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Abstract

Provided are a method of manufacturing a metal laminated
substrate for an oxide superconductingwireandametal laminated
substrate for an oxide superconducting wire, where copper can
have sharp biaxial texture and the formation of scratches and
grooves on a surface of copper can be prevented. The method
includes the steps of: removing, in a state where a copper foil
to which rolling is applied at a draft of 90% or more is held
at a temperature below a recrystallization temperature, an
absorbed material on a surface of the copper foil by applying
sputter etching to the surface of the copper foil; removing an
absorbed material on a surface of a nonmagnetic metal sheet by
applying sputter etching to the surface of the nonmagnetic metal
sheet; bonding the copper foil and the metal sheet to each other
by reduction rolls at an applied pressure of 300MPa to 1500MPa;
orienting crystals of the copper by heating a laminated body
obtained by bonding at a crystal orientation temperature of
copper or above; and forming a protective layer on a copper-side

surface of the laminated body by coating.
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Claims :

1. Amethod of manufacturing a metal laminated substrate
for an oxide superconducting wire, the method comprising the
steps of:

removing, in a state where a copper foil to which rolling
is applied at a draft of 90% or more is held at a temperature
below a recrystallization temperature, an absorbed material on
a surface of the copper foil by applying sputter etching to the
surface of the copper foil;

removing anabsorbedmaterial onasurfaceof anonmagnetic
metal sheet by applying sputter etching to the surface of the
nonmagnetic metal sheet;

bonding the copper foil and the metal sheet to each other
by reduction rolls at an applied pressure of 300MPa to 1500MPa;

orienting crystals of the copper by heating a laminated
body obtainedby the bondingat acrystal orientation temperature
of copper or above; and

forming a protective layer on a copper-side surface of
the laminated body by coating.

2. Amethod of manufacturing a metal laminated substrate
for an oxide superconducting wire according to claim 1, wherein
the sputter etching of the copper foil is performed at a
temperature below 150°C.

3. Themethodofmanufacturingametal laminated substrate
for an oxide superconducting wire according to claim 1 or 2,

wherein in the step where the sputter etching is applied to the
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ﬁonmagnetic metal sheet, the absorbed material on the surface
of the substrate is removed by applying the sputter etching to
the surface of the substrate in a state where the copper foil
is heldatatempératurebelow therecrystallizationtemperature.

4. A metal laminated substrate for an oxide
superconducting wire comprising: |

- a nonmagnetic metal sheet;

a copper layer formed on the metal sheet; and

a protective layer formed over the copper layer, wherein

ac-axiscrystal orientation rate of the protective layer
is 99% or more, and

adhesion strength between the copper layer and the metal

sheet is 0.1N/cm or more in terms of 180° peel strength.

Dated this 23/01/2012

OF REMFRY SAGAR
ATTORNEY FOR THE APPMICANTS
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Description

TITLE OF THE INVENTIONS
METHOD OF MANUFACTURING METAL LAMINATED SUBSTRATE FOR
OXIDE SUPERCONDUCTING WIRE AND METAL LAMINATED SUBSTRATE FOR

OXIDE SUPERCONDUCTING WIRE

TECHNICAL FIELD
[0001]

The present inventionrelatestoamethodofmanufacturing
a metal laminated substrate for an oxide superconducting wire
and a metal laminated substrate for an oxide superconducting

wire.

BACKGROUND ART
[0002]

To obtain an excellent high-~temperature oxide
superconducting wire, it is necessary to form an intermediate
layer having high crystal orientation (CeO, or zirconia doped
yttriuﬁ oxide (YSZ)) and a superconducting film (RE123 film:
RE: Y, Gd, Ho or the like) on a metal substrate.

As amethod of forming these oxide films, conventionally,
there have been known an ion -beam-assisted deposition method
(IBAD method) and a RABITS method where an oxide film is formed
on a metal substrate which is biaxially textured in advance.
[0003]

Totake futureproductionefficiencysuchasafilmforming



speed into consideration, an oxide superconducting wire
manufacturedon the RABITS (biaxially textured substrate) method
is advantageous. However, to enhance the superconducting
property, it is important tomake crystals of themetal substrate
highly oriented.

[0004]

As such a metal substrate, there has been disclosed a
substrate where copper 1is laminated to a stainless steel
substrate, and is biaxially textured, and an intermediate layer
made of nickel is laminated to the copper layer (see patent
document 1, for example).

[0005]

Further, as a method of manufacturing such a metal
substrate, there has been disclosed a technique where copper
is subjected to high rolling reduction and is biaxially textured
by heat treatment, the biaxially textured copper>is laminated
to a stainless steel substrate by cold rolling, and a nickel
layer is laminated to the copper layer (see patent document 2,
for example).

Prior Art Document

Patent Document

[0006]

Patent document 1: JP-A-2006-127847

Patent document 2: JP-A-2008-266686

SUMMARY OF THE INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE



[0007]

However, in the manufacturing method disclosed in patent
document 1, the orientation of copper laminated to the stainless
steel substrate is not sufficient thus giving rise to a drawback
that scratches or grooves may be formed on a surface of copper.

