll

molyldexeor,, tuRgdtenfandehel bke; pnolfed bpldgree hidld wubliclko{BCC)
exert much influence, and it has been di scovered that

structuaeher Nihe rifgé fesd, didrticall Heyokitht MiggH- BAPIty REAREI UM YL SN5 to
significant influence. Convéntionally, processing

6N, sthedl t & 4 hSoRRURTAAGPiateanfikeMMAgStEn, it is easy to perform

deformation processing such as forging and rolling in a non-oxygenated

atmosphere.

Like this, since it is possible to control the crystalline orientation
through deformation processing, targets with various orientations have
been proposed.

With a BCC structure having few equivalent crystal planes, even
an inclination of a minor eroded surface will become a significant
fluctuation as the plane orientation, and it is considered that the internal
strain of the crystal plane will be largely affected.

For instance, Japanese Patent Laid-Open Prublication No.
2003_—49264 proposes a tungsten target wherein FWHM of the peak of the

crystal plane {110} that is a close-packed plane obtained by X-ray

diffraction in order to improve the uniformity of the tungsten fiim and

8
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by perform ng pre-sputtering known as burn-in in the

initial stage. 10 Neverthel ess, since conventiona

burn-in required much tinme, it caused the sputtering

efficiency to deteriorate. This is because a nethod of

adequately eval uating the processing strain of the
reduq%ﬂ@@tgmramn iwscpartides s @B&dor ddsSconsequent |y a

speci fic method of constantly reducing the processing

stMeaverifieiese, ualifet thiaskind: obéengetarmbargeidn tite sase of a

descri bed above, variation in FWHM of the crystal
tantahiraneoq{ 280}antfluem-baded ualioy, asirdy ajhen piestic adedyrmation

is caused by deformation processing such as forging

capaéity |é(Hrbths HEEJH 9@ T A\ SRt dtRT o ItRS crfyrelﬁl plane will
machi ni ng of the surface. Therefore It has been

occudl TR eds ttl‘?é tlo éespﬁﬁﬁe'dblg:ﬂ (ﬁ‘i’ﬁgewﬁne cﬁoexert much

processing s tar rten

o B T PRI G P, rr%@}wﬁrﬂe%va'ue of

' X, and further the fluctuation in the
the {%‘gﬁﬁgﬂ%”%ﬁ@&%&'gﬁﬁ] %@?U{ﬁ'ﬁ\fé‘?ﬂl onal | y unt hi nkabl e.

In order to stably control FWHM of the {200} pl ane of
a Ganvantianaily, rogessingl siraiihssy thel syiface Mas gddninated
di scovered that performng heat treatnent at a

by pedicamingl ypreespultesingit kinewinn as vgnaimi $n etfpecinitiny stage.
9. effective. The reason FWHM of the {200} pl ane was

Neventadets, sinfe kdrovdnitofal euensibl ye§uitedt mubMiimesit caused
because there is a problemin that the processing

the sgnmrmngvréﬂfrdveﬁ@yrerosuerteﬁlo@arﬁ wWhE sFY epenfesisa Gnéthod of

This will affect and deteriorate the uniformty of

adeunfél?pé'%ﬁIe&ﬁ-ré ith@ gré‘cé’égi‘i‘{g E?rd:ﬂp?]f)‘(ﬁetfher et has not been

uni f ormty, there i apro Femin t t he urnln

estabn%?ltedoeaﬁgrcfcﬂf%?ﬁuéﬁﬂyaa |ﬂ8r|1n ih8H {%e Su}@?ﬁﬂtl‘jhﬁeducmg

edsing s en rate on t
the processing strain of the target has not been established.

As described above, variation in FWHM of the crystal plane {200}
of a tantalum or a tantaium-based alloy is catrsed by deformation
processing such as forging and rolling and processing strain resulting
from machining of the surfece.

