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57 ABSTRACT

A multilayer ceramic capacitor includes a ceramic body
including a dielectric layer and having first and second
surfaces opposing each other in a width direction, third and
fourth surfaces connecting the first and second surfaces in a
length direction, and fifth and sixth surfaces opposing each
other in a thickness direction, internal electrodes disposed
inside the ceramic body, exposed through the first and
second surfaces, and having one end portion exposed
through the third or fourth surface, and first and second side
margin portions disposed on edges of the internal electrodes,
exposed through the first and second surfaces. In a cross-
section cut along a width-thickness plane of the ceramic
body, an area of an oxide region disposed on the edges of the

HO0IG 4/008 (2006.01) internal electrodes is less than 10% of an overall area of the
HO1G 4/30 (2006.01) internal electrodes exposed through the first and second
HO0IG 4/012 (2006.01) surfaces.
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MULTILAYER CERAMIC CAPACITOR AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims benefit of priority to
Korean Patent Application No. 10-2018-0093708 filed on
Aug. 10, 2018 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a multilayer
ceramic capacitor and a method of manufacturing the same,
for adjusting an oxide region disposed on an end portion of
an internal electrode to enhance reliability.

BACKGROUND

[0003] In general, an electronic component using a
ceramic material, for example, a capacitor, an inductor, a
piezoelectric element, a varistor, or a thermistor, includes a
ceramic body formed of a ceramic material, an internal
electrode formed in the body, and an external electrode
installed on a surface of the ceramic body to be connected
to the internal electrode.

[0004] In accordance with the recent trend for miniatur-
ized and multifunctional electronic products, a chip compo-
nent has also been miniaturized and multifunctionalized and,
thus, there also has been a need for high-capacity products
with a small size and high capacity as a multilayer ceramic
capacitor.

[0005] To achieve miniaturization and high capacity in a
multilayer ceramic capacitor, an electrode effective area
needs to be maximized (an effective volume fraction
required to embody capacity needs to be increased).
[0006] As described above, to embody a miniaturized and
high-capacity multilayer ceramic capacitor, a method of
exposing the internal electrode in a width direction of the
body to maximize an area of the internal electrode in the
width direction through a marginless design and separately
attaching a side margin portion to the exposed surface of the
electrode in the width direction, prior to sintering, after such
a chip is manufactured to complete a multilayer ceramic
capacitor has been applied when the multilayer ceramic
capacitor is manufactured.

[0007] However, during a procedure of forming a side
margin portion in the above method, many voids may be
generated at an interface between a ceramic body and a side
margin portion, thereby degrading reliability.

[0008] Electric field concentration may occur due to the
voids generated at an interface between the ceramic body
and the side margin portion and, thus, there may be a
problem in terms of a lowered breakdown voltage (BDV).
[0009] Density in terms of external sintering is degraded
due to the voids, thereby lowering waterproof reliability.
[0010] In general, an oxide layer is formed in a void
generated at an interface between the ceramic body and the
side margin portion to enhance a breakdown voltage (BDV)
and waterproof reliability, but there may be a problem in
terms of an insufficient effect.

[0011] Accordingly, there has been a need for research to
prevent a breakdown voltage (BDV) from being lowered
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and waterproof reliability from being degraded in a minia-
turized and high-capacity product.

SUMMARY

[0012] An aspect of the present disclosure may provide a
multilayer ceramic capacitor and a method of manufacturing
the same method, for adjusting an oxide region disposed on
an end portion of an internal electrode to enhance reliability.
[0013] According to an aspect of the present disclosure, a
multilayer ceramic capacitor may include a ceramic body
including a dielectric layer and having first and second
surfaces opposing each other in a width direction of the
ceramic body, third and fourth surfaces connecting the first
and second surfaces in a length direction of the ceramic
body, and fifth and sixth surfaces connected to the first to
fourth surfaces and opposing each other in a thickness
direction of the ceramic body, internal electrodes disposed
inside the ceramic body, exposed through the first and
second surfaces, and having one end portion exposed
through the third or fourth surface, and first and second side
margin portions disposed on edges of the internal electrode,
exposed through the first and second surfaces. In a cross-
section cut along a width-thickness plane of the ceramic
body, an area of an oxide region disposed on the edges of the
internal electrodes is less than 10% of an overall area of the
internal electrodes exposed through the first and second
surfaces.

[0014] According to another aspect of the present disclo-
sure, a method of manufacturing a multilayer ceramic
capacitor may include preparing a first ceramic green sheet
on which a plurality of first internal electrode patterns are
formed at a predetermined interval and a second ceramic
green sheet on which a plurality of second internal electrode
patterns are formed at a predetermined interval, forming a
ceramic green sheet stack body by stacking the first and
second ceramic green sheets in such a manner that the first
and second internal electrode patterns overlap with each
other, cutting the ceramic green sheet stack body to have a
lateral surface through which edges of the first and second
internal electrode patterns are exposed in a width direction,
forming first and second side margin portions on the lateral
surface through which the edges of the first and second
internal electrode patterns are exposed, and preparing a
ceramic body including a dielectric layer and internal elec-
trodes by sintering the cut ceramic green sheet stack body
portion. In a cross-section cut along a width-thickness plane
of the ceramic body, an area of an oxide region disposed on
edges of the internal electrodes may be less than 10% of an
overall area of the internal electrodes exposed through a
lateral surface of the ceramic body, and a thickness direction
of the ceramic body may be a direction along which the
internal electrodes are stacked, and a width direction of the
ceramic body may be a direction along which the internal
electrodes are exposed through the lateral surface.

BRIEF DESCRIPTION OF DRAWINGS

[0015] The above and other aspects, features, and advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:
[0016] FIG. 1 is a schematic perspective view of a mul-
tilayer ceramic capacitor according to an exemplary embodi-
ment of the present disclosure;
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[0017] FIG. 2 is a perspective view showing an outer
appearance of the ceramic body of FIG. 1;

[0018] FIG. 3 is a perspective view showing a ceramic
green sheet stack body before the ceramic body of FIG. 2 is
sintered;

[0019] FIG. 4 is a lateral view viewed in a direction A of
FIG. 2;
[0020] FIGS. 5A to 5F are schematic cross-sectional views

of'a method of manufacturing a multilayer ceramic capacitor
according to another exemplary embodiment of the present
disclosure; and

[0021] FIG. 6 is a graph showing comparison of a break-
down voltage (BDV) according to Inventive Example and
Comparative Example.

DETAILED DESCRIPTION

[0022] Hereinafter, exemplary embodiments of the present
disclosure will now be described in detail with reference to
the accompanying drawings.

[0023] FIG. 1 is a schematic perspective view of a mul-
tilayer ceramic capacitor according to an exemplary embodi-
ment of the present disclosure.

