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NON-REDUCIBLE.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 ceranmic i combosition used for
monolithic ceramic capacitors.

2. Description of the Prior Art

In geﬁ_erel, monolithic ceramic capacitors
comprises -plural dielectric ceramic layers united into a
monolithic boéy, a plurality'of internal electrodes formed
between adjacent __die_lectric ceramic layers, and external
.electrod'es formed on opposite "’si‘z.ies of said monolithic body
. and connected to the alternate internal electrodes.

Such monolithic ceramic capacitor may be produced
by preparing'éer'apic green sheets, forming a layer of metal
paste for internal electrodes on ohe' flat surface of each
ceramic green sheet, stacking and pressing several green
, ._sheets with heac to_'fofm a multilayer green ceramic body,
firing it to fom' a monoli_thic sintered ceramic. body _wit‘h
internal electrodes, :orming layers of metal paste for
external electrodes ‘on opposite sides of the monolithic
sintered ceramic 'body, and oaking them at a suitable
temperature to form external electrodes. o

As a dielectric material for monolithic ceramic
capacitors, there have w;dely been used high permit'tivit_:y
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dielectric ceramic compoéitions of a bariﬁm titanate systen,
especially, those comprising barium titanate and a small
amount of a bismuth compound incotporated therein, such as
bismuth titanate, bismuth stannaté, bismutl; zirc_:onate,' or
the like.
The monolithic ceramic capacitbrs are generally

manufactured by a method comprising the steps of preparing

~ceramic green sheets, forming an internal electrode layer

with a conductive paste, stacking and uniting the printed
green sheets, cutting the multilayered body into green
chips, firing the green chips at a temperature of about 1250
to 1350 °C. Since the internal electrodes are subjected to
the sinteriné temperature of the dielectric ceramic
material,‘ 2 material for internal electrodes is_ requir_ed to
have a melting point higher than the sintering temperature
of the dielectric ceramics, high resistance t;:- oxidation
even in an oxidizing atmosphere,,--and does not react with the
dielectric ceramics. Such requirements are fully met by
noble metals such as platinum, gold, palladium and their
alloys so that noble metals have been used widely as a
material for internal electrodes of monolithic ceramic
capacitors. |

However,' use of such noble metals results in

increase of production cost of the monolithic ceramic

~capacitors. For example, the cost of internal electrodes

occupies about 30 to 70 % of the manufacturing cost of
monolithic ceramic capacitors. Other metals with a high
_—
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melting point includes base metals such as Ni, Fe, Co, W and
Mo, put such base metals are oxidized easily§ in the
oxidi;ing atmosphere at high temperature ‘and locse its
conductivity required for internal electrodes. |
| Thus, in order to use such a base metal as a

material for_ihternal electrodes, it is required to fire the
dielectric ceramic material in. a neutral or reducing
atmosphere to prevent the base metal from oxidation.
However, if the dielectric ceramic composition of the prior
art is fired in such a reducing atmosphere, the composition
is reduced considerably durxing firing and the se_mic_onduc—
torization takes place. |

To solve such problems, it has Dbeen proposed in
JP-B~ S57-42588 to use a dielectric ceramic material
coﬁprising a solid solution of a barium titanate system and
having a ratieo of a barium site to a titanium site greater
than the stoichiometric wvalue, i.e., 1.00. Such a
dielectric ceramic material is scarcely reduced to a
seniconductor eﬁ&n it fired in a reducing atmosphere, ihus'
making it possible to manufacture monolithic ceramic
dapacitors with internal electrodes of.a base metal such as
nickel. | |

On the other hand, the development of electronic
technigues have 1led to considerable miniaturization of
electronic devices. For this reason, there is an increasing

demand for miniaturization of electronic parts including

monolithic ceramic capacitors. It is generally known that
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the ménolithic ceramic capacitors can be miniaturized by use
of a dielectric ceramic .material with a high dielectric
constant or by.decreasing a thickness of dielectric ceramic
layers. However, dielectric cergmic materials with a hign
dielectric constant are ;arge in grain size. Thus, if the

thickness of dielectric ceramic layers is decreased to not

_mpfe than 10 ugm, the number of crYstal grains present in

each layer is considerably decreased, resulting in lowering
of the reliability of monolithic ceramic capacitors.

: Jf-A- 61-101459 discloses a non-reducible
dielectric 'ceraﬁic conposition with a small gain .size
éomprising a solid solution of birium titanate and one or
more rare earth elements (e.g., La, Nd, Sm, Dy) incorporated
therein: The smaller the grain sizé, the greater is the
numbex of crystal grains present in each dlelectric layer.
Thus, . such a dielectric ceramic composition makes it
possible to prevent the monolithic ceramic capacitors from
lowering of the reiiability.

| It is, however, impossible with such a composition
to obtain a high dielectric c'oﬂstant.‘ In addition, <this
composition is apt to be reduced during sintering, thus
making it difficult to produce monolithic ceramic capacitors
with good characteristics.
SUMMARY OF THE INVENTION

It is therefore a main object of the present
invention to providé a non-reducible dielectric  ceramic

composition which is large in dielectric constant but small
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in cfystal grain size and which is never semiconductorized
even if fired in a reducing atmpsphere.‘

According to the presént invention, there \is
provided a non-reducible dielectric ceramic composition
consisting essentially of a basic bomposition of a modified
parium titanate system and additives (A) and (B)
incorporated therein, said basic composition consisting
essentially of oxides of Ba, Sr, Ca, Ti, 2Zr and N'b and'
having a composition expressed by the general formula:

{ (B&y_ymyST,CaY) Ot (Ty o.pBENBL) Ogup 2
wherein 0.05 € x £ 0.30, 0.005 € y £ 0.12, 0 < o £ 0.20,
0.0005 s p £ 0.012, and 1.002 = m < 1.03, said additive (A)
being composed of at least oﬁe oxide selected from the group
consisting of oXides of Mn, Fe, Cr, Co and Ni, said additivé
(A} being incorporated into said.basic composition in an
amount of 0.02 to 2.0 moles per 100 moles of said pasic
composition in terms of respective oxides, MnO,, Fey0;,
cr,0;, CoO and NiO, said additive (B) consisting of si0,
and/or 2n0 and incorporated into said basic composition in
an amount of 0.1 to 2.0 moles per 100 moles of said basic'
composition. | | |

In a preferred embodiment, the édditive (B) is
composed of a glass composition of a BaO-S5r0-Li,0-Si0,
éystem instead of SiO, and/or 2n0O which serQes as a glass
component. -

Thus, according to the present invention, there is

also prqvided a non-reducible dielectric ceramic compésition
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consisting essentially of a bésic compesition of a modified
barium titanate system ana additives (A) and (B)
incorporated therein, said  basic composition. consisting
essentially of oxidés of Ba, Sr, Ca, Ti, Zr and Nb and
having a composition expressed by the general formula:
{ (Bay_yaySTxCaY) O}y (Ti; g pZEND,) Ogypa

wherein 0.05 < x < 0.35, 0.005 S y < 0.12, 0 < o S 0.20,
0.0005 € p < 0.010, and 1.002 € m £ 1.04, said additive (A)
being composed of at least one oxide selected from the group
consisting of oxides of Mn, Fe, Cr, Co and Ni, said additive
(.A) be'ing incorporated into said basic composition in an
amount of 0.02 to 2.0 moles per 100 moles of said basic
composition in terms of respective oxides, MnO,, Fe,0,,
cr,0,, CoO and NiO, said additive (B) being composed of a
glass composition of a Ba0-Sr0-Li,0-8i0, system and
incorporated into sald basic composition in an amount of
0.05 to 5.0 parts by weight per 100 parts by'weight of said
basic compeosition.

In another praferred embodiment of the present
invention, a part of barium in the basic composition is
raplaéad with the equimqlaf amount of magnesium to improve
the insulating resistance at high temperatures.