Therefore, it has been discovered that it is possible to reduce the
processing strain of the target and shorten the burn-in time by
appropriately controlling FWHM by reference to FWHM of the crystal
plane {200} as an index, and further minimize the fluctuation in the
deposition speed. This was conventionally unthinkable.r

In order to stably control FWHM of the {200} plane of a tantafum or
a tantalum-based alloy, it has been discovered that performing heat

treatment at a relatively low temperature in a vacuum is especially

8
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Tantalumis used as a barrier filmby formng a

tantalumnitride film 10 through reactive sputtering,

and inferior filmuniformty is considered to

i ncrease the residual stress (filmstress) in the

nitride filmand nust be avoided. Contrarily, if FWHM
effectiyel ess than 0.1, the redeposition filmwll peel

easily and increase the generation of particles when a

f i The (needapo &WHM ofLthé {260}t plane med maatedot betBel to 0.6

target is fornmed. Further, when FWHMis |less than 0.1,

(preferaisigs9.mg véo! 0. 4139)co§9be&taus&eltuerﬂeffsl &l groaseh tii shat the
I'S not realistic since an enornous anmpunt of tine

procé’édlhlgb%tfeﬂﬁu'vhﬂd bleorh 8 sidhPRaT Meh ?WHW'@QC@QQS 0.6.
I ke. Therefore, It is evident that contro 1 ng

This WM ARECE R d gi%g% |B|r§{betﬁra l&?@Of‘mﬁ@ﬁéf"tH@ rab redofih[]g. In

t ant al um base (pre

f t h [ .
ordet o el S8 RO AL 28 sBBLCHL 15 e ¥R urnin
s SR HAEES G T 48 b e ipasean s

25 Exanpl es and Conparative Exanples of t he present
concentated o dhe sudacexpl ai ned. Incidentally, these

exanples are nerely illustrative, 10 and the present
i Phaariaiwm ishas¢d ias adbdamieridédm by fordinigea dbptalum oitréde film
words, the present invention shall include the various

throughdesactive smditéringt izvnd ioferésedilipy uhifertrabhns cadnsidered to
spirit of this invention. (Exanples 1 to 16) 5 An EB

increavétieRe Fesicaialetragst (fil Ml 8&oss§Om e AW 08 AP Wnd nust be
| evel of 4N5 was subject to deformati on processing and

avoideeat treatnment and used as the raw material .
Forenost, the ingot was subject to cold tightening

Igﬁ%@g{w FEWHRA% 158 h 02 dth &1L 88bLE I SHHIRE Will peel
easily and increase the generation of particles when a film (redeposition
film) to be reattached to the target is formed. Further, when FWHM is
less than 0.1, processing will become extremely difficult, and this is not
realistic since an enormous amdunt of time will be required for the
processing of finishing and the like.

Therefore, it is evident that controlling FWHM of the {200} plane of
a tantalum or a tantalum-based alloy to be 0.1 to 0.6 (preferably 0.15 to
0.45) is effective in reducing the burn-in time in the initial stage,
minimizing the fluctuation in the deposition speed throughout the target
life, and facilitating the processing of the target. |
[Examples]

Examples and Comparative Exampies of the present invention are

now explained. Incidentally, these examples are merely illustrative,

10




10

15

20

25

forging up to 0160 x xt. 10 After perform ng heat
treatnment for 2 hours at 1000 to 1200C, <cold rolling
was perfornmed up to a thickness of 10nm The degree of
rolling processing is as per Table 1. Further, the
egree of rolling processing was adj usted accordln
and Pﬁ%s?ﬂt éRH%@BOGf shal sy @powﬁ\ydae| hepitas ghereby; ng”'f other
After cold rolling, 15 heat .treatment was perfornmed
wordgt the owasenerinvensiosnd Si%alc mcludss the Banipus medes and
Exanple 16. In particular, heat treatnent was

‘modifieationseciovéred biyetipetet hinical spgeit af tH9 ihveddidw.i n

Exanple 1 to Exanple 4, and at a uniformtenperature

(Examblé’éqctaﬁslixanpl e 5 to Exanple 16. Table 1 shows a
l1st of conditions of the heat treatnent tenperature