[0024] FIG. 2 is a perspective view showing an outer
appearance of the ceramic body of FIG. 1.

[0025] FIG. 3 is a perspective view showing a ceramic
green sheet stack body before the ceramic body of FIG. 2 is
sintered.

[0026] FIG. 4 is a lateral view viewed in a direction A of
FIG. 2.
[0027] Referring to FIGS. 1 to 4, a multilayer ceramic

capacitor 100 according to the present exemplary embodi-
ment may include a ceramic body 110, a plurality of internal
electrodes 121 and 122 formed inside the ceramic body 110,
and external electrodes 131 and 132 formed on an external
surface of the ceramic body 110.

[0028] The ceramic body 110 may have a first surface 1
and a second surface 2, which face each other, a third surface
3 and a fourth surface 4, which connect the first and second
surfaces 1 and 2, and a fifth surface 5 and a sixth surface 6
which are upper and lower surfaces, respectively.

[0029] The first surface 1 and the second surface 2 may be
defined as surfaces that face each other in a width direction
W of the ceramic body 110, the third surface 3 and the fourth
surface 4 may be defined as surfaces that face each other in
a length direction L of the ceramic body 110, and the fifth
surface 5 and the sixth surface 6 may be defined as surfaces
that face each other in a thickness direction T of the ceramic
body 110.

[0030] A shape of the ceramic body 110 is not particularly
limited but may be a rectangular parallelepiped shape as
shown in the drawing.

[0031] One end portion of each of the plurality of internal
electrodes 121 and 122 formed inside the ceramic body 110
may be exposed through the third surface 3 or the fourth
surface 4 of the ceramic body.

[0032] The internal electrodes 121 and 122 may include a
first internal electrode 121 and a second internal electrode
122 as a pair of electrodes with different polarities.

[0033] One end portion of the first internal electrode 121
may be exposed through the third surface 3 and one end
portion of the second internal electrode 122 may be exposed
through the fourth surface 4.

[0034] The other end portion of the first internal electrode
121 may be spaced apart from the third surface 3 by a
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predetermined interval. The other end portion of the second
internal electrode 122 may be spaced apart from the fourth
surface 4 by a predetermined interval.

[0035] First and second external electrodes 131 and 132
may be respectively formed on the third surface 3 and the
fourth surface 4 of the ceramic body and may be electrically
connected to the internal electrode.

[0036] According to an exemplary embodiment of the
present disclosure, the multilayer ceramic capacitor 100 may
include the plurality of internal electrodes 121 and 122 that
are disposed inside the ceramic body 110, are exposed
through the first and second surfaces 1 and 2, and have one
end portion exposed through the third surface 3 or the fourth
surface 4, and a first side margin portion 112 and a second
side margin portion 113 that are disposed on one edges of the
plurality of internal electrodes 121 and 122 exposed through
the first surface 1 and the second surface 2.

[0037] The plurality of internal electrodes 121 and 122
may be formed inside the ceramic body 110, each end of the
plurality of internal electrodes 121 and 122 may be exposed
through the first surface 1 and the second surface 2 that are
surfaces in a width direction of the ceramic body 110, and
the first side margin portion 112 and the second side margin
portion 113 may be disposed on the exposed end portion.
[0038] An average thickness of the first side margin por-
tion 112 and the second side margin portion 113 may be
between 2 pm and 10 um.

[0039] According to an exemplary embodiment of the
present disclosure, the ceramic body 110 may include a stack
structure in which a plurality of dielectric layers 111 is
stacked, and the first side margin portion 112 and the second
side margin portion 113 that are disposed on opposite lateral
surfaces of the stack structure.

[0040] The plurality of dielectric layers 111 may be in a
sintered state and may be integrated into each other in such
a manner that a boundary between adjacent dielectric layers
is not recognizable.

[0041] A length of the ceramic body 110 may correspond
to a distance to the fourth surface 4 from the third surface 3
of the ceramic body.

[0042] A length of the dielectric layer 111 may forma
distance between the third surface 3 and the fourth surface
4 of the ceramic body.

[0043] According to an exemplary embodiment of the
present disclosure a length of the ceramic body may be, but
is not limited to, 400 to 1400 um. In more detail, the length
of the ceramic body may be 400 to 800 um or 600 to 1400
pm.

[0044] The internal electrodes 121 and 122 may be formed
on the dielectric layer 111 and the internal electrodes 121
and 122 may be formed by being sintered inside the ceramic
body across one dielectric layer.

[0045] Referring to FIG. 3, the first internal electrode 121
may be formed on the dielectric layer 111. The first internal
electrode 121 may not be entirely formed in a length
direction of a dielectric layer. That is, one end portion of the
first internal electrode 121 may be spaced apart from the
fourth surface 4 of the ceramic body by a predetermined
interval, and the other end portion of the first internal
electrode 121 may be formed up to the third surface 3 to be
exposed through the third surface 3.

[0046] One end portion of the first internal electrode
exposed through the third surface 3 of the ceramic body may
be connected to the first external electrode 131.
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[0047] Oppositely from the first internal electrode, one
end portion of the second internal electrode 122 may be
spaced apart from the third surface 3 by a predetermined
interval and the other end of the second internal electrode
122 may be exposed through the fourth surface 4 to be
connected to the second external electrode 132.

[0048] To embody a high-capacity multilayer ceramic
capacitor, the internal electrode may be formed by stacking
400 or more layers but is not limited thereto.

[0049] The dielectric layer 111 may have the same width
as a width of the first internal electrode 121. That is, the first
internal electrode 121 may be entirely formed in a width
direction of the dielectric layer 111.

[0050] According to an exemplary embodiment of the
present disclosure, a width of a dielectric layer and a width
of an internal electrode may be, but are not limited to, 100
to 900 um. In more detail, the width of the dielectric layer
and the width of the internal electrode may be 100 to 500 um
or 100 to 900 um.

[0051] As a ceramic body is miniaturized, a thickness of
a side margin portion may affect the electrical characteristics
of a multilayer ceramic capacitor. According to an exem-
plary embodiment of the present disclosure, the thickness of
the side margin portion may be formed with 10 pm or less
to enhance the characteristics of a miniaturized multilayer
ceramic capacitor.

[0052] That is, the side margin portion may be formed
with a thickness equal to or less than 10 um and, thus, an
area in which internal electrodes overleap with each other to
form capacity is increased, thereby embodying a high-
capacity and miniaturized multilayer ceramic capacitor.
[0053] The ceramic body 110 may include an active
portion that facilitates formation of capacity of a capacitor,
and upper and lower cover portions that are respectively
formed on upper and lower portions of the active portion as
upper and lower margin portions.

