DESCRI PTI ON TANTALUM SPUTTERI NG TARGET TECHNI CAL FI ELD [ 0001]

The present invention relates to a high purity tantalum sputtering target
conprising a uniformand fine structure and which yields stable plasm and
yi el ds superior filmevenness, in other words, uniformty. Note that, the
generic termof "high purity tantalun will be used in the present
specification since the high purppBsc¢rRHEOMNN 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 elements is small. BACKGROUND
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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



When reviewi ng these Patent Docunents, there is no disclosure to the effect
of the inclusion of a specific elenent realizing a finer structure and
t hereby stabilizing the plasma. [0006] Particul arly, Patent Docunent 3
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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%.



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 tantal um sputtering target according to any one of 1) to 4) above,
wherein an average crystal grain size is 120 pmor less; and 6) The
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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



H gh purity tantalumis used as the raw material of the tantal um (Ta)
target used in the present invention. An exanple of this high purity
tantalumis shown in Table 1 (refer to the journal of technical disclosure
2005-502770 entitled "Hi gh Purity Tantal um and Sputtering Target made of

H gh Purity Tantal uni edited by the Japan Institute of I|Invention and
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8) The tantalum sputtering target according to 7) above, further containing
10 mass ppm or more and 100 mass ppm or less of molybdenum and/or niobium;
9) The tantalum sputtering target according to 7) above, further containing
10 mass ppm or more and 50 mass ppm or less of molybdenum and/or niobium;
10) The tantalum sputtering target according to any one of 7) to 9) above,
wherein variation of content of tungsten, molybdenum and niobium in the target is
+20% or less;
11) The tantalum 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 entitied “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



Li <0 001 Co <0.001 Cd <0.01 TTI3 <0.005 Be <-0.001 N <0.005 In
-k<0.005 Yb <0.005 <0.005
tantalum can be used.
[o14] [Table 1]
(Analytical Value)
Element [ Concentration | Element | Concentration | Element | Concentration | Element | Concentration
[ppm wt] [ppm wt] [ppm wt] [ppm wi]
Li <0.001 Co <0.001 Cd <0.01 Tm <0.005
Be <0.001 Ni <0.005 In <0.005 Yb <0.005
B <0.005 Cu <0.01 -0.20 |Sn <0.05 Lu <0.005
F <0.05 Zn <0.01 Sb <0.01 Hf <0.01
Na <0.005 Ga <0.01 Te <0.01 Ta Matrix
Mg <0.005 Ge <0.01 I <0.01 W <0.05 - 0.27
Al <0.005 As <0.005 Cs <0.005 Re <0.01
Si <0.001 Se <0.01 Ba <0.005 Os <0.005
P <0.005 Br <0.01 La <0.005 Ir <0.01
S <0.005 Rb <0.005 Ce <0.005 Pt <0.05
Cl <0.01 Sr <0.005 Pr <0.005 Au <0.1
K <0.01 Y <0.001 Nd <0.005 Hg <0.05
Ca <001 7r <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) rolling — (fourth)
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recrystallization annealing from a starting temperature of recrystallization to 1373 K -
(as needed, second) cold (hot) rolling — (as needed, fifth) recrystallization annealing
from a starting temperature of recrystallization to 1373 K — finish processing to obtain
a target material.

[0017] The forging or rolling performed to the ingot or billet will destroy the cast
structure, disperse or eliminate the pores and segregations, and, by further annealing
this, recrystallization will occur, and the densification and strength of the structure
can be improved to a certain degree by repeating the foregoing cold forging or cold
rolling and recrystallization annealing. Although the recrystallization annealing may
only be performed once in the foregoing processing process, the structural defects
can be reduced as much as possible by repeating such recrystallization annealing
twice. Moreover, the cold (hot) rolling and recrystallization annealing performed from
a starting temperature of recrystallization to 1373 K may be performed for only once
or more cycles. The final target shape is obtained by subsequently performing finish
processing such as machining and polishing.

[0018] The tantalum target is produced based on the foregoing production
process under normal circumstances, but this production method is merely an
exemplification, and the present invention is not an invention of the production
process. Accordingly, the target can be produced based on other processes, and this
invention covers all of these targets.

A material having a purity level of 6N is often used to leverage the
characteristics of the tantalum target, but there was always a problem in that the
crystal grains of the target would easily become coarse.

The present inventors discovered that, in the production of this kind of 6N
level target, the crystal grain size was locally fine at the portion where 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
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invention is that 1 mass ppm or more and 100 mass ppm or less of tungsten is
contained as an essential component in tantalum having a purity of 99.998% or more
excluding tungsten and gas components. As needed, 0 to 100 mass ppm of
molybdenum and/or niobium is further added provided that this excludes 0 mass ppm.
1 mass ppm as the lower limit of tungsten is a numerical value for exhibiting the
foregoing effect, and 100 mass ppm as the upper limit of tungsten is the upper limit
for maintaining the effect of the present invention. The upper limit of tungsten is set to
100 mass ppm: because when tungsten exceeds the limit, segregation of
molybdenum will occur, a part of tungsten in which the recrystallization is incomplete
will arise, and the burn-in time will consequently be prolonged.

Based on the foregoing discovery concerning tungsten, the present
inventors examined whether there are any other additive materials of the same
quality, and discoverd the additive materials which yield similar effects are
molybdenum and niobium. The present invention will explain cases of adding
tungsten or tungsten and molybdenum and/or niobium.

[0020] The inclusion of tungsten or tungsten and molybdenum and/or niobium
forms a uniform and fine structure of the target, thereby stabilizes the plasma, and
improves the evenness (uniformity) of the sputtered film. Moreover, since the plasma
stabilization during sputtering can also be realized in the initial stage of sputtering,
the burn-in time can be shortened.

In the foregoing case, the purity of tantalum needs to be high purity; that
is, 99.998% or more. Here, gas components with a small atomic radius such as
oxygen, hydrogen, carbon, nitrogen can be excluded. Generally, it is difficult to
exclude gas components unless a special method is employed, and they are difficult
to eliminate during the refining in the production process under normal circumstances.
Thus, gas components are excluded from the purity of tantalum of the present
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
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and/or niobium is 1 mass ppm or more and 150 mass ppm or less.

[0022] This is because, outside the foregoing range, unrecrystallized portions
arise and variation of the crystal grain size increases as shown in the Comparative
Examples described later, and, in addition, the resistivity distribution within the sheet
and the electric energy until the initial stabilization tend to increase. Consequently,
the uniformity of the film also becomes inferior. This tendency is the same as the
case of adding large amounts of tungsten (independent addition) which exceed the
amount prescribed in this invention.

Nevertheless, what is unique in the case of co-doping is that the
foregoing problems do not occur if the total amount of tungsten and molybdenum
and/or niobium is 150 mass ppm or less.

Although the reason for this is not necessarily clear, it is considered to be
because, although tungsten, molybdenum and niobium respectively have similarities,
they are respectively different substances, and the problem of segregation and effect
on crystallization arise as their respective problems. Nevertheless, this co-doping
also has its limits, and the results showed that any addition in which the total amount
of tungsten and molybdenum and/or niobium exceeds 150 mass ppm is undesirable.

[0023] As described above, tungsten or tungsten and molybdenum and/or
niobium realize the uniform and fine structure of tantalum, but the inclusion of other
metal components, metallic non-metal components, oxides, nitrides, carbides and
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.
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[0025]

[0026]

[0027]

When co-doping tungsten and molybdenum and/or niobium, it is desirable
to adjust the total amount of these components as with the foregoing tungsten upon
adding the same.

With the tantalum sputtering target of the present invention, preferably,
variation of the tungsten content in the target is +20% or less. The same applies
upon co-doping tungsten and molybdenum and/or niobium.

So as long as the inclusion of an appropriate amount of tungsten yields
the function (property) of forming the uniform and fine structure of the tantalum
sputtering target, the uniform dispersion of tungsten will contribute even more to the
uniform and fine structure of the target. The same effect can be yielded in cases of
co-doping tungsten and molybdenum and/or nicbium.

Needless to say, it is easy to achieve the above with a standard
production process, but it is necessary to take note of causing the variation of the
tungsten content in the target to be +20% or less, and to have a clear intent to
achieve the same. The same applies upon co-doping tungsten and molybdenum
and/or niobium.

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 ym 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 ym 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.

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

based on this formula:
{(maximum value - minimum value)/(maximum value + minimum value)} x 100.

[0028] This kind of target structure enables stable plasma and yields superior
evenness (uniformity) of the film. 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.

[Examples]

[0029] The present invention is now explained in detail with reference to the Examples.
These Examples are merely illustrative, and the present invention shall in no way be
limited thereby. In other words, the present invention covers the other modes and
modifications included in the technical concept of this invention.

0o30] (Example 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 mmg, 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 mmeo, and a
structure in which the average crystal grain size is 150 pym 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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[0032]

The average crystal grain size of the target was 120 ym, and the variation
of the crystal grain size was +20%. Moreover, the variation of the tungsten content
was 1t20%. The results are shown in Table 2.

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 (2.6 to 3.2%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
distribution is small.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 120 kWh, and decreased, as the results shown in
Table 2. Thus, besides shortening the burn-in time, the evenness (uniformity) of the

film was favorable, and it was possible to improve the quality of the sputter deposition.

