DESCRI PTI ON TANTALUM SPUTTERI NG TARGET TECHNI CAL FI ELD [ 00011

The present invention relates to a high purity tantalum sputtering target
conprising a uniformand fine structure and which yields stable plasma arid
yi el ds superior filmevenness, in other words, uniformty. Note that, the
generic termof "high purity tantalun will be used in the present

speci fication since the high puriggstRppfcinn according to the present
invention contains (is added with) tungsten, and nol ybdenum and/ or ni obi um
as needed, and the additive ambunt of these elenments is small. BACKGROUND
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fields such as el ectronics, corrosion resistant materials and ornanents,
catal ysts, as well as in the manufacture of cutting/polishing materials and
abrasion resistant materials. TECHNICAL AEbugh the sputtering method
Hﬁ)&ﬁi‘f is a well-known in the foregoing fields, recently, particularly in
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BACKGROUND ART

[0002]
In recent years, the sputtering method for forming a film from materials

such as metal or ceramics has been used in numerous fields such as electronics,
corrosion resistant materials and ornaments, catalysts, as well as in the manufacture
of cutting/polishing materials and abrasion resistant materials.

Although the sputtering method itself is a well-known in the foregoing
fields, recently, particularly in the electronics field, a tantalum sputtering target
suitable for forming films of complex shapes, forming circuits or forming barrier films
is in demand.

[0003] Generally, this tantalum target is produced by repeating the hotforging
and annealing (heat treatment) of an ingot or billet formed by performing electron
beam melting and casting to a tantalum raw material, and thereafter performing
rolling and finish processing such as mechanical processing and polishing thereto.

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

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

mm or more. As a result of subjecting the ingot or billet to hot forging and



The nolten and cast ingot or billet generally has a crystal grain size of
50 irImor nore. As a result of subjecting the ingot or billet to hot
forging and recrystallization annealing, the cast structure is destroyed
and uniformand fine (100 pmor |ess) crystal grains as a whole can be
obt ai ned. [0004] Meanwhile, if sputtering is to be perfornmed using a target
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99.99 to 99.999% (refer to Patent Document 3).

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

[0006] Particularly, Patent Document 3 increases the discharge amount of Ta
ions by adding an infinitesimal amount of an element up to 0.001 ppm as a result of
containing an element selected among Ag, Au and Cu in an amount of 0.001 to 20
ppm. However, since the additive element is a trace amount, it is considered that
there is a problem of difficulty in adjusting the content and in adding evenly (variation).

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

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

lower limit of the actual purity falls below (tolerates) 99.99%.



[ 0007] Accordingly, as described above, although Patent Docunent 3
describes 'causing the total amount of Fe, Ni, G, Si, Al, Na, and K as
inpurity elenments to be 100 ppmor l|ess, and using a high purity Ta in

whi ch the val ue obtained by subtracting such inpurity elenents is within
the range of 99.99 to 99.999%" the lower limt of the actual purity falls
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and which yields stable plasma and superior filmevenness (uniformty) by
mai ntai ning the high purity of tantalum and adding a specific el ement.

primn order to achieve thgdoregoRE CITEE INVENTORSent inventors
di scovered that it is possible to obtain a high purity tantalum sputtering
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[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 tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components;
2) A tantalum sputtering target containing 10 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components;
3) A tantalum sputtering target containing 10 mass ppm or more and 50
mass ppm or less of tungsten as an essential component, and having a purity of
99.998% or more excluding tungsten and gas components;
4) The tantalum sputtering target according to any one of 1) to 3) above,
wherein variation of the tungsten content in the target is +20% or less;
5) The tantalum sputtering target according to any one of 1) to 4) above,
wherein an average crystal grain size is 120 ym or less; and
6) The tantalum sputtering target according to 5) above, wherein variation of
the crystal grain size is £20% or less.

[0011] The present invention additionally provides:
7) The tantalum sputtering target according to 1) above, further containing 0



2) A tantalum sputtering target containing 10 mass ppmor nore and 100 nass
ppm or | ess of tungsten as an essential conponent, and having a purity of
99. 998% or nore excludi ng tungsten and gas conponents; 3) A tantalum
sputtering target containing 10 mass ppmor nore and 50 nass ppm or |ess of
tungsten as an essential conmponent, and having a purity of 99,998% or nore
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The tantal um sputtering target according to any one of 7) to 9) above,
wher ei a20%r d&lEE®N of content of tungsten, nol ybdenum and ni obiumin the

target 1'1? i 20%?ﬁe Itgﬁt%ium sputtering target according to any one of 7) to 10) above,
wherein an average crystal grain size is 120 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]

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

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

BEST MODE FOR CARRYING OUT THE INVENTION

[0013]
High purity tantalum is used as the raw material of the tantalum (Ta)

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

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



11) The tantalum sputtering target according to any one of 7) to 10) above,
wherein an average crystal grain size is 120 umor |ess; and 12) The
tantal um sputtering target according to 11) above, wherein variation of the
crystal grain size is 20%or less [Effect of the Invention] [0012] The
present invention yields a superior effect of being able to provide a high
purity, tantal um sputtering target conprising a uniformand fine structure
and m*aéﬁav%?%gﬁgt%de pl asma and superior filmevenness (uniformty) by
nbAt aimame fhe high purity of tantalum and adding tungsten as an essential
conponent, and further adding nol ybdenum and/ or ni obi um as needed. Since

t he pl asnifretvaigelMakgt i on dur i ng sputtering can also be realized in the

i ni ti af St ager ol P BRI [E R B F BlemtdY Eonclntiliorp BlehiP Nabkdirafibe]l ds t he
ef fect | of Dbei akla tjo shorfep,hhg bprn-in|timme wBEST E RERWGARRY! NG
QUT THEHNYENEE SN TOP 13— 001 T PUTdley Tant ALOTT T §olsedas| the raw
mat ef: . ot g os et ar T (T a) St qgh Ut e Tt PTERENT 1 %6&ns 1 on. ﬁn
exanpl gso L -TYVRCL i!lI.E]lEI » OV =10 I(Y&fgtr to e
j our na‘? Ot E:'il: U3 TTOSY _1 2 5154‘ —Ry2770 r| r1ed gaf;l gNRE Tty Tlantal um
and Sp +at e 5 00&5 HCt adC Ul <0:.(;Jlg;'. Pu T'eL y TWUHT qql L eu. I@Mr])l ne Japan
Instit f Hoat o) 20,01 my) bre|&.05the; tjot al
am)unft 3 FA 0 @SS CORoOeET S0 $ i'Ub Rl framn <01 MESS |pprn;
t hat i . M X l ) ?\nq 41 [ Il 4 LA &01665 o A ,” dg”\ [JU JOIOMS
tant al gr-ean-poTpses—E00H4TTipbte *Law'aﬂ%t.dosva Vafire) <o

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

following process under normal circumstances.

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

Subsequently, this ingot or billet is subject to a series of processing steps
of annealing-forging, rolling, annealing (heat treatment), finish processing and the like.

[0016] Specifically, for instance, the foregoing ingot is subject to — extend forging
— (first) annealing at a temperature from 1373 K to 1673 K — (first) cold forging -
(second) recrystallization annealing from a starting temperature of recrystallization to
1373 K — (second) cold forging — (third) recrystallization annealing from a starting
temperature of recrystallization to 1373 K — (first) cold (hot) roliing — (fourth)



[ 0015] The sputtering target of the present invention is produced with the
foll ow ng process under normal circunstances. To exenplify a
specific exanple, forenost, tantalum for instance, high purity tantal um of
AN (99.99% or nore) is used, and appropriate anount of tungsten (W is
added to pr epare a target raw material. And, nol ybdenum and/ or ni obi um may
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processi ng such as nachi ni [ 0018] The tantal um targ is
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The present inventors discovered that, in the production of this kind of 6N
level target, the crystal grain size was locally fine at the portion where tungsten of a
content of approximately 0.5 mass ppm under normal circumstances had segregated
at approximately 1 mass ppm by chance. Accordingly, as a result of obtaining the
hint that the addition of tungsten may be effective for achieving a finer tantalum target,
the present inventors found the opportunity that led to this invention.

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

[0019] Specifically, what is important with the tantalum sputtering target of this



The present inventors discovered that, in the production of this kind of 6N
| evel target, the crystal grain size was locally fine at the portion where
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process under ngy {fd fdié%@ngEéa%%,C% plifitisof GitalopNPOsENics bartigleyatityddaatl r om
the purity of tantalumof the present i'nvention. [0021] Since nol b&ﬂenum and

ni obi uris,pOAP9& Yparrt mona.s Here, ugas jcompaneits jwithe gupialeaomie BARISZAUF i86n of

tungsten, the an _be co-:daoped. gh t i J cul.arqidd-mt@t i on
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invention.

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



and/or niobiumis 1 mass ppmor nore and 150 mass ppmor |ess. i00221This
i s because, outside the foregoing rame, unrecrystailized portions arise
and variation of the crystal grain size increases as shown in the

Conpar ati ve Exanpl es described later, and, in addition, the resistivity
distribution within the sheet and the electric energy until the initial

stabilization tend to increase, Conse ifarmty of the film
al so baRepsSIQHERY IR oy MaghPEN 85%8?@% Egt?rebﬂégpl%?g cas)e/ of adding
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i s conghdanecklbstriReehagaustil taé imiguobtabilizgtior nendb yibceasen Sodsagoditlym
respecti vel % have simlarities, they are r es_Pe_cti V‘gf:?ﬁ/(f di f;er ent substances,
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i s becandrtriiasiani ispliU maselppment £ssére consi dered to inhibit the effect of

tungsten, nol ybdenum and ni obi i.n.addifi he i rd L early
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other ceramics is harmful, and impermissible.
This is because these impurity elements are considered to inhibit the

effect of tungsten, molybdenum and niobium. In addition, these impurities are clearly
different from tungsten, molybdenum and niobium, and it is difficult to achieve a
uniform crystal grain size of the tantalum target, and it does not contribute to the
stabilization of the sputtering characteristics.

