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(54) POWER INDUCTOR

(57) Provided is a power inductor. The power induc-
tor includes a body, at least one base material disposed
within the body, at least one coil pattern disposed on at
least one surface of the base material, an insulation film
disposed between the coil pattern and the body, and an

external electrode disposed outside the body and con-
nected to the coil pattern. The body includes a plurality
of magnetic layers and insulation layers, which are alter-
nately laminated.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a power in-
ductor, and more particularly, to a power inductor having
superior inductance properties and improved insulation
properties and thermal stability.

BACKGROUND ART

[0002] A power inductor is mainly provided in a power
circuit such as a DC-DC converter within a portable de-
vice. The power inductor is increasing in use, instead of
an existing wire wound choke coil as the power circuit is
switched at a high frequency and miniaturized. Also, the
power inductor is being developed in the manner of min-
iaturization, high current, low resistance, and the like as
the portable device is reduced in size and multi-function-
alized.
[0003] The power inductor according to the related art
is manufactured in a shape in which a plurality of ferrites
or ceramic sheets mode of a dielectric having a low die-
lectric constant are laminated. Here, a coil pattern is
formed on each of the ceramic sheets. The coil pattern
formed on each of the ceramic sheets is connected to
the ceramic sheet by a conductive via, and the coil pat-
terns overlap each other in a vertical direction in which
the sheets are laminated. Also, in the related art, the body
in which the ceramic sheets are laminated may be gen-
erally manufactured by using a magnetic material com-
posed of a four element system of nickel (Ni), zinc (Zn),
copper (Cu), and iron (Fe).
[0004] However, the magnetic material has a relatively
low saturation magnetization value when compared to
that of the metal material. Thus, the magnetic material
may not realize high current properties that are required
for the recent portable devices. As a result, since the
body constituting the power inductor is manufactured by
using metal magnetic powder, the power inductor may
relatively increase in saturation magnetization value
when compared to the body manufactured by using the
magnetic material. However, if the body is manufactured
by using the metal, an eddy current loss and a hysteresis
loss of a high frequency wave may increase to cause
serious damage of the material.
[0005] To reduce the loss of the material, a structure
in which the metal magnetic powder is insulated from
each other by a polymer is applied. That is, sheets in
which the metal magnetic powder and the polymer are
mixed with each other are laminated to manufacture the
body of the power inductor. Also, a predetermined base
material on which a coil pattern is formed is provided
inside the body. That is, the coil pattern is formed on the
predetermined base material, and a plurality of sheets
are laminated and compressed on top and bottom sur-
faces of the coil pattern to manufacture the power induc-
tor.

[0006] However, since the power inductor using the
metal magnetic powder and the polymer has low mag-
netic permeability because the metal magnetic powder
does not maintain its proper physical property as it is.
Also, since the polymer surrounds the metal magnetic
powder, the magnetic permeability of the body may be
reduced.

(PRIOR ART DOCUMENTS)

[0007] Korean Patent Publication No. 2007-0032259

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0008] The present disclosure provides a power induc-
tor that is capable of improving magnetic permeability.
[0009] The present disclosure also provides a power
inductor that is capable of improving magnetic permea-
bility of a body to improve overall magnetic permeability.
[0010] The present disclosure also provides a power
inductor that is capable of preventing an external elec-
trode from being short-circuited.

TECHNICAL SOLUTION

[0011] In accordance with an exemplary embodiment,
a power inductor includes: a body; at least one base ma-
terial disposed within the body; at least one coil pattern
disposed on at least one surface of the base material; an
insulation film disposed between the coil pattern and the
body; and an external electrode disposed outside the
body and connected to the coil pattern, wherein the body
includes a plurality of magnetic layers and insulation lay-
ers, which are alternately laminated.
[0012] The power inductor may further include an in-
sulation capping layer disposed on an upper portion of
the body.
[0013] The magnetic layer may be amorphous and in-
clude metal ribbon having magnetic permeability of 200
or more.
[0014] The magnetic layer may include at least one of
plate-shaped sendust, Ni-based ferrite, and Mn-based
ferrite.
[0015] The magnetic layer may have a size less than
that of the insulation layer.
[0016] At least a portion of the magnetic layer may be
insulated from the external electrode on the same plane.
[0017] The insulation layer may contain metal magnet-
ic powder and thermal conductive filler.
[0018] The thermal conductive filler may include at
least one selected from the group consisting of MgO,
AlN, carbon-based materials, Ni-based ferrite, and Mn-
based ferrite.
[0019] At least a region of the base material may be
removed, and the body may be filled into the removed
region.
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[0020] The magnetic layer and the insulation layer may
be vertically or horizontally alternately disposed, the in-
sulation layer containing at least one of the metal mag-
netic powder and the thermal conductive filler is dis-
posed, or a magnetic material is disposed on the removed
region of the base material.
[0021] The coil patterns disposed on one surface and
the other surface of the base material may have the same
height.
[0022] The coil pattern may include a first plated layer
disposed on the base material and a second plated layer
covering the first plated layer.
[0023] At lest a region of the coil pattern may have a
different width.
[0024] The insulation film may be disposed on top and
side surfaces of the coil pattern at the uniform thickness
and have the same thickness as each of top and side
surfaces of the coil pattern on the base material.
[0025] At least a portion of the external electrode may
be made of the same material as the coil pattern.
[0026] The coil pattern may be formed on at least one
surface of the base material through a plating process,
and an area of the external electrode, which contacts the
coil pattern, may be formed through the plating process.
[0027] In accordance with another exemplary embod-
iment, a power inductor includes: a body; at least one
base material disposed within the body; at least one coil
pattern disposed on at least one surface of the base ma-
terial; an insulation film disposed between the coil pattern
and the body; and an external electrode disposed outside
the body and connected to the coil pattern, wherein an
area of the external electrode, which contacts the coil
pattern, is made of the same material as the coil pattern.
[0028] The coil pattern may be formed on at least one
surface of the base material through a plating process,
and an area of the external electrode, which contacts the
coil pattern, may be formed through the plating process.
[0029] The power inductor may further include an in-
sulation capping layer disposed on at least one surface
of the body.
[0030] The insulation capping layer may be disposed
on at least a portion of an area except for an area on
which the external electrode is mounted on a printed cir-
cuit board.
[0031] The external electrode may extend from each
of first and second surfaces in a longitudinal direction of
the body to each of third to sixth surfaces in width and
height directions of the body, and the insulation capping
layer may be disposed on an area facing the area on
which the external electrode is mounted on the printed
circuit board.

ADVANTAGEOUS EFFECTS

[0032] In the power inductor in accordance with the
exemplary embodiments, the body may be manufactured
by laminating the metal ribbon and the polymer. Since
the body is manufactured by using the metal ribbon of

which the proper magnetic permeability is maintained as
it is, the magnetic permeability of the body may be im-
proved. Therefore, the overall magnetic permeability of
the power inductor may be improved.
[0033] Also, since the parylene is applied on the coil
pattern, the parylene having the uniform thickness may
be formed on the coil pattern, and thus, the insulation
between the body and the coil pattern may be improved.
[0034] Also, the base material that is provided inside
the body and on which the coil pattern is formed may be
manufactured by using the metal magnetic material to
prevent the power inductor from being deteriorated in
magnetic permeability. In addition, at least a portion of
the base material may be removed to fill the body in the
removed portion of the base material, thereby improving
the magnetic permeability. Also, at least one magnetic
layer may be disposed on the body to improve the mag-
netic permeability of the power inductor.
[0035] The insulation capping layer maybe formed on
the top surface of the body, on which the external elec-
trode is formed, to prevent the external electrode, the
shield can, and the adjacent components from being
short-circuited therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Exemplary embodiments can be understood in
more detail from the following description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a combined perspective view of a power
inductor in accordance with an exemplary embodi-
ment;
FIG. 2 is a cross-sectional view taken along line A-
A’ of FIG. 1;
FIGS. 3 and 4 are an exploded perspective view and
a partial plan view of the power inductor in accord-
ance with the exemplary embodiment;
FIGS. 5 and 6 are cross-sectional views of a coil
pattern within the power inductor in accordance with
the exemplary embodiment;
FIG. 7 is a side view of a power inductor in accord-
ance with a modified example of the exemplary em-
bodiment;
FIGS. 8 to 16 are cross-sectional views of a power
inductor in accordance with another exemplary em-
bodiment;
FIG. 17 is a perspective view of a power inductor in
accordance with further another exemplary embod-
iment;
FIGS. 18 and 19 are cross-sectional views taken
along lines A-A’ and B-B’ of FIG. 17;
FIGS. 20 and 21 are cross-sectional views taken
along lines A-A’ and B-B’ of FIG. 17 in accordance
with a modified example of the further another em-
bodiment;
FIG. 22 is a perspective view of a power inductor in
accordance with further another exemplary embod-
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iment;
FIGS. 23 and 24 are cross-sectional views taken
along lines A-A’ and B-B’ of FIG. 22;
FIG. 25 is an internal plan view of FIG. 22;
FIG. 26 is a perspective view of a power inductor in
accordance with further another exemplary embod-
iment;
FIGS. 27 and 28 are cross-sectional views taken
along lines A-A’ and B-B’ of FIG. 26; and
FIGS. 29 to 31 are cross-sectional views for sequen-
tially explaining a method for a power inductor in ac-
cordance with an exemplary embodiment.

MODE FOR CARRYING OUT THE INVENTION

[0037] Hereinafter, specific embodiments will be de-
scribed in detail with reference to the accompanying
drawings. The present invention may, however, be em-
bodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope
of the present invention to those skilled in the art.
[0038] FIG. 1 is a combined perspective view of a pow-
er inductor in accordance with an exemplary embodi-
ment, and FIG. 2 is a cross-sectional view taken along
line A-A’ of FIG. 1. Also, FIG. 3 is an exploded perspective
view of the power inductor in accordance with the exem-
plary embodiment, and FIG. 4 is a plan view of a base
material and a coil pattern. Also, FIGS. 5 and 6 are cross-
sectional views illustrating the base material and the coil
pattern so as to explain a shape of the coil pattern. FIG.
7 is a side view of a power inductor in accordance with
a modified example of the exemplary embodiment.
[0039] Referring to FIGS. 1 to 4, a power inductor in
accordance with an exemplary embodiment may include
a body 100 (100a and 100b) in which a magnetic layer
110 and an insulation layer 120 are alternately laminated,
a base material 200 provided in the body 100, a coil pat-
tern 300 (310 and 320) disposed on at least one surface
of the base material 200, and an external electrode 400
(410 and 420) disposed outside the body 100. Also, an
insulation film 500 may be further disposed between the
coil pattern 300 and the body 100. Also, as illustrated in
FIG. 7, a capping insulation layer 550 disposed on a top
surface of the body 100 may be further provided.

1. Body

[0040] The body 100 may have a hexahedral shape.
That is, the body 100 may have an approximately hexa-
hedral shape having a predetermined length in an X di-
rection, a predetermined width in a Y direction, and a
predetermined height in a Z direction. Here, the body 100
may have the length that is greater than each of the width
and height and have the width that is equal to or different
from the height. Alternatively, the body 100 may have a
polyhedral shape in addition to the hexahedral shape.