[0033] [Table 2]

Average | Variation in L Electrical
- Variation in Resistivity Distribution |  Energy Uniformity
W |Crystal Grain| Crystal : L .
. A W Content in Sheet up fo initial of Film
Size Grain Size .
Stabilization
Example 1 1 120 +20% +20% 2.6 ~ 3.2% 120kwh Favorable
Example 2 5 110 +17% +18% 25 ~ 3.0% 100kwh Favorable
Example 3 10 a0 115% +16% 2.3 ~ 27% 90kwh Favorable
Example 4 20 85 +10% +12% 2.0 ~ 22% 87kwh Favorable
Example 5 50 80 8% +10% 1.7 ~ 1.9% 85kwh Favorable
Example 6 70 75 7% +8% i3] ~ 1.5% 82kwh Favorable
Example 7 | 100 70 5% +6% 1.0 ~ 1.2% 80kwh Favorable
Comparative| , 130 £35% +40% 38 ~ 6.0% | 200kwh | Inferior
Example 1
80
Comparative Variation .
150 +50% +70% 45 ~ 7.0% 130kwh Inferior
Example 2 caused by
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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[0035]

[0036]

[0037]

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 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
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.

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. 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 110 pm, and the variation
thereof was +17%. Moreover, the variation of the tungsten content was +18%. The
results are similarly shown in Table 2.

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 (0) 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.
(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
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Fe <0.005 Air ( <0.005 Er t<0 005 [ 0015] The sputtering target of the
present invention is produced with the foll ow ng process under nornal

ci rcunst ances. To exenplify a specific exanple, forenost,
tantalum for instance, high purity tantalumof 4N (99.99% or nore) is
used, and appropriate amount of tungsten (W is added to prepare a target

raw [

pr epgaigé',e?% m aw %ﬁq&ﬂwé‘%ﬁéﬂpﬁ}% ﬁP ﬂﬁ%r eowalgsdcl rﬁ%’p@%eggq%gn % I ting
and refining tMtetr@egr@tmimg/\em@hdrfoagungnt@tmi aHGtcm Hiketrat mebmi tegnperatune, | |h keh
and this is case to prepare an ingot or a bi et 0,Sa e ni
purit ythtSawaalsuhie@i tcggeowjaﬂléaw 98@9%'&95% of éq’{BRﬁrthe]‘ngﬁﬁ)lkn‘% %" SHP °
fromth %ﬁélthaw nga thlck?essSHP f@Hﬁﬂt%n)ﬂ a HEn%etbF‘BPﬁ 39rmljﬁtp| bRd o ﬁrtﬁiﬂ@ieec'f to

a serles of proce eps o anneal ing-forging, rolling, annealing (heat

treat riawvmchfthmasdaragean?skal grpimsietib @00i ke.wag Obtaéiedspeci fical ly, for
i nstance, the foregoi n

t o j to,- tend f B i
anneal i ng at aSt 81"% |n Osf H‘Ifﬁsslgg e%:& %@?ﬁor?g?r(q ﬂ%it I}’B%%t @@é'hé;%talg -
eco ngRgl amece trafret

FeorySoem RanySiing 6fid 4 93?‘%’%‘- g oS e Hrealng idTpenamedrioto

r ecr ysagdihiat at teonpenahiral ot A0 teml 808 tharAs ﬁgeséwérr@p@ﬁtmgoforgmg and heat

t all t to 1373 |

Feory St SR iadin oA sBaET b navil & Shibkheid Pl Al 3 Herpeleh 0 fine,
recrysid hiskictf8 ith Which thdaverage dﬂwdﬁg’ralrﬁgzemiﬁoomndv(dscnbtamehl ing - (as

needed, fifth) recrystallization annealin froma starting ature of
riensely st al | i zat iSsibseauesths khis fasi swibjacdc f%"%t%"cﬂ qﬁﬂ&?

t 1 f t
T R 0 B P 8 o p ki

segr egsft | @Afm addda dRiméter bhéBOanm@al iCgd o rkingr aed l;em'mtblllzatmmanmaillngoccur ,
and the densification and strength of the siﬂr (f‘ e can be i nglrfaged to a
cert aiif egniddie\andelashivarg adiestes e RiMigVe 81% 9”‘8’9"@”9@"8@% St8I9'"*y and
recrysg I t i i Wl may
only betézlf)ealrn?’or m@'oﬁ%g%éfn?}]thépgﬁy%% r\}ﬂgﬁ’é‘g gssgiﬁnggb‘pdr g%gsés}w ? ﬁgﬁg ructural

def ectslsc @hahge rdepeadhgasn me:bddﬂslvemwtmfbyngﬁpeaﬂwﬁgregmmg adjustment
recrystallization annealing tw ce. Mreover, the cold (hot) rolling and

r ecr ysas PRSI tﬁl’i‘n@é@mﬁ% performed froma starting tenperature of
recrystallizati r I Can@thaDafatRycl es.
The final tar gg:m‘s%apré %?%W?@Ss y éﬂggggadeérzt\ﬂlléyggrmgr m ng finish

pr oc esthiengpfswas 45 Y%akloredvey, Hred vatatiahiohthe (OwERRTisententtwaikl 6% gddte i s
produced hased on the fore oduction process under nor mal

ci r cunSeHA? 88 siiifaryshovy: gﬁt@&?% nethod is merely an exenplification, and

thRgPr esent i ngptd ik sRedidesifandty88hékds 8h thé GIMNRIdKGESN IO istaisWion
ACCOI‘dI ngly, the target can be produced based on other processes, and this

i nventofothe sshered eeisistalfice hnsthe azvajet 12 inches) was mngaswiedafo HfEckgthe
purity of 6 |s of t se % e
t ant al ﬂﬁﬁf’éﬂﬁ'aat@ itfon 94 tﬁ s ﬂ] ss% %r;?%%ﬁl‘%‘nfl F%ﬁ(tgéfheﬁéct?ﬁls Q;f 4gd:al ns
of thepdiafsdsn thowhfbradsd hiéalé@fédfﬁ) €4lauiate 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.

[0o40) (Example 4)
A raw material obtained by adding tungsten in an amount corresponding
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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
tungsten of a content of approxinmately 0.5 nass ppm under nor nal

ci rcunst ances had segregated at approximtely 1 mass ppm by chance.
Accordingly, as a result of obtaining the hint that the addition of
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| ess. Table 2. Thus, bedidenighortéringdhedurnon tine,she evesness deaieimity) of tegyr | it
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nore preferable range, 10 mass ppmor nore and 100 nass ppm or |ess of
tungsten as an essential conponent, and has a purity of 99.999% or nore
excl udi ng tungsten and gas conponents. Mor eover, the tantal um
sputtering target of the present invention contains 10 mass ppm or nore and
50 mass ppmor |less of tungsten as an essential conponent, and has a purity
of 99.999% qr re excluding tungsten and gas conponents. When
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(si Uceretshﬁs%?é‘%ﬁﬁnd? dHowS irf PHBieed as one point)].. The

variation of the crystal grain size is calculated at the respective points

hemed on this fSinceithe sh¢etresiatanceatapendsipnithe Mo dhigknessehe isHipuiae +

m ot Yﬁela usei?e}etxrelscl)sqance 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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[0028] This kind of target structure enabl es stable plasma and yiel ds
superior evenness (uniformty) of the film Mreover, since the plasna
stabilization during sputtering can also be realized in the initial stage
of sputtering, the present invention additionally yields the effect_of
being able to shorten the burn-in tinme. [Exanples] [0029] The present
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[ Tabl e 2] Exanpite dvétbheasragial Graistside &F thentaBjetewvas 75 um, 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 (g) 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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Variation in CGrystal Gain Size 20%i ;Variation in i 1WContent |
Resistivity Distribution in Sheet Electrical Energy up to initi al
Stabilization Lj20kwh 100kwh -, _ Uniformty of Film Favorable
Favorabl e - Favorabl e

[0049]

[0050]

[0051]

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 82 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.
(Example 7)

A raw material obtained by adding tungsten in an amount corresponding
to 100 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 mmg. The crystal grain size in this case was approximately 25
mm.

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

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

Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 mm¢. 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 um, and the variation
thereof was +5%. The variation of the tungsten content was 6%, as the results
shown in Table 2.

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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[0052]

053]

[0054]

resistance distribution in the sheet is small (1.0 to 1.2%) 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 80 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.
(Comparative Example 1)

A raw material obtained by adding tungsten in an amount corresponding
to 0.5 mass ppm to tantalum having a purity of 99.995% 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 60
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 mmeo, 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
treatment again, a material having a thickness 120 mm and a diameter 130 mmg,
and a structure in which the average crystal grain size is 100 pm was obtained.

Subsequently, this was subject to cold rolling and recrystallization
annealing, and finish processing so as to obtain a target material having a thickness
of 10 mm and a diameter of 450 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 130 pm,
and variation thereof was +35%. And, variation of the tungsten content was +40%.
The results are similarly shown in Table 2.

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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As the results shown in Table 2, evidently, the fluctuation of the
resistance distribution in the sheet is large (3.8 to 6.0%) 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 200 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.

Similar testing was performed for a case of adding tungsten in an amount
corresponding to 0.5 mass ppm to tantalum having a purity of purity of 99.999%, but
the same tendency as this Comparative Example 1 was observed. It was obvious
that this also affected the purity of tantalum.

[oos5] (Comparative Example 2)

A raw material obtained by adding tungsten in an amount corresponding
to 150 mass ppm to tantalum having a purity of 99.999% was subject to electron
beam melting, and this was cast to prepare an ingot having a thickness of 200 mm and
diameter of 200 mmg. 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 mmg, and a structure
in which the average crystal grain size is 200 pm was obtained.

Subsequently, this was subject to extend forging and upset forging at
room temperature once again, and recrystallization annealing was performed thereto
again at a temperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a diameter 130 mme,
and a structure in which the average crystal grain size is 100 pm 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 mm@. Cold working and recrystallization annealing
in the middie 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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[0057]

[0058]

[0059]

segregation was considerable. And, variation of the tungsten content was +70%, as
the results similarly shown in Table 2.

