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There is provided a multilayer ceramic electronic component 
embedded in a board including: a ceramic body including 
dielectric layers; first and second internal electrodes; and first 
and second external electrodes formed on first and second 
side surfaces of the ceramic body, respectively, wherein the 
first external electrode includes a first electrode layer and a 
first metal layer formed on the first electrode layer, the second 
external electrode includes a second electrode layer and a 
second metal layer formed on the second electrode layer, the 
first and second external electrodes are formed to be extended 
to first main Surface of the ceramic body, and when a maxi 
mum width and a minimum width of at least one of the first 
and second external electrodes formed on the first main Sur 
face are defined as BWmax and BWmin, respectively, 
OsBWmax-BWmins 100 um is satisfied. 
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trodes disposed to face each other, having the dielectric layers 
interposed therebetween, and alternately exposed to the first 
side Surface or the second side Surface; and first and second 
external electrodes formed on the first and second side Sur 
faces of the ceramic body, respectively, and electrically con 
nected to the first and second internal electrodes, respectively, 
wherein the first external electrode includes a first electrode 
layer and a first metal layerformed on the first electrode layer, 
the second external electrode includes a second electrode 
layer and a second metal layer formed on the second electrode 
layer, the first and second external electrodes are formed to be 
extended to the first main surface of the ceramic body, and 
when a maximum width and a minimum width of at least one 
of the first and second external electrodes formed on the first 
main surface are defined as BWmax and BWmin, respec 
tively, OsBW max-BWmins 100 um is satisfied. 
0.018 Widths of the first and second external electrodes 
formed on the first main Surface may be larger than those of 
the first and second external electrodes formed on the second 
main Surface. 

0019. When a thickness of the ceramic body is a distance 
between the first and second main surfaces, a width of the 
ceramic body is a distance between the first side surface on 
which the first external electrode is formed and the second 
side surface on which the second external electrode is formed, 
and a length of the ceramic body is a distance between the first 
and second end Surfaces, the width of the ceramic body may 
be shorter than or equal to the length of the ceramic body. 
0020. When the length and the width of the ceramic body 
are defined as L and W, respectively, 0.5LsWsL may be 
satisfied. 

0021. When a thickness of each of the first and second 
metal layers is defined as tp., tpa.5 um may be satisfied. 
0022. When surface roughness of each of the first and 
second metal layers is defined as Ra and a thickness of each of 
the first and second metal layers is defined as tp. 200 
nmsRastp may be satisfied. 
0023 The first and second metal layers may include cop 
per (Cu). 
0024. According to another aspect of the present disclo 
Sure, a printed circuit board having a multilayer ceramic 
electronic component embedded therein may include: an 
insulating Substrate; and the multilayer ceramic electronic 
component embedded in the insulating Substrate and includ 
ing a ceramic body including dielectric layers, having first 
and second main Surfaces facing each other, first and second 
side Surfaces facing each other, and first and second end 
Surfaces facing each other, and having a thickness of 100 um 
or less, first and second internal electrodes disposed to face 
each other, having the dielectric layers interposed therebe 
tween, and alternately exposed to the first side surface or the 
second side Surface, and first and second external electrodes 
formed on the first and second side surfaces of the ceramic 
body, respectively, and electrically connected to the first and 
second internal electrodes, respectively, wherein the first 
external electrode includes a first electrode layer and a first 
metal layer formed on the first electrode layer, the second 
external electrode includes a second electrode layer and a 
second metal layer formed on the second electrode layer, the 
first and second external electrodes are formed to be extended 
to the first main surface of the ceramic body, and when a 
maximum width and a minimum width of at least one of the 
first and second external electrodes formed on the first main 
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surface are defined as BWmax and BWmin, respectively, 
OsBWmax-BWmins 100 um is satisfied. 
0025 Widths of the first and second external electrodes 
formed on the first main Surface may be larger than those of 
the first and second external electrodes formed on the second 
main Surface. 
0026. The insulating substrate may include a plurality of 
conductive patterns and a plurality of conductive via holes. 
0027. Each of the first and second external electrodes may 
be connected to three or more conductive via holes. 
0028. When a thickness of the ceramic body is a distance 
between the first and second main surfaces, a width of the 
ceramic body is a distance between the first side surface on 
which the first external electrode is formed and the second 
side surface on which the second external electrode is formed, 
and a length of the ceramic body is a distance between the first 
and second end Surfaces, the width of the ceramic body may 
be shorter than or equal to the length of the ceramic body. 
(0029 When the length and the width of the ceramic body 
are defined as L and W, respectively, 0.5LsWsL may be 
satisfied. 
0030. When a thickness of each of the first and second 
metal layer is defined as tp., tpa.5um may be satisfied. 
0031 When surface roughness of each of the first and 
second metal layers is defined as Ra and a thickness of each of 
the first and second metal layers is defined as tp. 200 
nmsRastp may be satisfied. 
0032. The first and second metal layers may include cop 
per (Cu). 

BRIEF DESCRIPTION OF DRAWINGS 

0033. The above and other aspects, features and other 
advantages of the present disclosure will be more clearly 
understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 
0034 FIG. 1 is a perspective view of a multilayer ceramic 
electronic component to be embedded in a board according to 
an exemplary embodiment of the present disclosure; 
0035 FIG. 2 is a view showing a ceramic body according 
to the exemplary embodiment of the present disclosure; 
0036 FIG. 3 is an exploded perspective view of FIG. 2: 
0037 FIG. 4 is a top plan view of FIG. 1; 
0038 FIG. 5 is a cross-sectional view taken along line 
X-X" of FIG. 1; and 
0039 FIG. 6 is a cross-sectional view showing a printed 
circuit board having a multilayer ceramic electronic compo 
nent embedded therein according to an exemplary embodi 
ment of the present disclosure. 

