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MULTILAYER CERAMIC ELECTRONIC
COMPONENT TO BE EMBEDDED IN
BOARD, MANUFACTURING METHOD
THEREOEK, AND PRINTED CIRCUIT BOARD
HAVING MULTILAYER CERAMIC
ELECTRONIC COMPONENT EMBEDDED
THEREIN

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the reissue application of U.S. Pat. No.
9,384,896 B2, which issued on Jul. 5, 2016, which was filed

as U.S. patent application Ser. No. 14/144,312 on Dec. 30,
2013, which claims the priority of Korean Patent Applica-
tion No. 10-2013-0113360 filed on Sep. 24, 2013, in the
Korean Intellectual Property Office, the [disclosure] disclo-
sures of which [is] are incorporated herein by reference ir
theiv entirety.

BACKGROUND

The present disclosure relates to a multilayer ceramic
clectronic component to be embedded 1n a board, a manu-
facturing method thereof, and a printed circuit board having
a multi-layer ceramic electronic component embedded
therein.

As electronic circuits have become highly densified and
highly integrated, a mounting space for passive elements
mounted on a printed circuit board (PCB) has become
insuihicient, and 1 order to solve this problem, ongoing
cllorts have been made to implement components able to be
installed within a board, 1.e., embedded devices. In particu-
lar, various methods have been proposed for installing a
multilayer ceramic electronic component used as a capaci-
tive component within a board.

In one of a vaniety of methods of mstalling a multilayer
ceramic ¢lectronic component within a board, the same
dielectric material used for a multilayer ceramic electronic
component 1s used as a material for a board and a copper
wiring, or the like, 1s used as an electrode. Other methods for
implementing a multilayer ceramic electronic component to
be embedded in a board include a method of forming the
multilayer ceramic electronic component to be embedded in
the board by forming a polymer sheet having high-k dielec-
trics and a dielectric thin film within the board, a method of
installing a multilayer ceramic electronic component within
a board, and the like.

In general, a multilayer ceramic electronic component
includes a plurality of dielectric layers made of a ceramic
material, and internal electrodes interposed between the
dielectric layers. By disposing such a multilayer ceramic
clectronic component within a board, an embedded multi-
layer ceramic electronic component having high capacitance
may be implemented.

After the multilayer ceramic electronic component 1s
embedded 1n the board, a via hole 1s formed so that an
external electrode of the multilayer ceramic electronic com-
ponent penetrates through a resin to be exposed using laser,
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2

and the via hole 1s filled with a copper plating to electrically
connect an external wiring and the external electrode of the
multilayer ceramic electronic component to each other.

In this case, 1n order to connect the external electrode of
the multilayer ceramic electronic component and the exter-
nal wiring through the via hole, there 1s a need to form a
band surface of the external electrode having a predeter-
mined length or greater. However, in the case in which the
band surface of the external electrode having the predeter-
mined length or greater 1s formed using an existing dipping
method, or the like, a thickness of the external electrode
becomes thick, such that a ceramic body having a suflicient
thickness may not be secured by an increase 1n the thickness
of the external electrode. Since the multilayer ceramic
clectronic component has a thickness of an entire chip which
1s thin compared to a non-multilayer ceramic electronic
component, 1n the case mm which the band surface of the
external electrode 1s formed so as to have a thick thickness,
the thickness of the ceramic body becomes extremely small,
such that a chip strength may become weak and damage may
be caused.

In addition, when a generated step becomes large by the
thickness of the ceramic body and the external electrode of
the multilayer ceramic electronic component, gap between
the multilayer ceramic electronic component and a film
becomes large, such that occurrence probability of de-
lamination 1s further increased. Therefore, in order to
decrease the above-mentioned de-lamination, it 1s required
to decrease the thickness of the external electrode.

RELATED ART DOCUMENT

(Patent Document 1) Korean Patent Laid-Open Publica-
tion No. 2011-0122008

SUMMARY

An aspect of the present disclosure may provide a multi-
layer ceramic electronic component to be embedded in a
board, in which a thickness of a ceramic body 1n an entire
chip 1s increased by not allowing for an increase in a
thickness of an external electrode while forming a band
surface of the external electrode to have a predetermined
length or greater for connecting the external electrode to an
external wiring through a via hole, a manufacturing method
thereof, and a printed circuit board having a multilayer
ceramic electronic component embedded therein.

According to an aspect of the present disclosure, a multi-
layer ceramic electronic component to be embedded 1n a
board may include: a ceramic body including dielectric
layers and having both end surfaces in a length direction,
both surfaces 1n a width direction, and both surfaces 1n a
thickness direction; first and second internal electrodes
formed to be alternately exposed to the both end surfaces of
the ceramic body 1n the length direction, having the dielec-
tric layers interposed therebetween; and a first external
clectrode electrically connected to the first internal elec-
trodes and a second external electrode electrically connected
to the second internal electrodes, the first and second exter-
nal electrodes being formed on the both end surfaces of the
ceramic body in the length direction, wherein the first and
second external electrodes may include first and second base
clectrodes formed on the both end surfaces of the ceramic
body in the length direction, conductive thin film layers
formed on both surfaces of the ceramic body 1n the thickness
direction, and plating layers formed on the first and second
base electrodes and the conductive thin film layers.
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The conductive thin film layers may have a thickness of

0.1 to 5000 nm.

