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Description

[0001] The present invention relates to a dielectric ceramic composition having reduction resistance and an electronic
device, such as a multilayer ceramic capacitor, using the dielectric ceramic composition.
[0002] A multilayer ceramic capacitor as an electronic device is widely used as a highly reliable compact electronic
device having a large capacity and by a large number in one electronic apparatus. In recent years, as the apparatuses
become more compact and higher in performance, demands for a multilayer ceramic capacitor to be more compact with
a larger capacity, low at cost and higher in reliability have become still stronger.
[0003] A multilayer ceramic capacitor is normally produced by using internal electrode layer paste and dielectric layer
paste, stacking them by using a sheet method or a printing method, etc. and co-firing internal electrode layers and
dielectric layers in an obtained stacked body.
[0004] As a conductive material of the internal electrode layers, Pd and a Pd alloy are generally used, but due to the
high price thereof, relatively inexpensive base metals, such as Ni and a Ni alloy, have come to be used. When using a
base metal as a conductive material of internal electrode layers, the internal electrode layers are oxidized when fired in
the air. Therefore, co-firing of the dielectric layers and internal electrode layers has to be performed in a reducing
atmosphere. However, when fired in a reducing atmosphere, the dielectric layers are reduced and the specific resistance
declines. Thus, reduction-resistant dielectric materials have been developed.
[0005] However, a multilayer ceramic capacitor using a reduction-resistant dielectric material has disadvantages that
a decline of IR (insulation resistance) due to an application of an electric field is remarkable, the IR lifetime is short and
the reliability is low.
[0006] Capacitors are also required to have preferable capacity-temperature characteristics and, particularly, required
to have a flat temperature characteristic of the capacity under a severe condition depending on the use object. In recent
years, multilayer ceramic capacitors have come to be used in a variety of electronic apparatuses, such as an engine
electronic control unit (ECU) to be installed in an engine room of vehicles, a crank angle sensor and an Anti Lock Brake
System (ABS) module. Since these electronic apparatuses are for stable engine controlling, drive controlling and brake
controlling, preferable temperature stability of the circuit is required.
[0007] Environments of using the electronic apparatuses are expected to become about -20°C or lower in winter in
cold climates and about +130°C or higher after the engine starts in summer. Recently, there is a tendency of reducing
a wire harness for connecting the electronic apparatus and an apparatus to be controlled thereby and the electronic
apparatus may be provided outside of a vehicle, therefore, environments for the electronic devices have been getting
more severe. Accordingly, a capacitor used by the electronic apparatuses is required to have flat temperature charac-
teristics in a wide temperature range. Specifically, it is not sufficient when the capacity-temperature characteristics only
satisfy the X7R characteristic of EIA standard (-55 to 125°C and ΔC/C = within 615%), and a dielectric ceramic composition
satisfying the X8R characteristics of EIA standard (-55 to 150°C and ΔC/C = within 615%) is required.
[0008] As a dielectric ceramic composition satisfying the X8R characteristics, for example, the Japanese Unexamined
Patent Publication No. 2004-214539 discloses a dielectric ceramic composition having a predetermined composition
and unevenness of average Ca concentration in crystal grains between the crystal grains is 5% or higher when expressed
in a CV value. The dielectric ceramic composition described in the publication satisfies the X8R characteristics, and
capacity-temperature characteristic exhibited a usable property in a range of -55 to 150°C. However, the dielectric
ceramic composition in the publication has a disadvantage of having poor insulation resistance (IR) temperature de-
pendency and, for example, the insulation resistance (IR) declines in a high temperature environment, so that it becomes
difficult to use it under high temperature. Furthermore, the dielectric ceramic composition in this publication has a
disadvantage of having poor TC bias characteristics.
[0009] US2004/169967 discloses a dielectric ceramic composition, comprising a main component including Ba, Ca
and Ti and having a perovskite crystal structure expressed by a general formula AB03. Said dielectric ceramic composition
is composed of a plurality of crystal grains including Ca elements and unevenness exists in said grain Ca concentration
between said crystal grains and it is 5% or higher in a CV value. The calcium content is 20% or less relative to AB03.
[0010] An object of the present invention is to provide a dielectric ceramic composition having high specific permittivity,
capable of maintaining an insulation resistance lifetime and DC bias characteristics (dependency of the permittivity when
applied with a direct current voltage), having capacity-temperature characteristics satisfying the X8R characteristics (-55
to 150°C and ΔC/C = within 615%) of the EIA standard, able to be fired in a reducing atmosphere, and having improved
TC bias characteristics (capacity-temperature characteristics when applied with a direct current voltage) and IR temper-
ature dependency. Another object of the present invention is to provide an electronic device, such as a multilayer ceramic
capacitor, particularly able to be formed compact and to have thinner layers and capable of realizing a compact body
with a larger capacity by using the dielectric ceramic composition as above.
[0011] To attain the above object, according to the present invention, there is provided a dielectric ceramic Composition
according to claim 1.
[0012] In the present invention, a dielectric ceramic composition comprising a main component having a predetermined



EP 1 683 770 B1

3

5

10

15

20

25

30

35

40

45

50

55

composition and a fifth subcomponent including an oxide of a certain element having an ionic radius of 0.065 nm to
0.085 nm, wherein unevenness of grain Ca concentration between the crystal grains is in the predetermined range as
above. Consequently, the specific permittivity is high, the insulation resistance lifetime and the DC bias characteristics
can be maintained, the capacity-temperature characteristics can satisfy the X8R characteristics, and the TC bias char-
acteristics and the IR temperature dependency can be improved.
[0013] In the present invention, the "IR temperature dependency" is an index for assessing how the insulation resistance
IR changes against temperature change. The IR temperature dependency can be evaluated by calculating a change
rate of IR at a predetermined temperature (for example, 150°C) changed from IR at a reference temperature (for example,
25°C). The smaller the IR change rate between a plurality of temperatures, the more preferable the IR temperature
dependency is, while, the larger, the poorer.
[0014] For example, even when the capacity-temperature characteristics satisfy the X8R of the EIA standard, if the
IR temperature dependency in a temperature range of the X8R (particularly, from the room temperature to the high
temperature range) is poor, reliability particularly in the high temperature range declines and the practical use as a
product becomes difficult. Therefore, excellent IR temperature dependency is a significant index for accessing particularly
whether the capacitor can be stably used in a high temperature range or not.
[0015] In the present invention, the room temperature (25°C) and a high temperature part (150°C) are used as examples
of the plurality of temperatures, and when assuming that insulation resistance at the respective temperatures are IR25
and IR150, the IR temperature dependency is evaluated to be good or bad by calculating values of "a loss of significant
digits of IR" expressed by the formula (1) below. 

[0016] Particularly, in the present invention, the main component has a predetermined composition, unevenness of
grain Ca concentration between the crystal grains is in the predetermined range as above and, moreover, a fifth sub-
component composed of a specific element group is added. Therefore, the dielectric ceramic composition according to
the present invention satisfies the XBR characteristics and the IR temperature dependency from the room temperature
(25°C) to the high temperature part (150°C) can be improved. Specifically, the loss of significant digits of IR expressed
by the above formula (1) can be -3.00 or higher.
[0017] In the present invention, preferably, the unevenness of grain Ca concentration between the crystal grains is
preferably 5% or larger but smaller than 20%, and more preferably 10% or larger and 18% or smaller. When the CV
value of grain Ca concentration between the crystal grains is too large, the temperature dependency of the capacitance
tends to decline.
[0018] In the present invention, unevenness of grain Ca concentration between the crystal grains is evaluated by a
CV value calculated by the method below.
[0019] Namely, first, grain Ca concentration as an average value of the concentration of entire Ca exiting in the
respective crystal grains composing the dielectric composition is measured. Next, an average value "x" of grain Ca
concentration between the crystal grains and a standard deviation σ of grain Ca concentration are calculated. Then, the
evaluation is made by a CV value obtained from the average value "x" and the standard deviation σ by the formula (2) blow. 

