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Field of the Invention The present invention relates to a non-reducible
“di.el ectric ceranic conposition and, nereiparticularly, a non- reducible
dielectric ceram c conposition used as a dielectric material for nmonolithic
ceram c capacitors enploying a base netal such as nickel as a material for

I nternal el ectrodes. : :

NONREDUCIBLE DIELECTRIC CERAMIC COMPOSITION

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates +to a non-reducible
dielectric ceramic composition and, more particularly, a non-
reducible dielectric ceramic composition used. as a dielectric
material for monolithic ceramic capacitors employing a base metal

such as nickel as a material for internal electrodes.

N

. 2. Description of the Prior Art
As a dielectric material for nonolithic ceranic
capacitors, there have been used those mainly comprising barium
titanate. Such dielectric ceramic compositions of the prior art
have such a property that they are reduced considerably when
fired in a neutral or reducing atmosphere with a low partial
oxygen pressure, resulting in occurrence of semiconductorization
of the ceramic composition. For this reason, it is required to
use noble metals (e.g., palladium, platinum, etc.) which does not
"melt even if subjected to a high temperature at which a
-dielectric ceramic material sinters, and does not oxidize even if
fired in an gtmospheré with a high partial pressure of oxygen
which does not semiconductorize the dielectric ceramic material.
However, use of such noble metals becomes a barriers to
cut down the production cost of monolithic ceramic capacitors.
For example, the cost of internal electrodes occupies'about 30 to

70 % of the production cost of monolithic ceramic capacitors.
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2. Descri
nonol’i t hi

ption of the Prior Art As a dielectric material for
C ceramc capacitors, there have been used those mainly

caonprising bariumtitanate. Such dielectrjc ceram c conpositions of the
prior art have such a property that they are reduced consi derably when

fired in
pressure,
conpositi

a neutral or reducing atnosphere with a |ow partial oxygen
resulting in occurrence of sem conductorization of the ceramc
on. For this reason, it is required to

For the reasons mentioned above, it is preferred to use
a base metals éuch as Ni, Fe, Co, W and Mo. However, if such
base metals are used as a material for internal electrodes, and
fired in the conventional firing conditions of the dielectric
ceramic materials, they oxidizes easily and loose functions as
the internal electrodes. Thus, in order to use such a base metal
és a material for internal electrodes of monolithic éeramic
capacitors, it is required to use a dielectric ceramic material
which is never semiconductorized even if fired in'a neutral or
reducing atmosphere with a low partial pressure of oxygen, and
which has a sufficient specific resistance and good dielectric
properties.

To meet such requirements, there have been proposed 5
some nonreducible dielectric ceramic materials such as, for
example, those having a composition of a BaTiO3—Mn0—MgO;Rare
earth element system discloéed in JP-A-63-103861, or those having
a composition of a BaTiO3~(Mg, 2n, Sr, Ca)O—B263—Si02 system
disclosed in JP-B- 61~-14611.

However, the nonreducible dielectric ceramic
composition of JP-A-63-103861 is of no practical use as the
insulation resistance and the temperature coefficient of
dielectric constant are affected sensifively by grain size of the
main component BaTiO,, thus making it difficult to control the
composition tb obtain stable dielectric properties.

On the other hand, the nonreducible dielectric ceramic .

composition of JP-B- 61-14611 has a dielectric constant of 2000
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use noble netals (e.g., palladium platinum etc.) which does not nelt even
if subjected to a high teriperature at which a dielectric ceramic materi al
sinters, and does not oxidize even if fir in an at nosphere with a high
partial pressure of oxygen which does not "sem conductorize the dielectric
ceram c material. However, use of such noble netals becomes a barriers to
cut down the production cost of nonolithic ceram c capacitors. For exanple,
- the cost of internal electrodes occupies about 30 to :

to 2800 and thus is inferior in dielectric_propertiés to the
conventional dielectric ceramic composition with a .dielectric
constant of about 3000 to 3500 which has been used as a
dielectric material for monolithic ceramic capacitors employing
noble métals sgch as Pd. Thus, such a composition can not be
replaced for the conventional dielectric material for the purpose
of reducing the cost of monolithic. ceramic capacitors since it
has disadvantages in miniaturization and capacitance increment of
( capacitors.

Further, the temperature coefficient of - dielectric
constant (T.C.C.) of the above cdmposition is + 10% over a range
of temperatures ranging from -25 to.80°c, which is based on the
capacitance at 20°C as a standard. Such a compositién meets the
characteristics B specified by JIS. However, the teﬁperature
coefficient of dielectric constant becomes more than 10 % at
temperatures exceeding 85 °C, so that it out of X7R
characteristics defined in EIA.

Also, all the nonreducible dielectric compositions of
the prior art including the above compositions are 1low in
insulation resistance, which becomes an obstacle to reduce the
thickness of dielectric ceramic layers.

SUMMARY OF THE INVENTION

It is therefore a main object of the present invention
to provide a nonreducible dielectric ceramic composition which
has a large dieléctric constant of 3000 and above, a large

insulation resistance (given as the product of CR being 6000 and
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70 % of the production cost of nonolithic ceram c capacitors. - 2 -
For the reasons nentioned above, it is preferred to use a base nmetals such
as.Ni, Fe, Co, Wand M. However, if suchybase netals are used as a
material for internal electrodes, and

above, meets the requirement to have a temperature coefficient of

 capacitance in the range of *15 %, based on the capacitance at

25°C as a standard, over a range of temperatures rangihg from -55

to 125°C, and makes it possible to produce monolithic ceramic

capacitors having dielectric ceramic layers with a thickness of

10 um or below, and can be fired in an atmosphere with a low

partial pressure of oxygen without causing semiconductorization
thereof. | |

(. . '~ According to the present invention, there is provided a

- nonreducible dielectric ceramic composition consists essentially"

of:

a primary compoﬁent consisting essentially of 92.0 to
99.4 mol% of BaTiO;, 0.3 to 4.0 mol% of at least one of rare
earth element, expressed by the general formula: Re,0;, where Re
is at least one rare .earth element selected from the group
consisting of Tb, Dy, Ho and Er, and 0.3 to 4.0 mol% of C6203;

a secondary component consisting -essentially of BaoO,

MnO, MgO, BaZrO;, the content of the secondary component being,

/‘7\

per 100 moles of the primary componeﬁt, 0.2 to 4.0 moles for BaO,
0.2 to 3.0 moles for MnO, 0.5 to 5 moles for MgO, 0.5 to 4.0
moles for BaZrO,; and | |

a glass or vitreous component of a BaO-SrO-Li,0-5i0,
system, the content of the vitreoué component being 0.5 to 2.5
parts by weight per 100 parts by Qeight of the sum of the primary
and secondary componhents.

It is preferred to use BaTiO; of which a content of

e
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fired in the conventional firing conditions of the dielectric ceramc
materials, they oxidizes easily and | oose functions as the internal

el ectrodes. Thus, in order to use such a base netal as a material for
Lnternal electrodes of nonolithic ceram ¢ capacitors, it is required to use
a dielectric ceramc material which is never sem conductorized even if
fired in a neutral or reducing atnosphere with a | ow partial pressure of
oxygen, and which has a sufficient specific resistance and good dielectric

inevitable impurities, essentially alkaline metal oxides, being
not more than 0.04 % by weight. Also, as the vitreous component,
it is preferred to use those having a composition consisting of 5
to 20 mol% of BaO, 5 to 20 mol% of SrO, 2 to 45 mol% of Li,0 and
30 to 70 mol% of Sio,.

As the rare earth element oxide, there may be used
those such as Tb,0;, Dy,03, Ho,0; and Er,0;. These oxides may be
used alone or in combination.

The nonreducible dielectric éeramic composition of the
present invention is never reduced to  a semiconducting
composition even if fired in a neutral or reducing atmosphere at
a temperature of 1260 to 1300 °C. 'Also, the nonreducible
dielectric ceramic composition has a.high insulation resistance
such that the product of insulétion resistance and capacitance
(CR) is more than 6000, and possesses '‘a high dielectric constant
of 3000 and above, and makes it possible to produce thin-layered
monolithic ceramic capacitors with a temperature coefficient of

. capacitance which meets the characteristics X7R defined by EIA.

Accordingly, the nonreducible dielectric ceramic
composition of the present invgntion makes it possible to use
base metals as a material for internal electrodes of monolithic
ceramic capacitors, which in turn makes it possible to reduce the
cost of monolithic ceramic capacitors without causing decrease in
electric characteristics, as compared with the monolithic ceramic
capacitors employing, as a material for internal electrodes, a

.noble metal such as Pd. =

-

—
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properties. To neet such requirenents, there have been proposed sone
nonr educi bl e dielectric ceramc materials such as, for exanple, those

having a conposition of a BaTiCB-NhC)QgC%RaLe earth el enent system
.di sclosed in JP-A-63-103861, or those having a conposition of a

BaTiJerr]-(My, Zn, Sr, Ca)OB[err]derr]-Siderr] systemdisclosed in
JP-B- 61-14611. However, t he nonr educi bl e dielectric ceram c

The above and other objects, features and advantages of

the present invention will become apparent from the fo
examples.

EXAMPLE

llowing

As starting materials, there were prepared three kinds

of BaTiO; with a different content of impurities, rare earth

elements (i.e., Tb,0,;, Dy,03, Ho,05 and Er,03), Co,03, BacCoO

MgO, BaZrO;, and a vitreous component of a composition of

3, Mno,

a BaO-

{ Sro-Li,0-Si0, system. The content of impurities in BaTiO; were

0.03, 0.05, or 0.07 pefcent by weight of alkaline metal

oxides.

These raw materials were weighed and mixed in proportions as

shown in Table 1, in which an amount of rare earth elements is

listed in column of Re,0; together with the kind of the rare

earth element. Barium titanate used for specimens Nos. 1-32 was

BaTiO; containing, as the impurities, 0.03 percent by weight of

alkaline metal oxides, that for specimen No.33 was

containing, as the impurities, 0.05 percent by weight of a

0.07 pefcent by weight of alkaline metal oxides.

