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[ 0001] The present invention relates to a high purity tantalum
sputtering target conprising a uniformand fine structure and mhlcikylelds
stabl e plasma and superior filmevenness (uniformty).

[ 00021 In recent years, the s utterrng nethod for formng a film
from materials such as metal or DESGRENINAS been used in numerous fields
such as el ectronics, 15corrosion resistant materials and ornaments,

catal ysts, as well as in the manufacture of cutting/ polishing materials
and abrasion resistant ngANTAIWM SPUTTERING PARB&Tgh t he sputtering net hod
itself is a well-known nethod in the foregoing fields, recently,
particularly in the electronics field, a tantalum sputtering target
Suitable for formng filns of ¢ formng circuits or formng
"barrier 20films. is in demand. 1q§%%§?%§neraFPy this tantalumtarget is
PP¥duced by repeating the hot forging and annealing (heat treatment) of an
ingot or bill etTHeprexkntynyeitionr rélalgsetbes thigh paetyntantalungpaiterircpsdrgey to a

tantalumraw material, and thereafter perform rolling and finish
pr ocesspm@ﬂm@cwmfe@tn %@chfdf&ﬂf%tu%aﬂﬂé’r‘h'% Y'G‘é(?%.St)abﬂfhE 1 aRg SUPRMiph; s

ki nd OfllonPgHﬁé%SOQ ﬂ?ﬁ@ the hot forging perforned to_the i ngot or

billet ast struct ure, disperse or elimnate the pores and
10segregations, and, by further annealing this, recrystallization will occur,

and the densification and stre tructure can be inproved to a
certain degree. The nolten andggﬁﬁgéwm[)}éﬁi |l et generally has a crystal
goai n size of 50 30 mmor nore. As a result of subjecting the ingot or
billet to hot f o ure

i s destroyed, aﬂd%ggﬁte?g% y?ﬁén tc')l?}lr:"n"l:}t ?Egﬁpg@n&mgra F'ﬂﬁ ; crysta grains
can besoth asnmetaltarocerdtiitsmali baen ufsed:pnrtrtwmemgsrf&ld::) sbehpxsréterctmdrcasi ng a
t ar get roduced as describ ove, is S that the.r stallized
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uni T or B o iR/ blish Mg%%gge%résreﬁﬁéé@tawMéter.érst arget in which the

crystal orrentations toward a specific direction, and a filmwth
| ow gener at i on Althcughi ll'rge eapdlttpangl sledisochrittet isbhewehdnavtne niathod sinc tre be
obt ain s. af,e bei tak for, achi eving.a.fine
ond ofseaping fielip ctasratil PRERHIALES ol SRsianicd eng LRy sPéing "
orient ?ér?@tnsﬁltalﬁé fbrafoﬁﬁﬁt@' filis &f dcﬁﬁélb?%h’aﬁeé *’t@rrﬁfr@déir‘éwt@rbrﬁbﬂﬁﬂ@%é?ﬁei he
target (Tor exanple, refér to Patent Document and Patent Documrent 2).

20l\/breov§|rmst§|lscde@%tﬂls a high purity Ta target for formng a TaN filmto be
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el ementindairealigg! (heaumtmedt)beSQﬂﬁam@@t ehBniat fefed bySpertausing ®lédteor ot al
amount of Fe, N, A, Na, and as inpurity elements to be 100 ppm
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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
30 mm or more. As a result of subjecting the ingot or billet to hot forging and
recrystallization annealing, the cast structure is destroyed, and generally uniform and
fine (100um or less) crystal grains can be obtained.
[0004) Meanwhile, if sputtering is to be performed using a target produced as

described above, it is said that the recrystallized structure of the target becomes even
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20 containing an elenent selected anong Ag, Au and Cu in an anount of
0.001 to 20 ppm However, since the additive elenent is added in a trace
anount, it is considered that there is a problemin that ifficult to
adj ust the content and realize an uniform addition (var P&T{Jg@lgfog%ﬁ

In addition, as shown in Table_ 1 of Patent Docunent 3, the inclusion of
amount Bngyrangmape uaormnanore Unfora siepesitioniis PessiBleavil adargetdn Whightheo ppm
20 pp p 1 oge u the unt
thar 1 S BLEB TR 0E, 5 PRGhed oo R sRe i At iorTrata a St R Lo
Pat ent gamenaltlentof&rciﬂg@lndt;m'tldeamldmjabIbe:h'acacaénstmswan )3 oﬁmmedl Cr, Si,
Al , Na, and K npurity ele be_30 ,100 ppm.or and sing a
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that i/ lhevmodub’mn pmesatofdhaltangegmfop@xamle aeferl tarifatantiDocuinens fl ransy| y
assumag h{ﬁP t he c ct eristics of high purity tantalum cannot be
utilizeden tent Docunent 1] Published Japanese translation of
EOMQ 2002- 51853@0@%%?%3@9%&@& hidh H@r@ﬁ&fﬁrgé@fcr%rﬁﬁ% g 23 %alll Fitheabtoe

cunent 3] Japanese Published Unexam ne ITcati on No. 2002-60934
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addi ng a specific enment. [0010]1n order to achieve t he forego oi_.ng obj ect,

the prasdikas me«wfa@emeatﬁt@eb%a O pRM PE less, ek EFipge highghtrily dadn Mhigh
pur | tytﬁeﬂ%l% P&at&?l;étthratc%g ﬁqu él'rrllﬁ)oglgp?qdfé]'ig RltAnand rfahgg o?bb ure

and wh Yi e S and m evenness (unfFformty) by
mai nt atm99@999(@(rbfeghomatemtyDoéument 3).um and adding a specific el enent.

15Based on the foregoing discover t he present [nvention, provide 1) A
15t ant al um sput t éMRY rtedlegf\ﬂf‘g c,tBﬁ?f%l'%lﬁtﬁ@t ﬁ)oﬁﬁg?nﬁﬁ)ﬁhﬁfe Fohe (QEQOEW@ f?ag? ppm
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99. 998% or nore exc i ng ni obrum and gas co nents A tantal um
sput t estabgiziray thetplasmbai ni ng 10 mass ppm or nore and 100 20mass ppm or | ess

of ni obium as n essenti onent havi n purity of 99.999%0
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t ar get PP ZOEOWPVFésg'nce heﬂ‘?é1 ﬁ’ﬁtg tplﬁtaé{qelqg'q %38‘%0 a@i’@&ﬁhdt any
one of cdpsitiret) thabthiere lé!\@(?fréblénﬁm heE it 39 giffidulstoaddjgstahs conentighdli@alizen or

less; and 6) The tantal um sputtering target according to 5) above, wherein
vari at ReMngPrBadekticry {periatiogk ai n si ze is 20%or |ess. [0011] The present

| nventi on i el g5 R LOLRBAEER e BELAB A SR AV IRl MbRYE Y

tant al um sput t ering nprisifg a uni Aormand Frne strucrure and
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mai nt ai ni ng the hij h purity of tantalum and addi ng ni obiumas an essenti al
conpondAtPPMpABREVE} ppm.  This alone adds up to impurities’ in an amount that is less

than 50 ppm.
[0007] Accordingly, as described above, although Patent Document 3 describes
“causing the total amount of Fe, Ni, Cr, Si, Al, Na, and K as impurity elements to be
100 ppm or less, and using a high purity Ta in which the value obtained by
subtracting such impurity elements is within the range of 99.99 to 99.999%,” the
lower limit of the actual purity falls below (tolerates) 99.99%.
This is a level that is lower than conventional high purity tantalum, and it
is strongly assumed that the characteristics of high purity tantalum cannot be utilized.
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PCFJP2010/ 057237 since the plasma stabilization during sputtering can al so
be realized during the initial stage of sputtering, the present invention
additionally yields the effect of being able to shorten the burn-in tine.
6BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [ 0012] PCT/1R2§h0/8a733 %y
tantalumis used as the raw material of the tantalum (Ta) target used in

oerel pr Btant Pagemenbhl Publishesrdspanese tignslatiogof (W 30Q2R{18P9%M i s shown in

Tabl e jcal Disclosure 2005-502770 entitled
10" Hi gﬂpééﬁ{ '?904@8[’{;&%3%%3%@@ é‘%ﬁﬁ?%r get made of High Purity Tantal un
edi t ed[FytehhBodapent Bnsdpdndise Riblisheeinexandned ApptivationoNy. 2002-60934 I n

Table 1, the total anpunt of inpurities excluding gas conponents is |ess
than 1 mass ppm that is, 99.999 to 99.9999 nmass% and this kind of high
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sputtering target comprising a uniform and fine structure and which yields stable
plasma and superior film evenness (uniformity) by maintaining the high purity of
tantalum and adding a specific element.

