DESCRI PTI ON TANTALUM SPUTTERI NG TARGET TECHNI CAL FI ELD [ 0001] The
present invention relates to a high purity tantalum sputtering target that
has a uniformand fine structure and which yields stable plasm and
superior filmevenness, in other words, uniformty. Note that, the generic
termof "high purity tantalunm will be used in the present specification,
since the high purity tantalum according to the present invention contains
(is added with) nol ybdenum and &P} needed, and the additive anpunt
of these elenents is small. BAC@%@RWA@ 15 [0002] I n recent
years, the sputtering nethod for formng a filmfrommterials such as
metal or ceram cs has be | | such as el ectronics,
corrosion resistant mat e?ﬂgﬁig%ggm@@éﬁ%%{;gﬁysts as well as in the
manuf acture of cutting/polishing materials and abrasion resistant

materi als. 20Al t hough the sputter] t itself is a well-known in the
foregoing fields, recently, pa ECSWQWEﬂDt he el ectronics field, a

t apb@h um sputtering target suitable for formng filns of conplex shapes,
forming ci rout tsalo bl RGB! fephed td BhigI? pUftydeRRii hllstiengstal |y,
this tantal umtarge% I'S produce y repeating the hot fOI’%I ng anc}, anneal i ng
(heat t tredhaeatynifofm andifingstructure ahd ehidharieldsl stapleRlAHA AMASURPEYI®N beam
mel ting _and cast i an AL, qcHafict e e tHigh pafifyor m ng
rolli nge‘c’lﬁwersls'hi”{s%%ﬁ&gvé@gsi ﬁjéﬁéuchgys&grrgﬁc]ﬁ%ﬁﬁcaq pr OCESSi ng‘t}gdppotlfyi shi ng
tther et Otantalum® will bel nsédiirs the preseht spedificationn sincectsshigh marhotantalyi ng
performed tq the ingot or billet w] 1o BSt pivbdehithe .ardl Sper se
or eli n?ﬁ‘é?ra'“ghgo ﬂgge@eﬁﬁ'g me“@% rcglagatqr?%rﬂé, %gﬁ%? \@ﬁf urts{ler anneal i ng
this, reampbishaknegaéd emdvheladditioemmantof theselelemienteistsnagll. and strengt h of
the structure can be inproved to a certain degree. The nolten and
cast ingot or billet generally has a crystal grain size of 50 nm or nore.
As a result of subjecting the BAGRGROURDIART to hot forging and

recr%/stal i zati on annealing, the cast structure is destroyed and uniform

Ehd%%he (100 pmor less) crystal grains as a whole can Pe obt ai ned.
[ 0004] Meanwhi | e, Iniréceriuteats.ithg spsttedndamebqd mfrfemugiahg‘"h e\ @@fé”ﬁfsoduced

P oot B8 s ARG or ebrdicd el BB Wit AR deldesuat by Baturonies, | he

I'ner —and nore uniform nore uniformdeposition is
possi bl eonbsibn aesismgemateriakhanh otriamants;setalysis.i asvall aein the AARYAEH™S oward a

specific directi and. a. filmw.th.l y i of arcing and particles
and statﬂféug'ﬂg}rpggﬁq@q sy apd ‘é‘g}aggtngrlg’%|g%%ﬁ?attérms. Measures are being
baken to achi eveioughethe asplittiering ruethbdritself 66 ray steditkiniopadins theuoreganand

aligning the crystal orientati t rd.a s ifi i i o

pr oduct i%@ﬁjsprrﬁﬁé@'é/’ ”t"?@ariyar"bgﬁe(&éﬁé‘f'n"fso?'%@tcegnttgﬁgl:%ﬁe tug%nlz‘i_ éé_'llgg%ent
Docunmentg @iple ORIyl filver s otiplerisisaiess mirg airduiitg tor fomiiny baeier &gt f or
formng a TaN filmto be used as a barrier layer in a Cu wiring filmwhich

i s obt aiimdudeParbnt ai ni ng 0.001 to 20 ppm of an el enent sel ected anpng Ag,

Au ggd Qu as an GLASBIY, (RAViaRGISAI trgeesd plavedodiyciepeging ter hat lrgisg | cs,
caddi g the total amount of Fe, Ni, C, Si, A, Na  and as irﬁrﬁgﬁ!ﬁy
ebement andoatveealiog (peah eatmend), ohar inggtrRy Billeti QB bY: REFRIMING RREER™ t he
val ue obtal tERAGhLNS S USRI Yal R @iTERRG therewftéhparfomeng ange of
99. 99 t(t)beg’gpgg‘ﬂﬁg(% %gpeéésﬁlobPatent Docunent 3). . V.\hen@F_evi ew ng
these Pabting abddinisbrirecessingr suchsaspeehasisab sliceseind @Re POfisiEd eretPhe
Lol us! gi”ngf t ﬁesﬁﬁﬁgﬁr@ﬁd ok SPEUctibS BrdHsBItnR fdtHgint parfdriied tarHe trigr eby

or billet will destro.y the cast structure, disperse or eliminate the pores and
30 segregations, and, by further annealing this, recrystallization will occur, and the

densification and strength of the structure can be improved to a certain degree.

The molten and cast ingot or billet generally has a crystal grain size of 50
mm or more. As a result of subjecting the ingot or billet to hot forging and

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



20 [0006] Particul arly, Patent Docunent 3 increases the discharge anmount of
Ta ions by adding an infinitesiml anmount of an elenment up to 0.001 ppm as
a result of containing an el enment sel ected anong Ag, Au and Cu in an anount
of 0.001 to 20 ppm However, since the additive elenment is a trace anount,
it is considered that there is a problemof difficulty in adjusting the
content and in adding evenly (variation). As shown in Table 1 of
Pat ent Docu né

3, .the .inclusio . f Mo, W CGe, and Co is
r espect HUETyCSS) CESI OFaIng a?@svgh({?%g%n ?g%g%lrﬁeo% ppm 10 ppm and 10 ppm
[ng’g(’?]ﬁl Xne aﬁds%nﬁvﬁilé,giﬂuph@té:ﬁ? is[)toame @ar:jurplnned Eaﬁ;gi&targstspnodmedaes ppm
ccordin , .as descrijbed abov u

escr | bASSOTBRYSPRYE 118 PGk Gt Beoap s zed sy o SRS adn
| pur i t yné SEEAbR drifol, #drd QRifdpdEostteads pasuiblasvithga tardgetdih whichithg Ta i n
whi ch the val ue obtained by subtracti g%@s#lch | rg?,url % el e ! ntv\sli i j W t hin
Eﬁ]f—:- ra?glé/:@f @@.”f;iﬁiggio;%"g@@%towﬁ% qEr@i P'.'Fi?r‘fj '8f"b bgaiic' dI KL ?V'E’K falls

el ow i Ghardcteristiey @ taised.ovner an
convent Pgnir?g%rféharpu?i ty %agtr%ct“%sl 3?8' St(;.i‘nd it ri S ét rong?yqniﬁssdrred S&ﬂ?at t he

[

charact eri sti csMspsuieglargbeing jakeare aghieyeciings @ng anerejuniiomy recrysiFg9 [ pat ent

Documnen ubl i shed: r id iftd Sn@3tidrPan et
Docunen%tr%%tu%sgbgt %\ﬁh@ﬁﬁ%e@'gsltglz Qé%t%gdgrgﬁ?ﬂ%rod\ﬁzngﬁtgmsg Japénese Publ i shed
Unexani peduBtidneprocegspfitoatarget (reder to Gaterd GogyumpnistacsBRientRoTwEeM MVENT] ON
0091 j J ' to i i a high
KURBE) ¢ ant al uniERER) iGiofea BafnBBRRARLTS BXGRY HPRuntd & TARTMNAE L ot e
and whi afed bebdmrigrabyer ipbaBuwiragdilm whigkeis atained by opetaineg 0004t 8Pni ty) by

mai ntai ning the high purjt f tantalu di RGeS f i dvi 2Nt ,
[001011 AP 4 P"t%e&‘?ﬂfé@ CY eafncS’Pgdg 'nghg%j%ey’, b?ﬁaerﬁgr esertltﬁaﬁl}l eﬁ?‘grs

di scoveggstainbatdidchaige gesadtblistics ocalsirg thedotal gropniraftfe, NarEraSulfait t eri ng
target conprising a unifor nd fjne structure whi ch. vi el tabl e

pl asna 8R4 @Ei‘Bém%HF'tyf?Pmeé‘g%%hggs‘f uPl‘?mo‘?rn'leﬁ/)a'gdqyg?r'lYa@nafgigﬁi ﬁ%’ﬂfr@ i gh
pyrity ghidhaRk @ shisinad By raibBasircidchdmplgtysskmeBase ditbin theeardgsr efgoi ng

di scover present invention pr ovinﬂgg: 1) A tantalum sputtering target

S p

, the
cont ai nﬁﬁ@%oﬁ&s@@%&fptﬁr toabaten HecYHs pmor |ess of nolybdenum as an
essential conpoRgRdn r&lvingthese PakittiDocufients),tA8R%somo iscksarctauthieng

mol ybdenum and gas conponents; ~2) A tantalumspyttering tar cqQnt ai ni ng
10 nass efipeh o theoinelugsied afod spasiic piament realizng@ ﬁ%‘?ryﬁ&@ﬂﬂﬁl %{g’eﬁ}?r%ysenti al
conponeg{ab“&[hg tnége{éﬁ\a@ purity of 99.998% or nore excl udi ng nol ybdenum and

gas conponen tantal um sputtering target containing 10 ppm or
poreoaand 50 masPaptiolasty, I%entolﬂomglﬁo%mm%r‘“ﬁsawee@%?ﬂrgﬁla?%%g’ﬁgsﬁ, and
having a purity.of 99 V. I | ands dass@ppponent s;
4) The { Lt’% ﬁ%q'g%agt'gﬁrﬁ%gﬁﬁé{r@éﬁég%b%‘ﬁg?trowaﬁgggggrpgf 1? toSS) above,
wher ei n coatainitg an elémeiteseiattyd derny SgnAeandiGu imean et of 9.080upA0 | ess;

wher 61 n PRF VBFSBE SPGS LAY SALTR LFTEN § 4 Toe8sloR e cohsher ygtove
t ant al umMEBYE b Prodemtcidifatulydn atplisting the Gnteriavd,in wHdingieveoki(vaiation)- of t he
%gyst al grain Si&sesﬁgwnz?nw gtr)leI <S)i5 Patent Document 3, the inclusion of amounts of
Mo, W, Ge, and Co is respectively tolerable at less than 10 ppm, 20 ppm, 10 ppm,
and 10 ppm. This alone adds up to impurities in an amount that is less than 50 ppm.
[0007) Accordingly, as described above, although Patent Document 3 describes
“causing the total amount of Fe, Ni, Cr, Si, Al, Na, and K as impurity elements to be
30 100 ppm or less, and using a high purity Ta in which the value obtained by
subtracting such impurity elements is within the range of 99.99 to 99.999%," the
lower limit of the actual purity falls below (tolerates) 99.99%.
This is a level that is lower than conventional high purity tantalum, and it

is strongly assumed that the characteristics of high purity tantalum cannot be utilized.



