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Description
TECHNICAL FIELD

[0001] The present invention relates to a copper material and a heat-dissipating member suitable for an electric and
electronic component such as a heat sink or a thick copper circuit, and particularly to a copper material and a heat-
dissipating member in which coarsening of crystal grains at the time of heating is suppressed.

[0002] Priority is claimed on Japanese Patent Application No. 2019-068349, filed March 29, 2019, the content of which
is incorporated herein by reference.

BACKGROUND ART

[0003] In the related art, copper or copper alloys having high conductivity have been used for electric and electronic
components such as heat sinks or thick copper circuits.

[0004] Recently, as the current of electronic devices or electric devices has increased, the size and the thickness of
the electric and electronic component used in the electronic device or the electric device has increased to reduce the
current density and the diffusion of heat due to Joule heat generation.

[0005] Here, in a semiconductor device, for example, an insulating circuit substrate is used in which a copper material
is bonded to a ceramic substrate to form the heat sink or the thick copper circuit described above.

[0006] In a case in which the ceramic substrate is bonded to a copper sheet, in many cases, the bonding temperature
is set to 800°C or higher, and there is a possibility for the crystal grains of the copper material forming the heat sink or
the thick copper circuit to coarsen at the time of bonding. In particular, for copper material made of pure copper having
particularly excellent conductivity and heat radiation, the crystal grains tend to be coarsened.

[0007] In a case in which the crystal grains of the heat sink or the thick copper circuit coarsen after bonding, there is
a possibility of a problem in appearance caused by the coarsening of the crystal grains.

[0008] Therefore, for example, Patent Document 1 proposes a copper material with an objective of suppressing the
growth of the crystal grains in a case of heating the copper material at a high temperature.

[0009] In Patent Document 1, it is disclosed that by containing 0.0006 wt% to 0.0015 wt% of S, the crystal grains can
be adjusted to a fixed size even in a case in which heat treatment is carried out at recrystallization temperature or higher.

[Citation List]
[Patent Document]

[0010] [Patent Document 1]
Japanese Unexamined Patent Application, First Publication No. H06-002058

SUMMARY OF INVENTION
Technical Problem

[0011] Incidentally, in Patent Document 1, the coarsening of the crystal grains is suppressed by specifying the amount
of S, but with simply specifying the amount of S, sufficient effect of suppressing the coarsening of the crystal grains
cannot be obtained. Also, after heating, the crystal grains may be locally coarsened and the crystal structure may become
non-uniform.

[0012] Further, in a case in which the amount of S is increased in order to suppress the coarsening of the crystal
grains, there are problems in that the hot workability is greatly decreased and the producing yield of the copper material
is greatly decreased.

[0013] The present invention has been made in view of the circumstances described above, with the objective to
provide a copper material capable of suppressing coarsening and non-uniformity of crystal grains even after heating,
and a heat-dissipating member made of the copper material.

Solution to Problem

[0014] As a result of diligent studies by the present inventors in order to solve the above problems, the following
findings have been obtained.

[0015] In a case in which the copper material is plastically worked and then heated, during primary recrystallization,
which occurs at low temperature range, uniform structure is formed as strain is released, and during secondary recrys-
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tallization, which occurs at high temperature range (for example, 800°C or higher), non-uniform structure is formed as
the crystal grains are partly coarsened. Therefore, by suppressing the secondary recrystallization at the high temperature
range, the coarsening and the non-uniformity of the crystal grains can be suppressed.

[0016] Then, in the copper material to which an appropriate amount of Ca is added, Ca produces compounds with S,
Se, and Te contained as inevitable impurities (hereinafter referred to as Ca compound), and a part of the Ca compound
decomposes at a temperature of 800°C or higher, and Ca, S, Se, and Te dissolves into the matrix, so that the growth
of the crystal grains can be suppressed by Ca, S, Se, and Te.

[0017] The presentinvention has been made based on the findings described above, and a copper material according
to the present invention has a composition in which the amount of Ca is in a range of 3 mass ppm or more and 400
mass ppm or less with the remainder being Cu and inevitable impurities, and in a case in which the amount of Ca is
defined as X (mass ppm) and the total amount of O, S, Se, and Te contained as inevitable impurities is defined as Y
(mass ppm), X/Y > 2 is satisfied, and after heat treatment of holding the copper material at 800°C for 1 hour, the average
crystal grain size A is 200 um or less and the area ratio of crystal grains having a grain size in a range of 50 um or more
and 300 um or less is 60% or more.

