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(57) ABSTRACT

A dielectric ceramic that can be sintered at a sufficiently low
temperature and has a desired specific resistance at a high
temperature, and a multilayer ceramic electronic component
(a multilayer ceramic capacitor and the like) using the dielec-
tric ceramic are provided. The multilayer ceramic capacitor
includes a multilayer body having a plurality of laminated
dielectric ceramic layers, and a plurality of internal electrodes
at interfaces between the dielectric ceramic layers; and exter-
nal electrodes 8 and 9 on outer surfaces of the multilayer
body. The composition of the multilayer body includes a
perovskite-type compound containing Ba and Ti (where a
part of Ba may be substituted by Ca, and a part of Ti may be
substituted by Zr) as a primary ingredient, and further
includes M (where M is at least one of Cu, Zn, Li, K, and Na)
and Bi. The total content of M and Bi is equal to or greater
than 3 molar parts when the total content of Ti and Zr is 100
molar parts. The crystal particle size of the dielectric ceramic
is 30 nm or more and 150 nm or less.
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MULTILAYER CERAMIC CAPACITOR,
DIELECTRIC CERAMIC, MULTILAYER
CERAMIC ELECTRONIC COMPONENT, AND
METHOD FOR MANUFACTURING
MULTILAYER CERAMIC CAPACITOR

[0001] This is a continuation of application Ser. No. PCT/
JP2012/056688, filed Mar. 15, 2012, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

[0002] Thepresent invention relates to a multilayer ceramic
capacitor, and also relates to a dielectric ceramic used for the
multilayer ceramic capacitor, a multilayer ceramic electronic
component represented by the multilayer ceramic capacitor,
and a method for manufacturing the multilayer ceramic
capacitor.

BACKGROUND ART

[0003] With reference to FIG. 1, a multilayer ceramic
capacitor 1 that is a representative example of a multilayer
ceramic electronic component according to the present inven-
tion will be described first.

[0004] Multilayer ceramic capacitor 1 includes a multilayer
body 2 which is formed of a plurality of laminated ceramic
layers 3 and a plurality of internal electrodes 4 and 5 each
formed along an interface between ceramic layers 3.

[0005] A first external electrode 8 and a second external
electrode 9 are formed at mutually different positions on an
outer surface of multilayer body 2. In the multilayer ceramic
capacitor 1 illustrated in FIG. 1, first external electrode 8 and
second external electrode 9 are formed respectively on oppos-
ing end surfaces 6 and 7 of multilayer body 2. Internal elec-
trode 4 includes a plurality of first internal electrodes 4 which
are electrically connected to first external electrode 8, and
internal electrode 5 includes a plurality of second internal
electrodes 5 which are electrically connected to second exter-
nal electrode 9. First internal electrodes 4 and second internal
electrodes 5 are disposed alternately in the lamination direc-
tion. If necessary, a surface of external electrode 8 is coated
with a first plating layer 10 and a second plating layer 12,
while a surface of external electrode 9 is coated with a first
plating layer 11 and a second plating layer 13.

[0006] Since size reduction is particularly required for the
multilayer ceramic capacitor, the process of manufacturing
the multilayer ceramic capacitor includes a method of lami-
nating a green sheet made of a dielectric ceramic and an
internal electrode layer and then sintering the laminated sheet
and layer at the same time. For cost reduction, base metals
such as Ni are used for an internal electrode of the multilayer
ceramic capacitor.

[0007] Inrecent years, as thinning of the ceramic layer has
further progressed, thinning of the internal electrode is also
urgently required. However, thinning ofthe internal electrode
causes a problem that the rate of coverage of the internal
electrode tends to be decreased due to spherically-agglomer-
ated metal particles. This requires sintering at a lower tem-
perature.

[0008] Furthermore, since a multilayer ceramic electronic
component is required to have various characteristics, it also
becomes necessary to use various types of metals such as Ag
and Cu as a metal for an internal electrode. This also requires
sintering at a low temperature.
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[0009] For the reasons as described above, a ceramic mate-
rial that can be sintered at a low temperature and exhibits
excellent dielectric properties is demanded.

[0010] For example, PTD 1 discloses a barium titanate-
based dielectric ceramic composition suitable for a multilayer
substrate or a multilayer ceramic capacitor, and also discloses
that the dielectric ceramic composition can be sintered at
1000° C. or lower.

