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[DESCRIPTION]
[Invention Title]

Composite copper foil and method of fabricating the same
[Technical Field]

Embodiments of the present invention relate to a composite copper foil and a
method of fabricating the composite copper foil, and more particularly, to a composite
copper foil that includes an amorphous alloy release layer and to a method of
fabricating the composite copper foil.

[Background Art]

Recently, with the miniaturization of electronic devices, an ultra-thin copper that
has a thickness of about 5 um or less has been used as an electronic material for a
printed circuit board. Such an ultra-thin copper is very thin, and thus is not easy to use.
In order to address such an issue, a composite copper foil in which an ultra-thin copper
is attached to a carrier (support) is being used.

An ultra-thin copper foil laminate may be formed by laminating a resin base onto
an ultra-thin copper layer of such a composite copper foil through pressing and heating,
and then peeling the carrier layer off. In such a case, a release layer exists between the
carrier layer and the ultra-thin copper layer, and the ultra-thin copper layer may be
peeled off using the release layer.

As the release layer, an organic release layer to which an organic material, e.g.,
benzotriazole, is applied has been used. However, since the organic material itself
included in the organic release layer has low heat resistance, the organic material of the
release layer is decomposed when it reaches a high temperature of about 300 °C in a
subsequent treatment process, €.g., prepreg pressing and fine casting. When the
organic release layer is decomposed as described above, the carrier layer and the ultra-
thin copper layer may closely contact each other, that is, the peeling property may be
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weakened or in a worse case, the ultra-thin copper layer may not be easily peeled off
from the carrier layer.

Recently, there are cases where the release layer includes metal oxide. Such a
release layer has a grain boundary peculiar to the metal, and the grain boundary grows
in a specific direction, such that fine irregularities are formed on the surface, thereby
causing defects such as pinholes that may be generated in the ultra-thin copper layer.

In regard of this, a composite copper foil that includes a release layer composed
of a Cu-Ni-Mo alloy is disclosed in Japanese Patent Laid-Open No. 4612978. However,
it is still unsatisfactory in terms of defects such as pin holes that may be generated in
the ultra-thin copper layer.

[Disclosure]
[Technical problem]

Aspects of embodiments of the present invention are directed to a composite
copper foil including a carrier layer, a release layer and an ultra-thin copper layer that
substantially hardly generates defects such as pinholes even in the process of peeling.

Aspects of embodiments of the present invention are directed to a printed circuit
board including the composite copper foil, and an electronic device using the printed
circuit board.

In addition, aspects of embodiments of the present invention are directed to a
method of fabricating the composite copper foil that includes preparing a carrier layer;
forming a release layer which is amorphous on the carrier layer by electroplating using
an electrolyte that includes nickel; and forming an ultra-thin copper layer on the release
layer by electroplating.

[Technical Solution]

One embodiment of the present invention provides a composite copper foll

comprising a carrier layer, a release layer and an ultra-thin copper layer in this order,
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wherein the release layer comprises a binary alloy or a ternary alloy comprising nickel,
and is formed into an amorphous layer, and the ultra-thin copper layer is peelable from
the carrier layer.

Another embodiment of the present invention provides a printed circuit board
comprising the composite copper foil, and another embodiment provides an electronic
device using the printed circuit board.

In addition, another embodiment provides a method of fabricating the composite
copper foil, the method comprising: preparing a carrier layer; forming a release layer
which is amorphous on the carrier layer by electroplating using an electrolyte that
comprises nickel; and forming an ultra-thin copper layer on the release layer by

electroplating.

[Advantageous Effects]

According to one or more embodiments of the present invention, it is possible to
provide a composite copper foil that may not cause workability and quality problems
because an increase in peel strength is small at high temperatures and a carrier layer
may be easily peeled off from an ultra-thin copper layer.

[Description of Drawings]

FIG. 1 is a cross-sectional view illustrating a composite copper foil according to
an embodiment of the present invention.

FIG. 2 is a cross-sectional view illustrating a composite copper foil according to
another embodiment of the present invention.

FIG. 3 is a GIXRD graph of a composite copper foil according to Exemplary
Embodiment 1.

FIG. 4 is a TEM image of a composite copper foil according to Exemplary

Embodiment 1.
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FIG. 5 is a view enlarging a metal layer of the composite copper foil shown in
FIG. 4.

FIGS. 6 and 7 are views enlarging parts of a release layer of the composite
copper foil shown in FIG. 4 that are close to the metal layer and the carrier layer,
respectively.