[0054] The active portion may be formed by repeatedly
stacking the plurality of first and second internal electrodes
121 and 122 across the dielectric layer 111.

[0055] The upper and lower cover portions may have the
same material and configuration as the dielectric layer 111
except that the upper and lower cover portions do not
include an internal electrode.

[0056] That is, the upper and lower cover portions may
include a ceramic material and, for example, may include a
barium titanate (BaTiO,)-based ceramic material.

[0057] The upper and lower cover portions may each have
a thickness equal to or less than 20 pum but are not limited
thereto.

[0058] According to an exemplary embodiment of the
present disclosure, the internal electrode and the dielectric
layer may be simultaneously cut and formed and the internal
electrode may be formed with the same width as a width of
the dielectric layer, which is described below in more detail.
[0059] According to the present exemplary embodiment,
the dielectric layer may be formed with the same width as a
width of the internal electrode and, thus, an end of the
plurality of internal electrodes 121 and 122 may be exposed
through first and second surfaces in a width direction of the
ceramic body 110.

[0060] The first side margin portion 112 and the second
side margin portion 113 may be formed on opposite lateral
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surfaces in the width direction of the ceramic body 110,
through which the ends of the plurality of internal electrodes
121 and 122 are exposed.

[0061] The first side margin portion 112 and the second
side margin portion 113 may each have a thickness equal to
or less than 10 pm. As a thickness of each of the first side
margin portion 112 and the second side margin portion 113
is reduced, an area by which internal electrodes formed in
the ceramic body overlap with each other may be relatively
increased.

[0062] The thickness of each of the first side margin
portion 112 and the second side margin portion 113 is not
particularly limited as long as short circuits of the internal
electrode exposed through the lateral surface of the ceramic
body 110 is prevented and, for example, the first side margin
portion 112 and the second side margin portion 113 may
have a thickness equal to or greater than 2 um.

[0063] When the first and second side margin portions
have a thickness less than 2 um, there may be a worry about
degraded mechanical strength with respect to external
shocks and, when the first and second side margin portions
have a thickness greater than 10 um, an overlapping area of
the plurality of internal electrodes may be reduced and it
may be difficult to achieve high capacity of a multilayer
ceramic capacitor.

[0064] To maximize capacity of the multilayer ceramic
capacitor, a method of thinning a dielectric layer, a method
of stacking a multilayer thinned dielectric layer, a method of
enhancing coverage of an internal electrode, or the like has
been considered.

[0065] In addition, a method of enhancing an overlapping
area of internal electrodes forming capacity has been con-
sidered.

[0066] To increase the overlapping area of the plurality of
internal electrodes, a region of a margin portion, on which
an internal electrode is not formed, needs to be minimized.

[0067] Inparticular, to increase the overlapping area of the
plurality of internal electrodes as a multilayer ceramic
capacitor is miniaturized, a region of the margin portion
needs to be minimized.

[0068] According to the present exemplary embodiment,
the internal electrode may be formed an entire width-
direction area of the dielectric layer and a thickness of the
side margin portion may be set to be equal to or less than 10
um to increase the overlapping area of the internal electrode.
[0069] In general, as a dielectric layer is configured as a
multilayer, a thickness of the dielectric layer and the internal
electrode may be reduced. Accordingly, the internal elec-
trode may be frequently short-circuited. When the internal
electrode is formed only in a portion of the dielectric layer,
a step different may be generated due to the internal elec-
trode to reduce an accelerated lifetime or reliability.
[0070] However, according to the present exemplary
embodiment, even if a thinned internal electrode and dielec-
tric layer are formed, the internal electrode may be formed
on an entire width-direction portion of the dielectric layer
and, thus, the overlapping area of the internal electrode may
be increased to increase capacity of the multilayer ceramic
capacitor.

[0071] The step difference due to the internal electrode
may be reduced to enhance an accelerated lifetime to pro-
vide a multilayer ceramic capacitor with excellent reliability
as well as excellent capacity characteristics.
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[0072] According to an exemplary embodiment of the
present disclosure, an oxide region 140 may be disposed on
an end portion of an internal electrode, which is exposed
through the first surface 1 and the second surface 2 and is
less than 10% of an overall area of the plurality of internal
electrodes 121 and 122, in a cross-section cut along a
width-thickness plane of the ceramic body 110.

[0073] Ingeneral, many voids are generated at an interface
between a ceramic body and a side margin portion, thereby
degrading reliability.

[0074] Electric field concentration occurs due to the voids
generated at an interface between the ceramic body and the
side margin portion and, thus, there is a problem in terms of
a lowered breakdown voltage (BDV).

[0075] Density in terms of external sintering is degraded
due to the voids, thereby lowering waterproof reliability.
[0076] To overcome the problem, there is a method of
forming an oxide layer in a void formed at the interface
between the ceramic body and the side margin portion, but
there is a problem in terms of an insufficient effect.

[0077] That is, to overcome the problem in terms of a
lowered breakdown voltage (BDV) due to the void and
degraded waterproof reliability, the edges of the internal
electrode may be filled with conductive metal.

[0078] According to an exemplary embodiment of the
present disclosure, the oxide region 140 may be disposed on
an end portion of an internal electrode, which is exposed
through the first surface 1 and the second surface 2 and is
less than 10% of an overall area of the plurality of internal
electrodes 121 and 122 in a cross-section cut along a
width-thickness plane of the ceramic body 110. Thus, a
breakdown voltage (BDV) may be increased and reliability
may be enhanced.

[0079] That is, a ratio of the edges of the internal elec-
trode, which is exposed through the first surface 1 and the
second surface 2 and on which the oxide region 140 is
disposed, to the overall area of the plurality of internal
electrodes 121 and 122 may be adjusted to be less than 10%
and, thus, the end portion may be filled with conductive
metal while minimizing an oxide region disposed on the
exposed edges of the internal electrode.

[0080] As described above, a ratio of conductive metal
filled in the edges of the plurality of internal electrodes 121
and 122, which is exposed through the first surface 1 and the
second surface 2 of the ceramic body 110, may be adjusted
to exceed 90% and, thus, an effect of enhancing a breakdown
voltage (BDV) and enhancing waterproof reliability may be
excellent, as compared to the conventional case in which a
plurality of voids are generated at an interface between a
ceramic body and a side margin portion or an oxide region
disposed on an end portion of an internal electrode occupies
10% or more of an overall area of the internal electrode.

[0081] When the oxide region is disposed on the edges of
the internal electrode, which is exposed through the first
surface 1 and second surface 2 and is equal to or greater than
10% of the overall area of the internal electrode, an effect of
enhancing a breakdown voltage (BDV) and enhancing
waterproof reliability may be achieved, as compared to the
conventional case in which a plurality of voids are generated
at an interface between a ceramic body and a side margin
portion but, the effect is not satisfactory, as compared to the
case in which the oxide region 140 is disposed on the edges
of the internal electrode, forming less than 10% of the
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overall area of the internal electrode, like in an exemplary
embodiment of the present disclosure.