Thus, according to the present'invention, there is

also provided a non-reducible dielectric ceramic composition

consisting essentially of a basic composition of a modified
barium titanate system and additives {A) and (B)

incorporated therein, said basic composition consisting
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essentially of oxides of Ba, Sr, Ca, Mg, Ti, 2r and Nb and
having a composition express;d by the general formula:
{(Bal_x_y-ZSr CaYMgz)O}m(Til-o_er Nbg) Oz4py2
whereln 0. 05 € X £ 0.30, 0.005 £ y < 0.10, 0.0005-3 z <
0.05, 0 < o £ 0.20, 0.0005 £ p £ 0..02, 1.0QO < m< 1.04,
said additive (A) consisting of at least one oxide selected
from the group consisting of oxides of Mn, Fe, Cr, Co and
Ni, said additive (A) being incorporated into said basic

composition in an amount of 0.02 to 2.0 moles per 100 moles

of said basic composition in terms of respective oxides,

MnO,, Fey0;, Cr,0,, Co0 and Nio, said additive (B) being

composed of SiO, and/or 2ZnO and incorporated into said basic
composition in an amount of 0.1 to 2.0 moles per 100 moles

of said basic composition.

- According to the present invention there is

further provided a non-reducible dielectric ceramic

composition consisting essentially of a basic composition of
a modified barium titanate system and additives (A) and (B)
incorporated therein, said@ basic composition consisting
essentially of oxides of Ba, Sr, Ca, Mé, Ti, Zr and Nb and
having a composition expressed by the general formﬁlar
{(Bay gy ;5T CaMG,) O}y (Thy_opZTNDL) Ozup/a

wherei_.n 0.05 slx £ 0.35, 0.005 g 4 € 0.12, 0.0005 £ z ¢
0.05, 0 < o £ 0.20, 0.0005 < p 5 0.02, 1.000 = m < _1.04,
said additive (A) coﬁpqsed of at least one oxide selected

from the group consisting of oxides of Mn, Fe, Cr, Co and

Ni, said additive (A) being incorporated into sai&-basic
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composition in an amount of 0.02 to 2.0 moles per 100 moles

of said basic composition in terms of respective oxides,

Mno,, Fe,0,, Cr,05, CoO0 and NiO, said- additive (B)

consisting of a glass composition of a Ba0-Sr0-Li,0~5i0,
system and incorporated into said basic composition in an
amount of 0.05 to 5.0 parts by weight per 100 parts by
weight ef said basic composition.

The non~reducible dielectric ceramic compositien
of the present invention can be fired in a reducing
atmosphere at a temperature of not more than 1250 °C wif.hout
causing reduction and semicconductorization tHereof. This
makes it possible to use bas_e.metals as a material for
internal electrodes to cut down the manufacturing cost of
monolithic ceramic eapacitors.

The non#reducj.ble dielectric ceramic composition
of the present invention has a small grain lsize of not more
than 3 um though it possesses a high dielectric .consta.r._xt of
not less than 11000. Thus, the non-reducible dielectric
ceramic composition of the present invention makes it
possible to manufacture monolithic ceramic capacitors with a
large capacitance and high relzabxllty as the dielectric
ceramic layers can be made into thin layers without causmg
decrease in the number of crystal grains present therein.

The above and other objects, features and advan-
tages of the present inventien will be.cox_ne apparent from the'
following examples.

EXAMPLE 1
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Using powders of BacCO;, SrcCo0,, CaCQ;, TiO,, 2ro,,
Nb,Og, MnoO,, Fezo;, Cr,03, CoO, NiO, Si0, and 2Zn0 with a
purity of more than 99.8% as raw nmaterials, there were
prepared specimens for observation and measurement of
electrical properties of non-reducible dielectric ceramic
composition .in the following manner: The raw materials
BaCO;, SrcO;, CaCO;, TiO,, 2Zr0, and Nb,O; were weighed and

mixed to prepare a mixture for a basic composition expressed

by the general formula:

{(Ba;_,.,Sr,Ca,) 0}y (Tiy_o-pZreNbp) Ogyp/2

'with values of X, v, 0, pand m shown in Table 1.

Among the remaining raw materials, MnoO,, Fe,0,,
Cr,0;, CoO, Nio,_sioz and Zno, two or more raw .materials
were added, as additives (A) and (B), to the above mixture
in amounts shown in Table 1 per 100 moles of the bhasic
compeosition. The resultant mixture of the raw materials was
wet-milled for 16 hoﬁrs with a ball mill, dried - by
evaporation é.nd' then calcined in air at 1100 °C for 2 hours.
The clinker was crushed and ground to obtain calcined powder
with a 'pa_rticle size of not more than 1 um.

The calcined powder was added with suitable
amounts of pufe water and an organic binder of polyvinyi
acetate, wet-milled for 16 hours with a ball mill, dried and
then pressed at 2000 Kg/em? to form ceramic green discs with
a diameter of 10 mm and a thicknésé of 0.5 inm.

. The green discs were placed in an '_electrié

furnace, heated to 500 °C in air to remove the 6rganic

I
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pinder by combustion, and then fired in a reducing
2atmosphere for 2 hours at a temperature shown in Table 2 to
obtain sintered ceramic dises. The reducing atmosphere used
was composed of a mixed gas of N,, H, and 0O, with a partial
pressure of oxygen ranginq'froﬁ 3 x 1078 to 3 x 10710 atm.

The resultant sintered ceramic discs were observed
by a scanning-electron microscope at a magnification of 1500
to determine crystal gain size.

Each ceramic disc was provided on its opposite
sides with silver electrodes by applying a silver paste and
then baking it at 800 °C for 30 minutes in a nitrogen
atmesphere to prepare a specimen for' measurements of
electrical properties.

For each spebimen, nmeasurements were made on
dielectric constant (€), die;ectric loss tangent (tan 5),
insulating resistance (»)., aﬁd.-a temperature coefficient
(TC) of capacitance.

The dielectric consﬁant and dielectric loss were
- measured at 25 °C, 1 Khz and 1 Vrnms. The temperature
coefficient of capacitance (C) was determined over the
tenmperature .range of -25°c to 85°C relative ¢to the
capacitance at 20°C. Results are shown in Table 2.

. In the tables, specimen Qith an asterisk are those
having a compositioh out of the scope of the present

invention.
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TABLE 1
" No. . Basic composition Additive (a) Additive (B)
{(Bay_y.yST,Cay) 0} (Tl; q-p2rNby) O24p/2 _{mole) . ! :
Mno, Fe,0, Cr203 Co0 Nio 8102 Zno
X Y m o B .
1* 0.03 0.09  1.01 0.12 0.0075 0.5 - - - - 0.5 0.2
2% 1.16 0.002 1.01 0.12  0.0075 0.5 - - - - 0.5 0.2
3% 0.25 0.06 1.01 0 0.0075 0.5 - - - - 0.5 0.2
—1 5+ 0.22 0.05 0.995 0.10  0.008 0.5 - - - -~ 0.5 0.2
——14 _ _
EEEEg 6% 0.22 0.05 1.00  o0.10 .0.008 - - - - - 0.5 0.2 .
— | : . -
——4 7% 0.22 0.05 1.01 . 0.10 0.008 0.5 - - - - - - o
—(? . . . . ]
— 8 - 0.05 0.12 1.015  0.17 0.012 1.0 0.3 0.1 0.4 0.2 0.1 -
— § - ' . ) ]
& 9 0.25 0.06 1.002 0.10 0.0075 0.5 - - - - 0.3 0.2
10  0.22 0.05 1.02 0.12 0.0075 0.2 0.1 - - 0.1 0.3 0.2 v
. |
11 0.30 0.01 1.01 0.10 0.0005 0.02 - - - - 0.7 0.5
12 0.22 0.005 1.03 0.12 0.0085 0.4 - - 0.1 - 1.0 1.0
13 0.17 0.08  1.015  0.10  0.0075 0.4 - - - 0.1 1.0 -
14  0.25 0.10 1.01 0.01 0.0085 0.5 - 0.1 - - 0.5 0.5

15 0.25 0.05 1.015 0.12 0.005 0.25 = - = - 0.5 0.5
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TABLE 1 (cont’aq)

No. Basic composition

1(Bay_ 15T, Cay) Oy (Ti}.o-p3rNbL) Og4psa

Additive (A)
[(mole)

Additive (B)