Further, the manufacturing method disclosed in patent
document 2 adopts the means where copper is textured and,
thereafter, copper is laminated to the stainless steel substrate
by cold rolling. In this manner, the textured copper is rolled
and hence, there may be a case where the texture of copper is
degraded or scratches or grooves are formed on a surface of copper
due to such rolling. Accordingly, the texture of the nickel
layer, a superconducting layer or the like laminated to copper
is deteriorated thus giving rise to a drawback that properties
of a superconductor are declined.

[0008]

It is an object of the present invention to provide a
metal laminated substrate for an oxide superconducting wire,
and a method of manufacturing a metal laminated substrate for
an oxide superconducting wire where the above-mentioned
drawbacks can be overcome, copper can be highly oriented, and
the formation of scratches and grooves on a surface of copper
can be prevented.

Tt is another objecﬁ of the present invention to provide
a metal laminated substrate for an oxide superconducting wire,
and a method of manufacturing a metal laminated substrate for

an oxide superconducting wire where copper can be laminated to



the substrate while decreasing a change in copper in a reduction
rolled state, and the rolled copper can be highly oriented when
copper is oriented by heat treatment performed after the
lamination of copper.

It is still another object of the present invention to
provide ametal laminated substrate for an oxide superconducting
wire, and a method of manufacturing a metal laminated substrate
for an oxide superconducting wire where both the adhesion and
the high orientation of copper which the substrate is required
to satisfy can be simultaneously realized by controlling a

pressurizing condition.

MEANS FOR SOLVING THE PROBLEMS
[0009]

(1) Amethod of manufacturing ametal laminated substrate
for an oxide superconducting wire according to the present
invention includes fhe steps of:

removing, in a state where a copper foil to which rolling
is applied at a draft of 90% or more is held at a temperature
below a crystal orientation temperature, an absorbed material
on a surface of the copper foil by applying sputter etching to
the surface of the copper foil;

removinganabsorbedmaterialonasurfaceof anonmagnetic
metal sheet by applying sputter etching to the surface of the
nonmagnetic metal sheet;

bonding the copper foil and the metal sheet to each other

by reduction rolls at an applied pressure of 300MPa to 1500MPa;



biaxial texture of the copper by heating a laminate
obtained by bonding at a crystal orientation temperature of
copper or above; and

forming a protective layer on a copper-side surface of
the laminate by coating.

(2) In the method of manufacturing a metal laminated
substrate for an oxide superconducting wire of the present
invention having the above-mentioned constitution (1), the
sputter etching of the copper foil is performed at a temperature
below 150°C.

(3) In the method of manufacturing a metal laminated
substrate for an oxide superconducting wire of the present
invention having the above-mentioned constitution (1) or (2),
inthe stepwherethe sputteretchingisappliedtothenonmagnetic
metal sheet, the absorbedmaterial onthe surfaceof the substrate
is removed by applying the sputter etching to the surface of
the substrate in a state where the copper foil is held at a
temperature below the crystal orientation temperature.

(4) A metal laminated substrate for an oxide
superconducting wire according to the present invention
includes:

a nonmagnetic metal sheet;

a copper layer formed on the metal sheet; and

a protective layer formed over the copper layer, wherein

ac-axiscrystal orientation rate of the protective layer
is 99% or more, and

adhesion strength between the copper layer and the metal



sheet is 0.1N/cm or more in terms of 180° peel strength.

ADVANTAGEOUS EFFECTS OF THE INVENTION
[0010]

According to the present invention, the crystal
orientation of copper is achieved by heat treatment after
laminating copper to the substrate and hence, compared to aprior
art, copper can be highly oriented so that the formation of
scratches or grooves on the surface of copper can be prevented.

Further, by applying sputter etching to the surface of
copper foil and the surface of the nonmagnetic metal sheet at
atemperaturebelowthecrystalorientationtemperatureof copper,
an absorbedmaterial canbe removedwhile keeping a crystal state
of the copper foil substantially equal to a crystal state of
thecopper foilbeforeetchingwithout recrystallizingthe copper
foil and, at the same time, the laminated substrate can ensure
sufficient adhesion while keeping a crystal state of the copper
foil substantially equal to a crystal state of the copper foil
before etching by controlling a rolling reduction condition.
In thismanner, by controlling the bonding condition, even after
the copper foil is laminated to the substrate, the laminated
substrate can keep the crystal state of the copper foil
substantially equal to a crystal state of the copper before
etching is performed and hence, crystals of copper can be highly

oriented by heat treatment performed after the lamination.

BRIEF DESCRIPTION OF THE DRAWINGS



[0011]

Fig. 1 is a schematic cross-sectional view showing the
constitution of a metal laminated substrate for an oxide
superconducting wire 5A obtained by a manufacturing method of
the present invention.

Fig. 2 is a schematic cross-sectional view showing the
constitution of an oxide superconducting wire 10A according to
an embodiment of the manufacturing method of the present
invention.

Fig. 3 is a schematic cross-sectional view showing the
constitution of a metal laminated plate for an oxide
superconducting wire 5B according to an embodiment of a
manufacturing method of the present invention, wherein a copper
foil T2 is laminated to both surfaces of a nonmagnetic metal
sheetleysurfaceactivationbgndingand,afterheattreatment,
a protective layer T3 made of Ni is formed on both surfaces by
coating.