DETAILED DESCRIPTION 

0040. Hereinafter, exemplary embodiments of the present 
disclosure will be described in detail with reference to the 
accompanying drawings. 
0041. The disclosure may, however, be embodied in many 
different forms and should not be construed as being limited 
to the embodiments set forth herein. 
0042. 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 in the art. 
0043. In the drawings, the shapes and dimensions of ele 
ments may be exaggerated for clarity, and the same reference 
numerals will be used throughout to designate the same or 
like elements. 
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0044 FIG. 1 is a perspective view of a multilayer ceramic 
electronic component to be embedded in a board according to 
an exemplary embodiment of the present disclosure. 
0045 FIG. 2 is a view showing a ceramic body according 

to the exemplary embodiment of the present disclosure. 
0046 FIG. 3 is an exploded perspective view of FIG. 2. 
0047 FIG. 4 is a top plan view of FIG. 1. 
0048 FIG. 5 is a cross-sectional view taken along line 
X-X" of FIG. 1. 
0049 Referring to FIGS. 1 through5, a multilayer ceramic 
electronic component 100 to be embedded in a board accord 
ing to the exemplary embodiment of the present disclosure 
may include a ceramic body 10 including dielectric layers 11, 
having first and second main Surfaces S1 and S2 facing each 
other, first and second side surfaces S5 and S6 facing each 
other, and first and second end Surfaces S3 and S4 facing each 
other, and having a thickness of 100 um or less; first and 
second internal electrodes 21 and 22 disposed to face each 
other, having the dielectric layers 11 interposed therebe 
tween, and alternately exposed to the first side surface S5 or 
the second side surface S6; and first and second external 
electrodes 31 and 32 formed on the first and second side 
surfaces S5 and S6 of the ceramic body 10, respectively, and 
electrically connected to the first and second internal elec 
trodes 21 and 22, respectively, wherein the first external elec 
trode 31 includes a first electrode layer 31a and a first metal 
layer 32a formed on the first electrode layer 31a, the second 
external electrode 32 includes a second electrode layer 32a 
and a second metal layer32b formed on the second electrode 
layer 32a, the first and second external electrodes 31 and 32 
are formed to be extended to the first main surface S1 of the 
ceramic body 10, and when a maximum width and a mini 
mum width of at least one of the first and second external 
electrodes 31 and 32 formed on the first main surface S1 are 
defined as BWmax and BWmin, respectively, OsbWmax 
BWmins 100 um may be satisfied. 
0050 Hereinafter, the multilayer ceramic electronic com 
ponent according to the embodiment of the present invention 
will be described by taking a multilayer ceramic capacitor by 
way of example. However, the present disclosure is not lim 
ited thereto. 
0051. In the multilayer ceramic capacitor according to the 
exemplary embodiment of the present disclosure, a length 
direction refers to an L direction of FIG. 1, a width direc 
tion refers to a 'W' direction of FIG. 1, and a thickness 
direction refers to a 'T' direction of FIG.1. Here, the thick 
ness direction refers to a direction in which the dielectric 
layers are stacked, that is, a stacking direction. 
0052 According to the exemplary embodiment of the 
present disclosure, the ceramic body 10 may have the first and 
second main Surfaces S1 and S2 facing each other, and the 
first and second side surfaces S5 and S6 and the first and 
second end surfaces S3 and S4 that connect the first and 
second main Surfaces to each other. A shape of the ceramic 
body 10 is not particularly limited, but may be a hexahedral 
shape as shown. 
0053 According to the exemplary embodiment of the 
present disclosure, a raw material forming the dielectric layer 
11 is not particularly limited as long as a Sufficient capaci 
tance may be obtained. For example, the raw material form 
ing the dielectric layer 11 may be a barium titanate (BaTiO) 
powder. 
0054. A material forming the dielectric layer 11 may be 
prepared by adding various ceramic additives, organic Sol 

Mar. 5, 2015 

vents, plasticizers, binders, dispersing agents, and the like, to 
a powder such as the barium titanate (BaTiO) powder, or the 
like, according to an object of the present disclosure. 
0055 An average particle size of the ceramic powder used 
to form the dielectric layer 11 is not particularly limited, but 
may be controlled in order to accomplish an object of the 
present disclosure. For example, the average particle size may 
be controlled to be 400 nm or less. 
0056. A material forming the first and second internal 
electrodes 21 and 22 is not particularly limited, but may be a 
conductive paste formed of at least one selected from a group 
consisting of for example, a noble metal material Such as 
palladium (Pd), a palladium-silver (Pd Ag) alloy, or the 
like, nickel (Ni), and copper (Cu). 
0057 The first and second internal electrodes 21 and 22 
may be disposed to face each other, having the dielectric 
layers 11 interposed therebetween, and be alternately 
exposed to the first side surface S5 or the second side surface 
S6. 