[0010] In order to achieve the foregoing object, the present inventors discovered
that it is possible to obtain a high purity tantalum sputtering target comprising a
uniform and fine structure and which yields stable plasma and superior film evenness
(uniformity) by maintaining the high purity of tantalum and adding a specific element.

Based on the foregoing discovery, the present invention provides:
1) A tantalum sputtering target containing 1 mass ppm or more and 100
mass ppm or less of niobium as an essential component, and having a purity of
99.998% or more excluding niobium and gas components;
2) A tantalum sputtering target containing 10 mass ppm or more and 100
mass ppm or less of niobium as an essential component, and having a purity of
99.999% or more excluding niobium and gas components;
3) A tantalum sputtering target containing 10 mass ppm or more and 50
mass ppm or less of niobium as an essential component, and having a purity of
99.999% or more excluding niobium and gas components;
4) The tantalum sputtering target according to any one of 1) to 3) above,
wherein variation of the niobium 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 100 um or less; and
6) The tantalum sputtering target according to 5) above, wherein variation of
the crystal grain size is £20% or less.

[0011] The present invention yields a superior effect of being able to provide a
high purity tantalum sputtering target comprising a uniform and fine structure and
which yields stable plasma and superior film evenness (uniformity) by maintaining the
high purity of tantalum and adding niobium as an essential component. Moreover,
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since the plasma stabilization during sputtering can also be realized during the initial
stage of sputtering, the present invention additionally yields the effect of being able to

shorten the burn-in time.

5 BEST MODE FOR CARRYING OUT THE INVENTION

[0012)
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

10 “High Purity Tantalum and Sputtering Target made of High Purity Tantalum” edited by
the Japan Institute of Invention and Innovation).

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

15[0013) [Table 1]

Analytical Value

Element | Concentration | Element | Concentration | Element | Concentration | Element | Concentration
[ppm wt] [ppm wt] [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 Zn <0.01 Sb <0.01 Hf <0.01

Na <0.005 Ga <0.01 Te <0.01 Ta Matrix

Mg <0.005 Ge <0.01 1 <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 <0.01 Y <0.001 Nd <0.005 Hg <0.05

Ca <0.01 Zr <0.01 Sm <0.005 Tl <0.005

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

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

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

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

Mn <0.001 Pd <0.005 Ho <0.005

Fe <0.005 Ag <0.005 Er <0.005

[0014] The sputtering target of the present invention is produced with the
20 following process under normal circumstances.

To exemplify a specific example, foremost, tantalum; for instance, high

purity tantalum of 4N (99.99% or more) is used, and appropriate amount of niobium
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(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 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.
5 Then, this ingot or billet is subject to a series of processing steps including
annealing-forging, rolling, annealing (heat treatment), finish processing and the like.
[0015] For instance, the foregoing ingot is subject to — extend forging — (first)
annealing at a temperature of 1373 K to 1673 K — (first) cold forging — (second)
recrystallization annealing at a starting temperature of recrystallization to 1373 K —

10 (second) cold forging — (third) recrystallization annealing at a starting temperature of
recrystallization to 1373 K — (first) cold (hot) rolling — (fourth) recrystallization
annealing at a starting temperature of recrystallization to 1373 K — (as needed,
second) cold (hot) rolling — (as needed, fifth) recrystallization annealing at a starting
temperature of recrystallization to 1373 K — finish processing to obtain a target material.

15 [oo16] 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 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

20 performed once in the foregoing processing process, but the structural defects can
be reduced to the maximum by repeating such recrystallization annealing twice.
And, the cold (hot) rolling and recrystallization annealing at a starting temperature of
recrystallization to 1373 K may be performed for one or more cycle. The final target
shape is obtained by subsequent finish processing such as machining and polishing.

25 10017] The tantalum target is produced based on the foregoing production
process under normal circumstances, but this production method is merely an
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.

30 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
crystal grains of the target would easily become coarse.

The present inventors discovered that, in the production of this kind of 6N

level target, the crystal grain size was locally fine at the portion where Nb of a content
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of approximately 0.5 mass ppm under normal circumstances had segregated at
approximately 1 mass ppm by chance. Accordingly, as a result of obtaining the hint
that the addition of Nb may be effective for achieving a finer tantalum target, the
present inventors found the opportunity that led to this invention.
broo18] 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 niobium is
contained as an essential component in tantalum having a purity of 99.998% or more
excluding niobium and gas components. 1 mass ppm as the lower limit of niobium
is a numerical value for exhibiting the foregoing effect, and 100 mass ppm as the
10 upper limit of niobium is the upper limit for maintaining the effect of the present
invention. If this upper limit is exceeded, segregation of niobium will occur, a part of
niobium in which the recrystallization is incomplete will arise, and the burn-in time will
consequently be prolonged. Thus, 100 mass ppm set as the upper limit of niobium.
[0019] The inclusion of tantalum forms a uniform and fine structure of the target,
15 thereby stabilizes the plasma, and improves the evenness (uniformity) of the
sputtered film. Moreover, since the plasma stabilization during sputtering can also
be realized during the initial stage of sputtering, the burn-in time can be shortened.
In this case, the purity of tantalum needs to be high purity; 99.998% or
more. Here, gas components with a small atomic radius such as oxygen, hydrogen,
20 carbon, nitrogen and the like can be excluded. However, gas components are
excluded from the purity of tantalum of the present invention; since it generally is both
difficult to exclude gas components without employing a special method and to
eliminate them during the refining in the process flow under normal circumstances.
[0020] As described above, niobium realizes the uniform and fine structure of
25 tantalum, but the inclusion of other metal components, metallic non-metal
components, oxides, nitrides, carbides and other ceramics is harmful, and cannot be
tolerated. This is because these impurity elements are considered to inhibit the
effect of niobium. In addition, these impurities are clearly different from niobium,
and it is difficult to achieve a uniform crystal grain size of the tantalum target, and it
30 does not contribute to the stabilization of the sputtering characteristics.
The tantalum sputtering target of the present invention contains, as a
more preferable range, 10 mass ppm or more and 100 mass ppm or less of niobium
as an essential component, and has a purity of 99.999% or more excluding niobium

and gas components.
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§pth?téring target, the uniform dispersion of niobium will contribute even more to the
uniform and fine structure of the target.

Obviously, it is easy to achieve the above with a standard production
process, but it is necessary to take note of causing the variation of the niobium content
in the target to be +20% or less, and to have a clear intent to achieve the same.

The variation of the niobium content in the target is measured; for
example, in the case of a discoid target, by taking three points (center point, 1/2 point
of the radius, and point in the outer periphery or its vicinity) on eight equal lines
passing through the center of the disk, and analyzing the niobium content at a total of
17 points {16 points + center point (since the center point is common, it is counted as
one point)}.

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

With the tantalum sputtering target of the present invention, more
preferably, the average crystal grain size is 100 yum or less. The crystal grain size
can be refined by the addition of an appropriate amount of niobium and a normal
production process, but it is necessary to take note of causing the average crystal
grain size to be 100 um or less, and to have a clear intent to achieve the same.

More preferably, the variation of the crystal grain size is £20% or less.

