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(57) ABSTRACT

A multi-layer ceramic electronic component includes: a
ceramic body including internal electrodes laminated in a
first direction, a first main surface including a first flat region
facing in the first direction, and a second main surface
including a second flat region facing in the first direction;
and a pair of external electrodes connected to the internal
electrodes and facing each other in a second direction
orthogonal to the first direction, a dimension of the ceramic
body in the first direction being 1.1 times or more and 1.6
times or less a dimension of the ceramic body in a third
direction orthogonal to the first and second directions, the
first flat region being formed at a center portion of the first
main surface in the second direction, the second flat region
being formed at a center portion of the second main surface
in the third direction.
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MULTI-LAYER CERAMIC ELECTRONIC
COMPONENT, MULTI-LAYER CERAMIC
ELECTRONIC COMPONENT MOUNTING
SUBSTRATE, MULTI-LAYER CERAMIC
ELECTRONIC COMPONENT PACKAGE,
AND METHOD OF PRODUCING A
MULTI-LAYER CERAMIC ELECTRONIC
COMPONENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 16/536,896, filed Aug. 9, 2019; which claims
the benefit of Japanese Priority Patent Application No.
2018-156573, filed Aug. 23, 2018, the entire contents of
which are incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to a multi-layer
ceramic electronic component such as a multi-layer ceramic
capacitor, a multi-layer ceramic electronic component
mounting substrate and a multi-layer ceramic electronic
component package that mount the multi-layer ceramic
electronic component, and a method of producing a multi-
layer ceramic electronic component.

[0003] In the past, a multi-layer ceramic electronic com-
ponent such as a multi-layer ceramic capacitor, in which a
ceramic body includes a plurality of laminated internal
electrodes, has been known. The multi-layer ceramic elec-
tronic component is mounted onto a circuit board of a
personal digital assistant or another electronic device and
widely used.

[0004] Japanese Patent Application Laid-open No. 2015-
026841 discloses a multi-layer ceramic capacitor including
an element body. The element body includes a laminated
part configured by alternately laminating a plurality of
conductor layers and a plurality of ceramic dielectric layers
and has a shape in which two main surfaces protrude
outward such that the thickness of the element body
becomes largest at the center portion in the length direction
and becomes smallest at both end portions in the length
direction and such that the thickness of the element body
becomes largest at the center portion in the width direction
and becomes smallest at both end portions in the width
direction.

SUMMARY

[0005] In recent years, electronic devices such as personal
digital assistants have increasingly achieved downsizing,
and a mounting area for ceramic electronic components on
a circuit board is limited. Meanwhile, there is a demand for
improvement in electrical characteristics of multi-layer
ceramic electronic components, such as increase in capaci-
tance of multi-layer ceramic capacitors.

[0006] In view of the circumstances as described above, it
is desirable to provide a multi-layer ceramic electronic
component, a multi-layer ceramic electronic component
mounting substrate, a multi-layer ceramic electronic com-
ponent package, and a method of producing a multi-layer
ceramic electronic component, which are capable of improv-
ing electrical characteristics without increasing a mounting
area on a circuit board.
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[0007] According to an embodiment of the present disclo-
sure, there is provided a multi-layer ceramic electronic
component including a ceramic body and a pair of external
electrodes.

[0008] The ceramic body includes internal electrodes
laminated in a first direction, a first main surface including
a first flat region facing in the first direction, and a second
main surface including a second flat region, the second flat
region being on a side opposite to the first flat region and
facing in the first direction.

[0009] The pair of external electrodes are connected to the
internal electrodes and face each other in a second direction
orthogonal to the first direction.

[0010] A dimension of the ceramic body in the first
direction is 1.1 times or more and 1.6 times or less a
dimension of the ceramic body in a third direction orthogo-
nal to the first direction and the second direction.

[0011] The first flat region is formed at a center portion of
the first main surface in the second direction.

[0012] The second flat region is formed at a center portion
of the second main surface in the third direction.

[0013] With this configuration, it is possible to increase
the height of the ceramic body while maintaining the areas
of the main surfaces and to increase the number of laminated
internal electrodes. Therefore, it is possible to achieve a
multi-layer ceramic electronic component capable of
improving electrical characteristics without increasing a
mounting area on a circuit board.

[0014] Additionally, the ceramic body includes the first
flat region formed at the center portion of the first main
surface in the second direction. Accordingly, a suction
nozzle for transferring the multi-layer ceramic electronic
component at the time of mounting can come into close
contact with the first flat region and can stably hold the first
flat region. Therefore, it is possible to inhibit a failure at the
time of mounting from occurring in the multi-layer ceramic
electronic component. In addition, the ceramic body
includes the second flat region formed at the center portion
of the second main surface in the third direction. Accord-
ingly, the multi-layer ceramic electronic component can be
inhibited from being inclined when the multi-layer ceramic
electronic component is disposed onto a circuit board and in
a soldering step. Therefore, it is possible to mount the
multi-layer ceramic electronic component and another elec-
tronic component at high density.

[0015] A dimension of the first flat region in the third
direction may be 80% or more and less than 100% of the
dimension of the ceramic body in the third direction.
[0016] Further, a dimension of the second flat region in the
second direction may be 80% or more and less than 100%
of'a dimension of the ceramic body in the second direction.
[0017] Accordingly, it is possible to further increase the
stability of suction at the time of mounting of the multi-layer
ceramic electronic component and the stability of a posture
of the multi-layer ceramic electronic component on the
circuit board and to more reliably inhibit occurrence of a
failure.

[0018] According to another embodiment of the present
disclosure, there is provided a multi-layer ceramic electronic
component mounting substrate including a circuit board and
a multi-layer ceramic electronic component.

[0019] The multi-layer ceramic electronic component
includes a ceramic body including internal electrodes lami-
nated in a first direction, and a pair of external electrodes
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connected to the internal electrodes and facing each other in
a second direction orthogonal to the first direction, the
multi-layer ceramic electronic component being mounted
onto the circuit board via the pair of external electrodes.

[0020] A dimension of the ceramic body in the first
direction is 1.1 times or more and 1.6 times or less a
dimension of the ceramic body in a third direction orthogo-
nal to the first direction and the second direction.

[0021] The ceramic body includes a first main surface
including a first flat region facing in the first direction, and
a second main surface including a second flat region, the
second flat region being on a side opposite to the first flat
region and facing in the first direction.

[0022] The first flat region is formed at a center portion of
the first main surface in the second direction.

[0023] The second flat region is formed at a center portion
of the second main surface in the third direction.

[0024] The multi-layer ceramic electronic component is
mounted onto the circuit board such that the second flat
region faces the circuit board in the first direction and that
the first flat region faces upward in the first direction.

[0025] Additionally, the multi-layer ceramic electronic
component mounting substrate may further include multi-
layer ceramic electronic components each including the
ceramic body and the pair of external electrodes.

[0026] In this case, the multi-layer ceramic electronic
components are to be mounted onto the circuit board along
the third direction at intervals of 30% or less of the dimen-
sion of the ceramic body in the third direction.

[0027] The multi-layer ceramic electronic component con-
figured as described above includes the flat region on each
of the first main surface and the second main surface, and
can thus increase the stability of the posture of the multi-
layer ceramic electronic component at the time of mounting.
Accordingly, it is possible to mount the multi-layer ceramic
electronic components on the circuit board at high density.

[0028] The multi-layer ceramic electronic component is
placed onto the circuit board with the first flat region formed
at the center portion in the second direction being held by
suction by a suction nozzle in the first direction. Accord-
ingly, in the multi-layer ceramic electronic component
mounting substrate, the multi-layer ceramic electronic com-
ponent is mounted onto the circuit board such that the first
flat region formed at the center portion in the second
direction faces upward in the first direction and that the
second flat region formed at the center portion in the third
direction faces downward in the first direction.

[0029] According to still another embodiment of the pres-
ent disclosure, there is provided a multi-layer ceramic elec-
tronic component package including a multi-layer ceramic
electronic component, a housing portion, and a sealing
portion.

[0030] The multi-layer ceramic electronic component
includes a ceramic body and a pair of external electrodes and
is to be mounted onto a circuit board via the pair of external
electrodes.

[0031] The ceramic body includes internal electrodes
laminated in a first direction, a first main surface including
a first flat region facing in the first direction, and a second
main surface including a second flat region, the second flat
region being on a side opposite to the first flat region and
facing in the first direction.
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[0032] The pair of external electrodes are connected to the
internal electrodes and face each other in a second direction
orthogonal to the first direction.

[0033] A dimension of the ceramic body in the first
direction is 1.1 times or more and 1.6 times or less a
dimension of the ceramic body in a third direction orthogo-
nal to the first direction and the second direction.

[0034] The first flat region is formed at a center portion of
the first main surface in the second direction.