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

Moreover, the tantalum sputtering target of the present invention contains
10 mass ppm or more and 50 mass ppm or less of tungsten as an essential

component, and has a purity of 99.999% or more excluding tungsten and gas

components.



variation of the tungsten content in the target is 200/h or |ess. The sane
appl i es upon co-dopi ng tungsten and nol ybdenum and/ or ni obi um

So as long as the inclusion of an appropriate anount of tungsten yields the
function (property) of formng the uniformand fine structure of the

tantal um sputtering target, the uniformdispersion of tungsten wll

contribute eve e tﬁgé@% R %@@?rﬁ%o@’ﬂéﬁenﬁn{ Hﬁ&fb"rﬁ|dti‘|uﬁ1hg id aéﬁf’éble The

sanme effect can opi'ng tungsten and nol ybdenum

and/ or tdiagRistthe total amount oNﬂ&ﬁHeee@mbOnela& as withsghedesegoingtihigsten tipen above
with a standard production process, but it is necessary to take note of

causi ngdﬂtﬁ@ therseae.on of the tungsten content in the target to be 20% or

c@ ‘%’l)pl ng tun tha‘th%e{%{nt%ml'ﬁtﬁda hu&@n \é‘F &fﬁﬁeﬁg’r@?ent—r MRehBOR, prRIMbIa®S, upon

n and um a ni obi u 0026] The vari ation of

t he CODbﬂétliorOfoftthéqahgstenn‘od)mbdenumhamdv’gmt iwizA%irari less heheasajee gpplies
nmeasured; for exanple, in the claggeof a SCOJg target, by taking three

poi ntsUP@ErﬁOe‘?ORiBQ fengsten apgimplvBaepwy 3HPLRICDIHT: noint in the outer
periphery or i t%o"ésﬂo’?fgt ¥d tlﬁ’(ﬂ ifd1981bn {F U anRﬁﬁlaE@%ﬁ\dlﬁtttdﬂtQHgﬁeh Id@nt er
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of the disk, and ana e content of tungsten | ybdenum an
ni obi uthetfuactiast z@;broptertyy qfoiomltmnq tiee pt:mf@tfm and efine rstipisiure P%Tfﬂﬁ:éa't‘q@e"ﬁent er
point is

counted as on e t t he
vari at ﬁeHﬁ?gng;gqrggngngrg My Spg@b Qﬁ?ﬁ%mt’%" BoUguUls 8?%?%? rthl){geof
((maxi guFbMAl Y ﬁn@kﬂummé\@ltﬁehé(gaxrny@am dffedt mmbmmeMeUua)c}asms 190.
Wth the tantalum sputtering target of the present invention; nore

pref er abtqqplmgtwrmsteragedmqubdenlgneﬁnﬁi/@r ebjugn.120 pm or | ess. The crystal
grain size can ﬂ ﬂ%ls foda%&tl gelsagggissn a(éﬁ e@B P UYL Rt P Wb ndrd

tungsten and a n-proc I'S necessary to take note
of caupkrddudtion @M@éggebmr St dlecassarty ®i ket noﬂeeofl@@us)ng dhe lwesigtioard the have

a clear intent to achieve the sane. 'rlt'\ég° éﬁeef er abl yt bhe varl?atl .0 n?f t he

cryst atungsiem osingenti i thdayget dgsbe 7 GrelegppPNesiOupBYE & |H€? JRgst en

and OSBRI R B THONE dpfed1 e Y8RP tus téhea@d/eﬁ@t Bd&RuAt al
ar as or e

grain §C78 |n tant ure anpl e, he case of
a di scglnd/dranggum_by takl ng thr ee points (center

[0026] The variation of the content of tungsten, molybdenum and/or niobium 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
content of tungsten, molybdenum and/or niobium at a total of 17 points {16 points +
center point (since the center point is common, and counted as one point)}.

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

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

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

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

measured; for example, in the case of a discoid target, by taking three points (center



point, 1/2 point of the radius, and point in the outer periphery or its
vicinity) on eight equal |ines passing through the center of the disk, and
measuring the crystal grain size of tantalumat a total of 17 points {16
points + center point (since the center point is counted as one point)}.
The variation of he crystal grain size is calculated at the respective

ints b this, f | a: . ;
Vol e RORnT RGP RS rd PR T et BLICE sierPhEnf B ML MRl qeighvm
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addi ti gnal | i.el ffect of being able to shorten the burn-in tine.
[Exanp'se%ﬁurff%%fg]oq%ﬁeaﬁpgsent invention is now explained in detail with

reference to thehdxanai@sof fReesgstakgrgih sizeds eatmiatky atthe sespective poitdl t he
present invention shall in no way be limted thereby. In other words, the
pr esenbased entthisfoEBYEE s t he ot her npdes and nodifications included in the

techni g(ﬂl%ﬂr?\ﬂﬁﬂ?%lugf- &mgfaHia{‘yaﬂéj/p{géxihﬁﬁ’ﬁQbu{eEx?ﬁmin%r?q)value)} x 100. A raw

mat er i taine y ad ungsten 1 n an anmount corresponding to 1 nass
ppoasi 0 t ant al urTiiawing of tacgett struftu@9 e09i8ies vetsbleuplastta aadelieldsrsPBEam
melting, and this_was cast to_prepare an ingot,havi I S 40f,200 mMm
and di SHERERSS (§TRIONWH A, then B  YRTSe V&l siThest e%il%y?%ist‘stgﬂélg%ée}%gaFT&

appr OX%P'H%@IIirYg 28n @80 be realized infheshitResfaeendmeprwringdtfeopgisent nventios

i ngot o i''et at roomtenperature, this was subject to recrystallization
anneal additianally yietdsethateffect of beBapalke tasharteadlg PUrEim@diéri al  havi ng a

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

the average crystal grain size is 200 pm was obt ai ned.
Subsequfg,hwes] his was subject to extend forging and upset forging at room

t enperature once again, and recrystallizatioqn apnealin s, perf or ned

t ezset d hggpiaseat invandigpeisanvecudlanpgoindeigd! w'tﬁéﬁﬁfﬁng?vge&&%aﬁﬂa‘ﬁ%% gi ng
d h ! y ; .

an ej’ﬁwe%éwgg%gggﬂere%mgﬁéh\% | gﬁg?%sbht FkBRESH 3BEI mMhanghyabe

di anmet striucture I n he average crystal grain size

i s 150 |igitewatheedtiyai Inesther [MASXAE] ey psespré invgntiarhcsverasthsublhec tmedescand
rolling and recrystailization anne?l [ nge %t 173 K, .and finish processing so
as to omdifieptionsdneludedin &e MChRiGAl RENEERYAT IFLRENION 0 m and a di anet er

O{oo:’fb']:’o (EQHW{pIe 1)

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

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

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

thickness of 10 mm and a diameter of 450 mme.
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The average crystal grain size of the target was 120 pm and the variation
of the crystal grain size was 20% Moreover, the variation of the tungsten
content was 20% The results are shown in Table 2. [0032] Since the sheet
resi stance depends on the filmthickness, the distribution of the sheet
resistance in the wafer (12 inches) was neasured to check the distribution
condi tion of thg i i iTREE Srithakhet W2R BIRRh, HATItAL JBASIET 49
poi nts on the mhg}ée?bém%?gn@gggfgglfgﬁga fctﬁ?etltéet he standard devi ation (a)
t her eobf the crystal grainAsizeheas e20% sMeheower] theTabliatia obthaltmdsjen chetent
fluctuation of the resistance distyihution in the sheet is small (2.6 to
3,2% W|a§rﬁ2t0(r8(é« The f@%ﬁtsﬁrﬁgfiﬁob"ﬁ‘ 'lnhtatgﬁé'stage of sputtering in this

l'e; that ig et HAlidt9AcOTebBRdE bhrhEHilpkRprkseds sthel distiibation s
W. anérﬁﬁe%bectt%a? ce:nerl;éy required up to the initial
st abi | bzaheoshedt semisthacenip Wes whfeo (fPasdnches) awds shmewsdrerk (o kolfecka e

d ] he resul hown in Tabl e.2. .Thus, ,besi i h
bur n- | RSBt Fen e o I RSy SHETHBTY: (1 RISeT JUraDre. ot | ¢
was POpsinkd Bn k9% WHREIONSs Wieasiiad itd KaRlidid ens Buinterd depasibh i(@)thel&33]

[ Tabl e 2] [0034] (Exanple 2) ' A raw material obtained by adding
tungsten in an 6t resulisesiondl g Tabk rassviggntly.o thantustualiondhéea

purity of .99.999%. subj,ec el let t hi ast
o pr opeve e TSRl PR RE u R R 7o 385 2T for e el tape 353 €
The crggl altags af Bpsitaeng nin thisSExaaplenaisataisptiax floetuatiyn 50 thenfilrAf thekness
performng extend forging to this ingot or billet at roomtenperature,

thi s welistrguBjosds shtdlk ecrystal li zation annealing at a tenperature of 1500 K.
As a result, a | Al ' ' [ LBEr 130
mop, and & strid oshedl ey AehEEE TR e Ha e o LR v
obt ai neds also measured Siras ehowst | 420 kWis amsdscriepeed, 89 textresidts shewmdn and
upset forai at room, tenperature once again nd recrystallizafi

anneal frﬁé'%v\ggTB‘é?fQﬁsd%F gﬁ@?@'ﬁ'&%@ﬁ&”ﬁf"ﬁ"@%ﬁgsrea\f%r\nggfﬁf(uﬂ%m'{Q%?%% K.
As a 1 aeMlasGhyb B RMt Msgéd&i@@% heptovetRalqiRNty elRkspuRteabebSitbN.

havi ng a thickness 120 mm and a dianeter 130 nrrico, and a structure in
whoxsh [ThbleaXler age crystal grain size is 100 pm was obt ai ned.