[0082] To repress generation of a void at the interface
between the ceramic body and the side margin portion and
generation of the oxide region formed on the edges of the
internal electrode, it may be the most ideal to fill an entire
edges of the internal electrode with conductive metal but it
may be very difficult to manufacture the internal electrode
without any oxide region on the entire portion of the internal
electrode.

[0083] Accordingly, it may be the most ideal that a lower
limit of a ratio of edges of the internal electrode, on which
the oxide region is disposed and which is exposed through
the first surface 1 and the second surface 2 of the ceramic
body 110, to the overall area of the internal electrode is 0%
in a cross-section cut along a width-thickness plane of the
ceramic body 110. According to an exemplary embodiment
of the present disclosure, 0% may be excluded due to a limit
to a process.

[0084] The conductive metal may be the same as conduc-
tive metal included in the internal electrode and may be, for
example, nickel (Ni) but is not limited thereto.

[0085] According to an exemplary embodiment of the
present disclosure, in a method of adjusting a ratio of the
edges of the internal electrode, which is exposed through the
first surface 1 and the second surface 2 and on which the
oxide region 140 is disposed, to the overall area of the
plurality of internal electrodes 121 and 122, to be less than
10%, a lateral-surface ceramic sheet with adhesives coated
thereon is transferred to a lateral surface of the ceramic body
during formation of the first and second side margin portions
112 and 113 to enhance adhesive force during a sintering
procedure and, thus, generation of a void at the interface
between the ceramic body and the side margin portion and
generation of the oxide region formed on the exposed edges
of the internal electrode may be repressed and controlled.
[0086] This is described below in detail.

[0087] Referring to FIG. 4, the first and second side
margin portions 112 and 113 may be divided into first
regions 1124 and 113« adjacent to an external surface of the
side margin portions 112 and 113 and second regions 1126
and 1135 adjacent to the internal electrodes 121 and 122
exposed through the first surface 1 and the second surface 2
of'the ceramic body 110, in this case, content of magnesium
(Mg) included in the second regions 1125 and 1135 may be
greater than content of magnesium (Mg) included in the first
regions 112a and 113a.

[0088] The first and second side margin portions 112 and
113 disposed on a lateral surface of the ceramic body 110
may be divided into two regions with different compositions
and, in this case, content of magnesium (Mg) included in the
second regions 11256 and 1135 may be adjusted to be greater
than content of magnesium (Mg) included in the first regions
1124 and 113a, thereby enhancing a breakdown voltage
(BDV) and enhancing reliability.

[0089] In detail, content of magnesium (Mg) included in
the second regions 11256 and 1135 of the side margin portion
adjacent to the ceramic body may be adjusted to control a
length of an oxide layer of an end of the internal electrode,
which is exposed through a width-direction lateral surface of
the ceramic body, thereby enhancing a breakdown voltage
(BDV) and enhancing waterproof reliability.

[0090] According to an exemplary embodiment of the
present disclosure, content of magnesium (Mg) included in
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the second regions 1125 and 1135 of the side margin portion
adjacent to the ceramic body may be adjusted to repress
generation of a void at an interface between the ceramic
body and the side margin portion.

[0091] As described above, when generation of a void at
the interface between the ceramic body and the side margin
portion is repressed, electric field concentration may be
alleviated due to reduction in the number of voids in which
the most serious electric field concentration occurs and, thus,
a breakdown voltage (BDV) may be increased and short
failure may be reduced.

[0092] The first and second side margin portions 112 and
113 disposed on the lateral surface of the ceramic body 110
may be divided into two regions with different compositions
and, in this case, content of magnesium (Mg) may be
different for each region to enhance density of the first and
second side margin portions 112 and 113, thereby improving
waterproof characteristics.

[0093] In detail, content of magnesium (Mg) included in
the second regions 1125 and 1135 of the first and second side
margin portions 112 and 113 may be adjusted to be greater
than content of magnesium (Mg) included in the first regions
1124 and 113a¢ at an outer side to enhance density of the first
regions 112a¢ and 113a of the side margin portions 112 and
113, thereby enhancing waterproof characteristics.

[0094] In particular, content of magnesium (Mg) included
in the first regions 112a and 113a of the first and second side
margin portions 112 and 113 adjacent to the external surface
of the side margin portions 112 and 113 may be lowered to
enhance adhesive force between the band portion of the first
external electrode 131 and the first and second side margin
portions 112 and 113, and to enhance the adhesive force
between the band portion of the second external electrode
132 and the first and second side margin portions 112 and
113.

[0095] A method of adjusting content of magnesium (Mg)
included in the second regions 1126 and 1135 to be greater
than content of magnesium (Mg) included in the first regions
1124 and 113a may be performed by differently configuring
a composition of a dielectric for forming a ceramic body and
a composition of a dielectric for forming first and second
side margin portions during a procedure of manufacturing a
multilayer ceramic capacitor.

[0096] That is, when content of magnesium (Mg) in the
composition of the dielectric for forming the first and second
side margin portions is increased and content of magnesium
(Mg) is adjusted via diffusion during a sintering and plas-
ticization procedure, differently from the composition of the
dielectric for forming the ceramic body, the content of
magnesium (Mg) included in the second regions 11256 and
1135 may be adjusted to be greater than the content of
magnesium (Mg) included in the first regions 112a and 113a.
[0097] Accordingly, an electric field concentrated on
edges of the internal electrode may be alleviated and break-
down as one of main failures of a multilayer ceramic
capacitor may be prevented, thereby enhancing the reliabil-
ity of the multilayer ceramic capacitor.

[0098] According to an exemplary embodiment of the
present disclosure, a mole ratio of content of magnesium
(Mg) of the second regions 1126 and 1135 to content of
titanium (Ti) included in the first and second side margin
portions 112 and 113 may be between 10% and 30%.
[0099] A mole ratio of content of magnesium (Mg) of the
second regions 1126 and 1135 to content of titanium (T1)
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included in the first and second side margin portions 112 and
113 may be adjusted to be between 10% and 30% to enhance
a breakdown voltage (BDV), thereby enhancing waterproof
reliability.