i ooi uThe present invention additionally provides: 7) The tantal um
sputtering target according to any one of 1) to 3) above, further
containing O to 100 mass ppm of ni obium excluding 0 mass ppm wherein the
total amount of nol ybdenum and niobiumis 1 mass ppmor nore and 150 nass
ppm or less, and wherein the purity excluding nol ybdenum niobium and gas
conponents is 99.998% or nore; 8)The tantalum sputtering target according
to 7) above, further containing 10 mass ppmor nore and 100 nmass ppm or

| ess of niobiu 59) The tantal um sputterl ng. target accor d| ng to 7) above,

f ur t Hee! cdﬁ?tﬁr‘ﬁqﬂi’ﬁ’@"ﬁﬂt eRublishiad npanesec rana qfrﬁ\QZ 18P93 ess of ni obi um

10) The tqpé@hmc@mgnggrugga{eﬁmgta g@p@g;ﬂl ng to any one of 7) to 9) above,
wherein variation of content of niobium and nol ybdenumin t%@ ﬁ@g is 20%
MNo P26 o ¢

or Iess; [HagntHosumentShiapanessftiblsheddnexsgiaed Bete@}feplﬁ@fm 7) to

10) above, nwherein an average crystal grain size is 110 pmor |ess; and
12) The tantal um sputteri ) above, wherein
variation of the crystal %ﬁ%@ﬁgqﬁf@%@ [ Effect of the

| nveld®plon] 15 [00121The present invention yields a superior effect of being

able to provide aAhlaﬁacpléfItne/pte@ahtainUént@auétt@rprmd arigt po@ypantalumg a
unlformandflne structure and wh i{ %/le ds st ab {y ﬁféﬁ q‘g FI’IOI’ film
evenness CAUISTBONPIGF) CBPPHRING Eal MRy kTG ﬁﬂuﬁﬂrfel? yicy A ﬁﬁﬁ? ®addi ng

mol ybdenuma%mm@sSsapémﬁtlfnmcweﬁmt(unmdutww hresintaididg nige highbpwity ofs needed.
Mor eover , 1 t nee "H B asma S%I I|z tlon during sputtering can al so be

real i zed |?{‘ W@ 4ng;adping asspggiic tteri ng, the present invention

addi tgoomal |y yi el bhsortéretoedchiees tmeffotmom\g objece theoprebenttirmventonedibeovaredn ti ne.

BEST IVODEtI'F g% %Amg%h['%] %taﬁ“‘é IJ1:(;\N éﬂw&ng{l%i{%t}}kgﬁ?nn% t(alrlga?)l E{p Qngp rity

tantal umis us&d raw mat e get used in
t he pr esemnhiformvamt finerstruginreahphieh gieldststabldplgsmaand Sypetr@nfllm emMennessshown i n

Table 1 (¢ .ﬁg[gmy%nhggrn@ ?ﬁéhwﬁ@@'f%%mﬁ@ Qﬁ#lﬁia%ﬁ@gfé&grﬁgﬂ entitled

"Hi gh Purl um-an ren urity Tantal unt
edited by the Japaaseldmthemreg@ng dlnoowm mmnapntmvgvtmnm\)ldessm n Table 1,

the tot aI nmount gf i an 1 nass
bpm that To. 60, SahERH] sbuBTnG iekltloblafRp, £ AR ) o%'r??fé%“ﬁrf“?fy

t ant al um ms pemu@dess ¢fooalykdenum as an essentlal component, and havmg a punty 0
99.998% or more excluding molybdenum and gas components;
2) A tantalum sputtering target containing 10 mass ppm or more and 100
mass ppm or less of molybdenum as an essential component, and having a purity of
99.998% or more excluding molybdenum and gas components;
3) A tantalum sputtering target containing 10 mass ppm or more and 50
mass ppm or less of molybdenum as an essential component, and having a purity of
99.998% or more excluding molybdenum and gas components;
4) The tantalum sputtering target according to any one of 1) to 3) above,
wherein variation of the molybdenum content in the target is +20% or less;
5) The tantalum sputtering target according to any one of 1) to 4) above,
wherein an average crystal grain size is 110 pm or less; and
6) The tantalum sputtering target according to 5) above, wherein variation of
the crystal grain size is £20% or less.
[0011) The present invention additionally provides:
7) The tantalum sputtering target according to any one of 1) to 3) above,
further containing 0 to 100 mass ppm of niobium, excluding 0 mass ppm, wherein the
total amount of molybdenum and niobium is 1 mass ppm or more and 150 mass ppm

3



[ Tabl e 1] (Anal ytical Value) Concentration 'ppmwi <0.001 <0.001 <0.005
<005 Concentration tain i=.4 | <0.001 <0.005 <0.01 -0.20 <0.01 Elernent
Concentration [ opony-t] <0.005 <0.005 <0.005 <0.01 <0, 005

or less, and wherein the purity excluding molybdenum, niobium and gas components
is 99.998% or more;
8) The tantalum sputtering target according to 7) above, further containing
10 mass ppm or more and 100 mass ppm or less of niobium;

5 9) The tantalum sputtering target according to 7) above, further containing
10 mass ppm or more and 50 mass ppm or less of niobium;
10) The tantalum sputtering target according to any one of 7) to 9) above,

wherein variation of content of niobium and molybdenum in the target is +20% or less;

11) The tantalum sputtering target according to any one of 7) to 10) above,
10 wherein an average crystal grain size is 110 ym or less; and
12) The tantalum sputtering target according to 11) above, wherein variation

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

[Effect of the Invention]

15 [0012)] The present invention yields a superior effect of being able to provide a
high purity tantalum sputtering target comprising a uniform and fine structure and
which yields stable plasma and superior film evenness (uniformity) by maintaining the
high purity of tantalum, adding molybdenum as an essential component, and further
adding niobium as needed. Moreover, since the plasma stabilization during sputtering

20 can also be realized in the initial stage of sputtering, the present invention

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

BEST MODE FOR CARRYING OUT THE INVENTION
[0013]
25 High purity tantalum is used as the raw material of the tantalum (Ta)

target used in the present invention. An example of this high purity tantalum is shown
in Table 1 (refer to the journal of technical disclosure 2005-502770 entitled “High
Purity Tantalum and Sputtering Target made of High Purity Tantalum” edited by the
Japan Institute of Invention and Innovation).

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

tantalum can be used.
[0014]



<0. 005 <0.005 <0.001 <0.005 <0.005 <0.0! <001 <0.01 <0.001 <0001 <to O 1
<0. 001 <0.00! <0.01 <0,01 As<0O, ,005, <0.01 <0.01 <0.005 <0, 005 <0.001
<0,0 Nb Mo Ru <0. 005

[Table 1]  (Analytical Value)

Element ] Concentration | Element | Concentration | Element | Concentration | Element | Concentration
[ppm wi] [ppm wi] [ppm wt] [ppm wt)
Li <0.001 Co <0.001 Cd <0.01 Tm <0.005
Be <0.001 Ni <0.005 In <0.005 Yb <0.005
B <0.005 Cu <0.01 -0.20 |Sn <0.05 Lu <0.005
F <0.05 n <0.01 Sb <0.01 Hf <(.01
Na <0.005 Ga <0.01 Te <0.01 Ta Matrix
Mg <0.005 Ge <0.01 I <0.01 W <0.05 - 0.27
Al <0.005 As <0.005 Cs <0.005 Re <0.01
Si <0.001 Se <0.01 Ba <0.005 Os <0.005
P <0.005 Br <0.01 La <0.005 Ir <0.01
S <0.005 Rb <0.005 Ce <0.005 Pt <0.05
Cl <0.01 Sr <0.005 Pr <0.005 Au <0.1
K <001 Y <0.001 Nd <0.005 Hg <0.05
Ca <001 Ir <0.01 Sm <0.005 Tl <0.005
Sc <0.001 Nb 0.1 -0.46 Eu <(.005 Pb <0.005
Ti <0.001 Mo 0.05 -0.20 Gd <(.005 Bi <0.005
V <0.001 Ru <0.01 Tb <(0.005 Th <0.0001
Cr <0.001 Rh <0.005 Dy <0.005 U <0.0001
Mn <0.001 Pd <0.005 Ho <0.005
Fe <0.005 Ag <0.005 Er <0.005
[0015] The sputtering target of the present invention is produced with the

following process under normal circumstances.

5 To exemplify a specific example, foremost, tantalum; for instance, high
purity tantalum of 4N (99.99% or more) is used, and appropriate amount of
molybdenum (Mo) or molybdenum (Mo) and niobium (Nb) is added to prepare a
target raw material. The purity thereof is increased by melting and refining the target
raw material via electron beam melting or the like, and this is case to prepare an

10 ingot or a billet. Needless to say, the high purity tantalum of 99.999 to 99.9999
mass% shown in Table 1 may be used from the start.

Subsequently, this ingot or billet is subject to a series of processing steps

of annealing-forging, rolling, annealing (heat treatment), finish processing and the like.

[0016] Specifically, for instance, the foregoing ingot is subject to — extend forging

15 — (first) annealing at a temperature from 1373 K to 1673 K — (first) cold forging —
(second) recrystallization annealing from a starting temperature of recrystallization to

1373 K — (second) cold forging — (third) recrystallization annealing from a starting
temperature of recrystallization to 1373 K - (first) cold (hot) rolling - (fourth)
recrystallization annealing from a starting temperature of recrystallization to 1373 K —

20 (second, as needed) cold (hot) rolling — (fifth, as needed) recrystallization annealing

from a starting temperature of recrystallization to 1373 K — finish processing a target



To<0.01 1<0.01 GC5-< 1, .00 5 <0.005 <0.005 Ce<0, 005 <0.00 , <0.005 <0.005
<0. 005 <0.005 Th Dy Ho <0.01 <0.005 <0.01 Pt<0.05 <-0.1 <0, 05 <0.005
<0. 005

material.

[0017] The forging or rolling performed to the ingot or billet will destroy the cast
structure, disperse or eliminate the pores and segregations, and, by further annealing
this, recrystallization will occur, and the densification and strength of the structure

5 can be improved to a certain degree by repeating the foregoing cold forging or cold
rolling and recrystallization annealing. The recrystallization annealing may only be
performed once in the foregoing processing process, the structural defects can be
reduced as much as possible by repeating such recrystallization annealing twice.
Moreover, the cold (hot) rolling and recrystallization annealing performed from a

10 starting temperature of recrystallization to 1373 K may be performed for only once or
more cycles. The final target shape is obtained by subsequently performing finish
processing such as machining and polishing.

[0018] The tantalum target is produced based on the foregoing production
process under normal circumstances, but this production method is merely an

15 exemplification. Moreover, since the present invention is not an invention of the
production process, the target can be produced based on other processes, and this
invention covers all of these targets.

A material having a purity level of 6N is often used to leverage the
characteristics of the tantalum target, but there was always a problem in that the

20 crystal grains of the target would easily become coarse.

[0019] The present inventors discovered that, in the production of this kind of 6N
level target, the crystal grain size was locally fine at the portion where molybdenum
of a content of approximately 0.5 mass ppm under normal circumstances had
segregated at approximately 1 mass ppm by chance.