The body 100 may include a plurality of magnetic layers
110 and a plurality of insulation layers. The magnetic
layers 110 and the insulation layers 120 may be alter-
nately laminated on each other. Here, the magnetic layer
110 may include a metal ribbon, and the insulation layer
120 may include a polymer.
[0041] The magnetic layer 110 may have a predeter-
mined thickness and a size corresponding to the length
and width of the body 100. Alternatively, the magnetic
layer 110 may have a size that is less than the length
and width of the body 100. That is, to prevent the mag-
netic layer 110 from being exposed to the outside, the
magnetic layer 110 may have a length and width that are
less than those of the body 100. Here, the length and
width of the body 100 may correspond to a length and
width of the insulation layer 120. Thus, the magnetic layer
110 may have the length and width that are less than
those of the insulation layer 120. Also, at least a portion
of the magnetic layer 110 may not contact the external
electrode 400. That is, when one side of the magnetic
layer 110 contacts a first external electrode 410, the other
side of the magnetic layer 110 may be spaced apart from
a second external electrode 420. When the one side and
the other side of the magnetic layer 110 contact the first
and second external electrodes 410 and 420, one area
of the magnetic layer 110 may be spaced apart from the
first and second external electrodes 410 and 420. Thus,
the two external electrodes 400 are not electrically con-
nected to each other by the magnetic layer 110. The mag-
netic layer 110 may have a shape of a metal ribbon made
of an amorphous alloy. To form the metal ribbon made
of the amorphous alloy, a molten metal of the alloy may
be injected into a cooling wheel that rotates at a high
speed to form the metal ribbon. That is, since the molten
metal is injected into the cooling wheel, the molten metal
may be quickly cooled, for example, from a temperature
of 1600 degrees to a predetermined temperature, e.g.,
a temperature of approximately several hundreds de-
grees per second, and thus, the magnetic layer 110 may
be formed into an amorphous state. The magnetic layer
110 may have various widths and thicknesses. For ex-
ample, the magnetic layer 110 may have various thick-
nesses in accordance with a rotating rate of the cooling
wheel and various widths in accordance with a width of
the cooling width. The amorphous magnetic layer 110
may be used by being cut to match the size of the body
100. Also, at least two magnetic layers 110 may be dis-
posed on the same plane, i.e., the same layer. That is,
at least two magnetic layers 110 may be horizontally dis-
posed between the two insulation layers 120 that are
vertically laminated. The at least two magnetic layers 110
that are horizontally disposed may be spaced apart from
each other so that the magnetic layers 110 do not contact
each other. Alternatively, the at least two magnetic layers
110 may contact each other. Here, the at least two mag-
netic layers 110 that are horizontally disposed may have
sizes and shapes different from each other. That is, the
at least two magnetic layers 110 having the same size
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and shape may be disposed on the same plane. Alter-
natively, the at least two magnetic layers 110 having sizes
and shapes different from each other may be disposed
on the same plane. Also, the magnetic layer 110 may be
pulverized, and thus, a plurality of pieces of the magnetic
layer 110 may be provided in the same layer. For this,
the magnetic layer 110 may be disposed between insu-
lation tapers, and then, a predetermined pressure may
be applied to break the magnetic layer 110 so that a plu-
rality of pieces of the magnetic layer 110 are disposed
between the insulation layers 120. Alternatively, at least
a portion of the magnetic layer 110 may be broken in the
lamination process of the magnetic layer 110 and the
insulation layer 120. The magnetic layer 110 may be
manufactured by using an alloy to which Si, B, Nb, Cu,
and the like are added on the basis of Fe. For example,
the magnetic layer 110 may include at least one metal
selected from the group consisting of Fe-Si, Fe-Ni-Si, Fe-
Si-B, Fe-Si-Cr, Fe-Si-Al, Fe-Si-B-Cr, Fe-Al-Cr, Fe-Si-B-
Nb-Cu, and Fe-Si-Cr-B-Nb-Cu. That is, the magnetic lay-
er 110 may be formed using at least one ribbon of an
FeSi-based ribbon, an FeNiSi-based ribbon, an FeSiB-
based ribbon, an FeSiCr-based ribbon, an FeSiAl-based
ribbon, an FeSiBCr-based ribbon, an FeAlCr-based rib-
bon, an FeSiBNbCu-based ribbon, and an FeSiCrBN-
bCu-based ribbon. The amorphous magnetic layer 110
may become a state in which crystal particles and/or crys-
tal particle systems do not exist and thus may have many
special properties. That is, the amorphous magnetic layer
110 may have superior magnetic properties, corrosion
resistance, wear resistance, high strength, hardness and
toughness, and high specific resistance. The magnetic
layer 110 is different from a magnetic sheet. That is, al-
though the magnetic layer 110 is made of a pure metal,
the magnetic sheet is formed by molding a mixture, in
which metal magnetic powder and a polymer are mixed
with each other, in a predetermined shape. Also, since
the metal magnetic powder is manufactured in a fine pow-
der shape by cooling the metal by using a gas, the proper
property of the magnetic metal power may not be main-
tained. Thus, the metal magnetic powder may have low
magnetic permeability. Also, since the magnetic metal
power is surrounded by the polymer, the magnetic sheet
may have low magnetic permeability. However, since the
magnetic layer 110 in accordance with an exemplary em-
bodiment is made of a pure metal and formed in the amor-
phous state by the quick cooling, the proper property of
the magnetic layer 110 may be maintained as it is. Thus,
the magnetic layer 110 may have high magnetic perme-
ability. The magnetic layer 110 may have magnetic per-
meability of, for example, 200 or more, i.e., may have
magnetic permeability ranging from 200 to 14,000 in ac-
cordance with a kind of material. The magnetic layer 110
may be formed of sendust, i.e., Fe-Al-Si, instead of the
metal ribbon. Alternatively, the magnetic layer 110 may
be formed of Ni-based or Mn-based ferrite. The Ni-based
ferrite may include NiO•ZnO•CuO-Fe2O3, and the Mn-
based ferrite may include MnO•ZnO•CuO-Fe2O3. Each

of the materials is provided in a plate shape having a
predetermined thickness, like the magnetic layer 110,
and the plate-shaped materials and the insulation layer
120 may be alternately laminated. Each of the materials
may be filled into a through hole 220 defined in a central
portion of the base material 200. That is, each of the
materials may be filled into the through hole 220 to serve
as a magnetic core, and the magnetic layer 110 and the
insulation layer 120 may be laminated on top and bottom
surfaces of the base material 200.
[0042] The insulation layer 120 may be disposed be-
tween the magnetic layers 110 to insulate the magnetic
layers 110 from each other. Here, the insulation layer
120 may be disposed on the outside of the body 100.
That is, the insulation layer 120 may be disposed outside
the body 100 to prevent the magnetic layer 110 from con-
tacting the external electrode 400 and a circuit. For this,
as described above, the insulation layer 120 may be pro-
vided so that the insulation layer 120 has a length and
width corresponding to those of the body 100, and the
magnetic layer 110 may have a length and width that are
less than those of the insulation layer 120. The insulation
layer 120 may have the same thickness as the magnetic
layer 110. Alternatively, the insulation layer may have a
thickness that is greater or less than that of the magnetic
layer 110. Here, as a ration of the magnetic layer 110 to
the body 100 increases, the magnetic permeability may
increase. Thus, it is preferable that the magnetic layer
110 has a thickness greater than that of the insulation
layer 120. For example, a thickness ratio between the
magnetic layer 110 and the insulation layer 120 may be
1:1 to 3:1. The insulation layer 120 may include at least
one selected from the group consisting of epoxy, poly-
imide, and liquid crystalline polymer (LCP), but is not lim-
ited thereto. Also, the insulation layer 120 may be dis-
posed between the magnetic layers 110 and made of a
thermosetting resin. For example, the thermosetting res-
in may include at least one selected from the group con-
sisting of a novolac epoxy resin, a phenoxy type epoxy
resin, a BPA type epoxy resin), a BPF type epoxy resin),
a hydrogenated BPA epoxy resin), a dimer acid modified
epoxy resin, an urethane modified epoxy resin), a rubber
modified epoxy resin, and a DCPD type epoxy resin. The
bodies 100a and 100b disposed on upper and lower por-
tions of the base material 200 with the base material 200
therebetween may be connected to each other through
the base material 200. That is, at least a portion of the
base material 200 may be removed to form a through
hole 220, and a portion of the body 100 may be filled into
the through hole 220. Since the body 100 is filled into the
through hole 220 defined in at least a portion of the base
material 200, the base material 200 may be reduced in
area, and a rate of the body 100 in the same volume may
increase to improve the magnetic permeability of the
power inductor. Here, the body 100 filled into the through
hole 220 may be manufactured by laminating the mag-
netic layer 110 and the insulation layer 120. In the body
100 filled into the through hole 220, the magnetic layer
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110 and the insulation layer 120 may be laminated in a
direction parallel to the base material 200. Alternatively,
the magnetic layer 110 and the insulation layer 120 may
be laminated in a direction perpendicular to the base ma-
terial 200. That is, in the body 100 filled into the through
hole 220, the magnetic layer 110 and the insulation layer
120 may be laminated in a vertical or horizontal direction.
[0043] The insulation layer 120 may further include
thermal conductive filler (not shown) for releasing heat
of the body 100 to the outside. That is, the body 100 may
be heated by external heat. Thus, the thermal conductive
filler may be provided in the insulation layer 120 to release
the heat of the body 100 to the outside. The thermal con-
ductive filler may include at least one selected from the
group consisting of MgO, AlN, carbon-based materials,
Ni-based ferrite, and Mn-based ferrite, but is not limited
thereto. Here, the carbon-based material may include
carbon and have various shapes. For example, the car-
bon-based material may include graphite, carbon black,
graphene, and the like. Also, the Ni-based ferrite may
include NiO•ZnO•CuO-Fe2O3, and the Mn-based ferrite
may include MnO•ZnO•CuO-Fe2O3. Here, the thermal
conductive filler may be made of a ferrite material to im-
prove the magnetic permeability or prevent the magnetic
permeability from being deteriorated. The thermal con-
ductive filler may be dispersed and contained in the in-
sulation layer 120 in the form of powder. Here, the thermal
conductive filler may be contained at a content of 5 wt%
to 60 wt% with respect to 100 wt% of a polymer. That is,
the thermal conductive filler may be contained at a con-
tent of 5 wt% to 60 wt% with respect to 100 wt% of a
polymer for forming the insulation layer 120. When the
thermal conductive filler has a content less than the
above-described range, it may be difficult to obtain a heat
releasing effect. On the other hand, when the thermal
conductive filler has a content exceeding the above-de-
scribed range, a content of the insulation layer 120 within
the body 100 may be reduced to deteriorate the insulation
effect. Also, the thermal conductive filler may have a size
of, for example, 0.5 mm to 100 mm. The heat releasing
effect may be adjusted in accordance with a size and
content of the thermal conductive filler. For example, the
more the size and content of the thermal conductive filler
increase, the more the heat releasing effect may in-
crease. The body 100 may be manufactured by laminat-
ing the magnetic layer 110 and the insulation layer 120.
Here, contents of the thermal conductive fillers within the
insulation layers 120 may be different from each other.
For example, the more the thermal conductive filler is
away upward and downward from the center of the base
material 200, the more the content of the thermal con-
ductive filler within the insulation layer 120 may increase.

2. Base material

[0044] The base material 200 may be provided in the
body 100. For example, the base material 200 may be
provided in the body 100 in an X direction of the body

