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Description

Title of Invention: PRINTED CIRCUIT BOARD AND METHOD

[1]

[2]

[3]

[4]
[5]

[6]

[7]

FOR MANUFACTURING THE SAME
Technical Field

A printed circuit board is formed by printing circuit line patterns on an insulating
substrate using a conductive material such as copper. The printed circuit board refers to
a board before electronic parts have been mounted thereon. That is, the printed circuit
board refers to a circuit board, in which mounting positions are defined on a flat plate
to mount various types of electronic devices and circuit patterns are fixedly printed on

the flat plate to connect the electronic devices with each other.

Background Art

Such a printed circuit board (PCB) may be classified into a single-layer PCB and a
multi-layer PCB, such as a build-up board.

The build-up board, that is, the multi-layer PCB is manufactured one-layer by one-
layer and the quality of the multi-layer PCB is evaluated to improve the product yield
of the multi-layer PCB. In addition, interconnection lines are precisely connected to
manufacture a high-density and small-size PCB. According to the build-up process, in-
terconnection lines are formed between layers to connect the layers to each other
through via holes formed in the layers. Instead of a mechanical drilling work, a laser
process is performed to form the via holes having a micro size.

FIG. 1 is a sectional view showing a multi-layer PCB according to the related art.

Referring to FIG. 1, the multi-layer PCB 10 according to the related art includes a
core insulating layer 1, inner circuit pattern layers 3 and 4 formed on and under the
core insulating layer 1, upper and lower insulating layers 5 and 6 burying the inner
circuit pattern layers 3 and 4 and outer circuit pattern layers 7 and 8 formed on the
upper and lower insulating layers 5 and 6, respectively.

A conductive via 2 and conductive via holes are formed in the core insulating layer 1
and the upper and lower insulating layers 5 and 6 to electrically connect the inner
circuit pattern layers 3 and 4 to the outer circuit pattern layers 7 and 8.

The multi-layer PCB 10 having the above structure according to the related art can be
manufactured by forming even circuit pattern layers (four layers are shown in FIG. 1).
After depositing insulating layers, two layers serving as outer layers are electrically
connected to each other through the drilling work or the laser process. However, since
the number of the circuit pattern layers is limited to the even number, a thickness of the
substrate may be increased, so that the multi-layer PCB 10 may not be applicable for

the portable electronic appliances or the substrates having the light and slim structure,
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such as semiconductor chips.

Disclosure of Invention

Technical Problem

The embodiment provides a printed circuit board having a novel structure and a
method for manufacturing the same.

The embodiment provides a printed circuit board including odd circuit layers and a

method for manufacturing the same.

Solution to Problem

A printed circuit board according to the embodiment includes a core insulating layer,
at least one via formed through the core insulating layer, an inner circuit layer buried in
the core insulating layer, and an outer circuit layer on a top surface or a bottom surface
of the core insulating layer, wherein the via includes a first part, a second part below
the first part, a third part between the first and second parts, and at least one barrier
layer including a metal different from a metal of the first to third parts.

A method for manufacturing a printed circuit board according to the embodiment
includes the steps of preparing a metal substrate having a stack structure including a
first metal layer, a second metal layer, a third metal layer and a barrier layer among the
first to third metal layers, forming a first part of a via by etching the first metal layer of
the metal substrate, forming a connecting part and an inner circuit layer under the first
part of the via by etching the second metal layer of the metal substrate, forming a
second part of the via under the connecting part by etching the third metal layer of the
metal substrate, forming an insulating layer to bury the via, and forming an outer

circuit layer on a top surface or a bottom surface of the insulating layer.

Advantageous Effects of Invention

According to the embodiment, the inner circuit layer and the vias are simultaneously
formed, so that the process steps can be reduced. In addition, since the printed circuit
board includes odd circuit layers, the printed circuit board may have the light and slim
structure.

In addition, the vias are buried in the insulating layer of the multi-layer printed circuit
board, so the heat dissipation function can be improved. Since the plating method is
not adopted to form the vias, the manufacturing cost can be reduced.

Further, the vias and the inner circuit layer are formed by using the metal substrate
including a plurality of stacked metals, so the substrate can be prevented from being
bent during the manufacturing process.

Brief Description of Drawings
FIG. 1 is a sectional view showing a printed circuit board according to the related art;

FIG. 2 is a sectional view showing a printed circuit board according to the first em-
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bodiment;
[17] FIGS. 3 to 17 are sectional views for explaining the manufacturing procedure for the

printed circuit board shown in FIG. 2;

[18] FIG. 18 is a sectional view showing a printed circuit board according to the second
embodiment;

[19] FIG. 19 is a sectional view showing a printed circuit board according to the third em-
bodiment;

[20] FIGS. 20 to 36 are sectional views for explaining the manufacturing procedure for

the printed circuit board shown in FIG. 19; and
[21] FIG. 37 is a sectional view showing a printed circuit board according to the fourth

embodiment.

Best Mode for Carrying out the Invention

[22] Disclosed are a printed circuit board and a method for manufacturing the same. The
printed circuit board includes a core insulating layer, at least one via formed through
the core insulating layer, an inner circuit layer buried in the core insulating layer, and
an outer circuit layer on a top surface or a bottom surface of the core insulating layer,
wherein the via includes a first part, a second part below the first part, a third part
between the first and second parts, and at least one barrier layer including a metal
different from a metal of the first to third parts. The inner circuit layer and the via are
simultaneously formed so that the process steps are reduced. Since odd circuit layers

are provided, the printed circuit board has a light and slim structure.

Mode for the Invention

[23] Hereinafter, the embodiments will be described with reference to accompanying
drawings in detail so that those skilled in the art to which the invention pertains can
easily realize the embodiments. However, the embodiments may have various modi-
fications without limitation.

[24] In the following description, when a part is referred to as it includes a component, the
part may not exclude other components but further include another component unless
the context indicates otherwise.

[25] The thickness and size of each layer shown in the drawings may be exaggerated,
omitted or schematically drawn for the purpose of convenience or clarity. In addition,
the size of elements does not utterly reflect an actual size. In the following description,
the similar components will be assigned with the similar reference numerals.

[26] In the description of the embodiments, it will be understood that, when a layer (or
film), a region, or a plate is referred to as being on or under another layer (or film),
another region, or another plate, it can be directly or indirectly on the other layer (or

film), region, or plate, or one or more intervening layers may also be present.
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According to the embodiment, a via and an inner circuit layer are simultaneously
formed through the etching process, so that a multi-layer printed circuit board (PCB)
including odd circuit layers can be formed without using the plating method.

