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MULTI-LAYER CERAMIC CAPACITOR AND
METHOD OF MANUFACTURING THE SAMEL

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application 1s the U.S. National Phase under 35
US.C. § 371 of International Application PCT/JP2012/
079422, filed Nov. 13, 2012, which claims priority to
Japanese Patent Application No. 2012-079486, filed Mar.

30, 2012. The International Application was published under
PCT Article 21(2) in a language other than English.

TECHNICAL FIELD

The present mvention relates to a multi-layer ceramic
capacitor (MLCC) that achieves smaller size and larger
capacitance through high-density layering of dielectric lay-
ers, as well as a method of manufacturing such multi-layer
ceramic capacitor.

BACKGROUND ART

As mobile phones and other digital electronic devices
become increasingly smaller and thinner, the need for chips
that are smaller yet oflering larger capacitance 1s increasing,
every year for the multi-layer ceramic capacitors (MLCC)
installed on the electronic circuit boards of these devices. In
general, reducing the capacitor size inevitably reduces the
area at the internal electrodes facing the dielectric layers,
which 1n turn decreases the capacitance. To make sure the
capacitor has suflicient capacitance to permit use of a
smaller chip, high-density layering technology 1s crucial that
reduces the thickness of the dielectric layers to be provided
between the internal electrodes and also allows for layering,
of many of these dielectric layers.

To increase the density of dielectric layers 1n a multi-layer
ceramic capacitor by making them thinner, one possible way
1s to minimize the grain size of the primary constituent of
dielectrics, such BaTi0; (barium titanate). However, making
the grain size of dielectrics finer to reduce the thickness of
the dielectric layer causes the dielectric constant to drop due
to the sizing eflect, making i1t impossible for the capacitor as
a whole to provide suflicient capacitance. In the field of
high-density layering for ceramic capacitors, therefore, tech-
nology 1s adopted to sinter a fine powder of dielectrics to
orow the grain size and thereby prevent the dielectric
constant from dropping and consequently ensure suilicient
capacitance.

According to Patent Literature 1, for example, a specific
dielectric constant of 6000 or more can be achieved by
adjusting to a range of 0.1 to 0.2 um the grain size of the
material powder, or specifically Ba,_ Ca T10, (also referred
to as “BCT”) which 1s BaTi10, partially substituted by Ca,
and growing the dielectric grains to a grain size of 0.35 to
0.65 um, 1n the process of reducing the thickness of the
dielectric layer to approx. 1 um. In general, Mg 1s added as
an acceptor element to suppress the reduction of dielectrics
due to sintering. In Patent Literature 1, the content of MgO
in the dielectrics 1s 0.05 to 3.0 mol per 100 mol of
Ba,_Ca Ti0,.
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In addition, preferably the size of the dielectric grain 1s
200 nm or less i1n order to ensure suflicient electrical
insulation property based on a dielectric layer of 1 um or
less. That 1s because the smaller the grain size, the larger the
grain boundary becomes where movement of oxygen
vacancy migration 1n the electrostatic field (electric field
migration) 1s inhibited. If the grain size 1s large, on the other
hand, the gaps between grains on the surface of the dielectric
layer become deeper and the internal electrode paste will
seep 1mto these gaps to make it easier for electrode projec-
tions 1nto the dielectric layer to form. A multi-layer ceramic
capacitor 1s deemed equivalent to an electrical circuit com-
prised of individual capacitors, each constituting one dielec-
tric layer, connected 1n parallel by the number of layers, and
accordingly the entire capacitor will become electrically
conductive 1f even a single dielectric layer 1s shorted due to
concentration of electric field. Since this concentration of
clectric field occurring at electrode projections that generate
in the gaps between grains can cause the msulation property
to deteriorate and the voltage endurance to drop in the
capacitor, it 1s desirable that the dielectric layer and interface
contacted by the internal electrode be uniformly {flat.

For example, Patent Literature 2 discloses a dielectric

ceramic composition whose primary constituent 1s (Ba,_,
Ca,),(115_,2r )05 (also referred to as “BCTZ”), average
crystal grain size after sintering 1s 0.15 to 0.51 um, and grain
distribution based on the 100% equivalent dielectric grain
s1ize less the 50% equivalent size 1s 0.3 to 0.9 um. The
specific dielectric constant of the dielectric ceramic compo-
sition disclosed therein 1s 16351 or less.