FIG. 8 shows a XPS profile of the releasing layer of the composite copper foil
according to Exemplary Embodiment 1, and FIG. 9 shows a part of the XPS profile
according to Exemplary Embodiment 1.

FIGS. 10 and 11 show images of surfaces of ultra-thin layers according to
Exemplary Embodiment 1 and Comparative Example 1, respectively, after carrier layers
are peeled off.

[Mode for Invention]

As used herein, the term "composite copper foil" refers to a copper foil in which
a carrier layer is attached to a copper foil layer, that is, a copper foil including a carrier
layer, a release layer and a copper foil layer when the carrier layer is attached to the
copper foil layer.

As used herein, the term 'amorphous' refers to a case where a broad diffraction
peak appears when measured by Grazing Incidence X-ray Diffraction (GIXRD) or where
a hollow pattern appears at peaks when electron beam diffraction is measured by using

a Transmission Electron Microscope (TEM).

FIG. 1 is a cross-sectional view illustrating a composite copper foil according to
an embodiment of the present invention.

The composite copper foil includes a carrier layer 1, a release layer 2, and an
ultra-thin copper layer 3 in this order. The release layer 2 includes a binary alloy or a
ternary alloy including nickel and is formed into an amorphous layer. As indicated by the

arrow in FIG. 1, the ultra-thin copper layer 3 may be peeled off from the carrier layer 1.
4
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Hereinafter, each layer constituting the composite copper foil according to an

embodiment of the present invention will be described.

Carrier layer

According to an embodiment of the present invention, the carrier layer 1 is a
support for supporting the ultra-thin copper layer 3. The carrier layer 1 serves as a
reinforcing member or support for supporting the ultra-thin copper layer 3 until it is
bonded to a substrate.

As the carrier layer 1, any of a shiny side (S-side) of an electrolytic copper foil
and a matte side (M-side) subjected to smoothing treatment by etching and addition of
an additive may be used.

A roughness of the carrier layer 1 depends on a degree (value) of an adhesion
strength between the ultra-thin copper layer 3 and a resin substrate. For example, when
the adhesion strength is required to be high, the roughness of the carrier layer 1 is
preferably large. On the other hand, when it is necessary to form a fine circuit, the
roughness of the carrier layer 1 is preferably small. In an embodiment of the present
invention, a roughness Rz of the S side used for the carrier layer 1 is preferably 2.5 um
or less, more preferably 1.5 um or less.

Although a thickness of the carrier layer 1 is not particularly limited, it is
preferably in a range from 12 ym to 35 ym in consideration of cost, process, and
characteristics.

Although a material of the carrier layer 1 is not particularly limited, a copper foil

is preferable in consideration of cost, process, and characteristics.

Release layer
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The release layer 2 is a layer for allowing peeling to be carried out well when the
ultra-thin copper layer 3 and the carrier layer 1 are detached from each other. Due to
the release layer 2, the carrier layer 1 may be easily and neatly detached from the ultra-
thin copper layer 3. The release layer 2 is detached from the ultra-thin copper layer 3
together with the carrier layer 1 when the carrier layer 1 is peeled off from the ultra-thin
copper layer 3 and is removed.

The release layer 2 includes a binary alloy or a ternary alloy including nickel. It is
preferable that a metal included in the alloy together with nickel includes at least one
metal selected from the group consisting of molybdenum and tungsten.

In the case of the ternary alloy, it is preferable to use a ternary alloy of Ni-Mo-W.
This is because materials that go in the induced co-deposition with nickel are
molybdenum and tungsten.

In addition, it is preferable that the ternary alloy layer has a Ni content ranging
from 1000 pg/dm? to 3000 pg/dm?, a Mo content ranging from 300 ug/dm? to 1600

ug/dm?, and a W content of 5 pug/dm? or more.

The release layer 2 is formed into an amorphous layer.

An amorphous alloy, also called a non-crystallizing alloy, refers to an alloy that
has an irregular atomic structure such as liquid. Since the release layer 2 according to
an embodiment of the present invention is amorphous, crystal growth with orientation in
a specific direction is hardly achieved, and the release layer 2 includes little grain
boundary. In addition, since the release layer 2 is amorphous, and it hardly has a crystal
structure even when observed up to the molecular unit, it has higher rigidity and uniform
surface as compared to a general metal material. That is, the release layer 2 has a
smooth surface.