The above vitreous component was prepared

BaTiO4

lkaline

metal oxides, and that for specimen No.34 was BaTiO; containing

in the

following manner, using BaCO,, SrC0,, Li,CO;, SiO, as raw

materials. These materials were wéighed and mixed to prepare a

composition consisting of 10 mol% of BaO, 10 mol% of SroO,

of Li,0 and 50 mol% of Si0,. The resultant mixture was mi

30 mol%

lled by

the wet process with a ball mill for 16 hours and then dried by

evaporation. The resultant powder was put into an a
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conposition of JP-A-63-103861 is of no practical use as the insulation
resi stance and the tenperature coefficient of dielectric constant are
affected sensitively by grain size of _the main conponent BaTi O3, thus
making it difficult to control the conposition to obtain stable dielectric
properties. On the other hand, the nonreducible dielectric ceramc
conposition of JP-B- 61-14611 has a dielectric constant of 2000

crucible, maintained at 1300 °C for 1 hour, vitrified by rapid

cooling, and then ground to prepare powder of a vitreous

'component with particle size passing through a 200 mesh sieve

screen.

The resultant mixture of the raw materials was placed
in a ball mill together with a suitable amount of water and
partially stabilized zirconia balls, milled for 16 hours to
prepare a slurry. Then, the resultant slurry was mixed
sufficiently with a suitable amount of an organic binder
(polyvinyl alcohol solution) and a plasticizer, formed into a
sheet by a well-known Doctor blade, dried and then cut to prepare
ceramic green sheets with a thickness of 12 um.

Each ceramic green sheet was coated by screen-printing
with a conductive paste containing nickel powder as a conductive
material to form a conductive layer for internal electrode.
After drying, the resultant ceramic green sheets were stacked,
pressed and then cut into pieces to form green units for
monolithic ceramic capacitors. The green units were heated to
and maintained in air at 320 °C for 5 hours with an electric
furnace to remove the binder by combustion, and then fired at
temperatures shown in Table 2 for 2 hours in a reducing éas
stream composed of hydrogen and nitrogen -+in a volume ratio
(Hy/N;) of 3/100 and having a partial pressure of oxygen ranging
from 3 x 1070 to 3 x 10712 atm, to produce.monolithic ceramic
capacitor units. A thickness of each dielecfric ceramic layer in

the resultant capacitor unit was 8 um."
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to 2800 and thus is inferior in dielectric properties to the conventional
‘dielectric ceram c conposition with a dielectric constant of about 3000 to
3500 which has been used as a dielectric_material for nonolithic ceramc

capacitors enploying noble netals such a8 Pd. Thus, such a conposition can
not be replaced for the conventional dielectric material for the purpose

The capacitor unit was provided on both sides with
silvér electrodes by applying a silver paste and then baking it
at 800 °C for 30 minutes in a nitrogen atmosphere to prepare a
monolithic ceramic capacitor.

For each specimen, measurements were made on dielectric
constant (€), dielectric loss (tan §), a temperature coefficient
of capacitance (TCC), and insulation resistance (log IR). & and
tan 6 were measured under the conditions of 25 °C, 1 Khz and 1

fn Vrms. TCC was determined over a range of temperatures ranging
from -55°C to 125°C on the basis of the capacitance at 25°C,
along with an absolute value of the maximum temperature
coefficient 6f.capaci£ance, i.e., 1ACt/025hmx, within the range
of -55°C to 125°C. TCC was given by the equation, TCC = AC./C,s,
where AC, is difference between capacitance measured at -55°C or
125°C and that measured at 25°C, and C,5 is a capacitance at
25°C. The insulation resistance was measured at 25°C after
applying a direct current voltage of 16 V to the specimen for 120
seconds.

Results are shown in Table 2 in which the insulation
resistance is given as the product of insulation resistance and
capacitance (CR). In Tables 1 and 2, specimens with an asterisk
are those employing a dielectric ceramic composition out of the

scope of the present invention.
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of reducing the cost of nonolithic ceram c capaci tOFSTﬁlgg&@tﬂa};B Replaced

di sadvantages in mniaturization and capacitance incre ors.
Further, the tenperature coefficient of dielectric congﬁmmm nw of the
above corrp05|t|on is 10% over a range of tenperatures =25 to
80[err]C, which is based on the capacitance at 20[err]C as a standard. Such
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coefficient of dielectric constant becomes nore than 10 % at t enper at ures
'exceeding 85 C so that it out of X7R chdhiaSheerHasBeenReplastd ned in
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including the above conpositions are low in insulatj , Wwhi ch

becomes an obstacle to reduce the thickness of diel ectr| c ceramc | ayers.
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of 3000 and above,

Is therefore a nain object of the present
product of CR being 6000 and

nonr éduci bl e dielectric ¢ceram c conposition which has
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According to the present invention, there i s provided a nonreduci bl e
‘dielectric ceram c conposition consists essentially ffqgshget Phd Bo Beplacasdponent

consisting essentially of 92.0 to 99.4 np| % of BaTi 0 nol %
.of at least one of rare earth elenent, expressed by tzmag“m%‘\‘mj\ml a:
Re[err](Jerr], where Re is at |least one rare earth el cted from
the group consisting of Tb, Dy, Ho and Er, and 0.3 to 4.0 nol % of
Co[err]gerr]; '

As can be seen from the results shown in Table 2,
the nonreducible dielectric ceramic composition of the present
invention posseéses a high dielectric constant of 3000 and
above, a low dielectric loss of 2.0 % or below, and good
temperature coefficiént of capacitance which "meets the
requirements for R7X characteristics defined by EIA, even if
made into thin layers with a thickness of 8 um. In addition,’
the composition of the present invention has a'high insulation

- resistance as the product of insulation resistance and
capacitance is 6000 and above. Thus, it is possible to
produce monblithic ceramic capacitors with excellent electric
characteristics. |

In the nonreducible dielectric ceramic composition
according to the present invention, the primary component has
been limited to a composition defined as above for the
following reasons: If the content of BaTiO; is less than 92.0
mol%, the insulation resistance and dielectric constant become
lowered, like as specimen No. 4. If the content of BaTiOg
exceeds 99.4 mol%, like as specimen No. 3, the temperature
coefficient of capacitance becomes considerably increased at
high.temperatures of about the curie point and no improvement
in dielectric characteristics takes place even if rare earth
element and Co,0, are added. For these reasons, the content of
barium titanate has been limited to a molar percentage ranging
from 92.0 to 99.4 mol%. |

Oon the other hand, if the content of inevitable
impurities, especially alkaline metal oxides, in the primary
component exceeds 0.04 mol%, the dielectric constant becomes

lowered, like as specimens Nos. 33 and 34, thus making it



a_secondary conponent consisting essentially of BaO MG—WO, BaZr-f-er+}s-
the content of the secondary conponent being, per 100 nnhﬁﬁwpf t rimary

conponent, 0.2 to 4.0 noles for BaO, 0.2 : 3.0 noles for ﬂDH qﬁe placed
noles for MO, 0.5 to 4._0 nol es f_or BazZr O3;" and a glass o Im Hiﬂli,
conponent of a BaO-SrOLi[err]O-Siderr] system the cont
vitreous conponent being 0.5 to 2.5 parts by weight per 100 parts by .wei ght
of the sumof the primary
difficult to put the composition into practical use. Thus,
the conteht of inevitable impurities has been limited to 0.04
percent by weight or below.

If the content of rare earth element or Co,0; is less
than 0.3 mol%, the dielectric properties are scarcely improved
by the addition thereof and the temperature coefficient of
capacitance becomes considerably large. If the content of
rare earth element or Co,0; is more than 4.0 mol%, the

{ insulation resistance and dielectric constant become lowered.

The secondary  component of the .nonreducible
dielectric ceramic composition has been limited to those
defined as above for the folléwing reasons:

If the added amount of BaO is less than 0.2 moles
perlloo moles of the primary component, iike as specimen No.
9, the insulation resistance becomes considerably lowered
during sintering, resulting in formation of a semiconducting

composition. If the added amount of BaO exceeds 4.0 moles per

100 moles of the primary component, like as specimen No. 12,

Eaia

the sihtering property becomes lowered. Thus, the added
amount of BaO has been limited to a value of not less than 0.2
moles but not more than 4.0 moles per 100 moles of the primary
component. |

If the added amount of MnO is less than 0.2 moles
per 100 moles of the primary component, like as specimen No.
17, it does not contribute to improvement in reduction
resistance of .the composition and the insulation resistance
becomes considerably iowered. If the added _amount of MnO
exceeds 3.0 moles per 100 moles of the primary component, like

as specimen No. 15, the insulation resistance becomes



and secondary conponents. It is preferred to use BaTi 0B—ef--whi-ch-a content
of -5- inevitable inpurities, essentially alkaline nmetal oxides, bein

not_more than 0.04 % by weight. Also, as the vitreous COVPTm‘\Ii’i‘i eﬂnlielice

considerably lowered. Thus, the added amount of MnO has been

limited to a value ranging from 0.2 moles to 3.0 moleé per 100
moles of the primary component.

If the added amount of MgO is less than 0.5 moles
per 100 moles.of the primary component, like as specimens No.s
22 and 23, the addition of Mg0O does not contributes to
improvement in insulation resistance 'and the insulation
resistance becomes considgrably lowered. In addition, the

{ temperature chgracteristic curve illustrating change of the
temperature coefficient of _capacitance—' with temperature
becomes a curve with single-peak and takes a large negative .
value exceeding -15% at 1lower temperatures and a.'large
positive value exceeding +15% at higher temberatures near the
curie point. 1If the added amount of Mg0O exceeds 5.0 moles per
100 moles of the primary component, like as specimen No. 26,
the dielectric constant and the insul;tion resistance becomes
lowered. Thus, the added amount of MgO has been limited to a

, value ranging from 0.5 moles to 5.0 moles per 100 moles of the
primary component.