Hereinafter, the PCB according to the embodiment will be described with reference
to FIGS. 2 to 17.

FIG. 2 is a sectional view showing the PCB according to the first embodiment.

Referring to FIG. 2, the PCB 100 according to the embodiment includes a core in-
sulating layer forming a first insulating layer 120 and a second insulating layer 125,
vias 115 formed in the core insulating layer, an inner circuit layer 111 formed in the
core insulating layer, and first and second outer circuit layers 131, 135 and 145 formed
on the first and second insulating layers 120 and 125, respectively.

The first insulating layer 120 is formed on the second insulating layer 125 and an ad-
ditional insulating layer (not shown) may be present between the first and second in-
sulating layers 120 and 125.

The first and second insulating layers 120 and 125 may include a thermosetting
polymer substrate, a thermoplastic polymer substrate, a ceramic substrate or an
organic/inorganic composite substrate. The first and second insulating layers 120 and
125 may include polymer resin, such as epoxy insulating resin, or polyimide resin. In
addition, the first and second insulating layers 120 and 125 can be formed by using
resin including solid components, such as glass fiber.

The first and second insulating layers 120 and 125 can be formed by using the same
material.

The first and second insulating layers 120 and 125 may have a thickness in the range
of 30um to 80um, respectively.

The thickness of the core insulating layer having the stack structure of the first and
second insulating layers 120 and 125 is in the range of 60xm to 160xm, preferably, in
the range of 60um to 140xm. The vias 115 and the inner circuit layer 111 are formed in
the core insulating layer.

The vias 115 are conductive vias formed through the first and second insulating
layers 120 and 125. The vias 115 have the largest width d1 at the boundary between
the first and second insulating layers 120 and 125. The width of each via 115 is
gradually narrowed as it reaches the top surface of the first and second insulating
layers 120 and 125. Thus, a section of each via 115 meeting with the top surface of the
first and second insulating layers 120 and 125 has the smallest width d2, so that the via
115 has a hexagonal sectional shape.

The widths d1 and d2 of the via 115 are in the range of about 20m to about 100xm.

The via 115 is a conductive via and can be formed by using an alloy including Cu.

The via 115 includes a first part 115a buried in the first insulating layer 120 and
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formed by an alloy including Cu, a second part 115b buried in the second insulating
layer 125 below the first part 115a and formed by an alloy identical to the alloy of the
first part 115a, and a third part 115¢ interposed between the first and second parts 115a
and 115b and formed by an alloy identical to the alloy of the first and second parts
115a and 115b.

Meanwhile, first and second barrier layers 115d and 115e are formed at boundaries
among the first to third parts 115a, 115b and 115c.

In detail, the first barrier layer 115d is formed between the first part 115a and the
third part 115¢, and the second barrier layer 115e is formed between the third part 115¢
and the second part 115b.

The first and second barrier layers 115d and 115e are formed by using a metal
different from the metal of the first to third parts 115a, 115b and 115¢. The metal of
the first and second barrier layers 115d and 115e has the etching selectivity with
respect to the metal of the first to third parts 115a, 115b and 115c.

The third part 115c¢ is formed at the center of the via 115, and the bottom surface of
the third part 115c¢ or the bottom surface of the second barrier layer 115e may have the
largest width d1 of the via 115.

The first to third parts 115a, 115b and 115c¢ can be formed by using the alloy
including Cu, and the first and second barrier layers 115d and 115e can be formed by
using the alloy including Ni, Fe, Co, Mo, Cr or Pd.

The first and second parts 115a and 115b have the thickness in the range of 20um to
704m, and the third part 115¢ has the thickness in the range of 5um to 70xm.

The first and second barrier layers 115d and 115e have the thickness smaller than the
thickness of the third part 115c. Preferably, the first and second barrier layers 115d and
115e have the thickness of about 10um or less.

The inner circuit layer 111 is formed on the second insulating layer 125. A circuit
pattern of the inner circuit layer 111 has the thickness in the range of 5um to 30m, and
the width of about 50um or less, preferably, 30.m, so that the micro pattern can be
formed.

The inner circuit layer 111 has a rectangular sectional shape.

The inner circuit layer 111 is formed by using a material the same as that of the third
part 115¢ of the via 115 and the second barrier layer 115e is partially formed under the
inner circuit layer 111.

The second barrier layer 115e can be omitted.

The outer circuit layers 131, 135 and 145 including via pads 135 and 145 connected
to the via 115 and the circuit pattern 131 are formed on the top and bottom surfaces of
the first and second insulating layers 120 and 125, respectively.

The outer circuit layers 131, 135 and 145 are classified into the first outer circuit
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layers 131 and 135 formed on the core insulating layer and the second outer circuit
layer 145 formed under the core insulating layer.

The outer circuit layers 131, 135 and 145 may form the micro pattern having the line/
space of 30/30. To this end, a copper layer having the thickness in the range of 6/m to
30um is deposited and then the copper layer is etched to form the outer circuit layers
131, 135 and 145.

Although it has been described in that the outer circuit layers 131, 135 and 145 are
formed on and under the core insulating layer in the form of a single layer, the em-
bodiment is not limited thereto. For instance, after forming an upper insulating layer
for burying the outer circuit layers 131, 135 and 145 on the first and second insulating
layers 120 and 125, the circuit layer can be formed on the upper insulating layer to
form the multi-layer PCB.

As described above, since the inner circuit layer 111 is buried in the core insulating
layer of the PCB 100 according to the embodiment, the circuit layer having the number
of 2n + 1 (n is a positive integer) can be formed. In addition, the insulating layer has
the number the same as that of the circuit layer on the basis of the core insulating layer
so that the PCB can be prevented from being bent in one direction.

Thus, odd circuit layers can be formed without increasing the number of the in-
sulating layers. In addition, since the vias 115 including the conductive material are
formed in the core insulating layer, the heat dissipation efficiency can be improved.

Hereinafter, the method for manufacturing the PCB of FIG. 2 will be described with
reference to FIGS. 3 to 17.

First, a conductive metal substrate 110 is prepared as shown in FIG. 3.