Average . Magten i Variation in Resistivity Distribution El[:encé:g; | Uniformity

W Crys;azlzgram Ggifglze W Content in Sheet up fo initial | of Film

Stabilization

Example 1 1 120 +20% +20% 2.6 ~ 32% 120kwh Favorable
Example 2 5 110 +17% +18% 2.5 ~ 3.0% 100kwh Favorable
Example 3 10 90 +15% +16% 2.3 ~ 27% 90kwh I Favorable
Example 4 | 20 85 116% +12% ) 2.0 ~ 22% 87kwh Favorable
Example 5 50 80 8% +10% 1.7 ~ 1.9% 85kwh . Favorable
Example 6 70 75 7% 8% 1.3 ~ 1.5% 82kwh Favorable
Example 7 | 100 70 5% 6% 1.0 ~ 1.2% 80kwh Favorable

ngma‘;::g‘;e 0.5 130 +35% £40% 38 ~ 6.0% | 200kwh | Inferior

80 L )
CE)’:;”;RS‘; 150 c\;irsiae?;y £50% £70% 45 ~ 7.0% | 130kwh | Inferior
Segregation

[0034) (Example 2)

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

After performing extend forging to this ingot or billet at room temperature,
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[0 0351 Subsequently, this was subject to cold rolling and
recrystallization annealing, and finish processing so as to obtain a target
mat erial having a thickness of 10 mm and a dianeter of 450 mmy. Cold

wor ki ng and recrystallization annealing in the mddle and | ast were
adjusted to achieve the follow ng average crystal grain size arid variation

thereof. Al though th crystal grain gj Dot Lom Wi
e Bt P A A AT e =
ad] ust %ﬁéte‘é‘f???ﬁ\gﬁﬁiﬂh%ﬂﬂésémfsl 2BXARPARI a diameter of 13thenay,efrape stuysral

grain size arget was 110 pm and the variation thereof was -17%
Nor eov @r whicheheaviesage arystaltgiaint sieg) st 200 pohwaatobigisedsy, The results are

simlarly sho in Table 2. [0036]Sin h et Lesi : n the
filmthi cknes\é\%‘f?ﬁee%eéﬁyi lgrﬂf%i‘ﬁﬂgosr%bﬁicg tg)hg)é%ngefsq@ﬁgn%%@i teﬁgg : era(?( 12

i nches}oyAserRRaFatURS ohBe Gtk driteratinfdtailibatidroancealitig was pefforinedfthérato

t hi ckness. Specifically, the sheet resistance of 49 poi.nt sfoon thedvi%fai; was

measur agatroatcaltempetaiuteof taAdarP0feki Asidregull ok Ipeadng forging an the

results shown in_.Tabl . Qv LYo I i f 4 i trAmge
distri ﬁﬁ?ﬂﬂﬁmi ﬂg?'ﬁe%sﬁ]@i?”?qsﬁ%ﬁn@ Iayt(hi&%%ts % ?%%H.' f%m%t%%hfertﬁéf?glg stage to
t he endngtageud@iiresipuihiehithg averdde sryBiahgpdin;sizehiat 10Gpmt Wwas bbtainedit i on of
the filmthickness distribution is small. . _The el ectr{' I eper gy
rBeWired up to SwWessHanty isHVes L3WRIBH JP Sl alingg ARds TEFTYE aﬁ'@?&ur ed
and sh ini ) i rsaxeyal havingll icknesbus,
besi degwﬁg%'%n‘%ﬂr%ﬂ?'ﬁgqﬁggﬁ%ﬁét%igr?eséﬁ)t%‘gﬁéigﬁﬁtdg (uniforr_ritg) of the film
was fawdrahhe, amhd dismeter gfots0 binept oCiolepwotking kedgearyistallizstionrRnnaaling er

Fungst h 176 tiRdier e fatores Auikstera 8025 A8 Mol AusBlb iR, Blafy” "
purity ok 99 980%0MRThSIedF E&kh W EIRE hudagReas iR brain Gsizaaddt Viratioasvidast

to prepare an ingot having a thickness of 200 nm and di aneter C?l 200 . r nnp.
The cr ypiscathangs depending on: thiesadshiive apeunbpt Biigstarsthe Joyegring adjustment

After perform.ng.extend forging to this ingot or billet at room
t enper g{%%?r%?ssfﬂgé“ﬁ}éﬁ%ﬂ?@%t to recrystallization annealing at a
tenperature of t80@vEragSciistRgudih.sife obthertasdetiveas ny0 ant larckihessaretion20
trimand a dianeter of 130 rrr\r,}g, and a structure in

WaS§

( whi ch t he ai/ raqﬁ
cryst attheyeaf wasi £&7Yos Mo@oyaf \stadicRedf, the tungsten cepigab¥RsSHt @y" tAPs was
subj ect _tq, extend.fqrdqgi t forging at roomtenperature once again,
and reé??’@isa?rleiSﬂ@f'?ﬂ%ggﬁﬁlggﬁﬁn%m%vgs perfornmed thereto again at a
t egmgrature of $#Re the sk rksistdce depemids af theefileathickneissy thendistiibtineat

treatnment again, a material having.a thickness 120 nmm and i a r,.130
mm  an®f athet sheeluresistanmg #h thaeWalRlr 4 '8?9%5&""357 gp%assqrgél &’s Cﬁgéﬁptp%was

obt ai n%ﬁstribution 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 (2.5 to 3.0%) 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 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.

00371 (Example 3)

A raw material obtained by adding tungsten in an amount corresponding

to 10 mass ppm to tantalum having a purity of 99.999% was subject to electron beam

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

12



[ 0038] Subsequently, this was subject to cold rolling and recrystallization
anneal ing, and finish processing so as to obtain a target material having a
t hi ckness of 10 mm and a di aneter of 450 mini'. Cold working and
recrystallization annealing in the mddle and | ast were adjusted to achi eve
the fol I ovvi ng average crystal grain size and variation thereof. Al though

t he av e cr ra Si z nd.varia | !qﬁp\p i ng on
t he ad ]Igr aﬁg@@fﬂ'ﬂﬁp ]t]_Bﬁ Sjﬂlagr?Hbs'Fgr“iyﬁFﬁé%%&' aﬁss%ﬂ%r%? vvag pos@ilﬁgl ein
this Exanpl €. After performi ?%xﬁ#ﬁfﬁﬁ@ ry3hidlingdedmbitiezat @bnt tempenaget, was
90 pm and the vari at| on thereof was 5% Mor eover, the variation of the

t ungst this vastsebjectds racystaliratipa annegling at gﬂﬁmpamtyr% REMAOY K- AgA B

0039] S 1 heet t f] t i

i st 1 BRREHEpre NG cchiednerb &f dEQRRTRAF pRlafrdr 39S hﬁéﬁ'*ﬁaﬁ“ﬁ&&zmed
to chegkyhids tHe Bhveidyd bl@/@tdl@'ﬁé’ihtsjlimlsCQOG pen Wab mbtahnediness Specifically,

t he sheet resistance of poi nts on the wafer Jreasu calcul ﬁte

ed t
t he standard de‘wmeiqmn(lm thlﬁeW%%fSUbJeCt to extend rglﬁa 7 lHPFE {HGHe @
Tabl e

i den fi Mefw t he
sheet r%O'Eﬁa Pe%aé&tae %’n&i %ﬁ etai“nﬂ?[ rféf;l?%%\e toglt‘; E)%"rﬂgﬁ\é\bg?ger'gtl%f
me t eggam atha ttémpe:étarmbemooao 1|5$)o Kh,lasfa [&sultiamﬁ epeating Herging and e@kneﬁs

istribution is sma el ectrjca t he
i ni tiatregtradnt againi enmaterigl iavéng ﬁgﬂ\@@eéﬁ {# rgggg‘?f W%ﬁ%r\aigo gﬁm &)\/\h
and degpgasg ct@r% ﬁﬂﬁhlE:ﬁStHéta*?reﬁ(bS:‘r’]‘?yét%l dahheiz is Hugsumbess demisddr t eni ng

the burn-in he evenness ormty) of the filmwas favorable, and
i foo3sps possi bI esmbseqqerrxblye thise waml subjedf te heokpuelieg ééﬁoﬁ@W%"ﬁ‘"'ZFb@'&O]

( Exanpl e Ara terial obtained b ddin

corr esﬁﬂﬂﬁ% B ARLQCETHAY §°38n ‘@"P@ 33?%9%?2%}%?]? Ha\ﬁﬂg g%gtgg@ was
subj echr 4@ rﬁﬂne&ﬁd lem@fﬁr@“t’iﬂm@mm@ndCbm WOy @natreb@smmba aimelahg@t
having ‘a thickness of mm and di aneter of 200 nmrny). The (r:fé%’/ Eg{agr ain

size i the mlddgeamdaiasipml@(admﬁmq/tmgch@ye the followmg ayqrage

extend for t.o.thi,s ingo e t

subj ect £ gr?‘gglﬁf)gtt'%n |th?§P?dé\'”h%“r@ H 5\,&% ttaF ﬁ%i%? n%S\}g(S?tI%%XNsma
result g éRdRYe @épé]ﬁlh%@n&hb@ddﬂﬂ@ém@bnﬂaﬂtumswm tiae forageingradjéistiBmtRi ny,
and a structure in the average crystal grain size is 200 pm was

obt ai nes possible in this §xesei@ent |y, this was subject to extend forging and
upset forging i
Stl;l(% gggt%;ee{rﬁ@;se Igfrgln 0LZE e fhrﬂgpﬂlaéeﬁf M, &lnki thatvaeition

anneal i ng was aln at a tefperature of 1400 to 1500 K

As a resatebf afasr et iMgeboegithg \zmdatlbaaif thedahgsten ceptent wasmttdei dhe
havi ng a thi ckness 120 rrmandq% diameter 130 nrrap, and a structure in
whi ch rerultparesgailady shavngrdiaRl&Pze is 100 pm was obt ai ned.

[0039] 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 distribution in the sheet is small (2.3 to 2.7%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

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

[0040] (Example 4)
A raw material obtained by adding tungsten in an amount corresponding
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[ 0041] Subsequently, this was subject to cold rolling and recrystallization
anneal ing, and finish processing so as to obtain a target material having a
t hi ckness of 10 mm and a di aneter of 450 nrnw. Col d working and
recrystallization annealing in the mddle and | ast were adjusted to achi eve
the follow ng average crystal grain size and variation thereof. Al though

he adii 2O restiRRIogR D LERHY £ AU PP LoB R PRt Y ABRRRTEHES, T

LS ExRIm h $heo Pres@aeas vgstahadn ntisbiasesef of neo tramgand vas
85 pm an gfhaendvcigtrllsavtwf‘s'cn%;at hergo%ﬁwas - q/(2 I\/bre%ver t he var |€%h q<))n of the

t ungst dimncetet eh200msmy2 FheTdrgstakgiain §lZ§rlé tblﬁrﬁaSQrW@B gRRRRXIMAt

25 nee, e ReE eSS AERSANS I RabLbPbBt KRR e e,

to cheglis W ijﬁéétltb%b%taﬂmzaiiowa:mea'nngm aftleh’fpdrbtmkroés!§00$bdts airesull, y,
t he sheet resistance of poi nts on the wafer was neasur ed@’?gﬁﬁ%ﬁ Iate
I

t he st andatemladjbaVIag|a)thlql@yeStsrﬂéﬂé?@fmm and a diametersof 130 mEag, YA

Tabl e 2 distribution in the
Shoet TewBl i cbeiagd E/sialdrtciod ioo0d B WES GBaRes. o LT DUt (Phge of
sputteri ng in t$utss&?mwe th‘éhw‘aslsubjédstetof bmandaforglmgoand hepsiet |faTging Gkness
distribution is sm he e, ectrical elner egﬁ) ng tﬁgf{‘%t he
i ni ti aro@ndBmpesalure®nNee again & F?@W\ﬁ@ lizplien ﬁﬁﬁ@ﬁl‘% 0