[0018] With the copper material having the above configuration, since the amount of Ca is in a range of 3 mass ppm
or more and 400 mass ppm or less, at the time of casting, Ca reacts with S, Se, and Te contained as inevitable impurities
to produce the Ca compound. In a case in which the Ca compound is heated at a high temperature, the Ca compound
is decomposed into Ca, S, Se, and Te dissolves into the matrix, and the dissolved Ca, S, Se, and Te inhibit the growth
of the crystal grains. Therefore, the secondary recrystallization that occurs in the high temperature range (for example,
800°C or higher) can be sufficiently suppressed, and the coarsening and the non-uniformity of the crystal grains can be
suppressed even after heating.

[0019] Further, in a case in which the amount of Ca is defined as X (mass ppm) and a total amount of O, S, Se, and
Te contained as inevitable impurities is defined as Y (mass ppm), X/Y > 2 is satisfied. Therefore, even in a case in which
Ca is preferentially oxidized and consumed, Ca that reacts with S, Se, and Te can be assured, and the Ca compound
can be sufficiently produced.

[0020] In addition, the average crystal grain size A after heat treatment of holding the copper material at 800°C for 1
hour is 200 wm or less, and the area ratio of crystal grains having a grain size in a range of 50 um or more and 300 pm
orlessis 60% or more. Therefore, even in a case in which the copper material is heated to 800°C or higher, the coarsening
and the non-uniformity of the crystal grains can be reliably suppressed.

[0021] Here, in the copper material according to the present invention, it is preferable that, in a case in which the
average crystal grain size after the heat treatment of holding the copper material at 800°C for 1 hour is defined as A and
the average crystal grain size after heat treatment of holding the copper material at 1000°C for 1 hour is defined as B,
B/A < 2 be satisfied.

[0022] In this case, a difference between the average crystal grain size B after the heat treatment of holding the copper
material at 1000°C for 1 hour and the average crystal grain size A after the heat treatment of holding the copper material
at 800°C for 1 hour is small, and even in a case in which the copper material is heated at a high temperature, the
coarsening and the non-uniformity of the crystal grains can be sufficiently suppressed.

[0023] Further, in the copper material according to the present invention, it is preferable that the total amount of
inevitable impurities described above excluding O, S, Se, and Te described above be 0.1 mass% or less.

[0024] A heat-dissipating member according to the present invention is made of the copper material described above.
[0025] With the heat-dissipating member having the above configuration, since the heat-dissipating member is made
of the copper material described above, the coarsening and the non-uniformity of the crystal grains can be suppressed
even in a case in which the heat-dissipating member is heated to a high temperature of 800°C or higher at the time of
the bonding.

Advantageous Effects of Invention

[0026] Accordingto the presentinvention, itis possible to provide a copper material capable of suppressing coarsening
and non-uniformity of crystal grains even after heating, and a heat-dissipating member made of the copper material.

BRIEF DESCRIPTION OF DRAWINGS
[0027] Fig. 1 is a flowchart of a production method of a copper material according to the present embodiment.
DESCRIPTION OF EMBODIMENTS

[0028] A copper material according to an embodiment of the present invention will be described below.
[0029] The copper material according to the present embodiment is used as a material for an electric and electronic
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component such as a heat sink and a thick copper circuit, and is used, for example, by being bonded to a ceramic
substrate in a case of forming the electric and electronic component described above.

[0030] The copper material according to the present embodiment has a composition in which a amount of Ca isin a
range of 3 mass ppm or more and 400 mass ppm or less with the remainder being Cu and inevitable impurities, and in
a case in which the amount of Ca is defined as X (mass ppm) and the total amount of O, S, Se, and Te contained as
inevitable impurities is defined as Y (mass ppm), a relationship of X/Y > 2 is satisfied.

[0031] Further, in the copper material according to the present embodiment, an average crystal grain size A after heat
treatment of holding the copper material at 800°C for 1 hour is 200 wm or less, and an area ratio of crystal grains having
a grain size in a range of 50 pum or more and 300 um or less is 60% or more.

