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DESCRIPTION 

COPPER ALLOY FOR ELECTRONIC/ELECTRICAL DEVICE, COPPER ALLOY 

PLASTIC ALLY-WORKED MATERIAL FOR ELECTRONIC/ELECTRICAL DEVICE, 

5 COMPONENT FOR ELECTRONIC/ELECTRICAL DEVICE, TERMINAL, AND 

BUSBAR 

TECHNICAL FIELD 

[0001] 

10 The present invention relates to a copper alloy for an electronic and/or electric 

device (electronic/electric device), which is suitable for terminals such as lead frames, 

connectors, press-fits and the like; a plastically-worked copper alloy material for an 

electronic and electric device made of the copper alloy for an electronic and electric 

device; a component for an electronic and electric device; a terminal; and a busbar. 

15 Priority is claimed on Japanese Patent Application No. 2015-177743, filed 

September 9, 2015, Japanese Patent Application No. 2015-235096, filed December 1, 

2015, and Japanese Patent Application No. 2016-069178, filed March 30, 2016, the 

contents of which are incorporated herein by reference. 

20 BACKGROUND ART 

[0002] 

Conventionally, highly conductive copper or copper alloy is used for an 

electronic or electric device such as terminals of connectors, press-fits, or the like; relays; 

lead frames; bus bars; and the like. 

25 In response to the size reduction of an electronic, an electric device, and the like, 



there have been attempts to reduce the size and thickness of components for an electronic 

and electric device used in the electronic device and electric device. Therefore, high 

strength and excellent bendability are required for the material constituting the 

component of the electronic or electric device. 

5 Furthermore, in large terminals and bus bars to which a large current is applied, 

it is necessary to use a rolling material with less anisotropy. 

[0003] 

For example, Cu-Mg alloys are proposed in Patent Literatures 1 and 2 (PTLs 1 

and 2) as a material used for the electronic and electric device such as terminals; relays; 

10 lead frames; busbars; and the like. 

Citation List 

Patent Literature 

[0004] 

15 [PTL 1] Japanese Unexamined Patent Application, First Publication No. 

2014-025089 (A) 

[PTL 2] Japanese Unexamined Patent Application, First Publication No. 

2014-114464 (A) 

20 DISCLOSURE OF INVENTION 

Technical Problem 

[0005] 

In the Cu-Mg-based alloy described in PTL 1, since the content of Mg is high, 

conductivity is insufficient and it is difficult to apply the alloy to applications requiring 

25 high conductivity. 
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In addition, coarse precipitates are formed in the Cu-Mg alloy described in PTL 

2 since the Mg content is 0.01-0.5 mass% and the P content is 0.01-0.5 mass%. Thus, the 

cold workability and the bendability are insufficient. 

[0006] 

5 The present invention is made under the circumstances described above. The 

purpose of the present invention is to provide a copper alloy for an electronic/electric 

device, a plastically-worked copper alloy material for an electronic or electric device, a 

component for an electronic or electric device, a terminal, and a busbar, all of which have 

excellent electrical conductivity, strength, and bendability; and less anisotropy. 

Solution to Problem 

[0007] 

In order to solve the above-described problem, a copper alloy for an electronic 

and electric device, which is an aspect of the present invention, (hereinafter, referred as 

15 "the copper alloy for an electronic and electric device of the present invention") is 

configured that the copper alloy for an electronic and electric device includes: Mg in a 

range of 0.15 mass% or more and less than 0.35 mass%; and a Cu balance including 

inevitable impurities, wherein 

the electrical conductivity of the copper alloy is more than 75%IACS, and 

20 a strength ratio TSTD/TSLD, which is calculated from strength TSTD obtained 

from a tensile test performed in a direction perpendicular to a rolling direction and 

strength TSLD obtained in a tensile test performed in a direction parallel to a rolling 

direction, is more than 0.9 and less than 1.1. 

[0008] 

25 According to the copper alloy for an electronic and electric device configured as 
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described above, the strength and the stress relaxation resistance can be improved 

without greatly decreasing the electrical conductivity by solid melting Mg in the Cu 

matrix phase since the Mg content is in the range of 0.15 mass% or more and less than 

0.35 mass%. Specifically, since the conductivity is more than 75%IACS, it can be 

5 applied to applications requiring high conductivity. 

In addition, since a strength ratio TSTD/TSLD, which is calculated from strength 

TSTD obtained in a tensile test performed in a direction perpendicular to a rolling 

direction and strength TSLD obtained in a tensile test performed in a direction parallel to a 

rolling direction, is more than 0.9 and less than 1.1, there is less strong anisotropy; a 

10 sufficient strength is secured even in the case requiring strength in both of the LD 

direction and the TD direction such as in terminals and busbars for high current usage; 

and occurrence of cracking or the like, which occurs by unnecessary high-strengthening 

in a specific direction, in bending work can be suppressed. In other words, the copper 

alloy can obtain excellent bendability in bending in a direction in which the bending axis 

15 is perpendicular to the rolling direction (GW bending) and in bending in a direction in 

which the bending axis is parallel to the rolling direction (BW bending). 

[0009] 

In the copper alloy for electronic and electric device of the present invention, the 

copper alloy may further include P in a range of 0.0005 mass% or more and less than 

20 0.01 mass%. 

In this case, by adding P, the viscosity of the molten copper alloy containing Mg 

can be lowered, and castability can be improved. 

[0010] 

In addition, in the case where the copper alloy for electronic and electric device 

25 of the present invention includes P in the above-described range, the Mg content [Mg] in 
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a mass% and the P content [P] in a mass% may satisfy a relational expression of 

[Mg]+20x[P]<0.5. 

In this case, it is possible to suppress the formation of coarse crystals containing 

Mg and P, and to suppress the deterioration of cold workability and bendability. 

5 [0011] 

In addition, in the case where the copper alloy for electronic and electric device 

of the present invention includes P in the above-described range, the Mg content [Mg] in 

mass% and the P content [P] in mass%, may satisfy a relational expression of 

[Mg]/[P]<400. 