[0020] In the present invention, a content of the fifth subcomponent is 0.5 mole to 3.0 moles with respect to 100 moles
of the main component. When the content of the fifth subcomponent is too large, a CV value of grain Ca concentration
between the crystal grains becomes too large and temperature dependency of the capacitance tends to decline. On the
other hand, when the fifth subcomponent is not included, the TC bias characteristics and the IR temperature dependency
decline.
[0021] An oxide of A included in the fifth subcomponent is an oxide of cation elements having an effective ionic radius
of 0.065 to 0.084 nm at the time of 6 coordination selected from an oxide of Al, an oxide of Ga and an oxide of Ge.
Among them, an oxide of Al is the most preferable.
[0022] In the present invention, a content of Ca elements in the dielectric ceramic composition is preferably 30 moles
or smaller, more preferably 15 moles or larger and 25 moles or smaller, and furthermore preferably 17 moles or larger
and 22 moles or smaller with respect to 100 moles of the ABO3.
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[0023] In the present invention, the dielectric ceramic composition furthermore comprises
a first subcomponent including at least one kind selected from MgO, CaO, BaO and SrO;
a second subcomponent including a compound including oxide silicon as a main component; a third subcomponent
including an oxide of Mn; and
a fourth subcomponent including an oxide of R (note that R is at least one kind selected from Sc, Y, La, Ce, Pr, Nd, Pm,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu).
[0024] When the above first to fourth subcomponents are furthermore included, the electric characteristics can be
furthermore improved while maintaining the X8R characteristics.
[0025] In the present invention, the second subcomponent is a compound including oxide silicon as a main component,
preferably SiO2,
[0026] In the present invention, ratios of the first to fourth subcomponent with respect to 100 moles of the main
component are

first subcomponent: 0.1 to 3 moles,
second subcomponent: 2 to 10 moles,
third subcomponent: 0.1 to 2.5 moles, and
fourth subcomponent: 0.1 to 14 moles (note that the number of moles of the fourth subcomponent is a ratio of R alone).

[0027] In the present invention, preferably, the dielectric ceramic composition comprises 0.01 to 0.5 mole of a sixth
subcomponent including at least one kind selected form V2O5, MoO3 and WO3 with respect to 100 moles of the main
component. By being added with the fifth subcomponent and first to fourth subcomponents and, moreover, including
the sixth subcomponent, the capacity-temperature characteristics at the Curie’s temperature or higher can be flattened
and the IR lifetime can be improved.
[0028] A production method of the dielectric ceramic composition of the present invention is a method for producing
any one of the above dielectric ceramic compositions and comprises
[0029] A step of mixing materials of the main component and materials of the fifth subcomponent for preparing powder
to be subjected to calcine, and
a step of performing calcining on the prepared powder.
[0030] In the production method of the present invention, by adopting a step of preliminarily firing materials of the main
component and materials of the fifth component in advance, the TC bias characteristics and the IR temperature depend-
ency can be furthermore improved. Note that the calcining may be performed by adding other subcomponents (for
example, a part of the first to fourth subcomponents, etc.) in addition to the main component and the fifth subcomponent.
[0031] In the production method of the present invention, a condition of the calcining is a calcining temperature of
preferably 500 to 1000 °C and calcining time of preferably 2 to 6 hours. When the calcining temperature is low or the
calcining time is short, effects of the calcining tend to become insufficient. On the other hand, when the calcining
temperature is too high or when the calcining time is too long, the CV value of grain Ca concentration between the crystal
grains becomes too large and the capacity-temperature characteristics tend to decline.
[0032] An electronic device according to the present invention includes dielectric layers composed of the above die-
lectric ceramic composition. As the electronic device, while not particularly limited, a multilayer ceramic capacitor, pie-
zoelectric device, chip inductor, chip varistor, chip thermistor, chip resistor, and other surface mounted chip electronic
devices (SMD) may be mentioned.
[0033] A multilayer ceramic capacitor according to the present invention is configured by alternately stacking dielectric
layers composed of the dielectric ceramic composition as above and internal electrode layers.
[0034] In the present invention, by using the dielectric ceramic composition of the present invention as the dielectric
layers, it becomes easy to provide an electronic device, such as a multilayer ceramic capacitor, having excellent char-
acteristics. Also, by using the dielectric ceramic composition according to the present invention, even when the dielectric
layers are made thinner, it is possible to satisfy the X8R characteristics and, moreover, to improve the TC bias charac-
teristics and IR temperature dependency. Accordingly, the multilayer ceramic capacitor and other electronic device can
realize a compact body with a large capacity and easily respond to a furthermore compact body and thinner layers.
Therefore, mounting on a highly integrated circuit becomes easier.
[0035] Note that an ionic radius described in this specification is a value based on the article "R.D. Shannon, Acta
Crystallogr., A32, 751 (1976)".
[0036] According to the present invention, it is possible to provide a dielectric ceramic composition having a high
specific permittivity, capable of maintaining an insulation resistance lifetime and DC bias characteristics, and improving
TC bias characteristics and IR temperature dependency, wherein the capacity-temperature characteristics can satisfy
the X8R characteristics.
[0037] Furthermore, according to the present invention, it is possible to provide an electronic device, such as a multilayer
ceramic capacitor, having the above characteristics and capable of being formed compact and to have a large capacity
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as a result of using the dielectric ceramic composition of the present invention as the dielectric layers.
[0038] Below, embodiments of the present invention will be explained in detail based on the drawing, in which:

FIG. 1 is a cross-sectional view of a multilayer ceramic capacitor according to an embodiment of the present invention.

Multilayer Ceramic Capacitor 1

[0039] As shown in FIG. 1, a multilayer ceramic capacitor 1 as an electronic device according to an embodiment of
the present invention has a capacitor element body 10, wherein dielectric layers 2 and internal electrode layers 3 are
alternately stacked. Both end portions of the capacitor element body 10 are formed with a pair of external electrodes 4
respectively conducting to the internal electrode layers 3 arranged alternately in the element body 10. The internal
electrode layers 3 are stacked, so that the respective end surfaces are exposed alternately to surfaces of two facing
end portions of the capacitor element body 10. The pair of external electrodes 4 are formed on both end portions of the
capacitor element body 10 and connected to the exposed end surfaces of the alternately arranged internal electrode
layers 3, so that a capacitor circuit is configured.
[0040] A shape and size of the capacitor element body 10 are not particularly limited and may be suitably set in
accordance with the use object, but is normally rectangular parallelepiped and the size may be normally a length (0.4
to 5.6 mm) x width (0.2 to 5.0 mm) 3 height (0.2 to 1.9 mm) or so.

Dielectric Layer 2

[0041] The dielectric layers 2 include the dielectric ceramic composition of the present invention.
[0042] The dielectric ceramic composition of the present invention contains a main component including Ba, Ca and
Ti, moreover, having a perovskite crystal structure expressed by a general formula of ABO3 and a fifth subcomponent
including an oxide of A (note that A is at least one kind selected from a cation element group having an effective ionic
radius in a range of 0.065 nm to 0.085 nm at the time of 6 in coordination).
[0043] In the present embodiment, a content (solid solution amount) of Ca elements in ABO3 included in the main
component is preferably 30 moles or smaller, more preferably 15 moles or larger and 25 moles or smaller, and furthermore
preferably 17 moles and 22 moles or smaller with respect to 100 moles of ABO3. When the content of Ca element in
ABO3 is too large, the specific permittivity may decline. On the other hand, when the content is too large, a CV value of
grain Ca concentration between the crystal grains becomes small and the capacity-temperature characteristics and TC
bias characteristics may decline.
[0044] A content of the fifth subcomponent above is 0.5 mole or larger and 3.0 moles or smaller in a value in terms of
an oxide of A. Note that when a content of the oxide of A is as littla as impurities, for example, when the content is several
ppm to tens of ppm or so, it is liable that the effect of adding is not obtained.
[0045] The ratio of the fifth subcomponent is a mole ratio of an oxide of A and not a mole ratio of A alone. Namely, for
example, when using an oxide of Al as the fifth subcomponent, the ratio of the fifth subcomponent being 1 mole means
that a rate of Al2O3 is one mole, and does not mean that the ratio of Al is 1 mole. Also, when using two or more kinds
of elements (oxides) as the fifth subcomponent, it is sufficient if the total content is in the above range with respect to
100 moles of the main component. Namely, a composition ratio of respective oxides in the fifth subcomponent may be any.
[0046] The fifth subcomponent has an effect of heightening a CV value of grain Ca concentration between the crystal
grains and improving the TC bias and IR temperature dependency. When a content of the fifth subcomponent is too
large, the capacity-temperature characteristics tend to decline. While when the fifth subcomponent is not included, the
effect of improving the TC bias and IR temperature dependency cannot be obtained, so that reliability declines in the
X8R temperature range and it is liable that the stable use becomes impossible.
[0047] The cation element group of the fifth subcomponent includes Ge (0.067 nm), Al (0.0675 nm), Ga (0.076 nm).
Note that the number in brackets indicates an effective ionic radius at the time of 6 coordination.
[0048] Among the cation element group, is particularly preferable.
[0049] In the present embodiment, in addition to the fifth subcomponent, first to fourth subcomponents below are
furthermore included and, more preferably, a sixth subcomponent below is furthermore included.
[0050] Namely, it is part of the invention to include a first subcomponent including at least one kind selected from
MgO, CaO, BaO and SrO,
a second subcomponent including a compound including oxide silicon as a main component, a third subcomponent
including an oxide of Mn, and
a fourth subcomponent including an oxide of R (note that R is at least one kind selected from Sc, Y, La, Ce, Pr, Nd, Pm,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu).
[0051] More preferably, a sixth subcomponent including at least one kind selected from V2O3, MoO3 and WO3 is
furthermore included.
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[0052] Containing ratios of the a first to fourth subcomponent and sixth subcomponent with respect to 100 moles of
the above main component are