The conductive metal substrate 110 can be formed by using an alloy including Cu in
the form of a rolled foil or an electrolytic foil. The conductive metal substrate 110 may
have various thicknesses according to the specification of the product. The conductive
metal substrate 110 has the stack structure of a first metal layer 110a, a second metal
layer 110b and a third metal layer 110c.

The first to third metal layers 110a, 110b and 110c can be formed by using an alloy
including Cu. First and second barrier metal layers 110d and 110e are formed among
the first to third metal layers 110a, 110b and 110c. The first and second barrier metal
layers 110d and 110e include the metal having the etching selectivity with respect to
the metal of the first to third metal layers 110a, 110b and 110c.

The first and second barrier metal layers 110d and 110e can be formed by using an
alloy including Ni, Fe, Co, Mo, Cr or Pd. In addition, the first and second barrier metal
layers 110d and 110e may have the thickness thinner than the thickness of the second
metal layer 110b.

According to the embodiment, the metal substrate 110 preferably has the thickness in
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the range of 80um to 170um. The surface of the metal substrate 110 can be treated
through a surface treatment process, such as pickling or flushing.

Then, as shown in FIG. 4, a photoresist film 116 is attached onto the top surface of
the metal substrate 110.

The photoresist film 116 forms an etching pattern to etch the metal substrate 110.
The photoresist film 116 may have various thicknesses in the range of 15m to 30xm,
and both of the UV exposure type photoresist film and the LDI exposure type pho-
toresist film can be employed.

After that, as shown in FIG. 5, the photoresist film 116 is subject to the exposure and
development process to form a photoresist pattern (not shown) and the metal substrate
110 is etched by using the photoresist pattern as a mask, thereby forming the first part
115a of the via 115.

Then, a part of the metal substrate 110 is wet etched by using wet etching solution,
such as cupric chloride and iron chloride, to form the first part 115a of the via 115.
Due to the etching selectivity between the first metal layer 110a and the first barrier
metal layer 110d, only the first metal layer 110a is etched when the first part 115a is
formed.

As shown in FIG. 5, after the first part 115a of the via 115 has been etched, the pho-
toresist pattern is delaminated by using the NaOH diluted solution.

Next, as shown in FIG. 6, a photoresist film 117 is formed on the first part 115a and
an exposed front surface of the first barrier metal layer 110d.

In order to form the inner circuit layer 111 by using the second metal layer 110b, a
part of the photoresist film 117 formed on the first barrier metal layer 110d is subject
to the exposure and development process to form a photoresist pattern 118 shown in
FIG. 7 and the first barrier metal layer 110d is etched by using the photoresist pattern
118 as a mask, thereby forming a mask pattern 119.

Then, the second metal layer 110b formed under the mask pattern 119 is selectively
etched by using an etching solution different from the etching solution used for etching
the mask pattern 119, thereby forming a first region 111a of the inner circuit layer 111
and the third part 115¢ of the via 115 as shown in FIG. 8.

As the second barrier layer 110e formed under the second metal layer 110b is
exposed, the etching process is stopped and the first region 111a of the inner circuit
layer 111 is formed. The first region 111a of the inner circuit layer 111 has a
rectangular sectional shape formed thereon with the mask pattern 119.

Then, as shown in FIG. 9, as the mask pattern 119 and the exposed second barrier
metal layer 110e are removed, the inner circuit layer 111 is divided into the first region
111a formed by the second metal layer 110b and the second region 111b formed by the

second metal barrier layer 110e.
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After that, as shown in FIG. 10, the first insulating layer 120 is formed in such a
manner that the first and third parts 115a and 115c¢ of the via 115 and the inner circuit
layer 111 can be buried in the first insulating layer 120.

The first insulating layer 120 can be formed by using thermosetting resin or ther-
moplastic resin having the solid component, such as glass fiber, or having no solid
component. The first insulating layer 120 may have the thickness in the range of about
30um to about 80um.

Then, a copper foil layer 130 is formed on the first insulating layer 120.

The copper foil layer 130 is a metal layer serving as a base of the first outer circuit
layers 131 and 135 and has the thickness in the range of 6um to 30um such that the line/
space can be formed as to 30/30.m. Preferably, the copper foil layer 130 has the
thickness in the range of 6m to 204m such that the line/space can be formed as to
15/15um or below.

The first insulating layer 120 and the copper foil layer 130 can be formed by using
CCL (copper claded laminate).

Then, as shown in FIG. 11, photoresist films 136 are formed on the copper foil layer
130 and under the metal substrate 110, respectively.

The photoresist film 136 formed under the metal substrate 110 serves as a base to
form a photoresist pattern used to form the second part 115b of the via 115 and the
inner circuit layer 111. In addition, the photoresist film 136 formed on the copper foil
layer 130 serves as a base to form a photoresist pattern under the metal substrate 110
and as a protective film to protect the copper foil layer 130 during the etching process
for the metal substrate 110.

Thus, the photoresist film 136 formed on the copper foil layer 130 can be replaced
with a protective film or a protective organic layer and can be omitted.

After that, as shown in FIG. 12, the photoresist film 136 formed under the metal
substrate 110 is developed to form the photoresist pattern and the metal substrate 110
is etched by using the photoresist pattern as a mask, thereby forming the second part
115b under the first part 115a of the via 115.

The etching process may be performed until the second barrier metal layer 110e is
exposed, so the second barrier metal layer 110e is exposed at the bottom surface of the
inner circuit layer 111.

In this manner, upper and lower portions of the via 115 are divided into first to third
parts 115a, 115b and 115¢ through the etching process so that the via 115 has the
hexagonal sectional shape in which the center of the via 115 has the largest width d1
and the width becomes narrow from the center to the outer portion of the via 115.

As the second part 115b of the via 115 has been formed, the photoresist pattern is de-

laminated. Then, as shown in FIG. 13, the second insulating layer 125 is deposited
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such that the first part 115a of the via 115 can be buried in the second insulating layer
125 and a copper foil layer 140 is deposited on the second insulating layer 125.

The material and the thickness of the second insulating layer 125 and the copper foil
layer 140 may be identical to those of the first insulating layer 120 and the copper foil
layer 130 formed on the first insulating layer 120.

Then, as shown in FIG. 14, photoresist films 146 are attached onto the copper foil
layers 130 and 140, respectively.

The photoresist films 146 may have various thicknesses in the range of 15um to 30um
and both of the UV exposure type photoresist film and the LDI exposure type pho-
toresist film can be employed.

