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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a pure copper plate or sheet suitable as electric or electronic components such
as a heat sink, a thick copper circuit, or the like and particularly the present invention relates to a pure copper plate or
sheet in which coarsening of crystal grains during being heated is suppressed.

[0002] The present application claims priority on Japanese Patent Application No. 2019-176835 filed on September
27, 2019, the content of which is incorporated herein by reference.

BACKGROUND ART

[0003] In the related art, copper or a copper alloy with excellent electrical conductivity has been used for electric or
electronic components such as a heat sink, a thick copper circuit, or the like.

[0004] Recently, with an increase in current of electronic devices and electric devices, in order to reduce the current
density and diffuse heat due to Joule heat generation, an increase in size and an increase in thickness of electric or
electronic components used for such electronic devices and electric devices have been attempted.

[0005] In a semiconductor device, for example, an insulating circuit substrate or the like in which a copper plate or
sheet material is bonded to a ceramic substrate and the copper plate or sheet material is provided as the heat sink or
the thick copper circuit has been used.

[0006] In a case where a ceramic substrate and a copper plate or sheet are bonded to each other, the bonding
temperature is frequently set to 800°C or higher, and there is a concern that the crystal grains of the copper material
constituting the heat sink or the thick copper circuit may be coarsened during the bonding. In particular, in a copper plate
or sheet formed of pure copper having particularly excellent electrical conductivity and heat dissipation property, crystal
grains tend to be coarsened. Further, in a case where the copper plate or sheet material to be bonded is produced press
working, the burr height increases as the thickness of the plate or sheet increases.

[0007] In a case where the crystal grains are coarsened in the heat sink or the thick copper circuit after the bonding,
the coarsening of the crystal grains may cause a problem in appearance.

[0008] For example, Patent Document 1 suggests a pure copper plate or sheet material in which the growth of crystal
grains is suppressed.

[0009] Patent Document 1 describes that in a case where the copper plate or sheet contains 0.0006 to 0.0015 wt%
of S, crystal grains can be adjusted to have a certain size even when subjected to a heat treatment at a temperature of
a recrystallization temperature or higher.

[0010] Meanwhile, in Patent Document 1, the coarsening of crystal grains is suppressed by specifying the amount of
S, but the effect of suppressing coarsening of crystal grains cannot be sufficiently obtained only by specifying the amount
of S depending on the heat treatment conditions. In addition, after the heat treatment, the crystal grains are locally
coarsened, and this results in non-uniformity of the crystal structure in some cases.

[0011] Further, in a case where the amount of S is increased in order to suppress the coarsening of the crystal grains,
there is a problem in that the hot workability is greatly lowered and the production yield of the pure copper plate or sheet
is greatly lowered.

PRIOR ART DOCUMENTS

Patent Document

[0012] Patent Document 1: Japanese Unexamined Patent Application, First Publication No. H06-002058
DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

[0013] The present invention has been made in consideration of the above-described circumstances, and an object
thereof is to provide a pure copper plate or sheet which has high electrical conductivity and is capable of suppressing
coarsening and non-uniformity of crystal grains even after a heat treatment.

Solutions for Solving the Problems

[0014] As a result of intensive research conducted by the present inventors in order to solve the above-described
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problem, it was found that the coarsening and non-uniformity of crystal grains can be suppressed even after a heat
treatment by adjusting the average crystal grain size of crystal grains in a rolled surface and the amount of Ag and
appropriately controlling grain boundaries constituting a grain boundary triple junction.

[0015] Hereinafter, in the present specification, suppression of the growth of crystal grains has the same definition as
suppression of the coarsening of crystal grains.

[0016] The presentinvention has been made in consideration of the above-described knowledge, and there is provided
a pure copper plate or sheet according to an aspect of the present invention including: 99.96% by mass or greater of
Cu, in which when an average crystal grain size of crystal grains in a rolled surface is represented by X um and an
amount of Ag is represented by Y mass ppm, a relational expression of 1x 108 < X-3Y-1 < 1x10-5 is satisfied, and

in which a surface orthogonal to a rolling width direction is used as an observation surface, measurement regarding a
matrix is performed on a measurement area of 10000 um?2 or greater at every measurement intervals of 0.25 um by an
EBSD method, measured results are analyzed by data analysis software OIM to obtain a Cl value in each measurement
point, a measurement point in which a Cl value is 0.1 or less is removed, an orientation difference between crystal grains
is analyzed, aboundary having 15° or more of an orientation difference between neighboring measuring pointsis assigned
as a grain boundary, an average grain size A is acquired according to Area Fraction, measurement regarding the matrix
is performed at every measurement intervals which are 1/10 or less of the average grain size A by the EBSD method,
measured results are analyzed by the data analysis software OIM with a measurement area of 10000 um?2 or greater
in a plurality of visual fields such that a total of 1000 or more crystal grains are included to obtain a Cl value in each
measurement point, a measurement pointin which a Cl value is 0.1 or less is removed, an orientation difference between
crystal grains is analyzed, and a boundary having 15° or more of an orientation difference between neighboring measuring
points is assigned as a grain boundary, a coincidence boundary with £29 or less is defined as a special grain boundary,
and the other grain boundaries are defined as random grain boundaries, in grain boundary triple junctions analyzed by
the OIM, when a ratio of J3, in which all three grain boundaries constituting a grain boundary triple junction are special
grain boundaries, to all grain boundary triple junctions is defined as NF ;5 and a ratio of J2, in which two grain boundaries
constituting a grain boundary triple junction are special grain boundaries and one grain boundary constituting the grain
boundary triple junction is a random grain boundary, to all grain boundary triple junctions is defined as NF ;,, an expression
of 0.30 < (NF j5/(1-NF j3))0-5 < 0.48 is satisfied.

[0017] Further,the EBSD method denotes an electron backscatter diffraction patterns (EBSD) method using a scanning
electron microscope provided with a backscattered electron diffraction image system, and the OIM denotes data analysis
software (orientation imaging microscopy: OIM) for analyzing crystal orientation using data measured by EBSD. Further,
the Cl value denotes a confidence index, which is a numerical value displayed as a numerical value showing the reliability
of crystal orientation determination when analyzed using analysis software OIM Analysis (Ver. 7.3.1) of an EBSD device
(for example, "EBSD Reader: Using OIM (Revised 3rd Edition)" written by Seiichi Suzuki, September 2009, published
by TSL Solutions Inc.).

[0018] In a case where the structure of the measurement point measured by the EBSD method and analyzed by OIM
is a deformed structure, the crystal pattern is not clear; and therefore, the reliability of crystal orientation determination
is lowered, and the ClI value is lowered. In particular, in a case where the Cl value is 0.1 or less, it is determined that
the structure of the measurement point is a deformed structure.

[0019] Further, the special grain boundary is defined as a coincidence boundary in which a X’ value satisfies a rela-
tionship of 3 <> <29, and the X value is crystallographically defined based on CSL theory (Kronberg et al: Trans. Met.
Soc. AIME, 185, 501 (1949)), and the coincidence boundary is a grain boundary in which the intrinsic corresponding
site lattice orientation defect Dq satisfies a relationship of Dg < 15°/X.1/2 (D. G. Brandon: Acta. Metallurgica. Vol. 14, p.
1479, (1966)).

[0020] In addition, the random grain boundary is a grain boundary other than the special grain boundary having a
coincidence orientation relationship in which a ¥ value is 29 or less and satisfies Dq < 15°/212. That is, the special grain
boundary has a coincidence orientation relationship in which a 3. value is 29 or less and satisfies Dq < 15°/X.1/2, and the
grain boundary other than the special grain boundary is the random grain boundary.

[0021] Further, as the grain boundary triple junctions, four kinds of grain boundary triple junctions, JO where all three
grain boundaries are random grain boundaries, J1 where one grain boundary is a special grain boundary and two grain
boundaries are random grain boundaries, J2 where two grain boundaries are special grain boundaries and one grain
boundary is a random grain boundary, and J3 where all three grain boundaries are special grain boundaries, are present.
[0022] Therefore, the ratio NF 3 of J3, where all three grain boundaries constituting a grain boundary triple junction
are special grain boundaries, to all grain boundary triple junctions (the ratio of the number of J3 to the number of all
grain boundary triple junctions) is defined by NF 3 = 2J3/(ZJ0 + 2J1 + >J2 + >J3) when the total number of JO is
represented by >.J0, the total number of J1 is represented by >.J1, the total number of J2 is represented by >J2, and
the total number of J3 is represented by >.J3.

[0023] Further, the ratio NF j, of J2, where two grain boundaries constituting a grain boundary triple junction are special
grain boundaries and one grain boundary constituting the grain boundary triple junction is a random grain boundary, to
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all grain boundary triple junctions (the ratio of the number of J2 to the number of all grain boundary triple junctions) is
defined by NF j, = 2J2/(2J0 + 2J1 + XJ2 + >.J3).

