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' DIELECTRIC CERAMIC COMP_QSITI_ON AND MONOLITHIC CERAMIC
CAPACI;TOR USING SAME
BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a dielectric ceramic

composition and monolithic ceramic capacitor using the same.

2. Description of the Related Art

The conventional ceramic capacitor is usually produced
by the foilqwing process.

First, a sheet of a dielectric material coated with an
electrode materiai to serve as inner electrodes on its
surface is prepared. A material essentially composed of
BaTioO, is used for the dielectric material. Then, the sheet
of the dielectric material coated with ;his electrode
material is laminated with heat-pressing to a monolithic
body followed by firing at 1250 to 1350 °C in an atmospheric
environment to obtain a ceramic monolithic body having inner
electrodes. A monolithic ceramic capacitor is obtained by
glazing outer electrodes electrically connected to inner
electrodes.

Noble metals such as platinum; gold, palladium or
silver have been conventionally used for the material of the

inner electrode of this monolithic ceramic capacitor.
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However, these electrode materials are expensive while
having excellent characteristics, rendering the productibn,
cost to be increased. Thefefore, a monolithic capacitor
using base metals such'as Ni in the inner electrode is
currently proposed to reduce the production cost, its

application in the market being steadily increasing.

SUMMARY OF THE INVENTION
In the trend to make electronic appliances compact,
high performance and_low'price, the monolithic capacitor is
strongly required to be low price, to be improved in
insulation durability, insulating property and reliability,
and to have a large capacitance. Alﬁhough it is
~advantageous for reducing'the price of the electronic
appliances to use an inexpensive monolithic ceramic
capacitor in which nickel is used for the inner electrode, a
problem that the insulation resistance, insulation
durability and reliability are extremely deteriorated when
the electronic appliances are used under a high electric
field strength because cohventional dielectric ceramic
materials are designed on the premise that they are used
under a low electric field strength._ In other words, there
has been no monolithic ceramic capacitor being able to use

under a high electric field strength along with using nickel
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for the inner electrode.

For example, while the dielectric materials disclosed
in Japanese Examined Patent Publication No. 57-42588 and
Japanese Unexamined Patent Publication No. 61-101459 can
display a large dielectric constant, the grain size of the
dielectric ceramic is large, thereby exhibiting deficiencies
such that the insulation durability of the monolithic
ceramic capacitor becomes low when it is used under a high
electric field strength or the mean life span under the high
temperature load test becomes Short.

- In the dielectric material disclosed in Japanese
Examined Patent Publication No. 61-14611, thefe was a
deficiency that £he dielectric constant, or the
electrostatic capacitance, is extremely lowered when the
capacitor is used under a high electric field strength,
although its dielectric constant obtained under a low
electric field strength is as high as 2000 to 2800. It was
also a deficiency that the insulation resistance is low.

The object of thé present invention is to provide a
dielectric ceramic composition capable of forming, for
examﬁle, dielectric ceramic layers of a monolithic ceramic
capacitor, wherein the insulation resistance represented by
a'product with the electrostatic capacitance (a product CR)

is as high as 4900 to 5000 Q-F or more and 200 Q-F or more
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at room temperature and 150 °C, respectively, when the
capacitor is used under a high electric field strength of,
for example, as high és about 10 kv/mm, along with having a
small voltage dependence of the insulation resistance, being
exceilent in stability of the electrostatic capacitance '
against DC vias voltage; being high in the insulation
durability besides the temperature characteristics of the
electrostatic capacifance satisfying both of-B-level
characteristic standard stipulated in the JIS Standard and
X7R-level characteristic standard stipulated in the EIA
standard and being excellent in weather resistance
performance shown by a high temperature load test and high
humidity load test. Another object of the present invention
is to provide a monolithic ceramic capacitor whose inner
electrode is constructed of Ni or Ni alloys along with using
such dielectric ceramic composition as a dielectric ceramic
layer.

In a first aspect, the present invention provides a
dielectric cerémic composition comprising barium titénate '
containing 0.02% by weight or less of alkali metal oxides,
at least one of either scandium oxide or yttrium oxide, at
least one kind of compound selected from europium oxide,
gadolinium oxide, terbium oxide and dysprosium oxide, and

barium zirconate and manganese oxide, and containing an

L
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éséentiai component represented by the following composition
formula; |

(Ba0),Ti0, + aM,0, + BR,0, + yBaZrO, + gMnO
(wherein M,0, represents at least one of either Sc,0, or Y,0,
and R,0, represents at least one of the compound selected
from Eu,0,, Gd,0,, Tb,0, and Dy,0,, o, B, y and g representing
mole ratio in the range of 0.00ls a = 0.05, 0.001 = B =<
0.05, 0.005 <y < 0.06, 0.001 < g s 0.13 and a + § = 0.06
with 1.000 < m = 1.035), |

along with containing 0.2 to 3.0 parts by weight of
either the first or second side component relative to 100
parts by weight of the essential component, wherein the
first side component is an oxide fepresented by Li,0 - (Si,
Ti)O, - MO (wherein MO is at least one of Al,0, or 2r0,) and
the second side component is an oxide represented by SiO, -
TiO, - XO (wherein XO is at least.one of the compound
selected from BaO, CaO, SrO, MgO, ZnO and MnO).

In the dielectric ceramic composition described above,
the essential component may further contain h mole ratio of
magnesium oxide, where 0.001 < g = 0.12,'0.001 < h s 0.12
and g + h < 0.13

| In the dielectric ceramic composition according to
- another aspect of the present invention, the essential

component may be represented by the following composition
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fémula;

(Ba0),Ti0, + aM,0, + PBazr0, + yMnO
(wherein M,0, represents at least oﬁe of either Sc,0, or Y,0,,
where o, B and y representing mole.ratio in the range of
0.001 < & < 0.06, 0.005 s s < 0.06 and 0.001 < y < 0.13 with
1.000 <%= 1.035). : v

The essential component may further contain ‘g mole
ratic of magnesium oxide, where 0.001 <y < 0.12, 0.001 < g
= 0.12 and y + g < 0.13

According to a.different aspect of the present
invention, the essentiai component may be represenited by the
following composition formula;

(Ba0),TiO, + aR,0, + BBazZzr0, + yMnoO
(wherein R,0, repfesents at least one kind of compound
selected from Eu,0,, Gd,0,, Tb,0,, Dy,0,, Ho,0,, Er,0,, Tm,0, and
Yb,0,, where a, B and y representing mole ratio in the range
of 0.061 s asx< 0.06, 0.005 s p =< 0.06 and 0.001 <y = 0.13
with 1.000 < m =< 1.025).

The essential component may further contain g mole
ratio of magnesium oxide, where 0.001 s § < 0.06, 0.001 <y
< 0.12, 0.001 < g =<0.12 and y + g < 0.13.

In the dielectric ceraﬁic composition_ described above,

it is preferable that the first side component, when its

composition is represented by xLi,0-y(Si,Ti,.,)0,-zMO (wherein
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< 1.00), falls within or on the boundary lines of the area
surrounded by straight lines connecting each point indicated
by A (x =20, y=80, z=0), B (x=10, y =80, z = 10), C
(x =10, y =70, z =20), D (x =35, y = 45, z = 20), E (x =
45, y = 45, z = 10) and F (x = 45, y = 55, z = 0)

(when the composition falls on the straight line of A - F, w
is within the area of 0.3 = Q < 1.0) in the three component
diagram defined by the apexes corresponding to each
cdmponent.

In the dielectric ceramic cémposition described above,
it is preferable that the second side component, when its
composition is represented by xSi02-yTiO,~zXO (wherein x, y
and z represent mol$), falls within or on the boundary lines
of the area surrounded by straight lines connecting each
point indicated by A (x =85, y=1, z = 14), B (x = 35, y =
51, z=14), C (x =30, y =20, z=50) and D (x = 39, y =
1, z = 60)
in the three component diagram defined by the apexes
corresponding to each component..

The second side component contains in total of 15
parts by weight of at least one of Al,0, and 2rO, (the

content of 2r0, is 5 parts by weight or less) relative to

100 parts by weight of the oxide represented by S$i0,-TiO,-
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The present invention according to a different aspéct
provides a monolithic ceramic capacitor provided with a
plurality of dielectric ceramic layers, inner electrodes
formed between the cerémic layers and outer electrodes béing
electrically connected to the inner electrodes, wherein the
dielectric ceramic layers are constructed by the dielectric
ceramic composition described above.and the inner electrodes
are composed of nickel or a nickel alloy.

The outer electrode may be provided with a sintered
layer of an electroconductive metal powder or an

electroconductive metal pbwder supplemented with glass

frits.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i§ a cross sectional view showing the
monolithic ceramic capacitor according to one embodiment of
the present invention. |

FIG. 2 is a plane view showing the dielectric ceramic
layer portion having inner electrodes of the monolithic
ceramic capacitor shown in FIG. 1.

FIG. 3 'is a disassembled perspective view showing the
ceramic monolithic portion of the monolithic ceramic

capacitbr shown in FIG. 1.
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FIG. 4 is a three component phase diagram of Li,0-(Si,,
Ti, ,)0,~MO oxides. |
Tr02
FIG. 5 is a three component phase diagram of SiO,~Pi,-

X0 oxides.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The basic construction of the monolithic ceramic
capacitor according to the first embodiment of the present
invention will be described hereinafter referring to the
drawings. FIG. 1-is a cross section showing one example of
the monolithic ceramic capacitor, FIG. 2 is a plane view
showing the dielectric ceramic portion having inner
electrodes of the monolithic ceramic capacitor in FiIG. 1,
and FIG. 3 is a disassembled perspective view showing the
dielectric ceramic portion having inner electrodes of the
monolithic ceramic capacitor in FIG. 1.

As shown in FIG. 1, the monolithic ceramic capacitor 1
according to the present embodimeﬂt is proéided with a
rectangular shaped mcnolithic ceramic body 3 obtained by
laminating a plurality of dielectric ceramic layers 2a and
2b via the inner electrodes 4. An outer electfode S is
formed on the both side faces of the monolithic ceramic body
3 so that the outer electrodes are electrically connected to

each of the specified inner electrodes 4, on which a first

" This Sheet Has Been Reﬂlaced




THIS SHEET HAS BEEN
REPLACED

700462v0.D0C B 6RO

- 10 - . . :
piating layer 6 comprising nickel or copper is plated, a
second plating layer 7 comprising a solder or tin belng
further formed on the first plating layer.

The method for producing the monolithic ceramic
capacitor 1 will be next described in the order of
production steps.

At first, a raw material powder of barium titanate
prepared by weighing and mixing in a given composition ratio
is prepared as an essential component of the dielectric
ceramic layers 2a and 2b.

Then, a slurry is prepared by adding an organic binder
in this raw material powder and, after forming this slurry
into a sheet, a green sheet for use in the dielectric
ceramic layers 2a and 2b is obtained.

Next, an inner electrbde 4 comprising nickel or a
nickel alloy is formed onlone principal face of the green
sheet to serve as the dielectric ceramic layers 2b. Nickel
or nickel alloys as bése ﬁetals may be used for the material
of the inner elec;rode 4 when the dielectric ceramic layers
2a and 2b are formed using the dielectric ceramic
composition as described above. The inner electrode 4 may
.be formed by a screen printing method, a deposition method
or a plating method. |

After laminating a required number of the green sheets
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fot use in the dielectric ceramic layers 2b having the inner
electrodes 4, the green sheets are inserted between the |
green sheets for use in the dielectric ceramic layer 2a
having no inner electrode, thus obtaining a raw monolithic
body by press-adhering these greeh sheets.

Then, this raw monolithic body is fired at a given
temperature to obtain a ceramic monolithic body 3.

The outer electrodes 5 are formed at the both side
faces of the ceramic monolithic body 3 so as to be
electrically connected to the inner electrodes 4. The same
material as used in the inner electrodes 4 can be used for
the outer electrodes 5. While silver, palladium, a silver-
palladium alloy, copper and a copper alloy is available
besides a composition prepared by adding a glass frit such
as a B,0,-5i0,-Ba0 glass or Li,0-Si0,-BaO glass into these
métal powders, an appropriate material should be selected by
taking the application object and application site of the
monolithic capacitor into consideration. While the outer
electrodes 5 is formed by coating the ceramic monolithic
body 3 obtained by firing with a metal powder paste as a raw
mate;ial followed by heat-adhering, it may be formed by
heat-adhering the metal powder paste simultaneously with the
ceramic monolithic body 3. |

The first plating layer 6 is then formed by applying a
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pléting with nickel or copper on the outer electrode 5.
Finally, the second plating layer 7 comprising a solder 6r
tin is formed on the first plating layer 6, thereby
completing the monolithic capacitor 1. Such process for
further forming a conductive layer on the outer electrode 5
may be omitted depending on the application field of the
monolithic ceramic capacitor.

By using the dielectric ceramic composition as
described previously for constructing the dielectric ceramic
layers 2a and 2b, the characteristic of the dielectric
ceramic layers is not deteriorated even when it is fired in
a reducing atmosphere. In other words, such characteristics
are obtained in which the product between the insulation
resistance and the electrostatic capacitance (a product CR)
is as high as 4900 to 5000 QF or more and 200 QF or more
at room temperature and 150 °C, respectively, when the
capacitor is used undér an electric field strength as high
as about 10 kVv/mm, along with having a small voltage
dependence of the insulation resistance, the absolute value
of the capaciﬁance decreasing ratio at an impressed DC
voltage of 5 kV/mm being as small as 40% to 45%, the
insulation durability being as high as 12 kV/mm or more
under an AC voltage and 14 kV/mm under a DC voltage, besides

its temperature characteristics of the electrostatic
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cabacitance satisfying the B-level characteristic standard
stipulated in the JIS Standard in the temperature range of -
25 °C to +85 °C and X7R-level characteristic standard
stipulated in the EIA standard in the temperature range of -
55 °C to +125 °C and being excellent in weather resistancé
performance shown by a high temperature load test at 150 °C
and at DC 25 kv/mm and high humidity load test.

‘It has been confirmed that, among alkali earth metal
oxides such as SrO and CaO existing in barium titanate as
impurities, alkali metal oxides such as Na,0 and K,0 and
other oxides such as Al,0, and Si0,, especially the content
of the alkali metal oxides largely influences on the
electric characteristics. While the specific dielectric
constant is decreased when the amounts of addition of rare
earth element oxides such as Eu,0,, Gd,0,, Tb,0,, Dy,0,, Ho0,0,,
Er,0,, Tm,0, aﬁd ¥b,0,, and 'Sc,O, and Y,0, are increased, the
specific dielectric constant can be kept to a practically
acceptable range of 900 to 1600 by keeping the content of
the alkali metal oxides contained in barium titanate as
impurities to 0.02% by weight or less.

Adding an oxide represented by Li,0-(Si, Ti)O,-MO
(wherein MO is at least one of Al,0, and 2r0,) in the
dielectric ceramic composition allows the composition to be

sintered at a relatively low temperature of 1300 °C or less,
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fuither improving the high temperature load characteristic.

Adding én oxide represented by $i,0-TiO,-XO (whereiﬁ X0
is at least one kind of compound selected from Bao; Cao,
SrO, MgO, ZnO and MnO) in the dielectric ceramic composition
allows the composition to be improved in sintering propefty
as well as in high temperature load characteristic and
humidity resistance load characteristic. A higher
insulation resistance can be obtained by adding Al,0, and/or

Zr0O, in the oxide represented by Si,0-TiO,-XO.

(Examples)

The present invention will now be described in more
detail by way of examples. However, the embodiment within
the scope of the present invention is not limited to these

examples.

(Example 1) _ |

After preparing and weighing TiCl, and Ba(NO;), havihg
a variety of purity as starting materials, the compounds
were precipitated as titanyl barium oxalate _
(BaTiO(C,O‘)-4H,0) by adding oxalic acid. This precipitate
was decomposed by heating at a temperature of 1000 °C or
more to synthesize four.kinds of barium titanate listed in

TABLE 1.
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TABLE 1

Oxides, carbonates of hydroxides as each component of
the first side component were weighed so as to be a
composition ratio (mole ;atio) of 0.25Li,0-
0.65(0.30T710,:0.708i0,)~-0.10A1,0, to obtain a powder by
crushing and mixing.

Likewise, oxides, carbonates or hydroxides as each
component of the second side component were weighed so as to
be a composition ratio (mole ratio) of 0.66Si0,-0.17TiO,-
0.15Ba0-0.02MnO to obtain a powder by crushing and mixing.