[0032] Further, in the copper material according to the present embodiment, it is preferable that, in a case in which
the average crystal grain size after the heat treatment of holding the copper material at 800°C for 1 hour is defined as
A and the average crystal grain size after heat treatment of holding the copper material at 1000°C for 1 hour is defined
as B, B/A < 2 be satisfied.

[0033] Further,inthe copper material according to the present embodiment, the total amount of the inevitable impurities
excluding O, S, Se, and Te is 0.1 mass% or less.

[0034] Here, in the copper material according to the present embodiment, the reason why the component composition
and the crystal grain size after the heat treatment are specified as described above will be described below.

(Amount of Ca: 3 mass ppm or More and 400 mass ppm or Less)

[0035] Ca produces Cacompounds with S, Se, and Te contained as inevitable impurities. Since a part of the compound
is decomposed at a high temperature and Ca, S, Se, and Te dissolves, the growth of the crystal grains can be suppressed
by the dissolved Ca, S, Se, and Te.

[0036] Here, in a case in which the amount of Ca is less than 3 mass ppm, there is a possibility that the Ca compound
cannot be sufficiently produced. On the other hand, in a case in which the amount of Ca exceeds 400 mass ppm, there
is a possibility that a coarse Ca compound is produced and the workability is significantly lowered.

[0037] Therefore, in the present embodiment, the amount of Ca is set in a range of 3 mass ppm or more and 400
mass ppm or less.

[0038] Note that a lower limit of the amount of Ca is preferably 3.5 mass ppm or more, and more preferably 4 mass
ppm or more. An upper limit of the amount of Ca is preferably 350 mass ppm or less, and more preferably 300 mass
ppm or less. The upper limit of the amount of Ca is still more preferably 100 mass ppm or less.

(Ratio of Amount X of Ca and Total Amount Y of O, S, Se, and Te: X/Y > 2)

[0039] Ca described above has higher reactivity with O than S, Se, and Te, and Ca is preferentially oxidized and
consumed.

[0040] Therefore, by setting a ratio X/Y of the amount X of Ca to the total amount Y of O, S, Se, and Te contained as
inevitable impurities larger than 2, a sufficient amount of residual Ca is assured after Ca is consumed by oxidation, and
by residual Ca reacting with S, Se, and Te, the Ca compound can be sufficiently produced.

[0041] Note that the ratio X/Y of the amount X of Ca and the total amount Y of O, S, Se, and Te is preferably 2.2 or
more, and more preferably 2.5 or more. The upper limit of X/Y is not particularly limited, but is substantially 50 or less.

(Other Inevitable Impurities)

[0042] Exemplary examples of other inevitable impurities other than the elements described above include Ag, B, Bi,
Sc, rare earth elements (excluding Sc and Y), V, Nb, Ta, Cr, Mg, Sr, Ba, Ti, Zr, Hf, Y, Mo, W, Mn, Re, Fe, Ru, Os, Co,
Rh, Ir, Ni, Pb, Pd, Pt, Au, Zn, Cd, Hg, Al, Ga, In, Ge, Sn, As, Sb, Tl, Be, N, C, Si, Li, H, and the like. Since there is a
possibility that the inevitable impurities lower a thermal conductivity, the total amount thereof is preferably 0.1 mass%
or less.

(Average Crystal Grain Size A after Heat Treatment of Holding Copper Material at 800°C for 1 Hour: 200 wm or Less)

[0043] In the copper material according to the present embodiment, in a case in which the crystal grain size after the
heat treatment of holding the copper material at 800°C for 1 hour is 200 wm or less, the coarsening of the crystal grains
can be reliably suppressed even in a case in which the copper material is heated to 800°C or higher.

[0044] Note that the average crystal grain size after the heat treatment of holding the copper material at 800°C for 1
hour is preferably 180 wm or less, and more preferably 150 um or less. Also, a lower limit of the average crystal grain
size after the heat treatment of holding the copper material at 800°C for 1 hour is not particularly limited, butis substantially
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50 pm or more.

(Area Ratio of Crystal Grains Having Grain Size in Range of 50 um or More and 300 wm or Less after Heat Treatment
of Holding Copper Material at 800°C for 1 Hour: 60% or More)

[0045] In the copper material according to the present embodiment, in a case in which an area ratio of the crystal
grains having a grain size in a range of 50 wm or more and 300 pum or less is 60% or more after the heat treatment of
holding the copper material at 800°C for 1 hour, the non-uniformity of the crystal grains can be reliably suppressed even
in a case in which the copper material is heated to 800°C or higher.