Fig. 4 is a schematic cross-sectional view showing the
constitution of an oxide superconducting wire 10B according to
an embodiment of the manufacturing method of the present
invention.

Fig. 5is a schematic view of a surface activation bonding
device used in the present invention.

Fig. 6 1s a graph showing the relationship between a
crystal orientation rate and a heat treatment holding time of
Oa (200) plane of a rolled copper foil doped with 200ppm of

Ag which is used in the manufacturing method of the present



invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0012]

In a method of manufacturing a metal laminated substrate
for an oxide superconducting wire according to an embodiment
of the present invention, in a state where a copper foil to which
rollingisappliedatadraftof 90%ormoreisheldat atemperature
below a recrystallization temperature, an absorbed material on
asurfaceof the copper foil is removedbyapplying sputter etching
to the surface of the copper foil; an absorbed material on a
surface of a nonmagnetic metal sheet is removed by applying
sputter etching to the surface of the nonmagnetic metal sheet;
the copper foil and the metal sheet are bonded to each other
by reduction rolls at an applied pressure of 300MPa to 1500MPa;
crystals of the copper are biaxially textured by heating a
laminated body obtained by bonding at a recrystallization
temperature or above; and a protective layer is formed on a
copper-side surface of the laminated body by coating.

[0013]

Fig. 1 is a schematic cross-sectional view showing the
constitution of a metal laminated substrate for an oxide
superconducting wire 5A which can be obtained by the
manufacturing method of the present invention.

As shown in Fig. 1, the metal laminated substrate for
an oxide superconductingwire 5A is formed of a nonmagneticmetal

sheet Tl which constitutes a metal substrate, a copper foil T2



(copper layer) which is laminated to the nonmagnetic metal sheet
Tl, and a Ni layer (protective layer) T3 which is formed on the
Copper foil T2 by coating.

[0014]

<Nonmagnetic metal sheet>

As the nonmagnetic metal sheet Tl, a metal sheet which
plays a role of a reinforcing plate for the copper foil, forms
a nonmagnetic material (anti-ferromagnetic material or
paramagnetic material) at a temperature of 77K where an oxide
superconducting wire is used, and has higher strength than the
copper foil can be named.

Further, it ispreferable that the nonmagneticmetal sheet
Tlisaimetalsheetleastatewheretherunmagneticnmtaléheet
Tl is softened as much as possible, that is, the nonmagnetic
metal sheet Tl is preferably formed of a so-called annealed
material (O material).

The reason is that, as the copper foil which is a bonding
counterpart, a copper foil which is hardened by applying
cold-rolling at a high draft is used and hence, a contact area
of the above-mentionedbondingboundary isensuredunder pressure
as low pressure as possible so that warping of the nonmagnetic
metal sheet Tl after rolling can be reduced.

As a specific example of the nonmagnetic metal sheet T1,
for example, an annealed material formed of a stainless steel
sheet such as SUS316L can be named, and a thickness of the
nonmagnetic metal sheet Tl is preferably set to 0.05mm or more

and 0.2mm or less, for example.



The reason the thickness of the nonmagnetic metal sheet
Tl is set to 0.05m or more is to allow the nonmagnetic metal
sheet T1 to ensure sufficient strength, and the reason the
thickness of the nonmagnetic metal sheet Tl is set to 0.2mm or
lessistoallowthenonmagneticmetal sheet Tltohaveworkability
at the time of working a superconducting material.

[0015]
<Copper foil>

As the copper foil T2, it is preferable to use a so-called
full hard material which is made of copper or a copper alloy
(both copper and copper alloy referred to as a copper foil in
this specification) which is subjected tocoldrollingat adraft
of 90% or more.

The reason the draft is set to 90% or more is that when
a copper foil is subjected to cold rolling at a draft of less
than 90%, thereexistsapossibilitythatCuwill not bebiaxially
textured in the heat treatment which is performed after rolling.

Further, from a viewpoint of strength and workability,
a thickness of the copper foil T2 is preferably set to 7um or
more and 50pm or less.

[0016]

The composition of the copper foil is preferably formed
such that a Cu base is doped 100ppm or more and by 1% or less
in total of elements to be doped such as Ag, Sn, Zn, Zr, O and
N.

Bydopingthe Cubasewith 100ppmormore of these elements,

the copper foil is strengthened by solid solution and, at the

10



same time, the biaxial texture of the copper foil is improved
compared to pure copper so that the copper foil can acquired
the higher biaxial texture at the same draft. On the other hand,
when the total doping amount of these doping elements exceeds
1%, oxides and the like are formed in the Cu base thus adversely
influencing surface cleanliness. Further, there may also be
a case where the crystal orientation is deteriorated.

