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‘NPN- REDUCI BLE DI ELECTRI C CERAM C COMPCSI TI ON Descri pt o] STHE ;‘5’re"s‘efi€té
dghvention relates to a non-reducible dielectric ceramc conposi tion and,

re particul arl y, a non- redlcible dielectric ceranmic conposition use¢ for
nmonol i thic cekam ¢ capaC|torsB In gener al , nmonol it hic ceramc
capaC|tors =1 - -

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. |

As a dielectric material for monolithic ceramic
capacitors, there have w;dely been used high permit'tivit_:y
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comp!FE;s plural dielectric ceramc layers united-into a nonolithic body, a
plurality of internal electrodes forned between adjacent dielectric ceramc
Favers, and external electrodes forned on opposite sides of. said
nmonol it hi c body and connected to the alternate internal el ectrodes. Such
nonol ithic ceram c capacitor may be produced hy preparlng ceram c green
sheets, formng a |l ayer of netal :

dielectric ceramic compositions of a barium titanate system,
i especially, those comprising barium titanate and a small
amount of a bismuth compound incotporated therein,.such as
bismuth titanate, bismuth stannaté, bismutp zirconate,' or
the like.
The monolithic ceramic capacitbrs are generally
ﬁanufactufed 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_requi: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
,capacitoré. For example, the cost of internal elecﬁrodes
oécupies about 30 to 70 % of the manufacturing._'cost of
monolithic ceramic capacitors. Other metals with a high
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pas! for internal el ectrodes on one flat surfédce of each ceram c green
sheet, stacking and pressing several green sheets with heat to forma
nultllayer green ceram c body, firing it to forma nonolithic sintered
ceramic body with internal electrodes, formng |ayers of netal paste for
external electrodes on opposite sides of 3he-nonolithic sintered ceramc

body, and baklng themat a suitable
melting point includes base metals such as Nl, Fe, CO, W and
Mo, but 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 been 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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t;nperature to formexternal electrodes. As a dielectric material for
mpnol ithic ceram c capacitors, there have w dely been used high '
permittivity 2
- 4 -
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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PECtric ceranm c conpositions of a bariumtitanate system especially,
se conprising bariumtitanate and a small anount of a bisnuth conpound
corporated therein, such as bismuth titanate, bisnmuth stannate, bisnuth
“zirconate, or the I|ke The nonolithic cerami c capacitors. are generally
nanufactured by a method conprising the steps of preparing

in Crystal 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:

¥ (Bay_,.yST,Cay) O}y (Til_o_erONbp) Oz4p/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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cergm'c green sheets, formng an internal electrode ayer with a conductive
paste, stacking and uniting the printed green sheets, cutting the

Rul til ayered body into green chips, firing the green chips at a tenperature
of about 1250 to 1350 [err]C. Since the internal electrodes are subjected
to the sintering tenperature of the gielectric ceramc material, a
material for internal electrodes is required to

consisting essentially of a bas:.c composition of a modified
barium titanate system and additives (A) and (B)
incorporated therein, said "bas_ic compo,sition. 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,, Fey0,,
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 eq_uimolaf amount of magnesium to improve
the insulating resistance at high temperatures.

Thus, accordmg to the present invention, there is
.also provided a non-reducible dielectric ceramic composition
consisting eséentially of a basic composition of a modified
barium titanate system and additives (&) and (B)

incorporated therein, said basic composition consisting
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‘have'F:neltlng poi nt higher than the sintering tenperature -of the
dielectric ceramcs, high resistance to oxidation even in an oxidi zi ng
<At nosphere,
requirements are fully nmet by noble nmetals such as platinum gold, :
pal l adium and their alloys so that nobl e ngtal.s have been used mndely as a

mat eri a

for

and does not react with the dielectric ceramcs. Such

internal el ectrodes of nonolithic ceramc
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

here:.n 0. 05 € Xx £ 0.30, 0.005 £ y £ 0.10, 0.0005 £ 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,

.Mnoz, Fe,0;, 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 formﬁla:'-
{(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 said basic
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2 . . .
cagitors. However, use of such noble netals results in kncrease of

prdduction cost of the nonolithic ceranmc capacitors. - For exanple, the
cost of internal el ectrodes occupies about 30 to 70 % of the manufacturing,
cost of nonolithic ceram c capacitors. O her netals with a high

- B =
composition in an amount of 0.02 to 2.0 moles per 100 moles
of said basic composition in terms of respeétive oxides,
.Mnoz, 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 6f said basic composition.

The non~reducible dielectric ceramic compositibn
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 éapacitors.

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 reliability' as the dielectric
cefamic layers can be made .in'to .thin layers without causing
decreése in the number of crystal grains present therein.

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

EXAMPLE 1
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irreltl ng point includes base netals such as-Ni, Fe, Co, Wand M, but
suEh base netals are oxidi zed easily in the oxidizing atnosphere at high
tenperature and |l oose its conductivity required for internal electrodes.

- 9 -

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 éomposition expressed
by the general formula:

 {(Bay .y ST,Cay) O}y (Tiy o pZEoNby) Onyp/a
'with values of X, v, 0, pand m sho.wn' ih 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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us, in order to use such a base netal as a material for internal

| ectrodes, it is required to fire the dielectric ceramic material in a
neutral or reducing atnosphere to prevent the base netal from oxidation.
However, if the dielectric ceramc conposition of the prior art is fired in

such a reducing atnosphere, the conpogition is reduced considerably during
firing and the sem conduc- - 10

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.

This Sheet Has Been Replaced

T




o
v .
C T ~0O
—_——.—.0O
—_ S,L .
D w E ©
(7] >
2°- o
cog -~ 50 50 GZ°0 G006°0 2t 0 G10°T c0°0 G20 Gt.
o._ . .
c2%®-T g0 g0 S°0 S800°0 10°0 10°Y 010 s2°0 vt
D o y— [&]
O .35
m..mr Vo - 0°'T v°0 SL00°0 ot-o ST0°T 80°0 LT°0 €1
Oo0>S o
N O —
T =% o1 0°T v-0 S800°0 2tr°o £0°1 G00°0 zz'o zT
O — > .
z m o cw S°0 L°0 Z0°0 S000°0 0T°0 101 10°0 0€°0 144
~ 4 g“ — .
A £°0 zZ°0 GL00°0 Ztr-o 20°T 50°0 2¢°0 o1
o > g n : _
5°8° z-0o £°0 G0 SL00°0 ot-o Z200°1 90°0 G20 &6
OE cw
« © T 0. N i
S oS - 1°0 0°Y €100 LT*0 " GI0°T Zt-o S0°0 8
£ o —— .
S eﬂ.m ”no - - S 0 800°0 0T°0 10°1 G0°0 2Z°0 %L
205 0 & _