The variation of the average crystal grain size in the niobium target is
measured; for example, in the case of a discoid target, by taking three points (center
point, 1/2 point of the radius, and point in the outer periphery or its vicinity) on eight
equal lines passing through the center of the disk, and measuring the crystal grain
size of niobium at a total of 17 points {16 points + center point (since the center point
is common, it is counted as one point)}.

Subsequently, the variation of the crystal grain size is calculated at the



10 (second) cold forging - (third) recrystallization annealing at a
starting tenperature of recrystallization to 1373 K - (first) cold (hot)
rolling - (fourth) recrystallization annealing at a startin erature of
recrystal lization to 1373 K - (as needed, second) cold pﬁg{}%zpb@ P’ (as
needed, fifth) recrystallization anneali at_a starting tenper ature of

r ecr ysfespectva irsints obassd qo thei forml %%c@@@?‘iﬁ‘@mo%@?ar rmEimgry glue)/
materl r rq I1ing performed to the ingot or
billet V\ni(m"d{] ?r oy Hnﬁe%@t@sl@&bgt uqd; di sperse or elimnate the pores and
pegr egations, artds kind blitdrget stanctass yiegds Qilable plasmesaadlswerlooevanmessoccur
and the denS|f|ct|o and stre th of the ruct é—:' r& ved. to a
cert ai kHHOFNEY) Bg 8‘3’8“ MPF?H I $iNSGothey tj?rbdﬁ?goﬁr W §11% and
5fecrys I t m%al T, y I yi e
20pe f%?hmﬂggn%éeqle% t edf’l ﬁgggfgﬁngﬁﬁ'ﬁ@é.%%g?@@@ ﬁ? P Pt%khe(ramsltn ?ﬁrlet%buﬁr)al
def ect additionaky yiettisdbd effect bbbeimgiablertdyhortgretits Imgrnsindime.ecrystal | i zati on
anneal t le e. And, the cold (hot) rolling and recrystallization

affieal I.%%rg@eﬁ starting tenmperature of recrystallization to 1373 K may be

performed for ong YredBHtENGY¥AIGh |sThH%V\f 'eﬂﬁialﬁ&f %Heﬁé’lﬁﬂﬁth‘ FefeRindenedtHey
subsequent finish processing such as machinin d polishing. 25 [ow 7]

The t aRxampies. argease Ex@mot&maw eselyl lHiﬂSttatleef anégbe mjepeddoeentsm phaltess

under nor nal CII‘ umst

10 e TohERavehE TiRbaDERby, ik v 8o bR I @HbE cHRER Meltber | on

of thenjydedusid @I@dmc@ﬁ@ﬁ@ndnhwed ArtaettesiticiiecopcepLstsidinsentiom ot her
processes and this invention covers all of these targets. 30A nateri al

lveesi ng(Bxgsopket!) 1 evel of 6N is often used to | everage the characteristics
f th | |
o he antal ury . e A U B8 S A, FAPRRELIO g

i nvent armags ppov e eadntahah ,having bepmt9cbfc99 098 uif wablwdfecnctooéleeﬂwrh deam
target, the crystal grain size was locally fine at the port V\herzmd\lb of
153 cont mﬂtlnga@rm:ﬂmwwzgstﬂ%pr%&ﬂseo% mq;ﬂyavmgs anﬁ%%nsﬁﬁn

circu eg

Accor dEISET oL 200 RGP DT} B erfotaP QRITKIRTh Rk che PSS RESORN SRR T N mmy
be effective fdulsdyuentingatief ipeeiormany eb(tmndt &rrgetg ta Hblspmgsemgr biteteat or s

found the gpportunity that |e th|$|n i on. 018 eC|f|caII what
o bR PTRe A dhisaNes SURIES 1 (s Al R BnoRakHY ot PHeCEr TS & ¢ hat
1 mass 1BAMIOT ADLGeENE al%t@i‘?ﬁ% 8'thibR#Sss0bf moJMn%husa gRfdenstss an

essenti aP conponent in tantalum ﬁa@l ng a purity of 998% or nore
20excl ud'mrgcpnambawﬁmﬂdegawmdmﬁmemrsgejcrymabgrpmlze i Beolummrad obtainedf

niobiumis a n rical valuye for exhibiting,the foregoing effect, . and, 100
Mass ppm as thlejémtis(?qﬁlﬁﬁﬁ 1% Was, SURIESH taréf’@“&rf@% ik |U|QIS?F?CHP'”9 at
mai nt a'rébrﬁge fper@lifeehcOlfaghlift dHeeRAistalXAMN MMnedlingt Was pepRahed ithéretd S

exceeded, gr egation of niobiumw |1 occur, a part of niobiumin which the
recr ysBgRin 2kta dampsratoeorgs| 8480 viKi | Asr PsEesuinal rreealiing-fPiging randuheat

conse u f
S A GRS N R b e el T R A

250f t hemirapgghd a sthudtiverialyhish aie bieegetdrgstal @@m’asuzen@l 100nrmm dltainedenness
(uniformty) of the sputteredfllm Mor eover, since

®0&bi | i zati on o%l#bsrﬁﬂ@@dv,t dhisngvasarsiied ke ] |r9|a'ag dﬁf‘?jnéeqrﬁga“'ﬁ??"?'bl
hi
case, Ahoottid &t 1 K afa iR bPbidsBho 2 aR e ShRh 2 RRgs matgjal hayiela ' ©

Her e, gaskmasspafrdnmsn and a dnameiéiofaftﬁﬁrmncpadl us such as oxygen, hydr ogen,
20 carbon, nitrogen and th Iai)ke can be g Hﬁﬁﬁver gﬁﬁ tgnents
are excluded fr ?H@%S@rqrb@t gr&i”&ﬁizﬁcﬁf gfartg WaseEUhEM, 2PEADE YAMAUPMce it
ogenera'o'r Yhe %B}%@élfb&ﬁld &ke%s 4908 C! MeRedIR?, tﬁer%qm@hsowhtef}%blmbﬁwnﬂg a
special neth and to elimnate themduring the refining in the process
flow um@r+2&9/bnaﬂ'he|reswlta;am1$hmvn jro0tde As descri bed above, niobiumrealizes
t he uni form an ne, st ure of 25 tantal t he inc) ot her
&%kl conponent? ﬁgF%ﬁF’?@ FetistrBERC0eRE %H@#ﬁéf ’BX‘Ihb"é‘Eesﬁu t[hPI atglbuﬁ%rp bi des
and ot bﬁfthéeéﬁ@étc%slﬁah@énfdﬂthe apdfet apmotindited) olvas afRGsuldt ol shésic ans e
these inpurity elenments are considered to inhibit the effect of niobium In

addi t i distribufiosecomngition tafdbedile thieknasy. diSpeeifisatly, fthershaedsesistangsdofi 49 s
difficult to achieve a uniformcrystal grain size of the tantalumtarget,
and it 30does not contribute to the stabilization of the sputtering
characteristics. The tantal@&m sputtering target of the present
invention contains, as a nore preferable range, 10 nass ppm or nore and 100
mass ppm or | ess of ni ob| umas an essentl al conponent, and has a purlty of

o rm o~ o~ o~y N —" .~ . g — g g~ —



[ 0022] The variation of the niobium content
in the case of a discoid target,
of the radius,
vicinity) on eight equal |ines passing through the cent 8ETOFP20R¥VaTZY,
anal yzi ng the ni obiumcontent at a total

poi nt psintcen thewaienwas prasured teealfelate the standardadation

exanpl e,
poi nt,

1/ 2 point 15

Subsequent |y, t,&'seth\f/e
0

20o0on the fornul a

maxi mum

(s?ﬂté QAo if

va

and poi nt

of 17 points

aBld 2/ &ladiny I, figaD

in the target
by taking three points (center
in the outer

is nme
er

{16 poin

b

i }Sf"‘tH%Onje@[s?a

maxi mum val u

asured; for
or its
and
ts + center

i pher

dh@Eoht ) ) .

hased

e +

m ni mudistédutiohtinxhd 8heet is small (2.6 t¥Bt2%} frent thietinitiahstagetto ené vgdistagresf of

the present invention,

100 preBettergin thiseExapleathe)flugtyation @

it

sappropr i

necessary to t

ate a

il

ot

e ctr'iﬂ
ake note oeﬂ

nore preferably

Mo

ng 't he

average crysta

e BaERs DR
r]éH) LFBlo HrePiRe “stt?

|
[izeR{oPCEE

grain si

grain

R

fize is
‘on of an

Sputidfing t 1S
ze to be 100

pm or Wassalsantersutealand sHoeead i100ekvht andcthieetimet Wwas sstgtenddr e As the

pr ef er
[ 0023]

ably, the vari
ferults JhGW ol dp

b

on_of th

né KRR

Crys

%

t al
t

afle on sRodSy ofher bifkEh,

|.ess.

