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PRINTED CIRCUIT BOARD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 16/910,959, filed Jun. 24, 2020; which is a
continuation of U.S. application Ser. No. 16/662,583, filed
Oct. 24, 2019, now U.S. Pat. No. 10,734,248, issued Aug. 4,
2020; which is a continuation of U.S. application Ser. No.
16/393,323, filed Apr. 24, 2019, now U.S. Pat. No. 10,490,
421, issued Nov. 26, 2019; which is a continuation of U.S.
application Ser. No. 16/146,104, filed Sep. 28, 2018, now
U.S. Pat. No. 10,347,507, issued Jul. 9, 2019; which claims
the benefit under 35 U.S.C. §119 to Korean Patent Appli-
cation Nos. 10-2017-0127395, filed Sep. 29, 2017; and
10-2018-0063237, filed Jun. 1, 2018, all of which are hereby
incorporated in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a printed circuit
board, and more particularly, to a printed circuit board
including an upper conductive layer and a lower conductive
layer having different thicknesses at upper and lower por-
tions, and a method of manufacturing the same.

BACKGROUND

[0003] A printed circuit board (PCB) is formed by printing
a circuit line pattern at an electrical insulating substrate with
a conductive material such as copper, and thus the PCB
refers to a board just before electronic components are
mounted thereon. That is, in order to densely mount various
types of electronic components on a planar surface, the PCB
refers to a circuit board having a planar surface on which a
mounting position of each component is fixed and a circuit
pattern connecting the components is fixedly printed.
[0004] In general, a surface processing method for a
circuit pattern included in the above-described PCB uses an
organic solderability preservative (OSP) method, an elec-
trolytic nickel/gold method, an electrolytic nickel/gold-co-
balt alloy method, an electroless nickel/palladium/gold
method, etc.

[0005] Here, the above-described surface processing
methods vary depending on a use thereof, and the use
includes, for example, soldering, wire bonding, and a con-
nector.

[0006] FIG. 1 is a view illustrating a printed circuit board
according to the related art.

[0007] Referring to FIG. 1, a printed circuit board 10
includes a plurality of insulating layers 11, a circuit pattern
12 disposed at a surface of the plurality of insulating layers
11, and a via 13 configured to pass through at least one
among the plurality of insulating layers 11 and electrically
connect circuit patterns disposed at different layers.

[0008] In addition, a first pad 14 is disposed on an insu-
lating layer disposed at an uppermost layer among the
plurality of insulating layers 11, and an upper conductive
layer 15 is disposed on the first pad 14.

[0009] Further, a second pad 16 is disposed under an
insulating layer disposed at a lowermost layer among the
plurality of insulating layers 11, and a lower conductive
layer 17 is disposed under the second pad 16.

[0010] Furthermore, a protective layer 18 having an open-
ing, through which at least a part of a surface of the lower
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conductive layer 17 is exposed, is disposed under the
insulating layer disposed at the lowermost layer.

[0011] In the above-described printed circuit board 10,
pads having different functions are disposed at the upper-
most and lowermost portions of the plurality of insulating
layers 11, respectively. That is, the first pad 14 may be a pad
for wire bonding, which is electrically connected to an
electronic component (not shown) via a wire. In addition,
the second pad 16 may be a pad for soldering, which is
electrically connected to an external substrate via an adhe-
sive member (not shown).

[0012] The upper conductive layer 15 and the lower
conductive layer 17 are disposed at surfaces of the first pad
14 and the second pad 16, respectively. The upper conduc-
tive layer 15 and the lower conductive layer 17 are disposed
to perform wire bonding or soldering together with a pur-
pose of inhibiting oxidation of the pad.

[0013] However, although thicknesses of the upper con-
ductive layer and the lower conductive layer are different
depending on the use of the pad, the upper conductive layer
15 and the lower conductive layer 17 are formed to have the
same thickness in the related art. At this point, the upper
conductive layer 15 and the lower conductive layer 17
generally include gold (Au). Therefore, in the related art, the
thickness of the lower conductive layer 17 is formed based
on the thickness required for the upper conductive layer 15,
so that there is a problem that a manufacturing cost due to
unnecessary consumption of gold is increased. Further, in
the related art, in order to reduce a plating thickness of the
upper conductive layer or the lower conductive layer includ-
ing gold, copper/nickel is mainly formed as an underlying
layer, so that there is a problem that a product thickness
increases due to an increase in the layer.

SUMMARY

[0014] In an embodiment according to the present inven-
tion, there is provided a printed circuit board having a new
structure and a method of manufacturing the same.

[0015] In addition, in an embodiment according to the
present invention, there is provided a printed circuit board
capable of electrolytic-plating an upper conductive layer and
a lower conductive layer using a plating seed layer used at
the time of forming a pad, and a method of manufacturing
the same.

[0016] Further, in an embodiment according to the present
invention, there is provided a printed circuit board capable
of forming an upper conductive layer and a lower conduc-
tive layer having different thicknesses depending on a use of
a pad, and a method of manufacturing the same.

[0017] Furthermore, in an embodiment according to the
present invention, there is provided a printed circuit board
capable of directly forming an upper conductive layer and a
lower conductive layer including gold on a pad including
copper, and a method of manufacturing the same.

[0018] In addition, in an embodiment according to the
present invention, there is provided a printed circuit board
having a pad including a first pattern having at least a part
of an upper surface having a curvature and a second pattern
filling the curvature portion of the first pattern, and a method
of manufacturing the same.

[0019] Further, in the present invention, there is provided
a printed circuit board including an upper conductive layer
and a lower conductive layer having a portion on a pad,
which protrudes from a side surface of the pad to an outside
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thereof and at least a part of which is not in contact with the
pad, and a method of manufacturing the same.

[0020] Furthermore, the objectives of the present inven-
tion are not limited to the above, and other objectives will be
clearly understood to those skilled in the art from the
following descriptions.

[0021] A printed circuit board according to an embodi-
ment includes: an insulating layer; a first pad disposed on a
first surface of the insulating layer; a first conductive layer
disposed on the first pad and including gold (Au); a second
pad disposed on a second surface of the insulating layer; and
a second conductive layer disposed on the second pad and
including gold (Au), wherein the first conductive layer is a
conductive layer connected to a wire, the second conductive
layer is a conductive layer connected to a solder, and the first
conductive layer is thicker than the second conductive layer.
[0022] In addition, the insulating layer includes a plurality
of insulating layers, the first pad is disposed on an upper
surface of an insulating layer disposed at an uppermost
portion of the plurality of insulating layers, and the second
pad is disposed under a lower surface of an insulating layer
disposed at a lowermost portion of the plurality of insulating
layers.

[0023] Further, the first pad has a narrower width than the
second pad.
[0024] Furthermore, the first conductive layer has a thick-

ness in a range of 0.2 to 0.8 um, and the second conductive
layer has a thickness in a range of 0.05 to 0.3 pm.

[0025] In addition, each of the first pad and the second pad
includes a plating seed layer disposed at a surface of the
uppermost insulating layer or the lowermost insulating layer
and including copper, a first pattern disposed on the plating
seed layer and including copper, and a second pattern
disposed on the first pattern and including copper.

[0026] Further, the first pattern is thicker than the second
pattern.
[0027] Furthermore, a central portion of an upper surface

of'the first pattern is located lower than an outer side portion
thereof.

[0028] In addition, a part of a lower surface of the second
pattern is located lower than a part of the upper surface of
the first pattern.

[0029] Further, each of the first and second conductive
layers includes a first region in contact with the second
pattern, and a second region extending from the first region
and spaced apart from the plating seed layer, the first pattern
and the second pattern, and the second region is not in
contact with the plating seed layer, the first pattern, and the
second pattern.

[0030] Furthermore, the second region includes a first
portion in direct contact with an upper surface of the second
pattern and a second portion in direct contact with a side
surface of the second pattern.

[0031] In addition, the first conductive layer is disposed in
plural on the first surface of the insulating layer, and the
second conductive layer is disposed in plural under the
second surface of the insulating layer.

[0032] Further, a printed circuit board according to an
embodiment includes: an insulating layer; a pad disposed on
the insulating layer; and a conductive layer disposed on the
pad, wherein the conductive layer includes a first region in
direct contact with an upper surface of the pad, a second
region extending from the first region and in direct contact
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with a side surface of the pad, and a third region extending
from the second region and spaced apart from the pad.
[0033] Furthermore, a width of the upper surface of the
pad is larger than that of a lower surface thereof.

[0034] In addition, the pad includes a first pad disposed on
a first surface of the insulating layer, and a second pad
disposed on a second surface of the insulating layer opposite
to the first surface, and the conductive layer includes a first
conductive layer disposed on the first pad and including gold
(Au), and a second conductive layer disposed on the second
pad and including gold (Au), and each of the first and second
conductive layers includes the first to third regions.

[0035] Further, a thickness of the first region in a longi-
tudinal direction of the first conductive layer is larger than
that of the first region in a longitudinal direction of the
second conductive layer.

[0036] Furthermore, a thickness of the second region in a
lateral direction of the first conductive layer is larger than
that of the second region in a lateral direction of the second
conductive layer.

[0037] Inaddition, each of the first pad and the second pad
includes a plating seed layer disposed on the first surface or
the second surface of the insulating layer and including
copper, a first pattern disposed on the plating seed layer and
including copper, and a second pattern disposed on the first
pattern and including copper.

[0038] Further, an end portion of the third region of the
first conductive layer is located higher than an outer side
region of an upper surface of the first pattern constituting the
first pad, and an end portion of the third region of the second
conductive layer is located lower than an outer side region
of a lower surface of the first pattern constituting the second
pad.

[0039] Furthermore, a thickness of the third region in a
longitudinal direction of the first conductive layer is differ-
ent from that of the third region in a longitudinal direction
of the second conductive layer.

[0040] Meanwhile, a method of manufacturing a printed
circuit board according to an embodiment includes: stacking
a plurality of insulating layers and forming a circuit pattern
at a surface of the plurality of insulating layers; forming first
and second plating seed layers at an insulating layer dis-
posed at an uppermost portion and an insulating layer
disposed at a lowermost portion of the plurality of insulating
layers, respectively; forming a first pad and a second pad on
the first and second plating seed layers, respectively; and
proceeding electrolytic plating in a plating tank in which
plating spaces on the surface on which the first pad is formed
and on the surface on which the second pad is formed are
separated to form a first conductive layer on the first pad and
a second conductive layer on the second pad, wherein the
first conductive layer is formed to have a thickness greater
than that of the second conductive layer in the same plating
tank in which the second conductive layer is formed.
[0041] In addition, the forming of the first conductive
layer and the second conductive layer includes differently
applying a plating condition in which the first conductive
layer is formed and a plating condition in which the second
conductive layer is formed to simultaneously form the first
conductive layer and the second conductive layer having
different thicknesses.