10 In this case, the castability can be improved reliably by defining the ratio 

between the content of Mg, which reduces the castability, and the content of P, which 

improves the castability, as described above. 

[0012] 

In addition, in the copper alloy for electronic and electric device of the present 

15 invention, a ratio of crystals having a crystal orientation within 10° with respect to a 

Brass orientation {110} <112> may be 40% or less, and 

a ratio of crystals having a crystal orientation within 10° with respect to a 

Copper orientation {112} <111> may be 40% or less. 

As the Brass orientation increases, the strength (TSTD) in the BW direction 

20 (perpendicular to the rolling direction) increases; and as the Copper orientation increases, 

the strength (TSLD) in the GW direction (parallel to the rolling direction) increases. 

Therefore, by limiting the ratio of the crystal having the Brass orientation and the crystal 

having the Copper orientation to 40% or less, it is possible to suppress the increase in 

either the strength in the BW direction or the strength in the GW direction. Moreover, it 

25 is possible to improve the bendability in GW bending and BW bending. 
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[0013] 

A plastically-worked copper alloy material for an electronic and electric device, 

which is other aspect of the present invention, (hereinafter, referred as "the 

plastically-worked copper alloy material for an electronic and electric device of the 

5 present invention") is made of the above-described copper alloy for an electronic and 

electric device. 

According to the plastically-worked copper alloy material configured as 

described above, the plastically-worked copper alloy material has excellent electrical 

conductivity, strength, bendability, and stress relaxation resistance, since it is made of the 

10 above-described copper alloy for an electronic and electric device. Thus, the 

plastically-worked copper alloy material is particularly suitable for the material of an 

electronic and electric device, such as: terminals of connectors, press-fits or the like; 

relays; lead frames; busbars, and the like. 

[0014] 

15 In the plastically-worked copper alloy material for an electronic and electric 

device of the present invention, a Sn plating layer or a Ag plating layer may be provided 

In this case, the plastically-worked copper alloy material is particularly suitable 

for the material of an electronic and electric device, such as: terminals of connectors, 

press-fits or the like; relays; lead frames; busbars and the like since the Sn plating layer 

20 or the Ag plating layer is provided on the surface of the plastically-worked copper alloy 

material. In the present invention, "the Sn plating" includes a Sn plating of the pure Sn 

and a plating of a Sn alloy; and "the Ag plating" includes a plating made of the pure Ag 

and a plating made of a Ag alloy. 

[0015] 

25 A component for an electronic and electric device, which is other aspect of the 
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present invention, (hereinafter, referred as "the component for an electronic and electric 

device of the present invention") is made of the above-described plastically-worked 

copper alloy material for an electronic and electric device. The component for an 

electronic and electric device of the present invention includes: terminals of connectors, 

5 press-fits or the like; relays; lead frames; busbars and the like. 

The component for an electronic and electric device configured as described 

above can exhibit excellent properties even if it is down-sized and thinned since it is 

produced by using the plastically-worked copper alloy material described above. 

[0016] 

10 A terminal, which is other aspect of the present invention, (hereinafter, referred 

as "the terminal of the present invention") is made of the above-described 

plastically-worked copper alloy material for an electronic and electric device. 

The terminal configured as described above can exhibit excellent properties 

even if it is down-sized and thinned since it is produced by using the plastically-worked 

15 copper alloy material described above. 

[0017] 

A busbar, which is other aspect of the present invention, (hereinafter, referred as 

"the busbar of the present invention") is made of the above-described plastically-worked 

copper alloy material for an electronic and electric device. 

20 The busbar configured as described above can exhibit excellent properties even 

if it is down-sized and thinned since it is produced by using the plastically-worked 

copper alloy material described above. 

Advantageous Effects of Invention 

25 [0018] 
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According to the present invention, a copper alloy for an electronic and electric 

device; a plastically-worked copper alloy material for an electronic and electric device; a 

component for an electronic and electric device; a terminal; and a busbar, each of which 

has excellent electrical conductivity, strength, and bendability; and less anisotropy, can 

5 be provided. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] 

FIG. 1 is a flowchart of a method of producing the copper alloy for an electronic 

10 and electric device of an embodiment of the present invention. 

DESCRIPTION OF EMBODIMENTS 

[0020] 

A copper alloy for an electronic and electric device, which is an embodiment of 

15 the present invention, is explained below. 

The copper alloy for an electronic and electric device of the present embodiment 

has a composition including: Mg in the range of 0.15 mass% or more and less than 0.35 

mass%; and the Cu balance including inevitable impurities. 

In addition, the electrical conductivity is set to more than 75%IACS in the 

20 copper alloy for an electronic and electric device of the present embodiment. 

In addition, a strength ratio TSTD/TSLD, which is calculated from strength TSTD 

obtained in a tensile test performed in a direction perpendicular to a rolling direction and 

strength TSLD obtained in a tensile test performed in a direction parallel to a rolling 

direction, is more than 0.9 and less than 1.1 in the copper alloy for an electronic and 

25 electric device of the present embodiment. That is, the present embodiment is a rolled 
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material of a copper alloy for electronic and electrical devices, and the relationship 

between the strength TSTD obtained in a tensile test performed in a direction 

perpendicular to a rolling direction and the strength TSLD obtained in a tensile test 

performed in a direction parallel to a rolling direction in the final step in rolling is 

5 defined as described above. 

[0021] 

In the copper alloy for electronic and electric device of the present embodiment, 

the copper alloy further includes P in a range of 0.0005 mass% or more and less than 

0.01 mass%. 

10 In the case where the copper alloy for electronic and electric device of the 

present embodiment includes P in the above-described range, the Mg content [Mg] in a 

mass% and the P content [P] in a mass% satisfy a relational expression of 

[Mg]+20x[P]<0.5. 

In addition, in the case where the copper alloy for electronic and electric device 

15 of the present embodiment includes P in the above-described range, the Mg content [Mg] 

in mass% and the P content [P] in mass% satisfy a relational expression of [Mg]/[P]<400. 