B ukh& ar get

is meagyspbss QnieKAMY) 8f tHefilh Syt ffiotdbld, dhd GOWEspisEMle t8Ympadenthd hr ee

points (center 30
per i phguglitgrof the sputténdapositomn. ei ght equal
and neasuring the crystal
points + center point (since the center point

of the
10?929boi

NERL RN

point,

1/ 2

point o

f the radius,

and poi nt

grain size of niobiumat a total

is

in the outer
I i nes passing through the center

of

conmmon, it

is count
size is
fornul a

ed as omne pol

cal cul at
of { (B>

edibat
Loum

NTAveragesU
t Aystal PC|
\ SlaipeSize

DEAgIdEeR
[LCriA20 1
 Gnain i

o

valle

D

b Ragigtamte O
/ D'esi ion |
( Be¢hy

N Blecticae
Engnayiup tos
lpitidl Stability

T LD e

mni mun

val ue))

XExaDe 1 ||

0024]

Thi $00ki n

] ©30% ar

ge0%st [ &6t ur 8.24

b| d€0keh ab

| evgsPlds e and

superi ot

BARPOES

s £ un

iforgm'ty

of794 he

kigban | MBr 80RMs

Si gsken t h

EFbrasdTh

stabili 2

Tade )

' g

sputtert
thng\rns

LS er: iy

3.”.%: A

st age of
of bei ng

am
Exprele 1 ¢

-ng,

or

t en P he

butE 4 n

<l

i E%o/;oe

AR

uT ‘/F{Q\Qh U

v v al ds
—e-GS

TAgHL

t e | 9028) PR¥a

T_E)| éz_f(wh

] ect
Favorable

pr esent

| EXe@pIé 5 ¢

n ss

nowsexpl

hi e | h

devai | 1.W th 1roed ¢

Er e5igeh t O

The
fdv@able

Exanpl es
shal | 1(
covers t

‘Exarlfie§

=X8 M

T€S are
€S 487 €

TET.01y

TTH&LT {4 5VE, 30

t—h%kpﬁ es

efdvorbfly BNt i on

HE B RE]

y—pe

A4

—M-tea
S_a no

!ICI OCOIJ_y
W at

Hr—other—wot s
¢ 0198 1,2%

2

0

of this

Feroreratye

no.s G

026)40Exa

pkesed)

% n
+40% | 3.8 B 166

et 1e0kwal

PNt i on

-C'I__IL rIal V

obihfadione

M-t ot 23
1T U Al

t iaagkwhand hbiios

au-al—cl

arru uJi

1 -—mMmecs n
= = TTAOIJ P

eetooon| beam oo

nnnnn ot 200

n—_an
—art

98486 i

anmUunt—c N
ATToUTTU L)

Nrroeacno
g1 COo o

C1 +4006 €

£l

dinao t
LA LI ||U A9

addi ng ri(?i‘ﬁﬁlﬂ?{?/ei( 6
el Hnl?xgm 2 P @ﬁrsc%%«g?@?g
P rnmaavi

Cast tO LI >3 ur o aurTt LI \v A" CI\IIUOO Ul [V AV} 1l allct Cl
p- ]’%rﬁghész)al graiyn size in this case was approximately 55 mm
ubsequently, after perform ng extend forging to this ingot or billet at
room t enper at uriraw matefigkoktabjeschy addingdrgkital iniamemennasaeaspeyling ta
t enper at ur f : I ! i 2. thi 20 mm
and o a age Hrd 16 laGau iR Y bua, FREPRT WK Abidhi B SEPE3T Ryl
15gr ai n gietingd, sarkPehiprvagsasbt@ipig@shre an ingot haviiwp sethicknidsg, oft P0G nvasarsdibj ect
to extend forgi na and upset forging at roomtenperature once again, and
r ecr yseaMeteaof 400 aindal iThg Gwstabarain srednithis cass %%Pﬁpwwﬁaﬁeg\f’rﬁ@mure of
1480 K. As ar p ] | enagahLh, a
materi al havi ng LI sRyEeER e, Rt e Rifind, 15 BT Mook ol af
st r uct wwemitempleratare, thisawas 3gejett ¥y redrygiadizatish aanealidg @t pnewgeratoraiohed.
[ 0027) quently, this was subject to cold ing and recrystallization
anneal MRU0K 4578 Rsub pialEraihapitie daPkasstot ] & shd moBdipygt 146
gomat eri fimBaxhae strudtirekiRERfick thel Qvamigandyfary@itesige 1902063 Wak obtained.
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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 once again, a material having a thickness 120 mm and a diameter 130

25 mme, and a structure in which the average crystal grain size is 100 pm was obtained.
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of the crystal grain size was +17%. Moreover, the variation of the niobium content

10 was +18%. 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.

15 As the results shown in Table 2, evidently, the fluctuation of the resistance
distribution in the sheet is small (2.5 to 3.0%) from the initial stage to the end stage of
sputtering in this Example; the fluctuation of the film thickness distribution is small.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 85 kwh, and the time was shortened. As the

20 results shown in Table 2, besides being able to shorten the burn-in time, the
evenness (uniformity) of the film was favorable, and it was possible to improve the
quality of the sputter deposition.

oo33]  (Example 3)

A raw material obtained by adding niobium in an amount corresponding to

25 10 mass ppm to tantalum having a purity of 99.999% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 45 mm.

Subsequently, after performing extend forging to this ingot or billet at
room temperature, this was subject to recrystallization annealing at a temperature of

30 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

10
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treatment once 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.

[0034] Subsequently, this was subject to cold rolling and recrystallization

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

5 of 10 mm and a diameter of 450 mmeg. The halfway and last cold working and

recrystallization annealing 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 niobium, the
foregoing adjustment was possible in this Example.

10 The average crystal grain size of the target was 70 um, and the variation
of the crystal grain size was +15%. Moreover, the variation of the niobium content
was £16%. The results are shown in Table 2.

[0035] 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

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

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

20 The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 75 kwh, and the time was shortened. As the results
shown in Table 2, besides being able to shorten the burn-in time, the evenness
(uniformity) of the film was favorable, and it was possible to improve the quality of the
sputter deposition.

2510036)  (Example 4)

A raw material obtained by adding niobium in an amount corresponding to
20 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 mm@. The crystal grain size in this case was approximately 40 mm.

30 Subsequently, 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

11
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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 once 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.
5[0037) 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. The halfway and last cold working and
recrystallization annealing were adjusted to achieve the following average crystal
grain size and variation of the crystal grain size. Although the average crystal grain

10 size and variation will also change depending on the additive amount of niobium, the
foregoing adjustment was possible in this Example.

The average crystal grain size of the target was 60 ym, and the variation
of the crystal grain size was +10%. Moreover, the variation of the niobium content
was +12%. The results are shown in Table 2.

1510038] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

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

20 distribution in the sheet is small (2.0 to 2.2%) from the initial stage to the end stage of
sputtering in this Example; 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 72 kwh, and the time was shortened. As the
results shown in Table 2, besides being able to shorten the burn-in time, the

25 evenness (uniformity) of the film was favorable, and it was possible to improve the
quality of the sputter deposition.

ooss]  (Example 5)
A raw material obtained by adding niobium in an amount corresponding to
50 mass ppm to tantalum having a purity of 99.999% was subject to electron beam

30 melting, and this was cast to prepare an ingot having a thickness of 200 mm and

diameter of 200 mm¢. The crystal grain size in this case was approximately 35 mm.
Subsequently, 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

12
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mme, and a structure in which the average crystal grain size is 200 um was obtained.