Then, the photoresist films 146 are subject to the exposure and development process
so that photoresist patterns 148 are formed on the copper foil layers 130 and 140, re-
spectively, as shown in FIG. 15. After that, the copper foil layers 130 and 140 are
etched by using the photoresist patterns 148 as a mask, thereby forming the pads 135
and 145 and the circuit pattern 131 as shown in FIG. 16.

The pads 135 and 145 and the circuit pattern 131 may constitute the first outer circuit
layers 131 and 135 formed on the first insulating layer 120 and the second outer circuit
layer 145. The first outer circuit layers 131 and 135 include the upper pad 135
connected to the first part 115a of the via 115 and the upper circuit pattern 131
including the copper foil layer 130 identical to the copper foil layer 130 of the upper
pad 135. The second outer circuit layer 145 includes the lower pad 145 connected to
the second part 115b of the via 115 and a lower circuit pattern (not shown) including
the copper foil layer 140 identical to the copper foil layer 140 of the lower pad 145.

Finally, as shown in FIG. 17, the circuit pattern 131 of the outer circuit layers 131,
135 and 145 is buried and a coverlay 150 is formed to expose the pads 135 and 145.

In this manner, different from the related art in which the via hole is formed by
drilling the insulating layer and the via is formed by burying the via hole, the em-
bodiment forms the insulating layers 120 and 125 burying the via 115 after forming the
via 115 by etching the metal substrate 110, thereby reducing the manufacturing cost. In
addition, since the inner circuit layer 111 is formed by using the metal substrate
identical to the via 115, the manufacturing steps can be reduced.

Hereinafter, a PCB according to the second embodiment will be described with
reference to FIG. 18.

Referring to FIG. 18, the PCB 200 according to the second embodiment includes a
core insulating layer forming a first insulating layer 120 and a second insulating layer
125, vias 115 formed in the core insulating layer, an inner circuit layer 112 formed in
the core insulating layer, and first and second outer circuit layers 131, 135 and 145

formed on the first and second insulating layers 120 and 125, respectively.



10

WO 2012/087058 PCT/KR2011/010024

[94]

[95]

[96]

[97]

[98]
[99]
[100]

[101]

[102]

[103]

[104]

[105]

[106]

The first insulating layer 120 is formed on the second insulating layer 125 and an ad-
ditional insulating layer may be present between the first and second insulating layers
120 and 125.

The first and second insulating layers 120 and 125 can be formed by using resin
including solid components, such as glass fiber. The first and second insulating layers
120 and 125 can be formed by using the same material.

The first and second insulating layers 120 and 125 have a stack structure to form the
core insulating layer. The core insulating layer may have a thickness in the range of
about 60/m to about 140xm. The via 115 and the inner circuit layer 112 are formed in
the core insulating layer.

The vias 115 are conductive vias formed through the first and second insulating
layers 120 and 125. The vias 115 have the largest width d1 at the boundary between
the first and second insulating layers 120 and 125. The width of each via 115 is
gradually narrowed as it reaches the top surface of the first and second insulating
layers 120 and 125. Thus, the via 115 has a hexagonal sectional shape.

The widths d1 and d2 of the via 115 are in the range of about 20m to about 100xm.

The via 115 is a conductive via and can be formed by using an alloy including Cu.

The via 115 includes a first part 115a buried in the first insulating layer 120 and
formed by an alloy including Cu, a second part 115b buried in the second insulating
layer 125 below the first part 115a and formed by an alloy identical to the alloy of the
first part 115a, and a third part 115¢ interposed between the first and second parts 115a
and 115b and formed by an alloy identical to the alloy of the first and second parts
115a and 115b.

Meanwhile, first and second barrier layers 115d and 115e are formed at boundaries
among the first to third parts 115a, 115b and 115c.

In detail, the first barrier layer 115d is formed between the first part 115a and the
third part 115¢, and the second barrier layer 115e is formed between the third part 115¢
and the second part 115b.

The first and second barrier layers 115d and 115e are formed by using a metal
different from the metal of the first to third parts 115a, 115b and 115¢. The metal of
the first and second barrier layers 115d and 115e has the etching selectivity with
respect to the metal of the first to third parts 115a, 115b and 115c.

The third part 115c¢ is formed at the center of the via 115, and the bottom surface of
the third part 115¢ may have the largest width d1 of the via 115.

The first to third parts 115a, 115b and 115¢ can be formed by using the alloy
including Cu, and the first and second barrier layers 115d and 115e can be formed by
using the alloy including Ni, Fe, Co, Mo, Cr or Pd.

The first and second parts 115a and 115b have the thickness in the range of 20um to
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704m, and the third part 115¢ has the thickness in the range of 5um to 70xm.

The first and second barrier layers 115d and 115e have the thickness smaller than the
thickness of the third part 115c. Preferably, the first and second barrier layers 115d and
115e have the thickness of about 10um or less.

The inner circuit layer 112 has a rectangular sectional shape and has the width of
about 60xm or less, preferably, 50um, so that the micro pattern can be formed.

The inner circuit layer 112 is formed by using a material the same as that of the third
part 115¢ of the via 115.

The outer circuit layers 131, 135 and 145 including via pads 135 and 145 connected
to the via 115 and the circuit pattern 131 are formed on the top and bottom surfaces of
the first and second insulating layers 120 and 125, respectively.

The outer circuit layers 131, 135 and 145 are formed on the surfaces of the first and
second insulating layers 120 and 125 and the inner circuit layer 112 is formed on the
second insulating layer 125.

The outer circuit layers 131, 135 and 145 can be formed by depositing the copper foil
layer and then etching the copper foil layer.

In the PCB 200 shown in FIG. 18, the circuit pattern of the inner circuit layer 112 has
a rectangular sectional shape, which is symmetrically formed about the boundary
between the first and second insulating layers 120 and 125 similar to the via 115. The
region buried in the first insulating layer 120 includes the material the same as that of
the third part 115c of the via 115, and the region buried in the second insulating layer
125 includes the material the same as that of the third part 115c of the via 115.

The inner circuit layer 112 shown in FIG. 18 can be formed by using the manu-
facturing method shown in FIGS. 3 to 17. In the process shown in FIGS. 11 and 12,
when the second part 115b of the via 115 is formed, the region to be buried in the
second insulating layer 125 of the inner circuit layer 112 can be simultaneously
formed.