2nd BoakaPals Ehraue R 1iBoBORId R, RSN fedlit Jmeﬁ:eahﬂglfd@ngiaadtmtng

the buff he "evenness (uniformty) of I mwas favorable, and
it was tr@asraebi eghin, ianpradeealt heevingial thigknefsst Hi0 @pmtmd adeigaater 40 m[fmo43]
( Exanp mat er i al

b d h
amount 266 SEyHER iyhishabe VeSS AR L Ao B BRI | o go0ss

541i”b1 ect to §h6§é<¥ geam.smhés Ngubjabd tbhicsldvasll®gs tando recmtallezaanm ngot
ving a thickness o nm and di aneter of 200 rnnp. The crystal grain

SI ze | mnhkakng,zre &alshepppc@dlm@tsél@s E!SOIWNH a target materiat hayinget figkn

Co. rooryapaniraad actiedidari g aihg: ¢ EeflwsaPiPh “EMEERs folor el o2t

mat eri % tﬁ@maeleaaﬁ@ug&rw&ﬁe atljuk28y fnaenikve td\eaﬂmﬂbwrng)iavér&(ger cnyaualbgrand a
structure in which the average crystal grain size is 200 pm was

Subseqsizet ayq Vahatlowibemj A lﬁOlﬂQ:h e éMGrag@r evag! Qﬁ%l'nL&ié%tanpoY%ﬂag'Qna‘f” r oom

t I

ther ot Aistudhaings oasfudpa il e SKn G iRt BERURRIR G SN BRIRPANSTR |

forgi ngva%nglg:%aé if ltmgtm@rg.ﬁp@g?l n, ta mat er :/\zl an ng a thi Cknesst 120 mm and
di ter rrinp, and a structure i i C rage c

; zlealng 100 pm mgn;cpgl@f%@%éB’St%|(ﬂf§K) S'th?géléﬁﬁ%rﬂﬁ& V/astaﬁy Cgﬁl? \Z% a%to col d

o L MOy LB YEO9L WG BR. BRI offhé funklh BomenE sicagx FAT o

obtain eria avi'ng |ckness o O mm and a di aneter of 450
rnnp. G@élﬁits/\@rrd@l‘Maﬂwihbamrlyls'lfafﬁlé|22at| on annealing i n the mddle and | ast

were adjusted tg achieve the foll ow ng avera C s i
vaP#ati on t her esinceaherdirm r?ﬁ'étwgr%%%erﬂg)%r?ﬁl B%ﬂ %r%z% Qh%%gr}bﬁg@ﬁon
Wl a'o?Oth%h%HQSt 488%(5116&9 u?flhbhwaqéd'(ﬁzvmcﬁéswwagafmémedem chaek the
f or egoi ng adj ust nent possible in this Exanple
distribution condltlon 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 (2.0 to 2.2%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 87 kWh, and decreased, as the results shown in
Table 2. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

film was favorable, and it was possible to improve the quality of the sputter deposition.
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The average crystal grain size of the target was 80 pm and the variation
t hereof was 8% Moreover, the variation of the tungsten content was 10%
The results are simlarly showmn in Table 2. 100451Si nce t he sheet

resi stance depends on the filmthickness, the distribution of the sheet
resistance in the wafer (12 inches) was neasured to check the distribution
condition of the filmthickness. Specifically, the sheet resistance of 49
pB943t s (B¥AARE Waf er was nmeasured to calcul ate the standard deviation (a)

thereof . bESHEY DySARIAG itlindsteh én 2n &vibdentosrespdrealing
fluctuation of At\rrlaewrrﬁé?etsrfﬂgr?ce di stryi buti%n idn- the sheet is small (1.7 to

1. 9% fo S0nntdes pprintto dantelug daving aeueihtokIAg§a89Yr wep subiadt iy elastropikgam
Ex le; that i the fl ti f_th [ £ hi [ ' j i
Sl T i and i Eatiche K Bl o kUG BRRALS 20 ond
st abi | {idi8RoPROS RthipeTHBLYEE Giawe sZRan thie dagadvahapprdxBhaleih3s am.

decreased, as the results shown in Tabl e 2. Thus, besides shortening
the burn-in tiniften prrfemingexterdifargdantipis iBeot AeDYIE] A (f¥n WB?%V@: and
(xampl S ipe subiedt 10 TBERY P lg2Rgf frietof ot B LG o 3800 1 R0 et

anount 3GRAIFBPRARNG G trickAesBRF Sl 20pnnt and ardiameternzfvidfgman@uand g stticBge 999%
was subject to electron beam nelting, and thi sdg%s. cast to prepare an ingot

havi ngirawhishdkaayerage sostaharansier 5t HMbVas®PIAREY. The crystal grain
size inthis c I oGl I tend foraing Ahd QipSRerfbayimg g
extend forgi ng?@%ﬁﬁﬁgg@gg@ %i%bi%tga %gr% tgrrr%lggat ur e,p t hi sgmg%

subj ectodra teepeystued bhzatdgain, eamerddryjalization anpealingives gerirspedihemio

result, a material havin i.ck s of 120 i rnnp,
and a S8RIcRLA éemﬁe\vm%%(ﬁébaxier%@ Er %t%lre@taf%ﬂ%?%?ghggs %@g %f%dv\ltgé% t
obtai Ngdyment again, a FERSEAUSAVIAY a tHIEKhaA8S120/birACand @ éwbwer flB0gNMY, and
upset forging at roomtenperature once again, and recrystallization

anneal iang anstsugierd orweithtthe reerageyaiystagraintsdzmisr EHALHE wWas phitringd 1500 K.

As a result of gepeating forging and h r - again, '
h&¥%hg a t hi ckné'é'gsﬁcﬁ{? aW% a‘%a?‘ a%’é?lge{ féo%%ﬁ%Fl'ngn?ng srtécr: Cf[amigﬁ |brr11
whi ch Tahﬁe?l?’r%f,aé?ﬁ:l FRIEARbCEEAING sBi &Ltd SbthiDapaTgMsnatetial hadng[200Wakness
Subsequently,” this was subject to cold rolling and recr s},al | ization

anneal iohd( ramdarid ai dameterceiskithmnee. aSobwentiag 7nd reshgelizatios ayieaiagdi ng a

t hi ckness_of . mm and .a di a oAl | i i

recr ysfrél?rﬂ‘? ?H%B@na%&k%tl YRy gﬁﬁ%ﬁ%&&ﬁ) %gﬁ'eer V%ntﬁgl fgg?w Mgggaﬂ(%@%s?ggtag § r%ll_ghi eve
the fols},@WhRg variatianehéelasst Alth@ligh the averagadcrvatal graionsizd@ndofariationhwillgh

t he average crystal grain size and variation will also_change d engi g on
the addisd skangdeperding engbecadiiveamauey e H@%&%éﬁﬁéﬂf@%ﬁg@ g@@g}n “i”ﬂ in
this Exa g average crystal grain size of the target was

L€ it i 4
75 pm oP?ﬁ’f’éblgé'?f('g?ionr? t‘ﬂer eof was 17% Moreover, the variation of the
tungst en cont enthaesefdge Thatalagairt sizarod the targat Wwass3bwm,iandriiel eargation

thereof was +8%. Moreover, the variation of the tungsten content was +10%. The
results are similarly shown in Table 2.

[0045] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

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

The electrical energy required up to the initial stabilization of sputtering

was also measured and showed 85 kWh, and decreased, as the results shown in
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[ 00481Si 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

t he standard deviation (a) thereof, As the results shown in

Table Tanfl b0t Yoelifigs ShURbHRY AR HimiATime R SRl LBk brithe | he

sheet he initial’ stage end age
sputt e"fiirﬁ@véﬂa&bi@l%f@ﬁ@lt@ast bagsible. to tilprdveitieupialionobthet dpaitter Idepositioknes s

distribution is small. The el ectrical energy required up to the
i 048] aExarapld $)zati on of sputtering was al so measured and showed 82 kW,

and decr cased. ASohIfh e diaPRAW) haRghl Rgen i oRRRIEeRrelBEAARE N

the burn-in tineg, evenness h m was favorabl e, and
it was tpgsshhseppe fonaheaemt theving al purity of 9919099 wiatsesubjiepids ieléadiron Hegom 9]

Exanpl e 7 A terial obtajped by addjng t i
D hbpspuhdningnes sosh mscwsnrn oy g herina s B9ekasks HE93b3et 268" o000
was suby %tetr%fﬁbe%@ﬂg mgﬁébﬁlﬁsiz@m th]té' gag‘gaﬁnﬁv_aﬁbrrdma@p@oenmn i ngot

havi ng "a thickness o anmeter o _ he crystal Q%Lai n
size in this caAtempsrfappingxextende forglty tonthis ingot or billet af regm gemperathiey

extend forging to this in r billet. at roomtenper I hj

Subj octNBASYRIPe! 1 BabRYAZAlioear RNt o 4 GRS AP S dPoRdbe e Taeul,
resul t g RafBfhhdingPHitkhedst ot THNRSS aRl ald@niBredit 30 gindgraed actrut8fe mw,
and a structure in"which the average gégstal grain size is 200 pm was

obt ai néniwhich the averagsghesdalugrain size 1280 was wasmiainetlo ext end forgi ng and

upset forging at roomt tur ai n r | d i

anneal i ng was p%?'#’%‘?%edﬁ&ﬁgﬁgt @agg%ﬁbﬁggﬁ% ae? teen'flgjefoe{pﬁpexgga‘iéléoeg%t)@'?%o% K.
As a resantteRiparanfaiones ddquig Al esslystanizatio e ahnealingeaismertormedethieegdto
having a thickness 120 mm and a dianeter 1 ructure in which

30 nthw, and a s
the av@caieatpyerwergive of kP8 tos1albKpms M@Sl&b?&f@i@ﬂ'”?d‘%&j‘g arighhcet
Subseqyenlwne Lihih WhAdRhCiAvihg & Hlitkddds! 199 rafdabg o dishidtbt 2801 Ao,
anneal ing, and Prnrsh processing“so as to obtain a target material having a

t hi cknesg ®&trdSurarirantich teaverage 0dystBQramveizeCs t0vpkivag oltalned.
recrystallization annealjng in the m ddle and st were adj ust eg It g .achi eve
t W848 ol | owi ng avEPEREMIHlyst KIS gvas nSubise! dRd SOkt i "AliNgn aRe &GSz Ign
the avepage.crystak [ Bcsid bBidi ' L&Riaf Raniag Fenskiéisag on
t he ad%nﬁ ?\S/Ie'ﬁé{n%{u(ﬂtm%\b a;j[rgﬁgéssﬁ@%%'%t ée/ﬂ%[ giﬁfggg?ntgdaé(}jrﬁst nllgnt vvag possi b_ISe in
thi s BExartplram and a diameteMbied 50 emage  Coyd walrking @ind recrystalfizatipn acrepindwas

LA RN AR IR s S Ao e e
resi st anceaAERBRLEoRMERRDTT AltRbldH ek assrageherydiss igraibudiz@maind variation will
also change depending on the additive amount of tungsten, the foregoing adjustment
was possible in this Example.
The average crystal grain size of the target was 75 ym, and the variation
thereof was +7%. Moreover, the variation of the tungsten content was +8%. The
results are similarly shown in Table 2.