Oxide powders of the first and second side components
were placed in separate platinum crucibles, respectlvely,
and heated at 1500 °C. After quenching and crushing the
mixture, each oxide powder with a mean particle size of 1 mum
or less was obtained. | |

In the next step, BaCO, for adjusting the mole ratio
Ba/Ti (m) in barium titanate, Sc,0,, Y,0,, Eu,0,, Gd,0,, Tb,0,
and Dy,0,, and BaZrO,, MgO and MnO, each having a purity of
99% or more, were prepared. These raﬁ material powders and
the oxides described above to be either one of the side
components were weighted so as to form compositions shown in

TABLE 2 and TABLE 3. The amounts of addition of the first
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an& second side components are indicated by parts by weight
relative to 100 parts by weight of the essential coﬁponent
(Ba0),Tio, + aM,0, + BR,0, + yBazZro, + _gMac- + hMno.
140

TABLE 2
TABLE 3

Organic solvents such as polyvinyl butyral binder and
ethanol were added to the weighed compounds and the mixture
was mixed in a ball mill in an wet state to prepare a
ceramic slurry. This ceramic slurry was formed into a sheet
by a doctor blade method to obtain a rectangular shaped
green sheet-with a thickness of 35 ym, followed bﬁ printing
an electroconductive paste mainly composed of Ni on the
ceramic green sheet to form an electroconductive paste layer
for forming inner electrodes. |

Then, a plurality of the ceramic green sheets on which
the electroconductive layer is formed were laminated so that
the sides where the electroconductive paste is projected out
are alternately placed with each other, thus obtaining a
monclithic body. This monolithic body was heated at 350 °C
in a N, atmosphere and, after allowing the binder to

decompose, the monolithic body was fired at the temperatures
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shown in TABLE 4 and TABLE 5 in a reducing atmosphere
comprising H,-N,~H,0 gases under an oxygen partial pressufe
of 107 to 107 Mpa, thereby obtaining a ceramic sintered
body. _

The both side faces of the ceramic sintered body were
coated with a silver paste containing B,O_,-Li,O-SiOZ-BaO
glass frits and fired at a temperature of 600 °C in a N,
atmosphere, thereby obtaining outer electrodes electrically
.connected_to the inner electrodes. |

Thé overall dimensions of the monolithic ceramic
capacitor thus obtained were 5.0 mm in width, 5.7 mm in
length and 2.4 mm in thickness while the thickness of the
dielectric ceramic layer was 30 um. Total number of the
effective dielectric ceramic layers were 57, the area of the
confronting electrode per one layer being 8.2 x 10~°m®.

Electric characteristics of these monolithic ceramic
capacitors were measured. The electrostatic capacitance (C)
and dielectric loss (tan d) were measured using an automatic
bridge tYpe measuring instrument at 1 kHz, 1 Vrms and 25 °C
and the dielectric constant (&) was calculated from the
electrostatic capacitance} Next, the insulation resistance
was measured using an insulation resistance tester at 25 °C
and 150 °C by impressing direct current voltages of 315 V

(or 10 kv/mm) and 945 V (or 30 kVv/mm) for 2 minutes,
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oﬁtaining a product of the electrostatic capacitance and
insulation resistance, or a product CR.
| The rate of change of the electrostatic capacitance
against temperature changes was also measured. The rate of
change at -25 °C and 85 °C by taking the electrostatic '
.capaéitance at 20 °C as a standard (AC/C20), the rate of
change.at -55 °C and 125 °C by taking the electrostatic
capacitance at 25 °C aé a standard (AC/C25) and the maximum
value of the rate of change (|AC|max) as an absolute value
were measured as the electrostatic capacitances agaihst
temperature changes. |

Thé DC vias characteristic was also evaluated. First,
the electrostatic capacitance when an AC voltage of 1 kHz |
and 1 Vrms was impressed'was measured. Then, the
electrostatic capacitance when a DC voltage of 150 V and an
AC voltage of 1 kHz and 1 Vrms were simultaneously impressed
was measured, thereby the rate of reduction of the
electrostatic capacitance (AC/C) due to loading the DC
voltage was calculatéd.

In the high temperafure load test, a direct current
voltage of 750 V (or 25 kV/mm) was impressed at 150 °C on.36.
pieces_of each sample to measure the time dependent changes
of the insulation resistance. The time when the insulation

resistance of each sample was reduced below 10°Q was defined

Thls Sheet Has Been Reﬂl ced




r00462v0.00C . T

- 19 -
'td be a life span time and mean life span time was
evaluated. |

In the humidity resistance test, the number of the
test pieces having an insulétion resistance of 10°Q or less
among the 72 fest pieces were counted after impressing a-Dc
voltage of 315 V under an atmospheric pressure.of 2 atm
(relative humidity 100%) at 120 °C for 250 hours.

Insulation breakdown voltages under AC and DC voltages
were measured by impressing AC and DC voltages at a voltage
increase raté of 100 V/sec.

The results described above are listed in TABLE 4 and

TABLE 5.
TABLE 4
TABLE 5

It is evident from Table 1 to TABLE 5 that the
monolithic ceramic capacitor accof&ing to the present-
invention has.a capacitance decreasing ratio of as small as
within -45% at an impressed voltage of 5 kVv/mm and a
dielectric loss of less than 1.0 %, wherein the rate of
change of the electrostatic capacitance against temperature

changes satisfies both the B-level characteristic standard
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25 °C to +85 °C and X7R-level characteristic standard
stipulated in the EIA standard in the temperature range of -
55 °C to +125 °C.

Moreover, the insulation resistances at 25 °C and 150
°c aé expresséd by the product CR show as high values as
5000 Q-F or more and 200 Q-F 61' more, respéctively, when the
ceramic capacitor is used under a high electric field
strength of 10 kv/mm. The insulation breakdown voltage also
shows high values of 12 kV/mm or more under the AC voltage
an.d 14 kv/mm or more under the DC voltage. In addition, an
acceleration test at 150 °C a.nd DC 25 kVv/mm gave a mean life
span as long as 800 hours or more besides énabling a
relatively low firing temperature of 1300 °C or l.ess.

The reason why the composition was limiﬁed in the
present invention will be described hereinafter.

In the composition of (Bad),'rio, + aM,0, + BR,0; +
yBaZro, + %;;;g + hMnO (wherein ﬂ,‘oﬁ’ represents at least one
of either Sc,0, or ¥,0, and R,0, represents at least one of
the compound selected from Eu,0,, Gd,0,, Tb,0, and Dy,0,, «, B,
Y 9 and h representing mole ratio, respectively), the Qr;';e;,
content a of less than 0.001 as shown in the sample No. 1 is
not preferable because the temperature characteristic does

not satisfy the B-level characteristic / X7R characteristic.
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On the other hand, the Mmy©; content a of more than 0.05 a

shown in the sample No. 2 is also not preferable because the

~specific dielectric constant is reduced to less than 1000.

Accordingly, the preferable range of the Mn,0, content a is
0.001 = o = 0.05. |

It is not pi‘eferable that the R,0, content B is less
than 0.001 as in the sample No. 3 since the inéulation '
resistance is so low that the product CR becomes small. It
is also not preferable that the R,0, content B is more than-
0.05 as in the sample No. 4 because the temperature
characteristic does not satisfy the B-level characteristic /
X7R characteristic, reducing the reliability. Accordingly,
the preferable range of the R,0, content P is 0.001 < B =<
0.05.

When the combined amount of M,0, and R,0;, (o + B) is
more than. 0.06, the dielectric loss is increased up to 2.0%
while the mean life span is shortened, being not preferable
since the number of rejects in the humidity resistance load
test ié increased; Accordingly, the combined amount of M,0,
and R,0; {a + B) is preferably in the range of a + f§ s 0.06.

It is not preferable that, as seen in the sample No.
6, the BazrO, content y is zero since the insulation
resistance becomes low while having a larger voltage

dependency of the insulation resistance than in the system
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content y exceeds 0.06 as in the sample No. 7, the
tempefature characteristic doés not satisfy the B-level
characteristic / X7R characteristic, being not preferable
since the mean life span is shortened. Accordingly, the
preferable range of the BaZrO, content y is 0.005 <y < 0.06.
It is hot'preferable that, as seen in the sample No.

8, the MgO content g is 0.001.since the insulation
resistance becomes low besides the temperature
characteristics noes not satisfy the B-level characteristic
/ X7R characteristic. On the other hand, when the MGO
content g exceeds 0.12 as seen in the. sample No. 9, the
sintering temperature becomes high and the dielectric loss
-exceeds 2.0%, which is not pfeferable becausé rejections in
the humidity ;esistance test are extremely increased while
shortening the mean life sﬁan. Accordingly, the preferable
range of the ﬁgo cdntent g is 0.001 i g < 0.12.

It is not preferable that,;ps—seeu_iﬁ_zha_samp;e—ubb
4&6 the MnO content h is 0.001 as seen in the sample No. 10
since the sample becomes not measurable due to semiconductor
formation. It is not preferable that the MnO content h
exceeds 0.12, on.the other hand, because the temperature
characteristic X7R is not satisfied along with the

insulation resistance becomes low and the mean life span

il
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becomes short. Accordingly, the preferable MnO content h is

in the range of 0.001 < h < 0.12.

It is not prefefable that, as seen in the sample No.
12, the combinéd content of MgO and MnO (g + h) exceeds 0.13
because the dielectric loss is increased to 2.0%, the meén
1ife span is shortened and the number of rejects in the
humidity resistance load test is increased. Accordingly,
the combined content of MgO and MnO (g + h) is preferably in
the range of g + h = 0.13.

It "is not preferable that the BaO/TiO, ratio m is less
than 1.000 as in the sample No. 13 because measurements are
impossible due to formation of semiconductors. It is also
not preferable that, as seen in the sample No. 14, that the
Ba0O/TiO, ratio m is 1.600 since the insulation resistance as
well as the AC and DC breakdown voltage becomes low along
with shortening the mean life span. It is not preferable,
on the other hand, that the Ba0/TiO, ratio m is over 1.035
since measurements becomes impossible due to insufficient
sintering. Accordingly, the BaO/TiO, ratio m in the range
of 1.000 < m £ 1.035 is preferable.

It is not preferable that the amount of addition of

- the first or second side coﬁponent is zero as in the samples
No. 17 and 19 because measurements are impossible due to

insufficient sintering. When the amount of addition of the
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first or second side component exceeds 3.0 parts by we:.ght.
as seen in the samples No. 18 and 20, the dielectric loss
exceeds 1.0% and the insulation resistance and insulation
breakdown' voltage are lowered alon'g with shortening the mean
life span, which are not preferable. Accordingly, the .
preferable conteni: of either the first or the second .
components is 0.2 to 3.0 parts by weight.

The contents of the alkali)a.:_ﬂ( metal oxides \/
contained in barium titanate as impurities are suppressed
below 0.02% by weight because, when the contents of the
alkali earth m-etal oxides exceeds 0.02% by weight, the

dielectric constant is decreased.

(Example 2)
A starting material 'Ba'o,_‘,m-'l'i.oz + 0.010Y,0;, + 0.02Gd,0, +
0.01Bazro, + 0.05MgoO “-l-“0.0IMnO (mole ratio) was prepared
-using_ barium titanate]in TABLE 1)( as a-dielectric powder, in v v
which Li,0-(Si, Ti)oz-uo.oxide with a mean particle size of
1 ym or less shown in TABLE 6 prepared by heating at 1200 to
1500 °C wés added as’ a first side component. A monolithic
ceramic capacitor was prepared by the same method as in
Example 1, except that the starting material as described
above was used. The overall dimensions of the monolithic

ceramic capaciﬁor produced are the same as in Example 1.
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TABLE 6

Then, the electric characteristics were measured by
C Xpample . /
the same method as described in . The results are

shown in TABLE 7.
TABLE 7

As is evident from TABLE 6 and TABLE 7, preferable
results are obtained in the samples No. 101 to 112, 118 and
120, in which oxides with compositions within or on the
boundary lines of the area surrounded by the straight lines
connecting each spot indicated by A (X = 20, vy = 80, z = 0),
B(X=10, y=80, 2=10), C(X=10, y =70, z=20), D (X
=35, y=45, 2 =20), E (X =145, y =45, z = 10) and F (X =
45, y = 55, z = 0) in the three component phase diagram of
the oxides represented by Li0-(Si,, Ti,,)0,-MO shown in FIG.
4 are added, wherein the samples have a capacitance
decreasing ratio 6f as small as within -45% at an impressed
voltage of 5 kv/mm and a dieiectric loss of 1.0% or less,
along with the rate of change of the electrostatic
capacitance against'temperature changes satisfying the B>

level characteristic standard stipulated in the JIS Standard
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in the temperature range of -25 °C to +85 °C and X7R-level
characteristic standard stipulated in the EIA standard iﬁ
the temperature range of -55 °C to +125 °C.

The insulation resistance represented by the product
CR at 25 °C and 150 °C shows as high values as 5000 QF or
more and 200 Q-F or more, respectively, when the capacitor
used under a electric field strength of 10 kv/mm. The
insulation breakdown voltages are és'high as 12 kv/mm 6r
more under AC voltage and 14 kV/mm or more under a DC
voltage. The mean life span is as long as 800 hours or more
in the acceleration test at 150 °C and DC 25 kVv/mm while
enabling a relatively low firing temperature ;f 1300 °C or
less.

On the contrary, when the Li,0-(Si,, Ti,,)0,-MO oxideé
is outside of the compdsition range described above, the
sintering becomes insufficient or many samples are rejected
in the humidity resistance load test even after sintering in
the samples No. 113 to 117 and 119. The samples with the
composition falling on the line A-F and w = 1.0 as in the
samples No. 119 ‘and 121, the sintering temperature becomes
high along with causing many rejeéts in the humidity
resistance load test. Wﬁen the value of w is less than 0.30
as shown in the sample No. 122, the sintering temperature

becomes high along with causing many rejects in the humidity
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resistance load test.

(Example 3)

A starting material Baol,.,m-TiO,.+ 0.010Y,0, + 0.01Eu,0, +
0.01Gd,0, + 0.01BazZro, + 0.05Mg0 + 0.01MnO (mole ratio) was
prepared using barium titanate in TABLE 1A as a dielectric
powder, in which oxides represented by Si0,-Ti0,-XO with a
mean particle size of 1 um or less shown in TABLE 8 prepared
by heating at 1200 to 1500 °C was added as a second side
component. A monolithic ceramic capacitor was produced by"
the same method as in Example 1, except that the starting
material as described above was used. The amounts of
éddition of Al,0, and Zr0, correspond to the amounts of
addition .relative to 100 parts by weight of the seéond side
component (xSiO,-yTioz;zXO}. ‘The overall dimensions of the

monolithic capacitor produced is the same as in Example 1.
TABLE 8

Then, the electric characteristics were measured as in

Example 1. The results are shown in TABLE 9.

TABLE 9
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As is evident from TABLE 8 and TABLE 9, preferable
results are obtained in the samples No. 201 to 212, in which
oxides with compositions within or on the boundary lines of
the area surrounded by the straight lines connecting each
spot indicated by A (X =85, y =1, z = 14), B (X = 35, y =
51, z = 14), C (X =30, y = 20, 2 =50) and D (X = 39, y =
1, z = 60), wherein x, y and z represent mole %, in the
three component phase diagram of the $i0,-Ti0,-XO oxides
shown in FIG. 5 are added, wherein the samples have a
capacitance decreasing ratio of as sméll as within -45% at
an impressed voltage of 5 kvVv/mm and a dielectric loss of
1.0% or less, along with the rate of change of the
electrostatic capacitance against temperature changes
satisfying the B-level characteristic standard stipulated in
the JIS Standard in the temperature range of -25 °C to +85
°C and X7R-level characteriétic'standard stipulated in the
EIA standard in the temperature range of ~55 °C to +125 °C.
When the capacitor is used under a high electric field
strength of 10 kVv/mm, the insulation resistance represented
by the product CR at 25 °C and 150 °C show a high value of
5000 Q-F or more and 200 QF or more, respectively. The
insulation breakdown voltage also shows high values of 12
kV/mm or more under the AC voltage and 14 kV/mm or more

under the DC voltage. The mean life span in the
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acceleration test at 150 °C and DC 25 kVv/mm is as long as
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800 hours along with being free from rejects in the humidit‘y
resistance load test and being possible to sinter at a
reiai:ively low sintering temperaturé of 1300 °c.

In the sio,-'rio,-xo oxide, on the other hand, sintez:ing
becomes insufficient as in samﬁles No. 213 to 219 or rejects
occur in the humidity resistange .' load test even after
sintering.

Although a monolithic cap#citor having 5400 Q-‘F or
more and 300 Q-F or more of the insulation resistances at ﬁsf
°C and 150 °C, respecfively, under the electric field
strength of 10 kvV/mm, the sintering property is extremely
deteriorated when the amounts of addition of Al,0, and 2roO,
exceed 15 parts by weight and 5 parts by weight,

respectively.

{Example 4)

Four kinds of barium titanate (BaTiO,) in TABLE 1, an
oxide powder as a first side component and an oxide powder
as a second side component were obtained by the same method
as in Example 1.

