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(57) Abstract: Provided is copper foil having low roughness and excellent adhesive strength. The provided copper foil is a copper
foil having an uneven portion formed on at least one surface thereof and a fine particle layer formed on the surface thereof, wherein
the number of upper fine particles located above a mean line according to the mean height of the surface is greater than the number

of lower fine particles located below the mean line.

(57) Summary: A copper foil having low roughness and excellent adhesive strength is proposed. The proposed copper foil is a
copper foil having irregularities formed on at least one surface and a layer of fine particles formed on the surface, wherein the upper
fine particles located above the mean line according to the mean height of the surface are more than the lower fine particles located

below the mean line.
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Specification

Name of Invention: Copper foil, and electrical components

and batteries including the same
Technology Field

The present invention relates to copper foil, electrical components and batteries containing
copper foil, and more specifically, to copper foil with low roughness and excellent adhesive
strength.

Background Technology

Laminated plates for printed circuit boards used in the electronics industry are manufactured
by impregnating glass cloth, kraft paper, fiberglass non-woven cloth, etc. with thermosetting
resins such as phenolic resins and epoxy resins, preparing prepregs by semi-curing the resins,
and laminating copper foil on one or both sides of the prepregs. In addition, multilayer printed
circuit boards are manufactured by forming circuits on both sides of a copper-clad laminate to
form an inner layer material, and then laminating copper foil on both sides of the inner layer
material using prepregs.

When laminating copper foil on one or both sides of a prepreg, the adhesion rate may be
insufficient due to differences in the materials, causing the copper foil to separate from the
prepreg during subsequent processing, resulting in a defective product. Therefore, a surface
treatment is performed on the copper foil to increase its adhesion to resins such as prepregs.

The copper foil used in the manufacture of printed circuit boards is roughened to form
irregularities by attaching fine copper particles to one surface. When bonding with a resin
such as prepreg, the irregularities of the roughened copper foil are embedded in the base
resin to provide an anchoring effect, thereby improving the adhesion of the copper foil to the
base resin.

In recent years, due to the influence of lightweight miniaturization and high functionalization
of electronic devices embedded in printed circuit boards, the requirement for wiring density of
printed circuit boards has been increasing year by year. Improvement of product quality has
been required, so the shape of the circuit formed by etching has also become more advanced,
and a circuit etching factor at a level that can completely perform impedance control has
become required.

When the surface treatment of the copper foil is performed as described above, the surface
roughness of the copper foil increases and the adhesion between the copper foil and the base
resin improves, but the etching property for fine circuits may be lowered. Therefore, there is a
need to develop a technology that can improve adhesion while maintaining the surface
roughness of copper foil in consideration of etching properties.

Detailed Description of the Invention
Technical Tasks

The present invention was devised to solve the above problems, and the purpose of the
present invention is to provide copper foil with low roughness and excellent adhesive strength.

Means to Resolve Task
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(8]

The copper foil according to one aspect of the present invention to achieve the above object
is a copper foil having an irregularity formed on at least one surface and a layer of fine
particles formed on the surface, wherein the upper fine particles located above the mean line
according to the mean height of the surface are more than the lower fine particles located
below the mean line.

The ratio of the number of upper fine particles and the number of lower fine particles may be
80:20 to 100:0.

The upper fine particles may form a triangle by connecting the center points.

The diameter of the fine particles may be 1 to 3 um.

The fine particles may be metal particles or copper alloy particles containing at least one
metal from copper (Cu), iron (Fe), molybdenum (Mo), and cobalt (Co).

The peel strength of the copper foil may be 1.28 to 1.33 kgf/cm, the surface roughness Rz
may be 5.2 to 6.5 um, and the surface roughness R max may be 6.5 to 7.7 um.

According to another aspect of the present invention, an insulating substrate; and an
electrical component including the above copper foil attached to one surface of an insulating
substrate is proposed.

According to another aspect of the present invention, a battery including the above copper
foil is provided.

According to another aspect of the present invention, a surface treatment method of copper
foil is provided, including preparing a copper foil with irregularities formed on at least one
surface; and forming a fine particle layer on the surface where the irregularities are formed so
that the upper fine particles located above the mean line according to the mean height of the
surface are more than the lower fine particles located below the mean line.