[0046] Further, the minimum grain size in a range of the grain size of 60% or more of the area ratio of the crystal after
the heat treatment of holding the copper material at 800°C for 1 hour is preferably 75 um or more, and more preferably
100 wm or more.

(Ratio of Average Crystal Grain Size A after Heat Treatment of Holding Copper Material at 800°C for 1 Hour and Average
Crystal Grain Size B after Heat Treatment of Holding Copper Material at 1000°C for 1 Hour: B/A < 2)

[0047] In the copper material according to the present embodiment, in a case in which the ratio B/A of the average
crystal grain size A after the heat treatment of holding the copper material at 800°C for 1 hour and the average crystal
grain size B after heat treatment of holding the copper material at 1000°C for 1 hour is 2 or less, the difference between
the average crystal grain size B after the heat treatment of holding the copper material at 1000°C for 1 hour and the
average crystal grain size A after the heat treatment of holding the copper material at 800°C for 1 hour is small, and
even in a case in which the copper material is heated at a high temperature, the coarsening and the non-uniformity of
the crystal grains can be sufficiently suppressed.

[0048] Note that the ratio B/A of the average crystal grain size A after the heat treatment of holding the copper material
at 800°C for 1 hour and the average crystal grain size B after the heat treatment of holding the copper material at 1000°C
for 1 hour is preferably 1.9 or less, and more preferably 1.5 or less. Further, a lower limit of B/A is not particularly limited,
but is substantially 0.8 or more.

[0049] Next, a production method of the copper material according to the present embodiment will be described with
reference to a flowchart shown in Fig. 1.

(Melt Casting Step S01)

[0050] First, a copper raw material is melted to produce molten copper. Note that as the copper raw material, for
example, it is preferable to use oxygen-free copper having a purity of 99.99 mass% or more, and oxygen-free copper
having a purity of 99.999 mass% or more.

[0051] Next, Ca is added to the obtained molten copper where composition adjustment is carried out such that a
predetermined concentration is obtained. Note that in a case of adding Ca, solely Ca or Cu-Ca matrix alloy or the like
can be used. Further, in a case of producing the Cu-Ca matrix alloy, it is preferable to use oxygen-free copper having
a purity of 99.99 mass% or more and oxygen-free copper having a purity of 99.999 mass% or more.

[0052] Then, the molten copper in which the component is adjusted is poured into a mold to produce an ingot. Note
that in a case in which mass production is considered, it is preferable to use a continuous casting method or a semi-
continuous casting method.

[0053] In a process of the melt casting step S01, a part of added Ca reacts with S, Se, and Te contained as inevitable
impurities to produce the Ca compound.

(Hot Working Step S02)

[0054] Next, hot working is carried out to uniform the structure. It is preferable that the heating in the hot working step
is carried out in a non-oxidizing or reducing atmosphere.

[0055] The hotworking temperature is not particularly limited, butis preferably carried out in a range of 500°C or higher
and 1000°C or lower. In order to uniformly produce the Ca compound in the subsequent step, a hot working start
temperature is preferably 700°C or higher in consideration of working heat generation. The hot working start temperature
is more preferably 750°C or higher.

[0056] The total working rate of the hot working is preferably 40% or more, more preferably 60% or more, and still
more preferably 70% or more.

[0057] The hot working end temperature is preferably lower than 700°C. The hot working end temperature is more
preferably 650°C or lower.

[0058] Further, a cooling method after the hot working is not particularly limited, but it is preferable to carry out air
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cooling or water cooling.

[0059] Further, a working method in the hot working step S02 is not particularly limited, and for example, rolling,
extrusion, groove rolling, forging, pressing, or the like can be adopted. In a case in which a final shape is a plate or strip,
it is preferable to adopt rolling, in a case in which the final shape is a wire or rod, it is preferable to adopt extrusion or
groove rolling, and in a case in which the final shape is a bulk material, it is preferable to adopt forging or pressing.

(Cold Working Step S03)

[0060] Next, the copper material after the hot working step S02 is subjected to cold working to be worked into a
predetermined shape. Note that a temperature condition in the cold working step S03 is not particularly limited, but the
cold working is preferably carried out in a range of -200°C or higher and 200°C or lower. In addition, the working rate in
the cold working step S03 is appropriately selected so as to approximate the final shape, butitis preferably 30% or more
in order to improve the productivity.