Next, BaCO, for adjusting the Ba/Ti mole ratio m of

. 2.0)
barium titanate, and Sc,0,, ¥:6,; Eu,0,, Gd,0,, Tb,0, and Dy,0,,

and BaZrO, and MnO, each having a purity of 99% or more,
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were prepared. These raw material powders and the foregoing
oxide powder as oné of the side component of either the‘
first or the second component were weighed to be the
compositions shown in TABLE 10 and TABLE 11. The amounts of
addition of the first and second side components correspbnd
to the amount of addition relative to 100 parts by weight of
the essential component (BaO),,.tI:':.i.O2 + oM,0, + BR,0, + yBaZro, +
gMnO). A monolithic ceramic capacitor was produced using
this weighed materials by thé same method as in Example 1.
Overall dimensions of the monélithic ceramic capacitor

produced is the same as in Example 1.
TABLE 10
TABLE 11

The electric characteristics were measured by the same
method as in Example 1. The results are shown in TABLE 12
~and TABLE 13.

TABLE 12

TABLE 13
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- As is evident from TABLE 10 to TABLE 13, the
monolithic capacitor according to the present invention ﬁas
a capacitance decreasing ratio of as small as within -45% at

an impressed voltage of 5 kV/mm and a dielectric loss of

'1.0% or less, along with the rate of change of the

electrostatic capacitance against temperature changes
satisfying the B-level characteristié standard stipulated in
the JIS Standard in the temperature range of -25 °C to +85
°C and X7R-level characteristic standard stipulated in the
EIA standard in the temperature range of -55 °C to +125 °C.

Moreover, when the capacitor is used under a high
electric field strength of 10 kv/mm, the.insulation
resistance represented by the product CR at 25°C and 150°C
shows a high value of 4900 Q‘F or more and 200 Q‘F or more,
respectively. The insulation breakdown voltage also shows
high values of 12 kV/mm or more under the AC voltage and 14
kv/mm under the DC voltage. The mean life span in the
acceleration test at 150°C and DC 25 kV/mm is as long as 800
hours along with being possible to sinter at a relatively.
low sintering temperature of 1300°C.

The reason why the composition was limited in the
present invention will be described hereinafter.

" In the composition of (BaO),Tid, + aM,0, + BR,0, +

yBaZrO, + gMnO (wherein M,0, represents at least one of

This Sheet Has Been Replaced

K]




T00462V0.00C | 78 R
- 32 -

-ei'ther Sc,o, or ¥,0, and R,O, repres-er.xt; .at least ohe of the

compound selected from Eu,0,, Gd,0,, Tb,0, and Dy,0,, a, §, 'y

and g representing mole ratio, respectively) r the M'g';g’, \/

content a of less than 0.001 as shown in ‘the sample No. 30%

is not preferable because the temperature characteristic

does not satisfy the B-level characteristic / X7R |

characteristic. On the other hand, the b'!-«n’;g; content a of \/

more than 0.05 as shown in the sample No. 302 is also not

preferable because the specific dielectric constant is

reduéed to less than 900. RAccordingly, the preferable rangé

of the 45 content o is 0.001 < a = 0.05. | v
- It is not preferable that the R,0, content § of less

than 0.001 as in the sample No. 303 since the insulation

resistance is so low that the product CR becomes small. It

is also not preferable that the R,0, content B is more than

0.05 as in the sample No. 304 because the temperature

characterist:.ic does not satisfy the B-level characteristic /

X7R characteristic, reducing the reliability. Accordingly,

the preferable rangé of the R,0, content B is 0.001 < f <

0.0:_‘:.

When the combined amount of M0, and R;0, (o + B) is
more than 0.06 as in the sample No. 305, the dielectric loss |
is increased up to 2.0% while the mean life span is

shortened, being not preferable since the number of rejects
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in the humidity”resiétance'1oed'test'is increased.
Accordingly, the combined amount of M,0, and R,0, (a + ) is
preferably in the range of o + § = 0.06.

It is not preferable that, as seen in the sample No.
306, the BazZr0O, content y is zero since the insulation
resistance becomes low while having a larger voltage
dependency of the insu;ation resistance than in fhe'system
containing BaZr0,. on the other hand, when the BaZr0,
content y exceeds 0.06 as.in the sample No. 307, the
temperature characteristic does not satisfy the B-level
characteristic / X7R characteristic, being not preferable
since the mean life span is shortened. Accordingly, the
preferable range of the BaZrO, content y is 0.005 < y < 0.06.

It is not preferable that, as seen in the sample No.
308, the 3?;& content g is 0.001 since measurements are \/
impossible due to semiconductor formation. On the other
hand, it is not preferable that the ng content. g exceeds v
0.13 as seen in the sample No. 309 hecause the temperature
characteristic X7R is not satisfied besides the insulatlnq
‘resistance is low and the mean life span becomes short.
Accordingly, the preferable range of the.ugo content g is v
0.001 § g = 0.13. | %

It is not preferable that the Ba0/TiO, ratio m is less

than 1.000 as in the sample No. 310 because measurements are
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impossible due to formation of semiconductors. It is also
not preferable that, as seen in the sample No. 311, the .
Ba0/TiO, ratio m is 1.000 since the insulation resistance as
well as the AC and DC breakdown voltage becomes low along
with shortening the mean life span. If is not preferablé,
on the other hand, that the Ba0O/TiO, ratio m is over 1.035
as in the samples No. 312 and 313 since measurements becomes
impossible due to insufficient sintering. Accordingly, the
BaO/TiO, ratio m in the range of 1.000 < m =< 1.035 is
preferable.

It is not preferable that the amount of addition of
the first or second side component is zero as in the samples
No. 314 and 316 because measurements are impossible due to
insufficient sintering. It is not preferable that the
amount of addition of the first or second side component
exceeds 3.0 parts by weight as seen in the samples No. 315
and 317, the dielectric loss exceeds 1.0% and the insulation
resistance and insulation breakdown voltage are lowered
along with shortening the mean life span. Accordingly, the
preferable content of either the first or the secondz
cbmpdnents is 0.2 to 3.0 parts by weight.

The contents of the alkali earth metal oxides
contained in barium titanate as impurities are suppreésed

below 0.02% by weight because, when the contents of the
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alkali earth metal oxides exceeds 0.02% by weight as in the

sample No. 318, the dielectric constant is decréased.

(Example 5)

A starting material of the composition of BaOL“fTi62-+
0.01Y,0, + 0.02Dy,0, + 0.01BaZr0O, + 0.06MnO (mole ration) was
prepared using barium titanate in TABLE 1A as a dielectric
powder, in which oxides represented by LI, 0-(Si, Ti)0,~MO
with a mean particle size of 1 ym or less shown in TABLE 6
prepared by heating at 1200 to 1500 °C was added as a first
side component. A monolithic ceramic capacitor was produced
by the same method as in Exampie 1, except that the starting
material as described above was used. The overall
dimensions of the monolithic capacitor is the same as in

“Example 1. The.electric characteristics were measured by
the same method as in Example 1. The results are shown in
TABLE 14. The samples No. 401 to 422 in TABLE 14 correspond
to the samples No. 101 to 122 in TABLE 6, respectively,
wherein, for example, the side component in the sample No.

101 in TABLE 6 is added to the sample No. 401 in TABLE 14.

TABLE 14
As is evident from TABLE 14, preferable results are

obtained in the samples No. 401 to 412, 418 and 420, in
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which oxides in the samples No. 101 to 112, 118 and 120 in
TABLE 6 with compositions within or on the boundary line.of
‘the area surrounded by the straight lines connecting each
spot indicated by A (X = 20, y = 80, z = 05, B.(x =10, y =
80, z = 10), C (X = 10, y = 70, z = 20), D (X = 35, y = 45,
z=20), E(X=45,y =45, 2 =10) and F (X = 45, y = 55, z
= 0), wherein x, y and z represent mole % and w is mole
ratio, in the three component phasé diagram of the Li,0-
(si,, Ti,,)0,-MO oxides shown in FIG. 4 are added, wherein
the samples have a capacitance decreasing ratio of as small
as within -40% at an impressed'vol;age of 5 kv/mm and a
dielectric loss of 1.0% or less, along with the rate of
change of the electrostatic capacitance against temperature
changes satisfying the h-level characteristic standard
stipulated in the JIS Standard in the temperature range of -
25 °C to +85 °C and X7R-level characteristic standard
stipulated in the EIA standard in the temperature range'of -
55 °C to +125 °C. |

When the capacitor is used under a high electric field
strength of 10 kv/mm, the insulation resistance represented
by the product CR at 25 °C and 150 °C show a high value of
4900 Q'F or more and 200 QF or more, respectively. The
insulation breakdown voltaée also shows high values of 12

kV/mm or more under the AC voltage and 14 kV/mm under the DC
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voltage. The mean life span in the acceleration test.at 150
°C and DC 25 kv/mm is as long as 800 hours along with being
possible to sinter at a relatively low sintering temperature
of 1300 °C. |

On the contrary, when the oxides represented by ngm-
(si,, Ti,,)0,-MO is outside of the composition range
described above as in the samples No. 113 to 117 and 119 in
TABLE 6, the sintering becomes insufficient or many samples
~are rejected in the humidity resistance load test even after
‘sintering as seen in.the samples No. 413 to 417 and 419.

The samples with the composition falling on the line A-F and
= 1.0 have high sintering temperature along with causing
many rejects in the humidity resistance load test as seen in -
the samples No. 119 and 121 in TABLE 14. When the value of
w is less than 0.30 as shown in the sample No. 122 in TABLE
6, the'sintering'temperature becomes high along with causing
many rejects in the humidity resistance load test as seen in

the sample NO. 433 in TABLE 14.

(Examplé 6)

A starting material with a composition of BaO, ,,TiO, +
0.01Y,0, + 0.01Eu,0, + 0.01Tb,0, + 0.015BaZr0O, + 0.06MnO (mole
ration) was prepared using barium tiﬁénate in TABLE 1A as a

dielectric powder, in which the oxide represented by $iO,-
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Ti0,-XO with a mean particle size of 1 um or less as shown
in TABLE 8 prepared by_heating at 1200 to 1500 °C was adaed
as a second side component. A monolithic ceramic éapacitor
was produced by the same method as in'ﬁxample 1, except that
the starting material as described above was used.  The
overall dimensions of the monolithic capacitor produced is
the same as in Example 1. The electric characteristics were
measured by the same method as in Example 1. The results
are shown in TABLE 15. The samples No. 501 to 519 in TABLE
15 correspond to the samples No. 201 to 219 in TABLE 8,
respectively, wherein, for example, the sample No. 501 in
TABLE 15 was obtained by adding the side compénent in the
sample No. 201 in TABLE 8.

TABLE 15

As is evident from the samples No. 501 to 512 in TABLE
15," preferable results are obtained in the samples in which
the oxides of the samples No. 201 to 212 in TABLE 8 with
compositions_within or on the boundary lines of the area
surrounded by the straight lines connecting each spot
indicated by A (X =85, y=1, z=14), B (X =35, y = 51, z
=14),-C(x=30,y=.20,z=50)andD(x=39,y=1,z=

60), wherein x, y and z represent mole %, in the three
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component phase diagram of the oxides represented by SioO,-
Ti0,~-XO shown in FIG. 5 are added, whereih the samples héve
a capacitance decreasing ratio'of as small as within -40% at
an impressed voltage of 5 kv/mm and a dieléctric loss of
1.0% or less, along with the rate of change of the
electrostatic capacitance agaihst temperature changes
satisfying the B-level characteristic standard stipulated in
the JIS Standard in the temperature range of -25 °C to +85
°c and X7R-level characteristic standard stipulated in the
EIA standard in the temperature range of -55 °C to +125 °C.
When the capacitor is used under a high electric field
'strength of 10 kv/mm, the insulation resistance represented
by the product CR at 25 °C and 150 °C show a high value of
4900 Q'F or more and 200 Q-F or more, respectively. The
insulation breakdown voltagé also shows high values of 12
kv/mm or more under the AC voltage and 14 kV/mm under the DC
voltage. The mean life span in the acceleration test at 150
°C and DC 25 kv/mm is as long as 800 hours along witﬁ being
free from reﬁections in the humidity resistance load test
and being bossible to sinter at a relatively low sintering
temperature of 1300 °C.
on the contrary, when the $i0,-Ti0,-XO oxides is

outside of the composition range described above as in the

samples No. 213 to 219 in TABLE 8, the sintering becomes
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insufficient or many samples are rejected in the humidity
resistance load'test even after sintering as seen in the
samples No. 513 to 519 in TABLE 15.

When Al,0; and/or 2r02 is allowed to contain in the
oxides represented by Si0,-Ti0,-X0O as in the samples No. 211
and 212 in TABLE 8, a monolithic capacitor having the
insulation resistances of 5300 Q-F or more and 300 Q-F or
more at 25 °C and 150 °C, respectively, under an eleétric
field strength of 10 kVv/mm as the samples No. 511 and 512 in
TABﬁE 15 can be obtained. However, when the amounts of '
addition of Al,0, and 2ro, exceed 15 parts by weight and 5
parts by weight, respectively, as in the samples No. 217 and
218 in TABLE 8, the sintering property is extremely

deteriorated as in the samples No. 217 and 218 in TABLE 8.

(Example 7)

After preparing and weighing TiCl, and Ba(NO,;), having
a variety of purity as starting materials, the compounds
were precipitated as titanyl barium oxalate
(BaTiO(C,0,)-4H,0) by adding oxalic acid. This precipitate
was decomposed by heating at a temperature of 1000 °C or
more tb.synthesize four kinds of barium titanate listed in
TABLE 1. |

Oxides, carbonates or hydroxides as .each component of
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the first side component were weighed so as to be a
composition ratio (mole ratio) of 0.25L1i,0- |
0.65(0.30Ti0,-0.708i0,)-0.10A1,0, to obtain a powder by
crushing and mixing.

Likewise, oxides, éarbonates or hydroxides as each
component of the second side component were weighed so as to
be a composition ratio (mole ratio) of 0.665i0,-0.17TiO,-
0.15Ba0-0.02Mn0 to obtain a powder by crushing and mixing.

oxide powders of the first and second side éomponents
were placed in separate platinum crucibles, respectively,
and heated at 1500 °C. After cjuenching and crushing the
mixture, each oxide powder with a mean particle size of 1 um
or less was obtained.

In the next step, BaCO, for adjusting the mole ratio
Ba/Ti (m) in barium titanate, Sc,0,, f,o,, Bazro,, Mgo ahd
MnO, each having a purity of 99% or more, were prepared.
These raw material powders and the oxides described above to
be either the first or second side component were weighted
so as to form the compositions shown in TABLE 1002 and TABLE
1003. The amouni:s of addition of the first and second side
components are indicated by parts by weight relative to 100
parts by weight of the essential component represented by

((Ba0),TiO, + aM,0, + BBaZro, + yMgo + gMnO).
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Organic solvents such as polyvinyl butyral binder and
ethanol were'added to the wéighed-cdmpounds and the mixture
was mixed in a ball mill in an wet state to prepare a
ceramic slurry. This cerémic slurry was formed into a sheet
by a doctor blade method to obtain a rectangular shaped
greén sheet with a thickness of 35 um, followed by printing
an electroconductive paste mainly composed of Ni on the
ceramic green sheet to form an electroconductive paste layer
for forming inner- electrodes.

Then, a plurality of the ceramic green sheets on which
the electroconductive layer is formed were laminated so that
the sides where the electroconductive paste is projected out
are alternateiy placed with each other, thus obtaining a
monolithic body. This monolithic body was heated at 350 °C
in a N, atmosphere and, after allowing the binder to
decompose, the monolithic body was fired at the temperatures
shown in TABLE 1004 and TABLE 1005 in a_reducing atmosphere
comprising_H,—Nfdno gases under an oxygen partial pressure
of 10~ to 10" MPa for two hours, thereby obtaining a

ceramic sintered body.
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The both side faces of the ceramic sintered body were
coated with a silver paste containing B,0,-Li,0-SiO,-Ba0O .
glass frits and fired at a temperature of 600 °C in a N,
atmosphere, thereby obtaining outer electrodes electrically
connected to the inner electrodes.

The overall dimensions of the monolithic ceramic
capaéitor thus obtained were 5;0 mm in width, 5.7 mm in
length and 2.4 mm in thickness while the thickness of the

dielectric ceramic 1ayér'was 30 um. Total number of the -

- effective dielectric ceramic layers were 57, the area of_thé

confronting electrode per one layer being 8.2 x 10~‘m’.

Electric characteristics of these monolithic ceramic
capacitors were measured. The electrostatic capacitance (C)
and dielectric loss (tan &) were measured using an automatic
bridge type measuring instrument at 1 kHz, 1 Vrms and 25 °C
and the dielectric cénstant (e) was calculated from the
electrostatic capacitance. Next, the insulation resistance
was measured using an insulation resistance tester at 25 °C
and 150 °C by impressing direct currént voltages of 315 V
(or 10 kv/mm) and 945 V (or 30ﬁkV/mm) for 2 minutes,
obtaining a product of the electrostatic capacitance and
insulation resistance, or a product CR. -

The rate of changeidf the electrostatic capacitance

against temperature changes was also measured. The rate of
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change at -25 °C and 85 °C by taking the electrostatic
capacitance at 20 °C as a standard (AC/C20), the rate of.
change at -55 °C and 125 °C by taking the electrostatic
capacitance at 20 °C as a standard (AC/CZS)'and the maximum
value of the rate of change (|AC|max) as an absolute value
were measured as the eléctrostatic capacitances against
temperature changes.

