
DESCRIPTION  Cu-Mn ALLOY SPUTTERING TARGETAND
SEMICONDUCTOR WIRING TECHNICAL FIELD The present
invention generally relates to a copper alloy wiring
sputtering  target for semiconductor application
capable of effectively preventing contamination  10
around the wiring caused by diffusion of active Cu,
and in particular relates to a Cu Mn alloy sputtering
target suitable for forming a semiconductor wiring
comprising a  self-diffusion suppression function, and
a copper alloy wiring for semiconductor  application.
15 BACKGROUND ART Conventionally, although Al
(resistivity of roughly 3.0,uQcm) has been used  as
the wiring material of a semiconductor device,
low-resistivity copper wiring  (resistivity of roughly
1.7pQ-cm) has been put into practical application
pursuant to 20 the miniaturization of wiring. As the
current formation process of copper wiring,
generally, a diffusion barrier layer of Ta or TaN is
formed in the concave portion of a  contact hole or
wiring groove, and copper or copper alloy is
thereafter subject to  sputter deposition. Generally,
electrolytic copper having a purity of roughly 4N
(excluding gas  25 components) as the crude metal is
subject to a wet or dry high purification process  to
manufacture high purity copper having a purity of 5N
to 6N, and this is used as  the sputtering target.
Although copper or copper alloy is extremely effective
as a semiconductor  wiring material, copper itself is
an extremely active metal and diffuses easily, and  30
there is a problem in that the Si substrate or the
periphery thereof is contaminated through the
semiconductor Si substrate or the insulating film
formed thereon.  Thus, with conventional technology,
the formation of a diffusion barrier layer of Ta or
TaN is an inevitable process. However, since this
entails a problem of increased  1 processing steps, it
is not necessarily the optimal means. In substitute
for this  diffusion barrier layer, a self-forming
diffusion barrier layer by subjecting a copper  alloy
to deposition and heat treatment is proposed.
Nevertheless, currently there  is no simple and
effective means for achieving such self-forming
diffusion barrier  5 layer. Meanwhile, as copper
wiring materials, materials of several elements added
to copper are proposed in order to improve
electromigration (EM) resistance,  



corrosion resistance, bond strength and so on. Some
examples are listed below. Patent Document 1 describes
a  10 sputtering target containing 10% or less of one
type or two types or more among  the elements of Al,
Ag, B, Cr, Ge, Mg, Nd, Si, Sn, Ti, and Zr as the
elements to be  normally added to high purity copper
(4N or higher). Patent Document 2 describes a high
purity copper alloy sputtering target  using high
purity copper of 99.9999wt% or higher as the base
metal, and adding  15 0.04 to 0.15wt% of titanium
having a purity level of 99.9wt% or higher or 0.014 to
0.021 wt% of zinc having a purity level of 99.9999wt%
to the base metal. Patent Document 3 describes a
copper alloy sputtering target of 99.99% or  higher in
which the Mg content is 0.02 to 4wt%. Patent Document
4 discloses a method of forming a barrier layer by
forming  20 a compound with an interlayer insulating
film containing metal elements of Mn, Nb,  Zr, Cr, V,
Y, Tc and Re, elements selected from Si, C, and F, and
oxygen.  Nevertheless, the foregoing background art
entail a problem in that they are not  necessarily
sufficient in preventing the diffusion of copper. In
addition, as a semiconductor device wiring material
previously proposed  25 by Applicant, Patent Document
5 discloses a method of forming a uniform seed  layer
from a copper alloy containing 0.4 to 5wt% of Sn, and
a target having superior  sputter deposition
characteristics. Although Patent Document 5 is
effective as a  seed layer, it does not aim to form a
barrier layer. Applicant has previously disclosed a
copper alloy wiring material for  30 semiconductor
application formed from Cu-Mn alloy, and in particular
Patent  Document 6 proposes a copper alloy wiring for
semiconductor application formed  from Cu-Mn alloy
comprising a self-diffusion suppression function and
in which the  total amount of one or two or more
elements selected from Sb, Zr, Ti, Cr, Ag, Au, Cd,
In, and As is 10wtppm or less. Patent Document 6 in
itself is extremely effective  2 for forming a barrier
film. The present invention proposes an improved
invention  thereof. A diffusion barrier layer formed
from tantalum or the like must also be subject  to
deposition thinly and uniformly pursuant to the
miniaturization of the wiring rule.  5 For example,
Patent Document 7 relates to a copper alloy thin film
in which Mg is added to Cu, and describes that a
diffusion barrier and a seed layer can be formed
simultaneously by moving Mg atoms to form MgO. Due to
heat treatment, the Mg  



in the Cu-Mg alloy reacts with the oxygen of the
interlayer insulating film and forms  a barrier layer
through self-formation. Patent Document 7 also
describes that a 10 process for forming a barrier
layer formed from tantalum or the like is not
required.  Nevertheless, there is a problem of
reliability concerning the diffusion barrier and a
problem in the increase of wiring resistance. Patent
Document 8 describes Cu-Mn as one solid solution
strengthened Cu  alloy manufactured with a
semiconductor device provided with wiring on a  15
semiconductor layer via an insulating film, wherein
the tensile strength of the wiring is 25kg/mm2 or
greater, and specific tensile strength can be obtained
by suitably  selecting the additive amount of the
element to be added and performing heat  treatment
thereto. Nevertheless, the Mn content is unclear, and
it cannot be said  that Patent Document 8 possesses a
self-diffusion suppression function that is  20
suitable for forming a copper alloy wiring for
semiconductor application. Since aluminum and aluminum
alloy electrode wiring has low EM resistance,
disconnection easily occurs, and pure copper wiring
has inferior corrosion  resistance. Thus, Patent
Document 9 proposes copper alloy as an electrode
wiring material of an integrated circuit device, and
describes that manganese 25 copper alloy (up to 20%Mn)
can be put to practical application. Patent Document
9 also describes that manganese copper alloy has
superior oxidation resistance  and halogen resistance
in comparison to copper alone and, although it is not
possible to prevent the increase in the wiring
resistance, the wiring resistance can  be maintained
to be at the same level as aluminum alloy. Patent
Document 9 also 30 describes the formation of an
electrode film via CVD, sputter deposition, and
electroplating. Nevertheless the resistance of Patent
Document 9 is too large, and  is unfit as a
semiconductor wiring material. Patent Document 10
describes using Mn film, Mn boride film, or Mn nitride
film as the barrier film for covering the entire or
partial face of the Cu wiring; in  3 particular the
substrate side thereof so as to form a crystal grain
boundary of alloy  of Cu and Mn and prevent Cu
diffusion. Conventionally, although nitrides and
borides such as Zr, Ti, and V have been used as the
barrier material, these barrier  materials have a
relatively large grain size, and there is a problem in
that the Cu  diffusion cannot be sufficiently
prevented. Nevertheless, as a result of using Mn,  Mn
borides, and Mn nitrides as the barrier material to
cover the Cu wiring surface  as described above, the
alloy of Cu and Mn having superior heat-resistant
stability  