The reasons why the added amount of BaZrO; has been
limited to a vélue'ranging from 0.5 moles to 4.0 méles per 100
moles of the priméry component are as follows. If the added
amount of BaZr0O3 is less than 0.5 moles per 100 moles of the
priﬁary component, like és specimens Nos. 31 and 32, its
addition does not contributes to improveﬁent in insulation
resistance. If the added amount of BaZrO; exceeds 4.0 moles
per 100 moles of the primary component, like as specimen No.
29, the insulation resistance is much improved but the

temperature coefficient of capacitance becomes large at high



it is preferred to use those having a conposition consisting of 5 to 20
nol % of BaO, 5 to 20 nol % of SrO 2 to 45 nol % of Li[err]O and 30 to 70
ol % of Siderr]. As the rare earth el enept oxide, there may be used those
such as Tb[err](err], Dy[err](err], Ho[err](err] and Er[err]err].
These oxi des may be used al one or in conbination. The nonreducible
dielectric ceram c conposition of the present I nvent-i on IS never
reduced to a sem conducting

temperatures near the curie point.

Finally, the vitreous component has been added to
the composition to lower the sintering temperature and to
improve the reduction resistance of the composition. However,
if the content of vitreous component in the composition is
less than 0.5 pércent by weight (wt%), like as specimen No. -
21, the addition of vitreous component have no effect on
improvement in reduction resistance and the &sintering
'prbperties. If the content of vitreous. comﬁonent in the

"- composition exceeds 2.5 wt%, like as specimen No. 19, tﬁe
dielectric constant becomes lowered. Thus, the content of
vitreous component has been limited to 0.5 to 2.5 wt$.

Although the present invéntion has been fully
described in connection with the preferred embodiments thereof
with referehce to the a¢companying drawings, it is to be noted
that various changes and modifications.are apparent to those
skilled in the art. Such changes and modifications are to be

understood as included within the scope of the present

invention as defined by the appended'claims unless they depart

therefrom.
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conposition even if fired in a neutral or reduci ng at at _a
‘temperature of 1260 to 1300 [err]C Al so, nonr educi bl e

dielectric ceramc conposition has a hlgp7|nsulat|on r ﬂ”ﬂ

the product of insulation resistance and capacitance ( "Mmm I'
6000, and possesses a high dielectric constant of 3000 and “abbvet and*nakes
It possible to produce thin-layered nonolithic ceramc capacitors with a

tenperature coefficient of capacitance which neets the characteristics X7R
defined byxalPAIs CLAIMED IS:

1. A nonreducible dielectric ceramic composition
consists essentially of:.

a primary component consisting esséntially of §2.0
to 99.4 mol% of BaTiO;, 0.3 to 4.0 mol% of at least one of
rare earth element, expressed by the general formula: Re,0j,
where Re is at least one rare earth element selected from the
group consisting of Tb, Dy, Ho and Er, and 0.3 to 4.0 mol% of
C0,04;

a secondary component consisting essentially of BaoO,
MnO, MgO, BaZrO;, the content of the secondary component
being, per 100 moles of the primary component, 0.2 to 4.0
moles for BaO, 0.2 to 3.0 moles for MnO, 0.5 to 5 moles for
MgO, 0.5 to 4.0 moles for BaZrO3f and

a vitreous component of a BaO-SrO-Li,0-S5i0, system,
the content of the vitreous compbnent being 0.5 to 2.5 parts
by Qeight per 100 parts by weight of the sum of the primary
and secondary components.

2. The nonreducible dielectric ceramic composition

- according to claim 1 wherein the content of inevitable
impurities in BaTiO; is not more than 0.04 % by weight.

3. The nonreducible dielectric ceramic composition
according to claim 2 said inevitable impurities in BaTiO3 are
alkaline metal oxides.

4. The nonreducible dielectric ceramic composition
according to claim 1 wherein said vitreous component has a
composition consisting essentially of 5 to 20 mol% of BaO, 5

to 20 mol% of SrO, 2 to 45 mol% of Li,0 and 30 to 70 mol% of.

- 8i0,. :
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Accor diiTgm, t he nonr educi bl e dielectric ceram c conposition of the
preseht invention nakes it possible to use base netals as a material for
internal el ectrodes of nonolithic ceram ggcapaci.tors, which in turn makes
bt possible to reduce the cost of nDnollthlc ceram c capacitors wthout
causing decrease in electric characteristics, as conpared with the
nonolithic ceram c capacitors enploying, as a material for interna
el ectrodes, a noble netal such as Pd.

ABSTRACT OF THE DISCLOSURE

A nonreducible dielectric ceramic composition
consists essentially of: a primary component consisting
essentially of 92.0 to 99.4 mol% of BaTiO;, 0.3 to 4.0 mol% of
at least one of rare earth element, expressed by the general
formula: Re203; where Re is at least one rare earth element
selected from the group consisting of Tb, Dy, Ho and Er, and
0.3 to 4.0 mol% of Co,05; a secoﬁdary component consisting
essentially of Bao; MnO, MgO, BaZrO;, the content of the
secondary component being, per 100 moles of the primary
componenf, 0.2 to 4.0 moles for BaO, 0.2 to 3.0 moles for MnoO,
0.5 to 5 moles for MgO, 0.5 to 4.0 moles for BaZr63; and a
vitreous component of é BaO—SrO—Li20—5102 system, the content
of the vitreous component being 0.5 to 2.5 parts by weight per
100 parts by weight of the sum of the primary and secondary

components.

“‘\\ii\\\\\\\\\\\\ii\‘iiﬁii“‘



The. above and ot her objects, features and advantages of the preseﬁ?ﬁnﬂdw”
i nvention will becone apparent fromthe foll ow ng exanpl es. EXAMPLE As
starting nateilgl§__there were prepared three kinds

w

7,

' m Description : paged .. }.... to paged ...Ab....

Has Been Re laced
", - -
REPLACEMENT SHEET
NO_NREDUCIBLE DIELECTRIC CER;}MIC COMPOSITION 03 AUG 1996

BACKGROUND OF THE INVENTION

1. Field of the Invention |

The present investion relates to a non-reducible
dielectric ceramic compositien and, more particularly, a noﬁ-
reducible dielectric ceramie composition used as a dielectric
material for monolithic ceramic capacitors employing a base metal
such as nickel as a ﬁaterial for internal electrodes.
2. Description of the Prior Art |

As a ,dielectric material for monolithic cefamic
cepacitofs, there have been used those.mainly comprising barium
titanate. Such dielectric ceramic compositions of the prior art
have such a property that they are reduced considerably when
flred in a neutral or reducing atmosphere with a 1low partial
oxygen pressure, resulting in occurrence of semlconductorlzatlon
of the ceremic composition. For this reason, it is required to
use noble metals (e.g., palladium, platﬁnum,'etc.) which does not
melt even if subjected to a high temperature at which a
dielectric ceramic material sinters, and does not oxidize even if
ﬁired in an atmosphere with a high partial pressure of oxygen
which does not semiconduetorize the dielectric ceramic material.

However, use ef such noble metals becomes a barriers to
cut down the production cost of monolithic ceramic capacitors.
For ekample the cost'of internallelectrodes occupies'about 30 to

70 % of the production cost of monollthlc ceramlc capac1tors.qﬂﬁww
REPLACED SHEETS SG '
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of BaTi@3 with a different content of inpurities, rare earth elenents

(i.e., Th[err](err], Dy[err](err], Ho203 and Er[err]
Co[err]derr], BaCOerr], MO MO BazZr(3, and a vitre

BT SHEET,

conposi tion of a BaO SrOLl[err]OS|Qerr] system
i mpurities in BaTi O3 were 0.03, 0.05, or 0.07 percent b
nmetal oxi des. These raw naterials were-we? ghed and m xe

el cont ent of
WweNGAUGAIM ks

j N proportions

shown in Table 1, in which an anount of rare earth ele
colum of Re[err](Jerr] together with the kind of the r

ns I's
re

Frsted I'n

A

qg

For the reasons mentioned above, it is preferred to use

a base metals such as Ni, Fe, Co, W and Mo. However,

if such

vase metals are used as a material for internal electrodes, and
fired  in the.conventional firing conditions of the dielectric
ceramic materials, they oxidizes easily and loose functions as
the internal electrodes. Thus, in order to use such a base metal
as a material " for internal electrodes -of _monolithic ceramic
capacitors, it is reguired to use a dielectric ceramic material
which 'is never semiéoﬁductorized even if fired in.a neutral or
reducing atmosphere with a low partial preSsure!of oxygen, and
which has a sufficient specific resistance and good dielectric
properties. |

To meet such requirements, there have been proposed
some nonreducible diglectric ceramic _materials such as, for
example, those having a composition of a BaTi03-an-MgO—Rare
earth element system disclosed in'JP-A-63-103861, or those having
a compbsition of a BaTiO;-(Mg, 2n, Sr, Ca)0-B,03-5i0, system
disclosed in JP-B- 61-14611. |

However, the nonreducible dielectric cergmic
composition of JP-A-63-103861 is of no practidal use as the
insulation resistance and the temperature coefficient of
dielectric constant are affected sensitively by grain size of the
main component BaTiO;, thus making it difficult to control the
composition to obtain stabie.dielectfic properties.

Oon the othér hand, the nonreducible dielectric qeramic

composition of JP-B- 61-14611 has a dielectric constant of 2000

This Sheet Has Been Re (i
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earth element. Bariumtitanate used for specinmens Nos. 1-32 was BaTiJerr]

cont ai ni ng

, as the inpurities, 0.03 percent by weight ¢f T
oxi des, that for specinmen No.33 was BaTi g err] containikfptéékpﬁﬁnfs EE1
i mpurities,
speci men No. 34 was BaTiJerr] containing 0.07 percent Ry jwa §KUR98! kal
met al oxi des. The above vitreous conpoaeni was prepared ijn the foll ow png

“manner, using BaCJerr], SrCJerr], Li[err]CJerr], S-grertt—as—raw

.-.J-

0. 05 percent by weight of alkaline nmetal oXides, and that {o

to 2800 and thus is inferior in dielectric properties to the
conventional dielectric ceramic composition with a dielectric

constant of about 3000 to 3500 which has been used as a

dielectric material for monolithic ceramic capacitors employing.

noble metals such as Pd. Thus, such a composition can not be
replaced for the conventional dielectric material for the purpose
of reducing the cost of monolithic ceramic capacitors since it
has disadvantages in miniaturizatidn and capacitance increment of

capacitors.

Further, the temperature coefficient of dielectric

constant (T.C.C.) of the above composition is t 10% over a range
of temperatures ranging_from -25 to 80°C, which is baseq on the
capacitance at 20°C as a standard. Such a composition meets the
charactéristics B specified by JIS. However, the femperature

coefficient of dielectric constant becomes more than 10 % at

ne

temperatures exceeding 85 °C, so that it out of X7R

characteristics defined in EIA.