The DC vias characteristic was also evaluated. First,
the electrostatic capacitance when an AC voltage of 1 kHz
aﬁd 1 Vrms was impressed was measured. Then, the -
electrostatic capacitance when a DC voltage of 150 V and an
AC voltage of 1 kHz and 1 mes were simultaneéusly impressed-
was measured, thereby the rate of reduction of the
electrostatic capacitance (AC/C) due to loéding the DC
voltage was calculated. |

In the high temperature load test, a direct current.
voltage of 750 V (or 25 kV/mm) was impressed at 150 °C on 36
pieces of each sample to measure‘the time dependent changes
of the insulation resistance. The time when the insul;tion
resistance of each sample was reduced below 10°Q was defined
to be a life span time and mean life span time was
evaluated.
| In the-humidity resistancejtest, the number of the

test pieces having an insulation resistance of 10°Q or: less
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among the 72 test pieces were counted after impréssing a DC
voltage of 315 V under an atmospheric pressure of 2 atmﬂ
(relative humidity 100%) at 120 °c for 250 hours.

Insulation breakdown volt&ges undér AC and DC voltages
were measured by impressing AC and DC voltages at a volﬁage
increase rate of 100 V/sec.

The results described above are listed in TABLE 1004
and TABLE 1005.

TABLE 1004
TABLE 1005

It is evident from Table 1002 to TABLE 1005 that the
monolithic ceramic capacitor according to the present
invention has a capacitance decreasing ratio of as small as
within -45% at an impressed voltage of 5 kv/mm and a
dielectric loss of less than' 1.0 %, wherein the rate of
change against temperature changes satisfies both the B-
level characteristic standard stipulated in the JIS Standard
in the temperature range of -25 °C to +85 °C and X7R-level
.characferistic standard stipulated in the EIA standard in
the temperature range of -55 °C to +125 °C.

Moreover, the insulation resistances at 25 °C and 150

isiﬂiftﬁiilfﬁeﬂnlllﬁlaced




THIS SHEET HAS BEEN
REPLACED

HERR) IR
BT ;
i l

il 1H

T004 62¥C.DOC

- 46 T
°C as expressed by the product CR show as high values as
5000 Q-F or more and 200 QF or more, respectively, when the
ceramic capacitor is used under a high electric field
stremgth of 10 kVv/mm. The insulation breakdown voltage also
shouws: high values of 12 kv/mm or more under the AC volta'c_;e
and ¥ kv/mm or more under the DC voltage. In additioxi, an
accemeratien test at 150 °C and DC 25 kV/mm gave a mean life
span as long as 800 hours or more besides enabling a
'relatively low firing temperature of 1300 °C or lees.

The reason why the composition was limited in the
present invention will be described hereinafter.

In the composition of (Ba0),Tio, + aM,0, + PBa2ro, +
yMg0 + gMnO (wherein M,0, rebresents at least one of either
Sc,0, or Y,0,, a, B, v, and g representing mele ratio,
respectively), the ;gﬁi content a of less than 0.001 as
shown in the sample No. 1001 ie not preferable because the
temperature characteristic does not satisfy the B-level
characteristic / X7R characte'ristic. on the other hand, the
m content a of more than 0.06 as shown in the sample No.
1002 is also not preferable because the specific dielectric
constant is reduced to less than 1000. Accordingly, the
preferable range of the-;gﬂi content a is 0.001 = & = 0.06.

It is not preferable that the Ba2r0, content B of zero

as im the afnple No. 1003 is not preferable since the
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insulation resistance is low and the voltage dependency of
the insulating resistance is larger than that of the |
composition system containing BaZrO,. It is also not
preferable that the BaZrO, content f is more than 0.06 as in
the sample No. 1004 because the temperature characteristic
does not satisfy the B-level characteristic / X7R
characteristic, along with shortening the mean life span.
Accordingly, the preferable range of the BaZrO, content P is
0.005 < B < 0.06.

It is not preferable that, as seen in the sample No.
1005, the MgO content y is 0.001 since the insulation
resistance becomes low.and the temperature characteristic
does not satisfy the B-level characteristic / X7R
characteristic. It is not preferable, on the other hand,
that the MgO content y exceeds 0.12 as in the sample No. -
1006, because the sintering temperature becomes hlgh, the
dielectric loss exceeds 2.0%, the number of rejections in
the humidity resistance load test is extremely increased
along with shortening the mean life span. Accordingly, the
preferable range of the MgO content y is in the range of
0.001 <y =< 0.12.

It is not preferable that, as seen in the sampie No.
1007, the MnO content g is 0.001 sinee measurement becomes

impossible due to formation of semiconductors. It is not
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preferable, on the other hand, that the MnO content g

exceeds 0.12 as seen in the sample No. 1008 because the'
temperature characteristic X7R is not satisfied and the
insulation resistance is lowered besides the mean life span
becomes short. Accordingly, the preferable range of the MnoO
content g is in the range of 0.001 < g < 0.12.

It is not preferable that, as in the sample No. 1009,
the combined amount of y + g of the MgO content.y and MnO
content g exceeds 0.13 because the dielectric loss is
increased to 2.0% and the mean life span is shortened
besides the rejection number in the humidity resistance load
test increases. Accordingly, the combined amount of y + g
of the MgO content y and MnO contént g is preferably in the
range of vy + g < 0.13. |

It is not preferable that the BaO/TiO, ratio m is less
than 1.000 as in the sample No. 1010'because measurements
are impossible due to formafion of semiconductors. It is
also not preferable_that,.as seen in the sample No. 1011,
the Ba0/TiO, ratio m is 1.000 since the insulation
resistance as well as the AC and DC breakdown voltage are
lowered along with shortening the mean life span. It is not
preferable, on the other hand, that the Ba0/TiO, ratio m is
ovet 1.035 as in the samples No. 1012 and 1013 since

measurements becomes impossible due to insufficient
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| sintering. Accordingly, the Ba0O/TiO, ratio m in the range
of 1.000 < m < 1.035 is preferable. - |

It is not preferable that the amount of addition of
the first or second side cbmponent is zero as in the samples
No. 1014 and 1016 because measurements are impossible due to .
insufficient sintering. It is not preferable that the
amount of addition of the first or second side component
. exceeds 3.0'parts by weight as seen in the samples No. 1015
and 1017, because the dielectric loss exceeds 1.0% and the
insulation resistance and insulation breakdown voltage are
lowered along with shortening the mean life span.
Accordingly, the preferable content of either the first or
the second components is 0.2 to 3.0 parts by weight.

The contents of the alkali earth metal oxides
contained in barium titanate as impurities are suppressed
below 0.02% by weight because, when the contents of the
alkali earth metal oxides exceeds 0.02% by weighﬁ as in the

sample No. 1018, the dielectric constant is decreased.

(Example 8)

A material with a composition of BaoO, ,,TiO, + 0.03Y,0,
+ 0.02BaZro0, + OLOSMgO + 0.01 MnO (mole ratio) was prepared
using barium titanate in TABLE 1A as a dielectric powder. A

monolithic ceramic capacitor was produced by the same method
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as in Example 1, except that an ox:.de represented by I.J.,o-

(si, Ti)0,-MO shown in Table -1-095, having a mean part:l.cle \/
size of 1 ym or less produced by heating the material

described above at 1200 to 1500 °C, was added as the first

side component. The overall dimensions of the monolithic

ceramic capacitor produced is the same as in Example 1.
TABLE 1006

The electric characteristics were then measured by the
same method as in Example 1. The results are shown in TABLE

1007.
TABLE 1007

As is evident from TABLE 1006 and TABLE 1007,
preferable results are obtained in the samples No. 1101 to
1112, 1118 and 1120, in which oxides with compositions
within or on the boundary lines of the area surrounded iay
the straight lines connecting each spot indic#ted by A (X =
20, y=80, 2=0), B (X=10, y=280, z2=10), C (X=10,Y¥
=70, 2z =20), D (X =35, y=45, 2 = 20), E (X =45, y =
45, z = 10) and F (x = 45, y = 55, z = 0), (wherein x, y and

z represent mole % and w represents mole ratio, which is in
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the range of 0.3 = w < 1.0 in the composition on the line A
- F) of the three component phase diagram of the oxides.
represented by Li,0-(Si,, Ti,,)0,-MO shown in FIG. 4 are
added, wherein the samples have a capacitance decreasing
ratio of as small as within -45% at an impressed voltage'of
5 kv/mm and a dielectric loss of 1.0% or less,'along with
the rate of change of the electrostatic capacitance against
temperature changes satisfying the B-level characteristic
standard stipulated in the JIS Standard in the temperature
range of -25 °C to +85 °C and X7R-level characteristic
standard stipuléted in the EIA standard in the temperature
range of -55 °C to +125.°C.

Moreover, the insulétion fesistances at 25 °C and 150
°C as expressed by the product CR show as high values as
5000 C}F or more and 200 QF or more, respectively, when the
ceramic capacitor is used.under a high électric fiéld
strength of 10 kV/mm.. The insulﬁtion breakdown voltage also
shows high values of 12 kV/mm or more under the AC voltage .
and 14 kV/mm or more under the DC voltage. In addition, an
acceleration test af 150 °C and DC 25 kvV/mm gave a mean‘life
span as long as 800 hours or more besides enabling a
relatively low firing temperature of 1300 °C or less.

On t.he contrary, when the Li,0-(Si,, Ti,,)0,-MO oxides

is outside of the composition'range described above as shown
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becomes insufficlent or many samples are re]ected in the
humidity resisténce load test even after sintering. The
samples with the composition falling on the line A-F and W =
1.0 as in the samples No. 1119 and 1121 have high sintering
temperature along wiﬁh causing maﬁy rejects in the humidity
resistance load test. When the value of w is less than 0.30
as shown in the sample No. 1122, the sintering temperature
becomes high along with causing many rejects in the humidity

resistance load test.

(Example 9)

A material with a composition of BaoO, q,Ti0, + 0.035c,0,
+'0Q0155a2ro3 + 0,.05Mg0 + 0.01 MnO (mole ratio) was prepared
- using barium titanate in TABLE 1A as a dielectric powder. A
monolithic ceramic capacitor was produced by the same method
as in Example 1, except that an oxide Li,0-Ti0,-X0 shown iﬁ
Table 1008, having a mean particie size of 1 im or less
produced by heating the material described above at 1200 to
1500 °c, was added as the second side component. The
amounts of addition of Al1,0, and 2r0, correspond to parts by
wight relative to 100 parts by weight of (xsio,7; yTiO,:;

zX0). The overall dimensions of the monolithic ceramic

capacitor produced is the same as in Example 1.
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TABLE 1008

The electric characteristics were then measured by the
same method as in Example 1. The results are shown in TABLE

1009.
TABLE 1009

As is evident from TABLE 1008 and TABLE 1009,
preferable results are obtained in the samples No. 1201 to
1212 in which oxides with compositions within or on the
boundary lines of the area surrounded by the straight lines
connecting each spot indicated by A (X =85, y =1, z = 14),
B (X = 35, y = 51, z='14), C (X =30, y =20, 2=50) and D
(X =39, y=1, z = 60), (wherein x, y and z represent mole
%) of the three component phase diagram of the oxides
represented by Si0,-Ti0,-XO shown in FIé. 5 are added,
wherein the samples have a capacitance decreasing ratio of
as small as -45% at an impressed voltage of 5 kVv/mm and a
dielectric loss of 1.0% or less, along with the rate of |
change of the electrostatic capacitance against temperature
changes satisfying the B-level characteristic standard

stipulated in the JIS Standard in the temperature range of -
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25 °C to +85 °C and X7R-level characteristic standard
stipulated in the EIA standard in the temperature range ef -
55 °C to +125 °C.

Moreover, the insulation resistances at 25 °C and 150
°C as expressed by the product CR show as high values es .
5000 Q-F or more and 200 QF or more, respectiveiy,_when the
ceramic capacitor is used under a high electric field
strength of 10 kv/mm. The insulation breakdown voltage also
-shows high values of 12 kVv/mm or more under the AC voltege
and 14 kV/mm or more under the DC voltage. In addition, an
acceleration test at 150 °C and DC 25 kV/mm gave a mean life
span as.long as 800 hours or more besides enabling a
relatively low firing temperatﬁre of 1300 °C or less.

When the composition of the oxide represented by SiO,-
TiO,-X0 is out of the composition range described above, on -
the other hends, sintering becomes insufficient as seen in
the samples No. 1213 to 1219 or many rejects occur in the
humidity resistance load test even after the sintering.

When Al,0, and/or ZrO2 is allowed to contain in the
oxides repres_ented by 8$i0,-Ti0,-X0 as in the samples No.

1211 and 1212, a monolithic capacitor having the insulation
resistances of 5400 QF or more and 300 Q-F or more at 25 °c
and 150 °c, respectlvely, under an electric field strength

of 10 kv/mm can be obtained. However, when the amounts of
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addition of Al,0, and 2r0, exceed 15 parts by weight and 5
parts by weight, respectively, the sintering property is

extremely deteriorated as in the samples No. 1217 and 1218.

(Example 10)

Four kinds of barium titanate (BaTiO,) in TABLE 1, an
oxide powder as a first side component and an oxide powder
as a second side component were obtained by the same method
as in Example 1.

Then, BaCO, for adjusting the.Ba/Ti mole ratio m in
barium titanate, and Sc,0,, Y,0,, BazrO, and MnO with purity
of 29% or more were prepared. These raw material powder and
oxide powder to be either the first or second side component
were weighed so as to be the composition shown in TABLE 1010
and TABLE 1011. The amount of addition of the first or
second side component corresponds to the amount relative to
100 parts of the essential component of ((Ba0),TiO, + aM,0, +
pBazZro; + yMnO). A monolithié ceramic capacitor was produced
Iusing this weighed compounds by the same method as in
Example 1; The overall dimensions of the monolithic ceramic

capacitor produced are the same as in Example 1.

TABLE 1010
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TABLE 1011

The electric characteristics were measured by the same
method as in Example 1. The results are shown in TABLE 1012

and TABLE 1013.
TABLE 1012
TABLE 1013

As evident from TABLE 1012 and TABLE 1013, the ceramic
capaéltor accordlng to the present invention has a
capacitance decreasing ratio of as small as within -40% at
an impressed DC voltage of 5 kVv/mm and a dielectric loss of
1.0% or less, along with the rate of change of the
electrostatic capacitance against temperature changes -
satisfying the B-level characteristic standard stipulated in

: the JIS Standard in the tempe;ature range of -25 °C to +85
°C and X7R-level characteristic standard stipulated in the
EIA standard in the temperature range of -55 °C to +125 °C.-

Moreover, the insulation resistances at 25 °C and 150
°C.as expressed by thé produdt CR show as high values as
4900 QF or more and 190 QF or more) respectively, when the

ceramic capacitor is used under a high electric field
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étfength of'io kv/mm. The Lnsulatxon breakdown voltage also
shows high values of 12 kV/mm or more under the AC voltage
and 14 kV/mm or more under the DC voltage. In addition, an
acceleration test at 150 °C and DC 25 kV/mm gave a mean life
span as long as 800 hours or mé.fe besides enabling a
relatively low firing temperature of 1300 °C or less.

The reason why the composition was limitedlin the
present invention will be described hereinafter.

In the composiﬁion of (Ba0),TiO, + aM,0, + fBazZro, +
yMnO (wherein M;0, represents at least one of. either Sc,0, and
¥,0,, a, B, and y representing mole ratio, respectively), the

. 4;;%& content o of less than 0.001 as shown in the sample v’

No. 1301 is not preferable because the temperature

characteristic does not satisfy the B-level characteristic /

X7R characteristic. On the other hand, the ggﬁ% content « v

of more than 0.06 as shown in the samplé No. 1302 is also

no£ preferable because the specific dielectric constant is

reduced to less than 900. Accordingly, the preferable range

of the'gggg.content a is 0.001 s a < 0.06. \//
It is not preferable that the BaZrQ, content B of zero

as in the sémple No. 1303 is not preferable since the

insulation resistance is low-and the volfage dependency of

the insulating resistance is larger than that of the

composition system containing BazZr0,. It is also not
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preferable that the BaZrO, content B is more than 0.06 as in
the sampie No. 1304 because the temperature characteristic
does not satisfy the B-level characteristic / X7R
characteristic, along with shcrtening the mean life span.
Accordingly, the preferable range of the BaZrO, content ﬁ'is
0.005 < B < 0.06.

It is not preferable that, as seen in the sample No.
1305, the MgO content y is 0.001 since measurements bccomes
impossible due to semiconductor formation. It is not
preferable that the MgO content y exceeds 0.13 as in the
sample No. 1306, because the temperature characteristic does
not satisfy the X7R characteristic besides the insulation
resistance is low and mean life span is shortened.
Accordingly, the preferable range of the Mg0O content y is in
the range of 0.001 < y < 0.13.