0058. The first and second internal electrodes 21 and 22 
are alternately exposed to the first side surface S5 or the 
second side Surface S6, whereby a reverse geometry capacitor 
(RGC) or a low inductance chip capacitor (LICC) may be 
implemented as described below. 
0059. The ceramic body 10 may have a thickness ts of 100 
um or less. 
0060. As described above, the ceramic body 10 is manu 
factured to have the thickness ts of 100 um or less, such that 
it may be appropriate for a multilayer ceramic capacitor to be 
embedded in a board. 
0061. In addition, the thickness ts of the ceramic body 10 
may be a distance between the first and second main Surfaces 
S1 and S2. 
0062 According to the exemplary embodiment of the 
present disclosure, the ceramic body 10 may have the first and 
second external electrodes 31 and 32 formed on outer por 
tions thereof, wherein the first and second external electrodes 
31 and 32 may include the first and second electrode layers 
31a and 32a and the first and second metal layers 31b and 32b 
formed on the first and second electrode layers, respectively. 
0063. In order to form capacitance, the first and second 
electrode layers 31a and 32a may be formed on the outer 
portions of the ceramic body 10 and be electrically connected 
to the first and second internal electrodes 21 and 22, respec 
tively. 
0064. The first and second electrode layers 31a and 32a 
may be formed of the same conductive material as that of the 
first and second internal electrodes 21 and 22, but is not 
limited thereto. For example, the first and second electrode 
layers 31a and 32a may be formed of copper (Cu), silver 
(Ag), nickel (Ni), or the like. 
0065. The first and second electrode layers 31a and 32a 
may be formed by applying a conductive paste prepared by 
adding a glass frit to the metal powder to the outer portions 
and then firing the conductive paste. 
0066. A general multilayer ceramic capacitor may have a 
length longer than a width and include external electrodes 
disposed on end Surfaces facing each other in the length 
direction of the ceramic body. 
0067. In this case, since a current path is long at the time of 
applying an alternating current (AC) current to the external 
electrode, a large current loop may be formed, and a magni 
tude of an induced magnetic field is increased, such that 
inductance may be increased. 
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0068. In the multilayer ceramic capacitor according to the 
exemplary embodiment of the present disclosure, the first and 
second external electrodes 31 and 32 may be formed on the 
first and second side surfaces S5 and S6 of the ceramic body 
10, respectively, in order to decrease the current path. 
0069. A width W of the ceramic body 10 may be a distance 
between the first side surface S5 on which the first external 
electrode 31 is formed and the second side surface S6 on 
which the second external electrode 32 is formed, and a length 
L of the ceramic body 10 may be a distance between the first 
and second end surfaces S3 and S4. 
0070 According to the exemplary embodiment of the 
present disclosure, the width W of the ceramic body 10, that 
is, the distance between the first and second side surfaces S5 
and S6 on which the first and second external electrodes 31 
and 32 are formed, respectively, may be shorter than or equal 
to the length L of the ceramic body 10, that is, the distance 
between the first and second end surfaces S3 and S4. 
0071. Therefore, since a distance between the first and 
second external electrodes 31 and 32 is decreased, a current 
path may be decreased. As a result, a current loop may be 
decreased to decrease inductance. 
0072 The multilayer ceramic electrode component as 
described above in which the first and second external elec 
trodes 31 and 32 are formed on the first and second side 
surfaces S5 and S6 of the ceramic body 10, respectively, such 
that the width W of the ceramic body 10 (that is, the distance 
between the first and second side surfaces S5 and S6) is 
shorter than or equal to the length L of the ceramic body 10 
may be called a reverse geometry capacitor (RGC) or a low 
inductance chip capacitor (LICC). 
0073. In addition, when the length and the width of the 
ceramic body 10 are defined as L and W, respectively, 
0.5LsWsL may be satisfied. However, the present disclosure 
is not limited thereto. 
0074 The length and the width of the ceramic body may 
be adjusted to satisfy 0.5LsWsL, whereby the inductance of 
the multilayer ceramic capacitor may be decreased. 
0075. Therefore, the multilayer ceramic electronic com 
ponent according to the exemplary embodiment of the present 
disclosure may implement a low inductance. Such that elec 
trical performance thereof may be improved. 
0076 According to the exemplary embodiment of the 
present disclosure, the first and second metal layers 31b and 
32b including copper (Cu) may be formed on the first and 
second electrode layers 31a and 32a, respectively. 
0077 Generally, since the multilayer ceramic capacitor is 
mounted on a printed circuit board, a nickel?tin plated layer 
may be usually formed on the external electrode. 
0078 However, the multilayer ceramic capacitor accord 
ing to the exemplary embodiment of the present disclosure 
may be embedded in a printed circuit board, rather than being 
mounted on the board, and the first and second external elec 
trodes 31 and 32 of the multilayer ceramic capacitor and a 
circuit of the board may be electrically connected to each 
other by vias formed in the board and made of a copper (Cu) 
material. 
007.9 Therefore, according to the exemplary embodiment 
of the present disclosure, the first and second metal layers 31b 
and 32b may include copper (Cu) having good electrical 
connectivity with the copper (Cu), which is a material of the 
via formed in the board. 
0080 A method of forming the first and second metal 
layers 31b and 32b including the copper (Cu) is not particu 
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larly limited. For example, the first and second metal layers 
31b and 32b may be formed by plating. In this case, the first 
and second metal layers 31b and 32b may be formed of a 
plated layer including the copper (Cu). 
I0081 Referring to FIGS. 4 and 5, the first and second 
external electrodes 31 and 32 may be formed to be extended 
to the first main surface S1 of the ceramic body 10, and when 
a maximum width and a minimum width of at least one of the 
first and second external electrodes 31 and 32 formed on the 
first main surface S1 are defined as BWmax and BWmin, 
respectively, OsbWmax-BWmins 100 um may be satisfied. 
I0082 In the case in which a general multilayer ceramic 
capacitor is used as a decoupling capacitor of an application 
processor of a Smartphone or a high performance integrated 
circuit (IC) power Supply terminal of a personal computer 
(PC). Such as a central processing unit (CPU), an equivalent 
series inductance (hereinafter, referred to as an “ESL) 
increases, such that performance of an IC may be deterio 
rated. 
I0083 Particularly, as performance of the application pro 
cessor of the Smartphone or the CPU of the PC has gradually 
been improved, an influence of the increase in the ESL of the 
multilayer ceramic capacitor on the deterioration of the per 
formance of the IC may be relatively increased. 
0084. In order to solve the above-mentioned defects, also 
in the case of the multilayer ceramic electronic component to 
be embedded in a board, the low inductance chip capacitor 
(LICC) needs to be applied in order to decrease the induc 
tance as described above. 
I0085. However, in the low inductance chip capacitor 
(LICC), it may be difficult to implement bandwidths of exter 
nal electrodes in the same level as those of a general multi 
layer ceramic electronic component to be embedded in a 
board. 

I0086. Therefore, in the case of applying the low induc 
tance chip capacitor (LICC) to the multilayer ceramic elec 
tronic component to be embedded in a board, a processing 
area of vias for electrical connection with a package substrate 
circuit is decreased, such that it may be difficult to embed the 
low inductance chip capacitor (LICC) in the board. 
I0087. In addition, external electrodes of the multilayer 
ceramic electronic component to be embedded in a board may 
be generally formed by applying a conductive paste for the 
external electrode to both end portions of a ceramic body. 
I0088. In this case, due to the bleeding of the conductive 
paste for the external electrode applied onto upper and lower 
surfaces of the ceramic body, a deviation between the band 
widths of the external electrodes occurs, such that a defect 
may frequently occur at the time of processing the Vias. 
0089. In addition, in the case in which the deviation 
between bandwidths of the external electrodes occurs as 
described above, connection between a plurality of vias is 
impossible, such that it is difficult to decrease a current path in 
order to decrease an ESL. 