Also, ail the nonreducible dielectric compositions of
the pfior art including the above compositions are low in
insulation resistance, which becomes an obstacle to reduce the
thickness of dielectric ceramic layers.

SUMMARY OF THE INVENTION

It is therefore a main object of the present invention
to provide a nonreducible dielect;ic ceramic domposition which
has a large dieléctric constant of 3000 and above, a large
insulation reéistance (given as the pfoduct of CR being 6000 and
P

———————
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mat eri al s.

conposition consisting of 10 nol % of BaO, 10 nol % of Sr Q__30-np+-9%-of
Liferr]% and 50 nmol % of SiJerr]. The resultant m xture 13«&@&
wet  process with a ball m Il for 16 hours and then dried

The resultant powder was put into an alum num 08 AUG 1996

-

These materials were wei ghed and m xed to preparé a

- 4 -

above, meets the requirement to have a temperature coefficient_of
capacitance in the range of *15 %, based on the capacitance at
25°C as a standard, over a range of temperatures ranging from -55
to-125°0; and mekes it possible to produce monolithic ceramic
capacitors having dielectric ce:amic layers with a thickness of
10 um or below, and can be fired in an atmosphere with a low
partial pressure of oxygen without causing Semiconductorization
thereof.

‘According to.the present invention, there is provided a
nonreducible dielectric ceranmic composition consists essentially
of: | ' |

a primary component consisting essentially of 92.0 to
99.4 mol%¥ of BaTiO,;, 0.3 to 4.0 mol% of at least one of rare
earth element, expressed by the general formula: Re,0,, where Re
is at leasﬁ one rare earth element selected from the group
consisting of Tb, Dy, Ho and Er, and 0.3 to 4.0 mol% of Co,03;

a secondary component consisting essentiaily of Bao,
MnO, MgO, Ba2r0O;, the content of the secondary component being,
per 106 moles of the primary component,.olz to 4.0 moles for BaoO,
0.2 to 3.0 moles for MnO, 0.5 to 5 moles for MgO, 0.5 to 4.0
moles for BaZro3, and |

| a glass or vitreous component of a BaO-Sr0-Li,0-SioO,
system, the content of the vitreoue component being 0.5 to 2.5
parts by weight per 100 parts by weight of the sum of the primary
and secondary components. |

It is preferred fo use BaTiO; of which a content of

//

;ﬁaued
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-7- crucible, maintained at 1300 [err]C for 1 hour, vitrified by rapid

cool i ng,
particle size passing through a 200 nesh sieve screen

and then ground to prepare powder of a V|treou$-eenpeneﬂ%—vw

REPLACHMENT SHEET

m.xture of the raw materials was placed in a ball mll together—wTh™a
sui tabl e anount -of water and partially stabilized zirconja balé RUG 744 eq

for 16 hours to - 5

inevitablé impurities, essentially alkaline metal oxides, being
not more than 0.04 % by weight. Also, as the vitreous component,
it is preferred to use those having a composition consisting of S
to 20 mol% of BaO, 5 to 20 mol% of SrO, 2 to 45 mol% of Li,0 and
30 to 70 mol% of SiO,.

As the rare earth element oxide, there may be used
those such as Tbéo3, Dy,0;, Ho,0, and Er,0,. These oxides may be
used alone or in combinafion. | -

The nonreducible dielectric ceramic cqmposition of the

_present invention is never reduced to  a semiconducting

composition even if fired in a neutral or reducing atmosphere at
a temperature of 1260 to 1300 °C. Also, the nonreducible

dielectric ceramic composition has a high insulation resistance

such that the product of insulation resistance and capacitance

(CR) 'is more than 6000, and possesses a high dielectric const;nt
of 3000 and above, and makes it possib;e to produce thin-layered
monolithic ceramic capacitors ﬁith a temperature coefficient of
capacitance which meets the characteristics X7R defined by EIA.
Accordingly, the nonreducible dielectric ceramic
compoéition of the present invention makes it possible to use
base metals as a matefial for internal electrodes of monolithic
ceramic'capacitors, which in turn makes it possible to reduce the
cost of monolithic ceramic capacitors without causing decrease in
electric characteristics, as comparéd with the monolithic ceramic
capacitors employing, as a materidl for internal electrodes, a

noble metal such as Pd.

/'
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prepare

sufficiently with a suitable anount of an organic bi nde

sol ution)

bl ade, dried and then cut to prepare ceramc green sheetlsiwith aﬁ; kn<=s:
of 12 [err]m Each ceram c green sheet was coated by scriegn- (}!) 8iAd &?

conductive paste containing nickel powder gas—-a conducti Ve jmaterial to r
a conductive layer for internal electrode.

a

slurry. Then, the resultant slurry was m xed

h‘
and a plasticizer, forned into a sheet by a PEAQE} SH DI

ih

EETbI

P

a
N

The above and other objects, features and advantages of
the present invention will become apparent from the following

examples.

- EXAMPLE

As starting materials, there were prepared three kinds
of BaTiO; with a different content of impurities, rare earth
elements (i.e., Tb,03, Dy,03, Ho,0; and Er,05), Co,0;, BaCO;, Mno,

MgO, BaZr0O3, and a vitreous component of a composition of a BaO-

' Sr0-Li,0-5i0, system. The content of impurities in BaTiO; were

0.03, 0.05, or 0.07 percent by weight of alkaline metal oxides.
These raw materiéls were weighed and .mixed in propértions as
shown in Table 1, in which an amount of rare earth elements is
listed in column of Re,0; together with the kind of the rare

earth element. Barium titanate used for specimens Nos. 1-32 was

alkaline metal oxides, that for ‘'specimen No.33 was BaTiO,
containing, as the impurities, 0.05 percent by weight of alkaline
metal oxides, and that for specimen No.34 was BaTiO, containing
0.07 percent by weight of alkaline metal oxides.

The above vitreous .component was prepared in the

-BaTiO; containing, as the impurities, 0.03 percent by weight of

following manner, using BaCO;, SrcCO,, Li,CO0;, 8Si0, as raw

materials. These materials were weighed and mixed to prepare a

composition consisting df 10 mol% of Ba0, 10 mol% of SrO, 30 mol%
of Li,0 and 50 mol% of Si0,. The resultant mixture was milled by

the wet process with a ball mill for 16 hours and then dried by

\\\\\\\\\\\\\’i‘i\ii\‘ifﬁii“



After drying, the resultant ceram c green sheets were ]
then cut into pieces to formgreen units for nDnoIithléjyggzﬁb@#tgsgg}ﬁ

The green units were heated to and maintained in air gt {320 [err[C fo
hours with an electric furnace to renove the binder by confagsili®mgosan
fired at tenperatures shown in Table 2 for 2 hours in g reducing gas
stream conposed of hydrogen and nitrogenz7i n-a vol une rijath
of- 3/ 100 and having a partial pressure of oxygen rangijng

Q

g

crucible, maintained at 1300 °C for 1 hour, vitrified by rapid
cooling, and then gfound to prepare powder of a vitreous
component with particle size passing through a 200 mesh sieve
screen.

The resultant mixture of the raw materials was placed
in a ball mill together with a suitable amount of water and
partially stabilized zirconia balls, milled for 16 hours to
prepare a slurry. Then, the. resultant slurry was mixed
sufficiently with a :suitable_ amount of an organic binder
(polyvinyl alcohol solution) and a plasticizer, formed into a
sheet by a well-knowﬁ Doctor blade, dried and then cut to prepare
ceramic green sheets.with a thickness of 12 gm. |

Each ceramic green sheet was coated by screen-printing

with a conductive paste containing nickel powder as a conductive.

material to form a conductive layer for internal e}éctrode,
After drying, the resultant ceramic green sheets were stacked,
pressed and then cut into pieces to form 'green units for
monolithic ceramic capacitors. The green units were heated to
and maintained in air at 320 °C for S5 hours with an electric
furnace to remove the binder by combustion, and-then fired at
temperatures shown in Table 2 for 2 hours in a reducing gas
stream composed of hydrogen and nitrogen in a volume ratio
(Hy/Ny) of 3/100 and having a partial pressure of oxygen ranging
from 3 x 10710 to 3 x 10712 atm, to produce monolithic ceramic
capacxtor units. A thickness of each dielectric ceramic layer in

the resultant capacitor unit was 8 um.

his Sheet Has Been Re laced
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from3 x 10[err] to 3 x 10[err] atm to produce nonolithic ceramc

capaci tor
-resul tant

provi ded on both sides with

units. A thickness of each dielectric ceram ¢_laver jin_the

capacitor unit was 8 [err]m - 8 - The cappEPLACEMENT SHEET

- 8 - 08 AUG 1996

The capacitor unit was provided on both sides with
silver electrodes by applyiné a silver paste and then baking it
at 800 °C for 30 minutes in a nitrogen atmosphere to prepare a
monolithic ceramic capacitor.

For éach-sﬁecimen,'méasurements were made on dielectric
constant (e€), dielectric loss_(tan-&), a temperature coefficient
of capacitance (TCC), and insulation resistance . (log IR). & and
tan & were measured under the condition;_oflzs °C, 1 Khz and-l
Vrms. TCC was determined over a range of temperatures ranging
from -55°C to 125°C on the basis of the capacitance at 25°C,
along with an absoluté value of the maximum temperature
coefficient of capacitance, i.e., [AC./Cg|pmaxs Within t@e range
of -55°C to 125°C. TCC was given by the equation, TCC = AC./C,g,
where AC. is difference between capacitance measured at -55°C or
125°C aﬁd that measured at 25°C, and C,g is a capacitance at
25°C. The insulation resistance was measured at 25°C after
applying a direct current voltage of 16 V to the specimen for 120
seconds.

Results are shown in Table 2 in which the insulation
resistance is given as the product of insulation resistance and
capacitance (CR). 1In Tables 1 and 2, specimens with an asterisk
are those employing a dielectric ceramic:composition out of the

scope of the present invention.