[0022] 

In the copper alloy for electronic and electric device of the present embodiment, 

a ratio of crystals having a crystal orientation within 10° with respect to a Brass 

20 orientation {110} <112> is set to 40% or less, and a ratio of crystals having a crystal 

orientation within 10° with respect to a Copper orientation {112} <111> is set to 40% or 

less. 

[0023] 

Reasons for setting the component compositions, the crystal orientation and 

25 each of characteristics as described above are explained below. 
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[0024] 

(Mg: 0.15 mass% or more and less than 0.35 mass%) 

By dissolving Mg in matrix of the copper alloy, it is possible to improve the 

strength and the stress relaxation resistance without significantly reducing the 

5 conductivity. 

If the Mg content is less than 0.15 mass%, there would be a possibility that the 

above-described effect cannot be obtained sufficiently. In addition, since the alloy 

composition becomes close to the pure copper, the texture of the pure copper type is 

strongly formed after the finish rolling, and the ratio of the Copper orientation, which is a 

10 representative pure copper type orientation, which will be described later, becomes 

excessively high. Therefore, there would be a possibility that the strength ratio 

TSTD/TSLD becomes smaller value than the above-described appropriate range. 

On the other hand, when the content of Mg is 0.35 mass% or more, the 

conductivity reduces significantly, the brass type texture structure is formed after finish 

15 rolling, and the Brass orientation ratio described later becomes excessively high. 

Therefore, there would be a possibility that the strength ratio TSTD/TSLD becomes larger 

value than the above-described appropriate range. 

Moreover, there would be a possibility that the electrical conductivity is 

significantly reduced and the viscosity of the melted copper alloy is increased and the 

20 castability is reduced. 

Accordingly, the Mg content is set to the range of 0.15 mass% or more and less 

than 0.35 mass% in the present embodiment. 

In order to reliably improve the above-described technical effects, it is 

preferable that the lower limit of the Mg content is set 0.18 mass% or more. It is more 

25 preferable that the lower limit of the Mg content is set to 0.2 mass% or more. In addition, 
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it is preferable that the upper limit of the Mg content is set to 0.32 mass% or less. It is 

more preferable that the upper limit of the Mg content is set to 0.3 mass% or less. 

[0025] 

(P: 0.0005 mass% or more and less than 0.01 mass%) 

5 P is an element having effect of improving castability. In addition, P has a 

function of miniaturizing re-crystalized crystal grains by forming a compound with Mg. 

If the P content were less than 0.0005 mass%, there would be a possibility that 

the above-described effect cannot be obtained sufficiently. On the other hand, if the P 

content were 0.01 mass% or more, there would be a possibility that cracking occurs in 

10 cold working or bending since above-described precipitates containing Mg and P are 

coarsened; and these precipitates become start points of breakage. 

Accordingly, the P content is set to the range of 0.0005 mass% or more and less 

than 0.01 mass% in the present embodiment of adding P. In order to reliably improve the 

castability, it is preferable that the lower limit of the P content is set to 0.0007 mass% or 

15 more. It is more preferable that the lower limit of the P content is set to 0.001 mass% or 

more. In addition, in order to reliably suppress formation of the coarse precipitates, it is 

preferable that the upper limit of the P content is set to less than 0.009 mass%. It is more 

preferable that the upper limit of the P content is set to less than 0.008 mass%. It is most 

preferable that the upper limit of the P content is set to less than 0.0075 mass%. 

20 [0026] 

([Mg] +20 x [P] <0.5) 

In the case of adding P, as described above, the precipitates containing Mg and P 

are formed by having Mg and P coexist. 

If the value of [Mg]+20x[P] were 0.5 or more where [Mg] is the Mg content and 

25 [P] is the P content in mass%, there would be a possibility that cracking occurs in cold 
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working or bending since the total amount of Mg and P is excessive; the precipitates 

containing Mg and P are coarsened and distributed in high density. 

Accordingly, [Mg]+20x[P] is set to less than 0.5 in the present embodiment of 

adding P. In order to reliably suppress the coarsening and high-densification of the 

5 precipitates and formation of cracking in cold working or bending, it is preferable that 

[Mg]+20x[P] is set to less than 0.48. It is more preferable that [Mg]+20x[P] is set to less 

than 0.46. 

[0027] 

([Mg]/[P]<400) 

10 In order to reliably improve castability, it is necessary for the ratio of the Mg and 

P contents to be optimized since Mg is an element having effect of increasing the 

viscosity of the copper alloy melt and reducing the castability. 

If [Mg]/[P] exceeded 400 where [Mg] is the Mg content and [P] is the P content 

in mass%, there would be a possibility that the effect of improving the castability by 

15 adding P is reduced since the Mg content relative to P is increased. 

Accordingly, [Mg]/[P] is set to 400 or less in the present embodiment of adding 

P. In order to further improve the castability, it is preferable that [Mg]/[P] is set to 350 or 

less. It is more preferable that [Mg]/[P] is set to 300 or less. 

If [Mg]/[P] were excessively low, there would be a possibility that Mg is 

20 consumed as the precipitates; and the effect because of solid soluting of Mg cannot be 

obtained. In order to reliably improve the yield strength and the stress relaxation 

resistance because of solid soluting of Mg by suppressing the formation of the 

precipitates containing Mg and P, it is preferable that the lower limit of [Mg]/[P] is set to 

a value exceeding 20. It is more preferable that the lower limit of [Mg]/[P] is set to a 

25 value exceeding 25. 
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[0028] 

(Inevitable impurities: 0.1 mass% or less) 

As other inevitable impurities, Ag; B; Ca; Sr; Ba; Sc; Y; rare earth elements; Ti; 

Zr; Hf; V; Nb; Ta; Cr; Mo; W; Mn; Re; Fe; Ru; Os; Co; Se; Te; Rh; Ir; Ni; Pd; Pt; Au; Zn; 

5 Cd; Hg; Al; Ga; In; Ge; Sn; As; Sb; Tl; Pb; Bi; Be; N; C; Si; Li; H; O; S; or the like can 

be named. The total amount of these inevitable impurities is set to 0.1 mass% or less 

since they have action to reduce electrical conductivity. It is preferable that the total 

content of the inevitable impurities is set to 0.09 mass% or less. It is more preferable that 

the total content of the inevitable impurities is set to 0.08 mass% or less. 