0090 According to the exemplary embodiment of the 
present disclosure, the first and second external electrodes 31 
and 32 are extended to the first main surface S1 of the ceramic 
body 10 and are formed such that OsbWmax-BWmins 100 
um is satisfied when the maximum width and the minimum 
width of at least one of the first and second external electrodes 
31 and 32 formed on the first main surface S1 are defined as 
BWmax and BWmin, respectively, whereby the above-men 
tioned defects may be solved. 
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0091 Particularly, the first and second external electrodes 
31 and 32 are formed such that the maximum widths (BW 
max) and the minimum widths (BWmin) of both first and 
second external electrodes 31 and 32 formed on the first main 
surface S1 satisfy Os3W max-BWmins 100 um, whereby the 
above-mentioned defects may be more effectively solved. 
0092. That is, in the case of using the multilayer ceramic 
electronic component to be embedded in a board according to 
the exemplary embodiment of the present disclosure, a defect 
occurring at the time of processing Vias for electrical connec 
tion with a package Substrate circuit may be prevented. 
0093. In addition, the first and second external electrodes 
31 and 32 are formed such that the maximum width (BWmax) 
and the minimum width (BW min) of at least one of the first 
and second external electrodes 31 and 32 formed on the first 
main surface S1 satisfy Os3W max-BWmins 100 um, such 
that a deviation between the bandwidths of the external elec 
trodes is decreased, whereby a plurality of Vias may be con 
nected to each other. Therefore, a current path may be 
decreased in order to decrease an ESL. 
0094. In the case in which a difference (BWmax-BWmin) 
between the maximum width (BWmax) and the minimum 
width (BWmin) of at least one of the first and second external 
electrodes 31 and 32 formed on the first main surface S1 
exceeds 100 um, a defect may occurat the time of processing 
vias for electrical connection with a package Substrate circuit. 
0.095 As described above, since external electrodes of a 
general multilayer ceramic electronic component to be 
embedded in a board are formed by applying a conductive 
paste to both end portions of the ceramic body, a difference 
between a maximum width and a minimum width of each of 
the external electrodes may frequently exceed 100 um. 
0096. According to the exemplary embodiment of the 
present disclosure, the external electrodes may be formed in 
such a manner that the difference (BWmax-BW min) 
between the maximum width (BWmax) and the minimum 
width (BWmin) of at least one of the first and second external 
electrodes 31 and 32 formed on the first main surface S1 is 
100 um or less. 
0097. The first and second external electrodes 31 and 32 
may be formed on the first main surface S1 by the following 
processes. First, a conductive paste for the external electrode 
may be applied to the first main Surface S1 by a printing 
method. 
0098. In the case of applying the conductive paste for the 
external electrode onto the first main surface S1 by the print 
ing method as described above, a deviation between the band 
widths due to the bleeding of the conductive paste may be 
decreased. 
0099 Specifically, after a low inductance chip capacitor 
(LICC) of which a ceramic body has a thickness of 100 um or 
less is loaded on a jig, printing may be performed in the state 
in which a plate is disposed on an upper surface of the LICC. 
0100. After this process, secondarily, both end surfaces of 
the ceramic body may be dipped in the conductive paste for 
the external electrode so that the external electrodes formed 
on both end surfaces of the ceramic body have required thick 
nesses, thereby forming the external electrodes. 
0101. As described above, the external electrode of the 
multilayer ceramic electronic component to be embedded in 
a board according to the exemplary embodiment of the 
present disclosure may be formed by primarily applying the 
conductive paste for the external electrode onto the first main 
surface of the ceramic body by the printing method in order to 
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form a bandwidth and secondarily applying the conductive 
paste for the external electrode onto both end surfaces of the 
ceramic body by a dipping method. 
0102. In this case, widths of the first and second external 
electrodes 31 and 32 formed on the first main surface S1 may 
be greater than those of the first and second external elec 
trodes 31 and 32 formed on the second main surface S2. 

(0103. The first and second external electrodes 31 and 32 
are formed as described above, such that a deviation between 
a maximum width and a minimum width of the external 
electrode formed on the first main surface may be decreased 
as Small as possible, whereby a defect occurring at the time of 
processing vias for electrical connection with a package Sub 
strate circuit may be prevented. 
0104. In addition, a deviation between bandwidths of each 
of the first and second external electrodes 31 and 32 may be 
decreased, such that connection between a plurality of vias is 
possible. Therefore, a current path may be decreased in order 
to decrease an ESL. 
0105 Meanwhile, according to the exemplary embodi 
ment of the present disclosure, the ceramic body 10 may 
include an active layer including the first and second internal 
electrodes 21 and 22 and a cover layer formed on an upper 
surface or a lower surface of the active layer. 
0106 The ceramic body 10 may include the active layer 
including the first and second internal electrodes 21 and 22. 
wherein the active layer may contribute to the formation of 
capacitance. 
01.07 In addition, the ceramic body 10 may include the 
cover layer formed on the upper surface or the lower surface 
of the active layer. 
0108. In addition, when a thickness of each of the first and 
second metal layers 31b and 32bis defined as tp., tpa.5um may 
be satisfied. 

0109 The thickness tp of each of the first and second metal 
layers 31b and 32b may satisfy tps5 um, but is not limited 
thereto. That is, the thickness tp of each of the first and second 
metal layers 31b and 32b may be 15um or less. 
0110. As described above, the thickness tp of each of the 

first and second metal layers 31b and 32b may be adjusted to 
satisfy tps5um but within a range of 15 um or less, whereby 
a multilayer ceramic capacitor allowing for excellent process 
ing of the vias in the board and having excellent reliability 
may be implemented. 
0111. In the case in which the thickness tp of each of the 

first and second metal layers 31b and 32b is less than 5um, 
when the multilayer ceramic electronic component 100 is 
embedded in a printed circuit board, a defect that a conductive 
via hole 140 is connected to the ceramic body 10 may occur 
at the time of processing a conductive via hole 140. 
0112. In the case in which the thickness tp of each of the 

first and second metal layers 31b and 32b exceeds 15um, a 
crack may occur in the ceramic body 10 due to stress of the 
metal layers 31b and 32b. 
0113 Meanwhile, when surface roughness of each of the 

