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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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2. Description of the Related Art The conventional ceram c capacitor
Is usually produced by the foll ow ng process.. First, a sheet of a
dielectric material coated with an electrode materi al yi& SRETHASBEENIES

el ectrodes on its surface is prepared. A material essent 'Rabi,gcgmrrposed of
BaTiJerr] is used for the dielectric material. Then, the sheet

dielectric material coated with this electrode materi !'b%wmtjiﬂm W th
heat - pressing to a nonolithic body followed by flrlng at
[err] C iDOGWE2vOOBOOEri C
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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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environment to obtain a ceram c nonolithic body having inner

nonol i thic ceram c capacitor is obtained by glazing outer electrodes

el ectrically connected to inner electrodes.
platinum gold, palladiumor silver have been conventlonﬂmsymggg for

mat eri al
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el ectrodes.

Nobl e netal s such as

t he

of the inner electrode of this nmonolithic ceramc ®REMg §ﬁEEN

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

This Sheet Has Been Re;

A

1

L

A



-2- However, these electrode materials are expensive while having
excel l ent characteristics, rendering the production cost to be increased.
Therefore, a nonolithic capacitor using base netals such as Ni in the

i nner el ectrode is currently proposed to reduce the prodyction cost, its

application in the nmarket being steadily increasing. SUWN%&HEErﬂﬁiﬁgEN

| NVENTI ON In the trend to nmake el ectronic appliances c&&BBASED
200462v0.p0c | RO O
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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

(T
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hi gh performance and | ow price, the nonolithic capacitor is strongly

required to be low price, to be inproved in insulation durability,

insul ating property and reliability, and to have a |arge capacitance.

Al though it is advantageous for reducing the price of tms@p@g}mgi CEg

appliances to use an inexpensive nmonolithic ceram c capaci tREPLARE

nickel is used for the inner electrode, a problenlthattggg ﬁgsulation
i

resistance, insulation durability and reliability are mm,u"l
| ctric

det eri or BO@H62K@NDOEhe el ectroni c appliances are used u
field strength because conventional dielectric ceramc materials are
designed on the prem se that they aré& uséd

essential 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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under a low electric field strength. In other words, there has been no
nmonol i thic ceram c capacitor being able to use under a high electric field
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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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For exanple, while the dielectric materials disclosed in Japanese Exam ned
Pat ent Publication No. 57-42588 and Japanese Unexam ned Patent Publication
No. 61-101459 can display a large dielectric constant, the grain size of
the dielectric ceramc is large, thereby exhibiting deficiencies such
that the insulation durability of the nonolithic CHISSHEETGMBBEENWS becones
| ow when it is used under a high electric field stren@EhLAﬂEuhe mean life
span under the high tenperature |oad test becones In the

di el ect rT@0462¥PiL BPCdi scl osed i n Japanese Exanineyggﬁ ation No.
61- 14611, there was a deficiency that7the di el ect r the

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 aréa
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 Zro, ié 5 parts by weight or less) relative to

100 parts by weight of the oxide represented by S$i0,-TiO,-
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el ectrestatic capacitance, is extremely lowered when the capacitor is used
under a high electric field strength, although its dielectric constant
obt ai ned under a low electric field strength is as high as 2000 to 2800.

It was also a deficiency that the insulation resistance is |ow The
obj ect of the present invention is to provide a dirglSSHEETHASBEEN C :
conposi tion capable of formng, for exanple, dielectrReEPCAGEN c |ayers of

a monolithic ceramc capacitor, wherein the insul gt ' e
repr esen®8846¢V0aDBEOduct with the el ectrostatic cﬁ!‘mﬂ%amﬂ;ﬁr oduct CR)
Is as high as 4900 to 5000 [err]F or_n%rg and 200
X0.
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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-4- at roomtenperature and 150 [err]C, respectively, when the capacitor
I's used under a high electric field strength of, - for exanple, as high as
about 10 kV/mm along with having a snall voltage THISSHEENHASBEENhe

i nsul ation resistance, being excellent in stability ofRERMACEPectrostatic

capaci tance . .
' A B
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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
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agai nst DC vias voltage, being_.high in the insulation durability besides
the tenperature characteristics of the electrostatic capacitance
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 peFRIYSREETHASREEN by a
hi gh tenperature |oad test and high humdity |oad test. AREPh%ﬁﬂbbject of

the present invention is to provide a nonolithic cera ose
i nner T0@¢62¥AeDPE€ constructed of Ni or Ni alloys a!o | I such
dielectric ceramc conposition as a dielectric ceramc

piating layer 6 comprising nickel or copper is plated, a
second plating layer 7 comprising a solder or tin being
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

is Shect Has Been Rep laced
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In a first aspect, the present invention provides a dielectric ceramc
conposition conprising bariumtitanate containing 0.02% by wei ght or |ess
of alkali netal oxides, at |east one of either scandium oxide or yttrium
oxi de, at |east one klnd of conpound sel ected from europi um oxi de,

-gadol i ni um oxi de, terbium oxide and dysprosi um oxi de, éﬂS$HE gbéconate
and manganese oxi de, and containi ng an REPLACED
T00462V0.DOC o ' / gg[g[//ggg]/ Hg / 5?
- 11 -

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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-5- essential conponent represented by the follow ng conposition fornula;
(BaO [err]Tigerr] + [err]MJerr] + [err]Rerr](err] + [err]BaZr(Jerr] +
gvnO (wherein Merr](err] represents at |east one of either Scl[err]err]

or Y[errJ(Qerr] and Rerr](Jerr] represents at |east fJ t he conpound
selected fromEu[err]err], Glerr](err], Tb[err]CIerr EHASBEEN
Dy[err]Qerr], [err], [err], [err] and g representin GEPo in the

range of O. 001[err] [err] [err] 0.05, 0.001 [err] [er !ﬁmﬁw 0. 005
[err] [eMOP46aVP-DOCO6, 0.001 < g [err] 0.13 and a + {: mﬂgﬁm with
1.000 < mfJerr] 1.035), - 12 -

pleting with nickel or copper on the outer electrode 5.

Finally, the second plating layer 7 comprising a solder er

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 under 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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along with containing 0.2 to 3.0 parts by weight of either the first or
second side conponent relative to 100 parts by weight of the essenti al
conponent, wherein the' first side conponent is an oxide represented by
Liferr]O- (Si, Ti)Jerr] - MO (wherein MOis at |east 7818,

Alferr]Jerr] or ZrJerr]) and the second side corrponenﬁ E&rﬂmem,\,
represented by Sigerr] - TiJerr] - XO (wherein XOis at EHACESne of the

conmpound selected fromBaO, CaO SrO MO, ZnO and l\/hg)m t he
di el ect r Il0046éR30I.DOCONPOSi ti on descri bed above, the e mH”’ M ent
may further contain h nole ratio of nagne5|un1OX|de where 0. [err]
0.12, 0.001 < h [err] 0.12 - 13 -

capacitance 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 resistance
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,

This Sheet Has Been R

[

i~



and g + h [err] 0.13 In the dielectric ceram c conposition
according to another aspect of the present invention, the essential
conmponent may be represented by the foll owi ng conmposition

formul a;

THIS SHEET HAS BEEN
REPLACED
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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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(BaO[err]Tierr] + [err]Merr](err] + [err]BaZzrJerr] + [err] MnO
(wherein Merr]Jerr] represents at | east one of either Sc[err]Jerr] or
Y[err](Jerr], where [err], [err] and [err] representing nole ratio in the
range of 0.001 [err] [err] [err] 0.06, 0.005 [err] [err] [err] 0 06 -and
0.001 < [err] [err] 0.13 with 1.000 < m[err] 1.035).

essential conponent may further contain g nole ratio of THE LA §ﬁ5Qk
where 0.001 < [err] [err] 0.12, 0.001 < g [err] 0.12 and'[#® 8 [err]

0.13 T0046RVOcDACNg to a different aspect of the presq ' t he
essential conponent may be represented by the follow ngl,mmnﬂ"(mml
formul a; ' - 15 -

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 firs£ and second side components
were placed in separate platinum crucibles, respécﬁively;
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

. This Sheet Has Been Reilaced i




(BaO[err]Tierr] + [err]Rerr](err] + [err]BaZzrJerr] + [err] MnO
(wherein Rerr]Jerr] represents at | east one kind of conmpound selected

fromEu[err]Jerr], &[err]Jerr], Tb[err]Jerr], Ey[err]Q{ﬁgngETHASBEEN

HJerr]err], Er[ferr](err], Tnierr]derr] and Yb[err]Jerr

[err], [err] and [err] representing nole ratio in the ran e of OOIﬂE!I
ain

[err] [err] 0.06, 0.005 [err] [err] [err] 0.06 and 0.001 ;gg[ E@ﬁlﬂﬂlg
1.000 < m[erwboded2d)poc The essential conponent ma

g nole ratio of magnesi um oxide, where 0.001 [err] [err] [err] 0.06, 0.001
< [err] [err] 0 12, 0.001 < g [err] 0. ¥21&nd [err] + g [err] 0. 13.

| d bed f bl
that ‘the firatad Ce{"gﬁp&%@rﬁnggﬁﬁéﬁrﬁ% Sten ipileever B, oagyact Velghy
xLi[err] Oy(Si L@HQNJ & hbol gafts NP et3htehP the essential component

(Ba0),Ti0, + alM,0, + PR,0, + yBazro, +_gMad- + hMnoO. v
3130 '

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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-7- X, y-and z represent nol%and wis in the range of 0.30 [err] w [err]
1.00), falls within or on the boundary lines of the %Eped by
straight lines connecting each point indicated by %gﬁ;ﬁ%

0), B(x =10, y =80, z =10), C II”“,
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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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(x 10,

= 10) and F (x = 45, y =55, z

strai ght

strai ght

y =70, z = 20), D (x

| i nes connecting each point igdicated by A (x =

14), B (x =35, y -1

obtaining 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
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35, y =45, z = 20), E (x = 45, y = 45,
0) (when the conposition falls on the

line of A- F, w is withinthe area of 0.3 [err] w< 1.0) in the

t hree conponent di agram defined by the apexes correspdﬁﬂ@ﬁgEEDHgggg
conponent . ' In the dielectric ceram c conposition des&EPLhesh above,
it is preferable that the second side conponent, when its-:,
represented by xSierr]-yTierr]-zXO (wherein x, y and -
mol %, f @0I046@&VI0KD@Cor on the boundary lines of the area’

EN

Q ﬁ@ition S
ggﬁﬂg%ﬂﬂby
y L=

V4



51, z =

14), C(x =30, y =20, z =50) and D (x =39, y = 1, z = 60)
the three conponent diagram defined by the apexes

correspondi ng to each

in

conponent . . The second si de conponent contains in total of 15 parts
by wei ght of at |east one of Al[err](Jerr] and ZrC{err]H cont ent of
ZrJerr] is 5 parts by weight or less) relative to HEEHHA gt - of
the oxide represented by SiJerr]-TiJerr]- _ pLACED
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'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

This Sheet Has Been Reﬂlaced
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The present invention according to a different aspect

a nonolithic ceramc capacitor provided with a plurality of dielectric
ceram.c |l ayers, inner electrodes formed between the ceramc |ayers and
outer electrodes being electrically connected to the THWHEHEET Bas pedgs,

wherein the

dielectric ceramic layers are constructed by REREAGER| ectric
ceram c conposition described above and the inner el ects
ey
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sfipulated in the JIS Standard in the temperature range pf -
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
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 or more besides énabling a
relatively low firing temperature of 1300 °C or léss.

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 ﬁ:#%
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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are conposed of nickel or a nickel alloy. The outer el ectrode may be
provided with a sintered [layer of an el ectroconductive netal powder or an
el ectroconductive metal powder supplenented with gl assSH!S SHERST HAS BBEY EF

DESCRI'PTI ON OF THE DRAW NGS FIG 1 is a cross sect iRERBACED ew showi ng

the nonolithic ceram c capacitor according to one enbogdp e
present invention. FIG 2 is a plane view show ng[@ ‘l gH ric
ceranic T00462V0.DOC Sl
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| On the other hand, the ;2;193: content a of more than 0.05 a \Vd
shown in the sample No. 2 is also not preferable beééﬁse.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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| ayer portion having inner electrodes of the nonolithic

showmn in FIG 1. FIG 3 is a disassenbl ed perspective view show ng

ceram c capacitor

"the ceramic nmonolithic portion of the nonolithic ceraﬁthHEE acitor shown

in FIG 1.

HAS BEEN
REPLACED
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containing BaZrO,. On the other hand, when the BaZro,
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content y exceeds 0.06 as in the sample No. 7, the
tempetature 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 not'preferable that, as seen in the sample No.

8, the MgO content g is 0.001.since the insulation
resistance becomes low besides the tenperature
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 pneferable becausé rejections in
the humidity resistance test are extremely increased while
shortening the mean life span. Accordingly, the preferable
range of the Mgo content g is 0.001 i g < 0.12.

It is not preferable that,;ps—seeu_in_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

i

v
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FIG 4 is a three conponent phase diagramof Li[err]O(Si[err],
Ti[err])Jerr]-MO oxi des. FIG 5 is a three conponent phase di agram
of SiJerr]-Tigerr]- XO oxides.  DESCRI PTION OF THE PREFERRED EMBCDI MENT
The basic construction of the nmonolithic ceramc capacitﬂ_[,lS rding to
the first enbodi ment of the present invention will be descri ZHAS EEN
hereinafter referring to the drawings. FIG 1 is a cross sectlonCERomAng

one exanple of the nonolithic ceramc capacitor, FIG 2!iB8 in@W
showi ng TRE46R¥DeDOCi ¢ ceram ¢ portion having inner e|e¢m€§ﬂg§ﬂﬁwgﬁm@§
nmonol ithic ceram c capacitor in FIG :53 S L o

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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and FIG 3 is a disassenbl ed perspective view showng the dielectric
ceram c portion having inner electrodes of the nonolithic ceramc
capacitor in FIG 1. As shown in FIG 1, the nonolithi.c ceramc :
capacitor 1 according to the present embodinent is provided 'WﬁtSHEETHAS BEEN
rectangul ar shaped nonolithic ceram c body 3 obtained by [|am natGRigcap -
plurality of dielectric ceramc layers 2a and 2b via the i

4. An outer

elrootepvie.tods forned on the both side faces 07‘@5@#@;@&@0

ceram c body 3 so that the outer electrodes are electrically con
each of the speC|f|ed i nner el ectrodes 47 Z¥n=which a first

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 sao,,.,,,-'rio, + 0.010Y,0, + 0.02Gd4,0, +

0.01Bazro, + 0.05MgoO “-l-“0.0IMnO (mole ratio) was prepared

using barium titanate}lin TABLE 1)( as a-dielectric powder, in

which Li,0-(Si, 7i)0,~MO 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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- 10 - plating layer 6 conprising nickel or copper is plated, a second
plating layer 7 conprising a solder or tin being further forned on the

first plating layer. - The met hod for producing the nonolithic ceramc
capacitor 1 will be next described in the order of THI

T00462V0.DOC | | Y / !gﬂﬂ/ /”i// ///5 /5/ /55/

TABLE 6

Then, the electric characteristics were measured by

Lo ple .

the same method as described in)Eahlehhﬁ 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

T




producfioh st eps. At first, a raw materi al powder of bariumtitanate

prepared-by weighing and mxing in a given conposition.ratio

IS prepared

as an essential conponent of the dielectricc ceranmic layers 2a and 2b.
Then, a slurry is prepared by adding an organic binder in this raw

materi al powder and, after formng this slurry into a sheet,

a -green sheet

for use in the dielectric ceramc |ayers 2a and 2b P@ btalned

Next,” an_inner el ectrode 4 conprising nickel or

on one pFPHéﬁBHp -P@€e of the green

Fﬁaﬂﬁgﬁﬁﬁﬂ'forned

=26~ 0 Gb O

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.

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 kVv/mm. The

insulation breakdown voltages are as'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 kV/mm while

enabling a relatively low firing temperature of 1300 °C or

less.

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

is outside of the composition 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 rejects in the humidity

resistance load test. When 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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sheet to serve as the dielectric ceramc layers 2b. N ckel or nickel
alloys as base metals may be used for the material of the inner electrode
4 when the dielectric ceramc layers 2a and 2b are formed using the
dielectric ceramc conposition as described above. The inner electrode 4
may be forned by a screen printing method, a deposity hod or a

pl ati ng net hod. After lamnating a reqU|red nu&@gﬁ LAgQgﬁgﬁﬁen

sheets
1)

T00462V0.DOC
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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
This Sheet HaslrieinllReﬂli\l(:ed




fof use in the dielectric ceramc |layers 2b having the inner
the green sheets are inserted between the green sheets for

el ectrodes 4,
use in the

dielectric ceramc layer 2a having no inner electrode, thus obtaining a

raw nonolithic body by press-adhering these green sh$
this raw nonolithic body is fired at a given tenperatur
ceram ¢ nonolithic body 3. The outer electrodes 5 ar

Then,
6ﬁ¥%BEENa
6Pred at the

e Ty

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 =
51, z = 14), C (X =30, y = 20, z = 50) and D (X =

1, z = 60), wherein x, y and z represent mole %, in

35, y =

39, vy =

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 small 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

°C and X7R-level characteristic standard stipulated

"to +85

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.

insulation breakdown voltage also shows high values

The
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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faces of the ceramic nonolithic body 3 so as to be electrically connected
to the inner etectrodes 4. The sane material as used in the inner

el ectrodes 4 can be used for the outer electrodes 5. Wile silver,

pall adium a silver- palladiumalloy, copper and a copper, I %ty]_ i S

avail abl e besides a conposition prepared by adding a gl ads ENas a
Blerr]Jerr]-SigJerr]-BaO glass or Li[err]OSi(Jerr]-BaO gl as hese
metal powder 200a82wpppopri ate materi al shoul d be sel ect ed?

! ﬁzﬁfﬂ
application object and application site of the nonolithi.g Ci g H@l to

consideration. Wiile the outer electrode8 5 is formed by coating the

cerani c monol LL0Lfer f0HhR Te¥' 3t"E80 N Tol BE 44 LS asP 2485  aB25t © 28

800 hours along with being free from rejects in the humiéit‘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
barium titanate, and Sc,0,, ;:-'GQ,?. Eu,0,, Gd,0,, Tb,0, and Dy,0;, \/

and BaZrO, and MnO, each having a purity of 99% or more,

This Sheet Has Been Reilac
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material foll owed by heat-adhering, it may be forned by heat- adherlng t he
nmetal powder ‘paste simultaneously with the ceram c nonolithic body 3.
The flrst platlng layer 6 is then formed by applying a

_ 1o . . THIS SHEET HAS BEEN
, REPLACED
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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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plating with nickel or copper on the outer electrode 5. Finally, the
second plating layer 7 conprising a solder or tinis fornmed on the first
plating | ayer 6, thereby conpleting the nmonolithic capacitor 1. Such
process for further formng.a conductive layer on thgypuier TeH #1'3‘96 5
may be omtted depending on the application field of t”e REBIY

ceram c capacitor. By using the dielectric ceran1c conp 03|t|on as

described previously for constructing the dielectric a”ﬁ.ﬁ"mﬁ!ﬁl 2a and
2b, the @HB#ﬁBY@PPQélC of the dielectric ceramc |aybsdl

deteriorated even when it is fired |n a reducing atnosphere. In other

wor ds, such characteristics 31 -

~ Bs 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 capacitande 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
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are obtained in which the product between the insulation resistance and
the electrostatic capacitance (a product CR) is as high as 4900 to 5000
[err]F or nore and 200 [err]F or nore at roomtenperature and 150?54"6”]0’
respectively, when the capacitor is used under an el GEHlSrSFtEEfTngEB engt h
as high as about 10 kV/mm along with having a small vol f‘ﬁﬁ\sAC pendence

of the insulation resistance, the absolute val ue of @I MG m
decreasi ng r R0P462¥0 ePOC npressed DC vol tage of 5 kV/ é@ﬂﬁ%ﬂu&m Il as
40% to 45% the insulation durability b%isgg as hi gh as” / mm or nore

under an AC vol tage and 14 kV/ nm under "a “vol t age, besides

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,, 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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its tenperature characteristics of the electrostatic
- 13 - capacitance satisfying the B-level characteri stlc st andard

stipulated in the JIS Standard in the tenperature rangesf eé% Cto
+85 [-err] C and X7R-1evel characteristic standard sti puI a epr'Ep

standard in the tenperature range of - -
T00462V0.DOC . | ] 1555" 6
- 33 -

in the humidity”resis'tance' load 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 insul_l.ation resistance than in the 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 Mg@ content. g exceeds v
0.13 as seen in the sample No. 309 hecause the temperature
characteristic X7R is not satisfied besides the insulat:.nq
‘resistance is low and the mean life span becomes short.
Accordingly, the preferable range of the .M.go 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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55 [err]C to +125 [err] C and being excellent in weather resistance
performance shown by a high tenperature |oad test at 150 [err]C and at DC

25 kV/ mMm and high humdity | oad test. It has be confirnmed that,
among al kal i “earth metal ~oxides such as SrO and CaO eX/'$t '_'1“ HBFENIm
titanate as inpurities, alkali netal oxides such as Na[err 0 Klerr]O

and other oxides such as Al[err]derr] and Sigerr], esﬁ’@ B.ﬁ”"mmzm'c

content _of the alkali netal oxides |argely |nfluences.@wmi
char act eXP8#PRYO0-BRC| ¢ the specific dielectric constant is decreased when
t he amobunts. of addition of rare earth_el enment oxides such as -

Eu[err](err], &ferr]Jerr], Tb[err]’d’ rT], Dy[err]Qerr], HJerr]Jerr],

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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Er[err](err], Trnferr]derr] and Yb[err](Jerr], and SCerr]Jerr] and
Y[err](err] 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 bariumtitanate #ags g agkg%ﬁ§ to

0. 02% by wei ght or |ess. Addi ng an oxi de represent

Liferr]O(Si, Ti)Jerr]-MO (wherein MOis at |east of [err](err]

and ZrJ e the di el ectric ceram c conposition i #gﬁ MF osition
to be ﬁé%% “R G relatively | ow tenperature of 13 @5 ummﬂg

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

sample No. 318, the dielectric constant is decreased.