When a thickness of the conductive thin film layers 1s
defined as t1 and a thickness of the plating layers formed on
the conductive thin film layers 1s defined as tp, 1.5=tp/
t1=10000 may be satisfied.

The conductive thin film layers may include at least one
selected from a group consisting of copper (Cu), nickel (IN1),
palladium (Pd), platinum (Pt), gold (Au), silver (Ag), 1ron
(Fe), titanium (11), and carbon (C).

The conductive thin film layers may be formed to be
separated from each other on both end portions of one
surface of the ceramic body 1n the thickness direction.

The conductive thin film layers may be formed to be
connected to the first and second base electrodes.

The conductive thin film layers may be formed to be
extended to the first and second base electrodes from the
both surfaces of the ceramic body 1n the thickness direction.

When widths of band surfaces of the first and second
external electrodes formed on the conductive thin film layers

of one surface of the ceramic body in the thickness direction
are defined as BW, each of BW may be 25% or more of a
length of the ceramic body.

The ceramic body may have a thickness of 60% or more
of an overall thickness of the multilayer ceramic electronic
component including the external electrodes.

An overall thickness of the multilayer ceramic electronic
component including the external electrodes may be 300 um
or less.

According to another aspect of the present disclosure, a
manufacturing method of a multilayer ceramic electronic
component to be embedded 1n a board, the manufacturing
method may include: preparing a plurality of ceramic sheets;
forming an internal electrode pattern on each of the ceramic
sheets using a conductive paste; forming a ceramic body
including first and second internal electrodes opposed to
cach other therein by stacking the ceramic sheets having the
internal electrode pattern formed thereon; compressing and
sintering the ceramic body; and forming first and second
external electrodes to contact the first and second internal
clectrodes exposed to both end surfaces of the ceramic body
in a length direction to thereby be electrically connected
thereto, wherein in the forming of the first and second
external electrodes, first and second base electrodes are
formed on the both end surfaces of the ceramic body in the
length direction, conductive thin film layers are formed on
both surfaces of the ceramic body 1n a thickness direction,
and plating layers are formed on the first and second base
clectrodes and the conductive thin film layers.

The forming of the conductive thin film layers may be
performed by at least one method selected from a group
consisting of a sputtering method, a printing method, and an
clectroless plating method.

The conductive thin film layers may have a thickness of
0.1 to 5000 nm.

When a thickness of the conductive thin film layers 1s
defined as t1 and a thickness of the plating layers formed on
the conductive thin film layers i1s defined as tp, 1.3=tp/
tI=10000 may be satisfied.

The conductive thin film layers may include at least one
selected from a group consisting of copper (Cu), nickel (IN1),
palladium (Pd), platinum (Pt), gold (Au), silver (Ag), 1ron
(Fe), titanium (11), and carbon (C).

The conductive thin film layers may be formed to be
separated from each other on both end portions of one
surface of the ceramic body 1n the thickness direction.
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4

The conductive thin film layers may be formed to be
connected to the first and second base electrodes.

According to another aspect of the present disclosure, a
printed circuit board having a multilayer ceramic electronic
component to be embedded 1mn a board may include: an
insulation substrate; and a ceramic body including dielectric
layers and having both end surfaces in a length direction,
both surfaces 1n a width direction, and both surfaces 1n a
thickness direction; first and second internal electrodes
formed to be alternately exposed to the both end surfaces of
the ceramic body in the length direction, having the dielec-
tric layers interposed therebetween; and a first external
clectrode electrically connected to the first internal elec-
trodes and a second external electrode electrically connected
to the second internal electrodes, the first and second exter-
nal electrodes being formed on the both end surfaces of the
ceramic body in the length direction, wherein the first and
second external electrodes may include first and second base
clectrodes formed on the both end surfaces of the ceramic
body 1n the length direction, conductive thin film layers
formed on the both surfaces of the ceramic body in the
thickness direction, and plating layers formed on the first
and second base electrodes and the conductive thin film
layers.

The conductive thin film layers may have a thickness of
0.1 to 5000 nm.

When a thickness of the conductive thin film layers 1s
defined as tf and a thickness of the plating layers formed on

the conductive thin film layer 1s defined as tp, 1.5=tp/
tI=10000 may be satisfied.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description taken 1n con-
junction with the accompanying drawings, in which:

FIG. 1 1s a perspective view showing a multilayer ceramic
clectronic component to be embedded 1n a board according
to an exemplary embodiment of the present disclosure;

FIG. 2 1s a cross-sectional view of the multilayer ceramic
clectronic component to be embedded 1n a board according
to the exemplary embodiment of the present disclosure,
taken along line X-X' of FIG. 1;

FIG. 3 1s a cross-sectional view of the multilayer ceramic
clectronic component to be embedded 1n a board according
to the exemplary embodiment of the present disclosure;

FIGS. 4A through 4C are cross-sectional views showing
processes of forming external electrodes of the multilayer
ceramic electronic component to be embedded in a board
according to the exemplary embodiment of the present
disclosure:

FIG. 5 1s a photograph obtained by observing a conduc-
tive thin film layer formation portion of the multilayer
ceramic electronic component to be embedded in a board
according to the exemplary embodiment of the present
disclosure by using a scanning electron microscope (SEM);
and

FIG. 6 15 a cross-sectional view showing a printed circuit
board having a multilayer ceramic electronic component to
be embedded 1n a board according to an exemplary embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

Heremaiter, embodiments of the present disclosure waill
be described in detail with reference to the accompanying
drawings.
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The disclosure may, however, be embodied in many
different forms and should not be construed as being 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 disclosure to those skilled 1n the art.