first and second metal layers 31b and 32b is defined as Ra and 
the thickness of each of the first and second metal layers 31b 
and 32b is defined as tp. 200 nmsRastp may be satisfied. 
0114. The surface roughness (Ra) of each of the first and 
second metal layers 31b and 32b may be adjusted to satisfy 
200 nmsRastp, whereby a delamination phenomenon 
between the multilayer ceramic electronic component and the 
board may be decreased and a crack may be prevented. 
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0115 The surface roughness indicates a degree of fine 
prominence-depression generated on a metal Surface when 
the metal Surface is processed. 
0116 Surface roughness refers to a degree of fine depres 
sions and protrusions formed on a metal Surface when the 
metal Surface is processed. 
0117 Surface roughness is generated due to a tool used for 
processing, whether or not a processing method is appropri 
ate, grooves formed as a surface is scratched, rust, or the like. 
In determining a degree of roughness, a Surface is cut in a 
direction perpendicular thereto and a cross-section thereof 
having a certain curvature is checked. A height from the 
lowest point to the highest point of the curved line is taken and 
determined as a centerline average roughness denoted by Ra. 
0118. In the exemplary embodiment of the present disclo 
Sure, a center line average roughness of each of the first and 
second metal layers 31b and 32b will be defined as Ra. 
0119 Referring to FIG. 5, in the multilayer ceramic elec 
tronic component according to the exemplary embodiment of 
the present disclosure, when the Surface roughness of each of 
the first and second metal layers 31b and 32b is defined as Ra 
and the thickness of each of the first and second metal layers 
31b and 32b is defined as tp. 200 nmsRastp may be satisfied. 
0120 More specifically, a method of calculating the center 
line average roughness Ra of each of the first and second 
metal layers 31b and 32b will be described. First, a virtual 
centerline may be drawn with respect to roughness formed on 
one surfaces of the first and second metal layers 31b and 32b. 
0121 Next, the respective distances (for example, r, r, r. 
... r.) may be measured based on the virtual centerline of the 
roughness, an average value of the respective distances may 
be calculated and represented by the following Equation, and 
the center line average roughness Ra of the first and second 
metal layers 31b and 32b may be calculated using the calcu 
lated average value. 

6. 
it. 

0122) The center line average roughness Ra of each of the 
first and second metal layers 31b and 32b may be adjusted in 
the range of 200 nmsRastp, whereby a multilayer ceramic 
electronic component having excellent withstand Voltage 
characteristics, improved adhesion with the board, and excel 
lent reliability may be implemented. 
0123. In the case in which the surface roughness of each of 
the first and second metal layers 31b and 32b is less than 200 
nm, a delamination phenomenon between the multilayer 
ceramic electronic component and the board may occur. 
0.124. Meanwhile, in the case in which the surface rough 
ness of each of the first and second metal layers 31b and 32b 
exceeds the thickness tp of each of the first and second metal 
layers 31b and 32b, a crack may occur. 
0.125. The thickness of the first and second metal layers 
31b and 32b may mean an average thickness thereof. 
0126 The average thickness of the first and second metal 
layers 31b and 32b may be measured from an image obtained 
by Scanning a cross-section of the ceramic body 10 in the 
length direction using a scanning electronic microscope 
(SEM), as shown in FIG. 4. 
0127. For example, as shown in FIG. 5, the thicknesses of 
the first and second metal layers 31b and 32b may be mea 
Sured from an image obtained by Scanning a cross-section in 
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a length and thickness (L-T) direction taken along a central 
portion of the ceramic body 10 in the width (W) direction 
using the scanning electronic microscope (SEM). 
I0128. Hereinafter, a method of manufacturing a multilayer 
ceramic electronic component to be embedded in a board 
according to an exemplary embodiment of the present disclo 
sure will be described. However, the present disclosure is not 
limited thereto. 
I0129. In the method of manufacturing a multilayer 
ceramic electronic component to be embedded in a board 
according to the exemplary embodiment of the present dis 
closure, a plurality of ceramic green sheets may first be pre 
pared by applying a slurry including a barium titanate (Ba 
TiO) powder and the like to carrier films and drying the 
same, thereby forming dielectric layers. 
0.130. 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 sheets each having a thickness of 
several full by a doctor blade method. 
I0131 Next, a conductive paste for internal electrodes, 
including 40 to 50 parts by weight of a nickel powder having 
a nickel particle average size of 0.1 to 0.2 um may be pre 
pared. 
0.132. After the conductive paste for internal electrodes is 
applied to the ceramic green sheets by a screen printing 
method to form internal electrodes, 400 to 500 ceramic green 
sheets are stacked to form an active layer, and the ceramic 
green sheets are stacked on an upper Surface or a lower Sur 
face of the active layer to form a cover layer, thereby manu 
facturing a ceramic body 10 having first and second main 
Surfaces facing each other, first and second side Surfaces 
facing each other, and first and second end Surfaces facing 
each other. 