25 Accordingly, as a result of obtaining the hint that the addition of
molybdenum may be effective for achieving a finer tantalum target, the present
inventors found the opportunity that led to this invention. Moreover, during the
foregoing examination, as a result of conducting numerous experiments on materials
that are of the same nature as molybdenum or materials that can be added together

30 with molybdenum, the present inventors discovered that niobium is effective.

[0020] Specifically, what is important with the tantalum sputtering target of this
invention is that 1 mass ppm or more and 100 mass ppm or less of molybdenum is
contained as an essential component in tantalum having a purity of 99.998% or more
excluding molybdenum and gas components. As needed, 0 to 100 mass ppm is



<0. 005 <0.0001 <0.000 I Fe<0.005<0. 005Er [0015] The sputtering target of
the present invention is produced with the follow ng process under normal
circunstances. 5To exenplify a specific exanple, forenpbst, tantalum for
instance, high purity tantalumof 4N (99.99%or nore) is used, and
appropri ate amunt of nolybdenum (M) or mol ybdenum (M) and ni obi um (Nb)
is added to prepare a target raw material. The purity thereof is increased
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20 the uniformity of the film also becomes inferior. This tendency is the same as the
case of adding large amounts of molybdenum (independent addition) which exceed
the amount prescribed in this invention.
What is unique in the case of co-doping is that the foregoing problems do
not occur if the total amount of molybdenum and niobium is 150 mass ppm or less.

25 The reason for this is not necessarily clear, however, it is considered to be because
molybdenum and niobium are respectively different substances in spite of their
similarities, and the problem of segregation and effect on crystallization arises as
their respective problems. Here, this co-doping also has its limits, and the results
showed that any addition in which the total amount of molybdenum and niobium

30 exceeds 150 mass ppm is undesirable.

[0023] The inclusion of molybdenum or molybdenum and niobium forms a
uniform and fine structure of the target, thereby stabilizes the plasma, and improves
the evenness (uniformity) of the sputtered film. Moreover, since the plasma

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



process under nornal circunstances, but this production nethod is nmerely an
exenplification. Mreover, since the present invention is not an invention
of the production process, the target can be produced based on ot her
processes, and this invention covers all of these targets.
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0023) Th | f
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and fine structure ® i Z€s epasma an
i nproves production process, but it is necessary to take note of causing the variation of the

content of molybdenum or molybdenum and niobium in the target to be £20% or less,

and to have a clear intent to achieve the same.
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t he evenness (uniformty) of the sputtered film Moreover, since the plasm
stabilization during sputtering can also be realized in the initial stage
of sputtering, the burn-in tinme can be shortened. In the
foregoi ng case, the purity of tantalum needs to be high purity; that is,
99.998% or nore. Here, gas conponents with a snmall atom c radi us such as
oxygen, hydrogen, carbon, nitrogen can be excluded. Since ills generally

difficult to exclude gas c onent nl ess cl HShidynrhoyed,
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ni obi UMASsiRs IRBtdvRta AeRksn sueltdias B Oppumi oyless, 99d 9d%vera Aigak
excl udi r% ﬁo?ybdenumggrz?ﬂggi u% and gas conponents. [0025]Wth the tantal um

sput t er iimgnt teragbievefthe BBMEr esent i nvention, preferably, variation of the
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easy to achjeve the.abqgv i Cale} { AR uAh® 88 Srystaligraib 1 S
necessar%ﬂuﬁhﬁ?%ga%@%ﬂﬁu%&% g%ﬁtgﬁgﬁ\%%?ggi ﬁ@mﬁghe %ont ent OP .
mol ybdeniisa eftamaiuhaenuotabol hpabistbipeinthe ceategepint Ginee BewesterPoft  angd
to have a clear intent .ta achieve the sane. 8 [0026] The variation of the
cont ent BCOHHEY BEMNERBM ol ybdenum and niobiumin the target is measured:
for exanple, in Thevaaapnadf the diystdchin sizgés calbylatediatiie fasPEBiER NS

center point, 1/2 point of the.radi and.. pai i i phery or
i(ts Vi ci‘?ﬁ@) O%ﬁh%ifgﬁ%‘“'@qﬁaﬁ(quﬁg‘émlpgég? n‘gg}"ﬁﬁ%‘%ﬁt“[&ﬁzﬂ@%ﬁ@ﬁ g?ﬁjltélhg di gk,
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total of 1/ points {16 points + center poi (sj.nce ( r i IS
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also be realized in the initial stage of sputtering, the present invention additionally

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

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

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

modes and modifications included in the technical concept of this invention.



Wth the tantalum sputtering target of the present invention, nore 10
preferably, the average crystal grain size is 110 pmor Iessi The crystal
grain size can be refined by the addition of an appropriate anmount of

nmol ybdenum or nol ybdenum and ni obi um and a nornal production process, but
it is necessary to take note of causing the average crystal grain siﬁe to
be 110 pmor less, and to have a clear intent to achieve the sane. 15More
prefer%ﬁggv k?@tvarlation of the crystal grain size is 20% or | ess.

[ 0697} R ion of the average crystal grain size in the tantal um
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fst Ir uct uthgs waeBdbjestfalfﬁ@fypiaﬂ@ﬁﬁora%ﬂ%ﬁjb@la)ﬁ(Br%g'g{?%rﬁigéﬁ%géﬁk ?‘Fhkl g“‘g; E ﬁ(raget
Hm Nﬁ ittty r}aﬁln@%?trﬁ (&bl 88180 shabhd bZfdrheRr 811 3Mainsp tindes stngetwran al so

be real evini stage of sputterin
g, the present invention
addi ti omalvhlyhyheabmrage\eryefa‘l gin elrzebwg@uabwes pbtaiiesy Fen the burn-in tine.

ppL Exanpl es] {ggzgg%@gqrmgeaﬁgwsn LOR bRefe oy ahdasbsen féigigiat wi th

ese nples are nerely illust
pr esent ragiv erhpemtusbainke iagaimo amayettmsthﬂlmttcédaf!ﬂﬁ?ﬂ'é%y’asIH‘?”@U&@‘I&I \\//&eg?t&gndt Lge

Fechni capabatedamrerim e PRId oA ooy o b éﬁ’d‘ﬁeét“fém@ﬂ* in the
gaﬁne{ 'Oatlaaﬁ.?; l%l ﬁﬁﬁeﬁw Halthigng mﬂkyibshanam fm andamd!ame@quﬁ@amm Ry £ :r:\évs
PEr ) g siirs s P et e Bhah 78T AT E RS ab et 0L oo
ahchosgli amet er ofg BEquery; thize mﬁérsysuaﬂec'grtal nolsh z@llnmgwppe@ystﬁwg;mcfn 55 ?,mmﬂ
annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mm.
The average crystal grain size of the target was 110 um, and the variation
of the crystal grain size was ¥20%. And, the variation of the molybdenum content
20 was +20%. The results are shown in Table 2.
[0032] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
25 As the results shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.6 to 3.2%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.
The electrical energy required up to the initial stabilization of sputtering was
30 also measured and showed 120 kWh, and decreased, as the results shown in Table 2.
Thus, besides shortening the burn-in time, the evenness (uniformity) of the film was
favorable and it was possible to improve the quality of the sputter deposition.

[0033]
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f 1400 to 1500 K. As a result of repeating forging and heat

and a structure in which the average crystal grain size is 100 ym was obtained.
Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness

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

[0035]

20

in the middle and last were adjusted to achieve the following average crystal grain

size and variation of the crystal grain size. Although the average crystal grain size
and variation will also change depending on the additive amount of molybdenum, the

foregoing adjustment was possible in this Example.
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[ 0035] Subsequently, this was subject to cold rolling and
recrystallization annealing, and finish processing so as to obtain a target
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wor ki ng and recrystallization annealing 20 in the mddle and | ast were
adjusted to achieve the follow ng average crystal grain size and variation
of the crystal grain size. Although the average crystal grain size and

variation wll 3}‘%%%’%%?%@53%8’?%'% &Qhéﬁgé‘ﬂﬁéé 'I(Y@pﬁxmaHGTthé)i‘/armbb{bdenum

the foregoing a oSsible in
aver ageotﬂwsérybtagg-mn sizezwasit17Me Art,dbe vaestiaroof ﬁm W@W@dﬁn@nv%f%&tl on of

th t 179% t f the mol ybd
cont ont waas 18 Re Res e sty Purid TAlRE:Cun Tn Tabl o 2. | 0036] Si nce

t hposseet resi stireahdepesdesistanicbalebehds bhutlmé(ﬁlesmlcmlaes dhe wistaitioon of t he

sheet resistance in the wafer (12_i nches rreas Kt
di st ri bk it sheshiresisRNe? 'Fh@ef WafR ﬁclﬁ@?g ﬂ%g %qo h(fsq%lé get
resi st aHEﬁlb%iloﬁ%oﬁeihBﬁ Sof e kA ﬂhﬂfkﬂésé’\laspé&f&aw etdetmeealresjd;tanee tohégst andar d

deviation (a) thereof. t he resultg ?#n@? XShOWﬂ in Table 2,
evi dent pglntqmthrelwafeuwﬁm%ﬂrqdde qa&*‘i'%?éh?c%taa A A RPRAC OO sheet i s
small (2.5 to 3AQ.‘¢} réﬁmstmné §Hdﬁln ﬁ{ﬁﬁﬁetzoehh@nﬂ#)&ﬁdﬂattagﬁombf thput t eri ng
in this Exanple; t S uctuatlon of the

di stri bmalshmqesalstmutlon Fh@eeﬁf‘@% is eapll Ehartg Q°/éhf59'?‘elg]ed'b' '?'osq?%eetq et al
api | i éﬁ& s?%e cIEIf s;‘én?.lﬁte'i'lﬁér i $hi ?kﬁ@ tHBaRU irRdn@idhtonoyede ¥H@ tkidknesand

ecreas abl e besi des shortening the burn-in tine,
t he evediseiationms $roalv ty) of the filmwas favorabl e, and it 5was possible

to imﬁgﬁgrq'gﬁf@%%eﬁ r%gll}ntegi dag%ttﬁ% ﬁggloﬁ'abilu?é\lon[ 8030 ttdrirganas @isd)

A raw min an anount equivalent to 10
mass ppmdseuiealndral showeav1 (m;k\alhpamd dgcrefasﬁg B3hoywaR Tablg 2 thusobesidsst r on

beam nel ting, apd t ast (Tolet: 4 Pofatididgpliness of
200 mMm éhﬂ”%? %grﬂ'teet?”raf'” 9666 ﬁ?ﬁﬁ"fnn‘?ﬁ%ﬁﬁ‘%ﬁgﬂ °§r ai A@éz{e Was approxi matel y
55 MM was possible Wfitn@roveethé QuEIita@f the sputtef depositiprt o this ingot or billet at
room terrBer ature, this was subject to recrystallization annealing at a

t(

t eff9ed a xample A500 K. As a result, a material having a thickness of 120 mm
and a di ameter of raldthdtéial obbsinéd BWaUGmgrrﬁoIWdevthlm ahanawnt aguivelegst al