Among the above-mentioned doping elements, the doping
of Agisparticularlyeffective inenhancingthebiaxial texture,
andthedopingamountQngispreferablysettoZOOppmto300ppm.
[0017]
<Protective film>

The metal laminated substrate manufactured by a
manufacturing method of this embodiment is a substrate for an
oxide superconductingwireandhence, anoxide intermediate layer
made of Ce0, or YSZ is formed on the metal laminated substrate
in an oxidizing atmosphere at a high temperature of 600°C or
above ina succeedingprocess. Whentheoxide intermediate layer
is directly formed on a surface of copper by coating, there may
be a case where it is difficult to uniformly ensure the adhesion
due to oxidation of a surface of copper. Accordingly, it is
preferable that a Ni layer is formed on the surface of the copper
foil by coating after the heat treatment is performed.
[0018]

As a method of forming the above-mentioned Ni layer by
coating, any method can be used provided that the Ni layer is

epitaxially grown such that high biaxial texture of the copper

11



foil 1is succeeded. However, to take productivity into
consideration, an electrolytic Ni plating method is preferably
used.

Any bath such as a usual watt bath, a chloride bath, a
sulfamic acid bath or the like may be used as an electrolytic
Ni plating bath provided that matted plating or semi-glossy
plating is acquired.

[0019]

Since Ni is a ferromagnetic material, a thickness of the
Ni plating layer is preferably as thin as possible, and it is
necessary to prevent the diffusion of metal into a base when
the oxide intermediate layer is formed in a succeeding process.
Accordingly, a thickness of the Ni plating layer is preferably
set to lpm to 3um. The definition of Ni in this specification
covers Ni alloy.

[0020]
<Manufacturing method>

In forming the metal laminated substrate for an oxide
superconducting wire 5A shown in Fig. 1, the nonmagnetic metal
sheet T1 and the copper foil T2 are cleaned and, thereafter,
the nonmagnetic metal sheet T1 and the copper foil T2 are bonded
to each other by reduction rolls.

As a cleaningmethod, any one of a drymethod, a wet method
and the combination of the dry method and the wet method may
be used.

In a case where the dry method is used, treatment such

as sputtering using an inert gas (Ar, Ne or the like) in a vacuum

12



sta’te or etching using ion beams in a vacuum state is preferably
performed.

In a case where the wet method is used, the nonmagnetic
metal sheet T1 and the copper foil T2 are subjected to usual
sulfuric acid pickling, dipping into an alkali cleaning liquid
or the 1like, are subjected to degreasing treatment by
electrolysis and, thereafter, are cleaned with water and are
dried.

To take into account productivity in bonding treatment
of the metal sheet and the copper foil, it is preferable to adopt
a method where, using a surface activation bonding device D1
shown in Fig. 5, dry etching of the metal sheet and the copper
foil is continuously performed before reduction rolling by the
reduction rolls thus removing an absorption layer or an oxide
film layer on surfaces of the metal sheet and the copper foil.
[0021]

As shown in Fig. 5, a nonmagnetic metal sheet L1 and a
copper foil L2 are prepared as elongated coils having a width
of 150mm to 600mm, and are mounted on recoiler portions S1, S2
of a surface activation bonding device D1 respectively. The
nonmagnetic metal sheet L1 and the copper foil L2 which are
conveyed from the recoiler portions S1, S2 are continuously
conveyed to a surface activation treatment step where activation
treatment is applied to two bonding surfaces in advance and,
thereafter, the nonmagnetic metal sheet L1 and the copper foil
L2 are brought into pressure contact with each other by cold

rolling.

13



[0022]

In the surface activation treatment step, the surface
activation treatment is performed by applying sputter etching
treatment wherein the nonmagnetic metal sheet L1 and the copper
foil L2 having bonding surfaces are used as one-side electrodes
A (S3) which are connected to a ground respectively, a glow
discharge is generated by applying an AC current of 1 to 50MHz
between one-side electrodes A and the other-side electrodes B
(S4) which are supported in an insulated manner, and an area
of the electrode which is exposed in plasma generated by the
glow discharge is not more than 1/3 of an area of the electrodes
B. As an inert gas, argon, neon, xenon, krypton or a gas mixture
containing at least one kind of gas selected from a group
consisting of these gases is applicable.

[0023]

In the sputter etching treatment, surfaces to be bonded
of the nonmagnetic metal sheet L1 and the copper foil L2 are
subjected tosputteringbyaninert gas sothat surface absorption
layers and surface oxide films are removed whereby the bonding
surfaces are activated. Duringthis sputter etchingtreatment,
the electrodes A (S3) take the form of cooling rolls thus
preventingtheelevationof temperaturesof respectivematerials
to be conveyed.

[0024]

Thereafter, the nonmagneticmetal sheet L1 and the copper

foil 12 are continuously conveyed to a pressure bonding roll

step (S5) so that the activated surfaces are pressure-bonded
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to each other. When an O, gas or the like exists in the pressure
bonding atmosphere, the activation processed surfaces are
oxidized again during the conveyance thus influencing the
adhesion. A laminated body which is formed by bonding the
nonmagnetic metal sheet L1 and the copper foil L2 to each other
in a close contact manner through the above-mentioned pressure
bonding step is conveyed to a winding step (S6), and is wound
in this step.