The step of forming a fine particle layer is performed by immersing the copper foil in a
surface treatment solution comprising copper sulfate; sulfuric acid; and metals including iron
(Fe), molybdenum (Mo), and cobalt (Co); and electrolyzing to form a fine particle layer on the
irregular surface.

The iron content may be 10 to 30 g, the molybdenum content may be 0.5 to 10 g, and the
cobalt content may be 1 to 15 g. The electroplating process to form a fine particle layer may be
performed at 20 to 60 A/dm?2 for 1 to 5 seconds.

Effectiveness of Invention

The copper foil according to the present invention has low roughness and excellent adhesive
strength. Therefore, while etching properties for forming fine circuit boards are guaranteed,
adhesive strength is excellent and adhesion to resin, etc. is improved, which has the effect of
improving product reliability when manufacturing products using copper foil.

Brief Description of the Figures

FIG. 1 is a diagram showing the surface of copper foil according to one embodiment of the
present invention.
FIG. 2 is a diagram showing the surface of the copper foil in FIG. 1 excluding fine particles.

FIG. 3 is a diagram showing a portion of the copper foil surface in FIG. 1.

FIG. 4 is a scanning electron microscopy (SEM) image of the surface of the copper foil
surface-treated in Example 1.
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[30]

[35]

FIG. 5 is an SEM image of the surface of the copper foil of Example 2.

FIG. 6 is an SEM image of the surface of the copper foil of Example 3.

FIG. 7 is an SEM image of the surface of the copper foil of Example 4.

FIG. 8 is an SEM image of the surface of the copper foil of Comparative Example 1.
FIG. 9 is an SEM image of the surface of the copper foil of Comparative Example 2.
FIG. 10 is an SEM image of the surface of the copper foil of Comparative Example 3.

Best Forms for the Implementation of the Invention

The copper foil according to one aspect of the present invention is a copper foil having
irregularities formed on at least one surface and a layer of fine particles formed on the surface,
wherein the upper fine particles located above the mean line according to the mean height of
the surface are more than the lower fine particles located below the mean line.

Forms for Embodiment of the Invention

The following will describe in more detail copper foil, electrical components and cells
comprising copper foil, and methods of surface treatment of copper foil, in accordance with the
preferred embodiments.

FIG. 1 is a diagram showing the surface of the copper foil according to one embodiment of
the present invention, FIG. 2 is a diagram showing the surface of the copper foil excluding fine
particles in FIG. 1, and FIG. 3 is a diagram showing a part of the copper foil surface in FIG. 1.
The copper foil according to this embodiment is a copper foil having irregularities formed on
at least one surface and a layer of fine particles formed on the surface, wherein the upper fine
particles located above the mean line according to the mean height of the surface are more than
the lower fine particles located below the mean line.

The copper foil according to the present invention has irregularities formed on its surface.
The process of manufacturing copper foil is generally divided into a foil manufacturing
process, that is, a process of manufacturing the copper foil itself, and a process of treating the
surface of the manufactured copper foil. Copper foil manufactured according to the foil
manufacturing process has a surface roughness of different values depending on the process. In
other words, at high illumination, the surface contains large irregularities, and at low
illumination, the surface contains small irregularities.

The surface containing these irregularities is subjected to various surface treatments as
needed to give it the properties required for subsequent processes. For example, when used in
FPCB or as a negative electrode current collector for secondary batteries, in order to increase
adhesion to resins or active materials, the roughness can be increased by roughening the
surface, or it can be treated as a barrier to prevent diffusion of copper particles to other layers,
and surface treatment to strengthen adhesion can be performed through rust prevention
treatment to prevent surface oxidation, or surface treatment using a silane coupling agent on
the outermost surface.

Among these, in order to increase the adhesion between the copper foil and the resin or
active material, roughening treatment is performed to increase the surface roughness, and the
roughening treatment can form a fine particle layer on the surface of the copper foil that will be
in contact with the resin or active material.

Referring to FIG. 1, the copper foil (100) has irregularities (120) formed on the surface of
the copper foil layer (110), and fine particles (131) form the fine particle layer (130) on the
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[39]

[44]

irregularities (120). Referring together to FIG. 2, fine particles can be classified based on the
mean line (m) according to the mean height of the irregularities (220) of the copper foil (210).
In other words, the fine particles located above the mean line (m) can be called upper fine
particles, and the fine particles located below the mean line (m) can be called lower fine
particles.