It is not preferable that the BaO/TiO, ratio m is less
than 1.000 as in the sample No. 1307 because measurements
are impossible due to formation of semiconductors. It is.
also not preferable that, as seen in the sample No. 1308,
the Ba0O/TiO, ratio m is 1.000 since the.insulation |
resistance as well as the AC and DC breakdown voltage
becomes low along with shortening the mean life span. It is
not preferable, on the other hand, that the BaO/TiO, ratio m

is over 1.035 as in the samples No. 1309 and 1310 since
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measurements becomes impossible due to insufficient
sintering. Accdrdingly, the BaO/Tio, fatio m in the ranée
of 1.000 < m =< 1.035 is preferable.

It is not preferable that the amount of addition of
the first or second side componeht is zero as in the samples
No. 1311 and 1313 because measurements are impossible due to .
insufficient sintering. It is not.preferable that the
amount of addition of the first or second side component
exceeds 3.0 parts by weight as seen in the samples No. 1312
and 1314, on the other hand, because the dielectric loss
exceeds 1.0% and the insulation resistance and insulation
breakdown voltage are lowered along with shortening the mean
life span. Accordingly, the preferable content of either
the first or the second components is in the range of.0.2 to
3.0 parts by weight. .

The contents of the alkali earfh metal oxides
contained in barium titanate as impurities are suppressed
below 0.02% by weight_becéuée, as in the sample No. 1315,
when the contents of the alkali earth metal oxides exceeds

0.02% by weight, the dielectric constant is decreased.

(Example 11)
A material with a composition of Bao0, 4, Ti0, + 0.02Y,0,

+ 0.01BaZrO; + 0.04 MnO (mole ratio) was prepared using

This Sheet Has Been Reﬂ

T




THIS SHEET HAS
REPLACED CCEN

o f.m/mmm:/mm

- 60 -
 barium titanate in TABLE 1A as a dielectric powder. A
monolithic ceramic capacitor was produced by the same methd
as in Example 1, except that an oxide repreéented by Li, 0~
(Si,Ti)0,-MO as shown in Table 1006, having a mean particle
size of 1 um or less produced by heating the material
described above at 1200 to 1500 °C, was added as the first
side component. The overall dimeﬁsions of the monolithic
ceramic capacitor produced is the same as in Example 1. The
electric characteristics were then measured by the same
method as in Example 1. The results are shown in TABLE
1014. The sample No. 1401 to 1422 in TABLE 1014 correspond
to the samples NO. 1101 to 1122 in TABLE 1006, respectively.
For example, the sample No. 1401 in rABszgigihwas obtained
by adding the side éomponent of the sample No. 1101 in TABLE
1006. '

TABLE 1014

As is evident from the samples NO. 1401 to 1412, 1418
and 1420 in TABLE 1014, preferable results are obtained in
the samples in which oxides of the samples No. 1101 to 1112,
1118 and 1120 in TABLE 1006 with compositions within or on
the boundary lines of the area surrounded by the straight

lines connecting each spdt indicated by A (X = 20, v = 80,.2

i
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=0), B(X=10, y =80, z=10), C (X =10, y =170, z =
20), D (X = 35, y = 45, z = 20), E (x = 45, y = 45, z = 10)
and F (x = 45, y = 55, z = 0) (wherein x, y and 2z represent
mole %, w represent mole ratio and w is in the range of 0.3
< w < 1.0 in the composition on the line A - F) inside of
the three component phase diagram of the oxides represented
by Li,0O-(Si,, Ti,,)0,-MO shown in FIG. 4 are added as side
‘components, wherein the samples have a capacitance
decreasing ratio of as small as within -40% at an impressed
voltage of 5 kv/mm and a dielectric loss of 1.0% or less,
along with the rate of change of the electrostatic
.capacitahce against temperature changes satisfying the B-
level characteristic standard stipulated in the JIS Standard
in the temperature range of -25 °C to +85 °C and X7R-level
characteristic standard stipulated in the EIA standard in
the temperature range of -55 °C to +125 °C.

Moreover, the insulation resistances at 25 °C and 150
°C as expressed by the product CR show as high valﬁes as
4900 Q'F or more and 200 Q-F or more, respectively, when the
ceramic capacitor is used under a high electric fiel&
strength of 10 kVv/mm. The insulation breakdown voltage also
shows high values of 12 kV/mm or more under the AC voltage
and 14 kVv/mm or more under the DC voltage. In addition, an

acceleration test at 150 °C and DC 25 kV/mm gave a mean life
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span as long as 800 hours or more besides enabling a
relatively low firing temperature of 1300 °C or less.

on the contrary, when the oxides represented by Li0-
(si,; 7i,.)0,~MO 1s outside of the composition range
described above as shown in the samples No. 1113 to 1117,
and 1119 in TABLE 1006, the sintering becomes insufficient
or many samples are rejected in the humidity resistance load
test even after sintering as seen in the samples NO. 1413 to
1417 and 1419 in TABLE 1014. The samples with the
composition falling on the line A-F and W = 1.0 as in the
samples No. 1119 and 1121 in TABLE 1006 have high sintering
temperature along with causing many rejects in the humidity
resistance load test as seen in the sample; No. 1419 and
1421 in TABLE 1014. When the value of w is less than 0.30
as shown in the samples No. 1122 in TABLE 1006 )4JQ& the
sintering temperature becomes high along with causing many
rejects in the humidity resistance load test as seen in the

sample No. 1422 in TABLE 1014.

(Example 12)

A material with a composition of BaO,,,,TiO, + 0.02Sc,0,
+ 0.01BaZrQ, + 0.04 MnO (mole ratio) was prepared using
barium titanate in TABLE 1A as a dielectric powder. A

monolithic ceramic capacitor was produced by'the same method
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as in Example 1, except that an oxide réprésented by Sio,-
Ti0,~X0 shown in Table 1008, héving a mean particle size .of
1 um or less produced by heating the material described
above at 1200 to 1500 °c; was added as the second side
component. The overall dimensions of the monolithic ceramic
capacitor produced is the same as in Example 1. The
electric characteristics were then measured by the same
method as in Example 1. The results are shown in TABLE.
1015. In TABLE 1015, the samples NO. 1501 to 1519
corresponds to the sampleé NO. 1201 to 1219 in TABLE 1008.
For example, the sample No. 1501 in TABLE 1015 was obtained
by adding the side component of the sample No. 1201 in TABLE
1008.

TABLE 1015

As is evident from Samples NO. 1501 to 1512 in TABLE
1015, preferable results are obtained in the samples, in
which oxides of the samples NO. 1201 to 1212 in TABLE 1008
with compositions within or on the boundary lines of the
area surrounded by the straight lines connecting each spot
indicated by A (X =85, y =1, z = 14), B (X = 35, y = 51, z
= 14), C (X =30, y =20, z=50) and D (X =39, y=1, z =

60), (wherein x, y and z represent mole %), of the three

s
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component phase diagram of the oxides represented by Sio,-

S VRN

TiO,-XO shown in FIG. 5 are added as a side component,
wherein the samples have a capaéitance decreaéing ratio of
as small as within -40% at an iﬁpressed voltage of 5 kv/mm
and a dielectric loss of 1.0% or less, along with the rate
of change of the electrostatic capacitance against
temperature changes satisfying the B-level characteristic
standard stipulated in the JIS Standard in the temperature
range of -25 °C to +85 °C and X7R-level characteristic
standard stipulated in the EIA standard in the temperature
range of -55 °C to +125 °C.

Moreover, the insulation resistances at 25 °C and 150
°C as expressed by the product CR show as high values as
4900 Q'F or more and 190 QF or more, respectively, when the
ceramic.capacitor is used under a high electric field
strength of 10 kv/mm. The insulation breakdown voltage also
shows high values of 12 kV/mm or more unde; the AC voltage

| and 14 kV/mm or more under the DC voltage. 1In addition, an
acceleration test at 150 °C and DC 25 kv/mm gave a mean lifé
span as long as 800 hours or more and no réjections.were
found in the humidity resistance load test besides enabling
a relatively low firing temperatute of ‘1300 °C or less.
When the oxide $i0,-TiO,-XO has a composition outside

of the composition described above as in the samples No.
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1213 to 1219 in TABLE 1008, on the contrary, sintering
becomes insufficient oi‘ many rejection appear in the
humidiﬁy resistance load test even after sintering as seen
in the samples No. 1513 to 1519 in TABLE 1015.

While a monolithic capacitor having an insulation
resistance of 5290 Q-F or more and 310 Q-F or more at 25 °C
and 150 °c, respecti_vely, under a strong electric field of
10 kv/mm can be obtained as shown in the samples No. 1511
and 1512 in TABLE 1015 by allowing Al,0, and/or 2Zr0, to
contain in the Si0,-Ti0,-XO oxides as in the sample No. 1211
and 1212 in Table 1008, sintering property is extremely
decreased when Al,0, and ZrO, are added in an amounts of 15
parts by weight or more and 5 parts by weight or more,
respectively, as in the samples No. 1217 and 1218 in TABLE
1008.

(Example 13)

After preparing and weighing TiCl, and Ba(NO,), having
a variety of purity as starting materials, the compounds o
were precipitated as titanyl barium oxalate

(BaTi0(C,0,)-4H,0) by adding oxalic acid. This precipitate

P R

was decomposed by heating at a témperature of 1000 °C or
more to synthesize four kinds of barium titanate listed in

TABLE 1.
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Oxides, carbonatés or hydroxides as each component of
the first side component were weighed so as to be a
composifion ratio (mole ratio) of O.ZSLi{L-
0.65(0.30Ti0,-0.70S8i0,)~0.10A1,0, to obtain a powder by
crushing and mixing.

Likewise, oxides, carbonates or hydroxides as each
component of the second si&e component were weighed 80 as to
be a composition ratio (mble ratio) of 0.668i0,-0.17TiO,~
0.15Ba0-0.02Mn0 (mole ratio) to obtgin a powder by crushing
and mixing. . '

| Oxide powders of the first and second side components
were placed in separate platinum crucibles and heated at
1500 °C. After quenchihg and crushing the mixture, each
oxide powder with a mean particle size of 1 uym or less was
obtained.

In the next step, BaCO, for adjusting the mole ratio
Ba/Ti (m) in barium titanate, Eu,0,, Gd,0,, Tb,0,, Dy,0,, Ho,0,,
Er,0,, Tm,0, and Yb,0,, and BaZr0O,, Mgo and MnO, each having a
purity of 99% or more, were prepared. These raw material
powders and the oxideé described above to be either one of
the first or second side component were weighted so as to
form compositions shown in TABLEiZOOZ and TABLE 2003. The
amounts of addition of the first and second side components

are indicated by parts by weight relative to 100 parts by
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wéight of the essential component (Ba0),TiO, + aR,0, + BBazZro,

+ yMgO + gMnO.
TABLE 2002
TABLE 2003

Organic solvents such as polyvinyl butyral binder and
ethanol were added to the weighed compounds, which were
mixed in a ball mill in an wet state to prepare a ceramic
slurry. This ceramic slurry was formed into a sheet by a
doctor blade method to obtain a rectangular shaped green
sheet with a thiékness of 35 um, followed by printing an
electroconductive paste mainly composed of Ni on the ceramic
green sheet to form an electroconductive paste layer for
forming inner electrodes.

.Then, a plurality of the ceramic green sheets on which :
the electroconductive layer is formed were lamlnated so that
the sides where the electroconductlve paste is progected out

. are alternately placed with each other, thus obtaining a
monolithic body. This monolithic body was heated at 350 °C
in a N, atmosphere and, after allowing the“binder to
decompose, the monolithic body was fired at the temperatures

shown in TABLE 2004 and TABLE 2005 in a reducing atmosphere
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: edmprising H,-N,~-H,0 gases under an oxygen partial pressure
of 10 to 107 MPa for two hours, thereby obtaining a |
ceramic sintered body. _ |

The both side faces of the ceramic sintered body were
coated with a silver paste centaining B,0,~Li,0-Si0,-Ba0 '
glass frits and fired at a temperature of. 600 °C in a N,
atmosphere, thereby obtaining outer electrodes electrically
connected to the inner electrodes.

The overall dimensions of the monolithic ceramic
capacitor thus obtained were 5.0 mm in width, 5.7 mm in
length and 2.4 mm in thickness while the thickness ef the
dielectric ceramic layer was 30 uym. Total nuﬁter of the
effective,dieleCtric ceramic layers were 57,'the area of the
confrenting electrode per one layer being 8.2 x 10~°m?.

Electric characteristics of these monolithic ceramic
capacitors were measured. The electrostatic capacitance (C)
and dielectric loss (tan d) were measured using an automatic
bridge type measuring instrument at 1 kHz, 1 Vrms and 25 C
and the dielectric constant (e) was calculated from the
electrostatic capacitance. Next, the insulation resistance
was measured using an insulation resistance tester at 25 °C
and 150 °C by impressing direct current voltages of 315 V
(or 10 kv/mm) and 945 V (or 30 kvV/mm) for 2 minutes,

obtaining a product of the electrostatic capacitance and
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insulation resistance, or a product CR.

The rate of change of the electrostatic capacitancé
against temperature changes was also measured. The rate of
change at -25 °C and 85 °C by taking the electrostatic
capacitance at 20 °C as a standard (AC/C20), the rate of
change at -55 °C and 125 °C by taking the electrostatic
capacitance at 20 °C as a standard-kAC/CZS) and the maximum
value of the rate of change (|AC|max) as an absolute value
in the temperature range of -55 °C to 125 °C weré measured
as the electrostatic capacitances against temperature
changes.

The DC vias characteristic was also evaluated. First,
the electrostatic capacitance when an AC voltage of 1 kHz
and 1 Vrms was impressed was measured. Then, the
electrostatic capacitance when a DC #oltage of 150 V and an
AC voltage of 1 kHz and 1 Vrms were simultaneously impressed
was measured, thereby the rate of reduction of the
electrostatic capacitance (AC/C) due td loading the DC
voltage was calculated.

In the high temperature load test, a direct current
voltage of 750 V (or 25 kv/mm) was impressed at 150 °C on 36
pieces of each sample to measure the time dependent chénges
of the insulation resistance. The time when the insulation

resistance of each sample was reduced below 10°Q was defined
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to be a life span time and mean life span time was
evaluated. .

In the humidity resisfance test, the number of the
test pieces having an insulation resistanqe of 10°Q or less
émong the 72 test pieces were countedlafter impressing a pcC
voltage of 315 V under aﬁ atmospheric pressure of 2 atm
(relative humidity 100%) at 120 °C for 250 hours. |

Insulation breakdown voltages under AC and DC voltages
were méasured by impressing AC and DC voltages at a voltage
increase rate of 100 V/sec.

The results described above are listed in TABLE 2004
and TABLE 2005.

TABLE 2004
TABLE 2005

It is evident from Table 2002 to TABLE 2005 that the
monolithic ceramic_capacitor according to the present
invention has a capacitance décreaéing ratio of as small as
within -45% at an impressed voltage of 5 kV/mm and a
dielectric loss of less than 1.0 %, wherein the rate of.
change against temperature changes satisfies both the B-

level characteristic standard stipulatéd in the JIS Standard
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in the temperature range of -25 °C to +85 °C and X7R-level
characteristic standard stipulated in the EIA standard in
the temperature range of -55 °C to +125 °Cc.

Moreover, the insulation resistances at 25 °C and 150
°C as expressed-by the product CR show as high values as
5000 Q-F or more and 200 QF or more, respectively, when tﬁe
ceramic capacitor is used under a high electric field
strength of 10 kv/mm. The insulation breakdown voltage also
shows high values of 12 kV/mm or more under the AC voltage
and 14 kv/mm or more under the DC voltage. In addition, an
acceleration test at 150 °C and DC 25 kV/mm gave a mean life
span as long as 800 hours or more besides enabling a
.Felatively low firing temperature bf 1300 °C or less.

_ The reason why the composition was limited in the
present invention will be described hereinafter.

In the composition of (Ba0),TiO, + aR,0, + pBazx0, +
yugo + gMnO (wherein R,0, represents at least one compound
selected from Eu,0,, Gd,0,, Tb,0,, Dy,0,, H0,0,, Er,0,, Tm,0, and
¥b,0,, @, B, v, and g representing mole ratio; respectively),
the.un4g:gg§;ent a of less than 0.001 as.shown in the
sample No. 2001 is not preferable because the insulation
resistance is low and the product CR becomes small. On the
other hand, the Mnj, ggytent o of more than 0.06 as shown

in the sample No. 2002 is also not preferable because the

This Sheet Has Been RT aced




THIS SHEET HAS BEEN
REPLACED

T00462V0.DOC : I .’Eg:s‘u mg m Iﬂl

-72..

temperature characteristic does not satisfy the B-level
characteristic / X7R characterlstlc, being poor in

reliability. Accordingly, the preferable range of the ifn-e-lzzpj v
content a is 0.001 s o < 0.06.

The BazrO, content B of zero as in the sample No. 2003
is not preferable since the insulation resistance is low and
the voltage dependency of the insulating resistance is
larger than that of the composition system containing
Bazr0O;. It is also not preferéble that the BazrO, content pB
is more than 0.06 as in the sample Né. 2004 because the
temperature characteristic does not satisfy the B-level
characteristic / X7R characteristic, along with shortening
the mean life span. Accordingly, the preferable range of
the BaZrO, content B is 0.005 = B < 0.06.