[0035] The second flat region is formed at a center portion
of the second main surface in the third direction.

[0036] The housing portion includes a recess that houses
the multi-layer ceramic electronic component and that
includes a take-out opening.

[0037] The sealing portion covers the take-out opening of
the recess.
[0038] The multi-layer ceramic electronic component is

housed in the recess with the first flat region being faced to
the take-out opening.

[0039] With this configuration, when the sealing portion is
peeled off, the first flat region is to be exposed from the
take-out opening. Therefore, it is possible to cause the
suction nozzle to come into close contact with the first flat
region without changing the posture of the multi-layer
ceramic electronic component, and smoothly mount the
multi-layer ceramic electronic component.

[0040] According to yet still another embodiment of the
present disclosure, there is provided a method of producing
a multi-layer ceramic electronic component, the method
including: forming an internal electrode pattern having a
predetermined thickness on an unsintered ceramic sheet;
forming a dielectric pattern in an electrode non-formation
region around the internal electrode pattern on the ceramic
sheet such that the dielectric pattern occupies 75% or more
and less than 100% of a space portion facing the electrode
non-formation region and having the predetermined thick-
ness; laminating in a first direction the ceramic sheets on
each of which the internal electrode pattern and the dielec-
tric pattern are formed, and thereby forming a ceramic body
including a plurality of internal electrodes laminated in the
first direction; and forming a pair of external electrodes that
are connected to the plurality of internal electrodes and face
each other in a second direction orthogonal to the first
direction, a dimension of the ceramic body in the first
direction being 1.1 times or more and 1.6 times or less a
dimension of the ceramic body in a third direction orthogo-
nal to the first direction and the second direction.

[0041] Accordingly, not only the internal electrode pattern
but also the dielectric pattern are formed on each ceramic
sheet. When the dielectric pattern is formed to occupy 75%
or more of the space portion, the laminated ceramic sheets
can be inhibited from sinking down into gaps between the
internal electrode patterns and the dielectric patterns.
Accordingly, also in a ceramic body including a lot of
laminated ceramic sheets, variations in height dimension for
each region can be suppressed, and the flat region can be
formed on each of the first main surface and the second main
surface. Further, when the dielectric pattern is formed to be
less than 100% of the space portion, it is possible to inhibit
the dielectric pattern from overlapping with the internal
electrode pattern if the dielectric pattern is slightly displaced
with respect to the internal electrode pattern. This can also
suppress variations in height dimension in the ceramic body
and form the flat region.



US 2020/0328030 Al

[0042] As described above, according to the present dis-
closure, it is possible to provide a multi-layer ceramic
electronic component, a multi-layer ceramic electronic com-
ponent mounting substrate, a multi-layer ceramic electronic
component package, and a method of producing a multi-
layer ceramic electronic component, which are capable of
improving electrical characteristics without increasing a
mounting area on a circuit board.

[0043] These and other objects, features and advantages of
the present disclosure will become more apparent in light of
the following detailed description of embodiments thereof,
as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG. 1 is a perspective view of a multi-layer
ceramic capacitor according to an embodiment of the pres-
ent disclosure;

[0045] FIG. 2 is a cross-sectional view of the multi-layer
ceramic capacitor taken along the A-A' line in FIG. 1;
[0046] FIG. 3 is a cross-sectional view of the multi-layer
ceramic capacitor taken along the B-B' line in FIG. 1;
[0047] FIG. 4 is a diagram showing a microstructure of a
cross section of the multi-layer ceramic capacitor;

[0048] FIG. 5 is a partially enlarged view of FIG. 3;
[0049] FIG. 6 is a partially enlarged view of FIG. 2;
[0050] FIG. 7 is a flowchart showing a method of produc-

ing the multi-layer ceramic capacitor;

[0051] FIGS. 8A and 8B are each a plan view showing a
production process of the multi-layer ceramic capacitor;
[0052] FIG. 9 is a partial cross-sectional view of the
multi-layer ceramic capacitor taken along the C-C' line of
FIG. 8A;

[0053] FIG. 10 is a partial cross-sectional view similar to
FIG. 9 and a view for describing Step S02 of FIG. 7;
[0054] FIG. 11 is a perspective view showing a production
process of the multi-layer ceramic capacitor;

[0055] FIG. 12 is a perspective view showing a production
process of the multi-layer ceramic capacitor;

[0056] FIG. 13 is a plan view of a multi-layer ceramic
capacitor package according to an embodiment of the pres-
ent disclosure;

[0057] FIG. 14 is a cross-sectional view of the package
taken along the D-D' line in FIG. 13;

[0058] FIG. 15 is a cross-sectional view schematically
showing a step of mounting the multi-layer ceramic capaci-
tor;

[0059] FIG. 16 is a cross-sectional view of a multi-layer
ceramic capacitor mounting substrate according to an
embodiment of the present disclosure;

[0060] FIG. 17 is a side view of the multi-layer ceramic
capacitor mounting substrate;

[0061] FIG. 18 is a side view of a multi-layer ceramic
capacitor mounting substrate according to Comparative
example of the embodiment; and

[0062] FIG. 19 is a view showing a configuration example
of a multi-layer ceramic capacitor mounting substrate
including a plurality of multi-layer ceramic capacitors.

DETAILED DESCRIPTION OF EMBODIMENTS

[0063] Hereinafter, an embodiment of the present disclo-
sure will be described with reference to the drawings.
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[0064] In the figures, an X axis, a Y axis, and a Z axis
orthogonal to one another are shown as appropriate. The X
axis, the Y axis, and the Z axis are common in all figures.

1. BASIC CONFIGURATION OF MULTI-LAYER
CERAMIC CAPACITOR 10

[0065] FIGS. 1 to 3 each show a multi-layer ceramic
capacitor 10 according to an embodiment of the present
disclosure. FIG. 1 is a perspective view of the multi-layer
ceramic capacitor 10. FIG. 2 is a cross-sectional view of the
multi-layer ceramic capacitor 10 taken along the A-A' line in
FIG. 1. FIG. 3 is a cross-sectional view of the multi-layer
ceramic capacitor 10 taken along the B-B' line in FIG. 1.
[0066] The multi-layer ceramic capacitor 10 includes a
ceramic body 11, a first external electrode 14, and a second
external electrode 15.

[0067] Typically, the ceramic body 11 has two end sur-
faces 11a and 115 facing in an X-axis direction, two side
surfaces 11¢ and 114 facing in a Y-axis direction, and two
main surfaces 1le and 11f facing in a Z-axis direction.
Ridges connecting the respective surfaces of the ceramic
body 11 are chamfered.

[0068] It should be noted that the shape of the ceramic
body 11 is not limited to the above shape. In other words, the
ceramic body 11 does not need to have the rectangular shape
as shown in FIGS. 1 to 3.

[0069] The first external electrode 14 and the second
external electrode 15 are configured to face each other in the
X-axis direction and to respectively cover both the end
surfaces 11a and 115 of the ceramic body 11. The first
external electrode 14 and the second external electrode 15
extend to the four surfaces connected to both the end
surfaces 11a and 115, i.e., the two main surfaces 11e and 11/
and the two side surfaces 11¢ and 114. With this configu-
ration, both of the first external electrode 14 and the second
external electrode 15 have U-shaped cross sections parallel
to the X-Z plane and the X-Y plane.

[0070] The ceramic body 11 includes a multi-layer unit 16
and covers 17. The multi-layer unit 16 has a configuration in
which first internal electrodes 12 and second internal elec-
trodes 13 are alternately laminated in the Z-axis direction via
ceramic layers 18. The covers 17 cover an upper surface and
a lower surface of the multi-layer unit 16 in the Z-axis
direction.

[0071] The first internal electrodes 12 and the second
internal electrodes 13 are alternately laminated in the Z-axis
direction via the ceramic layers 18. The first internal elec-
trodes 12 are drawn to the end surface 11a to be connected
to the first external electrode 14 and are apart from the
second external electrode 15. The second internal electrodes
13 are drawn to the end surface 115 to be connected to the
second external electrode 15 and are apart from the first
external electrode 14.

[0072] Further, the first and second internal electrodes 12
and 13 are not drawn to the side surfaces 1lc and 11d.
Accordingly, side margins made of dielectric ceramics are
formed on the sides of the side surfaces 11¢ and 114 of the
multi-layer unit 16.

[0073] Typically, the first and second internal electrodes
12 and 13 mainly contain nickel (Ni) and function as internal
electrodes of the multi-layer ceramic capacitor 10. It should
be noted that the first and second internal electrodes 12 and
13 may contain at least one of copper (Cu), silver (Ag), or
palladium (Pd) as a main component, other than nickel.
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[0074] Each of the ceramic layers 18 is disposed between
the first internal electrode 12 and the second internal elec-
trode 13 and is made of dielectric ceramics. In order to
increase the capacitance of the multi-layer unit 16, the
ceramic layer 18 is made of dielectric ceramics having a
high dielectric constant.