(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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- 14 - further inproviﬂg t he hi gh tehperature | oad characteristic.
Addi ng an oxide represented by Si[err]OTi.gerr]-XO (wherein XO is. at
l east one kind of conpound selected fromBaO CaO SrO MO ZnO and MO

in the dielectric ceramc conposition allows the Gﬁﬂ@@ﬁééfﬁﬂsb? g
improved in sintering property as well as in high te Bad

characteristic and humdity resistance |oad characterlstlc A hi gher

‘mosszvooe . AT !EEI

o 36 <
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

- This Sheet. Has Been R Iac : N




I nsul ati on resi stance can be obtai ned by addihg A1203 and/ or
oxi de represented by Si[err]OTiJerr]-XO ( Exanpl es) The present

i nvention will now be described in nore detail by

However,

t he enmbodi nent within the scope of the presgnn gRIE%g 5‘1':15’1'3 not

limted to these exanples. (Exanmpl e 1) After preparing and

velohing 10 Lere) and it ert)fore] o iéﬁlﬁﬂ!mlﬂﬂlll“ﬂl
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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,-

ZrQ2 in the



~a variety of purity as starting materials, the conmpounds were precipitated
as titanyl bariumoxalate (BaTiOQ ([err](err])4Herr]-O by adding oxalic
acid. This precipitate was deconposed by heating t a tenperature of 1000
[err]C or nore to synthesize four kinds of barlum1ﬁ§%ﬂ§ﬁegé in

TABLE 1.
| EE!BH RRRL 0 O A
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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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Table 1 Content of inmpurities (W% Mean Kind

of Al kal i grain BaTiC{err]

metal SrO CaO SlC{err] Alferr]Jerr] size THIS

.([err] rr) 5 : A 0.003 0.012 0. 001 0 010 Eﬁgﬁ(éﬁ% 60
0.020 0.010 0.003 " 0.019 0.008 0. 012

0. 179 0.018 0.155 0.071 0.72 D @%!lmmgmﬁt
0. 001 8%2 0 8%4. 0. 58 s or
hydr oxi d 9 ZXQCP 0 conponent of the first S|de conponent were

wei ghed so .as to be in a_conposéélon ratio (nole ratio) of o
0.25Li[err] O 0.65(0.30TiOerr]0.70SiYBTrT)-0.10A [err]Jerr] to obtain a

Egrﬁgﬂafggg%r§ﬁ$§§o§H§%§1?%égkamd?feacﬁ %%ﬁ%%%éﬁ%béﬁy%ééFsgééﬁgﬁérde
conponent TY9/-X0 shown i $¥1%l 30 ate lAded, WherediP e sahpldls' hatldP! ©
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

- This Sheet Has Been Replac
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rati o) of 0. 66S|qerr] 0 17Tiq err]-0.15BaG- 0. 02MhO to obtain a

powder by crushing and m xing. . Oxi de powders of the first
and second side 20 conponents were pl aced in separate platinum

cruci bl es and heated at 1500 [err]C. After qUBISSHERT RABESShi ng
the m xture, each oxide powder with a nean particle REPLAGELE Oof 1 [err]m

or | ess was obt ai ned. I n the next C3 for

adj usti ng, tro'?l%z% poc nole ratio Ba/Ti (m in the baﬂﬁ@ﬁu ujﬂ#a’ and
Sc[err]qg Y[err](Jerr], Eu[err]derr], r |
Tb[err]Jerr] and Dy[err]Jerr],. BaZLC?er] MyO and MhO, ©each
having a purity of 99%or nore, were pfeépared. These raw materi al

pouier shdsuisisrbgecos! ey pamp)BPTRQIoRLinlEls 181 ol tnsty Lo [or

of additi gesebthheef 1648 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
TABi.E 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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and second side conponents are indicated by parts by wei ght relative to
100 parts by weight of the essential conponent (BaC»[err]ﬂH; %
[err]Merr]derr] + [err]Rerr]Jerr] + [err]Bazr(err] + gNg NHSBEEN
TABLE 2 TABLE 3 ‘Organi ¢ sol vents such as .pol yvi butyr%? bi nder
and ethanol were added to the wei ghed conpounds and the ﬁ’i;’ﬂlﬂ /

T00462V0.DOC
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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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was mxed in a ball mll in an wet state to prepare a ceramc slurry. This
ceramic slurry was fornmed into a sheet by a doctor blade nethod to obtain
a rectangul ar shaped green sheet with a thickness of 35 [err]m followed
by printing an electroconductive paste mainly conposed of N on the

ceram c green sheet to forman el ectroconductive pasteid ST HALEE ,\prm ng

I nner el ectrodes. Then, a plurality of.the ceranlesgmﬁﬁn)gaeets on

whi ch 2 Broconductlve Iayer is formed were | a d so that the:
si des whgsg Fﬁg eP@€t roconductive paste is project eMﬁmﬂuﬂ”ﬂLnat ely
placed with each other, thus obtalmrmhfx monol i t hi ' olithic
body was heated at 350 [err]C -

TABLE 1002
TABLE 1003

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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in a Nerr] atnosphere and, after allow ng the binder to deconpose, the
“nmonolithic body was fired at the tenperatures

- 17 - shown in TABLE 4 and TABLE 5 in a reduci ng at nobsphere conprising
Herr]-Nerr]-H err] O gases under an oxygen partial pressure

THIS SHEET HAS BEEN
REPLACED
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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 layer was 30 pm. Total number of the -

- effective dielectric ceramic layers were 57, the area of_thé
confronting électrode 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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of 10[err] to 10[err] MPa, thereby obtaining a ceramc sintered body.

The both side faces of the ceramc sintered body were coated with a silver
paste containing Blerr](err]-Li[err]OSiJerr]-BaO glass frits and fired
at a tenperature of 600.[err]Cin a Nerr] atnsphfjEsyEetaiPEERNt ai ni ng
outer electrodes electrically connected to the |nner ®EPCACEDIES.

The overaII di-mensi ons of the nmonolithic ceram ¢ aC|tor t obt ai ned
were 5.0 mmin width, 5.7 nmin length:and 2.4 nnﬂﬁ ﬂgaﬁ' i ile the
thlcknesgogﬁs?ﬁg D@fel ectric ceramc |ayer was 30 [ @ umber of

the effective dielectric ceranic Iayqlf were 57, the area of -the

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

This Sheet Has Been Re; ﬂ

L



confronting ‘el ectrode per one | ayer being 8.2 x 10[err]nferr].

El ectric characteristics of these nonolithic ceramc capacitors were
measured. The el ectrostatic capacitance (C) and dielectric loss (tan
[err]) were neasured using an automatic bridge typefRAGHET IS BSEN Uunent
at 1 kHz, 1 Vrns and 25 [err]C and the dielectric const@EbLAdgnr]) was
calculated fromthe electrostatic capacitance. Next, the insul ation

resi stan ured using an insulation re5|stahﬁ 5 [err]C
and 150 %@W@#@ %ﬁbre33|ng direct current voltages ofid &EEmHHIHUl
kV/ mm) and 945 V (or 30 kV/Imm for 2 nhgutes y
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 °Cc 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




- 18 - obtaining a product of the electrostatic capacitance and

I nsul ation resistance, or a product CR The rate of change of the

el ectrostati c capacitance against tenperature changas SWEET HASBEERasur ed.
The rate of change at -25 [err]C and 85 [err] C by t akiREPLAGEDe| ectrostatic

capacitance at 20 [err]C as a standard ([err]d C20), "”“FEWE Eﬂinilmul
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°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
acceleratien 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, reiaresents 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 v
shown in the sample No. 1001 is 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 m, 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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change at -55 [err]C and 125 [err]C by taking the electrostatic

capacitance at 25 [err]C as a standard ([err]C C25)qa8dyEPEHABEERNM
of the rate of change (|[err]C nmax) as an absol ute val ugp aegge nNeasured as
the el ectrostatic capacitances against tenperature cha

nges.
vias characteristic was al so eval uated. First, tgﬂ[ﬁuﬂfﬁuﬁmlmuu
capaci tance when an AC voltage of 1 kHz and 1 Vrnsi wa

measur ed.

Then, the electrostatic capacitance when a DC voltage of

val ue
The DC

S
150 V

and an REO¢6PVAegBOBf 1 kHz and 1 Vrms were sinultaneously inpressed was

nmeasur ed,

thereby the rate of reduction of the

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 high, the
dielectric loés exceeds 2.0%, ﬁhe 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 sinée measurement becomes

impossible due to formation of semiconductors. It is not
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el ectrostatic capacitance (AC/ C) due to |loading the DC voltage was

cal cul at ed. ~In the high tenperature load test, a _direct current '
vol tage of 750 V (or 25 kV/mm was inpressed at 150 [erfﬁﬁ§§#ﬁ@%ﬂA%B§E%s of.
each sanple to measure the tine dependent changes: of the i REGHAEEDN

resi stance. The tinme when the insulation resistance of S
reduced bel ow 10[err] was defined ,Em,m"mmmlm
T00462V0.DOC
_ag o
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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- 19 - tobe alife span time and nmean life span tinme was eval uated.
In.the humdity resistance test, the nunber of the testHﬂigces havi ng an
i nsul ation resistance of 10[err] or |ess anDng the 72 te Qi%%sggéf
counted after inpressing a DC voltage of 315 V under

n at
pressure of 2 atm (relative humidity 100% at 120 [er7 hours
I nsul ati on breakdown vol tages under AC and DC vol t ages'! /l/’ by

|npre55|n%oﬁgasgdngg voltages at a voltage
=49 - 7
| 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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I ncrease rate of 100 V/sec.- The results descri bed above are |isted
in TABLE 4 and TABLE 5. TABLE 4 TABLE 5 It is evident from
Table 1 to TABLE 5 that the nonolithic ceranic capaci THIS SHEETHASBEEN® t he
present invention has a capacitance decreasing ratio of aBERIHD as

Wi thin -45% at an inpressed voltage of 5 kV/mm and a

ro0462v0.000 ]

.= 50 -

as in Example 1, exéept that an oxide represented by Li,0-

(si, Ti)0,-MO shown in Table -i-%es, having a mean particlé \/
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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dielectric loss of Iess than 1.0 % wherein the rate of change of the
el ectrostatic capacitance against tenperature changes satisfies both the
B-level characteristic standard

SHEETHASBEEN
- 20 - stipulated in the JIS Standard in the tenpera{ﬂs ﬁqxnz - 25

[err]Cto +85 [err]C and X7R-1evel characteristic stan

| i \ill\l I

T00462V0.DOC
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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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stipulated in the EIA standard in the tenperature range of - 55 [err]C to
+125 [err]C Moreover, the insulation resistances at 25 [err] C and
150 J[err]C as expressed by the product CR show as high values as 5000
[err]F or nore and 200 [err]F or nore, respectively, when the ceramc

capacitor is used under a high electric field strength s V/ mm The
i nsul ation breakdown voltage also shows high values of 12g¢ %PEmre
under the-A®oeab2wgepo@and 14 kV/ nm or nore under the DC vol tage’~1n

addition, an acceleration test at 150 [err]C and DC ZHMMI"HM mean

life span as |ong as 800 __hours__g_r___rror'e_ﬁ?es|_ des enabl i m,”nl
in the samples No. 1113 to 1117, and 1119, the sintering
becomes insufficieﬁt or many samples are rejeci:ed 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 with causing maxiy 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,
+ '().'t)ISBaZ::'CJ3 + 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 particlle 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,—;l yTiO, -'47 Vv

zX0). The overall dimensions of the monolithic ceramic

capacitor produced is the same as in Example 1.
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relatively low firing tenperature of 1300 [err]C or |ess. ~ The
reason why the conposition was limted in the = present invention wll be
descri bed hereinafter. In the conmposition of (BaQ[err]Tigerr] +
[err]Merr]Jerr] + [err]Rerr]Jerr] + [err]BaZzrO + gMjO + hWhO (wherein

Merr]Qerr] represents at |east one of either SC[er(r}JH%sor ek[%rr]qerr]

and Rlerr]Jerr] represents at |east one of the conpoul BEEN om
Eu[err] O, Gd%err]qerr] Tblerr] O and Dy[err]qerr] [e

[err], gTARA6BVPePPEsenting nole ratio, respectively) U"Mﬁmmﬂ tent a

of less than 0,001 as shown in the sanple No. 1 is luﬁiﬁecause o
the tenperature characteristic does = satisfy the B-level. char eristic
/ X7R characteristic. :

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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On thé ot her hahd, t he Merr]Qerr] content a of nmore than 0.05 as

shown in the sanple No. 2 is also not preferable because the specific

dielectric constant is reduced to | ess than 1000. Accor diHI9ENEET HRS BEEN
preferable range of the Mn[err]derr] content [err] is O. OORE[PEACED[err]

is | ess

[err] O.O05. It is not preferable that the R[err]Q} Igﬂ”tent

.
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25 °C to +85 °C and X7R-level characteristic standard
stipulated in the EIA standard in the temperature range 6f -
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 és .
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 volfage

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 composit.ion range described above, on -
the other hénds, 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 QF or more at 25 °C
and 150 °C,. respectively, under an electric field strength |

of 10 kv/mm can be obtained. However, when the amounts of
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than 0.001 as in the sanple No. 3 since the insulation resistance is so

| ow t hat the product CR becones small. It 1is also not preferable that the
Rlerr]Jerr] content. [err] is nore than 0.05 as in the sanple NO 4
because the tenperature characteristic does not satisfy SEEEN
characteristic / X7R characteristic, reducing the rella %ﬁ? CED
Accordingly, the preferable range of the Rlerr]Jerr] conten rr] S

0.001 [err err] [err] 0.05. When t he conbi ned Mﬂ n
I\/[err]q@(l‘}é%l%ﬂq%rr]qerr] ([err] + [err]) is nore tlmﬂﬂ mllmull
dielectric loss is increased up to 2.0% while the nean life span is
shortened, being not preferable si mc&5t re nunber of rejects in the

hum di ty addi 'tsj:[o%nc% Iﬁag and 2r0O, 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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test is increased. Accordlngly, the conbi ned anount of Merr](err] and
Rlerr]Jerr] ([err] + [err]) is preferably in the range of [err] + [err]
[err] 0O.O06. It is not preferable that, as seen in the sanple No.
6, the BaZr(Jerr] content y is zero since the insulation resistance

becomes | ow while having a | arger voltage dependenc¥H@E*kE¢HN@%gégJon

resi stance than in the system . REPLACED
R ' (-
L . _ s B o -
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
capaéitor accordinglto the present invention hés 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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- 22 - containing BaZrgerr]. On the other hand, when the BaZrJ err]
content [err] exceeds 0.06 as in the sanple No. 7, the tenperature
characteristic does not satisfy the B-level characterisTHS SHEETRIAS Begy
characteristic, being not preferable since the nean life spaEPuAcED

short ened. Accordlngly, the preferable range of the BaZ r ntent y
Is 0.005 [err] [err] [err] O.O06. It is not pref Eiuﬂﬂseen
in the sanpl eT0MH62W.0A%E MyO content g is 0.001 since t

resi stance becones | ow besi des the tenperg%ure characterlstlcs noes not

satisfy the B-level characteristic
strength of 10 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 limited J.n 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
. m 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 m 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 ;4:;3, 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 voli:age dependency of
the insulating resistance is larger than that of the

composition system containing BazZr0,. It is also not
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/ X7R characteristic. On the other hand; when the M3O content g exceeds
0.12 as seen in the sanple No. 9, the sintering tenperature beconmes high
and the dielectric |oss exceeds 2.0% which is not pr ef er abl e becagse_
rejections in the hunidity resistance test are extrenﬂthHE&Tég EGE0hi 1 e
shortening the nean |ife span.. Accordingly, the preferabIéRﬂﬂéﬁ of the

MyO content g is 0.001 < g [err] O.12. - It is not ; nl \“Eat
the MnO content h is 0.001 as seen in the sanple No. 1 imﬂ E im npl e
becones HO048@¥QuP6l e due to seniconductor formation' 's not

preferable that the MO content hhmexcggds.0.12; on the other hand, because

the tenperature .
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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characteristic X7Ris not satisfied along with the insulation resistance
beconmes | ow and the nean |ife span : o . .
- 23 - becomes short. Accordingly, the preferable MO content his in the

range of 0.001 < h [err] 0.12. . It is_not preferuhb%Hgggkfsﬁf seen in
t he sanpl e No. | REPLACE
T00462V0 .DOC | | U M l 1]

- _ 59 -
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
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12, the conbi ned content of MgO and MhO (g + h) exceeds 0.13 because the -
dielectric loss is increased to 2.0% the nean life span is shortened and
t he nunber of rejects in the humdity resistance |oad téwséﬁehnﬁ,&ggged. :
Accordingly, the conbined content of MyO and MO (g + h). i s REPEAGHR Ey’“i n

the range.of g + h [err] 0.13. It is not preferab at the
BaOTiJerr] ratio mis less than 1.000 as in the sarrp:ﬁdmuﬂ”ﬂgﬂ e
measur enent s @p@462¥P 5S¢ bl e due to formation of semco . mral SO
not preferable that, as seen in the sanple No. 14, that the BaQ Ti (Jerr]
ratio mis 1.000 since the insulation resiédtance as - : o

 barium titanate in TABLE 1A as a dielectric powder. A
monolithic ceramic capacitor was produced by the same me‘thqd
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 TABLE ‘}i-\si.(was obtained v
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 sp'dt indicated by A (X = 20, v = 80,.2
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wel |l as the AC and DC breakdown vol t age becones | ow along w th shortening

the nean life span. It is not preferable, on the other hand, that the

~BaQTi2 ratio mis over 1.035 since neasurements becones inpossible due
to insufficient sintering. Accordingly, the BaOTierr] ratio min the

range of 1.000 < m[err] 1.035 is preferable. . i r rabl e
that the anmbunt of addition of the first or second sit@s ?MN@éﬁE@ Zero

as in the sanples No. 17 and 19 because measurenents are I npossible due to
i nsuf fi cimO0d62AWd.®&0hg. Wien the anount of addition of“mﬁ““‘““llll”“l

=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-1level
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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- 24 - first or second side conponent exceeds 3.0 parts by weight as

seen in the sanples No. 18 and 20, the dielectric |oss exceeds 1.0% and
the insulation resistance and insul ation br eakdown Mﬂ&%%ﬁ@EﬁHﬂSb&ﬁEred
along with shortening the nmean life span, which are pemirceabl e

Accordingly, the preferable content of either the first or thmﬂm
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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 Lj@9~
(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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The-contepts\of t he al'kali nmetal oxi des contained in barium
titanate as inpurities are suppressed bel-ow 0. 02% by wei ght because,

when the contents of the al kali earth netal oxrdes exceeds 0. 02% by

wei ght, the dielectric constant is decreased. E&QHﬁ?' BEEN A
starting material Bagerr]Tierr] + 0. 010Y[err]C{err] +RE LACH@

O.0[err]Gd[err]Terr] + 0.01Bazrerr] + O. OSNQO - ratio)
was prepared wusing. bariumtitanate "A" in TABLE 1 powder
in wiFM62VER9D. (Si, Ti)Qerr]-MO oxide with a rrean par

1 [err]mor. less shown in TABLE 6 prepared by heatrng at 1200 to

as in Example 1, except that an oxide represented by Sio,-
Ti0,~X0 shown in Table 1008, heving 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 samplee 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
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1500 [err]C més added as a first side conponent. A nmonolithic ceramc

capacitor was prepared by the sane nethod as in Exanpl e 1, except that
the starting material as descri bed above was used. The overal
di rensions of the nonolithic ceram c capacitor proqﬂﬁﬁgﬂ?re the sane as
i 1. ' . ETHAS B
i n Exanpl e REPLACED-EEN
. . . F J o iy ' |
T00462V0.DOC I !gf L ?5 m [m

-”m___sém;_
component phase diagram of the oxides represented by SioO,-
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. In 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.

m i
b
o
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- 25 - TABLE 6 . Then; the electric characteristics were
nmeasured by the sane nethod as described in exanple 1. The results are

shown in TABLE 7. - TABLE 7 As is evident from TABLE 6 and
TABLE 7, preferable results are obtained in the sanHSSHEET 384 pkgy 112,
118 and 120, in which oxides with conpositions wthin oREGDACHS

}' i1 11
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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
were precipitated as titanyl barium oxalate
(BaTi0(C,0,)-4H,0) by adding oxalic acid. This precipitate
was decomposed by heating at a fémperature of 1000 °C or
more to synthesize four kinds of barium titanate listed.in

TABLE 1.
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- boundary lines of the ar ea SUfrounded-by the straight |ines connecti ng

each spot indicated by A (X =20, y =80, z = 0), B (X =10, y =80, z
= 10), C (X =10, y =70, z = 20), b (X = 35, 45, z = 20), E (X =
45, y = 45, z = 10) and F (X = 45, vy 55 z Gﬁlsw&mmqswggaz _
conmponent phase di agram of t he oxi des represented bfERI4GRD 1O (Si[err],
Ti[err])derr]-MO shown in FIG 4 are added, wh gn thg | es have a
capaci tance decreasing ratio of as small as wt g 4 45@6 Q%ﬁ i npressed
vol t age ®D086RVORDOGNd a dielectric |oss of 1.0% or e§§ g Wit h
the rate of change of the electrostatic ~_capaci tance agalnst_tenperature
changes satlsfylng the B- - 66 -

Oxides, carbonates 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 so as to
be a composition ratio (mole ratio) of 0.668i0,-0.17TiO,~
0.15Ba0-0.02Mn0 (mole ratio) to obtein 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 quenching 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 oxidee 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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Iével'characteristic standard stipufated in the-JI'S Standard

- 26 - in the tenperature range of -25 [err]Cto +85 [err] C and X7R-1evel
characteristic standard stipulated in the EIA standard in the tenperature
range of -55 [err]Cto +125 [err]C ' The i nsul aTHISISHEET HASBEEN
represented by the product REPLACED
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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

. This Sheet Has Been Rep
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CR at 25 [err]C and 150 C shows as high values as 5000 [err] F or nore and
200 [err] F or nore, respectively, when the capacitor used under a

electric field strength of 10 kV/'mMmm The i nsul ation breakdown voltages are
as high as 12 kVVmm or nore under AC voltage and 14 krw, H rmée under a
DC voltage. The nmean |life span is as long as 800 hours 0%_: % %PﬁENhe
|

acceleration test at 150 [err]C and DC 25 kV/mMm whil e ena

relatively low firing tenperature of 1300 [err]C or m 11§ m the
contraryTOAHERVORBOCI [err] O-(Si[err], Ti[err])Jerr]-! EJREEMJ"”'H ut si de
.of the conposition range described above,. the sintering becones

i nsufficient or many sanples are reject®d

: gdmprising 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 cbntaining 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 6f the
dielectric ceramic layer was 30 uym. Total nuﬁber of the
effective,dieleCtric ceramic layers were 57,'the area of the
confrdnting electrode per one layer being 8.2 x 10~°m?.