0o >c 20 §°0 - 800°0" 0T'0 T0°T S0°0 220 »9
WMWn 20 g0 G°0 800°0 0T'0 $66°0 G0°0 22°0 «S
— G @ O . ' ’ ' _
PP SEE20 50 S°0 0 ZI°0 T0°T 80°0 LT 0 «xV

© ©

CO- O O2'0  §°0 S‘0 SL00°0 0 I0°1 90°0 GT°0 «x¢
owm - O
©SE®
So02%,2°0 sg°0 G°0 SLO00°O ZT°0 10°1 200°0 91T 2
R )
m%Memn.o S0 5°0 GL0O0*0 4 1) T0°1 60°0 £0°0 «T
TLO ©.— O . _
o — d [e] ] X X
c ) o E._ouz Zorsg OIN 00D Zoun der od a p p
Sl (sTou) e/d+26 (dan°a29-0-T11) ¥ {0 (Fen*as ~*~Teq) }
mmS o M 4q) °oATaTRPDY (¥) sar3tppYv GoTiTSodwmoD oOtsed *ON
N 1| 4+ 4=
— ST T AT9VYL
505" S

F » © U

[ S
S n—
" —
7 —
5 r—
A
" ——————
& —
—
7 Se—
tll
MI
—
w
v —
m',



sem conductor even if fired in a r_ecM:i_ng atmosphere, thus making it
possible to manufacture nonolithi'© <ceram c capacitors with internal

ef ectrodes of a base netal such as nickel. US-A-4 988 468 descri bes anot her
non-reduci-bl e dielectric ceramcs useful as a dielectric material for
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¥ ques have | ed to considerabl e mniaturdi-zation.of .el ectronic devices.
"this reason, there is an increasing demand for miniaturization of
ectronic parts including nonotil#iT ceranic capacitors. It is generally
fnown that the nonolithic ceramc capacitors can be nminiaturized by use of
& dielectric ceramic naterial with a high dielectric constant or by
decreasing a thickness of dielectric ceramc
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>. However, dielectric ceramc materials with a high dielectric
tant are large in grain size. Thus, if the thlckness of dielectric
~cqanic layers is decreased to not nore than .10-gm the nunber of crysta
“grfains present in each layer is considerably decr eased, resulting in

| owering of the reliability of nonolithic ceran1c capacitors. JP-A-
61-101459 discloses a non-reduciblgg -

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 coefficient 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 ym;

The non-reducible.dielectric ceramic composition
of the systen {(BaL“FT-ZerCayMgz)O)m(Til-o-eroNbp)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 molar_fraction of Sr, x, exceeds 0.30 like as
~specimen No. 17; 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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dFectri c ceranic conposition with a-snmall grai‘n size c¢onprising a solid
s@lution of bariumtitanate and one or nore rare earth elements (e.g., La,
Nd, Sm Dy) incorporated therein. = The smaller the grain size, the greater
i's the number of crystal grains present in each dielectric |ayer. Thus,
such a dielectric ceramc conposgiti@n _nakes It possible to prevent
the nmonolithic ceramc capacitors from :

capacitance becomes too large to meet the standard of class
F defined in JIS. For these reasonéj 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
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rlng of the reliability. It is, however, |np053|ble-mnth such a
nposition to obtain a high dlelectrlc constant In addition, this
ponposition is apt to be reduced during sintering, thus making it difficult
o produce nonolithic ceram c capacitors with good characteristics.

- 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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therefore a main object of the present invention-_to- provide a
-reducible dielectric ceramc conposition which is:l-arge in dielectric
iIstant but small in crystal grain size and which is never
i conductorized even if fired in a reducing atnosphere.

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,,

Nb,Os, MnO,, Fe,03, Cry0, CoO and Nio with a purity of more

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,, Caco,, Tio,, 2Zro, 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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ing to the present invention, theré is provi'ded anon=reduci bl e

ectric ceram c conposition consisting essentially of a basic :

osition of a nodified barium titanate system and additives (A
(B) incorporated therein, said basic conposition consisting

ntially of oxides of Ba, Sr, Ca, Ti, Zr and Nb and having a conposition

essed by the general formla: - 18 - : :

Separate from the above, there was prepared an
additive (B} in the following manner: The raw materials,
BaCO;, SrCO;, LiyCO;, S10,, CaCO;, MO and'B,0; were weighed
and mixed to prepare a glass composition of a BaO-Sro-Li,O-
§i0, system consisting of, bylweight, 10% of BaO, 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 aluminum 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 acetate 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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cons I ng essentially of a basic conposition of a nodifi.ed barium

titarfhte system and additives~ Z3A-".and (B) incorpdrated therein,

sai d pasi c conposition consisting essentially of oxides of Ba, Sr, Ca, Ti,

Zr a Nb and having a conposition expressed by the general fornula: [err]

wheregn 0.05 < x < 0.35, 0.005 <y <0.12,, 0 < 0 < 0.20, '
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0.9P05 < p < 0.010, and 1.002 < m< 1.04, said additive {A) being conposed
of gat | east one oxide selected fromthe group consisting of oxides of M,
.Fe§ G, Co and Ni, said additive (A) being incorporated into said basic
cofgposition in an amunt of 0.02 to 2.0 noles per 100 noles of said basic
cofposition in terms of respective oxides, [err] [err] coO and Ni O said
addi tive (B) being conposed of a - 24 -

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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conposition of a BaO-SrO-[err] .system. and incorporated into
basi ¢ conposition in an anount of 0.05 to 5.0 parts by weight per 100
by wei ght of said basic conposition. In a preferred enbodi nent

ne present invention, a part of bariumin the basic conposition is
pced with the equi nolar amount of quqg;iqp1to | nprove

as specimen No. 26, the dielect:ic constant'becemes less
than 11000 and the temperature coefficient~of capacitance
becomes large. On 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 niobinium, 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 1less 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 1.04, the sintering

'properties becomes considerably lowered. Thus, the molar

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;, Cry,0;, Co0 and NiO is less than 0.02

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

- This Sheet Has Been Replaced
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I ng resi stance at high t enper at ures. . -7- Thus, according to
I nvention, there is also provided a non-reducible dielectric

I C conposition

- 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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T