200 b d. 25Su hi
St end o grmaseanm GpiEeeBIGRG &puRy Sh e oas 4t PUER S ey ©

recryst t ! f h&@RE taothikniess af 280trempancat ur e of
1200t 0 Ul re R VR (o PRt e et ber s e

eating forg % ngat treatment again,
a0 mat er idi@métay ph2PBmimp.cleewrystabaraifng 2t ag 28 E}’F&@ Y180 np, and a
structure in whi St 8€bi Ilét éthB teperatinieai ned.
30 [0038] Subség%e%%ﬁgﬁxﬁh?%&mg%g% ec'grﬁéf @gco | q Igg@e
recryst ahnfsmmtsumjeoatmmws@llzaalnd annapk @tra)t%wf%‘f%ﬁf 1{%0%[ BRLeH ! tar get

material  havi ngp?/\g?%fa ﬁuglgsessgg dr 128 i ARk alaﬁLé?é%fq OQf\ﬂ"ﬁ’Sgnﬂ fal tfctued| d

wor ki ng aa’ﬁ'ater”@ afnealing in the md I e and | ast were
adj ust edn M|mheeverdgb&r9ﬂh|l glmnrmzearsé&@gﬂnwﬂlﬁamw ain size and variation

Gar ot onm 11 Sdbobuf GepBRRuIE RO o ORI AT,
the for Qgem%n%téiﬁid@iﬁe A@sin parRiidehystallizatibh snBaalingl was performed thergie
The orysaaan g aitemepmurag 160,040 Rtk S3ppdl pf osflifl MK HNeAT
content asmikfagdiReaRatetibBhavifg o Midkaesy 1200mn amd Aabibmeter 130 mme,
and a structure in which the average crystal grain size is 100 um was obtained.
30 [0038] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mmg. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain

size and variation of the crystal grain size. Although the average crystal grain size
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(0039] Si nce the sheet resistance depends on the filmthickness, the
distribution of the sheet resistance in the wafer (12 inches) was neasured
to check the distribution condition of the filmthickness. Specifically,

t he sheet resistance of 49 points on the wafer was neasured to cal cul ate
the standard deviation (a) thereof. 10 As the results simlarly shown in
Table 2, evidently, the fluctuation of the resistance distribution in the
sheet is_snall,. , 0 guralwee of
sput t er PR V?“aqq%ﬁg'ﬁé?g)n%]aé&t eggmiﬁwa%n tné%ﬁ@%’%rgﬁ%ﬁ{gﬁ‘ﬁ?ﬁgggl | mthickness
di st ri bfgregding adjsistmhént wHsepasisibde ini toisl Exanerigyy required up to the initial

stabilization of sputterin and
decreased, as sfﬁa : Wg?a%?%laégmfhﬂée%h@ %Pecgeﬁg%a%d?@ﬂg‘ %H?‘é@é’\éﬁ%&l‘éﬁ tinme,
t he eVGB?ﬁi‘eScn(yldflall t@@émsﬁz}e) wab ;E1{5%fAd1dn tha svafriation @3(rglfonmimbEXdenU?0a§Zrﬁ6§3| ble to
i mprove | 0 e 0 anpl e raw
n5arr}[)er|aWaél#gl/%J@eB?s%{ﬁcﬁrﬁ@S‘ﬁ%{}’ Srlr‘%'hlfgé]arn[)unt )eql(Jl valmént 22) to 20
sppm to t antsﬂdérfh@%%bégre%mmﬁdetdépéhd@%n&ﬁ@%mﬂsclmds;seme digiriedtioot r on
beam melting, and this was cast to pr i ngot haV| c ness of
200 mm ahdheli shest gesistangeoiny Fh%ﬁ"aquhé1£r"}‘§te§V W me%ﬁ“i% el;A)&pr Xi mat el y

40 mm distribution cdﬁﬁkﬁﬁ chet'hEOf"Im HickPEE € NGpd il gthbosﬁévtﬁe5|§@nt¢mf 49i | | et at
room tenperature

i's was subject to recrystallizatiaon a(nr aling at a
t enper apommtrms@afer(wamn%asumtqca@l#ﬁtﬂéﬁ standardqeyiptiondf @\?FF‘é’rs%s of 120 mMm
g 2 Qameter ol diEtelikRmAar anokh 1468 2, Bulenaf heduauariogef iy st ol

ain sizeis 2 pm was o quent | subj ect

t o ext emskiftancg dgtrwmﬂonlpmé"te slmejllihgn@tl (28dm2a Eﬁbé’ﬁ’&‘t hf\ee'”ty‘iﬁh%taaﬁéél\ﬁ‘s and
recr yst ol 28t 80 AGRL AAnYASRRICONEPE, ReTabeaRirbrue i hemetat ure of

1400 to® ating forging and heat 30 treatnent
agai n, @hslmmbhaé simalti ng a thickness 120 mm and a di aneter 130 wi np, and a

structure in V\hh%]eyélgfeitﬂgéer a%&fﬁ% %c%ebl wg 1§t m‘ﬁﬁqﬁﬁb'% rgfv@%ttgm i ned.

[ 0041] Subsequent cold recrystallization
anneal i Rghs AW nfaBineld dhdosHRmRid @D KWhaand declebsed a® sr@mg\en Tiaiteet i lUShavi ng a

t hi ckness of 10 mm and a di aneter of 460 r

r ecr yst &esidest sharteamse 41§ g’é“m"m%% medSY%"”}'r:?g ﬁuas%”qnv\gje a([]%uzlpﬂdw?so

achi eve b hgafial by Wais POREBELLGHPSH theiqaiality of fe andtevelep@mimm of the
crystal grain size. Although the average crystal grain size and variation

wi liv0s@| s(&Exam@ity® depending on the additive amount of nol ybdenum the

for egol ng_adj uStATRL ASAHARES bl adkdtiemblyBoBhan i Ereamoteagelvalont  a

grain size of the target was 80 pm and the v%rlatlog L t]e crnybe@ﬁ grain

shze wago20massnelm thEnialkmeahaving apurityof 89 3A9 e MEmsHBIFCEIR SGRIL Yo " The

results ar h hSi A8fcrees Y10 mesasd ance
fiog! & fHid el tb'br&ﬂégleear?mgbg)%@l § 1 afckrizes

depends “8%' di stribution of the sheet resistance in
t he waf afiarfiér oh20@ simpathaeysial 9@"1 @'ZGM@éI@PPF@"mé'Eﬁ %49 MWt i on condition of

the fil mthicknege, Spechlicably diiiRo30958 gt bPbABES BorA@niRiatle, on the

waf er was neasur vl ation 1%@3 t her eof
As the rtﬁ%U/llé§SLﬂjjéﬂt|t@ré01‘y§1hld)mt|anmn'fwlah|&g ataeammﬁturqofﬂ Ki AseUssylbn of

e Shic Bohd w30t GRoR Ly W U 8 i Sl he,
f 1 uct uatij, Qfhied thb@eféde%r&rﬁebgmazéiémmmmlmmiameg smal | .
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
30 treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 um was obtained.
[0041] Subsequently, this was subject to cold rolling and recrystallization

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

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

13



The electrical energy required up to the initial stabilization of
sputtering was al so neasured and showed 87 kW, and decreased, as shown in
Tabl e 2. Thus, besides shortening the burn-in tine, the evenness
(uniformty) of the filmwas favorable, and it was possible to inprove the
quality of the sputter deposition. 20 [0043] (Exanple 5) A raw
mat eri al obtai ned by addi ng nol ybdenumin an anpbunt equi valent to 50 nass

PO o ka8 B e o BB R ELRR OIS0,

and di agigé eidofarid@én rof ithev.crybles gIﬁMSémé @ﬂmghsheevmeaqmstakgnam elzg 35 mMm
25 After extend for

erform in i.ngot or b
t enper a?@ﬁ' ganq WM'R%?%‘J@”@&“P ndi 88 sti‘ f’?@&%?&l}?“&hﬂe@f’ﬁha‘*%’“ e’
t enper atgisSoifd aéjﬁ%éﬁtmé%p%s%milnttmsEx@m;ﬂél al having a th| ckness of 120 mm
and a di arret er of 130 my, and a structure in which the a ?%rpgmgstal

drain size i s 200egneiRge Gyital graln sizg gtihgdarast yvas g Hmwég o extend

forgi ngoﬁr@ sl g gu&gwag +3@%, wmnth@rvaﬁaﬁambfstmwmeham édttlent
recrysta z I on annea ing was perforned thereto again at a tenperature of

1400 t owas0012%. Fse esulis are smllarlepba\wn iigTakle @i ng and heat treat nent again,

a materi al havi a f hickness, I.
sttt ure in vvh tth 9@%5?&5’ €§ 8{‘& F@éﬁ' 86’%%%@%5@9& ned.
[ 0044] Sgbsies| upbt Ye3|§tbh§eV\ﬁStHi3UWa$@’f 120 ifadled) vadd inmgasarell itecehesk athki zat i on

fh ckncagtigttan cbﬁbni%apég°t§§§ﬁrl@t&ci°esm%p el . coB 1R i or 490 0

recryst ghihtsZaH thewHenwas nithsured facatiutidé ﬂmeaétdndimtdéwnenwl tusteafl to achi eve
the foll ow ng average crystal grain size and variation tal grain

size. Al though fadhavesligesimngdt show i hakle Ze exidratly, 4h¢ %PFtHﬂt'% Pﬁyt?'ﬁl o)
change %&Q&%Mg@?};%ﬁ|@%‘i et |sa€FHHIN2 Ofo POl PHEMURE ihibs! §t@g@ﬁﬂh@9

adj ust rent was p In The aver ag{ st al
grain send stfget dfespustereg imdys fa(amnle dhd ph@e‘,fa;qt@aqoanofdhetfql{@ BickR{S§l grain
fg ze Waﬁlsﬁoé)un@ﬁ g %“e vari ation of the nol ybdenum content was 10% The
results are simlarly shown in Table 2. 10 [0045] Since the sheet resistance
depends on the ThermlediiicH reessgy reguirédsipr tooths ipitiabstabiiizatior of spelierifi@ance in

h f 2 f
the 111 s AachBEU L RS BRaR 473h Lo Blcfel B8, dp ShOWR ) T9RBTRLS! OF 01
waf er V\ﬁésnd&ﬁ&;hbﬁdnhg thal butraine titee the aadmndsslunifarinly) (cd) thehtlmeafas As t he

| t | h bI 2 d f th
eresi SlaREpat T Porev R o HErENa e AGAy i rpubbiddiRba” O I

3N {obdap (Bhangise B the end stage of sputtering |n_th| S Exarrpl e; that is, the
fluctuati on of the fllmthlckness dlaélrlbutlo(fﬁﬁs snal | ﬁ eIe trlcal
yp

energy requi redAujg™ Batefial pRfained by adgipgimel 'rbﬁrl‘napboruin gauiva et was

al so megssl AthsaPPnSRAARMAIGR Haihg APt 6£ 98 888%. was satfjestrio iefeclrahlbead  Thus,
20besi des shortening the burn-in tine, the evenne s ﬁumfgéﬁbiﬁ% of, the
f

fil m waseltingoreas this was cast ignsrengse epl iBgetchaving 8\iBIckRessQ anghe
sput ter 4ieRasi & o mhP4RL dHRIAGRAR e was approximately 35 mm.