Electric characteristics of these monolithic ceramic
capacitors were measured. The electrostatic capacitance (C)
and dieléctric loss (tan &) were measured using an automatic
bridge type measuring instrument ét 1 kHz, 1 Vrms and 25 °C
and the dielectric constant (e) was calculated from the |
eleétrostatic 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 minutés,

obtaining a product of the electrostatic capacitance and
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in the humdity resistance load test even after sintering in the sanples
No. 113 to 117 and 119. The sanples with the conposition falling on the
line A-F and w= 1.0 as in the sanples No. 119 and 1 the sintering

tenperature becomes high along with causing many rejebt§s ETHéSﬁEENdlty

resistance load test. Wien the value of wis less than 0. LASEBhown i n
the sanple No. 122, the sintering tenperature becomesﬂmgg mmfﬂ mth
causi ng QBBXSEVbeSéé in the humdity H LR , l

- 69 -

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 reductlon of the
electrostatic capacitance (AC/C) due to 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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- 27 --resistance |l oad test. (Exanmpl e 3) A starting materia

BadJ err]Tigerr] + 0.01Y[err]Jerr] + 0.01Eu[err](err] +

0.01d[err]err] + 0.01Bazrerr] + 0.05MgO + 0.01M1O (nol e rati o) was
prepared using bariumti.tanate in TABLE 1A as a di el qfid ¢ifeeTHASIBEEN | N

whi ch oxides represented by SiJerr]-TiJerr]-XOwWth a reeasaCErticle size
of 1 [err]mor |less shown in TABLE 8 prepared

sz R

T
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

- This Sheet Has Been Repla

A

i



by heating at 1200 to 1500 [err]C was added as a second side conponent. A
nonol i thic ceram c capacitor -was produced by the sarre nmet hod as in Exanpl e
1, except that the starting material as described éi’b%%%%&sssh The
anounts’ of addition of A1203 and Zr 2 correspond to t REPEAREMt s of

addition relative to 100 parts by wei ght of the seﬁ ,S|d rf onent
e I

(xSiderr]-yTiJerr]-zX0O . The overall dinensions hi c

capaci tor pr aqdwagdvospbbe sane as in Exanple 1. TAB Then,

the electric characteristics were neasured as in :
- 71 -

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, +
yMgb + 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 Mn u; g-c';;%tent a of less than 0.001 as shown in the v’
sample No. 2001 is not preferable because the insulation
resistance is low and the product CR becomes small. On the
other hand, the Mnj, gsoxi‘tent o of more than 0.06 as shown v’

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

This Sheet Has Been RT




Exanple 1. The results are shown in TABLE 9. TABLE 9

- 28 - As is evident from TABLE 8 and TABLE 9, preferable results
are obtained in the sanples No. 201 to 212, in which
' THIS SHEET HAS BEEN
REPLACED
L
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temperature characteristic does not satisfy the B-level
characteristic / X7R characterlstlc, being poor in
reliability. Accordingly, the preferable range of the ifn-e- Lo} 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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oxides with conmpositions within or on the boundary lines of the area
surrounded by the straight |ines conneCting each spot indicated by A (X =
85, y =1, z =14), B(X =35y = 51, z = 14), C (X =30, y = 20, Z e 50)
and D (X =39, y = 1, z = 60), wherein x, y and z represent geamﬁﬁ n the
t hree conponent phase di agram of the Si qerr] Tigerr]- Xoya\ﬁﬁ&% vvn |n
FIG 5 are added, wherein the sanples have a capacitance decreasj
of as snmall as within -45% at. an i npressed voltage of 5 k %@b
di el ect rT80463¥00POC1. 0% or |l ess, along with the rate of c
el ectrostatic capacitance_against t enper at ure changes

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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satisfying the B-level characteristic standard stipulated in the JI'S

St andard
X7R-1 evel

tenperature range of -55 [err]C to +125 [err]C

in the tenperature range of -25 [err]Cto +85 [err]C and

characteristic standard stipulated in the ELnggﬁaﬁaH&S@ﬁENhe

resi stance represented by the product CR at 25 [err]C

is used under a high electric field strength of 10 kV/HTY“ ﬁm w‘\
a high value of 5000 [err]F or nore and 200 [err]F or lv ectively.

The i ns®084i6@NO0LDOSkdown vol t age al so shows hi gh val ues of 12

more. under the AC voltage and 14 kV/mmor nore under the DC voltage.
mean life span in the - 74 -

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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- 29 - acceleration test at 150 [err]C and DC 25 kV/nmis as long as 800
“hours along with being free fromrejects in the humdity resistance |oad
test and being possible to sinter at a relatively |ow sintering

tenperature of- 1300 [err]C. - In the Siderr]-Tiqe
the other hand, sintering becones insufficient as in sa#@# ¥‘ %§E¥E
219 or rejects

T H!!!E!HQ!!H'IHIIIHIII

_ 95 -

(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

This Sheet Has Been Reﬂlac




occur in the humdity resistance |1oad test even after sintering.

Al t hough a monolithic capacitor having 5400 [err]F or nore and 300 Q F or
nore of the insulation resistances at 25 [err]C and 150 [err]C,
respectively, under the electric field strength of 10 kV/mm éﬁgﬁSlnterlng
property is extrenely deteriorated when the armu%ﬁs Eea(}tﬁst

Alferr]dJerr] and ZrJerr] exceed 15 parts by wei tR&m;NEF arts by

ht eiceeh Ex le 4 _ F ki nd tit t
?’E;% Gerr]) in -?XELE"?L" e . \'\ﬁu\smﬂ 1L

wlthin 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, 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 v
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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oxi de powder as a first side conponent and an oxide powder as a second
“si.de conponent were obtained by the sane nethod as in Exanpl e 1.
Next, BaCJ err] for adjusting the Ba/Ti nole ratio mof bariumtitanate,

and Sc[err]err], Y[err]derr], Eu[err]Jerr], GdPQhébﬁE@fHKSBEEN_ _
Tb[err]Jerr] and Dy[err]Jerr], and BaZrgJerr] and Mygpiageb having a
purity of 99% or nore,

[

T00462V0.DOC E L
ST _ .

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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- 30 - were prepared. These raw material powders and the foregoing oxide
powder as one of the side conponent of either the first or the second
conponent were wei ghed to be the conpositions shown rnu§ABEETmBS§ﬁ5NTABLE.
11. The anmounts of addition of the first and second side % Ent s

correspond to the anount of addition relative to 100 m\ of
the essential conponent (BaO[err]TiQerr] + [err]N[er q mr“\
[err]Rlerr](err] + [err]BazrJerr] + gWO. A nonoli ramc
capaci t o*00462pPeb0Ced using this weighed materials by the sane net hod as
in Exanple 1. Overall dinensions of t?g_nnnojithic ceram c capacitor

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 addition of Al,0, and Zro, 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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produced is the sane as in Exanple 1. TABLE 10 . TABLE 11
el ectric characteristics were neasured by the same.. nethod as in Exanple 1
The results are shown in TABLE 12 and TABLE_13.

HHWQHEET
RE PL A:(bjég BEEN

L L]

i
represented by Si0,-Ti0,-X0O shown in FIG. 5 are added,

T00462V0.DOC

.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

ThlS Sheet Has Been RTiIl
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TABLE 13 - - 31 - As is
evi dent from TABLE 10 to TABLE 13 the nrmonolithic capacitor according to
the present invention has a capacitance decreasing ratio of as small as

W thin -45% at THIS SHEET
: R':PLA

Al

HASBEEN

T00462V0.DOC

-80 -
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

Thxs Sheet Has Been Reﬂ

L



an inpressed voltage of 5 kVVmm and a dielectric loss of 1.0%or |ess,
along with the rate of change of the electrostatic capacitance against
tenperature changes satisfying the B-1evel characteri stius Sienetidislg
stipulated in -the JIS Standard in the tenperature range ofRE@EAéEmrf%yto
+85 [err]C and X7R-1evel characteristic standard sti }@@@ *ES

1

standard in the tenperature range of -55 [err]C to +125
Mor eover, when the capacitor is used under a high elect!

i,

of 10 kVI09462¥e.POCul ati on resistance represented by the product CR at

25[err] C and 150[err]C shows a high value of 4900 [err]F or

nore and 200

[err]F or nore, respectlvely The i=®&d ation breakdown vol tage al so shows

and second side components are defined by the amount of

addition relative to 100 parts by weight of (Ba0),TiO, +

oR,0, + fBaZrO; + yMnO. A monolithic ceramic capacitor was

produced by the same method as in Exampie 1 using these

weighed materials. 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 to 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
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hi gh "values of 12 kV/mm or nore under ‘the AC voltage and 14 kV/ nm under
the DC voltage. The nean life span in the acceleration test at 150[err]C
and DC 25 kVVmmis as long as 800. hours along with being possible to
sinter at a relatively low sintering tenperature of 1300ﬂ@gshEETHASBEENThe
reason why the conposition was |imted in.the present |nventmﬁﬁﬁﬁﬁ | be

descri bed hereinafter. ' In the conp05|t|on of (BaO
[err]Merr]Qerr] + [err]Rerr]derr] - yBaZrCB +gl\/hO( g%ﬁﬁ“‘\“‘“
M err] J @00p62y0.BOENt s at | east one of :
L L L gl
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

. This Shect Has Been Reﬂlaced :




- 32 - either Sc[err]err] or Y[err](err] and Rlerr]dJerr] represents at
| east one of the conpound selected fromEu[err](err], Gdlerr](err],
Tb[err]Jerr] and Dy[err]Jerr], [err], [err], [err] and g representing
nol e ratio, respectively), the M03 content a of less than 0.001 as sthﬁ
in the sanple No. 301 . is not preferable because the tenpermﬂ&BGEETgegB
characteristic does not satisfy the B-level characteristic /

char act st M the ot her hand, the Merr](Jerr] content 1

t han O. °a4>g Gn the sanple No. 302 is al so not _ Hggﬁmﬁln) mm“‘e
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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prefefable because the spécific dielectric constant is reduced to |ess
than 900. Accordingly, the preferable range of the M203 content [err] is

0.001 [err] [err] [err] O.O5. It is not preferable that the
Rlerr]Qerr] content [err] of less than 0.001 as i AHSHE SBREN 303
since the insulation resistance is so |low that the proBEc& becones

small. It 1is also not preferable that the Rerr](d rr] is
more than O.TE4E2VNDOC sanpl e No. 304 because thglslg%ﬁwmneﬂ“
characteristic -does not satisfy the B-level characteristic /

characteristic, reducing the reliability.8ctordingly, the preferable -

range of the Rierr] ghegL] G0N fl¥eraRit] chie Ol Bado7ib, [ Yo bk 1er05

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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When t he conblned anount of N[err]C{err] and Rlerr]Jerr] ([err] + [err])
Is nmore than 0.06 as in the sanple No. 305, the dielectric loss is
increased up to 2.0% while the mean life span is shortened, being not
preferable since the nunber of rejects

- 33 - inthe humdity resistance load test is |ncreaﬁﬁ§SHEETHAS
. BEEN

REPLACED

T

The contents of the alkali earth metal oxides

T00462V0.DOC

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 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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Accordingly, the conbined anbunt of Merr]Jerr] and Rlerr]Jerr ([err] +
[err]) is preferably in the range of [err] + [err] [err] O.O06. It
is not preferable that, as seen in the sanple No. 306, the BaZr(err]
content y is zero since the insulation resistance becones IOM/mhiIe having
a larger voltage dependency of the insulation resistTHiSsHEREAS

system containing BaZr(Jerr]. On the other hand, when t REPBYCH| err]
content y exceeds 0.06 as in the sample No. 307, the é@g&@ ure

char act e’P94pE&VAeBACNOt satisfy the B-|evel charact It rdqngﬂ"ﬂw
characteristi.c, being not preferable since the nean TlTe spé

short ened. Accordi ngly, the prefera‘blq,ﬁr'ange of the BaZzrJerr] content

[err] is QASBE i@{&] [err] [err] O.O06.

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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It is not preferable that, as seen in the sanple No. 308, the MO content
g is 0.001 since neasurenents are inpossible due to sem conductor
formation. On the other hand, it is not preferable that the MO content g
exceeds 0.13 as seen in the sanple No. 309 because the tenperature
characteristic X7R is not satisfied besides the insul at{ygsHEETHASBEEN. | S
|l ow and the nean |ife span becones short. Accordlngly t heRpPIANCEPabI e

e SRR Fa s P8 BT e ngﬂm i
sanpl e No. 310 because neasurenents aigg _ .. L

°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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- 34 - inpossible due to formation of sem conductors. It is also not
preferable that, as seen in the sanple No. 311, the BaO Ti(err] ratio m
is 1.000 since the insulation resistance as well as the AC and DC
breakdown vol t age beconmes | ow al ong with shorteni ngHISTBHERTMAY ey Span. |t
I's not preferable, ) REPLACED

sootcavo.o0c Lt |1
- 88 -
.(Example 18) |
A material with a composition of Baoxu.rio,

'0.025E4,0, + 0.01Bazx0, + 0.05 MnO (mole ratio) was prepared
upy

using barium titanateyin TABLE f}(as a dielectric powder. A v/

‘monolithic ceramic capacitor was produced by the same method

. $x 0y~ Troy, — %2
as in Example 1, except that an oxide EFi;O—{&Si7—Fi+)O;-NMC- \V 4
shown in Table % .having a mean particle size of 1 ym or v

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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on the other hand, that the BaOTidJerr] ratio mis over 1.035 as'in the
sanpl es No. 312 and. 313 since. nmeasurenments becones inpossible due to
insufficient sintering. Accordingly, the BaO TiJerr] ratio min the range
of 1.000 < m[err] 1.035 is preferable. It lS‘ﬂﬂSsQé@fﬁAé%EE t hat

t he anount of addition of the first or second side conpon&ntAcEDZero as in
the sanples No. 314 and 316 because neasurenents are ’ O%Slb|e due to
insufficient sintering. It is not preferable that theJ mﬁh ﬂumguﬁiﬂltlon
of the fH00462¥0.88Cnd si de conponent exceeds 3.0 paf EdEhy s seen
in the sanples No. 315 and 317, the_ggelectric | oss exceeds 1.0% and the

i nsul ati on _ - _
the area surrounded 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.

Thls Sheet Has Been RTiII

I




resi stance and insul ati on breakdown voltage are lowered along with
shortening the nean life span. Accordingly, the preferable content of
either the first or the second conponents is 0.2 to 3.0 parts by weight. .
The contents of the alkali earth metal oxides contai nedHISSHEET HAS BEEMnat e
as inmpurities are suppressed below 0.02% by wei ght because RERRAGER he
contents of the

R | !H i

- 90 -

When the oxide sib,émid,-kb ha_é a compos:.tion 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.

" This Sheet Has Been Replaced.
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. 35 - alkali earth metal oxides exceeds 0.02% by weight as in the sanple

No. 318, the dielectric constant is decreased. (Exanpl e 5) ' A

starting material of the conposition of BaC{err]TiC{err] f_

0.01Y[err](err]3 + 0.02Dy[err]Jerr] + 0.01BaZr(err EN(nDIe

rati on) was prepared using bariumtitanate i.n TABIHIS® electrlc

powder, in which oxides represented by Lli[err]O (S, Ti) err ND wth a

mean particle size of 1 [err]m.or |ess shown in Tq aE 6 ‘ﬂg\
T00462V0.DOC S

- 9] -

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

This Sheet Has Been Replac
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prepared by heating at 1200 to-1500 [err]C was added as a first side
conponent. A nonolithic ceram c capacitor was produced by the sane nethod
as in Exanple 1, except that the starting material as described above was
used. The overall dinensians of the nonolithic capac} |§EHEST HABBEBNE as in
Exanple 1. The electric characteristics were neasured by refaCEBme nmet hod

as in Exanple 1. The results are shown in TABLE 14. The S 401 to
422°in TASb %4 correspond to the sanples No. 101 t. ﬁﬂ!ﬁﬂ%
respect i vaP$82VRBPEI n, for exanple, the side conpone

101 in TABLE 6 is added to the sanple &P 401 in TABLE 14

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 insdlation 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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14 As is evident from TABLE 14 preferable results are

i ned in the sanples No. 401 to 412, 418 and 420, in aRka:
6 - which oxides in the sanpl es 1 q?112 118 and 120 in . £
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ampl e NO. 433 in TABLE 14. (Exanmpl e 6)
" a conposithg of BaC{efT%TiC{err] + 0.01Y[err]Jerr] +
Eu[ err]

1 0on) was
wder, in

SRR P ORI 1 o 1 woet 43440

A starting materi al

= ] err] + 0.015Bazrgerr] + 0 06MEDP (hibl e
Wﬁreﬁare using bariumtitanate in TABLE 1A as a dielectric
i&M 4ntJoxi de represented by SiQ[err]-  THIS SHEET HAS BEEN
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S out5|de of the conposition range @ rib d above as shown
- 52 - in the sanples No. 1113 to 11@ HH m sintering becones
insufficient or many sanples are rej ‘Hj I "" ﬁ1d|ty resi stance | oad

test even after sintering. The sanples he conposition falling on the
line A-F and W THIS SHEET HAS BEEN
: : REPLACED :
ToossavoDoc | R R A
: 1
S . o 93- .

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:fide, gadolinium oxide, terbium oxide and
dysprosium oxide, barium zirconate and manganese oxide,
containing an essential component represented by the
'followincj 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, re.presents 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.
said .'s_econd' s.i.de component is an oxide répresented by S§io, -

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

This Sheet Has Been Re ﬂ
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1.0 as in the sanples No. 1119 and 11 ' I ering tenperature
al ong with causing many rejects in thﬁmﬁlnuﬂﬂﬁgmt ance | oad test. Wen
the value of wis less than 0.30 as skhown Iih s | e_No. %EE

sintering tenperature becones high along-with causing ﬁﬁﬂ?ﬁ? é@g Ni he

hum dity resistance |oad test. (Exanmpl e 9) A mate é Wth a

conposition of BaJerr]TiJerr] + 0.03Sc[err]Jerr] + c”ﬂ“ﬂmmmam” +
0.05My0 + 0. 01 MO (nole ratio) was prepared using barijg i '
TABLE 1ALV tric powder. A nonolithic ceramic capacitor was
produced by the sane nethod _ 94 -

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,-

This Sheet Has Been-Reﬁaced




as in Example 1, except t hat an OXI rr] XO shown in Table
1008, having a nean particle size o l ﬂﬂ! S produced by heating
the material described above at 120 : mas added as the

second side conponent. The amounts of addltlon of AI[ Eﬁﬂ SB&EN
ZrJerr] correspond to parts by wght relative to 100 pa ‘%elght of
(xSigerr] - yTiderr] -+ zXQ. The overall di mensmn m',”' thic
ceram c fﬁy%%aédnbdg(xuwed is the sane as in Exanple ”ﬂ?