[0061] Further, a working method in the cold working step S03 is not particularly limited, and for example, rolling,
extrusion, groove rolling, forging, pressing, or the like can be adopted. In a case in which a final shape is a plate or strip,
it is preferable to adopt rolling, in a case in which the final shape is a wire or rod, it is preferable to adopt extrusion or
groove rolling, and in a case in which the final shape is a bulk material, it is preferable to adopt forging or pressing.

(Recrystallization Heat Treatment Step S04)

[0062] Next, the copper material after the cold working step S03 is subjected to the heat treatment for the objective
of recrystallization. Here, in a case in which the recrystallization grains after a recrystallization heat treatment step S04
are fine, there is a possibility that the growth of the crystal grains and the non-uniformity of the structure are promoted
in a case in which the recrystallization grains are subsequently heated to 800°C or higher. Therefore, the average crystal
grain size of the recrystallization grains after the recrystallization heat treatment step S04 is preferably 10 wm or more.
The average crystal grain size thereof is more preferably 15 wm or more, and still more preferably 20 um or more. The
upper limit of the grain size at the time of the recrystallization is not particularly specified, butis substantially 200 um orless.
[0063] A heat treatment condition in the recrystallization heat treatment step S04 is not particularly limited, but it is
preferable that the copper material be held at a heat treatment temperature in a range of 200°C or higher and 850°C or
lower for time in a range of 1 second or longer and 24 hours or shorter. In this case, it is preferable that short-time heat
treatment be carried out at a high temperature and prolong heat treatment be carried out at a low temperature such that
the grain size after the recrystallization falls in the range described above. The cooling rate is not particularly specified,
but in a case in which the heat treatment is carried out at a temperature of 800°C or higher, the cooling rate need only
be 10°C/sec or less at a temperature of 500°C or higher and lower than 800°C, and is preferably 5°C/sec or less, and
more preferably 1 °C/sec or less.

[0064] Further, for the uniformity of the recrystallization structure, the cold working step S03 and the recrystallization
heat treatment step S04 may be repeated two times or more.

(Thermal Refining Step S05)

[0065] Next, in order to adjust the material strength, the copper material after the recrystallization heat treatment step
S04 may be subjected to thermal refining. Note that in a case in which it is not necessary to increase the material strength,
the thermal refining may not be carried out.

[0066] A working rate of the thermal refining is not particularly limited, but it is preferable that the thermal refining be
carried out in a range of more than 0% and 50% or less in order to adjust the material strength. Also, if necessary, the
heat treatment may further be carried out after the thermal refining in order to remove the residual strain.

[0067] As described above, the copper material according to the present embodiment is produced.

[0068] In the copper material according to the present embodiment, which has the configuration described above,
since the amount of Ca is in a range of 3 mass ppm or more and 400 mass ppm or less, at the time of the casting or the
hot working and the recrystallization heat treatment, Ca reacts with S, Se, and Te contained as inevitable impurities to
produce the Ca compound. In a case in which the Ca compound is heated to 800°C or higher, the Ca compound
decomposes into Ca, S, Se, and Te and dissolves, and the dissolved Ca, S, Se, and Te inhibit the growth of the crystal
grains. Therefore, even in a case in which, for example, the copper material is heated to 800°C or higher, the secondary
recrystallization can be sufficiently suppressed, and the coarsening and the non-uniformity of the crystal grains can be
suppressed even after heating.

[0069] Further, in the copper material according to the present embodiment, since the ratio X/Y of the amount X (mass
ppm) of Ca and the total amount Y (mass ppm) of O, S, Se, and Te contained as inevitable impurities is set to larger
than 2, even in a case in which Ca preferentially reacts with oxygen and is consumed, the amount of residual Ca that
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reacts with S, Se, and Te can be assured, and the Ca compound can be sufficiently produced.

[0070] Further, in the copper material according to the present embodiment, after the heat treatment of holding the
copper material at 800°C for 1 hour, the average crystal grain size A is 200 uwm or less. Therefore, even in a case in
which the copper material is heated to 800°C or higher, the coarsening of the crystal grains can be reliably suppressed.
[0071] In addition, in the copper material according to the present embodiment, after the heat treatment of holding the
copper material at 800°C for 1 hour, the area ratio of the crystal grains having a grain size in a range of 50 wm or more
and 300 wm or less is 60% or more. Therefore, even in a case in which the copper material is heated to 800°C or higher,
the non-uniformity of the crystal grains can be reliably suppressed.