In the drawings, the shapes and dimensions of elements
may be exaggerated for clarity, and the same reference
numerals will be used throughout to designate the same or
like elements.

Directions of a hexahedron are defined 1n order to clearly
describe the embodiments of the present disclosure. “L”,
“W”, and “1” indicated 1n drawings may refer to a ‘length
direction’ a ‘width direction’ and a ‘thickness direction’,
respectively. Here, the ‘thickness direction’ 1s the same as a
direction 1n which dielectric layers are stacked, that 1s, a
‘stacking direction’.

Multilayer Ceramic Electronic Component to be Embed-
ded 1 a Board

Hereinafter, a multilayer ceramic electronic component to
be embedded 1n a board according to an exemplary embodi-
ment of the present disclosure will be described. Particu-
larly, an embedded multilayer ceramic capacitor will be
described. However, the present disclosure 1s not limited
thereto.

FIG. 1 1s a perspective view showing a multilayer ceramic
clectronic component to be embedded 1n a board according
to an exemplary embodiment of the present disclosure and
FIGS. 2 and 3 are cross-sectional views taken along line
X-X" of FIG. 1 showing the multilayer ceramic electronic
component according to the exemplary embodiment of the
present disclosure.

Referring to FIGS. 1 through 3, the multilayer ceramic
clectronic component 100 according to the exemplary
embodiment of the present disclosure may include a ceramic
body 10; first and second internal electrodes 21 and 22, and
first and second external electrodes 31 and 32.

The ceramic body 10 may be formed in a hexahedral
shape having both end surfaces in the length direction L,
both surfaces in the width direction W, and both surfaces in
the thickness direction T. The ceramic body 10 may be
formed by stacking a plurality of dielectric layers 11 1n the
thickness direction T and then sintering the same, and a
shape and a dimension of the ceramic body 10, and the
number of the stacked dielectric layers 11 1s not limited to
those shown in the exemplary embodiment of the present
disclosure.

In addition, the plurality of dielectric layers 11 configur-
ing the ceramic body 10 may be 1n a sintered state. Adjacent
dielectric layers 11 may be integrated so as not to confirm a
boundary therebetween without using a scanning electron
microscope (SEM).

The dielectric layer 11 may have a thickness capable of
being arbitrarily changed according to a capacitance design
of the multilayer ceramic electronic component 100 and may
include a ceramic powder having a high dielectric constant,
for example, a barium titanate (BaT10,) based or a strontium
titanate (SrT10;) based powder, but the present disclosure 1s
not limited thereto. In addition, the ceramic power may be
added with various ceramic additives, organic solvents,
plasticizers, binders, dispersing agents, or the like according,
to the object of the present disclosure.

An average particle diameter of the ceramic powder used
tor forming the dielectric layer 11 1s not particularly limited,
may be adjusted 1 order to achieve the object of the present
disclosure, and for example, may be adjusted to 400 nm or
less.
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The first and second internal electrodes 21 and 22, a pair
of electrodes having different polarities from each other,
may be formed so as to be alternately exposed through both
end surfaces of the length direction L of the ceramic body 10
according to the stacking direction of the dielectric layers 11
by printing a conductive paste including a conductive metal
at a predetermined thickness on the plurality of dielectric
layers 11 stacked in the thickness direction T, and may be
clectrically 1nsulated from each other by the dielectric layer
11 disposed therebetween.

That 1s, the first and second internal electrodes 21 and 22
may be electrically connected to the first and second external
clectrodes 31 and 32 formed on both end surfaces of the
ceramic body 10 1n the length direction L through portions
thereof alternately exposed through both end surfaces of the
ceramic body 10.

Therefore, when a voltage 1s applied to the first and
second external electrodes 31 and 32, charges are accumu-
lated between the first and second internal electrodes 21 and
22 opposite to each other. In this case, a capacitance of the
multilayer ceramic capacitor 100 1s proportional to an area
ol a region 1n which the first and second internal electrodes
21 and 22 are overlapped with each other.

The first and second internal electrodes 21 and 22 may
have widths determined according to an application thereof
and may have the widths 1n a range of 0.2 to 1.0 um
determined in consideration of a size of the ceramic body 10,
for example, but the present disclosure 1s not limited thereto.

In addition, the conductive metal included 1n the conduc-
tive paste forming the first and second 1nternal electrodes 21
and 22 may be mickel (N1), copper (Cu), palladium (Pd),
silver (Ag), lead (Pb), platinum (Pt), or the like, or an alloy
thereol, but the present disclosure 1s not limited thereto.

The first and second external electrodes 31 and 32 may be
formed on both end surfaces of the ceramic body 10 1n the
length direction L and may be extended to both surfaces of
the ceramic body 10 1n the thickness direction T to thereby
form band surfaces BW.

The first and second external electrodes 31 and 32 may
include first and second base electrodes 31a and 32a formed
on both end surfaces of the ceramic body 10 in the length
direction L, conductive thin film layers 35 formed on both
end surfaces 1n the thickness direction T of the ceramic body
10, and plating layers 31b and 32b formed on the first and
second base electrodes 31a and 32a and the conductive thin
film layers 35.