[0100] When a mole ratio of content of magnesium (Mg)
of the second regions 11256 and 1135 to content of titanium
(T1) included in the first and second side margin portions 112
and 113 is less than 10%, generation of a void at the interface
between the ceramic body and the side margin portion may
not be sufficiently repressed to lower a breakdown voltage
(BDV) and to increase short failure

[0101] When a mole ratio of content of magnesium (Mg)
of the second regions 11256 and 1135 to content of titanium
(T1) included in the first and second side margin portions 112
and 113 is greater than 30%, there may be a problem in that
reliability due to reduction in sintering characteristics and
distribution of a breakdown voltage (BDV) are not uniform.
[0102] According to an exemplary embodiment of the
present disclosure, a miniaturized multilayer ceramic
capacitor may be configured in such a manner that the
dielectric layer 111 has a thickness equal to or less than 0.4
um and the internal electrodes 121 and 122 have a thickness
equal to or less than 0.4 pm.

[0103] According to an exemplary embodiment of the
present disclosure, when a dielectric layer and an internal
electrode of a thin film that includes the dielectric layer 111
with a thickness equal to or less than 0.4 um and the internal
electrodes 121 and 122 with a thickness equal to or less than
0.4 um are applied, a problem in terms of reliability due to
a void generated at an interface between the ceramic body
and the side margin portion and an oxide region formed on
the edges of the internal electrode is a very important issue.
[0104] That is, in the case of a conventional multilayer
ceramic capacitor, even if density of the oxide region formed
on the edges of the internal electrode, which is exposed
through a width-direction surface of the ceramic body, or a
ratio of the portion of the internal electrode, on which the
oxide region is formed, to an overall area of the internal
electrode is not adjusted, there is a serious problem in terms
of reliability.

[0105] However, according to an exemplary embodiment
of the present disclosure, with regard to a product to which
the dielectric layer and the internal electrode of the thin film
are applied, the oxide region may be adjusted not to be
formed on the edges of the internal electrode, which is
exposed through the width-direction surface of the ceramic
body, to prevent reduction in BDV and reliability due to a
void generated at an interface between the ceramic body and
the side margin portion and density of the oxide region
formed on the edges of the internal electrode, which is
exposed through the width-direction surface of the ceramic
body.

[0106] That is, according to an exemplary embodiment of
the present disclosure, a ratio of the edges of the internal
electrode, on which the oxide region 140 is exposed, to an
overall area of the plurality of internal electrodes 121 and
122 exposed through the first surface 1 and second surface
2 may be adjusted to be less than 10% in a cross-section cut
along a width-thickness plane of the ceramic body 110.
Thus, in the case of a thin film that includes the dielectric
layer 111 and the first and second internal electrodes 121 and
122 with a thickness equal to or less than 0.4 pm, breakdown
voltage (BDV) may be enhanced and waterproof reliability
may also be enhanced.



US 2020/0051741 Al

[0107] However, the thin film may not refer to the case in
which the dielectric layer 111 and the first and second
internal electrodes 121 and 122 have a thickness equal to or
less than 0.4 pm and may be interpreted as a concept
including a dielectric layer and internal electrode with a
smaller thickness than a conventional product.

[0108] The first regions 112a and 113a may have a width
equal to or less than 8 um and the second regions 1126 and
1135 may have a width equal to or less than 2 um but the
present disclosure is not limited thereto.

[0109] Referring to FIG. 4, a ratio of a thickness tc2 of a
region of the first or second side margin portion, contacting
an end of an internal electrode disposed as the outermost
portion, to a thickness tc1 of a region of the first or second
side margin portion, contacting an end of an internal elec-
trode disposed at a central portion of the plurality of internal
electrodes 121 and 122, may be equal to or less than 1.0.
[0110] A lower limit of the ratio of the thickness tc2 of a
region of the first or second side margin portion, contacting
an end of an internal electrode disposed as the outermost
portion, to the thickness tcl of a region of the first or second
side margin portion, contacting an end of an internal elec-
trode disposed at a central portion, is not particularly limited
but may be equal to or greater than 0.9.

[0111] According to an exemplary embodiment of the
present disclosure, unlike the prior art, the first or second
side margin portion is formed by attaching a ceramic green
sheet to a lateral surface of a ceramic body and, thus, a
thickness for each position of the first or second side margin
portion may be constant.

[0112] That is, a conventionally, a side margin portion is
formed by coating or printing ceramic slurry and, thus, a
deviation in the side margin portion for each position is
serious.

[0113] In detail, conventionally, a thickness of a region of
the first or second margin portion, contacting an end of an
internal electrode disposed at a central portion of a ceramic
body, may be greater than a thickness of the other region.

[0114] For example, conventionally, a ratio of a thickness
of a region of the first or second margin portion, contacting
an end of an internal electrode disposed as the outermost
portion, to the thickness of a region of the first or second
margin portion, contacting an end of an internal electrode
disposed at the central portion may be less than 0.9 and, thus,
a deviation between the thicknesses is high.

[0115] As such, in the conventional case in which a
deviation in a thickness of a side margin portion for each
position is high, a multilayer ceramic capacitor with a
constant size has a large portion occupied by the side margin
portion and, thus, it is not possible to ensure a large size of
a capacity formation portion and it is difficult to ensure high
capacity.

[0116] On the other hand, according to an exemplary
embodiment of the present disclosure, an average thickness
of the first and second side margin portions 112 and 113 is
between 2 um and 10 um and a ratio of the thickness tc2 of
the region of the first or second side margin portion, con-
tacting an end of an internal electrode disposed as the
outermost portion, to a thickness tcl of a region of the first
or second side margin portion, contacting an end of an
internal electrode disposed at a central portion of the plu-
rality of internal electrodes 121 and 122, is between 0.9 and
1.0 and, thus, the side margin portion may have a small
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thickness and a low thickness deviation to ensure a large size
of a capacity formation portion.

[0117] According to an exemplary embodiment of the
present disclosure, a ceramic green sheet may be attached to
a lateral surface of a ceramic body and, thus, a thickness of
the first or second side margin portion for each position may
be constant, differently from the conventional case.

[0118] Accordingly, it may be possible to embody a high-
capacity multilayer ceramic capacitor.

[0119] Referring to FIG. 4, a ratio of a thickness tc3 of a
region of the first or second side margin portion, contacting
an edge of the ceramic body 110, to the thickness tcl of a
region of the first or second side margin portion, contacting
an end of an internal electrode disposed at a central portion
of the plurality of internal electrodes 121 and 122, may be
equal to or less than 1.0.

[0120] A lower limit of the ratio of thickness tc3 of a
region of the first or second side margin portion, contacting
the edge of the ceramic body 110, to the thickness tcl of a
region of the first or second side margin portion, contacting
an end of an internal electrode disposed at a central portion,
may be equal to or greater than 0.9.

[0121] According to the above characteristics, a large size
of a capacity formation portion may be ensured due to a
small thickness deviation of the side margin portion for each
region and, thus, it may be possible to embody a high-
capacity multilayer ceramic capacitor.