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

o

treatment once again, a material having a thickness 120 mm and a diameter 130
mmg, and a structure in which the average crystal grain size is 100 pm was obtained.
[0040) 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¢. The halfway and last cold working and
10 recrystallization annealing 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 niobium, the
foregoing adjustment was possible in this Example.

The average crystal grain size of the target was 50 ym, and the variation

15 of the crystal grain size was +8%. Moreover, the variation of the niobium content
was +10%. The results are shown in Table 2.

[0041] 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

20 points on the wafer was measured to calculate the standard deviation (0) thereof.

As the results shown in Table 2, evidently, the fluctuation of the resistance
distribution in the sheet is small (1.7 to 1.9%) from the initial stage to the end stage of
sputtering in this Example; the fluctuation of the film thickness distribution is small.

The electrical energy required up to the initial stabilization of sputtering

25 was also measured and showed 50 kwh, and the time was shortened. As the
results shown in Table 2, besides being able to shorten the burn-in time, the
evenness (uniformity) of the film was favorable, and it was possible to improve the
quality of the sputter deposition.

00421  (Example 6)

30 A raw material obtained by adding niobium in an amount corresponding to
70 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 mm¢@. The crystal grain size in this case was approximately 30 mm.

Subsequently, after performing extend forging to this ingot or billet at

13
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i mpr oyé“sttri'\@t@ P?’f’&'%'? %h@esfﬂm ﬁ'!é?krl?éﬁos§P98':ﬁlpa?3@6§§]s?%%5r¥%f'§%08A&r%%)v
mat er gbirﬁ%ﬁ'tﬂé@f&?&r RA99irREadired o BhichlA8 tiRiTBUNHarP e tagon dotereof25 10
mass ppmto tantalum having a purity of 99.999% was_subj ect to el e_%%;)gn f

o]

beam nel ting, ahslthéresulissshoaw in daplechavidentlyi oot Takl i2n dhe flbpiua
200 mm,and_di.anet ey _.of 200. The_cr i [ iy b S
ppr oxiiiacesyaee piatoutor i e sugglds Skl 96, 8707 s fe it c1Bge (9

o5f Or gi Nghd Gridhissade @Bt sllittdlig &4 this Exampientestaisyrtae filsteatiers cfuthieeditmt o
recrystal lization annealing at a tenperature of 30 1500 K. As a result, a
mat er i dhickredsndjsuibubipsedd@llof 120 nm and a di ameter of 130 rnnp, and a
structure in why the .ave C ' o REN WRASSRiREAhGed.
Subsequent |y, \Aﬁ;lﬁ% €?/I\é/a]céemﬁlbjéec yt@ék?én@ ?%%?ﬁ@ﬁglnﬁtaéggg?&? or gip(rellg atgr oom
t enper ajay alson afeagred, arahdhoeedy 45 akwih z and oiheatimealwasgsartenast. f ohsrgtie

th t t t t of 1400 t 500 K. | t. of. ti
for i ngeadlis Rbawn FCHAPRD GhoPaees7beNgahiento orietely e il irkatfRay g
3 thi Clg\}%ﬁﬁe%%lug rﬁ{i‘@g%f%éffﬁﬁf%a%%&am, ARditavad possibleetd pfovehtnehe

average Crys rain’size rs m was obtai ned. [0:334fl Subsequently,
t hi s wagiatitygfethe spatteptdpositibnng and recrystal | i zati on

o4s;  (Example 7)
A raw material obtained by adding niobium in an amount corresponding to

100 mass ppm to tantalum having a purity of 99.999% was subject to electron beam
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anneal ing, and finish processing so as to obtain a target material having a
thickness 5 of 10 mmand a di aneter of 450 mmp. The hal fway and | ast cold
wor ki ng and recrystallization annealing were adjusted tQ Leve &%

foll ow ng average crystal grain size and variation of tﬁg%@%&%)g din

size. Although the average crystal grain size and variation wll also
changemekipen @ndgthim Wasecasidiot Prepasenaiiningst haviesi ahickRess 6f 99 mg and

adj ust i ble i i =y IR Si ze
of 1 heTERlerdr AP G The Nt AT SiFe I Eafy He8 bRl 85inih. > 2
15% Mor eover, Subseqaentdy, i ateropetftreningobxtend clongirgt tonttss 1i6g6t dhdilledsatl t s
are shown in Table 2. _%00351Si,nce t he sheet resistance dte ?nds on thef film
t hi ckni©98) tempewtdies g wamspiechlo @rakstializatiar aprealing 7 X SEPRiAtYre L

51 NChesys YR, MRS FET I @ mBfkial hAGing! 2 HidkHest & 1907t A alfiarhBeerfdfl1%0
t hi ckness. Specifically, the sheet resistance of 49 points on the wafer was
meas ur mdng,carcha striuatuze timwhithathesackrage catstal igraia) sizenisr 280 pm was obtained.As t he
results shown in Table 2, evidently,. t fluctuation of the resistance

i stributton i Sunredured IS S plibistht S foroftl Arr UPsts BN e 1o
the enghopd ?@ﬁFeEat@%ﬁ@é h§8ini BnlhesrySamkion dritRalihy Watbé@ornadd tHegetol | m
thi ckness distribution is small. 20" The electrical energ¥c§reqU| red up to

t he i nagainlatst tebnperatire @f 1800stput3ar KngAassresudooffensating faaimdsanshiaeats s

kwh, d the ti . short : he .l t L4 T id
10561 ng BBFENTS Qe FaA HorAPreh RV RIS PR Hh o 2 Bifneipr RY e

il m vwaend e altiRictldBh WhidehePSsssh§é enistali grainosige €00 ual way obtaihbe.

sputter deposition. 25(0035) ( Exanpl e 4) raw mat eri al obptai ned

A .
bysladdi ng ni obiQuhsequantianbliat Wesr sebieshdion£ald milinghsang piachistalizatianum

havi ng it fe. % Lect ' : hi s
was ca%&%g{ngr éBgrf@?%nB?ogcgé)gma%?%%got E@E%ngaséétgl?'ag%?pmh%% g@dggri’"g?rﬁ%e% of
200 nypf 10hencrayst al digmaiter of 260i mni sThadelfwey apgriasi celdeivpridfg reand 30
Subsequently, after perform ng extend for in% tﬁ]tgif i.ngot or billet at
15+ oom { Egpestalizakion @nsalies Welk) aelisies’ (Raav the dlaind vetrgm eitial
t enper gt e af - kL | matg ' [Hraikd0 mMm
and a |an§ltzgraﬁo(f9%§%n&nﬁa§i?rreg§l@g? gﬁlﬁﬁlﬁ'e%lﬁ |h2ﬁ‘e?ah\;eé?g\§/dé‘;& ﬁagystal
grai n sizeandsvailiopnwilleds @ bhange dep&nbingmretitd gdditive aneamt ofibjabdgmt theext end
forgi npoéand upset forgi ng at .PCE/JP2010/ 0]'-37237 room tenperature once
agai n, Tosegoing Adjustaient wami RASSIIA M MNis §*ABP Ser f or ned thereto again at a
tenmperature of [fDLy4Q ?chQ?stE_l gf¥fin BiZeLtihe tafgétwnoggnfgﬁmmmmidreat
treat ment once again, g material having a thickness 120 nmm and a di aneter
20130 nmpf thendrystaltgrait size waswfi%h Meoseovesr thge varighieniof ghainokiirecerienbo pm

was obtained, 5[po37; . Subsequent| this was subject to cold rolling and
recrst"éPIii &tiiﬁeéﬁ%ﬁﬂ?rﬁg&%ﬁm&'nﬁwlgﬁ' processing so as to obtain a target