MnO, Fe,0; Cr,0; CoO NiO $i0, 2Zno
X y m_ ) _ P : . _

16 0.15 0.05  1.015 0.20 0.004 0.5 - - - - 0.7 0.5
17* 0.35 0.08 1.015 0.12 ¢.0075 0.5 - - - - 0.5 0.2
18* 0.17  0.15 1.01 0.12 0.0075 0.5 - - - - 0.5 0.2
19* 0.25 0.05 1.01 0.25  0.005 0.5 - - ~ - 0.5 0.2
20% 0.15 0.08 1.015  0.12 0.02 0.5 - - - - 0.5 0.2
21+ 0.25 0.05  1.04 0.12 0.005 0.5 - - -~ - 0.5 0.2
22% 0.25 0.05  1.01  0.12  0.005 3.0 - - - - 0.5 0.2

0.5 - - -~ = 2.0 2.0

_23% 0,25 0.05 1.01 0.12 0.005

L4}
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TABLE 2

| “No. Sintering € tan § TC of capacitance  Volume Grain
temp. AC/Cye X 100/AT(%) resistivity size -
_ log p (R°'cm) (pm)
(°c) -25°C 85°C |Max] 25°C____85°C
1% 1300 6900 2.5 -45 -9 120 13.0 . 12.7 . 2.0
2% 1350 12200 3.4 - =70 -34 70 11.3° 8.5 3.0
= 3* 1300 7200 1.7 -68 =-12 175 12.9 12.6 2.5
— .
EEEE% 4x 1270 11200 0.7 -72  -74 74 13.1  12.9 7.0
— 5% 1270 | . unmeasurable |
—w : -
— 6* 1300 12900 0.9 -75 -74 75 12.0 8.0 2.0 w
_5 : . . t
—— 2 7% 1350 15000 2.6 -73 =76 76 12.4 12.2 3.0
Q
(0]
= 8 1250 12700 1.5 . ~76 =70 76 13.0 12.6 2.0
9 1270 15500 0.5 -75 -74 75 12.8 12.0 2.0
10 1270 15900 0.8 —77  -71 77 13.2 13.0 1.0
11 1300 12600 0.4 -3 -74 74 13.1  13.0 1.5
12 1270 17100 0.8 -76 =77 77 12,9 12.2 3.0
13 1250 15000 0.6 -75 =73 175 13.3 13.0 2.0
14 1250 17500 0.8 -77 -78 78 13.1 12.7 3.0
‘15 1230 16300 0.7 -74 =76 76 13.2 13.0 2.0




’ . ' TABLE 2(cont’d)

No. Sintering €  tan § TC of capacitance. Volume Grain
' temp. _ AC/Cyy X 100/AT(%) resistivity size
log p (8"cm) (#m)
(°C) -25°C 85°C |Max| 25°C - 85°C
16 1270 - 312300 0.8 ~-72 -70 72 1_3.1 13.0 2.5
17% 1350 8600 0.4 -65 -81 81 13.0 12.7 3.0
18+ 1350 5300 0.3 -55 -72 72 13.2 12.3 2.0
19* 1350 4400 1.5 =33 -44 44 13.0 12.7 3.0
— 20% - 1250 unmeasurable
A— . 1
=8 ) .
—c 21% not sintered (=
e—— T ) r's
— ' .
"—'-—'——_g; 22%* 1250 14800 2.7 -73 -76 76 11.6 8.7 3.0 L
— O . : .
m— _23* 1250 10000 1.5 -73 =74 74 —11.3 8.1 ‘6.5
— - '
[v]
[~
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As can be .seen from the results shown in Table 1,
the non-reducible dielectric ceramic composition of the
present invention possesses a high dielectric constant of
not less than 12000 and a low dielectric loss tangent of not
more than 2.0 %, and meets requirements of class F defined
by JIS as a temperature coe.fficient of capacitance is in the
range of -80 % to +30 % over the témperatures range of =25
°C to +85°C. |

The composition of thé ”present invention has a
high inéulating resistance as the 1logalithimic wvalue of
volume resistance is not less than 12. Also, it can be
sintered at a relatively low temperatﬁre of not more than
1300 °C, and_has a small grain size of not more than 3 ’m-.

The non-reducible .dielectric ceramic composition
of the systen {(Bal-x_y-ZerCayMgz)O)m(Til,.o-eroNl_op)02+p/2
has been limited toc those having values of %, y, m, © and p
within the above respéctive ranges . for the following
reasons:

- If the molar fraction of strontium, x, is less
" than 0.05 1like aé specimen No. 1, good results are never
obtained since the dielectric constant becomes less than
12000, since the dielectric loss tangent exceeds 2.0 %, and
since the temperature coefficient of capacitance becomes
large. If the niolar fraction of Sr, x, exceeds 0.30 like as
~specimen No. 1‘7,. the sintering'properties of the ceramics

becomes lowered and the dielectric constant becomes less

than 12000. In addition, the temperature coefficient of
—_—
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c;pacitance'becomes ioo large to'méet the standard of class
F defined in JIS. For these reésonéj the molar fraction of.
strontium has been limited to a value of not' less than 0.05
put not more than 0.30. |

If the molar fraction of calcium, y, is less than
0.005 1ike as specimen No. 2, thé sintering préperties
beconme worse; the dielectric loss tangent becomes more than
'2.0 $, and the insulating resistance becomes lowered. It
the molar fraction of calcium, y, exceeds 0.12, 1like as
specimen No. 18, the sintering properties becomeiworse and
the dielectric cbnstant becomes lowered. For these reasons,
the molar fraction of calcium has been.limited to a value of
not less than 0.005 but not more than 0.12.

If the molar fraction of zirconium, o, is 0, like
as specimen No._a,-the.dielectric constant be;omes less than
12000 and the temperature coefficient'of capacitanée becomes
large. Oon the other hand, if o exceeds 0.20, like as
specimen No. 19, the sintering properties become loweréd and
the dielectric cénstant is lowered to less than 12000. For
these reasons, ;he molar fraction of zirconium .has been
limited to a value of more than O but not more than 0.20.

If the molar fraction of'niobinium, p, is less
than 0.0095, iike as specimen No. 4, the dielectric constant
becomes less than 12000 and tha crystal grain size exceeds 3
um. On the other hand, if p exceeds 0.012, like as specimen
- No. 20, thé ceramic composition ié ‘reduced to .a .sémi—.

conductor when fired in a reducing atmosphere, resulting in

This Sheet Has Been Re

AR fil!




- 17 =
considerable'ioweriﬁq of the insulatihg resistance. Thus,
the molar fraction of nicbinium has been limited to a value
of-not less than 0.0005 but not more than 0.012.

If the molar ratio of (Ba,.,.,.,Sr,CaMg,)0 to (Ti,_
o-pPfolNPp)Oz4epsas i.e., m, is less than 1.002, 1like as
gpecimen No. 5, the ceramic composition is reduced to a
semiconductor when 'fired' in a reducing atmosphere. In
contrast therewith; if m ‘exceeds 1.03, the sintering
properties becomes considerably lowered. Thus, the nmeclar
ratio of the barium site to titanium site has been limited
to a value of not less than 1.002 but not more than 1.03.

Further; if the added amount of the at least one

additive selected from the group consisting of oxides'of Mn,

 Fe, Cr, Co and Ni is less than 0.02 mole in terms of

respective oxides, MnO,, Fe,0;, Cr,05, Co0 and NiO per 100
mole of said basic composition, like as specimen No. 6, the
insulating resistance at a temperature of more than 85 ¢C
beconmes lowered, resultzng in lowering of the reliability in
a long use at a high temperature. If the added amount of
additive (A) exceeds 2.0 moles per 100 mole of the basic
composition like as specimen No. 21, the dielectric loss
tangent exceeds 2.0 % and ihe insulating resistance becomes
lowered.

If the added.amount of additive (B) is less than
0.1 mole per 100 mqleé of the basic composition like as
specimen No. 7, the'sinteriné property becomes lowered and

the dielectric loss tangent exceeds 2.0 %. If the added
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amount of additive (B) exceeds 2.0 moles per 100 moles of

‘the basic composition 1like as specimen No. 22, the

dielectric constant is decfeased to less than 12000 and the
crystal grain size becomes more than 3 um. Thus; the added
amount of additive (B) has been'limited to those ranging
from 0.1 to 2.0 moles péf 100 moles of the basic
composition.