[0042] Further, each of the first and second conductive
layers is formed of a metal including gold.
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[0043] Furthermore, the forming of the first pad and the
second pad includes forming a first pattern, formed of a
metal including copper, on the first and second plating seed
layers, respectively, preprocessing an upper surface of the
formed first pattern to have a curvature, and forming a
second pattern, formed of a metal including copper, having
a thickness thinner than the first pattern on the preprocessed
first pattern.

[0044] In addition, a part of a lower surface of the second
pattern is located lower than that of the upper surface of the
first pattern.

[0045] Further, each of the first and second conductive
layers includes a first region in contact with the second
pattern, and a second region extending from the first region
and spaced apart from the plating seed layer, the first pattern
and the second pattern, wherein the second region is not in
contact with the plating seed layer, the first pattern, and the
second pattern.

ADVANTAGEOUS EFFECTS

[0046] According to an embodiment of the present inven-
tion, since a second pattern filling an edge region of a first
pattern is formed on the first pattern, and an upper conduc-
tive layer and a lower conductive layer are formed on the
formed second pattern, it is possible to solve a reliability
problem that occurs when the upper conductive layer or the
lower conductive layer permeates between a mask.

[0047] In addition, according to an embodiment of the
present invention, an upper conductive layer and a lower
conductive layer are formed after the second pattern is
formed, so that a portion, protruding from a side surface of
apad to an outside thereof, of the upper conductive layer and
the lower conductive layer may be minimized, and thus
structural reliability (stability) of the upper conductive layer
and the lower conductive layer can be secured.

[0048] Further, according to an embodiment of the present
invention, an upper conductive layer and a lower conductive
layer are formed after the second pattern is formed, so that
a portion of a lower surface of the second pattern is disposed
to be lower than an upper surface of the first pattern, and a
thickness of the second pattern is thinner than that of the first
pattern, and thus overspreading itself of the upper conduc-
tive layer and the lower conductive layer can be inhibited.
[0049] Furthermore, according to an embodiment of the
present invention, an upper conductive layer and a lower
conductive layer including gold (Au) are formed by using a
plating seed layer used at the time of forming the first pattern
and the second pattern, so that a nickel (Ni) seed layer which
has served as a seed layer of a gold (Au) conductive layer in
the related art may be removed, and thus, not only a
thickness of a printed circuit board product can be reduced,
but also economic efficiency of a product can be improved
by technical effect due to efficiency of a process.

[0050] In addition, according to an embodiment of the
present invention, a nickel layer may be removed from a
pattern structure, and thus not only electrical conductivity of
a pattern can be improved, but also a problem of interface
property occurring between copper and nickel constituting
the pattern can be solved.

[0051] Further, according to an embodiment of the present
invention, a thickness of an upper conductive layer disposed
on a pad for wire bonding and a thickness of a lower
conductive layer disposed on a pad for soldering are differ-
ently applied, so that a consumption cost of gold used for the
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upper conductive layer and the lower conductive layer may
be reduced, and thus a thickness can be reduced.

[0052] Furthermore, according to an embodiment of the
present invention, an upper conductive layer and a lower
conductive layer having different thicknesses may be formed
by one simultaneous process, and thus efficiency in a manu-
facturing process can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1 is a view illustrating a printed circuit board
according to the related art.

[0054] FIG. 2 is a view illustrating a printed circuit board
100 according to an embodiment of the present invention.
[0055] FIG. 3 is a view specifically illustrating a first pad
120 and an upper conductive layer 130 shown in FIG. 2
[0056] FIG. 4 is a view specifically illustrating a second
pad 140 and a lower conductive layer 150 shown in FIG. 2.
[0057] FIGS. 5(a)-5(c) are views illustrating a modified
example of an overhang structure shown in FIGS. 3 and 4.
[0058] FIG. 6 is a view illustrating a plating apparatus
according to an embodiment of the present invention, and
FIG. 7 is a view illustrating a detailed structure of a substrate
support of the plating apparatus shown in FIG. 6.

[0059] FIGS. 8 to 15 are views for explaining a process
sequence of a method of manufacturing a printed circuit
board according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0060] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings so that a person skilled in the art to which
the present invention belongs can easily carry out. However,
the present invention may be embodied in many different
forms and is not limited to the embodiments described
herein.

[0061] Throughout the specification, when a part is
referred to as “including” an element, it means that the part
may include other elements as well without excluding the
other elements unless specifically stated otherwise.

[0062] Further, structures and elements which do not
relate to the detail description are not shown in the drawings
to clearly describe the present invention, thicknesses may be
exaggerated to clearly explain various layers and regions,
and similar elements in the following description are des-
ignated by similar reference numerals.

[0063] It will be understood that when a portion such as a
layer, a film, a region, a plate or the like is referred to as
being “on” another portion, it can be “directly formed on”
another portion, or a third portion can be interposed between
the portions. Otherwise, when a portion is “directly formed
on” another portion, it means that there is no third portion
between the portions.

[0064] In the present invention, there is provided a new
printed circuit board (PCB) on which a surface processing
process may be performed after filling corner portions of a
pattern, etched by a preprocessing process, based on a flash
process and a method of manufacturing the same.

[0065] In addition, in the present invention, there is pro-
vided a printed circuit board in which an upper conductive
layer and a lower conductive layer are simultaneously
formed at a pad for wire bonding disposed at an upper
portion of a board and a pad for soldering disposed at a lower
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portion of the board and have different thicknesses, and a
method for manufacturing the same.

[0066] FIG. 2 is a view illustrating a printed circuit board
100 according to an embodiment of the present invention.
[0067] Referring to FIG. 2, the printed circuit board 100
includes an insulating substrate 110, a first pad 120, an upper
conductive layer 130, a second pad 140, a lower conductive
layer 150, a first passivation layer 160, a second passivation
layer 170, an adhesive member 175, a solder paste 180, an
electronic component 190, and a wire 195. Here, the upper
conductive layer 130 may be referred to as a first conductive
layer, and the lower conductive layer 150 may be referred to
as a second conductive layer. However, hereinafter, the
upper conductive layer and the lower conductive layer will
be referred to as an upper conductive layer and a lower
conductive layer, respectively, depending on positions in
which each of conductive layers is disposed centering on the
insulating substrate 110, in order to differentiate each of the
conductive layers.

[0068] Referring to FIG. 2, the insulating substrate 110
may have a flat plate structure. The insulating substrate 110
may be a printed circuit board (PCB). Here, the insulating
substrate 110 may be implemented as a single substrate, and
alternatively, may be implemented as a multilayer substrate
in which a plurality of insulating layers are sequentially
stacked.

[0069] Accordingly, the insulating substrate 110 includes
a plurality of insulating layers 111. As shown in FIG. 2, the
plurality of insulating layers 111 may include a first insu-
lating layer, a second insulating layer, a third insulating
layer, a fourth insulating layer, a fifth insulating layer, and a
sixth insulating layer from an uppermost portion. In addi-
tion, a circuit pattern 112 may be disposed at each of
surfaces of the first to sixth insulating layers.

[0070] That is, the plurality of insulating layers 111 is a
substrate on which an electrical circuit capable of changing
wirings is disposed and may include all of printing, a wiring
plate, and an insulating substrate which are formed of an
insulating material which is able to form a circuit pattern 112
at a surface of the insulating layer.

[0071] The plurality of insulating layers 111 may be rigid
or flexible. For example, the insulating layer 111 may
include glass or plastic. Specifically, the insulating layer 111
may include a chemically tempered/semi-tempered glass,
such as soda lime glass, aluminosilicate glass, etc., a tem-
pered or flexible plastic such as polyimide (PI), polyethylene
terephthalate (PET), propylene glycol (PPG), polycarbonate
(PC), etc., or sapphire.

[0072] Further, the insulating layer 111 may include an
optically isotropic film. For example, the insulating layer
111 may include cyclic olefin copolymer (COC), cyclic
olefin polymer (COP), optically isotropic PC, optically
isotropic polymethylmethacrylate (PMMA), etc.

[0073] Furthermore, the insulating layer 111 may be par-
tially bent while having a curved surface. That is, the
insulating layer 111 may partially have a plane and may
partially be bent while having a curved surface. Specifically,
an end portion of the insulating layer 111 may be bent while
having a curved surface, or bent or crooked while having a
surface with a random curvature.

[0074] In addition, the insulating layer 111 may be a
flexible substrate having flexibility. Further, the insulating
layer 111 may be a curved or bent substrate. At this point, the
insulating layer 111 may form a wiring layout for electrical
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wirings which connect circuit components based on a circuit
design, and electrical conductors may be disposed on an
insulating material. Furthermore, electrical components may
be mounted on the insulating layer 111, and the insulating
layer 111 may form wirings configured to connect the
electrical components to make a circuit, and may mechani-
cally fix the components besides functioning to electrically
connect the components.

[0075] Each of the circuit patterns 112 is disposed at the
surface of the insulating layer 111. The circuit pattern 112
may be a wiring for transmitting an electrical signal, and
may be formed of a metal material having high electrical
conductivity. For this, the circuit pattern 112 may be formed
of at least one metal material selected from among gold
(Au), silver (Ag), platinum (Pt), titanium (Ti), tin (Sn),
copper (Cu), and zinc (Zn). In addition, the circuit pattern
112 may be formed of paste or solder paste including at least
one metal material selected from among gold (Au), silver
(Ag), platinum (Pt), titanium (T1), tin (Sn), copper (Cu), and
zinc (Zn), which are excellent in bonding strength. Prefer-
ably, the circuit pattern 112 may be formed of copper (Cu)
having high electrical conductivity and a relatively low cost.

[0076] The circuit pattern 112 may be formed by a general
process of manufacturing a PCB, such as an additive pro-
cess, a subtractive process, a modified semi additive process
(MSAP), a semi additive process (SAP), etc., and detailed
descriptions thereof will be omitted herein.