[0024] According to the pure copper plate or sheet with the above-described configuration, the amount of Cu is set to
99.96% by mass or greater, and when the average crystal grain size of the crystal grains on the rolled surface is
represented by X (um) and the amount of Ag is represented by Y (mass ppm), an expression of 1x10-8 < X-3Y-1 <
1x10-5 is satisfied. Therefore, since a part of Ag is segregated at the grain boundaries, the grain boundary energy is
lowered due to the segregation, and thus the coarsening of the crystal grains can be suppressed. In addition, the electrical
conductivity of the pure copper plate or sheet can be ensured, and thus the pure copper plate or sheet can be used as
the material of a member for electric or electronic devices used for high-current applications and a member for heat
dissipation.

[0025] Further, a surface orthogonal to a rolling width direction is used as an observation surface, measurement
regarding a matrix is performed on a measurement area of 10000 um? or greater at every measurement intervals of
0.25 pm by an EBSD method. The measured results are analyzed by data analysis software OIM to obtain a Cl value
in each measurement point. The measurement point in which a Cl value is 0.1 or less is removed. The orientation
difference between crystal grains is analyzed by the data analysis software OIM, and a boundary having 15° or more of
an orientation difference between neighboring measuring points is assigned as a grain boundary. The average grain
size A is obtained by Area Fraction. Measurement regarding the matrix is performed at every measurement intervals
which are 1/10 or less of the average grain size A by the EBSD method. The measured results are analyzed by the data
analysis software OIM with a total measurement area of 10000 wm?2 or greater in a plurality of visual fields such that a
total of 1000 or more crystal grains are included to obtain a Cl value in each measurement point. The measurement
point in which a Cl value is 0.1 or less is removed. The orientation difference between crystal grains is analyzed by the
data analysis software OIM, and a boundary having 15° or more of an orientation difference between neighboring
measuring points is assigned as a grain boundary. The coincidence boundary with 29 or less is defined as a special
grain boundary, and the other grain boundaries are defined as random grain boundaries. In grain boundary triple junctions
analyzed by the OIM, the ratio of J3, where all three grain boundaries constituting a grain boundary triple junction are
special grain boundaries, to all grain boundary triple junctions is defined as NF ;3 and the ratio of J2, where two grain
boundaries constituting a grain boundary triple junction are special grain boundaries and one grain boundary constituting
the grain boundary triple junction is a random grain boundary, to all grain boundary triple junctions is defined as NF j,.
[0026] In the pure copper plate or sheet according to one aspect of the present invention, since an expression of 0.30
< (NFj5/(1- NF j3))0-5 < 0.48 is satisfied and the grain boundary network is formed of special grain boundaries with low
energy, the driving force for recrystallization during heating is small, and the grain growth can be suppressed.

[0027] In the pure copper plate or sheet according to one aspect of the present invention, it is preferable that a total
amount of Mg and Sn is set to be in a range of 0.1 mass ppm or greater and 100 mass ppm or less.

[0028] In this case, since the pure copper plate or sheet contains Mg and Sn at a total amount of 0.1 mass ppm or
greater, and Mg and Sn correspond to the elements that suppress the growth of crystal grains, the coarsening and non-
uniformity of the crystal grains can be reliably suppressed even after the heat treatment. Further, the electrical conductivity
can be sufficiently ensured by limiting the total amount of Mg and Sn to 100 mass ppm or less.

[0029] Further, in the pure copper plate or sheet according to one aspect of the present invention, it is preferable that
an amount of S is set to be in a range of 1 mass ppm or greater and 20 mass ppm or less.

[0030] In this case, since the pure copper plate or sheet contains 1 mass ppm or greater of S corresponding to the
element that suppresses the growth of crystal grains, the coarsening and non-uniformity of the crystal grains can be
reliably suppressed even after the heat treatment. Further, the hot workability can be sufficiently ensured by limiting the
amount of S to 20 mass ppm or less.

[0031] Further, in the pure copper plate or sheet according to one aspect of the present invention, it is preferable that
a total amount of Pb, Se, and Te is 0.3 mass ppm or greater and 10 mass ppm or less.

[0032] Pb, Se, and Te, which may be contained as inevitable impurities, are elements that are segregated at the crystal
grain boundaries and suppress the coarsening of the crystal grains. Therefore, in a case where the pure copper plate
or sheet contains these elements at a total amount of 0.3 mass ppm or greater, the coarsening and non-uniformity of
the crystal grains can be reliably suppressed even after the heat treatment. Further, in a case where a large amount of
these elements are present, the elements also have an effect of suppressing segregation at the grain boundaries of Ag,
and thus the hot workability is lowered. Therefore, in a case where the total amount of Pb, Se, and Te is set to 10 mass
ppm or less, the effect of suppressing the grain growth can be sufficiently exhibited without impairing the effect of Ag.

[0033] Further, in the pure copper plate or sheet according to one aspect of the present invention, it is preferable that
a total amount of Sr, Ba, Ti, Zr, Hf, and Y is 10 mass ppm or less.

[0034] Sr, Ba, Ti, Zr, Hf, and Y may be contained as inevitable impurities, and there is a concern that these elements
are segregated at the crystal grain boundaries to preventthe segregation of Ag, and these elements generates compounds
with elements (S, Se, Te, and the like) that suppress the coarsening of the crystal grains to impair the effect of elements
that suppress the coarsening of the crystal grains. Therefore, the effect of the elements that suppress the growth of
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crystal grains (the effect of suppressing the growth of crystal grains) can be sufficiently exhibited by limiting the total
amount of Sr, Ba, Ti, Zr, Hf, and Y to 10 mass ppm or less, and thus the coarsening and non-uniformity of the crystal
grains can be reliably suppressed even after the heat treatment.

[0035] Further, in the pure copper plate or sheet according to one aspect of the present invention, it is preferable that
a total amount of Al, Cr, P, Be, Cd, Ni, and Fe is 0.3 mass ppm or greater and 10 mass ppm or less.

[0036] The elements such as Al, Cr, P, Be, Cd, Ni, and Fe, which may be contained as inevitable impurities, have an
effect of suppressing the grain growth due to solid solution in the copper matrix, segregation at the grain boundaries,
and formation of oxides. Therefore, in a case where the pure copper plate or sheet contains these elements at a total
amount of 0.3 mass ppm or greater, the coarsening and non-uniformity of the crystal grains can be reliably suppressed
even after the heat treatment. Further, in a case where a large amount of such elements are present, there is a concern
that these elements are segregated at the crystal grain boundaries to prevent the segregation of Ag. Therefore, the
effect of the elements that suppress the growth of crystal grains (the effect of suppressing the growth of crystal grains)
can be sufficiently exhibited by limiting the total amount of Al, Cr, P, Be, Cd, Ni, and Fe to 10 mass ppm or less, and
thus the coarsening and non-uniformity of the crystal grains can be reliably suppressed even after the heat treatment.
[0037] Further, in the pure copper plate or sheet according to one aspect of the present invention, it is preferable that
a ratio dp,,,/d,ye Of @ maximum crystal grain size d,,,, to an average crystal grain size d,,, in a range of 50 mm X 50
mm after a heat treatment maintained at 800°C for 1 hour is 20 or less, and the average crystal grain size d,, is 400
pm or less.

[0038] In this case, even when the pure copper plate or sheet is heated under the above-described conditions, the
coarsening and non-uniformity of the crystal grains can be reliably suppressed, and the occurrence of poor appearance
can be further suppressed.

[0039] Further, in the pure copper plate or sheet according to one aspect of the present invention, it is preferable that
a Vickers hardness is 150 Hv or less.

[0040] In acase where the Vickers hardness is 150 Hv or less, since the pure copper plate or sheet is sufficiently soft,
and the characteristics as a pure copper plate or sheet are ensured, the pure copper plate or sheet is particularly suitable
as a material for electric or electronic components used for high-current applications.

Effects of Invention

[0041] According to one aspect of the present invention, it is possible to provide a pure copper plate or sheet that has
high electrical conductivity and is capable of suppressing coarsening and non-uniformity of crystal grains even after a
heat treatment.

BRIEF DESCRIPTION OF DRAWINGS

[0042] Fig. 1 is a flow chart showing a method for producing a pure copper plate or sheet according to the present
embodiment.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0043] Hereinafter, a pure copper plate or sheet according to an embodiment of the presentinvention will be described.
[0044] The pure copper plate or sheet according to the present embodiment is used as a material for electric or
electronic components such as a heat sink or a thick copper circuit and is used by being bonded to, for example, a
ceramic substrate in a case of forming the above-described electric or electronic components.

[0045] The pure copper plate or sheet according to the present embodiment contains 99.96% by mass or greater of
Cu, and when the average crystal grain size of crystal grains in a rolled surface is represented by X (.m) and the amount
of Ag is represented by Y (mass ppm), the following relational expression is satisfied.