PRIOR ART LITERATURE

Patent Literature

Patent Literature 1: Japanese Patent Laid-open No. 2010-
180124

Patent Literature 2: Japanese Patent Laid-open No. 2006-
282483

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

As described above, 1t 1s desired that, to achieve good
clectrical msulation property, voltage endurance character-
istics, life, etc., with a multi-layer ceramic capacitor, the size
of the dielectric grain 1s made as fine as possible to keep the
surface of the dielectric layer flat and any surface irregular-
ity of the internal electrode 1s minimized. On the other hand,
making the grain size of the dielectric layer excessively fine
presents a trade-oil problem 1n that it causes the dielectric
constant to drop due to the sizing effect mentioned above.

The present invention was developed to solve the afore-
mentioned problem, and its object 1s to provide a multi-layer
ceramic capacitor that achieves large capacitance and
improved reliability at the same time by growing the dielec-
tric grains constituting the dielectric layer 1n an as-uniform-
as-possible manner through sintering to keep the surface of
the layer tlat, and also by ensuring a certain range of grain
s1ze and consequently suflicient dielectric constant, as well
as a method of manufacturing such multi-layer ceramic
capacitor.

Means for Solving the Problems

The present invention 1s a multi-layer ceramic capacitor
constituted by dielectric layers and internal electrode layers
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alternately layered with one another, wherein a dispersion,
nd, of average grain size of dielectric grains constituting the
dielectric layers (a value (ID90/D10) obtained by dividing
D90 which 1s a grain size including 90% cumulative abun-
dance of grains by D10 which 1s a grain size including 10%
cumulative abundance of grains) 1s smaller than 4.

In addition, preferably the dielectric layer does not con-
tain Mg, but 1t may contain 0.03 mol or less of Mg per 100
mol of BaTliO,.

In addition, preferably the dielectric layer may contain
0.01 mol or more but 0.03 mol or less of Mg per 100 mol of
BaTi0,.

In addition, preferably the average size of the dielectric
grains 1s greater than 300 nm but smaller than 1000 nm.

Additionally, the present invention 1s a method of manu-
facturing a multi-layer ceramic capacitor comprising: a step
to prepare a dielectric material powder whose average grain
s1ze 1s 200 nm or less and preferably 80 nm or greater; and
a step to sinter the dielectric material powder 1n such a way
that the dispersion of average grain size nd of the dielectric
grains constituting the dielectric layer becomes smaller than
4 and the average size of the dielectric grains becomes
greater than 300 nm but smaller than 1000 nm.

Eftects of the Invention

According to the present invention, the surface of the
dielectric layer can be kept tlat to some extent by uniformly
growing the dielectric grains constituting the dielectric layer
in such a way that their dispersion of average grain size nd
takes a value smaller than 4. This way, relatively high life
characteristics can be obtained. At the same time, suflicient
s1ze of the dielectric grains can be ensured to achieve a high
specific dielectric constant. As a result, the multi-layer
ceramic capacitor can achieve large capacitance and
improved reliability at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic longitudinal section view of a
multi-layer ceramic capacitor according to an embodiment
of the present invention.

FIG. 2 1s a section view of a dielectric layer presented to
explain the grain size.

FIG. 3 1s a graph showing the relationship between the
dielectric grain size and cumulative abundance, 1n order to
explain the dispersion of average grain size nd.

MODES FOR CARRYING OUT TH.
INVENTION

(Ll

A multi-layer ceramic capacitor according to an embodi-
ment of the present mvention 1s explained below. FIG. 1 1s
a schematic longitudinal section view of a multi-layer
ceramic capacitor 1. The multi-layer ceramic capacitor 1 1s
generally constituted by a ceramic sintered compact 10 of
specified chip size and shape (such as rectangular solid of
1.0x0.5x0.5 mm) as well as a pair of external electrodes 20
formed on both sides of the ceramic sintered compact 10.
The ceramic sintered compact 10 1s made of BaTiO; (barium
titanate) as 1ts primary constituent, for example, and has a
laminate 11 inside which 1s constituted by dielectric layers
12 and internal electrode layers 13 alternately layered with
one another, as well as cover layers 15 formed as the
outermost layers.

The laminate 11 has a high-density multi-layer structure
where the thickness of one dielectric layer 12 sandwiched by
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4

two internal electrode layers 13 1s 1 um or less and there are
hundreds of layers 1n total according to the specifications of
clectrostatic capacitance, required voltage endurance, etc.
The cover layers 15 formed in the outermost parts of the
laminate 11 protect the dielectric layers 12 and internal
clectrode layers 13 from humidity, contaminants and other
contaminating substances from the exterior and prevent the
layers from deteriorating over time.