The copper foil (100) according to the present invention has more upper fine particles than
lower fine particles. The upper fine particles are located in the ridge part of the irregularities
(120), and the lower fine particles are fine particles located in the valley part of the
irregularities (120). When the upper fine particles are more than the lower fine particles or
there are no lower fine particles, such as the copper foil (100) of the present invention, there
are few or no fine particles in the valley of the irregularities (120). Thus, an empty space is
created in the valley portion of the irregularities (120), and the porosity increases. For example,
when the copper foil (100) is in contact with a resin or an active material in such an empty
space, the resin or the active material fills the empty space, thereby improving adhesion.

The reason for roughening the surface of the copper foil is that the surface of the copper foil,
which has become more irregular due to the roughening treatment, is embedded in the resin
and provides an anchor effect to improve adhesion. However, in the case of the copper foil
according to the present invention, in addition to this, less fine particles are generated in the
valleys between the ridges of the irregularities to form empty spaces, and the resin filled in the
empty spaces by forming fine particles on top of the empty spaces provides an anchor effect to
improve adhesion.

For this purpose, it is desirable to secure the maximum porosity by placing fine particles
above the mean line (m) of the copper foil (210) and placing less fine particles in the lower
part. FOr example, the ratio of the number of upper fine particles and the number of lower fine
particles may be 80:20 to 100:0.

Additionally, in order to maximize the anchor effect, the upper fine particles may form a
triangle by connecting the center points. Referring to FIG. 3, three upper portions (331, 332,
and 333) are located on the irregularities (320), and the central shape (340) connecting their
center points (P1, P2, and P3) is a triangle.

The diameter of the fine particles may be 1 to 3 um. If the diameter of the fine particles is
too small, they may penetrate into the valleys of the irregularities and increase the proportion
of lower fine particles, while if the diameter of the fine particles is too large, the overall
irregularities become large, increasing the surface roughness of the copper foil, which is
disadvantageous to etching properties.

The fine particles may be metal particles or copper alloy particles containing at least one
metal from copper (Cu), iron (Fe), molybdenum (Mo), and cobalt (Co).

The peel strength of the copper foil may be 1.28 to 1.33 kgf/cm, the surface roughness Rz
may be 5.2 to 6.5 um, and the surface roughness R max may be 6.5 to 7.7 um. The copper foil
according to the present invention has fine particles formed in the irregular portions biased
toward the peak portions, which improves adhesion with low surface roughness and high peel
strength.

According to another aspect of the present invention, an insulating substrate; and an
electrical component including the copper foil attached to one surface of an insulating substrate
is proposed. Copper foil included in electrical components includes a circuit formed by etching
the copper foil.
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(48]

[52]

Such electrical components include, for example, but are not necessarily limited to, TAB
tape, printed circuit boards (PCBs), and flexible printed circuit boards (FPC, Flexible PCB), as
long as the copper foil is attached to an insulating substrate and can be used in the technology.

According to another aspect of the present invention, a battery including the aforementioned
copper foil is provided. Copper foil can be used as the entire negative electrode collector of a
battery, but is not necessarily limited to this, and can also be used as other components used in
batteries. The battery is not particularly limited and includes both primary and secondary
batteries, and any battery that uses copper foil as a current collector, such as a lithium ion
battery, a lithium polymer battery, or a lithium air battery, can be used as long as it can be used
in the relevant technical field.

According to another aspect of the present invention, a surface treatment method of copper
foil is provided, including preparing a copper foil with irregularities formed on at least one
surface; and forming a fine particle layer on the surface where the irregularities are formed so
that the upper fine particles located above the mean line according to the mean height of the
surface are more than the lower fine particles located below the mean line.

In the surface treatment method of copper foil according to the present invention, a fine
particle layer is formed by immersing the copper foil in a surface treatment solution
comprising copper sulfate; sulfuric acid; and metals including iron (Fe), molybdenum (Mo),
and cobalt (Co); and electrolyzing to form a fine particle layer on the irregular surface.

The surface treatment solution contains 10 to 30 g of iron, 0.5 to 10 g of molybdenum, and 1
to 15 g of cobalt. If the concentration of metal contained in the surface treatment solution is too
small, the copper alloy is not sufficiently formed, making it difficult to control the ratio of
upper and lower fine particles, but if the concentration of metal is too high, too many fine
particles are formed and the surface roughness increases, which may be disadvantageous in
terms of etching properties.