[0075] For the dielectric ceramics having a high dielectric
constant, polycrystal of a barium titanate (BaTiO;) based
material, i.e., polycrystal having a Perovskite structure con-
taining barium (Ba) and titanium (Ti) is used. This provides
the multi-layer ceramic capacitor 10 with a large capaci-
tance.

[0076] It should be noted that the ceramic layer 18 may be
made of a strontium titanate (SrTiO;) based material, a
calcium titanate (CaTiO;) based material, a magnesium
titanate (MgTiO;) based material, a calcium zirconate (Ca-
Zr0;) based material, a calcium zirconate titanate (Ca(Zr,
Ti)O,) based material, a barium zirconate (BaZrO,) based
material, a titanium oxide (TiO,) based material, or the like.
[0077] The covers 17 are also made of dielectric ceramics.
The material of the covers 17 only needs to be insulating
ceramics, but use of the dielectric ceramics similar to the
dielectric ceramics of the ceramic layers 18 leads to sup-
pression of internal stress in the ceramic body 11.

[0078] With such a configuration, when a voltage is
applied between the first external electrode 14 and the
second external electrode 15 in the multi-layer ceramic
capacitor 10, the voltage is applied to the plurality of
ceramic layers 18 between the first internal electrodes 12
and the second internal electrodes 13. Thus, the multi-layer
ceramic capacitor 10 stores charge corresponding to the
voltage applied between the first external electrode 14 and
the second external electrode 15.

[0079] It should be noted that the basic configuration of
the multi-layer ceramic capacitor 10 according to this
embodiment is not limited to the configuration shown in
FIGS. 1 to 3 and can be changed as appropriate.

2. DETAILED CONFIGURATION OF CERAMIC
BODY

[0080] As shown in FIG. 3, the ceramic body 11 is
characterized in that a height dimension T in the Z-axis
direction is 1.1 times or more and 1.6 times or less a width
dimension W in the Y-axis direction. This can increase the
number of laminated first and second internal electrodes 12
and 13 and increase the capacitance of the multi-layer
ceramic capacitor 10 without increasing a cross-sectional
area of the ceramic body 11 in the X-Y plane.

[0081] Here, the height dimension T of the ceramic body
11 means a dimension along the Z-axis direction at the
center portion of the ceramic body 11 in the Y-axis direction,
on a Y-Z cross section (see FIG. 3) that is cut at the center
portion of the multi-layer ceramic capacitor 10 in the X-axis
direction. In this embodiment, the height dimension T can be
defined by a relationship between the width dimension W
and a length dimension L to be described later.

[0082] The width dimension W of the ceramic body 11
means a dimension along the Y-axis direction at the center
portion of the ceramic body 11 in the Z-axis direction, on the
Y-Z cross section (see FIG. 3) that is cut at the center portion
of the multi-layer ceramic capacitor 10 in the X-axis direc-
tion. The width dimension W is not particularly limited and
can be set to, for example, 0.10 mm or more and 1.50 mm
or less.
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[0083] The length dimension L. of the ceramic body 11
may be larger than 1.0 times and equal to or smaller than 1.5
times the height dimension T. This can increase the height
dimension T and increase the capacitance without increasing
the mounting area for the multi-layer ceramic capacitor 10
and allows handling at the time of manufacturing or mount-
ing to be described later to be smoothly performed.

[0084] The length dimension L. of the ceramic body 11
means a dimension along the X-axis direction at the center
portion of the ceramic body 11 in the Z-axis direction, on the
X-Z cross section (see FIG. 2) that is cut at the center portion
of the multi-layer ceramic capacitor 10 in the Y-axis direc-
tion. The length dimension L is not particularly limited and
can be set to, for example, 0.20 mm or more and 2.00 mm
or less.

[0085] In order to further increase the number of layers of
the first and second internal electrodes 12 and 13 and
increase the capacitance of the multi-layer ceramic capacitor
10, the thickness of the cover 17 may be reduced. As an
example, the dimension (thickness) of the cover 17 in the
Z-axis direction may be 15 pm or less.

[0086] In order to further increase the capacitance of the
multi-layer ceramic capacitor 10, the thickness of each
ceramic layer 18 between the first and second internal
electrodes 12 and 13 may be reduced. For example, a mean
dimension (mean thickness) of the ceramic layers 18 in the
Z-axis direction may be set to, for example, 1.0 um or less
or further 0.5 um or less.

[0087] It should be noted that the mean thickness of the
ceramic layers 18 can be calculated as a mean value of the
thicknesses measured at a plurality of sites of the ceramic
layers 18. A position at which the thickness of the ceramic
layer 18 is to be measured or the number of positions may
be optionally determined. Hereinafter, an example of a
method of measuring a mean thickness T of the ceramic
layers 18 will be described with reference to FIG. 4.
[0088] FIG. 4 is a diagram showing a microstructure of a
cross section of the ceramic body 11, which is observed in
the visual field of 12.6 pmx8.35 um with a scanning electron
microscope. For each of the six ceramic layers 18 within the
visual field, the thickness is measured at five sites indicated
by the arrows arranged at equal intervals of 2 um. A mean
value of the thicknesses obtained at the 30 sites can be set
as a mean thickness.

[0089] In such a manner, in the multi-layer ceramic
capacitor 10 of this embodiment, the height dimension T can
be increased and a large number of first and second internal
electrodes 12 and 13 can be laminated without increasing the
mounting area, and thus a large capacitance can be achieved.
[0090] Meanwhile, in the past, the multi-layer ceramic
capacitor 10 has been difficult to handle at the time of
mounting, and it has been difficult to achieve a multi-layer
ceramic capacitor in which the height dimension T is larger
than the width dimension W.

[0091] In this regard, in the multi-layer ceramic capacitor
10 of this embodiment, one main surface (first main surface)
11e includes a first flat region F1 facing in the Z-axis
direction, and the other main surface (second main surface)
11f includes a second flat region F2, which is on the side
opposite to the first flat region F1 and faces in the Z-axis
direction. With this configuration, as will be described later,
handleability at the time of mounting can be improved even
if the height dimension T is larger than the width dimension
W.
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[0092] The first flat region F1 is a flat region that is formed
at the center portion of the main surface 1le in the X-axis
direction. The second flat region F2 is a flat region that is
formed at the center portion of the main surface 11f'in the
Y-axis direction. Peripheral portions of each of the main
surfaces 11e and 11f are positioned outward in the X-axis
direction and the Y-axis direction of those center portions
and have curved surfaces extending from the first flat region
F1 and the second flat region F2.

[0093] FIG. 5 is a partially enlarged view of FIG. 3. The
first flat region F1 will be described in detail with reference
to FIG. 5.

[0094] It is assumed that a first imaginary line .1 and a
second imaginary line L2 are defined on the Y-Z cross
section of the ceramic body 11, the first imaginary line L1
passes through the center point C of the main surface 11e in
the Y-axis direction and orthogonally intersects with the
Z-axis direction (the first imaginary line [.1 is parallel to the
Y-axis direction), and the second imaginary line L2 is
parallel to the first imaginary line L1 and has an interval
from the first imaginary line L1, the interval being 1% of the
height dimension T of the ceramic body 11 (T*#0.01). In this
case, the first flat region F1 means a region between two
points at which the second imaginary line 1.2 and the main
surface 11e intersect with each other. “The center point C of
the main surface 1le in the Y-axis direction” described
herein means the center of the width dimension of the main
surfaces 1le along the Y-axis direction. FIG. 5 shows the
center point C of the main surface 11e in the Y-axis direction
by an arrow and shows the first imaginary line L1 and the
second imaginary line 1.2 by thick chain lines.

[0095] When the first flat region F1 is defined as described
above, a width dimension WT of the first flat region F1 along
the Y-axis direction corresponds to a distance along the
Y-axis direction between the two points at which the second
imaginary line 1.2 and the main surface 1le intersect with
each other. The width dimension Wt of the first flat region
F1 can be set to be 80% or more and less than 100% of the
width dimension W of the ceramic body 11. This allows the
width dimension Wf of the first flat region F1 to be suffi-
ciently ensured and allows handleability at the time of
mounting to be further improved.

[0096] FIG. 6 is a partially enlarged view of FIG. 2. The
second flat region F2 will be described in detail with
reference to FIG. 6.