ﬁ&tneri al havi ngsjacs e kRessredistdfcd iiepad o ithadilrarthickndss) the ristribiion
al fway and | ast cold worki n(ﬂ'ﬁ?nd recrystallization anneal i ng were adjusted

to achPbibet shedtoresisipnee avefigevaleystial infhesh Was emgAgURRsr itat $hAFkoN he
or Ve sttt diundh oF 8 i hickEk = ShEYREAly dhedhelfsbaeiaipd dfatd &t ! oF

wll a ng on the a anou of niobium t or egoi ng
o5adj ust peints vAshasserblas nedshired kxeapliate the standard ddviatiav éo)edherenfy st al
grain size of the target wa an

s 60 p d the variation of t crystal grain
size was 10% l%ﬁ3‘&/@&”“?ﬁBOWQr'Pa-Er‘;‘i%@lzo?V'gﬁ'étYWni“?ﬁ)hH?ﬁuégﬂ?é’Eﬁ‘ IS{306€ The
results; j [ [ ds on
he. 11 TS e Bl L B b Bl G e e er
(12 i nepettdringis thisaBxaregle the Aactuatibe of the filnbthiclnessatigtiibution fsmakk fil m
t hi ckness. Specjfically, the sheet re istfm e of..ﬁ9 ggj.ntts on.t he,.waf er was
measured to caIchLﬁ eeCt%'[‘F?é SEIHYAPEUERYIR 1% q ytigl 'Bf‘i‘ 1ok Of FRUKEING t 5

soshown {\BsTakbenpasBidd Ud ¥hoWbg 35 Yiniahh@nhef tirhBewhsSédraghed. 2Qs the
distribution in the sheet is small (2.0 to 2.2% fromthe initial stage to

t he encesttagehofvnsiputTable 2y besidés sbairanable; ta dofteactheatiwh-ivftirnge the | m

t hi ckness distributiqgn is,s | . The clrigal en ired
up to EMEMIERS {Lm'%éff‘ﬁlﬂ Pf%”?'lm vigs LayaraRlp; ﬁag\ﬂég}a‘% é%ésﬁggstﬁr'edﬂ é\rﬁ%l?@%omed
72 kmqugmgdftﬂeegbg@ewgép@m,{_ened. As the results shown in Table 2,

besi des being able to shorten the burn-in tine, the 25 evenness

(oomai f of Gomppralivetbxamplenias favorable, and it was possible to inprove the
quality of the sputter deposition. op:391(Exanple 5) A raw

mat eri al obtai ned by addi ng ni obiumin_an anmpbunt corresponding to 50 nass
ppmto tantal umhaving a purity of 991899% was subject to el ectron beam 30
melting, and this was cast to prepare an ingot having a thickness of 200 nm
and diameter of 200 mmtp. The crystal grain size in this case was



rimy, 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 recrystallization

anneal i ng was perforned thereto again at a tenperature BETAREBIE/B575d0 K.
As a result of repeating forging and heat treatnent once again, a material
havi ng a t hi ckifetay mzderiahchtaingddiyaaddieg nicpiumringn amauat cAFeFPeNARG 1@ whi ch

t he avgra r j [ [ bt ai :

subseapenteys Ao © st adha S pBRB b RRRE WA ibiedltp Kikbton beam

anneal imeftingarthd thid SWasPEASteDS prpase arsingot Glt/mignaghicknged off20Or mah amalvi ng a

t hi ckness of 10 mm and a_di aneter of 450 rnnp. The hal fway and | ast cold

wor ki ngiagienof 20Q819@+ al he Laystaloranheiae im fhinepee M@sARRsaximatalyf t he

foll ow ng aver [ | i LZE:-an gl ; mgrai n
5si ze. A tghough gggééb%egfé%yg?g{)ﬁglpgi %Xt\séﬁfzje%té @ng): iﬂi{ ﬁgﬁétﬁ)f Iadlljat s%tl

Cgangerd&@@é\dbegamrre, Itt)lrie Wd!si'sﬁbjeet wrmmyl stallizaticbaonegalingeatf @ tergperajure of

adj ust nent was possible in this Exanple. The ayer

cryst al o0 & n As 3 et @H@afediaéi‘?vwsg Brckngss i d 20Ham, apd thg]'arr‘i‘e!%rd%glt%ﬁe

crysta i [ 8% rdrain vabi ineat ent

e Lo B R R R g N2 R P nce

depends on t he Sulsequbhtiknisss washeubljest to xténch fofgindr@nshepsetr tsgisgaaice i n

the wafer (12 inches) was neasured to, check the di.stribution conditipn of
10y he. 1 T4 A ERRBIUTE ek PERERANY rerhatdirttn AR e PGSR gkl on

the vwahesinvis fRqSetatiteld AoCH P Khe Astarsilcbdepeatihgforgmy amenea -

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

resi st aakmeitsonderaghn d matadakhaengia thiplness( 126 ma andog diamaier 0

1 uct oarTBread o furB i v fede TRYb R 2% T Fo0 T gy e,
BRI gy requiredsubdsdgRehtg ithist wals Sudlddti Zatéaa adllispuiner igogys2allizateh al so

measured and showed 50 kwh, and the tine was shortened. As the results
15shown PRAngalifge apd finish geecassingysaBsdotdtaing tasget matenal mMaving a deickaggs

. . _ Py ¢ ; ol

Crorovd dRema e & dipfiste” Bp Asoh e BHE! Bty B0, bkt KB Weplhg gnd 2

mat er i pdcrgdtbliizatsh byinadihd gvere aduljusted rtoaschhevaiah appropaaendverggeacrystahass

ppmto tantal um having a purity of 99.999% subject tq. el ectron beam

PEIL i gl AAEe Ay s e eI B e 3RS AROTeTaAH G I RRRLEas AOB00 mm
d di o Of.. - _ ' . ; ) ;

ana al ?Hng%lg{e ylﬂ :})Bl%%rhgﬁgastlvg@xaﬁ@,%, ahd %é‘h@et}%‘gréerﬁrx&at Biatn §BEOMAS tartget

appr ox equen after per g extend forging o this
20i ngot wasbidd pm, and VROBLORZI 10¢ @5ystal7gnabosize svasetad U e In @Eidgionayagatigrect to

| i j | i f .1500K. As I't,
ot o1 1 8 B Rl T CORRRk eSS 1 0 RIS et HarLe oy agah2 ana o

%@gcture in ""r%iﬁéettH@sﬁééf RAEStSHYS HBbeAASDRA the FfinithicRABsH rthuadistablgomed.

equently, this was subject to extend forging and upset forgri’ng at room

t enper af the sheat egistancanih the ryafesl (1i2z ches) awas ameaguiags tpee

t heretq. agai,n at a.tenmperature of 1 t ! r . rapgati ng

f or gi nafs 'ﬂwtt?é‘a?me#'ﬁ%? r?grjfﬁegﬂ'@eﬁgﬁg]%%g a_gﬁé?@%"@' tﬁévsﬁ‘r?g?zg%l tlag‘ ﬁe@s 20 nm
25and a dopAebRthd JAf&MRas ashsured teiehklRite the\biagtiafd@evrtiomys) eyssfal grai n

size is 100 pm was obtai ned. |004z; Subsequent | this was subject to cold

rolling and reddytherasultashewniioiaRi ﬂ\g,deﬁfﬂl\dﬁ? fiHsivalipp C8 RS FRpiYaNe’d to
obt ai nd%tﬁ&ft%%tinqﬁé%rhie@{ isng}’dé]?s.gté %[(f%?%% the initial stage to the end stage of
sputtering in this Example; the fluctuation of the film thickness distribution is large.
The electrical energy required up to the initial stabilization of sputtering
30 was also measured and showed 150 kwh, and the time increased. As the results
shown in Table 2, it was not possible to shorten the burn-in time, the evenness
(uniformity) of the film was inferior, and it was not possible to improve the quality of
the sputter deposition.
Similar testing was performed for a case of adding niobium in an amount
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of 10 mm and a dianmeter of 450 mmp. The hal fway and | ast cold working and
recrystallization annealing were adjusted to achieve the foll ow ng average
crystal grain size and variation of the crystal grain sjze,. AI]trQqS @ t he
average crystal grain size and variation will also chan%@THgB% %7% dn the
addi tive anmount of niobium the foregoi ng adjustnent was possi ble in this
Exanpl @rresponding to 0.5ireasy ppayte tentaddmalhaying a psiripeob?9 PRE, Hug &ie a@lfess pm

and the variation.of.the cr.yst i i % t i ation
ot heSRHBBPLAS iR G e YS Al Bl i Bo¥eved o, BaE Phffous, e Rk
[ 0044i SspGifethtR thagalrity oftataloae depends on the filmthickness, the

di stribution 20of the sheet resistance in the wafer (12 inches) was
nwsas ur Eebmparahive IEXaPIEiZt ri buti on condition of the filmthickness.