100, i.e., a direction of the external electrode 400. Also,
at least one base material 200 may be provided. For ex-
ample, at least two base materials 200 may be spaced
a predetermined distance from each other in a direction
perpendicular to a direction in which the external elec-
trode 400 is disposed, i.e., in a vertical direction. Alter-
natively, at least two base materials 200 may be arranged
in the direction in which the external electrode 400 is
disposed. For example, the base material 200 may be
manufactured by using copper clad lamination (CCL) or
a metal magnetic material. Here, the base material 200
may be manufactured by using the metal magnetic ma-
terial to improve the magnetic permeability and facilitate
capacity realization. That is, the CCL is manufactured by
bonding copper foil to a glass reinforced fiber. Since the
CCL has the magnetic permeability, the power inductor
may be deteriorated in magnetic permeability. However,
when the metal magnetic material is used as the base
material 200, the metal magnetic material may have the
magnetic permeability. Thus, the power inductor may not
be deteriorated in magnetic permeability. The base ma-
terial 200 using the metal magnetic material may be man-
ufactured by bonding copper foil to a plate having a pre-
determined thickness, which is made of a metal contain-
ing iron, e.g., at least one metal selected from the group
consisting of Fe-Ni, Fe-Ni-Si, Fe-Al-Si, and Fe-Al-Cr.
That is, an alloy made of at least one metal containing
iron may be manufactured in a plate shape having a pre-
determined thickness, and copper foil may be bonded to
at least one surface of the metal plate to manufacture
the base material 200.
[0045] Also, at least one conductive via 210 may be
formed in a predetermined area of the base material 200.
The coil patterns 310 and 320 disposed on the upper and
lower portions of the base material 200 may be electri-
cally connected to each other through the conductive via
210. A via (not shown) passing through the base material
200 in a thickness direction of the base material 200 may
be formed in the base material 200 and then filled during
a plating process for forming the coil pattern 300 to form
the conductive via 210. Alternatively, the via may be
formed, and then, conductive paste may be filled into the
via to form the conductive via. Here, at least one of the
coil patterns 310 and 320 may be grown from the con-
ductive via 210. Thus, at least one of the coil patterns
310 and 320 may be integrated with the conductive via
210. Also, at least a portion of the base material 200 may
be removed. That is, at least a portion of the base material
200 may be removed or may not be removed. As illus-
trated in FIGS. 3 and 4, an area of the base material 200,
which remains except for an area overlapping the coil
patterns 310 and 320, may be removed. For example,
the base material 200 may be removed to form the
through hole 220 inside the coil patterns 310 and 320
each of which has a spiral shape, and the base material
200 outside the coil patterns 310 and 320 may be re-
moved. That is, the base material 200 may have a shape
along an outer appearance of each of the coil patterns
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310 and 320, e.g., a racetrack shape, and an area of the
base material 200 facing the external electrode 400 may
have a linear shape along a shape of an end of each of
the coil patterns 310 and 320. Thus, the outside of the
base material 200 may have a shape that is curved with
respect to an edge of the body 100. As illustrated in FIG.
4, the body 100 may be filled into the removed portion of
the base material 200. That is, the upper and lower bodies
100a and 100b may be connected to each other through
the removed region including the through hole 220 of the
base material 200. When the base material 200 is man-
ufactured using the metal magnetic material, the base
material 200 may contact the magnetic layer 110 of the
body 100. To solve the above-described limitation, the
insulation film 500 such as parylene may be disposed on
a side surface of the base material 200. For example,
the insulation film 500 may be disposed on a side surface
of the through hole 220 and an outer surfaces of the base
material 200. The base material 200 may have a width
greater than that of each of the coil patterns 310 and 320.
For example, the base material 200 may remain with a
predetermined width in a directly downward direction of
the coil patterns 310 and 320. For example, the base
material 200 may protrude by a height of approximately
0.3 mm from each of the coil patterns 310 and 320. Since
the base material 200 outside and inside the coil patterns
310 and 320 is removed, the base material 200 may have
a cross-sectional area less than that of the body 100. For
example, when the cross-sectional area of the body 100
is defined as a value of 100, the base material 200 may
have an area ratio of 40 to 80. If the area ratio of the base
material 200 is high, the magnetic permeability of the
body 100 may be reduced. On the other hand, if the area
ratio of the base material 200 is low, the formation area
of the coil patterns 310 and 320 may be reduced. Thus,
the area ratio of the base material 200 may be adjusted
in consideration of the magnetic permeability of the body
100 and a line width and turn number of each of the coil
patterns 310 and 320.

3. Coil pattern

[0046] The coil pattern 300 (310 and 320) may be dis-
posed on at least one surface, preferably, both side sur-
faces of the base material 200. Each of the coil patterns
310 and 320 may be formed in a spiral shape on a pre-
determined area of the base material 200, e.g., outward
from a central portion of the base material 200. The two
coil patterns 310 and 320 disposed on the base material
200 may be connected to each other to form one coil.
That is, each of the coil patterns 310 and 320 may have
a spiral shape from the outside of the through hole 220
defined in the central portion of the base material 200.
Also, the coil patterns 310 and 320 may be connected to
each other through the conductive via 210 provided in
the base material 200. Here, the upper coil pattern 310
and the lower coil pattern 320 may have the same shape
and the same height. Also, the coil patterns 310 and 320

may overlap each other. Alternatively, the coil pattern
320 may be disposed to overlap an area on which the
coil pattern 310 is not disposed. An end of each of the
coil patterns 310 and 320 may extend outward in a linear
shape and also extend along a central portion of a short
side of the body 100. Also, an area of each of the coil
patterns 310 and 320 contacting the external electrode
400 may have a width greater than that of the other area
as illustrated in FIGS. 3 and 4. Since a portion of each
of the coil patterns 310 and 320, i.e., a lead-out part has
a relatively wide width, a contact area between each of
the coil patterns 310 and 320 and the external electrode
400 may increase to reduce resistance. Alternatively,
each of the coil patterns 310 and 320 may extend in a
width direction of the external electrode 400 from one
area on which the external electrode 400 is disposed.
Here, the lead-out part that is led out toward a distal end
of each of the coil patterns 310 and 320, i.e., the external
electrode 400 may have a linear shape toward a central
portion of the side surface of the body 100.
[0047] The coil patterns 310 and 320 may be electri-
cally connected to each other by the conductive via 210
provided in the base material 200. The coil patterns 310
and 320 may be formed through methods such as, for
example, thick-film printing, coating, deposition, plating,
and sputtering. Here, the coil patterns 310 and 320 may
preferably formed through the plating. Also, each of the
coil patterns 310 and 320 and the conductive via 210
may be made of a material including at least one of silver
(Ag), copper (Cu), and a copper alloy, but is not limited
thereto. When the coil patterns 310 and 320 are formed
through the plating process, a metal layer, e.g., a cupper
layer is formed on the base material 200 through the plat-
ing process and then patterned through a lithography
process. That is, the copper layer may be formed by using
the copper foil disposed on the surface of the base ma-
terial 200 as a seed layer and then patterned to form the
coil patterns 310 and 320. Alternatively, a photosensitive
pattern having a predetermined shape may be formed
on the base material 200, and the plating process may
be performed to grow a metal layer from the exposed
surface of the base material 200, thereby forming the coil
patterns 310 and 320, each of which has a predetermined
shape. The coil patterns 310 and 320 may be disposed
to form a multilayer structure. That is, a plurality of coil
patterns may be further disposed above the coil pattern
310 disposed on the upper portion of the base material
200, and a plurality of coil patterns may be further dis-
posed below the coil pattern 320 disposed on the lower
portion of the base material 200. When the coil patterns
310 and 320 have the multilayer structure, the insulation
layer may be disposed between a lower layer and an
upper layer. Then, the conductive via (not shown) may
be formed in the insulation layer to connect the multilay-
ered coil patterns to each other. Each of the coil patterns
310 and 320 may have a height that is greater 2.5 times
than a thickness of the base material 200. For example,
the base material may have a thickness of 10 mm to 50
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mm, and each of the coil patterns 310 and 320 may have
a height of 50 mm to 300 mm.
[0048] Also, the coil patterns 310 and 320 in accord-
ance with an exemplary embodiment may have a double
structure. That is, as illustrated in FIG. 5, a first plated
layer 300a and a second plated layer 300b configured to
cover the first plated layer 300a may be provided. Here,
the second plated layer 300b may be disposed to cover
top and side surfaces of the first plated layer 300a. Also,
the second plated layer 300b may be formed so that the
top surface of the first plated layer 300a has a thickness
greater than that of the side surface of the first plated
layer 300a. The side surface of the first plated layer 300a
may have a predetermined inclination, and a side surface
of the second plated layer 300b may have an inclination
less than that of the side surface of the first plated layer
300a. That is, the side surface of the first plated layer
300a may have an obtuse angle from the surface of the
base material 200 outside the first plated layer 300a, and
the second plated layer 300b has an angle less than that
of the first plated layer 300a, preferably, a right angle. As
illustrated in FIG. 6, a ratio between a width a of a top
surface and a width b of a bottom surface of the first
plated layer 300a may be 0.2:1 to 0.9:1, preferably, 0.4:1
to 0.8:1. Also, a ratio between a width b and a height h
of the bottom surface of the first plated layer 300a may
be 1:0.7 to 1:4, preferably, 1:1 to 1:2. That is, the first
plated layer 300a may have a width that gradually de-
creases from the bottom surface to the top surface. Thus,
the first plated layer 300a may have a predetermined
inclination. An etching process may be performed after
a primary plating process so that the first plated layer
300a has a predetermined inclination. Also, the second
plated layer 300b configured to cover the first plated layer
300a may have an approximately rectangular shape in
which a side surface is vertical, and an area rounded
between the top surface and the side surface is less.
Here, the second plated layer 300b may be determined
in shape in accordance with a ratio between the width a
of the top surface and the width b of the bottom surface
of the first plated layer 300a, i.e., a ratio of a:b. For ex-
ample, the more the ratio (a:b) between the width a of
the top surface and the width b of the bottom surface of
the first plated layer 300a increases, the more a ratio
between a width c of the top surface and a width d of the
bottom surface of the second plated layer 300b increas-
es. However, when the ratio (a:b) between the width a
of the top surface and the width b of the bottom surface
of the first plated layer 300a exceeds 0.9:1, the width of
the top surface of the second plated layer 300b may be
more widened than that of the top surface of the second
plated layer 300b, and the side surface may have an
acute angle with respect to the base material 200. Also,
when the ratio (a:b) between the width a of the top surface
and the width b of the bottom surface of the first plated
layer 300a is below 0:2:1, the second plated layer 300b
may be rounded from a predetermined area to the top
surface. Thus, the ratio between the top surface and the

bottom surface of the first plated layer 300a may be ad-
justed so that the top surface has the wide width and the
vertical side surface. Also, a ratio between the width b of
the bottom surface of the first plated layer 300a and the
width d of the bottom surface of the second plated layer
300b may be 1:1.2 to 1:2, and a distance between the
width b of the bottom surface of the first plated layer 300a
and the adjacent first plated layer 300a may have a ratio
of 1.5:1 to 3:1. Alternatively, the second plated layers
300b may not contact each other. A ratio (c:d) between
the widths of the top and bottom surfaces of the coil pat-
terns 300 constituted by the first and second plated layers
300a and 300b may be 0.5:1 to 0.9:1, preferably, 0.6:1
to 0.8:1. That is, a ratio between widths of the top and
bottom surfaces of an outer appearance of the coil pattern
300, i.e., an outer appearance of the second plated layer
300b may be 0.5:1 to 0.9:1. Thus, the coil pattern 300
may have a ratio of 0.5 or less with respect to an ideal
rectangular shape in which the rounded area of the edge
of the top surface has a right angle. For example, the coil
pattern 300 may have a ratio ranging from 0.001 to 0.5
with respect to the ideal rectangular shape in which the
rounded area of the edge of the top surface has the right
angle. Also, the coil pattern 300 in accordance with an
exemplary embodiment may have a relatively low resist-
ance variation when compared to a resistance variation
of the ideal rectangular shape. For example, if the coil
pattern having the ideal rectangular shape has resistance
of 100, resistance the coil pattern 300 may be maintained
between values of 101 to 110. That is, the resistance of
the coil pattern 300 may be maintained to approximately
101% to approximately 110% in accordance with the
shape of the first plated layer 300a and the shape of the
second plated layer 300b that varies in accordance with
the shape of the first plated layer 300a when compared
to the resistance of the ideal coil pattern having the rec-
tangular shape. The second plated layer 300b may be
formed by using the same plating solution as the first
plated layer 300a. For example, the first and second plat-
ed layers 300a and 300b may be formed by using a plat-
ing solution that is based on copper sulfate and sulfuric
acid. Here, the plating solution may be improved in plating
property of a product by adding chlorine (CI) having a
ppm unit and an organic compound. The organic com-
pound may be improved in uniformity and throwing power
of the plated layer and gloss characteristics by using a
carrier and a polish.
[0049] Also, the coil pattern 300 may be formed by lam-
inating at least two plated layers. Here, each of the plated
layers may have a vertical side surface and be laminated
in the same shape and at the same thickness. That is,
the coil pattern 300 may be formed on a seed layer
through a plating process. For example, three plated lay-
ers may be laminated on the seed layer to form the coil
pattern 300. The coil pattern 300 may be formed through
an anisotropic plating process and have an aspect ratio
of approximately 2 to approximately 10.
[0050] Also, the coil pattern 300 may have a shape of
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which a width gradually increases from the innermost
circumference to the outermost circumference thereof.
That is, the coil pattern 300 having the spiral shape may
include n patterns from the innermost circumference to
the outermost circumference. For example, when four
patterns are provided, the patterns may have widths that
gradually increase in order of a first pattern that is dis-
posed on the innermost circumference, a second pattern,
a third pattern, and a fourth pattern that is disposed on
the outermost circumference. For example, when the
width of the first pattern is 1, the second pattern may
have a ratio of 1 to 1.5, the third pattern may have a ratio
of 1.2 to 1.7, and the fourth pattern may have a ratio of
1.3 to 2. That is, the first to fourth patterns may have a
ratio of 1:1 to 1.5: 1.2 to 1.7: 1.3 to 2. That is, the second
pattern may have a width equal to or greater than that of
the first pattern, the third pattern may have a width greater
than that of the first pattern and equal to or greater than
that of the second pattern, and the fourth pattern may
have a width greater than that of each of the first and
second patterns and equal to or greater than that of the
third pattern. The seed layer may have a width that grad-
ually increases from the innermost circumference to the
outermost circumference so that the coil pattern has the
width that gradually increases from the innermost circum-
ference to the outermost circumference. Also, widths of
at least one region of the coil pattern in a vertical direction
may be different from each other. That is, a lower end,
an intermediate end, and an upper end of the at least
one region may have widths different from each other.