The electrolytic plating process to form the fine particle layer may be performed at 20 to 60
A/dm?2 for 1 to 5 seconds.

The copper foil according to the present invention may be additionally surface treated. For
example, the type of surface treatment to be performed, such as heat resistance and chemical
resistance treatment, chromate treatment, silane coupling treatment, or a combination thereof,
can be appropriately selected depending on the subsequent process.

For heat and chemical resistance treatment, for example, it can be performed by forming a
thin film of any one of metals such as nickel, tin, zinc, chromium, molybdenum, and cobalt, or
an alloy thereof, on a metal foil by sputtering, electroplating, or electroless plating. In terms of
cost, electroplating is preferable. To facilitate precipitation of metal ions, complexing agents
such as citrate, tartrate, and sulfamic acid may be added in the required amount.

For chromate treatment, an aqueous solution containing hexavalent to trivalent chromium
ions is used. Chromate treatment can be performed by simple immersion treatment, but is
preferably performed by cathode treatment. It is preferably carried out under the following
conditions: sodium dichromate 0.1 to 70 g/L, pH 1 to 13, temperature 15 to 60°C, current
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density 0.1 to 5 A/dm2, and electrolysis time 0.1 to 100 seconds. This may also be done using
chromic acid or potassium dichromate instead of sodium dichromate. In addition to this, it is
preferable that the chromate treatment is performed on top of the rust prevention treatment,
whereby moisture resistance and heat resistance can be further improved.

[54] As for silane coupling agents used in silane coupling treatment, for example, epoxy
functional silanes such as 3-glycidoxypropyltrimethoxysilane and 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, amino functional silanes such as 3-
aminopropyltrimethoxysilane, N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, and N-2-
(aminoethyl)-3-aminopropylmethyldimethoxysilane, olefin functional silanes such as
vinyltrimethoxysilane, vinylphenyltrimethoxysilane, and vinyltris (2-methoxyethoxy)silane,
acrylic functional silanes such as 3-acryloxypropyl trimethoxysilane, methacryl functional
silanes such as 3-methacryloxypropyl trimethoxysilane, and mercapto-functional silanes such
as 3-mercaptopropyltri methoxy silane, etc. are used. These may be used individually, or
multiple of them may be mixed and used.

[55] Such coupling agents are dissolved in a solvent such as water at a concentration of 0.1 to
15 g/L and applied to metal foil at a temperature of room temperature to 70°C, or adsorbed
by electrodeposition. These silane coupling agents form a film by condensation bonding with
the hydroxyl group of the rust-preventing metal on the surface of the metal foil. After silane
coupling treatment, a stable bond is formed by heating, ultraviolet irradiation, etc. Heating
and drying is performed at a temperature of 100 to 200°C for 2 to 60 seconds. Ultraviolet
irradiation is performed in the range of 200 to 400 nm and 200 to 2500 mJ/cm?2. In addition
to this, the silane coupling treatment is preferably performed on the outermost layer of the
copper foil, thereby further improving moisture resistance and adhesion between the
insulating resin composition layer and the metal foil.

[57] The present invention will be described in more detail below with reference to preferred
embodiments, but the present invention is not limited thereto.

[58] (Manufacturing of copper foil)

[59] To manufacture copper foil by electrolysis, a 3L capacity electrolyzer system capable of
circulating at 20L/min was used, and the temperature of the copper electrolyte solution was
kept constant at 45°C. The anode used was a DSE (Dimensionally Stable Electrode) plate with
a thickness of 5 mm and a size of 10 x 10 cm2, and a titanium electrode plate with the same
size and thickness as the anode was used as the cathode.

[60] To facilitate the movement of Cu2+ ions, plating was performed at a current density of
35A/dm2, and copper foil with a thickness of 18um was manufactured.

2] * The basic composition of copper electrolyte is as follows:
3] CuS04+5H ,0: 250 to 400 g/L
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H>S04: 80 to 150 g/L

Chlorine ions and additives were added to the copper electrolyte solution.

(Example 1)

The manufactured copper foil was electrolyzed for 1 to 5 seconds at a current density of 35
A/dm?2 using the following copper electrolyte solution to form a fine particle layer. A
scanning electron microscopy (SEM) image of the surface of the copper foil on which the fine
particle layer was formed according to Example 1 is shown in FIG. 4.