[0072] Further, in the copper material according to the present embodiment, in a case in which a ratio B/A of the
average crystal grain size A after the heat treatment of holding the copper material at 800°C for 1 hour and an average
crystal grain size B after heat treatment of holding the copper material at 1000°C for 1 hour is 2 or less, the difference
between the average crystal grain size B after the heat treatment of holding the copper material at 1000°C for 1 hour
and the average crystal grain size A after the heat treatment of holding the copper material at 800°C for 1 hour is small,
and even in a case in which the copper material is heated to a high temperature of 1000°C or higher, the coarsening
and the non-uniformity of the crystal grains can be sufficiently suppressed.

[0073] The copper material according to the embodiment of the present invention have been described so far, but the
present invention is not limited to this, and can be appropriately changed without departing from the technical idea of
the present invention.

[0074] Forexample, in the embodiment described above, an example of the production method of the copper material
has been described, but the production method of the copper material is not limited to the example described in the
embodiment, and an existing production method may be appropriately selected for producing.

EXAMPLES

[0075] Hereinafter, the results of the confirmation experiment conducted to confirm the effects of the present invention
will be described.

[0076] A copper raw material made of oxygen-free copper having a purity of 99.99 mass% or more was charged into
a high-purity graphite crucible and then melted at high frequency in an atmosphere furnace having Ar gas atmosphere.
A Cu-1mass% Ca matrix alloy was charged into the obtained molten copper to prepare a component composition as
shown in Table 1.

[0077] The obtained molten copper was poured into a mold and an ingot was produced. Note that a size of the ingot
was about 25 mm in thickness X about 70 mm in width X about 160 mm to 190 mm in length.

[0078] The obtained ingot was heated at 800°C for 1 hour in Ar gas atmosphere and subjected to hot rolling to obtain
a thickness of 15 mm.

[0079] A copper material after the hot rolling was cut and surface grinding was carried out to remove oxide film on the
surface. In this case, the thickness of the copper material to be subjected to cold rolling was adjusted such that a final
thickness was 0.8 mm in consideration of rolling rates of the subsequent cold rolling and thermal refining rolling.
[0080] The copper material of which the thickness was adjusted as described above was subjected to the cold rolling
under a condition of a working rate of 90%.

[0081] Next, the copper material after the cold rolling was subjected to recrystallization heat treatment under a condition
of holding the copper material at 600°C to 850°C for 5 seconds.

[0082] Then, the copper material after the recrystallization heat treatment was subjected to the thermal refining rolling
under a condition of a working rate of 5% to 50% to produce the copper material having a thickness of 0.8 mm and a
width of 60 mm.

[0083] Further, the following items were evaluated. Table 2 shows the evaluation results.

(Composition Analysis of Copper Material)

[0084] A measurement sample was collected from the obtained copper material, and a composition analysis was
carried out by an ICP-MS analyzer (7500CX manufactured by Agilent Technologies, Inc). As a result, the composition
shown in Table 1 was confirmed.

(Average Crystal Grain Size A after Heat Treatment at 800°C for 1 hour)

[0085] The obtained copper material was subjected to the heat treatment of holding the copper material at 800°C for
1 hour. A 50 mm X 50 mm sample was cut out from a test piece, was subjected to mechanical polishing by using water-
resistant abrasive paper and diamond abrasive grains, and then was subjected to finish polishing by using a colloidal
silica solution.
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[0086] A crystal grain boundary map was created with crystal grain boundaries between measurement points in which
an orientation difference between adjacent measurement points was 15° or more in a measurement area of 1000 pm?
in steps of measurement intervals of 5 um by using an EBSD measurement device (QUANTA 450 EFG manufactured
by Thermo Fisher Scientific and AMETEK 9424 manufactured by EDAX Inc/TSL solutions), and an analysis software
(OIM Analysis 7 X 64 manufactured by TSL solutions). For the crystal grain boundary map, the measurement points in
which the Cl value was 0.1 or less were excluded.