at the interface of Cu and Mn, Cu and Mn borides
(Mn-B), or Cu and Mn nitrides  (Mn-N) is formed
extremely thin, and the crystal grain boundary of such
alloy of Cu  10 and Mn is considered to inhibit the Cu
diffusion. Nevertheless, in this case, since Mn, Mn
borides, and Mn nitrides are newly  used as the
barrier material on the copper wiring to cover the Cu
wiring surface, this  does not improve the copper
diffusion suppression effect of the copper wiring
itself.  In addition, there is another problem in that
an additional step for covering Mn, Mn 15 borides, and
Mn nitrides is required, and Patent Document 10 does
not provide a  fundamental solution. Patent Document
11 describes a method of using Mg, Mn or the like as
the  additive element, forming an insulating film on
the semiconductor substrate, forming  a wiring groove
on this surface, and embedding a Cu-4at.% Mg wiring
layer, which 20 is an embedded wiring layer formed
from a Cu film where 4 at.% Mg is dissolved in  solid
is buried in the wiring groove through the
intermediary of a TiN protective film  formed by
covering the base and side wall of the groove. An MgO
film which  functions as an antioxidizing barrier to
protect the Cu-4at.% Mg wiring layer against
oxidation is formed on the Cu-4at.% Mg wiring layer.
25 Nevertheless, since the addition of Mn in the Cu
film is within the limit of a  solid solution, this
means that the concentration of elements is lower than
the  concentration required for forming Cu and the
intermetallic compound. Thus,  since Cu and the
additive elements are not in a state of forming an
intermetallic  compound, there is a problem in that
this is not necessarily a sufficient barrier film. 30
Patent Document 12 describes a copper alloy sputtering
target having small  crystal grain grown upon bonding
a target and a backing plate via hot isostatic  press.
The copper alloy sputtering target has a composition
comprising a total of  one or more types of components
selected from the group of V, Nb, Mn, Fe, Co,  and Ni,
and one or more types of components selected from the
group of Sc, Al, Y,  4 and Cr, so as to be 0.005 to
0.5 wt% in total, 0.1 to 5 ppm oxygen, and the balance
Fe and unavoidable impurities. Among the above, Patent
Document 12 describes  that a desired effect cannot be
obtained if the amount is less than 0.005wt%, and, if
the amount exceeds 0.5wt%, the growth of crystal
grains during the hot isostatic 5 press will be
inhibited. Nevertheless, even if the amount is 0.05wt%
or less, the  fact remains that a barrier film is
required upon forming the wiring. Further, a  barrier
film is similarly required if only Mn is not 0.05wt%
or less. 



In addition, disclosed are a copper target superior in
electromigration  resistance by controlling the
crystal orientation (refer to Patent Documents 13, 14,
10 15), a high purity copper target superior in film
thickness uniformity (refer to Patent Document 16), a
copper target in which the sputtering direction of
copper atoms is  perpendicular to the substrate
surface (refer to Patent Document 17), a copper or a
copper alloy target that seeks the uniformity of a
film by realizing crystals of  irregular orientation
and reducing particles (refer to Patent Document 18),
and a 15 copper target having four types of
orientations (111), (200), (220), (311), and a  method
of processing and manufacturing such target (refer to
Patent Documents 19,  20). Nevertheless, the patent
documents are limited to controlling the crystal
orientation, and are not intended to inhibiting the
contamination around the wiring  caused by Cu
diffusion, and the correlation between the composition
of the copper 20 alloy target for forming the barrier
film and the crystal orientation is unclear either.
[Patent Document 1] Japanese Patent Laid-Open
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Japanese Patent No. 2862727 [Patent Document 3]
Japanese Patent Laid-Open Publication No. 2000-34562
25 [Patent Document 4] Japanese Patent Laid-Open
Publication No. 2005-277390  [Patent Document 5]
International Publication No. WO2003/064722 [Patent
Document 6] Japanese Patent Laid-Open Publication No.
2006-73863  [Patent Document 7] U.S. Patent No.
6607982 [Patent Document 81 Japanese Patent Laid-Open
Publication No. H02-50432  30 [Patent Document 9]
Japanese Patent Laid-Open Publication No. H02-119140
[Patent Document 10] Japanese Patent Laid-Open
Publication No. H06-140398  [Patent Document 11]
Japanese Patent Laid-Open Publication No. H11-186273
[Patent Document 12] Japanese Patent Laid-Open
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Japanese Patent Laid-Open Publication No. H10-195609
5 [Patent Document 14] Japanese Patent Laid-Open
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10 The present invention provides a copper alloy
wiring for semiconductor  application and a sputtering
target for forming such a copper alloy wiring in which
the copper alloy wiring for semiconductor application
is equipped with a self- diffusion suppression
function and capable of effectively preventing the 15
contamination around the wiring caused by the
diffusion of active Cu, and improving  the
electromigration (EM) resistance, corrosion
resistance, and so on. In order to overcome the
foregoing problems, as a result of intense study, the
present inventors discovered that the contamination
around the wiring caused by  the diffusion of active
Cu can be effectively prevented by adding an
appropriate 20 amount of Mn to copper, and strictly
controlling the impurities of Be, B, Mg, Al, Si,  Ca,
Ba, La, and Ce. Based on this discovery, the present
invention provides a  sputtering target for forming a
copper alloy wiring for semiconductor application,
and a copper alloy wiring for semiconductor
application. Specifically, the present invention
provides a Cu-Mn alloy sputtering target,  25 wherein
the Mn content is 0.05 to 20wt%, the total amount of
Be, B, Mg, Al, Si, Ca,  Ba, La, and Ce is 500wtppm or
less, and the remainder is Cu and unavoidable
impurities. Mn in the Cu-Mn alloy diffuses in the
interface direction in relation to the Si
semiconductor, and forms oxides of Mn and Si. This
oxide layer becomes the  30 barrier layer for
controlling the reaction of Mn and Si. Here, since the
impurity elements of Be, B, Mg, Al, Si, Ca, Ba, La,
and Ce more easily form oxides in  comparison to Mn,
they obstruct the formation of oxides of Mn and Si,
and inhibit  the formation of the barrier layer. Thus,
it could be said that these impurity  elements should
be reduced as much as possible. This discovery is
extremely  6 important and constitutes the core of
this invention. Preferably, the total amount of
impurities such as Be, B, Mg, Al, Si, Ca, Be,  La, and
Ce is 50wtppm or less, and more preferably the total
amount of Be, B, Mg,  Al, Si, Ca, Be, La, and Ce is
10wtppm or less. 5 In addition, in order to reduce the
particles generated during sputtering in the  Cu-Mn
alloy sputtering target, preferably, the oxygen
content is 100wtppm or less,  and more preferably the
oxygen content is 50wtppm or less. As the structure of
the Cu-Mn alloy sputtering target for forming a
semiconductor wiring, when the specific surface area
of a target surface in a case  