I0133. Then, first and second electrode layers may be 
formed on the first and second side surfaces of the ceramic 
body, respectively. Next, first and second metal layers includ 
ing copper (Cu) may be formed on first and second external 
electrodes, respectively. 
I0134. The forming of the first and second metal layers 
including the copper (Cu) is not particularly limited, but may 
be performed by, for example, plating. 
0.135 According to the exemplary embodiment of the 
present disclosure, as described above, the external electrodes 
may be formed in such a manner the difference (BWmax 
BWmin) between the maximum width BWmax and the mini 
mum width BWmin of at least one of the first and second 
external electrodes 31 and 32 formed on the first main surface 
S1 is 100 um or less. 
0.136. The first and second external electrodes 31 and 32 
may be formed on the first main surface S1 by the following 
processes. Primarily, conductive pastes for the external elec 
trode may be applied onto the first main surface S1 by a 
printing method. 
0.137 In the case of applying the conductive pastes for the 
external electrode onto the first main surface S1 by the print 
ing method as described above, a deviation between the band 
widths due to bleeding of the conductive pastes may be 
decreased. 
0.138 More specifically, after a low inductance chip 
capacitor (LICC) of which a ceramic body has a thickness of 
100 um or less is loaded on a jig, printing may be performed 
in the state in which a plate is disposed on an upper Surface of 
the LICC. 
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0.139. After this process, secondarily, both end surfaces of 
the ceramic body may be dipped in the conductive paste for 
the external electrode so that the external electrodes formed 
on both end surfaces of the ceramic body have required thick 
nesses, thereby forming the external electrodes. 
0140. As described above, the external electrode of the 
multilayer ceramic electronic component to be embedded in 
a board according to the exemplary embodiment of the 
present disclosure may be formed by primarily applying the 
conductive pastes for the external electrode onto the first main 
surface of the ceramic body by the printing method in order to 
form a bandwidth and secondarily applying the conductive 
pastes for the external electrode onto both end surfaces of the 
ceramic body by a dipping method. 
0141. A description of portions having the same features 
as those of the multilayer ceramic electronic component to be 
embedded in aboard according to the exemplary embodiment 
of the present disclosure will be omitted. 
0142 FIG. 6 is a cross-sectional view showing a printed 
circuit board 200 having a multilayer ceramic electronic com 
ponent embedded therein according to an exemplary embodi 
ment of the present disclosure. 
0143. Since multilayer ceramic electronic component 
shown in FIG. 6 is substantially the same as the multilayer 
ceramic electronic component 100 described above with ref 
erence to FIGS. 1 through 5, components that are the same as 
or similar to those of the multilayer ceramic electronic com 
ponent 100 described above with reference to FIGS. 1 
through 5 will be denoted by the same reference numerals, 
and an overlapped description will be omitted. 
0144. Referring to FIG. 6, the printed circuit board 200 
having a multilayer ceramic electronic component embedded 
therein according to another exemplary embodiment of the 
present disclosure may include an insulating Substrate 110; 
and the multilayer ceramic electronic component 100 embed 
ded in the insulating Substrate 110 and including the ceramic 
body 10 including the dielectric layers 11, having the first and 
second main Surfaces S1 and S2 facing each other, the first 
and second side surfaces S5 and S6 facing each other, and the 
first and second end Surfaces S3 and S4 facing each other, and 
having a thickness of 100 um or less, the first and second 
internal electrodes 21 and 22 disposed to face each other, 
having the dielectric layers 11 interposed therebetween, and 
alternately exposed to the first side surface S5 or the second 
side surface S6, and the first and second external electrodes 31 
and 32 formed on the first and second side surfaces S5 and S6 
of the ceramic body 10, respectively, and electrically con 
nected to the first and second internal electrodes 21 and 22, 
respectively, wherein the first external electrode 31 includes 
the first electrode layer 31a and the first metal layer 32a 
formed on the first electrode layer 31a, the second external 
electrode 32 includes the second electrode layer 32a and the 
second metal layer32b formed on the second electrode layer 
32a, the first and second external electrodes 31 and 32 are 
formed to be extended to the first main surface S1 of the 
ceramic body 10, and when a maximum width and a mini 
mum width of at least one of the first and second external 
electrodes 31 and 32 formed on the first main surface S1 are 
defined as BWmax and BWmin, respectively, OsbWmax 
BWmins 100 um is satisfied. 
0145 Widths of the first and second external electrodes 
formed on the first main Surface may be larger than those of 
the first and second external electrodes formed on the second 
main Surface. 
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0146 In the multilayer ceramic capacitor 100 included in 
the printed circuit board 200 according to the exemplary 
embodiment of the present disclosure, the first and second 
external electrodes 31 and 32 may be formed on the first and 
second side surfaces S5 and S6 of the ceramic body 10 in 
order to decrease a current path. 
0147 A width W of the ceramic body 10 may be a distance 
between the first side surface S5 on which the first external 
electrode 31 is formed and the second side surface S6 on 
which the second external electrode 32 is formed, and a length 
L of the ceramic body 10 may be a distance between the first 
and second end surfaces S3 and S4. 
0.148. According to another exemplary embodiment of the 
present disclosure, the width W of the ceramic body 10, that 
is, the distance between the first and second side surfaces S5 
and S6 on which the first and second external electrodes 31 
and 32 are formed, respectively, may be shorter than or equal 
to the length L of the ceramic body 10, that is, the distance 
between the first and second end surfaces S3 and S4. 
0.149 Therefore, since a distance between the first and 
second external electrodes 31 and 32 is decreased, a current 
path may be decreased. As a result, a current loop may be 
decreased to decrease inductance. 
0150. The multilayer ceramic electrode component as 
described above in which the first and second external elec 
trodes 31 and 32 are formed on the first and second side 
surfaces S5 and S6 of the ceramic body 10, respectively, such 
that the width W of the ceramic body 10 (that is, the distance 
between the first and second side surfaces S5 and S6) is 
shorter than or equal to the length L of the ceramic body 10 
may be called a reverse geometry capacitor (RGC) or a low 
inductance chip capacitor (LICC). 
0151. The insulating substrate 110 may be configured of 
insulating layers, and may include a conductive pattern 120 
and conductive via holes 140 that configure interlayer circuits 
in various forms as shown in FIG. 6 if necessary. The insu 
lating substrate 110 may be the printed circuit board 200 
including the multilayer ceramic electronic component 100 
disposed therein. 
0152. In addition, according to an exemplary embodiment 
of the present disclosure, the first and second external elec 
trodes 31 and 32 are formed such that the maximum width 
(BWmax) and the minimum width (BWmin) of at least one of 
the first and second external electrodes 31 and 32 formed on 
the first main surface S1 satisfy OsbWmax-BWmins 100 
um, Such that each of the first and second external electrodes 
31 and 32 may be connected to three or more conductive via 
holes. 
0153. Therefore, unlike the related art, a plurality of Vias 
may be connected to each other, Such that a current pass may 
be decreased to decrease an ESL. 
0154 After the multilayer ceramic electronic component 
100 is inserted into the printed circuit board 200, it may be 
Subjected to several severe environments whena post-process 
Such as a heat treating process, and the like, is performed on 
the printed circuit board 200. 
0155 Particularly, in the heat treating process, contraction 
and expansion of the printed circuitboard 200 may be directly 
transferred to the multilayer ceramic electronic component 
inserted into the printed circuitboard 200 to apply stress to an 
adhesion surface between the multilayer ceramic electronic 
component and the printed circuit board 200. 
0156. In the case in which the stress applied to the adhe 
sion Surface between the multilayer ceramic electronic com 
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ponent and the printed circuit board 200 is higher than adhe 
sion strength therebetween, a delamination defect that the 
adhesion Surface is delaminated may occur. 
0157. The adhesion strength between the multilayer 
ceramic electronic component and the printed circuit board 
200 may be in proportion to electrochemical coupling force 
between the multilayer ceramic electronic component and the 
printed circuit board 200 and an effective surface area of the 
adhesion surface between the multilayer ceramic electronic 
component and the printed circuit board 200. Therefore, the 
Surface roughness of the multilayer ceramic electronic com 
ponent is controlled in order to improve the effective surface 
area of the adhesion surface between the multilayer ceramic 
electronic component and the printed circuit board 200, 
whereby the delamination phenomenon between the multi 
layer ceramic electronic component 100 and the printed cir 
cuit board 200 may be decreased. In addition, an occurrence 
frequency of the delamination on the adhesion Surface 
between the multilayer ceramic electronic component 100 
and the printed circuit board 200 depending on the surface 
roughness of the multilayer ceramic electronic component 
100 to be embedded in the printed circuit board 200 may be 
confirmed. 
0158. Hereafter, although the present disclosure will be 
described in detail with reference to Examples, it is not lim 
ited thereto. 