[0097] It is assumed that a third imaginary line [.3 and a
fourth imaginary line 1.4 are defined on the X-Z cross
section at the center portion of the ceramic body 11 in the
Y-axis direction, the third imaginary line L3 passes through
the center point C' of the main surface 11f in the X-axis
direction and orthogonally intersects with the Z-axis direc-
tion (the third imaginary line 1.3 is parallel to the X-axis
direction), and the fourth imaginary line [.4 is parallel to the
third imaginary line L.3 and has an interval from the third
imaginary line L3, the interval being 1% of the height
dimension T of the ceramic body 11 (T*0.01). In this case,
the second flat region F2 means a region between two points
at which the fourth imaginary line .4 and the main surface
11f intersect with each other. “The center point C' of the
main surface 111 in the X-axis direction” described herein
means the center of the length dimension of the main surface
11f"along the X-axis direction. FIG. 6 shows the center point
C' of the main surface 11fin the X-axis direction by an arrow
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and shows the third imaginary line L3 and the fourth
imaginary line .4 by thick chain double-dashed lines.
[0098] When the second flat region F2 is defined as
described above, a length dimension Lf of the second flat
region F2 along the X-axis direction corresponds to a
distance along the X-axis direction between the two points
at which fourth imaginary line 1.4 and the main surface 11/
intersect with each other. The length dimension Lf of the
second flat region F2 can be set to be 80% or more and less
than 100% of the length dimension L of the ceramic body 11.
This allows the second flat region F2 to be extended to the
peripheral portions of the ceramic body 11 in the X-axis
direction, and allows the first external electrode 14 and the
second external electrode 15 to be formed on the second flat
region F2. Therefore, the posture of the multi-layer ceramic
capacitor 10 at the time of mounting can be stabilized and
handleability can be further improved.

[0099] The multi-layer ceramic capacitor 10 including the
first flat region F1 and the second flat region F2 can be
produced by the following production method.

3. METHOD OF PRODUCING MULTI-LAYER
CERAMIC CAPACITOR 10

[0100] FIG. 7 is a flowchart showing a method of produc-
ing the multi-layer ceramic capacitor 10. FIGS. 8 A to 12 are
views each showing a production process of the multi-layer
ceramic capacitor 10. Hereinafter, the method of producing
the multi-layer ceramic capacitor 10 will be described along
FIG. 7 with reference to FIGS. 8A to 12 as appropriate.

[0101] 3.1 Step S01: Formation of Internal Electrode
Pattern
[0102] In Step SO1, first internal electrode patterns 112

and second internal electrode patterns 113 are respectively
formed on first ceramic sheets 101 and second ceramic
sheets 102 for forming the multi-layer unit 16.

[0103] The first and second ceramic sheets 101 and 102
are configured as unsintered dielectric green sheets mainly
containing dielectric ceramics. For the dielectric ceramics,
powder having a particle diameter of, for example, 20 nm to
200 nm can be used. The first and second ceramic sheets 101
and 102 are each formed into a sheet shape by using a roll
coater or a doctor blade, for example. The thickness of each
of the first and second ceramic sheets 101 and 102 is not
limited, but it is adjusted to have 1.5 um or less, for example.
[0104] FIGS. 8A and 8B are plan views of the first ceramic
sheet 101 and the second ceramic sheet 102, respectively. At
this stage, the first and second ceramic sheets 101 and 102
are each formed into a large-sized sheet that is not singu-
lated. FIGS. 8A and 8B each show cutting lines Lx and Ly
to be used when the sheets are singulated into the multi-layer
ceramic capacitors 10. The cutting lines [.x are parallel to the
X axis, and the cutting lines Ly are parallel to the Y axis.

[0105] As shown in FIGS. 8A and 8B, the unsintered first
internal electrode patterns 112 corresponding to the first
internal electrodes 12 are formed on the first ceramic sheet
101, and the unsintered second internal electrode patterns
113 corresponding to the second internal electrodes 13 are
formed on the second ceramic sheet 102.

[0106] The first internal electrode patterns 112 and the
second internal electrode patterns 113 can be formed by
applying an optional electrically conductive paste to the first
ceramic sheets 101 and the second ceramic sheets 102,
respectively. A method of applying the electrically conduc-
tive paste can be optionally selected from well-known



US 2020/0328030 Al

techniques. For example, for the application of the electri-
cally conductive paste, a screen printing method or a gravure
printing method can be used.

[0107] Each of the first internal electrode patterns 112 on
the first ceramic sheets 101 is formed in a substantially
rectangular shape that crosses one cutting line Lyl or Ly2
and extends in the X-axis direction. The first internal elec-
trode patterns 112 are cut on the cutting lines Ly1, Ly2, and
Lx, thus forming the first internal electrodes 12 of the
multi-layer ceramic capacitors 10. The first internal elec-
trode pattern 112 on the cutting line Ly1 or Ly2 corresponds
to a drawn portion to be exposed on the end surface 11a.
[0108] In the first ceramic sheet 101, a first column
including the first internal electrode patterns 112 that extend
across the cutting lines Lyl and are disposed along the
X-axis direction, and a second column including the first
internal electrode patterns 112 that extend across the cutting
lines Ly2 and are disposed along the X-axis direction are
arranged alternately in the Y-axis direction. In the first
column, the first internal electrode patterns 112 adjacent to
each other in the X-axis direction face each other while
sandwiching the cutting line Ly2 therebetween. In the sec-
ond column, the first internal electrode patterns 112 adjacent
to each other in the X-axis direction face each other while
sandwiching the cutting line Lyl therebetween. In other
words, the first internal electrode patterns 112 are displaced
by one chip in the X-axis direction between the first column
and the second column adjacent to each other in the Y-axis
direction.

[0109] The second internal electrode patterns 113 on the
second ceramic sheets 102 are configured to be similar to the
first internal electrode patterns 112. However, in the second
ceramic sheet 102, the second internal electrode patterns 113
in a column corresponding to the first column of the first
ceramic sheet 101 extend across the cutting lines Ly2, and
the second internal electrode patterns 113 in a column
corresponding to the second column of the first ceramic
sheet 101 extend across the cutting lines Ly1. In other words,
the second internal electrode patterns 113 are displaced from
the first internal electrode patterns 112 by one chip in the
X-axis direction or the Y-axis direction.

[0110] An electrode non-formation region N is a region in
which the first and second internal electrode patterns 112
and 113 are not formed on the first and second ceramic
sheets 101 and 102. In the first ceramic sheet 101, the
electrode non-formation region N includes a plurality of
belt-like regions extending along the cutting lines Lyl and
Ly2 between the first internal electrode patterns 112 adjacent
to each other in the X-axis direction, and a plurality of
belt-like regions extending along the cutting lines Lx
between the first internal electrode patterns 112 adjacent to
each other in the Y-axis direction. The electrode non-
formation region N is formed in a lattice pattern as a whole,
in which those belt-like regions are alternately crossed. The
electrode non-formation region N corresponds to side mar-
gins and end margins of the multi-layer ceramic capacitor
10.

[0111] The electrode non-formation region N in the second
ceramic sheet 102 is also formed in a similar manner.
[0112] FIG. 9 is a partially enlarged cross-sectional view
taken along the C-C' line of FIG. 8A.

[0113] In FIG. 9, the internal electrode patterns 112 (113)
each having a predetermined thickness dl are formed on the
ceramic sheet 101 (102). The thickness dl of the internal
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electrode patterns 112 (113) is a mean thickness of the
internal electrode patterns 112 and can be calculated as, for
example, a mean value of the thicknesses measured at a
plurality of sites as in the case of the mean thickness of the
ceramic layers 18.

[0114] A space portion S sandwiched between the adjacent
internal electrode patterns 112 (113) is formed in the elec-
trode non-formation region N. The space portion S is a space
region having a thickness dl and facing the electrode non-
formation region N. In other words, the space portion S has
a volume obtained by multiplying the area of the electrode
non-formation region N by the thickness dl. FIGS. 9 and 10
each show the space portion S surrounded by a thick broken
line.

[0115] 3.2 Step S02: Formation of Dielectric Pattern

[0116] In Step S02, a dielectric pattern P is formed in the
electrode non-formation region N around the first internal
electrode patterns 112 on the first ceramic sheet 101 and
around the second internal electrode patterns 113 on the
second ceramic sheet 102.

[0117] FIG. 10 is a cross-sectional view of the same
position as that of FIG. 9 and shows a state in which the
dielectric pattern P is formed in the space portion S.

[0118] The dielectric pattern P can be formed by applying
a ceramic paste to the electrode non-formation region N of
the ceramic sheet 101 (102). The ceramic paste only needs
to mainly contain dielectric ceramics, but use of dielectric
ceramics similar to that of the first and second ceramic
sheets 101 and 102 leads to suppression of internal stress at
the time of sintering. For the application of the ceramic
paste, a screen printing method or a gravure printing method
can be used, for example.

[0119] In this embodiment, the diclectric pattern P is
formed to occupy 75% or more and less than 100% of the
space portion S. In other words, the volume of the dielectric
pattern P is 75% or more and less than 100% of the volume
of the space portion S, the volume of the space portion S
being obtained by multiplying the area of the electrode
non-formation region N by the thickness dl of the internal
electrode pattern 112 (113).