[0077] At least one via 113 is formed in the insulating
layer 111. The via 113 is disposed to be passing through at
least one of the plurality of insulating layers 111. The via 113
may pass through only one of the plurality of insulating
layers 111, and alternatively, may be formed to commonly
pass through at least two insulating layers of the plurality of
insulating layers 111. Accordingly, the via 113 electrically
connects circuit patterns disposed at surfaces of different
insulating layers to each other.

[0078] The via 113 may be formed by filling, with a
conductive material, a through hole (not shown) passing
through at least one of the plurality of insulating layers 111.

[0079] The through hole may be formed by any one of
mechanical, laser, and chemical processing. When the
through hole is formed by mechanical processing, a method
such as milling, drilling and routing may be used. When the
through hole is formed by laser processing, a method of UV
or CO, laser may be used. And when the through hole is
formed by chemical processing, the insulating layer 111 may
be opened by using a chemical including aminosilane,
ketone, or the like.

[0080] Meanwhile, the laser processing is a cutting
method in which a part of a material is melted and evapo-
rated by concentrating optical energy at a surface to take a
desired shape. Complex formation by a computer program
may be easily processed, and composite materials which are
difficult to cut by other methods may be processed.

[0081] In addition, the processing by the laser may have a
cutting diameter of at least 0.005 mm, and has a wide range
of thickness that may be processed.

[0082] It is preferable to use an yttrium aluminum garnet
(YAG) laser or CO, laser or ultraviolet (UV) laser as the
laser processing drill. The YAG laser is a laser capable of
processing both a copper foil layer and an insulating layer,
and the CO, laser is a laser capable of processing only an
insulating layer.
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[0083] When the through hole is formed, the via 113 is
formed by filling the inside of the through hole with a
conductive material. The metal material forming the via 113
may be anyone selected from among copper (Cu), silver
(Ag), tin (Sn), gold (Au), nickel (Ni), and palladium (Pd).
The conductive material may be filled by any one of
electroless plating, electrolytic plating, screen printing, sput-
tering, evaporation, ink jetting, and dispensing, or a com-
bination thereof.

[0084] The first pad 120 is disposed on the insulating layer
disposed at the uppermost portion of the plurality of insu-
lating layers 111 and the second pad 140 is disposed under
the insulating layer disposed at the lowermost portion of the
plurality of insulating layers 111.

[0085] In other words, the first pad 120 is disposed on the
uppermost insulating layer 111 in which the electronic
component 190 is to be formed, among the plurality of
insulating layers 111. The first pad 120 may be formed in
plural on the uppermost insulating layer. In addition, a part
of the first pad 120 may serve as a pattern for signal
transmission and the other part thereof may serve as an inner
lead electrically connected to the electronic component 190
through the wire 195. In other words, the first pad 120
includes a wire-bonding pad for wire bonding.

[0086] In addition, the second pad 140 is disposed under
the lowermost insulating layer to which an external substrate
(not shown) is to be attached, among the plurality of
insulating layers 111. Like the first pad 120, a part of the
second pad 140 also serves as a pattern for signal transmis-
sion, and the other part thereof may serve as an outer lead
in which the adhesive member 175 is disposed for attach-
ment of the external substrate. In other words, the second
pad 140 includes a soldering pad for soldering.

[0087] In addition, the upper conductive layer 130 is
disposed on the first pad 120 and the lower conductive layer
150 is disposed under the second pad 140. The upper
conductive layer 130 and the lower conductive layer 150 are
formed of the same material and increase characteristics of
the wire bonding or soldering while protecting the first pad
120 and the second pad 140, respectively.

[0088] For this, the upper conductive layer 130 and the
lower conductive layer 150 are formed of a metal including
gold (Au). Preferably, the upper conductive layer 130 and
the lower conductive layer 150 may include pure gold
(purity of 99% or more) only, or may be formed of an alloy
including gold (Au). When the upper conductive layer 130
and the lower conductive layer 150 are formed of an alloy
including gold, the alloy may be formed of a gold alloy
including cobalt.

[0089] The solder paste 180 is disposed at the uppermost
insulating layer among the plurality of insulating layers. The
solder paste is an adhesive for fixing the electronic compo-
nent 190 attached to the insulating substrate 110. Accord-
ingly, the solder paste 180 may be referred to as an adhesive.
The adhesive may be a conductive adhesive, or alternatively,
the adhesive may be a non-conductive adhesive. That is, the
printed circuit board 100 may be a substrate to which the
electronic component 190 is attached in a wire-bonding
manner, so that a terminal (not shown) of the electronic
component 190 is not disposed on the adhesive. In addition,
the adhesive is not electrically connected to the electronic
component 190. Therefore, a non-conductive adhesive may
be used as the adhesive, or alternatively, a conductive
adhesive may be used as the adhesive.
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[0090] The conductive adhesive is largely classified into
an anisotropic conductive adhesive and an isotropic conduc-
tive adhesive, and is basically composed of conductive
particles such as Ni, Au/polymer, or Ag, and thermosetting
and thermoplastic resins, or a blend type insulating resin
mixing characteristics of the two resins.

[0091] In addition, the non-conductive adhesive may also
be a polymeric adhesive and may preferably be a non-
conductive polymer adhesive including a thermosetting
resin, a thermoplastic resin, a filler, a curing agent, and a
curing accelerator.

[0092] Further, the first passivation layer 160, through
which at least a part of a surface of the upper conductive
layer 130 is exposed, is disposed on the uppermost insulat-
ing layer. The first passivation layer 160 is disposed to
protect the surface of the uppermost insulating layer, and, for
example, may be a solder resist.

[0093] In addition, the wire 195 is bonded to the upper
conductive layer 130 so that the first pad 120 and the
electronic component 190 may be electrically connected to
each other.

[0094] Here, the electronic component 190 may include
both a device and a chip. The device may be classified into
an active device and a passive device. The active device
refers to a device that positively uses non-linear character-
istics. The passive device refers to a device that does not use
non-linear characteristics even though both linear and non-
linear characteristics are present. In addition, the passive
device may include a transistor, an IC semiconductor chip,
and the like and the passive device may include a condenser,
a resistor, an inductor, and the like. The passive device is
mounted on a substrate together with an ordinary semicon-
ductor package in order to increase a signal processing speed
of a semiconductor chip which is an active device, perform
a filtering function, or the like.

[0095] As a result, the electronic component 190 may
include all of a semiconductor chip, a light emitting diode
chip, and other driving chips.

[0096] In addition, a resin molding part is formed on the
uppermost insulating layer, so that the electronic component
190, the wire 195, and the wire-bonded upper conductive
layer 130 may be protected by the resin molding part.

[0097] Meanwhile, the second passivation layer 170 is
disposed under the lowermost insulating layer among the
plurality of insulating layers. The second passivation layer
170 has an opening exposing an surface of the lower
conductive layer 150 on which the adhesive member 175 is
to be disposed. The second passivation layer 170 may be
formed of a solder resist.

[0098] The adhesive member 175 is disposed under the
lower conductive layer 150 exposed through the opening of
the second passivation layer 170. The adhesive member 175
is a member for soldering.

[0099] The adhesive member 175 provides an adhesive
force between the printed circuit board 100 and the external
substrate. The adhesive member 175 may be formed of a
solder ball, or alternatively may be formed by using an
adhesive paste or a copper core solder ball.

[0100] In addition, the adhesive paste may be formed of a
conductive material for electrical conduction, and at this
point, when the adhesive paste is formed of the conductive
material, the adhesive paste may preferably be formed of a
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conductive material selected from the group consisting of
copper, silver, gold, aluminum, carbon nanotubes, and com-
binations thereof.

[0101] Hereinafter, the first pad 120, the second pad 140,
the upper conductive layer 130, and the lower conductive
layer 150 will be described in more detail.

[0102] FIG. 3 is a view specifically illustrating the first pad
120 and the upper conductive layer 130 shown in FIG. 2, and
FIG. 4 is a view specifically illustrating the second pad 140
and the lower conductive layer 150 shown in FIG. 2.
[0103] Referring to FIGS. 3 and 4, the upper conductive
layer 130 and the lower conductive layer 150 have an
overhang structure with respect to the first pad 120 and the
second pad 140, respectively.

[0104] First, referring to FIG. 3, the first pad 120 is
disposed on the insulating layer disposed at the uppermost
portion of the plurality of insulating layers.

[0105] The first pad 120 includes a plating seed layer 121
disposed on the uppermost insulating layer, a first-first
pattern 122 disposed on the plating seed layer 121, and a
first-second pattern 123 disposed on the first-first pattern
122. In addition, the upper conductive layer 130 is disposed
on the first-second pattern 123.

[0106] The plating seed layer 121 is disposed on the
uppermost insulating layer. Preferably, a lower surface of the
plating seed layer 121 is in direct contact with an upper
surface of the uppermost insulating layer. The upper and
lower surfaces of the plating seed layer 121 has the same
width.

[0107] In other words, a width of the upper surface of the
plating seed layer 121 refers to an actual length from one end
of the upper surface of the plating seed layer 121 to the other
end thereof, and a width of the lower surface of the plating
seed layer 121 refers to an actual length from one end of the
lower surface of the plating seed layer 121 to the other end
thereof. Accordingly, a width described below may be
defined as an actual length from one end to the other end as
described above.

[0108] In addition, a horizontal cross section of the plating
seed layer 121 may have any one of various shapes such as
a circular shape, a square shape, a triangle shape, an ellipse
shape, a fan shape, and a star shape.

[0109] The plating seed layer 121 may be a seed layer for
electrolytic plating of the first-first pattern 122 and the
first-second pattern 123 and may be also a seed layer for
electrolytic plating of the upper conductive layer 130. In
other words, the upper conductive layer 130 as well as the
first-first pattern 122 and the first-second pattern 123 may be
formed by electrolytic-plating the plating seed layer 121 as
a seed layer.

[0110] A circuit pattern part is disposed on the plating seed
layer 121. The circuit pattern part includes a first-first pattern
122 and a first-second pattern 123. The first-first pattern 122
and the first-second pattern 123 are formed of the same
metal material. Preferably, the first-first pattern 122 and the
first-second pattern 123 may be formed of copper (Cu), or
may further include a conductive metal material while
including the copper (Cu).

[0111] The first-first pattern 122 is formed on the plating
seed layer 121. An upper surface of the first-first pattern 122
has a curvature. Accordingly, a width of a lower surface of
the first-first pattern 122 is different from that of the upper
surface of the first-first pattern 122. Here, the width refers to
the actual length from one end to the other end as described
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above, and since the upper surface of the first-first pattern
122 has a curvature, the width (actual length) of the upper
surface of the first-first pattern 122 is larger than that (actual
length) of the lower surface of the first-first pattern 122. At
this point, a straight line distance from one end to the other
end of the upper surface of the first-first pattern 122 is the
same as a straight line distance from one end to the other end
of the lower surface of the first-first pattern 122.