10 Since Ag, Zn, and Sn are easily dissolved in Cu for the electrical conductivity to 

be reduced, it is preferable that the total amount of Ag, Zn, and Sn is set to less than 500 

mass ppm. 

Moreover, Si, Cr, Ti, Zr, Fe and Co particularly reduce the electrical 

conductivity significantly and deteriorate the bendability by forming inclusion bodies. 

15 Thus, it is preferable that the total amount of Si, Cr, Ti, Zr, Fe, and Co is set to less than 

500 mass ppm. 

[0029] 

(TSTD/TSLD: 0.9 or more and less than 1.1) 

In the case where the strength ratio TSTD/TSLD, which is calculated from 

20 strength TSTD obtained in a tensile test performed in a direction perpendicular to a rolling 

direction and strength TSLD obtained in a tensile test performed in a direction parallel to a 

rolling direction, is more than 0.9 and less than 1.1, there is less strong anisotropy; a 

sufficient strength is secured even in the case requiring strength in both of the LD 

direction and the TD direction such as in terminals and busbars for high current usage; 

25 and occurrence of cracking or the like, which occurs by unnecessary high-strengthening 
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in a specific direction, in bending work can be suppressed. Because of these, the copper 

alloy can obtain excellent bendability in bending in a direction in which the bending axis 

is perpendicular to the rolling direction (GW bending) and in bending in a direction in 

which the bending axis is parallel to the rolling direction (BW bending). 

5 It is preferable that the lower limit of the strength ratio TSTD/TSLD is set to 0.94 

or more in order to reliably obtain these technical effects. More preferably, it is set to 

0.98 or more. In addition, it is preferable to set the upper limit of the strength ratio 

TSTD/TSLD to 1.08 or less. More preferably, it is set to 1.06 or less. 

[0030] 

10 (Electrical conductivity: exceeding 75%IACS) 

The copper alloy for an electronic or electric device of the present embodiment 

can be suitably used as a component for an electronic or electric device such as: terminals 

of connectors, press-fits, or the like; relays; lead frames; busbars; and the like by setting 

the electric conductivity to a value exceeding 75%IACS. 

15 It is preferable that the electrical conductivity is set to more than 76%IACS. 

More preferably, it is more than 77%IACS. Even more preferably, it is more than 

78%IACS. Even more preferably, it is more than 80%IACS. 

[0031] 

(Brass orientation {110} <112>: less than 40%) 

20 As the Brass orientation increases, the strength in the BW direction increases. 

Therefore, the ratio of the crystals having a crystal orientation within 10° with respect to 

the Brass orientation {110} <112> is set to 40% or less in order to suppress the 

anisotropy of the strength. 

The ratio of crystals having a crystal orientation within 10° with respect to the 

25 Brass orientation {110} <112> is preferably set to 30% or less, more preferably 20% or 
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less in order to further suppress the anisotropy of the strength. 

On the other hand, if the ratio of the Brass orientation were too low, the strength 

in the BW direction would become too low and there would be a possibility that the 

required strength cannot be obtained. Thus, the lower limit of the ratio of crystals having 

5 a crystal orientation within 10° with respect to the Brass orientation {110} <112> is 

preferably set to 1% or more, and more preferably to 5% or more. 

[0032] 

(Copper orientation {112} <111>: less than 40%) 

As the Copper orientation increases, the strength in the GW direction increases. 

10 Therefore, the ratio of the crystal having a crystal orientation within 10° with respect to 

the Copper orientation {112} <111> is set to 40% or less in order to suppress the 

anisotropy of the strength. 

The ratio of crystals having a crystal orientation within 10° with respect to the 

Copper orientation {112} <111> is preferably set to 30% or less, more preferably 20% or 

15 less in order to further suppress the anisotropy of the strength. 

On the other hand, if the ratio of the Copper orientation were too low, the 

strength in the GW direction would become too low and there would be a possibility that 

the required strength cannot be obtained. Thus, the lower limit of the ratio of crystals 

having a crystal orientation within 10° with respect to the Copper orientation {112} 

20 <111> is preferably set to 1% or more, and more preferably to 5% or more. 

[0033] 

Next, a method of producing a copper alloy for an electronic and electric device 

of the present embodiment as configured above is explained in reference to the flowchart 

in FIG. 1. 

25 [0034] 



16 

(Melt casting step SOI) 

First, components are adjusted by adding the above-described elements to 

molten copper obtained by melting a copper raw material, thereby producing a molten 

copper alloy. Here, the molten copper is preferably a so-called 4NCu having purity set to 

5 99.99% by mass or more: or a so-called 5NCu having purity set to 99.999% by mass or 

more. Meanwhile, as each of elements added, it is possible to use a single body of the 

element, an alloy of the element, or the like. 

In addition, a raw material including the element may be melted together with 

the copper raw material. In addition, a recycled material or a scrapped material of the 

10 present alloy may also be used. In the melting step, it is preferable to perform atmosphere 

melting in an inert gas atmosphere with a low vapor pressure of H20 and keep the 

retention time in melting to the minimum in order to suppress oxidation of Mg; and 

reduce the hydrogen concentration. 

[0035] 

15 Then, the ingot is produced by pouring the copper alloy melt with the adjusted 

component composition. In consideration of mass production, it is preferable that the 

continuous casting method or the semi-continuous casting method is used. 

At this time, precipitates containing Mg and P are formed in solidification of the 

melt. Thus, by increasing the solidification rate, the size of the precipitates can be 

20 miniaturized further. Therefore, it is preferable that the cooling rate of the melt is set to 

0.1oC/sec or more. More preferably, it is set to 0.5°C/sec or more. Most preferably, it is 

set to l0C/sec or more. 