Then 2I@BOmcﬂ'té‘ﬁdt gL BS | rY\gc'Exf3 (B 1685k°8p dhéQl C? purity

copper oy ba I ng pl at and thereafter nach

level 'd?t E’N% B\%rsgghg??@tp?o d%gotrn!eat%'ﬁf %e@%&?g Y il %Pflﬂeeatment

Was use processing,

q;&fq B P B BT bAAL T et co
ffect ed | ay 25 as nmuch as possib
flght%ﬁes. OrgHg yp 9 1 0Pox ﬁmq{gnam,aagetth%eaﬂ@é gupiget to upset

_certain degree Wi th crude processing, the target was
forgingyupwia 19 246precitsion 11 lathe to a depth of 100pm
Since it has beconme known that the work-affected | ayer
r &dber ipegfofmong theat tneatrmgnivder rdugihung 2t 21 900 1to3 1&00°C,
the cut anmpbunt, the work-affected |ayer was cut with

cold ra)lpngcwsopekﬁirhee@rupiltarrartﬁlcluﬁégs oft 1emimdepTheofiegree of
50min order to elimnate this work-affected | ayer.

rolhnﬁhﬁoc‘é@%‘i{n?ﬁfs% odrimMse {hat was newy forned as a
result of this cutting process was 25fam or | ess.

or S B o BR800 8o o 08 J0Boraing
to the thitkness of the preform during upset forging. After cold rolling,
heat treatment was performed at a low temperature of 250°C or less in
Example 1 to Example 16. In particular, heat treatment was performed
in a temperature range of 100 to 200°C in Exampie 1 to Example 4, and
at a uniform temperature of 250°C in Example 5 to Example 16. Table 1
shows a list of conditions of the heat treatment temperature. The
obtained samples were diffusion-bonded to a copper ailoy backing plate,
and thereafter machined into a target shape.

As the surface machining method, lathe was used for crude
processing, precision lathe was used for cutting work, and wet polishing
was performed thereafter to inhibit the formation of a work-affected layer

as much as possible. Specifically, after forming a target surface to a

certain degree with crude processing, the target was cut with a precision
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cutting process was 15mor |less. Like this, since it
is difficult to 10 further elimnate the work-affected
| ayer nmerely by repeating | athe processing, wet
pol i shing was subsequently perforned. It was thereby
possible to stably forma preferable work-affected

lathe|tayardepthioNhO®umMess. The target surface roughness
was uniform zed so that the center-line surface

r Sigiereish&e bedd mieeknowghtiyaOilPe twofk-affaotednlayer resulting
reality, 15 Ra 0.16 to 0.33pm for the sake of

from Cﬂnaardmﬂﬁg Ruash%ugﬁwuwmhwt 1y8eafMeRe WaE amount, the
performed at a | ow ténperature to certain sanples.

work- %Effé’%t% Pé&}éreﬁv %gcuf(ﬁﬂﬂ%?ﬂiécﬁﬁf‘d}i B B?WHfﬁ&ﬁ%%tﬁer ata

ara arget sputtered face
t ti.on - | i S
depttf 91’95@?@ RS8R TR dhis, onBrk ifbfed | [E7e85" The
d.stabilized., The XRD neasurenen . .
work Z5fRgtech gy &l ahas ekl DRIy foTagdgen el ateauit sRuthis cutting
Radi ati on source: Cu _Wavelength: 1.54056 angstrom 25
ProcegshwagolbHie 0r4658kV Gusnguvasfurther, papformed af a depth of
speed: 15.000deg/m n Sanpling interval: 0.020deg
25umscard hexiworkeftected tlaygeﬂhta’ﬁuwa@btfarm@di Weis & piesudt exf this
at a sputtering power of 5 30kW The results are
cuttingh@mocessTad®e 15uiB drTédse. 1]Likemtad, sirce itn is oitidult to
mE a3i mma;i EE mm ro E
further eliminate the work-affected layer merely by repeating lathe
processing, wet polishing was subsequently performed. |t was thereby
possible to stably form a preferable work-affected iayer of 10um or less.
The target surface roughness was uniformized so that the
center-line surface roughness Ra will be roughiy 0.2 to 0.3um (in reality,
Ra 0.16 to 0.33um) for the sake of comparison. Further, vacuum heat
treatment was performed at a low temperature to certain samples.
Before sputtering, XRD measurement was conducted on a plane that is
paraillel with the target sputtered face at 9 locations in a cross shape.
The burn-in time was calculated as the time (integral power} until the
deposition speed stabilized.
The XRD measurement conditions are as follows.
X-ray generator: 3kW
Radiation source: Cu
Wavelength: 1.54056 angstrom
Tube voltage: 40.0kV