The release layer 2 that is amorphous may be formed by a conventional method
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such as a vapor deposition method, a sputtering method, and a plating method, but it is
preferable to use a plating method. In particular, it is more preferable to use a wet

plating method.

It is preferable that a ratio of an alloy including nickel is higher than a ratio of an
oxide of the alloy on one surface of the release layer 2, and a ratio of an oxide of an
alloy is higher than a ratio of the alloy on another surface of the release layer 2. It is
preferable that the surface in which the ratio of the alloy including nickel is relatively
high is in contact with the carrier layer 1, and the surface in which the ratio of the oxide
of the alloy is relatively high is in contact with the ultra-thin copper layer 3.

That is, it is preferable that the ratio of the alloy is higher than the ratio of the
oxide of the alloy on one of two surfaces of the release layer 2 that contacts the carrier
layer 1, and that the ratio of the oxide of the alloy is higher than the ratio of the alloy on
the other of the two surfaces of the release layer 2 that contacts the ultra-thin copper
layer 3. In particular, it is preferable that the ratio of the oxide of the alloy is substantially
constant within a range of about 3 nm to about 30 nm in a depth direction from the
surface in contact with the ultra-thin copper layer. As used herein, the term “the ratio
being substantially constant” does not only mean that the ratios are completely equal to
each other but also includes a change within a range that cannot be considered as a
significant change even if the ratio increases or decreases slightly. In an embodiment of
the present invention, it includes a change within a range that cannot be considered as
a significant change as the ratio increases or decreases within about 15 % with respect
to, for example, an average value. In addition, in a case where a thickness of the
release layer is not less than a certain thickness (for example, about 29 nm), the ratio of
the alloy decreases, but a ratio of copper may increase, from the certain thickness (for
example, about 29 nm) toward the carrier layer 1, and there may be substantially no

7



WO 2020/173574 PCT/EP2019/055055

oxide from another certain depth (for example, 42 nm).

Meanwhile, since the release layer 2 is formed into an amorphous alloy layer, an
oxide film formed on the release layer 2 also hardly has fine irregularities due to grain
boundaries. Thus, even in the case of an oxide film, a smooth and dense surface may
be formed. Accordingly, pinhole defects may be significantly reduced, and an ultra-thin

copper foil having an excellent peeling property at high temperature may be formed.

In addition, a peel strength of the release layer 2 is preferably in a range from 5
gf/cm to 30 gf/cm, and more preferably, in a range from 10 gf/cm to 15 gf/cm. The peel
strength of the surface of the release layer 2 in contact with the ultra-thin copper layer 3
may be controlled by controlling the ratio of the oxide.

A thickness of the release layer 2 may be adjusted by composition of an
electrolyte and electrolytic conditions, and is preferably in a range from 5 nm to 50 nm,
and more preferably, in a range from 25 nm to 35 nm.

The release layer 2 may be formed by electroplating and precipitation using an
electrolyte that includes, for example, a nickel compound, a molybdenum compound,
or/and a tungsten compound, with the carrier layer including metal serving as a negative
electrode. Particularly, in such a case, induced co-deposition occurs due to the tungsten
compound, and thus an amorphous layer may be formed.

In order to adjust a precipitation voltage of metal ions in the electrolyte, a
complex may be added.

It is preferable to adjust a pH of an electrolytic bath to a range capable of
forming an amorphous alloy layer during electroplating. The pH of the electrolytic bath
may vary depending on the type of metal used as the alloy layer. For example, in a case
where an alloy of nickel, molybdenum, and tungsten is used, it is preferable to adjust
the pH of the electrolytic bath to a range from 2.5 to 4.5. This is because it is

8



WO 2020/173574 PCT/EP2019/055055

advantageous to form an amorphous alloy layer. When the pH of the electrolytic cell is
less than 2.5, a crystalline alloy layer may be formed, and when the pH of the
electrolytic cell is more than 4.5, only a thin film may be obtained since electroplating
and precipitation are hard to be performed at such a pH.

The release layer 2 may be formed by performing electroplating once, but may
be formed by repeating several times. If the electroplating is repeated several times, the

peel strength may be more stable.

Ultra-thin copper layer

According to an embodiment of the present invention, the ultra-thin copper layer
3 is peelable from the carrier layer 1 (i.e., is capable of being peeled from the carrier
layer 1).