[0036] 

(Homogenization/solution treatment step S02) 

25 Next, a heating treatment is carried out in order for homogenization of the 
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obtained ingot and formation of a solid solution. Inside the ingot, an intermetallic 

compound including Cu and Mg as major components which is generated by Mg being 

condensed due to segregation in a solidification step is present. Therefore, in order to 

remove or reduce the segregation and the intermetallic compound, a heating treatment in 

5 which the ingot is heated to a temperature in a range of 300°C to 900°C is carried out, 

thereby homogeneously dispersing Mg or dissolving Mg in the matrix in the ingot. 

Meanwhile, this homogenization/solution treatment step S02 is preferably carried out in a 

non-oxidizing or reducing atmosphere. 

[0037] 

10 Here, when the heating temperature is lower than 300°C, formation of a solid 

solution becomes incomplete, and there is a concern that a large amount of an 

intermetallic compound including Cu and Mg as major components may remain in the 

matrix. On the other hand, when the heating temperature exceeds 900°C, some of the 

copper material turns into a liquid phase, and there is a concern that the structure or the 

15 surface state may become uneven. Therefore, the heating temperature is set in a range of 

300°C to 900°C. 

Hot working may be performed after the above-described 

homogenization/solution treatment step S02 for efficient rough working which is 

described below and homogenization of the structure. In this case, the processing method 

20 is not particularly limited. For example, rolling, drawing, extrusion, groove rolling, 

forging, pressing, or the like can be used. In addition, it is preferable that the temperature 

of hot working is set to the range of 300°C or more and 900°C or less. 

[0038] 

(Rough working step S03) 



18 

In order to shape the material into a predetermined shape, rough working is 

performed. The temperature condition in the rough working step S03 is not particularly 

limited. However, it is preferable that the temperature condition is set to the range of 

-200°C to 200°C, which corresponds to cold or warm rolling, in order to suppress 

5 recrystallization or to improve dimensional accuracy. It is particularly preferable that the 

temperature condition is a room temperature. It is preferable that the processing ratio (the 

rolling ratio) is 20% or more. More preferably, it is 30% or more. The processing method 

is not particularly limited. For example, rolling, drawing, extrusion, groove rolling, 

forging, pressing, or the like can be used 

10 [0039] 

(Intermediate heat treatment step S04) 

After the rough working step S03, a heat treatment is carried out for softening, 

which aims to reliably form a solid solution, form a recrystallized structure or improve 

working properties. A method for the heat treatment is not particularly limited; however, 

15 preferably, the heat treatment is carried out: at a holding temperature of 400°C to 900°C; 

for a retention time of 10 seconds or more and 10 hours or less; in a non-oxidizing 

atmosphere or a reducing atmosphere. In addition, the cooling method after heating is not 

particularly limited. However, it is preferable that a method such as the water quenching 

and the like having the cooling rate of 200°C/min or more is used. 

20 Meanwhile, the rough working step S03 and the Intermediate heat treatment step 

S04 may be repeatedly carried out. 

[0040] 

(Finish working step S05) 

The copper material which has been subjected to the Intermediate heat treatment 

25 step S04 is finish-worked in order to be worked into a predetermined shape. Meanwhile, 



19 

the temperature condition in the finish working step S05 is not particularly limited. 

However, it is preferable that the temperature condition is set to the range of -200°C to 

200°C, which corresponds to cold or warm rolling, in order to suppress recrystallization 

or softening. It is particularly preferable that the temperature condition is the room 

5 temperature. In addition, the processing rate is appropriately selected so that the copper 

alloy approximates to a final shape. However, in order to increase strength by means of 

work hardening; or by means of increasing the ratios of the Brass and Copper 

orientations, which are rolling textures in the finish working step S05, the processing 

ratio is preferably set to 20% or more. In addition, in a case in which additional 

10 improvement in the strength is required, the processing ratio is more preferably set to 

30% or more. Even more preferably, it is set to 40% or more. 

On the other hand, in order to suppress the excessive orientation of the Brass 

orientation and the Copper orientation, it is preferable to set the processing ratio at 75% 

or less, more preferably the processing ratio at 70% or less. 

15 [0041] 

(Finish heat treatment step S06) 

Next, a finish heat treatment is carried out on the plastically-worked material 

obtained using the Finish working step S05 in order to improve the stress relaxation 

resistance and to obtain the effect of the low temperature annealing hardening; or to 

20 remove the residual strains. 

If the heat treatment temperature were too high, the strength ratio TSTD/TSLD 

would be significantly reduced. Therefore, it is preferable that the heat treatment 

temperature is set in the range of 100°C or more and 600°C or less. More preferably, it is 

set in the range of 200°C or more and 500°C or less. Meanwhile, in the Finish heat 

25 treatment step S06, it is necessary to set heat treatment conditions (temperature, time, and 
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cooling rate) so as to prevent the significant decrease of the strength due to 

recrystallization. 

For example, it is preferable that it is retained for roughly 1 second to 120 

seconds at 350°C. This heat treatment is preferably carried out in a non-oxidizing 

5 atmosphere or a reducing atmosphere. 

The method of the heat treatment is not particularly limited. However, a short 

time heat treatment with the continuous annealing furnace is preferable in view of the 

effect of reducing the production cost. 

Furthermore, the above-described finish working step S05 and the finish heat 

10 treatment S06 may be repeatedly carried out. 

[0042] 

As described above, the plastically-worked copper alloy material for an 

electronic and electric device and the rolled plate (thin plate) of the present embodiment 

are produced. The plate thickness of the plastically-worked copper alloy material for an 

15 electronic and electric device (thin plate) is set to the range of more than 0.05 mm to 3.0 

mm or less. Preferably, the thickness is set to the range of more than 0.1 mm to less than 

3.0 mm. A plastically-worked copper alloy material for an electronic and electric device 

(thin plate) having a thickness of less than 0.05 mm is not suitable for using as a 

conductive body in the high current application. In a plastically-worked copper alloy 

20 material for an electronic and electric device (thin plate) having a thickness of more than 

3.0 mm, the press punching processing becomes difficult. 