first subcomponent: 0.1 to 3 moles,
second subcomponent: 2 to 10 moles,
third subcomponent: 0.1 to 2.5 moles,
fourth subcomponent: 0.1 to 14 moles, and
sixth subcomponent: 0.01 to 0.5 mole; and more preferably,
first subcomponent: 0.5 to 2.5 moles,
second subcomponent: 2.0 to 5.0 moles,
third subcomponent: 0.3 to 1.5 moles,
fourth subcomponent: 0.5 to 10 moles, and
sixth subcomponent: 0.1 to 0.4 mole.

[0053] Note that the ratio of the fourth subcomponent above is not a mole ratio of an oxide of R but a mole ratio of R
elements alone. For example, when using an oxide of Dy as the fourth subcomponent, a containing ratio of the fourth
subcomponent being 1 mole means that a content ratio of Dy elements is 1 mole and does not mean that a ratio of
Dy2O3 is 1 mole.
[0054] Also, in this specification, the respective oxides composing the main component and the subcomponents are
expressed by stoichiometric compositions, but an oxidation state of each oxide may be deviated from the stoichiometric
composition. Note that the above ratios of the subcomponent are obtained by converting a metal amount contained in
an oxide composing each subcomponent to the oxide having the above stoichiometric composition.
[0055] As a result of including as subcomponent the first to fourth and sixth subcomponents in addition to the fifth
subcomponent, the XSR characteristics can be satisfied while maintaining the high permittivity. Preferable contents of
the first to fourth and sixth subcomponents are as above, and the reason will be explained below.
[0056] The first subcomponent (MgO, CaO, BaO and SrO) exhibits an effect of flattening the capacity-temperature
characteristics. When a content of the first subcomponent is too small, the capacity temperature change rate may become
large. While, when the content is too much, sinterability may be deteriorated. Note that component ratios of the oxides
in the first subcomponent may be any.
[0057] As the second subcomponent, a compound including an oxide silicone as a main component is part of the
invention, and SiO2 is more preferable. The second subcomponent acts mainly as a sintering auxiliary and also exhibits
an effect of improving a defective rate of initial insulation resistance when forming a thin layer. When a content of the
second subcomponent is too small, the capacity-temperature characteristics become poor and the IR (insulation resist-
ance) declines. On the other hand, when the content is too large, the IR lifetime becomes insufficient and an abrupt
decline of the permittivity is caused.
[0058] Note that, in the present embodiment, as the second subcomponent, a compound expressed by (Ba, Ca)x
SiO2+x (note that "x"- 0.7 to 1.2) may be also used. BaO and CaO in [(Ba, Ca)x SiO2+x] are also included in the first
subcomponent, but since (Ba, Ca)x SiO2+x as a composite oxide has a low melting point and, thus, has preferable
reactivity with the main component, BaO and/or CaO may be added as the composite oxide. The "x" in the (Ba, Ca)x
SiO2+x is preferably 0.7 to 1.2, and more preferably 0.8 to 1.1. When the "x" is too small, that is, when SiO2 is too much,
it reacts with BaTiO3 as the main component to deteriorate the dielectric property. While when the "x" is too large, the
melting point becomes high to deteriorate the sinterability, which is not preferable. Note that a ratio of Ba and Ca may
be any, and only one of them may be included.
[0059] The third subcomponent (an oxide of Mn) exhibits an effect of accelerating sintering, an effect of heightening
the IR, and an effect of improving the IR lifetime. When a content of the third subcomponent is too small, these effects
cannot be fully brought out. While when the content is too large, it is liable that an adverse effect is given to the capacity-
temperature characteristics.
[0060] The fourth subcomponent (an oxide of R) exhibits an effect of shifting the Curie’s temperature to the high
temperature side, an effect of flattening the capacity-temperature characteristics, and an effect of improving the IR
lifetime. When a content of the fourth subcomponent is too small, these effects become insufficient to lead to deterioration
of the capacity-temperature characteristics. On the other hand, when the content is too large, the sinterability tends to
deteriorate. In the present embodiment, as the R element, Y, Yb, Ho and Dy are preferable for giving a high effect of
improving the characteristics.
[0061] The sixth subcomponent (V2O3, MoO3 and WO3) exhibits an effect of flattening the capacity-temperature
characteristics at the Curie’s temperature or higher and an effect of improving the IR lifetime. When a content of the
sixth subcomponent is too small, these effects become insufficient. On the other hand, when the content is too large,
the IR declines remarkably. Note that a containing ratio of each oxide in the sixth subcomponent may be any.
[0062] The dielectric ceramic composition of the present embodiment is composed of a plurality of crystal grains
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containing Ca elements. Moreover, when assuming that an average value of a concentration of entire Ca exiting in the
respective crystal grains is grain Ca concentration, unevenness of grain Ca concentration between the crystal grains is
5% or larger, preferably 5% or larger but smaller than 20%, and more preferably 10% or larger and 18% or smaller in a
CV value. As a result that the unevenness of grain Ca concentration between crystal grains is in a predetermined range
as above, the capacity-temperature characteristics can be improved.
[0063] Note that unevenness of grain Ca concentration between the crystal grains is evaluated by a CV value calculated
by the method below.
[0064] Namely, first, grain Ca concentration as an average value of a concentration of entire Ca exiting in the respective
crystal grains composing the dielectric composition. Next, an average value "x" of grain Ca concentration and a standard
deviation σ of grain Ca concentration between the crystal grains are calculated. Then, the evaluation is made by a CV
value obtained from the average value "x" and the standard deviation σ by the formula (2) blow. Namely, when the CV
value is large (that is, when a value of the standard deviation a as an index of unevenness is large), it means that
unevenness of grain Ca concentration between crystal grains is large. While when the CV value is small (that is, a value
of the standard deviation σ as an index of unevenness is small), it means unevenness of grain Ca concentration between
crystal grains is small. 

[0065] As a specific method of measuring the CV value, for example, the measuring method below may be mentioned.
[0066] Namely, first, in a dielectric ceramic composition, an average value of concentration of entire Ca exiting in the
respective crystal grains (an average value of a solid solution amount of Ca) included in a certain range (for example,
a range of 1.5 mm 3 1.5 mm) is obtained by measuring by the energy dispersive X-ray spectrometry by using a transmission
electron microscope. Then, from measured grain Ca concentration of all crystal grains, an average value "x" of grain
Ca concentration and standard deviation a between crystal grains included in the above predetermined range are
calculated. From the average value "x" and the standard deviation σ, the CV value can be obtained by the above formula
(2). Note that, in the present invention, an average value of a concentration of entire Ca exiting in the respective crystal
grains (grain Ca concentration) means Ca concentration in a entire crystal grain and what obtained by averaged Ca
concentration from near the grain surface part to the grain center part, that is, in the entire grain.
[0067] An average crystal grain diameter of crystal grains composing a dielectric ceramic composition is not particularly
limited and may be suitably determined, for example, in a range of 0.1 to 3 mm in accordance with a thickness of the
dielectric layer, etc.
[0068] Capacity-temperature characteristics tend to deteriorate as the dielectric layers become thinner and as the
average crystal grain diameter becomes smaller. Therefore, the dielectric ceramic composition of the present invention
is particularly effective when an average crystal grain diameter has to be smaller, specifically, when the average crystal
grain diameter is made to be 0.1 to 0.5 mm. By making the average crystal grain diameter of crystal grains smaller, the
IR lifetime can become long and changes of the capacity over time under a direct-current electric field can be less.
Therefore, the average crystal grain diameter is preferably made as small as 0.1 to 0.5 mm or so.
[0069] Also, the Curie’s temperature (a phase transition temperature from ferroelectric to paraelectric) of the dielectric
ceramic composition of the present embodiment can be changed by selecting the composition, and it is preferably 120°C
or higher, and more preferably 123°C or higher for satisfying the X8R characteristics. A Curie’s temperature can be
measured by a differential scanning calorimetry (DSC), etc.
[0070] A thickness of the dielectric layer 2 is not particularly limited, but preferably 4.5 mm or thinner per one layer,
more preferably 3.5 mm or thinner, and furthermore preferably 3.0 mm or thinner. The lower limit of the thickness is not
particularly limited, but is, for example, 0.5 mm or so.
[0071] The number of stacked layers of the dielectric layers 2 is not particularly limited, but is preferably 20 or larger,
more preferably 50 or larger, and particularly preferably 100 or larger. The upper limit of the number of stacked layers
is not particularly limited, but is, for example, 2000 or so.