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

As the results shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.3 to 1.5%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness

distribution is small.
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of the sheet resistance in the wafer (12 inches) was neasured to check the
distribution condition of the filmthickness. Specifically, the sheet

resi stance of 49 points on the wafer was neasured to cal cul ate the standard
deviation (a) thereof. As the results shown in Table 2, evidently, the
fluctuation of the resistance distribution in the sheet is small (1.0 to

1.2% fromthe_initjal stage to the e st a e ar i i S,
Scampl c: that 14¢ eketiey ey sriGrd e kTR BlyarabEse, blishitSing
smal | . ywas also measfB8 &hEehbiveal S2NEVIEYaneadcresbady dsotieheesuttststadwn in
stabili1zation of sputtering was al so neasured and showed 80 k\é\{'}@hi%ﬁg‘@h
e

decr eadeble 2sThiure hasides shememngithe tatndn 2imerihe evseseaR §URIFRY

burn-ip time, the evenness i.f.onrm t f ik f i it
v polE BPS TRUSPRE GG T RESqLas IS S e RkelhE sl Aihe PHRERAL BosiBe
([gagpa(@ggm@easan’pl e 1) A raw materi al obtained by adding
tungsten in an anmount corresponding to 0.5 nass ppmto tantal um havjng a
purity of 99. 995s8wdBatalis ebtained byerdding t%%%ﬁ?ﬂéﬁﬁ”n@mo'dﬂfjc?rﬁ?? NTast
to prepa ' VA t QLG ! f nmy.
The' cr ot 0P 0per ian 28 e i R =S Bl SP SRR ety ST 18] léBor Ny
Af ter pesfomeiting, exidethts fvaisgiayy to prepae angogotdnaving leethickness ®h200 mm

tenperature, this was subje to recrystailization anneal in
{ empor SR IEABPLSHCU0 THEVa T PESTYiSl STaacHA § Vagray s MRrEedel 2920 mm
and a gjgnmeter of 130 rnnp, and a structure in which the average crystal

grain size is 200 pmwas obtained. o Subse_c1uent|y, this was
subj ect to ext ekfterfmerfpmynasdtensstargihgrtgithly ingot eohilebabp@ont tererei@eeagai n,

and regrystallization annealing was rfor | t

Femper BRERGHA0o T B 00 el OAG eRLLAR 2r IReebr s TR00 i AP Pl oy
treat mgnhaRGA Raviflg Rkl s A0 Ahd ekiigseter2d 180 @ndp aardi astueturd 30
rnnmso, and a structure in which the average crystal 8raln size is 100 pm

was obtrawhis.the Bvesagss etystaliargin size s 3R HEUWPE@PRIBEEol d roiling and

recrystallizati anneal i ng.. fd, i r [ : t tegy ar get
et al havi ng P ERUERHLe g My SR 8L OGRRT RgRG, AL Reeb 1B ot
wor ki ngpRdefpefatatabhta aigatn smneiysiglizatidrhennealiigewas perasmenehereto
adjusted to achieve the follow ng aver\a,:ge crystal_grain si.ze.and variation

t her eoBgaipuat a fremperaiyes af 148P deao% Kuas s asyiokianeating fergind eg tive

Exanpl nd t aver Y, r s ' masr 136 mme and
vari at ﬁgﬁﬁp%étr %@?’%&s%ﬁélﬁﬁ%grﬁéﬁ%ﬁgzﬁt melhﬁﬁncg??@% conrt_ iﬁt V\gﬂép'40%
The regyltsstaicur i whichyths Beeragenciatal gréin si3054]08 poevah ebtdieed.

resi stance depends on the fil mthickness; .the

ri8i%t ance in t%@%‘@rﬂtlyizthi%c‘ﬁ%%)S'\?@@‘_’HQSGP SrtP |h5ﬁéban{%éry%§%§@p§ﬁtl on
cor s e Rl [P R 0540053 30380 UL bl kb e sy
t her eobf 10 mm and a diameter of 450 mme. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain
size and variation thereof. Although the average crystal grain size and variation will
also change depending on the additive amount of tungsten, the foregoing adjustment
was possible in this Example.
The average crystal grain size of the target was 70 ym, and the variation
thereof was +5%. The variation of the tungsten content was +6%, as the results
shown in Table 2.
[0051] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49
points on the wafer was measured to calculate the standard deviation (o) thereof.

As the results shown in Table 2, evidently, the fluctuation of the
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As the results shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is large (3.8 to 6.0% fromthe
initial stage to the end stage of sputtering in this Conparative Exanpl e;
that is, the fluctuation of the filmthickness distribution is |ane.

The electrical energy required up to the initial stabilization of

sputteri was al so rreasu ed a i €

resul tges&qqgacg H&XﬂbVWHI'% ﬁhegleﬁssm\AqE (ﬁgg lr?\é?%gg)g? tyﬁ(ge{ rtﬁgéls%ogg% tﬂ?ﬁ
bum i nghj r&agé e s%\ﬁﬁ@ﬂﬁéfin (tHRI ERdrfibley thaX ist fiee flutitavies dfrtherfilorthickndss t was
not possible"to inmprove the quality of the sputter deposition.

Si mi | adistrdsttiongs\wasalber f ormed for a case of adding tungsten in an am)unt
correspondi ng t orn t i

99.999% but th ﬂ“%gi%cqa%ﬂa%h%gyégqbﬁgé%@o@par aw@%a%gt!ﬁlk%ﬂorﬁi f%y‘“%se ved.
't Wasm/é'é%l@é%éﬁ@&rebhbﬁd ajhowedf BQCKWEI the dBUreasedqfasmEEaésuﬂs BI0D&5 in
(Conpar ative 2) raw materjal obtained g%/mgﬁﬁq
tungsté'ﬁblen2aﬁhuﬁnb@wd%%ﬁh@ﬂﬁ@ﬁéltﬁ@ Qlﬁnle'%s@ep%YﬁWSFa(HP r g a

o br o O % RVR G A nd il J6 ThBRLBORE dIRh) S te e n 8 Rof o)
?@2Pf Y@émbawtaﬁerEﬁample 11) this case was approxi mat el ?/etzoa[mq

t f tend f t hi t bi
e O D e 1 Rt Bt iSRS o Sy g egoncing
tenper g& ilid n?ésslis%}&go téﬁ Auresalihg £ pilkeof o deedn@ag dubjsdtnessieofrod20 mm

and a aneter o and a structure in which the avera(%e crystal
grain geam rrmltimgp g tbasvdsteastetd prepare an ingotSpa¢ag wehticknessgfs?

and roeySianEITER! 10 SRAGaT R ARe! PR TR th%%%%%%'%ﬁ?ﬁwxﬁn%%@gai "

t emper gl {r e of 1400 to 1500 K As a result of repeating forging and heat
treatnment again, a nmaterial havi n?ga t hi ckness 120 mm and a di anet er
mng), and a stAberpedoimingtexéend Fsgingetoddis gt prbillgt af FP%Fi‘émip@ralth? pm

vas obiglned, d90501 SUBSSIHEILY odilindan YBieRahee f fogPld | pe and

recrys ni S cessing so as tal n a target

mat eri ads@y ﬁ&téhél"ﬂé—‘\krﬂgaésthm‘kné@s r@mam)dmm dhdretiemeter 4;5(1 3ﬂnrnm(p Goidia
wor ki ng and recr stallization annealing in.t

m ddl e Cﬁ)q st were
adj ust stfuciradhi thﬁaea\feiag@m%alﬁaﬂhgéeéﬁ‘r%é%m $egiqPRin2d- and vari ati on
e DUl hSubOLARBRY (A WALt BRlerRORTLRLCaNd Ut BRIAGA | Ve

Exanpl e, and th ryst grarn size o rget was supposedly 80
pm bUTroélheteHﬁfdrétUr@@ntbeiwkﬁ Mréﬁ%tamndtlmanaeahnfg vasgeifdimnedsibgraigat i on

Fesul t 838t arbirersie o 11318 204 Bosrarreal oherrie TPLurd A
dependg afnEAE afhinMd RiA&RSSSavihg e HiskidsRUi2®Mnm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 ym was obtained.

053] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm@. Cold working and recrystallization annealing
in the middle and last were adjusted to achieve the following average crystal grain
size and variation thereof, but the foregoing adjustment was not possible in this
Comparative Example, and the average crystal grain size of the target was 130 pm,
and variation thereof was +35%. And, variation of the tungsten content was +40%.
The results are similarly shown in Table 2.