4. External electrode

[0051] The external electrodes 410 and 420 (400) may
be disposed on two surface facing each other of the body
100. For example, the external electrodes 410 and 420
may be disposed on two side surfaces of the body 100,
which face each other in the X direction. The external
electrodes 410 and 420 may be electrically connected to
the coil patterns 310 and 320 of the body 100, respec-
tively. Also, the external electrodes 410 and 420 may be
disposed on the two side surfaces of the body 100 to
contact the coil patterns 310 and 320 at central portions
of the two side surfaces, respectively. That is, an end of
each of the coil patterns 310 and 320 may be exposed
to the outer central portion of the body 100, and the ex-
ternal electrode 400 may be disposed on the side surface
of the body 100 and then connected to the end of each
of the coil patterns 310 and 320. The external electrode
400 may be formed by using conductive paste. That is,
both side surfaces of the body 100 may be immersed
into the conductive paste, or the conductive paste may
be printed on both side surfaces of the body 100 to form
the external electrode 400. Also, the external electrode
400 may be formed through various methods such as
deposition, sputtering, and plating. The external elec-
trode 400 may be formed on both side surfaces and only
the bottom surface of the body 100. Alternatively, the

external electrode 400 may be formed on the top surface
or front and rear surfaces of the body 100. For example,
when the body 100 is immersed into the conductive
paste, the external electrode 400 may be formed on both
side surfaces in the X direction, the front and rear sur-
faces in the Y direction, and the top and bottom surfaces
in the Z direction. On the other hand, when the external
electrode 400 is formed through the methods such as
the printing, the deposition, the sputtering, and the plat-
ing, the external electrode 400 may be formed on both
side surfaces in the X direction and the bottom surface
in the Y direction. That is, the external electrode 400 may
be formed on other areas in accordance with the forma-
tion method or process conditions as well as both side
surfaces in the X direction and the bottom surface on
which a printed circuit board is mounted. The external
electrode 400 may be made of a metal having electrical
conductivity, e.g., at least one metal selected from the
group consisting of gold, silver, platinum, copper, nickel,
palladium, and an alloy thereof. Here, at least a portion
of the external electrode 400 connected to the coil pattern
300, i.e., a portion of the external electrode 400 connect-
ed to the coil pattern 300 disposed on the surface of the
body 100 may be formed of the same material as the coil
pattern 300. For example, when the coil pattern 300 is
formed by using copper through the plating process, at
least a portion of the external electrode 400 may be
formed by using copper. Here, as described above, the
copper may be deposited or printed through the immer-
sion or printing method using the conductive paste or
may be deposited, printed, or plated through the methods
such as the deposition, sputtering, and plating. Prefera-
bly, the external electrode 400 may be formed through
the plating. The seed layer is formed on both side sur-
faces of the body 100 so that the external electrode 400
is formed through the plating process, and then, the plat-
ed layer may be formed from the seed layer to form the
external electrode 400. Here, at least a portion of the
external electrode 400 connected to the coil pattern 300
may be the entire side surface or a portion of the body
100 on which the external electrode 400 is disposed. The
external electrode 400 may further include at least one
plated layer. That is, the external electrode 400 may in-
clude a first layer connected to the coil pattern 300 and
at least plated layer disposed on a top surface of the first
layer. For example, the external electrode 400 may fur-
ther include a nickel-plated layer (not shown) and a tin-
plated layer (not shown). That is, the external electrode
400 may have a laminated structure of a copper layer,
an Ni-plated layer, and an Sn-plated layer or a laminated
structure of a copper layer, an Ni-plated layer, and an
Sn/Ag-plated layer. Here, the plated layer may be formed
through electrolytic plating or electroless plating. The Sn-
plated layer may have a thickness equal to or greater
than that of the N-plated layer. For example, the external
electrode 400 may have a thickness of 2 mm to 100 mm.
Here, the Ni-plated layer may have a thickness of 1 mm
to 10 mm, and the Sn or Sn/Ag-plated layer may have a
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thickness of 2 mm to 10 mm. Also, the external electrode
400 may be formed by mixing, for example, multicompo-
nent glass frit using Bi2O3 or SiO2 of 0.5% to 20% as a
main component with metal powder. Here, the mixture
of the glass frit and the metal powder may be manufac-
tured in the form of paste and applied to the two surface
of the body 100. That is, when a portion of the external
electrode 400 is formed by using the conductive paste,
the glass frit may be mixed with the conductive paste. As
described above, since the glass frit is contained in the
external electrode 400, adhesion force between the ex-
ternal electrode 400 and the body 100 may be improved,
and a contact reaction between the coil pattern 300 and
the external electrode 400 may be improved.

5. Insulation film

[0052] The insulation film 500 may be disposed be-
tween the coil patterns 310 and 320 and the body 100 to
insulate the coil patterns 310 and 320 from the magnetic
layer 110. That is, the insulation film 500 may cover the
top and side surfaces of each of the coil patterns 310 and
320. Here, the insulation film 500 may be formed on the
top and side surfaces of each of the coil patterns 310 and
320 at substantially the same thickness. For example,
the insulation film 500 may have a thickness ratio of 1 to
1.2:1 at the top and side surfaces of each of the coil pat-
terns 310 and 320. That is, each of the coil patterns 310
and 320 may have the top surface having a thickness
greater by 20% than that of the side surface. Preferably,
the top and side surfaces may have the same thickness.
Also, the insulation film 500 may cover the base material
200 exposed by the coil patterns 310 and 320 as well as
the top and side surfaces of each of the coil patterns 310
and 320. That is, the insulation film 500 may be formed
on an area exposed by the coil patterns 310 and 320 of
the base material 200 of which a predetermined region
is removed, i.e., a surface and side surface of the base
material 200. The insulation film 500 on the base material
200 may have the same thickness as the insulation film
500 on each of the coil patterns 310 and 320. That is,
the insulation film 500 on the top surface of the base
material 200 may have the same thickness as the insu-
lation film 500 on the top surface of each of the coil pat-
terns 310 and 320, and the insulation film 500 on the side
surface of the base material 200 may have the same
thickness as the insulation film 500 on the side surface
of each of the coil patterns 310 and 320. The parylene
may be used so that the insulation layer 500 has sub-
stantially the same thickness on the coil patterns 310 and
320 and the base material 200. For example, the base
material 200 on which the coil patterns 310 and 320 are
formed may be provided in a deposition chamber, and
then, the parylene may be evaporated and supplied into
the vacuum chamber to deposit the parylene on the coil
patterns 310 and 320. For example, the parylene may
be primarily heated and evaporated in a vaporizer to be-
come a dimer state and then be secondarily heated and

pyrolyzed into a monomer state. Then, when the parylene
is cooled by using a cold trap connected to the deposition
chamber and a mechanical vacuum pump, the parylene
may be converted from the monomer state to a polymer
state and thus be deposited on the coil patterns 310 and
320. Alternatively, the insulation film 500 may be formed
of an insulation polymer in addition to the parylene, for
example, at least one material selected from epoxy, poly-
imide, and liquid crystal crystalline polymer. However,
the parylene may be applied to form the insulation film
500 having the uniform thickness on the coil patterns 310
and 320. Also, although the insulation film 500 has a thin
thickness, the insulation property may be improved when
compared to other materials. That is, when the insulation
film 500 is coated with the parylene, the insulation film
500 may have a relatively thin thickness and improved
insulation property by increasing a breakdown voltage
when compared to a case in which the insulation film 500
is made of the polyimide. Also, the parylene may be filled
between the coil patterns 310 and 320 at the uniform
thickness along a gap between the patterns or formed at
the uniform thickness along a stepped portion of each of
the patterns. That is, when a distance between the pat-
terns of the coil patterns 310 and 320 is far, the parylene
may be applied at the uniform thickness along the
stepped portion of the pattern. On the other hand, the
distance between the patterns is near, the gap between
the patterns may be filled to form the parylene at a pre-
determined thickness on the coil patterns 310 and 320.
In case of the parylene, although the parylene has a rel-
atively thin thickness along the stepped portion of each
of the coil patterns 310 and 320, the polyimide may have
a thickness greater than that of the parylene. The insu-
lation film 500 may have a thickness of 3 mm to 100 mm
by using the parylene. When the parylene is formed to a
thickness of 3 mm or less, the insulation property may be
deteriorated. When the parylene is formed to a thickness
exceeding 100 mm, the thickness occupied by the insu-
lation film 500 within the same size may increase to re-
duce a volume of the body 100, and thus, the magnetic
permeability may be deteriorated. Alternatively, the insu-
lation film 500 may be manufactured in the form of a sheet
having a predetermined thickness and then formed on
the coil patterns 310 and 320.

6. Surface modification member

[0053] A surface modification member (not shown)
may be formed on at least one surface of the body 100.
The surface modification member may be formed by dis-
persing oxide onto the surface of the body 100 before
the external electrode 400 is formed. Here, the oxide may
be dispersed and distributed onto the surface of the body
100 in a crystalline state or an amorphous state. The
surface modification member may be distributed on the
surface of the body 100 before the plating process when
the external electrode 400 is formed through the plating
process. That is, the surface modification member may
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be distributed before the printing process is performed
on a portion of the external electrode 400 or be distributed
before the plating process is performed after the printing
process is performed. Alternatively, when the printing
process is not performed, the plating process may be
performed after the surface modification member is dis-
tributed. Here, at least a portion of the surface modifica-
tion member distributed on the surface may be melted.
[0054] At least a portion of the surface modification
member may be uniformly distributed on the surface of
the body with the same size, and at least a portion may
be non-uniformly distributed with sizes different from
each other. Also, a concave part may be formed in a
surface of at least a portion of the body 100. That is, the
surface modification member may be formed to form a
convex part. Also, at least a portion of an area on which
the surface modification member is not formed may be
recessed to form the concave part. Here, at least a portion
of the surface modification member may be recessed
from the surface of the body 100. That is, a portion of the
surface modification member, which has a predeter-
mined thickness, may be inserted into the body 100 by
a predetermined depth, and the rest portion of the surface
modification member may protrude from the surface of
the body 100. Here, the portion of the surface modifica-
tion member, which is inserted into the body 100 by the
predetermined depth, may have a diameter correspond-
ing to 1/20 to 1 of a mean diameter of oxide particles.
That is, all the oxide particles may be impregnated into
the body 100, or at least a portion of the oxide particles
may be impregnated. Alternatively, the oxide particles
may be formed on only the surface of the body 100. Thus,
each of the oxide particles may be formed in a hemi-
spherical shape on the surface of the body 100 and in a
globular shape. Also, as described above, the surface
modification member may be partially distributed on the
surface of the body or distributed in the form of a film on
at least one area of the body 100. That is, the oxide par-
ticles may be distributed in the form of an island on the
surface of the body 100 to form the surface modification
member. That is, the oxide particles having the crystalline
state or the amorphous state may be spaced apart from
each other on the surface of the body 100 and distributed
in the form of the island. Thus, at least a portion of the
surface of the body 100 may be exposed. Also, at least
two oxide particles may be connected to each other to
form the film on at least one area of the surface of the
body 100 and the island shape on at least a portion of
the surface of the body 100. That is, at least two oxide
particles may be aggregated, or the oxide particles ad-
jacent to each other may be connected to each other to
form the film. However, although the oxide exists in the
particle state, or at least two particles are aggregated
with or connected to each other, at least a portion of the
surface of the body 100 may be exposed to the outside
by the surface modification member.
[0055] Here, the total area of the surface modification
member may correspond to 5% to 90% of the entire area