It is not préferéble that, as seen in the sample No.
2005, the MgO content y is 0.001 since the insulation
resistance becomes low and the temperature characteristic
does not satisfy the B-level characteristic / X7R
characteristic. On the other hand, it is not preferable

.that the MgO content y exceeds 0.12 as in the sample No.
2006, because the sintering temperature becomes high, the
dielectric loss exceeds 2.0%, the number bf rejections in
the humidity resistance load test is extremely increased

along with the mean life span being short. Accordingly, the
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preferable.range of the MgO content y is in the range of
0.001 <y = 0.12. |

It is not preferable that, as seen in the sample No.
2007, the MnO content g is 0.001 since measurement-becomes
impossible due to formation of semiconductors. It is ncf_
preferable, on the other hand, that the MnO content g
exceeds 0.12 as seen in the sample No. 2008 because the
temperature characteristic X7R is not satisfied and the
insulation resistance is lowered besides the mean life span
becomes short. Acccrdingly, the preferable range of the MnO
content g is in the range of 0.001 < g < 0.12.

It is not preferable that, as in the sample No. 2009,
the combined amount of y + g of the MgoO content and MnO
content exceeds 0.13_becahse the dielectric loss is
increased to 2.0% and the mean life span is shortened
besides the rejection number in the humidity resistance load
test increases. Accofdingly, the combined amount of y + g
of the MgO content and MnO content.is preferably in the
range of y + g = 0.13. |

It is not preferable thaﬁ the BaO/TiO2 ratio m is less
than 1.000 as in the sample No. 2010 because measurements
are impossible due to formation of semiconductors. It is
also not éreferable that, as seen in the sample No. 2011,

the BaO/TiO, ratio m is 1.000 since the insulation
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resistance as well as the AC and DC breakdown voltage |
becomes low along with shortening the mean life span. If is
not preferable, on the other hand, that the BaO/Tib2 ratio m
is over 1.035 as in the samples No. 2012 and 2013 since
measurements becomes impossible due to insufficient |
sintering. Accordingly, the BaO/TiQ,.ratio m in the range
of 1.000 < m s 1.035 is preferable.

It is not preferable that the amount of addition of
‘the first or second side component is zero as in the samples
No. 2014 and 2016 because measurements are impossible due to
insufficient sintering. It is not preferable‘that the
amount of addition of the first or second sidé component
exceeds 3.0 parts by weight as seeh in the samples No. 2015
and 2017, on the other hand, because tﬁe dielectric loss
exceeds 1.0% and the insulation resistance and insulation
breakdown voltagé are lowered along with shortening the mean
life span. Accordingly, the preferable content of either.
the first or the second components is 0.2 to 3.0 parts by
weight.

The contents of the alkali earth metal oxides
contalned in barium tltanate as impurities are suppressed
below 0.02% by weight because, when the contents of the

" alkali earth metal oxides exceeds 0.02% by weight as in the

sample No. 2018, the dielectric constant is decreased.
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(Example 14)

A material with a,composition_of Bao, ,,,’TiO, + 0;03Gd4%
+ 0.0253aZr0,*-0.05Mg0 + 0.01 MnO (mole ratio) was'prepared
uéing barium titanate in TABLE 1A as a dielectric powder; A
monolithic ceramic capacitor was produced by'the'same method
as in Example 1, except that an oxide representéd by Li,0-
(Si, Ti)0,~MO shown in Table.2006, having-a mean particle
size of 1 ym or less produced by heating the material
described above at 1200 to 1500 °C, was added as the first
side compohent. The overall dimensions of the monolithic

ceramic capacitor produced is the same as in Example 1.

TABLE 2006

The electric characteristics were then measured by the
same method as in Example 1. The results are shown in TABLE

2007.
TABLE 2007
As is evident from TABLE 2006 and TABLE 2007,

preferable results are obtained in the samples No. 2101 to

2112, 2118 and 2120 in which the oxides with compositions
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the straight lines connecting each spot indicated by A (X =
20, y=80, z=0), B (X=10,.y=280, z=10), C (X=10, ¥y
=70, 2=20), D(X=35,y =45, 2 =20), E (x.= 45, y =
45, z = 10) and F (x = 45, y = 55, z = 0) (wherein x, y and
z represent mole % and w repieseﬁts'mole ratio, w Reing in
the range of 0.3 s w < 1.0 when it falls on the line A - F)
of the three”;omponent phase diagram of the oxides
represented by Li,0-(Si,, Tihﬂfgiuo shown in FiG. 4 are
added, wherein the samples have a capacitance decreasing
ratio of as small as within -45% at an impressed voltage of
5 kv/mm and a dielectric loss of 1.0% or less, along with -

. the rate of change of the electrostatic capacitance against
temperature changes satisfyihg the B-level characteristic
standard stipulated in the JIS Standard in the temperature
range of -25 °C to +85 °C and X7R-level characteristic
standard stiﬁulated in the EIA standard in the temperature
range of =55 °C to +125 °C.

Moreover, the insulation resistances at 25 °C and 15¢
°C as expressed by the product CR show as high values as
5000 Q-F or more and 200 Q-F or more, .respectively. when the
ceramic capacitor is used under a high electric field "
strength of 10 kv/mm. The insulation breakdown voltage also

shows high values of 12 kvV/mm or more under the AC voltage
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aﬂd 14 kv/mm or more under the DC voltage. In addition, an

acceleration test at 150 °C and DC 25 kV/mm gave a mean iife

span as long as 800 hours or mofe besides ehabling'a

relatively low firing'temperature of 1300 °C or less.

When the oxide represented by Li,0-(Si,Ti,_)0,-MO has a
composition outside of the composition described above as in
the samples No. 2113 to 2117 and 2119, on the other hand,
sintering becomes insufficient or many rejection appear in
the humidity resistance load test even after sintering;
When the composition falls on the line A - F and w = 1.0,
the sintering temperature becomes high, giving a lot of
rejections in the humidity.resistanoe load test as shown in
the samples No. 2119 and 2121. When the value of w is less
than 3.0, the sintering tempefature becomes so high that
many rejections appear in the humidity resistance test as

shown in Sample No. 2122.

(Example 15)

A material with a composition of Bao0, ,,,°'TiO, + 0.03Dy,0,
+ 0.02Bazr0, + 0.05 MgO + 0.01 MnO (mole ratio) was prepared
using barium titénaté in TABLE 1A as a dielectric powder. A
monolithic ceramic capacitor was produced by the same method
as in Example 1, except that an oxide represented by Sio0,-

TiO,-XO shown in Table 2008, having a mean particle size of

(W
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llpm or less produced by heating the material described
above at 1200 to 1500 °C, was added as the second side |
component. The amounts of add;tion of Al,0, and 2r0, are
indicated by parts by weight relative to 100 parts by weight
of the second side component (xSiO,-yTiO,-zX0). The overall
dimensions of the monolithic ceramic capacitor produced is

the same as in Example 1.
TABLE 2008

The electric characteristics were then measured by the
same method as in Example 1. The results are shown in TABLE

2009.
TABLE 2009

As is evident from TABLE 2008 and TABLE.2009,
preferable results are'obtained in the samples No. 2201 to
2212, in which oxides with compositions within or on the
boundary lines of the area surrounded by the straight lines
connecting each spot indicated by A (x =85, y =1, z = 14),
B(X=235,y=51,2=14), C (X =30, y =20, z =50) and D
(X =39, y=1, z = 60), (wherein x, y and 2z represent mole

%), of the three component phase diagram of the oxides
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.wherein the samples have a capacitance decreasing ratio of
as small as within -45% at an impressed voltage of 5 kV/mm
and a dielectric loss of 1.0% or iess, along with the rate
of change of the electrostatic capacitance against '
temperature changes satisfying the B-level characteristic
standard stipulated in the JIS Standard in the temperature
range of -25 °C to +85 °C and fo-level characteristic
standard stipulated in the EIA standard in the temperature
range af =55 °C to 4125 °c.

Moreover, the insulation resistances at 25 °C and 150
°C as expressed by the product CR show as high values as
5000 Q-F or more and 200 Q-F or more, respectively, when the
ceramic capacitor is used under a high electric field
strength of 10 kv/mm. The insulation breakdown voltage also
shows high values of 12 kV/mm or more under the AC voltage
and 14 kV/mm or more under the DC voltage. In addition, an
acceleration test at 150 °C and DC 25 kV/mm gave a mean life
span as long as 800 hours or more and no rejections were
found in the humidity resistance load test besides enabling
a2 relatively low firing temperature of 1300 °C or less.

‘When the oxide represented by S$i0,-Ti0,~X0O has a
composition outside of the composition described above as in

U
the samples Nb..%%;g to % on the contrary, sintering
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bééomes insufficient or many rejection appear in the
humidity resistance load test even after sintering.

While a monolithic capacitor having an insuiation
resistance of 5400 QF or more and 300 QF or mdre at 25 °C
and 150 °C, respectively, under a strong electric field of
10 kv/mm can be obtained by allowing Al,0, and/or Zro, to
contain in the Si0,~TiO,~XO oxides as in the sample No. 2211
and 2212, sintering property is ektremely decreased when
Al,0, and 2r0, are added in an amounts of 15 parts by weight
or more and 5 parts by weight or more, respectively, as in

the samples No. 2217 and 2218.

(Example 16)

Four kinds of barium titanate (BaTiO,), an oxidé
powder as a first side component and an oxide powder as a
second side component were obtained by the same method .as in
Example 1. |

Then, BaCO, for adjusting the mole ratio Ba/Ti in
barjum titanate, Eu,0,, Gd,0,, Tb,0,, Dy,0,, Ho,0,, Er,0,, Tm,0,
and Yb,0;, and MnO, each having a purity of 99% or more,
were prepared. These raw materiai powders and the oxides
described above to be either the first or the second
component were weighed so as to be the composition in TABLE

2010 and TABLE 2011. The amounts of addition of the first
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and second side components are defined by the amount of
addition relative to 100 parts by weight of (BaO);TiO,-+.
oR,0, + fBaZrO; + yMnO. A monolithic ceramic capacitor was
produced by the same method as in Exampie 1 using these
weighed materialé. The overall dimensions of the monolithic

ceramic capacitor are the same as in Example 1.
TABLE 2010
TABLE 2011

The electric characteristics were meé#ured by the same
method as in Example 1. The results are shown in TABLE 2012
and TABLE 2013.
TABLE 2012

TABLE 2013

It is evident from Table 2010 to TABLE 2013 that the
monolithic ceramic capacitor according t6 the present
invention has a capacitance decreasing ratio of as small as
within -40% or less at an impresséd voltage of 5 kV/mm and a

dielectric loss of-less than 1.0 %, wherein the rate of B : -
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change against temperature changes satisfies both the
B-level characteristic standard stipulated in the JIS
Standard in the temperature range of -25 °C to +85 °C and
X7R-level characteristic standard stipulated in the EIA
standard in the temperature range of -55 °C to +125 °C.

Moreover, the insulaticn resistances at 25 °C and 150
°¢ as expressed by the product CR show as high values as
5000 QF or more and 200 Q-F or more, respectively, when the
.ceramic capacitor is uced under'a high electric field
strength of 10 kv/mm. The insulation breakdown voltage also
shows high values of 12 kV/mm or more under the AC voltage
and 14 kV/mm or more under the DC voltage. In addition, an
acceleration test at 150 °C and DC 25 kVv/mm gave a mean life
span as long as 800 hours ct more besides enabling a |
relatively low firing temperature of 1300 °C or less.

The reason why the composition was limited in the
present invention will be descriﬁed hereinafter.

In the composition of (Ba0O),TiO, + aR,0, + fBazro, +
yYMgO (wherein R,0, represents at least one compound selected
from Eu,0,, Gd4,0,, Tb,0,, Dy,0,, HO0,0;, EJ:',O,, Tm,0, and Yb,0,, «,
p and y representing mole ratio, respectively), the Mn,0,
ccntent a of less than 6.001 as shown in the sample No. 2301
is not preferable because the temperature characteristics

does not satisfy the B-level characteristics / X7R
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characteristicé._ On the other hand, the Mn,0, content a of

more than 0.06 as shown in the sample No. 2302 is also nét

preferable because the spécific dielectric constant beéomes

as small as less than 900. Accordingly, the preferable

'range of the Mn,0, content a is 0.001 s a s 0.06.

The BaZrO, content B of zero as in the sample No. 2303
is not preferable since the insulation resistance is low and
the voltage dependency of the insulating resistance is
larger than that of the composition system containing
Baszs; It is also not preferable that the BaZrO, content f
is more than 0.06 as in the sample No. 2304 because the
temperature characteristic does not satisfy the B-level
characteristic / X7R characteristic, along with shortening
the mean life span. Accordingly, the preferable range of
the BazZrO, content B is 0.005 < B < 0.06.

It is not preferable that, as seen in the sample No.
2305, the MgO content y is 0.001 since measuring is
impossible due to formation of semiconductors. On the other
hand, it is not preferable that the MgO content y exceeds
0.13 as in the sample No. 2306, because the temperature
characteristic X7R is not satisfied and the insulation
capacitance is low along'with the mean life span being
short. Accordingly, the Mn content y is preferably in the
range of 0.001 =y < 0.13.
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It is not preferable that tﬁe Ba0/Tio, ratio m is less
" than 1.000 as in the sample No. 2307 because measurements'
are impossible due to formation of semiconductors. it is
also not preferable that, as seen in the sample No. 2308,
~ ‘the Ba0/Ti0, ratio m is 1.000 since the insulation '
resistance as well as the AC and DC breakdown voltage
becomes low along with shortening the mean life épan. It is
not preferable, on the other hand, that the BaO/TiO, ratiom
is over 1.035 as in the samples No. 2309 and 2310 since
measurements becomes impossible due to insufficient
sintering. Accordingly, the Ba0/TiO, ratio m in the range
‘of 1.000 < m = 1.035 is preferablé.

It is not preferable that the. amount of addition of
the first or second side component is zero as in the samples
No. 2311 and 2313 because measurements are impossible due to
insufficient sintering. It is not preferable that the
amount of addition of the first or second side component
exceeds 3.0 parts by weight as seen in the samples No. 2312
and m‘?-on the other hand; because the dielectric loss \/ '
exceeds 1.0% and the insulation resistance and insulation
breakdown voltage are lowered along with shortening the mean
life span. Accordingly, the preferable content of either
the first or the second components is 0.2 to 3.0 parts by

weight.
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The contents of the alkali earth metal oxides
contained in barium titanate as impurities are suppresse&
below 0.02% by weight because, when the contents of the
alkali earth metal oxides exceeds 0.02% by weight as in the

sample No. 2315, the dielectric constant is decreased.

(Example 17)

A material with a composition of BaO, ,,,TiO, +
0.015H0,0, + 0.01BaZrO, + 0.03 MnO (mole ratio) was prepared
using barium titanate in TABLE 1A as a dielectric pdwder; a
monolithic ceramic capacitor was produced by the same method
as in Example 1, except that an oxide represented by Li,0-
(Si, Ti)0,-MO shown in Table 2006, having a mean particle
size of 1 ym or less produced by heating the material
_descfibed above at 1200 to 1500 °C, was added as the first
side component. The overall dimensions of the monolithic
ceramic capacitor produced is the same as in Example 1. The
electric characteristics were measured by the samé methdd as
in Exampie 1. The results are shown in TABLE 2014. In %
Table 2014, the samples No. 2401 to 2422 correspond to the
samples No. 2101 to 2122 in TABLE 2006. For example,.the
sample No. 2401 in TABLE 2014 was obtained by adding the

side component of the sample No. 2101 in TABLE 2006.
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TABLE 2014

As is evident from the samples No. 2401 to 2412, 2418
and 2420, preferable results are obtained in the saﬁples in
which oxides of the samples No. 2101 to 2112, 2118 and 2120
in TABLE 2006 with compositions within or on the boundary
lines of the area surrounded by the straight lines
connecting each spot indicated by A (x =20, y =80, z =0),
B(X=10, y=280, z=10), C (X=10, y = 70, z = 20), D (X
=35, y=45, z = 20), E (x = 45, y = 45, z =10) and F (x =
45, y = 55, z = 0) (wherein x, y and z represent mole $, w
represents mole ratio, w being within the ranée of 0.3 s w <
1.0 when it falls on the line A - F) in the three component
phase diagram of the oxides represented by Li,0-(Si,, Ti,_
«)0,-MO in FIG. 4 are added, wherein the samples have a
capacitance decreasing ratio of as small as within -40% at
an impressed voltage of 5 kV/mm and a dielectric loss of
1.0% or less, along with the rate of change of the
electrostatic capacitance against temperature changes
satisfying the B-~level characteristic standard stipulated in
the JIS Standard in the temperatufé range of -25 °C to +85
°c and.x7R-level charactefistic standard stipulated in the
EIA standard in the temperature range of -55 °C to +125 °C.