*

congsting essentially of a basic conposition of a nodified barium
titaphate system and addi tives (A  and (B) incorporated
tHergin, said basic conposition consisting essentially of oxides of Ba,
Sr, La, My, Ti, Zr and Nb and having a conposition expressed by the general
fornpla: [err] 2 wherein 0.05 <~x £70.20, 0.005 <y < 0.10, 0.0005

< .
T { (Bay_y_y,57,CaMg;) O}y, (Ti3-0-52XoNb,) O4p)

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
8i0,, 10% of Ca0, 5% of MgO0 and 35% of B,0; in the following
manner. The raw ﬁaterials, BaCO3, SrC03, Li,C0;, 8510y,
Caco3,.-Mgo and B,0, were weighed, mixed and milled 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/cm? to form green discs with a
diéméter of 10 mm and # 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

" This Sheet Has Been Replaced
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A S R h
5 0.20, 0.0005 < p <0.02, 1.000 < m< 1.04, said additive (A

sting of at |east one oxide selected fromthe group -consisting of

s of Mh, Fe, C, Co and Ni, said additive (A) being incorporated into
basi ¢ conposition in an anmpunt of 0.02 to.2.0 noles per 100 nol es of
basi ¢ conposition in terns of respective oxides, M2, [err], [err]

nd N o,

said additive (B) being _ 28 -~
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.

This Sheet Has Been Replaced

AR




[
" o<
[ ~—
(@] >
— . _
-5 w32 .
.wi a_i.i L0 10 - - Z2°0 T0°0 T0°'0 Ol0'¢T 10°0 800 Ge'0 (9
ml.l e - . . ‘g - - » . . - .
58 93 £°0 - 1°0 - V-0 10°0 80°0 STO°T T0°0 80°0 ST°0 09
CERES _ | .
OoT © 0°s 10 T° - - z°0 GI0'0 OI'0 OV0'T Z0°0 SO00°0 02'0 69
—_— 0 .- DO C .
0w - >cC o ' ..
ZOOo— 0°T - - - 200 G000°'0 80°0 OTO0'T S000°0 TO°0 GS£€°0 8SG
hon o : .
°8 75 S0 T°0 - - z-o G00°0 2I°0 OYIO°T G000 S0°0 020 LS
© > ’
?°g83”? 0°T - - - S0 500°0 2T°0 O000°T T0°0C SO°Q0 0Z°'0 -9G
(@) %h - Q . . . . . o
SE.5°¢8 so0 v-o b - r 0o°T 20°0 vr°o 0101 S0°0 rA k] G0°0 GS m-
DN D £°0) - - - G°0 10°0 OT°0 S00°T S00°0 GO0'0 0Z°0 *bS & —
G-t o =
s @O Ee €0 - - - - I0°0. OI‘0 GO00°'T S00°0 GO'0 0Z°0 x€S o P——
o 10 O._ : _ L e—
s8Tous £°0 - - - G0 I0°0 OI°0 066°0 S00°0 G0°0 0Z°'0 x2S Prf——
2 g . . %’H
S _S&o £ 0 - - - G*0 0 21°0 OT0°T T0°0 80°'0 GTI'0 . #1S m.’.lll
Lo] m.l o e . = )
=P £°0 - - - S0 GI0°0 0 OI0'T 'T0°0 G0°0 8I°0 %0S
L > © .
mm.m o€ co ~ - - 60 §10°0 0T'0 010°T 0 60°C 81°0 «6V
- v @ _
5955 £°0 - - - G0 10°0 OT°0 OI0°'T TO0°0C Z200°0 ST°0 8%
202%c £°0 - - - G0 10°0 2T°‘0 OI0't TO°0 80°0C £0°0 ¥L¥
© D...m o . -
y—o - (3UbTaA 2 c 2z . d o W X X
. ‘» KAq syxed) OIN 000 tofxn to%a ‘“oun X .
—_— O = (7] h
P28 sseth BTow e/dizg (dqn°az9-o-Trr) (o (fen*ast*-Teq) )
%5 otbm (9) oAT3ITRPRY (¥) aAT3TRPRV GOTIT500W05 ST5ed ‘ON
oEe3 S A149v¥L memasnsssnssnsil]
QO S5.-. T CK\MJ/
SoT @
m. Ocao
« O C« O [
Oo@C<L<c © ®©



A

i

©
()]
[7p]
[72]
w— O
O
o
> X
— O
©
.- O
co .
Q. —
[V )]
0n O
©g
o) O
[N ]
o 0ot = = = I T0°0 010 G00°T G000 G0°0 020 1L
N o)) :
mm s0 - - - - 0-€ 10°0 O0I°0 S00°T G00°0 GO0 0Z°0 %0L
O ® .
o= 0°1 - - -~ - 6°0 T0°0 OT°0 0S0°T S00°0 S0°0C 0Z°0 +69
O T
= €0 - - - '~ 60 €0°0 2I'0 00T TO'0 80°C SI'0 #89
m.m £°0 - - - ~ G0 10°0 G2°0 OI0‘T T0°0 G0°0 0Z°0 ¥L9
o . = :
S < £°0 - - ~ ~ G*0 10°0 O0I‘0 O0[0°T 80°0 .S0°0C 0Z°0 %99
2N 0o . - - ~ -~ $*0 10°0 €I°0. O[0°T T0°0 SI°0 ST°0 #S9
(73]
(40 J— .
Q- £°0 - - - - S0 10°0 O0T°0 Or0°T S00°0 GO0 OV°C V9
© ()] .
TS 0 - . - - - S°0 £00°0 02°0 OI0'T ¥00°0 60°0 &I°0 £9
© .
o G0 - - - - gz'o 10°6 O0I‘0 OI0°T S00°0 S0°0 02°0 29
.m 5 (3qbToA d g o X X
D s Aq s3xed) oOIN o002 fofap fo%sa Zoun der o 4 P < _
= sseth. {5Tou) e/d+zg (dqnCaz9-2-T13) (0 (*en*as**~Teg) }
] (6) sAt3itPpPY (v) aat3yTEDV _ H6T31S00Wo0_oiseq "ON
© .
o (p.,3uo0) G FIAVL
o