[0120] A mean thickness of the dielectric pattern P only
needs to be equal to or smaller than the thickness dl of the
space portion S. For example, the mean thickness of the
dielectric pattern P may be 80% or more and 100% or less
when the thickness dl is assumed as 100%. The mean
thickness of the dielectric pattern P can be a mean value
measured in a similar manner to the case where the thick-
nesses of the first and second internal electrode patterns 112
and 113 are measured.

[0121] The ceramic sheet 101 (102) may have gaps Q, in
which the dielectric pattern P is not formed, around the
internal electrode patterns 112 (113). When the gaps Q
between the internal electrode patterns 112 (113) and the
dielectric pattern P are provided, the dielectric pattern P can
be inhibited from being formed on the internal electrode
patterns 112 (113).

[0122] 3.3 Step S03: Lamination

[0123] In Step S03, the first and second ceramic sheets 101
and 102 prepared in Steps S01 and S02 and third ceramic
sheets 103 are laminated as shown in FIG. 11, to produce a

multi-layer sheet 104. The third ceramic sheet 103 is a
ceramic sheet on which the first and second internal elec-
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trode patterns 112 and 113 and the dielectric pattern P are not
formed. It should be noted that FIG. 11 omits the illustration
of the gaps Q.

[0124] The multi-layer sheet 104 includes a laminated
electrode sheet 105 and two laminated cover sheets 106. The
first ceramic sheets 101 and the second ceramic sheets 102
are alternately laminated in the Z-axis direction in the
laminated electrode sheet 105. Only the third ceramic sheets
103 are laminated in the laminated cover sheet 106. The two
laminated cover sheets 106 are provided on the upper
surface and the lower surface of the laminated electrode
sheet 105 in the Z-axis direction. The laminated electrode
sheet 105 corresponds to the multi-layer unit 16 after
sintering. The laminated cover sheets 106 correspond to the
covers 17 after sintering.

[0125] The number of first and second ceramic sheets 101
and 102 to be laminated in the laminated electrode sheet 105
is adjusted so as to obtain a desired capacitance and a desired
height dimension T after sintering.

[0126] The number of third ceramic sheets 103 to be
laminated in the laminated cover sheet 106 is not limited to
the example shown in FIG. 11 and is adjusted as appropriate.
[0127] The multi-layer sheet 104 is integrated by pressure-
bonding the first, second, and third ceramic sheets 101, 102,
and 103. For the pressure-bonding of the first, second, and
third ceramic sheets 101, 102, and 103, for example, hydro-
static pressing or uniaxial pressing is favorably used. This
makes it possible to obtain a high-density multi-layer sheet
104.

[0128] 3.4 Step S04: Cutting

[0129] In Step S04, the multi-layer sheet 104 obtained in
Step S03 is cut along the cutting lines [.x and Ly, to produce
an unsintered ceramic body 111.

[0130] FIG. 12 is a perspective view of the ceramic body
111 obtained in Step S04.

[0131] As shown in FIG. 12, the unsintered ceramic body
111 has two end surfaces 1114 and 1115 facing in the X-axis
direction, two side surfaces 111c¢ and 1114 facing in the
Y-axis direction, and two main surfaces 111e and 111/ facing
in the Z-axis direction. A cut portion corresponding to the
laminated electrode sheet 105 is formed as an unsintered
multi-layer unit 116. Cut portions corresponding to the
laminated cover sheets 106 are formed as unsintered covers
117.

[0132] The unsintered ceramic body 111 has such an outer
shape that the height dimension T in the Z-axis direction is
1.1 times or more and 1.6 times or less the width dimension
in the Y-axis direction after sintering. Further, the main
surface 111e includes an unsintered first flat region Ful, and
the main surface 111f includes an unsintered second flat
region Fu2. The unsintered first flat region Ful and the
unsintered second flat region Fu2 are defined in a manner
similar to the first flat region F1 and the second flat region
F2. A width dimension of the first flat region Ful in the
Y-axis direction can be set to 80% or more and less than
100% of the width dimension of the unsintered ceramic
body 111, as in the case of the first flat region F1. Similarly,
a length dimension of the unsintered second flat region Fu2
in the X-axis direction can be set to 80% or more and less
than 100% of the length dimension of the unsintered ceramic
body 111, as in the case of the second flat region F2. It
should be noted that the unsintered ceramic body 111 may be
chamfered by barrel polishing or the like after the cutting. In
such a case, barrel polishing is performed such that the width
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dimension of the first flat region Ful and the length dimen-
sion of the second flat region Fu2 fall within the ranges
described above.

[0133] 3.5 Step S05: Sintering

[0134] In Step SO05, the unsintered ceramic body 111
obtained in Step S04 is sintered, to produce the ceramic
body 11 shown in FIGS. 1 to 3. In other words, in Step S05,
the multi-layer unit 116 becomes the multi-layer unit 16, and
the covers 117 become the covers 17. Sintering can be
performed in a reduction atmosphere or a low-oxygen partial
pressure atmosphere, for example.

[0135] 3.6 Step S06: Formation of External Electrode
[0136] In Step S06, the first external electrode 14 and the
second external electrode 15 are formed on the ceramic body
11 obtained in Step S05, to produce the multi-layer ceramic
capacitor 10 shown in FIGS. 1 to 3.

[0137] In Step S06, first, an unsintered electrode material
is applied so as to cover one of the end surfaces of the
ceramic body 11 that face in the X-axis direction, and then
applied so as to cover the other end surface of the ceramic
body 11 that faces in the X-axis direction. The unsintered
electrode material applied to the ceramic body 11 is baked
in a reduction atmosphere or a low-oxygen partial pressure
atmosphere, for example, to form base films on the ceramic
body 11. On the base films baked onto the ceramic body 11,
intermediate films and surface films are formed by plating
such as electrolytic plating, thus completing the first external
electrode 14 and the second external electrode 15.

[0138] It should be noted that part of the processing in
Step S06 described above may be performed before Step
S05. For example, before Step S05, the unsintered electrode
material may be applied to both the end surfaces of the
unsintered ceramic body 111 that face in the X-axis direc-
tion, and in Step S05, the unsintered ceramic body 111 may
be sintered and, simultaneously, the unsintered electrode
material may be baked to form the base films of the first
external electrode 14 and the second external electrode 15.
Alternatively, the unsintered electrode material may be
applied to the ceramic body 111 that has been subjected to
debinder processing, to simultaneously sinter the unsintered
electrode material and the ceramic body 111.

[0139] As shown in FIGS. 1 to 3, the ceramic body 11 thus
produced has the height dimension Tin the Z-axis direction,
which is 1.1 times or more and 1.6 times or less the width
dimension W in the Y-axis direction, and includes the first
flat region F1 and the second flat region F2. In Step S02, the
first flat region F1 and the second flat region F2 are each
formed by forming the dielectric pattern P that occupies 75%
or more and less than 100% of the space portion S.

[0140] Ifthe dielectric pattern is not formed, a capacitance
forming portion in which the internal electrode patterns are
laminated, and a side margin portion and an end margin
portion in each of which the electrode non-formation regions
are laminated, have a difference in height dimension in the
Z-axis direction due to the thicknesses of the internal
electrode patterns. Additionally, as the number of laminated
ceramic sheets becomes larger, that is, as the height dimen-
sion of the multi-layer ceramic capacitor becomes larger, the
difference in height dimension in the Z-axis direction
between the above-mentioned portions becomes larger. For
that reason, in the ceramic body obtained by pressure-
bonding and cutting the laminated ceramic sheets, the height
dimension gradually increases from the peripheral portions
in the X- and Y-axis directions toward the center portions in
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the X- and Y-axis directions, and the main surfaces are
formed as curved surfaces protruding in the Z-axis direction.

[0141] Further, if the dielectric pattern is intended to be
formed on the entire electrode non-formation region N (i.e.,
in a state of occupying 100% of the space portion), even with
a slight displacement of the dielectric pattern, the dielectric
pattern overlaps with the internal electrode patterns. Accord-
ingly, the thickness of the overlapping portion is increased,
and the height of the ceramic body in the Z-axis direction
becomes uneven.

[0142] Meanwhile, when the proportion of the dielectric
pattern occupying the space portion is less than 75%, a gap
between the internal electrode pattern and the dielectric
pattern becomes larger. As a result, the laminated ceramic
sheets sink down into the gaps at the time of pressure-
bonding, and the height of the ceramic body in the Z-axis
direction becomes uneven again.

[0143] In this embodiment, the dielectric pattern P is
formed so as to occupy 75% or more of the space portion S,
and thus the gaps Q can be made small to such an extent that
the ceramic sheets laminated in Step S03 do not sink down
into the gaps Q. Accordingly, the height of the electrode
sheet 105 in the Z-axis direction can be formed to be
uniform, and the first flat region Ful and the second flat
region Fu2 are formed in the unsintered ceramic body 111.
Therefore, the first flat region F1 and the second flat region
F2 are also formed in the sintered ceramic body 11.