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

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

and a structure in which the average crystal grain size is 100 pm was obtained.
[0044] Subsequently, this was subject to cold rolling and recrystallization
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A raw material obtained by addi ng nol ybdenumin an anount equivalent to 70
mass ppmto tantalum having a purity of 99.999% was subject to el ectron
beam 25nelting, and this was cast to prepare an ingot having a thickness of
200 mm and di aneter of 200 ny. The crystal grain size was approximtely 30
nmm After performng extend forging to this ingot or billet at
roomtenperature, this Was subj ect to recrystallization annealing at a

t enperature of 150 resul t f 120 mm
anglTp a dPARAIRg. id i’ﬁg‘ PFﬂﬁS}SS'Qﬂd;O ass@aqbgﬁhfa{}ragdet %hﬁvﬁﬁ\ﬁgﬁéggcr yst al
grain shZ€ hvim 488 ddianiseosit 460 ehg. Cold worklng aﬁdbeetqaiaﬂlzat}on amnealings

subject to extend forging and n e again,
ona. T ocinyBeamRENG s TRsa AT ehLo pETY Thedtal REPE, SRS B ghilfe 20

t enper atyt &ndfvaldHon (P tH@QR/sKaI dGinasiZze2 AltHough themetagagcrf/sialggnam sine heat
treatnment again, a material” having a thjck 8@8 120 f";l Ig%@fmﬁ%% 130
rionp,  and variationuwtl @lse Gh’@n@m%ﬁ’eﬂa‘égé’@éh%@a Y?/?FQ”TPJFRV Ao % 00 pm
was obt Eﬁr &?n ngg}mentﬂgﬁf%&g% inthistHdafnpi@s subj ect to coI d rolling and

recryst 7% Fon°annea finish processing so as obt ai.n a target
material havi ngThetaNetagleeGrsstetLg@m waﬁweatameé efo g, 396 '?ﬁ'r}ﬂa 3N

‘2’3; E'S?ga % Cﬁﬁ%lﬁ H]iez\?;g%, Q8oaNRRA! th8Yaratidnbitthe niBIM'eﬂuﬂ%nle&ﬁ waeer e

Fow’ ng average crystal grain size and variation
of the eng%t Ehemﬂnltaasesmllaﬂytshowghn Takledver age crystal grain size and

t |1 ha hd
J\f/qﬂglogsélrggoymng a ru: ttﬁg %%%%Psg%%eb ﬂd%la Exntn 'tlY@kr%'%”QUﬂﬁb dtritRion e_rll_lrJlgl

aver ageot:rtuéts’ﬂeegrramstameemothe Mafetal(tﬂatlnwtm maq)rme%wﬂed He ¢hackaton 100f

t he cryst rain sjze 7‘V O, 0 cont ent
was 8% d H@‘R@ELHOI“Q“'QF‘ ﬁ'l fie ﬁvg@ﬁ%) Sly&’rmllﬁéibil ﬁl‘f g%%i%%ﬁ?ﬂ%#? sheet
resist a%ﬁutéi&pmmﬁaf@nwtaeenéadmd o cdms the bandast deviationdd) eradie sheet

t th 12 but
Condi L on of |t ndsrNeEPHIARNE St TH0RY o rnneigebfof bhbd it or

%ﬁpo' nt $e£§aﬁ£@dté@fb%'how@fz tﬁgﬁl{tgﬁgfrﬂsgﬁw'm%) fiioen tieaintial stagevo &he ?Py( a)
the fl uendaettagmotaspwtteémge@|t5t8affa>@éma?-s¥‘?f mﬁh%ﬂuwa@%&aﬁ]& "?H té‘?cgh (1.3
to 1. 5/‘)d|%t g jtial stage to the end stage of sputterlng inthis
atlon of the filmthickness dIStI’I&ItIOI’] % % 20The
eI ect rical ener Q'Werelqmrlpeheww(ieﬁ%@q WP 9 ae dnitia); tabilgatign ofs é’g ring
was al so e sure W, e r@savrﬁhqwm(amﬁaisle 2.
Thus, %P'?'%%l ng %?%MW? taﬁ?rgg&‘téﬁgé%vensnes é\yr}l, g% of the

pol m Wasaefsw\eer stivrenirandhe tbusasn fineai thiee evennassr MOEW&Y

sput ter deposlti ol L0049 / RS et @g.@omed by addi ng
nol ybderfﬁYf;ﬁPa'eaﬂn tpo«?él?%qﬁﬁ)tr&fe t%fg@éntg?g ppmﬁ{o taﬁt al um havi ng a
purihday QEXSApRIH% was subject to el ectron beamnelting, and this was cast

The' cryatal gr aik ¥ SOAGEE SHIBAB] SHGARIp BEUARrUA H o SfBuedblvaldy et |-

to 70 mass ppm to tantalum having a purity of 99. 999% was subject to electron beam
25 melting, and this was cast to prepare an ingot having a thickness of 200 mm and

diameter of 200 mme. The crystal grain size was approximately 30 mm.

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

30 structure in which the average crystal grain size is 200 pm was obtained.

Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mm@,
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After performng extend forging to this ingot or billet at room
tenperature, 30 this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, a material having a thickness of 120 mm
and a diameter of 130 mmwv, and a structure in which the average crystal
grain size is 200 pm was obt ai ned. Subsequently, this was subject
to extend forging and upset forging at roomtenperature once again, and
recryst i j i ; i indqd.t enper at ure
of oo SRtk PRARG! e e Gy LB R SRPC AR pRned St nent
ag@b4r, a mat er i Subdempiently,a thisi whnesubja@Otompokhdolindi anet ecrysBHizaHpn and a

structure in which.the average crystal i i i . Wask ai ned.

[ 0050] @Jﬁ?ﬁﬁ%e‘?ﬁ({]@n's mosce\ﬁgggssg set(?toqt%héaao{é&gs(%rtgﬁ?tlleﬁ%ﬁ%&@%cr ysnt% g%l i zation
anneal i g0 aind ahti i Glbrtecsfs450nenRP Cld Wworkibg and recrystafieatioragmndaiing havi ng a
t hi ckness of 10 mm and a di ang

; ter of 450 . | d wor ki n -
Pecr yst Bl the Zaiddignang RSAWERG a\dwsf%?orr?%?‘éenﬂ%dfqﬁgyp%\feéa%egfﬁggé8r 'Y achi eve
the fol iigiaRg \aiviafiee of Ghey Shatal Graih nsisd. 26thangh \the iaatiage @fsthihgracr sigeal grain
size. Although the average crystal H%ral n saéﬁyand va | so

v a
change Rperdtiag Wh atseechanae depending onthe e ?BH@HU%th&BﬁJ%ﬁ%C} Rg
adj ust nﬁ?égdé\?gs?ﬂG%éHt fasThdsBbfe FRETEX@mple. The average crystal

grain size e target was 70 pm_and the variation of e crystal grain
size was t5% ARbie ave@gearystel ganoize pbthedplasd MM BMt 8RY BB The

fESul t Sofhg ot Rai ARG 478 T thelvarlflBn b Ble6RlbBenshieghishesist ance

epends on ckness, _ stribution of the sheet resistance in
t he waf £8%( TBe rewiie siye sinvlangabowedh TablelZeck the di stribution condition of

the fj1m thi ckngss, (SoRRLL £aklosdieREBh RS IAAGRSS 1 YAUILR on the

wal’®¥! was neasu cul"a e standard deviation (a) thereof.
As the ol tshest mesiatahge sihothie wafefablZ isheay ivRsntnhgasuratk 19 | eeckahPon of

the resistance distribution dn th e ' I ; Q rgm t he
initial d'§{f§¢fﬁ°"ﬂ &opHition & tg?a(&’@ C‘?Qéﬁﬁ-fﬁt’e‘%‘%@ﬂﬁﬁ *‘ﬁf%“e%igﬁ%%%&@{ ﬁgfgi s, the
fd uct uapbipr & theheafbi Was hitdaskirest® cdicitate khet standard deviatipn (Thibesioéct ri cal
energy required up to the initial, stabili,zatj an. j | so
nmeasur ed and shéﬁéﬁeéﬁﬁ\?\yﬁ'mg"f‘fy W%ﬁ‘st%@e?s e¥ﬁ§Wﬁﬁé$§§“§W§s

besi ggfréM@cgEigﬁibgh& RthR- dHeet @isgleman b’ﬂ?:euelrﬁ%;ﬁrﬁmummi?i_tiaﬁ dtgge tef thehe film
was avorable, and it was possible to | ove the qualit . Sputter
deposi t BoG. Stpo® 5| speltafngr i ﬁb@ E%ﬁ’l‘?ﬁfeé tfgpfluctuanon ° A%Famgﬁlgwegﬁs P

obt ai negisip @i GnaP! ybdenum in an amount equivalent to 0.5 mass ppmto

tantalumhaving a purity of 99.995% was subj e_ct,_lqtl]o l.ect.r onfbeaﬁm nel ting,
2d this was cadhetale@iedaneran requifed wnia Hip Witionstadization, of 5881493 0and

0 2ot ClyaRTIctiell B0 aPISOER o IR R GédiEadtl aBRACANTITTLBIY. T6usT

After performn forging to this ingot or billet at rogm
t enper abesides tdhostening thebjpeot-int timee chg sevannessit WA A e Him gvas

tenperature of 1500 K AT i j gedditeness of 120 nm
and a d%aé’ﬁéqb?' ad}“qg‘é’astA’?ﬂ%'F’ tgzﬂbgjvgﬁ?%g%%‘;t)éaftrplé\%\ﬁugﬁrthé—:- aver age crystal
gr @ody) S(Exa@mpte 200 pm was obt ai ned. Subsequently, this was
subject to extend forging and.upset fordi : IRE, BRE again,
ahd recrystalli %aﬁwb[{%éqﬁaéggfqﬁgqigg asglpgo'ﬁ%%%?iuﬁm ]('%l)ﬁagaglu?bE 59&159
t enper atdine0 Ghadet PPmt © EmBAluik. had\ing ar purity tof 1999936 avashguljectgiorgjeetran heat
treatnment agaip, a terial having a thickness_ 120 iﬂ%eﬁ‘ 130
nT wp, SQﬁamamﬂ'PQc?’[ﬁé’“?r‘f"%' t %ée%%ﬁgdﬂg%r%vﬁkﬁ %@?ﬁe‘%‘ige I's 100 pm
was obt ahARthmetePOBRI0 SRE erHeetystnl gralt sizevaas apbjeirhately 2Z5oineh.r ol | i ng and
recrystallization annealing, and finish to.(:esi‘ién@ 50,38 tqﬁﬁgg% a target
mat eri al havi ng Adtef REERHRISY G‘(’ﬁe"P(fofﬂ‘ﬁ_‘%HU_ Beehet et ey vl if?
yprking gﬂ@%&%b}é%& & ldcARtdIRAtBAARLAING dth fehfeoratdrd 6f FO00 K asd a vesult,
adjusted to achieve an appropriate average crystal grain
a material having a thickness of 120 mm and a diameter of 130 mme, and a structure
in which the average crystal grain size is 200 um was obtained.