Internal Electrode Layer 3

[0072] A conductive material included in the internal electrode layer 3 is not particularly limited, but since components
of the dielectric layer 2 has reduction-resistance, base metals may be used. As base metals to be used as the conductive
material, Ni or a Ni alloy are preferable. As the Ni alloy, an alloy of one or more kinds of elements selected from Mn, Cr,
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Co and Al with Ni is preferable, and a content of Ni in the alloy is preferably 95 wt% or more. Note that the Ni or Ni alloy
may contain various trace components, such as P, in an amount of not more than 0.1 wt% or so.
[0073] A thickness of the internal electrode layer 3 may be suitably determined in accordance with the use object,
etc., but normally it is preferably 0.5 to 5 mm, and particularly 0.5 to 2.5 mm or so.

External Electrode 4

[0074] A conductive material included in the external electrode 4 is not particularly limited, but inexpensive Ni, Cu and
alloys of these may be used in the present invention.
[0075] A thickness of the external electrode 4 may be suitably determined in accordance with the use object, etc., but
normally 10 to 50 mm or so is preferable.

Production Method of Multilayer Ceramic Capacitor 1

[0076] A multilayer ceramic capacitor 1 including the dielectric ceramic composition of the present invention is produced
by preparing a green chip by the normal printing method and sheet method using a paste, firing the same, then, printing
or transferring external electrodes and firing in the same way as in a multilayer ceramic capacitor of the related art.
Below, the production method will be explained specifically.
[0077] First, dielectric ceramic composition powder included in the dielectric layer paste is fabricated.
[0078] In the present embodiment, the dielectric ceramic composition powder is fabricated by preparing the above
main component materials and subcomponent materials (fifth subcomponent material, preferably, first to fourth subcom-
ponent materials, and more preferably sixth subcomponent materials) and mixing the materials. Contents of the main
component materials and subcomponent materials in the dielectric ceramic composition powder may be determined so
as to obtain a composition of the above dielectric ceramic composition explained above after firing.
[0079] In the present embodiment, the main component materials including a compound including Ba, Ca and Ti and
having a perovskite crystal structure expressed by a general formula ABO3 is used. As main component materials as
such, specifically, it is preferable to use a composite oxide expressed by Ba1-xCaxTiO3 obtained by mixing oxides of Ba,
Ca and Ti and/or compounds, which become these oxides by being fired, at a predetermined ratio and preliminarily firing
in the air. Particularly, as the main component materials, it is preferable to prepare a plurality of composite oxides
expressed by Ba1-xCaxTiO3 having different "x" values and mixing them to use. For example, it is possible to mix three
kinds of composite oxides, Ba0.9Ca0.1TiO3, Ba0.8Ca0.2TiO3 and Ba0.7Ca0.3TiO3 for use.
[0080] In the present embodiment, it is preferable to mix two or more and, more preferably, three or more kinds of
Ba1-xCaxTiO3 having different "x" values for use. By using such main component materials, unevenness of grain Ca
concentration between crystal grains after firing can be made large.
[0081] Also, in the present embodiment, the main component materials preferably include a Ba1-xCaxTiO3 powder,
wherein "x" is 0.2 or larger, more preferably a Ba1-xCaxTiO3 powder, wherein "x" is 0.25 or larger, furthermore preferably
a Ba1-xCaxTiO2 powder, wherein "x" is 0.27 or larger, and particularly preferably a Ba1-xCaxTiO3 powder, wherein "x" is
0.3 or so.
[0082] As materials of the subcomponents (fifth subcomponent materials and first to fourth subcomponent materials,
and more preferably sixth subcomponent materials), the above oxides, mixtures thereof, and composite oxides may be
used, and also it may be suitably selected from a variety of compounds to be the above oxides, and composite oxides
by firing, such as carbonate, oxalate, nitrate, hydroxide and organic metal compound, etc., and mixed for use.
[0083] Note that, in the present embodiment, to obtain the dielectric ceramic composition powder by mixing the main
component materials and subcomponent materials, a step of performing calcining the main component materials and
fifth subcomponent materials, milling the result, and adding other subcomponents may be used. By performing calcining
on the main component materials and the fifth subcomponent materials, the fifth subcomponent can be efficiently solid
dispersed in the main component, so that a CV value of grain Ca concentration between crystal grains can be heightened,
and the TC bias characteristics and IR temperature dependency can be improved.
[0084] The calcining is not particularly limited and may be performed under a condition where the fifth subcomponent
is solid dispersed in the main component. Preferably, the calcining temperature is 500 to 1000°C, and more preferably
600 to 800°C, and the calcining time is 2 to 6 hours, and more preferably 3 to 5 hours. When the calcining temperature
is low or the calcining time is short, it is liable that the effect by the calcining cannot be obtained. On the other hand,
when the calcining temperature is too high or the calcining time is to long, a CV value of grain Ca concentration becomes
too large and the capacity-temperature characteristics tend to decline.
[0085] Next, by using the obtained dielectric ceramic composition powder, dielectric layer paste is produced. The
dielectric layer paste may be organic based slurry obtained by kneading the dielectric ceramic composition powder with
an organic vehicle or water based slurry.
[0086] An organic vehicle is obtained by dissolving a binder in an organic solvent. The bindar to be used for the organic
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vehicle is not particularly limited and may be suitably selected from a variety of normal binders, such as ethyl cellulose
and polyvinyl butyral. Also, the organic solvent to be used is not particularly limited and may be suitably selected from
a variety of organic solvents, such as terpineol, butyl carbitol, acetone, and toluene, in accordance with a method to be
used, such as the printing method and sheet method.
[0087] Also, when using water based slurry as dielectric layer paste, a water based vehicle obtained by dissolving a
water-soluble binder and dispersant, etc. in water is kneaded with a dielectric material. The water-soluble binder used
for the water based vehicle is not particularly limited and, for example, polyvinyl alcohol, cellulose and water-soluble
acrylic resin, etc. may be used.
[0088] The internal electrode layer paste is fabricated by kneading a conductive material formed by the above variety
of conductive metals and alloys or a variety of oxides, organic metal compounds, and resinates, etc., which become the
above conductive material after firing, with the above organic vehicle.
[0089] The external electrode paste may be fabricated in the same way as the above internal electrode layer paste.
[0090] A content of the organic vehicle in the above variety of pastes is not particularly limited and may be a normal
content, for example, the binder is 1 to 5 wt% or so and the solvent is 10 to 50 wt% or so. Also, additives selected from
a variety of dispersants, plasticizers, dielectrics and insulators, etc. may be included in each paste. A total content thereof
is preferably 10 wt% or less.
[0091] When using the printing method, the dielectric layer paste and the internal electrode layer paste are stacked
and printed on a substrate, such as PET, cut to be a predetermined shape and removed from the substrate to obtain a
green chip.
[0092] When using the sheet method, the dielectric layer paste is used to form a green sheet, the internal electrode
layer paste is printed thereon, then, the results are stacked to obtain a green chip.
[0093] Before firing, binder removal processing is performed on the green chip. The binder removal processing may
be suitably determined in accordance with a kind of a conductive material in the internal electrode layer paste, and when
using Ni, a Ni alloy or other base metal as the conductive material, the oxygen partial pressure in the binder removal
atmosphere is preferably 10-45 to 105 Pa. When the oxygen partial pressure is lower than the above range, the binder
removal effect declines. While, when the oxygen partial pressure exceeds the above range, the internal electrode layer
tends to be oxidized.
[0094] Also, as other binder removal conditions, the temperature raising rate is preferably 5 to 300°C/hour and more
preferably 10 to 100°C/hour, the holding temperature is preferably 180 to 400°C and more preferably 200 to 350°C, and
the temperature holding time is preferably 0.5 to 24 hours and more preferably 2 to 20 hours. Also, the firing atmosphere