EXAMPLE 2

Using powders of BaCO,, SrCO,, CacC0,;, TiO,, 2ro0,,

szos,'Mnoz, Fe,04, Crzqs, Co0 and NiO with a purity of-mofe

than 99.8% as raw materials; there were prepared specimens

 for electron-microscope observation and measurement of

electrical properties of non-reducible dielectric ceramic

composition in the following manner: The raw materials

.Baco3, Srco,, CaC0;, TiO,, ZrO, and Nb,O5 were weighed and

mixed to prepare a mixture for a basic composition expressed
by the general formula:

. { (Bal_x_.yerCay) O}m(Til_o-eroNbp) °2+p/2
with values of %, y, o, p and m shown in Table 3. One or

more of the remaining raw materials, MnO,, Fey0;, Cry0,;, CoO

and NiO were added as additive (A) to the resultant mixture

in the ratios shown in Table 3 per 100 moles of the basic

composition. The resultant nixture of raw materlals was

- milled by the wet process for 16 hours with a ball mill,

dried by evaporation and calcined in air at 1100 °C for 2
hours. The clinker was crushed and then ground to obtain

calcined powder with a particle size of not more than 1 um.
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Separate from the above, there was prepared an
additive (B} in the following manner: The raw materials,

BacO;, SxrCO,, Li,C0,, S10,, CacO,, Mg0O and-B,0, were weighed

and mixed to prepare a glass composition of a BaO-Sro-Li,O-

§i0, system consisting of, by weight, 10% of Ba0O, 5% df Sro,
5 % of Li,0, 30% of SiO,, 10% of Ca0, 5% of Mg0 and 35% of
3203. The mixture of raw materials were milled by the wet
process with a ball mill for 16 hours. The mixture was,
after dried by evaporation, put into an aluminunm qrucibie,
maintained at 1300 °C for 1 hour, vitrified by rapia

cooling, and then ground to pass a 200 mesh sieve.

The resultant powdered glass composition was added

to the.above calcined powder together with a suitable amount
of pure water and polyvinyl'aéetate binder. The mixture was
wet-milled with a ball mill for 16 hours, dried and then
pressed at 2000 Kg/cm? to form green ceramic dises with a
diameter of 10 mm and a thickness of 0.5 mm.

The green discs were treated in the same mannef as
Example 1 to prepare specimens for electron-microscope
cbservation and meashrement of electrical properties. The
electrical properties, dielectric constant (¢), dielectric
loss tangent (tan §), insuléting resistance (p), and a
temperatureﬂcoefficient (TC) of ;apacitande were measured in

the same manner as Example 1. Results are shown in Table 4.
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I TABLE 3
“No . Basic composition Additive (A) aAdditive (B)
. {(Bay .y STxCay )0}y (Ti) o pZrNb,) 05,0/ {(mole} ‘ _ glass
o v n - . b MnO, Fe,03 Cr,04 CoO Ni10O ggytstby
24* 0.03 0.09 1.01 0.12 0.0075 0.5 - - - 0.3
25%* 0.16 0.002 1.01 0.12 0.0075 0.5 - - - 0.3
26* 0.25 0.06 1.01 0 0.0075 0.5 - - - 0!3
27* 0.17  0.08 1.01 0.12 0 0.5 - - - 0.3
28* 0.22 0.05 0.995 0.10 0.008 0.5 - - - 0.3
29* 0.22 0.05 1.01 0.10 0.008 - - - - 0.3 '
30*+ 0.22  0.05 1.01 0.10  0.008 0.5 - - - - S
31 0.05 0.12 1.015 0.17 0.01 1.0 0.2 ~ .4 0.4 0.05 v
32 0.25 0.06 1.002 0.10 0.0075 0.5 - - - 1.0
33 0.22 0.05 1.02 0.12 0.0075 0.2 - -~ 0.1 0.5
34 0.35 0.01 1.01 0.10 0.0005 0.02 - ~ - 1.0
35 0.22  0.005 1.04 0.12  0.0085 0.2 - - .1 0.1 5.0 .
36 0.17 0.08  1.015 0.10  0.0075 0.4 - 0.1 - 0.3 '
37  0.25 0.10 1.01 0.01 0.0085 0.2 - - 0.1 0.7
38 0.25 0.05 1.015 0.12 0.005 0.25 - -~ - 0.5
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TABLE 3 (cont’d)

.

a——

Additive (A)

Additive (B)

0.25 . _0.05 1.01

No. Basic composition
((PR1-xy BTGy ) OFa (T 1-0- 2 oNP) 0212 Mno, Fegaﬁmoé:zlos Co0  NiO (gplaarstss by
X y _m_ o) p ' __weight)
39 0.15 0.05 1.015 0.20 0.004 0.5 - - - - 0.5
40* 0.40 0.05 1.015 0.12 0.0075 0.5 - - - - 0.3
41* o.1-7 0.15 1.01 0.12 0.0075 0.5 - - - - 0.3
42* 0.25 0.05 1.01 0.25 0.005 0.5 - - - - 0.3
43* 0.15 0.08 1.015 0.12 '0.02 0.5 - - - - 0.3
44* 0.25 0.05 1.05 0.12 0.005 0.5 - - - - 1.0
45% 0.25 0.05 1.01 0.12 0.005 3.0 - - - - 0.5
_46% 0.12 0.005 _0.5 - - = - 10.0
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TABLE 4
No. Sintering € tan § TC of capacitance Volume Grain ;-
temp. : AC/Cyg x 100/AT(%) resistivity size '
log p (0t cm) (1m)
{°C) -25°C 85°C _|Max] 25°C __85°C
24% 1250 6500 2.6 -44. -5 100 13.0 12.6 2.0
25% 1300 11700 3.3 . ~72 =33 75 11.4 8.6 3.0
26* - 1250 7700 1.5 -70 -13 150 - 13.0 12.5 2.5
- 27¢% 1200 10100 0.5 -73  '-75% 75 13.1  12.7 6.0
*;;,]' 28« . 1200 unmeasurable _
— : )
—1 29% 1250 12300 1.1 -74  ~74 74 12.2 8.2 2.0 N
— : . , _ N
= 30%* 1350 15000 2.6 -73 =76 76 12.4 12.2 3.0 b
_—
1] .
____% 31 1200 11900 1.3 -75 =70 70 13.0 . 12.4 2.0
—D, .
szzzg 32 1100 13900 0.5 -73 =72 73 i2.9 12.3 1.5 '
33 1150 15000 0.8 -76 - =71 76 13.3 13.0 1.0 '
34 1120 11700 0.5 -71 -73 73 13.1  12.9 1.5
35 1250 12100 0.5 -74 -75 75 12.9  12.4 2.0 j
36 1200 13400 0.6 -76 -76 76 13.2  13.1 2.0 '
37 1120 15900 0.8 -75 =77 77 13.1 12.7 3.0
38 1150 15400 0.6 -76___-74 16 13.2 12,9 2.0
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TABLE 4 (cont’q)

No. Sintering € tan § TC of capacitance Volume ‘Grain
temp. AC/Cyp x 100/AT(%) resistivity size
log p (0°cm) (pm)

(¢C) =25°C 85°C |Max]| 25°C _ 85°C
39 1200 11500 0.7 -72 -71 72 13.1 13.0 2.0
40* 1300 7800 0.3 -62 -81 81 13.0 12.7l 3.0
- 41% 1300 4900 0.3 -~53 -72 72 13.2 12.2 2.0
. . »
42% 1300 4100 1.4 -35 -43 43 13.1 12,8 2.0
43% 1200 unmeasurable | 1.5

44% not sintered

45% 1150 13500 2.5 -73 -75 11.5 7.8 2.0
46% 1050 5800 1.3 =68 -62 68 12.8 12.23 5.5
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The non-reducible dielectric ceramic composition
of the system {(éal_x_y_erXCaYMgz)O}m(Til_o_eroNbp)02+p/2 +
additive (A) + additive (B: Baé-SrO-Lizo—Sioz) has been
limited to those'having-values of %, ¥y, m, o and p within
the above respective ranges for the following reasons:

If the molar fraction of strontium, x, is less
thah 0.05 like as specimen No. 24, the dielectric constént
becomes less than 11000, the dielectric loss tangent exceeds
2.0 %, and the temperature coefficient of capacitance
becomes large. If the molar fraction of Sr, %, exceeds 0.35
like as specimen No. 40, the sintering properties of the
ceramics becomes lowered and the dielectric constant beéomes
less than 11000. In addition, the temperature coefficient -
of capacitance becomes too large-to'meet'the standard of
class F defined in JIS. For these reasons, the molar
fraction of strontium.has been limited to a value of not
less than 0.05 but not hore than 0.35. |
| If the molar fraction of calcium, vy, is less than
0.005 like as specimen No. 25, the sintering properties
become worse,'the dielectric loss tangent becomes more than
2.0 %, and the insulating resistance becomes loweread. If
the molar fraction of calciﬁm, y, exceeds 0.12, like as
specimen No. 41, the sintering p;operties become worse and
the dielectric constant becomes lowered. For these reasons,
the molar fraction of calcium has been limited to a value of
not less than 0.005 but not more than 0.12.