[0043] 

The plastically-worked copper alloy material for an electronic and electric 

device of the present invention may be used as a component for an electronic and electric 

25 device directly. Alternatively, a Sn plating layer or a Ag plating layer having the film 
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thickness of 0.1-100 jum may be formed on one or both sides of the plate surfaces. At this 

time, it is preferable that the plate thickness of the plastically-worked copper alloy 

material for an electronic and electric device is 10-1000 times of the thickness of the 

plating layer. 

5 In addition, the component for an electronic and electric device such as 

terminals of connectors, press-fits, or the like; relays; lead frames; bus bars; and the like, 

is formed by performing punching processing, bending, or the like using the copper alloy 

for an electronic and electric device of the present embodiment as the material. 

[0044] 

10 According to the copper alloy for an electronic and electric device of the present 

embodiment configured as described above, the strength and the stress relaxation 

resistance can be improved without significantly reducing the electrical conductivity by 

solid soluting Mg in the copper matrix since the Mg content is set to the range of 0.15 

mass% or more and less than 0.35 mass%. 

15 In addition, the conductivity is set to 75%IACS or more in the copper alloy for 

an electronic and electric device of the present embodiment. Thus, it can be applied to 

applications in which high conductivity is needed. 

[0045] 

In the copper alloy for electronic and electric devices according to the present 

20 embodiment, the strength ratio TSTD/TSLD, which is calculated from strength TSTD 

obtained in a tensile test performed in a direction perpendicular to a rolling direction and 

strength TSLD obtained in a tensile test performed in a direction parallel to the rolling 

direction, is more than 0.9 and less than 1.1. Thus, there is less strong anisotropy in the 

copper alloy; a sufficient strength is secured even in the case requiring strength in both of 

25 the LD direction and the TD direction such as in terminals and busbars for high current 
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usage; and occurrence of cracking or the like, which occurs by unnecessary 

high-strengthening in a specific direction, in bending work can be suppressed. In other 

words, the copper alloy can obtain excellent bendability in bending in a direction in 

which the bending axis is perpendicular to the rolling direction (GW bending) and in 

5 bending in a direction in which the bending axis is parallel to the rolling direction (BW 

bending). Because of these, the copper alloy can obtain excellent bendability in bending 

in a direction in which the bending axis is perpendicular to the rolling direction (GW 

bending) and in bending in a direction in which the bending axis is parallel to the rolling 

direction (BW bending). 

10 [0046] 

In addition, in the case where P is added to the coper alloy for electronic and 

electrical device of the present embodiment; and the P content is set to the range of 

0.0005 mass% or more and less than 0.01 mass%, castability can be improved by 

reducing viscosity of the copper alloy melt. 

15 In addition, formation of coarse precipitations containing Mg and P can be 

suppressed since the Mg content [Mg] in mass% and the P content [P] in mass% satisfy 

the relational expression of [Mg]+20x[P]<0.5. Accordingly, reduction of cold workability 

and bendability can be suppressed. 

Moreover, the ratio between the content of Mg, which reduces the castability, 

20 and the content of P, which improves the castability, is optimized since the Mg content 

[Mg] in mass% and the P content [P] in mass% satisfy the relational expression of 

[Mg]/[P]<400 in the present embodiment. Accordingly, because of the effect of adding P, 

the castability can be reliably improved. 

[0047] 

25 In addition, in the present embodiment, the ratio of crystals having a crystal 
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orientation within 10° with respect to a Brass orientation {110} <112> is set to 40% or 

less, and the ratio of crystals having a crystal orientation within 10° with respect to a 

Copper orientation {112} <111> is set to 40% or less. Thus, it is possible to further 

suppress the difference between the strength TSTD in a tensile test performed in a 

5 direction perpendicular to the rolling direction and the strength TSLD in a tensile test 

performed in a direction parallel to the rolling direction; and a copper alloy for electronic 

and electric devices with less anisotropy can be obtained. 

[0048] 

In addition, since the plastically-worked copper alloy material for an electronic 

10 and electric device of the present embodiment is made of the above-described copper 

alloy for an electronic and electric device, a component for an electronic and electric 

device such as terminals of connectors, press-fits, or the like; relays; lead frames; bus 

bars; and the like can be produced by performing bending or the liken on this 

plastically-worked copper alloy material for an electronic and electric device. 

15 In the case where the Sn plating layer or the Ag plating layer is formed on the 

surface, the plastically-worked copper alloy material is particularly suitable for the 

material of the component for an electronic and electric device such as terminals of 

connectors, press-fits, or the like; relays; lead frames; bus bars; and the like 

[0049] 

20 In addition, since the component for an electronic and electric device of the 

present embodiment (such as terminals of connectors, press-fits, or the like; relays; lead 

frames; bus bars; and the like) is made of the above-described copper alloy for an 

electronic and electric device, it can exhibit excellent properties even if it is down-sized 

and thinned. 

25 [0050] 
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Thus far, the copper alloy for an electronic and electric device, the 

plastically-worked copper alloy material for an electronic and electric device, and the 

component (terminals, and busbars), which are embodiments of the present invention, 

have been described, but the present invention is not limited thereto and can be 

5 appropriately modified within the scope of the technical concept of the invention. 

For example, in the above-described embodiments, examples of the method for 

producing the copper alloy for an electronic and electric device has been described, but 

the production methods are not limited to the present embodiments, and the copper alloy 

for an electronic and electric device may be produced by appropriately selecting an 

10 existing manufacturing method. 

Examples 

[0051] 

Hereinafter, results of confirmation tests carried out in order to confirm the 

15 effects of the present invention will be described. 