1108 <X3x Y <1x107

[0046] In the copper alloy for electric or electronic devices according to the embodiment of the present invention, a
surface orthogonal to a rolling width direction is used as an observation surface, measurement regarding a matrix is
performed on a measurement area of 10000 um?2 or greater at every measurement intervals of 0.25 um by an EBSD
method. The measured results are analyzed by data analysis software OIM to obtain a Cl value in each measurement
point. The measurement point in which a Cl value is 0.1 or less is removed. The orientation difference between crystal
grains is analyzed by the data analysis software OIM, and a boundary having 15° or more of an orientation difference
between neighboring measuring points is assigned as a grain boundary. The average grain size A is acquired by Area
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Fraction using the data analysis software OIM. The measurement regarding the matrix is performed at every measurement
intervals which are 1/10 or less of the average grain size A by the EBSD method. The measured results are analyzed
by the data analysis software OIM with a total measurement area of 10000 wm?2 or greater in a plurality of visual fields
such that a total of 1000 or more crystal grains are included to obtain a Cl value in each measurement point. The
measurement point in which a Cl value is 0.1 or less is removed. The orientation difference between crystal grains is
analyzed by the data analysis software OIM, and a boundary having 15° or more of an orientation difference between
neighboring measuring points is assigned as a grain boundary. The coincidence boundary with £29 or less is defined
as a special grain boundary, and the other grain boundaries are defined as random grain boundaries. In grain boundary
triple junctions analyzed by the OIM, when the ratio of J3, where all three grain boundaries constituting a grain boundary
triple junction are special grain boundaries, to all grain boundary triple junctions is defined as NF ;53 and the ratio of J2,
where two grain boundaries constituting a grain boundary triple junction are special grain boundaries and one grain
boundary constituting the grain boundary triple junction is a random grain boundary, to all grain boundary triple junctions
is defined as NF j,, an expression of 0.30 < (NF j,/(1 - NF ;3))0-5 < 0.48 is satisfied.

[0047] As described above, the matrix is measured twice by the EBSD method. In the first measurement, the average
grain size A is obtained. The measurement interval in the second measurement is determined by the obtained average
grain size A.

[0048] In the pure copper plate or sheet according to the present embodiment, it is preferable that the total amount of
Mg and Sn is set to be in a range of 0.1 mass ppm or greater and 100 mass ppm or less.

[0049] Further, in the pure copper plate or sheet according to the present embodiment, it is preferable that the amount
of Sis in set to be in a range of 1 mass ppm or greater and 20 mass ppm or less.

[0050] Further, in the pure copper plate or sheet according to the present embodiment, it is preferable that the total
amount of Pb, Se, and Te is 0.3 mass ppm or greater and 10 mass ppm or less.

[0051] Further, in the pure copper plate or sheet according to the present embodiment, it is preferable that the total
amount of Sr, Ba, Ti, Zr, Hf, Y (A element group) is 10 mass ppm or less.

[0052] Further, in the pure copper plate or sheet according to the present embodiment, it is preferable that the total
amount of Al, Cr, P, Be, Cd, Ni, and Fe (M element group) is 0.3 mass ppm or greater and 10 mass or less.

[0053] The composition of the pure copper plate or sheet can also be described as follows.

[0054] The pure copper plate or sheet contains 99.96% by mass or greater of Cu, and Ag, with the balance being
inevitable impurities.

[0055] It is preferable that the pure copper plate or sheet further contains either one or both of Mg and Sn in a total
amount of 0.1 mass ppm or greater and 100 mass ppm or less.

[0056] It is preferable that the pure copper plate or sheet further contains 1 mass ppm or greater and 20 mass ppm
or less of S.

[0057] Itis preferable that the pure copper plate or sheet further contains one or more selected from Pb, Se, and Te
in a total amount of 0.3 mass ppm or greater and 10 mass ppm or less.

[0058] Itis preferable that the pure copper plate or sheet further contains at least one selected from Sr, Ba, Ti, Zr, Hf,
and Y in a total amount of 10 mass ppm or less.

[0059] Itis preferable that the pure copper plate or sheet further contains one or more selected from Al, Cr, P, Be, Cd,
Ni, and Fe in a total amount of 0.3 mass ppm or greater and 10 mass ppm or less.

[0060] In the above-described elements other than Cu, the preferable ranges of the amounts thereof are as described
above even in a case where the pure copper plate or sheet contains the elements as inevitable impurities or intentionally.
Further, it can also be said that the elements other than Cu are inevitable impurities. It can also be said that the inevitable
impurities as the balance are elements other than the elements whose amounts are specified above.

[0061] Inthe pure copper plate or sheet according to the present embodiment, it is preferable that a ratio d,;,/d,e Of
a maximum crystal grain size d,,x to an average crystal grain size d,, in a range of 50 mm X 50 mm after a heat
treatment maintained at 800°C for 1 hour is 20 or less and the average crystal grain size d, is 400 um or less.
[0062] Further, in the pure copper plate or sheet according to the present embodiment, it is preferable that the Vickers
hardness is preferably 150 Hv or less.

[0063] Further, in the pure copper plate or sheet according to the present embodiment, it is preferable that the electrical
conductivity is 97% IACS or greater.

[0064] Inthe pure copper plate or sheetaccordingto the presentembodiment, the reasons for specifying the component
composition, the crystal structure, and various characteristics as described above will be described.

(Purity of Cu: 99.96% by mass or greater)
[0065] The electric or electronic component for high-current applications is required to have excellent electrical con-

ductivity and heat dissipation in order to suppress heat generation during electrical conduction, and pure copper with
particularly excellent electrical conductivity and heat dissipation is preferably used. Further, in a case where the com-
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ponent is bonded to a ceramic substrate or the like, it is preferable that the deformation resistance is small so that the
thermal strain generated during a thermal cycle can be mitigated.

[0066] Therefore, in the pure copper plate or sheet according to the present embodiment, the purity of Cu is specified
to 99.96% by mass or greater.

[0067] Further, the purity of Cu is preferably 99.965% by mass or greater and more preferably 99.97% by mass or
greater. Further, the upper limit of the purity of Cu is not particularly limited, but in a case where the purity thereof is
greater than 99.9999% by mass, a special refining step is required, and the production cost significantly increases.
Therefore, the upper limit thereof is preferably set to 99.9999% by mass or less.

(Relational expression of average crystal grain size X of crystal grains in rolled surface and amount Y of Ag)

[0068] Ag has a narrow solid solution limit at a low temperature and thus Ag is unlikely to be dissolved into the Cu
matrix. Therefore, a part of Ag that is dissolved into the matrix is segregated at the grain boundaries by performing the
heat treatment at a high temperature so that Ag is dissolved into copper (the Cu matrix) and performing warm working
at a temperature of 150°C or higher and 350°C or lower. As a result, the grain boundary energy is decreased, the
coarsening of a part of crystal grains during being heated at a high temperature and abnormal grain growth due to
secondary recrystallization are suppressed, and thus uniformity of the crystal grain size can be realized. In a case where
the average crystal grain size is sufficiently small with respect to the amount of added Ag, a plurality of grain boundaries
in which the segregation of Ag is relatively small or Ag is not segregated are present. In such grain boundaries, grains
are coarsened or grow abnormally when heated at a high temperature, and thus the variation in grain size increases.
[0069] When the average crystal grain size of the crystal grains in the rolled surface is represented by X pum and the
amount of Ag is represented by Y mass ppm, the amount of Ag is small and the average crystal grain size is small in
some cases when the value of X-3Y-1 is large. Therefore, the grain boundary area contained per unit volume increases,
and Ag cannot be sufficiently segregated at the grain boundaries. Therefore, the crystal grains are coarsened when
heated at a high temperature, and the variation in grain size increases.

[0070] On the contrary, the amount of Ag is large and the average crystal grain size is large in some cases when the
value of X-3Y-1 is small. In this case, the effect of suppressing the grain growth is high, but the amount of expensive Ag
is large, and the heat treatment temperature is high for a long time, and thus this results in a significant cost increase.
[0071] Therefore, in the pure copper plate or sheet according to the present embodiment, an expression of 1xX10-8 <
X-3Y-1<1x10-5 is satisfied.

[0072] Theupperlimitof X-3Y-1is preferably 7.5x 106 or less, more preferably 5.0 x 10-6 or less, and still more preferably
3.0x 106 or less, and most preferably 2.0X10-6 or less. Further, the lower limit of X-3Y-1is preferably 5.0 x 108 or greater
and more preferably 1.0x107 or greater.

[0073] The substantialamount of Ag to be added is 5 mass ppm or greater and 150 mass ppm or less. In a case where
the amount of Ag is less than 5 mass ppm, the grain size is required to be further increased, which may cause a problem
of a cost increase as well as a problem of poor appearance due to the relative increase in grain size after the heat
treatment. Therefore, the substantial lower limit of Ag is 5 mass ppm or greater. The lower limit is preferably 6 mass
ppm or greater and more preferably 7 mass ppm or greater.

[0074] Itisdesirable to add Agfrom the viewpoint of suppressing the coarsening of crystal grains, but the costincreases
and the electrical conductivity decreases as the added amount of Ag increases. Therefore, the substantial upper limit
thereof is 150 mass ppm or less. The upper limit thereof is preferably 100 mass ppm or less, more preferably 60 mass
ppm or less, still more preferably 50 mass ppm or less, even still more preferably 40 mass ppm or less, even still more
preferably 30 mass ppm or less, and most preferably 25 mass ppm or less.