CITATION LIST

Patent Document

[0011] PTD 1: Japanese Patent Laying-Open No. 2007-
290940
SUMMARY OF INVENTION
Technical Problem
[0012] In the dielectric ceramic composition in PTD 1,

however, there is a problem that the specific resistance at a
high temperature (150° C.) is relatively low.

[0013] Thus, an object of the present invention is to provide
a dielectric ceramic that can be sintered at a sufficiently low
temperature and has a high specific resistance at a high tem-
perature, and also to provide a multilayer ceramic electronic
component (a multilayer ceramic capacitor, a multilayer
ceramic substrate, and the like) made using the dielectric
ceramic.

Solution to Problem

[0014] As the solution to the problems noted, a multilayer
ceramic capacitor of the present invention includes a multi-
layer body having a plurality of laminated dielectric ceramic
layers and a plurality of internal electrodes formed along
interfaces between the dielectric ceramic layers; and an exter-
nal electrode formed on an outer surface of the multilayer
body. The composition of the multilayer body includes a
perovskite-type compound containing Ba and Ti (where a
part of Ba may be substituted by Ca, and a part of Ti may be
substituted by Zr) as a primary ingredient, and further
includes M (where M is at least one of Cu, Zn, Li, K, and Na)
and Bi. A total content of M and Bi is equal to or greater than
3 molar parts when a total content of Ti and Zr is 100 molar
parts. The size of each of the dielectric ceramic is 30 nm or
more and 150 nm or less.

[0015] In this case, it is preferable that the composition of
the multilayer body satisfies the condition that the total con-
tent of M and Bi is equal to or less than 12 molar parts when
the total content of Ti and Zr is 100 molar parts.

[0016] Furthermore, a multilayer ceramic capacitor of the
present invention includes a multilayer body having a plural-
ity of laminated dielectric ceramic layers and a plurality of
internal electrodes formed along interfaces between the
dielectric ceramic layers; and an external electrode formed on
an outer surface of the multilayer body. The composition of
the dielectric includes a perovskite-type compound contain-
ing Ba and Ti (where a part of Ba may be substituted by Ca,
and a part of Ti may be substituted by Zr) as a primary
ingredient, and further includes Q (where Q is at least one of
Ba, Ca and Sr) and Bi. The total content of Ba, Ca, Sr, and Bi
is equal to or greater than 3 molar parts when the total content
of'Tiand Zr is 100 molar parts. The crystal particle size of the
dielectric ceramic is 30 nm or more and 150 nm or less.
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[0017] In this case, it is preferable that the composition of
the multilayer body satisfies a condition that the total content
of Ba, Ca, Sr, and Bi is equal to or less than 12 molar parts
when the total content of Ti and Zr is 100 molar parts.
[0018] Furthermore, a multilayer ceramic capacitor of the
present invention includes a multilayer body having a plural-
ity of laminated dielectric ceramic layers and a plurality of
internal electrodes formed along interfaces between the
dielectric ceramic layers; and an external electrode formed on
an outer surface of the multilayer body. the composition of the
dielectric includes a perovskite-type compound containing
Ba and Ti (where a part of Ba may be substituted by Ca, and
apart of Ti may be substituted by Zr) as a primary ingredient,
and further includes M (where M is at least one of Cu, Zn, Li,
K, and Na) and Bi. The crystal particle size of the dielectric
ceramic is 30 nm or more and 150 nm or less. The total
content of M and Bi is equal to or greater than 3 molar parts
when the total content of Ti and Zr at a time when the multi-
layer body is dissolved in a solvent is 100 molar parts.
[0019] Inthis case, itis preferable that the total content of M
and Bi is equal to or less than 12 molar parts when the total
content of Ti and Zr at a time when the multilayer body is
dissolved in the solvent is 100 molar parts.

[0020] Furthermore, a diclectric ceramic of the present
invention includes a perovskite-type compound containing
Ba and Ti (where a part of Ba may be substituted by Ca, and
apart of Ti may be substituted by Zr) as a primary ingredient,
and further includes M (where M is at least one of Cu, Zn, Li,
K, and Na) and Bi. The total content of M and Bi is equal to
or greater than 3 molar parts when the total content of Ti and
Zr is 100 molar parts. The crystal particle size of the dielectric
ceramic is 30 nm or more and 150 nm or less.