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 (0) 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 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 130 ym 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 um, and the variation
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80kwh 200kwh 130kwh Favorable Inferior Inferior [0034] (Exanple 2)

A raw material obtained by adding tungsten in an anount corresponding to 5
mass ppmto tantalum having a purity of 99.999% 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 nrn9. The crystal grain size in this case was

appr Oxbfgﬁ.t eé%ﬁ?%q éﬂ%re %Ee\);la? 4195 MFe S V8RR bR ehd Qohtint dftARsten,

Il et dre
molybdenum and niobium was within +6%. The results are shown in Table 3.

[0060] 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 small (2.0 to 2.5%) from the initial stage to the
end stage of sputtering in this Example; that is, the fluctuation of the film thickness
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.

[ooe1] [Table 3]

Efectrical
Content of Average Varation | Variation in S P - i .
Examples w Mo Nb W, Mo Crystai in Crystal| Content of Resstn\il;)tysa:et? bution upEtrt]Jelrr?'r)t/ial U':)'ffT:f |T-n ity
and Nb Grain Size |Grain Size| Mo, Nband W =
Stabilization
Exampie 8 22 32 12 46.2 85 +11% +6% 2.0 ~ 2.5% 55kwh Favorable
Example 9 3.2 67 2.4 726 50 7% 8% 1.5 ~ 1.9% 40kwh Favorable
Example 10 3N 0.9 5.1 9.7 95 +18% +12% 2.3 ~ 3.2% 80kwh Favorable
Example 11 11 - 16 27 92 +13% +16% 2.2 ~  2.9% 60kwh Favorable
Example 12 12 1.5 18 31.5 90 +14% +10% 2.0 ~  2.5% 55kwh Favorable
Example 13 17 - 42 59 55 17 % +11% 1.4 ~ 1.7% 45kwh Favorable
Example 14 | 18 2.1 22 4241 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% 1.6 ~ 2.6% 50kwh Favaorable
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
Example 20 | 69.8 50 30 149.8 45 +6% +15% 1.5 ~ 2.4 55kwh Favorable
Comparative | 4 o | 129 | 40 1615 N +60% +25% 40 ~ 6.5% | 150kwh | Inferior
Example 3 Unrecrystallized
Comparative [ 55 | 45 | 150 157 iy +50% +30% 52 ~ 7.5% | 300kwh | Inferior
Example 4 Unrecrystallized
Comparative | o, 7 | 534 | 487 | 1648 2 £50% +25% 41 ~ 6.7% | 170kwh | Inferior
Example 5 Unrecrystallized

o621 (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 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,
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this was subject to recrystallization annealing at a tenperature of 1500 K.
As a result, a material having a thickness of 120 mm and a di aneter of 130
mmrp, and a structure in which the average crystal grain size is 200 pm was
obt ai ned. Subsequently, this was subject to extend forging and
upset forging at roomtenperature once again, and recrystallization
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and decreased, as the results shown in Table 2. Thus, besides shortening
t he budistributionnegnditien @f dhacllm thinkiessniSpgcififally héhe ishaelhwesistanee 5149 and

it was _possible to rove the qualit f. th ) - ifd [ 0037]
(ExamPB o e Warer Wag Hiedslfad ¥ palctialt i SahByld Bardise SbtSett n an
anount correspouglithg F@sulfs RSWVPRA Tablears, abviteRBy, fige afliitiation odf 8 999%
was subject to electron beamnelting, and this was cast to prepare an ingot

havi ngresistanes distbwiiorpmothensherf is smatetled tofl.9%0 fioamthe Mikalstoge &0 the ai n
avi nf . _ ; i _ _ )
oxt endopiarh BF SeitE e Ry Rl indll, e fuugtion S AL RITESY
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Table 2, evidently, the fluctuation oizthe resi stance distribution in the
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sputtering in this Exanple; that is, the fluctuation of the filmthickness



The electrical energy required up to the initial stabilization of
sputtering was al so neasured and showed 90 kWh, and decreased, as the
results shown in Table 2. Thus, besides shortening the burn-in tinme, the
evenness (uniformty) of the filmwas favorable, and it was possible to
inprove the quality of the sputter deposition. [0040] (Exanple 4) A raw
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and showed 87 Q{\Wegﬁij c?gc(arr?é ecg,qals thg results shownli n Tabl ep2. Thus,
besi dewas haisa en¢aspret eanglishowedt 30kWh hand deereased| @si ther AUty STOWME film

was fayorab, and it was ssi bl 0 | npr.ove e j ] er
depos: 17BR. > T eEsidstosppasays the sl TR R e EHBer fudlpr L 3P K
addi ngfilhiRas faVoraBledBndTPWAL paREIRS RO IMbrode tthe JUalgsst theBplittet depadition.
having a purity of 99.999% was subject to el ectron beam melting, and this
viegsslc adixanapleridpar e an i ngot having a thickness of 200 mm and di armet er of
200 mmw. The cr j ' ' by '

atter perform i b ERGNR Ly SRR By i TE RS peRr B QHGERrP 2o 18 s

t enper gpmr ¢f, nibbiusn (aslybdenant wiae natcaddgidahl thisatase) iarnteddliadylitate amount

t t f 1500 K. As sul't, terial havi i ck f 120
and o O Shiiee R Ia AN PENIGR BUTCE TG ODRANPERERE! I EFAG0T OBt ol |

grain slefifhd san%O%is{f’WaV@Eagpf@b re gn ingot having BS@fLKpRES Yof 200 $nvéend
subj ect to~extend forging and upset fording at Toom tenperature once again,
and r edinystat of 2G0 nongpahhe @rystal gras size firothie dasé east aprgaimataty &b mm.
tenperature of 1400 tp 1500 a.result. of repeating forgjn heat
treatnment agai ﬁ}[eé: Pr?&f%m'%? eﬁﬁnﬁﬁfg@w ?ﬁ) &Q‘ﬁé@gd‘l‘g’gb'hﬁ}! %rm-ogg tﬂ_"gﬁérggfrewo
mn, apgs G §fsw§$dsft& rédty¥BilIEBLbARNALEIRP St §t¥mbalatdfebN S0F K. s dlRBuRM was
obt ai ned. F0044 Subsequently, this was subject to cold rolling and

r ecr ysa ahatedal iaingartbiwkngags ohna0 mmi and adiarestsir vf 136 @, @ndiA sifvctira ar get

mat eri al hzélvi i ckne a da 450 rrinp. Cold

ath of. 10 mm [ of
wor ki nfj 4 hr“é%PyEE%% ?Wﬁ%?gﬁ'ﬂﬁ@a'ﬁiﬁ&dﬁm Wﬂ%gﬁf%‘g and | ast were
adjusted to achieve the follow ng average crystal grain size and variation
t hereof. Al though the average crystal, grain size and variation will also
change depending on the additive amouft of tungsten, the foregoing
adj ust mrent was possible in this Exanple. The average crystal




[ 0045] Si nce the sheet resistance depends on the filmthickness, the
distribution of the sheet resistance in the wafer (12 inches) was neasured
to check the distribution condition of the filmthickness. Specifically,

t he sheet resistance of 49 points on the wafer was neasured to cal cul ate

t he standard devi ation (a) t her eof . As the results shown in
Tabl e 2, evide afbstipdUbrding it t he
sheet is small g};ﬁqu@ﬁﬁ Qtt‘/(s‘s w% ‘?‘Hg&l F]c?felxg st 'ggﬁfo theﬁend ‘(zla%e of
sput t abbAOtenpdratireRrRrRPAgaint bad re&ystalﬁxzatlbn(amaallmglwas peréormaditherstekness
distribution is small el ectri ene to the
i ni ti 2gain abil tlerpsrafirgfofsAd o 150 \kéé*saﬁ d sswiai t&%d{ gﬂﬁé@ﬁ%@@ :

and deeraa t 04V 1203hhEard alBimetpsiddenmo,
shortgt%‘r"'e gag%fjhr nglﬁtétt%ﬁw Eév'ﬁg eve'%ﬁ%%%s (uniformty) of the filmwas
favor aéﬂoéa s&l]dtUre inadhighote dwefage cryqbalcgrelrt size iuaB0 pyn vastahdaisgdt t er

deposition. [0Q Exanpl addi ng
tePAYsten in an Sé&’@ﬁfgi’t‘ EWrg@EoH@isn&up@d?Otonacsoz @t’f‘v{) qarl nt akﬁm@gzvéﬁlﬁ)g a
puri tyarﬂteaﬂﬁ%%?qw SHPkRkh ﬁr@c@éﬁﬁé e PRAGDER] hitaget anatetibl lsaviag acast
to prepare an I ngot having a thickness of 200 nm and di aneter of 200 mmtp.