[0112] The first-second pattern 123 is disposed on the
first-first pattern 122. The first-second pattern 123 is dis-
posed to cover the upper surface of the first-first pattern 122.
Accordingly, a lower surface of the first-second pattern 123
has a curvature corresponding to the upper surface of the
first-first pattern 122. In other words, the upper surface of the
first-first pattern 122 may have a convex shape that pro-
trudes upward. In addition, the lower surface of the first-
second pattern 123 may have a concave shape that is
recessed inward to cover the upper surface of the convex
first-first pattern 122.

[0113] The first-second pattern 123 is disposed to fill a
removed edge region of the first-first pattern 122. Therefore,
at least a part of the lower surface of the first-second pattern
123 is located to be lower than at least a part of the upper
surface of the first-first pattern 122. At this point, the
first-second pattern 123 covers the entire upper surface of
the first-first pattern 122. Therefore, the lower surface of the
first-second pattern 123 is formed such that at least a part of
a portion in contact with the upper surface of the first-first
pattern 122 is located to be lower than at least a part of the
upper surface of the first-first pattern 122.

[0114] Accordingly, an outer side portion of the lower
surface of the first-second pattern 123 is located to be lower
than a remaining central portion of the upper surface of the
first-first pattern 122 except for an outer side portion thereof.
That is, an outermost side portion of the lower surface of the
first-second pattern 123 is located to be lower than the
remaining central portion of the upper surface of the first-
first pattern 122 except for the outer side portion thereof
[0115] Further, the outermost side portion of the lower
surface of the first-second pattern 123 and an outermost side
portion of the upper surface of the first-first pattern 122 are
located to be lower than the remaining central portion of the
upper surface of the first-first pattern 122 except for the outer
side portion thereof.

[0116] Furthermore, the outermost side portion of the
lower surface of the first-second pattern 123 and the outer-
most side portion of the upper surface of the first-first pattern
122 are located to be lower than both the remaining central
portion of the upper surface of the first-first pattern 122
except for the outer side portion thereof and a remaining
central portion of the lower surface of the first-second
pattern 123 except for the outer side portion thereof.
[0117] In addition, a thickness of the outer side portion of
the first-second pattern 123 is larger than that of the central
portion of the first-second pattern 123.

[0118] Accordingly, a distance from the outer side portion
of the lower surface of the first-second pattern 123 to the
uppermost insulating layer in a first direction perpendicular
to the upper surface of the uppermost insulating layer is
smaller than that from the central portion except for the outer
side portion of the lower surface of the first-second pattern
123 to the uppermost insulating layer.

[0119] In addition, a thickness of the first-second pattern
123 gradually increases toward the outer side portion of the
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first-second pattern 123 from the central portion thereof. On
the contrary, a thickness of the first-first pattern 122 gradu-
ally decreases toward the outer side portion of the first-first
pattern 122 from the central portion thereof.

[0120] In addition, a width of the first-second pattern 123
may gradually increase toward an upper portion thereof. In
other words, at least a part of a side surface of the first-
second pattern 123 protrudes in a longitudinal direction than
a side surface of the first-first pattern 122. In other words, at
least a part of a left-side surface of the first-second pattern
123 includes a portion that further protrudes in a left-side
longitudinal direction than a left-side surface of the first-first
pattern 122. Further, at least a part of a right-side surface of
the first-second pattern 123 includes a portion that further
protrudes in a right-side longitudinal direction than a right-
side surface of the first-first pattern 122.

[0121] Meanwhile, the first-first pattern 122 may have a
first height H1 and the first-second pattern 123 may have a
second height H2. Here, the height may refer to a thickness
of each of the plating seed layer 121, the first-first pattern
122, and the first-second pattern 123 in a vertical direction.
[0122] The height of the plating seed layer 121 is lower
than the first height H1 of the first-first pattern 122. That is,
the thickness of the plating seed layer 121 is thinner than that
of the first-first pattern 122.

[0123] Furthermore, the first height H1 of the first-first
pattern 122 may be higher than the second height H2 of the
first-second pattern 123. In other words, the thickness of the
first-first pattern 122 is thicker than that of the first-second
pattern 123.

[0124] At this point, the thickness of the first-second
pattern 123 may be in a range of 1 to 13 pm. Preferably, the
thickness of the first-second pattern 123 may be in a range
of 3 to 10 um. More preferably, the thickness of the
first-second pattern 123 may be in a range of 3 to 6 pm.
[0125] That is, when the thickness of the first-second
pattern 123 is more than 1 um, an overspreading phenom-
enon of the upper conductive layer according to the present
invention may be inhibited, and when the height of the
first-second pattern 123 is in a range from 3 to 6 um, an
overhang portion of the upper conductive layer 130 may be
minimized and the overspreading phenomenon of the upper
conductive layer 130 may be inhibited completely. Here, the
overspreading phenomenon may include a phenomenon in
which the metal of the upper conductive layer 130 spreads
into the first-second pattern 123 of the underlying layer in
the plating process of the upper conductive layer 130. In
addition, the overspreading phenomenon may include a
phenomenon in which a metal material constituting the
upper conductive layer 130 penetrates into a space between
a mask and the first-second pattern 123 in the plating process
of the upper conductive layer 130.

[0126] The upper conductive layer 130 is disposed on the
first-second pattern 123. At this point, the upper conductive
layer 130 includes a non-contact region not in contact with
the first pad 120 and a contact region in contact with the first
pad 120.

[0127] In other words, the upper conductive layer 130
includes a contact region in which the upper conductive
layer 130 is in contact with at least one of the plating seed
layer 121, the first-first pattern 122, and the first-second
pattern 123. At this point, the contact region of the upper
conductive layer 130 may be in contact with the first-second
pattern 123. In other words, a lower surface of the upper
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conductive layer 130 includes a contact portion in which the
lower surface of the upper conductive layer 130 is in contact
with an upper surface of the first-second pattern 123 and the
side surface of the first-second pattern 123.

[0128] In addition, the upper conductive layer 130 is
spaced apart from the plating seed layer 121, the first-first
pattern 122 and the first-second pattern 123, and includes a
non-contact region in which the upper conductive layer 130
is not in contact with all of the plating seed layer 121, the
first-first pattern 122, and the first-second pattern 123. In
other words, the lower surface of the upper conductive layer
130 includes a non-contact portion which is floating in air as
the lower surface of the upper conductive layer 130 is not in
contact with the plating seed layer 121, the first-first pattern
122, and the first-second pattern 123. At this point, the
non-contact portion of the lower surface of the upper con-
ductive layer 130 may be an outer side portion of the lower
surface of the upper conductive layer 130. Further, the
contact portion of the lower surface of the upper conductive
layer 130 may be a remaining central portion of the lower
surface of the upper conductive layer 130 except for the
outer side portion of the lower surface thereof.

[0129] As described above, the upper conductive layer
130 is not disposed only at the upper surface of the first-
second pattern 123, but is bent at least once and disposed
also at the side surface of the first-second pattern 123. In
addition, an end portion of a portion of the upper conductive
layer 130 which is disposed at the side surface of the
first-second pattern 123 is spaced apart from the first-second
pattern 123. As a result, the upper conductive layer 130 has
an overhang structure and is disposed on the first pad 120,
more specifically, on the first-second pattern 123.

[0130] Meanwhile, a width of the non-contact portion of
the upper conductive layer 130 may be in a range of 3 to 7
um. Preferably, the width of the non-contact portion of the
upper conductive layer 130 may be in a range of 3 to 4 um.
Here, the width of the non-contact portion may refer to a
thickness (or length, height, or width) in a longitudinal
direction of the non-contact portion in the drawing.

[0131] Meanwhile, a height H3 of the upper conductive
layer 130 may be determined by characteristics required in
the upper conductive layer 130. In other words, a thickness
of the upper conductive layer 130 is determined by a
function of the first pad 120 disposed under the upper
conductive layer 130.

[0132] Here, the first pad 120 is formed for wire bonding
in which the wire 195 electrically connected to the electronic
component 190 is bonded. Therefore, the upper conductive
layer 130 should have a thickness sufficient to satisfy the
wire-bonding characteristics. Accordingly, the upper con-
ductive layer 130 may have a thickness that satisfies a range
0t 0.2 to 0.8 um. At this point, when the upper conductive
layer 130 has a thickness of less than 0.2 um, it may not meet
criteria required for BPT (BPT specification 5 g or more)
after wire bonding. In addition, when the upper conductive
layer 130 has a thickness of more than 0.8 um, there is a
problem that a material cost due to excessive use of gold
(Au) forming the upper conductive layer 130 is increased.
Therefore, in the present invention, the upper conductive
layer 130 has a thickness that satisfies the range 0£ 0.2 to 0.8
um. Here, the thickness of the upper conductive layer 130
may refer to a thickness of the upper conductive layer 130
in a lateral direction.
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[0133] Meanwhile, as described above, the upper conduc-
tive layer 130 of the present invention includes only a layer
including gold (Au). In other words, the upper conductive
layer 130 including gold is directly disposed on the first-
second pattern 123 formed of a metal including the copper.
[0134] That is, in the present invention, a nickel layer
disposed between a copper layer and gold (Au) of a typical
conventional upper conductive layer is removed. This is
because, as the first-second pattern 123 is formed on the
first-first pattern 122, the overspreading phenomenon of the
upper conductive layer 130 (which is clearly described
above) may be solved, and the upper conductive layer 130
is formed of the plating seed layer 121 as a seed layer, which
is used at the time of forming the first-first pattern 122 and
the first-second pattern 123.