~Specifically, th L ,eSi.S : i W ured

“to calculate t @Fagfﬂf?gé?% @é@'ﬁgpﬁ)&n& daﬁ&tnﬁfeﬂrl%?n o B Se t ﬁg%?%sul ts
shown {50 haddseppm tetad@nirhyhavirgma Tabite o 991998 % wast sidtjéctrioaflecthen besinst ance
distribution in the sheet is small (1.3 to 1.5% fromthe i%al st%ge to
25t he @wling a5l BYs AR 8%t gPIaparaiad Begkmayin ﬁatg“qu?s? 4 e %n of
the fily ' het r irRutd ' ize-in thi Tabrekipedtel m@fer gy
requi ré'%%éfmnﬂh?ti gpgsd[ ?1 ‘?’?ﬁf?‘glﬁ l%%hlzgat&t& (\-'f-vraisnégg)v\as al sc))’qr?easur ed
and showed 45 KSubsegndntlyeattemperaemingoextenddiorgingt tee thiesinpet osHillgt ah

Tabl 2, besid bei ng. able to. t the b - i
L0 ot T ofIAE JmBETatNE. Rl Wn S UpsTh i iy tfiatar ahBedisiat p REmBBIAGRIGE® | .
qual i t ¥?9@5 tl)(; h9\§§‘r‘%§mﬂf, SRS haling & @tStrdasastri2® rim and a diameterfoff €30
0

materi a ai ned by adding niobiumin an anount _cor_resgondi ng to 100 nmass
ppm t ontraqt ahdiensteawciutg ia wiich the average 9ogstahgrainssiae e 209 pineWastadaingdam

PCT/ JP2010/ 057237 nel ting,.and this r L vihng a

t hi ckness of 2@%%&8“% mt"@s S’Pb%g tﬁra%%ﬁgfﬁgﬁgyﬁgppggg%g@zgpi n
this cassmWempaPRURXbABE @g¥irk andMiecrystallization arfdatiaguead bgrfoaheethereto
performng extend forging to this in%gt or billet at room.t enperatur this

e

15was subpaintattateraperasurel ofi 140Q0 ton150MEal AR sesult eliapePing fYasto 38dHeRt As a

result, a nateri | n I fin: i t 1 nmw,

and o UeREBeL 8V e, DR i ialoE TR0 & koS U 20 At ShATH meler TR0

obt ai neghng, and a structurSUihsediettié siveralyecrystal grai) size is 408xnendst atgined. and

upset forging at roomtenperature onlﬁ)e agai n, gnd [.ecr stalli zakt?h.gn.

@pAeal i ng was pavbssaMsatyhdhist vasyaubiest 20t ENPerling «2Bf HEHSRZNYY K.

As ar : epeaL i g i ‘ i@ al tRicka

mat er i gﬁHhél\'/ﬁ’lgéna thlgfé%%éésgs ﬁ%gtﬁg@gégilg%@gﬁ W%t%nﬂrqzdél,lﬁg;nd .:ac ste ??Jcture
20 N whi oh fthmmvardgedimnystealof 50 mmipze Tihe halbvaymands lasbtcichawrkingngnd

Subsequently, this was subject to cold roll.ing and recryst j.zat ]

anneal reRfystaiigationiaimesling werengdivgtedsta BCWBY%&W apPES’P&éfe %&%'learzq%a{ﬁﬁtg\lli ng a

thi ckn § 'h?errgfg{ i OPthelfocedsihg waljusument aat noo! d

wor Ki né@ﬂ%'ﬁ%@?%gﬁlﬁggﬁ on ﬁtﬁ\égfailﬁgﬁﬁe adej ust%ﬁ ?\gag{_:hi e\r/]e t he

f ol | owipogsiblesinathis Coppaaativer Bkamplez @ndritieaxeragd ost ordie size ek tae tgrastn

size. Alth h the agverage crystal, grajn,si @b L0, i

change RSpeHti HG BR: ETa U 1B, Lo WG ‘“;’ﬁe.ea%?&#ﬂ!%?@%o@s‘é‘o'!‘ha%@j

dj ust ﬁ‘f&ﬁi i iof Ei@@ﬂ%%l in si +50%. TAed axegiatige O
ngr{/stalrmgﬁregrﬁr?%?i ze bfahtér\('gﬂ?g%g{ was 40 83?'”5%25 \?’ﬁz var]j a{_i n_20 019 t he

cr yst althgnigbiursicontertvass 7 0r e Fher resulie ajasinataryrshown Welall® B um cont ent
was 6% The results are,sh N BN : e i e
é‘@i‘i’éndos on the |r\cﬁ1tﬁﬁiSmﬁgigs,'gt{gﬁgggile?teﬁpgut| or?r@?] ﬂ@%ﬁgé@@g@ggge in
t he wafgr thel 2hkBE hesistatee eaner adfdro (thenkhéd)e wdiss médsurédntoc chelck itba of
the filmthickness. Specificall X t he sheet resi St@\gcgfg of 49!?%5 oi ntg on
t he wafdigtripaiionsanditien elothealipuitticknesse SPGGHICRRY.dBG ST RSN ePLE?P,
t he I WheT j i Béf.

et of HARYrEERRIRY Was HBesuRa 8 ERone B e eV R ot et

initial stage tAstthe resultssstauyen of Tatpat2, evidegtlynthetlustustiompdfdhetrpaistance

ener gy dEgBERRRITLDE aaaS e @ 2B b s i Sheas 17 1 08B, oo
m?asurl @gﬂpgf@wgéé » th@ictiidn sRhsdsmIhiekhesedistrisutionds lergel t s

shown i esi des being able to shorten the burn-in tine, the
evenness (uni f ofhistgiecivicat keefdyl raqmireds aw de dbe dnitiah gtabilizatien fsgiesingo
i nprove the quality of the sputter deposition. [m sj(Conparative Exanple 1)
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PCT/ JP2010/ 057237 A raw material obtained by adding niobiumin
an anount corresponding to 0.5 nmass ppmto tantalum having a purity of

99. 995% was subject to electron beamnelting, and this was cast ég epare
an ingot having a thickness of 200 mm and di aneter of Z%THP&(.” 2g?ystal

grain size in this case was approximately 60 nm 5 Subsequently, after
per f orwas @lex measured gindgshewvedi 300 kybi apd el iree iacraassdh Fenilis M, this

was subject .to-recrystallli [ | d t fedtHesK As a
Fesur tohedo T At Py 581 PRI ol 1 EPRT S g eSS o,
and a ginffomhity)eof thevhinchat heferiverargeitavashal possible tei imeroge 209 qpatityens
obt ai ned. ~ Subsequently, this was subject to extend forging and
upset therspiuligr dePPoiEiaNt enper at ure once agai n, and recrystallization

5[%)2?]%1' ' ng was Wﬁéﬁ’ﬁé@gd&ip% ahfou a3k 'ﬁﬁﬁ)tiurﬂ dRiEagbhntafuRhadtla paridai0 K.