is preferably in the air or a reducing atmosphere, and a preferable atmosphere gas in the reducing atmosphere is, for
example, a wet mixed gas of N2 and H2.
[0095] An atmosphere at firing the green chip may be suitably determined in accordance with a kind of a conductive
material in the internal electrode layer paste, and when using Ni, a Ni alloy and other base metal as the conductive
material, the oxygen partial pressure in the firing atmosphere is preferably 10-7 to 10-3 Pa. When the oxygen partial
pressure is lower than the above range, a conductive material in the internal electrode layer is abnormally sintered to
be broken in some cases. While, when the oxygen partial pressure exceeds the above range, the internal electrode
layer tends to be oxidized.
[0096] Also, the holding temperature at firing is preferably 1100 to 1400°C, more preferably 1200 to 1380°C, and
furthermore preferably 1260 to 1360°C. When the holding temperature is lower than the above range, densification
becomes insufficient, while when exceeding the above range, breakings of electrodes due to abnormal sintering of the
internal electrode layer, deterioration of capacity-temperature characteristics due to dispersion of the internal electrode
layer component, and reduction of the dielectric ceramic composition are easily caused.
[0097] As other firing conditions, the temperature rising rate is preferably 50 to 500°C/hour and more preferably 200
to 300°C/hour, the temperature holding time is preferably 0.5 to 8 hours and more preferably 1 to 3 hours, and the cooling
rate is preferably 50 to 500°C/hour and more preferably 200 to 300°C/hour. Also, the firing atmosphere is preferably a
reducing atmosphere and a preferable atmosphere gas is, for example, a wet mixed gas of N2 and H2.
[0098] When firing in a reducing atmosphere, it is preferable that annealing is performed on the capacitor element
body. Annealing is processing for re-oxidizing the dielectric layer and the IR lifetime is remarkably elongated thereby,
so that the reliability is improved.
[0099] An oxygen partial pressure in the annealing atmosphere is preferably 0.1 Pa or higher, and particularly preferably
0.1 to 10 Pa. When the oxygen partial pressure is lower than the above range, re-oxidization of the dielectric layer
becomes difficult, while when exceeding the above range, the internal electrode layer tends to be oxidized.
[0100] The holding temperature at annealing is preferably 1100°C or lower, and particularly preferably 500 to 1100°C.
When the holding temperature is lower than the above range, oxidization of the dielectric layer becomes insufficient, so
that the IR becomes low and the IR lifetime becomes short easily. On the other hand, when the holding temperature
exceeds the above range, not only the internal electrode layer is oxidized to reduce the capacity, but the internal electrode
layer reacts with the dielectric base material, and deterioration of the capacity-temperature characteristics, a decline of
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the IR and a decline of the IR lifetime are easily caused. Note that the annealing may be composed only of a temperature
rising step and a temperature lowering step. Namely, the temperature holding time may be zero. In this case, the holding
temperature is a synonym of the highest temperature.
[0101] As other annealing conditions, the temperature holding time is preferably 0 to 20 hours and more preferably 2
to 10 hours, and the cooling rate is preferably 50 to 500°C/hour and more preferably 100 to 300°C/hour. Also, a preferable
atmosphere gas of annealing is, for example, a wet N2 gas, etc.
[0102] In the above binder removal processing, firing and annealing, for example, a wetter, etc. may be used to wet
the N2 gas and mixed gas, etc. In this case, the water temperature is preferably 5 to 75°C or so.
[0103] The binder removal processing, firing and annealing may be performed continuously or separately. When
performing continuously, the atmosphere is changed without cooling after the binder removal processing, continuously,
the temperature is raised to the holding temperature at firing to perform firing. Next, it is cooled and the annealing is
preferably performed by changing the atmosphere when the temperature reaches to the holding temperature of the
annealing. On the other hand, when performing them separately, at the time of firing, after raising the temperature to
the holding temperature of the binder removal processing in an atmosphere of a nitrogen gas or a wet nitrogen gas, the
atmosphere is changed, and the temperature is preferably furthermore raised. After that, after cooling the temperature
to the holding temperature of the annealing, it is preferable, that the cooling continues by changing the atmosphere
again to a nitrogen gas or a wet nitrogen gas. Also, in the annealing, after raising the temperature to the holding
temperature under the nitrogen gas atmosphere, the atmosphere may be changed, or the entire process of the annealing
may be in a wet nitrogen gas atmosphere.
[0104] End surface polishing, for example, by barrel polishing or sand blast, etc. is performed on the capacitor element
body obtained as above, and the external electrode paste is printed or transferred and fired to form external electrodes
4. A firing condition of the external electrode paste is preferably, for example, at 600 to 800°C in a wet mixed gas of N2
and H2 for 10 minutes to 1 hour or so. A cover layer is formed by plating, etc. on the surface of the external electrodes
4 if necessary.
[0105] A multilayer ceramic capacitor of the present invention produced as above is mounted on a print substrate, etc.
by soldering, etc. and used for a variety of electronic apparatuses, etc.
[0106] Since the multilayer ceramic capacitor 1 of the present embodiment includes dielectric layers 2 using the
dielectric ceramic composition of the present invention, capacity-temperature characteristics can satisfy the X8R char-
acteristics (-55 to 150°C, ΔC = within 615%) of the EIA standard. Therefore, it can be preferably used as an electronic
device for an apparatus used under an environment of 80°C or higher, particularly 125 to 150°C. Also, the multilayer
ceramic capacitor 1 of the present embodiment can satisfy the B characteristics [a capacity change rate is 610% at -25
to 85 °C (the reference temperature is 20°C)] of the EIAJ standard and the X7R characteristics (-55 to 125°C, ΔC =
within 615%) of the EIA standard at the same time.
[0107] Moreover, in the multilayer ceramic capacitor 1 of the present embodiment, when assuming that insulation
resistance at the room temperature (25°C) and that at a high temperature part (150°C) are respectively IR25 and IR150,
"a loss of significant digits of IR" expressed by the formula (1) below can be -3.00 or higher. Therefore, the IR temperature
dependency is small and it can be used stably even under a high temperature environment of 80°C or higher, particularly
125 to 150°C. 

[0108] Also, the multilayer ceramic capacitor 1 of the present embodiment has preferable TC bias characteristics
(capacity-temperature characteristics when applying a direct-current voltage). Therefore, it is highly reliable in a wide
temperature range.
[0109] An embodiment of the present invention was explained above, but the present invention is not limited to the
above embodiment and may be variously modified within the scope of the present invention.
[0110] For example, in the above embodiment, a multilayer ceramic capacitor was taken as an example of an electronic
device according to the present invention, but the electronic device according to the present invention is not limited to
a multilayer ceramic capacitor and may be any as far as it includes a dielectric layer composed of the dielectric ceramic
composition having the above composition.

Examples

[0111] Below, the present invention will be explained based on further detailed examples, but the present invention
is not limited to the examples.
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Example 1

[0112] First, three kinds of compounds (Ba0.8Ca0.1TiO3, Ba0.8Ca0.2TiO3 and Ba0.7Ca0.3TiO3) including Ba, Ca and Ti
and having a perovskite crystal structure expressed by a general formula of ABO3 were prepared as main component
materials. In the present example, the three kinds of main component materials were produced by mixing powders of
BaCO3, CaCO3 and TiO2 in predetermined amounts so as to obtain the above compositions, respectively, then, per-
forming calcining thereon and milling the results.
[0113] Then, the above three kinds of main component materials were added with Al2O3 (a fifth subcomponent) and
later explained first to fourth subcomponents, wet mixed and milled by a ball mill to form slurry, so that dielectric layer
paste was fabricated. Note that, in the present example, mole ratio of the above three kinds of main component materials
was Ba0.9Ca0.1TiO3 : Ba0.8Ca0.2TiO3 : Ba0.7Ca0.3TiO3 = 1:1:1. Namely, in the present example, a content of Ca elements
was adjusted to 0.2 mole with respect to 100 moles of ABO3.
[0114] The first to fourth subcomponents were as below.