CuS04-5H,0: 85 g/L

]

] H»SO4: 125 g/L
1] Fe: 19 g/L
2] Mo: 1.1 g/L

] Co: 8 g/L
4]

] (Example 2)

]

Except for the details below, electroplating was performed on the surface of the copper foil
in the same manner as in Example 1 to form a fine particle layer. An SEM image of the surface
of the copper foil with the fine particle layer is shown in FIG. 5.

] CuSO4-5H ,0: 85 g/L
] H>SO4: 125 g/L

] Fe: 25 g/L

] Mo: 1.1 g/L

] Co: 8 g/L
]

]

]

(Example 3)

Except for the details below, electroplating was performed on the surface of the copper foil
in the same manner as in Example 1 to form a fine particle layer. An SEM image of the surface
of the copper foil with the fine particle layer is shown in FIG. 6.

5] CuSO4:5H ,0: 85 g/L
] H2SO04: 125 g/L
] Fe: 19 g/L
8] Mo: 0.7 g/L
9] Co: 8 g/L
]
1] (Example 4)
2]
] * Except for the details below, electroplating was performed on the surface of the copper foil

in the same manner as in Example 1 to form a fine particle layer. An SEM image of the surface
of the copper foil with the fine particle layer is shown in FIG. 7.
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] CuSO4'5H ,0: 85 g/L
5] H>SO4: 125 g/L
6] Fe: 19 g/L
7] Mo: 1.1 g/L
8] Co: 10 g/L
]

10is  (Comparative Example 1)

1017  Except for the details below, electroplating was performed on the surface of the copper foil
in the same manner as in Example 1 to form a fine particle layer. An SEM image of the surface
of the copper foil with the fine particle layer is shown in FIG. 8.

102]  CuSO4-5H 0: 70 g/L
103]  H2SO4: 165 g/L

104]  Mo: 0.57 g/L

105] W:10g/L

107] (Comparative Example 2)

108] Except for the details below, electroplating was performed on the surface of the copper foil
in the same manner as in Example 1 to form a fine particle layer. An SEM image of the surface
of the copper foil with the fine particle layer is shown in FIG. 9.

109]  CuSO4+5H ,0: 70 g/L

110]  H>SOs4: 165 g/L
111] Mn: 1 g/L

113] (Comparative Example 3)

114]  Except for the details below, electroplating was performed on the surface of the copper foil
in the same manner as in Example 1 to form a fine particle layer. An SEM image of the surface
of the copper foil with the fine particle layer is shown in FIG. 10.

115]  CuSO45H »0: 70 g/L
116]  H.SO4: 165 g/L
1177  Ga:lgL

119]  The surface roughness (Rz, Rmax) and peel strength of the surface-treated surfaces of the
copper foils of Examples 1 to 4 and Comparative Examples 1 to 3 were measured and shown
in Table 1. The surface roughness Rz and Rmax were measured according to JISB 0601-1994
standard, and the peel strength was measured by attaching the prepared sample to the halogen-
free prepreg in the size of 10X100mm and subjecting it to hot pressing at 210°C for 30 minutes
to prepare the sample for peel strength measurement, and the prepared sample was run through
the U.T.M machine at a speed of 50mm per minute. This means that the lower the surface
roughness value, the smaller the irregularities.

10
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120:

[121]

[122]

[123]

[124]

[125]

Table 1

[Table 1]
Rz (um) Rmax (um) Peel strength (kgf/cm)

Example 1 5.06 6.24 1.31
Example 2 5.43 7.37 1.30
Example 3 5.92 7.27 1.35
Example 4 5.60 7.36 1.32
Comparative 5.20 7.95 1.16
Example 1
Comparative
Example 2 5.66 9.25 1.15
Comparative 4.62 7.58 1.10
Example 3

FIGS. 4 to 7 are surface images of copper foil of Examples 1 to 4 according to the present
invention. Referring to FIG. 4, it can be seen that fine particles are concentrated in the ridges of
the irregular surface of the copper foil. Similar to FIG. 1, FIG. 5 to FIG. 7 show that fine
particles are located densely in the uneven ridges of the copper foil surface, and are located
less in the valleys than in the ridges.