of the surface of the body 100. Although a plating blurring
phenomenon on the surface of the body 100 is controlled
in accordance with the surface area of the surface mod-
ification member, if the surface modification member is
widely formed, the contact between the conductive pat-
tern and the external electrode 400 may be difficult. That
is, when the surface modification member is formed on
an area of 5% or less of the surface area of the body 100,
it may be difficult to control the plating blurring phenom-
enon. When the surface modification member is formed
on an area exceeding 90%, the conductive pattern may
not contact the external electrode 400. Thus, it is prefer-
able that a sufficient area on which the plating blurring
phenomenon of the surface modification member is con-
trolled, and the conductive pattern contacts the external
electrode 400 is formed. For this, the surface modification
member may be formed with a surface area of 10% to
90%, preferably, 30% to 70%, more preferably, 40% to
50%. Here, the surface area of the body 100 may be a
surface area of one surface thereof or a surface area of
six surfaces of the body 100, which define a hexahedral
shape. The surface modification member may have a
thickness of 10% or less of the thickness of the body 100.
That is, the surface modification member may have a
thickness of 0.01% to 10% of the thickness of the body
100. For example, the surface modification member may
have a size of 0.1 mm to 50 mm. Thus, the surface mod-
ification member may have a thickness of 0.1 mm to 50
mm from the surface of the body 100. That is, the surface
modification member may have a thickness of 0.1% to
50% of the thickness of the body 100 except for the por-
tion inserted from the surface of the body 100. Thus, the
surface modification member may have a thickness
greater than that of 0.1 mm to 50 mm when the thickness
of the portion inserted into the body 100 is added. That
is, when the surface modification member has a thick-
ness of 0.01% or less of the thickness of the body 100,
it may be difficult to control the plating blurring phenom-
enon. When the surface modification member has a
thickness exceeding 10%, the conductive pattern within
the body 100 may not contact the external electrode 400.
That is, the surface modification member may have var-
ious thicknesses in accordance with material properties
(conductivity, semiconductor properties, insulation, mag-
netic materials, and the like) of the body 100. Also, the
surface modification member may have various thick-
nesses in accordance with sizes, distributed amount,
whether the aggregation occurs, and the like) of the oxide
powder.
[0056] Since the surface modification member is
formed on the surface of the body 100, two areas, which
are mode of components different from each other, of
the surface of the body 100 may be provided. That is,
components different from each other may be detected
from the area on which the surface modification member
is formed and the area on which the surface modification
member is not formed. For example, a component due
to the surface modification member, i.e., oxide may exist
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on the area on which the surface modification member
is formed, and a component due to the body 100, i.e., a
component of the sheet may exist on the area on which
the surface modification member is not formed. Since
the surface modification member is distributed on the sur-
face of the body before the plating process, roughness
may be given to the surface of the body 100 to modify
the surface of the body 100. Thus, the plating process
may be uniformly performed, and thus, the shape of the
external electrode 400 may be controlled. That is, resist-
ance on at least an area of the surface of the body 100
may be different from that on the other area of the surface
of the body 100. When the plating process is performed
in a state in which the resistance is non-uniform, ununi-
formity in growth of the plated layer may occur. To solve
this limitation, the oxide that is in a particle state or melted
state may be dispersed on the surface of the body 100
to form the surface modification member, thereby mod-
ifying the surface of the body 100 and controlling the
growth of the plated layer.
[0057] Here, at least one oxide may be used as the
oxide, which is in the particle or melted state, for realizing
the uniform surface resistance of the body 100. For ex-
ample, at least one of Bi2O3, BO2, B2O3, ZnO, CO3O4,
SiO2, Al2O3, MnO, H2BO3, Ca(CO3)2, Ca(NO3)2, and
CaCO3 may be used as the oxide. The surface modifi-
cation member may be formed on at least one sheet with-
in the body 100. That is, the conductive pattern having
various shapes on the sheet may be formed through the
plating process. Here, the surface modification member
may be formed to control the shape of the conductive
pattern.

7. Insulation capping layer

[0058] As illustrated in FIG. 7, an insulation capping
layer 550 may be disposed on the top surface of the body
100 on which the external electrode 400 is disposed. That
is, the insulation capping layer may be disposed on the
top surface facing the bottom surface of the body 100
mounted on a printed circuit board (PCB), e.g., the top
surface of the body 100 in the Z direction. The insulation
capping layer 550 may be provided to prevent the exter-
nal electrode 400 disposed on the top surface of the body
100 to extend from being short-circuited with a shield can
or a circuit component disposed above the external elec-
trode 400. That is, in the power inductor, the external
electrode 400 disposed on the bottom surface of the body
100 may be adjacent to a power management IC (PMIC)
and mounted on the printed circuit board. The PMIC may
have a thickness of approximately 1 mm, and the power
inductor may also have the same thickness as the PMIC.
The PMIC may generate high frequency noises to affect
surrounding circuits or devices. Thus, the PMIC and the
power inductor may be covered by the shield can that is
made of a metal material, e.g., a stainless steel material.
However, the power inductor may be short-circuited with
the shield can because the external electrode is also dis-

posed thereabove. Thus, the insulation capping layer 500
may be disposed on the top surface of the body 100 to
prevent the power inductor from being short-circuited
with an external conductor. Here, since the insulation
capping layer 550 is provided to insulate the external
electrode 400, which is disposed on the top surface of
the body 100 to extend, from the shield can, the insulation
capping layer 550 may cover the external electrode 400
disposed on the top surface of at least the body 100. The
insulation capping layer 550 is made of an insulation ma-
terial. For example, the insulation capping layer 550 may
be made of at least one selected from the group consist-
ing of epoxy, polyimide, and liquid crystalline polymer
(LCP). Also, the insulation capping layer 550 may be
made of a thermosetting resin. For example, the thermo-
setting resin may include at least one selected from the
group consisting of a novolac epoxy resin, a phenoxy
type epoxy resin, a BPA type epoxy resin), a BPF type
epoxy resin), a hydrogenated BPA epoxy resin), a dimer
acid modified epoxy resin, an urethane modified epoxy
resin), a rubber modified epoxy resin, and a DCPD type
epoxy resin. That is, the insulation capping layer 550 may
be made of a material that is used for the insulation layer
120 of the body 100. The insulation capping layer may
be formed by immersing the top surface of the body 100
into the polymer or the thermosetting resin. Thus, as il-
lustrated in FIG. 7, the insulation capping layer 550 may
be disposed on a portion of each of both side surfaces
in the X direction of the body 100 and a portion of each
of the front and rear surfaces in the Y direction as well
as the top surface of the body 100. The insulation capping
layer 550 may be made of parylene. Alternatively, the
insulation capping layer 550 may be made of various
insulation materials such as SiO2, Si3N4, and SiON.
When the insulation capping layer 500 is made of the
above-described materials, the insulation capping layer
500 may be formed through methods such as CVD and
PVD. If the insulation capping layer 500 is formed through
the CVD or PVD, the insulation capping layer 550 may
be formed on only the top surface of the body 100, i.e.,
on only the top surface of the external electrode 400 dis-
posed on the top surface of the body 100. The insulation
capping layer 550 may have a thickness that is enough
to prevent the external electrode 400 disposed on the
top surface of the body 100 from being short-circuited
with the shield can, e.g., a thickness of 10 mm to 100 mm.
Also, the insulation capping layer 550 may be formed at
the uniform thickness on the top surface of the body 100
so that a stepped portion is maintained between the ex-
ternal electrode 400 and the body 100. Alternatively, the
insulation capping layer 550 may have a thickness on
the top surface of the body, which is thicker than that of
the top surface of the external electrode 400, and thus
be planarized to remove the stepped portion between
the external electrode 400 and the body 100. Alternative-
ly, the insulation capping layer 550 may be manufactured
with a predetermined thickness and then be adhered to
the body 100 by using an adhesive.
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[0059] As described above, in the power inductor in
accordance with an exemplary embodiment, the body
100 may be manufactured by alternately laminating the
magnetic layer 110 and the insulation layer 120. Also,
the magnetic layer 110 may be formed by using the amor-
phous metal ribbon. Thus, since the magnetic layer 110
has a predetermined thickness, the body 100 may be
improved in magnetic permeability when compared to
the body in accordance with the related art, in which the
metal magnetic powder is dispersed in the polymer. Also,
since the insulation film 500 is formed between the coil
patterns 310 and 320 and the body 100 by using the
parylene, the insulation layer 500 may be formed with a
thin thickness on the side surface and the top surface of
each of the coil patterns 310 and 320 to improve the
insulation property. Also, since the base material 200
within the body 100 is made of the metal magnetic ma-
terial, the decreases of the magnetic permeability of the
power inductor may be prevented. Also, at least a portion
of the base material 200 may be removed, and the body
100 may be filled into the removed portion to improve the
magnetic permeability.
[0060] The power inductor in accordance with an ex-
emplary embodiment may be variously modified by form-
ing at least a portion of the body 100 by using the mag-
netic layer 110. A power inductor in accordance with an-
other exemplary embodiment will be described with ref-
erence to FIGS. 8 to 16. Here, constitutions different from
those in accordance with an exemplary embodiment will
be mainly described.
[0061] Referring to FIG. 8, a power inductor in accord-
ance with another exemplary embodiment may include
a body 100 including a magnetic layer 110 and an insu-
lation layer 120, which are alternately laminated, a base
material 200 provided in the body 100, coil patterns 310
and 320 disposed on at least one surface of the base
material 200, external electrodes 410 and 420 provided
outside the body 100, an insulation film 500 disposed on
each of the coil patterns 310 and 320, and second mag-
netic layers 600 (610 and 620) disposed on each of top
and bottom surfaces of the body 100. That is, the power
inductor in accordance with another exemplary embod-
iment may further include the second magnetic layers
600. Here, at least one second magnetic layer 600 may
be provided in the body 100. Also, the second magnetic
layer 600 may be made of a material different from that
of the magnetic layer 110.
[0062] The second magnetic layers 610 and 620 (600)
may be disposed on at least one area of the body 100.
That is, the second-1 magnetic layer 610 may be dis-
posed on the top surface of the body 100, and the second-
2 magnetic layer 620 may be disposed on the bottom
surface of the body 100. Here, the second magnetic layer
600 may be provided to more improve magnetic perme-
ability of the body 100. Thus, the second magnetic layer
600 may be made of a material having magnetic perme-
ability grater than that of the insulation layer 120. That
is, the second magnetic layer 600 may be formed instead