10 where a close-packed (111) face measured with EBSP
(Electron Back Scatter Diffraction Pattern) is evenly
distributed in all directions is 1, preferably, the
specific  surface area of the (111) face of the target
surface is 4 or less. The Cu-Mn alloy  semiconductor
wiring is effective as a wiring material to be formed
in the concave  portion of a contact hole or a wiring
groove, and therefore also effective as a seed  15
layer for forming the copper wiring layer. With the
copper alloy wiring for semiconductor application, the
sputtering  target for forming this wiring, and the
manufacturing method of a copper alloy wiring  for
semiconductor application according to the present
invention, copper alloy  wiring itself for
semiconductor application is equipped with a
self-diffusion 20 suppression function for effectively
preventing the contamination around the wiring  caused
by the diffusion of active Cu, improving
electromigration (EM) resistance,  corrosion
resistance and the like, enabling and facilitating the
arbitrary formation of  a barrier layer, and
simplifying the deposition process of the copper alloy
wiring for  semiconductor application. In addition,
the present invention yields a significant 25 effect
of being able to arbitrarily and stably form a barrier
layer formed of  manganese oxide on the upper face,
lower face and peripheral face of the copper  alloy
wiring film, and simplify the deposition process of
the copper alloy wiring and  the formation process of
the barrier layer. Moreover, by controlling the
specific  surface area of the (111) face, an effect is
yielded in that the uniformity of deposition 30 during
sputtering becomes favorable and the generation of
particles is also reduced.  BEST MODE FOR CARRYING OUT
THE INVENTION With the copper alloy wiring (including
the seed layer) for semiconductor  7 application
comprising the self-diffusion suppression function of
the present  invention, as described above, the Mn
content is 0.05 to 20wt%, the total amount of  Be, B,
Mg, Al, Si, Ca, Ba, La, and Ce is 500wtppm or less,
and the remainder is Cu  and unavoidable impurities.
In other words, the present invention provides a Cu-
Mn alloy sputtering target and a Cu-Mn alloy
semiconductor wiring formed thereby.  The conditions
defined by the Cu-Mn alloy sputtering target are the
necessary and  sufficient conditions for exhibiting
the effect of the present invention. The more
preferable conditions described below show the
conditions of a further improved  invention. 10 If the
Mn content is less than 0.05wt%, this is not
preferable since the self- diffusion suppression
function cannot be attained. If the Mn content exceeds



20wt%, this is not preferable since the resistance
will increase and the function as a  copper alloy
wiring (seed layer) for semiconductor application will
deteriorate.  Thus, the Mn content is set to be within
the range of 0.05 to 20wt%. More  15 preferably, the
copper alloy contains 0.5 to 1 Owt% of Mn. Normally,
since La is used as the deoxidizing agent in
manufacturing, Mn  contains several thousands of ppm
of La. This is included in the Cu-Mn alloy and  forms
the problematic impurities. Copper (pure copper)
entails a problem of reaching the insulating layer or
the  20 semiconductor Si substrate and often becoming
a contamination source. This is a  problem that has
been indicated from the past, and proposals have been
made for  forming a barrier film between the
insulating film and the copper wiring film to
overcome the foregoing problem. Representative barrier
films are formed from metals such as Zr, Ti, V, Ta,
Nb,  25 and Cr or nitrides or borides. Nevertheless,
these components have a large grain  size in the thin
film, and are inappropriate as a barrier film of Cu.
Accordingly, as shown in Patent Document 7 described
above, proposals  have been made for forming a barrier
film formed from Mn, Mn borides, or Mn  nitrides on
the copper surface. 30 Nevertheless, this method
entails a problem of having to separately  implement
the coating process, and this barrier film in itself
does not yield the effect  of inhibiting the diffusion
of Cu. Thus, contamination could obviously occur at
locations other than the locations where the barrier
film is formed. Like this, the  foregoing proposals
have a limited barrier effect and are disadvantageous
due to  8 increased costs. The present invention, as
described above, adds a slight amount of Mn to Cu
alloy so as to inhibit the diffusion of Cu itself, and
this effect can be continuously  yielded in any
situation (face) of the Cu-Mn alloy film. The Mn in
the Cu-Mn alloy 5 film diffuses and reaches the
interface of the Si semiconductor, and forms oxides of
Mn and Si (nonstoichiometric oxides of MnSiLOy).
Oxygen is assumed to be  consumed by the impurities in
the Cu-Mn alloy film. Since the conductivity of the
center of the wiring will improve as a result of the
oxides being unevenly distributed  on the interface,
it could be said that this is a preferable reaction.
10 This layer is located at the interface of the Si
semiconductor and the copper  alloy conductive
(wiring) layer, and a layer of up to roughly 2nm is
formed. Once  



this layer is formed, the diffusion of Mn in the Si
semiconductor layer is prevented.  In other words,
this becomes the barrier layer. Since this yields the
self-diffusion  suppression function by forming the
copper alloy wiring, it can be easily understood  15
that this is an extremely simple and effective method.
Conventionally, a Ta barrier layer was used, but in
this case, the Ta barrier  layer needs to be formed in
a separate sputtering process, and a uniform film
needs  to be formed to sufficiently maintain the
function as a barrier film. Thus, the Ta film  needed
to have a film thickness of at least 15nm. The
advantage of the present 20 invention is obvious in
comparison to this kind of conventional Ta barrier
layer.  Nevertheless, a problem arose in that the
function as a barrier film in a  copper alloy wiring
for semiconductor application would deteriorate due to
trace  amounts of impurities that were previously
ignored. This became obvious from the  fact that the
function of the barrier film varied depending on the
manufactured Cu 25 Mn alloy target. Generally, when
manufacturing a Cu-Mn alloy target, high purity
(99.9wt% or higher) material is used. Still, the total
amount of impurity elements  would often exceed
500wtppm. As a result of investigating this cause, it
was  discovered that the existence of Be, B, Mg, Al,
Si, Ca, Ba, La, and Ce has a  significant influence.
30 These elements have something in common; that is,
all of these impurity  elements have stronger
oxidizing power than Mn. Thus, before the Mn in the
Cu- Mn alloy film diffuses and reaches the interface
of the Si semiconductor to form the  oxides of Mn and
Si (nonstoichiometric oxides of MnSixOy), the oxides
of Be, B, Mg,  Al, Si, Ca, Ba, La, and Ce are formed.
In other words, this is considered to be  9 because
the impurity elements in the Cu-Mn alloy film consume
the oxygen, and  the formation of the barrier layer
from the oxides of Mn and Si is not sufficiently
performed. Thus, when a barrier layer is not formed,
active Cu will diffuse in the Si,  and deteriorate the
function. 5 In light of this, a method of increasing
the amount of oxygen in the Cu-Mn  alloy film to
supplement the consumed oxygen can be considered.
Nevertheless,  excess oxides cause deterioration in
the wiring conductivity, and this is not  preferable.
Accordingly, it is necessary to reduce the inclusion
of impurities such as Be,  10 B, Mg, Al, Si, Ca, Ba,
La, and Ce as much as possible. This is the core of
the  present invention. 



Moreover, as the structure of the Cu-Mn alloy
sputtering target for forming  the semiconductor
wiring of the present invention, when the specific
surface area of  a target surface in a case where a
close-packed (111) face measured with EBSP 15
(Electron Back Scatter Diffraction Pattern) is evenly
distributed in all directions is 1,  the specific
surface area of the (111) face of the target surface
is preferably 4 or  less, more preferably 3 or less.
When the close-packed (111) face of the Cu-Mn alloy
sputtering target is  evenly distributed in all
directions, a significant effect is yielded in that
the uniformity  20 of deposition is favorable. If the
specific surface area of the (111) face exceeds 4, the
uniformity of deposition will become inferior, the
generation of particles tends to  increase, the
sputter rate of Cu and Mn is affected, and
non-uniformity becomes  noticeable. Thus, it is
desirable that the specific surface area of the (111)
face of  the target surface is 4 or less. 25 As the
current formation process of copper wiring, generally,
a diffusion  barrier layer of Ta or TaN is formed in
the concave portion of a contact hole (via  hole) or
wiring groove, and copper or copper alloy is
thereafter subject to sputter  deposition, but the
present invention is not limited thereto. In other
words, the copper alloy wiring for semiconductor
application is also  30 able to form a Mn oxide film
in which the Mn in the copper alloy is preferentially
oxidized (selectively oxidized) on the upper face,
side face and bottom face (i.e.,  peripheral face) of
the wiring. This in itself can be made to function as
a barrier  layer. This Mn oxide film layer can be
formed by once sputtering a target to form a  10
copper alloy wiring, and performing heat treatment
thereto in an oxygen-containing  atmosphere to
preferentially oxidize the Mn in the copper alloy on
the surface of the  wiring so as to form a Mn oxide
film. This heat treatment is preferably performed  in
the range of 200 to 525C. The formation of this kind
of barrier layer does not 5 require the formation
process of an additional thin film, and yields a
superior effect  of providing an extremely simple
manufacture process. The method of forming the copper
alloy wiring for semiconductor application  of the
present invention may adopt the sputtering method, CVD
method, plating  method, ion cluster coating method,
vapor deposition method, laser abrasion 10 method or
the like, and there is no particular limitation on the
method that can be  used. 