A thickness of the ultra-thin copper layer 3 is not particularly limited, but is
preferably in a range from 0.5 to 10 um, more preferably in a range from 1 to 9 um. The
thickness of the ultra-thin copper layer 3 may vary depending on a method of forming an
ultra-thin layer. The thickness of the ultra-thin copper layer 3 is most preferably in a
range from 2 um to 5 ym irrespective of the method of forming an ultra-thin layer.

The method of forming the ultra-thin copper layer 3 is not particularly limited, but
it is preferable to use an electrolyte that includes copper pyrophosphate or copper
sulfate as a main component. In the case of using copper pyrophosphate as a main
component, a dense copper plating layer may be formed, such that pinholes may be
reduced. In the case of using copper sulfate as a main component, high-speed plating is
possible and the ultra-thin copper layer 3 may be formed efficiently. When copper
pyrophosphate and copper sulfate are used together, the ultra-thin copper layer 3

having less pinholes with a desired thickness may be efficiently formed.
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Metal layer

As shown in FIG. 2, another embodiment of the present invention provides a
composite copper foil that further comprises a metal layer 4 between the ultra-thin
copper layer 3 and the release layer 2.

In the present embodiment, the metal layer 4 may be further included between
the ultra-thin copper layer 3 and the release layer 2. The metal layer 4 may be also
referred to as ‘a laser drilling layer’ because it is necessary for a subsequent laser
drilling process. The metal layer 4 is used for heat-pressing the composite copper foil
onto an insulating substrate and then stably peeling the composite copper foil off. The
metal layer 4 is preferably a Ni layer or a Ni-alloy layer.

Herein, a content of Ni or Ni-alloy is preferably in a range from 100 pg/dm? to
1000 ug/dm?, and more preferably in a range from 300 pg/dm? to 700 pg/dm?. It is
preferable that the Ni alloy layer includes P, S, or both of P and S. The metal layer 4
also serves to prevent copper (Cu) of the ultra-thin copper layer 3 from being exposed
to the surface and diffused to the release layer 2 when a thermal press is applied.

The thickness of the metal layer is not particularly limited, but is preferably in a
range from 5 nmto 10 nm.

It is preferable that the release layer and the metal layer are formed in a
thickness ratio of 2.5:1 to 7:1, more preferably 3.5:1 to 5:1.

The metal layer 4 may also be formed into an amorphous layer. That is, in a
case where the metal layer is a Ni-P layer or a Ni-S layer, an amorphous layer may be
formed. When the metal layer 4 is formed into an amorphous layer, since the release
layer 2 in contact with the metal layer 4 is also an amorphous layer, flattening effects
may be substantially maximized due to the amorphous state. In other words, since two
facing layers are each formed into a flat amorphous layer, the release layer 2 which is
amorphous may be peeled off from the metal layer 4 which is amorphous much more
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easily when a portion indicated by the arrow in FIG. 2 is detached.

Roughened layer

A roughened layer may be provided on a surface of the ultra-thin copper layer 3.
The roughened layer may include at least one metal selected from the group consisting
of copper, arsenic, and other organic additives. The roughened layer is formed so as to

improve adhesion between the ultra-thin copper layer 3 and a resin layer.

On a surface of the ultra-thin copper layer 3 or the roughened layer, one or more
layers selected from the group consisting of a heat resistant layer, an anticorrosive layer,
a chromate-treated layer, and a silane-coupling-treated layer are provided. In a case
where multi-layers are formed, it is preferable to form the ultra-thin copper layer 3, the
roughened layer, the heat resistant layer or the anticorrosive layer, and the surface treat
layer in this order.

Each of the heat resistant layer and the anticorrosive layer may include at least
one metal selected from the group consisting of nickel, tin, cobalt, chromium, zinc and
other organic additives, or an alloy thereof. It is preferable to use copper, or organic
additive.

The surface treat layer may include at least one metal selected from the group
consisting of nickel, tin, cobalt, chromium, and zinc, or an alloy thereof.

The chromate-treated layer is for corrosion inhibition treatment, and the silane-

coupling-treated layer is for adhesion strengthening treatment.

Resin layer

Aresin layer may be provided on the ultra-thin copper layer 3 or the roughened
layer.
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An embodiment of the present invention provides a composite copper foil further
comprising a resin substrate laminated on the ultra-thin layer. Herein, the resin
substrate includes at least one of a polyimide-based resin, an epoxy-based resin, a
maleimide-based resin, a triazine-based resin, a polyphenylene ether-based resin, and
a polybutadiene-based resin. The polyimide-based resin may include, for example,

polyimide, polyamideimide, and precursors thereof such as polyamide acid.