(Ratio of grain boundary triple junctions)

[0075] The crystal grain growth when the pure copper plate or sheet is subjected to a heat treatment at a high tem-
perature is due to a high grain boundary movement speed of random grain boundaries with high grain boundary energy.
Accordingly, by forming two or three of the three grain boundaries constituting a grain boundary triple junction into special
grain boundaries with low grain boundary energy represented by 29 or less, grain growth at a high temperature is
suppressed and the uniformity of the crystal grain size can be realized.

[0076] Therefore, a surface orthogonal to a rolling width direction is used as an observation surface, measurement
regarding a matrix is performed on a measurement area of 10000 uwm? or greater at every measurement intervals of
0.25 pm by an EBSD method. The measured results are analyzed by data analysis software OIM to obtain a Cl value
in each measurement point. The measurement point in which a Cl value is 0.1 or less is removed. The orientation
difference between crystal grains is analyzed by the data analysis software OIM, and a boundary having 15° or more of
an orientation difference between neighboring measuring points is assigned as a grain boundary. The average grain
size A is obtained by Area Fraction. The measurement regarding the matrix is performed at every measurement intervals
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which are 1/10 or less of the average grain size A by the EBSD method. The measured results are analyzed by the data
analysis software OIM with a total measurement area of 10000 pm2 or greater in a plurality of visual fields such that a
total of 1000 or more crystal grains are included to obtain a Cl value in each measurement point. The measurement
point in which a Cl value is 0.1 or less is removed. The orientation difference between crystal grains is analyzed by the
data analysis software OIM, and a boundary having 15° or more of an orientation difference between neighboring
measuring points is assigned as a grain boundary. The coincidence boundary with 29 or less is defined as a special
grain boundary, and the other grain boundaries are defined as random grain boundaries. In grain boundary triple junctions
analyzed by the OIM, when the ratio of J3, where all three grain boundaries constituting a grain boundary triple junction
are special grain boundaries, to all grain boundary triple junctions is defined as NF ;5 and the ratio of J2, where two grain
boundaries constituting a grain boundary triple junction are special grain boundaries and one grain boundary constituting
the grain boundary triple junction is a random grain boundary, to all grain boundary triple junctions is defined as NF j,,
the numerical value of (NF ;,/(1-NF ;3))0-% is specified.

[0077] From the viewpoint of suppressing the grain growth, the higher the value of (NF j,/(1-NF ;3))0-5 is, the more
preferable it is. In a case where (NF ,/(1-NF ;3))9- is 0.30 or less, the number of random grain boundaries with respect
to the grain boundary network is relatively large, and the network length also increases. Therefore, the effect of sup-
pressing the grain growth is reduced, and the crystal grain size is also non-uniform. On the contrary, in a case where
(NF 5/(1-NF j3))0-5 is greater than 0.48, the burr height during press working increases. Therefore, the burr is unlikely to
be managed, and thus there is a concern that the production cost may increase.

[0078] Accordingly, in the present embodiment, (NF ;,/(1-NF ;3))0-5 is set to be greater than 0.30 and 0.48 or less.
[0079] The upper limit of (NF,/(1-NF 3))0-5 is preferably 0.47 or less and more preferably 0.46 or less. Further, the
lower limit of (NF j,/(1-NF ;3))0- is preferably greater than 0.31 and more preferably greater than 0.32.

[0080] In consideration of the grain boundary network, the number of J2 increases according to the number of J3 in
order for the random grain boundaries of JO and J1 to form special grain boundaries constituting J3 and the network.
That is, NF, increases as NF 5 increases. Therefore, NF ;5 is preferably 0.007 or greater, more preferably 0.008 or
greater, and still more preferably 0.010 or greater. Further, in order to suppress the burr height, NF ;5 is preferably 0.036
or less, more preferably 0.034 or less, and still more preferably 0.030 or less.

(Total amount of Mg and Sn: 0.1 mass ppm or greater and 100 mass ppm or less)

[0081] Mg and Sn are elements having an effect of suppressing coarsening of crystal grains by being dissolved into
the matrix of copper. Therefore, in a case where the total amount of Mg and Sn is set to 0.1 mass ppm or greater in the
present embodiment, the effect of suppressing the coarsening of crystal grains using Mg and Sn can be exhibited, and
the coarsening of crystal grains can be reliably suppressed even after the heat treatment. Meanwhile, since there is a
concern of an increase in the production cost and a decrease in the electrical conductivity due to the addition more than
necessary, the amount of either one or both of Mg and Sn is set to less than 100 mass ppm.

[0082] The lower limit of the amount of either one or both of Mg and Sn is set to preferably 0.5 mass ppm or greater
and more preferably 1 mass ppm or greater. Further, the upper limit of the total amount of Mg and Sn is preferably less
than 80 mass ppm, more preferably less than 60 mass ppm, and most preferably less than 10 mass ppm.

(Amount of S: 1 mass ppm or greater and 20 mass ppm or less)

[0083] S is an element that has an effect of suppressing coarsening of crystal grains by suppressing movement of
crystal grain boundaries and lowers hot workability.

[0084] Therefore, in a case where the amount of S is set to 1 mass ppm or more in the present embodiment, the effect
of suppressing the coarsening of the crystal grains due to S can be sufficiently exhibited, and the coarsening of the
crystal grains can be reliably suppressed even after the heat treatment. Further, in a case where the amount of S is
limited to 20 mass ppm or less, the hot workability can be ensured.

[0085] The lower limit of the amount of S is preferably 2 mass ppm or greater and more preferably 3 mass ppm or
greater. Further, the upper limit of the amount of S is preferably 17.5 mass ppm or less and more preferably 15 mass
ppm or less.

(Total amount of Pb, Se, and Te: 0.3 mass ppm or greater and 10 mass ppm or less)

[0086] Pb, Se, and Te have a low solid solution limit in Cu and have an effect of suppressing coarsening of the crystal
grains by being segregated at grain boundaries. Further, Pb, Se and Te are elements that also have an effect of
suppressing segregation of Ag at grain boundaries by existing in a large amount and lower the hot workability.

[0087] Therefore, in the present embodiment, it is preferable to limit the total amount of Pb, Se, and Te to 10 mass
ppm or less in order to exhibit the effect of suppressing coarsening and to ensure hot workability at the same time. In a
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case where the total amount of Pb, Se, and Te is less than 0.3 mass ppm, the effect of suppression is reduced and the
cost increases due to refining. Therefore, the lower limit of the total amount of Pb, Se, and Te is preferably set to 0.3
mass ppm or greater.

[0088] In order to further improve the hot workability, the upper limit of the total amount of Pb, Se, and Te is set to
preferably 9 mass ppm or less, more preferably 8 mass ppm or less, and still more preferably 7 mass ppm or less.
Further, the lower limit of the total amount of Pb, Se, and Te is set to preferably 0.4 mass ppm or greater and more
preferably 0.5 mass ppm or greater.

(Total amount of Sr, Ba, Ti, Zr, Hf, and Y (A element group): 10 mass ppm or less)

[0089] Sr, Ba, Ti, Zr, Hf, and Y (A element group) contained as inevitable impurities are segregated at the crystal grain
boundaries to generate compounds with elements (S, Se, Te, and the like) that suppress the coarsening of the crystal
grains and thus may impair the effect of elements that suppress the coarsening of the crystal grains.

[0090] Therefore, in order to reliably suppress the coarsening of the crystal grains after heat treatment, it is preferable
that the total amount of Sr, Ba, Ti, Zr, Hf, and Y (A element group) is set to 10 mass ppm or less.

[0091] The total amount of Sr, Ba, Ti, Zr, Hf, and Y (A element group) is preferably 7.5 mass ppm or less and more
preferably 5 mass ppm or less. The lower limit is not particularly specified, but the cost may increase due to refining in
a case where the total amount of Sr, Ba, Ti, Zr, Hf, and Y (A element group) is less than 0.01 mass ppm, and thus the
total amount of Sr, Ba, Ti., Zr, Hf, and Y (A element group) is preferably 0.01 mass ppm or greater and more preferably
0.05 mass ppm or greater.

(Total amount of Al, Cr, P, Be, Cd, Ni, and Fe (M element group): 0.3 mass ppm or greater and 10 mass or less)

[0092] Al Cr, P, Be, Cd, Ni, and Fe (M element group) have an effect of suppressing grain growth by being dissolved
into the matrix of copper, being segregated at grain boundaries, and forming oxides.

[0093] Therefore, inorder to reliably suppress the coarsening of crystal grains after the heat treatment, the total amount
of Al, Cr, P, Be, Cd, Ni, and Fe (M element group) is preferably set to 0.3 mass ppm or greater. In a case where the
pure copper plate or sheet intentionally contains Al, Cr, P, Be, Cd, Ni, and Fe (M element group), the lower limit of the
total amount of Al, Cr, P, Be, Cd, Ni, and Fe (M element group) is set to more preferably 1.0 mass ppm or greater, still
more preferably 1.5 mass ppm or greater, even still more preferably 2.0 mass ppm or greater, and most preferably 2.5
mass ppm or greater.