If the molar fraction of zirconium, o, is 0, like

- This Sheet Has Been Re'placed
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as specimen No. 26, the dielectric constant'becemes less
than 11000 and the temperature coefficient~of capacitance
becomes large. IOn the other hand, if o exceeds 0.20, like
as specimen No. 42, the Sintering properties become lowered
and the dielectric constant is lowered to less than 11000.
For these reasons, the molar fraction of zirconium has been
‘limited to a value of more than 0 but not more than 0.20.

If the molar fraction of niebinium, p, is less
than 0.0005, 1like as specimen No. 27, the dielectric
constant becomes less than 11000 and the crystal grain size
exceeds 3 um. On the other hand, if p exceeds 0.01, like as
specimen No. 43, the ceramic composition is reduced to a
semiconductor when fired in a reducing atmosphere, resulting
in considerabie lowering of the insulating resistance.
Thus, the molar fraction of hiobinium has been limited to a
value of not less than 0.0005 but not more than 0.010.

If the molar ratio of (Bay_y-y-25¥,Ca Mg, )0 to (Ti,.
o_eroﬁbP)02+p/2, i.e., m, is less than 1.002, 1like as
specimen No. 28, the ceramic composition is reduced to a
semiconductor when fired in a reducing atmosphere. In
contrast therewith, if m exceeds 1.64, the sintering
'properties becomes considerably lowered. Thus, the melar.
ratio of the barium site to titanium site has been limited
to a value of not less than 1.002 but not more than 1.04.

Further, if the added amount of additive (1),
i.e., MnO;, Fey0;, Cry03, Co0 and NiO is less than 0.02

' Moles per 100 mole of the basic composition, 1like as

- This Sheet Has Been Replaced




- 26 =~

specimen No. 29, the insulating resistance at a temperature
of more than 85 °¢C becomes'iowered, resulting in 1owefing of
the reliability in a long use at a high temperature. If the
added amount of additive (A) exceeds 2.0 moles per 100 mole
of the basic composition 1like as specimen No. 44, the
dielectric 1loss tangent exceeds 2.0 % and the insulating
resistance becomes lowered.

If the added amount of additive (B), i.e., BaO-
Sro-Li,0-8i0,, is 1less than 0.05 parts by weight per 100
parts by weight of the basic composition, like as specimen
No. 30, the sintering property becomes lowered and the
dielectric loss tangent exceeds 2.0 %. If the added amount
of additive (B) exceeds 5.0 parts by weight'per 100 parts by
weight of the basic composition like as specimen No. 45, ﬁhe
dielectric constant is decreased to less than 11000 and the

crystal grain size becomes more than 3 gm. Thus, the added

'amount of additive (B) has been limited to thése ranging

from 0.05 to 5.0 parts by weight per 100 parts by weight of
the baéic composition. |
EXAMPLE 3 ‘

Using powders of BaCO,;, SrCO,, CaCO,, MgCO;, Ti0,,
2r0,, Nb,Og, MnO,, Fe,0,, Cr,0;, CoO and NiO with a purity of
more than 99.8% as raw materials, there were prepared
specimens in the following manner: The raw materials BacCO;,
Srco,, CaCoO,, MgCO,, Ti0O,, 2r0, and NbyOg weré weighed and
mixed to prepare a mixture for a basic composition expressed

by the general formula:
_ R
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{ (Bay_yny-,57,Ca Mg, ) O}, (T41-0-p2EoNp) O24p)2
with values of x, y, Z, ©, p and m as shown in Table 5. The
resultant niixi_:ure was added with one or ‘more additives
(Mno,, Fézba, Cr,0;, Co0 and NiO) in the ratios shown in
Table 5, milled by the wet process for 16 hours with a ball
mill, dried by evaporation, calcined in air at 1100 °C for 2
hours, crushed .and then ground to obtain calcined powder
with a particle size of not mére than 1 um.

Separate from the above, there was pfepared a
glass composition of a Bao-sro-Lizo-Sioz system consisting
of, by weight, 10% of.Bab, 5% of Sro, 5 % of Li,O, .30% of
§10;, 10% of Ca0, 5% of Mgl and 35% of B,0; in the following
manner. The raw ﬁaterials, BaCO;, SrCO;, Li,CO5, 8i0,,
Caco3,.-Mgo and B,0, were weighed, mixed and m_:'.lled by the
wet process with a ball mill f&r 16 hours and then dried by-
evaporation. The resultant mixture was put into an aluninum
crucible, maintained at 1300 °c for 1 hour, vitrified by
rapid cooling, and then ground to pass a 200 mesh sieve.

The thus prepared glass composition was added to
the above calcined powder together with a suitable amount of
pure water and polyvinyl acetate binder. The resultant
mixture was wet-milled with a ball mill for 16 hours, dried
and then pressed at 2000 Kg/cmz to form green discs with a
dlameter of 10 mm and a thickness of 0.5 mm.

The green discs were treated in the same manner as
Example 1 to prepare specimens for electron-microscope

observation and measurement of e‘lectripal properties. The
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electrical properties, dielectric constant (€), dielectric
loss téngent (tan ¢), insulating résistance {(p), and a
temperature coefficient (TC) of capacitance were measured in
the same manner as Example 1. Results are shown in Table 6.
In the tables, specimens with an asterisk are

compositions beyond the scope of the present inventien.
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_ TABLE 5
No. Basic composition | Additive (A) Aaditive (B)
{(Ba 1_,‘_,YS):,(Ca,,) O)N(Til_o_eroNbp) 02+p /2 : (mole) _ glass
' ) Mn0, Fe,0, Cr,0, Co0 N1O (parts by
X Y W o) 1) 2 2 3 2 weight)
47* 0.03 0.08 ©0.01 1.010 0.12 0.01 0.5 - - - - 0.3
48% 0.15 0.002 0.01 1.010 0.10 0.0l 0.5 - - - - 0.3
49* 0.18 0.05 © 1.010 0.10 0.015 0.5 - - - - 0.3
S0*# 0.18 0.05 0.01. 1.010 © 0.015 0.5 - - - - 0.3
51* 0.15 0.08 ©0.01 1.010 0.12 © 0.5 - - - - 0.3
§2% 0.20 0.05 0.005 0.990 0.10 0.0l 0.5 - - - - 0.3
§3% 0.20 0.05 0.005 1.005 0.10 0.01 - - - - - 0.3 i;
'54% 0.20 0.05 0.005 1.005 0.10 0.01 0.5 - - - - 0.3 '
5 ©6.05 0.12 0.05 1.010 0.14 0.02 1.0 0.2 - 0.4 0.4 0.05
56 0.20 0.05 0.01 1.000 ©0.12 0.005 0.5 - - - - 1.0
s7 0.20 0.05 0.005 1.010 0.12 0.005 0.2 - - - 0.1 0.5
58 0.35 0.01 0.0005 1.010 0.08 0.0005 0.02 - - - S 1.0
59 0.20 0.005 0.02 1.040 0.10 0.015 0.2 - - 0.1 0.1 5.0
60 0.15 0.08 0.01 1.015 0.08 0.01 0.4 - 0.1 - - 0.3

61 0.25 _0.08 0.01 1.010 0.01 0.01 0.2 - - - 0.1 0.7




P——"'"'" _ TABLE S (cont‘d)