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

room temperature once again, and recrystallization annealing was performed thereto
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10 size and variation of the crystal grain size, but the foregoing

adj ust nrent was not possible in this Conparative Exanple, and the average
crystal grain size of the target was 130 pm and variation of the crystal
grain size was 35% And, variation of the nolybdenum content was 40% The
results are simlarly shown in Table 2. [0054] Since the sheet resistance
depends on the filmthickness, the distribution 15 of the sheet resistance
in the wafer 2.1n ia Kepdi tion
of the ?9?'%# %1‘8’11‘%@8'%@ eC| I Cgﬁoroe\@ Agagr%glgllboﬁ @egj{"zqﬂf:de@g? @9 poi nts on

t he waf ’@éatmt agamy laadatemlat hbaing at ﬁmdkhessﬂ aadamdaweeu diameter (18P TR eof .

As th h t uat f
e S e RV V50 g g ot o,
'”[oés!of’1 stage tSubé‘éﬁueﬁﬂyelﬂdsSWagesvﬂfjeapmt<m1d n@llmg ahd srecoystalizativn e

e:

that is, the fluctuation m t.hi ckn nis
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This is considered to be a result of the segregation of nolybdenum and it
was di scovered that the addition of excessive nol ybdenumis undesirable.
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The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 200 kWh, and increased, as shown in Table 2. Thus,
it was not possible to shorten the burn-in time, the evenness (uniformity) of the film
25 was inferior, and it was not possible to improve the quality of the sputter deposition.
Similar testing was performed for a case of adding molybdenum in an
amount equivalent to 0.5 mass ppm to tantalum having a purity of purity of 99.999%,
but the same tendency as this Comparative Example 1 was observed. It was obvious
that this also affected the purity of tantalum.
30 [0os5] (Comparative Example 2)
A raw material obtained by adding molybdenum in an amount equivalent
to 150 mass ppm to tantalum having a purity of 99.999% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm

and diameter of 200 mme. The crystal grain size was approximately 20 mm.
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After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
in which the average crystal grain size is 200 ym was obtained.

5 Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 um was obtained.

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

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

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

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

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

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

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

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

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

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

oos9] (Example 8)

[0060]

[0061]

A raw material obtained by adding 1.3 mass ppm of molybdenum and
0.74 mass ppm of niobium in a total amount of 2.04 mass ppm to tantalum having a
purity of 99.998% was subject to electron beam melting, and this was cast to prepare
an ingot having a thickness of 200 mm and diameter of 200 mme. The crystal grain
size in this case was approximately 55 mm.

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

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

Subsequently, this was subject to cold rolling and recrystallization
annealing at 1173 K, and finish processing so as 0 obtain a target material having a
thickness of 10 mm and a diameter of 4560 mme.

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

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

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

The electrical energy required up to the initial stabilization of sputtering was
also measured and showed 100 kWh, and decreased, as shown in Table 3. Thus,
besides shortening the burn-in time, the evenness (uniformity) of the film was

favorable, and it was possible to improve the quality of the sputter deposition.
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oos2)[Table 3]

o | o |Conentot] "SR | TG | Comamor | ResSOen o el | Unfermiy
Grain Size Grain Size | Mo and Nb Stabilization
Example8 | 13 {074 2.04 100 +20% +16% 26 ~  35% 100kWh | Faverable
Examples | 32 [ 12 Cm 85 +1% 1% | 20 ~  25% 55KWh Favorable
Example 10 | 67 | 24 | 694 50 £7% 8% 15 ~  1.9% 40kWh | Faverable
Example 11 | 24 | 75 % 47 T iew | =% | 13 o~ 6% askWh | Favorable
Example 12 ot | s | s | a0 T s cs% | 18 16% " a0k | Favorable
'_Example 13 | 514 | 95 _146-4. - ; ;’o._. _113_%_ B 1_5 - 1‘9%_ _;5kWh Favorable.
CETJ;;?:? 95 | 85 160 Umec::ta"iz | £60% £27% 4,0 ~  8.5% 150kWh Inferior
ngpnf;‘g"f 603 | o7 | 1573 | jecrmatized| 9% +24% 43~ T4% 150kWh | Inferior

[00s3] (Example 9)

10

15

[0064]

20

25 [0065]

A raw material obtained by adding 32 mass ppm of molybdenum and 12
mass ppm of niobium in a total amount of 44 mass ppm to tantalum having a purity of
09.998% was subject to electron beam melting, and this was cast to prepare an ingot
having a thickness of 200 mm and diameter of 200 mme. The crystal grain size in
this case was approximately 55 mm.

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

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

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

The average crystal grain size of the target was 85 um, and the variation
of the crystal grain size was +11%. And, variation of the content of molybdenum
and niobium was +11%. The results are shown in Table 3.

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

distribution condition of the film thickness. Specifically, the sheet resistance of 49
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As the results similarly shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.0 to 2.5%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness

5 distribution is small.

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

10 [o066] (Example 10)

A raw material obtained by adding 67 mass ppm of molybdenum and 2.4
mass ppm of niobium in a total amount of 69.4 mass ppm to tantalum having a purity
of 99.998% was subject to electron beam melting, and this was cast to prepare an
ingot having a thickness of 200 mm and diameter of 200 mme. The crystal grain size

15 in this case was approximately 55 mm.

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

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

25 [0067] Subsequently, this was subject to cold roiling and recrystallization
annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mme.

The average crystal grain size of the target was 50 pm, and the variation
of the crystal grain size was +7%. And, variation of the content of molybdenum and

30 niobium was +8%. The results are shown in Table 3.

[0068] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
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this was subject to recrystallization annealing at a tenperature of 1500 K.
As a result, a material having a thickness of 120 mm and a di aneter of 130
mrcp, and a structure in which the average crystal grain size is 200 pm was
obt ai ned. Subsequently, this was subject to extend forging and upset
forging at 15room tenperature once again, and recrystallization annealing
was perfornmed thereto again at a tenperature of 1400 to 1500 K. As a result
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sput ter agRIENItely r5 [ ooss] (Exanpl e 10) A raw materi al

ebt ai ned by add'Nﬂ@rgérfmlﬁg%&férﬂffo@hg'bﬁmrwlﬂgam llet afmwnnﬁnpeﬂatm%bl umin
a total anpbunt of 6

4 mass mto tantalum havi DL 98% was
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obtai ned, again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 120 pm was obtained.

[0070] Subsequently, this was subject to cold rolling and recrystallization

25 annealing at 1173 K, and finish processing so as to obtain a target material having a
thickness of 10 mm and a diameter of 450 mme.

The average crystal grain size of the target was 47 pm, and the variation
of the crystal grain size was +5%. And, variation of the content of molybdenum and
niobium was +6%. The results are shown in Table 3.

30 [0071] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

As the results similarly shown in Table 3, evidently, the fluctuation of the

23



20Subsequently, this was subject to extend forging and upset forging at
roomtenperature once again, and recrystallization annealing was perfornmed
thereto again at a tenperature of 1400 to 1500 K. As a result of repeating
forging and heat treatnent again, a material having a thickness 120 nm and
a dianmeter 130 mmp, and a structure in which the average crystal grain size
is 130 pmwas obtained. 25 [0067] Subsequently, this was subject to cold

rolling an [ ecr. I|z |on eal | 74 i ssing so
s to oneaere RTlohEr e DR B g e Fip JigtR Lorse hidl b LRECT LT,
of 450 ampstage of sputtering in Thie Exampigeahatr igsthel flgtuEtionsifabe &ifm thieknessget was
50 pm 8 t he varrmajlilon of the crystal grain size was 7% And, variation
of the EEHIPYHEN & SMR-ybdenum and 30 ni obi um was 8% The results are shown

in Table 3. [Ooﬁ'ﬁb%Ié&ﬁcél%e%}e%quﬁr@&llﬁi g .depeammaudmef ’spllltterlhgl ckness
the distribution of the sheet resistance in the wafer lig ne Eib
Toas ur MAE GISHBERSYAR 300 SHPWBA PAVB.ANM d3EPASH: ARENPWD A TFRIERNABLS.

Speci fi E?i itYs sthﬁﬁeﬁllﬁ fher Baimsihanme, Ahe 4@/eﬂﬂé§§ fiuﬁifbrﬁh?) \whfthe s waeasur ed
to calculate the sta dewaﬂon&w k‘jﬂere As t he
d

resul t sfayoratlerang Itswesvnowbl%@n‘epr@ve ity §f the isputterdanestticBn of t he

a bution in the sheet is small (1.5 to 1.9% fromthe
@Pﬁgl (Bfangieé?gsthe end stage of sputtering in this Exanple; that is, the

f | uct uation of Ah@w inatarighpblainsssbylpdding 9Tt Mass PeMsafanelybdenum and 53T e

el ot 11 el SRR BUnERAN| [of1utl Aol 1Bl Lhale SAR LikaliOfuRla 8BUHGer 1 10

s al so ur éd "an sed, as shown 1 n Tabl e
Thus, betb8©98%hwas snbjegt tchelebtrom-bieamt imedingt aedélwnervv@ssaqtdmprenaﬁﬁay\) of t he

o e g RS A8 o i ST Hihel 9 B! T S

addi ng %smpﬁo)@ﬁﬁwsmnybdenum and 75 mass ppm of niobiumin a tot aI

ol cotron beam niRel FyTORIES SRSt IREME Rt Rt al ot drhidonng =" 1©

thi cknegs s 248 e&fﬂo&@d?/@taﬂﬁatl@rﬁ afhealng mnnamp§vaerqfs1t590 Kgrhai aresiulte was
approxi mately 55 nm 5A

f d f to th
bill et étmatéﬂﬁh havifise? H‘t“il‘t”ggs gﬁq%(())(rﬂg%g %r{r%e}eéo 3533}4}’@1 ?qdz%?iné%&{fnneal ing
at a teamgﬁ@ﬁgﬁ@a@ra&ég@sﬁl8pﬁn%lz"eQ§QbD1pnﬁw8”§b§fd|r¢éd having a thickness of

120 nm i ameter of structure in which, the average

crystal grain siSzbseguerdiy, ﬁTﬁ\MéE? éb@lﬁptntédeXtSUﬁsf@mtaPQ URSI’# forging i ect
to ext e%rfw % Q&ttﬂ@%nﬂ?%ﬁ irf Qhgir8 Qfalllzéﬁ)orr SBdIiRgRRIsadHPmeddeera@ai n, and

recryst |za on anneal i ig was perforned thereto again at .a temper ature of
4000 toagélﬁ(}atla temsperatues of 1400 to 4pRAK. As 3 esyitrRf rapeptingderanearddret agai n,

a rmat er k rga n?llerﬁh%%hr? %ma?éﬂ%qﬁﬁv Oy THLRIE s Sb AT LRH &%%rﬁél@ym@mn@

structu € ‘aver age rystal grain size is 120 pm was obf ai ned.
[ 00701 Suhd ectrmtiry in which thesvenagpecystsl@raiolsizeris 100N Wﬁa Otbtaim%dst allization

5 anneal i ng at 3 | ni sh 140} n o] t
maf®@fd al havi ng %Lsﬁﬂld?{ﬁ&s sy W2y %?%gstlg glolgme@ﬁné gbr&nwuﬂzé‘{&?