[0122] FIGS.5Ato 5F are schematic cross-sectional views
of'a method of manufacturing a multilayer ceramic capacitor
according to another exemplary embodiment of the present
disclosure.

[0123] Another exemplary embodiment of the present
disclosure may provide a method of manufacturing a mul-
tilayer ceramic capacitor, including preparing a first ceramic
green sheet on which a plurality of first internal electrode
patterns are formed at a predetermined interval and a second
ceramic green sheet on which a plurality of second internal
electrode patterns are formed at a predetermined interval,
forming a ceramic green sheet stack body by stacking the
first and second ceramic green sheets in such a manner that
the first and second internal electrode patterns intersect each
other, cutting the ceramic green sheet stack body to have a
lateral surface through which edges of the first and second
internal electrode patterns are exposed in a width direction,
forming a first side margin portion and a second side margin
portion on the lateral surface through which the edges of the
first and second internal electrode patterns are exposed, and
preparing a ceramic body including a dielectric layer and
first and second internal electrodes by sintering the cut
ceramic green sheet stack body portion and, in this case, the
first and second side margin portions are divided into a first
region adjacent to an external surface of the side margin
portion and a second region adjacent to the first and second
internal electrodes and content of magnesium (Mg) included
in the second region is greater than content of magnesium
(Mg) included in the first region.

[0124] Hereinafter, a method of manufacturing a multi-
layer ceramic capacitor according to another exemplary
embodiment of the present disclosure is described.

[0125] As shown in FIG. 5A, a plurality of stripe-type first
internal electrode patterns 221 may be formed on a ceramic
green sheet 211 at a predetermined interval. The plurality of
stripe-type first internal electrode patterns 221 may be
formed in parallel to each other.
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[0126] The ceramic green sheet 211 may be formed of a
ceramic paste including a ceramic powder, an organic sol-
vent, and an organic binder.

[0127] The ceramic powder may be a material with a high
dielectric constant but may be, but is not limited to, a barium
titanate (BaTiO;)-based material, a lead perovskite-based
material, a strontium titanate (SrTiO;)-based material, or the
like and, for example, may be a barium titanate (BaTiO;)
powder. The ceramic green sheet 211 is sintered to form the
dielectric layer 111 configuring the ceramic body 110.
[0128] The stripe-type first internal electrode pattern 221
may be formed of an internal paste including conductive
metal. The conductive metal may be, but is not limited to,
nickel (Ni), copper (Cu), palladium (Pd), or an alloy thereof.
[0129] A method of forming the stripe-type first internal
electrode pattern 221 on the ceramic green sheet 211 may
not be particularly limited but, for example, may be a
printing method such as a screen printing method or a gravia
printing method.

[0130] Although not illustrated, a plurality of stripe-type
second internal electrode patterns 222 may be formed on
another ceramic green sheet 211 at a predetermined interval.
[0131] Hereinafter, a ceramic green sheet on which the
first internal electrode pattern 221 is formed may be referred
to as a first ceramic green sheet and a ceramic green sheet
on which the second internal electrode pattern 222 may be
referred to as a second ceramic green sheet.

[0132] Then, as shown in FIG. 5B, first and second
ceramic green sheets may be alternately stacked in such a
manner that the stripe-type first internal electrode pattern
221 and the stripe-type second internal electrode pattern 222
are stacked to intersect each other.

[0133] Then, the stripe-type first internal electrode pattern
221 may become the first internal electrode 121 and the
stripe-type second internal electrode pattern 222 may be the
second internal electrode 122.

[0134] According to another exemplary embodiment of
the present disclosure, the first and second ceramic green
sheets may have a thickness td equal to or less than 0.6 um
and the first and second internal electrode patterns may have
a thickness to equal to or less than 0.5 pm.

[0135] The present disclosure relates to a miniaturized and
high-capacity multilayer ceramic capacitor including a thin
film that includes a dielectric layer with a thickness equal to
or less than 0.4 um and an internal electrode with a thickness
equal to or less than 0.4 um and, thus, the first and second
ceramic green sheets may have a thickness td equal to or less
than 0.6 um and the first and second internal electrode
patterns may have a thickness to equal to or less than 0.5 um.
[0136] FIG. 5C is a cross-sectional view of a ceramic
green sheet stack body 220 in which first and second ceramic
green sheets are stacked according to an exemplary embodi-
ment of the present disclosure. FIG. 5D is a perspective view
of the ceramic green sheet stack body 220 in which first and
second ceramic green sheets are stacked.

[0137] Referring to FIGS. 5C and 5D, the first ceramic
green sheet on which the plurality of stripe-type first internal
electrode patterns 221 formed in parallel to each other are
printed and the second ceramic green sheet on which the
plurality of stripe-type second internal electrode pattern 222
formed in parallel to each other are printed may be alter-
nately stacked.

[0138] In more detail, the first and second ceramic green
sheets may be stacked in such a manner that intervals
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between central portions of the stripe-type first internal
electrode patterns 221 printed on the first ceramic green
sheet and the stripe-type second internal electrode patterns
222 printed on the second ceramic green sheet overlap with
each other.

[0139] Then, as shown in FIG. 5D, the ceramic green sheet
stack body 220 may be cut to intersect the plurality of
stripe-type first internal electrode patterns 221 and the
plurality of stripe-type second internal electrode patterns
222. That is, the ceramic green sheet stack body 220 may
become stack bodies 210 formed by cutting the ceramic
green sheet stack body 220 along cutting lines C1-C1 and
C2-C2 that are perpendicular to each other.

[0140] In more detail, the stripe-type first internal elec-
trode pattern 221 and the stripe-type second internal elec-
trode pattern 222 may be cut in a length direction to be
divided into a plurality of internal electrodes with a constant
width. In this case, the stacked ceramic green sheets may
also be cut along with the internal electrode patterns.
Accordingly, the dielectric layer may be formed with the
same width as a width of the internal electrode.

[0141] The ceramic green sheet stack body 220 may be cut
along the cutting line C2-C2 depending on a size of a
separate ceramic body. That is, the plurality of stack bodies
210 may be formed by cutting a bar-type stack structure
along the cutting line C2-C2 with a ceramic body size before
the first side margin portion and the second side margin
portion are formed.

[0142] That is, the bar-type stack structure may be cut to
cut overlapping predetermined intervals formed between the
central portions of the first internal electrodes and the second
internal electrode along the same cutting line. Accordingly,
one end portions of the first internal electrode and the second
internal electrode may be alternately exposed through the
cut surface.

[0143] Then, the first side margin portion and the second
side margin portion may be formed on the first and second
lateral surfaces of the stack bodies 210.