[0054] Since the sheet resistance depends on the film thickness, the distribution
of the sheet resistance in the wafer (12 inches) was measured to check the
distribution condition of the film thickness. Specifically, the sheet resistance of 49

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

resi stance of 49 points on the wafer was neasured to cal cul ate the standard
deviation (a) thereof. As the results shown in Table 2,
evidently, the fluctuation of the resistance distribution in the sheet is

large (4.5 to 7,0% fromthe, initi.al t n t . SP i ng
in this Conpar #§ v eEigﬁlblise;sn% 'ps:r%@%ge%’l %gtd%g%l?’oﬂh%f ggp?lﬁm&t Ftllﬁéckness
di stri pudidi@Rc HidtAbASon in the sheet is TaRyee| 28 1tb i6:0%6) druan ghye ieitiali stade dp the t he
initial stabilization of sputtering was al so neasured and_showed %ig kW,
and i nendzstage cissputieringsiol this Sloseparativin Exemelel that is Tihgsflugtuatipr oh dpe

possi bl. a shorten the burn-ipn time, the evenness (uniformty) of the film
was in%'E'?ittWP,n%ﬁ?a‘%Ftt” 'S”A%P‘"Q%ssi ble to inmprove the quality of the sputter
deposi tion. [00h%d eldetacal endthy required up tAtheunitialt stabiizatidn af repdttbsin@ddi ng
2.2 mass ppm of tungsten, 32 mass _ppm of mpl ybdenum apd 12 ) m of

ni obi uMiasrAlgo negagurad @ind seoweddRP Whaangd Indeasehms ec%?ﬁf‘g?&iﬁ‘ﬂg@?‘%@ a
purity.o 89 s .suhj.e c 106, tigyad I SyaMmes§ast
to pr eg'aﬁg%i%%?mfg hgv\:ﬁ%g rgétt h?%ﬁh%s{sd %Poggg%ngnegérjl%m@i g‘ﬁ%ﬁ ébgo?/ 2(_)08% ng) .
The cr ystifdrityRion tisé filn iwas ifsricasadvasvaappotopossittlelty iSHrowa the quality of

Af ter ﬁierform'ﬁ extend forging to this ingot or billet at room

t enper HUPRULGNFRPARHONS ubj ect to recrystallization annealing at a

tenperature of é@q%égestﬁﬁ @as ; drmed BRbYdsal oftding tihdshé kngs anunt20 mMm
nmcl, a

and a dianeter o a structure in which the aver a%e crystal
grai n sbmespending tprd. hsasshppinntectantalum having auuyéy gl @ity of D% 99m Put

bj t tend, f i : t,. f ' . in,
S £t BB PO e oA BOE RS B TRERES i B
t enper gt rRisAisd 488cted theQuriy of\ardalugsul t of repeating forging and heat
treatnment again, a material having a thickness 120 mm and a di aneter 130

riopgs]  dadmpasativeckExamplen2ivhi ch the average crystal grain size is 130 pm was

obt ai ned. 005 b tl.y: i : | ; I
r ecr;/st al l'i [zati kagﬁrﬁ%ﬁ]ﬁg’ bﬁmﬁ%f&&@igéﬂp P%ﬁé@hﬁga}rgg@é{ngé:bgrgggwgg
obt ai nt@ 15ar griss Hirar foatantalvih Giaginghi guritp f d39.999 imwas ds ubjeiitatoeelectron 450

nrncp. The average crystal grain size of the target t/)\/aﬁ 85 &n% qamd thg

vari at beam meltmeaaw%@dvmge%ﬁtﬁmr%arw ingebhavipy ad0icknesses 209 B 89t he
cont ent,. of I [WoloY hL & & 208wl ts are
chown IRl 87308 D e e BRSPS e 2 e T

t hi ckness, the gitet pétiofriog eitetdéorghreeto thisingbanc bilieh at heormdempe(atare,

e e St Byl LB A ST, e
measur ednbas LR hSUInRt £ tHiDeSsBIIB P ¥hatd @Bnleder 6e3CRTme, 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 mmeo,
and a structure in which the average crystal grain size is 100 ym was obtained.

[0056] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
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 thereof, but the foregoing adjustment was not possible in this
Comparative Example, and the average crystal grain size of the target was
supposedly 80 um, but the variation thereof was +50%, and variation caused by
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As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.0 to 2.59% fromthe
initial stage to the end stage of sputtering in this Exanple: that is,

fluctuation of the filmthickness distributionis small.

The

t he

%gc;lri cal energé regui red up5to the initial stabilization of sputtering

so measured and sho W, . and i
Tabl o SSOTPRAYON B HRASARGRARG YHEBH P T Craster RutafLiES o saemn 1
(uni fO{H’g %e‘é%.nﬁ?%irﬁﬁé?’lyféﬁcg'\/t‘f"ﬁ?ﬁﬁ?éoz.abl e, and it was possible to inprove the

quality o

[0058]

[0059]

e sputtier
ution

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 distribution in the sheet is large (4.5 to 7.0%) from the initial stage to the
end stage of sputtering in this Comparative Example; that is, the fluctuation of the
film thickness distribution is large.

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

(Example 8)

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

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

The average crystal grain size of the target was 85 ym, and the variation
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I J, vacr ySW hzed [0062] Exanple 9) A raw material obtained by
adding 3.2 mass ppm of tungsten, 67 mass ppm of nolybdenum and 2.4 mass ppm
of niobiumin a total additive anount of 72.6 mass ppmto tantal um having a
purity of 99.998% was subject to el ectron beamnelting, and this was cast
to prepare an ingot having a thickness of 200 nm and di anmeter of 200 rnnp.

The ¢ | h
e N L R AT
t enper g{diisieriumh %nhﬂ@ﬁotﬁum R65 Viithif @6/ SR tdszns menshowaah i Tra@leaB a

tenperature of 1500 K. As a result, a material having a thickne of 120
nmoeand a di arret%mceftha_:sbeﬁhtpSI%taaC%d§pf3[16$ @ﬂéhﬁﬁllfw@@?m?ﬁ% t§§£ %‘@'BU Vst al

grain ?)% '[Ztﬁee§l9%%dr té’ﬁﬁa E{;] %}pS%{erf 12 .inches SHQ:?eﬂ'té%@mé/d tBhbﬁed’Ka?the

subj ec _ _ ( rging at roomtenperature once again,
and regfyfaidn éandiaon atngal filng theknesy. f Sperdiicalije ties shaghiresiatanae of 49

tenperature of 1400 to 1500 K. As a result of repeating,.forQqj a heat
t r eat meaNtagaitihe V\@f%\ﬁ/éﬁ”é@a%@ﬁjﬁ%caloﬁfﬁt%ﬁtﬂ\%§?nfg 'gﬂ égijﬁ'%ﬁ%? er 130

nrrip, and a st
S /%%0% (?%%@sequhgmrf NR FuBlRds %wa%hai/ ghei flustudfon Sofl 3Qe pm

was obt ai ned. thi's" was subject to cold rollin and
recr ystedistbnes idistrinoti@aln trge aheéih@&ri’(all &na thihv¥h frorodbe dnitigl stegadoitlee

?gg:oneﬁdts%gee tof rg%htetglnﬁé |R at?wlljsnlgxamp e; (ihne%s tk?e]; ﬂtljgtumt% qtﬁeth%nﬁ‘] cel‘JneggASO
distribution is small.
The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 55 kWh, and decreased, as the results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the
film was favorable, and it was possible to improve the quality of the sputter deposition.
[0oe1] [Table 3]

Content of Average Variation | Variation in Resistivity Distribution E'IEectncaI Uniformity
Examples w Mo Nb W, Mo Crystai in Crystal| Contentof in Sheet up tr;elrr?irial of Film
and Nb Grain Size Grain Size| Mo, Nb and W -
Stabilization
Example 8 2.2 32 12 462 85 +11% 16% 2.0 ~ 2.5% 55kwh Favorable
Example 9 3.2 67 24 726 50 7% 8% 1.5 ~ 1.9% 40kwh Favorable
Example 10| 37 | 0.9 | 51 | 97 95 +18% +12% 23 ~ 32% | 80kwh | Favorable
Example 11 11 - 186 27 92 +13% +16% 2,2 ~ 2.9% 60kwh Favorable
Example 12 12 1.5 18 31.5 90 +14% +10% 20 ~ 2.5% 55kwh Favorable
Example 13 17 - 42 59 55 7% +11% 14 ~ 1.7% 45kwh Favorable
Exampte 14 18 2.1 22 421 87 +12% +11% 1.9 ~ 2.3% 50kwh Favorable
Example 15 23 0.69 25 48.69 73 +8% +15% 1.7 ~ 2.3% 45kwh Favorable
Example 16 24 0.97 75 99.97 47 +5% +8% 1.3 ~ 1.6% 35kwh Favorable
Example 17 | 53 1.4 - 54.4 60 +10% +9% 16 ~ 2.6% 50kwh Favorable
Example 18 57 48 45 150 40 7% +15% 1.5 ~ 2.3 55kwh Favorable
Example 19 70 31.5 | 447 146.2 41 8% +17% 1.6 ~ 2.1 50kwh Favorable
Exampte 20 | 69.8 50 30 1498 45 +6% +15% 1.5 ~ 2.4 55kwh Favorable
Comparative | 4 5 | 150 | 40 161.5 S £60% £25% 40 ~ 65% | 150kwh | Inferior
Example 3 Unrecrystallized
Comparative | 55 | 45 | 150 157 She +50% £30% 52 ~ 7.5% | 300kwh | Inferior
Example 4 Unrecrystallized
Comparative | )7 | 534 | 487 | 16438 — £50% +25% 41 ~ 6.7% | 170kwh | inferior
Example 5 Unrecrystallized

[ooe2] (Example 9)
A raw material obtained by adding 3.2 mass ppm of tungsten, 67 mass
ppm of molybdenum and 2.4 mass ppm of niobium in a total additive amount of 72.6
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,

this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
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The average crystal grain size of the target was 50 pm and the variation
of the crystal grain size was 7% Moreover, variation of the content of
tungsten, nol ybdenum and ni obi umwas within 8% The results are shown in
Table 3. [0064] Since the sheet resistance depends on the fil mthickness,
the distribution of the sheet resistance in the wafer (12 inches) was

nmeasured _to check. the. di i buytd Lt i i

Speci f iac'yﬁf%;!al ﬁﬁg'@haegﬁéﬁé’sslss#afr@;m@?gﬁgtap@?m%ge%%ide%‘k’g% rﬁﬁ‘v\g;%?r%gsrle” ed
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was cashickfedd SPRF firdAndAfanherét 89480 hithgkness of 200 nmm and di aneter of
200 [linp. The crystal grain size in this case was atj'a(grom mately 55 mm