[0025]

In the above-mentioned sputter etchingstepof the surface
of the nonmagnetic metal sheet, although the absorbed material
on the bonding surface is completely removed, it is unnecessary
to completely remove a surface oxidized layer. This is because
even when the oxidized layer remains on the whole surface of
the nonmagneticmetal sheet, by increasingadraft in the bonding
step thus exposing a base of the nonmagneticmetal sheet bymaking
use of friction on the bonding surface, it is possible to ensure
bonding property between the metal sheet and the copper foil.
[0026]

Further, to completely remove an oxidized layer by dry
etching, a high plasma output or etching for a long time becomes
necessary so that a temperature of a material is elevated. A
recrystallization start temperature of the copper foil is
approximately 150°C and hence, when the temperature of the copper

foil 1is elevated to 150°C or above during sputter etching

treatment, the recrystallization of the copper foil occurs so

that texturing of the copper foil is performed before bonding.
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When the biaxially textured copper foil is rolled, strain is
introduced into the copper foil so that the bia%ial texture of
the copper foil isdeteriorated. Inthiscase, strainintroduced
by rolling is trivial and hence, even when heat treatment is
applied to the copper foil, the copper foil cannot be biaxially
textured.

Due to such a reason, in the sputter etching step, it
is necessary to hold the temperature of the copper foil at a
temperature below 150°C. The temperature of the copper foil
is preferably held at a temperature which falls within a range
of a room temperature to 100°C or below.

[0027]

Also in the treatment where sputter etching is applied
to the nonmagneticmetal sheet, when the temperature of themetal
sheet is elevated to 150°C or above by performing the treatment
with a high plasma output or by performing the treatment for
a considerable time, there exists a possibility that the metal
sheet is heated depending on a vacuum cendition so that the
temperatureof thecopper foil iselevateddue toacontact between
themetal sheet and the copper foil at the time of rolling whereby
the recrystallization of the copper foil occurs simultaneously
with the rolling thus deteriorating the biaxial texture.

Accordingly, also in the sputter etching step of the
nonmagnetic metal sheet, it is desirable to hold the temperature
of themetal sheet at a temperaturebelow 150°C. The temperature
of the metal sheet 1s preferably held at a temperature which

falls within a range of a room temperature to 100°C. Although
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it is preferable that the degree of vacuum in this step is set
high for preventing the re-absorption to the surface, it is
sufficient that the degree of vacuum is set to 10 °Pa or more
and 10 ?Pa or less.

[0028]

Further, the bonding between the nonmagnetic metal sheet
and the copper foil is lowered due to the re-absorption of oxygen
into the surface of the nonmagnetic metal sheet and into the
surface of the copper foil. Accordingly, it is also preferable
to perform the bonding under pressure in a non-oxidizing
atmosphere, for example, in an inert gas atmosphere such as an
Ar gas.

[0029]

Applying of pressure by the reduction rolls is performed
for ensuring an adhesion area of a bonding boundary between the
nonmagneticmetal sheet and the copper foil aswell as forexposing
abase of thenonmagneticmetal sheet bypeelingapartial surface
oxidized film layer by making use of friction which occurs in
the bonding boundary at the time of rolling reduction. It is
preferable to apply a pressure of 300MPa or more.

By removing the absorbedmaterial layer by sputter etching
and by applying pressure of 300MPa or more, it is possible to
acquire adhesion strength by bonding of 0.1N/cm or more in terms
of 180° peel strength.

Particularly, the metal sheet is a strength reinforcing
material, and the copper foil to be laminated is also full hard

and hence, Dboth materials are hard. Accordingly, it is
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preferable to apply a pressure of 600MPa or more and 1.5GPa or
less.

A pressure exceeding 1.5GPa may be applied, and it is
confirmed that the biaxial texture is not deteriorated after
the heat treatment at a draft of up to 30%.

However, when the appliedpressure exceeds 1.5GPa, cracks
occur on a surface of the copper foil and, at the same time,
the biaxial texture of the copper foil after rolling and heat
treatment is deteriorated.

[0030]

After the bonding step where the copper foil and the
nonmagneticmetal sheet are bonded to each other by the reduction
rolls, the laminated body is subjected to heat treatment so as
to texture the copper foil and hence, the copper foil T2 are
biaxially textured. Thereafter, aprotectivelayer T3 is formed
on a copper-foil-T2 side surface of the laminated body. It is
sufficient toset the heat treatment temperature to a temperature
of 150°C or above provided that adhesion between the copper foil
and the nonmagnetic metal sheet is ensured.

In this embodiment, in the case where an annealedmaterial
formed of a stainless steel sheet is used as the nonmagnetic
metal sheet, strength of the nonmagnetic metal sheet is hardly
changed by heat treatment.

Further, also in the case wherearclledmaterial to which
annealing is not applied is used as the nonmagnetic metal sheet,
large lowering of strength is not observed when a heat treatment

time is 1min to 10min even at a high temperature of 600°C or
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above and hence, the non-annealed rolled material also
sufficiently plays a role of a strength reinforcing material.
Embodiment 1

[0031]

Hereinafter, the method of manufacturing a metal
laminated substrate for an oxide superconducting wire according
to the present invention is explained in further detail in
conjunction with embodiments.