The cripickabsgohil 6 nsinzand a dtamstecfﬁémlaérfmapr oxi mat el y 30 mm
e o O A RSN b2 LRt 4y e

t enperat ure, A5 160 aling

t enpergtiHe %rﬁtal 91 §ze%asﬁl+1i§%u More@véfatverlaMn bﬁtherrgaraemtrmfdlangsien@‘ndlzo mm

and a di aneter o mmcp, and a structure |n which the average crystal

grai n miphign wazwttpmi\ﬂ@% othearasedts are shown in Taglgdequent Iy, this was

suplect 1o ext gfd AlOLRGARdisuRRal d%&é U e FRRTMIERARR e bRtAsARNAGRI .
nnea

ard%r ecryst al | 2 PRg. Was orrre er eto again at a
t enpergft tiee sHeel 4@Bidtandd0A the Agafar r(@Rulriches) rvmaneagtrfadr tn ripegkdthgeat

Erffﬁgémﬁ?gh&m%&”c?ﬁ o ithe il ks SPsdcaln) oihe Shedl relisteflF b0 0 |
was °b§&b{§e&h he $8f%w a%’ﬁ%%%?étﬂo\’cal&mbfe M«%Sstﬁﬁ@éme\hénm(cq thetdofng and

recrys RIS and finish processing so as to obt a|? a target
materi al havi ng\sa théi oéswtss shbwh0 imT alple 3, deidentdy, Hie 4bstyaiian, o

wor king and recrystalliz anneal i ng

adj ust"@é'stf%ﬁ%ﬁl%\'}%‘ toReln PI {hﬁeﬁds 3(71§rl]|a(g7reé1 9 ?e%/rr} ﬂgbﬁlﬂflé]g}lﬁzag%gr% ]\E/cgmeat i on
thereq ansplal treHtas nthed ﬁ@otaaﬁbn/af itk fitn thickhesd so
changeéradep ﬁggegﬁ@ﬁ@%gﬁﬁ% aémunt of tungsten, the foregoing

adj ust distribuiies |$)eﬁmallb| e inthis Exarrpl e. The average crystal

grain size of e et was 75 a O 9

Mor eover, the a(tfen[eﬁ%ytr d;ﬂjp tg’n h\é n'|t?atl SQ )?‘#Le ﬁas s”ﬁagre

si i | apby aﬁ&?‘?ﬁeé réfabérw 3holvBa4&d ﬁWﬁeaﬁ@Qie%Fwedr asi tktear&selltdei}jmmslrbn t he
filmthickness, e distribution of the sheet resistance.in t%ty}/\?)fﬁ?r

i nchesYablas3. n’étawm.%ldéts Sh‘eﬁtﬁnlﬂgéh@l|b$tr'ﬁ1"bﬂm%ﬁh%@9{8pf‘?% (ypifqr
t hi ckn

neasurﬁlm G %t’c'erfahﬁqa A R L o el

tg j2) Table 2, eV|dentIy the fluctuation of the resi stance
d[IStI’I ution |nt

he sheet N to,1.5% f { )
the end stage df re\guﬁagaﬁnatésqt%ﬁgq.@ Egé 01921 ngq%st p{)lgtmot[ﬂgw | 'ﬁétrﬁégsggf 0
the filmt | 16
r egw :Bg‘mugl’ rﬁg%ﬁ%nﬂhf%ﬁabllgstr%%s'p%nﬁ'@dlobl m in a total addifiée %hﬂﬂm‘tma ner gy

Ial zation sputtering was al so neasured
and shawrd BEmkidhtarsallind draviras edpurty ©h@9r398%h twas Isolect o Telefieon bepRys,

B e i e s oD Brot i P GRAEED GRS  n tA

dep03| biaPhetef 8P480 n(rﬁ?ba"mle% atal graln size |n tlvﬁsro&‘é/elmﬁappa'bxmmwlyrﬁinmy addi ng

sten in an anount ‘corresponding to 100 mass ppmto tantal um having a
pur| ty of 99. 99%Remparfautipgexten trginortorthisdagpher PE"ﬁbatWIteFmEe lérec:ast

to prepare an |n t havi n hi cknes f rkp.
The' cr ot Aesqruid FeomA e o leRTod a5 SEn BB AT, B SRR R A€ a KT
After penheria) ﬁgvﬁ\gl’vaaeﬂ‘ﬁblir@’sgld?gZUthhaﬁd antj@tnetsr dfi 130emnap, arabanstructure

t enperat ure, S subject to recrystallization annealing at a

t enper atwhe:hcthebﬁ@@age crystal graissize iss2 QR8T VAP ARAUNBY- a t hi ckness of 120 nm
and a diameter of 130 Tanp, and a structure in which the average crystal
grain size is 200 pm was obt ai ned.
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Subsequently, this was subject to extend forging and upset forging at room
tenperature once again, and recrystallization annealing was perforned
thereto again at a tenperature of 1400 to 1500 K. As a result of repeating
forging and heat treatnent again, a material having a thickness 120 nm and
a dianmeter 130 nmil, and a structure in which the average crystal grain size
I's 100 pm vas afidedntly | ﬁﬁé%é@%ﬁquetémna% MG Sarfl Ripg6t férgingoht
rolling and recrystallil Z%tl on annealing, and finish processing so as to

obt ai nraon demperatateeonee again, mgdarechistdllizationoanriegaling wagi perfames therets 450

were aB9aBr (e rtaweof 0} B 1160PH; Be & Bo0toF yebBrtilf LRate Guf el *°'
vari at {r@gntd1e’ &in Aht argtal iRy 8TRERNEEY SIDBI M Aind &idiamats 130 drhipon

wi I'l al so change depending on the additive amount of tungsten, the
f or egoaing asljustynesntwiviels tippevelsige drystehgraiEsizeps d 30 pm was obtaingge aver age

crystal grain size of the target_was 70.p arlat] was
59%87?the vari at f% s&quteﬂﬂyt Jﬁ&st\'\é"ﬁs cso"lwgﬁt %\ﬁg&g%}&@at%%&r gél:ﬁﬁtgfﬁéﬁ@v\% in
Tabl e 2nndAPLatS TREKL BAJSIie preksingnseead ep ebtsin @ntardest rhatemal hacikgess,
the distribution of the sheet resistance in the wafer (12 i nches) was

meas ur ¥icknese g dR mArany ardiametersf 428aMP-on of the fil mthi ckness.
Specifically, t LSt Anc - g
Dl burat v ¢ e AUEELISRLE! BAR <Pl SPHROGRICt 02, BOTIMRARY e SallBfaH °

Tabl e &f trevedetidllgraint bizef Was t1a% oMovéovdre variatiors Dariee contntidiutingstenn t he

sheet is small (1.0 to.1.29% fromthe ingitial stage to the_e t age of
sput t eMoPGeRUIhARd Bighiynewas Malin §?8°t/°hgjh1el rﬁé?@%?%o?hqwn {h agglfn t hi ckness
di gtribution isg; i itg8! iclMedS aHE destribltidrp t he
e L o | S the SPeEtpﬁsésé??%%agﬁgﬁ%Cég R e RO, v,
and decf ¢las esheedsrasistanes uint thes hveater i (1 2Tihes?. wahuneabesiddée ekt & ng

| vasOB iR eEans i BS TR RE HUGKTeRy stokeiay e e B AR B ™

( Conpaggihis/sn iRl was measured to cicliRte R StahahrdP@éaatied (Bythaestfng

tungsten in an anount corresponding to 0.5 mass ppmto tantal um having a
purity of 99.99EMthes resuliseshown én etablen Jneavidaslly,i e Puruations fatheast

t : ingat _havi t hi,ck 0 | anet .
The cor Jatsirnch AR nhensiet i SR 57 TN ST stdde Bthe™
After pedfseigd b spukemey itk Ekdraplehtisatiisgfie Miictbatidelof ate fimrthickness

tenperature, this was subject to recrystallization annealing at a
t enper @istiiteition iI960@IIK. As a result, a material having a thickness of 120 nm

and a di anmeter @f 0 , . re | Al I
grain size is 28}? %%C@o%%zgﬁi%a%&?hB b te @&L@&Eﬁ@ﬁ%ﬁﬁ t@‘ﬁ?gﬁ%@gﬁ

subj ecivat QISX neewkred Gt shbded PSR KVIID ghd Glettedseoindsetiee results eshmwae irmgai n,
and recrystallization annealing was performed thereto again,_at .

t
t enper haklee3.ofhus dresides soertaningdhg busaqin tims, the YepPReS K‘dﬁ“ﬁ?r%@hﬁ& hizat
¢ ¢ : P ; ; : 320
iy, B3 raBle BB s ¢ bl & IENBTAS ghaffTife Cofudh ARt
qid7aj n@Ekam@le33) Subsequently, this was subject to cold rolling and

recrystallization annealing, and finish processing sp, ,as to obtai,n _a target
material havi nd* BBW ﬁ?%ﬁﬁ@%fgotéfneﬂcpm‘i'ﬁaiﬁomaéﬁ&pg? o&un@&qﬁ?(ﬁﬁb&?%s

wor ki nﬁpﬁrﬁl‘ ﬁi@ﬁi_ﬁﬁ?gﬂbwb@%hhﬁ{‘mégmldd&d' iR thiRecade)dh & Rtsl dRBivargidunt
adjusted to achieve the follow ng average crystal "grain size and variation
t her eodf, 5% masspprh do éaptahon dayingt arpotitywefs9h 898 Bowes subjechta elestroniearit i ve

Ex | e, dth t al in.si £t ; d
e Pt Aot SeE st I et et heing AIKERES dIPod mimbdd 505
The 1 egidhicteP6E260 Mrh@! TMef%th e Itg'?]rﬁinTéiBé% this 895 4laSl apsokintatelyess mm.

i

resi stance depends on the i ckness, the distribution of the sheet

resi stance in #Aftenpertarming exiendelorginado ieigdng e billetrigeomienareeryrBut i on

condi t} ' ' i f I i f 49
poi nt s et O ReVHEHREDEn HeainG B admpRRRuRIEE AP KL BT R 5

t her eod material having aABickhess ef 420 snshanwha idiarfiefer ©f 2 30ewimds @indys strbeture
fluctuation of the resistance distribution in the sheet is large (18 to

6. 0% Nrwihich flee pMEEaaR CryBta)araip sizreisedlP Bnayas eptaipRA-tering in this

Conmpar ati ve EXx : i t f f !
distribution is as(ra g%ﬂﬁ)tr thts VHE'E ssl’h\t:égéﬁgc%)?l@'gglfo@@g gdyr{c{nggg?trcgﬂﬁﬁ% tato t he
initial stabilization of sputtering was al so neasured and showed 200 kWh,
and increased, as the results al so sh%vn in Table 2. Thus, it was not

possi ble to shorten the burn-in tinme,“tThe evenness (uniformty) of the film

was inferior, and it was not possible to inprove the quality of the sputter



Simlar testing was perfornmed for a case of adding tungsten in an anount
corresponding to 0.5 mass ppmto tantalum having a purity of purity of
99.999% but the sane tendency as this Conparative Exanple 1 was observed.
It was obvious that this also affected the purity of tantalum [0055]