[0144] Then, as shown in FIG. 5E, first side margin
portion 212 and second side margin portion (not shown) may
be formed on the first and second lateral surface of the stack
body 210, respectively.

[0145] In detail, the first side margin portion 212 may be
formed using a method of disposing a lateral-surface
ceramic green sheet 212 with adhesives (not shown) coated
thereon on a punching elastic member 300 formed of rubber.
[0146] Then, the stack body 210 may be rotated at an
angle of 90 degrees in such a manner that a first lateral
surface of the stack body 210 faces the lateral-surface
ceramic green sheet 212 with the adhesives (not shown)
coated thereon and, then, the stack body 210 may be
pressed-adhered to the lateral-surface ceramic green sheet
212 with the adhesives (not shown) coated thereon.

[0147] When the stack body 210 is pressed and adhered to
the lateral-surface ceramic green sheet 212 with the adhe-
sives (not shown) coated thereon to transfer the lateral-
surface ceramic green sheet 212 to the stack body 210, the
lateral-surface ceramic green sheet 212 may be formed to an
edge of a lateral surface of the stack body 210 and the
remaining portion may be cut due to the punching elastic
member 300 formed of a rubber material.

[0148] FIG. 5F illustrates the case in which the lateral-
surface ceramic green sheet 212 is formed to the edge of the
lateral surface of the stack body 210.
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[0149] Then, the stack body 210 may be rotated and, thus,
the second side margin portion may be formed on a second
lateral surface of the stack body 210.

[0150] Then, a stack body with first and second side
margin portions being formed on opposite lateral surfaces of
the stack body 210 may be plasticized and sintered to form
a ceramic body including a dielectric layer and first and
second internal electrodes.

[0151] According to an exemplary embodiment of the
present disclosure, adhesives are coated on the top of the
lateral-surface ceramic green sheet 212 and, thus, the lateral-
surface ceramic green sheet 212 may be transferred to a
lateral surface of the stack body 210 at low temperature and
low pressure, differently from the conventional case.
[0152] Accordingly, damage generated in the stack body
210 may be minimized and, thus, the electrical characteris-
tics of a multilayer ceramic capacitor may be prevented from
being degraded after being sintered, thereby enhancing
reliability.

[0153] The lateral-surface ceramic green sheet 212 with
adhesives coated thereon may be transferred to a lateral
surface of the stack body 210 and may be pressed during a
sintering procedure, thereby enhancing adhesive force
between the stack body and the lateral-surface ceramic green
sheet.

[0154] Accordingly, generation of a void at an interface
between the ceramic body and the side margin portion after
a sintering procedure may be repressed and a ratio of the
edges of the internal electrode, on which the oxide region
140 is disposed, to an overall area of the plurality of internal
electrodes 121 and 122 exposed through the first and second
surfaces of the ceramic body according to an exemplary
embodiment of the present disclosure may be adjusted to be
less than 10%, thereby repressing generation of the oxide
region.

[0155] Then, external electrodes may be respectively
formed on a third lateral surface of the ceramic body,
through which the first internal electrode is exposed, and a
fourth lateral surface of the ceramic body, through which the
second internal electrode is exposed.

[0156] According to another exemplary embodiment of
the present disclosure, a lateral-surface ceramic green sheet
is thin and has a small thickness deviation to ensure a large
capacity formation portion.

[0157] In detail, an average thickness of the first and
second side margin portions 112 and 113 may be between 2
um and 10 um after the first and second side margin portions
112 and 113 are sintered and a large size of the capacity
formation portion may be ensured due to a small thickness
deviation for each position.

[0158] Accordingly, it may be possible to embody a high-
capacity multilayer ceramic capacitor.

[0159] In addition, a description of the same parts as in the
aforementioned exemplary embodiment of the present dis-
closure is omitted here to avoid repetition of the description.
[0160] Although the present disclosure is described below
in detail through Experimental Example, this is for aiding in
understanding of the present disclosure and the scope of the
present disclosure is not limited by Experimental Example.

EXPERIMENTAL EXAMPLE

[0161] According to an exemplary embodiment of the
present disclosure, Comparative Example in which a con-
ventional side margin portion is formed without repressing
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generation of an oxide region on the edges of the internal
electrode and Inventive Example in which a side margin
portion is formed to repress generation of an oxide region on
the edges of the internal electrode like in the present
disclosure are prepared.

[0162] In addition, a ceramic green sheet stack body is
formed in such a manner a side margin portion is formed by
attaching a lateral-surface ceramic green sheet to an exposed
portion of an electrode of a green chip without margin
because an internal electrode is exposed in a width direction.
[0163] Predetermined temperature and pressure are
applied under a condition with minimized modification of a
chip and lateral-surface ceramic green sheets are attached to
opposite surfaces of a ceramic green sheet stack body to
manufacture multilayer ceramic capacitor green chip with
0603 size (widthxlengthxheight: 0.6 mmx0.3 mmx0.3 mm).
[0164] The completely manufactured multilayer ceramic
capacitor test piece is plasticized at 400° C. or less and in a
nitrogen atmosphere, is sintered at sintering temperature of
1200° C. or less and a condition of hydrogen ion concen-
tration of H2 of 0.5% or less and, then, the electrical
characteristics such as outer failure, dielectric resistance,
waterproof characteristics are synthetically checked.
[0165] FIG. 6 is a graph showing comparison of a break-
down voltage (BDV) according to Inventive Example and
Comparative Example.

[0166] Referring to FIG. 6, Inventive Example corre-
sponds to the case in which a ratio of an end portion of an
internal electrode, on which an oxide region is disposed, to
an overall area of the internal electrode exposed through the
first and second surfaces of the ceramic body is adjusted to
be less than 10% in a cross-section cut along a width-
thickness plane of the ceramic body to manufacture a
multilayer ceramic capacitor, Comparative Example 1 cor-
responds to a conventional multilayer ceramic capacitor
configured in such a manner that a ratio to the edges of the
internal electrode, on which the oxide region is disposed, to
an overall area of the internal electrode exposed through the
first and second surfaces of the ceramic body is equal to or
greater than 80% in a cross-section cut along a width-
thickness plane of the ceramic body, and Comparative
Example 2 corresponds to the case in which a ratio of voids
formed on edges of the internal electrode to an overall area
of'the internal electrode exposed through the first and second
surfaces of the ceramic body is equal to or greater than 80%
in a cross-section cut along a width-thickness plane of the
ceramic body.

[0167] It may be seen that, in the case of the Inventive
Example, a breakdown voltage (BDV) is enhanced, as
compared to Comparative Examples 1 and 2 corresponding
to the conventional multilayer ceramic capacitor.