Nevertheless, the sputtering method is able to perform
deposition the most  efficiently and stably. Thus, the
target with the foregoing composition is used as  the
sputtering target for forming the copper alloy wiring
for semiconductor  15 application comprising the
self-diffusion suppression function. Since the
component composition of this kind of target is
directly reflected in  the sputtered film, it must be
managed sufficiently. Further, the amount to be  added
is based on the same reason described above regarding
the wiring film. The total amount of Be, B, Mg, Al,
Si, Ca, Ba, La, and Ce as impurities  20 contained in
the target is 500wtppm or less, preferably 50wtppm or
less, and more  preferably 10wtppm or less. These
elements raise the recrystallization  temperature of
copper, miniaturize the grainsize of the copper alloy
film after heat  treatment and increase the
resistance, and also inhibit the diffusion effect of
Mn.  Thus, it is desirable to limit these impurities
to be within the foregoing range. 25 The gas
components of oxygen, nitrogen, carbon, sulfur, and
chlorine  included in the copper alloy sputtering
target of the present invention are not  subject to
significant restriction, and the existence of these
gas components is  tolerable up to roughly 100wtppm,
respectively. Nevertheless, these gas  components form
an inclusion on the crystal grain boundary, and
sometimes 30 weaken the effect of adding Mn. Thus, in
such a case, it would be preferable to  keep each of
these gas components to be 50wtppm or less, and more
preferably  40wtppm or less. These gas components
cause the generation of particles during the
sputtering of a target, and in particular cause a
problem of generating unexpected  11 particles during
the sputter life, and it is evident that it is
desirable to reduce such  particles as much as
possible. Further, if the oxygen causes the formation
of copper oxide (Cu20) on the  seed layer, during the
electrolytic plating, there is a problem in that Cu
will not be  5 deposited on that portion. When the
seed layer surface is immersed in a plating bath,
there is a problem in that the electric field will
fluctuate on a micro scale, and  a uniform plated film
cannot be formed. Thus, it is necessary to limit the
gas  components such as oxygen to be within the
foregoing range. [Examples]  10 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, various
modifications and other  embodiments based on the
technical spirit claimed in the claims shall be
included in  the present invention as a matter of
course. 15 (Examples 1 to 6) High purity copper (Cu)
having a purity level of 6N or higher and manganese
(Mn) of a 5N level were blended and melted in a high
vacuum environment with a  high purity graphite
crucible to obtain high purity alloy. The blended
alloy  compositions of Examples 1 to 6 are shown in
Table 1. 20 The alloyed molten metal was cast in a
water-cooled copper casting mold in  a high vacuum
environment to obtain an ingot. Subsequently, the
surface layer of  the manufactured ingot was removed
to attain 4, 85 x 100h, the ingot was thereafter
heated to 350C, and subject to hot forging (forging
was performed once) to attain  4, 105 x 65h, and
further subject to hot rolling in the subsequent step.
However, 25 with respect to Example 3 only, the ingot
was subject to hot forging (first forging) to  attain
4, 105 x 65h, subsequently re-heated to 350C, subject
to clamp forging  (second forging) to attain 0 85 x
100h, and subject to hot upset forging (third
forging) to attain 0 105 x 65h. The number of times
forging is performed is  arbitrary. 30 Subsequently,
hot rolling was performed at 400C to roll the ingot to
4, 200 x  18t, and further rolled to 0 300 x 7.5t with
cold rolling. The rolling conditions are  the same in
Examples 1 to 6. Subsequently, after performing heat
treatment at 300 to 500C for 0.5 to 1  12 hour, the
overall target was quenched to obtain a target
material. Although heat  treatment in Table 1 is
performed at a heat treatment temperature of 350C for
0.5  hours, this temperature can be arbitrarily
selected according to the target  composition, working
process and size. A condition particularly required in
this 5 working process and heat treatment is the
adjustment of the close-packed (111)  face. This is
influenced by the working history, heat treatment
history, and  component composition. With the Examples
of the present invention, when the specific surface
area  of a target surface in a case where a
close-packed (111) face measured with EBSP  10
(Electron Back Scatter Diffraction Pattern) is evenly
distributed in all directions is 1, conditions were
selected so that the specific surface area of the
(111) face of the  target surface is 4 or less. 



Subsequently, the target was machined to obtain a
target having a diameter  of 300mm and thickness of
6.35mm, and further bonded with a Cu alloy backing  15
plate via diffusion bonding to obtain a sputtering
target assembly. Examples 1 to 7, as shown in Table 1,
are added with 0.07 to 18.5wt% of manganese. With
respect  to the contents shown in Table 1, the Mn
content is based on a chemical analysis  value. The
impurities of metal components are Be, B, Mg, Al, Si,
Ca, Ba, La, and  Ce show the total analytical amount
thereof in Table 1. This is based on GDMS  20 (Glow
Discharge Mass Spectrometry) analysis. The total
amounts shown in the Examples are within the range of
1.5 to  185wtppm. These values satisfy the range of
the present invention; specifically,  the total amount
being 500wtppm or less. As the evaluation of the
copper alloy wiring for semiconductor application  25
shown in the Examples, after forming silicon oxide on
the silicon substrate, the  target was subject to
sputter deposition, and the film resistance was
checked.  This was subsequently subject to heat
treatment in a vacuum atmosphere at 400C  to form a
manganese oxide layer. If the temperature is lower
than 200C, it is not possible to form a stable  30
manganese oxide layer. The temperature of higher than
525C is inappropriate  since the Cu will diffuse
before the manganese oxide layer is formed.
Preferably,  the temperatue is 300C to 450C.
Subsequently, after measuring the film  resistance,
the temperature was raised even further (850C) to
evaluate the status  of Cu diffusion (barrier
properties) in the silicon substrate with SIMS
(Secondary Ion  13 Mass Spectrometry). Moreover, in
order to evaluate the EM resistance (electromigration)
characteristics, the foregoing target was used for
sputter deposition to form a seed  layer in the wiring
groove having a Si02 interlayer insulating film. The
barrier layer 5 was thereafter self-formed in a vacuum
atmosphere at a temperature of 400C.  The wiring
groove was embedded with Cu electrolytic plating, and
the upper part  was flattened with CMP (Chemical
Mechanical Polishing) to form a wiring having a
wiring width of 0.2,um. Current was applied to this
wiring to evaluate the wiring  disconnection rate. 10
In addition, the foregoing target was used to embed
the wiring groove having  an interlayer insulating
film, and the upper part thereof was flattened with
CMP.  This was thereafter subject to heat treatment at
400C in a nitrogen atmosphere  