[0135] At this point, typical copper has so high electrical
conductivity as compared with nickel. That is, the electrical
conductivity of the nickel is only about 14.9% of the
electrical conductivity of the copper. Therefore, in the pres-
ent invention, since the first-second pattern 123 instead of
the nickel layer is formed, a gold (Au) layer may be directly
formed on a copper layer, and thus all of reliability problems
caused by the formation of the nickel can be solved. In other
words, in the related art, there was a problem in the interface
characteristics between the first-first pattern 122 and the
nickel layer due to the difference in characteristics between
metals occurring between copper and nickel, and there was
a problem that the electrical conductivity due to the nickel
layer was lowered. However, in the present invention, an
upper conductive layer including gold (Au) is formed by
using a plating seed layer used at the time of forming the
first-first pattern and the first-second pattern, so that a nickel
(Ni) seed layer which has served as a seed layer of a gold
(Au) conductive layer in the related art may be removed, and
thus, not only a thickness of a printed circuit board product
can be reduced, but also economic efficiency of a product
can be improved by technical effect due to efficiency of a
process. Further, according to an embodiment of the present
invention, a nickel layer may be removed from a pattern
structure, and thus not only electrical conductivity of a
pattern can be improved, but also a problem of interface
property occurring between copper and nickel constituting
the pattern can be solved.

[0136] Meanwhile, referring to FIG. 4, the second pad 140
is disposed under the insulating layer disposed at the low-
ermost portion of the plurality of insulating layers. At this
point, as shown in FIG. 4, the lower conductive layer 150 is
disposed on the second pad 140, but FIG. 4 substantially
illustrates a state in which an actual product is turned upside
down. Hereinafter, for convenience of explanation, it is
assumed that the second pad 140 is formed on the lowermost
insulating layer among the plurality of insulating layers. But,
in reality, the second pad 140 is disposed under a lower
surface of the lowermost insulating layer, and the lower
conductive layer 150 is disposed under the second pad 140.
[0137] The second pad 140 includes a plating seed layer
141 disposed on the lowermost insulating layer, a second-
first pattern 142 disposed on the plating seed layer 141, and
a second-second pattern 143 disposed on the second-first
pattern 142. In addition, the lower conductive layer 150 is
disposed on the second-second pattern 143.

[0138] The plating seed layer 141 is disposed on the
lowermost insulating layer. Preferably, a lower surface of the
plating seed layer 141 is in direct contact with an upper
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surface of the lowermost insulating layer. The upper and
lower surfaces of the plating seed layer 141 has the same
width.

[0139] The plating seed layer 141 may be a seed layer for
electrolytic plating of the second-first pattern 142 and the
second-second pattern 143 and may be also a seed layer for
electrolytic plating of the lower conductive layer 150. In
other words, the lower conductive layer 150 as well as the
second-first pattern 142 and the second-second pattern 143
may be formed by electrolytic-plating the plating seed layer
141 as a seed layer.

[0140] A circuit pattern part of the second pad 140 is
disposed on the plating seed layer 141. The circuit pattern
part includes a second-first pattern 142 and a second-second
pattern 143. The second-first pattern 142 and the second-
second pattern 143 are formed of the same metal material.
Preferably, the second-first pattern 142 and the second-
second pattern 143 may be formed of copper (Cu), or may
further include a conductive metal material while including
the copper (Cu).

[0141] The second-first pattern 142 is formed on the
plating seed layer 141. An upper surface of the second-first
pattern 142 has a curvature. Accordingly, a width of a lower
surface of the second-first pattern 142 is different from that
of'the upper surface of the second-first pattern 142. Here, the
width refers to the actual length from one end to the other
end as described above, and since the upper surface of the
second-first pattern 142 has a curvature, the width (actual
length) of the upper surface of the second-first pattern 142
is larger than that (actual length) of the lower surface of the
second-first pattern 142. At this point, a straight line distance
from one end to the other end of the upper surface of the
second-first pattern 142 is the same as a straight line distance
from one end to the other end of the lower surface of the
second-first pattern 142.

[0142] The second-second pattern 143 is disposed on the
second-first pattern 142. The second-second pattern 143 is
disposed to cover the upper surface of the second-first
pattern 142. Accordingly, a lower surface of the second-
second pattern 143 has a curvature corresponding to the
upper surface of the second-first pattern 142. In other words,
the upper surface of the second-first pattern 142 may have a
convex shape that protrudes upward. In addition, the lower
surface of the second-second pattern 143 may have a con-
cave shape that is recessed inward to cover the upper surface
of the convex second-first pattern 142.

[0143] The second-second pattern 143 is disposed to fill a
removed edge region of the second-first pattern 142. There-
fore, at least a part of the lower surface of the second-second
pattern 143 is located to be lower than at least a part of the
upper surface of the second-first pattern 142. At this point,
the second-second pattern 143 covers the entire upper sur-
face of the second-first pattern 142. Therefore, the lower
surface of the second-second pattern 143 is formed such that
at least a part of a portion in contact with the upper surface
of the second-first pattern 142 is located to be lower than at
least a part of the upper surface of the second-first pattern
142.

[0144] Accordingly, an outer side portion of the lower
surface of the second-second pattern 143 is located to be
lower than a remaining central portion of the upper surface
of the second-first pattern 142 except for an outer side
portion thereof. That is, an outermost side portion of the
lower surface of the second-second pattern 143 is located to
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be lower than the remaining central portion of the upper
surface of the second-first pattern 142 except for the outer
side portion thereof.

[0145] In addition, the outermost side portion of the lower
surface of the second-second pattern 143 and an outermost
side portion of the upper surface of the second-first pattern
142 are located to be lower than the remaining central
portion of the upper surface of the second-first pattern 142
except for the outer side portion thereof.

[0146] Further, the outermost side portion of the lower
surface of the second-second pattern 143 and the outermost
side portion of the upper surface of the second-first pattern
142 are located to be lower than both the remaining central
portion of the upper surface of the second-first pattern 142
except for the outer side portion thereof and a remaining
central portion of the lower surface of the second-second
pattern 143 except for the outer side portion thereof.
[0147] In addition, a thickness of the outer side portion of
the second-second pattern 143 is larger than that of the
central portion of the second-second pattern 143.

[0148] Accordingly, a distance from the outer side portion
of the lower surface of the second-second pattern 143 to the
lowermost insulating layer in the first direction perpendicu-
lar to the upper surface of the lowermost insulating layer is
smaller than that from the central portion except for the outer
side portion of the lower surface of the second-second
pattern 143 to the lowermost insulating layer.

[0149] In addition, a thickness of the second-second pat-
tern 143 gradually increases toward the outer side portion of
the second-second pattern 143 from the central portion
thereof. On the contrary, a thickness of the second-first
pattern 142 gradually decreases toward the outer side por-
tion of the second-first pattern 142 from the central portion
thereof.

[0150] In addition, a width of the second-second pattern
143 may gradually increase toward an upper portion thereof.
In other words, at least a part of a side surface of the
second-second pattern 143 protrudes in a longitudinal direc-
tion than a side surface of the second-first pattern 142. In
other words, at least a part of a left-side surface of the
second-second pattern 143 includes a portion that further
protrudes in a left-side longitudinal direction than a left-side
surface of the second-first pattern 142. Further, at least a part
of a right-side surface of the second-second pattern 143
includes a portion that further protrudes in a right-side
longitudinal direction than a right-side surface of the sec-
ond-first pattern 142.

[0151] Meanwhile, the second-first pattern 142 may have
a fourth height H4 and the second-second pattern 143 may
have a fifth height H5. Here, the height may refer to a
thickness of each of the plating seed layer 141, the second-
first pattern 142, and the second-second pattern 143 in a
vertical direction.

[0152] The height of the plating seed layer 141 is lower
than the fourth height H4 of the second-first pattern 142.
That is, the thickness of the plating seed layer 141 is thinner
than that of the second-first pattern 142.

[0153] Furthermore, the fourth height H4 of the second-
first pattern 142 may be higher than the fifth height H5 of the
second-second pattern 143. In other words, the thickness of
the second-first pattern 142 is thicker than that of the
second-second pattern 143.

[0154] At this point, the thickness of the second-second
pattern 143 may be in a range of 1 to 13 pm. Preferably, the

Mar. 25, 2021

thickness of the second-second pattern 143 may be in a
range of 3 to 10 um. More preferably, the thickness of the
second-second pattern 143 may be in a range of 3 to 6 um.
[0155] That is, when the height of the second-second
pattern 143 is more than 1 um, an overspreading phenom-
enon of the lower conductive layer according to the present
invention may be inhibited, and when the height of the
second-second pattern 143 is in a range from 3 to 6 um, an
overhang portion of the lower conductive layer 150 may be
minimized and the overspreading phenomenon of the lower
conductive layer 150 may be inhibited completely. Here, the
overspreading phenomenon may include a phenomenon in
which the metal of the lower conductive layer 150 spreads
into the second-second pattern 143 of the underlying layer in
the plating process of the lower conductive layer 150. In
addition, the overspreading phenomenon may include a
phenomenon in which a metal material constituting the
lower conductive layer 150 penetrates into a space between
a mask and the second-second pattern 143 in the plating
process of the lower conductive layer 150.

[0156] The lower conductive layer 150 is disposed on the
second-second pattern 143. At this point, the lower conduc-
tive layer 150 includes a non-contact region not in contact
with the second pad 140 and a contact region in contact with
the second pad 140.

[0157] In other words, the lower conductive layer 150
includes a contact region in which the lower conductive
layer 150 is in contact with at least one of the plating seed
layer 141, the second-first pattern 142, and the second-
second pattern 143. At this point, the contact region of the
lower conductive layer 150 may be in contact with the
second-second pattern 143. In other words, a lower surface
of'the lower conductive layer 150 includes a contact portion
in which the lower surface of the lower conductive layer 150
is in contact with an upper surface of the second-second
pattern 143 and the side surface of the second-second pattern
143.

[0158] Further, the lower conductive layer 150 is spaced
apart from the plating seed layer 141, the second-first pattern
142 and the second-second pattern 143, and includes a
non-contact region in which the lower conductive layer 150
is not in contact with all of the plating seed layer 141, the
second-first pattern 142, and the second-second pattern 143.
In other words, the lower surface of the lower conductive
layer 150 includes a non-contact portion which is floating in
air as the lower surface of the lower conductive layer 150 is
not in contact with the plating seed layer 141, the second-
first pattern 142, and the second-second pattern 143. At this
point, the non-contact portion of the lower surface of the
lower conductive layer 150 may be an outer side portion of
the lower surface of the lower conductive layer 150. Fur-
thermore, the contact portion of the lower surface of the
lower conductive layer 150 may be a remaining central
portion of the lower surface of the lower conductive layer
150 except for the outer side portion of the lower surface
thereof.

[0159] As described above, the lower conductive layer
150 is not disposed only at the upper surface of the second-
second pattern 143, but is bent at least once and disposed
also at the side surface of the second-second pattern 143. In
addition, an end portion of a portion of the lower conductive
layer 150 which is disposed at the side surface of the
second-second pattern 143 is spaced apart from the second-
second pattern 143. As a result, the lower conductive layer
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150 has an overhang structure and is disposed on the second
pad 140, more specifically, on the second-second pattern
143.