Another embodiment of the present invention provides a printed circuit board
including the composite copper foil, and an electronic device using the printed circuit
board. In order to manufacture the printed circuit board, for example, 1) a method of
forming a copper clad laminate by laminating a resin layer and the ultra-thin copper
layer 3 of the composite copper foil according to an embodiment of the present
invention, and 2) a method of forming a copper clad resin film by applying a resin
substrate solution on the ultra-thin copper layer 3 and heating it may be used. After
peeling the carrier layer (support) 1 and the release layer 2 off from the copper clad
laminate or the copper clad resin film formed in such a manner, the ultra-thin copper

layer 3 may be etched to form a circuit, whereby a printed circuit board may be obtained.

In order to increase adhesion strength between the ultra-thin copper foil and a
prepreg resin substrate and between the ultra-thin copper foil and a casting resin when
forming the printed circuit board, precipitation may be carried out into a core acicular
shape or a whisker shape by performing copper plating on a resin adhesive surface of
the ultra-thin copper foil; and/or surface treatment may be performed with zinc or zinc
alloy, chromate, and silane coupling agent in this order, as in the general copper foil
surface treatment, thus forming the heat resistant layer or the anticorrosive layer.
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Fabricating method

The composite copper foil according to an embodiment of the present invention
may be fabricated in a method that includes preparing a carrier layer 1; forming a
release layer 2 on the carrier layer 1 by electroplating using an electrolyte that includes
nickel, molybdenum, and tungsten; and forming an ultra-thin copper layer 3 on the
release layer 2 by electroplating. Herein, it is preferable that after forming the release
layer 2, a holding time during which the carrier layer 1 and the release layer 2 are left in
the air is adjusted so that a peel strength is in a range from 5 gf/cm to 30 gf/cm, and
more preferably in a range from 10 gf/cm to 15 gf/cm. In particular, it is preferable that
the holding time is in a range from 10 seconds to 50 seconds, more preferably in a
range from 30 seconds to 45 seconds, and most preferably in a range from 35 seconds
to 40 seconds.

It is preferable but not invariably necessary that a surface of the carrier layer 1 is
pretreated in preparing of the carrier layer 1. The pretreatment method is not particularly
limited, and methods such as acid cleaning, alkali degreasing, and electrolytic cleaning
are generally used. By this pretreatment, the carrier layer 1 having a clean surface may
be prepared.

Forming of the release layer 2 is performed by electroplating the carrier layer 1
with an electrolyte that includes, for example, nickel, molybdenum, and tungsten.

A nickel compound, a molybdenum compound, and a tungsten compound may
be used as nickel, molybdenum, and tungsten, respectively. For example, nickel sulfate
hydrate may be used as the nickel compound; a molybdenum sodium or a hydrate
thereof, e.g., molybdenum dihydrate, may be used as the molybdenum compound; and
a tungsten or a hydrate thereof, e.g., tungsten dihydrate, may be used as the tungsten
compound.
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A solvent of the electrolyte is not particularly limited as long as it is a commonly
used solvent, but water is generally used.

A concentration of the metal used in the electrolyte bath may be appropriately
selected depending on the type of the metal. For example, in case that the amorphous
alloy layer of Ni, Mo, and W is formed, it is preferable that a concentration of Ni is 9 g/L
to 13g/L, a concentration of Mo is 5 g/L to 9 g/L, and a concentration of W is 1 to 5 g/L.

A temperature of the electrolyte is generally in a range from 5 °C to 70 °C, and
preferably in a range from 10 °C to 50 °C. A current density is generally in a range from
0.2 A/dm? to 10 A/dm?, and preferably in a range from 0.5 A/dm? to 5 A/dm?.

It is preferable that a pH is in a range from 2.5 to 4.5 for amorphous formation.

When the plating is performed under the above conditions, the metal is exposed
to air, and an oxide is formed by oxidation of its surface.

In addition, after forming the release layer 2, and before forming the ultra-thin
copper layer 3, plating a metal on the release layer 2 may be further included. The
metal layer 4 formed by the plating is preferably a Ni or Ni-alloy layer. The metal layer 4
is as described above. The concentration of the metal used in the electrolytic bath, for
forming the metal layer 4 may be appropriately selected depending on the type of the
metal. For example, in case that the alloy layer of Ni-P is formed, a concentration of Ni
in the electrolytic bath is preferably 3 g/L to 7g/L, and a concentration of NaH-PO: is
preferably 4 g/Lto 8 g/L. The pH is preferably in a range from 2 to 5, and more
preferably in a range from 3 and 4.