MgO (first subcomponent) : 1.1 mole
SiO2 (second subcomponent) : 3.4 moles
MnO (third subcomponent) : 0.56 mole
Dy2O3 (fourth subcomponent) : 1 mole

[0115] Note that the adding quantities of the first to fourth subcomponents above are indicated in terms of the respective
oxides with respective to a total of 100 moles of the three main component materials. Note that an adding quantity of
Dy2O3 as the fourth subcomponent is indicated by number of moles in terms of Dy atoms. Namely, an adding quantity
in terms of Dy2O3 is 0.5 mole.
[0116] Also, in this example, an adding quantity of Al2O3 as the fifth subcomponent was changed in a range of 0 to 4
moles with respect to a total of 100 moles of the three kinds of main component materials to produce a plurality of samples.
[0117] 100 parts by weight of the dielectric ceramic composition powder obtained as above, 4.8 parts by weight of an
acrylic resin, 100 parts by weight of ethyl acetate, 6 parts by weight of mineral spirit and 4 parts by weight of toluene
were mixed by a ball mill to form paste, so that dielectric layer paste was obtained.
[0118] Next, 44.6 parts by weight of Ni particles, 52 parts by weight of terpineol, 3 parts by weight of ethyl cellulose
and 0.4 part by weight of benzotriazole were kneaded by a triple-roll to form slurry, so that internal electrode layer paste
was obtained.
[0119] By using these pastes, a multilayer ceramic chip capacitor 1 shown in FIG. 1 was produced as below.
[0120] First, by using the obtained dielectric layer paste, a green sheet was formed on a PET film. After printing the
internal electrode paste thereon, the sheet was removed from the PET film. Next, such green sheets and protective
green sheets (the internal electrode paste is not printed thereon) were stacked, pressed to bond, so that a green chip
was obtained.
[0121] Next, the green chip was out to be a predetermined size and subjected to binder removal processing, firing
and annealing under conditions below so as to obtain a multilayer ceramic sintered body.
[0122] The binder removal processing condition was a temperature raising rate of 32.5°C/hour, a holding temperature
of 260°C, temperature holding time of 8 hours, and an atmosphere being in the air.
[0123] The firing condition was a temperature raising rate of 200°C/hour, a holding temperature of 1250°C, temperature
holding time of 2 hours, cooling rate of 200°C/hour and an atmosphere of wet mixed gas of N2 + H2 (oxygen partial
pressure was 10-7 Pa).
[0124] The annealing condition was a temperature raising rate of 200°C/hour, a holding temperature of 1050°C,
temperature holding time of 2 hours, cooling rate of 200°C/hour and an atmosphere of wet N2 gas (oxygen partial
pressure was 1.01 Pa).
[0125] Note that a wetter with a water temperature of 20°C was used to wet the atmosphere gases in firing and annealing.
[0126] Next, after polishing end surfaces of the obtained multilayer ceramic sintered body by sandblasting, In-Ga was
applied as external electrodes, so that samples 1 to 6 of the multilayer ceramic capacitor of the example 1 shown in
FIG. 1 were obtained. Note that a content of Al2O3 was changed in a range of 0 to 4 moles as shown in Table 1 in the
capacitor samples 1 to 6. The sample 1 did not include any Al2O3.
[0127] A size of the obtained capacitor samples was 3.2 mm 3 1.6 mm 3 0.6 mm, the number of dielectric layers
sandwiched by internal electrode layers was 4, a thickness (a thickness between layers) of one dielectric layer was 4.5
mm, and a thickness of one internal electrode layer was 1.2 mm.
[0128] Next, a CV value of grain Ca concentration between crystal grains, capacity-temperature characteristics (To),
TC bias characteristics and IR temperature dependency (a loss of significant digits) of the obtained capacitor samples
were measured by the methods explained below.
[0129] A CV value of grain Ca concentration between crystal grains was obtained by measuring.an average value of
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Ca concentration of respective crystal grains (grain Ca concentration) included in a range of 1.5mm 3 1.5mm of a dielectric
layer of each of the capacitor samples by the energy dispersive X-ray spectrometry by using a transmission electron
microscope. This measurement was made repeatedly on a plurality of scopes, an average value "x" and standard
deviation σ of grain Ca concentration between all crystal grains are obtained, and a CV value was calculated from the
average value "x" and standard deviation σ of grain Ca concentration by the formula (2) below. In this example, 5% or
larger, and preferably 5% or larger but smaller than 20% were considered good as the evaluation criteria. The results
are shown in Table 1. 

[0130] Capacity-temperature characteristics (Tc) were evaluated by measuring capacitance of the obtained samples
in a temperature range of -55 to 150°C first. Specifically, the capacitance was measured by using a digital LCR meter
(4274A made by YHP) under a condition of a frequency of 1 kHz and an input signal level of 1 Vrms. Then, a capacitance
change rate (ΔC/C, the unit is %) was calculated under a temperature environment at 150°C, at which the capacity-
temperature characteristics became worst in the temperature range. In this example, samples satisfying ΔC/C = within
615% in a range of -55 to 150°C (that is, samples satisfying the X8R characteristics) were considered good. The results
are shown in Table 1.
[0131] TC bias characteristics were measured on the obtained samples by a digital LCR meter (4274A made by YHP)
at 1 kHz, 1 Vrms and a bias voltage (direct current voltage) of 7.0 V/mm by changing temperature from -55°C to 150°C
and evaluated by calculating a change rate of the capacitance from the measurement value at the time of not applying
a bias voltage at 25°C. Note that an LCR meter was used for measuring the capacitance, and the measurement was
made under a condition of a frequency of 1 kHz and an input signal level of 1 Vrms. Those exhibited -50% or higher
were determined to be good. The results are shown in Table 1.
[0132] IR temperature dependency (a loss of significant digits) was evaluated by measuring insulation resistance IR150
at 150 °C and insulation resistance IR25 at 25 °C of the obtained samples and calculating a loss of significant digits
expressed by the formula (1) below. In this example, -3.00 or higher was determined to be good. The results are shown
in Table 1. 

[0133] Furthermore, in this example, in addition to the above, specific permittivity (e), dielectric loss (tanδ), IR lifetime
in a direct-current electric field, and DC bias characteristics were also evaluated on the obtained capacitor samples.
[0134] The specific permittivity s (no unit) was calculated from capacitance measured under a condition of the reference
temperature of 25°C by using a digital LCR meter (4274A made by YHP), a frequency of 1 kHz and an input signal level
(measurement voltage) of 1.0 Vrms. As a result, all samples exhibited a preferable result of 1000 or higher.
[0135] The dielectric loss (tan5) was measured on the capacitor samples under a condition of the reference temperature
of 25°C by using a digital LCR meter (4274A made by YHP), a frequency of 1 kHz and an input signal level (measurement
voltage) of 1.0 Vrms. As a result, all samples exhibited a preferable result of 3.0% or lower.
[0136] The IR lifetime in the direct current electric field was obtained by conducting an acceleration test on the capacitor
samples in an electric field of 10 V/mm at 200°C, and time until the insulation resistance becomes 1 MΩ or lower was
calculated as the lifetime. As a result, all samples exhibited a preferable result of 10 hours or longer.
[0137] The DC bias characteristics were evaluated by measuring a change of capacitance (ΔC/C) when gradually
applying a direct current voltage to respective samples at a constant temperature (25°C) . As a result of plotting the
measurement results, it was confirmed that the capacitance was hard to decrease even when a high voltage was applied
and stable DC bias characteristics were obtained in all samples.
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[0138] From Table 1, the samples 2 to 5 as the example having a predetermined composition of the main component
and subcomponent and including more than 0 mole but less than 4 moles of an oxide of Al elements (Al2O3) having an
ionic radius of 0.0675 nm are confirmed that the capacity-temperature characteristics satisfy the X8R characteristics
and the TC bias and IR temperature dependency (a loss of significant digits) are excellent. Note that, in this example,
a content of Ca elements in ABO3 was 20 moles with respect to 100 moles of ABO3.
[0139] On the other hand, the sample 1 as a comparative example not including Al2O3 exhibited poor results in the
TC bias characteristics and IR temperature dependency (a loss of significant digits). Also, in the sample 6 as a reference
example containing 4 moles of Al2O3, the CV value of grain Ca concentration became 23%, which was too high, and
the result was that the capacity-temperature characteristics did not satisfy the X8R characteristics.
[0140] From the above results, it was confirmed that, by having a predetermined composition of the main component
and subcomponents and including an oxide of a certain element having an ionic radius of 0.065 nm to 0.085 nm in a
predetermined amount, the capacity-temperature characteristics can satisfy the X8R characteristics and the TC bias
and IR temperature dependency (a loss of significant digits) can be improved.