As described above, since the inner circuit layer 112 is buried in the core insulating
layer of the PCB 200 according to the embodiment, the circuit layer having the number
of 2n + 1 (n is a positive integer) can be formed. In addition, the insulating layer has
the number the same as that of the circuit layer on the basis of the core insulating layer
so that the PCB can be prevented from being bent in one direction.

Thus, odd circuit layers can be formed without increasing the number of the in-
sulating layers. In addition, since the vias 115 including the conductive material are
formed in the core insulating layer, the heat dissipation efficiency can be improved.

In addition, an intermediate layer of the metal substrate is formed by using a hetero
metal, so the metal substrate can be prevented from being bent during the manu-

facturing process.
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Hereinafter, the PCB according to the third embodiment will be described with
reference to FIGS. 19 to 36.

FIG. 19 is a sectional view showing the PCB according to the third embodiment.

Referring to FIG. 19, the PCB 300 according to the embodiment includes a core in-
sulating layer forming a first insulating layer 320 and a second insulating layer 325,
vias 315 formed in the core insulating layer, an inner circuit layer 311 formed in the
core insulating layer, and first and second outer circuit layers 331, 335 and 345 formed
on the first and second insulating layers 320 and 325, respectively.

The first insulating layer 320 is formed on the second insulating layer 325 and an ad-
ditional insulating layer (not shown) may be present between the first and second in-
sulating layers 320 and 325.

The first and second insulating layers 320 and 325 may include a thermosetting
polymer substrate, a thermoplastic polymer substrate, a ceramic substrate or an
organic/inorganic composite substrate. The first and second insulating layers 320 and
325 may include polymer resin, such as epoxy insulating resin, or polyimide resin. In
addition, the first and second insulating layers 320 and 325 can be formed by using
resin including solid components, such as glass fiber.

The first and second insulating layers 320 and 325 can be formed by using the same
material.

The first and second insulating layers 320 and 325 may have a thickness in the range
of about 30um to about 80um, respectively.

The thickness of the core insulating layer having the stack structure of the first and
second insulating layers 320 and 325 is in the range of about 60um to about 160m,
preferably, in the range of about 60xm to about 140xm.

Adhesive layers 360 and 365 are formed on the surfaces of the core insulating layer.
In detail, the adhesive layers 360 and 365 are formed on the top surface of the first in-
sulating layer 320 and the bottom surface of the second insulating layer 325, re-
spectively.

The adhesive layers 360 and 365 are provided to reinforce the adhesive strength
between the first and second insulating layers 320 and 325 and the circuit layers 331,
335 and 345. The adhesive layers 360 and 365 may be a primer resin layer including
silane and may have a thickness of about 104m or less.

The vias 315 and the inner circuit layer 311 are formed in the core insulating layer.

The vias 315 are conductive vias formed through the first and second insulating
layers 320 and 325. The vias 315 have the largest width d1 at the boundary between
the first and second insulating layers 320 and 325. The width of each via 315 is
gradually narrowed as it reaches the top surface of the first and second insulating

layers 320 and 325. Thus, a section of each via 315 meeting with the top surface of the
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first and second insulating layers 320 and 325 has the smallest width d2, so that the via
315 has a hexagonal sectional shape.

The widths d1 and d2 of the via 315 are in the range of about 20m to about 300xm.

The via 315 is a conductive via and can be formed by using an alloy including Cu.

The via 315 includes a first part 315a buried in the first insulating layer 320 and
formed by an alloy including Cu, a second part 315b buried in the second insulating
layer 325 below the first part 315a and formed by an alloy identical to the alloy of the
first part 315a, and a third part 315¢ interposed between the first and second parts 315a
and 315b and formed by an alloy identical to the alloy of the first and second parts
315a and 315b.

Meanwhile, first and second barrier layers 315d and 315e are formed at boundaries
among the first to third parts 315a, 315b and 315c.

In detail, the first barrier layer 315d is formed between the first part 315a and the
third part 315¢, and the second barrier layer 315e is formed between the third part 315¢
and the second part 315b.

The first and second barrier layers 315d and 315e are formed by using a metal
different from the metal of the first to third parts 315a, 315b and 315¢. The metal of
the first and second barrier layers 315d and 315e has the etching selectivity with
respect to the metal of the first to third parts 315a, 315b and 315c.

The third part 315c¢ is formed at the center of the via 315, and the bottom surface of
the third part 315c or the bottom surface of the second barrier layer 315e may have the
largest width d1 of the via 315.

The first to third parts 315a, 315b and 315c can be formed by using the alloy
including Cu, and the first and second barrier layers 315d and 315e can be formed by
using the alloy including Ni, Fe, Co, Mo, Cr or Pd.

The first and second parts 315a and 315b have the thickness in the range of 20um to
704m, and the third part 315c¢ has the thickness in the range of 5um to 70xm.

The first and second barrier layers 315d and 315e have the thickness smaller than the
thickness of the third part 315c. Preferably, the first and second barrier layers 315d and
315e have the thickness of about 10um or less.

The inner circuit layer 311 is formed on the second insulating layer 325. A circuit
pattern of the inner circuit layer 311 has the thickness in the range of 5um to 30m, and
the width of about 50um or less, preferably, 30.m, so that the micro pattern can be
formed.

The inner circuit layer 311 has a rectangular sectional shape.

The inner circuit layer 311 is formed by using a material the same as that of the third
part 315¢ of the via 315 and the second barrier layer 315e¢ is partially formed under the

inner circuit layer 311.
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The second barrier layer 315e can be omitted.

The outer circuit layers 331, 335 and 345 including via pads 335 and 345 connected
to the via 315 and the circuit pattern 331 are formed on the top and bottom surfaces of
the first and second insulating layers 320 and 325, respectively.

The outer circuit layers 331, 335 and 345 are classified into the first outer circuit
layers 331 and 335 formed on the core insulating layer and the second outer circuit
layer 345 formed under the core insulating layer.

The outer circuit layers 331, 335 and 345 can be formed by plating materials through
the SAP (semi-additive process).

Although it has been described in that the outer circuit layers 331, 335 and 345 are
formed on and under the core insulating layer in the form of a single layer, the em-
bodiment is not limited thereto. For instance, after forming an upper insulating layer
for burying the outer circuit layers 331, 335 and 345 on the first and second insulating
layers 320 and 325, the circuit layer can be formed on the upper insulating layer to
form the multi-layer PCB.