containing 0.01vol% of oxygen, and a manganese oxide
film was also formed on  the upper part of the wiring.
15 [Table 1] Process  Heat , Heat Impurity Uniform"Ly
Number hresis  Orients- P/M Mn Of testy Example tion
Forging 1 eatment Treatment Method (wt'%) of Metal 1 C
Particles (times) { C x 'iugirg (C x (wtppm) (%) 11
01,4 m up crn)  minutes) minutes) 2.7 1 350 x 60 80.0%
350 x 30 1.3 2.3 2.0 8 2.2  2 2,5 1 350x60 80.0%
350x30 1.1 185 2.3 20 2.4  3 3.7 3 35 x 6Q , 80.0% 350
x 30 13 23 -3.7 t-1-3 18 2.1 4 32 1 350x60 8h9  5 350
x 60 80 0% 2A  6 7.9 1 --- 350 x 6Q &0% 350 x 90 18.5
20 3 2;4 t 5 2 6...  Cu EM Example Barrier Resists-
comment  Property nce ------------------- 2 0 0
Impurity of Metal many 2 0 3 p QQ Orientation rate a
little NO 4 0 0 Mn content low ---- l  5 C _ 0 Mn
content slightly large 6 0m Mn content slightlvlarg
(Film Characteristics and Evaluation of Example 1) 20
Example 1 contains 1.3wt% of Mn, and the total amount
of Be, B, Mg, Al, Si,  Ca, Ba, La, and Ce is 2.3wtppm.
The manufacturing conditions of the target are  shown
in Table 1. As a result, when the copper alloy wiring
for semiconductor  application and the seed layer are
formed, as shown in Table 1, the Cu diffusion
resistance (barrier properties) was superior in both
cases, and showed favorable  14 EM resistance
characteristics (few disconnections) and film
resistance (low  



resistance of 2.2,u Qcm). This is because manganese is
diffused on the upper part,  side face and bottom part
of the wiring to form a favorable barrier film, and
the  resistance at the center of the wiring is
reduced. The reason why few 5 disconnections could be
observed is considered to be that the total amount of
Be, B,  Mg, Al, Si, Ca, Ba, La, and Ce was reduced to
2.3wtppm. In Example 1, as the structure of the Cu-Mn
alloy sputtering target for  forming the semiconductor
wiring of the present invention, when the specific
surface area of a target surface in a case where a
close-packed (111) face 10 measured with EBSP
(Electron Back Scatter Diffraction Pattern) is evenly
distributed in all directions is 1, the specific
surface area of the (111) face of the  target surface
was set to be 2.1. Thereby, the uniformity 1 a was
2.0%, and there  were 8 particles that are 0.2pm or
larger. The gas components as impurities are  shown in
Table 2. Here, the oxygen content was 20wtppm, the
nitrogen content 15 was 20wtppm, and the carbon
content was 30wtppm. It is considered that the
reduction of these gas components is contributing to
the prevention of the  generation of particles in
comparison to the Comparative Examples described
later. As a comprehensive evaluation, Example 1 showed
extremely favorable  characteristics. Similar to the
above, not only is the present invention effective in
20 forming a seed layer, this shows that Example 1 is
also extremely effective as a  wiring material for
semiconductor application. [Table 2] [Example
impurities (wtp m)  Oxygen Nitro en Carbon  1 20 20 30
2 --- 40 30 30 3 20 20 30  4 20 -~0 20  5 30 20 40  6
40 10 20 25 (Film Characteristics and Evaluation of
Example 2) Example 2 contains 1.lwt% of Mn, and the
total amount of Be, B, Mg, Al, Si,  Ca, Ba, La, and Ce
is 185wtppm. The manufacturing conditions of the
target are  as shown in Table 1. As a result, when the
copper alloy wiring for semiconductor  application and
the seed layer are formed, as shown in Table 1, the Cu
diffusion  15 



resistance (barrier properties) was superior in both
cases, and showed favorable  EM resistance
characteristics (few disconnections) and film
resistance (low  resistance of 2.4u Q cm). This is
because manganese is diffused on the upper part,  side
face and bottom part of the wiring to form a favorable
barrier film, and the 5 resistance at the center of
the wiring is reduced. The reason why few
disconnections could be observed is considered to be
that the total amount of Be, B,  Mg, Al, Si, Ca, Ba,
La, and Ce reduced was 185wtppm, and within the range
of the  present invention. Nevertheless, in comparison
to Example 1, the amount of  impurities is greater. 10
In Example 2, as the structure of the Cu-Mn alloy
sputtering target for  forming the semiconductor
wiring of the present invention, when the specific
surface area of a target surface in a case where a
close-packed (111) face  measured with EBSP (Electron
Back Scatter Diffraction Pattern) is evenly
distributed in all directions is 1, the specific
surface area of the (111) face of the  15 target
surface was set to be 2.1. Thereby, the uniformity 1 u
was 2.3%, and there were 20 particles that are  0.21rm
or larger. The main reason why the uniformity and
particle count were  greater in comparison to Example
1 is considered to be that the total amount of Be,  B,
Mg, Al, Si, Ca, Ba, La, and Ce is greater. The gas
components as impurities 20 are shown in Table 2.
Here, the oxygen content was 40wtppm, the nitrogen
content was 30wtppm, and the carbon content was
3owtppm. It is considered that  the reduction of these
gas components is contributing somewhat to the
prevention  of the generation of particles in
comparison to the Comparative Examples described
later. 25 As a comprehensive evaluation, Example 2
showed favorable characteristics.  Similar to the
above, not only is the present invention effective in
forming a seed  layer, this shows that Example 2 is
also extremely effective as a wiring material for
semiconductor application. (Film Characteristics and
Evaluation of Example 3) 30 Example 3 contains 1.3wt%
of Mn, and the total amount of Be, B, Mg, Al, Si,  Ca,
Ba, La, and Ce is 2.3wtppm. The manufacturing
conditions of the target are  shown in Table 1. As a
result, when the copper alloy wiring for semiconductor
application and  16 the seed layer are formed, as
shown in Table 1, the Cu diffusion resistance (barrier



properties) was superior in both cases, and showed
favorable EM resistance  characteristics (few
disconnections) and film resistance (low resistance of
2.1juQcm). This is because manganese is diffused on
the upper part, side face 5 and bottom part of the
wiring to form a favorable barrier film, and the
resistance at  the center of the wiring is reduced.
The reason why few disconnections could be  observed
is considered to be that the total amount of Be, B,
Mg, Al, Si, Ca, Ba, La,  and Ce is extremely low at
2.3wtppm. Thereby, the uniformity 1 a was 3.7%, and
there were 18 particles that are  10 0.2pm or larger.
The main reason why the uniformity and particle count
were  greater in comparison to Example 1 is considered
to be that the specific surface  area of the (111)
face of the target surface was high. The gas
components as impurities are shown in Table 2. Here,
the oxygen  content was 20wtppm, the nitrogen content
was 20wtppm, and the carbon content  15 was 30wtppm.
It is considered that the reduction of these gas
components is contributing to the prevention of the
generation of particles in comparison to the
Comparative Examples described later. In Example 3,
forging was performed three times as described above.
When the specific surface area of a target surface in
a case where a close-packed  20 (111) face measured
with EBSP (Electron Back Scatter Diffraction Pattern)
is evenly distributed in all directions is 1, the
specific surface area of the (111) face of the  target
surface was 3.7, and close to the condition of 4 or
less as prescribed in the  present invention. Although
this is heading toward the deterioration of the
uniform distribution of  25 the (111) face
orientation, it is still within the condition of the
present invention.  Since the tendency of the uniform
distribution of the (111) face orientation becoming
inferior is considered to be caused by the number of
times forging is performed, it  could be said that it
would be preferable to limit the number of times
forging up to  three times. 30 The gas components as
impurities are shown in Table 2. Here, the oxygen
content was 20wtppm, the nitrogen content was 20wtppm,
and the carbon content  was 30wtppm. It is considered
that the reduction of these gas components is
contributing to the prevention of the generation of
particles in comparison to the  17 Comparative
Examples described later. As a comprehensive
evaluation, Example  3 showed favorable
characteristics. Similar to the above, not only is the
present  