[0168] In the case of Comparative Example 1, a break-
down voltage (BDV) is increased, as compared to Compara-
tive Example 2 but is lower than in Inventive Example.
Thus, according to an exemplary embodiment of the present
disclosure, a ratio of the edges of the internal electrode, on
which the oxide region is disposed, to an overall area of the
internal electrode exposed through the first and second
surfaces of the ceramic body may be adjusted to be less than
10%.

[0169] As set forth above, according to an exemplary
embodiment in the present disclosure, an oxide region may
be adjusted to be disposed on an end portion of an internal
electrode, forming less than 10% of an external area of the
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internal electrode exposed through a surface of a ceramic
body, on which first and second side margin portions are
exposed and, thus, a ratio of a void and an oxide region are
reduced to enhance a breakdown voltage (BDV) and to
enhance reliability.

[0170] 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 scope of the present disclosure as
defined by the appended claims.

What is claimed is:

1. A multilayer ceramic capacitor comprising:

a ceramic body including a dielectric layer and having
first and second surfaces opposing each other in a width
direction of the ceramic body, third and fourth surfaces
connecting the first and second surfaces in a length
direction of the ceramic body, and fifth and sixth
surfaces connected to the first to fourth surfaces and
opposing each other in a thickness direction of the
ceramic body;

internal electrodes disposed inside the ceramic body,
exposed through the first and second surfaces, and
having one end portion exposed through the third or
fourth surface; and

first and second side margin portions disposed on edges of
the internal electrodes, exposed through the first and
second surfaces,

wherein in a cross-section cut along a width-thickness
plane of the ceramic body, an area of an oxide region
disposed on the edges of the internal electrodes is less
than 10% of an overall area of the internal electrodes
exposed through the first and second surfaces.

2. The multilayer ceramic capacitor of claim 1, wherein
the first side margin portion includes a first region adjacent
to an external surface of the first side margin portion and a
second region adjacent to the internal electrodes exposed
through the first surface, and content of magnesium (Mg)
included in the second region of the first side margin portion
is greater than content of magnesium (Mg) included in the
first region of the first side margin portion, and

the second side margin portion includes a first region
adjacent to an external surface of the second side
margin portion and a second region adjacent to the
internal electrodes exposed through the second surface,
and content of magnesium (Mg) included in the second
region of the second side margin portion is greater than
content of magnesium (Mg) included in the first region
of the second side margin portion.

3. The multilayer ceramic capacitor of claim 2, wherein a
mole ratio of the content of magnesium (Mg) of the second
region of the first side margin portion to content of titanium
(Ti) included in the first side margin portion is 10% to 30%,
and

a mole ratio of the content of magnesium (Mg) of the
second region of the second side margin portion to
content of titanium (Ti) included in the second side
margin portion is 10% to 30%.

4. The multilayer ceramic capacitor of claim 1, wherein a
ratio of a thickness of a region of the first or second side
margin portion, contacting an end of an internal electrode
disposed as the outermost portion, to a thickness of a region
of the first or second side margin portion, contacting an end
of an internal electrode disposed at a central portion among
the internal electrodes, is between 0.9 and 1.0.
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5. The multilayer ceramic capacitor of claim 1, wherein a
ratio of a thickness of a region of the first or second side
margin portion, contacting an edge of the ceramic body, to
a thickness of a region of the first or second side margin
portion, contacting an end of an internal electrode disposed
at a central portion among the internal electrodes, is between
0.9 and 1.0.
6. The multilayer ceramic capacitor of claim 1, wherein
the dielectric layer has thickness equal to or less than 0.4 pm
and the internal electrode has a thickness equal to or less
than 0.4 pm.
7. The multilayer ceramic capacitor of claim 1, wherein
the first and second side margin portions have an average
thickness between 2 um and 10 pm.
8. A method of manufacturing a multilayer ceramic
capacitor, the method comprising:
preparing a first ceramic green sheet on which a plurality
of first internal electrode patterns are formed at a
predetermined interval and a second ceramic green
sheet on which a plurality of second internal electrode
patterns are formed at a predetermined interval;

forming a ceramic green sheet stack body by stacking the
first and second ceramic green sheets in such a manner
that the first and second internal electrode patterns
overlap with each other;

cutting the ceramic green sheet stack body to have a

lateral surface through which edges of the first and
second internal electrode patterns are exposed in a
width direction;
forming first and second side margin portions on the
lateral surface through which the edges of the first and
second internal electrode patterns are exposed; and

preparing a ceramic body including a dielectric layer and
internal electrodes by sintering the cut ceramic green
sheet stack body portion,

wherein in a cross-section cut along a width-thickness

plane of the ceramic body, an area of an oxide region
disposed on edges of the internal electrodes is less than
10% of an overall area of the internal electrodes
exposed through a lateral surface of the ceramic body,
and

a thickness direction of the ceramic body is a direction

along which the internal electrodes are stacked, and a
width direction of the ceramic body is a direction along
which the internal electrodes are exposed through the
lateral surface.

9. The method of claim 8, wherein the first side margin
portion includes a first region adjacent to an external surface
of the first side margin portion and a second region adjacent
to the internal electrodes, and content of magnesium (Mg)
included in the second region of the first side margin portion
is greater than content of magnesium (Mg) included in the
first region of the first side margin portion, and

the second side margin portion includes a first region

adjacent to an external surface of the second side
margin portion and a second region adjacent to the
internal electrodes, and content of magnesium (Mg)
included in the second region of the second side margin
portion is greater than content of magnesium (Mg)
included in the first region of the second side margin
portion.

10. The method of claim 9, wherein a mole ratio of the
content of magnesium (Mg) of the second region of the first
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side margin portion to content of titanium (Ti) included in
the first side margin portion is 10% to 30%, and

a mole ratio of the content of magnesium (Mg) of the

second region of the second side margin portion to
content of titanium (Ti) included in the second side
margin portion is 10% to 30%.

11. The method of claim 8, wherein the first and second
ceramic green sheets have a thickness equal to or less than
0.6 um and the first and second internal electrode patterns
have a thickness equal to or less than 0.5 pm.

12. The method of claim 8, wherein a ratio of a thickness
of a region of the first or second side margin portion,
contacting an end of an internal electrode disposed as the
outermost portion, to a thickness of a region of the first or
second side margin portion, contacting an end of an internal
electrode disposed at a central portion of the internal elec-
trodes, is between 0.9 and 1.0.

13. The method of claim 8, wherein a ratio of a thickness
of a region of the first or second side margin portion,
contacting an edge of the ceramic body, to a thickness of a
region of the first or second side margin portion, contacting
an end of an internal electrode disposed at a central portion
of the internal electrodes, is between 0.9 and 1.0.

14. The method of claim 8, wherein the first and second
side margin portions have an average thickness between 2
pm and 10 pm.