T =95 -

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

Sheet Has Been Re laced
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- 93 - TABLE 1008 The el ectyyg gkl CS were then
measured by the same nethod as in Exz”"[m(mlﬂllnmmikﬂnl ts are shown in
TABLE 1009. TABLE 1009 ' * oL oM s w
THIS SHEET HAS BEEN
REPLACED

200462v0.p0c N

- 96 -
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

I

This Sheet Has Been Rerlaced_



As is evi
obt ai ned
within or

dent from TABLE 1008 and T rable results are
in the sanples No. 1201 to}f uMﬂ[EIﬁX|des W th conpositions

on the boundary lines of

35, y =51, z =14), C (X =230, y = 20, z 50) and D (X = RHPLA¥YED
60), (wherein x, y and z represent nole @@ of the thre gﬂiéﬂonent phase

di agram of the oxi des represented by SiJerr]-Tigerr]
are added904R¥0:PRC he sanpl es have a capacitance decr

smal | as

MU .

-45% at an i npressed vol t age 8f 5 kV/mm and a

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 layers, inner electrodes

formed between said ceramic layers and outer electrodes

being electrically connected to said inner electrodes,

wherein said dielectric ceramic layers are constructed by

This Sheet Has Been Re

i

ecarea mwursrownded by the straight
lines connecting each spot indicated by A (X 85, y —'ﬁﬂSéHEEﬂﬁASBEEN

(X =



dielectrfc Iosé of 1.0% or |ess, 3"@ change of the
el ectrostatic capacitance agai nst t " l HM es satisfying the
B-1evel characteristic standard stipul@ated mn she*JIS.ﬁhgn arngn t he

tenperature range of - o S BEgN- 25
"Cto +85 [err]C and X7R-1evel characteristic standard REPLACE

Cotervoone | AN o g

- 98 -
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.

Thls Sheet Has Been RTla




stipulated in the EIA standard in the tenperature range of - 55 [err]Cto
+125 [err]C Moreover, the insulation resistances at 25 [err] C and
150 J[err]C as expressed by the product CR show as hlaﬂ val ues as 5000
[err]F or nore and 200 [err]F or nore, respectively, EE'HA&IBEENC
capacitor is used under -a high electric field strength oRERAGER rm  The

I nsul ation breakdown vol tage al so shows hi gh val ues nor e
~under the AC volta and 14 kV/ mm or nore under the %ﬂ# @mmla
addition,ToMGZél@o&. ation test at 150 [err]C and DC 25

life span as long as 800 hours or nnrggbe5|des enabling a

ABSTRACT OF THE DISCLOSURE

The present invention provides a dielectric ceramic
compos:.t:.on containing LOO parts by weight of essential
component represented by (Ba0),Tio, + M,0, + R,O, + BaZro, +
MgO + MnO (wherein M,0, represents Sc,0, and/or at least one
of Euzo,,.Gd,O,,' Tb,0, and Dy,0,) and 0.2 to 3.0 parts by
weight of the side componenrs represented by Li,0-(Si,
Ti)0,-MO (wherein Mo.,represents Al,0; and or Zr0,) or SiO,-
TiO0,~-XO (wherein XO represents at least one of BaO, CaO,
Sr0, MgO, 2n0 and MnO),and a ceramic capacitor using the.

same.

This Sheet Has Been R laced
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ature of 1300 [err]C or |ess. When t he
¥ reiented by S|CIerr] T|Qerr] XOIS(% of
-yed—atiove, o The ot el franmds,—s+h-e

nin. the sanples No. 1213 to 1219 ar nmany

t hegconposi tiof :

becpnes i nsuff

rej bcts occur[mrl ﬂy pAw s gyce | oad test even H1'$§HEE'HHASBEEN
sintering. n erft Qerr] andkor Zrderrt is al | oviREPLAGERONt ai n

in the OXIdeS ented by Siderr]-Tiderr]-X0O as m,&@ )
1211 and 1212, I ithic capacitor having the insulati ﬂ"@g}f im] of
5400 [err] F or rmre and 300 [err]F or nore at 25 [err]C ‘and’ err]C,

- respectlvely under an electric field strength of 10 kV/ mm can be
obt ai ned. However, when the unts of

rel gtively lo
conposition of

" This Sheet Has Been Re[ilaced :




Laddition of Alferr]ferr] and Zr(Jerr] exceed 15 parts by weight
parts B vvm:ght respectively, the sintering property is extrenely
iorated BEBS Rl H8NAETND 1217 and 1218 |
HE EEN

[§5= = o : REPLACED

By 7 | - Hllllll IR

&
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npl e 10) Four kinds of bariumtitanate (BaTierr]) in TABLE 1,
oxi de powder as a first side conponent and an oxi de powder as a second

fle conponeéBEE =it 9i 8dHi3bY the same nethod as in Exanple 1.(3)
Tifen, BaCO3 fqr _adjusting the Ba/Ti nole ratio min bariumlhia[% nateaAand

Se{err]derr]; ]derr], Bazrgerr] and MiOwith purity

wer e prepared. ese raw material powder and oxide powder to be TYEP t he
first or second &fd conmponent were wei ghed so as to be the’ il
shown in TABLE 1010° and TABLE 1011. The anmpunt of addition mym’m""
second si de conponent corresponds to theg Sﬂ’@%ﬁ_&é@i}ive to :

This Sheet Has Besn Rerlaced .




=

-la) parts of the essenti al conponent of ((BaO)[err]querr] +
i 2 c

[drr]l\/[err] : rﬁerr] + [err]I\/hO) Am)nollthlc C6§

sl

capaci tor was~ <Jo weTgthes ethod as
in Exanple J{-&E overal | dimensions of the monol i t hi c ceranic capacitor
produced are the Same as in Exanple 1. - TABLE 1010  THIS SHEET HAS BEEN
REPLACED
A S

sio, LT

S
N / . \\ .l” N .
80 Y X Ymmm -3 20
4 . V4 [ [ 4
/ 7\ ;s N, ’
N p :

X0
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- 56 - TABLE 1011 N ; The el ectric chaf actﬁgpgAd;mrgg@aﬁurg@ Dy

‘the same nethod as in Exanple 1. The resultb @Me..sBo¥ / 1330
"TABLE 1013. TABLE 1012 [ TABLE 1013 jg;X;:3; ﬁaé§ﬁ ..... %Q%gd """"

paged ..... to paged .....
AW ng\s) paged \... to paged 4’
wact pabglelto paged ...

DATE ORF RECEIPT f13 DEC 1998

Foa
L.

-1 =
' DIELECTRIC CERAMIC COMPOSITION AND MONOLITHIC CERAMIC
CAPACITOR USING SAME
BACKGROUND Of‘ THE .INVENTION
1. Field of the Inventién
| The present inventidn relates ‘to a dielectric geraﬁic

composition and monolithic ceramic capacitor using the same.

2. Desdription of the Related Art

The conventional cefamic capacitor is usually produced .~
by the following process.

First, a sheet of a dielectric material coated with an
electrode material to serve as inner electrodes on its
surface is prepared. A matérial essentially composed of
BaTiO, is.used for the dielectric material. Then, the sheet
of the dielectric material coated with this 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 céramic capaéitor 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.



As evident from TABLE 1012 and TABLE 1013, the ceram ¢ capacitor according
to the present invention has a capacitance decreasing ratio of as snmall as
within -40% at an inpressed DC voltage of 5 kV/nmand a dielectric |oss of
1.0%or less, along with the rate of change of the electrostatic
capaci tance agai nst tenperature changes - satisfying the B-|evel
characteristic standard stipulated in the JIS Standard in the tenperature
range of -25 [err]Cto +85 [err]C and X7R-1evel characteristic standard
stipulated in the EIA standard in the tenperature range of- -55 [err]C to
+125 [err]C
-2 -

However, these electrode materials are expensive while

having excellent characteristics, rendering the production

cost to be increased. Therefore, 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 e;ectronic appliances compact,
high performance anﬁ 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. Although 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 thé insulation resistance, insulation
dufability and reliability are extremely deteriorated when
the electronic appliances are used under a high electric
field strength because conventional 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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Moreover, the insulation resistances at 25 [err]C and 150 [err]C as
expressed by the product CR show as high values as 4900 [err]F or nore and
190 [err]F or nore, respectively, when th ceram c capacitor is used under
a high electric field strength of 10 kV/nm The insul ation
breakdown vol tage al so

for the inner electrode.
For example, while the dielectric materials disclésed
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, there was a
deficiency that the 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;aé.2000 to 2800. It was
also a deficiency that the insulation resistance is low.
The object of the present invention is to.§rovide a
dielectric ceramic cdmposition capable of forming, for
example, dielectric ceramic layers of a monolithic ceramic
capacitor, wherein the insulatioﬁ resistance represented by

a product with the electrostatic capacitance (a product CR)
I

is as high as 4900 to 5000 Q'F or more gEELEOO Q'F or more
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shows hi gh val ues of 12 kV/mm or nore under the AC vol tage and 14 kV/ mm or
more under the DC voltage. In addition, an acceleration test at 150 C and
DC 25 kV/Imm gave a nean |ife span as |long as 800 hours or nore besides
enabling a relatively low firing tenperature of 1300 [err]C or I|ess.

The reason why the conposition was limted in the present invention wll

be descri bed hereinafter. In the conposition of (BaO[err]Tigerr]
+ [err]MJerr] + [err]BazrJerr] + [err] MO (wherein Merr](err] -
represents at |east one of either Sc[err](err] and Y[err](Jerr], [err],

[err], and [err] representing nole ratio, respectively), the MO03 content
a of less than 0.001 as shown in the.sgnple No. 1301 is not preferable
because the.tenperature
at room temperature and 150 °C, respectively, when the
capacztor is used under a high electric field strength of,
for example, as high as about 10 kv/mm, along with having a
small voltage dependence of the insulation resistance, being
excellent in stability of the electrostatic capacitance '
against DC vias voltage, being high in the insulation
durability besides the temperature characteristics of the
electrostatic dapacitance 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 fo provide a monolifhic 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
dieléctric'ceramic composition comprising barium titanate
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

e s
g oo e
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characteristic does not satisfy the B-level characteristic / X7R
characteristic. On the other hand, the M203 content a of nore than 0.06 as:
shown in the sanple No. 1302 is also not preferable because the specific
dielectric constant is reduced to |l ess than 900. Accordingly, the
preferable range of the Merr]Jerr] content ais 0.001 [err] [err] [err]
0. 06. It is not preferable that the BaZr(Jerr] content [err] of
zero as in the sanple No. 1303 is not preferable since the i nsul ati on
resistance is | ow and the voltage dependency of the insulating resistance
Is larger than that of the conposition systemcontaining BaZr(Jerr]. It
is al so not ' -5 =
essential component repfesented by the following composition
formula; |
(Ba0),Ti0, + oM,0, + BR,0, + yBazr0O, + 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;, G4,0;, Tb,0; and Dy,0;, @, 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 =< 0.13 and a + p < 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 represented by Li,0 - (Si,
Ti)0O, - MO (wherein MO is at least one of Al,0, or Zr0,) and .
the second side component is an oxide represented by SiO, -
Ti0, -~ X0 (wherein X0 is at least one of the compound
selected from BaO, Ca0O, SrO, MgO, zZnO 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 < 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 représented by the following composition
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- 58 - preferable that the BazZr(Jerr] content [err] is nore than 0.06 as
in the sanple No. 1304 because the tenperature characteristic does not
satisfy the B-level characteristic / X7R characteristic, along with
shortening the nean |ife span. Accordingly, the preferable range of the
BaZr(err] content [err] is - -

férmula;

(Ba0), Tio, + aM,0, + fBazro, + yMno
{wherein M,0; represents at least one of either Sc,0, or Y,0,,
where a, B and y representing mole ratio in the range of
0.001 s @ = 0.06, 0.005 s f = 0.06 and 0.001 < y = 0.13 with
1.000 < m s 1.035). ” "

The essential component may further contain g mole
ratio 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 essential component may be represefited by the
following composition formula;

(Ba0),Ti0, + aR,0, + BBazr0, + yMnO
(wherein R,0, represents at least one kind of compound
selected from Eu,0,, Gd,0,, Tb,0,, Dy,0,, HO,0,, Er,0,, Tm,0, and
Y¥b,0,, where «, f and y representing mole ratio in the range
of 0.001 <=« < 0.06, 0.005 < B < 0.06 and 0.001 <y s 0.13
with 1.000 < m = 1.025). |

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

In the dielectric ceramic composition described above,
it is preferablé that the first side component, when its

composition is represented by xLi,O-y(Si,Ti,,)0,-zMO (wherein
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0.005 [err] [err] [err] O.O6. It is not preferable that, as seen in
the sanple No. 1305, the MgO content y is 0.001 since neasurenents becones
i npossi bl e due to. sem conductor formation. It is not preferable that the
MyO content y exceeds 0.13 as in the sanple No. 1306, because the
tenperature characteristic does not satisfy the X7R characteristic be5|des
the insulation resistance is lowand nean |ife span is shortened.
Accordingly, the preferable range of the MyO content y is in the range of
0.001 < [err] [err] O.13. It is not preferable that the BaO TiJerr]
ratio mis |ess :

-7 -
x,-y and z represént mols and w is in fhe range of 0.30 <= w -
= 1.00), falls within or on the boundary lines of the aréa
surrounded by straight lines connecting each point 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)
(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
diagram defined by the apexes corresponding to each
component. '

In the dielectric ceramic compbsition described above,

it is preferable that the second side component, when its

- composition is represented by xSiOZ-yTiO,QZXO (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 =
l, 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 Alxh and 2rx0, (the
confent of Z2r0, is 5 parts by weight or less) relative to

100 parts by weight of the oxide represented by Si0,-TiO,-
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than 1.000 as in the sanple No. 1307 because neasurenents are inpossible
due to formation of sem conductors. It is also not preferable that, as
seen in the sanple No. 1308, the BaOTierr] ratio mis 1.000 since the
insulation resistance as well as the AC and DC breakdown voltage becones
| ow al ong with shortening the nean |ife span. It is not preferable, on the
ot her hand, that the BaOTiJerr] ratio m is over 1.035 as in the sanples
No. 1309 and 1310 since '

X0.

The present ipvention according to a different aspéct
provides a monolithic ceramic capacitor proyided with a
plurality of dielectric ceramic layers, inner electrodes
formed between the ceramic 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 powder supplemented with glass

frits.

BRIEF DESCRIPTION OF THE.DRAWINGS

FIG. 1 is 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 dielecfric 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

capacitor shown in FIG. 1.
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- 59 - neasurenents becones inpossible due to insufficient s
Accordingly, the BaOTiJerr] ratio min the range of 1.000 <
1.035 is preferable. It is not preferable that the anou

I ntering.
merr]
nt of

addition of the first or second side conmponent is zero as in the sanples

No. 1311 and 1313 because neasurenents are inpossible due to

i nsuf ficient

sintering. It is not preferable that the anmpunt of addition of the first

or second side conponent

-9 -

FIG. 4 is a three component phase diagram of Li,0-(Si,,

Ti,.,)0,~MO oxides.

FIG. 5 is a three component phase diagram of Si0,-TiO,-

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 exampl

e 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 FIG.

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 embodiment is provided with a

rectangular shaped monolithic ceramic body 3 obtained by

laminating a plurality of dielectric ceramic layers 2a

2b via the inner electrodes 4. An outer electrode 5 is

and

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
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excedds 3..0.parts by weight as seen in the sanples No. 1312 and 1314, on
t he ot her hand, because the dielectric | oss exceeds 1.0% and the
i nsul ation resistance and insul ation breakdown voltage are | owered al ong

with shortening the nean |ife span. Accordingly, the preferable content of
either the first or the second conponents is in the-range of 0.2 to 3.0
parts by weight. The contents of the alkali earth netal oxides

contained in bariumtitanate as inpurities are suppressed below 0.02% by
wei ght because, as in the sanple No. 1315, when the contents of the al kal
earth netal oxides exceeds 0.02% by weight, the dielectric constant is
decr eased. - - 10 - :

piating layer 6 comprising nickel or copper is plated, a
second plating layer 7 comprising a solder or tin being
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.

Thén,.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 dielect;ic
ceramic layers 2a and 2b is obtained.

Next, an inner electrode 4 comprising nickel or a
nickel alloy is formed on one principal face of the green
sheet to serve as the dielectric ceramic layers 2b. Nickel
or nickel alloys as base metals may be used for the material
of the inner electrodeh4 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 depositiqn method
or a plating method.

After laminating a required number of the green sheets
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(Exampl e 11) A material with a conposition of Ba(Jerr]TiJerr] +
0.02Y[err]Jerr] + 0.01BaZrerr] + 0.04 MO (nole ratio) was prepared
usi ng - 60 - bariumtitanate in
TABLE 1A as a dielectric powder. ‘A

- 11 -
for use in the dielectric ceramic layers 2b having the inner
eiectrodes 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 green 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,-Si0,-Ba0 glass or Li,0-SiO,-Ba0 glass into these
metal powders, an appropriate material should be selectéd by
taking the application objeét 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
material followed by heat-adheriné, 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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nmonol ithic ceram c capacitor was produced by the sane nethod as in Exanple
1, except that an oxide represented by Li[err]O (Si,Ti)derr]-M> as shown
i n. Tabl e 1006, having a nean particle size of 1 [err]mor |ess produced by
heating the material described above at 1200 to 1500 [err]C, was added as
the first side conmponent. The overall dinensions of the nonolithic

ceram c capacitor produced is the sane as in Exanple 1. The electric
characteristics were then nmeasured by the same nethod as in Exanple 1. The
results are shown in TABLE 1014. The sanple No. 1401 to 1422 in TABLE 1014
correspond to the sanples NO. 1101 to 1122 in TABLE 1006, respectively.

- 12 =
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
fﬁrther 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 Q-F or more and 200 Q'F or more
at room temperature and 150 °C, respectively, when the
capacitor is.used under an electric field strength as high
as about 10 kV/mm, along with having a small voltage
dependence of the insulation resistance, the absolute value
of the capacitance decreaéing 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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For exanple, the sanple No. 1401 in TABLE 1014 was obtai ned by adding the
si de conponent of the sanple No. 1101 in TABLE 1006. TABLE 1014

As is evident fromthe sanples NO 1401 to 1412, 1418 and 1420 in TABLE
1014, preferable results are obtained in the sanples in which oxides of
the sanmples No. 1101 to 1112, 1118 and 1120 in TABLE 1006 with-
conpositions within or on the boundary |ines of the area surrounded by the
straight |ines connecting each spot indicated by A (X = 20, y 80, z

- 13 -
capacitance 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 ih 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 kVv/mm and high humidity load test.

\It has been confirmed that, among alkali earth metal
oxides such.as Sro and Ca0 existing in barium titanate as
impurities, alkali metal oxides ‘such as Na,0 and K,0 and
other oxides such as Al,0, and SiO,, 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,, H0,0;,
Er,0,, Tm,0, and Yb,0,, and Sc,0, 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 okides contained in barium titanate as
impurities to 0.02% by weight or less.