The multi-layer ceramic capacitor 1 1s manufactured as
tollows, for example. First, a material powder whose pri-
mary constituent 1s BaTi10, and grain size 1s 200 nm or less
1s wet-mixed with additive compounds, after which the
mixture 1s dried and pulverized to prepare a dielectric
material powder. Here, the quantity of MgO to be blended
into the dielectric matenial powder may be such that the
content of Mg becomes 0.01 mol or more but 0.03 mol or
less per 100 mol of BaTi10,. It 1s also possible to not add any
MgO so that the content of Mg becomes O.

The prepared dielectric maternial powder 1s wet-mixed
with polyvinyl acetal resin and organic solvent, after which
the mixture 1s applied to form a band-shaped dielectric green
sheet of 1 um or less according to the doctor blade method,
for example, and then dried. Thereafter, a conductive paste
containing organic binder 1s screen-printed onto the surface
of the dielectric green sheet to place an internal electrode
layer 13 pattern. For the conductive paste, a metal powder of
N1 1s favorably used, for example. It 1s also possible to
uniformly disperse BaTl10, of 50 nm or less 1n main size, as
a co-material.

Thereatter, a specified number of dielectric green sheets
that have been stamped to a uniform size of 15 cmx15 cm,
for example, are layered in such a way that the internal
clectrode layers 13 are staggered. Cover sheets that will
become cover layers 135 are then pressure-bonded at the top
and bottom of the layered dielectric green sheets and the
layers are cut to a specified chip size (such as 1.0x0.5 mm),
alter which a conductive paste that will become external
clectrodes 20 1s applied on both sides of the laminate and
then dried. This way, a compact of multi-layer ceramic
capacitor 1 1s obtained.

The compact thus obtained i1s put 1n a N2 ambience of
approx. 350° C. to remove the binder, and then sintered for
10 minutes to 2 hours at 1220 to 1280° C. using a mixed gas
of N,, H, and H,O (where the partial oxygen pressure 1s
approx. 1.0x10~"" MPa). After the sintering, the compact is
oxidized for approx. 1 hour in a N, ambience of approx.
1000° C., to obtain a multi-layer ceramic capacitor 1 whose
dielectric-layer-constituting dielectric grains have been
grown 1o a desired grain size (diameter of sintered dielectric
grain).

FIG. 2 1s a schematic section view of the dielectric layer
12 of the multi-layer ceramic capacitor 1. In this Specifica-
tion, the grain size Dg 1s defined as the average of maximum
lengths Dgs of sintered dielectric grains measured in the
direction parallel with the internal electrode layer (i.e.,
direction orthogonal to the direction of electric field). In
other words, the grain size Dg can be obtained by dividing
the total sum of the maximum lengths Dgs of sampled
dielectric grains, by the number of sampled grains, by
referring to FIG. 2. As for sampling of dielectric grains for
the purpose of measuring the grain size Dg, the sample size
should be 300 or more and 1f there are 500 or more grains
in one observed area (such as on one SEM photograph taken
at 2000 magnifications), all dielectric grains in the area are
sampled; if there are fewer than 500 grains, multiple loca-
tions are observed (captured) until there are at least 500
grains. On the other hand, FIG. 3 1s a graph showing the
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relationship between the sizes of sintered dielectric grains
observed 1n the sample dielectric layer 12 on one hand, and
the cumulative abundance on the other which 1s obtained by
accumulating such sizes from the smallest grain size, in
order to explain the dispersion of average grain size nd of
dielectric grains. Here, the dispersion, nd, of average grain
s1ze 15 defined as a value obtained by dividing D90 which 1s
a grain size including 90% cumulative abundance of grains
by D10 which 1s a grain size including 10% cumulative
abundance of grains, or by Formula (1) below:

nd=D90/D10 Formula (1)

According to Formula (1), the smaller the dispersion of
average grain size nd, the more uniform the sizes of dielec-
tric grains are and the flatter the surface of the dielectric
layer 12 1s. In the above, nd approaches 1 as the grain sizes
become more uniform.

Preferably the dielectric grains constituting the dielectric
layer 12 of the multi-layer ceramic capacitor 1 in this
embodiment have a uniformity evidenced by a dispersion of
average grain size nd smaller than 4. By uniformly sintering
the dielectric grains, the surface of the dielectric layer 12 can
be flattened and any surface irregularity at the boundary with
the internal electrode layer 13 can be reduced. This way,
concentration of electric field at projected parts of the
clectrode can be prevented to achieve higher reliability. In
addition, preferably the grain size of the dielectric layer 12
1s greater than 300 nm but smaller than 1000 nm (1 um).
This way, relatively large grain sizes can be ensured and
high specific dielectric constant achieved even with a dielec-
tric layer 12 of 1 um or less.