As described above, since the inner circuit layer 311 is buried in the core insulating
layer of the PCB 300 according to the embodiment, the circuit layer having the number
of 2n + 1 (n is a positive integer) can be formed. In addition, the insulating layer has
the number the same as that of the circuit layer on the basis of the core insulating layer
so that the PCB can be prevented from being bent in one direction.

Thus, odd circuit layers can be formed without increasing the number of the in-
sulating layers. In addition, since the vias 315 including the conductive material are
formed in the core insulating layer, the heat dissipation efficiency can be improved.

In addition, since the adhesive layers 360 and 365 including the primer resin are
formed between the insulating layers 320 and 325 and the outer circuit layers 331, 335
and 345, the plating work for the outer circuit layers 331, 335 and 345 may be fa-
cilitated so that the adhesive strength between the insulating layers 320 and 325 and
the outer circuit layers 331, 335 and 345 can be improved.

Hereinafter, the method for manufacturing the PCB of FIG. 19 will be described with
reference to FIGS. 20 to 36.

First, a conductive metal substrate 310 is prepared as shown in FIG. 20.

The conductive metal substrate 310 can be formed by using an alloy including Cu in
the form of a rolled foil or an electrolytic foil. The conductive metal substrate 310 may
have various thicknesses according to the specification of the product. The conductive
metal substrate 310 has the stack structure of a first metal layer 310a, a second metal
layer 310b and a third metal layer 310c.

The first to third metal layers 310a, 310b and 310c can be formed by using an alloy

including Cu. First and second barrier metal layers 310d and 310e are formed among
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the first to third metal layers 310a, 310b and 310c. The first and second barrier metal
layers 310d and 310e include the metal having the etching selectivity with respect to
the metal of the first to third metal layers 310a, 310b and 310c.

The first and second barrier metal layers 310d and 310e can be formed by using an
alloy including Ni, Fe, Co, Mo, Cr or Pd. In addition, the first and second barrier metal
layers 310d and 310e may have the thickness thinner than the thickness of the second
metal layer 310b.

According to the embodiment, the metal substrate 310 preferably has the thickness in
the range of 80um to 170um. The surface of the metal substrate 310 can be treated
through a surface treatment process, such as pickling or flushing.

Then, as shown in FIG. 21, a photoresist film 316 is attached onto the top surface of
the metal substrate 310.

The photoresist film 316 forms an etching pattern to etch the metal substrate 310.
The photoresist film 316 may have various thicknesses in the range of 15m to 30xm,
and both of the UV exposure type photoresist film and the LDI exposure type pho-
toresist film can be employed.

After that, as shown in FIG. 22, the photoresist film 316 is subject to the exposure
and development process to form a photoresist pattern (not shown) and the metal
substrate 310 is etched by using the photoresist pattern as a mask, thereby forming the
first part 315a of the via 315.

Then, a part of the metal substrate 310 is wet etched by using wet etching solution,
such as cupric chloride and iron chloride, to form the first part 315a of the via 315.
Due to the etching selectivity between the first metal layer 310a and the first barrier
metal layer 310d, only the first metal layer 310a is etched when the first part 315a is
formed.

As shown in FIG. 22, after the first part 315a of the via 315 has been etched, the pho-
toresist pattern is delaminated by using the NaOH diluted solution.

Next, as shown in FIG. 23, a photoresist film 317 is formed on the first part 315a and
an exposed front surface of the first barrier metal layer 310d.

In order to form the inner circuit layer 311 by using the second metal layer 310b, a
part of the photoresist film 317 formed on the first barrier metal layer 310d is subject
to the exposure and development process to form a photoresist pattern 318 shown in
FIG. 24 and the first barrier metal layer 310d is etched by using the photoresist pattern
318 as a mask, thereby forming a mask pattern 319.

Then, the second metal layer 310b formed under the mask pattern 319 is selectively
etched by using an etching solution different from the etching solution used for etching
the mask pattern 319, thereby forming a first region 311a of the inner circuit layer 311
and the third part 315¢ of the via 315 as shown in FIG. 25.
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As the second barrier layer 310e formed under the second metal layer 310b is
exposed, the etching process is stopped and the first region 311a of the inner circuit
layer 311 is formed. The first region 311a of the inner circuit layer 311 has a
rectangular sectional shape formed thereon with the mask pattern 319.

Then, as shown in FIG. 26, as the mask pattern 319 and the exposed second barrier
metal layer 310e are removed, the inner circuit layer 311 is divided into the first region
311a formed by the second metal layer 310b and the second region 311b formed by the
second metal barrier layer 310e.

After that, as shown in FIG. 27, the first insulating layer 320 is formed in such a
manner that the first and third parts 315a and 315¢ of the via 315 and the inner circuit
layer 311 can be buried in the first insulating layer 320.

The first insulating layer 320 can be formed by using thermosetting resin or ther-
moplastic resin having the solid component, such as glass fiber, or having no solid
component. The first insulating layer 320 may have the thickness in the range of about
30um to about 80um.

Then, the adhesive layer 360 and a copper foil layer 361 are formed on the first in-
sulating layer 320.

The copper foil layer 361 serves as a base for the SAP and the adhesive layer 360 is
attached onto the first insulating layer 320. The adhesive layer 360 includes primer
resin.

In detail, the adhesive layer 360 includes primer resin including silane. The adhesive
layer 360 including the primer resin is coated on the copper foil layer 361 in the form
of the PCF (primer coated copper foil).

The top surface of the via 315 is pressed to make contact with the copper foil layer
361 through the adhesive layer 360.

Then, as shown in FIG. 28, photoresist films 336 are formed on the copper foil layer
361 and under the metal substrate 310, respectively.

The photoresist film 336 formed under the metal substrate 310 serves as a base to
form a photoresist pattern used to form the second part 315b of the via 315 and the
inner circuit layer 311. In addition, the photoresist film 336 formed on the copper foil
layer 361 serves as a base to form a photoresist pattern under the metal substrate 310
and as a protective film to protect the copper foil layer 361 during the etching process
for the metal substrate 310.

Thus, the photoresist film 336 formed on the copper foil layer 361 can be replaced
with a protective film or a protective organic layer and can be omitted.