Adding an oxide represented by Li,0-(Si, Ti)0,-MO
(wherein MO is at least one of Al,0, and Zr0,) 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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- 61 - 0), B(X=10, y =80,z =10), C(X =10, y =70, z = 20), D (X
=35, y =45 2z =20), E(x =45, y =45, z =10) and F (x =45, y =55, z
= 0) (wherein x, y and z represent nole % wrepresent nole ratio and wis
in the range of 0.3

- 14 -
fufther improving the high temperature load characteristic.
Adding an oxide represented by Si,0-TiO,-XO (whereiﬁ X0
is at least one kind of compound selected from Ba0O, Cao0,
Sr0, 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

Zr0, in the oxide represented by $i,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,), 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 Sf 1000 °C or
more to synthesize four kinds of barium titanate listed in

TABLE 1.
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[err] w< 1.0 in the conposition on the line A- F) inside of the three
conponent phase di agram of the oxides represented by Lie[rr]O(Si[err],
Ti[err])dJerr]-MO shown in FIG 4 are added as side conponents, wherein

t he sanpl es have a capacitance decreasing ratio of as small as within -40%
at an inpressed voltage of 5 kVVmm and a dielectric | oss of 1.0%or |ess,
along with the rate of change of the ®l¥rtTostatic capacitance agai nst

t enperature changes satisfying the B- |evel characteristic standard
stipulated in the JIS Standard in the tenperature range of -25[err]Cto
+85 C and X7R—Ieve| characterlstlc standard stlpulated in the EIA standard
in the tenperatda-tange g

Table 1

Content of impurities (wt¥%)

Kind Mean
of Alkali | i;ﬁ;f
BaTiO; | metal | SrxO cao sio, | Al0 (um)

oxide
A -0.003 0.012 0.001 0.010 0.005 0.60
B 0.020 0.010 0.003 0.019 .0.008 0.56
C
D

0.012 | 0.179 0.018 0.155 0.071 0.72
0.0862 0.014 0.001 0.019 0.004 0.58

Oxides, carbonates or hydroxides of each
10 component of the first side component were weighed so
as to be in a composition ratio (mole ratio) of
0.25Li,0-0.65(0.30Ti0,#0.70S10,) -0.10A1,0, to obtain a
powder by crushing and mixing.
_ Likewise, oxides, carbonates or hydroxides
15 of each component of the second side component were
weighed so as to be in a composition ratio (mole
ratio) of 0.668i10,-0.17Ti0,-0.15Ba0-0.02MnO to obtain a
powder by crushing and mixing.
Oxide powders of the first and second side
20 components were placed in separate platinum crucibles
and heated at 1500 °C. After quenching and crushing
the mixture, each oxide powder with a mean particle
size of 1 um or less was obtained.
In the next stép, BaCO,; for adjusting the
25 mole ratio Ba/Ti (m) in the barium titana;e, and Sc,0,,
Y,0;, Eu0,, G4,0,, Tb,0; and Dy,0;, BaZrO,;, MgO and MnO,
each having a purity of 99% or more, were prepared.
These raw material powders and the oxides side
components were weighted so as to form the
30 compositions shown in TABLE 2 and TABLE 3. The
amounts of addition of the first
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Mor eover, .the insul &ion resistances at 25 [err]C and 150 [err]C as
expressed by the product CR show as high values as 4900 [err]F or nore and
200 [err]F or nore, respectively, when the ceramic capacitor is used under
a high electric field strength of 10 kV/mm The insul ati on breakdown

vol tage al so shows high values of 12 kV/mm or nore under the AC voltage
and 14 kV/mm or nore under the DC voltage. In addition, an acceleration
test at 150 [err]C and DC 25 kV/'nm gave a nean life o

and 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, + yBazr0, + gMgO + hMnO.
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. Thié éeramic slurry was formed into a sheet
by a doctor biade method to obtain a rectangular shaped
green sheet-with a thickness of 35 ym, followed b& 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 électroconductive 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
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
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- 62 - span as long as 800-hours or more besi des enabling a relatively
low firing tenperature of 1300 C or | ess. - On the contrary, when the
oxi des represented by Li[err]O (Si[err], Ti[err])Jerr]-MOis outside of

t he conposition range

1117,

sanples are rejected in the humdity resistance load test even after
sintering as seen in the sanples NO 1413 to

- 17 -
shown in TABLE 4 and TABLE 5 in a reducing atmosphere
comprising H,-N,-H,0 gases under an oxygen partial pressufe
of 10~ 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 lB,O,-Li,O-SiO,-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.

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 of the
dielectric ceramic layer was 30 um. Total number of the
effective dielectric ce;amic 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 8) 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 kv/mm) for 2 minutes,

descri bed above as shown in the sanples No. 1113 to
and 1119 in TABLE 1006, the sintering beconmes insufficient or

many
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1417 and 1419 in TABLE 1014. The sanples with the conposition falling on
.the line AAF and W= 1.0 as in the sanples No. 1119 and 1121 in TABLE 1006
have high sintering tenperature along with causing many rejects in the
hum dity resistance |load test as seen in the sanples No. 1419 and 1421 in
TABLE 1014. When.the value of wis less than 0.30 as shown in the sanples
No. 1122 in TABLE 1. 006 , the sintering tenperature becones high
along with causing many rejects in the humdity resistance | oad test as
seen in the sanple No. 1422 in TABLE 1014. (Exanple 12)

- 18 -
oﬁtaining a product of the electrostatic Eapacitance 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 as 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 against
temperature changes.

The DC vias characteristic was also evaluated. First;
the electrostatic capacitance when ah AC voltage of l'kHé
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 calculated.

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
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A material with a conposition of BaQerr]Tierr] + 0.02Sc[err](err] +

0.01Bazr err]

+ 0.04 MnO (nole ratio) was prepared using bariumtitanate

in TABLE 1A as a dielectric powder. A nonolithic ceram c capacitor was
produced by the sane net hod - 63 -
as in Exanple 1, except that an oxide represented by Sierr]-

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

In the humidity resistance test, the number 6f the
test pieces having an insulation resistance of 10°Q or less
among the 72 test pieces were counted after impressing a DC
voltage of 315 V under an atmospheric ptessure-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 rate of 100 V/sec.

The results desc:ibed above are lis.ed in TABLE 4 and

- TABLE 5.
TABLE 4
TABLE 5

It is evident from Table 1 to TABLE 5 that the
monolithic ceramic capacitor accofding to the present.
invention has a capacitance decréasing 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 of the electrostatic capacitance against temperature

changes satisfies both the B-level characteristic standard
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TiJerr]-XO shown in Table 1008, having a nean particle size of 1 [err]m
or |l ess produced by heating the material described above at 1200 to 1500
[err]C, was added as the second side conponent. The overall dinensions of
the nonolithic ceramc capacitor -produced is the sane as in Exanple 1. The
el ectric characteristics were then neasured by the sanme nethod as in -
Exanple 1. The results are shown in TABLE 1015. In TABLE 1015, the sanples
NO. 1501 to 1519 corresponds to the sanples NO 1201 to 1219 in TABLE
1008. For exanple, the sanple No. 1501 in TABLE 1015 was obtai ned by

addi ng the side conponent of the sanple Noyy1201 in TABLE

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

Moreover, the insulation resistances at 25 °C and iso .
°C as expresséd 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 besides enabling a
relatively low firing temperature of 1300 °C or less. .

The reason why the composition was limited -i.n the
preseﬁt invention will be described hereinafter.

In the composition of (Ba0),TiO, + aM,0, + BR,0, +
yaazz:o,' + gMgO + hMnO (wherein M,0, represents at least one
of either Sc,0, or Y,0, and R,0; represents at least one of
the compound selectéd from Eu,0,, Gd,0,, Tb,0, and Dy,0,, a, B,
Y. g and h representing mole ratio, respectively), the M,0,
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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1008. TABLE 1015 As is evident from Sanples NO 1501 to 1512 in
TABLE 1015, preferable results are obtained in the sanples, in which

oxi des of the sanples NO 1201 to 1212 in TABLE 1008 w th conpositions
within or on the boundary lines of the. area surrounded by the straight

| i nes connecting each spot indicated by A (X =85, vy =1, z =14), B (X =
35, y =51, z =14), C(X=30, vy =20, z =50) and D(X =39, vy =1, z
60), (wherein x, y and z represent nole %, of the three- o

- 21 -
On .the other hand, the M,0; content a of more than 0.05 as
shown in the sample No. 2 is also not preferable bec"'ause'the
specific dielectric constant is reduced to less than 1000.
Accordingly, the preferable range of the Mn,0; content a is
0.001 < a = 0.05.

It is not preferable that the R,0, content f is less
than 0.001 as in the sample No. 3 since the insulation
resistance is so low that the product CR becomes sinall. It
is also not preferable that the R,0, content f 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 f is 0.001 < 8 =
0.05.

When the combined amount of M0, and R,0, (& + 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 is ir_xcréased. Accordingly, the combined amount of M,0,
and R,0; (a« + $) is preferably in the range of ¢ + B =< 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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- 64 - conmponent phase di agram-of the oxides represented by Sigerr]-
Tigerr]-XO shown in FIG 5 are added as a side conponent, wherein the
sanpl es have a. capacitance decreasing ratio of as snmall as within -40% at
an inpressed voltage of 5 kV/mm and a dielectric loss of 1.0%or |ess,
along with the rate :

-

-22 -
cohtaining BaZr0O,;. On the other hand, when'the BaZro,
cbntent Y exceeds 0.06 as in the sample No. 7, the
temperature characteristic does not satisfy the B-level
characteristic / X7R characteristic, being not preferable
since the mean life span is shortened. Accbrdingly, 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.
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 preferable because rejections in
the humidity resistance test are extremely increased while
shortening the mean life span.. Accordingly, the preferable
range of the MgO content g is 0.001 < g = 0.12.
It is not preferable that
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
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of change of the electrostatic capacitance against tenperature changes
satisfying the B-l1evel characteristic standard stipulated in the JIS
Standard in the tenperature range of -25 [err]Cto +85 [err]C and

X7R-1 evel characteristic standard stipulated in the EIA standard in the.
tenperature range of -55 [err]Cto +125 [err]C Mor eover, the

i nsul ation resistances at 25 [err]C and 150 [err]C as expressed by the
product CR show as high values as 4900 [err]F or nore and 190 [err]F or
nore, respectively, when the ceramc capacitor is used under a high
electric field strength of 10 kV/mm The insul ati on breakdown vol tage al so

- 23 -
becomes short. Accordingly, the preferable MnO content h is
in the range of 0.001 < h =< 0.12. |

It is not preferable that, as seen in the sample No.
12, the combined content of MgO and MnO (g + h) exceeds 0.13
because the dielectric loss is increased to 2.0%, the mean
life 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 preferabie 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
BaO/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 Ba0O/TiO, 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. 17 and 19 because measurements are impossible due to

insufficient sintering. When the amount of addition of the
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shows hi gh values of 12 kV/nmmor nore under the AC voltage and 14 kV/ mm or
nore under the DC voltage. In addition, an acceleration test at 150 [err]C
and DC 25 kV/mm gave a nean |life span as |long as 800 hours or nore and no
rejections were found in the humdity resistance | oad test besides
enabling a relatively low firing tenperature -of 1300 [err]C or |ess.

When the oxide SiJerr]-TiJerr]-XO has a conposition .outside of the
conposition described above as in the sanpl es No. '

- 24 -
first or second side component exceeds 3.0 parts by weight
as seen in the samples No. 18 and 20, the dielectric losg
exceeds 1.0% and the insulation resistance and insulation
breakdown voltage are lowered along with shortening the mean
life span, which are not preferable. 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 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 weight, the

dielectric constant is decreased.

- (Example 2)
A starting material BaO, ,,TiO, + 0.010Y,0, + 0.02Gd,0, +

0.01BaZr0O, + 0.05Mg0 + 0.01MnO (mole ratio) was prepared
ﬁsing barium titanate "A" in TABLE 1 as a dielectric powder, in

which Li,d-(si, Ti)0,~MO oxide with a mean particle size of

1 um 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 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 capacitor produced are the same as in Example 1.
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- 65 - 1213 to 1219 in TABLE 1008, on the contrary, sintering becomnes

i nsufficient or many rejection appear in the humdity resistance |oad test
even after sintering as seen in the sanples No. 1513 to 1519 in TABLE
1015. Wil e a nonolithic capacitor having an insulation resistance
of 5290 [err]F or nmore and 310 [err]F or nore at 25 [err]C and 150 [err]C,
respectively, under a strong electric field of 10 kV/nm can be obtai ned as
shown in the sanples No. 1511

- 25 -
TABLE 6

Then, the electric characteristics were measured by
the same method as described in example 1. 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, y = 80, z = 0),
B(X=10, y=80,2=10),C(X=10, y = ?o, z = 20), D (X
=35, y=45, z =20), E (X =45, 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 of as small as within -45% at an impressed
voltage of § 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
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and 1512 in TABLE 1015 by all owi ng Alferr]CIerr] and/or Zrgerr] to
contain in the Sierr]-Tierr]-XO oxides as in the sanple No. 1211 and
1212 in Table 1008, sintering property is extrenely decreased when -
Alferr]Jerr] and Zrerr] are added in an amounts of 15 parts by wei ght
or nore and 5 parts by weight or nore, respectively, as in the sanples No.
1217 and 1218 in TABLE 1008. (Exanpl e 13) After preparing and
weighing TiC[err] and Ba(N(J err])[err] having a variety of purity as
starting materials, the conpounds were precipitated as titanyl barium
oxal ate _ _ :
- 26 -

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.

The insulation resistance represented by the product

CR at 25 °C and 150 °C shows as high values as 5000 Q-F or

more and 200 Q-F or more, respectively, when the capacitor

used under a electric field strength of 10 kVv/mm. The

insulation breakdown voltages are as high as 12 kV/mm or

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 kV/mm while

enabling a relatively low firing temperature of 1300 °C oi

less. |

On the contrary, when the Li,0-(Si,, Ti,,)O0,-MO oxides

is outside of the composition 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 rejects in the humidity

resistance load test. When 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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(BaTiO(Jerr]Oerr])[err]4H err] O by adding oxalic acid. This precipitate
was deconposed by heating at a tenperature of 1000 [err]C or nore to

synt hesi ze four kinds of bariumtitanate listed in TABLE 1.

- 66 -

- 27 -

resistance load test.

(Example 3)

A star_ting material BaO, ., TiO, + 0.010Y,0, + 0.01Eu,0, +
0.01Gd,0, + 0.01BaZro, + 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,-X0 with a
mean particle size of 1 pm_ 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
addition of Al,0, and ZrO, correspond to the amounts of
addition .relative to 100 parts by weight of the seéond side
component (xSi0,-yTiO,-zX0). 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

 REPLACEMERT SHEET

18 DEC 1998




Oxi des, carbonates or hydr oxi des as each conponent of the first side
conmponent were wei ghed so as to be a conposition ratio (nole ratio) of
0.25Li[err]O 0.65(0.30Tigerr]0.70SiJerr])-0.10A [err](Jerr] to obtain a
powder by crushing and m xi ng. Li kewi se, oxides, carbonates or
hydr oxi des as each conponent of the second side conponent were wei ghed so
as to be a conposition ratio (nole ratio) of 0.66SiJerr]-0.17TiJerr]-
0. 15Ba0G- 0. 02M1O (nol e ratio) to obtain a powder by crushing and m Xing.
Oxi de powders of the first and second side conponents were placed in
separate platinumcruci bles and heated at

- - 28 -~

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, f =
51, z =14), C (X =30, y =20, 2z =50) and D (X = 39, y =
1, z = 60), wherein x, y and z represent mole %, in the
three component phase diagram of the S$i0,-Ti0,-XO oxides
shown in FIG. 5 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.charactéristic 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
5000 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 or more

under the DC voltage. The mean life span in the
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1500 [err]C. After quenching and crushing the nixture, each oxide powder
with a nean particle size of 1 [err]mor |ess was obtai ned. In the
next step, BaCJerr] for adjusting the nole ratio Ba/Ti (m in barium
titanate, Eu[err](err], Gd[err]derr], Tbh[err]Jerr], Dy[err]Jerr],
HJ err]Jerr], Er[err]Jerr], Tnferr]Jerr] and Yb[err](Jerr], and
Bazr(Jerr], MgO and MhO, each having a purity of 99% or nore, were
prepared. These raw material powders and the oxides described above to be
either one of the first or second side conponent were weighted so as to
form conpositions shown in TABLE 2002 and2d ABLE 2003. The - anounts of
addition of the.first and second si de conponents '
acceleration test at 150 °C and DC 25 kVv/mm is as long as
800 hours along with being free from rejects in the humidity
resistance load test and being possible to sinter at a
relatively low sintering temperature of 1300 °C. _
In the §i0,-Ti0,-XO oxide, on the other hand, sintefing
becomes insufficient as in samples No. 213 to 219 or rejects
Qccur in the humidity resistance load test even after
sintering.
Although a monolithic capacitor having 5400 QF or
more and 300 Q-F or more of the insulation resistances at 25
°Cc and 150 °C, respectively, under the electric field
strength of 10 kv/mm, the sintering property is extremely
deteriorated when the amounts of addition of 21,0, and Zr0,
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
barium titanate, and §c,0,, v,0,, EW,0,, Gd,0,, Th,0, and Dy,0;,

and BaZr0O, and MnO, each having a purity'of 99% or more,
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are indicated by parts by weight relative to 100 parts by
-67- weight of the essential conponent (BaOJ[err]TiJerr] +
[err]Rl[err]derr] + [err]BazrJerr] + [err] MO + gWhQO "TABLE 2002

-~ 30 -

were prepared. These raﬁ material powders and the foregoing
oxide powder as one 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 (Ba0),TiO, + aM,0; + BR,0, + yBazro, +
gMnO). A monolithic ceramic capacitbr was produced using
this weighed materials by the same method as in Example 1.
Overall dimensions of the monolithic 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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TABLE 2003

Organi ¢ solvents such as pol yvinyl butyral binder and

et hanol were added to the wei ghed conpounds, which were m xed in a bal
mll ‘in an wet state to prepare a ceramic slurry. This ceramic slurry was
.formed into a sheet by a doctor blade nethod to obtain a rectangul ar

shaped green

sheet with a thickness of 35 [err]m followed by printing an

el ectroconductive paste mainly conposed of Ni on the ceram c green sheet
to forman el ectroconductive paste |ayer for

- 31 - _
As is evident from TABLE 10 to TABLE 13, the

monolithic 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

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 temperaturehrange 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 (Ba0),TiO, + aM,0, + BR,0, +

yBaZrO, + gMnO (wherein M,0, represents at least one of
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form ng inner el ectrodes. Then, a plurality of the ceram c green
sheets on which the el ectroconductive layer is fornmed were | amnated so
that the sides where the el ectroconductive paste is projected out are
alternately placed with each other, thus obtaining a nonolithic body. This
nmonol i thi c body was heated at 350 [err]C in a N2 atnosphere and, after
allowing the binder to deconpose, the nmonolithic body was fired at the
tenperatures shown in TABLE 2004 and TABLE 2005 in a reduci ng atnosphere

_ - 32 -
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,, a, 8, v
and g representing mole ratio, respectively), the M.0;
confent a of less than 0.001 as shown in.the sample No. 301
is not preferable because the temperature characteristic
does not satisfy the B-level characteristic / X7R
characteristic. On the other hand, the M,0,, contént « of
more than 0.05 as shown in the sample No. 302 is also not
preferable because the specific dielectric constant is
reduced to less.than 90¢. Accordingly, the preferable range
of the M,0, content « is 0.001 = a =< 0.05.

- _ It is not preferable that the R,0, content ﬁ.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
characteristic does not satisfy the B-level characteristic /
X7R characteristic, reducing the reliability. Aécordingly,
the preferable range of the R,0, content § is 0.001 < B <
0.0S5.

When the combined amount of M,0, and R,0, (a + 8) 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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- 68 - conmprising Herr]-Nerr]-Herr] O gases under an oxygen partia
pressure of 10[err] to 10[err] MPa for two hours, thereby obtaining a
ceram c sintered body. The both side faces of the ceram c sintered
body were coated with a silver paste containing
Blerr]Jerr]-Li[err]OGSiJerr]-BaO glass frits and flred at a tenperature
of 600 [err]Cin a Nerr] atnosphere, thereby obtaining outer electrodes
electrically connected to the inner el ectrodes.

- 33 - ‘

in the humidity resistance load test is increased.
Accordingly, the combined amount of M,0, and R,0, (a + p)ﬁis
preferably in the range of o« + § = 0.06.

It is not preferable that, as seen in the sample No.
306, the BaZrO, content y is zero since the insulation
resistance becomes low while having a larger voltage
dependency of the insu;ation resistance than in the system
containing BaZzZro,. On the other hand, when the BaZr0d,
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 s 0.06.

It is not preferable that, as seen in the sample No.
308, the MnO content g is 0.001 since measurements are
impossible due to semiconductor formation. On the other
hand, it is not preferable thgt ﬁhe Mno.conient,g exceeds
0.13 as seen in the sample No. 309 because the tqmperatﬁre
characteristic X7R is not satisfied besides'the insulating
- resistance is low and the mean life span becomes short.
Accordingly, the preferable range of the MnO content g is
0.001 < g s 0.13. '

It is not preferable that the Ba0o/TiO, ratio m is less

than 1.000 as in the sample No. 310 because measurements are



The overal | dimensions of the monolithic ceranic capaci tor thus obtained
were 5.0 mmin width, 5.7 mmin length and 2.4 nmin thickness while the
t hi ckness of the dielectric ceramc |ayer was 30 [err]m- Total nunber of
the effective dielectric ceramic |ayers were 57, the area of the
confronting el ectrode per one layer being 8.2 x 10[err]nferr].

El ectric characteristics of these nonolithic ceramc capacitors were
nmeasured. The el ectrostatic. capacitance (C) and dielectric loss (tan
[err]) were neasured using an automatic bridge type neasuring instrunment
at 1 kHz, 1 Vrns and 25 [err]C and the dielectric constant ([err]) was
cal culated fromthe - 34 -

impossible due to formation of semiconductors. It is also
not preferable that, as seen iﬂ ﬁhe sample No. 311, 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 Ba0/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/Ti0, 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 second
cémponents 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
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el ectrostatic capacitance. Next, the insulation resistance was neasured
using an insulation resistance tester at 25 [err]C and 150 [err] C by
~inmpressing direct current voltages of 315 V (or 10 kV/mm and 945 V (or 30
kV/mm) for 2 mnutes, obtaining a product of the electrostatic capacitance
and - 69 -

- 35 -
alkali earth metal oxides exceeds 0.02% by weight as in the

sample No. 318, the dielectric constant is decreased.