0159. In order to confirm whether or not a defect occurred 
at the time of processing vias depending on a difference 
(BWmax-BWmin) between a maximum width (BWmax) 
and a minimum width (BWmin) of at least one of first and 
second external electrodes formed on a first main Surface of a 
ceramic body of a multilayer ceramic electronic component 
to be embedded in aboard according to the embodiment of the 
present disclosure, whether or not a defect occurred at the 
time of processing vias depending on thicknesses of first and 
second metal layers 31b and 32b, and an occurrence fre 
quency of delamination on an adhesion Surface depending on 
surface roughnesses of the first and second metal layers 31b 
and 32b, after aboard having a multilayer ceramic electronic 
component embedded therein was left at a temperature of 85° 
C. and a relative humidity of 85%, which are general condi 
tions of a chip component for a mobile phone mother board, 
for thirty minutes, the respective experiments were per 
formed while changing the width of each of the first and 
second external electrodes and the thickness and the Surface 
roughness of each of the first and second metal layers 31b and 
32b. 
0160 The following Table 1 shows whether or not a con 

tact defect between the multilayer ceramic capacitor and the 
vias formed in the board occurred depending on the differ 
ence (BWmax-BWmin) between the maximum width (BW 
max) and the minimum width (BWmin) of at least one of the 
first and second external electrodes formed on the first main 
surface of the ceramic body. 

TABLE 1. 

Maximum number of vias 
capable of being 

Processing processed in external 
defect rate electrodes formed on 

Sample BWmax-BWmin (%) first main Surface 

1 O O 5 
2 10 O 5 
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TABLE 1-continued 

Maximum number of vias 
capable of being 

Processing processed in external 
defect rate electrodes formed on 

Sample BWmax-BWmin (%) first main Surface 

3 2O O 4 
4 30 O 3 
5 40 O 2 
6 50 O 2 
7 60 O 2 
8 70 O 1 
9 8O O 1 
10 90 O 1 
11 100 O 1 

* 12 110 O.8 1 
* 13 120 2.0 1 
* 14 130 S.O 1 
* 15 140 7.0 1 

*Comparative Example 

0.161 Referring to the above Table 1, it may be appreciated 
that a defect did not occurred at the time of processing the Vias 
in the case in which the difference (BWmax-BWmin) 
between the maximum width (BWmax) and the minimum 
width (BW min) of at least one of the first and second external 
electrodes formed on the first main surface of the ceramic 
body was 100 um or less. 
0162. On the other hand, it may be appreciated that a 
defect occurred at the time of processing the Vias in the case 
in which the difference (BWmax-BWmin) between the 
maximum width (BWmax) and the minimum width (BW 
min) of at least one of the first and second external electrodes 
formed on the first main surface of the ceramic body exceeded 
100 um. 
0163 The following Table 2 shows via processing defect 
rates according to Inventive Examples and Comparative 
Example depending on the number of Vias processed in at 
least one of the first and second external electrodes formed on 
the first main surface of the ceramic body. 

TABLE 2 

The number Via processing defect 
of Via processing defect rate according to 

processed rate according to Inventive Example (%) 
vias Comparative Example (%) (%) 

1 O O 
2 O O 
3 1.O O 
4 3.7 O.3 
5 8.4 0.7 

0164 Referring to the above Table 2, it may be appreciated 
that in the case in which the number of vias processed in at 
least one of the first and second external electrodes formed on 
the first main surface of the ceramic body was three or more, 
Comparative Examples had a via processing defect rate of 
1.0% or more, which was defective; however, Inventive 
Examples had a via processing defect rate less than 1.0%, 
which was not defective. 

(0165. The following Table 3 shows whether or not a defect 
occurred at the time of processing the Vias depending on the 
thickness of each of the first and second metal layers 31b and 
32b. 
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TABLE 3 

Thickness of metal layer 
(Lm) Decision 

Less than 1 
1 to 2 
2 to 3 
3 to 4 
4 to 5 
5 to 6 
6 or more 

X: defective rate of 10% or more 
A: defective rate of 1 to 10% 
O; defective rate of 0.01 to 1% 
(9: defective rate less than 0.01 

0166 Referring to the above Table 3, it may be appreciated 
that in the case in which the thickness of each of the metal 
layers 31b and 32b was 5 um or more, a multilayer ceramic 
capacitor allowing for excellent processing of the Vias in the 
board and having excellent reliability could be implemented. 
0167 On the other hand, it may be appreciated that in the 
case in which the thickness of each of the metal layers 31b and 
32b was less than 5um, a detect occurred at the time of 
processing the Vias in the board. 
0168 The following Table 4 shows an occurrence fre 
quency of delamination on the adhesion Surface depending on 
the Surface roughness of each of the first and second metal 
layers 31b and 32b. 