[0094] Further, since there is a concern that the segregation of Ag at grain boundaries is impaired and the electrical
conductivity is decreased in a case where the pure copper plate or sheet contains Al, Cr, P, Be, Cd, Ni, and Fe (M
element group) more than necessary, the upper limit of the total amount of Al, Cr, P, Be, Cd, Ni, and Fe (M element
group) is set to preferably 10 mass ppm or less, more preferably less than 8 mass ppm, and still more preferably less
than 5 mass ppm.

(Other inevitable impurities)

[0095] Examples of inevitable impurities other than the above-described elements include B, Bi, Ca, Sc, rare earth
elements, V, Nb, Ta, Mo, W, Mn, Re, Ru, Os, Co, Rh, Ir, Pd, Pt, Au, Zn, Hg, Ga, In, Ge, As, Sb, TI, N, C, Si, Li, H, and
0. Since these inevitable impurities may decrease the electrical conductivity, it is preferable that the amount thereof is
as small as possible.

(Average crystal grain size d,,, after heat treatment maintained at 800°C for 1 hour: 400 um or less)

[0096] In the pure copper plate or sheet according to the present embodiment, in a case where the average crystal
grain size after heat treatment maintained at 800°C for 1 hour is 400 wm or less, since the coarsening of crystal grains
can be reliably suppressed even when the pure copper plate or sheet is heated at a temperature of 800°C or higher,
the pure copper plate or sheet is particularly suitable as a material for a thick copper circuit and a heat sink to be bonded
to a ceramic substrate.

[0097] Further, the upper limit of the average crystal grain size after the heat treatment maintained at 800°C for 1 hour
is preferably 380 um or less and more preferably 350 um or less.

[0098] The lower limit of the average crystal grain size after the heat treatment maintained at 800°C for 1 hour is not
particularly limited, but is usually 200 wm or greater.
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max after heat treatment maintained at 800°C for 1 hour: 20 or less)

ave
[0099] In the pure copper plate or sheet according to the present embodiment, in a case where the ratio d,,,,/d,,e Of
the maximum crystal grain size d,,,, to the average crystal grain size d, in a range of 50 mm X 50 mm after the heat
treatment maintained at 800°C for 1 hour is 20 or less, since the non-uniformity of crystal grains can be reliably suppressed
even when the pure copper plate or sheet is heated at 800°C or higher, the pure copper plate or sheet is particularly
suitable as a material for a thick copper circuit and a heat sink to be bonded to a ceramic substrate.

[0100] The ratio d,,,/d,e Of the maximum crystal grain size d,,, to the average crystal grain size d,,, in a range of
50 mm X 50 mm after the heat treatment maintained at 800°C for 1 hour is preferably 18 or less and more preferably
16 or less.

(Vickers hardness: 150Hv or less)

[0101] In the pure copper plate or sheet according to the present embodiment, in a case where the Vickers hardness
is set to 150 Hv or less, the characteristics as a pure copper plate or sheet are ensured, and thus the pure copper plate
or sheet is particularly suitable as a material for electric or electronic components for high-current applications. Further,
since the pure copper plate or sheet is sufficiently soft, the thermal strain generated by the deformation of the pure
copper plate or sheet can be released even in a case where the pure copper plate or sheet is bonded to another member
such as a ceramic substrate and a thermal cycle is loaded.

[0102] The Vickers hardness is preferably 140 Hv or less, more preferably 120 Hv or less, still more preferably 100
Hv or less, and even still more preferably 95 Hv or less.

[0103] The lower limit of the Vickers hardness is not particularly limited, but is preferably 60 Hv or greater.

(Electrical conductivity: 97% IACS or greater)

[0104] Inthe pure copper plate or sheetaccording to the presentembodiment, in a case where the electrical conductivity
is set to 97% IACS or greater, the characteristics as a pure copper plate or sheet are ensured, and thus the pure copper
plate or sheet is particularly suitable as a material of a member for electric or electronic devices used for high-current
applications and a member for heat dissipation.

[0105] The electrical conductivity is preferably 98% IACS or greater, more preferably 99% IACS or greater, and even
still more preferably 100% IACS or greater.

[0106] The upper limit of the electrical conductivity is not particularly limited, but is usually 103% IACS or less.
[0107] Next, a method of producing the pure copper plate or sheet according to the present embodiment having these
configurations will be described with reference to the flow chart of Fig. 1.

(Melting and casting step S01)

[0108] First, the above-described elements are added to molten copper obtained by melting the copper raw material
to adjust components; and thereby, a molten copper alloy is produced. Further, a single element, a base alloy, or the
like can be used for addition of various elements. In addition, raw materials containing the above-described elements
may be melted together with the copper raw material. Further, a recycled material or a scrap material of the alloy according
to the present embodiment may be used. As the molten copper, so-called 4 NCu having a purity of 99.99% by mass or
greater or so-called 5 NCu having a purity of 99.999% by mass or greater is preferably used. In the melting step, in order
to suppress oxidation of additive elements and reduce the hydrogen concentration, atmosphere-controlled melting is
performed using an inert gas atmosphere (for example, Ar gas or N2 gas) in which the vapor pressure of H,O is low
and the holding time during melting is set to the minimum.

[0109] Further, the molten copper alloy in which the components have been adjusted is injected into a mold to produce
an ingot. In consideration of mass production, it is preferable to use a continuous casting method or a semi-continuous
casting method.

[0110] The cooling rate of the molten metal is set to preferably 0.1 °C/sec or greater and more preferably 0.5°C/sec
or greater.

(Hot working step S02)
[0111] Next, hot working is performed to make the structure uniform. The hot working temperature is not particularly
limited, but is preferably set to be in a range of 500°C or higher and 1000°C or lower.

[0112] The total working rate of hot working is preferably 50% or greater, more preferably 60% or greater, and still
more preferably 70% or greater.
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[0113] Further, a cooling method after the hot working is not particularly limited, but it is preferable to perform air
cooling or water cooling.

[0114] Further, the working method in the hot working step S02 is not particularly limited, and examples of the method
which can be employed include rolling, extruding, groove rolling, forging, and pressing.

(Rough working step S03)

[0115] In order to work the pure copper plate or sheet in a predetermined shape, rough working is performed. In this
rough working step S03, warm working is carried out at a temperature of 150°C or higher and 350°C or lower. By carrying
out warm working at a temperature of 150°C or higher and 350°C or lower, Ag can be segregated in the vicinity of the
grain boundaries, and the grain boundary energy can be lowered. In this step, warm working may be combined with
cold working. In that case, warm working may be performed in a plurality of passes before the final working. For example,
in a case of rolling, the final 3 or more passes may be defined as warm working.

(Recrystallization heat treatment step S04)

[0116] Next, a heat treatment is performed on the copper material after the rough working step S03 for the objective
of recrystallization. The grain size of the recrystallized grains is preferably 10 wm or greater. In a case where the
recrystallized grains are fine, the growth of the crystal grains and the non-uniformity of the structure may be promoted
when the recrystallized grains are subsequently heated to a temperature of 800°C or higher. The crystal grain size after
recrystallization is preferably 15 wm or greater, more preferably 20 um or greater, and still more preferably 25 um or
greater.

[0117] The heat treatment conditions in the recrystallization heat treatment step S04 are not particularly limited, but
it is preferable that the heat treatment is performed at a heat treatment temperature of 200°C or higher and 900°C or
lower for a holding time of 1 second or longer and 10 hours or shorter.

[0118] Further, in order to obtain a desired shape, the rough working step S03 and the recrystallization heat treatment
step S04 may be repeatedly performed two or more times.

(Temper deforming step S05)

[0119] Next, in order to adjust the strength of the material, the copper material after the recrystallization heat treatment
step S04 may be subjected to temper deforming. The working rate of the temper deforming is not particularly limited,
butitis preferable that the temper deforming is performed at a working rate of greater than 0% and 50% or less in order
to adjust the strength of the material. It is more preferable to limit the working rate to 3% or greater and 40% or less.
[0120] Further, as necessary, the heat treatment may be further performed after the temper deforming in order to
remove the residual strain.

[0121] By performing each of the above-described steps, the pure copper plate or sheet according to the present
embodiment is produced.

[0122] According to the pure copper plate or sheet of the present embodiment with the above-described configuration,
when the average crystal grain size of the crystal grains in the rolled surface is represented by X (um) and the amount
of Ag is represented by Y (mass ppm), a relational expression of 1x10-8 < X-3Y-1 < 1x10-5 is satisfied. Therefore, a part
of Ag is segregated at the grain boundaries to reduce the grain boundary energy, and thus the coarsening of the crystal
grains can be suppressed.