(Example 5)

A starting material of the composition of BaOLnfTid,-+
0.01Y,0, +.0.02Dy,0; + 0.0IBaZrO,l + 0.06MnO (mole ration) was
prepared using barium titanate in TABLE 1A as a dielectric
powder, in which oxides represented by LI,0O-(Si, Ti)O0,~-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 Examplc 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 mcthod as in Example 1. The results are shown in
TABLE 14. The samples No. 40i tc 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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I nsul ation resistance, or a product CR The rate of change of the
el ectrostatic capacitance against tenperature changes was al so neasured.
The rate of <change at -25 [err]C and 85 [err]C by taking the el ectrostatic
capacitance at 20 [err]C as a standard ([err]C C20), the rate of change at
-55 [err]C and 125 [err]C by taking the electrostatic capacitance at 20
[err]C as a standard ([err] C/ C25) and the nmaxi mum value of the rate of
change (|[err]C nax) as an absolute value in the tenperature range of -55
[err]C to 125 [err]C were neasured as the electrostatic capacitances
agai nst tenperature changes. The DC vias characteristic -was al so
eval uated. First, - 36 =

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 =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, vy = 45, 2z = 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 phase 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 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 temperaturé

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 QF 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
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" the electrostatic capaci tance when an AC voltage of 1 kHz and 1 Vrns was
i npressed was measured. Then, the electrostatic capacitance when a DC
vol tage of 150 V and an AC voltage of 1 kHz and 1 Vrns were simultaneously
i'mpressed was neasured, thereby the rate of reduction of the
el ectrostatic capacitance (AC/C) due to | oading the DC voltage was
cal cul ated. - In the high tenperature |oad test, a direct current
vol tage of 750 V (or 25 kV/mm was inpressed at 150 [err]C on 36 pieces of
each sanple to neasure the time dependent changes of the insulation
resi stance. The tinme when the insulation: . :
- 37 -

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 beiﬁg
possible to sinter at a relatively low sintering temperature
of 1300 °cC.

On the contrary, when the oxides represented by Liﬂb-
(8i,, 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
W = 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.

(Example 6)

A starting material with a composition of BaO, ,,,TiO, +
0.01Y,0, + 0.01Eu,0, + 0.01Tb,0, + 0.015Bazr0, + 0.06Mn0 (mole
ration) was prepared using barium titanate in TABLE 1A as a

dielectric powder, in which the oxide represented by SioO,-
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resi stance of each sanple was reduced bel ow 10[err] was defi ned

- 70 - to be alife spantine and nean life span tinme was eval uat ed.

In the hum dity resistance test, the nunber of the test pieces having an
i nsul ation resistance of 10[err] or |ess '

- 38 -

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 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
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 component 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 sambles 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) and D (X =39, y =1, z =

60), wherein x, y and z represent mole %, in the three
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anong the 72 test pieces were counted after inpressing a DC voltagé of 315
V under an.atnospheric pressure of 2 atm (relative hunidity 100% at 120

[err]C for 250 hours. _ I nsul ati on breakdown vol tages under AC and DC
vol tages were nmeasured by inpressing AC and DC vol tages at a voltage
I ncrease rate of 100 V/sec. The results descri bed above are |isted
in TABLE 2004 and TABLE 2005. TABLE 2004 TABLE 2005

- 39 -

component phase diagram of the oxides represented by SiO,-
TiO,~-X0 shown in FIG. 5 are added, wherein the samples héve
a capacitance decreasing ratio of as small as within -40% 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 -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 voltage also shows high values of 12
kVv/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
free from reﬁections in the humidity resistance load test
and being ﬁossible to sinter at a relatively low sintering
temperature.of 1300 °c.
On the contrary, when the Si0,-Ti0,-X0 oxides is
- outside of the composition range described above as in the

samples No. 213 to 219 in TABLE 8, the sintering becomes

T
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It is evident from Tabl e 2002 to TABLE 2005 that the nonolithic ceramc
capacitor according to the present invention has a capacitance decreasing
ratio of as small as wthin -45%at an inpressed voltage of 5 kV/nm and a
dielectric loss of less than 1.0 % wherein the rate of change agai nst
tenperature changes satisfies both the B- |evel characteristic standard
stipulated in the JIS Standard

- 40 -

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 %Zr02 is allowed to contain in the
oxides represented by S$i0,-Ti0,-X0 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 QF or
more at 25 °C and 150 °C, respectively, under an electric
field strength of 10 kv/mm as thé samples No. 511 and 512 in
TABLE 15 can be obtained. However, when the amounts of
addition of Al,0, and ZrO, 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 aéid. Thié precipitate
was decomposed by heating at a temperature of 1000 °C or
more to-synthesize four kinds of'bariuﬁ titanate listed in
'TABLE. 1.

Oxides, carbonates or hydroxides as each component of




- 71 - in the tenperature range of -25 [err]C to +85 C and X7R-1|evel
characteristic standard stipulated in the EIA standard in the tenperature
range of -55 [err]C to +125 [err]C. Mor eover, the insulation.
resistances at 25 [err]C and 150 J[err]C as expressed by the product CR
show as high values as 5000 [err]F or nore and 200 [err] F or nore,
respectively, when the ceramc capacitor is used under a high electric
field strength of 10 kVVmm The insul ati on breakdown voltage al so

_ - 41 -
the first side component were weighed so as to be a
composition ratio (mole ratio) of 0.25Li,0-
0.65(0.30T710,-0.70S10,)-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,-
0.15Ba0-0.02Mn0O to obtain a powder by crushing and mixing.

Oxide powders of the first and second side components
were placed in separate platinuﬁ crucibles, respectively,
and heated at 1500 °C. After qu.nching 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,, Y,0,, BaZr0O,;, MgO and
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 amouﬁts 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, + oM,0, + fBazro, + yMgo + gMnO).
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shows hi gh values of 12 kV/mmor nore under the AC voltage and 14 kV/mm or
nore under the DC voltage. In addition, an acceleration test at 150 C and
DC 25 kV/Imm gave a nean |ife span as |long as 800 hours or nore besides
enabling a relatively low firing tenperature of 1300 [err]C or |ess.

The reason why the conposition was limted in the present invention wll
be descri bed hereinafter. In the conposition of (BaO[err]Tigerr]
+ [err]Rlerr]derr] + [err]BazrJerr] + yMgO + gWnO (wherein R err]JJerr]
represents at | east one conpound selected fromEu[err]err],

Gdlerr]derr],, Tb[err](err], Dy[err](err], HJerr](err] Er[ferr](err],
Tnferr]Jerr] and Yb[err]derr], [erxrk2 Ferr], [err], and g representing
nmole ratio, respectively), the Rerr](err] content a of Iess than 0.001
as shown TABLEe1002

" TABLE 1003

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 obtaih a rectangular shaped
green sheet with a thickness of 35 um, followed by printing
an eiectroconductive paste mainly composed of Ni on the
ceramic green sheet to form an electroconductive paste layer
for forming inner-eleétrodes.

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
comprisinglh-NYJLO gases under an oxygen partial pressure
of 10 to 10" MPa for two hours, thereby obtaining a

ceramic sintered body.
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sanple No. 2001 is not preferable because the insulation resistance is |ow
and the product CR becones snmall. On the other hand, the Rerr]Jerr]
content a of nore than 0.06 as shown in the sanple No. 2002 is al so not

pr ef er abl e because the : - 72 -
‘tenperature characteristic does not satisfy the B-|eve

- 43 -

The both side faces of the ceramic sintered body were
coated with a silver paste containing B,0,~-Li,0-Si0,-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.

The overali 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 ym. 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 ét 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 kv/mm) for 2 minutes,
obtaining a product of the electrostatic capacitance and
insulation resistance, or a product CR. o

The rate of change of the electrostatic capacitance

against temperature changes was also measured. The rate of
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characteristic / X7R characteristic, being poor in reliability.
Accordingly, the preferable range of the R203 content a is 0.001 [err]
[err] [err] O.O06. The BaZr(J err] content [err] of zero as in the
sanple No. 2003 is not preferable since the insulation resistance is |ow
and the voltage dependency of the insulating resistance is larger than
“that of the conposition systemcontaining BaZrJerr]. It is also not
preferable that the BazZrJerr] content [err] is nore than 0.06 as in the
sanpl e No. 2004 because the tenperature characteristic does not satisfy
the-B-level <characteristic / X7R characteristic, along with shortening
' - 44 -

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/C25) and the maximum

value of the rate of change (|AC|max) as an absolute value

were 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 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 calculated.

In the high temperature load test, a direct current

voltage of 750 V (oxr 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 samplé was reduced below 10°Q was defined

to be a life span time and mean life spén time was

evaluated.

In the humidity resistance test, the number of the

test pieces having an insulation resistance of 10°Q or less
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the nean life span. Accordingly, the preferable range of the BaZr(err]
content [err] is 0.005 [err] [err] [err] 0.06. . It is not preferable
that, as seen in the sanple No. 2005, the MgO content y is 0.001 since the
i nsul ation resistance becones |ow and the tenperature 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
sanpl e No. 2006, because the sintering tenperature becones high, the
dielectric | oss exceeds 2.0% the nunber of rejections in the humdity
- resistance load test is extrenely increased along with the mean |ife span
bei ng short. Accordingly, the - 45 -
among the 72 test 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 volfage
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 t§ +125 °C.

Moreover, the insulation resistances at 25 °C and 150
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- 73 - preferable range of the MgjO content y is in the range of 0.001 <.
[err] [err] 0.12. It is not preferable that, as seen in the sanple
No. 2007, the MO content g is 0.001 since neasurenent becones inpossible
due to formation of sem conductors. It is not '

- 46 -

°C as expressed by the product CR show as high values as
5000 Q;P or more and 200 QF or more, respectively, when. the
ceramic capacitor is used under a high electric field
streagth of 10 kv/mm. The insulation breakdown voltagé also
shows: high values of 12 kV/mm or more under the AC voltabe
and }4 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 or 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 described hereinafter.

In the composition of (Ba0),TiO, + aM,0, + BBaZro, +
YMg0 + gMnO (wherein M,0, represents at least one of either
Sc,0, oxr ¥,0,, o, B, Y, and g representing mole ratio,
respectively), the M,0, content a of less than 0.001 as
showr in the samplé No. 1001 is not preferable because the
temperature characteristic does not satisfy the B-level
characteristic / X7R characteristic. On the other hand, the
M,0, 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 1:heiM203 content a is 0.001- s @ < 0.06.

It is not preferable that the BaZr0O, content § of zero

as im the saxﬁple No. 1003 is not preferable since the
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preferable, on the other hand, that the MhO content g exceeds 0.12 as seen
in the sanpl e No. 2008 because the tenperature characteristic X7R is not
satisfied and the insulation resistance is |owered besides the nean life
span becones short. Accordingly, the preferable range of the MO content
gis.inthe range of 0.001 < g [err] 0.12. It is not preferable
that, as in the sanple No. 2009, the conbined anmobunt of [err] + g of the
MyO content and MhO content exceeds 0.13 because the dielectric loss is
.increased to 2.0% and the nean life span is shortened besides the
rejection nunber in the humdity resistance |oad

_ - 47 -
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 B 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 B is
0.005 = B =< 0.06.
| It is not preferable that; as seen in the sample No.
1005, the MgO content y ié 0.001 since the insulation
resistance becomes low and the temperature characteristic
does not satisfy the ﬁ-level characteristic / X7R
characteristic. itwis 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 high, the
dielectric loss exceeds 2.0%, fhe 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 sinée measurement becomes

impossible due to formation of semiconductors. It is not
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test increases. Accordingly, the conbined anount of y + g of the MO
content and MO content is preferably in the range of y + g [err] 0.13.

It is not preferable that the BaO Tierr] ratio mis less than 1.000 as
in the sanple No. 2010 because neasurenents are inpossible due to '
formati on of sem conductors. It is also not preferable that, as seen in
the sanple No. 2011, the BaOTiderr] ratio mis 1.000 since the

i nsul ation ' '

R
-t

~ 48 -

preferable, on the other hand, that the MnO content g
exceeds 0.12 as seen in the sample No. 1008 because the.
temperature charac¢teristic X7R is not satisfied and the
insulation resistance is iowered 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 exceedé 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 content g is preferably in the
range of y + g < 0.13.

It is not preferable that the Ba0O/TiO, ratio m is less
than 1.000 as in the sample No. 1010 because measureménts
are impossibie due to formation of semiconductors. It is
also not preferable that, as seen in the sample No. 1011,
the Ba0/Ti0, 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
over 1.035 as in the samples No. 1012 and 1013 since

measurements becomes impossible due to insufficient
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- 74 - resistance as well as the AC and DC breakdown vol tage becones | ow
along with shortening the nean |ife span. It is not preferable, on the

ot her hand, that the BaOTiJerr] ratio m is over 1.035 as in the sanples
No. 2012 and 2013 since neasurenents becones inpossible due to
insufficient sintering. Accordingly, the BaQ-TiJerr] ratio min the range
of 1.000 < m[err] 1.035 is preferable. It is not preferable that

t he amount of addition of the first or second side conponent is zero as in
t he sanpl es

- 49 -
sintering. Accordingly, the BaO/T_iO2 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 coﬁpénenf is zero as in the samples
No. 1014 and 1016 because measurements are impossible due to
insufficient sintering. It is noﬁ 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 impu:ities 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. 1018, the dielectric constant is decreased.

(Example 8)

A material with a composition of BaO, ,,TiO, + 0.03Y,0,
+ 0.02Bazr0, + d.OSMgo + 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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No. 2014 and 2016 because neasurenents are inpossible due to insufficient
sintering. It is not preferable that the anpunt of addition of the first
or second side conponent exceeds 3.0 parts by weight as seen in the ,
sanples No. 2015 and 2017, on the other hand, because the dielectric |oss
exceeds 1.0% and the insulation resistance and insulation breakdown

vol tage are lowered along with shortening the nean |ife span. Accordingly,
the preferable content of either the first or the second conponents is 0.2
to 3.0 parts by weight. The contents of the alkali earth neta

oxi des - 50 -

as in Example 1, except that an oxide represented by Li0-
(Si, Ti)0,-MO shown in Table 1006, havihg a mean particlé
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 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 tﬁe area surrounded by
the straight lines connecting each spot indicated by A (X =
20, y=80, z=0), B(X=10, y=80, z=10), C (X=10, Yy
=70, z=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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contained in bariumtitanate as inpurities are suppressed belom10.0296by
wei ght because, when the contents of the alkali earth netal oxides exceeds

0.02% by weight as in the sanple No. 2018, the dielectric constant is
decr eased. - 75 -

- 51 -
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'standérd 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 Q-F or more, respectively, when the
ceramic capacitor is used under a high electric field
strength of 10 kv/mm. The insulétion 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
relatively low firing temperature of 1300 °C or less.

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

is outside of the composition range described above as shown

REPLACEMENT SHEET

18 DEC 1998




(Exampl e 14) A material -with a conposition of Ba(Jerr]TiJerr] +
0.03Gd[err]dJerr] -+ 0.025BaZzrgerr] + 0.05MgO + 0.01 MO (nole ratio) was
prepared wusing bariumtitanate in TABLE 1A as a dielectric powder. A

nonol ithic ceram c capacitor was produced by the sane nethod as in Exanple
1, except that an oxide represented by Li[err]O (Si, Ti)(err]-M shown

I n Tabl e 2006, having a nean particle size of 1 pmor |ess produced by
heating the material described above at 1200 to 1500 [err]C, was added as
the first side conmponent. The .overall dinensions of the nonolithic

ceram c capacitor produced is the sane_ag,in Exanple 1

in the samples No. 1113 to 1117, and 1119, the sintering
becomes insufficient or many samples are rejected in the
humidity resistance 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 with causing many 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 BaO, ,Ti0, + 0.03Sc,0,
+ 0.015BaZr0, + 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,-XO shown in
Table 1008, having a mean particle size of 1 uym 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 Al,0, and 2r0, correspond to parts by
wight relative to 100 parts by weight of (xsio, - yTio, -
zX0). The overall dimensions of the monolithic ceramic

capacitor produced is the same as in Example 1.
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TABLE 2006 The el ectric characteristics were then neasured by the
sane nethod as in Exanple 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 sanples No. 2101 to 2112, 2118 and 2120 in

whi ch the oxides with conpositions

- 53 -

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,
preférable 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=235,y=51, 2z=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 component phase diagram of the oxides
represented by Si0,-Ti0,-X0 shown in FIG. 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 1esé, 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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- 76 - within or on the.bdundary Liﬁes of the area surrounded by the

strai ght

0), B(X=10, y =80, z =10), C(X=10, y =170, z
45, z = 20), E (x =45, y = 45, z =10) and F (x =45, y =55, z

| i nes connecting each spot indicated by A (X = 20, y = 80,

(wherein x, y and

- 54 -
25 °C to +85 °C and X7R-level characteristic standard
stipulated in the EIA standard in the temperature range éf -
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 '

z

20), D (X = 35,
0)

5000 ©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/ﬁm. 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 or more besides enabling a
relatively low firing temperature of 1300 °C or less.

When the composition of the oxide represented by SioO,-
TiO,~-X0 is out of the composition range described above, on
the other hands, sintéring 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 Zr0O2 is allowed to contain in the
oxides represented by $i0,-Ti0,-XO 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, respectively, under an electric field strength

of 10 kv/mm can be obtained. However, when the amounts of

18 DEC 1998
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z represent nole % and w represents nole ratio, w being in the range of
0.3 [err] w< 1.0 when it falls onthe line A- F) of the three conponent
phase di agram of the oxides represented by Li[err]O(Si[err],
Ti[err])dJerr]-MO shown in FIG 4 are added, wherein the sanples have a
capaci tance decreasing ratio of as small as within -45% at an inpressed
voltage of 5 kV/mmand a dielectric loss of 1.0%or |less, along with the
rate of change of the electrostatic capacitance against tenperature
changes satisfying the B-level characteristic standard stipulated in the
JIS Standard in the tenperature range of -25 [err]C to +85 [err]C and
X7R-1 evel characteristic _ - 55 =

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 99% or more were prepared. These raw material powder and
6gide powder to be either the first or second side component
were weighed so as to be. the composition shown in TABLE 1010
and TABLE 10l11. The amount of addition of the first or
second side cémponent corresponds to the amount relative to
100 parts of the essential component of ((BaO);riO,-+ aM,0, +
fBazrO, + yMnO). A monolithic ceramic capacitor was produced
using this weighed compounds by the same method as in
Example 1. The overall diﬁensions of the monolithic ceramic

capacitor produced are the same as in Example 1.

" TABLE 1010
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standard stipulated in the EIA standard in the tenperature range of -55
[err]C to +125 [err]C. Mor eover, - the insul ation resistances at 25
[err]C and 150 [err]C as expressed by the product CR show as hi gh val ues
as 5000 [err]F or nore and 200 [err]F or nore, respectively, when the
ceram c capacitor is used under a high electric field strength of 10

kV/ mm The insul ati on breakdown voltage al so shows high values of 12 kV/ nm
or nore under the AC voltage '

- 56 -
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
capacitor according to the present invention has a
capacitance decreasing ratio of as small as within -40% at
an impressed bc 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 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
°c as'expressed by the produét CR show as high values as
4900 Q'F or more and 190 Q'F or more, respectively, when the

ceramic capacitor is used under a high electric field
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- 77 - and 14 kV/mm or nore under the DC voltage. In addition, an
acceleration test at 150 [err]C and DC 25 kV/mm gave a nean life span as

| ong as 800 hours or nore besides enabling a relatively low firing
tenperature of 1300 [err]C or |ess. When the oxi de represented by
Liferr]O (Si[err]Ti[err])Jerr]-MO has a conposition outside of the
conposition described above as in the sanples No. 2113 to 2117 and 2119,
on the other hand, sintering becones insufficient or many rejection appear
in the humdity resistance | oad test even after sintering.

- 57 -
strength of 10 kVv/mm. The insulation breakdown voltage also
shbws 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 tést 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.

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

In the composition of (Ba0),TiO, + oM,0, + BBaZr0O, +
YMnO (wherein M,0, represents at least one of either Sc,0, and
¥,0,, a, B, and y representing mole ratio, respectively), the
'M;0, content a of less than 0.001 as shown in the sample
.No.-1301 is not preferable because the temperaturé
characteristic does not satisfy the B-level characteristic /
X7R characteristic. On the other hand, the M,0, content «
of more than 0.06 as shown in the sample No. 1302 is also
not preferable because the specific dielectric constant is
reduced to less than 900. Accordingly, the preferable range
of the n@o;-content a is 0.001 s a < 0.06.