T
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silver electrodes by applying a silver paste and then i
[err]C for 30 mnu{ETS‘rn—a*ﬂrt—regeﬁﬂnDsphere to preparpe-

T

ceram c capacitor.
canstant ([err]),
capaci tance (TCQO),

wer e nmeasured under t
determ ned over a range of tenperatures ranging

Fhn [err]),
esistance (log IR).
of 2bderr]C, 1 Khz and 1 Vrns.

measur ement s werje
a tenper
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from-55[err]C to 125C on the basis of the capacitance at 25[err]C al ong

w th an absol ute value of the nmaxi numtenperature coeffi
capacitance, i.e., [err] within the range of -55[err]Ct¥RMM¥ﬂ%T

gi ven by the e@mafﬁhect as B&efCRepldcar 1] where [err] is diffErence between
capaci t ance rreasure or 125[err]C and that pepspgAUANI%
25[err]C, and C[err] nce at g5[err]C The}i hsul ation
resi stance was neasure err]Cafter appl yi ng a di [ eet—eurrent
voltage of 16 V to the spemrrenfor 120
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As can be seen from the results shown in Table 2,

ﬁhe nonreducible dielectric cefamic composition of the present
invention possesses a high dielectric constant of .3000 and
above, a low dielectric loss of 2.0 %'.or below, and good
temperature coefficient of .capacitance which ~meets the
requirements for R7X characteristics defined by EIA, even if
made into thin layers with a thickness 6f 8 pm. In addition,
the composition of the present invention has a high insulation
'resistance as the product of insuiation resistance and
capacitance is 6000 and .above. Thus, it is possible to
produce monolithic ceramic capacitors with excellent electric
characteristics.

In the nonreducible dielectrié ceramic bomposition
according to the_preseht invention, the primgry component has
been 1limited to a composition defined as above for the
following reasons: If the content of BaTiO; is less than 92.0
mol%, fhe insulation resistance and dielectric constant become
lowered, like as specimen No. 4. If the content of BaTiO,
exceeds 99.4 _mol%, like as specimen No. 3, the temperature
coefficient of capacitance becomes considerably inéreased at
high temperatures of about the curie point ahd no improvement
in dielgctric characteristics takes place even if rare earth
element and Co,0,4 are.added. For these'reasons,.the content qf
barium titanate has been limited to a molar percentage ranging
from 92.0 to 99.4 mols.

| A On the other hand, if the content of inevitable
impu#ities; especially alkaline metal oxides, .in the primary
component exceeds 0.04 mol%, -the dielectric constant becomes

lowered, like' as specimens Nos. 33 and 34, thus making it
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the content of inevitable impurities has been limited to 0.04
percent by weight or below.

If the content.of rare earth eléﬁent or Co,0; is less
than 0.3 mol%, the dielectric propefties afe scarcely improved
by the addition théreof and the temperature coefficient of
capacitance becomes considerably large. If the content of
rare earth element or Coy03 is more than 4.0 mol%, the
insulation resistance and dielectric constant become.lowered.

The secondary component of the nonreducible.
dielectric ceramic composition has been limited to those
defined as above for the foiléwing reasons:

If the added amount of BaO is less than 0.2 moles
per 100 moleé of the primary component, like as specimen No.
9, the insulation resistance becomes considerably 1lowered

during sintering, resulting in formation of a semiconducting
cbmpositioh. If the added amount of Ba0 exceeds 4.0 moles per
100 moles of the primary component, like as specimen No. 12,
the .sintering property becomes lowered. Thus,. the added
amount of BaO has been limited to a valgé of not less than 0.2
moles but pot more than 4.0 moles per 100 moles of the primary
component.

If the added amount of MnO is less than 6.2 moles
per 100 moles of the p;imary éomponent, like as specimen No.
17, ‘it does not contribute to improvement in reduction
resistance of the composition and the insulation resistance
becomes considerably ioWered. If the added amount of Mno-
exceeds 3.0 moles pef 100 moles of the primary component, like

as specimen No. 15, the insulation resistance becomes



tenperature coefficient of capacitance which neet @Eyr s
for R7X characteriSLiLs defined by EIA, even if nade i Eﬁgng$ hégyimAth
a thickness of 8 [e LisRfAiddQn, the conpositionfof the present | -
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i nsul ati on resistan ance ﬁ 6000 and bove. Thus; it
considerably lowered. Thus, the added amount of MnO has been

is possible to prod ceram c capacitors \ excel | ent
electric characteristics.
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limited to a value ranging from 0.2 moles to 3.0 moles per 100
moles of the primary component.

If the added amount of MgO is less than 0.5 moles
per 100 moles of the primary component, like as specimens No.s
22 and 23, the ‘addition of Mg0 does not contributes to
improvement in insulation resistance "and the insulation
resistance becomes considerably lowered. In addition, the
temperature characteristic cufve illustrating change of the
temperature coefficient ‘of .capacitance with tenmperature
becomes a curve with single-peak and takes a large negative'
value exceediﬁg -15% at ;ower temperatures and .é ‘large
positive value exceeding +15% at higher temperatures near the
curie.point. If the added amount of MgO exceeds 5.0 moles per
100 moles of the primary component, like as specimen No. 26,
the dielectric constant and the insulation resistance becomes
'lowered._ Thus, the added amount of MgO0 has been limited to a
value ranging from 0.5 moles to 5.0 moles per 100 moles of the
primary component. | |

The reasons why the added amount of BaZrO3 has been
1imited.to a value ranging ﬁroﬁ 0.5 moles to 4.0 moles per 100
moles of the primarf component are as follows. If.the added
amount of BaZrOa is less than 0.5 moles per 100 moles of the
primary component, like as specimens Nos. 31 and 32, its
addition does not contributes to improvement ‘in insulation
résistance. If thé added amount of BaZr0O; exceeds 4.0 moles
per 100 moles of the primary cdmponent, like as specimen No.

29, the insulation resistance is much improved but the

temperature coefficient of capacitance becomes large at high



In the nonreduci ble dielectric ceramc conposition according to the present
I nvention, the primary conponént has been |imted to a conposition defined
as above for the follow ng reasons: If the content of BaTiJerr] is |less
than 92.0 nol % the insulation resistance and dielectric constant becone

| owered, |ike as specinen No. 4. If thefonfent of BaTi B exceeds 99. 4
nol % Iike as specinen No. 3, the tenperature coeff|C|ent of capacitance
bectonmes consi derably |ncreased at :

temperatures near the curie point.

Finally, the vitreous component has been added to
the composition to lowef the sintering_.temperature and to
improve the reduction resistance of the composition. However,
if the content of vitreous component in the composition is
less than 0.5 percent by weight (wt%), like as specimen No.
21, the addition of vitreous‘“component have no effect on
imp:ovement in reduction resistance and the sintering
properties. If the content of vitreous component in the
composition excegds 2.5 wt%, like as specimen No. 19, thé
dielectric constant becomes lowered. Thus, the content of
vitreous component has been limited ﬁo 0.5 to 2.5 wt%.

Althdugh the present invention has been fully
described in.connecﬁion with the préferred embodiments thereof
with reférence'to the accompanying drawings, it is to be noted
that varioué changes and modifications are appafent to those
skilled in the art. Such changes and modifications are to be
understood as included 'within the scope of the present
inveption as defined by the appended.claims unless they depart,

therefrom.
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hi gh tenperatures of about the curie point and no inprovenent

in dielectric

characteristics takes place even if rare earth el ement and Co[err]o[err]

are added. For these reasons, the content of bari um
lindted to a nolar percentage ranging from & 0to0.99.4 nol %

her
hand, if the content of inevitable inpurities, especi aUI“‘E“ l“"ﬂl‘iﬂkl
oxides, in the primary .conponent exceeds 0.04 nol % th t ant

becones.
WHAT IS CLAIMED IS:

1. A nonreducible dielectric ceramic composition

consists essentially of:

a primary component consisting essentially of 92.0

to 99.4 mol%¥ of BaTiO3, 0.3 to 4.0 mol% of at least one of

rare earth element, expressed by the general formula: Re,0;,

where Re is at least one rare earth élement selected from the

group consisting of Tb, Dy, Ho and Er, and 0.3 to 4.0 mol% of

a secondary component consisting essentially of BaoO,

MnO, MgO, BaZr0O;, the content of the secondary component

being, per 100 moles of the primary componeht,

0.2 to 4.0

moles for BaO, 0.2 to 3.0 moles for MnO, 0.5 to 5 moles for

MgO, 0.5 to 4.0 moles for BaZr0O;; and

a vitreous component of .a BaO-Sro- Li 0-5i0, system,

the content of the vitreous component being 0.5 to 2.5 parts

by weight per 100 parts by weight of the sum of the primary

and secondary components.

2. The nonreducible dielectric ceramic composition

according to claim 1 wherein the content of

inevitable

impurities in BaTiO; is not more than 0.04 % by weight.

3. The nonreducible dielectric ceramic compositioh

according to claim 2 said inevitable impurities in BaTio, are

alkaline metal oxides.

4. The nonreducible dielectric ceramic composition

according to claim 1 wherein said vitreous component has a

composition consisting essentially of 5 to 20 mol% of'BaO, 5

to 20 mol% of Sro, 2 to 45 mol% of Li,0 and 30 to 70 mol% of

sio,.

eet Has Been RTlaced REPLACEMENT SHEET |
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| owered, |ike as specinmens Nos. 33 and 34, thus nmaking it - 14 - -
difficult to put the conposition into practical use. Thus, the content of
inevitable inpurities has been |inmted to 0.04 percent by weight or bel ow.