Table 1l shows, therelationshipamonganAr sputteretching
time, a pressure applied by reduction rolls in a subsequent
bonding step, and adhesion strength (in terms of 180° peel
strength) between the bonded materials when a highly drafted
copper foil having a width of 200mm and a thickness of 18um and
dopedwith 200ppmof Aganda stainless steel sheet made of SUS316L
(annealed material) having a thickness of 100um are made to pass
using a surface activation bonding device shown in Fig. 5.

In sputter etching, under a pressure of 0.1Pa or less,
the plasma output is set to 200W, and a sheet passing speed is
changed so as to change a time for sputtering a bonding surface.

Ronding is performed by changing a pressure applied by
reduction rolls within a range of 100MPa to 1500MPa. Further,
to confirm whether or not a temperafure of copper is elevated
so that the texture of copper is changed during sputter etching,
the c-axis crystal orientation of the (200) plane of the post
bonding sample is measured using the 6/26 measurement in the
X-ray diffraction.

Here, it 1is determined that the biaxial texture

19



(recrystallization) is not generated when c-axis orientation
rate of a (200) plane after bonding is within 30% and the biaxial
texture (recrystallization) is generated when c-axis

orientation of the (200) plane after bonding exceeds 30%.
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[0032]

example 1-8

[Table 1]
c-axis
. sput?er oriented Cu applied | adhesion
experimental | etching | (recrystall
. . . pressure | strength remarks
example time lization) (MPa) (N/cm)
(sec) after
etching
comparison
experimental 0 en2§§ted 1500 0 notf%ﬁtter
example 1-1 g etching
comparison
. not
experimental 2 300 0
generated
example 1-2 . .
: insufficient
comparison not removal of
experimental 2 600 0
generated absorbed
example 1-3 material
comparison not
experimental 2 1500 0
generated
example 1-4
comparison not
experimental 20 100 0 absorbed
generated )
example 1-5 material
experimental 20 not 300 0.1 completely
example 1-1 generated ’ removed
experimental not
example 1-2 20 generated 600 0.3 but, oxide
experimental 20 not 1200 3.0 film remained
example 1-3 generated ’
comparison
experimental 40 generated 600 1.0 (ZQO)crygtal
example 1-6 orilentation
, (recrystalli
comparison zation)
~experimental 60 generated 600 5.0
example 1-7 generated
absorbed
material
oxide film
completely
comparison removed
experimental 300 generated 300 20

(200)crystal
orientation
generated in
copper foil
during
etching
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[0033]

Here, the reason the c-axis orientationof the (200) plane
of the sample afterbonding ismeasuredusing the 6/20 measurement
in the X-ray diffraction is explained in conjunction with Fig.
6.

Fig. 6 shows the relationship between the crystal
orientation rate and the heat treatment holding time of a rolled
copper foil (200) plane doped with 200ppm of Ag.

After the heat treatment, the c-axis orientation rate
of the (200) plane by performing the 6/26 measurement using an
X-ray diffraction apparatus is measured.

The c-axis crystal orientation indicates a rate of X-ray
diffraction intensity of the (200) plane {(expressedas I (200))
with respect to tﬁe total of the X-ray diffraction intensity
of a (111) plane, the X-ray diffraction intensity of the (200)
plane, the X-ray diffraction intensity of a (220) plane and the
X~ray diffraction intensity of a (311) plane (expressed as
>I(hkl)), anda (200) planecrystal orientationrate is expressed
by a following formula.

(200) plane crystal orientation rate =1 (200)/ 2Ix100(%)

With respect to the copper foils used in this embodiment,
in a rolled state without heat treatment, the orientation rate
of the (200) plane is approximately 20% to 30%.

It is understood from Fig. 6 that in the heat treatment
at a temperature below 150°C, the texture of the copper foil
is not changed when the heat treatment is held for only

approximately 1 minute.

22



However, when the heat treatment is held for a period
exceeding 1 minute, particularly at a temperature of 150°C or
above, the recrystallization of copper rapidly progresses so
that c-axis orientation rate of the (200) plane is rapidly
increased.

[0034]

Based on such findings, the following can be obtained.

That is, according to the manufacturing method of the
present invention, in bonding the copper foil and the metal
substrate to each other, when the sputter etching is performed
before bonding with a high output and a long treatment time,
a copper foil temperature is elevated due to plasma and hence,
the copper foil is recrystallized thus giving rise to a
possibility that the texturing has been occurred before bonding.

In such a case, strain is introduced into the copper foil
due to roll reduction in a rolling step so that biaxial texture
is deteriorated. Even in the case where the copper foil which
is once formed under a high pressure is brought into a sharp
c—-axis orientation state due to recrystallization, when strain
is introduced into the copper foil thereafter so that the
orientation of the copper foil is degraded, it is difficult to
recover the biaxial texture by performing heat treatment or the
like.

Accordingly, in the sputter etching, it is necessary that
the heat treatment is held at least at a temperature below 150°C,
and the heat treatment is performed within a time as short as

possible.
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[0035]

Next,resultsonpropertiesoflaminatedmetaisubstrates
made of Cu/SUS316L before Ni layer coating is formed are shown
together with corresponding results of comparison examples.