After that, as shown in FIG. 29, the photoresist film 336 formed under the metal
substrate 310 is developed to form the photoresist pattern and the metal substrate 310

is etched by using the photoresist pattern as a mask, thereby forming the second part
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315b under the first part 315a of the via 315.

The etching process may be performed until the second barrier metal layer 310e is
exposed, so the second barrier metal layer 310e is exposed at the bottom surface of the
inner circuit layer 311.

In this manner, upper and lower portions of the via 315 are divided into first to third
parts 315a, 315b and 315¢ through the etching process so that the via 315 has the
hexagonal sectional shape in which the center of the via 315 has the largest width d1
and the width becomes narrow from the center to the outer portion of the via 315.

As the second part 315b of the via 315 has been formed, the photoresist pattern is de-
laminated. Then, as shown in FIG. 30, the second insulating layer 325 is deposited
such that the first part 315a of the via 315 can be buried in the second insulating layer
325 and a copper foil layer 366 is deposited on the second insulating layer 325.

The material and the thickness of the second insulating layer 325 and the copper foil
layer 366 may be identical to those of the first insulating layer 320 and the copper foil
layer 361 formed on the first insulating layer 320.

Then, as shown in FIG. 31, the copper foil layers 361 and 366 are removed so that
the adhesive layers 360 and 365 under the copper foil layers 361 and 366 can be
exposed.

The copper foil layers 361 and 366 are full-etched in order to perform the SAP, and
the desmear process can be performed to remove impurities from the adhesive layers
360 and 365 and to provide the intensity of illumination.

Then, as shown in FIG. 32, a seed layer 332 is formed on the adhesive layers 360 and
365 through the electroless plating process.

That is, the seed layer 332 can be formed by performing the electroless plating
process using Cu. The seed layer 332 is formed on the adhesive layers 360 and 365 and
on the exposed top and bottom surfaces of the via 315 with the uniform thickness of
3um or less.

After that, as shown in FIG. 33, a photoresist pattern 348 is formed on the seed layer
332 to form the outer circuit layers 331, 335 and 345.

The photoresist pattern 348 can be formed by performing the exposure and de-
velopment process with respect to the photoresist film according to the circuit design.

Then, as shown in FIG. 34, plating layers 330 and 340 are formed by performing the
electroplating process onto the seed layer 332 exposed through the photoresist pattern
348.

According to the electroplating process, the plating area is calculated and current is
applied to a DC rectifier or a pulse/reverse type rectifier to extract the conductive
metal, such as copper.

Then, as shown in FIG. 35, the photoresist pattern 348 is delaminated and the flash
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etching process is performed with respect to the plating layers 330 and 340 and the
seed layer 332 under the photoresist pattern 348, so that the adhesive layers 360 and
365 are exposed and the outer circuit layers 331, 335 and 345 are formed.

The pads 335 and 345 and the circuit pattern 331 may constitute the first outer circuit
layers 331 and 335 formed on the first insulating layer 320 and the second outer circuit
layer 345. The first outer circuit layers 331 and 335 include the upper pad 335
connected to the first part 315a of the via 315 and the upper circuit pattern 331. The
second outer circuit layer 345 includes the lower pad 345 connected to the second part
315b of the via 315 and a lower circuit pattern (not shown).

Finally, as shown in FIG. 36, the circuit pattern 331 of the outer circuit layers 331,
335 and 345 is buried and a coverlay 350 is formed to expose the pads 335 and 345.

In this manner, different from the related art in which the via hole is formed by
drilling the insulating layer and the via is formed by burying the via hole, the em-
bodiment forms the insulating layers 320 and 325 burying the via 315 after forming the
via 315 by etching the metal substrate 310, thereby reducing the manufacturing cost. In
addition, since the inner circuit layer 311 is formed by using the metal substrate
identical to the via 315, the manufacturing steps can be reduced.

In addition, the outer circuit layers 331, 335 and 345 are formed through the SAP, so
that the micro pattern can be formed.

Hereinafter, a PCB according to the fourth embodiment will be described with
reference to FIG. 37.

Referring to FIG. 37, the PCB 400 according to the fourth embodiment includes a
core insulating layer forming a first insulating layer 420 and a second insulating layer
425, vias 415 formed in the core insulating layer, an inner circuit layer 412 formed in
the core insulating layer, and first and second outer circuit layers 431, 435 and 445
formed on the first and second insulating layers 420 and 425, respectively.

The first insulating layer 420 is formed on the second insulating layer 425 and an ad-
ditional insulating layer may be present between the first and second insulating layers
420 and 425.

The first and second insulating layers 420 and 425 can be formed by using resin
including solid components, such as glass fiber. The first and second insulating layers
420 and 425 can be formed by using the same material.

The first and second insulating layers 420 and 425 have a stack structure to form the
core insulating layer. The core insulating layer may have a thickness in the range of
about 60um to about 140xm.

Adhesive layers 460 and 465 are formed on the surfaces of the core insulating layer.
In detail, the adhesive layers 460 and 465 are formed on the top surface of the first in-

sulating layer 420 and the bottom surface of the second insulating layer 425, re-
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between the first and second insulating layers 420 and 425 and the circuit layers 431,
435 and 445. The adhesive layers 460 and 465 may be a primer resin layer including
silane and may have a thickness of about 104m or less. The via 415 and the inner circuit
layer 412 are formed in the core insulating layer.

The vias 415 are conductive vias formed through the first and second insulating
layers 420 and 425. The vias 415 have the largest width at the boundary between the
first and second insulating layers 420 and 425. The width of each via 415 is gradually
narrowed as it reaches the top surface of the first and second insulating layers 420 and
425. Thus, the via 415 has a hexagonal sectional shape.

The widths d1 and d2 of the via 415 are in the range of about 20m to about 100xm.

The via 415 is a conductive via and can be formed by using an alloy including Cu.

The via 415 includes a first part 415a buried in the first insulating layer 420 and
formed by an alloy including Cu, a second part 415b buried in the second insulating
layer 425 below the first part 415a and formed by an alloy identical to the alloy of the
first part 415a, and a third part 415¢ interposed between the first and second parts 415a
and 415b and formed by an alloy identical to the alloy of the first and second parts
415a and 415b.

Meanwhile, first and second barrier layers 415d and 415e are formed at boundaries
among the first to third parts 415a, 415b and 415c.

In detail, the first barrier layer 415d is formed between the first part 415a and the
third part 415¢, and the second barrier layer 415e is formed between the third part 415¢
and the second part 415b.