Examples 2 to 4

[0141] Other than using Cr2O3 (example 2 is comparative), GaO2 (example 3) and Ge2O3 (example 4) instead of
Al2O3 as the fifth subcomponent, dielectric layer paste was produced in the same way as in the example 1, and capacitor
samples 7 to 11 (example 2), 12 to 16 (example 3) and 17 to 21 (example 4) were produced in the same way as in the
example 1. The respective characteristics were measured on the obtained capacitor samples in the same way as in the
example 1.

Table 1

Sample 
No.

Composition Ratio of Main 
Component Materials (mole 

ratio)

Al2O3 
Amount 
[mole]

CV 
Value 
[%]

Temperature 
Characteristics of 
Capacitance [%]

Tc-
Bias 
[%]

IR Temperature 
Dependency [%]

1*
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
0 10 -10.9 -50.3 -3.37

2
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
0.5 13 -11.9 -46.1 -2.98

3
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
t 14 -12.3 -45.3 -2.91

4
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
2 18 -13.9 -39.7 -2.65

5
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
3 19.5 -14.5 -38.1 -2.60

6**
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
4 23 -16.7 -36.7 -2.54

A sample marked with "*" is a comparative example and a sample marked with "**" is a reference example of the
present invention.
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Table 2

Sample 
No.

Composition Ratio of Main 
Component Materials (mole 

ratio)

Cr2O3 
Amount 
[mole]

CV 
Value 

[%]

Temperature 
Characteristics of 
Capacitance [%]

Tc-
Bias 
[%]

IR Temperature 
Dependency [%]

1*
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
0 10 -10.9 -50.3 -3.37

7
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
0.5 12.9 -11.3 -47.5 -2.99

8
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
1 13.7 -11.8 46.9 -2.94

9
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
2 17.5 -13.4

- 
41.5

-2.7

10
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
3 19.0 -14.1 -40.2 -2.67

11**
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
4 22.1 -16.4 -38.6 -2.63

A sample marked with "*" is a comparative example and a sample marked with "**" is a reference example of the
present invention.

Table 3

Sample 
No.

Composition Ratio of Main 
Component Materials (mole 

ratio)

GaO2 
Amount 
[mole]

CV 
Value 

[%]

Temperature 
Characteristics of 
Capacitance [%]

Tc-
bias 
[%]

IR Temperature 
Dependency [%]

1*
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
0 10 -10.9 -50.3 -3.37

12
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
0.5 12.8 -11.6 -46.3 2.99

13
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
1 13.7 -12.1 -45.7 -2.93

14
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
2 17.5 -13.7 -40.1 -2.67

15
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
3 19.2 -14.3 -39.7 -2.60
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[0142] As shown in Table 2 to Table 4, it was confirmed that the same results can be obtained also in the cases of
changing Al2O3 to Cr2O3 (example 2, comparative example), GaO2 (example 3) and Ge2O3 (example 4). Note that the
sample 1 is the same as the samples produced in the example 1 and includes none of Cr2O3, GaO2 and Ge2O3.
[0143] From the results, it is confirmed that the same effects as those in using Al2O3 can be obtained also in the cases
of changing Al2O3 to Cr2O3, GaO2 and Ge2O3.

Example 5

[0144] Other than using as the main component materials those obtained by mixing the main component materials
shown in Table 5 at mole ratios shown in Table 5, capacitor samples 22 to 26 were produced in the same way as in the
sample 3 of the example 1. The respective characteristics of the obtained capacitor samples were measured in the same
way as in the example 1. Note that, in this example, contents of Ca elements with respect to 100 moles of ABO3 in the
capacitor samples were as shown in Table 5.

(continued)

Sample 
No.

Composition Ratio of Main 
Component Materials (mole 

ratio)

GaO2 
Amount 
[mole]

CV 
Value 

[%]

Temperature 
Characteristics of 
Capacitance [%]

Tc-
bias 
[%]

IR Temperature 
Dependency [%]

16**
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
4 22.7 -16.6 -37.1 -2.55

A sample marked with "*" is a comparative example and a sample marked with "**" is a reference example of the
present invention.

Table 4

Sample 
No.

Composition Ratio of Main 
Component Materials (mote 

ratio)

Ge2O3 
Amount 
[mole]

CV 
Value 

[%]

Temperature 
Characteristics of 
Capacitance [%]

Tc-
Bias 
[%]

IR Temperature 
Dependency [%]

1*
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
0 10 -10.9 -50.3 -3.37

17
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
0.5 12.5 -11.9 -47 -2.99

18
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
1 13.6 -12.2 -46.3 -2.93

19
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
2 17.8 -13.8 -40.8 -2.68

20
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
3 19.6 -14.6 -39.5 -2.65

21**
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
4 22.5 -16.7 -37.8 -2.61

A sample marked with "*" is a comparative example and a sample marked with "**" is a reference example of the
present invention.



EP 1 683 770 B1

16

5

10

15

20

25

30

35

40

45

50

55

[0145] From Table 5, it is confirmed that, in all of the sample 3 and 22 to 25 as examples, wherein a content of Ca
elements with respect to 100 moles of ABO3 is 10 moles or larger and 30 moles or smaller, the capacity-temperature
characteristics satisfy the X8R and the TC bias and IR temperature dependency (a loss of significant digits) are excellent.
[0146] On the other hand, in the sample 26 as a comparative example, wherein a content of Ca elements with respect
to 100 moles of ABO3 was 10 moles, the CV value of grain Ca concentration became low as 4.9%, consequently, it
exhibited poor results that the capacity-temperature characteristics did not satisfy the X8R characteristics and the TC
bias characteristics became poor.

Example 6

[0147] Other than producing dielectric layer paste by mixing the main component materials and Al2O3 as the fifth
subcomponent in advance, performing calcining thereon at a temperature of 700°C for 2 to 8 hours, milling the result,
then, adding the first to fourth subcomponents and mixing; capacitor samples 27 to 29 were produced in the same way
as in the sample 3 of the example 1. The respective characteristics were measured on the obtained capacitor samples
in the same way as in the example 1.

Table 5

Sample 
No.

Composition Ratio of 
Main Component 

Materials (mole ratio)

Ca 
Amount 
in ABO3 
[mole]

Al2O3 
Amount 
[mole]

CV 
Value 
[%]

Temperature 
Characteristics 
of Capacitance

Tc-
Bias 
[%]

IR 
Temperature 
Dependency 

[%]

3
Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.7Ca0.3TiO3 = 1 : 1 : 1
20 1 14 -12.3 -45.3 -2.91

22
Ba0.9Ca0.1TiO3 : 

Ba0.8Ca0.2TiO3 = 1 : 2
16.7 1 12.1 -12.8 -46.3 -2.88

23
Ba0.9Ca0.1TiO3 : 

Ba0.8Ca0.2TiO3 : = 2 : 1
13.3 1 11.7 -13.6 -47.8 -2.85

24

Ba0.9Ca0.1TiO3 : 
Ba0.8Ca0.2TiO3 : 

Ba0.95Ca0.05TiO3 = 1 : 1 : 
1

11.7 1 10.9 -14 -48.1 -2.83

25
Ba0.9Ca0.1TiO3 : 

Ba0.8Ca0.2TiO3 = 1 : 1
15 1 7.8 -14.3 -48.8 -2.8

26* Ba0.9Ca0.1TiO3 10 1 4.9 -16.7 -55 -2.79

A sample marked with "*" is a comparative example of the present invention.
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[0148] From Table 6, when comparing the sample 3 with the samples 27 and 28, it is conformed that the TC bias
characteristics and IR temperature dependency can be furthermore improved by performing calcining under a prede-
termined condition. Note that, from the result of the sample 29, it is confirmed that the CV value of grain Ca concentration
becomes too large and the capacity-temperature characteristics cannot satisfy the X8R characteristics when the calcining
is too long.