[0160] Meanwhile, a width of the non-contact portion of
the lower conductive layer 150 may be in a range of 2 to 6
um. Preferably, the width of the non-contact portion of the
lower conductive layer 150 may be in a range of 2 to 3 pm.
[0161] Here, the width of the non-contact portion of the
lower conductive layer 150 may refer to a thickness (or
length, height, or width) in a longitudinal direction in the
drawing.

[0162] At this point, a thickness of the lower conductive
layer 150 and the thickness of the upper conductive layer
130 are different from each other. Accordingly, the width of
the non-contact portion in the lower conductive layer 150 is
different from that of the non-contact portion in the upper
conductive layer 130. Preferably, the upper conductive layer
130 is thicker than the lower conductive layer 150 so that the
width of the non-contact portion in the lower conductive
layer 150 may be smaller than that of the non-contact portion
in the upper conductive layer 130.

[0163] In other words, each of the upper conductive layer
130 and the lower conductive layer 150 may include a first
region in direct contact with an upper surface of the first or
second pad, a second region extending from the first region
and in direct contact with a side surface of the first or second
pad, and a third region extending from the second region and
spaced from the first and second pads.

[0164] Further, the thickness of the upper conductive layer
130 in the longitudinal direction of the first region may be
greater than that of the lower conductive layer 150 in the
longitudinal direction of the first region. Furthermore, the
thickness of the upper conductive layer 130 in the lateral
direction of the second region may be greater than that of the
lower conductive layer 150 in the lateral direction of the
second region.

[0165] Inaddition, an end portion of the third region of the
upper conductive layer 130 is located to be higher than the
outer side region of the upper surface of the first-first pattern
constituting the first pad, and an end portion of the third
region of the lower conductive layer 150 is located to be
lower than the outer side region of the lower surface of the
second-first pattern constituting the second pad.

[0166] Furthermore, the thickness of the upper conductive
layer 130 in the longitudinal direction of the third region
may be different from that of the lower conductive layer 150
in the longitudinal direction of the third region.

[0167] In the present invention, the thickness of the third
region in the upper conductive layer or the lower conductive
layer may be minimized by the difference in thickness, and
thus a problem occurring due to the third region deviated
from the second region can be minimized.

[0168] Meanwhile, a height H6 of the lower conductive
layer 150 may be determined by characteristics required in
the lower conductive layer 150. In other words, the thickness
of the lower conductive layer 150 is determined by a
function of the second pad 140 disposed under the lower
conductive layer 150.

[0169] At this point, the second pad 140 is formed for
soldering bonding to be bonded to an external substrate.
Therefore, the lower conductive layer 150 should have a
thickness sufficient to satisfy the soldering characteristics.
Accordingly, the lower conductive layer 150 may have a
thickness that satisfies a range of 0.05 to 0.3 um. At this
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point, when the lower conductive layer 150 has a thickness
of less than 5 pum, the second-second pattern which is an
underlying layer may be exposed. In addition, when the
lower conductive layer 150 has a thickness of more than 0.3
um, there is a problem that a material cost due to excessive
use of gold (Au) forming the lower conductive layer 150 is
increased. Therefore, in the present invention, the lower
conductive layer 150 has a thickness that satisfies a range of
0.05 to 0.3 um. Meanwhile, in the range of the thickness of
the lower conductive layer 150, the thickness of the upper
conductive layer 130 is included. At this point, even though
some values in the thickness range overlap, the thicknesses
of the lower conductive layer 150 and the upper conductive
layer 130 are formed to be different from each other. For
example, when the thickness of the lower conductive layer
150 is 0.3 um, the upper conductive layer 130 may have a
thickness in a range of 0.31 to 0.8 pm which is larger than
0.3 um but not in a range of 0.2 to 0.8 pm.

[0170] Meanwhile, as described above, the lower conduc-
tive layer 150 of the present invention includes only a layer
including gold (Au). In other words, the lower conductive
layer 150 including gold is directly disposed on the second-
second pattern 143 formed of a metal including the copper.
[0171] Meanwhile, as described above, the upper conduc-
tive layer 130 and the lower conductive layer 150 are formed
of the same metal material and formed in the same process,
but have different thicknesses. In other words, the upper
conductive layer 130 formed on the first pad 120 formed for
wire bonding is thicker than the lower conductive layer 150
formed on the second pad 140 formed for soldering.
[0172] At this point, in the present invention, the upper
conductive layer 130 and the lower conductive layer 150 are
introduced into one plating tank, and accordingly, the plating
process is performed at both surfaces of the insulating
substrate 110 simultaneously, so that the upper conductive
layer 130 and the lower conductive layer 150 having dif-
ferent thicknesses are formed.

[0173] Meanwhile, the overhang structure of the upper
metal layer shown in FIGS. 3 and 4 is merely an embodi-
ment, and the structure of the overhang may be variously
modified.

[0174] FIGS. 5(a)-5(c) are views illustrating a modified
example of an overhang structure shown in FIGS. 3 and 4.
[0175] Referring to FIGS. 5(a)-5(c), the lower surface of
the upper conductive layer 130 may be in contact with only
the upper surface of the first-second pattern 123. In other
words, in FIG. 3, the upper conductive layer 130 is in contact
with not only the upper surface of the first-second pattern
123 but also the side surface thereof. But, as shown in FIG.
5(a), the lower surface of the upper conductive layer 130
may be in contact with only the upper surface of the
first-second pattern 123, and accordingly, the lower surface
of the upper conductive layer 130 may extend in a direction
parallel to the upper surface of the first-second pattern 123.
[0176] In addition, as shown in FIG. 5(4), the lower
surface of the upper conductive layer 130 may be in contact
with both the upper surface and the side surface of the
first-second pattern 123. However, the non-contact region of
the upper conductive layer 130 may have a shape that is not
extended in a direction perpendicular to the upper surface of
the upper conductive layer 130, but is bent in an outward
direction.

[0177] Further, as shown in FIG. 5(¢), the lower surface of
the upper conductive layer 130 may be in contact with both
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the upper surface and the side surface of the first-second
pattern 123. However, the non-contact region of the upper
conductive layer 130 may have a shape that is not extended
in a direction perpendicular to the upper surface of the upper
conductive layer 130, but is bent in an inward direction.
[0178] Although the upper conductive layer 130 and the
lower conductive layer 150 are formed simultaneously in the
related art, the upper conductive layer 130 and the lower
conductive layer 150 have the same thickness due to a
manufacturing process problem. This is because an adsorp-
tion amount of gold ions, which is the metal material
forming each of the conductive layers, did not react to a
current change. In other words, in the related art, the
insulating substrate 110 was vertically introduced in a ver-
tical plating tank, so that upper and lower surfaces of the
insulating substrate 110 were respectively plated.

[0179] At this point, a space for plating at the upper
surface of the insulating substrate 110 in the plating tank and
a space for plating at the lower surface of the insulating
substrate 110 were connected to each other, so that a plating
solution was freely moved between the upper surface region
and the lower surface region. Accordingly, even though the
plating current for the upper surface and the plating current
for the lower surface were differently applied to each other,
due to high conductivity of gold plating solution and limi-
tation of a rack equipment mechanism of a plating apparatus,
it was indicated that an adsorption amount of gold ions
formed in each of regions was similar, so that it was difficult
to control the upper conductive layer 130 and the lower
conductive layer 150 to a desired thickness.

[0180] Meanwhile, as described above, in the conven-
tional plating apparatus, when plating is performed with a
plating solution of copper (Cu) or nickel (Ni) instead of gold
(Au), since conductivity and ion-mobility of the copper or
nickel are remarkably lower than those of gold, it is difficult
to form different plating layers at both surfaces even in the
open state as described above.

[0181] However, when gold is plated, there is a situation
where ions transfer to an opposite surface at different current
densities due to mobility and high conductivity of the gold
ions, so that the upper conductive layer 130 and the lower
conductive layer 150, which are formed at the both surfaces,
have the same thickness.

[0182] In addition, as described above, since an area of the
first pad 120 is narrower than that of the second pad 140 and
an plating area with respect to the second pad 140 is larger
than that of the first pad 120, in the related art, when the
same current density is applied in the plating process, a
current with respect to the second pad 140 having a large
area flows toward the first pad 120 having the small area, and
as a result, a conductive layer having the same thickness is
formed at the first pad 120 and the second pad 140.
[0183] On the other hand, in the present invention, the
upper conductive layer 130 and the lower conductive layer
150 are formed by a new method, so that the upper con-
ductive layer 130 and the lower conductive layer 150 may be
formed to have different thicknesses even by simultaneously
plating both surfaces of the insulating substrate 110.
[0184] FIG. 6 is a view illustrating a plating apparatus
according to an embodiment of the present invention, and
FIG. 7 is a view illustrating a detailed structure of a substrate
support of the plating apparatus shown in FIG. 6.

[0185] Referring to FIG. 6, a plating apparatus 200
includes a plating tank 210 in which a gold plating solution
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is accommodated, a plurality of electrodes 240, 250, 260 and
270, a first pedestal 220 and a second pedestal 230.
[0186] A gold (Au) plating solution is accommodated in
the plating tank 210. In addition, the inside of the plating
tank 210 is divided into a first plating space 211 and a second
plating space 212. In addition, the plurality of electrodes
include a first anode electrode 240 for plating the upper
surface of at least one substrate which is introduced into the
first plating space 211 and a second anode electrode 250 for
plating the lower surface of at least one substrate which is
introduced into the first plating space 211. In addition, a
cathode electrode for plating a substrate which is introduced
into the first plating space 211 is disposed in the first pedestal
220.

[0187] In addition, the plurality of electrodes include a
third anode electrode 260 for plating the upper surface of at
least one substrate which is introduced into the second
plating space 212 and a fourth anode electrode 270 for
plating the lower surface of at least one substrate which is
introduced into the second plating space 212. In addition, a
cathode electrode for plating a substrate which is introduced
into the second plating space 212 is disposed in the second
pedestal 230.

[0188] Meanwhile, a first insertion part 221 capable of
inserting at least one substrate vertically is formed in the first
pedestal 220. Further, a second insertion part 231 capable of
inserting at least one substrate vertically is formed also in the
second pedestal 230.