(Conpar ative Exanpl e 2) A raw material obtained by adding
tungst n pang! B3 Pad poffeinted ek a
puri ty'%%{rl' W@S@@%@“%@P%@t Qr@ %llizlrglgeam éﬁ“ﬁ?r\{gh gﬁd this was cast

to prepgdie atra tengpérahare ofgl40Q m dﬁﬁe% Ao azeeummaaneahmrgmgoanctbeatmp
The cr stal rain size in this case S a xi mat el

After HRAMHTH 3EPIdxE éﬁaterf@ﬁ GeN9: 8 thwﬁee%%@@ e %tyﬁp%6omo mme.,

t enper r I t als dltamieda
temer%ﬁ%%?r#ﬁédmlw@fﬁ\?%%ge &yﬁ[mrsrée't%leﬂr F%Ié I%gspﬁjgﬁa t hi cﬁness of 120 mm
goutsia di amet er Qubbskg@entty, thisd wsa$tsuh>gﬁcxlrtol¢oldhr<dhﬂg h@ntév@catg%altizamrhl

ng; gc@srl"?z‘%e?lj'é‘at%nw ﬁ%g?ﬂﬁ%&fﬁ%‘ B'i?é:g?s'f"grsét Ay t%pbfad%%et%gﬁ%éfgt tﬁ'rraghg\h' agai n,

and reﬁlrdk%b's‘!s'o‘fqétmﬁf‘aﬁd@%m%ﬁar%&ﬂ@&h med thereto again at a
tenperature of 1400 to 1500 K. As a result of repeat| ng fO%gI ng and. heat

t r eat ment agai Aheaaverageiciystabgiaig size: ofi thrriasaet 1w AmHERdaRd Hheanatialion 3o

a structure.in whi S m was
bt o el Sl BEs R e MRr B ek eof fnbSteREh
I ecr yspiablung ldsanitliAREaloh Mhe Bétdjlt&la’reghowmnewm@ so as to obtain a target
mat eri al havi ngsa t hi ckness of 10 nm and a dia
i

MRY7RI ng and rediges e pheet esisianrareReNdhon h@ng'srﬂdh'é"[‘%% Itgwtr“)j %cglét'on

adj ust e I g (AVE] z afHeat i on
Ther eof 10 s i g R e B S B e ve
Exanpl @strmmohtmrmrmra@e tbeyfﬂtnathlgklmss Speeifoflly hthet ahgett registancp sl y 80

but th t th f 50% t
et CopaNtR e alGta ey KaRtgh Al EHE MRyaPBRKE AR GRIO LA BB as the
results siml aﬁ#s)’ tﬁQO t% EABWR n TAOR71S 8Gigehile #heaiudigstici aiCehe

depends on the 11l mt ness the distribution of the sheet resistance in
t he wafesist4rice dmmtﬁﬂ)om\mstheesimmw stralictiet ko tIhE%y from theuinited stagrita theh of
the filmthicknes i,cal e,sheet ce 4 t he
waf er @\B&ﬁ%ﬂféﬂu? FrbLh@tliJa(rﬁglest dar H'ed@lt'/& {1 o&l}e ? Hﬁﬁé@kﬁe@

As thegyicgpithibh iSBRwN in Table 2, evidently, the fluctuatlon of the
reS|stance i'Stribution in the sheet is |ar to 7.0 fromthe
initial stage tihet tabcmmhlﬁr@g@y oequipad tuertOngta rmlttah%a@bﬁﬁmpf SRUltsIiNg| e;
that is

Lna s 416 ARl SR ShobHa 45 K AR NERFeslett P RS it

sputt eripig yepnd RoRassh&te@ng thE WA id 3thd \the cvedness (@atethitypsf the
results also shown in Table 2. Thus, it was not pgssible to shorten.the

bur n- i filnt wee faweba/@mdatswa§mssml¢rtq imprevetthe auplity afdae spHter @ePosiRD - 1
was noﬁposq blle to inprove the quality of the sputter deposition. [0058]
(éZQHp pie A raw nmaterial obtained by adding 22 nass ppm of

tungsten, 32 mgs saw i tfriaiobydided Wy adding21 Srasssspppmodf hinglstarm2.h raasst al

addi tive anount of 46.2 mass ppmto tantal um havi a rity of .9 98% was
subj ecPifenelbesRuBand #e) 'tniaﬁa PPAM @T NIRRIUMAE %5938' Q)(PE ﬁt%mé ?42 ﬁ

havi ngm%s%%sﬁhnt%sﬁan%lu?rp%amﬂ ﬁﬂl@”@{ 66 9898 Uhd @GB;ecW@ é]éé’t?ér@'beﬂhﬁ' n
size in case was appr OXI ter perform ng
ext endmiettirgj, renct this lwas cagioto prep:arélan irgot rieeoting enttmlqtease?f 260 snegnd

subject to.rec allization ealin a tenperature of

resul t diaESiaE %{%@é MRag; ﬁéegrysﬁe@g(rﬁgbglggfn L) Cﬁggét‘f?& ZPRIPAINRY g&%éfmf@g
rrinp, and a StAﬁ&tﬁngbrhﬁsd"@kféhd f&?lﬁg%‘%ﬁi% iBHYSSEbIllEr At tdofi Eemperad@de, pm
was obt ai ned. bsequent this was subject to extend forging
and upthis whsrsgibest 40 rewatatlgﬁﬂenmeellmmataaatgmpﬁratarmdi 6209 K 4519 msulton
anneal i n erfor d there ain K.
ho o re e aHhedpE 2RI Per of RGOS WEbe Y BERTSR. 40Gnf. hn puCE®
havi nginayhigh ke aserabtlcryBiagrain siicREI00 pddias bbtEinednd a st ructure in
whi ch the average crystal ﬁggl n size is 130 pm was obt ai ned. %qgfré]at

Subsequent |y, tSibseguentybfiigtwas sgojast rtel @Xtﬁgd ARE0inG AN upset
| t 117 d_f
mat or | 80 Somngraiufé o BRh agtM, Bhob/eRRRIAIP S et difodpag bRrBrheadibrete | e

crystal grain size of the target was 85 pm and the variation of the
crystal grain size was 11% Mbreover, 2q‘ari ation of the content of tungsten,
nmol ybdenum and ni obi umwas within 6% “The results are shown in Table 3.
[0060] Since the sheet resistance depends on the filmthickness, the



As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (2.0 to 2.5% fromthe
initial stage to the end stage of sputtering in this Exanple; that is, the
fluctuation of the filmthickness distribution is small. The

el ectrical energy required up to the initial stabilization of sputtering

was al . S h . ;
Tabi o el ifioBRtuRIgH PA0O o 1900 ROAs SofEsHR tepBRuid forELaid neliown 11
(uni f ofreatnygntodgdiheafmbterishhalvingoaabhliokness d 20t mvaanpos slidnetarol 3hmmage t he

quality of the sputter deposition. p0611 [ Tabl Mo EX I le 9
Exanpl 814 @ iUt egn el a@(@@ﬁlq{;@?i@aﬁ@ggﬁgﬁﬁggéﬁ YBEhpDed 180

PEIRLS, 2, L, SRy o Sream! sl Semmamn o v
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 87 pm, and the variation
of the crystal grain size was +12%. Moreover, variation of the content of tungsten,
molybdenum and niobium was within £11%. The results are shown in Table 3.

[0079] 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 small (1.9 to 2.3%) 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 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.

[0ogo] (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 15600 K. As a result,
a material having a thickness of 120 mm and a diameter of 130 mm¢, and a structure
in which the average crystal grain size is 200 ym was obtained.

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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Conparative Exanple 5 VariationVariation in in Crystal Content of Gain
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[0083]
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treatment again, a material having a thickness 120 mm and a diameter 130 mmao,
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 73 pm, and the variation
of the crystal grain size was +8%. Moreover, variation of the content of tungsten,
molybdenum and niobium was within +15%. The results are shown in Table 3.

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

As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.7 to 2.3%) 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 45 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.

(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 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 130 mme,
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A raw material obtained by adding 3.2 mass ppm of tungsten, 67 nass ppm of
nmol ybdenum and 2.4 mass ppmof niobiumin a total additive anount of 72.6
mass ppmto tantalum having a purity of 99.998% was subject to el ectron

beam APy R j yckness of
200 i ha sl db et §pob B aRa, e 120 M b et e e
aepEpoxi mat el y Sfubsequently, this wahf tstibjentr fooreoldgrallingenahd oregiystaltizationi s
ingot or billet at roomtenperature, this was subl# ect t recrgfﬁal | i zat| on
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shown in Tabl e 0 t ore e gﬁf&@;a eydd | m
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t hi ckness. Specifically, the sheet resistance of 49 ?tt 9|’| It||ekvvaf er was
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distribution is small.