[Exemplary Embodiment 1]

First, copper was acid cleaned, and then a carrier layer was formed using a
copper foil. Electroplating was performed on the carrier layer by using an electrolyte that
includes, for example, nickel (Ni), molybdenum (Mo), or/and tungsten (W), and thus an
alloy release layer was formed. The electrolyte was prepared by adding nickel sulfate
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hydrate of 50 g, molybdenum sodium dihydrate of 20 g, and tungsten dihydrate of 5 g to
water of 1000 ml. A temperature of the electrolyte was adjusted to 22 °C, and a current
density thereof was adjusted to 1 A/dm? to 2 A/dm?. A pH was adjusted to 4 during
electrolysis.

When the release layer which includes metal was exposed to air for 40 seconds
by electroplating, its surface was oxidized to form an oxide.

Then, Ni-P was plated on the release layer 2, and thus a laser drilling layer was
formed. In such a case, an electrolyte was prepared by adding nickel of 5 g and
NaH.PO. of 6 g to water of 1000 ml, and a pH was adjusted to 3.5 during electrolysis.

An ultra-thin copper layer was formed on the laser drilling layer by electroplating,

and thus a composite copper foil was formed.

[Comparative Example 1]
A composite copper foil was prepared in the same method as in Exemplary
Embodiment 1 except that the release layer was formed of a crystalline material of Ni-

Mo and a pH is all adjusted to 2 during electrolysis.

[Experimental Example 1]

1. GIXRD measurement

The composite copper foil according to Exemplary Embodiment 1 was thinly
peeled, thus exposing the release layer (Ni-Mo-W layer) and the metal layer (Ni-P layer).
The two surfaces were directly placed on a diffractometer, and GIXRD data was
measured and collected, and the results are shown in FIG. 3. The incidence angle was

fixed at 0.7 degrees.

Fig. 3 shows a comparison of the GIXRD data of the two samples and the best
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matching data between the background extracted raw data of the two samples and the
ICDD/ICSD diffraction database. Weak peaks in the data are plotted on a square root
intensity scale for emphasis and the reference pattern for copper is displayed. No
diffraction peaks other than those corresponding to the copper foil were observed. The
raised bases of the two most intense copper peaks may be due to broad peaks

belonging to amorphous Ni-Mo-W and Ni-P layers.

2. TEM measurement

The composite copper foil according to Exemplary Embodiment 1 was
measured using a TEM having a beam diameter of 1 nm at 200 kV, and an image
X2000000 thereof is shown in FIG. 4.

It can be appreciated from FIG. 4 that the ultra-thin copper layer 3, the metal
layer 4, the release layer 2 and the carrier layer 1 were formed.

FIG. 5 is a view enlarging the metal layer 4 of the composite copper foil shown
in FIG. 4. It can be appreciated from FIG. 5 that a hollow pattern appears, whereby it
can be confirmed that the metal layer was amorphous.

FIG. 6 is a view enlarging a part of the release layer 2 of the composite copper
foil shown in FIG. 4 that is close to the metal layer 4. Dispersed diffraction spots of an
amorphous alloy are shown in FIG. 6.

FIG. 7 is a view enlarging a part of the release layer 2 of the composite copper
foil shown in FIG. 4 that is close to the carrier layer 1.

As described above, the release layer 2 on the carrier layer 1 was crystallized as
a result of epitaxial growth under the influence of copper at an initial precipitation step
(i.e., at an interface with the carrier layer 1), but it is confirmed that the release layer

became amorphous as the plating grew.
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[Experimental Example 2]

PCT/EP2019/055055

Respective ratios (atomic %) of Ni in the oxidation state were measured at a

surface and at a depth of about 7 nm of the release layer of the composite copper foil

according to Exemplary Embodiment 1 by X-ray photoelectron spectroscopy (“XPS”)

using an ultra-high vacuum K-alpha spectrometer (manufactured by Thermo (VG)

Scientiffic) with a spot size of 400 um at 75 W, and the results are shown in Table 1

below.

[Table 1]
Ni(0) NiO
(Wt% with respect to the (Wt% with respect to the
total 100 wt% of nickel) total 100 wt% of nickel)
Surface 81.4 18.6
About 7nm Depth 86.3 13.7

In addition, the profile of each element forming the release layer according to the

depth of the composite copper foil according to Exemplary Embodiment 1 was

measured and shown in the following Table 2, which is shown in a graph and shown in

FIG. 8.