I ncor

oxi desgof Ba
by thefgener al



| east

Co

Cr,

0 <o < 0.20,

Fe,

0.0005 < z 5.0.05,
‘d additive (A) ‘conposed of at

<412
%Ei
100 nol es of said basic conposition in

0.005 < vy
1.000 < m5 1.04,

respective oxides,

[ S o § IL Li=LL- 000LZT 0ett 9
0°€T 2°cl 9L £€L-  9L- 006¢€1 002T 09
z'zt 62l SL £L-  GL- 00L21 0s21 65
0°cT Z°¢€1 €L 1L- €L~ 009TT 0211 86
6°2T 0°¢€T 9L  TL- 9L~ 002$T 0STY LS
L°2T  T'gt SL £L-  GL- 00991 00Tt 9g
0°2T 6°¢I ‘SL ZL-  SL- 00S2T 00zt 14
vz s°zt ve e- 1L~ 00IST 0S€T *bS
AL 121 YA 6L~  zL- 00921 052 ¥€5
Irgeanseawun 00Z1 *2G
9°2T T°€1 €L €L~  2ZL- 0066 0021 *1S
S°2T O0°€T 0sT V- €L- 000L oSzt ¥0G
68 6°11 9L TL- 9L~ 000€T 0021 6V
S8  0°TT 1L ze-  TL- 00STI 00€T ¥8Y
2t  0°¢1 56 £~ Ly~ 00L9 0521 Ly
3oG8  DeGZ  |XCW| OeG8 OJoGe- (679
(uo ,u) ¢ bBort
Kytatastsax  (3)av/oeot x %% /oy *dway
BWNTOA asuejltoeded Jo O » butIajurs “-oN

said additive (A) being incorporated into said basic conmposition in

unt of 0.02 to 2.0 nol es per

n 0.05 < x < 0. 35,

of

xi de selected fromthe group consisting of oxides of M,

9 RATEYL

0.0@5 < p < 0.02,

|
one '
and Wi
an
ter

whe

i

KA

Thﬁlslllxiét Has Been R




TABLE 6 (cont‘d)

Grain

TC of capacitance

Volunme
resist

tan §

Sintering
temp.

No.

[err]
ition of a BaO SrO Li 20 Si
ition in an anount. of 0.05 to 5.0 parts by wei ght per
of said basic conposition.
ition of the present

size

ivity

AC/C,q X 100/AT(%)

log o (R°cm) -

25°C

CoO and N O

(#m)

85°C

|Max]

—25°C__85°C

(°C)

15500

~74 76 13.2 13.0 1.5

-76

0.6

1150

62

12.9

~70 72 13.1

1200 11300 0.8 =72

63

-60 -81 81 13.0 12.7 .

0.4

7200

1300

4%

13.1 - 12.0 .

-69 69

-54

0.3

5500

1300

65%

sai d-

a2 syé%

‘additive

(B) consi-sting of a gl ass
“m-and i ncor porated-into said basic

100 parts by

The non-reduci ble dielectric ceramc

8.0

11.2

-63 63

6000 1.9 -438

1180

66%

~-45 45 13.0 12.8

1.2 - ~38

4400

1300

67 *

unmeasurable

1200

68*

not sintered

69%*
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11.5 . .

~72 74

13700 - 2.3 ~74

11150

70*

5,0

~690 67

1.0 -67

5800

1050

71%

I nvention can be fired in a reducing




at nros@here at a tenperature of not nore.than 1250 ferr] C without causing
reduc@ on and sem conductorization thereof.” Thi-s nakes’it: possible to use
base getals as a material for internal electrodes to cut.down the

manuf gct uring cost of monolithic ceranic capacitors. The non-reducible

dieledtric ceramc conp05|t|on of the pres%pt i nvention has a small grain
si ze not nore 3 -

_ 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 temperature coefficient of capacitance is in the

range of -80 % to +20 % over the temperatures range of =25

°C to +85°C.

The composition of the present invention has a

high insulating resistance as the 1logalithimic 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: | |

i .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 specimen No. 64, the sintering properties of the

' ceramics becomes lowered and the dielectric constant becomes

less than 11000. In addition, the temperature coefficient
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thgh 3 [err] though it possesses a high dielectric constant of not |ess
th@n 11000. Thus, the non-reduci bl e dicel ectric ceram c: conposition of the
prgsent invention nakes it possible to manufacture nonolithic ceramc
caflacitors with a | arge capacitance and high reliability as the dielectric
cefjam c | ayers can be made into thin layers w thout causing decrease in the
nurfber of crystal grains present thereid® -

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 0.05 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

exceads 2.0% and the insulating resistance becomes lowered.

If the molar fraction of calcium, y, exceeds 0.12, like 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. If 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 gielectric 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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fThe above and ot her objects, features and advan- tages of the present
ntion wll becone apparent from the :foI l. ovm. ng exam:)‘l es.

- '35 -
iFor' these reasons, the holar fraction of zirxrconium has been-
limited to a value of more than 0 but not more than 0.20.
irf the 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 size
becomes more than 3 unm. 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 _0.0005 to 0.02.

If the molar ratio of (Ba;.,_,.,S5r,Ca,Mg,)0 to (Ti,.
o-pZEoNBL)Ogupn, 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 .no.t 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. 1If .the addead aﬁxount of the additive

(A) exceeds 2.0 moles, like as specimen No. 70, the
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EXAl -1 Using powders of [err] [err] [err] lerr] _..Coo, [err] and
h a purity of nore than 99.8% as- raw materials, there were prepared

speci @ens for observation and neasurenent of electrical properties of
non-r dqduci bl e dielectric ceramc conposition in the follow ng manner:
The r material s :

- 36 -~

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

R 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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[err] [err] [err] ‘and [err] were wei ghed and mixed to prepare a mxture
for agpasic conposition expressed by the general formul a:- [err] with values
of x, ¥, o, p and mshown in Table 1. - Among the remai-ning raw

materigls, [err] [err]. CoO NGO J[err] and ZnO two or nore raw materials

- 37 - '
for the basic composition in the ratios shown in Table 7.
. Using each resultant mixture of raw materials, there was
érepared éalcined poﬁder with a particle size of not more
than 1 um,.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 .°f glectrical
X .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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nposed of a m xed gas of N2, H2 and 02 with a partial pressure of

n ranging from3 x 10[err] to 3 X:10-[err] atm The-tesultant sintered
m c di scs were observed by a scanning-el ectron mcrioscope at a
ification of 1500 to determ ne crystal gain size. Each ceram c di sc was
ided on its opposite sides with silver electrodes by applying a silver
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king it at 800 [err]C for 30 mnutes in a. nitrogep atnosphere to
e a specinen for neasurenents of €l.ectrical propérties. For each
men, neasurenents were nmade on.dielectric constant” (e), dielectric
tangent (tan 6), insulating resistance (p), and a tenperature

icient (TC of capacitance.
- 42 -
As will be understood from the results shown in
Table 8, the non-reducibi; 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_
eroNbp)02+p/2 + Additive (A: MnO,, Fe,0,, Cr,0,, éoo, Nio,) +
Additive (B: 8i0,, 2n0), 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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| ectric constant and dielectric |oss were neasured at 25 J[err]C . 1
d 1 Vrns. The tenperature coefficient of capaci‘tance (C.) was

det @ni ned over the tenperature range of -2S[err]Cto 85 err]Crelative to
apacitance at 20C. Results are shown in Table 2. In the tables,

men with an asterisk are those having a conposition out of the scope
of the present - 43 -