invention effective in forming a seed layer, this
shows that Example 3 is also  extremely effective as a
wiring material for semiconductor application. 5 (Film
Characteristics and Evaluation of Example 4) Example 4
contains 0.07wt% of Mn, and the total amount of Be, B,
Mg, Al, Si,  Ca, Ba, La, and Ce is 1.5wtppm. The
manufacturing conditions of the target are  shown in
Table 1. As a result, when the copper alloy wiring for
semiconductor application and  10 the seed layer are
formed, as shown in Table 1, the Cu diffusion
resistance (barrier  properties) was superior in both
cases, and showed favorable EM resistance
characteristics (few disconnections) and film
resistance (low resistance of  1.9/1 Sd cm). This is
because manganese is diffused on the upper part, side
face and  15 bottom part of the wiring to form a
favorable barrier film, and the resistance at the
center of the wiring is reduced. The reason why few
disconnections could be  observed is considered to be
that the total amount of Be, B, Mg, Al, Si, Ca, Ba,
La,  and Ce is extremely low at 1.5wtppm.
Nevertheless, in comparison to Example 1,  the Mn
content is close to the lower limit at 0.07wt%, and
the specific surface area  20 of the (111) face of the
target surface is somewhat large at 3.2. In Example 4,
as the structure of the Cu-Mn alloy sputtering target
for  forming the semiconductor wiring of the present
invention, when the specific  surface area of a target
surface in a case where a close-packed (111) face
measured with EBSP (Electron Back Scatter Diffraction
Pattern) is evenly 25 distributed in all directions is
1, the specific surface area of the (111) face of the
target surface was set to be 3.2. Thereby, the
uniformity 1 a was 1.5%, and there were 18 particles
that are  0.2pm or larger. The main reason why the
particle count was greater in  comparison to Example 1
is considered to be that the specific surface area of
the 30 (111) face of the target surface is slightly
large, and the Mn content is slightly low,  The gas
components as impurities are shown in Table 2. Here,
the oxygen content  was 20wtppm, the nitrogen content
was lOwtppm, and the carbon content was  20wtppm. It
is considered that the reduction of these gas
components is  18 contributing somewhat to the
prevention of the generation of particles in
comparison to the Comparative Examples described
later. As a comprehensive  evaluation, Example 4
showed favorable characteristics. Similar to the
above, not  



only is the present invention effective in forming a
seed layer, this shows that 5 Example 4 is also
extremely effective as a wiring material for
semiconductor  application. (Film Characteristics and
Evaluation of Example 5) Example 5 contains 7.1wt% of
Mn, and the total amount of Be, B, Mg, Al, Si,  Ca,
Ba, La, and Ce is 5.3wtppm. The manufacturing
conditions of the target are  10 as shown in Table 1.
As a result, when the copper alloy wiring for
semiconductor application and the seed layer are
formed, as shown in Table 1, the Cu diffusion
resistance (barrier properties) was superior in both
cases, and showed favorable  EM resistance
characteristics (few disconnections) and film
resistance (low  resistance of 2.4pQcm). This is
because manganese is diffused on the upper part, 15
side face and bottom part of the wiring to form a
favorable barrier film, and the  resistance at the
center of the wiring is reduced. The reason why few
disconnections could be observed is considered to be
that the total amount of Be, B,  Mg, Al, Si, Ca, Ba,
La, and Ce reduced extremely low at 5.3wtppm.
Nevertheless,  in comparison to Example 1, the amount
of Mn content is greater at 7.lwt%. 20 In Example 5,
as the structure of the Cu-Mn alloy sputtering target
for  forming the semiconductor wiring of the present
invention, when the specific  surface area of a target
surface in a case where a close-packed (111) face
measured with EBSP (Electron Back Scatter Diffraction
Pattern) is evenly  distributed in all directions is
1, the specific surface area of the (111) face of the
25 target surface was set to be 2.5. Thereby, the
uniformity 1 a was 2.8%, and there were 13 particles
that are  0.2Nm or larger. The main reason why the
particle count was greater in  comparison to Example 1
is considered to be that the Mn content was slightly
high.  The gas components as impurities are shown in
Table 2. Here, the oxygen content 30 was 30wtppm, the
nitrogen content was 20wtppm, and the carbon content
was  40wtppm. It is considered that the reduction of
these gas components is  contributing somewhat to the
prevention of the generation of particles in
comparison to the Comparative Examples described
later. As a comprehensive  19 evaluation, Example 5
showed favorable characteristics. Similar to the
above, not  only is the present invention effective in
forming a seed layer, this shows that  Example 5 is
also extremely effective as a wiring material for
semiconductor  application. 



5 (Film Characteristics and Evaluation of Example 6)
Example 6 contains 18.5wt% of Mn, and the total amount
of Be, B, Mg, Al, Si,  Ca, Ba, La, and Ce is
20.3wtppm. The manufacturing conditions of the target
are  shown in Table 1. As a result, when the copper
alloy wiring for semiconductor  application and the
seed layer are formed, as shown in Table 1, the Cu
diffusion 10 resistance (barrier properties) was
superior in both cases, and showed favorable  EM
resistance characteristics (few disconnections) and
film resistance (low  resistance of 2.6p0cm). This is
because manganese is diffused on the upper part,  side
face and bottom part of the wiring to form a favorable
barrier film, and the  resistance at the center of the
wiring is reduced. The reason why few 15
disconnections could be observed is considered to be
that the total amount of Be, B,  Mg, Al, Si, Ca, Be,
La, and Ce reduced extremely low at 20.3wtppm.
Nevertheless,  in comparison to Example 1, the amount
of Mn content is greater at 18.5wt%. In Example 6, as
the structure of the Cu-Mn alloy sputtering target for
forming the semiconductor wiring of the present
invention, when the specific  20 surface area of a
target surface in a case where a close-packed (111)
face measured with EBSP (Electron Back Scatter
Diffraction Pattern) is evenly  distributed in all
directions is 1, the specific surface area of the
(111) face of the  target surface was set to be 1.9.
Thereby, the uniformity 1 a was 2.4%, and there were
15 particles that are  25 0.2Nm or larger. The main
reason why the particle count was greater in
comparison to Example 1 is considered to be that the
Mn content was slightly high.  The gas components as
impurities are shown in Table 2. Here, the oxygen
content  was 40wtppm, the nitrogen content was
lOwtppm, and the carbon content was  20wtppm. It is
considered that the reduction of these gas components
is 30 contributing somewhat to the prevention of the
generation of particles in  comparison to the
Comparative Examples described later, As a
comprehensive  evaluation, Example 6 showed favorable
characteristics. Similar to the above, not  only is
the present invention effective in forming a seed
layer, this shows that  20 Example 6 is also extremely
effective as a wiring material for semiconductor
application. (Comparative Examples 1 to 5) With
respect to Comparative Examples 1 to 5, only the
conditions shown in  5 Table 3 were changed, and the
remaining conditions are all the same as the  