[0189] Furthermore, a substrate for plating is vertically
inserted into each of the first insertion part 221 and the
second insertion part 231, so that a plating process with
respect to the upper and lower surfaces of the substrate is
performed.

[0190] At this point, the plating process with respect to the
upper and lower surfaces of the substrate may be sequen-
tially performed, or alternatively, the plating process may be
performed simultaneously. Meanwhile, in the present inven-
tion, a current supplied to the first anode electrode 240 and
the third anode electrode 260 and a current supplied to the
second anode electrode 250 and the fourth anode electrode
270 are different from each other. At this point, in the related
art, the plating solution was freely moved in the first pedestal
220 and the second pedestal 230, and even though a current
control was performed as described above, the thicknesses
of plating at the upper and lower surfaces were equal to each
other.

[0191] In addition, a width of the first pad 120 and a width
of the second pad 140 are different from each other. Pref-
erably, since the first pad 120 is used for wire bonding, the
first pad 120 may be formed to have a width sufficient to
secure a wire-bonding space, and the second pad 140 should
have a sufficient space in which the adhesive member 175
may be disposed. Therefore, the first pad 120 has a first
width and the second pad 140 has a second width, and at this
point, the first width is narrower than the second width. In
other words, since the first pad 120 and the second pad 140
have different widths, in the related art, it is difficult to form
a conductive layer having a desired thickness on the first pad
120 and the second pad 140, respectively.

[0192] However, in the present invention, the plating
process proceeds in an independent space (a separated space
blocked by the pedestal) with respect to the upper and lower
surfaces of the substrate, so that it is possible to precisely
control a desired thickness through the current control.
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Referring to FIG. 7, a first insertion part into which the
substrate 100 is inserted is formed in the first pedestal 220,
and the substrate 100 is inserted into the formed insertion
part.

[0193] At this point, a first sealing part 280 surrounds a
region into which the substrate is inserted, and a blocking
part 290 for separating the left and right regions of the first
pedestal 220 is also formed at a periphery of the first sealing
part 280. At this point, the blocking part 290 is formed at a
higher position than the plating solution supplied into the
plating tank.

[0194] Accordingly, the first sealing part 280 and the
blocking part 290 surround the space around the substrate
inserted into the first pedestal 220, so that the upper and
lower surfaces of the inserted substrate may be plated by
using independent spaces, that is, separate plating solutions.
[0195] Therefore, in the present invention, current density
conditions for plating at the upper surface of the substrate
and current density conditions for plating at the lower
surface of the substrate are applied differently, so that the
plating is proceeded at an exact thickness required by each
of the conductive layers.

[0196] According to an embodiment of the present inven-
tion, since a second pattern filling an edge region of a first
pattern is formed on the first pattern, and a conductive layer
is formed on the formed second pattern, it is possible to
solve a reliability problem that occurs when a conductive
layer permeates into a mask.

[0197] Further, according to an embodiment of the present
invention, a conductive layer is formed after the second
pattern is formed, so that a portion of the conductive layer,
protruding from a side surface of a pad to an outside may be
minimized, and thus structural reliability (stability) of the
conductive layer can be secured.

[0198] Furthermore, according to an embodiment of the
present invention, a conductive layer is formed after the
second pattern is formed, so that a portion of a lower surface
of the second pattern is disposed to be lower than an upper
surface of the first pattern, and a thickness of the second
pattern is thinner than that of the first pattern, and thus
overspreading itself of the conductive layer can be inhibited.
[0199] In addition, according to an embodiment of the
present invention, a conductive layer including gold (Au) is
formed by using a plating seed layer used at the time of
forming the first pattern and the second pattern, so that a
nickel (Ni) seed layer which has served as a seed layer of a
gold (Au) conductive layer in the related art may be
removed, and thus, not only a thickness of a printed circuit
board product can be reduced, but also economic efficiency
of a product can be improved by technical effect due to
efficiency of a process.

[0200] Further, according to an embodiment of the present
invention, a nickel layer may be removed from a pattern
structure, and thus not only electrical conductivity of a
pattern can be improved, but also a problem of interface
property occurring between copper and nickel constituting
the pattern can be solved.

[0201] Furthermore, according to an embodiment of the
present invention, a thickness of an upper conductive layer
disposed on a pad for wire bonding and a thickness of a
lower conductive layer disposed on a pad for soldering are
differently applied, so that a consumption cost of gold used
in the conductive layer may be reduced, and thus a thickness
can be reduced.
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[0202] In addition, according to an embodiment of the
present invention, a plurality of conductive layers having
different thicknesses may be formed by one simultaneous
process, and thus efficiency in a manufacturing process can
be improved.

[0203] Hereinafter, a method for manufacturing a printed
circuit board according to an embodiment of the present
invention will be described in detail.

[0204] FIGS. 8 to 15 are views for explaining a process
sequence of a method of manufacturing a printed circuit
board according to an embodiment of the present invention.
[0205] First, a multilayer insulating substrate 110 is manu-
factured. This is because an insulating layer 111 is prepared,
a metal layer (not shown) is formed on the insulating layer
111, and the formed metal layer is etched to form a circuit
pattern 112. Then, an additional insulating layer is stacked
on both surfaces of the insulating layer 111 on which the
circuit pattern is formed, and accordingly, the metal layer
forming and etching process may be repeatedly performed to
manufacture the multilayer insulating substrate 110. At this
point, a via 113 may be formed by performing a via hole
forming process and a metal material filling process in a
portion where the via 113 is required in the process of
stacking the insulating layer.

[0206] At this point, the process of manufacturing the
multilayer insulating substrate 110 is well known in the art,
and thus a detailed description thereof will be omitted.
[0207] Then, metal layers 125 and 145 are formed at the
uppermost insulating layer and the lowermost insulating
layer, respectively, of the multilayer insulating substrate 110.
[0208] The metal layers 125 and 145 serve as a seed layer
for electrolytic-plating first and second pads 120 and 140
and upper and lower conductive layers 130 and 150.
[0209] The metal layers 125 and 145 may be formed by
electroless plating. At this point, when the metal layers 125
and 145 are formed by electroless plating, roughness may be
introduced to the surfaces of the uppermost insulating layer
and the lowermost insulating layer for performing easy
plating.

[0210] An electroless plating method may be processed by
sequentially performing a degreasing process, a soft corro-
sion process, a preliminary catalyst processing process, a
catalyst processing process, an activation process, an elec-
troless plating process, and an oxidation inhibition process-
ing process. Further, the metal layers 125 and 145 may be
formed by sputtering metal particles using plasma instead of
plating.

[0211] At this point, a de-smear process which removes
smears of the surfaces of the uppermost insulating layer and
the lowermost insulating layer may be additionally per-
formed before plating the metal layers 125 and 145. The
de-smear process is performed to make the surfaces of the
uppermost insulating layer and the lowermost insulating
layer rough to make plating easy for forming the metal
layers 125 and 145.

[0212] Then, referring to FIG. 9, a mask 115 is formed on
the metal layers 125 and 145. At this point, the mask 115 has
an opening exposing at least a part of the surfaces of the
metal layers 125 and 145 to form the first pad 120 and the
second pad 140. At this point, a dry film may be used as the
mask 115.

[0213] Meanwhile, since the width of the first pad 120 and
the width of the second pad 140 are different from each
other, a width of the opening of the mask disposed on the
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uppermost insulating layer and a width of the opening of the
mask disposed under the lowermost insulating layer may be
different from each other.

[0214] At this point, the mask may be subjected to a
plasma processing process. The plasma processing process
is performed selectively and is not a necessary process to be
included. However, when the plasma processing process
was performed, the non-contact portions of the upper con-
ductive layer 130 and the lower conductive layer 150 had
different widths or shapes, and a better width or shape
appeared in the case in which the plasma processing pro-
ceeded. Therefore, in order to obtain a better result, it may
be preferable that the plasma processing process be per-
formed.

[0215] Then, when the mask 115 is formed, a first plating
layer 122a and a second plating layer 142a filling the
openings of the mask 115 are formed by electrolytic plating
with the metal layers 125 and 145 as a seed layer. The first
plating layer 1224a and the second plating layer 1424 may be
formed by electrolytic-plating a conductive material, for
example, a metal including copper.

[0216] Then, referring to FIG. 10, via a polishing opera-
tion, a polishing process is performed to polish surfaces of
the first plating layer 122a and the second plating layer 142a
and a surface of the mask 115.

[0217] The polishing process refers to an operation of
flatly polishing the surfaces of the plated first plating layer
122a and second plating layer 142a, so that polished first
plating layer 1225 and second plating layer 1425 are formed.

[0218] At this point, in the polishing process, the polished
first and second plating layers 1225 and 1426 have an
overspreading phenomenon in which the upper surfaces of
the polished first plating layer 1225 and the second plating
layer 1425 protrude long in a longitudinal direction. In other
words, when the polishing process is performed, the first
plating layer 1225 and the second plating layer 1425 are
spread into the mask 115. Therefore, the polished first
plating layer 1225 includes a first overspreading region (a)
that overspreads into the mask, and the second plating layer
1424 also includes a second overspreading region (b) that
overspreads into the mask.

[0219] Then, referring to FIG. 11, when the polishing
process is performed, upper regions of the polished first
plating layer 12256 and second plating layer 1425 are etched
via a preprocessing process. Here, when the preprocessing
process is performed, not only the upper surfaces of the
polished first plating layer 1225 and the second plating layer
14256 are etched, but also etching occurs at an interface
between the upper surface and a side surface thereof.

[0220] Therefore, when the preprocessing process is com-
pleted, a first-first pattern 122 and a second-first pattern 142
having upper surfaces with a predetermined curvature are
formed.

[0221] Then, referring to FIG. 12, when the preprocessing
process is completed, a first-second pattern 123 and a
second-second pattern 143 are formed on the first-first
pattern 122 and the second-first pattern 142 via performing
a flash plating process.

[0222] When the flash plating process is completed, as
shown in FIG. 13, an upper conductive layer 130 is formed
on the first-second pattern 123, and a lower conductive layer
150 is formed on the second-second pattern 143.
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[0223] At this point, the upper conductive layer 130 and
the lower conductive layer 150 are formed to have different
thicknesses.

[0224] Then, as shown in FIG. 14, the mask 115 disposed
on the metal layer is removed.