[0144] Further, the dielectric pattern P is formed so as to
occupy a portion less than 100% of the space portion S, and
thus narrow gaps Q can be provided in the electrode non-
formation region N. Accordingly, even when the dielectric
pattern P is slightly displaced with respect to the internal
electrode patterns 112 and 113, the displacement is mitigated
by the gaps Q. Therefore, it is possible to reduce the risk of
overlapping of the dielectric pattern P with the internal
electrode patterns 112 and 113.

[0145] Additionally, after the production, the multi-layer
ceramic capacitor 10 is packaged as a package 100 with the
first flat region F1 being faced upward in the Z-axis direction
and with the second flat region F2 being faced downward in
the Z-axis direction. Accordingly, a mounting step of taking
the multi-layer ceramic capacitor 10 out of the package 100
and mounting the multi-layer ceramic capacitor 10 to an
electronic device can be smoothly performed.

[0146] Hereinafter, the configuration of the package 100
and a method of mounting the multi-layer ceramic capacitor
10 will be described in detail.

4. CONFIGURATION OF PACKAGE 100 FOR
MULTI-LAYER CERAMIC CAPACITOR 10

[0147] FIG. 13 is a plan view of the package 100 for the
multi-layer ceramic capacitor 10. FIG. 14 is a cross-sec-
tional view taken along the D-D' line in FIG. 13. It should
be noted that the configuration of the package 100 according
to this embodiment is not limited to the configuration shown
in FIGS. 13 and 14.

[0148] For example, the package 100 is long in the Y-axis
direction, has a predetermined depth in the Z-axis direction,
and houses a plurality of multi-layer ceramic capacitors 10.
[0149] The package 100 includes a housing portion 110, a
sealing portion 120, and a plurality of multi-layer ceramic
capacitors 10.
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[0150] The housing portion 110 includes a plurality of
recesses 110a formed at predetermined intervals along the
Y-axis direction.

[0151] The housing portion 110 is typically a carrier tape,
but it may be a chip tray in which the recesses 110a that
house the multi-layer ceramic capacitors 10 are arranged in
a lattice pattern, for example. Further, a material forming the
housing portion 110 is also not particularly limited, and a
synthetic resin, paper, or the like can be used therefor.

[0152] The recess 110a is formed downward from an
upper surface 110¢ of the housing portion 110 in the Z-axis
direction and has a size capable of housing each multi-layer
ceramic capacitor 10. A take-out opening 1105 is formed on
the upper surface 110c side of the recess 110a. The take-out
opening 1105 is used when the multi-layer ceramic capacitor
10 is housed in the recess 110a and taken out of the recess
110q.

[0153] The sealing portion 120 is disposed on the housing
portion 110 so as to be capable of being peeled off. The
sealing portion 120 is formed to cover the take-out openings
1105 of the recesses 110a in the Z-axis direction. The sealing
portion 120 is typically a cover tape, but it is not particularly
limited as long as the sealing portion 120 is a member
capable of being peeled off from the housing portion 110 and
having a function of sealing the recesses 110a. Further, the
sealing portion 120 may be made of the same type of
material as that of the housing portion 110 or may be made
of a different material.

[0154] The multi-layer ceramic capacitor 10 is housed in
the recess 110a with the first flat region F1 being faced to the
take-out opening 1105 side (upward in the Z-axis direction)
and with the second flat region F2 being faced to the bottom
surface 1104 side of the recess 110a (downward in the Z-axis
direction). It is favorable that the first flat region F1 on the
take-out opening 1105 side is formed such that the width
dimension WT is 80% or more and less than 100% of the
width dimension W of the ceramic body 11. It is favorable
that the second flat region F2 on the bottom surface 1104
side of the recess 110a is formed such that the length
dimension Lfin the X-axis direction is 80% or more and less
than 100% of the length dimension L of the ceramic body 11.

5. METHOD OF MOUNTING MULTI-LAYER
CERAMIC CAPACITOR 10

[0155] FIG. 15 is a cross-sectional view schematically
showing a step of mounting the multi-layer ceramic capaci-
tor 10, which shows a cross section corresponding to FIG.
14. F1G. 16 is a cross-sectional view of a multi-layer ceramic
capacitor mounting substrate (mounting substrate) 200, onto
which the multi-layer ceramic capacitor 10 is mounted,
when viewed in the Y-axis direction. FIG. 17 is a side view
of the mounting substrate 200 when viewed in the X-axis
direction.

[0156] The multi-layer ceramic capacitors 10 are taken out
of the package 100 one by one and are mounted onto a
circuit board 210 of an electronic device. Hereinafter,
description will be given with reference to FIGS. 15 and 17.

[0157] First, the sealing portion 120 is peeled off from the
housing portion 110. Subsequently, as shown in FIG. 15, the
multi-layer ceramic capacitor 10 is taken out through the
take-out opening 1105 of the package 100 by using a suction
nozzle M of a chip mounter. The suction nozzle M holds the
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first flat region F1 by suction from above in the Z-axis
direction, the first flat region F1 being faced to the take-out
opening 1105 side.

[0158] The suction nozzle M moves the multi-layer
ceramic capacitor 10 onto the circuit board 210 while
keeping suction of the first flat region F1. The suction nozzle
M disposes the multi-layer ceramic capacitor 10 at a pre-
determined position on the circuit board 210, and then
releases the suction. At that time as well, the first flat region
F1 is faced upward in the Z-axis direction, and the second
flat region F2 is faced downward in the Z-axis direction.
[0159] Subsequently, the first and second external elec-
trodes 14 and 15 of the multi-layer ceramic capacitor 10 and
the circuit board 210 are bonded to each other in the Z-axis
direction by solder H or the like, and thus a mounting
substrate 200 onto which the multi-layer ceramic electronic
component 10 is mounted is formed as shown in FIGS. 16
and 17.

[0160] Also in the mounting substrate 200, the multi-layer
ceramic capacitor 10 is mounted with the first flat region F1
being faced upward in the Z-axis direction and with the
second flat region F2 being faced downward in the Z-axis
direction. In other words, in the mounting substrate 200, the
second flat region F2 faces the circuit board 210 in the
Z-axis direction.

[0161] Here, if the dielectric pattern is not formed to have
the volume occupying 75% or more and less than 100% of
the space portion, as in a multi-layer ceramic capacitor 10'
shown in FIG. 18, the center portions of main surfaces 11'e
and 11'f of a ceramic body 11' are curved surfaces. In this
case, a gap is generated between the tip of the suction nozzle
M and the main surface of the ceramic body, and the suction
by the suction nozzle M becomes insufficient. Therefore,
there is a possibility that a failure, such as the difficulty of
performing suction of the main surface of the multi-layer
ceramic capacitor or the drop of the multi-layer ceramic
capacitor in the process of transfer, occurs in the mounting
step. Alternatively, as shown in FIG. 18, there is a possibility
that the multi-layer ceramic capacitor 10' loses balance when
disposed on the circuit board 210, and the multi-layer
ceramic capacitor 10" is bonded to the circuit board 210 at a
large inclined angle.

[0162] In this embodiment, the first flat region F1 and the
second flat region F2 are respectively formed on the main
surfaces 1le and 11f of the ceramic body 11, and the
multi-layer ceramic capacitor 10 is packaged with the first
flat region F1 and the second flat region F2 being faced
upward and downward in the Z-axis direction. Accordingly,
the tip of the suction nozzle M and the first flat region F1 of
the ceramic body 11 come into close contact with each other,
and thus the suction nozzle M can stably perform suction of
the first flat region F1. Therefore, it is possible to inhibit
failures from occurring at the time of suction by the suction
nozzle M and to smoothly mount the multi-layer ceramic
capacitor 10.

[0163] Additionally, the second flat region F2 is formed in
the main surface 11fon the circuit board 210 side, and thus
the surfaces of the first and second external electrodes 14
and 15 facing the circuit board 210 are also formed to be
substantially flat. Accordingly, the posture of the multi-layer
ceramic capacitor 10 when bonded to the circuit board 210
by the solder H or the like can be stabilized, and the
multi-layer ceramic capacitor 10 can be inhibited from being
bonded to the circuit board 210 at an inclined angle. There-
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fore, on the circuit board 210, the multi-layer ceramic
capacitor 10 can be inhibited from coming into contact with
an adjacent electronic component, and the multi-layer
ceramic capacitor 10 and another electronic component can
be mounted at high density. Further, occurrence of a chip
standing phenomenon (Tombstone phenomenon) in which
one of the external electrodes separates from a land pattern
of the circuit board can be suppressed, and failures can be
more reliably inhibited from occurring at the time of mount-
ing.