of at least one insulation layer 120. The second magnetic
layer 600 may be manufactured by using, for example,
metal magnetic powder and polymer. Here, the polymer
may be added to a content of 15 wt% with respect to 100
wt% of the metal magnetic powder. Also, the metal mag-
netic powder may use at least one selected from the
group consisting of Ni ferrite, Zn ferrite, Cu ferrite, Mn
ferrite, Co ferrite, Ba ferrite and Ni-Zn-Cu ferrite or at least
one oxide magnetic material thereof. That is, the second
magnetic layer 600 may be formed by using metal alloy
power including iron or metal alloy oxide containing iron.
Also, a magnetic material may be applied to the metal
alloy powder to form magnetic powder. For example, at
least one oxide magnetic material selected from the
group consisting of a Ni oxide magnetic material, a Zn
oxide magnetic material, a Cu oxide magnetic material,
a Mn oxide magnetic material, a Co oxide magnetic ma-
terial, a Ba oxide magnetic material, and a Ni-Zn-Cu oxide
magnetic material may be applied to the metal alloy pow-
der including iron to form the magnetic powder. That is,
the metal oxide including iron may be applied to the metal
alloy powder to form the magnetic powder. Alternatively,
at least one oxide magnetic material selected from the
group consisting of a Ni oxide magnetic material, a Zn
oxide magnetic material, a Cu oxide magnetic material,
a Mn oxide magnetic material, a Co oxide magnetic ma-
terial, a Ba oxide magnetic material, and a Ni-Zn-Cu oxide
magnetic material may be mixed with the metal alloy pow-
der including iron to form the magnetic powder. That is,
the metal oxide including iron may be mixed with the met-
al alloy powder to form the magnetic powder. The second
magnetic layer 600 may further include a thermal con-
ductive filler in addition to the metal magnetic powder
and the polymer. Here, the thermal conductive filler may
have a content of 0.5 wt% to 3 wt% with respect to 100
wt% of the metal magnetic powder. The second magnetic
layer 600 may be manufactured in the form of a sheet
and disposed on each of the top and bottom surfaces of
the body 100 on which the plurality of magnetic layers
110 and the insulation layer 120 are laminated. Also, the
second magnetic layer 600 may be formed by using
paste. That is, a magnetic material may be applied to the
top and bottom surfaces of the body 100 to form the sec-
ond magnetic layer 600.
[0063] As described above, the at least one second
magnetic layer 600 may be disposed on the body 100 to
improve the magnetic permeability of the power inductor.
That is, the second magnetic layer 600 instead of at least
one insulation layer 120 may be provided to more im-
prove the magnetic permeability of the power inductor.
[0064] As illustrated in FIG. 9, the magnetic layer 110
and the insulation layer 120 may be alternately disposed
in a through hole 220 formed in a central portion of the
base material 200 in a direction perpendicular to the base
material 200. That is, although the magnetic layer 110
and the insulation layer 120 are laminated in a horizontal
direction in FIGS. 2 and 8, as illustrated in FIG. 9, the
magnetic layer 110 and the insulation layer 120 may be
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alternately laminated within the through hole 220 in a
vertical direction.
[0065] As illustrated in FIG. 10, the body 100 may in-
clude the insulation layer 120 containing metal magnetic
powder 130. The magnetic layer 110 and the insulation
layer 120 may be provided within the through hole 220
of the base material 200 in a direction perpendicular to
the base material 200. That is, the metal magnetic pow-
der may be contained in the insulation layer 120 to form
the body 100. Since the metal magnetic powder 130 is
contained in the insulation layer 120, the magnetic per-
meability may be improved when compared to a case in
which only the insulation 120 is used. Here, the metal
magnetic powder 130 may have a mean particle diameter
of 1 mm to about 50 mm. Also, one kind of particles having
the same size or at least two kinds of particles may be
used as the metal magnetic powder 130. The one kind
of particles having a plurality of sizes or at least two kinds
of particles may be used as the metal magnetic powder
130. For example, first metal particles having a mean
size of 30 mm and second metal particles having a mean
size of 3 mm may be mixed with each other, and then,
the mixture may be used as the metal magnetic powder
130. Here, the first and second metal particles may be
particles of the same material and particles of materials
different from each other. If two kinds of metal magnetic
powder having sizes different from each other are used,
a content of the metal magnetic powder within the insu-
lation layer 120 may increase to improve the magnetic
permeability. The metal magnetic powder may include
the same material as the magnetic layer 110. For exam-
ple, the metal magnetic powder may include at least one
metal selected from the group consisting of Fe-Ni, Fe-
Ni-Si, Fe-Al-Si, and Fe-Al-Cr. Also, a surface of the metal
magnetic powder may be coated with a magnetic mate-
rial. Here, the magnetic material may have magnetic per-
meability different from that of the metal magnetic pow-
der. For example, the magnetic materials may include a
metal oxide magnetic material. The metal oxide magnetic
material may include at least one selected from the group
consisting of a Ni oxide magnetic material, a Zn oxide
magnetic material, a Cu oxide magnetic material, a Mn
oxide magnetic material, a Co oxide magnetic material,
a Ba oxide magnetic material, and a Ni-Zn-Cu oxide mag-
netic material. That is, the magnetic material applied to
the surface of the metal magnetic powder may include
metal oxide including iron and have magnetic permea-
bility greater than that of the metal magnetic powder.
Since the metal magnetic powder has magnetism, when
the metal magnetic powder contact each other, the insu-
lation may be broken to cause short-circuit. Thus, the
surface of the metal magnetic powder may be coated
with at least one insulation material. For example, the
surface of the metal magnetic powder may be coated
with oxide or an insulation polymer material such as
parylene. Preferably, the surface of the metal magnetic
powder may be coated with the parylene. The parylene
may be coated to a thickness of 1 mm to 10 mm. Here,

when the parylene is formed to a thickness of 1 mm or
less, an insulation effect of the metal magnetic powder
may be deteriorated. When the parylene is formed to a
thickness exceeding 10 mm, the metal magnetic powder
may increase in size to reduce distribution of the metal
magnetic powder within the insulation layer 120, thereby
deteriorating the magnetic permeability. Also, the surface
of the metal magnetic powder may be coated with various
insulation polymer materials in addition to the parylene.
The oxide applied to the metal magnetic powder may be
formed by oxidizing the metal magnetic powder. Alterna-
tively, the metal magnetic powder may be coated with at
least one selected from TiO2, SiO2, ZrO2, SnO2, NiO,
ZnO, CuO, CoO, MnO, MgO, Al2O3, Cr2O3, Fe2O3, B2O3,
and Bi2O3. Here, the metal magnetic powder may be
coated with oxide having a double structure. Thus, the
metal magnetic powder may be coated with a double
structure of the oxide and the polymer material. Alterna-
tively, the surface of the metal magnetic powder may be
coated with an insulation material after being coated with
the magnetic material. Since the surface of the metal
magnetic powder is coated with the insulation material,
the short-circuit due to the contact between the metal
magnetic powder may be prevented. Here, when the met-
al magnetic powder is coated with the oxide and the in-
sulation polymer or doubly coated with the magnetic ma-
terial and the insulation material, the coating material
may be coated to a thickness of 1 mm to 10 mm. When
the metal magnetic powder is contained in the polymer
12, the insulation layer 120 may have a content of 2.0
wt% to 5.0 wt% with respect to 100 wt% of the metal
magnetic powder. However, if the content of the insula-
tion layer 120 increases, a volume fraction of the metal
magnetic powder may be reduced, and thus, it is difficult
to properly realize an effect in which a saturation mag-
netization value increases. Thus, the magnetic permea-
bility of the body 100 may be deteriorated. On the other
hand, if the content of the insulation layer 120 decreases,
a strong acid solution or a strong alkali solution that is
used in a process of manufacturing the inductor may be
permeated inward to reduce inductance properties.
Thus, the insulation layer 120 may be contained within
a range in which the saturation magnetization value and
the inductance of the metal magnetic powder are not re-
duced. The body 100 may include a thermal conductive
filler (not shown) within the insulation layer 120 to solve
the limitation in which the body 100 is heated by external
heat. That is, the magnetic layer 110 may be heated by
external heat. Thus, the thermal conductive filler may be
provided to easily release the heat to the outside. Also,
the thermal conductive filler may have a size of, for ex-
ample, 0.5 mm to 100 mm. That is, the thermal conductive
filler may have the same size of the metal magnetic pow-
der 130 contained in the insulation layer 120 or have a
size greater or less than that of the metal magnetic pow-
der 130. The heat releasing effect may be adjusted in
accordance with a size and content of the thermal con-
ductive filler. For example, the more the size and content
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of the thermal conductive filler increase, the more the
heat releasing effect may increase. The insulation layer
120 may be manufactured in the form of a sheet made
of a material in which the metal magnetic powder or the
thermal conductive filler is further contained. Here, when
the insulation 120 is laminated, contents of the thermal
conductive fillers of the sheets may be different from each
other. For example, the more the thermal conductive filler
is away upward and downward from the center of the
base material 200, the more the content of the thermal
conductive filler within the polymer sheet may increase.
[0066] As illustrated in FIG. 11, the body 100 may in-
clude the insulation layer 120 containing metal magnetic
powder 130. The magnetic layer 110 and the insulation
layer 120 may be alternately provided within the through
hole 220 of the base material 200 in a direction parallel
to the base material 200. Here, at least one of the metal
magnetic powder 130 and the thermal conductive filler
may be further contained in the insulation layer 120 pro-
vided in the through hole 220. Alternatively, the insulation
layer 120 within the through hole 220 may be mode of a
polymer in which the metal magnetic powder 130 or the
thermal conductive filler is not contained.
[0067] As illustrated in FIG. 12, the body 100 may be
formed by alternately laminating the magnetic layer 110
and the insulation layer 120, and the metal magnetic pow-
der 130 may be contained in the insulation layer 120.
Alternatively, the thermal conductive filler may be further
contained in addition to the metal magnetic powder 130.
Also, the magnetic layer 110 and the insulation layer 120
within the through hole 220 of the base material 200 are
alternately laminated in a direction parallel to the base
material 200. The metal magnetic powder 130 may be
contained in the insulation layer 120 provided in the
through hole 220, and the thermal conductive filler may
be further contained.
[0068] As illustrated in FIG. 13, the body 100 may be
formed by alternately laminating the magnetic layer 110
and the insulation layer 120, and the metal magnetic pow-
der 130 may be contained in the insulation layer 120.
Also, the magnetic layer 110 and the insulation layer 120
within the through hole 220 of the base material 200 are
alternately laminated in a direction perpendicular to the
base material 200. The metal magnetic powder 130 may
be contained in the insulation layer 120 provided in the
through hole 220, and the thermal conductive filler may
be further contained.
[0069] As illustrated in FIG. 14, the body 100 may be
formed by alternately laminating the magnetic layer 110
and the insulation layer 120, and the metal magnetic pow-
der 130 may be contained in the insulation layer 120.
Also, the insulation layer 120 containing the metal mag-
netic powder 130 may be filled into the through hole 220
of the base material 200. Here, the thermal conductive
filler may be further contained in the insulation layer 120
of the body 100 and the insulation layer 120 within the
through hole 220.
[0070] As illustrated in FIG. 15, the body 100 may be

formed by alternately laminating the magnetic layer 110
and the insulation layer 120, and the metal magnetic pow-
der 130 may be contained in the insulation layer 120.
Also, the magnetic material 140 may be filled into the
through hole 220 of the base material 200. Here, the mag-
netic material 140 may be the same material as the mag-
netic layer 110 of the body 100. For example, a plurality
of metal ribbons may be laminated to form the magnetic
material 140, and then, the magnetic material 140 may
be filled into the through hole of the body 100. However,
the magnetic material 140 may have magnetic permea-
bility different from that of the magnetic layer 110. For
example, the magnetic material 140 may be made of a
material different from that of the magnetic layer 110 and
have a composition different from that of the magnetic
layer 110. Here, preferably, the magnetic material 140
may have magnetic permeability greater than that of the
magnetic layer 110. That is, the magnetic material 140
may have the magnetic permeability greater than that of
the magnetic layer 110 to improve the entire magnetic
permeability of the power inductor. The magnetic mate-
rial 140 may include at least one of FeSiAl-based sendust
ribbon or powder, , FeSiBCr-base amorphous ribbon or
powder, FeSiBCr-based crystalline ribbon or powder,
FeSiCr-based ribbon or powder, and FeSiCrBCuNb-
based ribbon or powder. Here, the ribbon may have a
plate shape having a predetermined thickness, like the
magnetic layer 110. Also, the magnetic material 140 may
have a shape in which the ribbon or powder are aggre-
gated. Alternatively, the magnetic material 140 may be
formed by laminating the ribbon on the insulation layer
or by mixing the metal magnetic powder with the insula-
tion material.
[0071] As illustrated in FIG. 16, the body 100 may in-
clude the insulation layer 120 containing metal magnetic
powder 130. The magnetic layer 110 may be filled into
the through hole 220 of the base material 200. Here, the
magnetic material 140 may be the same material as the
metal magnetic powder 130 of the body 100. However,
the magnetic material 140 may have magnetic permea-
bility different from that of the metal magnetic powder
130. For this, the magnetic material 140 may be made
of a material different from that of the metal magnetic
powder 130 and have a composition different from that
of the metal magnetic powder 130. For example, the mag-
netic material 140 may be formed by using at least one
of FeSiAl-based sendust ribbon or powder, , FeSiBCr-
base amorphous ribbon or powder, FeSiBCr-based crys-
talline ribbon or powder, FeSiCr-based ribbon or powder,
and FeSiCrBCuNb-based ribbon or powder and be filled
into the through hole 220 of the body 100. Here, prefer-
ably, the magnetic material 140 may have magnetic per-
meability greater than that of the body 100, in which the
metal magnetic powder 130 is dispersed, or the metal
magnetic powder 130. That is, the magnetic material 140
may have the magnetic permeability greater than that of
the metal magnetic powder 130 to improve the entire
magnetic permeability of the power inductor.
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[0072] FIG. 17 is a perspective view of a power inductor
in accordance with further another exemplary embodi-
ment, FIG. 18 is a cross-sectional view taken along line
A-A’ of FIG. 17, and FIG. 19 is a cross-sectional view
taken along line B-B’ of FIG. 17.
[0073] Referring to FIGS. 17 to 19, a power inductor
in accordance with further another exemplary embodi-
ment may include a body 100, at least two base materials
200a and 200b (200) provided in the body 100, coil pat-
terns 310, 320, 330, and 340 (300) disposed on at least
one surface of each of the at least two base materials
200, external electrodes 410 and 420 disposed outside
the body 100, an insulation film 500 disposed on the coil
patterns 500, and connection electrodes 710 and 720
(700) spaced apart from the external electrodes 410 and
420 outside the body 100 and connected to at least one
coil pattern 300 disposed on each of at least two sub-
strates 300 within the body 100. Hereinafter, descriptions
duplicated with those in accordance to the foregoing ex-
emplary embodiments will be omitted.
[0074] The at least two base materials 200a and 200b
(200) may be provided in the body 100 and spaced a
predetermined distance from each other a short axial di-
rection of the body 100. That is, the at least two base
materials 200 may be spaced a predetermined distance
from each other in a direction perpendicular to the exter-
nal electrode 400, i.e., in a thickness direction of the body
100. Also, conductive vias 210a and 210b (210) may be
formed in the at least two base materials 200, respectiv-
ley. Here, at least a portion of each of the at least two
base materials 200 may be removed to form each of
through holes 220a and 220b (220). Here, the through
holes 220a and 220b may be formed in the same position,
and the conductive vias 210a and 210b may be formed
in the same position or positions different from each oth-
er. Alternatively, an area of the at least two base materials
200, in which the through holes 220 and the coil patterns
300 are not provided, may be removed, and then, the
body 100 may be filled. The body 100 may be disposed
between the at least two base materials 200. The body
100 may be disposed between the at least two base ma-
terials 200 to improve magnetic permeability of the power
inductor. Alternatively, since the insulation film 500 is dis-
posed on the coil pattern 300 disposed on the at least
two base materials 200, the body 100 may not be pro-
vided between the base materials 200. In this case, the
power inductor may be reduced in thickness.
[0075] The coil patterns 310, 320, 330, and 340 (300)
may be disposed on at least one surface of each of the
at least two base materials 200, preferably, both surfaces
of each of the at least two base materials 200. Here, the
coil patterns 310 and 320 may be disposed on lower and
upper portions of a first substrate 200a and electrically
connected to each other by the conductive via 210a pro-
vided in the first base material 200a. Similarly, the coil
patterns 330 and 340 may be disposed on lower and
upper portions of a second substrate 200b and electri-
cally connected to each other by the conductive via 210b