It is not preferable that the BaZr0, content B of zero
as in the sample No. 1303 is not preferable since the
insulation resistance is low -and the voliége dependency of
the insulating resistance is larger than that of the

composition system containing Bazro,. It is also not
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When the conposition falls on the line A- Fand w= 1.0, the sintering
t enperature becones high, giving a lot of rejections in the humdity
resi stance | oad test as shown in the sanples No. 2119 and 2121. Wen the
value of wis less than 3.0, the sintering tenperature beconmes so high
that nmany rejections appear in the humdity resistance test as shown in
Sanpl e No. 2122. (Exanpl e 15) A material with a conposition of

BaQ err]Tigerr] + 0.03Dy[err](err] + 0.02BaZrJerr] + 0.05 MgO + 0.01
MO (ol e ratio) was prepared

- 58 -

preferable that the BaZrO, content B is more than 0.06 as in
the sample No. 1304 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 preferablé that, as seen in the sample No.
1305, the MgO content y is 0.001 since measurements becomes
impossible due to semiconductor formation. It is not
preferable that the MgO content & 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 MgO content y is in
the range of 0.001 < y s 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 BaO/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_/'I.‘iOz ratio m

is over 1.035 as in the samples No. 1309 and 1310 since
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usi ng barium titanate in TABLE 1A as a dielectric powder. A nonolithic
ceram c capacitor was produced by the sane nethod -as in Exanple 1, except

~that an oxide represented by SiJerr]- Ti(err]-XO shown in Table 2008,
having a nean particle size Qf ' o

78 -

- 59 -

measurements becomes impoésible due to insufficient
sintering. Accordingly, the Ba0/TiO, ratio 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 component 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 weighf as seen in the samples No. 1312
and 1314, on the other hand, beééuse the dielectric loss
exceeds 1.0% and the insulatiqn resistance and insulation
breakdown voltage are lowered along with shértening 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 earth metal oxides
contained in barium titanate as impurities are suppressed
below 0.02% by weight because, 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 BaO, ,,'TiO, + 0.02Y,0,

+ 0.01BaZrO; + 0.04 MnO (mole ratio) was prepared using
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1 [err]mor |ess produced by heating the material described above at 1200
to 1500 [err]C, was added as the second side conponent. The anmounts of
addition of Al[err](err] and Zr(Jerr] are indicated by parts by wei ght
relativé to 100 parts by weight of the second side conponent
(xSigerr]-yTi-err]-zXO . The overall dinensions of the nDnollthlc
ceram c capacitor produced is the sane as in Exanple 1. TABLE 2008
"The electric characteristics were then nmeasured by the sanme nmethod as in
Exanple 1. The results are shown in TABLE

- 60 -
barium titanate in TABLE 1A as a dielectric powder. A
monclithic ceramic capacitor was produced by the same mefhod
as in Example 1, except that an oxide represented by Li,0-
(Si,Ti)0,-MO as shown in Table 1006, having a mean particle
size of 1 ym or less pﬁoduced by heating the material
described above at 1200 ﬁo 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 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.TABLE 1014 was obtained
by adding the sidé component 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 cohnecting each spot indicated by & (X = 20, y = 80, 2z
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20009. TABLE 2009 As is evident from TABLE 2008 and TABLE 2009,
preferable results are obtained in the sanples No. 2201 to 2212, in which
oxi des with conpositions within or on the boundary |ines of the area
surrounded by the straight |lines connecting each spot indicated by A (x =
85, vy =1, z =14), B (X =35 y =51, z =14), C(X =30, y =20, z = 50)
and D (X =239, y =1, z =60), (wherein x, y and z represent nole

. - 61 -

=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 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,0-(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 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 chéracteristic 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 QF or more and 200 QF 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 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 fc and DC 25 kv/mm gave a mean life
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%, of the three conponent phase diagram of the oxides

- 79 - represented by SiJerr]-TiJerr]-XO shown in FIG 5 are added,

wherein the sanples have a capacitance decreasing ratio of

as small as

within -45%at an inpressed voltage of 5 kW nmm and a dielectric |oss of

1.0%or less, along with the rate

- 62 -

span as long as B0O hours or more besides enabling a

relatively low firing temperature of 1300 °C or less.

On the contrary, when the oxides represented by Li,0-

{si,, Ti,;,)0,~-MO is 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 samples 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

., 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,,,,Ti0, + 0.02Sc,0,

+ 0.01BaZro, + 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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of change of the electrostatic capacitance agai nst fenperature changes
satisfying the B-l1evel characteristic standard stipulated in the JIS
Standard in the tenperature range of -25 [err]Cto +85 [err]C and
X7R-1evel characteristic standard stipulated in the EIA standard in the
tenperature range of -55 [err]C to +125 [err]C. Mor eover, the
I nsul ation resistances at 25 C and 150 [err]C as expressed by the product
CR show as high values as 5000 [err]F or nore and 200 [err]F or nore,
respectively, when the ceramc capacitor is used under a high electric
field strength of 10 kV/mm The insul ation breakdown voltage also shows
hi gh val ues of 12 kV/ mm or nore under- tglze -AC vol t age

as in Example 1, except that an oxide'repreéented by Sio,-

TiO,-XO shown in Table 1008, having a mean particle size of

1 um or less produéed 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 samples 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 compositiéns 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=3o,y=2o., z=50)and D (X =39, y=1, z =

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

e i in = M
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and 14 kV/mm or nore under the DC voltage. In addition, an acceleration
test at 150 C and DC 25 kV/mm gave a nean |life span as |long as 800 hours
or nore and .no rejections were found in the humdity resistance | oad test
besi des enabling a relatively low firing tenperature of 1300 [err]C or

| ess. “Wien the oxide represented by Sierr]-Tierr]-XO has a
conposi tion outside of the conposition described above as in the sanples
No. 2213 to 2219, on the contrary, sintering '

e

- 64 -

component phase diagram of the oxides represented by Sio,-
'Ti0,-XO shown in FIG. 5 are added as a side component, |
wherein the samples have a capacitance decreasing ratio of
as small as within ~-40% at an impressed voltage of 5 kVv/mm
and a dielectric loss df 1.0% or less, along with fhe 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
standérd 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 S}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
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
a relatively low firing temperature of 1300 °C or less.

When the oxide Si0,-Ti0,-XO has a composition outside

of the composition described above as in the samples No.




- 80 - becones-insufficient or many rejection appear in the humidity
resi stance | oad test even after sintering. VWhile a nonolithic
capacitor having an insulation resistance of 5400 [err]F or nore and 300
[err]F or nore at 25 [err]C and 150 [err]C, respectively, under a strong
electric field of 10 kV/nm can be obtained by allowing Al[err](err]
and/or Zr(Jerr] to containinthe SiJerr]-TigJerr]-XO oxides as in the
sanple No. 2211 and 2212, sintering property is extrenely decreased when

- 65 ~
1213 to 1219 in TABLE 1008, on the contrary, sintering
becomes insufficient or many rejection appear in the
humidity 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, respectively, 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 2ZroO, to
contain in the S$i0,-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
were precipitated as titanyl barium oxalate
(BaTiO(C,0,)'4H,0) by adding oxalic acid. This precipitate
was decomposed by heating at a'ﬁemperature of 1000 °C or
more to synthesize four kinds of.barium titanate listed in

TABLE 1.
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Alferr]Jerr] and Zrerr] are added in an anmounts of 15 parts by wei ght

or nore and 5 parts by weight or nore, respectively, as in the sanples No.
2217 and 2218. (Exampl e 16) Four kinds of bariumtitanate
(BaTiJerr]), an oxide powler as a first side conponent and an oxide

- powder as a second side conponent were obtained by the sanme nethod as in
Exanpl e 1. Then, BaCJerr] for adjusting the nole ratio Ba/Ti in
bariumtitanate, Eu[err]Jerr], G[err]Jerr], Tb[err]Jerr], '

Dy[err](err], HJerr]Jerr], Er[err]derr], Tnierr]Jerr] and
Yo[err](err], and MQ each having a purity of . 99%or nore,

_ - 66 -

Oxidés; carbonates or hydroxides as each component of
the first side component were weighed so as to be a |
composition ratio (mole ratio) of 0.25LiJL-
.0.65(0.30T7i0,0.70810,)-0.10A1,0, to obtain a powder by
crushing and mixing.

Likewise, oxides, carbonates or hydroxldes as each
component of the second 51de component were weighed so as to
be a composition ratio (mole ratio) of 0.665i0,-0.17TiO,~-
0.15Ba0-0.02Mn0 (mole ratio) to obtoin 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 quenchiﬁg 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, Eu,0,, G4,0,, 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 oxides described above to be either one of

- the first or second side component were weighted so as to
form compositions shown in TABLE.2002 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

REPLACEMENT SHEET

18 DEC 1998




wer e prepared:“Thése raw materi al powders and the oxi des described above
to be either the first or the second conponent were wei ghed so as to be
the conposition in TABLE 2010 and TABLE 2011. The anounts of addition of
the first , - 81 -

- 67 -
wéight of the essential component (Ba0),TiO, + aR,0, + fBaZroO,

-+ yMgO + gMnOﬂ
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 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 electrgconductive layer is formed were ;aminated so that
the sides where the electroconductive paste is érojected 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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and second side conponents are defined by the anount of addition relative
to 100 parts by weight of (BaQ[err]TiJerr] + [err]Rerr](err] +
[err]Bazrferr] + [err] MiO. A nonolithic ceram c capacitor was produced by
the sane nethod as in Exanple 1 using these weighed materials. The overal
di mensi ons of the nonolithic ceramc capacitor are the sane as in Exanple
1. ~ TABLE 2010 TABLE 2011 The electric characteristics were
nmeasured by the sane : '

| - 68 -
cdmprising H,-N,-H,0 gases under an oxygen partial preséure
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 pas‘te containing 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 bf the
dielectric ceramic layer was 30 ym. 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 cabacitance (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 lOTkV/mm) and 945 V (or 30 kv/mm) for 2 minutés,

obtaining a product of the electrostatic capacitance and
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met hod as in Exanple 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 - nonolithic ceram c capacitor according to the present

i nvention has a capacitance decreasing ratio of as small as wthin -40% or
| ess at an inpressed voltage of 5 kV/mm and a

- 69 -
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 (AC/C25) and the maximum
value of the rate of change (|AC|max) as an.absolute value
in the tempetature range of -55 °C to 125 °C weré measured
as the electrostatic capacitances against température.
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 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
ﬁoltage 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 insulgtion resistance. The time when the insulation

resistance of each sample was reduced below 10°Q was defined
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dielectric loss of less than 1.0 % wherein the rate of

- 82 - changeagai nst tenperature changes satisfies both the B- I evel
characteristic standard stipulated in the JIS Standard in the tenperature
range of -25 [err]Cto +85 [err]C and X7R-1 evel characteristic standard
stipulated in the EIA '

- 70 -
to be a life span time and mean life span time was
evaluated.

In the humidity resistance fest, the number of the
-test pieces having an insulation resistance of 10°Q or less
among the 72 test pieces were counted after impressing a DC
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 volﬁages
were measured 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 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
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standard in the tenperature range of -55 [err]C to +125 [err]C.

Moreover, the insulation resistances at 25 C and 150 [err]C as expressed
by the product CR show as high values as 5000 [err]F or nore and 200
[err]F or nore, respectively, when the ceram c capacitor is used under a
high electric field strength of 10 kW mm The insul ati on breakdown volt age
al so shows high values of 12 kV/mm or nore under the AC voltage and 14
kV/ mm or nore under the DC voltage. In addition, an acceleration test at
150 [err]C and DC 25 kV/mnm gave a nean |life span as |ong as 800 hours or
nore besides enabling a relatively |OMIfiJing tenperature of 1300 [err]C
or | ess. ' : -1- :
' 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 andl 200. Q'F 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
'_Jj.'elatively low firing temperature of 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, + BBaZro, +
YMgO + gMnO (wherein R,0, represents at least one compound
selected from Eu,0,, Gd,0,, Th,0,, Dy,0,, Ho,0,, Ef:,o,, Tm,0, and
Yb,0,, a, Bs v, and g representing mole ratio, respectively),
the: R,0;, content 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 R,0; content o of more than 0.06 as shown

in the sample No. 2002 is also not preferable because the
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The reason why the conposition was limted in the present invention wll
be descri bed hereinafter. I'n the conposition of (BaO[err]Tierr]
+ [err]Rlerr]derr] + [err]BazrJerr] + J[err] MO (wherein R err](err]
represents at | east one conpound selected fromEu[err]Jerr]
Gd[err]derr], Tb[err]Jerr], Dy[err]Jerr], Ho[err](err], Er20err],
Tnferr]Jerr] and Yb[err]Oerr], [err], [err] and [err] representing nole
ratio, respectively), the Mn[err]derr] content a of |less than 0.001 as
shown in the sanple No. 2301 is not preferable because the tenperature
characteristics does not satisfy the B-lewpgll characteristics / X7R

temperature characteristic does not satisfy the B-level
characteristic / X7R characteristic, being poor in |
reliability. Accordingly, the preferable range of the R,0,
content o is 0.001 s o < 0.06.

' The Ba2rO, 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
BazZr0O,. It is also not preferable that the BaZrO, content f
is more than 0.06 as in the sample No. 2004 because the
temperature characteristic does not sgtisfy 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 preferable 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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- 83 - characteristicsf On the other hand, the Mi[err](Jerr] content a of
nmore than 0.06 as shown in the sanple No. 2302 is also not preferable
because the specific dielectric constant beconmes as small as |ess than
900. Accordingly, the preferable range of the Mi[err](err] content ais
0.001 [err] [err] [err] 0.06. The BaZr(J err] content [err] of zero
as in the sanple No. 2303 is not preferable since the insulation
resistance is low and the voltage dependency of the insulating resistance
i's
- 73 -
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 néf
.preferable, on the other hand, that the MnO content g
exceeds 0.12 as seen ih 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. 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. 2009,
the combined amount of y + g_éf the MgO content and MnO
content 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 and MnO content is preferably in the
range of y + g < 0.13. |
It is not preferable that the BaO/TiO, 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 preferable that, as seen in the sample No. 2011,

the Ba0O/TiO, ratio m is 1.000 since the insulation
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| arger than that of the conposition systemcontaining BazZrJerr]. It is

al so not p

satisfy th
shorteni ng
BaZrJ err]
pr ef er-abl e
0. 001 sinc
t he ot her

referable that the BaZrJerr] content [err] is nore than 0.06 as
in the sanple No. 2304 because the tenperature characteristic does not

e B-level characteristic / X7R characteristic, along with

the nean life span. Accordingly, the preferable range of the

content [err] is 0.005 [err] [err] [err] O.O06: [t is not

that, as seen in the sanple No. 2305, the MgO content y is

e neasuring is inpossible due to formation of sem conductors.

hand, it is not preferable that the MyO content y exceeds
- 74 ~

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 Ba0O/TiO, 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/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. 2014 and 2016 because measuiements are impdssible 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. 2015
and 2017, on the other hand, because the dielectric loss
exceeds 1.0% and the insulation resistance and insulation
breakdown voltage are lowered élong 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
contaiﬁed in barium titanate as impurities are suppressed
below 0.02% hy weight because, when the contents of the
alkali eafth metal oxides exceeds 0.02% by weight as in the

sample No. 2018, the dielectric constant is decreased.
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0.13 as in the sanple No. 2306, because the tenperature characteristic X7R
is not satisfied and the inSulatian capacitance is |ow along with the nmean
life span being short. Accordingly, the Mi content y is preferably in the
range of 0.001 [err] [err] < 0.13.

- 84 - :

- 75 -

(Example 14)

A material'with a compositioﬁ of BaoO,,,,"TiO, + 0.03Gd,0,
+ 0.025Ba2x0; + 0.05Mgo + 0.61 MnO (mole ratio) was prepared
.using barium titanate in TABLE 1A as a dielectric powder; A
monolithic ceramié capacitor was produced by the same method
as in Example 1, except that an oxide represented by Li,0-
(si, Ti)(h-Mo shown in Table 2006, having a mean particle
size of 1 um or less produced by heating the material
described abdve at 1200 to 1500'50, was added as the first
side component. 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

REPLACEMENT SHEET

18 DEC 1998




It is not preferable that the BaO TiJerr] ratio mis less than 1.000 as
in the sanple No. 2307 because neasurenents are inpossible due to
formati on of sem conductors. It is also not preferable that, as seen in
the sanple No. 2308, the BaOTiderr] ratio mis 1.000 since the
Insulation resistance as well as the AC and DC breakdown voltage becones
| ow al ong with shortening the nean life span. It is not preferable, on the
ot her hand, that the BaOTiJerr] ratio m is over 1.035 as in the sanples
No. 2309 and 2310 since neasurenents becones inpossible due to
insufficient sintering. Accordingly, th7§a§YT1CIerr] ratio min the range

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 =80, z=10), C (X=10, y
=70, 2=20), D (X=235,y =45, 2z = 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, w heing in

" the range of 0.3 <= 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,, Ti,.)0,-MO shown in FIG. 4 are
added, wherein the samples have a capacitahcé'éé;;éasing
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 chapges satisfying the B-level characteristic
standargd siipulated in the JIS Standard in the temperature
range of -25 °C to +85 °C and X7R-level characteristic

~ standard stiéulated 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 Q-F or more, respectively, when the
ceramic capacitor is used under a high electric field
strength of 10 kXV/mm. The insulation breakdown voltage also

shows high values of 12 kV/mm or more under the AC voltage




of 1.000 < mferr] 1.035 is preferable. It is not preferable that
the amount of addition of the first or second side conponent is zero as in
the sanples No. 2311 and 2313 because neasurements are inpossible due to
insufficient sintering. It is not preferable that the anmpunt of addition
of the first or second side conponent exceeds 3.0 parts by weight as seen
In the sanples No. 2312 and2314, on the other hand, because the dielectric
| oss exceeds 1.0% and the insulation resistance and insulation breakdown

voltage are lowered along with shortening the mean Ilife span. Accordingly,
the preferable content of either the first or the second conponents is 0.2
to 3.0 parts by - 77 -

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 iife

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 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.
Whgn the composition falls on tﬁe line A - F and w=1.0,
the sintering temperature becomes high, giving a lot of
rejections in the humidity resistance 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 BéOLﬁQTiO,-+ 0.03Dy,0,
+ 0.02Bazr0, + 0.05 MgO + 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 represented by Sio,-

Ti0,-X0 shown in Table 2008, having a mean particle size of
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wei ght . - 85 - The contents
of the alkali earth netal oxides contained in bariumtitanate as

impurities are suppressed below 0.02% by wei ght because, when the contents
of the

- 78 =

1'pm 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 Al,0, and Zr0O, are
indicated by parts by weight relative to 100 parts by weight
of the second side component (xSi0,-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 érea 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, vy and z represent mole

%), of the three component phase diagram of the oxides
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al kali earth netal oxides exceeds 0.02% by weight as in the sanple No.
2315, the dielectric constant is decreased. (Exanpl e 17) A
material with a conposition of Ba(Jerr]Ti(Jerr] + 0.015HJerr]err] +
0.01BazrJerr] + 0.03 MO (nole ratio) was prepared using bariumtitanate
in TABLE 1A as a dielectric powder. A nonolithic ceram c capacitor was
produced by the sane method as in Exanple 1, except that an oxide
represented by Li[err]O  (Si, Ti)Jerr]-MO shown in Table 2006, having a
mean particle size of 1 [err]mor |ess produced by heating the material
descri bed above at 1200 to 1500 [err]C, wag added as the first

represented by Si0,-Ti0,-X0 shown in FIG. 5 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 changé of the electrostatic capacitance against
temperature changes satisfying the B-level characteristic
standard stipulated in the JIS Standard in the temperature
rangé 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 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 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
span as long as 800 hours or more and no rejections were
found in the humidity resistance load test besides enabling
& relatively low firing temperature of 1300 °C or less.

When the oxide represented by S$i0,-Ti0,~X0 has a
composition outside of the composition described above as in

the samples No. 2213 tc; 2219,- on the contrary, sintering

REPLACEMENT SHEET

18 DEC 1998~‘l




si de component. The overall dinmensions of the nonolithic ceramc capacitor
produced is the sane as in Exanple 1. The electric characteristics were.
nmeasured by the sane nmethod as in Exanple 1. The results are shown in
TABLE 2014. In Table 2014, the sanples No. 2401 to 2422 correspond to the
sanples No. 2101 to 2122 in TABLE 2006. For exanple, the sanple No. 2401

I n TABLE 2014 was obtai ned by addi ng the side conponent of the sanple No.
2101 in TABLE 2006. :

- 80 -
becomes insufficient or many rejection appear in the
humidity resistance load test even after sintering.

-While a monolithic capacitor having an insﬁlation
resistance of 5400 QF or more and 300 Q'F or more 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 2ZroO, to
contain in the Si0,-TiO,-XO oxides as in the sample No. 2211
and 2212, sintering property is extremely decreased when
Al,0, and Zr0O, 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
barium titanate, Eu,0,, Gd,0,, Tb,0,, Dy,0,, Ho0,0;, Er,0,, Tm,0,
and Yb,0,, and MnO, each having a purity of 99% or more,
were prepared. These raw material powdefs and the oxides
described above to be eithef the first or the second
cémponent 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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.- 86 - TABLE 2014 As is evident fromthe sanples No. 2401 to
2412, 2418 and 2420, preferable results are obtained in the sanples in

whi ch oxi des of the sanples No. 2101 to 2112, 2118 and 2120 in TABLE 2006
wi th conpositions wthin or on the boundary [|ines of the area surrounded
by the straight lines connecting each spot indicated by A (x = 20, y = 80,
z = 0), :

- 81 -~
and second side components are defined by the amount of
addition relative to 100 parts by weight of (BaO);rio,-+'
aR,0, +'ﬁBaZro,4-yMno. A monolithic ceramic capacitor was
produced by the same method as in Example 1 using these
weighed materials. The overall dimensions of the monolithic

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

The electric characteristics were measured 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 to the present
invention has a capaciﬁance decreasing ratio of as small as
within -40% or less at an impressed voltage of 5 kV/mm and a

dielectric loss of-less than 1.0 %, wherein the rate of
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=10, y =80, z =10), C(X =10, y =70, z =20), D (X =35, y = 45,

20) E (x =45, y =45, z =10) and F (x = 45, y =55, z = 0) (wherein
, y and z represent nole % w represents nole ratio, w being within the
range of 0.3 [err] w< 1.0 when it falls on the line A- F) in the three
conponent phase di agram of the oxides represented by Li[err]O(Si[err],
Ti[err]- [err])Jerr]-MOin FIG 4 are added, wherein the sanples have a
capaci tance decreasi-ng ratio of as small as within -40%at an inpressed
voltage of 5 kVVmm and a dielectric loss of 1.0%or less, along with the
rate of change of the electrostatic capacitance against tenperature
changes - 82 - -

(x

B
z
X

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 insulation resistances at 25 °C and 150
°¢ 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 insuiation breakdown 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.