[0021] Inthis case, itis preferable that the total content of M
and Bi is equal to or less than 12 molar parts when the total
content of Ti and Zr is 100 molar parts.

[0022] Furthermore, a dielectric ceramic according to the
present invention includes a perovskite-type compound con-
taining Ba and Ti (where a part of Ti may be substituted by Zr)
as a primary ingredient, and further includes Q (where Q is at
least one of Ba, Ca and Sr) and Bi. The total content of Ba, Ca,
Sr, and Bi is equal to or greater than 3 molar parts when the
total content of Ti and Zr is 100 molar parts. The crystal
particle size of the dielectric ceramic is 30 nm or more and
150 nm or less.

[0023] In this case, it is preferable that the total content of
Ba, Ca, Sr, and Bi is equal to or less than 12 molar parts when
the total content of Ti and Zr is 100 molar parts.

[0024] The dielectric ceramic of the present invention
described above can be used for a dielectric ceramic layer of
a multilayer ceramic electronic component including a mul-
tilayer body having a plurality of laminated dielectric ceramic
layers and a plurality of internal electrodes formed along
interfaces between the ceramic layers; and external elec-
trodes formed on an outer surface of the multilayer body.
[0025] Furthermore, a method for manufacturing a multi-
layer ceramic capacitor of the present invention includes the
steps of: preparing primary ingredient powder including a
perovskite-type compound containing Ba and Ti (where a
part of Ba may be substituted by Ca, and a part of Ti may be
substituted by Zr) as a primary ingredient; preparing at least
one compound of M and Q (where M is at least one of Cu, Zn,
Li, K, and Na, and Q is at least one of Ba, Ca and Sr), and a Bi
compound; blending the primary ingredient powder, the at
least one compound of M and Q, and the Bi compound, and

Dec. 26, 2013

obtaining a ceramic slurry; obtaining a ceramic green sheet
from the ceramic slurry; laminating the ceramic green sheets
and internal electrode layers to obtain a non-sintered multi-
layer body; and sintering the non-sintered multilayer body to
obtain a multilayer body having an internal electrodes formed
between dielectric ceramic layers. The total content of M, Q
and Bi is equal to or greater than 3 molar parts when the total
content of Ti and Zr is 100 molar parts. The crystal particle
size of each of the dielectric ceramic layers is 30 nm or more
and 150 nm or less.

[0026] In this case, it is preferable that the total content of
M, Q and Bi is equal to or less than 12 molar parts when the
total content of Ti and Zr is 100 molar parts.

Advantageous Effects of Invention

[0027] According to the present invention, it becomes pos-
sible to provide a dielectric ceramic that can be sintered at a
sufficiently low temperature and has a high specific resistance
at a high temperature, and thereby significantly contribute to
size reduction and enhanced performance of a multilayer
ceramic electronic component (a multilayer ceramic capaci-
tor, a multilayer ceramic substrate, and the like).

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1is a schematic diagram showing an example
of a multilayer ceramic capacitor representative of a multi-
layer ceramic electronic component of the present invention.

DESCRIPTION OF EMBODIMENTS

[0029] The dielectric ceramic of the present invention
includes a perovskite-type compound containing Ba and Ti
(where a part of Ba may be substituted by Ca, and a part of Ti
may be substituted by Zr) as a primary ingredient, and further
includes M (where M is at least one of Cu, Zn, Li, K, and Na)
and Bi. Also, the total content of M and Bi relative to 100
molar parts of the total content of Ti and Zr is equal to or
greater than 3 molar parts, and the crystal particle size of the
dielectric ceramic is 30 nm or more and 150 nm or less, so that
both of sintering at a low temperature and an increased spe-
cific resistance at a high temperature can be achieved.
[0030] In this case, although the upper limit value of the
total content of M and Bi relative to 100 molar parts of the
total content of Ti and Zr is not particularly defined, the effect
of the present invention becomes remarkable particularly at
12 molar parts or lower.