provided in the second base material 200b. Each of the
plurality of coil patterns 300 may be formed in a spiral
shape on a predetermined area of the base material 200,
e.g., outward from the through holes 220a and 220b in
a central portion of the base material 200. The two coil
patterns 310 and 320 disposed on the base material 200
may be connected to each other to form one coil. That
is, at least two coils may be provided in one body 100.
Here, the upper coil patterns 310 and 330 and the lower
coil patterns 320 and 340 of the base material 200 may
have the same shape. Also, the plurality of coil patterns
300 may overlap each other. Alternatively, the lower coil
patterns 320 and 340 may be disposed to overlap an
area on which the upper coil patterns 310 and 330 are
not disposed.
[0076] The external electrodes 410 and 420 (400) may
be disposed on both ends of the body 100. For example,
the external electrodes 400 may be disposed on two side
surfaces of the body 100, which face each other in a
longitudinal direction. The external electrode 400 may be
electrically connected to the coil patterns 300 of the body
100. That is, at least one end of each of the plurality of
coil patterns 300 may be exposed to the outside of the
body 100, and the external electrode 400 may be con-
nected to the end of each of the plurality of coil patterns
300. For example, the external electrode 410 may be
connected to the coil pattern 310, and the external pattern
420 may be connected to the coil pattern 340. That is,
the external electrodes 400 may be respectively connect-
ed to the coil patterns 310 and 340 disposed on the base
materials 200a and 200b.
[0077] The connection electrode 700 may be disposed
on at least one side surface of the body 100, on which
the external electrode 400 is not provided. For example,
the external electrode 400 may be disposed on each of
first and second side surfaces facing each other, and the
connection electrode 700 may be disposed on each of
third and fourth side surfaces on which the external elec-
trode 400 is not provided. The connection electrode 700
may be provided to connect at least one of the coil pat-
terns 310 and 320 disposed on the first base material
200a to at least one of the coil patterns 330 and 340
disposed on the second base material 200b. That is, the
connection electrode 710 may connect the coil pattern
320 disposed below the first base material 200a to the
coil pattern 330 disposed above the second base mate-
rial 200b at the outside of the body 100. That is, the ex-
ternal electrode 410 may be connected to the coil pattern
310, the connection electrode 710 may connect the coil
patterns 320 and 330 to each other, and the external
electrode 420 may be connected to the coil pattern 340.
Thus, the coil patterns 310, 320, 330, and 340 disposed
on the first and second base materials 200a and 200b
may be connected to each other in series. Although the
connection electrode 710 connects the coil patterns 320
and 330 to each other, the connection electrode 720 may
not be connected to the coil patterns 300. This is done
because, for convenience of processes, two connection
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electrodes 710 and 720 are provided, and only one con-
nection electrode 710 is connected to the coil patterns
320 and 330. The connection electrode 700 may be
formed by immersing the body 100 into conductive paste
or formed on one side surface of the body 100 through
various methods such as printing, deposition, and sput-
tering. The connection electrode 700 may include a metal
have electrical conductivity, e.g., at least one metal se-
lected from the group consisting of gold, silver, platinum,
copper, nickel, palladium, and an alloy thereof. Here, a
nickel-plated layer (not show) and a tin-plated layer (not
shown) may be further disposed on a surface of the con-
nection electrode 700.
[0078] FIGS. 20 to 21 are cross-sectional views illus-
trating a modified example of a power inductor in accord-
ance with further another exemplary embodiment. That
is, three base materials 200a, 200b, and 200c (200) may
be provided in the body 100, coil patterns 310, 320, 330,
340, 350, and 360 (300) may be disposed on one surface
and the other surface of each of the base materials 200,
the coil patterns 310 and 360 may be connected to ex-
ternal electrodes 410 and 420, and coil patterns 320 and
330 may be connected to a connection electrode 710,
and the coil patterns 340 and 350 may be connected to
a connection electrode 720. Thus, the coil patterns 300
respectively disposed on the three base materials 200a,
200b, and 200c may be connected to each other in series
by the connection electrodes 710 and 720.
[0079] As described above, in the power inductor in
accordance with further another exemplary embodiment
and the modified example, the at least two base materials
200 on which each of the coil patterns 300 is disposed
on at least one surface may be spaced apart from each
other within the body 100, and the coil pattern 300 dis-
posed on the other base material 200 may be connected
by the connection electrode 700 outside the body 100.
As a result, the plurality of coil patterns may be provided
within one body 100, and thus, the power inductor may
increase in capacity. That is, the coil patterns 300 re-
spectively disposed on the base materials 200 different
from each other may be connected to each other in series
by using the connection electrode 700 outside the body
100, and thus, the power inductor may increase in ca-
pacity on the same area.
[0080] FIG. 22 is a perspective view of a power inductor
in accordance with further another exemplary embodi-
ment, and FIGS. 23 and 24 are cross-sectional views
taken along lines A-A’ and B-B’ of FIG. 22. Also, FIG. 25
is an internal plan view.
[0081] Referring to FIGS. 22 to 25, a power inductor
in accordance with further another exemplary embodi-
ment may include a body 100, at least two base materials
200a, 200b, and 200c (200) provided in the body 100 in
a horizontal direction, coil patterns 310, 320, 330, 340,
350, and 360 (300) disposed on at least one surface of
each of the at least two base materials 200, external elec-
trodes 410, 420, 430, 440, 450, and 460 disposed outside
the body 100 and disposed on the at least two base ma-

terials 200a, 200b, and 200c, and an insulation film 500
disposed on the coil patterns 300. Hereinafter, descrip-
tions duplicated with the foregoing embodiments will be
omitted.
[0082] At least two, e.g., three base materials 200a,
200b, and 200c (200) may be provided in the body 100.
Here, the at least two base materials 200 may be spaced
a predetermined distance from each other in a longitudi-
nal direction that is perpendicular to a thickness direction
of the body 100. That is, in the further another exemplary
embodiment and the modified example, the plurality of
base materials 200 are arranged in the thickness direc-
tion of the body 100, e.g., in a vertical direction. However,
in the current embodiment, the plurality of base materials
200 may be arranged in a direction perpendicular to the
thickness direction of the body 100, e.g., a horizontal
direction. Also, conductive vias 210a, 210b, and 210c
(210) may be formed in the plurality of base materials
200, respectivley. Here, at least a portion of each of the
plurality of base materials 200 may be removed to form
each of through holes 220a, 220b, and 220c (220). Al-
ternatively, an area of the plurality of base materials 200,
in which the through holes 220 and the coil patterns 300
are not provided, may be removed as illustrated in FIG.
22, and then, the body 100 may be filled.
[0083] The coil patterns 310, 320, 330, 340, 350, and
360 (300) may be disposed on at least one surface of
each of the plurality of base materials 200, preferably,
both surfaces of each of the plurality of base materials
200. Here, the coil patterns 310 and 320 may be disposed
on one surface and the other surface of a first substrate
200a and electrically connected to each other by the con-
ductive via 210a provided in the first base material 200a.
Also, the coil patterns 330 and 340 may be disposed on
one surface and the other surface of a second substrate
200b and electrically connected to each other by the con-
ductive via 210b provided in the second base material
200b. Similarly, the coil patterns 350 and 360 may be
disposed on one surface and the other surface of a third
substrate 200c and electrically connected to each other
by the conductive via 210c provided in the third base
material 200c. Each of the plurality of coil patterns 300
may be formed in a spiral shape on a predetermined area
of the base material 200, e.g., outward from the through
holes 220a, 220b, and 200c in a central portion of the
base material 200. The two coil patterns 310 and 320
disposed on the base material 200 may be connected to
each other to form one coil. That is, at least two coils may
be provided in one body 100. Here, the coil patterns 310,
330, and 350 that are disposed on one side of the base
material 200 and the coil patterns 320, 340, and 360 that
are disposed on the other side of the base material 200
may have the same shape. Also, the coil patterns 300
may overlap each other on the same base material 200.
Alternatively, the coil patterns 320, 330, and 350 that are
disposed on the one side of the base material 200 may
be disposed to overlap an area on which the coil patterns
320, 340, and 360 that are disposed on the other side of
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the base material 200 are not disposed.
[0084] The external electrodes 410, 420, 430, 440,
450, and 460 (400) may be spaced apart from each other
on both ends of the body 100. The external electrode 400
may be electrically connected to the coil patterns 300
respectively disposed on the plurality of base materials
200. For example, the external electrodes 410 and 420
may be respectivley connected to the coil patterns 310
and 320, the external electrode 430 and 440 may be re-
spectivley connected to the coil patterns 330 and 340,
and the external electrodes 450 and 460 may be respec-
tively connected to the coil patterns 350 and 360. That
is, the external electrodes 400 may be respectively con-
nected to the coil patterns 300 and 340 disposed on the
base materials 200a, 200b, and 200c.
[0085] As described above, in the power inductor in
accordance with further another exemplary embodiment,
the plurality of inductors may be realized in one body
100. That is, the at least two base materials 200 may be
arranged in the horizontal direction, and the coil patterns
300 respectively disposed on the base materials 200 may
be connected to each other by the external electrodes
different from each other. Thus, the plurality of inductors
may be disposed in parallel, and at least two power in-
ductors may be provided in one body 100.
[0086] FIG. 26 is a perspective view of a power inductor
in accordance with further another exemplary embodi-
ment, and FIGS. 27 and 28 are cross-sectional views
taken along lines A-A’ and B-B’ of FIG. 26.
[0087] Referring to FIGS. 26 to 28, a power inductor
in accordance with further another exemplary embodi-
ment may include a body 100, at least two base materials
200a and 200b 200c (200) provided in the body 100, coil
patterns 310, 320, 330, and 340 (300) disposed on at
least one surface of each of the at least two base mate-
rials 200, and a plurality of external electrodes 410, 420,
430, and 440 disposed on two side surfaces facing of the
body 100 and respectively connected to the coil patterns
310, 320, 330, and 340 disposed on the base materials
200a and 200b. Here, the at least two base materials 200
may be spaced a predetermined distance from each oth-
er and laminated in a thickness direction of the body 100,
i.e., in a vertical direction, and the coil patterns 300 dis-
posed on the base materials 200 may be withdrawn in
directions different from each other and respectively con-
nected to the external electrodes. That is, in accordance
with the foregoing exemplary embodiment, the plurality
of base materials 200 may be arranged in the horizontal
direction. However, in accordance with the current em-
bodiment, the plurality of base materials may be arranged
in the vertical direction. Thus, in the current embodiment,
the at least two base materials 200 may be arranged in
the thickness direction of the body 100, and the coil pat-
terns 300 respectively disposed on the base materials
200 may be connected to each other by the external elec-
trodes different from each other. Thus, the plurality of
inductors may be disposed in parallel, and at least two
power inductors may be provided in one body 100.