[0164] FIG. 19 is a side view showing a configuration
example of the mounting substrate 200 including a plurality
of multi-layer ceramic capacitors 10 mounted onto the
circuit board 210.

[0165] As shown in FIG. 19, in a case where a plurality of
multi-layer ceramic capacitors 10 are disposed onto a single
circuit board 210, the multi-layer ceramic capacitors 10 can
be mounted along the Y-axis direction at intervals R, each of
which is 30% or less of the width dimension W of the
ceramic body 11. Accordingly, the plurality of multi-layer
ceramic capacitors 10 can be mounted onto the circuit board
210 at high density, and a highly-functional and space-
saving mounting substrate 200 can be achieved. It should be
noted that the interval R is an interval of the narrowest
portion between the multi-layer ceramic capacitors 10 adja-
cent to each other in the Y-axis direction.

[0166] Further, in the multi-layer ceramic capacitor 10, the
height dimension T of the ceramic body 11 is set to be 1.1
times or more and 1.6 times or less the width dimension W
thereof. Thus, the multi-layer ceramic capacitor 10 can keep
the balance thereof even if the height dimension T is larger
than the width dimension W. Accordingly, in the recess 110a
of the package 100 or in the mounting step, the multi-layer
ceramic capacitor 10 can be inhibited from falling down and
can be handled at a posture at which the height direction of
the multi-layer ceramic capacitor 10 coincides with the
Z-axis direction. This also allows the multi-layer ceramic
capacitor 10 to be smoothly mounted.

[0167] Additionally, setting the length dimension L. of the
ceramic body 11 to be larger than 1.0 times and equal to or
smaller than 1.5 times the height dimension T also enables
the balance of the ceramic body 11 to be kept. Therefore,
handleability at the time of mounting of the multi-layer
ceramic capacitor 10 can be more improved.

[0168] In such a manner, according to the multi-layer
ceramic capacitor 10, a failure caused at the time of mount-
ing can be inhibited from occurring even if the number of
laminated first and second internal electrodes 12 and 13 is
increased, and thus the capacitance can be increased without
changing the mounting area. Therefore, it is possible to
achieve the multi-layer ceramic capacitor 10 having a large
capacitance and capable of contributing to reduction in size
of the electronic device.

6. EXAMPLES AND COMPARATIVE
EXAMPLES

[0169] As Examples and Comparative examples of this
embodiment, samples of the multi-layer ceramic capacitor
10 were produced by the production method described
above, and the shape, a suction rate of the suction nozzle M,
and a mounting failure rate were investigated.

[0170] First, samples (Examples 1 to 3 and Comparative
examples 1 and 2) of the multi-layer ceramic capacitor were
produced. The samples had three sizes: a first size having a
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length dimension (L) of 0.69 mm, a width dimension (W) of
0.39 mm, and a height dimension (T) of 0.55 mm; a second
size having a length dimension (L) of 1.15 mm, a width
dimension (W) of 0.65 mm, and a height dimension (T) of
1.00 mm; and a third size having a length dimension (L) of
1.20 mm, a width dimension (W) of 0.75 mm, and a height
dimension (T) of 0.85 mm. In other words, a ratio of the
length dimension to the height dimension (L/T) was 1.15 to
1.41, and a ratio of the height dimension to the width
dimension (T/W) was 1.13 to 1.54. Further, in the following
evaluation, 100 samples for each of the three sizes for each
of Examples and Comparative examples, i.e., 1,500 samples
in total were used.

[0171] In each of the samples of Examples 1 to 3 and
Comparative example 1, a dielectric pattern was formed.
Table 1 shows a volume ratio of the dielectric pattern to the
volume of the space portion (space occupancy rate), the
volume of the space portion being obtained by multiplying
the area of the electrode non-formation region by the thick-
ness of the internal electrode pattern. It should be noted that
a value of the space occupancy rate shown in Table 1 was a
mean value of the 300 samples for each of Examples and
Comparative examples.

[0172] The space occupancy rate was 95% in Example 1,
90% in Example 2, and 75% in Example 3, all of which were
75% or more and less than 100%. Meanwhile, in Compara-
tive example 1, the space occupancy rate was 50%. In
Comparative example 2, the space occupancy rate was 0%
because the dielectric pattern was not formed.

TABLE 1
Space Mounting
occupancy rate  WHW  LPL  Suction rate failure rate
Example 1 95% 85% 92% 99% 1%
Example 2 90% 83% 90% 99% 1%
Example 3 75% 82% 89% 99% 1%
Comparative 50% 65% 79% 92% 5%
example 1
Comparative 0% 35% 65% 85% 9%
example 2
[0173] Further, a proportion (W{/'W) of the width dimen-

sion (W1) of one of the flat regions to the width dimension
(W) of the multi-layer ceramic capacitor, and a proportion
(L/L) of the length dimension (Lf) of the other flat region
to the length dimension (L) of the multi-layer ceramic
capacitor were measured. Table 1 shows the results of the
measurement. It should be noted that a value of the propor-
tion of the width dimension and a value of the proportion of
the length dimension, which are shown in Table 1, were each
a mean value of the 300 samples for each of Examples and
Comparative examples. Further, for the value of the propor-
tion of the width dimension in each sample, a value of the
proportion of the width dimension of the flat region of an
optional one of the two main surfaces of each sample was
employed. For the value of the proportion of the length
dimension in each sample, a value of the proportion of the
length dimension of the flat region of the other main surface
of each sample was employed.

[0174] The proportion of the width dimension was 85% in
Example 1, 83% in Example 2, and 82% in Example 3, all
of which were 80% or more in Examples 1 to 3. Meanwhile,
the proportion of the width dimension was 65% in Com-
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parative example 1, and 35% in Comparative example 2, all
of which were less than 80%.

[0175] Further, the proportion of the length dimension was
92% in Example 1, 90% in Example 2, and 89% in Example
3, all of which were 80% or more in Examples 1 to 3.
Meanwhile, the proportion of the length dimension was 79%
in Comparative example 1, and 65% in Comparative
example 2, all of which were less than 80%.

[0176] The proportion (W{/W) of the width dimension and
the proportion (LLf/L.) of the length dimension each showed
a positive relationship with the space occupancy rate of the
dielectric pattern. Specifically, in Examples 1 to 3 in which
the space occupancy rate was 75% or more and less than
100%, each of the W{/W and the L{/LL was 80% or more in
each example. However, in Comparative examples 1 and 2
in which the space occupancy rate was 50% or less, each of
the W{/W and the L{/L. was less than 80% in each example.
From those results, it was confirmed that when the space
occupancy rate of the dielectric pattern is set to 75% or more
and less than 100%, the flat regions can be formed such that
the proportion of the width dimension and the proportion of
the length dimension are 80% or more.

[0177] Subsequently, a housing portion including recesses
in a package was prepared, and each sample was housed in
the recess with a main surface being faced to the take-out
opening side, the main surface including a flat region having
a larger proportion of the width dimension. The main surface
of each sample on the take-out opening side was tried to be
sucked by a suction nozzle of a chip mounter. In the 300
samples of each of Examples and Comparative Examples, a
proportion of the samples whose main surfaces could be
sucked by the suction nozzle was calculated as a “suction
rate”. Table 1 shows the results thereof.

[0178] As shown in Table 1, it was confirmed that the
suction rate is 99% in all of Examples 1 to 3, and almost all
of'the samples can be sucked by the suction nozzle and have
optimal handleability at the time of mounting. Meanwhile,
the suction rate was 92% in Comparative example 1 and
85% in Comparative example 2, in which the suction failed
in approximately 10 to 20% of the samples. Accordingly, it
was confirmed that the handleability at the time of mounting
in Comparative examples 1 and 2 is inferior to that in
Examples 1 to 3.

[0179] Next, solder cream was printed on land patterns
provided on the circuit board at intervals of 20% of the width
dimension. The samples that could be sucked by the suction
nozzle were disposed on the land patterns, and soldering was
performed in a reflow furnace. In each of Examples and
Comparative Examples, a proportion of samples, in which
contact with adjacent components or separation from one of
the land patterns due to the Tombstone phenomenon was
confirmed, to the samples that could be sucked by the
suction nozzle and disposed onto a circuit board, was
calculated as a “mounting failure rate”. Table 1 shows the
results thereof.

[0180] As shown in Table 1, it was confirmed that the
mounting failure rate is 1% in all of Examples 1 to 3, and
good mounting is enabled in almost all of the samples. On
the other hand, a mounting failure occurred and was 5% in
Comparative example 1 and 9% in Comparative example 2.
Accordingly, it was confirmed that the handleability at the
time of mounting in Comparative examples 1 and 2 is
inferior to that in Examples 1 to 3.
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7. OTHER EMBODIMENTS

[0181] Hereinabobve, the embodiment of the present dis-
closure has been described, but the present disclosure is not
limited to the embodiment described above, and it should be
appreciated that the present disclosure may be variously
modified without departing from the gist of the present
disclosure. For example, the embodiment of the present
disclosure can be an embodiment in which some embodi-
ments are combined.