The first and second barrier layers 415d and 415e are formed by using a metal
different from the metal of the first to third parts 415a, 415b and 415¢. The metal of
the first and second barrier layers 415d and 415e has the etching selectivity with
respect to the metal of the first to third parts 415a, 415b and 415c.

The third part 415c¢ is formed at the center of the via 415, and the bottom surface of
the third part 415¢ may have the largest width d1 of the via 415.

The first to third parts 415a, 415b and 415c can be formed by using the alloy
including Cu, and the first and second barrier layers 415d and 415e can be formed by
using the alloy including Ni, Fe, Co, Mo, Cr or Pd.

The first and second parts 415a and 415b have the thickness in the range of 20um to
704m, and the third part 415¢ has the thickness in the range of 5um to 70xm.

The first and second barrier layers 415d and 415e have the thickness smaller than the
thickness of the third part 115c. Preferably, the first and second barrier layers 115d and
115e have the thickness of about 10um or less.
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The outer circuit layers 431, 435 and 445 including via pads 435 and 445 connected
to the via 415 and the circuit pattern 431 are formed on the top and bottom surfaces of
the first and second insulating layers 420 and 425, respectively.

The outer circuit layers 431, 435 and 445 are formed on the surfaces of the first and
second insulating layers 420 and 425 and the inner circuit layer 412 is formed between
the first and second insulating layers 420 and 425.

The outer circuit layers 431, 435 and 445 can be formed through the SAP.

In the PCB 400 shown in FIG. 37, the circuit pattern of the inner circuit layer 412 has
a rectangular sectional shape, which is symmetrically formed about the boundary
between the first and second insulating layers 420 and 425 similar to the via 415. The
region buried in the first insulating layer 420 includes the material the same as that of
the third part 415c of the via 415, and the region buried in the second insulating layer
425 includes the material the same as that of the third part 415c of the via 415.

The inner circuit layer 412 shown in FIG. 37 can be formed by using the manu-
facturing method shown in FIGS. 20 to 36.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

A printed circuit board comprising:

a core insulating layer;

at least one via formed through the core insulating layer;

an inner circuit layer buried in the core insulating layer; and

an outer circuit layer on a top surface or a bottom surface of the core in-
sulating layer,

wherein the via includes a first part, a second part below the first part, a
third part between the first and second parts, and at least one barrier
layer including a metal different from a metal of the first to third parts.
The printed circuit board of claim 1, wherein the core insulating layer
comprises:

a first insulating layer for burying the first and third parts of the via;
and

a second insulating layer located below the first insulating layer to bury
the second part of the via.

The printed circuit board of claim 2, wherein the inner circuit layer is
formed by using a material identical to a material for the third part of
the via.

The printed circuit board of claim 1, wherein the first to third parts of
the via are formed by using a same material.

The printed circuit board of claim 1, wherein the inner circuit layer has
a rectangular sectional shape.

The printed circuit board of claim 1, wherein the barrier layer
comprises:

a first barrier layer between the first part and the third part; and

a second barrier layer between the third part and the second part, and
wherein the first and second barrier layers are formed by using a same
material.

The printed circuit board of claim 1, wherein the printed circuit board
comprises a circuit layer including the inner circuit layer and the outer
circuit layer and having a number of 2n + 1 (n is a positive integer).
The printed circuit board of claim 1, wherein the barrier layer is formed
under the inner circuit layer.

The printed circuit board of claim 1, further comprising an adhesive
layer formed on the top surface or the bottom surface the core in-

sulating layer to expose the via.



WO 2012/087058

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

22

PCT/KR2011/010024

The printed circuit board of claim 9, wherein the adhesive layer
includes primer resin.

A method for manufacturing a printed circuit board, the method
comprising:

preparing a metal substrate having a stack structure including a first
metal layer, a second metal layer, a third metal layer and a barrier layer
among the first to third metal layers;

forming a first part of a via by etching the first metal layer of the metal
substrate;

forming a connecting part and an inner circuit layer under the first part
of the via by etching the second metal layer of the metal substrate;
forming a second part of the via under the connecting part by etching
the third metal layer of the metal substrate;

forming an insulating layer to bury the via; and

forming an outer circuit layer on a top surface or a bottom surface of
the insulating layer.

The method of claim 11, wherein the forming of the insulting layer
comprises:

forming a first insulating layer to bury the first part of the via, the
connecting part, and the inner circuit layer; and

forming a second insulating layer to bury the second part of the via.
The method of claim 11, wherein the preparing of the metal substrate
comprises forming the barrier layer using a material having an etching
selectivity with respect to the first to third metal layers.

The method of claim 11, wherein the forming of the outer circuit layer
comprises:

forming a copper foil layer on and under the insulating layer;

forming a photoresist pattern on the copper foil layer; and

forming the outer circuit layer by etching the copper foil layer using the
photoresist pattern as a mask.

The method of claim 11, wherein a width of a boundary between the
second and third parts of the via is larger than a width of a boundary
between the via and the insulating layer.

The method of claim 11, wherein the preparing of the metal substrate
comprises forming the first to third metal layers using a same material.
The method of claim 11, wherein the forming of the second part of the
via comprises wet-etching the third metal layer of the metal substrate to

form the second part of the via and simultaneously forming a lower
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[Claim 19]

[Claim 20]

[Claim 21]

[Claim 22]

[Claim 23]
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portion of the inner circuit layer.

The method of claim 11, wherein the inner circuit layer has a width of
about 50um or less.

The method of claim 11, wherein the first to third metal layers are
formed by using an alloy including copper, and the barrier layer is
formed by using an alloy including nickel.

The method of claim 11, further comprising forming an adhesive layer
on the top surface or the bottom surface of the insulating layer.

The method of claim 20, wherein the forming of the adhesive layer
comprises attaching the adhesive layer bonded to a copper foil layer
onto or under the insulating layer.

The method of claim 21, wherein the forming of the outer circuit layer
comprises:

removing the copper foil layer;

forming an electroless plating layer on the adhesive layer;

forming a photoresist pattern on the electroless plating layer; and
forming the outer circuit layer by performing an electroplating process
using the photoresist pattern as a mask.

The method of claim 22, wherein the forming of the outer circuit layer
comprises performing a flash etching process until the electroless

plating layer has been removed after the electroplating process.
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