[0123] Further, a surface orthogonal to a rolling width direction is used as an observation surface, measurement
regarding a matrix is performed on a measurement area of 10000 um? or greater at every measurement intervals of
0.25 pm by an EBSD method. The measured results are analyzed by data analysis software OIM to obtain a Cl value
in each measurement point. The measurement point in which a Cl value is 0.1 or less is removed. The orientation
difference between crystal grains is analyzed by the data analysis software OIM, and a boundary having 15° or more of
an orientation difference between neighboring measuring points is assigned as a grain boundary. The average grain
size A is obtained by Area Fraction. The measurement regarding the matrix is performed at every measurement intervals
which are 1/10 or less of the average grain size A by the EBSD method. The measured results are analyzed by the data
analysis software OIM with a total measurement area of 10000 um?2 or greater in a plurality of visual fields such that a
total of 1000 or more crystal grains are included to obtain a Cl value in each measurement point. The measurement
point in which a Cl value is 0.1 or less is removed. The orientation difference between crystal grains is analyzed by the
data analysis software OIM, and a boundary having 15° or more of an orientation difference between neighboring
measuring points is assigned as a grain boundary. The coincidence boundary with 29 or less is defined as a special
grain boundary, and the other grain boundaries are defined as random grain boundaries. In grain boundary triple junctions
analyzed by the OIM, when the ratio of J3, where all three grain boundaries constituting a grain boundary triple junction
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are special grain boundaries, to all grain boundary triple junctions is defined as NF ;5 and the ratio of J2, where two grain
boundaries constituting a grain boundary triple junction are special grain boundaries and one grain boundary constituting
the grain boundary triple junction is a random grain boundary, to all grain boundary triple junctions is defined as NF j,,
an expression of 0.30 < (NF j,/(1 - NF j3))0-5 < 0.48 is satisfied. Therefore, the grain boundary network is formed of special
grain boundaries with low energy, the driving force for recrystallization during heating is small, and the grain growth can
be suppressed. The burr height during press working can also be suppressed.

[0124] In the present embodiment, in a case where the amount of Mg and Sn corresponding to the elements that
suppress the growth of crystal grains is 0.1 mass ppm or greater, the coarsening and non-uniformity of the crystal grains
can be reliably suppressed even after the heat treatment. Further, in a case where the total amount of Mg and Sn is
limited to 100 mass ppm or less, the electrical conductivity can be sufficiently ensured.

[0125] Further, in the present embodiment, in a case where the amount of S is set to be in a range of 1 mass ppm or
greater and 20 mass ppm or less, S, which is a kind of element that suppresses the growth of crystal grains, is segregated
at the grain boundaries, and the coarsening and non-uniformity of the crystal grains during heating can be reliably
suppressed. In addition, the hot workability can be ensured.

[0126] Further, in the present embodiment, in a case where the total amount of Pb, Se, and Te, which are elements
that are segregated at the crystal grain boundaries to suppress the coarsening of the crystal grains, is set to 0.3 mass
ppm or greater, the coarsening and non-uniformity of the crystal grains can be reliably suppressed even after the heat
treatment. In addition, in a case where the total amount of Pb, Se, and Te is set to 10 mass ppm or less, the effect of
suppressing the grain growth can be sufficiently exhibited without impairing the effect of Ag.

[0127] Further, in the present embodiment, in a case where the total amount of Sr, Ba, Ti, Zr, Hf, and Y (A element
group) is set to 10 mass ppm or less, the elements of the A element group do not impair the effect of Ag which is an
element that suppresses the growth of crystal grains and can suppress reaction of the elements in the A element group
with S, Se, Te, and the like to generate compounds. Therefore, the effect of the elements that suppress the growth of
crystal grains can be sufficiently exhibited. Therefore, the coarsening and non-uniformity of the crystal grains during
heating can be reliably suppressed.

[0128] Further, in the present embodiment, in a case where the total amount of Al, Cr, P, Be, Cd, Ni, and Fe (M element
group) is setto 0.3 mass ppm or greater, the coarsening and non-uniformity of the crystal grains can be reliably suppressed
even after the heat treatment by dissolving into the matrix of copper, segregation at grain boundaries, and formation of
oxides. In addition, in a case where the total amount of Al, Cr, P, Be, Cd, Ni, and Fe is limited to 10 mass ppm or less,
the effect of suppressing the growth of crystal grains without suppressing the effect of Ag can be sufficiently exhibited,
and the coarsening and non-uniformity of the crystal grains during heating can be reliably suppressed.

[0129] Further, in the present embodiment, in a case where the ratio d,,,5,/d,ye Of the maximum crystal grain size dx
to the average crystal grain size d, in a range of 50 mm X 50 mm after the heat treatment maintained at 800°C for 1
hour is 20 or less and the average crystal grain size d,, is 400 um or less, the coarsening and non-uniformity of the
crystal grains can be reliably suppressed even after the heat treatment, and the occurrence of poor appearance can be
further suppressed.

[0130] Further, in the present embodiment, in a case where the Vickers hardness is 150 Hv or less, since the pure
copper plate or sheet is sufficiently soft and the characteristics as a pure copper plate or sheet are ensured, the pure
copper plate or sheet is particularly suitable as a material for electric or electronic components for high-current applica-
tions.

[0131] Hereinbefore, the pure copper plate or sheet which is an embodiment of the present invention has been de-
scribed, but the present invention is not limited thereto this and can be appropriately modified without departing from
the technical features of the present invention.

[0132] For example, in the above-described embodiment, the example of the method of producing the pure copper
plate or sheet has been described, but the method of producing the pure copper plate or sheet is not limited to the
description of the embodiment, and the pure copper plate or sheet may be produced by appropriately selecting a
production method of the related art.

[0133] The average crystal grain size X of the crystal grains in the rolled surface, and the maximum crystal grain size
dmax @and the average crystal grain size d,, ¢ after the heat treatment maintained at 800°C for 1 hour are measured by
the methods described in the following examples.

EXAMPLES

[0134] Hereinafter, results of a verification test conducted to verify the effects of the presentinvention will be described.
[0135] A copper raw material formed of pure copper having a purity of 99.999% by mass or greater was prepared, the
copper raw material was put into a high-purity graphite crucible, and subjected to high-frequency induction heating in a
furnace in which the atmosphere was set to an Ar gas atmosphere so that the material was melted.

[0136] Each element was added to the obtained molten copper and poured into a carbon mold to produce an ingot
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having the component composition listed in Tables 1 and 3. Thereafter, a part of the ingot was cut and machined to
obtain an ingot having a thickness of 50 mm, a width of 100 mm, and a length of 100 mm.

[0137] Thereafter, the ingot was heated in an electric furnace at 800°C for 4 hours in an Ar gas atmosphere and
subjected to a homogenization treatment.

[0138] The ingot after the homogenization heat treatment was hot-forged by free forging such that the forging ratio
reached 4 or greater to obtain a plate or sheet material having a height of approximately 25 mm and a width of approx-
imately 150 mm. The ingot was hot-forged at 500°C or higher, the ingot was reheated in an electric furnace maintained
at 800°C when the surface temperature reached 500°C or lower, and the ingot was hot-forged again when the surface
temperature reached approximately 600°C. The temperature when the hot forging was completed was 500°C or higher.
After the completion of hot forging, a solutionizing heat treatment was performed for 1 minute in an electric furnace
heated to 800°C.

[0139] The forged plate or sheet material was subjected to surface grinding to remove the oxide film on the surface.
[0140] Thereafter, the rolling roll was heated to 300°C, and rough rolling (warm rolling) was carried out at the rolling
rate listed in the tables. The copper plate or sheet material after the warm rolling was subjected to the recrystallization
heat treatment at the heat treatment temperature listed in Tables 2 and 4 using an electric furnace to adjust the crystal
grain size to 10 wm or greater and 150 pm or less.

[0141] Next, the copper material after the recrystallization heat treatment was subjected to temper rolling under the
conditions listed in Tables 2 and 4; and thereby, a strip for characteristic evaluation (test piece for characteristic evaluation)
having a width of 60 mm and the thickness listed in Tables 2 and 4 were produced.

[0142] Next, the following items were evaluated.

(Composition analysis)

[0143] Measurementspecimens were collected from the obtained ingot, and the amount of each elementwas measured
using a glow discharge mass spectrometer (GD-MS). The measurement was performed at two sites, the center portion
of the specimen and the end portion of the specimen in the width direction, and the larger amount was defined as the
amount of the sample. The measured results are listed in Tables 1 and 3.