The following can be understood from Table 1. That is,
when sputter etching is not applied (0 second) or when sputter
etchingisapplied forashort time of 2 seconds so that an absorbed
material cannot be completely removed, adhesion is not acquired
even when the applied pressure is increased up to 1500MPa
(adhesion strength = 0).

This result is shown in the comparison experimental
examples 1 to 4.

[0036]

Further, in the case where an etching time is prolonged
(20 seconds) so that an absorbed material is completely removed
‘although an oxide film remains, the adhesion strength is hardly
generated (adhesionstrength=0) evenwhenthe apressureapplied
by reduction rolls is low, that is, 100MPa.

This result is shown in the comparison experimental
example 5.

[0037]

When the applied pressure is set to 300MPa or more, the
copper foil and the stainless steel sheet adhere to each other
although adhesion strength is low (adhesion strength = 0.1 to
3.0), and the adhesion strength is also increased along with
the increase of the applied pressure. This result is shown in

the experimental examples 1 to 3.

24



[0038]

Further, when a sputter etching time is prolonged to 40
seconds, 60 seconds or 300 seconds as in the case of the comparison
experimental examples 6 to 8 so as to remove an absorbed material
and a surface oxidized layer, although the adhesion strength
isincreased,coppergeneratesrecrystallizatiohthereofduring
sputter etching thus generating the crystal orientation.
[0039]

When clad roll-bonding is performed in the
above-mentioned state, strainis introduced into the copper foil
again so that the biaxial texture which is acquired once is
deteriorated.

[0040]

Here, a thickness of the copper foil used in this
experiment and a thickness of an oxide film of the stainless
steel sheet are measured using an Auger electron microscope
before bonding and these thicknesses are 5nm and 10nm
respectively.

With respect to an Ar sputter speed at an RF output of
200W, sputtering of Si is measured as a standard, and sputter
speeds of copper and stainless steel are obtained based on a
sputtering rate.

For example, to cémpletely remove an oxide film on a
surface of the stainless steel sheet, a sputter device in this
bonding device is required to perform sputtering with RF output
of 200W for 5 minutes.

In view of the above, surface states described in remarks
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in Table 1 are estimated surface states after sputter etching.

In performing such a sputter technique, the following
document is used as reference with respect to handling of the
device, the measurement of films, evaluation methods and the
like.

Reference document: thin film forming technique using
sputter method (practice on handling of device, measurement of
films, evaluations and various applications) P. 29,

Publisher: Keiei Kaihatsu center Publishing Co., Ltd.

(1985)

Embodiment 2
[0041]

Table 2 shows the degree of biaxial orientationof a (200)
plane on a copper foil side after holding the laminated substrate
made of Cu/SUS316L shown in the embodiment 1 in a non-oxidizing
atmosphere at a temperature of 150°C to 950°C for 5 minutes to
4 hours, and the degree of biaxial orientation of a (200) plane
and a c-axis crystal orientation rate of a protective layer (Ni
layer) when Ni plating having a thickness of lum is applied to
a copper foil surface side after heat treatment together with
corresponding values of comparison experimental examples.

Ni plating is performed using a usual watt bath with
current density of 4A/dm?, at a bath temperature of 60°C and
with pH3. Further, with respect to the degree of biaxial
orientation, pole figures of Cu(lll) and Ni(11l1l) are measured

using an X-ray diffraction apparatus, and full width at half
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maximum A¢ (°) of four peaks appearing at an angle a (=35°) are

measured.
[0042]
[Table 2]
. heat
emboglm ferial treatment | time A¢ (%) A¢(%, K
en materia temperatu | (min) of Cujof Ni remarks
re (°C)

Cozgirl not measured since
experim not not biaxial texture is
egtal 100 5 measu | measu not generated in
examole red red | protectivelayer (Ni

2_? layer)
Cozgirl not measured since
experim not not c~axis orientation

eital 150 5 measu | measu { rate of protective
example red red | layer (Ni layer) is

2_2 sample of 80% or less

; experimental . . ;
experim mole 1-2 of c—-axis orientation
ental examp , rate of protective
embodiment 1 150 30 6.5 6.6 .
example layer (Ni layer):
used °

2-1 99% or more
experim . . c-axis orientation

ental sputter time: rate of protective
20 seconds 150 240 5.0 5.1 .
example aoblied layer (Ni layer):

2-2 rgzsure. 99% or more
experim b 600MPa ) c-axis orientation

ental rate of protective
750 5 5.7 5.7 :
example layer (Ni layer):

2-3 99% or more
experim c-axlis orientation

ental 850 5 5 6 5 6 rate of p;otectlve
example layer (Ni layer):

2-4 99% or more
experim c-axis orientation

ental 950 5 5 3 5 3 rate of protectlve
example layer (Ni layer):

2-5 99% or more
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compari
son
experim
ental
example
2-3

compari
son
experim
ental
example
2-4

compari
son
experim
ental
example
2-5

sample of
comparison
experimental
example 1-6 of
embodiment 1
used

sputter time:
40 seconds
applied
pressure:
600MPa

150 240 6.8 7.0
c-axis orientation
250 5 6.7 7 4 rate of protectlve
layer (Ni layer):
80% or less
not measured since
not not c—-axis orientation
850 5 measu | measu | rate of protective
red red |layer (Ni layer) is

60% or less
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[0043]

The following can be understood from the result shown
in Table 2.