TABLE 4 

Surface roughness of metal layer 
(nm) Decision 

Less than 50 
SO to 100 
100 to 150 
1SO to 200 
200 to 2SO 
250 or more 

X: defective rate of 5% or more 
A: defective rate of 1 to 5% 
O; defective rate of 0.01 to 1% 
(9: defective rate less than 0.01 

0169. Referring to the above Table 4, it may be appreciated 
that in the case in which the surface roughness of each of the 
first and second metal layers 31b and 32b was 200 nm or 
more, the occurrence frequency of delamination on the adhe 
sion Surface is low, such that a multilayer ceramic capacitor 
having excellent reliability could be implemented. 
0170. On the other hand, it may be appreciated that in the 
case in which the Surface roughness of each of the first and 
second metal layers 31b and 32b was less than 200 nm, the 
occurrence frequency of delamination on the adhesion Sur 
face was increased. Such that reliability was decreased. 
0171 As set forth above, the multilayer ceramic electronic 
component according to the exemplary embodiment of the 
present disclosure may implement low inductance, Such that 
electrical performance thereof may be improved. 
0172. In addition, according to the exemplary embodi 
ment of the present disclosure, a deviation in widths of the 
external electrodes may be decreased, whereby a defect 
occurring at the time of processing Vias for electrical connec 
tion with a package Substrate circuit may be solved. Further, 
since a plurality of Vias may be connected to each other, a 
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current path may be decreased, whereby an equivalent series 
inductance (ESL) may be decreased. 
0173 Further, according to the exemplary embodiment of 
the present disclosure, Surface roughness of the metal layer 
may be adjusted, whereby adhesion characteristics capable of 
decreasing a delamination phenomenon between the multi 
layer ceramic electronic component and the board may be 
improved. 
0.174 While exemplary embodiments have been shown 
and described above, it will be apparent to those skilled in 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 is claimed is: 

1. A multilayer ceramic electronic component to be embed 
ded in a board comprising: 

a ceramic body including dielectric layers, having first and 
second main Surfaces facing each other, first and second 
side Surfaces facing each other, and first and second end 
Surfaces facing each other, and having a thickness of 100 
um or less; 

first and second internal electrodes disposed to face each 
other, having the dielectric layers interposed therebe 
tween, and alternately exposed to the first side surface or 
the second side Surface; and 

first and second external electrodes formed on the first and 
second side Surfaces of the ceramic body, respectively, 
and electrically connected to the first and second internal 
electrodes, respectively, 

wherein the first external electrode includes a first elec 
trode layer and a first metal layer formed on the first 
electrode layer, the second external electrode includes a 
second electrode layer and a second metal layer formed 
on the second electrode layer, the first and second exter 
nal electrodes are formed to be extended to the first main 
Surface of the ceramic body, and when a maximum 
width and a minimum width of at least one of the first 
and second external electrodes formed on the first main 
surface are defined as BWmax and BWmin, respec 
tively, OsBWmax-BWmins 100 um is satisfied. 

2. The multilayer ceramic electronic component of claim 1, 
wherein widths of the first and second external electrodes 
formed on the first main surface are larger than those of the 
first and second external electrodes formed on the second 
main Surface. 

3. The multilayer ceramic electronic component of claim 1, 
wherein when a thickness of the ceramic body is a distance 
between the first and second main surfaces, a width of the 
ceramic body is a distance between the first side surface on 
which the first external electrode is formed and the second 
side surface on which the second external electrode is formed, 
and a length of the ceramic body is a distance between the first 
and second end surfaces, the width of the ceramic body is 
shorter than or equal to the length of the ceramic body. 

4. The multilayer ceramic electronic component of claim3, 
wherein when the length and the width of the ceramic body 
are defined as L and W, respectively, 0.5LsWsL is satisfied. 

5. The multilayer ceramic electronic component of claim 1, 
wherein whena thickness of each of the first and second metal 
layers is defined as tp., tpa.5um is satisfied. 

6. The multilayer ceramic electronic component of claim 1, 
wherein when surface roughness of each of the first and 
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second metal layers is defined as Ra and a thickness of each of 
the first and second metal layers is defined as tp. 200 
nmsRastp is satisfied. 

7. The multilayer ceramic electronic component of claim 1, 
wherein the first and second metal layers include copper (Cu). 

8. A printed circuit board having a multilayer ceramic 
electronic component embedded therein, comprising: 

an insulating Substrate; and 
the multilayer ceramic electronic component embedded in 

the insulating Substrate and including a ceramic body 
including dielectric layers, having first and second main 
Surfaces facing each other, first and second side Surfaces 
facing each other, and first and second end Surfaces 
facing each other, and having a thickness of 100 um or 
less, first and second internal electrodes disposed to face 
each other, having the dielectric layers interposed ther 
ebetween, and alternately exposed to the first side sur 
face or the second side Surface, and first and second 
external electrodes formed on the first and second side 
Surfaces of the ceramic body, respectively, and electri 
cally connected to the first and second internal elec 
trodes, respectively, wherein the first external electrode 
includes a first electrode layer and a first metal layer 
formed on the first electrode layer, the second external 
electrode includes a second electrode layer and a second 
metal layer formed on the second electrode layer, the 
first and second external electrodes are formed to be 
extended to the first main surface of the ceramic body, 
and when a maximum width and a minimum width of at 
least one of the first and second external electrodes 
formed on the first main surface are defined as BWmax 
and BWmin, respectively, OsbWmax-BWmins 100 um 
is satisfied. 

Mar. 5, 2015 

9. The printed circuit board of claim 8, wherein widths of 
the first and second external electrodes formed on the first 
main surface are larger than those of the first and second 
external electrodes formed on the second main Surface. 

10. The printed circuit board of claim 8, wherein the insu 
lating Substrate includes a plurality of conductive patterns and 
a plurality of conductive via holes. 

11. The printed circuit board of claim 10, wherein each of 
the first and second external electrodes is connected to three 
or more conductive via holes. 

12. The printed circuit board of claim 8, wherein when a 
thickness of the ceramic body is a distance between the first 
and second main Surfaces, a width of the ceramic body is a 
distance between the first side surface on which the first 
external electrode is formed and the second side surface on 
which the second external electrode is formed, and a length of 
the ceramic body is a distance between the first and second 
end surfaces, the width of the ceramic body is shorter than or 
equal to the length of the ceramic body. 

13. The printed circuit board of claim 12, wherein when the 
length and the width of the ceramic body are defined as Land 
W, respectively, 0.5LsWsL is satisfied. 

14. The printed circuit board of claim 8, wherein when a 
thickness of each of the first and second metal layers is 
defined as tp., tpa.5um is satisfied. 

15. The printed circuit board of claim 8, wherein when 
Surface roughness of each of the first and second metal layers 
is defined as Ra and a thickness of each of the first and second 
metal layers is defined as tp. 200 nmsRastp is satisfied. 

16. The printed circuit board of claim 8, wherein the first 
and second metal layers include copper (Cu). 

k k k k k 