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 0.0005, 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 ceranmic compoeition 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 comp051t10n exceeds 5.0 moles per 100 moles of the
basic composition 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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As can be seen fromthe results shown in Table -3, the _
educi bl e dielectric ceram c conposition of the present invention

pos§esses a high dielectric constant of not |ess than 12000 and a | ow

di efectric | oss tangent of not

= a6 = AT ORY NN O A
' * c L M § *

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 5 x € 0.30, 0.005 < Yy S 0.12, 0 < o g 0.20,
0.0005 < 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,,
Crp03, 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:

{ ( Ba 1-x,y-z8erayMgz ) O}m (Ti 1~°_Pzr°Nbp ) 02 +p/2

wherein 0.05 g x € 0.30, 0.005 s y < 0.10, 0.0005 € 2z g

0.05, 0 < 0 £ 0.20, 0.0005 < p £ 0.02, 1.000 < m < 1.04.
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present

2.0 % and neets requirements of class F dgii;gngnLAUJS4¥;4}—
-80 %to +30 %

re coefficient of capacitance is in the rangé o

tenperatures range of -25 Cto +85[err]C. The mm“u“m\m\! he

i nvention has a high insulating resistance as
val ue of volune resistance i-s not | ess thaQ 1%7 Also * it can™

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-SroO-Li O-Sioz

2
the content of said additive (B) being 0.05 to 5.0

system’
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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si!’éred at arelatively | ow tenperature.of not nore than 1300 [err]C, and
has'a smal |

& grain size of not nore than 3 [err]. The non-reducible
dielectric ceram c conposition of the system [err] has been limted to

t hose having values of x, y, m o and p within the above respectiveygranges
for the follow ng reasons: 48 %7

ABSTRACT OF THE DISCLOSURE

A non-reducible dielectric ceramic composition

comprises of a basic composition expressed by the general

formula:

{(Bay.y.ySTxCay) O}y (Til-o-pzroNbp) Oz+p/2

wherein 0.05 < x £ 0.30, 0.005 ¢ ¥ 5 0.12, 0 < 0 5 0.20
. N

0.0005 < p < 0.012, and 1.002 € m < 1.03, or

{(Bal-x—y-zsrxcayngz)o}m(Ti1-°-pzr°Nbp)°2+p/2
~. wherein 0.05 $§ x s 0.35, 0.005 5 y < 0.12, 0.0005 <z s
0.05, 0 < o £ 0.20, 0.0005 £ p < 0.02, 1.000 £ m < 1.04.
The composition contains an additive (A) composed of one or
' more oxides selected fromhthe group of Mndz, Fe,0;, Cr,0,,
Co0 and NiO in an amount of 0.02 to 2.0 moles per 100 moles
of the basic composition. The composition further contains
an additive (B) consisting of Si0; and/or Zn0 in an amount
of 0.1 to 2.b_moles per 100 moles of the basic composition,

or an additive (B) composed of a glass composition of a BaO~-

S8ro0-Li,0~5i0, system in ap amount of 0.05 to 5.0 parts by

®

weight per 100 parts by weight of the basic composition.

—_
This Sheet Has B

Hllllll Wi




¢ )
| f the nol ar

-No. 1, good |j @)Hé&nﬁtldhrqgaﬁgd/er obtmigeefsi hce the] H&REEF) ¢ dbﬁ%% i pazet £
“Yecomes | es

and since th

nmol ar fracti
sintering pr

fra{%%PBﬁC&D SHEEIS um 5C i 5|1 ess maﬂ%‘sﬁrqu @ o de G
Hsd Rrawisis) é;@ﬁ@fed/
d?@“n@a@hesihaﬁg

e as specinen No. 17

lectric
%& Sﬂge oef£+C|eﬁ@fb?"¢apacit
dA Dd'ﬁW"Si(s) B&geé |
(ibbtraes of paghe -2

@
$E
3
, ﬁ

....... 1 -

\.Q t@‘b% ..... '
foagh@. .

DATE OF RECEIDT? 4 F EB 1997

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 ceramic composition used for
monolithic ceramic capacitors.

2. Description of the Prior Art
In general, monolithic éeramic capacitoré

comprises -plural dielectric ceramic layers united into a
monolithic body, a plurality of internal electrodes formed

between adjacent dielectric cera@ic lavers, and external

‘electrodes formed on opposite sides of. said monolithic body

and connected to the alternate internal electrodes.
Such nmonolithic ceramic capacitor may be produced
by preparing ceramic green sheets, forming a layer of metal

paste for intarnal electrodes on one flat surface of each

ceramic green sheet, stacking and pressing several green

sheets with heat to form a multirayer green ceramic body,

firing it to form a monolithic sintered ceramic body with

internal aelectrodes,

forming layers of matal -paste for

external electrodes on opposite sides of the monolithic

sintered ceramic body, and baking them

at a suitable

temperature to form external electrodas.