According to the multi-layer ceramic capacitor 1 in this
embodiment, a specific dielectric constant of 5000 or
greater, as well as high life characteristics of 25 hours or
longer as demonstrated by the accelerated life test conducted
under conditions of 150° C. and 8.5 V/um, can be obtained
by growing the dielectric grains under the conditions
explained below.

Examples

Next, examples of the multi-layer ceramic capacitor
(hereinatter referred to as “MLCC”) proposed by the present
invention are explained.
<Production of MLCC>
(1) Preparation of Dielectric Material Powder

First, to prepare a material powder for dielectrics, a
high-purity BaTiO, powder of 80 to 280 nm 1n average grain
s1ze was weighed, along with compounds including 0.5 mol

of HoO,,,, 0.5 mol of S10,, 0.1 mol of MnCO; (becomes
MnO as CO, dissociates when sintered), 0.1 mol of V,O.,
0.1 mol of ZrO,, and 0 to 0.04 mol of MgO, per 100 mol of
BaTiO,. The average grain size of the material powder can
be obtained by observing 500 powder samples of bartum
titanate using an SEM and taking the median size of the
observed samples. Then, the material powder for each of the
samples shown 1n Tables 1 to 3 was wet-mixed with water,
after which the mixture was dried and dry-pulverized to
prepare a dielectric material powder. A dielectric matenal
powder for cover layers was also prepared using similar
constituent compounds.
(2) Production of MLCC Compact

The prepared dielectric material powder was wet-mixed
with polyvinyl acetal resin and organic solvent, after which
the mixture was applied to form a ceramic green sheet of 1.0
um 1n thickness according to the doctor blade method and
then dried. Ceramic cover sheets for cover layers were
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prepared at a thickness of 10 um. A N1 conductive paste was
screen-printed onto the green sheet that would become a
dielectric layer, according to a specified pattern, to place an
internal electrode. One hundred and one such green sheets
having an electrode pattern placed on them were layered so
that the number of dielectric layers n became 100, and then
20 cover sheets of 10 um 1n thickness each were pressure-
bonded at the top and bottom of the laminate, respectively,
after which the laminate was cut to 1.0x0.5 mm. Thereafter,
a N1 conductive paste that would become external electrodes
was applied on both sides of the laminate and then dried, to
obtain a sample of MLCC compact.
(3) Sintering of MLCC Compact

The sample of MLCC compact was put 1n a N, ambience
approx. 350° C. to remove the binder. Thereatter, the sample
was sintered for 10 minutes to 2 hours at 1220 to 1280° C.
using a mixed gas of N,, H, and H,O (where the partial
oxygen pressure was approx. 1.0x10™"" MPa). The sintering
temperature and time were adjusted as deemed appropnate
to achieve the target grain size. After the sintering, the
compact was oxidized for 1 hour 1n a N, ambience of 1000°

C.
<MLCC Evaluation Methods>
(1) Method of Evaluation of Grain Size

A partial section of the MLCC was polished and
extracted, and based on a photograph capturing a section of
the dielectric layer using a scanning electron microscope
(SEM), the grain sizes of dielectric grains were measured.
Here, the maximum lengths Dgs of 500 sampled dielectric
grains were measured by image analysis based on SEM
photographs, and the average of obtained maximum lengths
was evaluated as the grain size Dg. To clearly capture the
grain boundary line on the SEM photograph, prior heat
treatment was applied at 1180° C. for 5 minutes 1n the same
ambience as in the sintering process (mixed gas of N,, H,
and H,O) to thermally etch the grain interface.
(2) Method of Evaluation of Grain Size Dispersion

Based on the cumulative abundance characteristics (refer
to FIG. 3) obtained from the grain size data of at least 500
dielectric grains sampled on a section photograph of the
dielectric layer taken with a scanning electron microscope
(SEM), the dispersion of average grain size nd was calcu-
lated using Formula (1) above. The sample size should be
500 or more and 1f there were 500 or more grains on one
section photograph, all dielectric grains on the photograph
were sampled; 11 there were fewer than 500 grains, sampling
was done on a section photograph(s) of another part(s) until
the number of grains came to at least 500.
(3) Method of Evaluation of Dielectric Constant