" No. Basic composition : Additive (A) Additive (B)
{ (Ba l_x_yerCay) 0}, (Ti l_o_eroﬂbp) Oz4p/2 _ (mole) } ‘glass
' MnO, Fe,0;3 Cr,0 CoO NiO (parts by
X \'d m o p weight)
62 0.20 0.05 0.005 1.010 0.10 0.01 0.25 - - - - 0.5
63 0.15 0.05 0.004 1.010 0.20 0.003 0.5 - - - - = 0.5 :
- 64*% 0.40 0.05 ©0.005 1.010 0.10 0.01 0.5 - - - - 0.3
=
— _ }
— 2 65* 0.15 0.15 0.01 1.010 "0.13 0.01 0.5 - ~ - - 0.3 -*
—
— T 66* 0.20 p.05 0.08 1.010 0.10 .01 0.5 - - - - 0.3
— . g _
pu—— v+
E'g’ 67* 0,20 0.05 0.01 1.010 g.25 0.01 0.5 - - - - 0.3 .
S— . ’ _ .
— 68*% 0.15 0.08 0.01 1.010 0.12 0.03 . 0.5 - - o= - 0.3 bt
=§‘
B 69* 0.20 0.05 0.005 1.0%0 0.10 ¢g.01 0.5 - - - - 1.0 !
70* 0.20 0.05 0.005 1.005 0.10 0.01 3.0 - - - - 6.5

71* 0.20 0.05 ©0.005 1.005 ©.10 0.01 0.5 - - - ~ 10.0
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TABLE 6

No. Sintering € tan § TC of capacitance Volume Grain
temp. AC/Cyq x 100/AT(%) resistivity size
log p (f1°cm) (pm)

(°C) -25°C _85°C _ |Max]| 25°C _ 85°C
474 1250 6700 2.4 ~47 -3 95 13.0  12.4 2.0
48% 1300 11500 3.0 -71 =32 71 11.0 8.5 3.0
49* 1200 13000 1.4 ~76 =71 76 11.9 8.9 2.0
50% 1250 7000 1.6 -73 -4 150 13.0 12.5 2.0
51#% 1200 9900 0.7 -72  -73 73 13.1  12.6 6.0
' 52% 1200 unmeasurable 2.5
534 1250 12600 1.0 -72 =75 75 12.1 8.2 2.0
54* 1350 15100 2.7 91 -74 74 12.5  12.4 3.0
55 1200 12500 1.5 ~75 =72 75 12.9  12.0 2.0
56 1100 14600 'o.v‘ -75 =73 75 13,1 12.7 1.5
57 1150 15200 0.6 -76 -71 76 13.0  12.9 2.0
58 1120 11600 0.5 -73 =71 73 13.2 13.0 1.5
59 1250 12700 0.6 -75  -713 75 12.9  12.2 2.0
60 1200 13900 0.7 -76 -73 76 13.2  13.0 2.0
61 1120 17000 0.8 —77__ =771 11 13.1 _ 13.0 1,0




TABLE 6 (cont'd)

No. Sintering € tan § TC of capacitance Volune Grain

oy u3ag sty jiaaqs SIYL

l

paoe

temp. : AC/Cyq X 100/AT (%) resistivity size
log p (A°cm) - (pm)

(°c) _ - -25°C__85°C _|Max] 25°C  85°C
62 1150 15500 0.6 -76  -74 76 13.2  13.0 1.5
63 1200 11300 0.8 . =72 -70 72 13.1  12.9 2.0
64% 1300 7200 0.4 . -60 -81 81 13.0  12.7 3.0
65% 1300 5500 0.3 -54 -69 69 13.1  12.0 2.5
66* 1180 6000 1.9 ~  -48 -63 63 11.2 8.0 4.0
67% 1300 4400 1.2 -38  -45 48 13.0 12.8 2.0 ;‘
68%* 1200 ' unmeasurable - 1.5 _'7
69*% | not sintered |
70* 1150 13700 - 2.3 -74  ~72 74 11.5 7.9 2.0
71% 1050 5800 1.0 -67 ___~60 67 12.9  12.3 5.0
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_ As can be seen from the results shown in Table 6,
. the non-reducible dielectric ceramic composition of the
present invention possesses a high dielectric constant of
not less than 11000 and a low dielectfic loss tangent of not
more than 2.0 %, and meets reguirements of class F defined
by JIS as a temperatufe coefficient of capacitance is in the
rénge of -80 % to +20 % over the temperatures range of =25
°C to +8S°C.

The composition of the present invention has a
high insulating résistance as the logalithimic value of
volume resistance is not less than 12. Also, it can be
sintered at a relatively low temperature of not more than
1250 °c; and has a small grain size of not more than 3 um.

The non-reducible dielectrié ceramic composition
of the systen\'{(Bal;x_y_zS:xCayMgz)O}m(Til-o_erONbp)oz+p/2 +
Additive (A) + Additive (B: BaO-Sr0-Li,0-85i0,), has been
limited to those having the molar fractions of respective
components within the above respective ranges for the
following reasons: | |

If the molar fraction of strontium, x, is less
than 0.05 like as specimen No. 47, the dielectric constant
becomes less than 11000, the dielectric loss tangent exceeds
2,0 %, and the temperature coefficient of capacitaﬁce'
becomes large. If the molar fraction of Sr, x, exceeds 0.35
like as spec'imen No. 64, the sintering properties of the
' ceramics becomes lowered and the dislectric constant becomes

less than 11000. In addition, the temperature coefficient
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of capacitance bacomes too large to meet the standard 6f
class F defined in JIS. Thus, the molar fraction of
strontium has been limited to not less than_o.os but not
more thaﬁ 0.38.

If the molar fraction of calcium, y, is less than
0.005. like as specimen No. 48, the sintering properties
become worse. In addition, the dielectric loss tangeht
exceeds 2.0% and the insulating resistance becomes lowered.
If the molar fraction of calcium, y,'exceeds 0.12, 1like as
specimen No. 65, the sintering properties become worse and
the dielectric constant becomes lowered. Thus, the molar
fraction of calcium has been 1imitéd to not less than 0.00S
but not more than 0.12.

If the mqlar.fraction of magnesium, 2z, is less
than 0.00085, like as specimen No. 49, the insulating

resistance at 25 °C and 85 °C becomes lowered. 1If z exceeds

0.05, like as specimen No. 66, the dielectric constant is

lowered to 1less than 11000 and the sintering properties
become lowered. Also, the grain size becomes more than's
#m."For these reasons, the molar fraction of magnesium has
been limited to not less than 0.0005 but not more than 0.0S5.

If the molar fraction of zirconium, o, is 0, like

'as specimen No. 54, the dielectric constant becomes less

than 11000 and the temperature coefficient of capacitance
becomes large. On the other hand, if o exceeds 0.20, like
as specimen No. 67, the sintering property is lowered and

the dielectric constant is decreased t¢o less than 11000.
_—
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For these reasons, the molar fraction of zirconium has been

limited to a value of more than 0 but not more than 0.20.

Iif thé molar fraction of niobinium, p, is leés
than 0.0005, likxe as specimen No. 51, the dielectfic
constant becomes less than 11000 and the crystal grain siée
becomes more than 3 um. On the other hand, if p exceeds
0.02, like as specimen No. 68, the ceramic composition is
reduced to a semiconductor when - fired in a reducing
atmosphere, resulting in considerable 1owering of the
insulating resistance. Thus, the molar fraction of
niobinium has been limited to_o.oooé to 0.02.

If the molar ratio of (Ba;.,_,.,S5r,Ca,Mg,)0 to (Ti,.
0-pZToNb5)Ogupn/a, i.e., m, is less than the stoichiometric
value, i.e., 1.000, like as specimen No. 52, the ceramic
composition is reduced to a semiconductor when fired in a
reducing atmosphere. If m exceeds 1.04, the sintering
properties beconmes considerably lowered. 'Thus, the molar
ratio of the barium site to the titanium site has been
limited to a value of.ndt less than 1.000 but not mofe than
1.04.