After perforni ngheaverape orygialgraim sine of ithyéarget wes| A& Mmandobg variation
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t erpor A 0P8 Br=eEgbR, SHE T iy PG VAR DA ABR PR B thasien o oy
and a gh@yBi&iurafantS3AoBIeR waRNWitinH8% CTe eesults ambistiownhie Fakde 8ge cryst al
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t Boeskt end f or gi Bigcaribehast reypiangg darengdsAn %@%ﬁﬁ&@%ﬁc eaé'ér UtigR g
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[ 0066] POIS GRIBRAET eI RASTSdHD SalcH e BT G 4 BlaT G AN Gh (YRERT 1 Zat ] on
anneal I ng at 1143 the Fad it ”ér?&bipgf REeRHIRI3 S @vRferity, OlPlaifliciatidhdst the

mat eri al having a ckness o mm and a di ameter of 450 ri n%.
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Tabl e Jistribution is small.
The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 40 kWh, and decreased, as the results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the
film was favorable, and it was possible to improve the quality of the sputter deposition.
0065] (Example 10)
A raw material obtained by adding 3.7 mass ppm of tungsten, 0.9 mass
ppm of molybdenum and 5.1 mass ppm of niobium in a total additive amount of 9.7
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,

a material having a thickness of 120 mm and a diameter of 130 mmg, and a structure
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[ 0067] Since 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. As the results shown in Table

3, evidently, the fluctuati f th i istribution in the sheet
Vs et whishinegerads A GAR site 1 290 WL BASI ARG stage of
sputtering in t@h§s<ﬁiﬁ?ﬁly,e;thfﬁshﬁ/bsi Subjédtetd’ bueindatdrgimgoaind hepdett Ifordimg cness

distribution is small. . The el ectrical energy re |reg Egtothe
i ni ti aroemabnperaiureonce againtaid repryalizrieon aanealnWasPesiosmed 186"atow,

and decrease as the result (o) i b i tiedding
fhe burdaIhat piemeEe s ShiaBo TBHTNOR {83 Festit ALMPeeRIR BRI PLRB"D
it was yregsbhl 8ghip, iTRawEall haviagal tHigkrefsst 120 smutdred adejpositei 480, MiNGO66]
(Exanple 11) _ A raw material obtained by addi ng 1§ mass ppm of
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pr epar enasalimgat 1hayikgaral fiish lpnessssifg 20 @srtm chidinda éangee majeriddmaving®. The

crystal grain size in this case wa roxi mtely 55 nm Af ter
per f or rtrﬁ“ﬁbn%%&@cn@ W@ngga_ g@@ﬂ?@fﬁg@?’_"ﬁ? billet at roomtenperature, this
was subject to Tg%%ﬁ%bﬁ}égb@@&awaﬁanﬂzéldf% fdrgat WaBEs philrdothe hWeRtikn As a

result, a materi thickness of 120 nm and a dianmeter of 130 nrnp,
and a <f thetanystai graimisite weas al@%addoreoyst, alarigtianrofsihgecorgenbof BHARERN

oo "y e USRI B B 0 10 o
appgal i ng was psincarthBkHde resistar@ai depeinds dretheefiiat tHickradss 1#@0disbLLEDD K.

As a'result of repeating forging and heat treatnent again, a materi ath
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telrZ of 4?0 E"Tnﬁ

The average cryAsatheyrigsHlisi sown thhd abg gét gy, e, THRWARR 651Gt i on
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Cunger dESRERE AEPbNich 36 e hedt s MGREY S 1o JRILHORNIE inkiaf st Bthe
370] Si neRl $thge dfesiuticsipigsinathise Ectapeteisthah ig, Hbe ffluctnativincédtitesfiim Hickness

di stribution of the ?heet resistance in the wafer (12 inches) was neasured
to chedistiibgtion $t5M8lt i on condition of the filmthickness. Specifically,

e et ar o hel o PP FRLPL vl YoTRE ) SERslscln'or g
was also measured and showed 80 kWh, and decreased, as the results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the
film was favorable, and it was possible to improve the quality of the sputter deposition.
[ooss] (Example 11)

A raw material obtained by adding 11 mass ppm of tungsten and 16 mass
ppm of niobium (molybdenum was not added in this case) in a total additive amount
of 27 mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mmg. The crystal grain size in this case was approximately 55 mm.

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

in which the average crystal grain size is 200 ym was obtained.
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As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.2 to 2.9% 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

| d d 60 kwh,. : i
Tabl o 3. Thus, SHESPALEThoTvA1at LD AP ot R 4 aing L ogR e Krbimgsonn 10
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As the gigsbltich ghgmall.in Table 3, evidently, the fluctuation of the

nitial stage «BheieaRaabeRgOYorlEt W tadne itR SEElzAbL SRS |\
fluctuation,of the fdd ThbhikdRes Sodkal, idMdt Heerebsedmakithe results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the
film was favorable, and it was possible to improve the quality of the sputter deposition.
0071 (Example 12)
A raw material obtained by adding 12 mass ppm of tungsten, 1.5 mass
ppm of molybdenum and 18 mass ppm of niobium in a total additive amount of 31.5
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
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.
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The electrical energy required up to the initial stabilization of
sputtering was al so neasured and showed 55 kWh, and decreased; as the
results shown in Table 3. Thus, besides shortening the burn-in linme, the
evenness (uniformty) of the filmwas favorable, and it was possible to
inprove the quality of the sputter deposition. [0074] (Exanple 13)
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distribution is small.

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

[0o74) (Example 13)

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

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
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The electrical energy required up to the initial stabilization of
sputtering was al so neasured and showed 45 kWh, and decreased, as the
results shown in Table 3. Thus, besides shortening the bumin tine, the
evenness (uniformty) of the filmwas favorable, and it was possible to
inprove the quality of the sputter deposition. 377] (Exanple 14)
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film was favorable and it was possible to improve the quality of the sputter deposition.
0771 (Example 14)
A raw material obtained by adding 18 mass ppm of tungsten, 2.1 mass
ppm of molybdenum and 22 mass ppm of niobium in a total additive amount of 42.1
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 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

26



[ 0080] (Exanple 15) A raw materi al obtai ned by addi ng 23 nass
ppm of tungsten, 0.69 nmass ppm of nol ybdenum and 25 nmass ppm of niobiumin
a total additive anmobunt of 48.69 mass ppmto tantal um having a purity of
99. 998% was subject to electron beamnelting, and this was cast to prepare
an ingot having a thickness of 200 mm and di aneter of 200 trunp. The
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t he distri but f..th t
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t
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thi cknepg dthgé rdf@ﬂidtt@ﬁn?ﬁn&ﬁw Example; that is, tﬁdsléluetlmmnlco:faﬂheeﬁﬂm thicknegai r ed
up to the inirtial stabilization of sputterl ng was al so neasured and showed

45 kWhdisdieutiacisedR@alll, as the results shown in Table 3. Thus, besides
shortening the fug %1é&n&é|”8n?@9 eﬁYu?r@H té YR& fn?iﬁ?ll Eﬁébll?%’uéﬁ%ffddd%‘ﬁﬂg

favorabl e, and it~ was e the ty o he sputter
deposi Wa@halso measured and showed 50 kWh and decreased as the results shown in
Table 3. Thus, besides shortening the burn-in time, the evenness (uniformity) of the
film was favorable, and it was possible to improve the quality of the sputter deposition.
[oogo] (Example 15)
A raw material obtained by adding 23 mass ppm of tungsten, 0.69 mass
ppm of molybdenum and 25 mass ppm of niobium in a total additive amount of 48.69
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
in which the average crystal grain size is 200 um was obtained.
Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto

again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
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[ 0083] (Exanple 16) A raw materi al obtained by addi ng 24 nmass
ppm of tungsten, 0.97 mass ppm of nolybdenum and 75 mass ppm of niobiumin
a total additive anmobunt of 99.97 mass ppmto tantal um having a purity of
99. 998% was subject to electron beamnelting, and this was cast to prepare
an ingot having a thickness of 200 nmm and di aneter of 200 nmqg). The crystal
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up to the initial stabilization of sputtering was al sg. ,maﬁsur?d ar&cﬁl .Showed
35 kWi, and decFleasiestrieal energyceguired sioim the imbal stagilizeigr of pLtgHRg

F avor aBteB-asAqReouiad BSTIEt 48 RBREThe HEMEEET 38 ¢ rhEF shokma
deposi tfizgne 3[ PABS lbédiseerhertéhing the burn-in time, the evenness (uniformity) of the
film was favorable, and it was possible to improve the quality of the sputter deposition.
oos3] (Example 16)
A raw material obtained by adding 24 mass ppm of tungsten, 0.97 mass
ppm of molybdenum and 75 mass ppm of niobium in a total additive amount of 99.97
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 55 mm.
After performing extend forging to this ingot or billet at room temperature,
this was subject to recrystallization annealing at a temperature of 1500 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 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 mmae,
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A raw materi al obtained by adding 53 nmass ppm of tungsten and 1.4 mass ppm

of nol ybdenum ( ni obi um was not added in this case) in a total additive

anount of 54.4 mass ppmto tantalum having a purity of 99.998% was subj ect

to electron beamnelting, and this was cast to prepare an ingot having a
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film was favorable, and it was possible to improve the quality of the sputter deposition.

oose] (Example 17)

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

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

treatment again, a material having a thickness 120 mm and a diameter 130 mme,
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[ 00891 (Exanple 18) A raw materi al obtained by addi ng 57 nass
ppm of tungsten, 48 mass ppm of nol ybdenum and 45 mass ppm of niobiumin a
total additive amount of 150 mass ppmto tantal um having a purity of

99. 998% was subject to electron beamnelting, and this was cast to prepare
an ingot having a thickness of 200 mm and di aneter of 200 mmw. The crystal

grain size in this case was_a X
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obt ai ngd. s s subject to extend forging and
upset ﬁwf'kd]er?a °z£t1 'Hmnaﬁ(g%pcggﬁ u%'legfoﬁ:d;hﬁnﬁﬂ and recrystallization

anneal i ng was peid awi%@eté]%@tl graipaize of tma taegqatawas l6|0eumf amd(ibetvanam K.
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in the shee (1.5to 2.3% fromthe initial stage to the end stage
of spufi{ér(j?[h 'ﬁ%'ls Exanple; that is, the fluctuation of the film

t hi ckness di st rTIb@ltelémnc@l sm@gly . required up to tﬁ'élmlhalestablllzatlmemr&yyltteﬁqgu red
up to the initial stabilization of | so, measur howed
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favor abP8;- 2nd 0 inprove t e quality of the sputter
deposi TﬂlrﬂHWas fa0oRle, (zft)cal’mias A&sible to improve the quality of the sputter deposition.
[oogo; (Example 18)

A raw material obtained by adding 57 mass ppm of tungsten, 48 mass
ppm of molybdenum and 45 mass ppm of niobium in a total additive amount of 150
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm¢. The crystal grain size in this case was approximately 55 mm.