[Table 2]

Length (nm) C Cu Mo Ni 0]
0.00 2441 1.15 22.32 10.72 4140
1.56 3.06 0.85 41.05 43.16 11.88
312 3.09 0.20 43.67 4448 8.56
4.68 092 0.01 45.10 4592 8.06
6.25 0.00 0.03 4577 4745 6.75
7.81 0.00 0.00 44.60 48.39 7.01
9.37 0.00 0.00 4334 49.26 740
10.93 0.00 0.00 42.28 50.66 7.06
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12.49 0.00 0.00 41.77 51.65 6.58
14.06 0.00 0.00 40.62 51.82 7.56
15.62 0.00 0.00 39.85 5281 734
17.18 0.00 0.00 39.05 53.59 7.36
18.74 0.00 0.00 38.35 54.53 712
20.30 0.00 0.00 3743 54.35 8.22
21.86 0.00 0.00 37.33 55.35 7.32
2342 0.00 0.00 36.52 55.16 831
24.98 0.00 0.00 36.39 55.73 7.88
26.54 0.00 0.25 35.72 56.12 792
28.10 0.00 1.73 3546 55.60 7.20
29.67 0.00 6.24 34.39 53.04 6.33
31.23 0.00 1434 32.06 48.76 4.84
32.79 0.00 24.70 28.98 42.17 4.15
34.35 0.00 35.22 2597 36.50 231
3591 0.00 4430 22.87 3140 143
3747 0.00 51.68 19.99 27.10 123
39.03 0.00 58.22 18.15 23.55 0.08
40.59 0.00 6347 15.53 20.56 0.44
42.15 0.00 67.24 1418 18.59 0.00
43.71 0.00 7121 12.49 16.30 0.00
45.27 0.00 73.52 1161 14.64 0.24
46.83 0.00 76.20 10.43 13.37 0.00
48.39 0.00 78.35 941 12.24 0.00
49.95 0.00 79.87 8.95 11.17 0.00
5151 0.00 81.69 8.06 10.24 0.00
53.07 0.00 82.89 7.40 9.71 0.00

* the units of C, Cu, Mo, Ni and O are atomic %.
* The quantification of W was not possible because of interferences with peak of

Mo.

As shown in Fig. 8, the ratio of oxygen was found to be almost constant from a
depth of about 3 nm from the surface or the interface. Up to a depth of about 30 nm, the

ratio of oxygen was almost constant, and thereafter, it gradually decreased, and there
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was substantially no oxygen from a depth of about 42 nm.

FIG. 9 enlarges the XPS profile according to the depth of the release layer of the
composite copper foil according to Exemplary Embodiment 1, particularly, up to a depth
of 20 nm. It can be appreciated from FIG. 9 that the ratio of oxygen is almost constant

up to a depth of 20 nm.

[Experimental Example 3]
The composite copper foil of Exemplary Embodiment 1 and the composite
copper foil of Comparative Example 1 were tested in terms of, for example, peel

strength and lead heat resistance, and the results are shown in Table 3 below

[Table 3]
Peel strength (kgf/cm?2) Lead heat resistance (sec)
Exemplary Embodiment 1 0.008 300
Comparative Example 1 0.040 200

It was appreciated that the composite copper foil of Exemplary Embodiment 1
was excellent in peel strength and lead heat resistance, as compared to those of the

composite copper foil of Comparative Example 1.

[Experimental Example 4]

The composite copper foil of Exemplary Embodiment 1 and the composite
copper foil of Comparative Example 1 were subjected to a crater test at 200 °C for 2
hours, and outer appearances of surfaces of the ultra-thin layers after peeling the carrier

layers were compared, and the results are shown in Table 4 and FIGS. 10 and 11.

[Table 4]
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Outer appearance of surface of ultra-
thin layer after peeling

Composite copper foil of Exemplary | Good

Embodiment 1
Composite copper foil of Stripe marks
Comparative Example 1

As shown in Table 4, the composite copper foil of Exemplary Embodiment 1
showed good surface characteristics (see FIG. 10) of the ultra-thin layers where the
ultra-thin layers were cleanly formed after peeling, whereas the composite copper foil of
Comparative Example 1 exhibited stripe marks transferred on the ultra-thin layer (see
FIG. 11). It may be assumed that components of the release layer smeared the ultra-
thin layer because the peel strength is relatively low in FIG. 10, but the peel strength is

relatively high in FIG. 11.