conditions of Examples 1 to 6. (Film Characteristics
and Evaluation of Comparative Example 1) Comparative
Example 1 contains 1.3wt% of Mn, and the total amount
of Be,  B, Mg, Al, Si, Ca, Ba, La, and Ce is 2.3wtppm.
The manufacturing conditions of  10 the target are
shown in Table 3. As a result, when the copper alloy
wiring for semiconductor application and the seed
layer are formed, as shown in Table 3,  although there
was no problem concerning the Cu diffusion resistance
(barrier  properties), EM resistance characteristics
(few disconnections) and film resistance  (low
resistance of 2.31pQcm), the uniformity 1 a was 4.6%
and there were 102  15 particles that are 0.2frm or
larger, and shows inferior results. Moreover, when the
specific surface area of a target surface in a case
where a close-packed (111) face measured with EBSP
(Electron Back Scatter  Diffraction Pattern) is evenly
distributed in all directions is 1, the specific
surface  area of the (111) face of the target surface
was 4.5, and exceeded the condition of 4 20 or less as
defined in the present invention. In other words, the
distribution of the  (111) face orientation was
uneven. In Comparative Example 1, forging was
performed 5 times, and the forging  steps that were
performed are as follows. The ingot was subject to hot
forging  (first forging) to attain 0 105 x 65h, this
was reheated to 350C, then subject to 25 clamp forging
(second forging) to attain 0 85 x 100h, further
subject to hot upset  forging (third forging) to
attain 0 105 x 65h, reheated to 350C again, then
subject  to clamp forging (fourth forging) to attain ~
85 x 100h, further subject to upset  forging (fifth
forging) to attain 0 105 x 65h, and finally subject to
hot rolling and cold  rolling to attain 0 310 x 7.5t.
It is obvious that excessive forging makes the  30
distribution of the (111) face orientation uneven, and
is therefore undesirable. The gas components as
impurities are similarly shown in Table 4. Here, the
oxygen content was 20wtppm, the nitrogen content was
20wtppm, and the carbon  content was 30wtppm.
Nevertheless, even though these gas components were
21 reduced, there were problems in that the uniformity
was inferior, and the generation  of particles
increased. As a comprehensive evaluation, Comparative
Example 1  showed inferior characteristics. [Table 3]
Process Number  Comparative Orients- Heat Heat P/M Mn
Impurity Uniformity Number 



le tion Forging Treatment Treatment of Metal 1 P ti ny
p P.o'.ing >Vlethod' (""t"' of Particles (times) ( C x
( C x "vtPPm) (p Pcm)  0.2 /lm up 350 x 60 1 4.5 5
80.0% 350 x 30 1.3 2.3 46 102 2.3  2tmes 2 2.1 1 350 x
60 80.0% 350x30 2,5 510 2.5 79 2.3  3 2.7 1 350 x 60
80.0% 350 x 30 0.04 1.5 2,3 18 1,9   1 350 x 60 f
80.0%, 350 x 30 21 25.3 2A 15 I 5,8  Comparativa Cu EM
Example Barrier Resists- Comments  roperty nce 1 d O
Orientation Rate high, Uniformity not  Ipood,
Particles' number lar e 2 X x `impurity large,
Particles' number large  --------------- 3 Q Mn
content too low, Cu barrier not  formed  4 (r) O Mn
content too large, Resistivity too high., unsuitable
for use J  5 [Table 4] Comparative Example Impurities
(wtppm) Ox en Nitrogen Carbon  1 20 20 30  2 30 20 50
3 20 10 20  4 40 10 20 (Film Characteristics and
Evaluation of Comparative Example 2) Comparative
Example 2 contains 2.5wt% of Mn, and the total amount
of Be,  10 B, Mg, Al, Si, Ca, Ba, La, and Ce is
510wtppm. The manufacturing conditions of  the target
are shown in Table 3. As a result, when the copper
alloy wiring for  semiconductor application and the
seed layer are formed, as shown in Table 3,  



although there was no problem concerning the Cu
diffusion resistance (barrier  properties), the EM
resistance characteristics and film resistance (low
resistance of  15 2.3/1Qcm) were considerably
inferior. However, when the specific surface area of a
target surface in a case where  a close-packed (111)
face measured with EBSP (Electron Back Scatter
Diffraction  Pattern) is evenly distributed in all
directions is 1, the specific surface area of the
(111) face of the target surface was 2.1, and fell
within the scope of the present  22 invention. In
addition, although the uniformity 1 o was 2.5% and
showed no  problem, there were 72 particles that are
0.2pm or larger. The gas components as  impurities are
similarly shown in Table 4. Here, the oxygen content
was 30wtppm,  the nitrogen content was 20wtppm, and
the carbon content was 50wtppm. 5 Nevertheless, even
though these gas components were reduced, there were
problems in that the generation of particles
increased. As a comprehensive  evaluation, Comparative
Example 2 showed inferior characteristics. (Film
Characteristics and Evaluation of Comparative Example
3) Comparative Example 3 contains 0.04wt% of Mn, and
the total amount of Be,  10 B, Mg, Al, Si, Ca, Ba, La,
and Ce is a small amount at 1.5wtppm (less than
present  invention). The manufacturing conditions of
the target are shown in Table 3. As a  result, when
the copper alloy wiring for semiconductor application
and the seed  layer are formed, as shown in Table 3,
although there was no problem concerning  the film
resistance (low resistance of 1.8pQcm), the Cu
diffusion resistance (barrier 15 properties) and the
EM resistance characteristics (few disconnections)
were  considerably inferior. This is considered to be
because the self-formation of the  barrier layer was
insufficient. However, when the specific surface area
of a target surface in a case where  a close-packed
(111) face measured with EBSP (Electron Back Scatter
Diffraction  20 Pattern) is evenly distributed in all
directions is 1, the specific surface area of the
(111) face of the target surface was 2.7, and fell
within the scope of the present  invention. In
addition, the uniformity 1 a was 2.3% and there were
18 particles  that are 0.2pm or larger, and these
showed no particular problem. The gas  components as
impurities are similarly shown in Table 4. Here, the
oxygen 25 content was 20wtppm, the nitrogen content
was lOwtppm, and the carbon content  was 20wtppm.
Nevertheless, even though these gas components were
reduced,  there were significant problems in that the
Cu diffusion resistance (barrier  