(Ratio of grain boundary triple junctions)

[0144] The crystal grain boundaries (special grain boundaries and random grain boundaries) and the grain boundary
triple junctions were measured by an EBSD measuring device and OIM analysis software using a cross section orthogonal
to the rolling width direction, that is, a transverse direction (TD) surface as an observation surface. Mechanical polishing
was performed using waterproof abrasive paper and diamond abrasive grains. Next, finish polishing was performed
using a colloidal silica solution. Thereafter, measurement regarding a matrix was performed on a measurement area of
10000 wm?2 or greater at every measurement intervals of 0.25 um at an electron beam acceleration voltage of 20 kV by
an EBSD method using an EBSD measuring device (Quanta FEG 450, manufactured by FEI, OIM Data Collection,
manufactured by EDAX/TSL (currently AMETEK)) and analysis software (OIM Data Analysis ver. 7.3.1, manufactured
by EDAX/TSL (currently AMETEK)). The measured results were analyzed by the data analysis software OIM to obtain
Cl values at each measurement point. The measurement points in which a Cl value was 0.1 or less were removed. The
orientation difference between crystal grains was analyzed by the data analysis software OIM. A boundary having 15°
or more of an orientation difference between neighboring measuring points was assigned as a grain boundary. The
average grain size A was acquired by Area Fraction. Thereafter, measurement regarding the matrix was performed at
every measurement intervals which were 1/10 or less of the average grain size A by the EBSD method. The measured
results were analyzed by the data analysis software OIM with a measurement area where the total area of a plurality of
visual fields was 10000 wm? or greater such that a total of 1000 or more crystal grains were included, to obtain a Cl
value in each measurement point. The measurement points in which a Cl value was 0.1 or less were removed. The
orientation difference between crystal grains was analyzed by the data analysis software OIM. A boundary having 15°
or more of an orientation difference between neighboring measuring points was assigned as a grain boundary. Further,
for the three grain boundaries constituting each grain boundary triple junction, the special grain boundary and the random
grain boundary were identified by using the CSL sigma value calculated by the Neighboring grid point. The coincidence
grain boundaries with greater than ~29 were regarded as random grain boundaries.

(Press workability)
[0145] A plurality of circular holes (¢8 mm) were punched out from the strip for characteristic evaluation using a metal

die, the burr height was measured, and the press workability was evaluated.
[0146] The clearance of the metal die was set to approximately 3% with respect to the thickness of the plate or sheet,
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and punching was performed at a punching speed of 50 spm (stroke per minute). The cut surface on the punched hole
side was observed, the burr heights at 10 or more points were measured, and the ratio of the burr height to the thickness
of the plate or sheet was acquired.

[0147] A case where the ratio of the highest value of the burr height to the thickness of the plate or sheet was 3.0%
or less was evaluated as "A" (good). A case where the ratio of the highest value of the burr height to the thickness of
the plate or sheet was greater than 3.0% was evaluated as "B" (poor). The evaluation results are listed in Tables 5 and 6.

(Vickers hardness)

[0148] The Vickers hardness was measured with a test load of 0.98 N in conformity with the micro Vickers hardness
test method specified in JIS Z 2244. Further, the rolled surface of the test piece for characteristic evaluation was used
as the measurement position. The evaluation results are listed in Tables 5 and 6.

(Electrical conductivity)

[0149] Test pieces having a width of 10 mm and a length of 60 mm were collected from each strip for characteristic
evaluation and the electrical resistance was acquired according to a 4 terminal method. Further, the dimension of each
test piece was measured using a micrometer and the volume of the test piece was calculated. In addition, the electrical
conductivity was calculated from the measured electrical resistance value and volume. The evaluation results are listed
in Tables 5 and 6.

[0150] Further, the test pieces were collected such that the longitudinal directions thereof were parallel to the rolling
direction of each strip for characteristic evaluation.

(Crystal grain size before heat treatment)

[0151] A 20 mm X 20 mm sample was cut out from the obtained strip for characteristic evaluation, and the average
crystal grain size was measured by an electron backscatter diffraction patterns (SEM-EBSD) measuring device.
[0152] The rolled surface was mechanically polished using waterproof abrasive paper and diamond abrasive grains.
Next, finish polishing was performed using a colloidal silica solution. Thereafter, measurement regarding the matrix was
performed on a measurement area of 10000 wm? or greater at every measurement intervals of 0.25 um at an electron
beam acceleration voltage of 20 kV by an EBSD method using an EBSD measuring device (Quanta FEG 450, manu-
factured by FEI, OIM Data Collection, manufactured by EDAX/TSL (currently AMETEK)) and analysis software (OIM
Data Analysis ver. 7.3.1, manufactured by EDAX/TSL (currently AMETEK)). The measured results were analyzed by
the data analysis software OIM to obtain Cl values at each measurement point. The measurement points in which a Cl
value was 0.1 or less were removed. The orientation difference between crystal grains was analyzed by the data analysis
software OIM. A boundary having 15° or more of an orientation difference between neighboring measuring points is
assigned as a grain boundary. The average grain size A was acquired by Area Fraction. Thereafter, measurement
regarding the matrix was performed at every measurement intervals which were 1/10 or less of the average grain size
A by the EBSD method. The measured results were analyzed by the data analysis software OIM with a measurement
area where the total area of a plurality of visual fields was 10000 um?2 or greater such that a total of 1000 or more crystal
grains were included, to obtain a Cl value in each measurement point. The measurement points in which a Cl value was
0.1 or less were removed. The orientation difference between crystal grains was analyzed by the data analysis software
OIM. A boundary having 15° or more of an orientation difference between neighboring measuring points was assigned
as a large-angle grain boundary, and a boundary having less than 15° of an orientation difference between neighboring
measuring points was assigned as a small-angle grain boundary. A crystal grain boundary map was created using a
large-angle grain boundary, and five line segments having a predetermined length were drawn at predetermined intervals
in the longitudinal direction and the transverse direction on the crystal grain boundary map in conformity with the cutting
method of JIS H 0501. The number of crystal grains that were completely cut was counted, and the average value of
the lengths of the cut grains was calculated as the average crystal grain size before the heat treatment. The evaluation
results are listed in Tables 5 and 6.

[0153] The average crystal grain size before the heat treatment is also the average crystal grain size X pm of the
crystal grains in the rolled surface. The values of X-3Y-1 in which the average crystal grain size of the crystal grains in
the rolled surface was represented by X um and the amount of Ag was represented by Y mass ppm were calculated
and listed in Tables 5 and 6. In a case where the calculated value is "ax 10-t", the value is described as "aE-b" in Tables
5 and 6. For example, "1.2E-08" denotes "1.2x10-8".
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(Crystal grain size after heat treatment)

[0154] A 60 mm X 60 mm sample was cut out from the strip for characteristic evaluation described above and subjected
to a heat treatment maintained at 800°C for 1 hour. A 50 mm X 50 mm sample was cut out from this test piece, and the
rolled surface was mirror-polished and etched. Thereafter, the surface was imaged with an optical microscope such that
the rolling direction was on the side of the photograph. Among the observation sites, the site where the crystal grains
were the finest and the field of view of approximately 1 mm2 or greater was formed with a uniform grain size was selected,
and observation and measurement were performed in the field of view of approximately of 1 mm?2 or greater. Thereafter,
five line segments having a predetermined length were drawn at predetermined intervals in the longitudinal direction
and the transverse direction of the photograph according to the cutting method of JIS H 0501. The number of crystal
grains that were completely cut was counted, and the average value of the lengths of the cut grains was calculated as
the average crystal grain size d, after the heat treatment. The evaluation results are listed in Tables 5 and 6.

(Variation in grain size after heat treatment)

[0155] As described above, in the samples collected from the test piece that had been subjected to the heat treatment,
the average value of the major axis and the minor axis of the coarsest crystal grains was defined as the maximum crystal
grain size d,5 excluding twin crystals in a range of 50 mm X 50 mm. The major axis is the length of the longest line
segment among the line segments connecting two points on the grain boundary (contour of the crystal grain), and the
minor axis is the length of longest line segment among the line segments cut by the grain boundaries when a line is
drawn perpendicularly to the major axis. A case where the ratio d,,/d e Of the maximum crystal grain size to the above-
described average crystal grain size d,, was 20 or less was evaluated as "A" (good), and a case where the ratio

dox/d,y e thereof was greater than 20 was evaluated as "B" (poor). The evaluation results are listed in Tables 5 and 6.

max’ ~ave
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Table 1
Component composition (mass ratio)
A M
%u Ag S MS‘C’; + | PP EeSe *| element | element

o m m rou rou
pp pp ppm ppm gppnf gppnf

1 | 99.96 or greater | 52 0.9 0.06 0.23 0.03 0.16

2 1 99.96 or greater | 51 0.5 0.01 0.12 0.03 0.14

3 | 99.96 or greater | 50 0.9 0.07 0.25 0.01 0.14

4 |1 99.96 or greater | 49 0.8 0.03 0.18 0.01 0.17

5 | 99.96 or greater | 143 0.8 0.02 0.18 0.02 0.20

6 | 99.96 or greater | 105 0.5 0.06 0.28 0.02 0.11

7 | 99.96 or greater | 39 0.7 0.05 0.19 0.03 0.14

ﬂ_z 8 | 99.96 or greater | 29 0.6 0.03 0.11 0.03 0.16
£ |9 | 9996 orgreater | 24 0.8 0.01 0.21 0.02 0.18
& | 10| 99.96 or greater | 21 0.8 0.02 0.28 0.03 0.12
E 11 | 99.96 or greater | 21 0.9 0.04 0.21 0.01 0.19
€ |12 99.96 or greater | 16 0.5 0.07 0.30 0.03 0.11
E 13| 99.96 or greater | 11 0.7 0.07 0.16 0.02 0.17
14 | 99.96 or greater 8 0.9 0.03 0.12 0.01 0.18