[0087] In accordance with the intercept method of JIS H 0501, 5 line segments of a predetermined length were drawn
vertically and horizontally on the crystal grain boundary map described above, the number of the crystal grains completely
intercepted by the line segments was counted, and an average value of the intercepted length was used as the average
crystal grain size.

[0088] (Area Ratio of Crystal Grains Having Grain Size of 50 um or More and 300 uwm or Less after Heat Treatment
at 800°C for 1 hour)

[0089] By using the analysis software (OIM Analysis 7 X 64 manufactured by TSL solutions), the crystal grain size of
each crystal grain was obtained from the grain boundary map created in which the crystal grain size A was measured
as described above, and from the area fraction, the area ratio of the crystal grains having the grain size of 50 um or
more and 300 pm or less was calculated from the total area of all the crystal grains.

(Average Crystal Grain Size B after Heat Treatment at 1000°C for 1 hour)

[0090] A testpiece was collected from the obtained copper material and was subjected to the heat treatment of holding
the copper material at 1000°C for 1 hour. A 50 mm X 50 mm sample was cut out from the test piece, and the average
crystal grain size B after the heat treatment at 1000°C for 1 hour was calculated by the same procedure as the "average
crystal grain size A after the heat treatment at 800°C for 1 hour" described above.

[Table 1]
Component composition (mass ratio)
Ca (X) o |g - Se Te | Totaloffourelements(Y) | X/Y
ppm ppm ppm Ppm ppm

1 3 0.8 0.4 0.1 0.1 14 2.1
2 5 0.8 1.0 0.3 0.1 22 23
3 10 1.0 2.1 0.2 0.2 34 2.9
4 20 2.0 5.0 04 0.1 75 27
5 46 2.0 7.9 04 0.1 10.5 44
6 54 5.0 12.0 0.2 0.1 17.3 31
7 62 10.0 4.0 0.3 0.2 14.5 43
Pres;;;::;i”tio” 8 77 10 | 70 | 02 | o1 8.3 9.3
9 120 2.0 4.3 0.3 0.2 6.5 18.5
10 157 2.0 4.0 0.3 0.2 6.5 24.2
11 178 9.0 6.1 0.1 0.1 15.2 11.7
12 192 2.0 3.0 0.1 0.1 5.2 36.9
13 244 7.0 24.0 0.3 0.2 31.5 7.7
14 265 3.0 5.2 0.1 0.1 8.2 323
15 398 5.0 5.0 0.2 0.2 10.4 38.3

1 - 1.0 5.0 0.2 0.1 6.3 -
2 1 2.0 3.0 0.2 0.1 5.3 0.2

Comparative Example

3 10 0.8 5.5 0.1 0.1 6.5 1.5
4 543 5.0 6.0 0.1 0.2 11.3 48.1
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[Table 2]
After heat treatment at 800°C for 1
hour
Area A
; Area | Area ; verage
RO"lng ratlo .
Temperature of ratio ratio crystal grain
R rate of | Average of .
recrystallization 9 of50 | of75 size B after
heat treatment refinin ys! pm< | pm< heattreatment
step (°C) 9 | grain A< | A< | BM< | at1000°Cfor1
step (%) size A - - A<
300 300 hour (um)
(pm) 300
pm pm um
0, 0,
%) | 6 | g
1 650 25 144 69 67 64 152 1.1
2 600 5 112 66 65 61 105 0.9
3 650 25 135 81 79 75 136 1.0
4 750 46 155 70 69 66 162 1.0
5 800 9 121 68 66 64 103 0.9
6 650 15 115 77 76 72 108 0.9
7 850 13 122 70 69 66 174 1.4
Present
Invention 8 850 32 139 65 63 60 145 1.0
Example 9 700 40 144 73 71 69 151 1.0
10 700 40 136 74 73 71 175 1.3
11 700 30 134 65 63 61 155 1.2
12 700 40 125 68 67 64 118 0.9
13 700 12 126 83 82 78 134 1.1
14 800 42 126 75 73 69 133 1.1
15 800 46 132 69 68 65 183 1.4
1 650 24 215 55 53 47 478 2.2
Example 3 800 13 233 51 50 44 557 2.4
4 800 7 - - - - - -

[0091] In Comparative Example 1, Ca was not added, the average crystal grain size A after the heat treatment at
800°C for 1 hour was 215 um, the average crystal grain size B after the heat treatment at 1000°C for 1 hour was 478
pm, and the crystal grains were coarsened after the heat treatment. Further, the area ratio of the crystal having a grain
size of 50 wm or more and 300 pwm or less after the heat treatment at 800°C for 1 hour was 55%, which is small, and
the crystal grains after the heat treatment were non-uniform.