The sintered and oxidized MLCC was put in a thermo-
static chamber of 150° C. and kept stationary for 1 hour, and
then removed and kept stationary at room temperature of 25°
C. for 24 hours to adjust the conditions, after which 1ts
capacitance Cm was measured using an impedance analyzer.
Voltage was applied under the condition of 1 kHz and 1.0
Vms for measurement. The specific dielectric constant &
was obtamned from the measured capacitance Cm using
Formula (2) below:

Cm=ExCoxnx S/t (Formula 2)

Here, &, represents the dielectric constant in vacuum,
while n, S, and t represent the number of dielectric layers,
arca ol internal electrode layers, and thickness of one
dielectric layer, respectively.

(4) Method of Evaluation of Life Characteristics

The sintered and oxidized MLCC was put in a thermo-

static chamber of 150° C. and kept stationary for 1 hour to
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adjust the conditions, after which the MLCC was put 1n a <MLCC Evaluation Results>
thermostatic chamber environment of 150° C. 1n tempera-
ture and 8.5 V/um 1n electric field intensity (voltage of 6
VDC at a dielectric layer thickness of 0.7 um). The MLCC
was evaluated for life characteristics based on the acceler- 5

ated life times, which 1s defined as the average time 1t takes
for the leak current of the MLCC to become 100 times the

The evaluation results of the dielectric layers of the
MLCCs produced according to the atorementioned condi-
tions are explained by referring to Tables 1 to 3.

initial leak current. (1) Samples 1 to 12.
TABLE 1
Material Grain size nd Grain - *: Out of
Sam- grain  of sintered S1Ze Specific Accel- specification
ple Mg size compact disper- dielectric erated (Reference
No.  (mol) (nm) (nm) sion (—) constant (-) life (h) example)
1 0 110 314 2.6 8413 29
2 0 110 315 3.9 7163 28
3 0.01 110 311 2.9 6849 33
4 0.01 110 312 3.1 6234 31
5 0.02 110 315 3.1 6323 30
6 0.02 110 311 3.5 6211 29
7 0.03 110 312 3.7 5699 27
8 0.03 110 298 3.6 5680 29
9 0.03 110 322 3.3 5396 26
10 0.04 110 289 4.3 4703 22 * Mg too much
11 0.04 110 287 4.2 4697 20 * Mg too much
12 0.04 110 320 4.4 4440 18  * Mg too much

Samples 1 to 12 represent examples where the material
grain size of BaliO, belore sintering was 110 nm and 1ts
grains were grown toward a target grain size of approx. 300
nm. Mg (magnesium) was added by a quantity range of O to
0.04 mol per 100 mol of BaTi0,.

In Samples 1 to 9, the specific dielectric constant € was
greater than 5000 and accelerated life was 25 hours or longer
when the content of Mg was 0.03 mol or less. The dielectric
grains were also umiform, as evidenced by a dispersion of
average grain size nd of less than 4. In Samples 10 to 12
containing Mg by 0.04 mol, the specific dielectric constant
40 & was less than 5000, accelerated life was shorter than 25
hours, and dispersion of average grain size nd was greater
than 4.

(2) Samples 13 to 17
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TABLE 2
Material Gramn size  nd Grain - *: Out of
Sam- orain of sintered s1Ze Specific Accel- specification
ple Mg S1Ze compact disper- dielectric erated (Reference
No. (mol) (nm) (nm) sion (—) constant (-) life (h) example)
13 0 80 361 3.5 8676 25
1 0 110 314 3.2 8413 29
14 0 150 334 2.8 7928 34
15 0 200 307 2.7 5226 33
16 0 250 338 3.6 7883 12 * Mg too much
17 0 280 354 3.9 8749 6 * Mg too much

Samples 13 to 17 represent examples where the material
60 grain size of BaTi10O, before sintering was 80 to 280 nm and
no Mg was added. In all samples, the dispersion of average
grain size nd was 4 or smaller.
In Samples 13 to 15 with a BaT10, material grain size of
80 to 200 nm, the specific dielectric constant & was greater
65 than 5000 and accelerated life was 25 hours or longer. In
Samples 16 and 17 with a material grain size of 250 to 280
nm, the accelerated life was shorter than 25 hours.
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(3) Samples 18 to 26
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TABLE 3
Material  Grain size  nd Grain - *: Out of
Sam- orain of sintered siZe Specific Accel- specification
ple Mg S1Ze compact disper- dielectric erated (Reference
No. (mol) (nm) (nm) sion (—) constant (-) life (h) example)
18 0 110 286 2.9 4656 33 * Grain size
too small
1 0 0 314 3.3 8413 29
19 0 0 684 3.1 11848 30
20 0 0 990 3.0 12129 26
21 0 0 1018 4.2 12077 &  * Qrain size
too large
22 0 200 273 2.7 4266 37  * QGrain size
too small
23 0 200 457 3.2 11485 32
24 0 200 538 3.3 12202 28
25 0 200 884 3.5 12682 25
26 0 200 1045 4.5 11554 5  * QGrain size