-

NONREDUCIBLE DIELECTRIC CERAMIC COMPOSITION.
~ABSTRACT OF THE DISCLOSURE
A nonreducible dielectric ceramic composition
consists essentially of: a primary component consisting
essentially of 92.0 to 99.4 mol% of BaTiO,, 0.3 to 4.0 mol% of'.
'at least one of rare earth élement, expressed by the general
formula: Re,0;, where Re is at least one rare earth element
selected.from the.group consisting of Tb, Dy, Ho and Er, and
0.3 to 4.0 mol¥ of Co,0;; a secondary component consistiﬁg
essentially of Bao; MnO, MgO, Ba2r03, the content of the
- secondary component being, per 100 moles of the primary
componenf, 0.2 to 4.0 moles for BaO, 0.2 to 3.0 moleé for MnoO,
0.5 to 5 moles for MgO, 0.5 to 4.0 moles for BaZrQ3{ and a
vitreous component of a BaO—Sro-Lizo-Sioz system, the content
of the vitreous component being 0.5 to 2.5 parts by weight per
100 parts by wéight'of the sum of the primary and ‘secondary

components.
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I‘Wthei content of rare earth elenent or Co[err](Jerr] is less than 0.3
:mol % the diel estric—properties are scarcely mproved hy. the. addition
t her eof and the!ﬂgﬁp@ gﬂgﬁﬁf|0|ent of capatytqﬁe éé@nﬁsf“OHSIderahly
| ar ge. | f the content—of—-rat+¢ ¢arth el ement or ol 1.9 B

4.0 nmol % the ilnsul sfafce and di el ecti i¥ “const :;,
The - secondary %m rﬁﬁ of t he
Corrposi ti on hag en limted t those 1 i fl/

NONREDUCIBLE DIELECTRIC CERAMIC COMPOSITION

BACKGROUND OF THE INVENTION
1. Field of the Invention

~The present invention relates to a non-reducible
dielectric ceramic composition and, more partiéularly, a non-
reducible dielectric ceramic composition .used as a dielectric
material for monolithic ceramic capacitors employing a base metal
such as nickel as a material for internal electrodes.
2. Description of the Prior Art

As a dielectric material for monolithic ceramic
capacitors, there have been used those mainly comprising barium
titanate. Such dielectric ceramic compositions of the prior art
have such a property that they are reduced considerably when
fired in a neutral or reducing atmosphere with a low partial
oxygen pressure, resulting in occurrence of semiconductorization
of the ceramic composition. For this reason, it is required to
use noble metals (e.g., palladium, platinum, etc.) which does not
melt even if subjected to a high temperature at which a
dielectric ceramic material sinters, and does not oxidize even if
fired in an atmosphere with a high partial pressure of oxygen
which does not semiconductorize the dielectric ceramic material.

However, use of such noble metals becomes a barriers to
cut down the production cost of monolithic ceramic capacitors.
For example, the cost of internal electrodes occupies about 30 to

70 % of the production cost of monolithic ceramic capacitors.



defined as above for the following reasons: |f the added ampbunt of BaOis

dess than 0.2 noles per 100 noles of the primary conponent, |ike as
specinmen No. 9, the insulation resistance becones irE AFaP g
| owered during sintering, resulting in formation of a AN ﬁﬁgET |

conposition. If the added anount of BaO exceeds 4.0 npljes_per 100 noljes
the primary conponent, like as specinen No. 12, the ([sijnt2/iM& WToperty

becones

\4

| ower ed. Thus, the added 2 -

For the reasons mentioned above, it is preferred to use
a base metals éuch as Ni, Fe, Co, W and Mo. However, if such
base metals are used as a material for internal electrodes, and
fired in the conventional firing conditions of the dielectric
ceramic materials, they oxidizes easily and loose functions as
the internal electrodes. Thus, in order to use such a base metal
as a material for internal electrodes of monolithic ceramic
capacitors, it is required to use a dielectric ceramic material
which is never semiconductorized even if fired in.a neutral or
reducing atmosphere with a low partial pressure of oxygen, and
which has a sufficient séecific resistance and good dielectric
properties.

To meet such requirements, there have been proposed
some nonreducible dielectric ceramic materials such as,. for
example, those having a composition of a BaTiO3-MnO-MgO-Rare
earth element system disclosed in.JP—A—63—103861, or those having
a composition of a BaTiO3;-(Mg, 2n, Sr, Ca)0-B,0,-5i0, system
disclosed in JP—E- 61-14611,

However, the nonreducible dielectric ceramic
composition of JP-A-63-103861 is of no practical use as the
insulation resistance and the temperature coefficient of
dielectric constant are affected sensitively by grain size of the
main component BaTiO,;, thus making it difficult to control the
composition to obtain stable dielectric properties.

On the other hand, the nonreducible dielectric ceramic

composition of JP-B- 61-14611 has a dielectric constant of 2000

of



anount of BaO has been limited to a value of not less than 0.2 noles but
.not nore than 4.0 noles per 100 noles of the primary conponent. |f the

added amount of MnOis |less than 0.2 noles per 100 nol @Lécﬁﬁﬁﬁﬁg ggﬁ

conponent, like as specinmen No. 17, it does not contri 4
I n reduction resistance of the conposition and the insyl ation resistanfge
becones considerably lowered. ' . |If the added anouni {of2 #May 1997

_ - 3 - _

to 2800 and thus is inferior in dielectric properties to the
conventional dielectric ceramic composition with a dielectric
constant of about 3000 to 3500 which has been used as a
dielectric material for monolithic ceramic capacitors employing
noble métals such as Pd. Thus, such a composition can not ble
replaced for the conventional dielectric material for the purpose
of reducing the cost of monolithic ceramic capacitors since it
has disadvantages in miniaturization and capacitance increment of
capacitors.

Further, the temperature coefficient of dielectric
constant (T.C.C.) of the above compésition is * 10% over a range
of temperatures ranging from -25 to 80°C, which is based on the
capacitance at 20°C as a standard. Such a composition meets the
characteristics B specified by JIS. However, the temperature
coefficient of dielectric constant becomes more than 10 % at
temperatures exceeding 85 °C, so thét it out of X7R
characteristics defined in EIA.

Also, all the nonreducible dielectric compositions of
tﬁe pfior art including the above compositions are low in
insulation resistance, which becomes an obstacle to reduce the
thickness of dielectric ceramic layers.
éUMMARY OF THE INVENTION |

It is therefore a main object of the present invention
to provide a nonreducible dielectric ceramic composition which
has a large dieléctric constant of 3000 and above, a large

insulation resistance (given as the product of CR being 6000 and




exceeds 3.0 nol es per 100 noles of the primary conponent, like as specinen
No. 15, the insulation resi stance becones - 15 - considerably
| ower ed. Thus, the added anount of MO has been |in TVl Harm

ranging fromO0.2 noles to 3.0 noles per 100 ﬁE?LACEé%“iiD £l
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above, meets the requirement to have a temperature coefficient of
capacitance in the range of $15 %, based on the capacitance at
25°C as a standard, over a range of temperatureé ranging from -55
to 125°c¢, énd makes it possible to produce monolithic ceramic
capacitors having dielectric ceramic layers with a thickness of
10 pm or below, and can be fired in an atmosphere with a low
partial pressure of oxygen without causing semiconductorization
thereof.

According to the present invention, thére is provided a
nonreducible dielectric ceramic composition consists essentially
of: .

a2 primary component consisting essentially of 92.0 to
99.4 mol%¥ of BaTiO3, 0.3 to 4.0 mol% of at least one of rare
earth element, expressed by the_general formula: Re,0;, where Re
is at least one rare earth element selected from the group
consisting of Tb, Dy, Ho and Exr, and 0.3 to 4.0 mol% of Co,03;

a secondary component consisting essentially of BaoO,
MnO, Mgo, BaZrO;, the content of the secondary component being,
per 100 moles of the primary compohent, 0.2 to 4.0 moles for Bao,
0.2 to 3.0 moles for MnO, 0.5 to 5 moles for MgO, 0.5 to 4.0
moles for BaZrOj3; and .

a glass or vitreous component of a BaO-Sro-Li,0-Sio,
System, the content of the vitreoué component béinq 0.5 to 2.5
parts by weight per 100 parts by weight of the sum of the primary
and secondary components.

It is preferred to use BaTiO; of which a content of



nol es of the prinmary conponent.

nol es per 100 noles of the primary conponent, |ike as

and 23, the addition of MO does not contribu

in insulation resistance and the insulation resi$ an&gx 2¥Q%52
consi derably | owered. In addition, the tenperatu ¥ ti
curve illustrating change of the tenperature coeffi ¢i gnt of
capacitance wth tenperature - 5 -

inevitable impurities,

not more than 0.04 % by weight.

essentially alkaline metal oxides,

|f the added anpunt of NbO i'S Iess than 0.5

being

Also, as the vitreous component,

it is preferred to use those having a composition consisting of 5§

to 20 mol% of Bao,

30 to 70 mol% of sioz.

As the rare earth element oxide,

those such as Tb,0;, Dy,0;, Ho,0; and Er,0;5.-

5 to 20 mol% of Sro,

2 to 45 mol% of Li,0 and

there may be used

These oxides may be

used alone or in combination.

The nonreducible dielectric ceramic composition of the

- present

invention is

never reduced to "~ a semiconducting

composition even if fired in a neutral or reducing atmosphere at

a temperature of 1260 to 1300 °cC.

Also, the nonreducible

dielectric ceramic composition has a high insulation resistance

such that the product of insulation resistance and capacitance

(CR) is more than 6000,

and possesses a high dielectric constant

of 3000 and above, and makes it possible to produce thin-layered

monolithic ceramic capacitors with a temperature coefficient of

capacitance which meets the characteristics X7R defined by EIA.

Accordingly,

the

nonreducible dielectric ceranmic

composition of the present invention makes it possible to use

base metals as a material for internal electrodes of monolithic

ceramic capacitors, which in turn makes it possible to reduce the

cost of monolithic ceramic capacitors without causing decrease in

electric characteristics, as compared with the monolithic ceramic

capacitors employing,

noble metal such as Pd.

as a material for internal electrodes, a



becomes a curve with singl e-peak and takes a |arge negative val ue exceeding

-15% at | ower tenperatures and a |arge positive va, Lng. &+

hi gher tenperatures near the curie point. If the

exceeds 5.0 noles per 100 noles of the primary co
No. 26, the dielectric constant and the insulationfr
| owered. Thus, the added anpbunt of MO has been ljinit
fromO.5 noles to 5.0 noles per 100 nol e§ of the

The above and other objects, features and advantages of
the present invention will become apparent from the following
examples.