The copper raw material made of oxygen-free copper (ASTM B152 C10100) 

having the purity of 99.99 mass% or more was prepared. Then, the copper raw material 

was inserted in a high purity graphite crucible and subjected to high frequency melting in 

an atmosphere furnace of Ar gas atmosphere. Then, each of additive elements was added 

20 in the obtained copper melt to prepare the component compositions shown in Table 1. By 

pouring the prepared copper melt in a mold, the ingot was produced. In Example 4 of the 

present invention and Comparative Example 6, a mold made of an insulation material 

(ISOWOOL) was used. In Example 14 of the present invention, a carbon mold was used. 

In Examples 1-3, 5-13, 15-30 of the present invention and Comparative Examples 1-5, a 

25 copper alloy mold with water-cooling function was used as the mold for casting. The 
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dimensions of ingots were about 20 mm for the thickness; about 150 mm for the width; 

and about 70 mm for the length. 

A portion near the cast surface was subjected to face working; and the ingot was 

cut out for the size to be adjusted in such a way that the plate thickness of the final 

5 product became 0.5 mm. 

This block was heated in an Ar gas atmosphere for four hours under a 

temperature condition shown in Table 2, thereby carrying out a homogenization/solution 

treatment. 

[0052] 

10 After that, the heat treatment was performed in the temperature condition shown 

in Table 2 by using a salt bath after performing the rough working in the condition shown 

in Table 2. 

The copper material that had been subjected to the heat treatment was 

appropriately cut in order to form a shape suitable as the final shape, and surface grinding 

15 was carried out in order to remove an oxide layer. After that, 

Next, finish rolling (finish work) was carried out in the rolling ratio shown in 

Table 2 at the room temperature, and a thin plate having the thickness of 0.5 mm, the 

width of about 150 mm, and the length of 200 mm was produced. In addition, after the 

finish rolling (finish work), a finish heat treatment was carried out in an Ar atmosphere 

20 under a condition shown in Table 2, and then water quenching was carried out, thereby 

producing a thin plate for characteristic evaluation. 

[0053] 

(Castability) 

As an evaluation of castability, the presence or absence of rough surface during 

25 the above-described casting was observed. One having no visually recognized rough 
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surface at all or one having almost no visually recognized rough surface was graded as 

"A." One with a minor rough surface with the depth of less than 1 mm was graded as 

"B." One with rough surface with the depth of 1 mm or more and less than 2 mm was 

graded as "C." One with a major rough surface with the depth of 2 mm or more was 

5 graded as "D". Evaluation results are shown in Table 3. 

The depth of rough surface means the depth of the rough surface from the end 

part toward the central part of the ingot. 

[0054] 

(Mechanical properties) 

10 No. 13B test specimen regulated by JIS Z 2241 was sampled from a strip 

material for characteristic evaluation, and the 0.2% yield strength was measured using 

the offset method of JIS Z 2241. The test specimen was sampled in the directions 

perpendicular and parallel to the rolling direction. Then, the strength ratio TSTD/TSLD was 

calculated from the obtained strength TSTD and TSLD- Evaluation results are shown in 

15 Table 3. 

[0055] 

(Electrical conductivity) 

A test specimen having a width of 10 mm and a length of 150 mm was sampled 

from the strip material for characteristic evaluation, and the electrical resistance was 

20 obtained using a four-terminal method. In addition, the dimensions of the test specimen 

were measured using a micrometer, and the volume of the test specimen was computed. 

In addition, the electrical conductivity was calculated from the measured electric 

resistance and the volume. Meanwhile, the test specimen was sampled so that the 

longitudinal direction of the test specimen became perpendicular to the rolling direction 

25 of the strip material for characteristic evaluation. 
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Evaluation results are shown in Table 3. 

[0056] 

(Bendability) 

Bending working was carried out on the basis of the method of Japan Copper 

5 and Brass Association Technical Standard JCBA-T307:2007, the testing method 4. 

A plurality of test specimens having a width of 10 mm and a length of 30 mm 

were sampled from the thin plate for characteristic evaluation so that the bending axis 

became perpendicular (GW bending) or parallel (BW bending) to the rolling direction; 

and a W bending test was carried out using a W-shaped jig having a bending angle of 90 

10 degrees and a bending radius of 0.4 mm (R/t=0.8). 

The outer circumferential portion of the bent portion was visually observed, and 

a test specimen in which cracking was observed was graded as "C." A test specimen in 

which a major folding was observed was graded as "B." A test specimen with no 

observable folding was graded as "A." Grades A and B were regarded as acceptable 

15 bendability. Evaluation results are shown in Table 3. 

[0057] 

(Brass orientation ratio, Copper orientation ratio) 

A surface perpendicular to the width direction of rolling, that is, a TD 

(transverse direction) surface was used as an observation surface. Using an EBSD 

20 measurement device and the OIM analysis software, the Brass orientation ratio and the 

Copper orientation ratio were measured. 

Mechanical polishing was performed using waterproof abrasive paper and 

diamond abrasive grains, and finish polishing was performed using a colloidal silica 

solution. Using an EBSD measurement device (QUANTA FEG 450 manufactured by FEI 

25 Company, OIM DATA COLLECTION manufactured by EDAX/TSL (at present, 
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AMETEK Inc.)) and an analysis software (OIM DATA ANALYSIS Yer. 6.2 

manufactured by EDAX/TSL (at present, AMETEK Inc.)), an orientation of each of 

crystal grains was analyzed under conditions of an acceleration voltage of electron beams 

of 20 kY, a measurement interval of 0.1 |am step, and a measurement area of 1000 |am2 or 

5 more. By determining whether each of crystal grains belonged to the targeted Brass 

orientation (within 10° from the ideal orientation) or not; and by determining whether 

each of crystal grains belonged to the targeted Copper orientation (within 10° from the 

ideal orientation) or not, the ratio of the Brass orientation (area ratio of the crystal 

orientation) and the ratio of the Copper orientation (area ratio of the crystal orientation) 

10 in the measurement area were obtained. 
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[0058] 

[Table 1] 

Mg 
(mass%) 