Samples 18 to 21 represent examples where the material
grain size of BaT10, was 110 nm, while Samples 22 to 26
represent examples where the material grain size of BaliO,
was 200 nm and its grains were grown toward a target grain
s1ize of 300 nm to 1000 nm. Mg was not added.

In Samples 1, 19, 20 and 23 to 25 whose grain size after
sintering was greater than 300 nm but smaller than 1000 nm,
the specific dielectric constant © was greater than 5000 and
accelerated life was 25 hours or longer. The dielectric grains
were also uniform, as evidenced by a dispersion of average
grain size nd of less than 4.

In Samples 18 and 22, the grain size after sintering was
smaller than 300 nm and specific dielectric constant was
smaller than 5000. In Samples 21 and 26, the grain size was
greater than 1000 nm, dispersion of average grain size nd
was greater than 4, and accelerated life was shorter than 235
hours.

DESCRIPTION OF THE SYMBOLS

1 Multi-layer ceramic capacitor
10 Ceramic sintered compact
11 Laminate

12 Dielectric layer

13 Internal electrode layer

15 Cover layer

20 External electrode

The 1nvention claimed 1s:

1. A multi-layer ceramic capacitor constituted by sintered
dielectric layers and internal electrode layers alternately
layered with one another, wherein dielectric grains consti-
tute a sintered grain body which forms the sintered dielectric
layers, and a dispersion, nd, of average grain size of the
dielectric grains (a value (D90/D10) obtained by dividing
D90 which 1s a grain size including 90% cumulative abun-
dance of grains by D10 which 1s a grain size including 10%
cumulative abundance of grains) is smaller than 4, [said
dielectric grains being sintered and grown to] wherein an
average size of sintered grains in the sinteved grain body is
greater than 300 nm but smaller than 1000 nm.
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2. A multi-layer ceramic capacitor according to claim 1,
wherein the dielectric layer does not contain Mg.

[3. A multi-layer ceramic capacitor according to claim 2,
wherein an average of the dielectric grains 1s greater than
300 nm but smaller than 100 nm.]

4. A multi-layer ceramic capacitor according to claim 1,

wherein the dielectric layer contains 0.03 mol or less of Mg
per 100 mol of BaTiO,.

5. A multi-layer ceramic capacitor according to claim 4,
wherein the dielectric layer contains 0.01 mol or more but
0.03 mol or less of Mg per 100 mol of BaTiO;.

[6. A multi-layer ceramic capacitor according to claim 5,
wherein an average size of the dielectric grains i1s greater
than 300 nm but smaller than 1000 nm.]

[7. A multi-layer ceramic capacitor according to claim 4,
wherein an average size of the dielectric grains i1s greater

than 300 nm but smaller than 1000 nm.]

8. A multi-layer ceramic capacitor according to claim 1,
wherein the multi-layer ceramic capacitor has an accelerated
life of 25 hours or longer as measured by an accelerated life
test conducted under conditions of 150° C. and 8.5 V/um.

9. A multi-layer ceramic capacitor according to claim 1,
wherein the multi-layer ceramic capacitor has a specific
dielectric constant of 5000 or greater.

10. A method of manufacturing a multi-layer ceramic
capacitor comprising:

a step to prepare a dielectric material powder whose

average grain size 1s 200 nm or less, and

a step to sinter the dielectric material powder 1n such a

way that a dispersion of average grain size nd (grain
size D90 equivalent to 90% cumulative abundance
divided by grain size D10 equivalent to 10% cumula-
tive abundance (ID90/D10)) of dielectric grains consti-
tuting a dielectric layer becomes smaller than 4, and an
average size ol the dielectric grains becomes greater
than 300 nm but smaller than 1000 nm.

11. A method of manufacturing multi-layer ceramic
capacitor according to claim 10, wherein an average grain
s1ze of the dielectric material powder 1s 80 nm or greater but
200 nm or smaller.
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