Further, if the added amount of the additive (A:
MnO,, Fe,05, Cr,0,, COd, NiO) is less than 0.02 moles per
100 moles of the basic composition, like as specimen No. 53,
the insulating resistance at a temperature of.more than 85
°C becomes lowered, resulting in lowering of the reliability
at a high temperature. 'If.the addead aﬁount of the additive

(A) exceeds 2.0 moles, like as specimen No. 70, the
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dielectric loss tﬁngent exceeds 2.0 % and the insulating
resistance_ becomes 1lowered. Thus, the added amo;nt of
additive (A) has been limited to 0.02 to -2.0 moles per 100
moles of the basic composition.
If the additive (B) is less than 0.05 parts by

weight per 100 parts by weight of the basic composition,

1like as specimen No. 854, the sintering property becomes

lowered and the dielectric loss tangent exceeds 2.0 %. If
the added amount of the-glass composition exceeds 5.0 parts
by weight per 100 parts by weight of the basic composition
like as séecimen No. 71, the dielectric constant 1is
decreased to less than 11000 and the crystal grain size
becomes more than 3 um. Thus, the added amount of the
additive (B) has been limited to 0.05 to 5.0 parts by weight
per 100 parts by weight of the basic composition.
EXAMPLE 4

| | Using powders of BacCO,, SrCO,, CaCO;, MgCO;, TiO,,
Zr0,, Nb,Og, MnO,, Fe,0;, Cr,0;, Co0, NiO, Si0, and 2ZnO with
the purity of wmore than 99.5% as raw materials, there were
prepared calcined powders in the following manner: The raﬁ
materials BacCO,, SrC63, CaCO;, MgCO,, TiO,, Zr0; and Nb,0q
were weighed and mixed to prepai'e a mixture for a basic
composition expressed by the general formula:

{ (Bay_yoy-zST,CaME,) Oy (Ti) o p28NB,) Og4p2
with values of %, v, 2, o,_p'and m as shown in Table 7.

The additive (A), MnO,, Fe,0;, Cr,03, CoO and NiO,

and the additive. (B), S$i0,, 2n0, were added to the mixture
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for the basic composition in the ratios shown in Table 7.
. Using each resultant mixture of raw materials, there was
prepared calcined poﬁder with a particle size of not more
than 1 unm, iﬁ the same manner as Example 1.

The calcined powder was treated in the same manner
as Example 1 to prepare specimens.for electron-microscope
observation and measurement of electrical properties. The
specimens were Subjected t0 measurement of glectrical
properties, i.e., dielectric constant (ej, dielectric loss
tangent (tan §), insulating resistance (p) and a temperature
coefficient (TC) of capacitaﬁce. The measureﬁents were
carried out in the same manner as Example 1. Results are

shown in Table 8.
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TABLE 7

No. Basic composition Additive A (mole) ' additive B
{ (Bal—x-y-—zsrxcay"gz) o}m (Tll-—o-pzroNbp) 02+p/2 {mole)

MnO, Fe,0; Cr,0; CoO NiO §i0, Zno

X Yy —% » o P
72¢ 0,03 0.08 0.01 1.010 0.12 0.01 0.5 - - - - 0.5 0.2
73* 0.15 0.002 0.01 1.010 0.10 0.01 0.5 - - - - 0.5 0.2
74* 0.18 0.05 - 0 1.010 0.10 0.015 0.5 - - - - 0.5 0.2
= 75% 0,18 " 0.05 0.01 1.010 © 0.015 0.5 - - - - 0.5 0.2
5% 76%* 0.15 0.08 0.01 1.010 0.12 0 0.5 - - - - 0.5 0.2 |
§§ 77% 0.20 0.05 0.005 0,990 0.10 0.01 0.5 - - - - 0.5 0.2 o
—___2{ 78+ 0.20 0.05 0.005 1.005 0.10 0.01 - - - - - 0.5 0.2 . "
_:_=-__“|§ 79* 0.20 ©0.05 0.005 1.005 0.10 0.01 . 0.5 - - - - - -
S 80 0.05 0.10 0.05 1.010 0.15 0.02 1.0 0.3 0.1 0.4 0.2 0.1 - I
81 0.20 ©0.05 0.01 1.000 ©0.12 0.005 0.5 - - - - o3 0.2 ;
82 0.20 0.05 0.005 1.010 0.12 - 0.005 0.2 0.1 - - 0.1-0.3, 0.2 l
83 0.30 0.01 0.0005 1.005 0.10 0.0005 0.02 - - - - 0.7 0.5 .
8a 0.20 0.005 0.02 1.030 0.10 0.015 0.4 - - 0.1 - 1.0 1.0 ‘
85 0.15 0.08 ©0.01 1.015 0.08 0.01 0.4 - - - 0.1 1.0 -
-'8.6. 0.25 ~0.08 0.01 _1.010 _0.01 0.01 0.5 - 0.1 - - 0.5 0.5
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TABLE 7 (cont’d)

No.

Basic composition Additive A (mole) Additive B
{(Bay_,_y.;5r,Ca Mg, )0} 4 (Ti; o p2rNbL) 0y 0y _ , : {mole)
MnO, Fe,03 Cr,0; CoO Ni1O §10, ZnO
X y z m Q p :

87 0.20 0.05 0.005 1.010 0.10 0.01 0.25 - - - | - 0.5 0.5
.88 0.15 0.05 0.004 1.010 0.20 1.003 0.5 - ~ - - 0.7 0.5
89% 0.35 -0.08 0.005 1.015 0.10 1.01 0.5 - - - - 0.5 0.2
90% 0.15 0.15 0.01 1.010 0.12 0.0i 0.5 - - - - 0.5 0.2
91* 0.20 0.05 0.08 1.010 0.10 0.01 0.5 -~ - - - 0.5 0.2
2% 0.20 0.05 0.01 1.010 . 0.25 0.01 0.5 - - - - 0.5 0.2
93*% 0.15 0.08 -0.01 1.010 0.12 0.03 0.5 - - - - 6.5 0.2
94% 0,20 0.05 0.005 1.040 0.10 .01 0.5 - - - - 0.5 0.2
95* 0.20 0.05 0.005 1.005 0.10 .01 3.0 - - - - 0.5 0.2
96* _0.20 0.95 0.005 1.00S5 0.10 0.01 0.5 - = - - 2.0 2.0
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TABLE 8
No. Sintering € tan § ;rc of capacitance Volume Grain
temp. AC/C,q X 100/AT(%) resistivity size
log p (02°cm) (#m)

(°C) -25°C 85°C |Max|  25°C _ 8S°C
72% 1300 7100 2.2 -50 -1 100 13.0 12.5 2.0
73% 1350 12000 3.1 -67 -30 67 10.9 8.7 3.0
74 1270 14500 1.3 75 =72 75~ 11.8 9.0 1.5
75% 1300 6500 1.8 -70 -6 200  12.8 12.5 2.0
76% 1270 11000 0.9 70 =75 75 13.2  12.8 7.0
77% 1270 unmeasurable 3.0
78* 1300 13200 1.0 -73 =76 76 12.0 8.3 2.0
794 1350 15100 2.7 -71 -74 74 12.5 12.4 3.0
80 1250 13500 1.7 -75 =73 75 12.8  12.0 2.0
81 1270 15300 0.6 -76  ~72 76 13.0 12.6 2.0
82 1270 16100 0.7 =77  -73 . 17 13.2  13.0 1.0
83 1300 12500 0.5 -75 =70 75 13.1  13.0 1.5
84 1270 18000 0.8 -77 =76 77 12.8 12.0 3.0
85 1250 115500 0.7 -76  -74 76 13.2  13.0 2.0
86 1250 18700 0.7 -78 =77 78 13.1  12.9 3.0
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TABLE 8(cont’d)

oYy ud3g sey 199YS SIyJ,

pooe]

No. Sintering € tan § TC of capacitance Volunme Grain
temp. AC/Cyo X 100/AT(%) resistivity size
log p (f2°cm) (pm)
{°C) . -25°C 85°C |Max]| 25°C __ 85°C
87 1230 16400 0.6 -76 -75 176 13.3  13.1 1.5
88 1270 12100 0.9 -73  -69 73 13.1  13.0 3.0
89* 1350 8000 0.3 -62 -84 84 13.0 12.5 3.0
90% 1350 5900 0.2 -59 =71 71 13.0  12.0 1.5
91+ 1250 6600 1.8 -45 =57 57 11.1 7.9 5.0
92 1350 4800 1.3 -31  -47 47 13.1  12.8 3.0
93% 1250 unmeasurable 2.0
94%* not sinteread
95% 1250 15000 2.5 -75 =72 75 11.3 8.8 3.0
96* 1250 9900 1.2 ~73__ -72 73 11.0 8.2 6.0

1
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As will be understood from the results shown in
Table 8, the non-reducible dielectric ceramic composition of
the present invention has low sintering temperature of not
more than 1250°C, possesses low dielectric loss and improved
temperature coefficient of capacitance.