Tube current: 30.0mA

12
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O O EatE w00 w 14 (Conparative Exanples 1 to 6)
As with the Exanples, an EB nolten tantal umi ngot
(g5190 x 60mrh) having a purity level of 4N5 was
subject to deformati on processing and heat treatnent
and used as the raw material. Forenost, 5 the ingot

(Compayadivig Bxanmplesoll dot Bhht ening forging up to 0 100 x
100mrh, and thereafter subject to upset forging up to
0148 witht .thaf Examptdsyr @ndEBeatolteratardaiumoingohoup 490 x
at 850 to 1300C, cold rolling was perfornmed up to a

60mrhh) ckaensg ob vy TiegelleafeaNE wels id1gbjeRt 0¢eSdiefdrmation
is as per Table 1. 10 Further, the degree of rolling

procé&&ﬁ§8§¢@% StréQw%h%rﬁifzegéaiéwthéQaWﬁuaftE'mneSﬁopémost,
the pre

ormduring upset forging. Heat treatment was

; : I Ar.e : ld r hng 4
the IG5 AT SyBief b SRR G ARG SR £ 109" fdommh,
he obt ai ned s | es e .machined i a_target
and thlpBNeFe iy o2 BB aiRs Stttk A5 #odBahe Wit the
Ex |l es, lathe was used for crude Brocessi n?, and |
pr@@&ip@rﬁfq’ﬁ@m neat fE_tment fQf £ hguipak 83biedBdty C, cold
_ the sane degree of surface roughness in one or two, _
rollingraseerdormest upite adhigkneserd Upect Tthe @egree of rolling
polishing or etching treatnent after the cutting
procassikg isnastpear Tablkedd, wet polishing was perforned in
20 Conparative Exanples 1 to 3, and etching treatnent
weBunthet,otine dl @ gr e Cofrat i ¢ ierodoeswhg wWakoadpated abeording

surface. In Conparative Exanples 5 and 6, neither wet
to th@olHiekh89sNef tRECPIEBrii QAINEGtuYESt forging. Heat treatment
was performed at a high temperature after cold roiling in Comparative
Example 3 and Comparative Example 4, and the obtained samples were
machined into a target shape.

As the surface machining method, as with the Examples, lathe was
used for crude processing, and precision lathe was used for cutting work
to obtain the same degree of surface roughness in one or two processes.
Certain samples were subject to wet polishing or etching treatment after
the cutting work. In other words, wet polishing was performed in
Comparative Examples 1 to 3, and etching treatment was performed in
Comparative Example 4 to remove the surface. In Comparative
Examples 5 and 6, neither wet polishing nor etching treatment was
performed. |

Before sputtering, XRD measurement was conducted on a plane

that is parallel with the target sputtered face at 9 locations in a cross

shape. The burn-in time was calculated as the time until the deposition
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perfornmed. Before sputtering, XRD neasurenent was

conducted on a plane 25 that is parallel with the

target sputtered face at 9 locations in a cross

shape. The burn-in tinme was cal culated as the tine

until the deposition 15 speed stabilized. The results
speedrdabilinedr | yTkeoesuits aubisenilariyssbhwunin fabtanbl es 1

to 16 of Table 1, it is evident that the targets

has redh FMKININ( Edadmpledt H ©6 1éldf Tabilen) itofs evéd¢2DAhat the

crystal plane of tantalumof 0.1 to 0.6 have | ow
target\trepsing PWEM r(@gMi wrRhf 6f Hd1E maxHum) Bf thrd {200} crystal