[0031] Furthermore, another dielectric ceramic of the
present invention includes a perovskite-type compound con-
taining Ba and Ti (where a part of Ba may be substituted by
Ca, and a part of Ti may be substituted by Zr) as a primary
ingredient, and also includes Q (where Q is at least one of Ba,
Caand Sr) and Bi. Also, the total content of Ba, Ca, Sr, and Bi
is equal to or greater than 3 molar parts when the total content
of Ti and Zr is 100 molar parts, and the crystal particle size of
the dielectric ceramic is 30 nm or more and 150 nm or less, so
that both of sintering at a low temperature and an increased
specific resistance at a high temperature can be achieved.
[0032] In this case, although the upper limit value of the
total content of Ba, Ca, Sr, and Bi at the time when the total
content of Ti and Zr is 100 molar parts is not particularly
defined, the effect of the present invention becomes remark-
able particularly at 12 molar parts or lower.

[0033] In addition, while the molar ratio of a Ba site (Ba,
Ca, Sr) and a Ti site (Ti, Zr) in the primary ingredient is
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basically close to 1, this molar ratio can be controlled to fall
within a range of 0.97 or more and 1.05 or less as long as it
does not affect the object of the present invention.

[0034] Furthermore, as long as it does not affect the object
of the present invention, the dielectric ceramic of the present
invention may contain a rare earth element, Mg, Mn, V, Al, Ni,
Co, Zn or the like.

[0035] Hereinafter, an example of a method for manufac-
turing the dielectric ceramic of the present invention will be
described.

[0036] First, a hydrothermal synthesis method is used to
prepare particulate powder of barium titanate, which is then
calcined to obtain primary ingredient powder. Although the
hydrothermal synthesis method is suitable for obtaining the
particulate raw material powder, a solid-phase synthesis
method may also be used.

[0037] Then, powders of CuO, ZnO, BaCO;, SrCO;,
CaCQ;, Li,CO;, Na,CO;, K,COj;, and Bi,0; are added into
the primary ingredient powder at a predetermined amount.
[0038] Aslong as it does not affect the object of the present
invention, the powders need not be limited to oxide powder or
carbonate powder. The powders are blended in a solution and
dried, thereby obtaining ceramic raw material powder as a
final raw material.

[0039] The subsequent processes will be described by tak-
ing, as an example, a multilayer ceramic capacitor represent-
ing a multilayer ceramic electronic component of the present
invention.

[0040] The above-mentioned ceramic raw material powder
is prepared. The ceramic raw material powder is blended,
where necessary, with an organic binder component in a
solvent to provide a ceramic slurry. Then, the ceramic slurry
is formed into a sheet, thereby obtaining a ceramic green
sheet.

[0041] Next, a conductor film serving as an internal elec-
trode is formed on the ceramic green sheet, which formation
can be conducted according to several methods. Among them,
one simple method is to screen-print a paste containing metal
particles such as Ag and Ni and an organic vehicle into a
desired pattern. Alternatively, there is also a method of form-
ing a conductor film according to a metal foil transfer-printing
method, or forming a conductor film while masking it by the
vacuum thin-film deposition method such as the sputtering
method.

[0042] In this way, ceramic green sheets and internal elec-
trode layers are laminated to form multiple layers, and then
pressure-bonded, thereby obtaining a raw multilayer body
before sintering.

[0043] This raw multilayer body is held, for example, for 6
hours at a temperature of 280° C. under an air atmosphere,
thereby burning off the binder. Then, in a sintering furnace,
the multilayer body is sintered at a predetermined tempera-
ture under a predetermined atmosphere, for example, at a
temperature rising/falling rate of 20° C./minutes at a maxi-
mum temperature of 700 to 900° C. under an air atmosphere,
to obtain a ceramic multilayer body including a sintered
ceramic body.

[0044] A multilayer ceramic capacitor is obtained by form-
ing external electrodes at locations where the internal elec-
trode are drawn out of the ceramic multilayer body.

[0045] Examples of a method of forming the external elec-
trode may include a method of applying a paste containing
glass frit and metal particles of Cu, Ag and the like on the
ceramic multilayer body and baking it thereafter, a method of
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applying a resin electrode containing a thermosetting resin
and an epoxy resin and curing it thereafter, and the like. If
necessary, a plating layer of Ni, Sn or the like is further
formed on the surface of the external electrode.

[0046] The multilayer ceramic electronic component of the
present invention is applicable not only to a multilayer
ceramic capacitor but also to various electronic components
such as a multilayer ceramic substrate and the like.

Experimental Example

[0047] First, a particulate powder of barium titanate was
produced using the hydrothermal synthesis method, and then
calcined to obtain primary ingredient powder having a pre-
scribed average particle size.