properties) and EM resistance characteristics
aggregated considerably. As a  comprehensive
evaluation, Comparative Example 3 showed inferior
characteristics.  30 (Film Characteristics and
Evaluation of Comparative Example 4) Comparative
Example 4 contains 21wt% of Mn, and exceeds the
condition of  the present invention, The total amount
of Be, B, Mg, Al, Si, Ca, Ba, La, and Ce is
25.3wtppm. The manufacturing conditions of the target
are as shown in Table 3.  23 As a result, when the
copper alloy wiring for semiconductor application and
the  seed layer are formed, as shown in Table 3, the
film resistance was 5.8ft Q cm.  This is a result of
the inclusion of a large amount of Mn. In addition,
there were no  problems concerning the Cu diffusion
resistance (barrier properties) and the EM 5
resistance characteristics. Nevertheless, the increase
in film resistance is a  significant problem, and is
not suitable for practical application. As a
comprehensive evaluation, Comparative Example 4 showed
inferior characteristics.  (Film Characteristics and
Evaluation of Example 7) Example 7 contains 1.Owt% of
Mn, and the total amount of Be, B, Mg, Al, Si,  10 Ca,
Ba, La, and Ce is significant at 395wtppm, but still
falls within the range of the  present invention. The
manufacturing conditions of the target, as shown in
Table 5,  employed the powder metallurgy method (P/M
method). Cu powder and Mn  powder of 50 mesh or less
were mixed and filled in a graphite dice.
Subsequently,  the graphite dice was heated to 850C in
a vacuum, and subject to hot press of 15 retaining it
for 1 hour at a pressure of 250kg/cm2. The obtained Lp
360 x 1 Ot disk  was processed into a target and used
in a sputter deposition test. As a result, when the
copper alloy wiring for semiconductor application and
the seed layer are formed, as shown in Table 5, the
film resistance was slightly  higher at 3.5p 9 cm.
Nevertheless, there were no problems concerning the Cu
20 diffusion resistance (barrier properties) and EM
resistance characteristics. [Table 5] Process mp r.ty
Un fur n, y. Number n, `yea s  Example OrientationF nF
Heat Heat viP Ptl 1+n of N$etal 1 a Particle's a ho..
'w s 7 reatmrt Roping it a meettppn) 0.2 m Cr14cti  t
rr=a) x ,, ute x nmu e 7 1.2 150x30 0 1.0 395 2:8 132
35--- Cu Barri_r EM 



E x a male Properties Re0 s'.3- Comment  nee  7 0 0
F'artcles' number large 25 In addition, when the
specific surface area of a target surface in a case
where a close-packed (111) face measured with EBSP
(Electron Back Scatter  Diffraction Pattern) is evenly
distributed in all directions is 1, the specific
surface  area of the (111) face of the target surface
was low at 1.2, and fell within the scope  of the
present invention, and the uniformity 1 a was
favorable at 2.6%. Therefore,  24 the target
manufactured under the conditions of Example 7 is
within a usable range,  With respect to the generation
of particles, and there were 132 particles that are
0.2pm or larger, and increased. The gas components as
impurities are  similarly shown in Table 6. Here, the
oxygen content was 450wtppm, the nitrogen  5 content
was 30wtppm, and the carbon content was 40wtppm, and
the oxygen content increased. This is considered to be
caused by the generation of particles.  [Table 6]
Example m uOx en Carbon  !1!9''  7 450 10 As a
comprehensive evaluation, this would be an inferior
evaluation in terms of the generation of particles as
described above, but the only problem lies in the
generation of particles, and there are no other
problems regarding the other  characteristics,
Therefore, in order to overcome the problem concerning
the  generation of particles, it is necessary to
adjust the contained oxygen content. In 15 particular,
preferably the oxygen content is 100wtppm, and more
preferably  50wtppm. Generally speaking, the
generation of particles is not only a result of the
target material, and is also caused by other factors.
Thus, for instance, if an  apparatus or structure
capable of reducing the generation of particles via
the shape 20 of the target or backing plate or the
method of mounting the target is available, the
generation of particles caused by the target material
can be relatively reduced.  Thus, there are cases
where this might not cause a significant problem in
terms of  the total amount. Accordingly, reduction of
the oxygen content in the target should  be adjusted
in consideration of the foregoing factors. '25 As
shown in the Examples and Comparative Examples, the
utility of the Cu- Mn alloy sputtering target and the
copper alloy wiring for semiconductor application  



according to the present invention in which the Mn
contents is 0.05 to 20wt%, the  total amount of Be, B,
Mg, Al, Si, Ca, Ba, La, and Ce is 500wtppm or less,
and the  remainder is Cu and unavoidable impurities is
evident, and the thin film wiring and 30 the seed
layer possess high conductivity and are equipped with
a superior self- diffusion suppression function. 25 It
is also evident that the present invention yields a
significant effect in that  the uniformity of
deposition during sputtering is favorable and the
generation of  particles is also reduced. INDUSTRIAL
APPLICABILITY Since the copper alloy wiring for
semiconductor application according to the  present
invention is equipped with a self-diffusion
suppression function, it yields a  superior effect of
being able to effectively prevent the contamination
around the 10 wiring caused by the diffusion of active
Cu, and improve electromigration (EM)  resistance,
corrosion resistance, and the like. In addition, the
present invention  yields a significant effect of
being able to arbitrarily and stably form a barrier
layer  formed of manganese oxide on the upper face,
lower face and peripheral face of  the copper alloy
wiring film, and simplify the deposition process of
the copper alloy 15 wiring and the formation process
of the barrier layer. Moreover, by controlling the
specific surface area of the (111) face, an effect is
yielded in that the uniformity of  deposition during
sputtering becomes favorable and the generation of
particles is  also reduced. Accordingly, the present
invention is extremely effective as a  sputtering
target for forming a copper alloy wiring for
semiconductor application and  20 for manufacturing
such copper alloy wiring for semiconductor
application. 26 CLAIMS  1. A Cu-Mn alloy sputtering
target, wherein the Mn content is 0.05 to 20wt%,  the
total amount of Be, B, Mg, Al, Si, Ca, Ba, La, and Ce
is 500wtppm or less, and 5 the remainder is Cu and
unavoidable impurities. 2. The Cu-Mn alloy sputtering
target according to claim 1, wherein the total  amount
of Be, B, Mg, Al, Si, Ca, Ba, La, and Ce is 50wtppm or
less. 3. The Cu-Mn alloy sputtering target according
to claim 1, wherein the total  amount of Be, B, Mg,
Al, Si, Ca, Ba, La, and Ce is 1 Owtppm or less. 10 4.
The Cu-Mn alloy sputtering target according to any one
of claims 1 to 3,  wherein, when the specific surface
area of a target surface in a case where a close- 



packed (111) face measured with EBSP is evenly
distributed in all directions is 1,  the specific
surface area of the (111) face of the target surface
is 4 or less. 5. The Cu-Mn alloy sputtering target
according to any one of claims 1 to 4,  15 wherein the
oxygen content is 100wtppm or less. 6. The Cu-Mn alloy
sputtering target according to any one of claims 1 to
4,  wherein the oxygen content is 50wtppm or less. 7.
A Cu-Mn alloy semiconductor wiring, wherein the Mn
content is 0.05 to  20wt%, the total amount of Be, B,
Mg, Al, Si, Ca, Ba, La, and Ce is 500wtppm or  20
less, and the remainder is Cu and unavoidable
impurities. 8. The Cu-Mn alloy semiconductor wiring
according to claim 7, wherein the total  amount of Be,
B, Mg, Al, Si, Ca, Ba, La, and Ce is 50wtppm or less.
9. The Cu-Mn alloy semiconductor wiring according to
claim 7, wherein the total  amount of Be, B, Mg, Al,
Si, Ca, Ba, La, and Ce is 1 Owtppm or less. 25 10. The
Cu-Mn alloy semiconductor wiring according to any one
of claims 7 to 9,  wherein the Cu-Mn alloy
semiconductor wiring is a wiring material to be formed
in a  concave portion of a contact hole or a wiring
groove. 27 