burn-intime has been significantly shortened. In

£ k S I y/
e S RIS P LR T o

burn- frﬁnéﬁhut'P?eEéupn ]lﬁ ttn?tet hég yﬂﬁq{)ﬂitiy':smc}rtﬂgﬁ das

'S evl ent
argets n whi.ch the var| tjo
wionp e 4Bra s st ifinG aGulR's to & A 1 0 target
) es 2, 3, IS eV|dent
havmga?ﬁ@lﬁéf OEX %ézﬁ%mfﬁﬁtéh%’a{”ﬂ@}f T@N%tlﬁﬂ o Qrﬂa561° 0 45 are
0.25 to 0.4 and in which the variation of FWHMis
Supermpt.hin 0.05 are preferable since they are able to 15
shorten the burn-in tinme even nore. Further, Exanples

1 Rwrther, ssewhiovaryén Examphés tchd akegt7nhtafl 01; likis evident that
processing strain of the tantalum sputtering target is

targets depivhicri thepvariation ofeFWaHEEts swithieet0.05 are stable and
Consequent |y, even though processing is perforned with

even %@ effbtpyeocessing strain will exist within a range
of 10mor less fromthe surface. Neverthel ess, by

o7 S HHAMABR 2L 524 1B AnaL7 il ey SRR Brgets
havinEV\EMI%A of the {110} crystal plane of 0.25 to 0.4 and in which the
variation of FWHM is within +£0.05 are preferable since they are able to
shorten the burn-in time even more.

Further, Examples 1 to 10 show targets in which the depth of the
processing strain of the tantalum sputtering target is a depth of 15um
from the target surface.

Consequently, even though processing is performed with care,
processing strain will exist within a range of 10um or less from the
surface. Nevertheless, by performing vacuum heat treatment at a low
temperature of around 100 to 250°C, an effect is yielded in that FWHM of
{200} can be controlled stably and the burn-in time can bé shortened.

Further, even in cases where a processing strain layer of roughly

20um exists, it has been discovered that the burn-in time can be

effectively shortened.
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{200} can be controlled stably and the burn-in tine

can be shortened. Further, even in cases where a

processing strain |ayer of roughly 25 20Mm exists, it

has been di scovered that the burn-in tinme can be

effectively shortened. 16 Contrarily, w th Conparative

Eepirariy, eipaadnpasativanpxample Gofpanparatdvekxpmple 2,

-5, and Conparative Exanple 6, since FWHM of the {200}

Compangdivel Ephangieod, andtGbmpanatbedEckatple 61 sinceFWE of the

that the integral power required for the burn-in

{200} ceysiadegdlarmadot anbalumi excesded 0.86¢r gagedevident that the
proportionately. Meanwhile, with Conparative Exanple 3

integ@dp SRR areiiivyed forafid & utn-fi Meerd¥d obnldhehd O%n-in time

crystal plane of tantalumis less than 0.1, the

: (=0 of icles increased. Incidentally, in
lncre%%gﬁg)tp%g%&ag%{}f.e 3 and Conparative Exanple 4,

% t Ltreat nen petfor hig . -
! SFEERER, oPithooBomPRrdflYe PExFHRTE Y narl Slyuppyative
strajn..Nev ess,,  al h i nprovenent | fhe .
Exampl ki 3iRca WIIVaOkAB@ LAURE orvRERT BTe ot Bamtalimeds fess
contrarily becane inferior, Therefore, this shows i
than (G, tthe r@eneration oof PRatisles hdngremgedas dngddantally, in
pl ane of tantal um does not necessarily yield a
Compfagadiveb| exampdet 3 and hCopmparalive eERaamples 4, vacuum heat
Conparative Exanple 5, and Conparative Exanple 6, FWAM

treatroént hea§ 1p8Fformesd adt @ dighofempriratuwre ofa808dushedrder to
to be within the range of the present invention.

reduckeves thessingl swairr effeesanhdléss] Whdwir\ilb vémient in
{200} crystal 20 plane, it is evident that controlling

the SO 0 SR g U PN o ToEBrarly
becarkaRferior.

Therefore, this shows that the reduction of FWHM of the {200}
crystal plane of tantalum does not necessarily yield a favorable effect.