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

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

and a structure in which the average crystal grain size is 100 ym was obtained.
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A raw materi al obtained by adding 70 mass ppm of tungsten, 31,5 mass ppm of
nol ybdenum and 44.7 mass ppmof niobiumin a total additive anmount of 146.2
mass ppmto tantalum having a purity of 99.998% was subject to el ectron
beam nelting, and this was cast to prepare an ingot having a thickness of
200 mm and di aneter of 200 ni nny The crystal grain size in this case was

ap roxi mately r 9,8 o s
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thereo? %e results shown in Table 3, evidently, the

f 1 uct udistrirution |slsmalb3| stance distribution in the sheet is small (1.6 to

2.19% fromthe jnit st,a p i
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smel | . was also meadiv@dehsg tshiodld 8peH, badudecdassr,tas the resltsi shown in

stabilization of sputtering was al so measur ed %nd showed 50. kW acﬁah?
he

decr eadalble asThhe b%@d@& §hgﬁgmgu theTagndn 3imerihs evsiiiegsJUaiieinibn
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(¥ (ExAADle 19)

A raw material obtained by adding 70 mass ppm of tungsten, 31.5 mass
ppm of molybdenum and 44.7 mass ppm of niobium in a total additive amount of
146.2 mass ppm to tantalum having a purity of 99.998% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.

After performing extend forging to this ingot or biliet 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 mmo, 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 mmq,
and a structure in which the average crystal grain size is 100 pm was obtained.

[0093] Subsequently, this was subject to cold rolling and recrystallization
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A raw materi al obtained by adding 69.8 mass ppm of tungsten, 50 mass ppm of
nol ybdenum and 30 nass ppm of niobiumin a total additive anmount of 149.8
mass ppmto tantalum having a purity of 99.998% was subject to el ectron
beam nelting, and this was cast to prepare an ingot having a thickness of
200 mm and di aneter of 200 nmmtp. The crystal grain size in this case was
appr oxi mat el

55 i n. ARt f Qrm L8l HeRirid
hoot ennBainGat 4177 Sorfndoinieh artheond e Al Sl FIDg! FLRQE IRdAD,
anneal iyngy Ate Ao d RITRER BLHI£qRindiBPEf 60 Ama. resul t, a material having a

thi ckness of 120 mm and a dianmeter of 130 ming), and a struct KL inti\g{qi ch
the average cryShalavgragenceistal drainzeige pinthasargst wasetl 1m, and the varia

Subsequently, this was .subject, . f j [ &n,room
Cenpor &% Uhe sHtal SeArantes e FIFR G MaHolth M innsakehobONTeRdn
t her et ‘?né‘iggﬁﬁn% hd SBBRIMA WS BHhin 2400 t Phe hé¥ltE. aréshawneisulableB. r epeat i ng
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ajdbanmet er 130 sinoe, tharshest sesigtansecdanengdsi hthen W?%Scﬂ‘iﬁs Bgraln
size is . 100 p s _obt ai ned. 0 o7 i §Uj epkck aheol d
roili ng?fa?oﬂ? tsg]e\é\@é?ﬁ'ﬁhr}cgt ﬁl%nt%gng’%;%ggfdﬁe%%Wlégqgfl%a?c?ﬁi sh pr ocessi ng so
as to QRtAblticn tcdhaRionBt &ié dlmhmidkngss. Sphiifikalys sthef sheptniesisience Al 4ret er
of 450 rnny. The average cryst rain size. t t was 45
pm anddimie ardihieavaien Wss Measyisss eﬂaﬁ?'ijaﬁeﬁtlhgigsﬁnﬁg Ciﬁ%ﬁﬁ%]r@\;ﬁé:{eg@ari ation
of Lhe content 8L WiNIRIRs Eﬂb\féﬁdﬁﬂufﬁtﬂ@dwié%kikﬂéﬁﬂw\/aﬂwev\/ifmtuatibnlb%th‘éhe
i'n  Tabl'e 3.

results are sho 0097] Since the sheet resj ,st?nce dgjp&%?s on
the filmsiskirden@isgibutibe iditaersheet iamail (1 HetasResh) freg healmdial stpds, er

(12 inches) was neasured to, check the distrijhuti canfbt | ) iBRnddd m
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resultscggﬁ@b\]nﬁl%#’%@gﬁé 3, evidently, the fluct u_at_ip?n of..the resi st
di stribution i nTheeelshtrmal ienesgmireqyineds upgotheomital stakilization; Pfé?”@gt}ﬁ@e to
the end stage of sputteri in thi ; S a et & Usowanirof
the filWP$ tﬁ?%‘kﬁ%%%sputﬁ? t%ﬂOBgP?Wﬁdﬁosé‘mr%& delRétseld? a'?hg\%efégggr i cal energy
requir eﬁat'ge %O&W Hediddsabhsitatihg itB@buen-irotinsp uhe eviengesa urifasanitie a5 Hiced
and showed 5 , and decreased, as the results SFOWn“bn Taﬁlpé’» T{Mf
besi desfilshwas éavargbteh@ndt was possibée 1 iepreVeine SeaplyRTBe SPHITT AFPQEF i | m
was favgr abl ﬁ(@gd it was possible to inprove the quality of the sputter
ddpssl t \eRMR'8E98] (Conparati ve Exanpl e 3)

A raw material obtained by adding 69.8 mass ppm of tungsten, 50 mass

ppm of molybdenum and 30 mass ppm of niobium in a total additive amount of 149.8
mass ppm to tantalum having a purity of 99.998% was subject to electron beam
melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mme. The crystal grain size in this case was approximately 55 mm.

After performing extend forging to this ingot or billet at room temperature,
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 mmeo,
and a structure in which the average crystal grain size is 100 pm was obtained.

[0096] Subsequently, this was subject to cold rolling and recrystallization

annealing at 1173 K, and finish processing so as to obtain a target material having a
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A raw material obtained by adding 1.5 nmass ppm of tungsten, 120 mass ppm of
nol ybdenum and 40 nass ppm of niobiumin a total additive anmount of 161.5
mass ppmto tantalum having a purity of 99.998% was subject to el ectron
beam nelting, and this was cast to prepare an ingot having a thickness of
200 mm and di aneter of 200 nmy. The crystal grain size in this case was

approximately 6 . Af erformng extend forging to this
i ngot dRic mqa%lse@foﬁhn}rgmdt%mg{aﬁpgjé@ ﬁ?'E(PV\/as subj ect to recrystallization

anneal i ng at a {RERREAIGY eryatal RAM Lize A tie 1RT6t WasFTRRErEnal theaxdriagon
t hi ckness of lzgﬁm and a iaarre er of 130 rm%% and amgtructure in which
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deposi tion: [ ratd ; i ¢ e Mm @pgai ned
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a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure

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

Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 20 mme, and
a structure in which the average crystal grain size is 100 um was obtained.

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

of 10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing
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After performng extend forging to this ingot or billet at room
tenperature, this was subject to recrystallization annealing at a
tenperature of 1500 K. As a result, a material having a thickness of 120 mm
and a dianmeter of 130 mmcp, and a structure in which the average crystal
grain size is 200 pm was obt ai ned. Subsequently, this was
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e

bur n-i nntTahle 3.h&heseinwas einPessihier §9 shPtERethe PHIRWY T Fof VeTlIFESi t

was not Li tRe HIRANQYE | ' N8OS ithée @iality 16F4]
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mass paRe @puttengspesitio®3. 4 mass pprn of nol ybdenum and 48. 7 mass ppm of
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to prepare an i RaQhy BtbAs) ﬁbtfamédm@saﬂdmg 209 r{ESsanismdbfamy steno 2 afasem .
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| adidive ageunt of 157

After pemh of molgbasmendrfdot 50 mypssopiei of nioliom by a ieta _
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and recrystalli ﬁtteir %rérf%%?r?d E)ﬁ%nﬂ’q’ﬁrgﬁﬁé ft&'iﬁ@%d&%r%ﬂbt 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 mmae,

and a structure in which the average crystal grain size is 100 um was obtained.
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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 mm and a
dianeter 130 mmtp, and a structure in which the average crystal grain size
is 100 pmwas obtained. [01051 Subsequently, this was subject to cold
rolling and recrystallization annealing, and finish processing so as to
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164.8 mass ppm to tantalum having a purity of 99.998% was subject to electron beam

melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mm ¢ . The crystal grain size in this case was approximately 20 mm.
After performing extend forging to this ingot or billet at room temperature,

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
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CLAIMS 1. Atantalumsputtering target containing 1 nass ppmor nore and
100 mass ppmor |ess of tungsten as an essential component, and having a
purity of 99.998% or nore excluding tungsten and gas conponents, wherein an
average crystal grain size is 120 pmor less. 2. The tantalum sputtering
tzgcryogg iaggg'rdl ng to claim1, wherein variation of the crystal grain size is
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.

[0105] Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness of
10 mm and a diameter of 450 mm¢. Cold working and recrystallization annealing in
the middle and last were adjusted to achieve the following average crystal grain size
and variation thereof, but the foregoing adjustment was not possible in this Comparative
Example, and, although the average crystal grain size of the target was 20 pm, it
included unrecrystallized portions, and variation of the crystal grain size was +50%,
and variation caused by segregation was considerable. And, variation of the content
of tungsten, molybdenum and niobium was +25%, as the results shown in Table 3.

[0106] 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 3, evidently, the fluctuation of the
resistance distribution in the sheet is large (4.1 to 6.7%) from the initial stage to the
end stage of sputtering in this Comparative Example; that is, the fluctuation of the
film thickness distribution is large.

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

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

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

tungsten, molybdenum, and niobium is undesirable.
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INDUSTRIAL APPLICABLILITY

[0108]
The present invention yields a superior effect of being able to provide a

high purity tantalum sputtering target comprising a uniform and fine structure and
which yields stable plasma and superior film evenness (uniformity) by containing 1
mass ppm or more and 100 mass ppm or less of tungsten as an essential component,
and having a purity of 99.998% or more excluding tungsten and gas components.
Moreover, since the plasma stabilization during sputtering can also be realized in the
initial stage of sputtering, the present invention additionally yields the effect of being
able to shorten the burn-in time. Thus, the target of the present invention is useful in
the electronics field, particularly as a target suitable for forming films of complex

shapes, forming circuits or forming barrier films.
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CLAIMS

1. A tantalum sputtering target containing 1 mass ppm or more and 100
mass ppm or less of tungsten as an essential component, and having a purity of
09.998% or more excluding tungsten and gas components, wherein an average

crystal grain size is 120 ym or less.

2. The tantalum sputtering target according to claim 1, wherein variation of

the crystal grain size is £20% or less.
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