[0225] As shown in FIG. 15, the metal layers 125 and 145
are etched to remove remaining portions except for the seed
layer disposed under the first-first pattern 122 and the
second-first pattern 142. At this point, in the etching process
of the metal layers 125 and 145, at least a part of the side
surfaces of the first-first pattern 122, the first-second pattern
123, the second-first pattern 142 and the second-second
pattern 143 may be etched. Therefore, the upper conductive
layer 130 and the lower conductive layer 150 have an
overhang structure as shown in the drawing.

[0226] According to an embodiment of the present inven-
tion, since a second pattern filling an edge region of a first
pattern is formed on the first pattern, and an upper conduc-
tive layer and a lower conductive layer are formed on the
formed second pattern, respectively, it is possible to solve a
reliability problem that occurs when the upper conductive
layer or the lower conductive layer permeates into a mask.
[0227] In addition, according to an embodiment of the
present invention, an upper conductive layer or a lower
conductive layer is formed after the second pattern is
formed, so that a portion, protruding from a side surface of
apad to an outside thereof, of the upper conductive layer and
the lower conductive layer may be minimized, and thus
structural reliability (stability) of the upper conductive layer
and the lower conductive layer can be secured.

[0228] Further, according to an embodiment of the present
invention, an upper conductive layer and a lower conductive
layer are formed after the second pattern is formed, so that
a portion of a lower surface of the second pattern may be
disposed to be lower than an upper surface of the first
pattern, and a thickness of the second pattern may be thinner
than that of the first pattern, and thus overspreading itself of
the upper conductive layer or the lower conductive layer can
be inhibited.

[0229] Furthermore, according to an embodiment of the
present invention, an upper conductive layer and a lower
conductive layer including gold (Au) are formed by using a
plating seed layer used at the time of forming the first pattern
and the second pattern, so that a nickel (Ni) seed layer which
has served as a seed layer of a gold (Au) conductive layer in
the related art may be removed, and thus, not only a
thickness of a printed circuit board product can be reduced,
but also economic efficiency of a product can be improved
by technical effect due to efficiency of a process.

[0230] In addition, according to an embodiment of the
present invention, a nickel layer may be removed from a
pattern structure, and thus not only electrical conductivity of
a pattern can be improved, but also a problem of interface
property occurring between copper and nickel constituting
the pattern can be solved.

[0231] Further, according to an embodiment of the present
invention, a thickness of an upper conductive layer disposed
on a pad for wire bonding and a thickness of a lower
conductive layer disposed on a pad for soldering are differ-
ently applied, so that a consumption cost of gold used for the
upper conductive layer and the lower conductive layer may
be reduced, and thus a thickness can be reduced.

[0232] Furthermore, according to an embodiment of the
present invention, a plurality of conductive layers having
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different thicknesses may be formed by one simultaneous
process, respectively, and thus efficiency in a manufacturing
process can be improved.

[0233] The characteristics, structures and effects described
in the embodiments above are included in at least one
embodiment but are not limited to one embodiment. Fur-
thermore, the characteristics, structures, effects, and the like
illustrated in each of the embodiments may be combined or
modified even with respect to other embodiments by those
of ordinary skill in the art to which the embodiments pertain.
Thus, it would be construed that contents related to such a
combination and such a modification are included in the
scope of the embodiments. Embodiments are mostly
described above. But, they are only examples and do not
limit the embodiments. A person skilled in the art to which
the embodiments pertain may appreciate that several varia-
tions and applications not presented above may be made
without departing from the essential characteristic of the
embodiments. For example, each component particularly
represented in the embodiments may be varied. In addition,
it should be construed that differences related to such a
variation and such an application are included in the scope
of the embodiment defined in the following claims.

1. A circuit board comprising:

an insulating layer;

a first pad disposed on a first surface of the insulating

layer;

a first conductive layer disposed on the first pad and

including gold (Au);

a second pad disposed on a second surface of the insu-

lating layer; and

a second conductive layer disposed on the second pad and

including gold (Au),

wherein the first conductive layer includes a first region in

contact with the first pad and a second region spaced
apart from the first pad,

wherein the first region of the first conductive layer and

the second region of the first conductive layer are
monolithically formed with each other,

wherein the second region of the first conductive layer

comprises a portion of the first conductive layer that is
bent in an inward direction.

2. The circuit board of claim 1, wherein the second
conductive layer includes a third region in contact with the
second pad and a fourth region spaced apart from the second
pad,

wherein the third region of the second conductive layer

and the fourth region of the second conductive layer are
monolithically formed with each other,

wherein the fourth region of the second conductive layer

comprises a portion of the second conductive layer that
is bent in an inward direction.

3. The circuit board of claim 2, wherein the first conduc-
tive layer is connected to a wire, and

wherein the second conductive layer is connected to a

solder.

4. The circuit board of claim 1, wherein the insulating
layer includes a plurality of insulating layers,

wherein the first pad is disposed on an upper surface of a

first insulating layer disposed at an uppermost portion
of the plurality of insulating layers, and

wherein the second pad is disposed under a lower surface

of a second insulating layer disposed at a lowermost
portion of the plurality of insulating layers.
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5. The circuit board of claim 2, wherein the portion of the
second region of the first conductive layer is closest to the
insulating layer and is spaced apart from the first pad, and

wherein the portion of the fourth region of the second
conductive layer is closest to the insulating layer and is
spaced apart from the second pad.

6. The circuit board of claim 3, wherein each of the first
pad and the second pad includes:

a plating seed layer disposed at a surface of the uppermost
insulating layer or the lowermost insulating layer and
including copper;

a first pattern disposed on the plating seed layer and
including copper; and

a second pattern disposed on the first pattern and includ-
ing copper.

7. The circuit board of claim 6, wherein the first pattern
of the first pad is thicker than the second pattern of the first
pad, and

wherein the first pattern of the second pad is thicker than
the second pattern of the second pad.

8. The circuit board of claim 6, wherein a central portion
of an upper surface of the first pattern of the first pad is
located higher than an outer side portion of the first pattern
of the first pad, and

wherein a central portion of an upper surface of the first
pattern of the second pad is located higher than an outer
side portion of the first pattern of the second pad.

9. The circuit board of claim 6, wherein a width of an
upper surface of the first pattern of the first pad is larger than
a width of a lower surface of the first pattern of the first pad,
and

wherein a width of an upper surface of the first pattern of
the second pad is larger than a width of a lower surface
of the first pattern of the second pad.

10. The circuit board of claim 6, wherein the first region
of'the first conductive layer is in direct physical contact with
the second pattern of the first pad and the second region of
the first conductive layer extends from the first region of the
first conductive layer and is spaced apart from the plating
seed layer of the first pad, the first pattern of the first pad, and
the second pattern of the first pad, and

wherein the second region of the first conductive layer is
not in physical contact with any of the plating seed
layer of the first pad, the first pattern of the first pad, and
the second pattern of the first pad.

11. The circuit board of claim 10, wherein the third region
of the second conductive layer is in direct physical contact
with the second pattern of the second pad and the fourth
region of the second conductive layer extends from the third
region of the second conductive layer and is spaced apart
from the plating seed layer of the second pad, the first pattern
of'the second pad, and the second pattern of the second pad,
and

wherein the fourth region of the second conductive layer
is not in physical contact with any of the plating seed
layer of the second pad, the first pattern of the second
pad, and the second pattern of the second pad.

12. A method of manufacturing a circuit board, compris-

ing:

forming first and second plating seed layers at an upper-
most insulating layer and a lowermost insulating layer,
respectively;

forming a first pad and a second pad on the first and
second plating seed layers, respectively; and
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proceeding electrolytic plating in a plating tank in which
plating spaces on the surface on which the first pad is
formed and on the surface on which the second pad is
formed are separated to form a first conductive layer on
the first pad and a second conductive layer on the
second pad,

wherein the first conductive layer is formed to have a

thickness greater than that of the second conductive
layer in the same plating tank in which the second
conductive layer is formed.

13. The method of claim 12, wherein the forming of the
first conductive layer and the second conductive layer com-
prises differently applying a plating condition in which the
first conductive layer is formed and a plating condition in
which the second conductive layer is formed to simultane-
ously form the first conductive layer and the second con-
ductive layer having different thicknesses.

14. The method of claim 12, wherein each of the first and
second conductive layers is formed of a metal including
gold.

15. The method of claim 12, wherein the forming of the
first pad and the second pad comprises:

forming a first pattern, formed of a metal including

copper, on the first and second plating seed layers,
respectively,

preprocessing an upper surface of the formed first pattern

to have a curvature, and

forming a second pattern, formed of a metal including

copper, having a thickness thinner than the first pattern
on the preprocessed first pattern.

16. The method of claim 15, wherein the first conductive
layer includes a first region in contact with the first pad and
a second region spaced apart from the first pad,

wherein the first region of the first conductive layer and

the second region of the first conductive layer are
monolithically formed with each other,

wherein the second region of the first conductive layer

comprises a portion of the first conductive layer that is
bent in an inward direction.

wherein the second conductive layer includes a third

region in contact with the second pad and a fourth
region spaced apart from the second pad,
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wherein the third region of the second conductive layer
and the fourth region of the second conductive layer are
monolithically formed with each other,

wherein the fourth region of the second conductive layer
comprises a portion of the second conductive layer that
is bent in an inward direction.

17. The method of claim 16, wherein the first conductive
layer is connected to a wire, and wherein the second
conductive layer is connected to a solder.

18. The method of claim 16, wherein the portion of the
second region of the first conductive layer is closest to the
uppermost insulating layer and is spaced apart from the first
pad, and

wherein the portion of the fourth region of the second

conductive layer is closest to the lowermost insulating
layer and is spaced apart from the second pad.

19. The method of claim 16, wherein the first region of the
first conductive layer is in direct physical contact with the
second pattern of the first pad and the second region of the
first conductive layer extends from the first region of the first
conductive layer and is spaced apart from the plating seed
layer of'the first pad, the first pattern of the first pad, and the
second pattern of the first pad, and

wherein the second region of the first conductive layer is
not in physical contact with any of the plating seed
layer of the first pad, the first pattern of the first pad, and
the second pattern of the first pad.

20. The method of claim 16, wherein the third region of
the second conductive layer is in direct physical contact with
the second pattern of the second pad and the fourth region
of'the second conductive layer extends from the third region
of the second conductive layer and is spaced apart from the
plating seed layer of the second pad, the first pattern of the
second pad, and the second pattern of the second pad, and

wherein the fourth region of the second conductive layer
is not in physical contact with any of the plating seed
layer of the second pad, the first pattern of the second
pad, and the second pattern of the second pad.
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