It will be appreciated that various embodiments and accompanying drawings in
accordance with the present invention have been described herein for purposes of
illustration.  Accordingly, the various embodiments disclosed herein are not intended to
be limiting of the true scope and spirit of the present teachings. Various features of the
above described and other embodiments can be mixed and matched in any manner, to

produce further embodiments consistent with the invention.

<Reference Signs List>
1: Carrier layer

2: Release layer

3: Ultra-thin copper layer

4: Metal layer
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[Claims]
[Claim 1]

A composite copper foil comprising a carrier layer, a release layer and an ultra-
thin copper layer in this order,

wherein the release layer comprises a binary alloy or a ternary alloy comprising
nickel, and is formed into an amorphous layer, and

the ultra-thin copper layer is peelable from the carrier layer.

[Claim 2]
The composite copper foil of claim 1, further comprising a metal layer between

the ultra-thin copper layer and the release layer.

[Claim 3]
The composite copper foil of claim 2, wherein the metal layer is formed into an

amorphous layer.

[Claim 4]
The composite copper foil of claim 1, wherein the release layer comprises one
or more metals selected from the group consisting of molybdenum and tungsten, in

addition to nickel, as a component of the alloy.

[Claim 5]

The composite copper foil of claim 1, wherein a ratio of an alloy comprising
nickel is higher than a ratio of an oxide of the alloy on one surface of the release layer,
and a ratio of an oxide of an alloy is higher than a ratio of the alloy on another surface of
the release layer.
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[Claim 6]
The composite copper foil of claim 5, wherein the ratio of the oxide of the alloy is
substantially constant within a range of about 3 nm to about 30 nm in a depth direction

from a surface in contact with the ultra-thin copper layer.

[Claim 7]

The composite copper foil of claim 1, wherein the release layer shows a broad
diffraction peak when measured by grazing incidence X-ray diffraction (“GIXRD”), or a
hollow pattern at the peak when electron beam diffraction is measured by a

transmission electron microscope (“TEM”).

[Claim 8]
The composite copper foil of claim 2, wherein the release layer and the metal

layer are formed in a thickness ratio from 2.5:1 to 7:1.

[Claim 9]
The composite copper foil of claim 1, wherein the release layer comprises a

ternary alloy layer of Ni-Mo-W.

[Claim 10]
The composite copper foil of claim 9, wherein the ternary alloy layer has a Ni
content ranging from 1000 pg/dm? to 3000 ug/dm?, a Mo content ranging from 300

ug/dm? to 1600 pg/dm?, and a W content substantially equal to or more than 5 pg/dm?.

[Claim 11]
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The composite copper foil of claim 2, wherein the metal layer comprises nickel;

nickel and phosphorus; nickel and sulfur; or nickel, phosphorus and sulfur.

[Claim 12]
The composite copper foil of claim 11, wherein a Ni or Ni-alloy content of the

metal layer is in a range from about 100 pg/dm? to about 1000 ug/dm?.

[Claim 13]
The composite copper foil of claim 1, further comprising a resin substrate

laminated on the ultra-thin copper layer.

[Claim 14]

The composite copper foil of claim 13, wherein the resin substrate comprises
one or more of a polyimide-based resin, an epoxy-based resin, a maleimide-based resin,
a triazine-based resin, a polyphenylene ether-based resin, and a polybutadiene-based

resin.

[Claim 15]

A printed circuit board comprising the composite copper foil of claim 1.

[Claim 16]

An electronic device using the printed circuit board of claim 15.

[Claim 17]
A method of fabricating the composite copper foil of claim 1, the method
comprising:
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preparing a carrier layer;
forming a release layer which is amorphous on the carrier layer by electroplating
using an electrolyte that comprises nickel; and

forming an ultra-thin copper layer on the release layer by electroplating.

[Claim 18]
The method of claim 17, wherein forming of the ultra-thin copper layer is
performed in a state where a pH of an electrolytic cell is in a range from about 2.5 to

about 4.5.

[Claim 19]
The method of claim 17, wherein after forming the release layer,
the carrier layer and the release layer are left in the air (atmosphere) for 10

second to 50 seconds.

[Claim 20]

The method of claim 17, further comprising plating a metal on the release layer

after forming the release layer, and before forming the ultra-thin copper layer.
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