That is, even when the laminated metal sheet made of
Cu/SUS316L prepared under favorable conditions shown in the
embodiment 1 (sputtertime: 20 seconds, appliedpressure: 600MPa)
is subjected to heat treatment at a temperature of 100°C for
1 minute, copper is not recrystallized and hence, the biaxial
texture is not generated. However, when the laminated metal
sheet is held at a temperature of 150°C for 30 minutes or more
or is held at a temperature higher than 150°C for a shorter time,
Ad becomes 6° or less.

Particularly, whenthe laminatedmetal sheet is subjected
to heat treatment at a low temperature of 150°C, by prolonging
theholdingtime,A¢islowered,thatis,thebiaxialorientation
is enhanced.

Further, when the laminated metal sheet is subjected to
heat treatment at a high temperature for a short time, A is
lowered along with the elevation of the temperature, and the
biaxial orientation is enhanced.

[0044]

As a comparison example, A$ of copper when the metal
laminated substrates of the Comparison experimental examples
1-6 (sputter time: 40 seconds, applied pressure: 600MPa)
described in the embodiment 1 are subjected to heat treatment
is also indicated.

In this sample, the biaxial texture is generated once
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before bondingand, thereafter, thepressure of 600MPa isapplied
to the sample in the bonding step and hence, strain is introduced
into the copper foil.

Accordingly, even after the heat treatment is finished,
the biaxial orientation is deteriorated and A¢ exhibits a value
of 6° or more.

Further, when the sample is subjected to heat treatment
at a relatively high temperature of 850°, the secondary
recrystallizationis generateddue tothe introductionof strain
and hence, the texture largely collapses.
<Modifications of the present invention>
[0045]

Hereinafter, modifications manufactured using the
manufacturing method of the present invention are described.

Fig. 2 is a schematic cross-sectional view showing the
constitution of an oxide superconducting wire 10A where an.
intermediate layer T4, an oxide superconducting layer T5, a
protective film T6 are stacked in order on a metal laminated
substrate for an oxide superconducting wire 5A shorn in Fig.
1.

The oxide superconducting wire 10A is manufactured in
such amanner that an intermediate layer made of Ce0,, YSZ, SrTiOs3,
MgO or the like is formed on a protective layer T3 as a film
in an epitaxial manner using a sputter method or the like, the
superconducting layer formed of a Y123 based thin film or the
like is formed as a film by a laser ablation method or the 1like,

and a layer made of Ag, Cu or the like is further laminated to
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the superconducting layer as the protective film.
[0046]

Fig. 3 is a schematic cross-sectional view showing the
constitution of a metal laminated plate for an oxide
superconducting wire, that is, a metal laminated plate for an
oxide superconducting wire 5B which is formed by laminating a
copper foil T2 to both surfaces of a nonmagnetic metal sheet
Tl by surface activation bonding and, after heat treatment, by
applying a protective layer T3 formed of a Ni layer to both outer
surfaces of the copper foils T2 by coating.

[0047]

Fig. 4 is a schematic cross-sectional view showing the
constitution of an oxide superconducting wire 10B which uses
themetal laminatedplate for an oxide superconducting wire shown
in Fig. 3.

Industrial Applicability
[0048]

According to the present invention, the copper is
biaxially textured by applying heat treatment after copper is
laminated to the substrate. Accordingly, compared to the prior
art, copper can be highly oriented so that the formation of
scratchesorgroovesonthe surface of copper filmcanbe prevented.
Accordingtothepresent invention, byperformingsputteretching
of copper while holding a temperature below a crystallization
start temperature of copper, the copper film can be laminated
to the substrate with a smaller change in copper in a draft state

compared to the prior art so that copper can have sharp biaxial
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texture compared to the prior art when copper which is reduced
by rolling reduction is oriented by the heat treatment after
the rolling reduction. Further, sputter etching of copper is
performed while holding the temperature below the
crystallization start temperature of copper and hence, there
exists a high possibility that an oxidized layer remains on the
surface of copper. Although adhesion between copper and the
substrate is liable to be lowered in the case of the prior art,
the present invention can realize both an adhesive force and
the sharp biaxial texture of copper which the substrate is
required to satisfy simultaneously by controlling the pressure
applying condition whereby the present invention has extremely

high industrial applicability.

Description of Reference Numerals and Signs
[0049]

Tl, L1l: nonmagnetic metal sheet

T2, L2: copper foil

T3: protective layer (Ni layer)

T4: intermediate layer

T5: oxide superconducting layer

T6: protective film

D1: surface activation bonding device
S1, S82: recoiler portion

S3: electrode A

S4: electrode B

S5: pressure bonding roll step
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S6: winding step
5A: metal laminated substrate
5B: metal laminated sheet

10A, 10B: oxide superconducting wire
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