With Comparative Example 4, Comparative Example 5, and
Comparative Example 6, FWHM of the {110} crystal plane of tantalum
was adjusted to be within the range of the present invention.
Nevertheless, since preference is given to FWHM of the {200} crystal
plane, it is evident that controlling FWHM of the {200} crystal plfane of
tantalum is more important than adjusting FWHM of the {110} crystal

ptane.
INDUSTRIAL APPLICABILITY

The present invention yields superior effects of significantly
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| NDUSTRI AL APPLI CABI LITY 25 The present invention

yi el ds superior effects of significantly - 17 reducing

the initial burn-in time of a tantalumor a

tantal um based alloy sputtering target and mnim zing

the fluctuation in the deposition speed throughout
reduaing the ritialibwrn-imdinaeyot Retaitotum: pom tantaduandpaserd alloy

sem conductors in the sputtering process can be
sputtéripgoteegednaindtrmimimiizéng theafidctinatipn dduttie arepmsitiocaspeed

be significantly reduced. Thus, the present invention
througho@xt ripeel targeaf uifeas vahéwwl UAeor pfod @tigh urefii€tcy of

alloy target. It is obvious that the same effect is

sem:dﬁr?dl@@t@rbﬂn&ﬁé‘@b@i%ﬂr@ﬁ?gce%'ﬁh b@rlgﬁrgrdiﬁé’d '&ﬁhd Q?ablhzed

sane BCC structure e additive el nts

and tlgg(ﬂs]r Joi h;'[-')H Eg@g%%‘ﬁ B 's‘?ﬁnlf%éﬁ‘?ﬁ rBLgRee! “T'F}%s'mch%' present

eIe nts can be

invenfi3e is EXant)y O5ftyCHrLE" ﬁasfﬁa?e@f"omofﬁrﬂﬁﬂh@ﬁ?ssed alloy

The additive anmobunt should be an anount that does not
targekj gnjficantly change the crystal structure. 15 18

CLAIMS 1. Atantalumor a tantal umbased all oy

spuis ebvigusathat thewsareeneffpeling ofielded ooy ackadaiym-based

pl ane neasured by X-ray diffraction of the 5 sputtered

alloy gargatbeavingthecsaine BQCt strocture. PAe tbpuadditive elements
target according to claim1l1l, wherein FWHMis 0.15 to

of thi®.tabtalRimIhaseguitey tapdtarggh- am:ltmgl neihls clumhme$ Mo and
claim2, wherein the

3- or 4-group elements can be considered, and platinum group metals

such as platinum can be considered as other alloy elements. The

additive amount should be an amount that does not significantly change

the crystal structure.
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variation of FWHMis within 0.05. 10 4. The sputtering
target according to any one of clains 1 to 3, wherein
FWHM of a {110} crystal plane is 0.25 to 0.4, and the
variation of FWMis within 0.05. 5. The sputtering
target according to any one of clains 1 to 4, wherein
the depth of the proces$&k§IMS ain of the tantal um or
15 tantal um based all oy sputtering target is a depth
of 15Nmfromthe target surface. 6. The sputtering
target according to claim5, wherein the depth of the
1. prAodessaingnsér @ tantalube bagddlalioprspuatéahyntdepad wherein

all oy sputtering target is a depth of 10famfromthe

FWHMaFeh $200PRystd blane measured by X-ray diffraction of the

sputtered outermost surface is 0.1 to 0.6.

2. The sputtering target according to claim 1, wherein FWHM is 0.15
to 0.45,
3. The sputtering target according to claim 1 or claim 2, wherein the

variation of FWHM is within £0.05.

4. The sputtering target according to any one of claims 1 to 3,
wherein FWHM of a {110} crystal plane is 0.25 to 0.4, and the variation of
FWHM is within +0.05.

5. The sputtering target according to any one of claims 1 to 4,
wherein the depth of the processing sirain of the tantalum or
tantalum-based alloy sputtering target is a depth of 15uﬁw from the target
surface.

6. The sputtering target according to claim 5, wherein the depth of
the processing strain of the tantalum or tantalum-based alloy sputtering

target is a depth of 10um from the target surface.
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