EXAMPLE

As starting materials, there were prepared three kinds
of BaTiO; with a different content of impurities, rare earth
elements (i.e., Tb,0,, Dy,03, Ho,0; and Er,03), Co,03, BaCO,;, MnoO,
MgO, BaZr0O,;, and a yitreous component of a composition of a BaO-
Sro—Lizo-Sioz system. The content of impurities in BaTiO; were.
0.03, 0.05, or 0.07 percent by weight of alkaline metal oxides.
These raw materials were weighed and mixed in propértions as
shown in Table 1, in which an amount of rare earth elements is
listed in column of Re,0; together with the kind of the rare
earth element. Barium titaﬁate used for specimens Nos. 1-32 was
BaTiO; containing, as the impurities, 0.03 percent by weight of
alkaline metal oxides, that for 'specimen No.33 was BaTiOy4
containing, as the impurities, 0.05 percent by weight of alkaline
metal oxides, and that for specimen No.34 was BaTiO; containing
0.07 percent by weight of alkaline metal oxides.

The above vitreous component was prepared in the
following manner, using BaCO;, Srco,, Li,CO0,, 8i0, as raw
materials. These materials were weighed and mixed to prepare a
composition consisting of 10 mol% of Ba0O, 10 mol% of SrO, 30 mol%
of Li,0 and 50 mol% of §i0,. The resultant mixture was milled by
the wet process with a'ball mill for 16 hours and then dried by

evaporation. The resultant powder was put into an aluminum



primary conponent. The reasons why the added anpunt_ of BaZr O3 _has_been
.limted to a value ranging fromO0.5 noles to 4.0 < C ﬁg\§2 5' Eﬁs of the
primary conponent are as foll ows. If the added |Sfbiab=: efr] is

| ess than 0.5 noles per 100 nol es of the primaryjicgnponent 1% kejag

speci mens Nos. 31 and 32, its addition does not gont 23@%@ %? | fppf ovenent
in insulation resistance. If the quep anmount gf BaZrCB exceed$ #.0 nol es

crucible, maintained at 1300 °C for 1 hour, vitrified by rapid
cooling, and then ground to prepare powder of a vitreous
component with particle size passing through a 200 mesh sieve
screen.

The resultant mixture 6f the raw materials was placed
in a ball mill together with a suitable amount of water and
partially. stabilized zirconia balls, milled for 16 hours to
prepare a slurry. Then, the resultant slurry was mixed
sufficiently with a suitable amount of an organic binder
(polyvinyl alcohol solution) and a plasticizer, formed into a
sheet by a well-known Doctor blade, dried and then cut to prepare
ceramic green sheets with a thickness of 12 um.

Each ceramic green sheet was coated by screen-printing
with a conductive paste containing nickel powder as a conductive
material to form a conductive layer for internal electrode.
After drying, the resultant ceramic green sheets were stacked,
pressed and then cut into pieces to form green units for
monolithic ceramic capacitors. The green units were heated to
and maintained in air at 320 °C for 5 hours with an electric
furnace to remove the binder by combustion, and then fired at
temperatures shown in Table 2 for 2 hours in a reducing gas
stream composed of hydrogen and nitrogen in a volume ratio
(H;/N;) of 3/100 and having a partial pressure of oxygen ranging
from 3 x 10719 to 3 x 107}2 atm, to produce monolithic ceramic
capacitor units. A thickness of each dielectric ceramic layer in

the resultant capacitor unit was 8 um.
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The capacitor unit was provided on both sides with
silver electrodes by applying a silver paste and then baking it
at 800 °C for 30 minutes in a nitrogen atmosphere to prepare a
monolithic céramic capacitor.

For each specimen, measurements were made on dielectric
constant (e), dielectric loss (tan §), a temperature coefficient
of capacitance (TCC), and insulation resistance .(log IR). & and
tan § were measured under the conditions of 25 °C, 1 Khz and 1
vrms. TCC was determined over a range of temperatures ranging
froﬁ -55°C to 125°C on the basis of the capacitance at 25°C,
along with an absolute wvalue of the maximum temperature
coefficient of capacitance, i.e., |AC./Cyg|paxs Within the range
of -55°C to 125°C. TCC was given by the equation, TCC = AC./C,yg,
where AC, is difference between capacitance measured at -55°C or
125°C and that measured at 25°C, and C,5 is a capacitance at
25°C. The insulation resistance was measured at 25°C after
applying a direct current voltage of 16 V to the specimen for 120
seconds.

| Results are shown in Table 2 in which the insulation
resistance is given as the product of insulation resistance and
capacitance (CR). 1In Tables 1 and 2, specimens with an asterisk
are those employing a dielectric ceramic composition out of the

scope of the present invention.
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Finally, the vitreous conponent has been added to the
the sintering tenperature and to i nprove the reductio
conposition. However, if the content of vitreous conpg
conposition is less than 0.5 percent by weight (W%,
21, the addition of vitreous conponent have no effect

reduction resi stance and t he sintering properfi

content of vitreous conponent in th& -
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corrpbsition exceeds 2.5 wt% |ike as specinen No. 19, the dielectric
constant becones | owered. Thus, the content of vitr @M{PE 9
been limted to 0.5 to 2.5 wt% Although the present inv%rl"m a5 j“'luﬁ
fully described in connection with the preferred enbodi tﬂi&?%& i tih
reference to the acconpanying drawings, it is to be not e ha
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changes and nodifications are apparent to those skilled jn_the art. ugh |
changes and nodifications are to be - 10 - _ !

39

/) =t

30

O~

gg‘:\: Ol Q] ] v ] B VO] K] ] VO] VO] O] V] ] v vl v

PDEZ nl m] o] o] @l Al Al | A ] Al a] =] ] =] =]

o Q ~} -

>0
Am
£l o
ggooooooooooommvmmm
&gmmmNnmmnmnééOOOH-—l
£
0
0

NS R

g 4| ©

?:)ggoooowvooommmmmmmm

g - n| o] af ] o] o] of vl o] Al A ] A} A ] A ~

E 9

0

0 W
o

-

4 ~] O

ggémmmmooooooooooooo

go HHHHHHHHHH:—;:—;-—;-—;-—;A-—;

0O o

Qo o~

ﬁﬂmg

=] U

Q al o

g Hgmmmmmmmmmmmmmmmmm
0 e G G BT Y T T T Y 1 e e e e
o
o
gmmmmooooooooooooo
Of | | @] ] =| A A =] A =} =] =] =] 2] 2] 4] =

3

5 o] o]l o] of v| v| | n| n} of o] o] of o} o} o} ©

SAOﬂNN.NNH-HHHHHF-In—'Ir-;r-;r-;HH

Q ol Nl A | e M W A ™

E ~| 9 o] o] o] o]l o} o] 3] o] o] o] o] o] o] S] &1 o1 o]

GI=Y Ml B B I PGS Py B S I s G, T, B B, 0, S, B, I,

. = M s | W e BB R B Q] Al ] &l &l al al a

€1

3]

E

o m

¥ o :

Ay -gmmmmmmmmmoooooooo
IU\O\D\D@(\I\I\I\I\wC!;m;a;G;G;G;Q;
mmmmmmmmmmmmmmmmmm

. * KE K| % L 3 L K| K] K| K

2 ol ool O | N| M| =} 0| W} ~| 0| o] o] A] ~n] ] <
HHNNNNNNNNNNm My ™




-Hef i ned
1S

jasl

Woam._.. I~

et W 0£9 6°6 G'g- T°v- 1°2 ocze 082ZT xLT

R

me..m_. M oveL 9°'6 Z-8- 8°'¢- LT o1ve 0821 91

W‘M m oLIZ 1L G'9- 9° T~ 12 080¢€ 0921 *¥GT

ﬁ o~ 0€T19 R A 8°9- 61~ 6°T 01zZ¢ 092t 1

m o¥99 L*8 6°L- 1 2- 8°'T 0szg 0921 £ET

m.m D009ET e POBATI IJT USA® DUTIDIUTS JUSTOTIINSUT JO 2SNLDIY ISTqeaAnsesuun $2T

o2 ov09 0°8 p*9- S p- T°C 06TE 00€T Tt

o

- L 0609 6°L 8°9- T v- 6°1 08¢t 00ET ot
A !

IS -t UOTAEZTIOAONPUODTIDS JO OSNRDIDY I[rRIANSRIUWUf %6
— —t

mm ' 0£09 78 S L~ € ¢— 0°¢ 08TE 08zI 8

g° 0929 Z2°8 €L~ T €~ 6°T oLzt 0821 L

mm, 0159 0o-8 1°L- 22~ 8°'1 ovEeE - 08¢T 9

- 0809 0°6 6°L- G ¢g- 8°1 0tTZE 08¢T S

cwm

=93 09L2 v°6 T°8~ 8- ¢— 6°T 0c€se 08et b

mm 0089 2°se € 0z+ L8~ 9°'1 0TS¢ 00€T x€

T 0299 0°8 z°9- beg- . 6°'1 ocve 082T Z

D)

S5 oLV 6°8 9L~ vZ- 8°'1 0zZee 082T T

Co (@) | xeu|S%/ov| Do52T D055~ () (D)

[

e =z _ mmsumwmmamu .