A method of forming external electrodes according to the
related art mainly uses a method of dipping the ceramic body
in a paste including metal components. In this case, a
multi-layer ceramic capacitor to be embedded 1n a board
needs to have band surfaces of the external electrodes
having a predetermined length or greater in order to connect
the external electrode and the external wiring through the via
hole. According to the dipping method according to the
related art, the left and right band surfaces of may be thickly
coated due to interfacial tension of the paste.

According to the exemplary embodiment of the present
disclosure, as the conductive thin film layers 35 may be
formed on the surfaces in the thickness direction T of the
ceramic body 10, the conductive thin film layers 35 are used
as plating seed layers, such that the band surfaces BW of the
external electrodes 31 and 32 having a predetermined length
or greater may be formed on the conductive thin film layers
35 so as to be flat and have a further reduced thickness by
plating.

A method of forming the first and second base electrodes
31a and 32a 1s not particularly limited, and may be formed
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by applyving the conductive paste including the conductive
metal and then firing the same, for example. The first and
second base e¢lectrodes 31a and 32a may be formed of the
same conductive metal as the first and second internal
clectrodes 21 and 22, but i1s not limited thereto, and may be
tormed of copper (Cu), silver (Ag), nickel (N1), or the like,
or an alloy thereof, for example.

The first and second base electrodes 31a and 32a may be
tformed on both end surfaces of the ceramic body 10 1n the
length direction L and extended to cover corner portions
connected to both surfaces in the thickness direction T.

The conductive thin film layers 35 may be formed on both
surfaces of the ceramic body 10 1n the thickness direction T,
and may be formed to be separated from each other on both
end portions of one end surface of the ceramic body 10 1n the
thickness direction 1. The conductive thin film layers 35
may be formed so as to be connected to the first and second
base electrodes 31a and 32a.

Referring to FIG. 3, according to the exemplary embodi-
ments of the present disclosure, the conductive thin film
layers 35 may be formed to be extended to the first and
second base electrodes 31a and 32a from both surfaces of the
ceramic body 10 1n the thickness direction T.

A method of forming the conductive thin film layers 33 1s
not particularly limited, but may be formed by a sputtering,
method, or the like 1n order to form the conductive thin film
layer 35 1n a thin film shape. The conductive thin film layers
35 respectively formed 1n the thin film shape may have a
thickness of 0.1 nm to 5000 nm. As the conductive thin film
layers 35 are thinly formed in the above-mentioned range,
the thickness of the band surface of the external electrode
may be decreased and the thickness of the ceramic body 10
may be increased in an amount equal to the decreased
thickness of the band surface, thereby improving strength. In
the case in which the conductive thin film layers 35 have the
thickness below 0.1 nm, it 1s diflicult to uniformly form the
conductive thin film layer and a cutting phenomenon may be
caused, and i1n the case in which the conductive thin film
layers 35 have the thickness exceeding 5000 nm, a time
consumed for forming the conductive thin film layer may be
unnecessarily increased.

The conductive thin film layers 35 may be formed of the
same conductive metal as the first and second internal
clectrodes 21 and 22, but 1s not limited thereto, and may
include copper (Cu), nickel (N1), palladium (Pd), platinum
(Pt), gold (Au), silver (Ag), iron (Fe), titantum (11), carbon
(C), or the like, or an alloy thereof, for example.

The first and second plating layers 31b and 32b may be
formed on the first and second base electrodes 31a and 32a
and the conductive thin film layers 35 by using the first and
second base electrodes 31a and 32a and the conductive thin
film layers 335 as the plating seed layers.

The plating layers 31b and 32b may be formed of the
same conductive metal as the first and second internal
clectrodes 21 and 22, but 1s not limited thereto, and may be
formed of copper (Cu), silver (Ag), nickel (N1), or the like,
or an alloy thereol, for example.

When the thickness of the conductive thin film layers 35
1s defined as tf and the thickness of the plating layers 31b and
32b formed on the conductive thin film layers 35 1s defined
as tp, 1.5=tp/tI=10000 may be satisfied.

In the case in which the thickness of the conductive thin
film layers 35 1s extremely large or the thickness of the
plating layers 31b and 32b 1s extremely small, such that tp/tf
1s below 1.5 and the thickness of the plating layers may not
satisty 5 um which 1s an essential minimum thickness, and
in the case in which the thickness of the conductive thin film
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layers 35 1s extremely small or the thickness of the plating
layers 31b and 32b 1s extremely large, such that tp/tf exceeds
10000, the overall thickness of the chip may be increased
and exceed a thickness required for a MLCC chip to be
embedded 1n a board or the thickness of the ceramic body
may be relatively thin to thereby decrease the strength
thereof.

Each of the widths BW of the band surfaces of the
external electrodes 31 and 32 having the plating layers 31b
and 32b formed on the conductive thin film layers 35 may
be 25% or more of the length of the ceramic body 10. In the
case 1n which the width of the band surface BW 1s less than
25% of the length of the ceramic body 10, defect occurrence
probability may be increased during the processing of the
via hole for connecting the external electrode to the external
wiring.

The overall thickness tm of the multilayer ceramic capaci-
tor 100 including the external electrodes 31 and 32 may be
300 um or less, and the multilayer ceramic capacitor 100 1s
manufactured so as to have the overall thickness tm of 300
um or less, such that 1t may be suitable for a multilayer
ceramic capacitor to be embedded 1n a board.