In comparison, in FIG. 8 to FIG. 10, which are surface images of the copper foils of
Comparative Examples 1 to 3, it can be seen that fine particles are evenly located not only in
the ridges of the irregularities, but also in the valleys. In the copper foils of Comparative
Examples 1 to 3, fine particles covered the entire surface of the copper foil.

On the surface of the copper foil of Example 1 to Example 4 according to the present
invention, more upper fine particles located above the mean line of the irregularities are
present than the lower fine particles, and fewer lower fine particles are present, so that resin or
active substances are likely to penetrate into the valley part, and thus adhesion is predicted to
be high.

Accordingly, as can be seen in Table 1, the surface roughness of the copper foil of Example
1 is lower than that of Comparative Example 1, but the peeling strength is higher, indicating
high adhesion to other materials such as resin or active material that will be contacted in the
subsequent processes. In particular, the evaluation result that the peeling strength of the
copper foil of Example 1, which had a lower surface roughness rather than the same surface
roughness, was higher than that of Comparative Example 1 can be inferred from the fact that
the positions of the fine particles of Example 1 were biased. There are variations in surface
roughness values of the copper foils of Examples 2 to 4, but the surface roughness values are
smaller than or similar to those of Comparative Examples 1 to 3, but the peel strength is 1.30
kgf/cm or more, respectively, which is higher than that of Comparative Examples 1 to 3.

Therefore, when using the copper foil of Examples 1 to 4 according to the present invention,
due to its high adhesion to other materials such as resins and active materials, the defect rate in
the process is low and the yield is high, and the low surface roughness makes it possible to
form fine circuit patterns due to excellent etching properties, thereby increasing product

11
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[126]

[127]

reliability.

The present invention is not limited by the above-described embodiments and the attached
drawings, but should be construed by the appended claims. Furthermore, it will be apparent to
those skilled in the art that various forms of substitution, modification, and change can be
made to the present invention without departing from the technical idea of the present
invention as set forth in the claims.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]
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Scope of Claims

A copper foil in which irregularities are formed on at least one surface
and a fine particle layer is formed on the surface, wherein the upper fine
particles located above the mean line according to the mean height of the
surface are more than the lower fine particles located below the mean
line.

The copper foil of Claim 1,

wherein the ratio of the number of said upper fine particles to the

number of said lower fine particles is from 80:20 to 100:0.
The copper foil of Claim 1,

Copper foil wherein the upper fine particles have a triangular shape
connecting the center points.

The copper foil of Claim 1,

Copper foil wherein the diameter of the fine particles is 1 to 3 um.
The copper foil of Claim 1,

Copper foil wherein the fine particles are metal particles containing at
least one metal from copper (Cu), iron (Fe), molybdenum (Mo), and
cobalt (Co).

The copper foil of Claim 1,
Copper foil having a peel strength of 1.28 to 1.33 kgf/cm.

The copper foil of Claim 1,
Copper foil having a surface roughness Rz of 5.2 to 6.5um.

The copper foil of Claim 1,

Copper foil having a surface roughness Rmax of 6.5 to 7.7um.

An electrical component comprising an insulating substrate;

and the copper foil; according to any one of Claims 1 to 8 attached to
one surface of the insulating substrate.

A battery comprising the copper foil according to any one of Claims 1 to
8.

A surface treatment method of copper foil is provided, including
preparing a copper foil with irregularities formed on at least one surface;
and forming a fine particle layer on the surface where the above
irregularities are formed so that the upper fine particles located above the
mean line according to the mean height of the surface are more than the

lower fine particles located below the mean line.

13
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[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]
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The method of Claim 11,

wherein the step of forming the fine particle layer includes,

a surface treatment method of copper foil, which involves forming a fine
particle layer on the surface where the irregularities are formed by
immersing and electrolyzing in a surface treatment solution with the
copper foil containing copper sulfate; sulfuric acid; and metal containing

iron (Fe), molybdenum (Mo), and cobalt (Co).
The method of Claim 12,

a method of surface treatment of copper foil wherein the iron content is
10to 30 g.
The method of Claim 12,

A method of surface treatment of copper foil wherein the molybdenum
content is 0.5 to 10 g.
The method of Claim 12,

A method of surface treatment of copper foil wherein the cobalt content
isltol5g.

The method of Claim 12,
A method of surface treatment of copper foil, wherein the electrolysis is

performed at 20 to 60 A/dm?2 for 1 to 5 seconds.
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