The avenpagalingystal73g¢,and fitligtepricessing saraged ohdain é?tapgﬂt nmtelrialrtev'msra ation
of the cr stal ggln Si X\/a % Qgg variation of the content of

Aol ybdeHUHNSSE 9 H"Urﬂr\a& eﬂﬂi {UMPs are shown in Table 3.

30[ 0071] Si nce t hesdveed é@@tst%‘l grae sli@litffﬂldé ta?rgeﬁ\has ﬂolunm tdndcﬂhae/saﬂathme

di stribution of the sheet resistance in V’fﬁ etri I?e%% asured
to checkf theecptal graiusizenvas#dve iF8K. c‘!P”%tFPé‘ ?f R ﬁé&%"y QEF‘r'f"& Iy,

the shegj brLﬁﬁ'\Aﬁatsalnl(Beﬁaolfhe"r%sQl@é BeSsHoRvrl RErabRf 81 was neasur ed to calculate
t he stanc?ard devi ation g a) thereof. As the results simlar é/ P%\Np in Table
he distribution

3, Lovident | y, t Hnge hersheet msigangsdepends on the film thickness, t
30 of the sheet resistance in the wafer (12 inches) was measured to check the

distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results similarly shown in Table 3, evidently, the fluctuation of the

resistance distribution in the sheet is small (1.6 to 1.8%) from the initial stage to the
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resi stance distribution in the sheet is small (1.3 to 1.6% fromthe
initial stage to the end stage of sputtering in this Exanple; that is, the
fluctuation of the filmthickness distribution is small. The

el ectrical energy required up to the initial stabilization of sputtering
was al so neasured and showed 35 kWh, and decreased, as shown in Table 3.
Thus, besides shortening the burn-in tinme, the evenness (uniformty) of the

fil f d i [ Loyl - il h
Cputt or St g Porput Bty WERAARRE: 105t & e RIIEoh I AR WheRleek 8, g

97 massdppibutibn idmpdildenum and 53 10 nmass ppm of niobiumin a total anount
of 150 nmass pp o tantal um having.a purjty of.. 9 jtect to

el ectron beam %f‘?iqﬁi"ﬁ"%&n?mysr egeﬂﬁ{c’t ﬁ‘ep'Pg%gP%%g"ég“ﬁYﬁ‘SSfEﬁj‘aﬁﬁﬁa a

t hi cknegas %Fso%ﬂ@amﬂe@@]ﬁd dhawed a0 KTh 20/ detreasEdeas syowmin Tatde 8. Shus was
approximately 55 mm After performng extend forging.to IS &N or

51 et BesinebimnodRpesaber bulms T dhocaveansyeutarit A abd) fFE eson
anneal i ﬂﬂ/o?%blé drRITPRES bUESbIRfto APV the Gudity 65tHE IspuBertidpassitish. havi ng a

t hi ckness orf 120 nm and a di aneter of 130 mmw, and a structure in which the

aveoaye(Exapwleald)grai n size is 200 pm was obt ai ned. Subsequent | y,
this was subject Lo, ﬁé{eﬁ?ﬁoﬁtgfn%'w FUh B8 mdse P Bf Mblybaemarh @hp@6at ur e
a

once again, and recrys I zati1 on annea mg was performed thereto again at
a t enpenwsargpnofof Mabumonistotakamasnt of 4484t mass pepeia ARGy BRWYP &nd heat

eat nent. . I0R; oo I A i lﬁm AR J her 130

A anﬁhgﬁg}qrggc g%r/‘g&’%g S\iﬁﬂiegﬂﬁ’tﬂg&zrﬂ'eé%g@ Crys 'élaegtrlai n gia?(taml @6?0_0 pm was
obt ai nedn ingd0i&8ingSu bseiqess tof R00trinsandadiametgrent t2000me d hedtrystalgdraind
recrystallization ann?ejl bﬁ at 1173 K, and finish processing so as to
obt ai n 4 A¥arqPRIBY RSy gﬂ'\mng a thickness of 10 mmand a dianeter of 450
mmw. ATlee paifensing exteysitfatging i thissinget afbildiat reprgdemperatuie, pm and

the'varia,tiono_the crystal grain_si,ze was, 49 \Vyklnhad | he
cont ent th§ “ﬁ?ﬁlsy[ﬂ?@hiﬁ’rﬁe&g{&&ﬁlzaﬂmf?f‘ﬂ%%""gl"’g% eﬂ%réﬁg%u ft@Og?Ee' ﬁ%\%ﬁ ulk’n Tabl e
85 [ 0074]Rh1a6i8] K4V BREkrees io$ 1 20 6 dap endlameter tafid 30 immp} and & strugiure he

distribution 30 of the sheet resist gﬂﬁe in thgtwafder (12 inches) was
measur ed WhichiR RVeREE GNSLF!9hRIDISHT 8 sHEIH™ WASSP'AE i | m t hi ckness.

Specifically, t %b%@&@éntré/,e%i&t\ﬁé&%u@ftacﬂﬁa pRient Sfofind edvaisst fagingretsur ed
to calculate the standard devi ation (a%_ t hereof . o Asdttgereéesul ts
si ni | ar IrgorsHempeiaturgance amainanddrelyytalizaion parealingwas IR RETY ance

di stribution i | . & B rds BO8f repeanirigh®rging ahdlheat age to
t he enébéﬁ]aageé]g%nqé\%raﬁ?‘g:ofAgo?(ﬁ:@ghg)gkaarrplre t hat Fs, t he ?‘?{fﬁéuati on of
phe fil mneatrentnagain,d matetalthaying 8 thigkness 120 mm and aanagtet PP (4P Pener gy
requi red up t.0 0kt il J foisPd 0B iR Wadashtahs® neasur ed
and shoﬁé‘g a4ﬁn®@,8 '%w&k&%?%gg@g? %@é‘%\?\ﬁ sl|%e°|_'f_élté)ﬁled 3. aThus, S5besi des
shaiobgni ng t he Bubsequentyyethis hease et sto( galdi ¢elng yancfreghstallizelomas
favorable, and it S, possible to I e d | f §

deposi tiaﬁ'ﬁfeg]{mrmi?‘é' ?&ﬂs*én' r},frocesgru%%\‘) aSAl}a(raoab\?v&ﬁndt fg?‘?é;lm%t%ﬁ %I?E]Hgdﬁggf/ addi ng
51. 4 massiclissdf 100hyhaenataanedeOd 45@samgpm of niobiumin a total amount of

146.4 mass ppmto tantal um haying a.10 urit f .. 9982 ligst to
8Pectron beam mel %‘@ra%ﬂwﬁﬁﬁ\{gr §'Z@a%fttﬁ?5ar %E‘%g?%%ﬁi#%o h%?ﬁ a
. . p g I ng
t hi cknesst 1ed cRRRI FRaiARelvasebes. Afd, 2afatiore pf theheontentsif aholgbdenums apd was
approxi mat el y '55 mm :
niobium was +13%. The results are shown in Table 3.
[0077] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
30 distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.
As the results similarly shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.5 to 1.9%) from the initial stage to the

end stage of sputtering in this Example; that is, the fluctuation of the film thickness
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After performng extend forging to this ingot or billet at room
tenperature, this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, 15a material having a thickness of 120
mm and a dianeter of 130 nmaxi), and a structure in which the average
crystal grain size is 200 pm was obtai ned. Subsequently, this
was subject to extend forging and upset forging at roomtenperature once
agai n, 811& ﬁ stal ll zation annealing was perforned thereto again at a

t enper aBi§IrRUiPn 0 1500 K. As a result of repeating forging and heat
20t r eat nent agaiThe efedimdaeenargyhesguirgd aipt foi thienietial $t2bilisatiomadr spultedngt er 130

trunp, and a structure in whi ver age crystal 00 pm
was obt WRR&EO Mepsted agﬁﬁggﬂﬁégﬁl‘{whﬁﬂd Cf%g?s ?ﬁbf%é?%@ﬁﬁ%é§oFﬁv%g and
recryst Bééll:lé@@hgﬂeﬁiﬂﬂe@ab' Barraih fhé3 the e’avl@dnésml(eﬂiifq@mﬁgz)emlthg flm amst o
obtain tar?et mat eri al having a t hi ck ness i ameter of 450

drinp. Eovrableanddgwas posaible tgfapieve thesyslity ﬁgeth?éptj'é?r ‘Sﬁfé’sﬁ'ﬁnpm and the

vay lhygrain size was 5% And, variation of the content
of Opr‘%} "ﬁﬂaﬁ%andﬂaﬁé3% was 13% The results are sho i N Tablgﬁg

t007715| nce theAsﬂaaemat%al obtainas lypdding 98rmasePR ¢h1P E‘ﬂ&ﬂé’é’% an
di stribyt] gg)p%a Hﬁﬁta (&3 Su'}ﬁ%f'm?ﬁ-ﬁ‘%svﬁﬂrﬁ"to takdalmchiasg aparifyeasur ed

to check& tion condition o | mthickness. Specifically,
t he sheef 9989B%t wasesubjectltb plectios beam meltingf and iRis Wasacft 4@ W?Paé%llat@ul ate

e standard devi ereo e rly
E(ﬂown [ Wg?;ﬂ?\gn%?atbvﬁ?ﬁﬁ%t%fzdatrhﬁ‘ %'?du%'ta umgﬁroor]; g (t-:-b p_ ggl%gutsgﬁgélg}s‘szf ri bution
in the shgelppreximately6qdnd to 1.9% fromthe |n|t|al stage to the end stage
of sputtering in_this Exa at t i
t hi ckness di st %ﬂﬁﬁf’?%’m@g?ﬁ%ﬁnldr}oﬁ'ﬁ‘gl tétcgt ré Bglﬁééra?%%a%rﬁgggld&g]

initial y§é aRklsubrict me@fysmu:btnem langearllmg ailaslempe%uneemf 1208 l%r&am@sng kWh,
and decreased, as shown in Ta

bur n- |natmﬁ‘€”a|thfé"r&l%ﬂﬂ@@§3§l92 E%mﬂ]@{)a q'amﬁgerf‘)H%& 85 ao\s;grgg fm;engn'ahiet

x@s POSH RhRnltRe h%g&%&s&ﬂ g%alsiztews Qbomhewagubtamedjeposu ti on [ 0078]
Conpar at1 ve Exanpl e

95
ppm of nol ybdemﬁﬁbﬁﬂGN%B'Ynﬂ@% VﬁﬁrﬁB'PJeFﬁ %Pﬁtﬁf‘f’?foﬁg'q%tag ?ﬁ% %60 nanzzs

ppmto D8flernasnsdlibp et elfcﬂinedtthmntdoeam
mel ti ngfr&%gé Eb%s%ggs%éﬁdo%dqgg@gmgn 1%| n%r;%fzrlhgw r?lb 3%8& of 200

nm and chigameatea temﬁpqemrq;nwvmwap d 9gtKa|Asgq\ By peatun% t%rglng

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

t he

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

[0079] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mme. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve an appropriate average crystal grain

25 size and variation of the crystal grain size, but the foregoing adjustment was not
possible in this Comparative Example, and the average crystal grain size of the target
was 34 pm (including unrecrystallized portions), and variation of the crystal grain size
was +60%. And, variation of the content of molybdenum and niobium was +27%. The
results are similarly shown in Table 3.