Claims

1. A dielectric ceramic composition, consisting essentially of:

a main component including Ba, Ca and Ti and having a perovskite crystal structure expressed by a general
formula ABO3, and
a first subcomponent including at least one kind selected from MgO, CaO, BaO and SrO;
a second subcomponent including a compound including an oxide silicon as a main component;
a third subcomponent including an oxide of Mn;
a fourth subcomponent including an oxide of R,

wherein R is at least one kind selected from Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu;

a fifth subcomponent including either

(i) Al2O3 in an amount of 0.5 mole to 3.0 moles with respect to 100 moles of the main component, or
(ii) an oxide of Ga and/or an oxide of Ge in an amount of 0.5 mole to 3.0 moles with respect to 100 moles
of the main component; and

optionally 0.01 to 0.5 mole of a sixth subcomponent including at least one kind selected form V2O5, MoO3 and
WO3 with respect to 100 moles of said main component,
ratios of said first to fourth subcomponent with respect to 100 moles of said main component are
first subcomponent: 0.1 to 3 moles,
second subcomponent: 2 to 10 moles,
third subcomponent: 0.1 to 2.5 moles, and
fourth subcomponent: 0.1 to 14 moles, wherein the number of moles of the fourth subcomponent is a ratio of
R alone,
wherein
said dielectric ceramic composition is composed of a plurality of crystal grains including Ca elements; and
when assuming that an average value of a concentration of entire Ca exiting in said respective crystal grains
is grain Ca concentration,
at least unevenness exists in said grain Ca concentration between said crystal grains and it is 5% or higher in
a CV value, wherein CV value [%] = (standard deviation σ of grain Ca concentration / average value "3" of
grain Ca concentration) 3 100.

2. The dielectric ceramic composition as set forth in claim 1, wherein unevenness of said grain Ca concentration
between said crystal grains is 5% or higher but less than 20% in CV value.

3. The dielectric ceramic composition as set forth in claim 1 or 2, wherein a content of Ca elements in said dielectric
ceramic composition is 30 mole or smaller with respect to 100 moles of said ABO3.

4. An electronic device having a dielectric layer composed of the dielectric ceramic composition as set forth in any one
of claims 1 to 3.

5. A multilayer ceramic capacitor having a capacitor element body, wherein dielectric layers composed of the dielectric
ceramic composition as set forth in any one of claims 1 to 3 and internal electrode layers are alternately stacked.

Patentansprüche

1. Dielektrische Keramikzusammensetzung, die im Wesentlichen besteht aus:
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einer Hauptkomponente, die Ba, Ca und Ti enthält und eine Perowskit-Kristallstruktur aufweist, die durch eine
allgemeine Formel ABO3 ausgedrückt wird, und
einer ersten Teilkomponente, die mindestens eine Art enthält, die aus MgO, CaO, BaO und SrO ausgewählt ist;
einer zweiten Teilkomponente, die eine Verbindung enthält, die ein Oxid von Silizium als eine Hauptkomponente
enthält;
einer dritten Teilkomponente, die ein Oxid von Mn enthält;
einer vierten Teilkomponente, die ein Oxid von R enthält, wobei R mindestens eine Art ist, die aus Sc, Y, La,
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb und Lu ausgewählt ist;
einer fünften Teilkomponente, die entweder

(i) Al2O3 in einer Menge von 0,5 Mol bis 3,0 Mol bezüglich 100 Mol der Hauptkomponente, oder
(ii) ein Oxid von Ga und/oder ein Oxid von Ge in einer Menge von 0,5 Mol bis 3,0 Mol bezüglich 100 Mol
der Hauptkomponente; und

optional 0,01 bis 0,5 Mol einer sechsten Teilkomponente, die mindestens eine Art enthält, die aus V2O5, MoO3
und WO3 ausgewählt ist, bezüglich 100 Mol der Hauptkomponente enthält,
wobei Verhältnisse der ersten bis vierten Teilkomponente bezüglich 100 Mol der Hauptkomponente betragen:

erste Teilkomponente: 0,1 bis 3 Mol,
zweite Teilkomponente: 2 bis 10 Mol,
dritte Teilkomponente: 0,1 bis 2,5 Mol, und
vierte Teilkomponente: 0,1 bis 14 Mol, wobei die Molzahl der vierten Teilkomponente ein Verhältnis von R
alleine ist,
wobei
die dielektrische Keramikzusammensetzung aus mehreren Kristallkörnern zusammengesetzt ist, die Ca
Elemente enthalten; und
unter der Voraussetzung, dass ein Mittelwert einer Konzentration des gesamten Ca, das in den jeweiligen
Kristallkörnern vorhanden ist, die Korn-Ca-Konzentration ist,
mindestens eine Ungleichmäßigkeit der Korn-Ca-Konzentration zwischen den Kristallkörnern vorhanden
ist und deren CV-Wert 5% oder höher ist, wobei der CV-Wert [%] = (Standardabweichung σ einer Korn-
Ca-Konzentration / Mittelwert "x" der Korn-Ca-Konzentration) x 100.

2. Dielektrische Keramikzusammensetzung nach Anspruch 1, wobei die Ungleichmäßigkeit der Korn-Ca-Konzentration
zwischen den Kristallkörnern einen CV-Wert von 5% oder höher jedoch weniger als 20% aufweist.

3. Dielektrische Keramikzusammensetzung nach Anspruch 1 oder 2, wobei ein Gehalt der Ca-Elemente in der die-
lektrischen Keramikzusammensetzung bezüglich 100 Mol des ABO3 30 Mol oder weniger beträgt.

4. Elektronische Vorrichtung, die eine dielektrische Schicht aufweist, die aus der dielektrischen Keramikzusammen-
setzung nach einem der Ansprüche 1 bis 3 besteht.

5. Mehrschicht-Keramikkondensator mit einem Kondensatorelementkörper, wobei dielektrische Schichten, die aus
der dielektrischen Keramikzusammensetzung nach einem der Ansprüche 1 bis 3 bestehen, und innere Elektroden-
schichten abwechselnd aufeinander geschichtet sind.

Revendications

1. Composition de céramique diélectrique, composée essentiellement :

d’un composant principal comprenant Ba, Ca et Ti et ayant une structure cristalline pérovskite exprimée par
une formule générale ABO3, et
un premier sous-composant comprenant au moins une espèce sélectionnée entre MgO, CaO, BaO et SrO ;
un deuxième sous-composant comprenant un composé comprenant un oxyde de silicium en tant que composant
principal ;
un troisième sous-composant comprenant un oxyde de Mn ;
un quatrième sous-composant comprenant un oxyde de R, où R est au moins une espèce sélectionnée entre
Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb et Lu;
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un cinquième sous-composant comprenant soit

(i) Al2O3 dans une teneur de 0,5 mole à 3,0 moles par rapport à 100 moles du composant principal, ou
(ii) un oxyde de Ga et/ou un oxyde de Ge dans une teneur de 0,5 mole à 3,0 moles par rapport à 100 moles
du composant principal ; et

facultativement 0,01 à 0,5 mole d’un sixième sous-composant comprenant au moins une espèce sélectionnée
entre V2O5, MoO3 et WO3 par rapport à 100 moles du composant principal,
la proportion du premier au quatrième sous-composant par rapport à 100 moles du composant principal étant
pour le premier sous-composant : de 0,1 à 3 moles,
pour le deuxième sous-composant : de 2 à 10 moles,
pour le troisième sous-composant : de 0,1 à 2,5 moles, et
pour le quatrième sous-composant : de 0,1 à 14 moles, le nombre de moles du quatrième sous-composant
étant un rapport de R seul,
où
la composition de céramique diélectrique est constituée d’une pluralité de grains cristallins comprenant des
éléments Ca ; et
étant supposé que la valeur moyenne d’une concentration du Ca globalement présente dans les différents
grains cristallins est une concentration de grains Ca,
au moins une irrégularité de concentration de grains Ca est présente entre les grains cristallins, qui est d’au
moins 5 % en valeur CV, ladite valeur CV [%] = (écart standard σ de la concentration de grains Ca / valeur
moyenne "x" de la concentration de grains Ca) x 100.

2. Composition de céramique diélectrique selon la revendication 1, où l’irrégularité de concentration de grains Ca entre
les grains cristallins est comprise entre 5 % et 20 % en valeur CV.

3. Composition de céramique diélectrique selon la revendication 1 ou la revendication 2, où la teneur des éléments
Ca dans la composition de céramique diélectrique est égale ou inférieure à 30 moles par rapport à 100 moles du ABO3.

4. Dispositif électronique ayant une couche diélectrique constituée de la composition de céramique diélectrique selon
l’une des revendications 1 à 3.

5. Condensateur en céramique multicouches comportant un corps d’élément condensateur, où sont empilées en
alternance des couches diélectriques constituées d’une composition de céramique diélectrique selon l’une des
revendications 1 à 3 et des couches d’électrodes internes.
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