[0088] As described above, in accordance with the
foregoing embodiment, the plurality of base materials
200, on which the coil patterns 300 disposed on the at
least one surface within the body 10 are disposed, may
be laminated in the thickness direction (i.e., the vertical
direction) of the body 100 or arranged in the direction
perpendicular to (the horizontal direction) the body 100.
Also, the coil patterns 300 respectively disposed on the
plurality of base materials 200 may be connected to the
external electrodes 400 in series or parallel. That is, the
coil patterns 300 respectivley disposed on the plurality
of base materials 200 may be connected to the external
electrodes 400 different from each other and arranged
in parallel, and the coil patterns 300 respectively dis-
posed on the plurality of base materials 200 may be con-
nected to the same external electrode 400 and arranged
in series. When the coil patterns 300 are connected in
series, the coil patterns 300 respectivley disposed on the
base materials 200 may be connected to the connection
electrodes 700 outside the body 100. Thus, when the coil
patterns 300 are connected in parallel, two external elec-
trodes 400 may be required for the plurality of base ma-
terials 200. When the coil patterns 300 are connected in
series, two external electrodes 400 and at least one con-
nection electrode 700 may be required regardless of the
number of base materials 200. For example, when the
coil patterns 300 disposed on the three base materials
200 are connected to the external electrodes in parallel,
six external electrodes 400 may be required. When the
coil patterns 300 disposed on the three base materials
200 are connected in series, two external electrodes 400
and at least one connection electrode 700 may be re-
quired. Also, when the coil patterns 300 are connected
in parallel, a plurality of coils may be provided within the
body 100. When the coil patterns 300 are connected in
series, one coil may be provided within the body 100.
[0089] FIGS. 29 to 31 are cross-sectional views for se-
quentially explaining a method for a power inductor in
accordance with an exemplary embodiment.
[0090] Referring to FIG. 29, coil patterns 310 and 320
having a predetermined shape may be formed on at least
one surface of a base material 200, i.e., one surface and
the other surface of the base material 200. The base
material 200 may be manufactured by using a CCL or
metal magnetic material, preferably, a metal magnetic
material that is capable of easily realizing an increase of
actual magnetic permeability. For example, the base ma-
terial 200 may be manufactured by bonding copper foil
to one surface and the other surface of a metal plate
having a predetermined thickness and made of a metal
alloy containing iron. Here, a through hole 220 may be
formed in a central portion of the base material 200, and
a conductive via 201 may be formed in a predetermined
region of the base material 200. Also, the base material
200 may have a shape in which an outer region except
for the through hole 220 is removed. For example, the
through hole 220 may be formed in a central portion of
the base material having a rectangular shape with a pre-
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determined thickness, and the conductive via 210 may
be formed in the predetermined region. Here, at least an
outer portion of the base material 200 may be removed.
Here, the removed portion of the base material 200 may
be outer portions of the coil patterns 310 and 320 formed
in a spiral shape. Also, the coil patterns 310 and 320 may
be formed on a predetermined area of the base material
200, e.g., in a circular spiral shape from the central por-
tion. Here, the coil pattern 310 may be formed on one
surface of the base material 20, and a conductive via 210
passing through a predetermined region of the base ma-
terial 200 and filled with a conductive material may be
formed. Then, the coil pattern 320 may be formed on the
other surface of the base material 200. The conductive
via 210 may be formed by filling conductive paste into a
via hole after the via hole is formed in a thickness direction
of the base material 200 by using laser. Alternatively, the
conductive via 210 may be formed by filling the via hole
when the coil patterns 310 and 320 are formed. Also, the
coil pattern 310 may be formed through, for example, a
plating process. For this, a photosensitive pattern may
be formed on one surface of the base material 200, and
the plating process using the copper foil on the base ma-
terial 200 as a seed may be performed to grow a metal
layer from a surface of the exposed base material 200.
Then, the photosensitive film may be reduced to form the
coil pattern 310. Also, the coil pattern 320 may be formed
on the other surface of the base material 200 through the
same method as the coil pattern 310. The coil patterns
310 and 320 may be disposed to form a multilayer struc-
ture. When the coil patterns 310 and 320 have the mul-
tilayer structure, the insulation layer may be disposed
between a lower layer and an upper layer. Then, a second
conductive via (not shown) may be formed in the insula-
tion layer to connect the multilayered coil patterns to each
other. As described above, the coil patterns 310 and 320
may be formed on the one surface and the other surface
of the base material 20, and then, an insulation film 500
may be formed to cover the coil patterns 310 and 320.
Also, the insulation film 500 may be formed by applying
an insulation polymer material such as parylene. Prefer-
ably, the insulation film 500 may be formed on top and
side surfaces of the base material 200 as well as top and
side surfaces of the coil patterns 310 and 320 because
of being coated with the parylene. Here, the insulation
film 500 may be formed on the top and side surfaces of
the coil patterns 310 and 320 and the top and side sur-
faces of the base material 200 at the same thickness.
That is, the base material 200 on which the coil patterns
310 and 320 are formed may be provided in a deposition
chamber, and then, the parylene may be evaporated and
supplied into the vacuum chamber to deposit the
parylene on the coil patterns 310 and 320 and the base
material 200. For example, the parylene may be primarily
heated and evaporated in a vaporizer to become a dimer
state and then be secondarily heated and pyrolyzed into
a monomer state. Then, when the parylene is cooled by
using a cold trap connected to the deposition chamber

and a mechanical vacuum pump, the parylene may be
converted from the monomer state to a polymer state
and thus be deposited on the coil patterns 310 and 320.
Here, a primary heating process for forming the dimer
state by evaporating the parylene may be performed at
a temperature of 100 °C to 200 °C and a pressure of 1.0
Torr. A secondary heating process for forming the mon-
omer state by pyrolyzing the evaporated parylene may
be performed at a temperature of 400 °C to 500 °C de-
grees and a pressure of 0.5 Torr. Also, the deposition
chamber for depositing the parylene in a state of chang-
ing the monomer state into the polymer state may be
maintained at a temperature of 25 °C and a pressure of
0.1 Torr. Since the parylene is applied to the coil patterns
310 and 320, the insulation film 500 may be applied along
a stepped portion between each of the coil patterns 310
and 320 and the base material 200, and thus, the insu-
lation film 500 may be formed with the uniform thickness.
Alternatively, the insulation film 500 may be formed by
closely attaching a sheet including at least one material
selected from the group consisting of epoxy, polyimide,
and liquid crystal crystalline polymer to the coil patterns
310 and 320.
[0091] Referring to FIG. 30, a plurality of magnetic lay-
ers 110 and insulation layers 120 may be alternately dis-
posed on the top and bottom surfaces of the base mate-
rial 200. Also, as proposed in another exemplary embod-
iment, first and second magnetic layers 610 and 620 may
be respectively disposed on top and bottom surfaces of
the uppermost layer and the lowermost layer. Here, the
second magnetic layer 600 may be provided instead of
at least one insulation layer 120. Alternatively, the mag-
netic layer 110 and the insulation layer 120 may be al-
ternately disposed in the through hole 220 of the base
material 200 and the removed portion of the base material
200. Alternatively, sendust, i.e., Fe-Al-Si, may be used
instead of the magnetic layer 110. Also, NiO•ZnO•CuO-
Fe2O3 may be used instead of the magnetic layer 110.
Each of the foregoing materials is provided in a plate
shape having a predetermined thickness, like the mag-
netic layer 110, and the plate-shaped materials and the
insulation layer 120 may be alternately laminated. The
above-described materials may be filled into the through
hole 220 formed in the central portion of the base material
200 and the magnetic layer 110 and the insulation layer
120 may be laminated on the top and bottom surfaces
of the base material 200.
[0092] Referring to FIG. 31, the magnetic layer 110
and insulation layer 120, which are alternately disposed
with the base material 200 therebetween may be com-
pressed and molded to form the body 100. Also, although
not shown, each of the body 100 and the base material
200 may be cut into a unit of a unit device, and then the
external electrode 400 electrically connected to the with-
drawn portion of each of the coil patterns 310 and 320
may be formed on both ends of the body 100. The exter-
nal electrode 400 may be formed on both side surfaces
of the body 100 through the plating process. Alternatively,
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the body 100 may be immersed into the conductive paste,
the conductive paste may be printed on both ends of the
body 10, or the deposition and sputtering may be per-
formed to the form the external electrode 400. Here, the
conductive paste may include a metal material that is
capable of giving electrical conductive to the external
electrode 400. Also, a Ni-plated layer and an Sn-plated
layer may be further formed on a surface of the external
electrode 400.
[0093] The present invention may, however, be em-
bodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope
of the present invention to those skilled in the art. Further,
the present invention is only defined by scopes of claims.

Claims

1. A power inductor comprising:

a body;
at least one base material disposed within the
body;
at least one coil pattern disposed on at least one
surface of the base material;
an insulation film disposed between the coil pat-
tern and the body; and
an external electrode disposed outside the body
and connected to the coil pattern,
wherein the body comprises a plurality of mag-
netic layers and insulation layers, which are al-
ternately laminated.

2. The power inductor of claim 1, further comprising an
insulation capping layer disposed on an upper por-
tion of the body.

3. The power inductor of claim 1 or 2, wherein the mag-
netic layer is amorphous and comprises metal ribbon
having magnetic permeability of 200 or more.

4. The power inductor of claim 1 or 2, wherein the mag-
netic layer comprises at least one of plate-shaped
sendust, Ni-based ferrite, and Mn-based ferrite.

5. The power inductor of claim 3, wherein the magnetic
layer has a size less than that of the insulation layer.

6. The power inductor of claim 5, wherein at least a
portion of the magnetic layer is insulated from the
external electrode on the same plane.

7. The power inductor of claim 1 or 2, wherein the in-
sulation layer contains metal magnetic powder and
thermal conductive filler.

8. The power inductor of claim 7, wherein the thermal
conductive filler comprises at least one selected from
the group consisting of MgO, AlN, carbon-based ma-
terials, Ni-based ferrite, and Mn-based ferrite.

9. The power inductor of claim 7, wherein at least a
region of the base material is removed, and the body
is filled into the removed region.

10. The power inductor of claim 9, wherein the magnetic
layer and the insulation layer are vertically or hori-
zontally alternately disposed, the insulation layer
containing at least one of the metal magnetic powder
and the thermal conductive filler is disposed, or a
magnetic material is disposed on the removed region
of the base material.

11. The power inductor of claim 1 or 2, wherein the coil
patterns disposed on one surface and the other sur-
face of the base material have the same height.

12. The power inductor of claim 11, wherein the coil pat-
tern comprises a first plated layer disposed on the
base material and a second plated layer covering
the first plated layer.

13. The power inductor of claim 11, wherein at lest a
region of the coil pattern has a different width.

14. The power inductor of claim 11, wherein the insula-
tion film is disposed on top and side surfaces of the
coil pattern at the uniform thickness and has the
same thickness as each of top and side surfaces of
the coil pattern on the base material.

15. The power inductor of claim 1 or 2, wherein at least
a portion of the external electrode is made of the
same material as the coil pattern.

16. The power inductor of claim 15, wherein the coil pat-
tern is formed on at least one surface of the base
material through a plating process, and an area of
the external electrode, which contacts the coil pat-
tern, is formed through the plating process.

17. A power inductor comprising:

a body;
at least one base material disposed within the
body;
at least one coil pattern disposed on at least one
surface of the base material;
an insulation film disposed between the coil pat-
tern and the body; and
an external electrode disposed outside the body
and connected to the coil pattern,
wherein an area of the external electrode, which
contacts the coil pattern, is made of the same
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material as the coil pattern.

18. The power inductor of claim 17, wherein the coil pat-
tern is formed on at least one surface of the base
material through a plating process, and an area of
the external electrode, which contacts the coil pat-
tern, is formed through the plating process.

19. The power inductor of claim 18, further comprising
an insulation capping layer disposed on at least one
surface of the body.

20. The power inductor of claim 19, wherein the insula-
tion capping layer is disposed on at least a portion
of an area except for an area on which the external
electrode is mounted on a printed circuit board.

21. The power inductor of claim 20, wherein the external
electrode extends from each of first and second sur-
faces in a longitudinal direction of the body to each
of third to sixth surfaces in width and height directions
of the body, and
the insulation capping layer is disposed on an area
facing the area on which the external electrode is
mounted on the printed circuit board.
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