The electrical energy required up to the initial stabilization of sputtering
was also measured and showed 35 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 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 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 mm¢, 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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As the results shown in Table 3, evidently, the fluctuation of the
resistance distribution in the sheet is small (1.5 to 1.9% fromthe
initial stage to the end stage of sputtering in this Exanple; that is, the
fluctuation of the filmthickness distribution is small. The
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370] 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,
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room tenperature once again, and recrystallization annealing was perforned
thereto again at a tenperature of 1400 to 1500 K. As a result of repeating
forging and heat treatnment again, a material having a thickness 120 mm and
a dianmeter 130 mmm), and a structure in which the average crystal grain

size is 130 pmwas obtained. [0075] Subsequently, this was subject to cold
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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 rnnp, and a structure in which the average crystal
grain size is 200 pm was obt ai ned. Subsequently, this was
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t he vaPf dbgodhept fesistapgerin t@%a‘i"ﬂ*‘%i é@ \)\%“j‘e@&) WRBr %Wél"feqﬁé?rgl??%nt f the

cont enty; 9 g : vipdes ; i 0 b : ik i i s are
choun T R S e T T

t hi cknpesits bhéhewstfer was inteasafred he calcakzte thes standack deviatioe (eethereqfi2

i nch d t t he .di strjbufion copditi f, the fid
i cknese. - spechd | 881 15U ol i, 2pley whe BVgERMY ShFni&uptihtdier vas
nmeasur gskidianedldttiBifort et snekarig el et.5 a0 A 4%) tfkeh @9 initial stage to théds t he

results shown in Table 3, evidently, the fluctuation of the resistance

di stri bodistage of sputtetiegtin iteisspeamplel thattis, thesfyctuptien whdhe dilmi thickaesgye to
t he end. st.age of tering in this Exanple; that is, the fluctuation of
the fi S@ﬁ%ﬁ@@d@?ﬁ ‘t‘st ribution is small. The el ectrical energy
required up to THe eldtitiical erfdrgpirbdivéd up & trepiditisrstagilinatiorabs eputtakng ed
and showed 45 kWh, and decreased, as the results shown in Ta@tl e 3. Thus,

besi deWashalse dneagHredeand shomed pheWhnand dasieased, (@8 e RSUS SIOWRE £ | m
¢ C nle bo | .

deposi 1 B8 1 BRESPYSESnEEG e urh TS, thilond uffor i FF e

addi ngfiltd wasSavomimia fariduit gaisgrosshl® To mpsmvpthe afualityl gfittie spottande@dsiiess ppm

of niobiumin a total additive anount of 99.97 nmass ppmto tantal um having

0058k i (gorBpaiedive dR@MRIE Jubj ect to el ectron beam nelting, and this was cast
to prepare an i j oG eSTIAG 12 S @RBL @, ab03ARs¢ NNp.
The crystal gr ﬁﬁ%i@%rﬁgf }%Hécgzﬂ vvas"q S?&ﬁ?@f‘y 55ﬁ§m 4

Af t er ppnrf off mblypdertienand dOgnasgs ppnt bf siobngoin artotal bdditivatamawhof 161.5

{ enper AT EORN oS tRrhdIa T oy Py SR BB e Wl AR thi Bt B5Am 20
and a JMmR}, Mndthid 3ad eag%t&ﬁéeﬁaarétéhl%g&t%évm | Blickreasayrere@endr asd al

grain size 1I's 200 pmwas obtained. — ~ ubsequently, this was
subj ectiametex0EAA0 frumgi hheanystapgrain sigedn thys gase van apprpsimatelybd e agai n,

and recrystalligation . anneali s perfqrmed theregl i

ey eS8 et o BB R ob 5L 0Py PPt e
treat "B wagajubjed tIREEYSRIIIZAEYh Rhralifg ek Basmpblatureroansoe Kdirsre tesult] 30
rnnmp, and a structure in which the average crystal grain size is 120 pm
was ob@anatedal haog 4] thkpess eéA20ynm andsaghameiasjaf dB0mmMeb 1andr  pirveERyreind
recrys j j eal . : LRQi : cessing so as to

obt ai n@"b%’ﬁg‘@%%&%@% gljlyb%g\g?%la a %ﬁll(zc%ﬁggs\kég O?Eb"?r%@'and a dianeter of 450
mw. Subreqaeatingthis was aubfictito extead ofbrdihg drad gesetvdsrg#ig pin  and
the variation of the crystal grain size was 5% %I\éqreover variationp?f t he

cont enfoQn teTHRGERtEIE OReF PoAEH @daiesryialiralian@rnealng; Wag perfopmed dueg are

shown Ln_:Tahl 5 J t e i St rﬂg}% il m
thic kn%@%‘}qa%{h% t%Pg?éagg%t %)fo%gg?(t) Q?@SO ?lljg'e'f% ra{egel'%gft aﬁg%sie%ﬁrtpie "{fy;?ﬁ??ggt

i nchesireatasemeszin eal Maiedaldrdvinga thickhesd d20onmcamdiatdiametsdr 2Ghenfip] and

t hi ckness. Specifical]y, the sheet resistance 49 point.s. on the wafer was
s ur & STGT e HHATE NG RV RaR A A LA RR s (00 HR WP DtEingd. As the
r |ts shown i | icd YayHi u at¢ o] heedresthBi afisie
c}?o?'?]ri buti on inSl%bhe g%QgY ?giss%ngbl‘él s(ultaé:}qt f(t)d) 16(§6|§/() trdf)lﬁlggm %?\g feni i al stI age to
t he enansealng, ahddnish processing shias tBxabipine target materialtwvingiatthigkness of
the fil hi ckness distributian is snall. . The,eleciri .ener gy
Foqut reb 0T SN draiele o 458, o o werking eae sy RUEatph rhRaui o
and showed 35 kWh, and decreased, as the results shown in Table 3. Thus,
besi des shortening the burn-in tineg, ége evenness (uniformty) of the film

was favorable, and it was possible to’Ynprove the quality of the sputter
deposi tion.



[ 00861 (Exanple 17) A raw material 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 anobunt of 54.4 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 nm and di anmeter of 200 rnny.

Ater Sooriids i B MeregrdySREF AN BRE ofe (PG ver Bt soystal grain
t enper gizér and tVirRtioRSthevdbe Gutt e REEySihg! Adjastimart waseadti pgssibleain this

tenperature of 1500 K. As a result, a nmaterial havi nﬁ a t hickness {)f 120 mm

and a GoaaretiveExeewler ang, tharavesage cixstak araih i eh g &rgeeage’t Hst al

grain s : : At e : I $ak8fo

subj ec?'hégjd!en% éﬁ%c’%gr%\@%%& tr??iﬁ(ﬂgs ef ng of 8?%'8” étt]élrégzm egrr%dé%étA tﬁpé%gnce nagai n,

and r eef Yhé alonteritt doturgistanl moatybdesupeahdr niediunhavas a288ai Thatresults are

tenperature of 1400 to 1500 K. As a result of repeating forging and heat

t r eat méimilagyshewninbalgidal having a thickness 120 nmm and a di aneter 130
and a stg; ' L ®ncth¥ iR thitiRkBs Stha&iistibdfish pm

\r/@lgd%bt ai ned. %u@%%%égh%g%ééﬁ?bgéd?‘ﬁ)légé@mg subject to cold rolling and

r ecr ysbélthezshéetn resistaacenip dhe MAerK(12anecHas)i whs pmesssrichdo sehegk e

oo " 3R 2 PP Gk APl BB BRSO

and t hﬁo}fﬁ‘é bAth® Webr W/AS nedasiirall t8taichlaté #fe ¥RmdhrYdeMatien 8y thevaufi ati on of
the content of tungsten and nol ybdenumwas within 9% The results are shown

in Table 3. [0088]Bencestltse shiowet inediablearik eedidpativis toa fuetuptionm efhith&ness,

he di stributi o he. j i
measur CePaneR AR ToHO G IR Bt Fok TRARGR D dp cor Al e el AHAGe %R
Speci f bhal dtdge tdIesprtesihgifsthid Baespahtidd Bxaiipls; thattiethsaflertuation wedsar ed

to calculate the standard deviation (a) thereof. As the results
shown filin thipkress, dislyibgtianlilarg@e fluctuation of the resistance distribution

in the sheet i I 1.6 8% [ Mg : ad, st age

of sputtering ?Eﬁ%l%ct@a&n%rﬁéiggtrgg%lrléémchﬂﬁ LHC| élljlgéttlagfrl{i‘%ﬁor% %L%PPF%%

t hi ckness a6 meduitré® andssisovedd 150 kWh, and incfeased, exst thiecreisutim alsypyshaygui r ed

up to the initial stabilization of sputtering was al so peasyred and showed

50 kwnin dlelaider Baded! Was 118 RSBSOS RGOReT e -3, g, e Rggess

short eg'frnfbrmg) Bf{rﬂa— Fiftn WaBinfeMsr, SHANNGES r(cﬁ"kicfs%ﬂﬂé ttd)im?fo@ﬁef Ghantyes

favorabl'e, and’ 1t was possd?le to inprove the quality of the sputter

deposi theosp it poskiompl e 18) A raw mat eri al obtai ned by adding
48 mass ppm of nol ybdenum and 45 mass ppm of

57 maszﬁzg m of_tg[lggstep,
niPHBi u paratyedrXamaic4he anount of 150 mass ppm to tantal um having a
purity of 99-99@%%@&%%&@%%5&&%@ HeaNhR pbih @f tamgbtémi $5waassast

to prepare an ingot having a thickress of 200 nm and di ameter of 200 nmy.
The cr pptradf mohibdesiupeand 150 masappnnal nighirexn wetosalyadshtivenamount of 157

After perfornmn xt.end foraqgi ng to .fhi I or_bi|

t enper Eialﬁsepp@“h&ﬁ%ﬁé%d] 9 o PHE r9€t9§[%t‘1v%€ Séjlr?ﬁéecéﬁ?)nélgg n beam

t enper aldifify, Mnd P49 Was Aasttd @rebdre an MBGEr halingay thigkriesshofc RD@ssmoénd 20 nm
and a di aneter of 130 and a structure in ich the aver%?ﬁzéaﬁt al

grai n diarestes 02200 iy etarystabarain size in this case iR gRRIMIaL s
subject to ext e@g?{;g%@%ﬁﬂgg{é%m%rgfn @ ik igb?f]&o IEE PRI ‘ti%rﬁg@(é‘f@re‘?ga' n,

and recrystalli g was“pertorne ereto agaln a

t enper gisiwasaubld@Qotrecid/stiliidétioAsarmeating lat adbmpepatare of 1600 ¢. i anesulieat
treatnent again, a material having a thickpess 12(%1:% and a ca'a tetr 130
my, addnatetial Davinga Shickpese 1P 170 TLARE 8 HRfEte] of g3l MMP. /NG & SYHEYEM was

obt ai ned. | ¥nint Qi %?@0 ' ld rolling and
recr ysﬁgwpféggﬁfg’%r@gﬁ%gwignﬂd %?mlgl]%%l , aﬁﬁpwﬁitosbtrtlagggbessi ng so as to
obtai n a tar getSupdezientlyhavisngas duhijedtniesextehd 1orgingaaid aipsebdergéng @t 450
nmcp. The average crystal grain.size of.the target 4 m
and t hEOVBIPRPEHIUER OPRe ta{;f/dsWﬁa@g@tg)%gn%}p%pgWg,@{mégfthg%@n of
the coaaﬁmt a® t%r’ﬁgggétﬁﬂa ofhphds MEDERAABI P Ridim depeiating Torthlg adbthaagsul ts
are sho I n Tabl :