[0182] For example, in the multi-layer ceramic capacitor
10, the multi-layer unit 16 may be divided into a plurality of
multi-layer units 16 and then disposed in the Z-axis direc-
tion. In this case, in each multi-layer unit 16, the first and
second internal electrodes 12 and 13 only need to be
alternately disposed along the Z-axis direction, and the first
internal electrodes 12 or the second internal electrodes 13
may be consecutively disposed at portions where the multi-
layer units 16 are adjacent to each other.

[0183] Further, in the embodiment described above, the
multi-layer ceramic capacitor has been described as an
example of a ceramic electronic component, but the present
disclosure can be applied to any other multi-layer ceramic
electronic components in which paired internal electrodes
are alternately disposed. Examples of such multi-layer
ceramic electronic components include a piezoelectric ele-
ment

What is claimed is:

1. A multi-layer ceramic electronic component, compris-

ing:

a ceramic body that includes
internal electrodes laminated in a first direction,

a first main surface including a first flat region facing in
the first direction, and

a second main surface including a second flat region,
the second flat region being on a side opposite to the
first flat region and facing in the first direction; and

a pair of external electrodes connected to the internal
electrodes and facing each other in a second direction
orthogonal to the first direction,

a dimension of the ceramic body in the first direction
being 1.1 times or more and 1.6 times or less a
dimension of the ceramic body in a third direction
orthogonal to the first direction and the second direc-
tion,

the first flat region being formed at a center portion of the
first main surface in the second direction,

the second flat region being formed at a center portion of
the second main surface in the third direction,

wherein a dimension of the second flat region in the
second direction is 80% or more and less than 100% of
a dimension of the ceramic body in the second direc-
tion.

2. The multi-layer ceramic electronic component accord-

ing to claim 1, wherein

a dimension of the first flat region in the third direction is
82% or more and less than 100% of the dimension of
the ceramic body in the third direction.

3. The multi-layer ceramic electronic component accord-

ing to claim 1, wherein

the dimension of the second flat region in the second
direction is 89% or more and less than 100% of a
dimension of the ceramic body in the second direction.

4. The multi-layer ceramic electronic component accord-

ing to claim 1, wherein
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the dimension of the ceramic body in the second direction
is larger than 1.0 times and equal to or smaller than 1.5
times the dimension of the ceramic body in the first
direction.
5. A multi-layer ceramic electronic component mounting
substrate, comprising:
a circuit board; and
a multi-layer ceramic electronic component including
a ceramic body including internal electrodes laminated
in a first direction, and
a pair of external electrodes connected to the internal
electrodes and facing each other in a second direc-
tion orthogonal to the first direction, the multi-layer
ceramic electronic component being mounted onto
the circuit board via the pair of external electrodes,
a dimension of the ceramic body in the first direction
being 1.1 times or more and 1.6 times or less a
dimension of the ceramic body in a third direction
orthogonal to the first direction and the second direc-
tion,
the ceramic body including
a first main surface including a first flat region facing in
the first direction, and
a second main surface including a second flat region,
the second flat region being on a side opposite to the
first flat region and facing in the first direction,
the first flat region being formed at a center portion of
the first main surface in the second direction,
the second flat region being formed at a center portion
of the second main surface in the third direction,
the multi-layer ceramic electronic component being
mounted onto the circuit board such that the second flat
region faces the circuit board in the first direction and
that the first flat region faces upward in the first
direction,
wherein a dimension of the second flat region in the
second direction is 80% or more and less than 100% of
a dimension of the ceramic body in the second direc-
tion.
6. The multi-layer ceramic electronic component mount-
ing substrate according to claim 5, further comprising
multi-layer ceramic electronic components each including
the ceramic body, and
the pair of external electrodes,
the multi-layer ceramic electronic components being to be
mounted onto the circuit board along the third direction
at intervals of 30% or less of the dimension of the
ceramic body in the third direction.
7. The multi-layer ceramic electronic component mount-
ing substrate according to claim 5, wherein
when a first imaginary line and a second imaginary line
are defined on a cross section of the ceramic body in the
first direction and the third direction, the first imaginary
line passing through a center point of the first main
surface in the third direction and orthogonally inter-
secting with the first direction, the second imaginary
line being parallel to the first imaginary line and having
an interval from the first imaginary line, the interval
being 1% of the dimension of the ceramic body in the
first direction, the first flat region includes a region
between two points at which the second imaginary line
and the first main surface intersect with each other, and
when a third imaginary line and a fourth imaginary line
are defined on a cross section of the ceramic body in the
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first direction and the second direction, the third imagi-
nary line passing through a center point of the second
main surface in the second direction and orthogonally
intersecting with the first direction, the fourth imagi-
nary line being parallel to the third imaginary line and
having an interval from the third imaginary line, the
interval being 1% of the dimension of the ceramic body

in the first direction, the second flat region includes a

region between two points at which the fourth imagi-

nary line and the second main surface intersect with
each other.

8. The multi-layer ceramic electronic component mount-

ing substrate according to claim 5, wherein

a dimension of the first flat region in the third direction is
82% or more and less than 100% of the dimension of
the ceramic body in the third direction.

9. The multi-layer ceramic electronic component mount-

ing substrate according to claim 5, wherein

the dimension of the second flat region in the second
direction is 89% or more and less than 100% of the
dimension of the ceramic body in the second direction.

10. The multi-layer ceramic electronic component mount-

ing substrate according to claim 5, wherein

the dimension of the ceramic body in the second direction
is larger than 1.0 times and equal to or smaller than 1.5
times the dimension of the ceramic body in the first
direction.

11. A multi-layer ceramic electronic component package,

comprising:

a multi-layer ceramic electronic component includes
a ceramic body including internal electrodes laminated

in a first direction, a first main surface including a
first flat region facing in the first direction, and a
second main surface including a second flat region,
the second flat region being on a side opposite to the
first flat region and facing in the first direction,

a pair of external electrodes connected to the internal
electrodes and facing each other in a second direc-
tion orthogonal to the first direction;

a housing portion includes a recess that houses the multi-
layer ceramic electronic component and that includes a
take-out opening; and

a sealing portion covers the take-out opening of the
recess,

a dimension of the ceramic body in the first direction
being 1.1 times or more and 1.6 times or less a
dimension of the ceramic body in a third direction
orthogonal to the first direction and the second
direction,

the first flat region being formed at a center portion of
the first main surface in the second direction,

the second flat region being formed at a center portion of
the second main surface in the third direction.
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12. The multi-layer ceramic electronic component pack-
age according to claim 11, wherein
a dimension of the first flat region in the third direction is
80% or more and less than 100% of the dimension of
the ceramic body in the third direction.
13. The multi-layer ceramic electronic component pack-
age according to claim 12, wherein
the dimension of the first flat region in the third direction
is 82% or more and less than 100% of the dimension of
the ceramic body in the third direction.
14. The multi-layer ceramic electronic component pack-
age according to claim 11, wherein
a dimension of the second flat region in the second
direction is 80% or more and less than 100% of a
dimension of the ceramic body in the second direction.
15. The multi-layer ceramic electronic component pack-
age according to claim 14, wherein
the dimension of the second flat region in the second
direction is 89% or more and less than 100% of the
dimension of the ceramic body in the second direction.
16. The multi-layer ceramic electronic component pack-
age according to claim 11, wherein
when a first imaginary line and a second imaginary line
are defined on a cross section of the ceramic body in the
first direction and the third direction, the first imaginary
line passing through a center point of the first main
surface in the third direction and orthogonally inter-
secting with the first direction, the second imaginary
line being parallel to the first imaginary line and having
an interval from the first imaginary line, the interval
being 1% of the dimension of the ceramic body in the
first direction, the first flat region includes a region
between two points at which the second imaginary line
and the first main surface intersect with each other, and
when a third imaginary line and a fourth imaginary line
are defined on a cross section of the ceramic body in the
first direction and the second direction, the third imagi-
nary line passing through a center point of the second
main surface in the second direction and orthogonally
intersecting with the first direction, the fourth imagi-
nary line being parallel to the third imaginary line and
having an interval from the third imaginary line, the
interval being 1% of the dimension of the ceramic body
in the first direction, the second flat region includes a
region between two points at which the fourth imagi-
nary line and the second main surface intersect with
each other.
17. The multi-layer ceramic electronic component pack-
age according to claim 11, wherein
a dimension of the ceramic body in the second direction
is larger than 1.0 times and equal to or smaller than 1.5
times the dimension of the ceramic body in the first
direction.