[0048] Specifically, powders of Ba(OH),, Ca(OH),,
Sr(OH),, TiO,, and ZrO, were first prepared as materials
constituting a primary ingredient.

[0049] Then, amounts of the TiO, and ZrO, were weighed
such that content of each of Ti and Zr relative to 1 molar part
of the total content of Ti and Zr was equal to the molar part
shown in each of Tables 1 and 2, and stirred in the water as a
medium. Then, Ba(OH),, Ca(OH), and Sr(OH), were
weighed such that each content of Ba, Ca and Sr relative to 1
molar part of the total content of Ti and Zr is equal to the molar
part shown in each of Tables 1 and 2, and then introduced.
[0050] The temperature was raised to 200° C. while apply-
ing pressure so as not to evaporate the aqueous medium in
which materials constituting the primary ingredient were dis-
tributed. Thereby, a reaction is caused to proceed. Conse-
quently, apowder with an average particle size of about 20 nm
was obtained in the aqueous medium.

[0051] Then, the obtained powder was dried and calcined,
thereby obtaining ceramic powder that was primary ingredi-
ent powder. In this case, the pre-sintering temperature was
changed in the range from 900 to 1100° C., to change the
average particle size of the primary ingredient powder.
[0052] Asasub-ingredient, powders of CuO, ZnO, BaCO;,
SrCO,;, CaCO;, Li,CO;, Na,CO;, K,CO;, and Bi,0; were
weighed such that content of each of Bi, Cu, Zn, Ba, Sr, Ca,
Li, Na, and K relative to 100 molar parts of the total content
of Ti and Zr in the above-described primary ingredient was
equal to the molar part shown in each of Tables 1 and 2. The
weighed powders were then blended into the primary ingre-
dient powder to obtain a powder mixture.

[0053] The obtained powder mixture was confirmed to
have the composition almost identical to those shown in
Tables 1 and 2 through ICP emission spectrochemical analy-
sis.

[0054] Subsequently, a polyvinyl butyral-based organic
binder was added and blended into the above-described pow-
der mixture, to which an organic solvent containing toluene
was added, and the mixture was wet-blended using a ball mill
for 24 hours to provide a ceramic slurry.

[0055] The ceramic slurry was formed into a sheet to obtain
a ceramic green sheet having a thickness of 10 pm.

[0056] Then, aplurality of these ceramic green sheets were
laminated, and pressure-bonded to obtain a raw multilayer
body having a size of 4 mmx4 mmx0.5 mm.

[0057] This raw multilayer body was heated at 280° C.
under an air atmosphere to remove an organic binder. Then,
the multilayer body was sintered at 800° C. under an air
atmosphere. When the resultant sintered multilayer body
(sintered body) was dissolved in a solvent and subjected to
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ICP emission spectrochemical analysis, this multilayer body
was confirmed to have a composition almost identical to those
shown in Tables 1 and 2.

[0058] A resin electrode containing Ag and an epoxy resin
was applied to both main surfaces of the obtained sintered
body and cured at 180° C., thereby producing a specimen for
evaluation.

[0059] The capacitance of the obtained specimen was mea-
sured using an automatic bridge-type meter under the condi-
tion 0f 25° C., 1 kHz and 1.0 Vrms, to calculate the dielectric
constant from the dimensions of the sintered body. Ten speci-
mens were subjected to measurement to calculate an average
value.
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cific resistance was calculated from the dimensions of the
sintered body. Ten specimens were subjected to measurement
to calculate an average value.

[0061] The fracture surface of each specimen was observed
with a scanning electron microscope (SEM). Then, through
image analysis, the particle size of the crystal particle was
measured based on the equivalent circle diameter of the crys-
tal particle as a particle size. The particle sizes of 100 crystal
particles for each specimen were measured and the average
value was calculated as a crystal particle size.