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 um was obtained.
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[ 0091] 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

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

Table 3, evidently, the, fluyctuati h ' . i St i Byt ehtidy th
SRR s ol | qubSeabBRuyadfiy B tBlec'fa (U7 IONRE M fecniprafardh L e
sput t eahmshling, bhasirﬁﬁffﬁ&c@sstr@aéo a8, to tdbeaifl aieirget materidl Having althickimeéssknesss

distributionis snall. The el ectrical ener equired up.to the
i ni tiabf $0 abinl anchei diameterspdd@ Mmg. weedd wcgbmS@I%F%‘(ﬁg ﬁ[!'zg%%/@a“?sg“rl&/\h,

d d |t ' - i tepn
the bunremgrseand [t LB AR N abfledd HefioflowHlt Buardde cRpa AN o8 19
i( tEX was?mggﬁéﬂoﬁ th@rédmm/\iﬁe m@gqrfnglaioqll;stmtg{mt s ﬂpbssébhépdgg tGompar{aﬂmZ;

a e raw material o al ne I N (0]
t ungrsr}t) Example, mngaSithgpeah othen%\(%féﬂ%rﬁiﬁtaharﬁﬂ.@Z%é’gstﬁﬁgﬁf%t ‘H?gﬁﬁaﬁm a

t ot al L] . Vi PLEO% Yarkf
99. 998@?@/&%5\3{1315%&#%%8%Ipé@ﬁn%hgﬁégranﬁér@r{ ?fn%qé%égé&é'l{g{?@ %/:/ggw?gst to apr epare
an i ngedridtievi caused by cdepsgatitin 236 considetabiiearfistdsrvastatioocofnihg. camentc pf st al

grain size in this case S. roxi mgely 55 nm . fter

per f or fnagtes aAtPaesgh ﬁ\égtwatﬁﬁﬂw?%ﬁéﬁll/%?sgw IreestUItgtSh%’WtTeér%éegat ure, this
ubj ect to g; bZ s hdgodttha firarArRkAESS ehefdisthbotidh As a

\r'@i"ﬁft, a mat er§|§§é%§§/i§hgé§§sﬁ£§ﬂ§é‘eggﬁgf _180 m"nland a dianeter of 130 mmtp,

and a ef rthet shesti resistante tine they evafige 2y é1chiesyruas Reasuies 3o ochnapk

obt ai ned, ., .. ... Subsequently. this SuBi e ' and
upset g‘ét@“ﬁ'ﬁ”a‘f"ﬁ%ﬂ?ﬂ togﬁ'ﬁgr@frhﬁcm%sé' a%%?cﬁffcté@kdﬁieetgﬁgg?g%@géte% gjr]:%
anneal pHgt8s tRevhfsREs Hiistied agshRunite the stapenal dewation (@0Betanf1500 K.
As a result of repeating forging and_heat treatnent iﬁ%"ﬁdga materlﬁl1

havi ng a t hi ckrisssthe2testtisarshonrdiiangable S30eYVidRBRY. vatiRn (e 16

whi ch the aver .crystal . grail ' .S i he

[ 0093] m@aﬁ%ﬁﬁ%@}bu H g’ @s%ﬁ%ﬁ%é?rd{eo(%%?%% . ?rﬁgpgﬁ%ﬂﬁg%lrsﬁ %Itcl) itzati on
anneal bpg siigd b 3plittefing ihithissCopieaates Exaswplasthad inbthel fuduationef the
material having a thickness of 10 nmand a di anmeter of 450 nm®.

The avinthicknesstdistrigbtion islasgeof the target was 41 pm and the variation
of the crystal I I: 9 Ligd|l Fafidie of eptigdtingf
tungsten, nol yt;ﬁ{eeﬁg%czﬂrll nal'(}g%rpﬁnﬁéaggégm%&ﬁfontﬁlé;%ﬁé%hﬂa?@suI ts arg shova”l) in
Tabl e @as 4160 9fdastirad @ndhshctek 800 dsV/st amt inadepsart asotet tesults IR HiWkhess,

the distribution of the sheet resistance in t fer. (12 i e

measur 8d Teble eckhyshdt yvag ﬂ%lﬂ%ﬂﬁ%%d??‘?%‘?ﬁ gﬁe }ﬁ‘gnfml Wﬁ?h?@g neg)ggwggs

Speci f | Ly ' fi ' Hle themped ey theagqudlitpoir ed
o cal [terbity} BPLRDREA RS AR BndliL fRspRiicse e T asul '
shown the d@tter dipositiothent |y, the fluctuati on of the resistance distribution
in the sheet is %g(all & 6 to 2.19% fromthe initial stage to the end stage
of 1%8h AP HEIVS EXRMPIEPAnpl e: that is, the fluctuation of the film

thi ckness di st rA balifaterial 8BRlided by adding 62.7 Fhaseppet of taagstenc68y magsi r ed
up to the initial stabilization of sputtering was al so neasured and, showed
50 kWhppandf dedyldersdn and d8e7 meass pemspbwiPRiMTELR dotpl agditive BEGUEEL

hort are T Wl ;
F avor adpa taass ppnhic Brbalinallfe & GIRESE b el it sthidts o BectionB
deposi tidiihg, [410P His (Ve ake t@Prepare an ingot Haviagy arthiekriess ob260 maah bpd

addi ng 69. 8 mass ppm of tungsten, 50 mass ppm of nol ybdenum and .30 mass ppm
of ni odiameten of200rain adbihe cixstalrasati sige "lﬁ@s. Sa%wsrﬁﬂﬁ@é‘"}a&ﬁlﬁ’aﬁﬁMavi ng

ity of 99.998% ubj ect | ect b ' i t
fo brepare. an /AR PRIGTRES et RrEcs by RBoBBRRPERUEL AL e B e bR e
The cr g5t al 9T ! BerddfydthliiSafids ritRaliag Rito% | tBRipdratupe ofm500 K. As a

After performng exten?df?%rgl_ ng to this ingot or billet at room
t enper agsule a triaterialdmving pebickness of 2 mm apdia dirnaetresf 13§ mMe and a

tenmperature of 1500 K. As a result, a. £ havi higkness of 120 mm
and a a{rgﬁg[r%lm Wﬁl%@emrag%&ry;tgltq%&nﬁkg '% %b%ﬁ;h&ghcgotél\gégage crystal
grain size is 2§Qpgspueatiyolhiai Was. subject to extenduitsgingeand yupsehifergieg at
subject to extend forging and upset org_i ng at roomterrper(% ure oHce agai n,
and r ecogmatteiipezature onaaragain randuecrpeafisatien anpealingwagfesogmney thereto
tenperature of 1400 to 1500 K. As a result of repeating forging and heat
treatment again, a material having a thickness 120 mm and a di aneter 130
nrn9, and a structure in which the av@rf’age crystal grain size is 100 pm was
obt ai ned. [0096] Subsequently, this was subject to cold rolling and



annealing at 1173 K, and finish processing so as to obtain a target
material having a thickness of 10 mm and a di aneter of 450 rnntp.

The average crystal grain size of the target was 45 pm and the variation
of the crystal grain size was 6% Mreover, variation of the content of
tungsten, nol ybdenum and ni obi umwas within 15% The results are shown in

the di B0RIbakn armBE e Oha200aufeELRC B A dRaRing o afd e ess:
measur ﬁ@atrﬁeﬁttég&nt BenditSidli Rulinga SRikess o2 nrh hend bl diniveterk 186 snme,

Speci ficall e sheet resistance of 49 points on the wafer was neasured
to cal auuastrmcteresmamhuahdhq@veeageoery(st@j graiesizstis 100 um was obtgingthe results

shown in Table evij tly,.th ti e t pbution
TR cheet 1 sSURAERDY.S Mol By SR (RooPlg rBlnbcRhE, RETERIEAION S Lge
of “spubhReAIMg, BRdtNish ;Epo@@aém? sohd to Sbtairhe térgetinaénad haoingtathidkiness of

t hi ckness distribution is sma The el ectrj cal enere%(’ar equi red

up to flRemimand & digmaier pE4bP sAmgr  Sald tepking RS regrydatigall @eind dhowved
55 kW, I

cior t oA S HEFREF e ARG ckRieTIMN ol Al ficragd CHRal RIS

f avor abhé vagiation thesasf, pasBiebforegaing agjustvecrtt measouat pasgibé intthis G;cpmpar@tlve
deposi ti on. [00989aI&1 ar ative Exa

obt ai nE¥ampleaRiich e gyriage ¢ ﬁtfét%ﬂ'n 5iz8 ofalle Gﬁgﬁa‘owa Hgnlum and
40 masg, QOLnRé tHﬂké@ rﬁ@rtsa'arﬁ:d%rtatm 8ieNErytal HpdindsiPB svadRH0 %0

t ant al u VI ng a puri ty 99.998% was subject to el ectron beam nelting,
and t haadmlauastcaueedrteypsegafegatlomlgttas M\ﬂld@aélet Hngk nvesigtion of tloe eRNiaRG

di anet er The c St ral B t xi mately
50" mm Of tungsfen, molkpentiB et Finping alscrp Poryiiy S o JREEE bt 11 et
afp1dePOM t eNpEr adinee thé @'hée‘t"’?és@éhb@@bpbﬁdé Rfr thet il fhickinees, therdistribofioat a
tenperature of 1500 K. As a result, a material having a t hi ckness of 120 mm

and a df dhet shealf rasistansepin dhel watarr (7 inehes) wABceassred dpagheds J2¢ al
grain ?sﬁ‘})gﬁ){ngggnc?gb@? gf?] nﬁ'rrﬂﬁ@gt(n?ss Spemfl(fall§bl?ﬁ§%‘ﬁ%@t l¥sistilce g9