In this case, the thickness ts of the ceramic body 10 may
be 60% or more of the overall thickness tm of the multilayer
ceramic capacitor including the external electrodes 31 and
32. In the case 1n which the thickness ts of the ceramic body
10 1s less than 60% of the overall thickness tm of the
multilayer ceramic capacitor, the strength of the chip
becomes weak, such that defect such as damage may be
caused.

Manufacturing Method of Multilayver Ceramic Electronic
Component

In a manufacturing method of a multilayer ceramic elec-
tronic component to be embedded 1n a board according to an
exemplary embodiment of the present disclosure, a plurality
of ceramic green sheets may first be prepared by applying
slurry including a barium titanate (BaTi10,) powder and the
like to carrier films and drying the same, thereby forming
dielectric layers.

The slurry may be prepared by mixing a ceramic powder,

a binder, and a solvent, and the slurry may be used to form
the ceramic green sheet having a thickness of several um by
a doctor blade method.

Next, a conductive paste mcluding a conductive metal
power may be prepared. The conductive metal power may
be nickel (N1), copper (Cu), palladium (Pd), silver (Ag), lead
(Pb), platinum (Pt), or the like, or an alloy thereof and may
have a particle average size of 0.1 to 0.2 um, such that the
conductive paste for an internal electrode, including the
conductive metal power of 40 to 50 wt % may be prepared.

The conductive paste for the internal electrode may be
applied to the green sheets by a screen printing method to
thereby form an internal electrode pattern. A method of
printing the conductive paste may be a screen printing
method, a gravure printing method, or the like, but the
present disclosure 1s not limited thereto. The ceramic sheets
having the internal electrode pattern printed thereon may be
stacked 1n an amount of 200 to 300 layers, compressed, and
then sintered, such that the ceramic body may be fabricated.

Next, the external electrodes may be formed so as to
contact the mternal electrodes exposed to both end surfaces
in the length direction of the ceramic body and be electr-
cally connected thereto.

FIGS. 4A through 4C are cross-sectional views showing
processes of forming external electrodes of the multilayer
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ceramic electronic component to be embedded 1n a board
according to the exemplary embodiment of the present
disclosure.

Referring to FIG. 4 A, the first and second base electrodes
31a and 32a may be formed on both end surfaces of the
ceramic body 10 1n the length direction L.

A method of forming the first and second base electrodes
31a and 32a 1s not particularly limited, and may be formed
by applying the conductive paste including the conductive
metal by a dipping method, or the like, and then sintering the
same, for example. The first and second base electrodes 31a
and 32a may be formed of the same conductive metal as the
first and second internal electrodes 21 and 22, but 1s not
limited thereto, and may be formed of copper (Cu), silver
(Ag), nickel (Ni1), or the like, or an alloy thereof, for
example.

When the first or second base electrodes 31a or 32a 1s
formed by the dipping method, a distal portion of one end
surface of the ceramic body 10 in the length direction L,
corresponding to a surface to which the internal electrodes
may be exposed, may be dipped at a minimum. Therelore,
the first and second base electrodes 31a and 32a may be
tformed on both end surfaces of the ceramic body 10 1n the
length direction L and extended to cover corner portions
connected to both surfaces in the thickness direction T
thereof.

Referring to FIG. 4B, the conductive thin film layers 35
may be formed on both surfaces of the ceramic body 10 in
the thickness direction T.

The conductive thin film layers 35 may be formed by a
sputtering method, a printing method, an electroless plating
method, or the like 1n order to form the conductive thin film
layer 35 1n a thin {ilm shape, but the present disclosure 1s not
limited thereto.

When the conductive thin film layers 35 are formed by the
sputtering method, the conductive thin film layer 35 1s first
formed on one end surface of the ceramic body 10 1n the
thickness direction T and the conductive thin film layer 35
may be secondarily formed on the other end surface 1n the
thickness direction T thereof.

The conductive thin film layers 35 may be formed after
forming the first and second base electrodes 31a and 32a,
and the conductive thin film layers 35 are first formed and
the first and second base electrodes 31a and 32a may be then
formed, but the order of forming the conductive thin film
layers 35 1s not particularly limited.

The conductive thin film layers 35 may be formed to be
separated from each other on both end portions of one end
surface of the ceramic body 10 1n the thickness direction T,
and each of the conductive thin film layers 35 may be
formed to be connected to the first and second base elec-
trodes 31a and 32a.

The conductive thin film layer 35 formed 1n the thin film
shape may have a thickness of 0.1 nm to 5000 nm. As the
conductive thin film layers 35 1s thinly formed in the
above-mentioned range, the thickness of the band surface of
the external electrode may be decreased and the thickness of
the ceramic body 10 may be increased in an amount equal
o the decreased thickness of the band surface, thereby
improving strength. In the case 1n which the conductive thin
f1lm layer 35 1s formed to have the thickness below 0.1 nm,
it 1s diflicult to uniformly form the conductive thin film layer
and a cutting phenomenon may be caused, and 1n the case 1n
which the conductive thin film layer 35 1s formed to have the
thickness greater than 5000 nm, a time consumed for form-
ing the conductive thin film layer may be unnecessarily
increased.
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The conductive thin film layers 35 may be formed of the
same conductive metal as the internal electrodes, but 1s not
limited thereto, and may include copper (Cu), mickel (N1),
palladium (Pd), platinum (Pt), gold (Au), silver (Ag), 1ron
(Fe), titamium (T1), carbon (C), or the like, or an alloy
thereol, for example.