As a dielectri¢ material for monolithic ceranic

capacitors, there have widely been used high pcrmithivlty

REPLACEMENT SHEFT
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. R . . ) i}'.' %5 Iy _--;.’7_. T
beconmes | owered and the dielectric constant bepsiggs r".‘Eﬁgﬂﬁia 00. I n
addition, the tenperature coefficient of -4 1b - capacitang g econes too
large to neet the standard of class Y4FEB WYY I |
- | i1
: ol
- 2 - ;l’

dielectric ceramic cémpositions of a barium titanate systemn,
- especially, those comprising barium titanate and a snall .

amount of a bismuth compound incorporated therein, such as
bismuth titanate, bismuth stannate, bismuty zirconate, or
the like.

| The monolithic ceramic capacitors are generally
m§pﬁfactured by a method comprising the steps of preparing
.ceramic green sheets, forming an internal electrode 1layer
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 sintering temperature of <the dielectric ceranmic
material, a material for internal electrodes is required to
have a melting point higher than the sintering temperature
of the dielectric ceramics, high resistance t; oxidation
even in an-oxidiiing 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 wideiy 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 wmwanufacturing cost of

monolithic ceramic capacitors. Other metals with.a high
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F defined in JIS. For these reasons, the nolar fragff#h EQ:J#@H‘E@?EH‘has
been limted to a value of not |less than 0.05 but pofWorethan 0. | f
the nolar fraction of calcium vy, is |less than 0.of5§!I zgﬁﬁgggﬁggc IBI No.
2, the sintering properties becone worse, the dielgc ngent
becones nore than 2.0 % and the insul ating resi st na&4¥%¥%&%~+€%€rad.

| f - 3 =

melting point includes base metals suéh as Ni, Fe, Co, W and
Mo, but such base metals are oxidized easily_ in the
oxidizing atmosphere at high temperature ‘and 1loose its
conductivity required for internal electrodes. |

Thus, in order to use such a base metal as a
material for internal electrodes, it is required to fire the
dig}ectric 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 during firing and the semiconduc-
torization takes place.

To solve such problems, it has been proposed in
JP~B- 857-42588 to use a dielectric ceramic material
comprising a solid solption of a barium titanate system and
having a ratio of a barium site to a titanium site greater
than the stoichiometric value, i.e.,” 1.00. Such a
dielectric ceramic material_ is scarcely reduced to a
semiconductor even if fired in a reducing atmosphere, thus
making it ©possible to manufacture monolithic ceramic
capacitors with internal electrodes of a base metal such as
nickel.

On the other hand, the development of electronic
technigues have led to considerable miniaturization of
electronic devices. For this reason, there is an increasihg
demand for miniaturization of electronic parts including

monolithic ceramic capacitors. It is generally known that
M\
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the nolar fraction of calcium vy, exceeds 0.12, li kel Gaaigal

the sintering properties beconme worse and the dielec
| ower ed.

to a value of not |ess than 0.005 but not nore than

fraction of zirconium o, is 0, like as specinen No.
const ant becones | ess than -

For these reasons, the nolar fraction of c

4 -

the mﬁnolithic ceramic capacitors can be miniaturized by use
of a dielectric ceramic material with a high dielectric
&onstant or by decreasing a thickness of dielectric ceranmic
layers. However, dielectric cergmic materials with a2 high
dielectric constant are large in grain size. Thus, if the
thickness of dielectric ceramic layers is decreased to‘not
more than 20 pr, the number of crystal grains present in
eacg layer is considerably decreased, resulting in lowering
of the reliability of monolithic ceramic capacitors.

JP-A- 61-101459 discloses a non-reducible
‘dielectric ceramic composition with a small gain size
comprising a solid solution of barium titanate and one or
mére rare earth elements (e.g., La, Nd, Sm, Dy) incorporated
therein. The smaller the grain size, the greater is ;he
npumber of crysta} grains present in each dielectric layef.
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-coﬁstant. 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 provide a non-reduciple dielectric  ceramic

composition which is large in dielectric constant put small
————————
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fraction of niobinium p, is |less - 5 -

: | I%h? LACE%&EM EEM

12000 and the tenperature coefficient of capaciitgrmce-te On
the other hand, if o exceeds 0.20, |ike as spemmé@ﬁ _
Sintering properties becone |owered and the digl dct 5 s | owered
to less than 12000. For these reasons, the noliar i fconi um has
been limted to a value of nore than. 0 but not |nore than 0.20. | the nol.ar

in crystal grain size and which is never semiconductorized
even if fired in e reducing atmosphere.—

According to the present invention, there is
provided a non-reducible dielectric ceramic composition
consisting essentially of a basic com?osition-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, 2Z2r and Nb and
having a composition expressed by the general formula:

{ (Bay_yuySTLCaY) O} (TLy o p B ND,) Onipy o

wherein 0.05 € X < 0.30, 0.005 < y's 0.12, 0 < o £ 0.20,
0.0005 £ p £ 0,012, and 1.002 £ m £ 1.03, said additive (A)
being composed of at least one oxide selectee from the group
consisting of oxides of Mh, Fe, Cr, Co and Ni, said additive
(A) being incorporated into said basic compesition in an
amount of 0.02 to 2.0 moles per 100 moles of said basrc
composition in terms of respective oxides,' MnO,, Fe,0,,
Cr,0,, CoO and Nio, said additive (B) consisting of S§ioO,
and/or 2nO and incorporated into said basic composition in
an amount of 0.1 to 2.0 molee per 100 moles of said basic
composition. |

In a preferred embodiment, the additive (B) is
composed of a glass composition of a BaO-Sr0-Li,0-SioO,
systen ihstead of Si0, and/or 2n0 which serves as a glass
component.

Thus, according to the present invention, there is

also provided a non-reducible dielectric ceramic compesition

This Sheet Has Been R
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than 0.0005, |ike as specinen No. 4, the dielecdhﬁ;-k‘,: N f
t han 12000 and the crystal grain size exceeds q- B “fhand, 1f p
éxceeds 0.012, |ike as specinmen No. 20, the cen m ijs reduced
to .a sem - conductor when fired in a reducing atnuznhaﬂ@quks:I ing in

zQmes | ess

- 6 -

consisting essentially of a basic composition of a hodified
barium titanate system and additives (A) and (B)
incorporated therein, said basic composition consisting
essentially of oxides of Ba, Sr, Ca, Ti, Zr and Nb and
having a composition expressed by the general formula:

{ (Bay_yyST,Cay) Oy (Tiyg.p2ZoNP,) Oz4p /2

wherein 0.05 € x < 0.35, 0.005 g y € 0.12, 0 < o g 0.20,
0.0805 € p £ 0.010, and 1.002 £ m < 1.04, said additive (A)
being composed of at least ohe 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;, Fe,0,,
Cr,05, CoO and NiO, said additive (B) being composed of a
glass composition of a Ba0O-Sro-Li,0-Si0, system and
incorporated into said basic composition in an amount of
0.05 to 5.0 pérts by weight per 100 parts by weight of said
basic composition.