Moreover, the insulation resistances at 25 °C and 150
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°C as expressed by the product CR show as high values as
5000 QF or more and 190 Q'F or more, respeciively, when'the
ceramic capacitor is used under a high electric field
strength of 10 kV/mm. The insulation breakdoﬁn voltage also
shows high values of 12 kvV/mm or more under the AC voltage
and 14 kv/mm or more under the DC voltage. In addition, an
acceleration test at 150 °C and DC 25 kV/mm gave a mean life
span as long as 800 hours or more besides enabling a
relatively low firing temperature of 1300 °C or less.

When the oxide represented by Li,0-(Si,, Ti,,)0,-MO has
a composition oufside of the composition described above as
in the samples No. 2113 to 2117 and 2119, on the other hand,
sintering becomes insufficient or many rejection appear in
the'humidity resistance load test even after sintering as
seen in the samples No. 2413 to 2417 and 2419 in TABLE 2014.
When the composition falls on the line A - F and w = 1.0 as
in the samples No. 2119 and 2121 in TABLE 2006, the
sintering temperature becomes high and many rejeéts appear
in the humidity_fesié%ance load test. When the value of w
is less than 0.30 as in the sample No. 2122 in TABLE 2006,
he sintering temperature becomes high and many rejects
appear in the humidity resistance load test as seen in the

sample No. 2422 in TABLE 2014.
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(Example 18) .
A material with a composition of Baoxu.rio,
'0.025E4,0, + 0.01Bazx0, + 0.05 MnO (mole ratio) was prepared

. up Y
using barium titanatejin TABLE f}(as a dielectric powder. A

‘monolithic ceramic capacitor was produced by the same method

$x 0y~ T)o:."'“a
as in Example 1, except that an oxide

shown in Table 3335: having a mean particle size of 1 im or
less produced by heating the material described above at
1200 to 1500 °C, was added as the second side component.

The overall dimensions-of the monolithic ceramic capacitor
produced is the same as in Example 1. The electric
characteristics were measured by the same method as in
Example 1. The results are shown in TABLE 2015. In Table
2015, the samples No. 2501 to 2519 in TABLE 2015 correspond
to the samples No. 2201 to 2219 in TABLE 2008. For example,
the sample No. 2501 in TABLE 2015 was obtained by adding the
side component of the samplé No. 2201 in TABLE 2008.

TABLE 2015

iy S
As is evident from the samples No. 2501 to 2412 in

TABLE 2015 , preferable results are obtained in the samples
in which oxides of the samples No. 2201 to 2212 in TABLE

2008 with compositions within or on the boundary lines of
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the area surroundéd by the straight lines connecting each
spot indicated by A (x =85, y =1, z = 14), B (X = 35, f =
51, z = 14), C (X =30, y = 20, z = 50) and D (X =39, y=
1, z = 60) (whefein X, yiand z represent mole %) in the
three component phase diagram of the Si0,-Ti0,-XO oxides
shown in FIG. 5 are added, wherein the samples have a°
capacitance decreasing ratio of as small as within -40% at
an impressed voltage of 5 kV/mm and a dielectric loss of
1.0% or less, along with the rate of change of the
electrostatic capacitance against temperature changes
satisfying the B-level characteristic standard stipulated in
the JIS Standard in the temperature range of -25 °C to +85
°C and X7R-level characteristic standard stipulated in the
EIA standard in the temperature range of -55 °C to +125 °C.

Moreover, the insulation resistances at 25 °C and 150
°C as expressed by the product CR show as high values as
5000 Q-F or more and 200 QF or more, respectively, when the
ceramic capacitor is used under a high electric field
strength of 10 kvV/mm. The-insulafion breakdown voltage also
shows high values of 12 kV/mm or more under the AC voltage
and 14 kv/mm or more under the DC voltage. In addition, an
acceleration test at 150 °C and DC 25 kV/mm ga&e a mean life
span as long as 800 hours or more besides enabling a

relatively low firing temperature of 1300 °C or less.
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When the oxide sib,émid,-kb ha_é a composition outside
of the composition described above as in the samples No;
2213 to 2119 in TABLE 2008, on the other hand, sintering
becomes insufficient or many rejection appear in the
humidity resistance load test even after sintering as seen
in the samples No. 2513 to 2519 in TABLE 2015.

While a monolithic capacitor having an insulation
resistance of 5400 Q'F or more and 330 QF or more at 25 °C
and 150 °C, respectively, under a strong electric field of
10 kV/mm can be obtaiﬁed by allowing Al,0, and/or 2ZroO, to
contain in the Si0,-Ti0,-X0 oxides as in the sample No. 2211
and 2212 in TABLE 2008, sintering property is extremely
decreased as shown in the samples NO. 2517 and %§g£ in TABLE V/
2015 when Al,0, and 2r0, are added in an amounts of 15 parts
by weight or more and 5 parts by weight or more,
respectively, as in the samples No. 2517 and 2518 in TABLE
55, - v

Although poﬁders'prepared by the oxalic acid method
are used in the foregoiﬁg examples, the methods are not
limited thereto but a powder of barium titanate prepared by
an alkoxide method or hydrothermal synthesis method may be
used. It may happen that the characteristics of the

monolithic ceramic capacitor are more improved than those

shown in the foregoing examples by using these powders.
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The oxide powders as starting materials are not
limited to those hitherto described, but the resulting-'
chéracteristics are not affected in any sense by using a
solution of an alkoxide or organometallic compound, provided
that the starting materials are fbrmnlated so as to |
construct the dielectric cefamic layers within the scope of
the present invention.

It can be made clear from the foregoing desériptions
that the dielectric ceramic composition according to the
present invention is not reduced by firing in the reducing
atmosphere along with not being formed into semiconductors,
besides sintering is possible at a relatively low
temperature of 1300 °C or less. |

Accordingly, when a monolithic ceramic capacitor is-
constructed by using this dielectric ceramic composition as
dielectric ceramic layers, the production cost of the
monolithic ceramic capacitor can be reduced since base
metals such as nickel or nickel alloys may be used for the
electrode materials.

.When the monolithic ceramic capacitor using this
dielectric ceramic domposition is used under a high electric
field of 10 kv/mm whete reliability can not be ensured due
to low insulation resistance in the monolithic ceramic

capacitor using nickel or nickel alloys for the conventional
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inner electrodes, a monolithic ceramic capacitor being
excellent in weather resistance properties such as high. .
temperature load at an impressed voltage of DC 25 kv/mm at
150 °C and humidity resistance load can be obtained, wherein
the insulation resistances at room temperature and at 150 °C
represented by a product of the insulation resistance and
electrostatic capacitance (a CR product) becomes as high as
4900 to 5000 Q-F and 190 to 200 Q-f, respectively, the
voltage dependency of the insulation resistance is low, the
capacitance decrease ratio at an impressed voltage of 5
kv/mm is as small as 40 to 45% and the insﬁlation durability
is high, besides the temperature characterisfics of the
electrostatic capacitance satisfies the B-level
characteristic standard stipulated in the JIS Standard and
X7R-level characteristic standard stipulated in the EIA

standard.
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26 11300/ 1080] 0.7 | 2.1 | 88 | 55 | -8.3 |9.21 ~17 | 5200| 4940] 220 I 210 12 | 15 [0./72] 950 2
27 113001 1650 | 0.6 | 2.1 | —76 | 6.4 | -75 |8.7| -45 | 5210| 4950} .230 | 220] 12 | 14 |0/72]820
28 11300] 1410] 07 | 3 | —1.9 | 67 | -7.3 | 88| -36 | 5290| 5030|-280.| 270f 12 | 14 |o/72[850}
29 11280] 1370 06 | 30 | 82| 6 | -78 |88 -33 | 5200] 4940|290 | 280f 13 | 14 |0./72]900]
30 [1280] 1230 ] 0.6 | 2.1 | -85 | 58 | -7.8 | 95| -22 | 5260 5000{ 250 | 240| 12 | 14 |0./72] 870}
31 11300] 1030 | 06 | 2 | -89 | 5 | -82 |9.2]| -156 | 5240] 4980[:210 | 200{ 12 | 14 |0/72]920
32 11300] 1260 | 0.6 | 1.9 | 7.9 | 48 | —76 | 87| -21 | 5010] 4760[r200:] 190 12 | 14 |0./72] 920
33 11300] 1060] 06 | 2 | -8 | 49 | -78 | 85| -16 | 5230] 4970]¢260 | 25012 | 14 |0/72]870
34 |1280] 1420 | 06 | 2 | -8.2 | 63 | -7.0 | 89| -36__| 5060| 4810|+280°| 270| 12 | 14 |0./72] 850
35 |1280) 1360 | 06 | 2 | -78 ] 57 | -8 |86]| -30 | 5260 5000|°230 | 220] 12 | 15 |0/72]820
36 11300 1370 0.7 | 25 | =19 ] 6 [ -16 | 8 | -32 | 6100] 4850} 220 | 2t0] 12 | 14.]0./72] 850
37 11300] 1360] 06 | 2 | -8 | 6. | -7.7 | 85| . -32 | 5070] 4820]-250 | 240 12 | 14 |0.772] 890
38 {1300] 1470 | 0.6.] 2 | -8.1 ] 58 | -8 |86 -39 | 5090] 4840|-230.] 220 13 | 14 |0.772] 900
39 | 1280) 1440 0.7 | 2.6 | 8.1 | 69 | -7.9 |87| -39 | 5100| 4850|°240 | 230] 13 | 14 |o~72[810| _
20 | 1280] 1480 ] 0.7 | 25 | -85 | 6 | -82 [82] -40 | 5210] 4950210 | 200 12 | 14 |0/72| 910f== =
21 ]1280] 1460] 06| 2 | -78 | 67 | -8 |86]| -40 | 6220 4960] 260 | 250] 12 | 14 |0/72]| 890 fmesm &

3 42 |1300{ 1380 0.6 | 27 | =79 | 6 | -82 |8.7| -30 | 5160] 4900/ 230 | 220 12 | 14 [0./72] 920 Gk
— 43 {1300/ 1350 06| 2 | -81| 58 | -B [85| -30 | 5360 5090 260 | 240 12 | 14 |o/72[900f== ¢
— 24 |1300] 1320 0.6 | 25 | -82 | 59 | -7.7 |89| -256 | 5180|4920 230 | 220] 12 | 14 |o/72|880|= QT
il 4 [1300] 1450 07| 23 [ -83 | 72 | -78 |8B| -38 | 5150] 4930f 290 | 260]- 12 | 14 |0/72[880|== ©© |3
—1 46 |1260] 1430 [ 07 | 23 | -8 | 68 | -79 [88] -38 | 5230 4070[*270 | 260] 12 | 14 [0/72[860]|m= U |o
=3 47 11300] 1440] 06 | 22 | -7.9 | 65 | -75 | 8 | -38 | 6260] 5000 260 | 250 12 | 14 |o772[920) " Z2F
== @ Maximar value @ pe vias chaticteristic  ® Product” R’ |
= @ The mark & lmdicate "oud of the scope of the presesk” imvemtiom
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0 @ Q@ B O ~ o 7 @ \ @ E
HE| MR [REE| KR 5 X = & X ft B (%) ] OCn{7A CRH( 2 -F) RRGERE | AR | v v
2| By #% |AC/Cyp AC/Cys Box] 1E(%) 31%45 316,045 (kv/mm) | R | ¥d I
() tan 8 |—25°C[ 85°C |—55°C| 125°C| i | Ac/c | & ) e ;! AC | DC | "REM | 53m ;I —
(0) | ® |skv/mm| 25 | 150% (h) = ke
10111280| 1480 06 | 2.1 | -85] 52 | -8 |83] -39 |5080}4840] 230 ] 220] 12 | 16 | 0772|880 & Joo
1021 1280] 1450] 06 ] 23 | -8 | 56 | -85 ]89] -40 |5080[4830] 240 | 230 | 12 | 14 { 0772|850 N P
103{1280] 1420] 06 ] 3 | -81] 49 | -89 ]95] -38 |5070{4820] 250| 240 | 12 | 14 | 0./72] 900 o
10411300] 1400 06 | 24 | -83] 5 | 92]95] -36 |[s5100[4850] 230 | 220 12 | 15 | 0.772] 910 !
105]1300[ 1460| 06 | 26 | -8 | 52 | -95|97] -37 |s5120}4860):220 | 210 ] 13 | 14 | 0772|820
106 | 1280 1440] 07 | 2.1 | -89 | 48 | -82 |88| -37 |5100]|4850| 230 | 220 | 12 | 14 | 0./72] 820
) 107]{1280] 1500 06 | 2 | -79] 49 | -9.1 |95f =40 [5230]4970] 250 | 240 | 13 | 14 | 0./72] 910
108] 1280 1480] 0.6 | 3.1 | -78 1| 62 | -94 [96]. —40 |[5130]4870| 240 | 230 | 12 | 14 | 0.772] 930
109] 1280 1480 06 | 28 | 82| 54 | -0 l92]| -40 -] 5090]4840]:230 | 220 | 12 | 14 | 0./72] 880
1101 1300] 1490 | 06 | 25 | -8.2 | 55 | -95 }'9.8 [+ <40 [ 5080|4830 220 | 220 | 12 | 14 | 0.772] 860
11111300] 1460| 06| 2 | -85] 57 | -9.1 |.95[: <39 [ 5070} 4820} 220 | 210 | 12 | 14| 0./72] es0
112|1280{ 1470] 06 [ 28 | -8 | 5 | -9 }92] -39 .|s5130]4870) 220 | 210 | 12 | 14 | 0772|870
113 1350 BERAEAREODIO M EF R (D ' -
1141350 T ENIXEEE FEE O, ; | =l
115/1350| 1450 1.4 | 22 | -89 | 48 | -8.7] -9 | -39. I,sqsoi.tsool 250 | 240 | 11 ]| 13 |20.772[ 120] === @
116 | 1350 %R e D5 MEF (Z) | —--.
1171350 ‘ETFTRO-HME T L = EE
118} 1300| 1450 06 | 23 | -88 | 63 | -89 |:92] =39 - 5200 4940|240 | 230 | 12 | 14 | 072|820 &5 QF
_ = 119]1350| 1490 1.3 | 1.9 | -86| 45 | -8.6 |89 40 /5190|4930 260 | 250 | 11 | 13 |11/72]190] &= ©&
= 120|1300| 1440| 06 | 24 |-92| 5 [-92]93|  -37 [5180{4920].260 | 240] 12 [ 14 [ 0o/72[s60] == [T
=1 121 [1350] 1460| 1.3 | 21 |.-88 | 42 | -8.7.].9 ]s--87..] 5170 | 4910] 240 .| 230 | 11.| 13 |22.772] 120 S
- 122]1350]{ 1450 1.2 | 22 |'-8.7 | 45.1 -8.8 |-0.2{]3::-37 -] 5200] 4940 230 | 220 | 11 | 13 [19./72] 170
_'g @ Dc Vias chavactetistic @) pa‘oMCﬁ @ prvcssee( VOH-“ e
— @ TInsulatiom breakdown VO(taae/ Humo(t/ resistamce load t‘esé Number of Yde('
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i L L e i T A et aLer BLT I DR Y " S PV IS SN Attt a5 o alionimiptiuitn, o
M

~@ pPC vias Marac{’enatlv ' P’“’"‘““’é 0/2 @Imp'resseo( vo(taﬁe,

™
o
- © Rablo of temperature o(eplm wfo.o/t ey Mje, | ¥ ;"E .
o 2 D __ 0 ) O "
- LT m‘ﬁrﬁﬂlﬂﬁm) DChATA CRIQ-F w@ﬁw ;’ I
29| 2K #%x [AC/Cpo  |AC/Cpy BA] Hie(%) | 316)] 046V 316y] 046\ (kv/mm) | % | @ o
0153 @ |tans [=257C] 85°C [—55%] 125 I "AC/C | J il mmlAc | oc | Famm|em o
(%) skV/mm|___25C _ 150°C K o

201 1300] 1460 | 0.6 | 32 |-82| 68 | -7.9 |85 -39 |5080]4830) 220 | 210 12 | 14 | 072 840|
202 |1280] 1490 0.6 | 35 | -84 7 [ -8.1 |86] -40 [5080|4830] 230 220 12.| 14 | 072 8o0|
2031280[ 1470 06 | 4 | -86| 72 | -83 |87| -39 51204860 220 | 210 | 12 | 14 | 0772|920
204 |1300] 1450| 06 | 38 | -85| 69 | -8.2 |86|: -39 5150|4890 240 | 230 | 12 | 14 | 0772|860
205 [1300] 1460] 06 [ 39 [-85]| 7.1 | -82 |88 -39 5070|4820} 220 | 210 | 12 | 14 | 072 820
206 ]1280] 1430) 0.6 | 37 [-85| 6.8 | -8.3 | 87| -38 15080}4830) 220 | 210 | 13 | 15 | 072} 900
507 [1280| 1a50| 06 | 35 | -84 7 | -8.1 | 8.7] -39 | 50304780 230 | 220 [ 12 | 14 | 0.772] 890
208 [1300]{ 1470] 06 | 3.1 | -8 [ 67 [ -7.9 |83f- -39 .|5040|4790| 200 | 190 | 12 | 14 | 0772|930
2091300] 1460| 06 | 35 |-84]| 69 | -8 |87|: -39 |5080{4830] 220 )| 210 | 12 | 14 | 072 830
210]1300] 1450] 06 | 39 [-86( 72 | -82 |88|. -39 |[5100}4850} 210 | 200 | 12 | 14 | 072} 860
21111280 1430| 06 | 4 [-87]| 7.3 | -85 |89]|~ -8 |5410|6140| 300 | 290 | 12 | 14| 0772|870 .