In  the systenm {(Bal_x_y_erxcaquz)O}m(Til_o_
er°Nbp)02+p/2 + Additive (A: MnO,, Fe,0,, Cr,0,, Coo, Nio,) +
Additive (B: Si0,, 2nQ), the non-reducible dielectric
ceramic composition has been iimited to those having molar
~ fractions of respective components and added amounts of the
additives (A) and (B) within the above respective ranges for
the following reasons:

If the molar fraction of strontidm; X, is less
than 0.05 like as spécimen No. 72, the dielectric constant
becomes less than-léooo, the dielectric loss tangent exceeds
2.0 %, and the temperature coefficient of capacitance
becomes large. If the molar fraction of strontium exceeds
0.30, 1like as specimen No. :89, the sintering property
becomes lowered and the dielectric constant becomes less
.than 12000. In addition, the temperature coefficient of
capacitanée becomes'too large to meet the standard of class
F defined in JIsS. Thus, the molar fraction of strontium has
been limited to not less than 0.05 but not more than 0.30.

| If the molar fraction of calcium, y, is less than
0.005 like as specimen No. 73, the sintering properties
become worse. In addition, the dielectric 1555 . tangent

exceeds 2.0% and the insulating resistance becomes lowered.
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If the molar fraction of calcium, Yy, exceeds 0.10, like as
specimen No. 90, the sintering property becomes worse and
the dielectric constant becomes lowered. - Tﬁus, the molar
fraction of calcium has been limited to not less than 0.005
but not more than 0.10.

If the molar fraction of'magnesium, z, is less
than 0.00085, iike as specimen No. 74, the insulating
resistance at 25 °C and 85 °C becomes lowered. If z exceeds
0.05, 1ike as specimen No. 91, the dielectric constant is
lowered to 1less than 12000 "and the sintering property
becomes lowered. Also, the grain size becomes more than 3
pn. For these reasons, the molar fraction of magnesium has
been limited to not less than 0.0005 but not more ﬁhan 0.05.

If the molar fraction of zircoﬁium, o, is 0, like
as specimen No. 75, the dielectric constant becomee less
than 12000 and the temperature coefficient of capacitance
becomes large. On the other hand, if o exceeds 0.20, like
as specimen No. 92, the sinterihg property is lowered and
the dielectric constant is decreased to less than 12000.
For these reasons, the melar fraction of zirconium has been
limited to a value of more than 0 but not mere than 0.20.

If the molar fraction of nicbinium, p, is less
than 0.0005, 1like as specimen Nc.. 76, +the dielectric
constant becomes less than 12000 and the crystal grain size
becomes nore tﬂan 3 unm. On the other hand, if p exceeds

0.02, like as specimen No. 93, the ceramic conmposition is

reduced to a semiconductor when fired in a reducing
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atmosphere, resu;tiﬁg in. considerable lowering of the
insulating resistance. Thus, the molar fraction of
niobinium has been limited to 0.0005 to 0.02.

If the molar ratio of (Ba,., . .Sr,CaMg,)0 to (Ti,.
0-pZXoNDPp) O24p 2/ i.e., m, is less than the stoichiometric
value, i.e., 1.000, like as specimen No. 77, the ceramic
composition is reduced to a semiconductor when fired in a
reducing atmosphere. If m exceeds 1.03, the sintering
 properties becomes considerably lowered. Thus,.the molar
ratio of the barium site to the titanium site has been
limited to a value of not less than 1.000 but not more than
1.03.

Further, if the added amount of the additive (a:
MnO,, Fey0,, Cry0;, CoO, NiO) is less than 0.02 moles per
100 moles of the basic composition, like as specimen No. 78,
the insulating resistance at a temperature of more than 85
°C becpmes lowered, resﬁlting in lowering of the reliability
at a high temperature. If the added amount of the additive
(A) exceeds 2.0 moles, like as specimen No. 95, the
dielectric loss tangent exceeds 2.0 % and the insulating
resistance becomes lowered. Thus, the added amount of
additive (A) has been limited to 0.02 to 2.0 moles per 100
moles of the basic composztion.

If the additive (B) is less than 0.05 moles per
100 moles of the basic composition, like as specimen No. 79,
the sintering property becomes lowered and the dielggtric

loss tangent exceeds 2.0 %. If the added amount of the
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glass composition exceeds 5.0 moles per 100 ﬁoles of the
basic éémposition like as specimen No. 96, the dielectric
constant is decreased to less than 12000 and the crystal
grain size becomes more than 3 um. Thus, the added amount
of the additive (B) has been limited to 0.05 to 5.0 moles

per 100 moles of the basic composition.
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wherein 0.05 g x € 0.30, 0.005 s y < 0.10, 0.0005 € 2z g

l * c L M S *

1. A non-reducible dielectric ceramic composition

WHAT IS CLAIMED IS:

consisting essentially of a basic composition of a modified
barium titanate system and additives (A) and (B) .
incorporated therein, said basic composition consisting

essentially of oxides of Ba, Sr, Ca, Ti, 2r and Nb and

-having a composition expressed by the general formula:

{(Bay_y.ySr,Cay) Oty (Tiyo-pZreNby) Og4p 2
wherein 0.05 £ x < 0.30, 0.005 < y s 0.12, 0 < o g 0.20,
0.0005 S p < 0.012, and 1.002 < m < 1.03, said additive (a)
bging composed of at least one oxide selected from the group
consisting of oxides of Mn, Fe, Cr, Co and Ni, said additive

(A) being'incorporatgd inte said basic composition in an

amount of 0.02 to 2.0 moles per 100 moles of said basic
composition in. terms of respective o#ides, MnO,, Fe,0,,
Cry03;, Co0 and NiO, said additive (B) consisting of sio,
and/or ZnO and incorporatgd into said basic Cbmposition in
an amount of 0.1 to 2.0 moles per 100 moles of said basic
composition.

2. A non-reducible dielectric'ceramic composition
according to claim 1 wherein barium in the basic composition
is partially replaced with the eéuimolar amount of magnesium
to have a basic composition expressed by the geheral
formula:

{(Bay_y_y_,5T,CaMG,) O}y (Thy o pZrNDL) Ogyry /g

0.05, 0 < 0 £ 0.20, 0.0005 < p £ 0.02, 1.000 < m < 1.04.
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3. A non-reducible dielectric ceramic composition
consisting essentially of a basic composition of a modified
barium titanate system and additives (A) and (B)
incorporated therein, .said basic composition cohsistiﬁg
essentially of oxides of Ba, Sr, Ca, Ti, 2Zr and Nb and
having a composition expressed by the general formula:

{(Bay_y_ySryCay) 0}y (Tiy.g-p2Xohby) Ogyp/

wherein 0.05 € x £ 0.35, 0.005 ¢ y £ 0.12, 0 < o £ 0.20,
0.0005 £ p < 0.010, and 1.002 < m < 1.04, said additive (a)
being composed of at least one oxide selected from the group
consisting of oxides of Mﬁ, Fe, Cr, Co and Ni, the content
of said additive (A) being 0.02 to 2.0 moles per 100 moles
of said basiec composition in terms of respective.oxideg,
MnO,, Fe,0,5,. Cry0,, ICOO and NiO, said additive (B) being
composed of a glass composition of a Bao-Sro-Lizo-Sior
system’ the conteng of said additive (B) being 0.05 to 5.0
parts by weight per 100 parts by weight of said@ basic
compositién.

4. The non-reducible dielectric ceranic
composition according to claim 3 wherein barium in the basic
composition is partially replaced with the egquimolar amount
of magnesium to have a basic composition expressed by the
general formula:. . _

{(Bay.y_y 55T, Ca Mg, )0ty (Ti) o o2 Nb,)Os,p,p
wherein 0.05 s x < 0.35, 0.005 s y < 0.12, 0.0005 < 2 ¢

0.05, 0 < 0 £ 0.20, 0.0008 s p < 0.02, 1.000 £ m < 1.04.
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