[0092] In Comparative Example 2, the ratio of the amount X (mass ppm) of Ca and the total amount Y (mass ppm) of
0, S, Se, and Te contained as inevitable impurities was 0.2, the average crystal grain size A after the heat treatment at
800°C for 1 hour was 204 pum, the average crystal grain size B after the heat treatment at 1000°C for 1 hour was 506
pm, and the crystal grains were coarsened after the heat treatment. Further, the area ratio of the crystal having a grain
size of 50 wm or more and 300 pwm or less after the heat treatment at 800°C for 1 hour was 49%, which is small, and
the crystal grains after the heat treatment were non-uniform.

[0093] In Comparative Example 3, the ratio of the amount X (mass ppm) of Ca and the total amount Y (mass ppm) of
0, S, Se, and Te contained as inevitable impurities was 1.5, the average crystal grain size A after the heat treatment at
800°C for 1 hour was 233 um, the average crystal grain size B after the heat treatment at 1000°C for 1 hour was 557
pm, and the crystal grains were coarsened after the heat treatment. Further, the area ratio of the crystal grains having
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a grain size in a range of 50 wm or more and 300 wm or less after the heat treatment at 800°C for 1 hour was 51%,
which is small, and the crystal grains after the heat treatment were non-uniform.

[0094] In Comparative Example 4, the amount of Ca was 543 mass ppm, and fracture occurred at the time of the
working. Accordingly, the subsequent evaluation was canceled. Itis presumed that a coarse Ca compound was produced
at the time of the casting.

[0095] On the other hand, in Present Invention Examples 1 to 15 having the composition in which the amount of Ca
was in a range of 3 mass ppm or more and 400 mass ppm or less with the remainder being Cu and inevitable impurities,
in which the ratio X/Y of the amount X (mass ppm) of Ca and the total amount Y (mass ppm) of O, S, Se, and Te contained
as inevitable impurities was larger than 2, the average crystal grain size A after the heat treatment at 800°C for 1 hour
was 155 pum or less, the average crystal grain size B after the heat treatment at 1000°C for 1 hour was 183 pm or less,
and the coarsening of the crystal grains after the heat treatment was suppressed. Further, the area ratio of the crystal
having a grain size of 50 um or more and 300 pum or less after the heat treatment at 800°C for 1 hour was 60% or more,
and the crystal grains after the heat treatment were uniform.

[0096] From the above, according to Present Invention Examples, it was confirmed that the copper material capable
of suppressing the coarsening and the non-uniformity of the crystal grains even after heating can be provided.

INDUSTRIAL APPLICABILITY

[0097] The copper material and heat-dissipating member according to the present invention can be used for a member
in which it is preferable to suppress the coarsening of the crystal grains to prevent the changes in appearance, for
example, the electric and electronic component including the heat sink or the thick copper circuit.

Claims
1. A copper material having:

a composition in which an amount of Ca is in a range of 3 mass ppm or more and 400 mass ppm or less with
the remainder being Cu and inevitable impurities,

wherein in a case in which the amount of Ca is defined as X (mass ppm) and a total amount of O, S, Se, and
Te contained as inevitable impurities is defined as Y (mass ppm), X/Y > 2 is satisfied, and

after heat treatment of holding the copper material at 800°C for 1 hour, an average crystal grain size is 200 um
or less and an area ratio of crystal grains having a grain size in a range of 50 um or more and 300 um or less
is 60% or more.

2. The copper material according to Claim 1,
wherein in a case in which the average crystal grain size after the heat treatment of holding the copper material at
800°C for 1 hour is defined as A and an average crystal grain size after heat treatment of holding the copper material
at 1000°C for 1 hour is defined as B, B/A < 2 is satisfied.

3. The copper material according to Claim 1,
wherein a total amount of inevitable impurities excluding O, S, Se, and Te is 0.1 mass% or less.

4. A heat-dissipating member made of the copper material according to any one of Claims 1 to 3.

10
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FIG. 1
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