"3 ¥d () "cofov 201 9 uel -3 UTIDJUTS ON

o C

yo! WS. :

S o Z ATdYL

= m)

a2l

2.2

530



%

Tally
7 0f

d Er,

¥

e

()]
[
(@]
- (e
— @
cg !
b % ! 0909 9°1T T°0T- 6 T 0°¢ 0992 082t *bE
mﬁ w 0€29 L°0T L 6- 12~ 6°T 0182 082t ¥E€€
ﬂwﬁawmmm 098V 9°8 6" L- T-¢- 9°1 ovbE 0821 ¥CEC
s <eg 0zES L'8 08— 62—~ XK oTbE 0821 ¥1E
& - 0cv9 16 Z 8- € g 81 06¢€¢ 08zt Y
BN O o))
e n - Ll L) - - *
%9 s oLzs 9°GT 821 Z 1+ 6°1T oLEE 08eT ¥62
pe T oveL Z et 8° 01— €0+ 8°1 06€¢ 0821 8¢
R7 S . " . "
mv:m - 09¥L L°0T 86— Z T- 8 T ozveE 08zt LT
- o O : . e .
5 oo | ovee 78 9L T°¢ 6°1 06L2 08zt %92
Zo—-3Y9 098L L8 6" L~ vrE- L T 0L0€ 0821 Y
.mwwmumv_ oveL 1°6 zZ 8- 9 €= 8°1T 09¢c¢ 0821 . ve
(V)] —_ . -
COOLD— 0625 8 ve - € Te+ L 81~ 1-¢ o0oveE 0821 ¥€2
82... "5 089¢ G 6¢ v oet 9-g2— 6°1T 09ce 0821 xZe
— @© © mq
= =0 0ETV L 2l v TT- L 1- 02 08veE 09¢€T %12
COPsEET
= m% mw = 0Zv9 Z°6 V8- L €- 8 1 oSvE 00€T 0z
3 g " mw. 0ETL € 1T 1°0T- 02— 6°1 0282 09z1T ¥61
Qe S0 0989 X 86~ 9°¢- 81T 0TTE 0821 8T
T O .0 0O :
0SYS e (2.0) xew |55 /oy| D052T D0GG- (%) (20)
— m.o O — sanjexaduay
25" 0vaE ¥ (3) S%/ov 0oL 9 uey 3 Buraejurs | ‘oN
58228,
S.g-0%° z A9
O >SN0 <
— m o)
c —_— 0O
O i 0O 4= 4
C o o O o
<2208
cO o eO.
w— @ X @© C




TETD Ao o ey
a secondary conponent consisting essentially of BaC)Rﬁﬁ%ﬁgkkﬁgﬂE%éﬁEf
the content of the secondary conponent being, per 10

conponent ,
nol es for
BaO-SrO-Li[err]O-Sigerr] system the co
being 0.5 to 2.5 parts by weight per 100 parts by Lght of the sum g
primary

D mol es of the]pri

0.2 to 4.0 noles for BaO, 0.2 to 3.0 nol ¢s|f &7 MAD 19975 ol 5

MO, 0.5 to 4.0 noles for BaZrC&' and a vitreous conponeng
ntant~ of thé VITTeoUS TOMpon

As can be seen from the results shown in Table 2,
the nonreducible dielectric ceramic composition of the present
invention possesses a high dielectric constant of 3000 and
above, a low dielectric loss of 2.0 % or below, and gocd
temperature coefficient of capacitance which meets the
requirements for R7X characteristics defined by EIA, even if
made into thin layers with a thickness of 8 um. In addition,
the composition of the present invention_has a high insulation
‘resistance as the product of insulation resistance and
capacitance is 6000 and above. Thus, it is possible to
produce monolithic ceramic capacitors with excellent electric
characteristics.

In the nonreducible dielectric ceramic composition
according to the present invention, the prim;ry component has
been limited to a composition defined as above for the
following reasons: If the content of BaTiO; is less than 92.0
mol%, fhe insulation resistance and dielectric constant become
lowered, like as specimen No. 4. If ﬁhe content of BaTiO;
exceeds 99.4 mol%, like as specimen No. 3, the temperature
‘coefficient of caéacitance becomes considerably increased at
high temperatdres of about the curie point and no improvement
in dielectric characteristics takes place even if rare earth
element and Co,03 are added. For these reasons, the content of
barium titanate has been liﬁited to a molar percentage ranging
from 92.0 to 99.4 mol%.

' On the other hand, if the content of inevitable
impurities, especially alkaline metal oxides, in the primary
component exceeds 0.04 mol%, the dielectric constant becomes

lowered, like as specimens Nos. 33 and 34, thus making it



and secondary components. 2. The nonreduci bl e di el e¢ighie; ceranlc e

.conposi tion according to claim1 wherein the content ‘iﬁ%ﬁw%&b1e* “““ ‘

inpurities in BaTiJerr] is not nore than 0.04 % by {we| :
E?ﬂ@&ﬁ]% aﬂd

nonreduci bl e dielectric ceranmc conp05|t|on accordin

I nevitable inpurities in BaT|CIerr] ar € alMal rne methl| oxi des
nonreduci bl e dielectric ceramc conposition
difficult to put the composition into practical use. Thus,

the content of inevitable impurities has been limited to 0.04
percent by weight or below.

If the content of rare earth element or Co,0, is less
than 0.3 mol%, the dielectric properties are scarcely improved
by the addition thereof and the temperature coefficient of
capacitance becomes considerably large. If the content of
rare earth element or Co,03; is more than 4.0 mol%, the
insulation resistance and dielectric constant become lowered.

The secondary component of the nonreducible
dielectric ceramic composition has been 1limited to those
defined as above for the folléwing reasons:

If the added amount of BaO is less than 0.2 moles
per 100 moles of the primary component, 1like as specimen No.
9, the insulation resistance becomes considerably lowered
during sintering, resﬁlting in formation of a semiconducting
cbmposition. If the added amount of BaO exceeds 4.0 moles per
100 moles of the primary component, like as specimen No. 12,
the sintering property becomes lowered. Thus, the added
"amount of Ba®O has been limited to a value of not less than 0.2
moles but pot more than 4.0 moles per 100 moles of the primary
component. |

If the added amount of MnO is less than 0;2 moles
per 100 moles of the primary component, like as speéimen No.
17, it does not contribute to improvement in reduction
resistance of the composition and the insulation resistance
becomes considerably iowered. If the added amount of MnO
exceeds 3.0 moles per 100 moles of the primary component, like

as specimen No. 15, the insulation resistance becomes



according to claim1l wherein said vitreous conponent—ha QPGS RdN

consisting essentially of 5 to 20 nol % of BaO, 5 & RKRFLA)
nol % of Li[err]O and 30 to 70 nol % of SiJerr].
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considerably lowered. Thus, the added amount of MnO has been
limited to a value ranging from 0.2 moles to 3.0 moles per 100
moles of the primary component.

If the added amount of MgO is less than 0.5 moles
per 100 moles of the primary component, like as specimens No.s
22 and 23, the addition of MgO does not contributes to
improvement in insulation resistance -and the insulation
resistance becomes considgrably lowered.. In addition, the
temperature characteristic curve illustrating change of the
temperature coefficient of capacitance with temperature
becomes a curve with single-peak and takes a large negative

value exceeding -15% at lower temperatures and .a large
positive value exceeding +15% at higher temperatures near the
curie point. If the added amount of Mg0O exceeds 5.0 moles per
100 moles of the primary component, like as specimen No. 26,
the dielectric constant and the insulation resistance becoﬁes
lowered. . Thus, the added amount of MgO has been limited to a
value ranging from 0.5 moles to 5.0 moles per 100 moles of the
primary component.
. The reasons why the added amount of BaZrO; has been
limited to a value ranging from 0.5 moles to 4.0 moles per 100
moles of the primary component are as follows. If the added
amount of BaZrO; is less than 0.5 moles per 100 moles of the
pPrimary component, like as _specimens Nos. 31 and 32, its
addition does not contributes to improvement in insulation
resistance. If the added amount of BaZr0O; exceeds 4.0 moles
Per 100 moles of the primary component, like as specimen No.

.29, the insulation resistance is much improved but the

temperature coefficient of capacitance becomes large at high
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temperatures near the curie point.

Finally, the vitreous component has been added to
the composition to lower the sintering temperature and to
improve the reduction resistance of the composition. However,
if the content of vitreous component in the composition is
less than 0.5 percent by weight (wt3), like as specimen No.
21, the addition of vitreous .component have no effect on
improvement in reduction resistance - and the sintering
properties. If the content of vitreous component in the
composition excegds 2.5 wt%, like as specimen No. 19, thé
dielectric constant becomes lowered. Thus, the content of
vitreous component has been limited to 0.5 to 2.5 wt%.

Although the present invention has been fully
described in connection with the preferred embodiments thereof
with reference to the accompanying drawings, it is to be noted
that various changes and modifications are apparent to those
skilled in the art. Such changes and modifications are to be
understood as included within the scope of the present

invention as defined by the appended claims unless they depart

therefrom.
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WHAT IS CLAIMED IS:

1. A nonreducible dielectric ceramic composition
consists essentially of:

a.primary component consisting essentially of 92.0
to 99.4 mol% of BaTiO;, 0.3 to 4.0 mol%¥ of at least one of
rare earth element, expressed by the general formula: Re,04,
where Re is at least one rare earth element selected from the
group consisting of Tb, Dy, Ho and Er, and 0.3 to 4.0 mol% of
C0,03; H

~a secondary component consisting essentially of BaoO,
MnO, MgO, BaZrO05, the content of the secondary component
being, per 100 moles of the primary component, 0.2 to 4.0
moles for BaO, 0.2 to 3.0 moles for MnO, 0.5 to 5 moles for
MgO, 0.5 to 4.0 moles for BaZr0,; and

a vitreous component of a Ba0O-Sr0-Li,0-Si0O, system,
the content of the vitreous component being 0.5 to 2.5 parts
by weight per 100 parts by weight of the sum of the primary
and secondary components.

2. The nonreducible dielectric ceramic composition
raccording to claim 1 wherein the content of inevitable
impurities in BaTiO; is not more than 0.04 % by weight.

3. The nonreducible dielectric ceramic composition
according to claim 2 said inevitable impurities in BaTio; are
alkaline metal oxides.

4. The nonreducible dielect;ic ceramic composition
according to claim 1 wherein said vitreous component has a
composition consisting essentially of $5 to 20 mol% of BaO, 5

to 20 mol% of sSro, 2 to 45 mol% of Li,0 and 30 to 70 mol% of
sio,.
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NONREDUCIBLE DIELECTRIC CERAMIC COMPOSITION
ABSTRACT OF THE DISCLOSURE

A nonreducible dielectric ceramic composition
consists essentially of: a primary component consisting
essentially of 92.0 to 99.4 mol% of BaTiOj, 0.3 to 4.0 mol% of
at least one of rare earth element, expressed by the general
formula: Re,0;, where Re 1is at least one rare earth element
 selected from the group consisting of Tb, Dy, Ho and Er, and
0.3 to 4.0 mol3 of Coy03; a secoﬁdary component consisting
essentially of Ba0O, MnO, MgO, BaZrO;, the content of the
.secondary component being, per 100 moles of the primary
componenf, 0.2 to 4.0 moles for BaO, 0.2 to 3.0 moles for MnoO,
0.5 to 5 moles for MgO, 0.5 to 4.0 moles for BaZrO;; and a
vitreous component of a BaO-SrO-Li20-5102 system, the content
of the vitreous component being 0.5 to 2.5 parts by weight per

100 parts by weight of the sum of the primary and secondary

components.