Referring to FIG. 4C, the plating layers 31b and 32b may
be formed on the first and second base electrodes 31a and
32a and the conductive thin film layers 35.

The plating layers 31b and 32b having the thickness of 5
to 14 um may be formed by using the first and second base
clectrodes 31a and 32a and the conductive thin film layers 35
as the plating seed layers.

The plating layers 31b and 32b may be formed of the
same conductive metal as the internal electrodes, but present
disclosure 1s not limited thereto, and the plating layers 31b
and 32b may be formed of a material such as copper (Cu),
silver (Ag), nickel (N1), or the like, or an alloy thereof, for
example.

When the thickness of the conductive thin film layers 35
1s defined as tf and the thickness of the plating layers 31b and
32b formed on the conductive thin film layers 35 1s defined
as tp, 1.5=tp/t1=10000 may be satisfied.

In the case 1n which the thickness of the conductive thin
film layers 335 1s extremely large or the thickness of the
plating layers 31b and 32b 1s extremely small, such that tp/tf
1s below 1.5, the thickness of the plating layers may not
satisty 5 um which 1s an essential minimum thickness, and
in the case in which the thickness of the conductive thin film
layers 35 1s extremely small or the thickness of the plating
layers 31b and 32b 1s extremely large, such that tp/tf exceeds
10000, the overall thickness of the chip may be increased
and exceed the thickness required for a MLCC chip to be
embedded 1n a board or the thickness of the ceramic body
may be relatively thin to thereby decrease the strength.

As the conductive thin film layers 35 are formed and the
plating layers 31b and 32b are formed on the conductive thin
film layers 35, the band surface of the external electrodes 31
and 32 having the predetermined length or greater for
connecting the via hole to the external electrodes may be
formed so as to be flat and have a further reduced thickness.

A description of the same portions as the features of the
multilayer ceramic electronic component according to the
embodiment of the present disclosure described above will
be omitted herein.

Printed Circuit Board Having Multilayer Ceramic Elec-
tronic Component

FIG. 6 15 a cross-sectional view showing a printed circuit
board having a multilayer ceramic electronic component to
be embedded 1n a board according to an exemplary embodi-
ment of the present disclosure.

Referring to FIG. 6, a printed circuit board 200 having the
multilayer ceramic electronic component to be embedded
therein according to an exemplary embodiment of the pres-
ent disclosure may include an insulation substrate 210, and
the multilayer ceramic electronic component embedded 1n
the 1nsulation substrate 210.

The isulation substrate 210 may have a structure having,
an msulation layer 220 included therein, and may include a
conductive pattern 230 and a conductive via hole 240
configuring an 1interlayer circuit having various forms as
shown 1n FIG. 6, if necessary. The insulation substrate 210
may be the printed circuit board 200 including the multilayer
ceramic electronic component therein.

The multilayer ceramic electronic component to be
embedded 1n the board may include the ceramic body 10
including the dielectric layers 11 and having both end
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surfaces 1n the length direction L, both surfaces in the width
direction W, and both surfaces 1n the thickness direction T;
first and second mternal electrodes 21 and 22 formed to be
alternately exposed to the both end surfaces of the ceramic
body 10 in the length direction L, having the dielectric layers
11 interposed therebetween; and a first external electrode 31
clectrically connected to the first internal electrodes 21 and
a second external electrode 32 electrically connected to the
second 1nternal electrodes 22, the first and second external
clectrodes being formed on both end surfaces of the ceramic
body 10 in the length direction L, wherein the first and
second external electrodes 41 and 42 may include the first
and second base electrodes 31a and 32a formed on both end
surfaces of the ceramic body 10 1n the length direction L, the
conductive thin film layers 35 formed on both surfaces of the
ceramic body 10 1n the thickness direction T, and the plating
layers 31b and 32b formed on the first and second base
clectrodes 31a and 32a and the conductive thin film layers
35.

As the conductive thin film layer 35 i1s formed on the end
surface 1n the thickness direction T of the ceramic body 10,
the conductive thin film layer 35 1s used as a plating seed
layer, such that the band surfaces BW of the external
clectrodes 31 and 32 having the predetermined length or
greater may be formed on the conductive thin film layer 35
so as to be flat and have a further reduced thickness with
plating. Therefore, a step between the external electrode and
the ceramic body may be decreased and an occurrence of
de-lamination may be prevented.

A method of forming the conductive thin film layer 35 1s
not particularly limited, but may be formed by a sputtering
method, or the like 1n order to form the conductive thin film
layer 35 1n a thin film shape. The conductive thin film layer
35 formed 1n the thin film shape may have a thickness o1 0.1
nm to 5000 nm. As the conductive thin film layer 35 1s thinly
formed 1n the above-mentioned range, the thickness of the
band surface of the external electrode may be decreased and
the thickness of the ceramic body 10 may be increased 1n an
amount equal to the decreased thickness of the band surface,
thereby 1mproving strength. In the case 1n which the con-
ductive thin film layer 35 has the thickness below 0.1 nm, 1t
1s difficult to uniformly form the conductive thin film layer
and a cutting phenomenon may be caused, and 1n the case 1n
which the conductive thin film layer 35 has the thickness
exceeding 5000 nm, a time consumed for forming the
conductive thin film layer may be unnecessarily increased.