In another praferrsed embodiment of the present
invention, a part of barium in the basic composition is
repiaced with the equimolar 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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- considerable lowering of the insulating r 1 the
nmol ar fraction of niobiniumhas been Ilimted to a iit han
0. 0005 but not nore than 0.012. If the nolar ratid to

[err]

[err]

i.e., m is less than 1.002, |ike as

- 7 -

essentially of oxides of Ba, Sr, Caf Mg, Ti, 2r and Nb and
having a composition expressed by the general formula:

{ (Bal_x_y-ZerCaYMgz) O}m (Til-o-pzroNbp) 02+p'/2
wherein 0.05 g x € 0.30, 0.005 < y £ 0.10, 0.0005 £ 2z <

0.05, 0 < o € 0.20, 0.0005 $ p < 0.02, 1.000 < m < 1.04,
said additive (A) consisting of at least one oxide selected

from the group consisting of oxides of Mn, Fe, Cr, éo and
Ni, said additive (A) beiﬁg 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,, Fey03, Cr,0,5, Co0 and NiO, said additive (B) being
composed 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.

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, Mg, Ti, 2r and Nb and
having a composition expressad by the general formula:’
{(Bay y - 25T, CayMg, ) 0}y (Tl o pZroNbL)} Ogpp /2

wherein 0.05 § x £ 0.35, 0.005 g y £ 0.12, 0.0005 £ z £
0.05, 0 < o £ 0.20, 0.0005 <'p € 0,02, 1.000 £ m < 1.04,
said additive (A) composed of at least one oxide selected
from the group consisting of oxides of Mn, Fe, Cr, Co and

Ni, said additivg (A) being incorporated into said basic
-_
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specimen No. 5, the ceramic conposition is rg#l 'e_";' Efonduct or when
fired in a reducing atnosphere. In contt ' 1 fim exceeds
1.03, the sintering properties becones con5|c : #g%q@ﬁﬂ 1 Thus, the
molar ratio of the bariumsite tOtIt&ﬂImﬂShtE 44 ' rﬂted to a val ue
of not |less than 1.002 but not nore than 1.0,.*"-“' ==pf=gheil added anount

of the at |east one ' - g 4 |

| Ny

composition in an.amount of 0.02 to 2.0 moles per 100 moles
of said basic coﬁposition in terms of respective oxides,
MnO,, Fey,0,, Cr,0;, ¢€o0 and NiO, said- additive (B)
consisting of a glass composition of a Ba0O-Sro-Li,0-Si0,
system and incorporated into said basic compositidn in an
.amount of 0.05 to 5.0 parts by weight per 100 parts by
welght of saiad basxc compositlon.

The non-reducible dielectric ceramic comp051tlon
of the present invention c¢an be fired in a reducing
atmosphere at a temperature of not more than 1250 °C without
causing reduction and semiconductorization thereof. This
makes it possible to use base metals as a material for
internal electrodes to cut down the manufacturing cost cf
monolithic ceramic capacitors.

The non-reducible dielectric ceramic composition'
of ‘the present invention has a small grain size of not mpré
than 3 um though it possesses a high dielectric constant of
not less than 11000. Thus, the non-reducible dielectric
ceramic composition of  the present invention makgs it
possible to manufacture monolithic ceramic capacitors with a
large capaéitance and high reliability as the dielectric
ceramic layers can be made into thin layers without causing
decrease in the nuﬁbe; of crystal_gfains present therein.

The above and other objects, features and advan-
tages of the present invention will become apparent from the
following examples. |

EXAMPLE 1
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additive selected fromthe group consisting ofg%ax J,J@mﬁ£ﬁﬁﬁﬁ& Cr, Co and
is less than 0.02 nole in terns of respectrkeIOX|des [err]] § [err] CoO

and Ni O per 100 nole of said basic conp05|t|on,, | B ST} |reﬁ No. 6, the

i nsul ating resistance at a tenperature of norée t,.hanqaégSE err. Cibdcones-

| onered, resulting in lowering of the reliabiljt delat a hi gh

tenperat ure. I'f the added amount of o _

Using powders of BaCO,, SrCO,, CaCO,, TiO,, 2r0,,

Nb,Og, MnO,, Fezog, Cr,03, CoO, NiO, S5i0O, and 2Zn0 with a
purity of more than 99.8% as raw materials, there were
prepared specimans for observation and measurement of
~electrical properties of non-reducible dielectric ceramic
composition in the following manner: The raw materials
BaCO;, SrCOz, CaCo,, TiO,, 2r0, and Nb,0g were weighed and
mixed to prepare a mixture for a basic composition expressed
by the general formula:

{(Bay_, ST,Ca,) 0}y (Tiy o oZroNDL) Ogup /s
with values of x, y, o, p and m shown in Table 1.

Among the remaining raw materials, MnO,, Fe,0,,
Cr,0;, CoO, Nio, §10; and 2n0o, two or more raw materials
were added, as additives (A) and (B), to the above nixture
in amounts shown in Table 1 per 100 moles of the basic
composition. The resultant mixture of the raw materials was
wet-milled for 16 hours with a ball mill, aried - by
evaporation and'then calcined in air at 1100 °C for 2 hours.
The clinker was crushed and ground to obtain calcined powder
with a particle size of not nore than 1 pn.

The calcined powder was added with suitable
amounts of pufe water and an oxganic binder of polyvinyl

acetate, wet-milled for 16 hours with a ball mill, dried and

then pressed at 2000 Kg/cm2 to form ceramic green discs with

a diameter of 10 mm and a thickness of 0.5 mm.

The green discs were placed in an electric,

furnace, heated to 500 °C in air to remove the organic
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additive (A) exceeds 2.0 noles per 100 nole of the basic conposition |ike
as specinen No. 21, the dielectric |oss tangent exceeds 2.0 % and the

i nsul ating resi stance becones | owered. If the added anobunt of additive (B)
is less than 0.1 nole per 100 noles of the basic conposition |ike as

Speci nen No. 7, the sintering property becones | owered and

- 10 -
binder Dby combustion, and then fired in a reducing
2atmosphere for 2 hours ‘at a temperature shown in Table 2 to
obtain sintered ceramic discs. The reducing atmosphere used

was composed of a mixed gas of Nz' H, and O, with a partial

2
pressurea of oxygeh fanging from 3 x 10™% to 3 x 1070 acm.

The resultant sintered ceramic discs were observed
by a sganning—glectron 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
atmosphere to prepare a specimen for- measurements of
electrical properties.

For each speﬁimen, measufements were made on

.dielectric constant (¢}, die;ectric loss'tangent (tan §),
insulating resistance (p); and  a temperature coefficient
(TC) of capacitance.