P 
(mass%) Cu [Mg]+20x[P] [Mg]/[P] 

1 0.15 0.0023 balance 0.20 65 
2 0.15 0.0000 balance 0.15 -
3 0.16 0.0083 balance 0.33 19 
4 0.18 0.0047 balance 0.27 38 
5 0.19 0.0028 balance 0.25 68 
6 0.21 0.0000 balance 0.21 -
7 0.17 0.0004 balance 0.18 425 
8 0.23 0.0006 balance 0.24 383 
9 0.29 0.0009 balance 0.31 322 
10 0.25 0.0076 balance 0.40 33 
11 0.23 0.0083 balance 0.40 28 
12 0.21 0.0092 balance 0.39 23 
13 0.20 0.0108 balance 0.42 19 

Example of 
the present 
invention 

14 0.16 0.0061 balance 0.28 26 Example of 
the present 
invention 

15 0.17 0.0043 balance 0.26 40 Example of 
the present 
invention 16 0.18 0.0026 balance 0.23 69 

Example of 
the present 
invention 17 0.31 0.0051 balance 0.41 61 

18 0.32 0.0025 balance 0.37 128 
19 0.32 0.0071 balance 0.46 45 
20 0.24 0.0020 balance 0.28 120 
21 0.25 0.0010 balance 0.27 250 
22 0.25 0.0016 balance 0.28 156 
23 0.26 0.0010 balance 0.28 260 
24 0.25 0.0015 balance 0.28 167 
25 0.31 0.0082 balance 0.47 38 
26 0.32 0.0009 balance 0.34 356 
27 0.33 0.0082 balance 0.49 40 
28 0.34 0.0000 balance 0.34 -
29 0.34 0.0010 balance 0.36 340 
30 0.33 0.0008 balance 0.35 413 
1 0.04 0.0013 balance 0.07 31 
2 0.03 0.0000 balance 0.03 -

Comparative 3 0.52 0.0000 balance 0.52 -
Example 4 0.53 0.0068 balance 0.67 78 

5 0.30 0.0036 balance 0.37 83 
6 0.16 0.0094 balance 0.35 17 
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[0061] 

In Comparative Examples 1-2, the Mg content was lower than the range defined 

in the scope of the present invention; and the strength was insufficient. 

In Comparative Examples 3-4, the Mg content was higher than the range defined 

5 in the scope of the present invention; and the electrical conductivity was low. 

In Comparative Example 5, the strength ratio TSTD/TSLD was higher than the 

range in the scope of the present invention, and bendability in the case where the bending 

axis was perpendicular direction (GW bending) with respect to the rolling direction was 

insufficient. 

10 In Comparative Example 6, the strength ratio TSTD/TSLD was lower than the 

range in the scope of the present invention, and bendability in the case where the bending 

axis was parallel direction (BW bending) with respect to the rolling direction was 

insufficient. 

[0062] 

15 Contrary to that, it was confirmed that the strength, the electrical conductivity, 

and bendability were excellent; and there was less anisotropy, in Examples of the present 

invention. 

In addition, in the case of adding P, it was confirmed that castability was 

excellent in Examples of the present invention. 

20 Based on these results, it was confirmed by Examples of the present invention 

that copper alloy for an electronic and electric device and plastically-worked copper alloy 

for an electronic and electric device having: excellent electrical conductivity, strength, 

bendability and castability; and less anisotropy, were provided 

25 Industrial Applicability 
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[0063] 

Compared to the conventional technologies, a copper alloy for an electronic and 

electric device; a plastically-worked copper alloy material for an electronic and electric 

device; a component for an electronic and electric device; a terminal; and a busbar, each 

5 of which has excellent electrical conductivity, strength, bendability, stress relaxation 

resistance and castability, can be provided. 
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CLAIMS 

1. A copper alloy for an electronic and electric device comprising: 

Mg in a range of 0.15 mass% or more and less than 0.35 mass%; and 

5 a Cu balance including inevitable impurities, wherein 

the electrical conductivity of the copper alloy is more than 75%IACS, and 

a strength ratio TSTD/TSLD, which is calculated from strength TSTD obtained in a 

tensile test performed in a direction perpendicular to a rolling direction and strength TSLD 

obtained in a tensile test performed in a direction parallel to a rolling direction, is more 

10 than 0.9 and less than 1.1. 

2. The copper alloy for an electronic and electric device according to Claim 1, 

further comprising P in a range of 0.0005 mass% or more and less than 0.01 mass%. 

15 3. The copper alloy for an electronic and electric device according to Claim 2, 

wherein 

the Mg content [Mg] in mass% and the P content [P] in mass% satisfy a 

relational expression of [Mg]+20x[P]<0.5. 

20 4. The copper alloy for an electronic and electric device according to Claim 2 or 3, 

wherein 

the Mg content [Mg] in mass% and the P content [P] in mass% satisfy a 

relational expression of [Mgl/[PK400. 

25 5. The copper alloy for an electronic and electric device according to any one of 
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Claims 1 to 4, wherein 

a ratio of crystals having a crystal orientation within 10° with respect to a Brass 

orientation {110} <112> is 40% or less, and 

a ratio of crystals having a crystal orientation within 10° with respect to a 

5 Copper orientation {112} <111> is 40% or less. 

6. A plastically-worked copper alloy material for an electronic and electric device 

made of the copper alloy for an electronic and electric device according to any one of 

Claims 1 to 5. 

7. The plastically-worked copper alloy material for an electronic and electric 

device according to Claim 6, wherein a Sn plating layer or a Ag plating layer is provided 

on a surface of the plastically-worked copper alloy material. 

15 8. A component for an electronic and electric device made of the 

plastically-worked copper alloy material for an electronic and electric device according 

to Claim 6 or 7. 

9. A terminal made of the plastically-worked copper alloy material for an 

20 electronic and electric device according to Claim 6 or 7. 

10. A busbar made of the plastically-worked copper alloy material for an electronic 

and electric device according to Claim 6 or 7. 