LE086 1

212 ]1300| 1440] 06 | 38 [-84} 69 | -8 |87+ -390 |5420]| 6150 310 | 300 | 12 | 14 | 072|880 | —
213[1350] 1420 1.2 | 3.1 | -8.1] 6.6 | 7.6 | 8.3'|% -38 | 5120 4860 | 230 | 220 | 11 | 13 |38.772| 160 | %
214 |1350 B Y EE RN S A : . - = L0
215 1350 T ENIOEEY B R == mm
2161350 1420] 13 | 33 | -82] 6.8 | -7.8 | 86| —38 ] 6030] 4780] 220 | 210 | 11 | 13 [70772] 120| == ';g
217 [1350] REXRED D METRE O = g
2181350} BHETRE DTSN ET R = "g
21911350 T ENIOEEE ¥ KR = 0

f Ly

@ Imsulation breakdowm voltage i) Hamo(ct- yesistamee load ‘fcsf’ l\/umbol/ of efect
@ Meam (L{e spam @ b U 1507 ble d,wa b insufflel emt sm‘wma,
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p:aoansu udag seH 109YS SIy .




AT PO b M0 A a1 s

CITRES AN ’ = .
T R L St T

| SeH 1994 STy

paoepJauulala

SR TR LN

@ /@ ' . @ @mwmmﬁn / |

R [[8a0] ;- 110, aMzOs+ 8 Rz05°+ y BaZrOg+gMnO [ . WIORR [R20MR

%% [BaTiO, « ad) 8 - F'pny {at+B| » g | m hosnx|sonms

D | mw [55,0,] V;0, | #it [ Eu05]Gds0,[T6;0,T0y;05 | &2t ) | (s

%3011 A | 0 [00007]00007| 004 | O 0 0" | 004 [0.0407]003] 009]001] 15 0

#«302] A | 005 | 002 | 007 o | o001 fo0001] :0-] 0002]0072]002]0.14[1.005] 1.2 0

x303] A Joo2| o | 002 0 0 0 | 0.0008 | 0.0008 | 0.0208].0.03 | 0.04 [ 1.015] 1 0

*304] A 0o | 0001 ] 0001 ] 0.04 0 003 | :0 ‘| 007=| 0071 | 0047 0.14 [ 1.005] 1 0

*305] A 0 |.004 | 004 0 002 | 002 | ‘0| 004 | 008:]:003] 0.16 [1.006] 1 0

+306] A Joo1 | o | oo1 | oot 0 0 | 002°] 003-] 004 |: 0'jo008|1.01] 15 0

*307] A o | 001 | 00t 0 0 002 | ‘0:] .002'].003 | 008]006]101] 15 0

#308] A | 001 | 001 | 002 0 0.02 o | ‘o] 002|004 |:001]0001]1.005] 1 0

*309] A 0 | 001 | 001 | 0.01 0o |. 0 .0 | 001.].002 [-002] 014] 1.01 1 0

#310] A Joo1 | o 0.01 0 0 0 | 002-].:002]:003-]:003]006f099|] 12 | ‘0

*311] A o Joo2] 002 | o0 001 | 001 | _001+] {0.03*] 005-]:003] 04 [ 100] 1 0

x312] A | 0005 0.005] 0.01 0 0.03 0 | i0:v] 1003];004 |-004.] 0.08 |1.038] 1 0

+313] A o | 001 | 001 0 0 o | 0038Y] 10.03]|:004-]:003]008]1.05] o 2

#314] A J o002 0 002 | 001 | 001 0 | .04] '0.02*]:0.047]:003] 0.09]1.005] o 0 ——
*315] A 0 | 001 | 001 | 0.01 0 0 | 002°] »003:] 004:]i002]008] 101] & 0 ——
«316] A o001 ]| O 0.01 0 0 | 001" 001+] 1002:]-003+]:002]006]101] o0 | o —_—
#3171 A J o002 | o. | 002 | 002 o |+ o= ton] 002+]:004-],003] 008 [1.015] o 4 —
#«318] D | o001 | 0 | 001 0 0 o | o003v] :003.]i004 [:003[008] 101 25 0 =
31| A o | 000t1] 0001 | 001t | 001 |:0.01:} 107%] i003-] 0.031 |.002] 008 [1.015] 1: 0 —
320] 8 0 | 002 ] 002 0 0 0 « o012] :001 | 003:].002] 0.06 | 1.01 1 | o —
I321] ¢ [oo01 [ o001 | 002 | 001 [- 0 |:002:] o] 1003 005:]'0037] 011 '101] 1: 0 -
3221 A | 001 ] 003 | 004 o | o -0 | 00104 10.01+]-006-] 002 ] 01 [1.005] 1. 0
@ Sample No. @ Kimd of BeteBITi0s QTotdl.of & @ Total of A
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@ 2 h ,@ @ @
Rne BaOl -Ttoz-i- a MpOg-+ B R205+ r BaZrOa +gMnO / . R1ORR [E2ORR
E 2 BaT'O, a 'a® F'B®D |a+pB r g m [FOEmRi2OZNE
W&S_%Qe._ﬁ%_ﬁ’f_‘*_%&%l"_& DyzO,] &% ‘ mam | oxxm
323 A -0 0.05 | 0.05 | 001 0 |. 0 0 001 | 006 | 003 | 0.13 | 1.01 0 R
324 A 002 | 001 | 0.03 0 0.001 0 0 (0001 0031] 002 | 006 | 1.005 1 0
325 A 0.02 0 0.02 0 0 0 002 | 002 | 004 | 003 | 0.08 | 1.01 1.1 0
326 A | 0 001 | 001 | 0.01 0 0.02 0 003 | 004 | 002 | 008 | 101 | © 1
327 A 0.01 0 0.01 0 0 001 ] 002 | 003 | 004 | 003 | 008 | 1.01 0 2
328 A | 001 0 0.01 | 003 | 0.02 0 0 005 | 006 | 002 { 0.12 | 1.0t 1 0
329 A 001 | 001 | 002 | 002 0 0 0 002 | 004 |.002 | 0.08 | 1.005 1 0
3301 A 0.01 | 002 | 0.03 0 0.01 | 0.01 002 | 005 { 0.02 0.1 1.01 1 -0
3314 A 0.01 0 0.01 0 0.01 0 002 | 003 | 004 | 0.005] 008 | 1.0t 1 0
332 A 001 | 001 | 0.02 0 0.02 | 0.01 0.03 | 005 | 0.03 0.1 1.01 1 0
333 A 0.02 0 0.02 | 0.01 0 0 001 | 002 | 004 | 006 | 0.08 | 1.01 1 0
334 A 0 ]002]002]002]| 0 0 0 002 | 0,04 | 0.03 | 0.08 | 1.005 2 0
335 A 0.01 | 002 | 0.03 0 0.01 0 001 § 004 | 003 | 009 | 1.01 2 . 0
336 A 001 | 001 | 002 | 0.01 0 0 ] 001 ]002] 004 003 | 008 | 1.0t 2 0
337 A 001 | 001 | 002 | 002 | 0.01 0 0-.] 003 ] 005 | 002 | 0.1 1.005 2 0
338 A 0005 O 0005| O 0 0005| 0 |0005]| 001 | 0.02 | 002 | 1.001 2 0
339 A 0.01 | 001 | 0.02 0 0 001 | 001 | 002 | 004 | 003 | 008 | 1.01 0 15
340 A ] 003 0 |-003 0 0.02 0 0 |].002]005] 002 | 0.1 1.035 2 0
1] A 0 |°002 | 002 0 0 0.01 | 001 | 002 | 004 | 003 | 008 | 1.01 0.2 0
342 A 0.01 | 001 | 0.02 0 0.01 0 0 001 003 ] 003 1 006] 101 ] .3 0
343 A 001 | 001 | 002 | 002 0 001 0 -0.03 | 005 | 0.03 0.1 1.01 0 0.2
344 A. 002 | 001 | 0.03 0 0.03 003 | 006 | 002 | 0.13 | 1.006 0 3
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@ D¢ @'PTOM CR @ I'/vw{rressw( M/ﬁj& @
@D B @ mzEnnowmn ) (7D (3
FH] QR IDRE| SR = & A & x & B (%) [DOCn{rz Q) CRI(QE) - SRRURE | RIAAK] 14
xg|am| @ | A% |AC/Cwn |ACACps | BA| HiE(%) | 315Y,; 945 ajfél 245 (kV/mm) | HB | #&
@ | @ tan & | —25°C] 85°C |-866°C[125°C| f{f | AC/C | A B Al 1) AC | OC | TRaAXK| M
@ (%) @ |s«v/mm| - 25%C: |- 150%C (h)
+30111300] 12201 06| 6.3 [-125] 65 |-175{17.5] . 18 - | 5000|:"4750|:-210 |* 200| 13| 14.|0/72| 980
+302] 1300 820 | 07 | 25 [-72] 5 [-75]| 76 -5. | '5110]i 4860|220 | 210 12 | 14 | 0772 950
+3031 1300] 1450] 06 | 3.2 |-71| 52 [-76] 8 -38 . | "2900]: 2760]"130 | 120{ .13 | 14 | 0.772] 900
¥304l 13001 800 | 0.7 | 6.4 |-135] 7.6 |-195[19.5] "~ -7... | :4920|i 4670} 230 | 220{ 12 | 14 |0/72] 100
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WHAT IS CLAIMED IS:
1. A dielectric ceramic composition comprising

barium titanate containing 0.02% by weight or less of alkali
metal oxides, at least one of either scahdium oxide or
yttrium oxide, at 1éast one kind of'compound selected from

. europium o#ide, gadolinium oxide, terbium oxide and
dysprosium oxide, barium iirconate and manganese oxide,
containing an essential component represented by the
'followinj composition formula; |

(Ba0),Ti0, + aM,0, + BR,0, + yBaZro, + gMnO
‘(wherein M,0, represents at ieast one of eithér Sc,0, or Y,0,
and R,0, represents at least one of the compound selected
from Eu,0,, Gd,0,, Tb,0, and Dy,0;, o, B, y and g representing
mole ratio in the range of 0.00l< a < 0.05, 0.001 < f =<
0.05, 0.005 < y < 0.06, 0.001 < g = 0.13 and « + B < 0.06
with 1.000 < m < 1.035), |
| characterized by containing 0.2 to 3.0 parts by weight

of either the first or second side component relative to 100
parts by weight of said essential component, wherein said

- first side component is an oxide represented by Li,0 - (Si,
Ti)O, - MO (wherein MO is at least one of Al,0, or 2r0,) and.
saidISecond'side component is an oxide répresented by S§io, -

Tio, - XO (Wherein X0 is at least one of the compound

(v
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selected from BaO, Ca0, Sr0o, Mgo, ZnO and MnO).

2. A dielectric ceramic composition according to
Claim 1, wherein said essential component further contains h
‘mole ratio of magnesium oxide, where 0.001 < g s 0.12, 0.001

<h=<0.12 and g + h =< 0.13

3. 'A'dielectric ceramic composition comprising
barium titanate containing 0.02% by weight or less of_alkali
metal oxides, ét least one of either scandium oxi&e or
yttrium oxide, barium zircdnate and manganese oxide,
containing an essential component represented by the
following composition formula; _

(Ba0),Ti0, + aM,0, + BBaZr0, + yMnO
(wherein M,0, represehts at least one of either Sc,0; or Y,0,,
o, fp and y representing mole ratio in the range of 0.001 = @
< 0.06, 0.005 < B < 0.06 and 0.001 < y < 0.13 with 1.000 < m
< 1.035), |

characterized by containing 0.2 to 3.0 parts by weighﬁ
of either the first or second side component relative to 100
parts by weight of said essential éomponent, wherein said
first side component is én oxide represented by Li,0-(Si,
Ti)0,~MO (wherein MO is at least one of Al,0, or 2r0,) and

said second side component is an oxide represented by SioO,-
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Ti0,-X0 (wherein X0 is at least one of the compound selected

from BaO, CaO, SrO, MgO, ZnO and MnO).

4. A dielectric ceramic composition according to
Claim 3, wherein said essential component further contains g
mole ratio of magnesium oxide, where 0.001 <y < 0.12, 0.001

<gs0.12 andy + g s 0.13

5. A dielectric ceramic composition comprising:

barium titanate containihg 0.02% by weight or less of
alkali metal oxides, at least one kind of the compound
selected from europium oxide, gadolinium oxide, terbium
oxide, dysprosium oxide, holmium oxide, erbiﬁm oxide,
thulium oxide and ytterbium oxide, barium zirconate and
manganese oxide, containing an essential component
represented by the foilowing compos;tion_formula;

(Ba0),Ti0, + oR,0, + PBazZr0o, + yMnO

(wherein R,0, represents at least one kind of compound
selected from Eu,0,, Gd,0,, Tb,0,, Dy,0,, Ho,d,, Er,0,, Tm,0, and
Yb;%, a, B and y representing mole ratio in the range of
0.001 = «x = 0.06, 0.005 < B < 0.06 and 0.001 < y s 0.13 with
1.000 < m =< 1.025),

characterized by containing 0.2 to 3.0 parts by weight

6f either the first or second side component relative to 100
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parts by weight of said essential component, wherein said
first side component is an oxide represented by Liqo—(si;
Ti)0,-MO (wherein MO is at least one of Al,0, or Zr0,) and
said second side component is an oxide.represented by sio, -
Ti0, -~ XO (wherein XO is at least one of the compound

selected from BaO, CaO, SrO, MgO, 2ZnO and MnO).

6. A dielectric ceramic composition according to
Claim 5, wherein said'essential component further contains g
mole ratio of magnesium oxide, where 0.001 = § < 0.06, 0.001

<ysx<0.12, 0.001 <g = 0.12 and y + g < 0.13.

7. A dielectric ceramic composition according to
Claim 1 to Claim 6, wherein said first side component, when
its composition is represented by xLi,0-y(Si,Ti,.)0,-zMO
(wherein x, y and z represent mol% and w is in the range of
0.30 = w < 1.00), falls within or on the boundary lines of
the area surrounded by the straight lines connecting each
point indicated by A (x = 20, y = 86, z=0),B(x=10, y =
80, z =10), C (x =10, y =70, z = 20), D (x = 35, y = 45,
z2=20), E(x=45,y =45, z =10) and F (x = 45, y = 55, z

0) ( when the composition falls on the straight line of A
- F, w is within the area of 0.3 <= w < 1.0) in the three

component phase diégram defined by the apexes corresponding

- (TR0
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to each component.
8. - A dielectric ceramic composition according to

Claim 1 to Claim 6, wherein said second side component, when
its composition is represented by xSi02-yTiO,-zXO (wherein
X, y and z'represent mol%), falls within or on the boundary
lines of the area surrounded'by straight lines connecting
each point indicated by A (x =85, y =1, z = 14), B (x =
35, y =51, z=14), C (x = 30, y = 20, z = 50) and D (x =
39,.y =1, z = 60) in the three component phase diagram

defines by the apexes corresponding to each component.

9. A dielectric ceramic composition according to
Claim'8, wherein the second side component contains in total
of 15 parts by weight or less of at least one of Al,0, and
2ro, (the content of Zro, is 5 parts by weight or less)
relative to 100 parts by welght of the oxide represented by
$i0,-Ti0,-XO0.

10. A monolithic ceramic capacitor provided with a-
plurality of dielectric ceramic layere, inner electrodes
formed between said ceramic layers and outer electrodes
being electrieally connected to said inner electrodes,

wherein said dielectric ceramic layers are constructed by
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the dielectric ceramic composition'according to any one of
Claim 1 to Claim 6 and said inner electrodes are constructed

by nickel or a nickel alloy.

1. A monolithic ceramic capacitor according to
Claim 10, wherein-thé.outer electrode is provided with a
sintered layer of an electrocbnductivé metal powder or an
electroconductive metal powder supplemented with giass

frits.

12. A monolithic ceramic capacitor according to
Claim 10, wherein the outer electrodé is provided with a
first layer comprising a sintered layer of the
electroconductive metal powder or the electroconductive
metal powder supplemented with glass frits and a second

layet comprising a plating layer thereon.

13. A monolithic ceramic cépacitor according to
C;aim_Il, wherein the outer electrode is provided with a
first layer COmbrising a sintered layer of the
electroconductive metal powder or thé electroconductive
metal powder supplemented with glass frits and a second

layer comprising a plating layer thereon.
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