30 [0080] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

As the results similarly shown in Table 3, evidently, the fluctuation of the
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was approxi mately 60 mm After performng extend forging to this
ingot or billet at roomtenperature, this was subject to recrystallization
annealing at a tenperature of 1500 K. As a result, a material having a

t hi ckness of 120 nm and a dianeter of 130 mry, and a structure 15in which

the average crystal grain size is 200 pm was obt ai ned.

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

t tur . 1, . j | QMo l4i i d
Lner ot orern e BEldhy T, RS it 48 4 B B o et i ng

f or gi ngepndtdyRadf $piertingrih thigaComparaties Exaeipleidbatnig, the Hi@R#LesOMBS mm and
a di aneter 1%1%?% @gnd.a] structure in which the average crystal grain

si ze i sTDBIGRERRESHRUEPRE29%0079]  Subsequently, this was subject to cold
rolling and recnystaédtiizatdrigyprepiredng teathe itial stabizetiers of aputssings t o
obtain a target material havin i ckness of 10 | PATEE of 450
r§ nnw. mﬁ(?'%m?ﬁweﬁr?@drs@@wgg‘zﬁ%l HW%%WT‘&WR&% ,i%ggﬁo%diﬂg'a%i ddl eﬁ%hd | ast
wer e a_dﬁt%éseﬁott &)ng &Y 8héerpiHer glphiimiﬁ]@\ﬂ@é egemwsyjs(tjailforg'_rita) of e fidinze and
variation of the crystal grain size, but hhe fore? |ngp d Hé‘%os W, Was not
possi bl evasinferioks aad Hyysanetrossiiiel iwprovedhe Qualty & ﬁl?e é’?‘ﬁt mgr ain size of
the target was | |sNBerfHhRer 165 takhde ofl apdingi wbiybdemmd ivani at i on
of the crystal %ﬁgﬁ% {selk‘;{z?géquggss 0% And, variation of the %Oﬁ‘t%}é 992

mol ybderumauahdquivalbituim Ga snaseYpPT e taniaium havingea SuRY WA 9 Tabl e 3.

g(? [ 008?}%1? h}%cs%fﬁ%] %é\ﬁgﬁ@;e ?é Bl %Bﬂ@%%t%%l@@ wateothddriad. It waetssoust he

strib resistance in the wafer (12 inches) was neasured
t 0 checknhdthieis st afidetad the proihdofitantalus. the fil mthi ckness. Specifically,
t he sheekP reSiaaét agﬁce ofl g points on the wafer was nmeasured to cal cul ate
t héP%8H ardGQMPARBVELPBIP'T 2 thereof. As the results sinilarly shown jn Table
3, evidently, therdu watarki bbtairefd hyhadding60 Straasseprm of MANRGEBHM % He sheet

is | 4.0 to 6.5% f the initi

Sput Loy TVRES BRI BTl DI Atk & Brar s AR (Flenakadfathg a

gl mt _hidalﬁﬂl ﬁéfsat gggslsa% imfastémefdm é?::@er_.u bdhe mélﬁ?g,rarchmisems g9stite grarae ligot 0
the Initral stabpilization o S erin Wwas .al S

kW, andn ingetelasing a dBickmrazofi La’T’Hm 8"‘?%9"3%“(}85 of%“m”s“”%ﬁﬁ%@@%%ﬂﬁ@fo

shorten Stigéewgyél?ﬁ,iogin{étéq?,eot,hﬁ‘_evenness (uniformty) of the filmwas
inferior, and It was no

deposi ti on. After perfgmﬁ%%z;;tgrg{qtr&aé \r{gw%g]gtpgshaﬂg‘{( %tlt,r%g%];tgs %6%?8%318?:19
gﬁ'r Iy t)Se QH@p‘;er? %3’%@3‘3&8@‘35@?5% tahgﬁéehr?aangaftgmgmre aﬁt15ibtsl rKdr;Asi mgt ?Ve
Branpl e résuibss wiadmial bavingta thieknepy 6140 AN Q'ameé%f ﬁf ?%@F@b“"p%}e&a %uri ty
s o 0B R RO LA B 20 e L
amount of 157. 3 Smsseqppnily, dhis avasaubjachtovextigneforging and u
pset forging at room temperature once again, and recrystallization annealing was
performed thereto again at a temperature of 1400 to 1500 K. As a result of repeating
25 forging and heat treatment again, a material having a thickness 120 mm and a
diameter 130 mme, and a structure in which the average crystal grain size is 100 pm
was obtained.
[0082] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
30 of 10 mm and a diameter of 450 mme. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve an appropriate average crystal grain
size and variation of the crystal grain size, but the foregoing adjustment was not
possible in this Comparative Example; and the average crystal grain size of the

target was 32 pym (including unrecrystallized portions), and variation of the crystal
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purity of 99.995% was subject to el ectron beamnelting, and this was cast
to prepare an ingot having a thickness of 200 mm and di aneter of 200 mi ng).
The crystal grain size was approxinmtely 60 mm After perform ng extend
forging to this ingot or billet at roomtenperature, this was subject to
recrystallization annealing at a tenperature of 1500 K. As a 20result, a
mat eri al having a thickness of 120 mm and a di aneter of 130 nmt, and é

structure.in._which r : i i BRSn ai ned.
Subsequgﬁi[rl‘ ?'Zet%qs +$A%}se gﬁ% \gag@'%%@ﬁe%(gﬁ%g;b gfm(g?%dnez‘uﬁpgrs\de)?] Of or glwr?g a? er oom
t enper atR4%. Dhe ecsadiaiane smhrlyeboweﬁrall’alblzﬁti on anneal i ng was perforned

thereto again a i
239853 nggand h éﬂcettﬁngﬁﬁﬁmesgéacﬂcﬁlég’% 8&%&@#@«@& d“@ssustbﬁggamnng
;ngleaI gbﬁggé egrne\%ggegggagfﬁnﬂ &lestwaients(rLZa imaheshiveds trh@w etgechﬂcysithél grain
roll ngdb?H!PL#t'BBr%P@PQPPl%fa edf H'[“a%?gﬁzg%é\‘ﬁg}awnﬁhtgﬂl St ésslgtlgﬁ%eeggd'gg ;:ol |
th ai N Bolntd GFthe WA Wab nhendunell ® édlttwétémstaﬁdmfd cﬂ@lamna(uljthareﬂrf amet er of
50 rnntp. Cold working and recrystalliz n p gle and
| ast were adj ust“édhﬁde%'ﬁ"l dipdany Shpys HbT%%{? 91%38 tgg}'@ﬁg? %ﬂgjﬁ' si ze and
gg;;ﬂ); gé'éllﬁfan%é‘ﬁlsﬁfbﬂ%ﬁlm ﬂ{e%ﬁbe‘i'ng l%rgé)m 316§ 49§ /ORI the iAidhlstagetd theas not

nparative npl e; and the aver t al
the targed siage szSlwﬁe(ringclhdblsngom‘ﬁ'?@l’é'l‘"?@@mﬂ'%e@abg??t?h Hé?t”g%%ﬂ°€§% th |ZgnOf
golthe ?I’Mﬁ%&lnesgrd%lrrbtﬁlbﬁ'?s 55% And, variation of the content of

bdenum and ni obl um was o The resul ts are simlar own i n Tabl
[0083] Si nce t he Thkeaectrieali @leigy:eeqi&wénm toithe H’ét'q||5|t¢ﬁ"!zﬁ‘ﬁ'6'kr?g§9”tt?rnm able s

di stribution of the t S i r hesol
to check'® S%ﬂ‘ieé??feﬁq‘l?‘%osﬁ{ Og‘ger?d{l lg\}r?h %‘1& ﬁerét%%gn ?%%C?O\A;lﬁ;@s . gﬁ?ﬁgfr;ed
t he she@twaenbispassitte td sHOrt@withe bumﬁnttim Wth¢ evenpessniaEeity) pg thealiBul at e’

the st ar\}\%asr"(]jfeﬂgy Ia%%'ntovoaé a<))t 50%%1rb?e o improve the quality of the sputter deposition.

15 Similar testing was performed for a case of adding molybdenum in an
amount equivalent to 0.5 mass ppm to tantalum having a purity of 99.999%, but the
same tendency as this Comparative Example 4 was observed. It was obvious that

this also affected the purity of tantalum.

20 INDUSTRIAL APPLICABILITY

[0084]
The present invention yields a superior effect of being able to provide a high purity

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

or forming barrier films.
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As the results simlarly shown in Table 3, evidently, the fluctuation of
the resistance distribution in the sheet is large (43 to 7.4% fromthe
initial stage to the end stage of sputtering in this Conparative Exanpl e;
that is, the fluctuation of the fi#gkﬁﬂ%ckness distribution is |arge.

The el ectrical energy required up initial stabilization of
sputtering was al so neasured and showed 150 kWh, and increased, as shown in
Table 3, ,.Thu shorten the bur ntime, th
venrleds QAR AHIS o droeh 85 Pina b SR Rar B ot ans doh s BEBss o ¢ o
i mpr Wanllybdémﬂuhd Idsyaﬁfe§§ea$|§ng%mﬁd5neiﬁpagdthaﬂnihg a purity of 99.808%l ar Inticrfeti ng
was pe I me rr a case of addi denum in an anmpunt_ equj ent to
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as t hess. Conparati ve Exanple 4 was observed. It was obvious that this also
affected the purity of tantalum 201 NDUSTRI AL APPLI CABI LI TY [0084] The
present invention yields a superior effect of being able to provide a high
purit tantalun1sputter|ng target conprising a unifaormand fine structure
and whiTdg tanialurs spytighing talogt ﬁacoawag dQu sk o Wherei vpealinssel the asial 9maiBr ds,
unlf%&gh§¥2@p¥”ﬁggtaln|ng 1 25 mass ppmor nore and 100 mass ppm or | ess of
nmol ybdenum as an essential conponent, and containing O to 100 nass ppm of
ni obi um as needed, excluding O nass ppmthereof, and causing the total
anount of nol ybdenum and niobiumto be 1 mass ppmor nore and 150 mass ppm
or less, and having a purity of 99.998% or nore excl udi ng nol ybdenum and
gas conponents. Moreover, since the plasma 30 stabilization during
sputtering can also be realized in the initial stage of sputtering, the
present invention additionally yields the effect of being able to shorten
the burn-in tinme. Thus, the target of the present invention is useful in
the electronics field, particularly as a target suitable for formng filns
of conpl ex shapes, formng circuits or formng barrier filnms. CLAIMS 1. A
tantal um sputtering target containing 1 mass ppmor nore and 100 nass ppm
or |less of nolybdenum as an essenti al conponent, and having a purity of

99. 998% or nore excl udi ng nol ybdenum and gas conponents, wherein an average
grain size is 110 pmor less. 2. The tantalum sputtering target according
to claim1, wherein variation of the crystal grain size is 20% or |ess.
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