[0062] Tables 1 and 2 each show the average crystal particle
size, dielectric constant and specific resistance results in each
specimen. Note that the content of each element relative to

[0060] Then, the resistance after applying a voltage of 100 molar parts of the primary ingredient is shown in the
500V for 60 seconds at 150° C. was measured, and the spe- column of the sub-ingredient.
TABLE 1
Speci- Primary Ingredient Sub-Ingredient (Molar Part) Crystal Specific

men (Molar Part) M Q Total Particle Dielectric Resistance
No. Ba Ca Sr Ti Zr Bi Cu Zn Li Na K Ba Sr Ca Content Size Constant log p
1 1 1 7 3 10 30 120 7.6
2 1 1 7 3 10 50 300 7.4
3 1 1 7 3 10 100 720 7.5
4 1 1 7 3 10 150 1100 7.3
5 1 1 7 3 10 200 1300 5.8
6 1 1 7 3 10 400 1600 5.8
7 1 1 7 3 10 1000 2200 54
8 1 1 9 1 10 150 1060 8.9
9 1 1 9 1 10 200 1220 6.6
10 1 1 5 5 10 150 1100 7.0
11 1 1 5 5 10 200 1300 52
12 0.95 0.05 1 7 3 10 130 980 7.9
13 0.98 0.02 1 7 3 10 130 1040 7.8
14 1 09 01 7 3 10 130 1010 8.2
15 1 1 6 9 140 990 7.6
16 1 1 6 9 220 1400 52
17 1 1 7 5 12 130 920 7.4
18 1 1 7 5 12 190 1220 5.8
19 1 1 6 3 9 130 910 7.5
20 1 1 6 3 9 180 1300 5.9
21 1 1 7 5 12 140 900 7.7
22 1 1 7 5 12 190 1310 6.1
23 1 1 6 4 10 150 1100 7.2
24 1 1 6 4 10 210 1250 5.1
25 1 1 8 2 10 120 890 7.2
26 1 1 8 2 10 280 1210 5.1
27 1 1 7 3 10 120 880 7.1
28 1 1 7 3 10 250 1105 52

TABLE 2
Speci-  Primary Ingredient Sub-Ingredient (Molar Part) Crystal Specific

men (Molar Part) M Q Total Particle Dielectric Resistance
No. Ba Ca Sr Ti Zr Bi Cu Zn Li Na K Ba Sr Ca Content Size Constant log p
29 1 1 0.7 0.3 1.0 110 80 6.0
30 1 1 2 1 3.0 130 910 7.3
31 1 1 3 2 5.0 150 1110 7.2
32 1 1 0.7 0.3 1.0 100 60 5.7
33 1 1 2 1 3.0 130 880 7.8
34 1 1 3 2 5.0 150 1088 7.6
35 1 1 0.7 0.3 1.0 110 60 5.8
36 1 1 2 1.0 3.0 130 820 7.2
37 1 1 3 2.0 5.0 150 1046 7.1
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[0063] Specimen numbers 1 to 28 in Table 1 each show
effects obtained by changing the type, the content and the
crystal particle size of each sub-ingredient.

[0064] Specimen numbers 29 to 37 in Table 2 each show
effects obtained by changing the type and the content of each
sub-ingredient.

[0065] According to the results in Tables 1 and 2, a specific
resistance log p at 150° C. was as high as 7 or higher while the
dielectric constant was also 100 or higher in the case of a
specimen of a dielectric ceramic including a perovskite-type
compound containing Ba and Ti (where a part of Ba may be
substituted by Ca, and a part of Ti may be substituted by Zr)
as a primary ingredient, and further including M (where M is
at least one of Cu, Zn, Li, K, and Na) and Bi, in which the
crystal particle size of the ceramic is 30 nm or more and 150
nm or less, and the total content of M and Bi relative to 100
molar parts of the total content of Ti and Zr is equal to or
greater than 3 molar parts. Also, specific resistance log p at
150° C.was as high as 7 or higher while the dielectric constant
was also 100 or higher in the case of a specimen of a dielectric
ceramic including a perovskite-type compound containing
Ba and Ti (where a part of Ba may be substituted by Ca, and
apart of Ti may be substituted by Zr) as a primary ingredient,
and further including Q (where Q is at least one of Ba, Caand
Sr) and Bi, in which the crystal particle size of the ceramic is
30 nm or more and 150 nm or less, and the total content of Ba,
Ca, Sr, and Bi is equal to or greater than 3 molar parts when
the total content of Ti and Zr is 100 molar parts.

INDUSTRIAL APPLICABILITY

[0066] The dielectric ceramic of the present invention can
be applied to a multilayer ceramic electronic component, and
particularly to a multilayer ceramic capacitor, a multilayer
ceramic substrate and the like, and contributes to size reduc-
tion and increased performance of these components.