The reasoh why the composition was limited in the
present invention will be descrised hereinafter.

In the composition of (Ba0),TiO, + aR,0, + BBazro, +
YMgO (wherein R,0, represents at least one compound selected
from Eu,0,, Gd,0,, Tb,0,, Dy,0,, H0,0,, E:.;,o,,_ Tm,0, and Yb,0,, a,
B and y representing mole ratio, respectively), the Mn,0,
céntent o of less than 0.001 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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‘satisfying the B-level characteristic standard stipulated in the JIS
Standard in the tenperature range of -25 [err]Cto +85 J[err]C and
X7R-1evel characteristic standard stipulated in the EIA standard in the

t enperat ure-range of -55 [err]C to +125 [err]C. Mor eover, the
i nsul ation resistances at 25 [err]C and 150
- 87 -

- 83 -

charécteriétics. Oon the other hand, the Mn,0, content a of
more than 0.06 as shown in the sample No. 2302 is also not.
preferable because the specific dielecfric constant becomes
as small as less than 900. Accordingly, the preferable
'range of the Mn,0, content a is 0.001 <= a < 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
BazrO,. It is also not preferable that the BazrO, content §
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. Accdrdingly; 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.
2305, the Mgo coﬁtent y is 0.001 since measuring is
impossible due to formation of semiconductors. On the other
hand, it is not préferable 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 beihg
short. Accordingly, the Mn content y is preferably in the

range of 0.001 =y < 0.13.
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C as expressed by the product CR show as high values as 5000 [err]F or
nmore and 190 [err]F or nore, respectively, when the ceramc capacitor is
used under a high electric field strength of 10 kW mm The insul ation
breakdown vol tage also shows high values of 12 kV/nm or nore under the AC
vol tage and 14 kV/mm or nore under the DC voltage. In addition, an
acceleration test at 150 C and DC 25 kV/mm gave a nean life span as |ong
as 800 hours or nore besides enabling a relatively low firing tenperature
of 1300 [err]C or |ess. When the oxi de represented by
Lif[err]O(Si[err], Ti[err])(err]-M has " g, conposition outside of the
conposi tion described above as in the séﬁ%*é% No. 2113 to 2117 and 2119,

on the other hand, 1t is not preferable that the Bao/TiO, ratio m is less
" than 1.000 aé in the sample No. 2307 because measureﬁenté'

are impossible due to formation of semiconductors. It is
also not preferable that, as seen in the sample No. 2308,
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. It is
not preferable, on the other hand, that the BaO/TiO0, ratiom
is over 1.035 as in the samples No. 2309 and 2310 since
measurements becomes impoésible due to insufficient
sintering. Accordingly, the'BaO/Ticg 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 zerxo 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 2314 ,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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sintering becones insufficient or many rejection appear in the humdity
resi stance | oad test even after sintering as seen in the sanples No. 2413
to 2417 and 2419 in TABLE 2014. When the conposition falls on the line A -
Fand w= 1.0 as in the sanples No. 2119 and 2121 in TABLE 2006, the
sintering tenperature becones high and many rejects appear in the humdity
resi stance |l oad test. When the value of w is less than 0.30 as in the
sanple No. 2122 in TABLE 2006, he sintering tenperature beconmes high and
many rejects appear-in the humdity resistance |oad test as seen i.n the
sanpl e No. 2422 in TABLE 2014.

- 85 =

The contents of the alkali earth metal oxides
containéd 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 BaoO, ,,TiO, +
0.015H0,0, + 0.0iBaZro,~+ 0.03 MnO (mole ratio) was prepared
using barium titanate in TABLE 1A as a dielectric pdwder; A
monolithic ceramic capacitor was produéed by the same method
as in Example 1, except that #n oxide represented by Li,O-
(Si, Ti)0,-MO shown in Table 2006, héving a mean particle
size of 1 um or less produced by heating the material
descfiﬁed 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 same method as
in Exampie 1. The results are shown in TABLE 2014. 1In )
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 TABLﬁ 2014 was obtained by adding the

side component of the sample No. 2101 in TABLE 2006.
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- 88 - (Exanmpl e 18) A material with a conposition of

BaJerr]TiJerr] + 0. 025Eu[err]err] + 0.01Bazrerr] + 0.05 MO (nole
rati o) was prepared wusing bariumtitanate "A" in TABLE 1 as a dielectric
powder. A nonol it hi c .ceram ¢ capacitor was produced by the sane nethod

as in Exanple 1, except that an oxide Sigerr] - TiJerr] - XO

- 86 -
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 =80, z = 16), 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 z represent mole %, w
represents mole ratio, w being within the range of 0.3 = 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 rafe of change of the
electrostatic capacitance against temperature changes
satisfying the B-level characteristic standard stipulated in
the JIS_Standafd'in the temperature 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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shown in Table 2008, having a nean particle size of 1 [err]mor | ess

produced by heating the material described above at 1200 to 1500
[err] C, was added as the second side conponent. The overal | di nmensions
of the nmonolithic ceram c capacitor . produced is the same as in Exanple
1. The electric characteristics were neasured by the sanme nethod as in
Exanple 1. The results are shown in TABLE 2015. In Table 2015, the
sanpl es No. 2501 to 2519 in TABLE 2015 correspond to the sanpl es- No.
2201 to 2219 in TABLE 2008. For exanple, t he sanpl e No. 2501 in TABLE
2015 was ‘obt ai ned by adding the si de conponent of the sanple No. 2201
in TABLE 2008. ' - 87 -

°C as expressed'by the product CR show as high values as
5000 QF or more and 190 Q-F or more, respectively, when.the
ceramic capacitor is used under a high electric field
strength of 10 kv/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 156 °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.

When the oxide represented by Li,0~(Si,, Ti,,)0,-MO has
a composition ouéside 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
sihtering temperature becomes high and many rejects appear
in the humidity resistance 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_léad test as seen in the

sample No. 2422 in TABLE 2014.




TABLE 2015 As is evident fromthe sanples No. 2501 to 2512 in
TABLE 2015 , preferable results are obtained in the sanples in which :
oxi des of the sanples No. 2201 to 2212 in TABLE 2008 with conpositions

Wi thin or on the boundary |ines of

- 88 -
(Ekample 18)
A material with a composition of Ba0, ,,,'TiO, +
© '0.025Eu,0, + O.bIBaZrO,~+ 0.G5 MnoO (msle ratio) was prepared
using-barium titanate "A" in TABLE 1 as a dielectric powder. A
monolithic ceramic capacitor was produced by the same meéhod_
as in Example 1, except that an oxide Sio, - TiO, - XO
shown in Table 2008, 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 second sid; component.
The overall dimensions of the monolithic ceramic capacitor
produced is the same as in Efample 1. The electric
characteristics were measured by the same method as in
Example 1. The results are shown in TABLE 2015. 1In Tabls
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 sample No. 2201 in TABLE 2008.

TABLE 2015

As is evident from the samples No. 2501 to 2512 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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- 89 - the area surrounded by the straight |ines connecting each spot

I ndicated 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, v 1, z = 60) (wherein x, y and z
represent nole % in the three conponent phase di agram of the
Sigerr]-TiJerr]-XO oxides shown in FIG 5 are added, wherein the sanples
have-.a capacitance decreasing ratio of as small as wthin -40% at an

i npressed voltage of 5 kVVmmand a dielectric loss of 1.0%or |ess, - along
with the rate of change of the electrostatic capacitance agai nst

tenperature changes satisfying the B-level characteristic standard
stipulated in ' - 89 -

the area surrounded 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) (wherein x, y and z represent mole %) in the
three component phase diagram of the Si0,-TiO,-XO oxidgs
shown in FIG. 5'§re added, wherein the samples have a
capacitance decreasing ratio of as small as within -40% at
-an'impressed voltége of 5 kV/mm and a dielectric loss of
1.0% or less, along with the rate of change of the
electrostatic capacitance againsf temperature changes
satisfying the B-level characteristic standard stipulated in
the JIS Standard in the temperature range ofn-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 Q-F or more, respectively, when the
ceramic capacitor is used under a high electric field
strength of 10lkV/mm. The insuiafion 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. 1In addition, an
acceleration test at 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.
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the JI'S Standard in the tenperature range of -25 [err]Cto +85 [err]C and
X7R-1 evel characteristic standard stipulated in the EIA standard in the
tenperature range of -55 [err]Cto +125 [err]C Mor eover, the
i nsul ation resistances at 25 [err]C and 150 [err]C as expressed by the
product CR show as high values as 5000 [err]F or nore and 200 [err]F or
‘nore, respectively, when the ceramc capacitor is used under a high
electric field strength of 10 kV/nm The insul ation breakdown vol tage al so
shows hi gh values of 12 kV/nmor nore under the AC voltage and 14 kV/mm or
more under the DC voltage. In addition, anggacceleration test at 150 [err]C
and DC 25 kV/mm gave a nean |ife span as |long as 800 hours or nore besides
enabling a When the oxide S$i0,-Ti0,-X0O has 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 Q'F or more 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 2x0, 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 2518 in TABLE

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

2015. '

Although powders prepared by the oxalic acid method

-are used in the foregoing.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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srelatively low firing tenperature of 1300 [err]C or |ess.

=290 - When the oxide SiJerr]-Tigerr]-X0O has a conposition outside
of the conposition described above as in the sanples No. 2213 to 2119 in
TABLE 2008, on the other hand, sintering becones insufficient or many
rejection appear in the

- 91 -

The oxide powders as starting materials are not
limited to those hitherto described, but the resulting
characteristics are not affected in any sense by using a
solution of an alkoxide or organometallic compound, provided
that the starting'materials are formulated so as to
construct the dieléctric cefamic layers within the scope of
the present invention.

It can be made clear from the foregoing descriptions
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 basé

"metals such as nickel or nickel alloys may be used for the
electrode materials.

When the monolithic ceramic capacitor using this
dielectric ceramic composition is used under a high electric
field of 10 kv/mm where 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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hum dity resistance | oad test even after sintering as seen in the sanples
No. 2513 to 2519 in TABLE 2015. Wil e a nonolithi.c capacitor having
an insulation resistance of 5400 [err]F or nore and 330 [err]F or nore at
25 [err]C and 150 [err]C, respectively, under a strong electric field of
10 kV/ mm can be obtained by allowng Al[err]derr] and/or Zr(Jerr] to
contain in the Sierr]-Tierr]-XO oxides as in the sanple No. 2211 and
2212 in TABLE 2008, sintering property is extremely decreased as shown in
the sanples NO 2517 and 2518 in TABLE 2015 when Al[err](err] and
ZrJerr] are added in an anmounts of 15 parts by weight or nore and 5 parts
by weight or nore, - 92 -

inner electrodes, a monolithic ceramié 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 insulation durability
is high, besides the temperature characteristics 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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tenperature and at 150 [err]C represe%d by a product
resi stance and electrostatic capacitance (a CR product
4900 to 5000 [err]F and 190 to 200 [err]F, respectively
dependency of the insulation resistance is low, the ¢

|
150 [err] C and huni@&
the insulati on resi standeq at
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voltTage

acitance decr ]
ratio at an inpressed voltage of.5 kV/ mmis as small as 40 to 45% and the

i nsul ation d _
: Table 6

The first side component Il
Sample | Amount of Composition (mol %, except w) II
No. - addition
" (“:,?gmb)y Li,0 (ii;g}- w - ALO, 710,
I 10 1 20 80 0.3 0 0
I 102 1 10 80 0.6 5 5
103 0.8 10 70 0.5 20 0
104 0.8 35 45 1 10 10 |
105 1.5 45 a5 0.5 10 0
106 1.5 45 55 0.3 0 0
107 1 | 2 70 0.6 5 5
108 L 2 70 0.4 10 0
109 1.2 30 60 0.7 5 5
110 12 30 60 0.8 10 0
111 2 40 50 0.6 5 5
m2 | 2 | 40 50 0.9 0 10
113 1.5 10 85 0.4 5 0
114 2 5 75 0.6 10 10
115 1.2 20 . S5 0.5 25 0
116 1 45 40 0.8 0 15
17 0.8 - 0 |- 45 0.7 5 0
118 12 25 | 715 0.9 0 0
‘ 119 1.5 25 75 1 0 0
' 120 1 35 65 09 -| o0 0
| = 15 35 65 1 0 0 “
122 1.2 20 70 0.2 0 10
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‘Table 1006
B The first side component )
sﬁ,p,le A:‘d:;f_';:f Composition (mol %, except )
' (parts by . - '
weight) Li,O (Si. Ti,..)0; w ALO, Zr0,
1101 1 20 80 0.3 0 0
1102 1 10 80 0.6 5 5
I 1103 0.8 10 70 0.5 20 0
1104 0.8 35 45 1 10 10
1105 1.5 45 45 0.5 10 0
1106 15 45 55 0.3 0 0
1107 1 20 70 0.6 5 5
1108 " 20 70 0.4 10 0
1109 12 30 60 0.7 5 5
1110 12 30 60 0.8 10 0
1 2 40 50 0.6 5 5
112 - 2 40 0 | 09 0 10
1113 1.5 10 85 0.4 5 0
1114 2 5 75 0.6 10 10
1115 12 20 55 0.5 25 0
1116 1 45 40 0.8 0 15 ||
1117 0.8 50 45 . 0.7 5 0 II _
1118 12 25 75 0.9 0 0 II
1119 ' 15 25 75 1 0 o |
1120. 1 35 65 0.9 0 0 ||
" 1121 1.5 35 65 1 0 0
1122 12 20 70 0.2 0 10
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REPORUEMENT SHEET
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Claim 8,
of 15 parts by weight or
A nonolithic ceram c capacitor

(the content of ZrQ2 is 5 parts
parts by wei ghtl®% the gxide represepted by

defines by t he apexes corresponding to each conponent.
relative to 100

di el ectric ceram c conposition according to

si de conponent contains in total
one of A1203 and ZrJerr].
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being electrically connected to said inner electrodes, ' i
dielectric ceramc layers are constructed by J Gil]“ﬂlﬂ]ﬂ !" |“|
- 141 - the dielectric ceram c conmposition accordin c *
Claiml to Cdaim6 and said inner electrodes are constructed

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 scandium oxide or
yttrium oxide, at least one kind of compound selected from
europium oxide, gadolin:_i.un_t oxide, terbium oxide and
dysprosium oxide, barium zirconate and manganese oxide,
containing an essential component represented by the
following composition formula;

(Ba0),Ti0, + oaM,0, + PR,0, + yBaZrO, + gMnO
(wherein M,O3 represents at least 6ne of either Sc,0, or Y,0,
and R,0, represents at least one of the compound selected
from Eu,O_.,, Gd,O,, Tb,0, and Dy,0;, @, B, y and g represent:.ng
mole ratio in the range of 0.00l< a s 0.05, 0.001 s B =
0.05, 0.005 sy < 0.06, 0.001 < g = 0.13 and @« + B s 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 sid‘e 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)Oo, - MO (wherein MO is at least one of Al,0, or Zro,) and
said second side component is an ox1de represented by sio, -

Tio, - xo (wherem X0 is at least one of the compound
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by ni ckel or a nickel alloy. 11. A nonol it hi or
according to Caim10, wherein the outer electrode is §um|mmmm‘
sintered | ayer of an el ectroconductive netal powder or :
el ectroconductive nmetal powder supplenented with glass frits.

A nmonolithic ceram c capacitor according to Caim 10, wherein the outer
electrode is provided with a first |ayer conprising a sintered |ayer of
the electroconductive netal powder optﬂ&ﬂe+ectroconduct|ve met al powder
suppl emented with glass frits and a second

‘selected from BaO, Ca0, SrO, 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 = 0.12, 0.001

< h=<0.12 and g + h s 0.13

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

(Ba0),Ti0o, + aM,0, + PBazro, + yMnO
(wherein M,0, represents at least one of either Sc,0, or Y,0,,
a, B 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 Ey 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_combonent, wherein said -
first side component is-an oxide represented by Li,0-(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,-
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| ayer conprising a plating |ayer thereon.
ceram c capacitor according to Caim1ll, wherein the out I‘mgul"llmﬁllllsﬂ I“l
provided with a first layer conprising a sintered

el ectroconductive nmetal powder or the electroconductlve netal powder

suppl enented with glass frits and a second |ayer conprising a plating
layer thereon. -

- 138 -

Ti0,-X0 (wherein X0 is at least one of the compound selected

from BaO, Ca0, 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 s 0.12, 0.001

<gs=s0.12 and y + g < 0.13

5. A dielectric ceramic composition comprising:

barium titanate containing 0.02% by weight or 1ess_of'
aikali metal oxides, at leas; one kind of the compound
selected from europium ox@@e, gadolinium oxide, terbium
oxide, dysprosium oxide, holmium oxide, erbium oxide,
thuliﬁm oxide and ytterbium oxide, barium zirconate and
manganese oxide, containing an essential component
represented by the following composition formula;

(Ba0).TiO, + aR,0, + BBaZro, + yMnO

(wherein R,0, represents at least one kind of compound
selected frbm Eu,0,, Gd,O,, Tb,0,, _Dj,o,, Ho,0,, Er,0,, Tm,0, and
¥b,0,, o, B and y ;epresenting mole ratio in the range of |
0.001 < o < 0.06, 0.005 s p = 0.06 and 0.001 < y =< 0.13 with
1.000 < m = 1.025),

characterized by containing 0.2 to 3.0 parts by welght

of either the first or second side component relative-to 100
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parts by weight of said essential compohent, 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 Zx0,) and
said second side component is an oxide represented by SiO, -
Tio, - XO (wheréin X0 is at least one of the compound

selected from BaO, Ca0, SrO, MgO, ZnO and MnO).

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

<y s 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 s ws< 1.00), falls within 6r on the boundary lines of
the area surrounded by the straight linés connecting each
point indicated by A (x = 20, y = 80, z = 0), B (x = 10; Yy =
80, z = 10), C (x = 10, y = 70, z = 20), D (x = 35, y = 45,
oz = 20), E(x =45, y =45, z = 10) and F (x = 45, ¥y = 55, 2
= 0) ( when the composition falls on the straight line of A
-F, w is within the area of 0.3 s W < 1.0) in the three

component phase diagram defined by the apexes corresponding

{ REPLACEMENT SHEET

£
i.
H
§

18 DEC 1998




W

- 140 -

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, vy and z represent mols%), falls within or on the boundary
lines of the area surrounded by straight lines connecting
each point.indicgted by A (k =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 édmponent phasé diagram

defines by the apexes corresponding to each component.

9. A dielectric ceramic composition according .to
Claim 8, wherein the second side cdmponent contains in total
of 15 parts by weight or less of at least one of Al,0; and
Zro, (the content of ZroO, is 5 parts by weight or less)
relative to 100 parts by weight of the oxidé represented by
$10,-Ti0,-X0.

10. A monolithic ceramic capacitor provided with a
plurality of dielectric cerémic layers, inner electrodes
formed between said ceramic-layers and outer electrodes
being electrically connected to said inner electrodes,
wherein said dielectric ceramié layers are cqnstructed by
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the dielectric ceramic composition according to any one of
Cclaim 1 to Claim 6 and said inner electrodes are constructed

by nickel or a nickel alloy.

11. A monolithic ceramic capacitor according to
Claim 10, wherein the outer electrode is provided with a
sintered layer of an electroconductive metal powder or an
electroconductive metal powder supplemented with glass

frits.

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

layer cbmprising a plating layer thereon.

13. 'A monolithic ceramic capacitor according to
Claim.ll, wherein the outer electrode is provided with a
first layer comprising a sintered layer of the
electroconductive metal powder or the électroconductive _
metal powder supplemented with glass frits and a second

layer comprising a plating layer thereon.
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DIELECTRIC CERAMIC COMPOSITION AND MONOLITHIC

CERAMIC CAPACITOR USING SAME

ABSTRACT OF THE DISCLOSURE

-The present ‘invention provides a dielectric ceramic
composition containing 100 -parts by.weight of essential
component represented by (BaO)_TiO, + M0, + R0, + BaZr'oJ +
MgO + MnO (wherein M,0, représexits Sc,0, and/or at least one
. of Eu,0,, G4,0,, Tb,0, and Dy,0,) and 0.2 to 3.0 parts by
weight of the side components représented by Liqo;(éi;
Ti)0,-MO (wherein MO represents Al,0, and or 2r0Q,) or SiO,-
Ti0,-X0 (wﬂei'éin xb rep;'cesents at least one of BaO, CaoO,
Sro, MgO, ZnO and MnO).,and a ceramic capacitor using the
same.

Fig. 1
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