a result of ‘repeating tTorgrng and heat treatment once again, a naterial
havi ngo@ 9pbi/cxessieti20maasppm dhareystal gad sineoassanea and thet varétion whi ch
the average crystal grain size_is 100 pm was qbtained. [0049] Subsequently,
this wasreasshdepidiy a@él\@rﬁaapr‘méh%ﬂt?%ﬂlﬁl?F;?Qfeéﬁﬁﬁ%*e?%‘?{“%é’m@h}?é‘z| ing, and
finish processi 0, ; i Qﬁ%ﬁé' lorhéviiBBiugn taHdckness of
10 mm and a di aﬂn‘gﬁr‘;@}%h SHWQ%ﬂ%é‘ﬂ%my an eI‘?Ezgst col d wor ki ng and
r ecr ystlistbveratiithat therssitiorgofexcesayeusolkidm is unslgis#aklean appropri ate aver age
crystal grain size and variation of the crystal grain size, but the

Of or egoi ng adj ust ment was not possible in this Conparative Exanple, and the
average crystal grain size|QbUudEriaraePLASABNMEY 120 pm and vari ati on of
the crystal grain size was 35% In addition, variation of the niobium

EBAt ent was 40% The results are simlarly shown in Table 2. [0050] Since
the sheet resi Strenpeesgapimamtion yidldsfd supetiorcgifrat f haieg dbig {9 BieVidR 2of t he

heet fesi st th f 12 | hes) . t
i ot ri BOP B WolealAanseitarng faros| Srrenacs SEERH B o SFREnREnd
157 €Si St @RS, gkld‘k_gst%bléD?id%h‘ﬁa QRgt diHerrt giimvaserireas UuaHotmityabyc sbatamibd el
standard deVviation (a) thereof. As the results shown in Table 2,

evi dentriags pipme of marewand H00 ofasshepm @ilegsaeforobivgt A8 BOISSSENHIAl ¢HBPAIIEt i s

large (3,8 to 6.09% .fro oni tial st .end ring
i o enshavine s Bt SUBORER roftors Py hYiTHca™s X6, ChmportieL
| ar ge. \di8oRiresinek Gaé phitend ¥tabiiration dwipgtsputteeng mani o beabalizerhdirary of
sputtering 30 was al so neasured and shomed_lSOqémm, Endgéhe ti%%
i ncr eathadinitie) stage rafssutieriaBowe ipresens| iBventian adgidionaly Yislds #ie &6CkRbr t en
t he bugn-in_t,ine, eyen S: (&L f oFfi LY i i Lok is and
201 " s PRE e SBiiot B REDET R e LTl ety Qoo rerhiesgaL puention is
Si mi | agséfestin nhe welsctperito fivid] particalacigsas af taadei syitablebionformingnfilmeo ght
PCT/ W2010/ 057237 corresponding to, 0.5 Ss. ppmto tantalum having a purity
of 99. ngemaﬁ%f@gﬁﬁgPEHH&@W%@'@QHE@"@B%?Hive Exanpl e 1 was
observed. It was obvious that this also affected the purity of tantalum
[ 0051] (Conparati ve Exanple 2) 5A raw materi al obtained by addi ng ni obiumin
an armount corresponding to 150 mass ppmto tantal um having a purity of
99. 999% was subject to electron beamnelting, and this was cast to prepare
an ingot having a thickness of 200 mm and di aneter of 200 rnnp. The crystal
grain size in this case was approximately 20 mm Subsequently, after
perform ng extend forging to this ingot or billet at 10 room tenperature,
this was subject to recrystallization annealing at a tenperature of 1500 K.
As a result, a material having a thickness of 120 nm and a di aneter of 130
mmp, 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 recrystallization
anneal ing was perforned thereto 15 again at a tenperature of 1400 to 1500
K. As a result of repeating forging and heat treatnent once again, a
mat eri al having a thickness 120 mm and a di aneter 130 rnntp, and a
structure in which the average crystal grain size is 100 pm was obt ai ned.
11110T2) Subsequently, this was subject to cold rolling and
recrystallization annealing, and finish processing so as to obtain a target
mat eri al having a thickness 20 of 10 mm and a di aneter of 450 nm The
hal fway and |ast cold working and recrystallization annealing were adjusted
to achi eve an appropriate average crystal grain size and variation of the
crystal grain size, but the foregoing adjustnent was not possible in this
Conparative Exanple, and the average dBystal grain size of the target was
200 pm and there was a part in which the recrystallization was inconplete
(unrecrystallized), and variation of the crystal grain size was 50% And,
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The electrical energy required up to the initial stabilization of
sputtering PCT/JP2010/057237 was al so neasured and showed 300 kwh, and the
time increased. As the results shown in Table 2, it was not possible to
shorten the burn-in time, the evenness (uniformty) of RGEIPLOH/ G237
inferior, and it was not possible to ig&rjove the quality of the sputter
deposi tion. 5E0054] When t he additi¥d-AdNMSunt of ni obi um added to tantal um
having a purity of 99.999% exceeded 100 nmass ppm the crystal grain size
coarsened and the variation increased rapidly, and variation of the niobium
conten al so baceialDhPBpORBting target containifgl $ inas€ Ppwh daT Arbré carlek 180r esul t
of the segregation of niobium and it was discovered that the addition of
excessNaes mpshiarniess afndiebiunatise an 1EsseNbBSTRNRONAPHATABRVINGYA; RIgtL el 1

i an pi peo 4 dPate AReMH P oyt A75isRs SRYRFEny 2% n  ormand Tine

structure and 15 which yields stable plasma and superior filmevenness

(uniformty) by containing 1 nass pgm or .nore, and 100 massggg)m or Isas of
ni obi ufn as an éstERRILE SpEkeFE Rk SANIANNEg! G MARS PPMoPr 876 JV0ror e
excl udi Welal SR GAt hpc A8 MSurity of
st abi F'i”%g? {Bﬁndddﬂeggd%fg@t%{)erl ng ?gné%ﬁéﬁéﬁggﬁ{gzﬁn?;gdﬁcﬁj?ﬁ\{g g?hg&llrrl]%lti al

st age @9.999% dremiongextlbdingrskioim and gasicom@aidints.onal |y yiel ds the effect
of 20 being able to shorten the burn-in tinme. Thus, the target of the
Opresent invention is useful in the electronics field, particularly as a
targetgsui t abl LAY Bpliftefihd MBrddlt CRIRnAY 30aR@Ss Jhrdmendierand 69 or
form n%' barri e% ¥éi}ft?rs, rgBCT \}\2%107%;57237' CLAI M5 1A taﬂrﬁ?gl um sputterin

t ar get maest@imi argless nafssiopfum cas @or essandial. @omponent, amgd@viggmraopulitysef of

ni obi u n_essenti al conmponent nd having a.purity of 599.998% or nore
excl ud%gaﬁ?‘b%ﬁ Wﬁf%ﬁéaag@gcnfﬁﬂﬁw%ﬁF@.gaSé?O"f)Pc?f}ﬁW%l um sputtering target
containing 10 nass ppmor nore and 100 mass ppmor |ess of niobiumas an

essential conponent, and having a purity of 99.999% or nore excludin
15ni obi ufn and gad heotarndalent sputtering target Ancarding stpudhyeanggof sai@s tdatai ni ng

comoniprem e AT affE b SoReE ARt s PO R ATRE 8" i ot um and gas

conponents. 154. The tantal um sputtering target according to any one of
clains 1 to 3, wherein variation of the niobium content iP[cs)ahe tfflrgeg1 IS
20% or51 ess.  Fherkntalgm spubeenatewat REQEsIigEttoadbh e gt RSy 1 dRe*of

cl ai s i T r LQ size is 100 pmor less. 20
6. Thewbgl{ﬁ% Un%vs%g%% gp@'n&g}a@{]ge% &c‘g@r g!nng“t%ggcl aimb5, where n variation
200f the crystal grain size is 20% or |ess.
6. The tantalum sputtering target according to claim 5, wherein variation of

the crystal grain size is £20% or less.
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