15| 99.96 or greater 6 0.5 0.10 0.20 0.02 0.11

16 | 99.96 or greater | 49 0.6 0.09 0.28 0.01 0.13

17 | 99.96 or greater | 39 0.8 0.04 0.16 0.02 0.15

18 | 99.96 or greater | 28 0.5 0.06 0.27 0.03 0.13

19 | 99.96 or greater | 26 0.7 0.03 0.24 0.02 0.16

20 | 99.96 or greater | 18 0.7 0.05 0.25 0.01 0.19

A element group: one or two or more selected from Sr, Ba, Ti, Zr, Hf, and Y

M element group: one or two or more selected from Al, Cr, P, Be, Cd, Ni, and Fe
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Table 2
Production step
. Rough Recrystallization Temper
Hot working workzipn g heaf treatment deforlﬁin g | Thickness
Temperature Rolling Temperature Rolling rate mm
oC rate oC %
%
1 800 95 900 5 1.0
2 800 95 850 5 1.0
3 800 95 850 5 1.0
4 800 95 800 5 1.0
5 800 95 800 5 1.0
6 800 95 800 5 1.0
7 800 95 850 5 1.0
% 8 800 95 900 5 1.0
g 9 800 95 850 5 1.0
5 10 800 95 800 5 1.0
.8 11 800 95 900 5 1.0
% 12 800 95 800 5 1.0
Z |13 800 95 850 5 1.0
14 800 95 900 5 1.0
15 800 95 900 5 1.0
16 800 95 850 10 1.0
17 800 95 850 10 1.0
18 800 95 850 10 1.0
19 800 95 850 10 1.0
20 800 95 800 10 1.0
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Table 3

Component composition (mass ratio)

Cu % Ag S Mg+Sn | Pb+Se+ A element M element
(]
ppm | ppm ppm Te ppm group ppm group ppm
o1 | 999%Bor 1 on 1 07 0.03 0.21 0.03 0.12
greater
oo | 99-96or 7 0.9 0.03 0.15 0.03 0.17
greater
o3 | 99-%or 8 0.8 0.06 0.20 0.03 0.16
greater
oq | 99-96o0r 6 0.7 0.07 0.28 0.01 0.13
greater
o5 | 99-96o0r 5 0.8 0.07 0.29 0.03 0.13
greater
o6 | 99-%or 7 3.9 1.50 1.20 0.50 2.70
greater
Invention o7 | 99-%or 11 | 150 0.03 0.30 0.02 1.50
Examples greater
og | 99%or |, 1.9 80.00 0.29 0.10 1.60
greater
o9 | 99%or 10 1 3 0.06 9.30 0.01 0.16
greater
30 | 99-%or 9 3.2 0.07 0.19 0.50 1.08
greater
31 | 99.%6or 14 | 35 0.02 0.29 8.60 1.24
greater
3p | 99-%6or 19 | 35 0.50 0.70 0.02 9.70
greater
33 | 99-%or 17 | 7.0 0.05 0.19 0.03 1.31
greater
1 99.96 or 2 0.7 0.07 0.21 0.02 1.40
greater
o | 99%or 7 0.8 0.02 0.15 0.02 1.31
Comparative greater
Examples
3 | 99.9%or 5 0.4 0.08 0.28 0.02 1.09
greater
4 | 99%or 1 0.6 0.05 0.20 0.01 1.30
greater

A element group: one or two or more selected from Sr, Ba, Ti, Zr, Hf, and Y
M element group: one or two or more selected from Al, Cr, P, Be, Cd, Ni, and Fe
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Table 4
Production step
rotworting |8 | et | detorming | Teness
Tempoecl:‘ature Rollir:/gj rate Temperature °C Rolling rate %

21 800 95 800 10 1.0

22 800 95 800 10 1.0

23 800 95 800 10 1.0

24 800 95 800 10 1.0

25 800 95 800 10 1.0

26 800 95 800 15 1.0

g(‘;i‘;l‘;”s 27 800 95 800 15 1.0
28 800 95 800 15 1.0

29 800 95 800 15 1.0

30 800 95 800 15 1.0

31 800 95 800 15 1.0

32 800 95 800 15 1.0

33 800 95 900 15 1.0

1 800 94 150 15 1.0

Comparative 2 800 50 500 90 1.0
Examples 3 800 95 500 1 1.0
4 800 95 900 1 1.0
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[0157] In Comparative Example 1, X-3Y-1 was greater than the range of the present embodiment, the variation in the
grain size after the heat treatment was evaluated as "B" (poor), and the grain size after the heat treatment was also
greater than 400 pum.

[0158] In Comparative Example 2, (NF /(1 - NF ;3))0-5 was smaller than the range of the present embodiment, the
variation in the grain size after the heat treatment was evaluated as "B" (poor), and the grain size after the heat treatment
was also greater than 400 pm.

[0159] In Comparative Example 3, (NF j,/(1-NF ;3))%-5 was greater than the range of the present embodiment, and the
press workability was evaluated as "B" (poor). Therefore, the crystal grain size after the heat treatment was not evaluated.
[0160] In Comparative Example 4, X-3Y-1 was smaller than the range of the present embodiment, and the crystal grain
size before the heat treatment was greater than 400 um. Therefore, other evaluations were not performed.

[0161] On the contrary, in Invention Examples, the average crystal grain size after the heat treatment was small, and
the variation in the grain size was small. In addition, the electrical conductivity was also 97% IACS or greater.

[0162] As described above, according to Invention Examples, it was confirmed that a pure copper plate or sheet which
has excellent electrical conductivity and is capable of suppressing coarsening and non-uniformity of crystal grains even
after heat treatment can be provided.

Industrial Applicability

[0163] The pure copper plate or sheet of the present embodiment can be suitably applied to electric or electronic
components such as an insulating circuit substrate provided with a copper plate or sheet material as a heat sink or a
thick copper circuit.

Claims
1. A pure copper plate or sheet comprising:

99.96% by mass or greater of Cu,

wherein when an average crystal grain size of crystal grains in a rolled surface is represented by X um and an
amount of Ag is represented by Y mass ppm, a relational expression of 1x10-8 < X-3Y-1< 1X10-5 is satisfied,
a surface orthogonal to a rolling width direction is used as an observation surface, measurement regarding a
matrix is performed on a measurement area of 10000 uwm?2 or greater at every measurement intervals of 0.25
wm by an EBSD method, measured results are analyzed by data analysis software OIM to obtain a Cl value in
each measurement point, a measurement point in which a Cl value is 0.1 or less is removed, an orientation
difference between crystal grains is analyzed, a boundary having 15° or more of an orientation difference
between neighboring measuring points is assigned as a grain boundary, an average grain size A is acquired
according to Area Fraction, measurement regarding the matrix is performed at every measurement intervals
which are 1/10 or less of the average grain size A by the EBSD method, measured results are analyzed by the
data analysis software OIM with a measurement area of 10000 pmZ or greater in a plurality of visual fields such
that a total of 1000 or more crystal grains are included to obtain a Cl value in each measurement point, a
measurement point in which a Cl value is 0.1 or less is removed, an orientation difference between crystal
grains is analyzed, and a boundary having 15° or more of an orientation difference between neighboring meas-
uring points is assigned as a grain boundary, a coincidence boundary with >29 or less is defined as a special
grain boundary, and the other grain boundaries are defined as random grain boundaries, in grain boundary
triple junctions analyzed by the OIM, when a ratio of J3, in which all three grain boundaries constituting a grain
boundary triple junction are special grain boundaries, to all grain boundary triple junctions is defined as NF j3
and a ratio of J2, in which two grain boundaries constituting a grain boundary triple junction are special grain
boundaries and one grain boundary constituting the grain boundary triple junction is a random grain boundary,
to all grain boundary triple junctions is defined as NF j,, an expression of 0.30 < (NF j,/(1-NF j3))0-5 < 0.48 is
satisfied.

2. The pure copper plate or sheet according to Claim 1,
wherein a total amount of Mg and Sn is set to be in a range of 0.1 mass ppm or greater and 100 mass ppm or less.

3. The pure copper plate or sheet according to Claim 1 or 2,
wherein an amount of S is set to be in a range of 1 mass ppm or greater and 20 mass ppm or less.

4. The pure copper plate or sheet according to any one of Claims 1 to 3,
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wherein a total amount of Pb, Se, and Te is set to be in arange of 0.3 mass ppm or greater and 10 mass ppm or less.

The pure copper plate or sheet according to any one of Claims 1 to 4,
wherein a total amount of Sr, Ba, Ti, Zr, Hf, and Y is 10 mass ppm or less.

The pure copper plate or sheet according to any one of Claims 1 to 5,
wherein a total amount of Al, Cr, P, Be, Cd, Ni, and Fe is set to be in a range of 0.3 mass ppm or greater and 10
mass ppm or less.

The pure copper plate or sheet according to any one of Claims 1 to 6,

wherein a ratio d,,,,/d,,. of @ maximum crystal grain size d,,,,, to an average crystal grain size d,,, in a range

of 50 mm X 50 mm after a heat treatment maintained at 800°C for 1 hour is 20 or less, and
the average crystal grain size d, is 400 um or less.

The pure copper plate or sheet according to any one of Claims 1 to 7,
wherein a Vickers hardness is 150 Hv or less.
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FIG. 1
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