Subj ec or grn omt era ure once aga| n,
and reppits ahltha aldfenwasmeeddured \t@%amtételtm@dtatrider@tievmgan r@o)atheaeof

tenperature of 1400 to 1500 K. As a result of repea n eat
treatnent agai rAs atheatresilts heWhgna TeRieckhe §¥id f@@ymtﬁg ﬁ HP‘g’i‘re fOIrt

e oblarfafcd b SIT NEERH (PRI IR LR Bt e fiab 10 té‘"‘*epm

recr yseatl dtage icirspanteeiai ingthisa@bniparative Heogsle) tipptss, the floctobtian r@f athe ar get
mat er i aI havi ng a thickness of 10 mm and a di aneter of 450 nmtp. Cold
wor ki nfj! n&midﬂﬁsr%'ﬁﬁlbluf‘@ﬁt@ BH9%nnealing in the mddle and |ast were

adj usted to ac heﬁ—‘%/ %Ié&ﬁcél%ﬁ% eqalea age s twémﬂhalgétabmzﬁtl@@ omggtténh@t i on

t hereof, but oregorn not possible in nparative
Exanpl evasaaigo tnhmauedamd showed17grkdiWh, andmaréas% asatt@tes\wﬁg aksp phewn

Var | at o261 Bno Ui dhivesr BURGSEDE WanorHBrtim BHE-TR Biko ntodvelsss
resul t gurgt;]o‘?rt‘rﬁtgf"?\‘ fid Yiira WeinferidraRing iBwarondtposivlehe |ﬁfp@@&e s yealtnof

depend I'm thi ckness, the distribution of the sheet resistance in
t he wathe sputferideposi#lonnas neasured to check the distribution condition of

thefllmthlck peci.ficall i t he
Wl s meas Bt SCRStehs dhebbse s ikt SGELH ARGS Bdded RPdheeR
As thehé@iﬁ |4 puiitiovN9d 9B lire adtot\ddditivd amolihtekdamiingtibOmmass pben, the
resi st ance d| stri'bution in the sheet is large (4.0 to 6. /% from
a

i ni ti acrystalggrain sizgesuddprly ggarsneshand dpe rVg"”? jop peregs %‘i’l"\?é'abp%r%l e
that i grﬁ %IQ@SF éFﬁJ‘ﬁgEte(?tn rpitite at'tlilrﬂbl&lﬁaéﬁu%scﬁ)q@érﬁtél%@r%b%e' p"-‘rohﬁﬁélﬂ

The el nergy reéquired’u eintra I zation of
sputtering was @higo lmweanmb shevwedresalt lofhthearsegregations e, tungstdie
results also shown in Table 3. Thus, it was not goiﬁi ble.to s?orten .t he
bur n-i MQ Yb@em{fﬂeaédeﬂﬁ@wn( ands brwes ydiscavered that ‘?Nz%datfﬁ”elp SPCERHEC t

was no I e sputter deposition. tom
(Corrpatr[u E{QS'%BﬁehW 3t AioguFHR dﬁc?v%ﬂfrargieg“ alouobt ai neg b;/ :’iddl ng 5.5

nMass ppm of tungsten .5 mass ppm of nol ybdenum and 150 mass ppm of
niobiumin a total add| tlve anount of 157 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 m ng).
The crystal grain size in this case W%% approxi mately 20 nmm



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 mmtp, and a structure in which the average crystal
grain size is 200 pm was obt ai ned. Subsequently, this was

subj ect to extend forging f i t m t enperature once again
and recrystallization anne@ﬁgHgﬁﬁgéLdgéﬁggﬁﬁguPE@feto again at a
tergerature of 1400 to 1500 K. As a result of repeating forging and heat

L ee et 292, i pPEer el fidicd A BupEREP BrddPof BRAG ae do RTBLige o 50

nrnw, and a str é average cCrys graln size is 100(fn1mas

obt ai nRigh phmyo&hﬂlbﬁequéﬂmg targes comsprizinyg ecuniforncand find [strugturadan
recrystallization annealing, and finish processing so as to obt?Ln a,farget
mat et | whicheyielts Stabl elamsea 200 JParar N avenass: enTBmMBBooYGRIEINg

wor Ki n r I 1] | 4 ' ) oRent,

adj ust %@%Eg)pﬁ%ﬁéeét%edz Téo(? ﬂﬁ’ﬁ% Hg avder?%‘:gée&ctpbg%{gn% §r|1 %gg?g%ﬂtgr?gﬁ{/are inati on
t her eofind Mdvidia paritggseh 89.998P4Isr mote easluding hogstasi endrgashrempeengaisat i ve
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vt er - theclecelas TG, etlenlaly s enitiet nutalieBrbrER AERGEF IS APe e
film tEﬁ%?@rmiﬁge&ﬂcﬁﬂtﬁ@rlfdrmihQ%aWT@efﬂn'fs.eSi stance of 49 points on the
waf er was neasured to cal cul ate the standard deviation (0) thereof.

As the results shown in Table 3, evidently, the fluctuation of the
resi stance distribution in the sheet is large (5.2 to 7.5% fromthe
initial stage to the end stage of sputtering in this Conparative Exanpl e;
that is, the fluctuation of the filmthickness distribution is |arge.
The el ectrical energy required up to the initial stabilization of
sputtering was al so nmeasured and showed 300 kW, and increased, as the
results also shown in Table 3. Thus, it was not possible to shorten the
burn-in time, the evenness (uniformty) of the filmwas inferior, and it
was not possible to inprove the quality of the sputter deposition. ,104]
(Conpar ati ve Exanpl e 5) A raw material obtained by adding 62.7
mass ppm of tungsten, 53.4 nmass ppm of nol ybdenum and 48.7 mass ppm of
niobiumin a total additive anount of 164.8 nmass 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 mm g5
The crystal grain size in this case was approximately 20 nm
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 diameter of 130 inp, and a structure in which the average crystal
grain size is 200 pm was obt ai ned. Subsequently, this was
subject to extend forging and upset forging at roomtenperature once again,
and recrystallization annealing was perfornmed thereto again at a
tenperature of 1400 to 1500 K. As a result of repeating forging and heat
treatnment again, a material having a thickness 120 nm and a di aneter 130
nmy, and a structure in which the average crystal grain size is 100 pm was
obt ai ned. 10105] 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 di aneter of 450 mr.p. Cold
wor king and recrystallization annealing in the mddle and | ast were
adjusted to achieve the foll ow ng average crystal grain size and variation
t hereof, but the foregoing adjustnment was not possible in this Conparative
Exanpl e, 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 segregati on was consi derabl e.
And, variation of the content of tungsten, nolybdenum and ni obi um was 25%
as the results shown in Table 3. 101061 Since the sheet resistance depends
on the filmthickness, the distribution of the sheet resistance in the
waf er (12 inches) was neasured to check the distribution condition of the
filmthickness. Specifically, the sheeY resistance of 49 poi nts on the
waf er was neasured to cal culate the standard deviation (a) thereof.



This is considered to be a result of the segregation of tungsten,

nol ybdenum and niobium and it was di scovered that the addition of

excessi ve tungsten, nol ybdenum and niobiumis undesirable. | NDUSTRI AL
APPLI CABLI LI TY The present invention yields a superior effect of
being able to provide a high purity tantalum sputtering target conprising a
uni formand fine structure and whi cDLAIMEds stabl e plasnma and superior film
evenness (uniformty) by containing 1 nmass ppmor nore and 100 nass ppm or
l ess of tungsten as an essential conponent, and having a purity of 99.998%
or nore excl udi Higst H@gr“ IRGR Asma
st abi | ﬁzatl on u?ﬁahg sputgélét%il}n&g ﬂ&pfﬂgo eﬁ§e1a:}$]éz§35?h £ e 1 ni téﬁglmstage
of sputiassi pgn ohéessr efsmgsier est amresaddiiali corapoyenti andshavieg ef pecty of
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nvent BB190ES8 & dnoe” Pre1idas dhBasiPa. A ops acaiPdnEEs. cuerein vaastrt f B

sui tab{lﬁ}dsfgn E@,ﬁtgh{\g, tfnbltgpgéff,s £90% seshapes, formng circuits or formng
barrier A tantalum sputtering target containing 1 nass
ppm or 2nor e andAltaotaim!stmﬂtarmg target GOntalmggtbmass apMe o8 anerieadnd ctdfbnent ,

and having a puri 8% qr_nore udi n e
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or | es99.998% driradieaexbluGiny tthagstes drif 688 copipctionts) OvAerehs Saimivroof they e and
100 mass ppmor |ess of tungsten as an essential conponent, and having a

puri t ytusigsten goetenbin thﬁ'@r@&fclﬁu!cﬂ% of Uess tand whermgnc@fﬁsa%ﬁn@tawgm n
vari at 59@ ngzbgﬁntoyr&sst en content in the target is 20% or |ess, and wherein
an average crystal gfarn size is 120 pmor less. 3. The tant al um

sputt egi ng tar ghte tartaluth Bputtering &ange? acedrelirg to vlairna,iwinerein vadatoryst al

grain size is 20% or |ess
the crystal grain size is +20% or less.
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