REFERENCE SIGNS LIST

[0067] 1 multilayer ceramic capacitor,
[0068] 2 multilayer body,

[0069] 3 ceramic layer,

[0070] 4, 5 internal electrode,

[0071] 6, 7 end surface,

[0072] 8,9 external electrode,

[0073] 10,11 first plating layer,
[0074] 12,13 second plating layer.

1. A multilayer ceramic capacitor comprising a multilayer
body having a plurality of laminated dielectric ceramic layers
and a plurality of internal electrodes

at different interfaces between said dielectric ceramic lay-

ers; and external electrodes on an outer surface of said

multilayer body,

wherein the dielectric comprises a perovskite-type com-
pound containing Ba and Ti in which a part of Ba may
be substituted by Ca, and a part of Ti may be substi-
tuted by Zr as a primary ingredient, and further
includes Bi and one of M and Q, in which M is at least
one member of the group consisting of Cu, Zn, Li, K,
and Na, and Q is at least one member of the group
consisting of Ba, Ca and Sr,

the total content of M, QQ and Bi is equal to or greater than

3 molar parts when the total content of Ti and Zr is 100
molar parts, and
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the crystal particle size of said dielectric is 30 nm or more

and 150 nm or less.

2. The multilayer ceramic capacitor according to claim 1,
wherein the total content of M, Q, and Bi is equal to or less
than 12 molar parts when the total content of Ti and Zr is 100
molar parts.

3. A multilayer ceramic capacitor according to claim 2,
wherein M is absent.

4. A multilayer ceramic capacitor according to claim 2,
wherein Q is absent.

5. A multilayer ceramic capacitor according to claim 4,
wherein none of the Ba and Ti are substituted.

6. A multilayer ceramic capacitor according to claim 1,
wherein M is absent.

7. A multilayer ceramic capacitor according to claim 1,
wherein Q is absent.

8. A multilayer ceramic capacitor according to claim 7,
wherein none of the Ba and Ti are substituted.

9. A multilayer ceramic capacitor according to claim 2,
wherein said total content of M, Q and Bi is at a time when
said dielectric is dissolved in a solvent.

10. A multilayer ceramic capacitor according to claim 1,
wherein said total content of M, Q and Bi is at a time when
said dielectric is dissolved in a solvent.

11. A dielectric ceramic comprising a perovskite-type
compound containing Ba and Ti in which a part of Ba may be
substituted by Ca, and a part of Ti may be substituted by Zr as
aprimary ingredient, and further comprising Bi and one of M
and Q, wherein M is at least one member of the group con-
sisting of Cu, Zn, L1, K, and Na, and Q is at least one member
of the group consisting of Ba, Ca and Sr, the total content of
M, Q and Bi is equal to or greater than 3 molar parts when the
total content of Ti and Zr is 100 molar parts, and the crystal
particle size of said dielectric ceramic is 30 nm or more and
150 nm or less.

12. The dielectric ceramic according to claim 11, wherein
the total content of M, Q and Bi is equal to or less than 12
molar parts when the total content of Ti and Zr is 100 molar
parts.

13. The dielectric ceramic according to claim 12, wherein
M is absent.

14. The dielectric ceramic according to claim 12, wherein
Q is absent.

15. The dielectric ceramic according to claim 14, wherein
none of the Ba and Ti are substituted.

16. The dielectric ceramic according to claim 11, wherein
M is absent.

17. The dielectric ceramic according to claim 11, wherein
Q is absent.

18. The dielectric ceramic according to claim 17, wherein
none of the Ba and Ti are substituted.

19. In a method of forming a multilayer ceramic capacitor
comprising forming a ceramic green sheet from a slurry of a
dielectric ceramic, forming a laminate comprising a plurality
of the ceramic green sheets with a pair of internal electrodes
disposed at different interfaces between adjacent ceramic
green sheets, and sintering the laminate, the improvement
which comprises the dielectric being a dielectric ceramic
according to claim 11.

20. In a method of forming a multilayer ceramic capacitor
comprising forming a ceramic green sheet from a slurry of a
dielectric ceramic, forming a laminate comprising a plurality
of the ceramic green sheets with a pair of internal electrodes
disposed at different interfaces between adjacent ceramic
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green sheets, and sintering the laminate, the improvement
which comprises the dielectric being a dielectric ceramic
according to claim 12.
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