When the thickness of the conductive thin film layers 35
1s defined as tf and the thickness of the plating layers 31b and
32b formed on the conductive thin film layers 35 1s defined
as tp, 1.5=tp/tI=10000 may be satisfied.

In the case 1n which the thickness of the conductive thin
film layers 35 1s extremely large or the thickness of the
plating layers 31b and 32b 1s extremely small, such that tp/tf
1s below 1.5, the thickness of the plating layers may not
satisfy 5 um which 1s an essential minimum thickness, and
in the case in which the thickness of the conductive thin film
layers 35 1s extremely small or the thickness of the plating
layers 31b and 32b 1s extremely large, such that tp/tf exceeds
10000, the overall thickness of the chip may be increased
and exceed the thickness required for a MLCC chip embed-
ded 1n a board or the thickness of the ceramic body may be
relatively thin to thereby decrease the strength.

Each of the widths BW of the band surfaces of the
external electrodes 31 and 32 having the plating layers 31b
and 32b formed on the conductive thin film layer 35 may be
25% or more of the length of the ceramic body 10. In the
case 1n which the width BW of the band surface 1s less than
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25% of the length of the ceramic body 10, defect occurrence
probability may be increased when the via hole 240 for
connecting the external electrode and a conductive pattern
230 1s processed.

Features other than the above-mentioned feature are the
same as those of the multilayer ceramic electronic compo-
nent according to the exemplary embodiment of the present
disclosure described above. Therefore, a description thereof
will be omatted.

As set forth above, 1n a multilayer ceramic electronic
component to be embedded 1n a board according to exem-
plary embodiments of the present disclosure, a thickness of
a ceramic body in an entire chip may be increased by
decreasing a thickness of an external electrode while form-
ing a band surface of the external electrode having a
predetermined length or greater for connecting the external
clectrode to an external wiring through a via hole, such that
the chip strength may be improved and the occurrence of
damage such as breakage, or the like may be prevented.

In addition, the step generated 1n an amount equal to the
thickness of the external electrode may be decreased, such
that the occurrence probability of delamination may be
decreased at the time of embedding the multilayer ceramic
clectronic component in the board.

While exemplary embodiments have been shown and
described above, 1t will be apparent to those skilled 1n the art
that modifications and variations could be made without
departing from the spirit and scope of the present disclosure
as defined by the appended claims.

What 1s claimed 1s:

1. A multilayer ceramic electronic component to be
embedded 1n a board comprising:

a ceramic body including dielectric layers and having two
end surfaces 1n a length direction, two surfaces in a
width direction, and two surfaces in a thickness direc-
tion;

first and second internal electrodes formed to be alter-
nately exposed to the two end surfaces of the ceramic
body 1n the length direction, having the dielectric layers
interposed therebetween; and

a first external electrode electrically connected to the first
internal electrodes and a second external electrode
clectrically connected to the second internal electrodes,
the first and second external electrodes being formed on
the two end surfaces of the ceramic body 1n the length
direction,

wherein the first and second external electrodes each
include first and second base electrodes formed on the
two end surfaces of the ceramic body in the length
direction, a conductive thin film layer formed on each
of the two surfaces of the ceramic body 1n the thickness
direction, and plating layers formed on the first and
second base electrodes and the conductive thin film
layers, [and]

the conductive thin film layers of each of the first external
clectrode or the second external electrode are separate
from each other,

an average thickness of the conductive thin film layers is
smaller than an average thickness of each of the first
and second base electrodes,

when a thickness of the conductive thin film layers is
defined as tf and a thickness of the plating layers
Jormed on the conductive thin film lavers is defined as
tp, 1.5=tp/tf=10000 is satisfied, and

when widths of band surfaces of the first and second
external electrodes formed on the conductive thin film
lavers of one surface of the ceramic body in the
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thickness direction are defined as BW, each of BW is
25% or more of a length of the ceramic body.

2. The multilayer ceramic electronic component of claim

1, wherein the conductive thin film layers have a thickness
of 0.1 to 5000 nm.

[3. The multilayer ceramic electronic component of claim
1, wherein when a thickness of the conductive thin film
layers 1s defined as tf and a thickness of the plating layers
tformed on the conductive thin film layers 1s defined as tp,
1.5=tp/tt=10000 is satisfied.]

4. The multilayer ceramic electronic component of claim
1, wherein the conductive thin film layers include at least

one selected from a group consisting of copper (Cu), nickel
(N1), palladium (Pd), platinum (Pt), gold (Au), silver (Ag),
iron (Fe), titammum (1), and carbon (C).

5. The multilayer ceramic electronic component of claim
1, wherein the conductive thin film layers are formed to be
separated from each other on both end portions of one
surface of the ceramic body 1n the thickness direction.

6. The multilayer ceramic electronic component of claim
1, wherein the conductive thin film layers are formed to be
connected to the first and second base electrodes.

7. The multilayer ceramic electronic component of claim
1, wherein the conductive thin film layers are formed to be
extended to the first and second base electrodes from the
both surfaces of the ceramic body 1n the thickness direction.

[8. The multilayer ceramic electronic component of claim
1, wherein when widths of band surfaces of the first and
second external electrodes formed on the conductive thin
film layers of one surface of the ceramic body in the
thickness direction are defined as BW, each of BW 1s 25%
or more of a length of the ceramic body.}

9. The multilayer ceramic electronic component of claim
1, wherein the ceramic body has a thickness of 60% or more
of an overall thickness of the multilayer ceramic electronic
component including the external electrodes.

10. The multilayer ceramic electronic component of claim
1, wherein an overall thickness of the multilayer ceramic
clectronic component including the external electrodes 1s
300 um or less.

11. A manufacturing method of a multilayer ceramic
clectronic component to be embedded 1n a board, the manu-
facturing method comprising:

preparing a plurality of ceramic sheets;

forming an internal electrode pattern on each of the

ceramic sheets using a conductive paste;

forming a ceramic body including first and second inter-

nal electrodes opposed to each other therein by stacking
the ceramic sheets having the internal electrode pattern
formed thereon:

compressing and sintering the ceramic body; and

forming first and second external electrodes to contact the

first and second internal electrodes exposed to both end
surfaces of the ceramic body 1n a length direction to
thereby be electrically connected thereto,

wherein 1n the forming of the first and second external

electrodes, first and second base electrodes are formed
on each of the both end surfaces of the ceramic body 1n
the length direction, conductive thin film layers are
formed on both surfaces of the ceramic body 1n a
thickness direction, and plating layers are formed on
the first and second base electrodes and the conductive
thin film layers,

an average thickness of the conductive thin film layers is

smaller than an average thickness of each of the first
and second base electrodes, and
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the conductive thin film layers of each of the first external
clectrode or the second external electrode are formed to
be separate from each other.

12. The method of claam 11, wherein the forming of the
conductive thin film layers 1s performed by at least one
method selected from a group consisting of a sputtering
method, a printing method, and an electroless plating
method.

13. The method of claim 11, wherein the conductive thin
film layers have a thickness of 0.1 to 5000 nm.

14. The method of claim 11, wherein when a thickness of
the conductive thin film layers 1s defined as tf and a
thickness of the plating layers formed on the conductive thin
film layers 1s defined as tp, 1.5=tp/ti=10000 1s satisfied.

15. The method of claim 11, wherein the conductive thin
film layers include at least one selected from a group
consisting of copper (Cu), nickel (Ni1), palladium (Pd),
platinum (Pt), gold (Au), silver (Ag), iron (Fe), titantum
(T1), and carbon (C).

16. The method of claim 11, wherein the conductive thin
film layers are formed to be separated from each other on
both end portions of one surface of the ceramic body 1n the
thickness direction.

17. The method of claim 11, wherein the conductive thin
film layers are formed to be connected to the first and second
base electrodes.

18. A printed circuit board having a multilayer ceramic
clectronic component embedded therein, the printed circuit
board comprising:

an insulation substrate; and

a ceramic body including dielectric layers and having

both end surfaces 1n a length direction, both surfaces in
a width direction, and both surfaces in a thickness
direction;

first and second internal electrodes formed to be alter-

nately exposed to the both end surfaces of the ceramic
body 1n the length direction, having the dielectric layers
interposed therebetween; and

a first external electrode electrically connected to the first

internal electrodes and a second external electrode
clectrically connected to the second internal electrodes,
the first and second external electrodes being formed on
the both end surfaces of the ceramic body 1n the length
direction,

wherein the first and second external electrodes each

include first and second base electrodes formed on the
both end surfaces of the ceramic body in the length
direction, conductive thin film layers formed on the
both surfaces of the ceramic body in the thickness
direction, and plating layers formed on the first and
second base electrodes and the conductive thin film
layers, [and]

the conductive thin film layers of each of the first external

clectrode or the second external electrode are separate
from each other,

an average thickness of the conductive thin film layers is

smaller than an average thickness of each of the first
and second base electrodes,

when a thickness of the conductive thin film layers is

defined as tf and a thickness of the plating layers
Jormed on the conductive thin film lavers is defined as
tp, 1.5=tp/tf=10000 is satisfied, and

when widths of band surfaces of the first and second

external electrodes formed on the conductive thin film
lavers of one surface of the ceramic body in the

thickness divection ave defined as BW, each of BW is
25% or more of a length of the ceramic body.
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19. The printed circuit board of claim 18, wherein the
conductive thin film layers have a thickness of 0.1 to 5000
nm.

[20. The printed circuit board of claim 18, wherein when
a thickness of the conductive thin film layers i1s defined as tf 5
and a thickness of the plating layers formed on the conduc-
tive thin film layers 1s defined as tp, 1.3=tp/ti=10000 1s
satisfied.}

21. The multilayer ceramic electronic component of claim
1, wherein the conductive thin film layers of the first external 10
clectrode or the second external electrode extend to cover
only a portion of one of the two end surfaces of the ceramic
body 1n the length direction.

22. The multilayer ceramic electronic component of claim
1, wherein the conductive thin film layers of the first external 15
clectrode are separate from each other, and the conductive
thin {ilm layers of the second external electrode are separate
from each other.

23. The multilayer ceramic electronic component of claim
1, wherein the conductive thin film layers of the first external 20
clectrode extend to cover only a portion of one of the two
end surfaces of the ceramic body 1n the length direction, and
the conductive thin film layers of the second external
clectrode extend to cover only a portion of the other end
surface of the ceramic body 1n the length direction. 25
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