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

In the tables, specimen with an asterisk are those
having a composition out of the scope of the pfesent

invention.
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dielectric constant is decreased to |ess than 12000 and the crystal grain
~Size becones nore than 3 [err]. Thus, the added anpbunt of additive (B) has
been limted to those ranging fromO0.1 to 2.0 noles per 100 noles of the
basi c conposition. EXAMPLE 2 Using powders of [err] [e&k
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'[err]

CoO and Nio with a purity of nore than 99.8% as raw materi al s,

there

wer e prepared speci mens for el ectron-m croscope observation and measur enment

©of electrical properties of non-reducibl e di.g
in the foll ow ng manner: The raw mat eri al sig
wei ghed and m xed to prepare a mixture for a

conposi tion
apd [err] were
)| expressed
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by the general fornula: [err] with values of x, y, o, p and mshown in
Table 3. One or nore of the remaining raw materlals [err] COO and N O were
dadded as additive (A) to the resultant mixture in the ratios shown in Tabl e
3 per 100 nol es of the basic conposition. The resultant m xture of raw
materi al s was - 14 -
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"milled by the wet process—for—16 hours with a bal |} ﬁﬁ%ﬁﬁ%@&ﬁ% 5'&‘,“
evaporation and cal ci ned'\lﬁr at 1100 [err]C forj 2l hours. The CIki nker was

.crushed and t hgnis tal n cal cined powder :vmf ho% paLblg) € lsijze of
not nore t han 1\ \ “ i ] < _

e

- 15 -

As can be seen from the results shown in Table 1,
the noh-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 coafficient of capacitance is in the
range of ~80 % to +30 % over the 'temperatures range of -25
°C to +85°C.

The composition of the present invention has a
high insul‘atiﬁg_resistance as the 1logalithimic wvalue of
volume resistance is not less than 12. Also, it can be
sintered at a relatively low temperature of not more than
1300 °C, and has a small grain size of not more than 3 gm.

The non-reducible dielectric ceranmic composition
of the system ((331-x-y- Sr,Ca Mgz)O}m(Tll-o-PZrONbp)02+p/2 -
has been limited to those having values of x, y, m, o and p
within the above respective ranges for tm_a following
reasons:

If the molar fraction of stront:.um, X, is less
than 0.05 like as 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 molar fraction of Sr, x, exceeds 0.30 like as
Specimen No. 17, the sintering properties of the ceramics
becomes lowered and the dielectric constant becomes less

than 12000. In addition, the temperature coefficient of



19 -19

the follow n rranner The raw materials, [err]

! | RLACMIEN {1 were
wei ghed and lgceth gl ass conp05|t|on#o L - «EEEO Si 2
syst em consi st " 't ’Wﬁ"ﬂ ght 10% of BaO, 5% ¢ 3fSrzg)41 FEB 1957 !

t he above, there was preg aLed an....additive. (B)

ie -~

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 0.0S
put not more than 0.20.

If the molar fraction of calcium, y, is less than
0.005 1like as specimen No. 2, the sintering properties

pbecomg 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, like as

specimen No. 18, the sintering properties 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

as specimen No. 3, the dielectric constant bepomes less than
12000 and the temperature coef_ficient of capacitance becomes
large. Oon the other hand, if o exceeds 0.20, 1like as
specimen No. 19, the sintering properties become lowered and

the dielectric constant is lowered to less than 12000. For

these reasons, the molar fraction of =zirconium has been

limited to a value of more than-o but not more than 0.20.

If the molar fraction 2f niobinium, p, 1is less
than 0.0005, lj;ke as specimen No. 4, the dielectric constant
becomes less than 12000 and the crystal grain size exceeds 3
Em. On the other hand, if p exceeds 0.012, like as specimen
No. 20, the ceramic composition is reduced to .a semi-

conductor when fired in a reducing atmosphere, resulting in

in



5 %of [err}]-30%of SiR, 10% of Cao, 5% of MyO_and 3596of [err The
m xture of ram/naterlals mere m|led by the wet | BHBCRRBuMb Il mll
for 16 hourslih ewhs, after dried by""’ﬂ“; . nto an
.alun1nun1crUC| d at 1300 [err]C fofl- § hour, vitrififed by rapid
cool i ng, "and t pass a 200 nesh siellell T24REER®H7an {powder ed
gl ass coanS|t|on was adde i
' - 17 -
considerable lowering of the insulating resistance. Thus,

the molar fraction of niobinium has been limited ﬁo a value
of not less than 0.0005 but not more than 0.012.

If the molar ratio of (Baq_x_y_erxCaYMg;)o to (Ti;.
o-eroNbp)OZ*plz, i.e., m, 1is less than 1;002; like as
specimen No. 5, the ceramic composition is reduced to a
semiconductor when fired in a reducing atﬁosphere. In
contrast . therewith, if m exceeds 1.03, the sintering
properties becones cohsiderably lowered. Thus, the molar
ratio of the barium site to titanium site has been limited
to a valuelof pot 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,
FTe, Cr, Co and Ni is 1less than 0.02 mole in terms of
respective oxides, MnO,, Fe,03, Cr,03, CoO and NiO per 100
mole of said basic coﬁposition, like as specimen No. 6, the
insulating resistance at a temperature of more than 85 °C
becomes lowered, resulting in lowering of the reliability in
a long use at a high temperature. If the added amount of
additive {A) exceeds 2.0 mcles per 100 mole of the basic
composition like as specimen No. 21, the dielectric loss
tangent exceeds 2.0 % and the insulating resistance becomes
lowered.

. If the added amount of additive (B) is less than
0.1 mole per 100 moles of the basic composition 1like as
specimen No. 7, the sintering property becomes lowered and

the dielectric loss tangent exceeds 2.0 %. If the added



to the above cal ci ned powder together with a suﬂ~r-1 by e wat er

and pol yvi nyl acetate binder.- The m xture was wg

| mil
for 16 hours, dried and then pressed at 2000 Kg/ie ng=t6* iceramnic
discs with a dianmeter of 10 mm and a thickness q eh di scs

were treated in the sane nmanner as Exanple 1 to]

f or
el ectron-m croscope
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amount of additive (B) exXceeds 2.0 ﬁoles per 100 moles of
the basic composition 1like as specimen No. 22, the
dielectric constant is decreased to less than 12000 and the
crystal grain size becomés more than 3 um. Thus, the added
amount of additive (B) has been limited to those ranging
from 0.1 to 2.0 moles per 100 moles of the basic
composition. | '
EXAMPLE 2
Using powders of BaCO,, SrcCO;, CaCO;, TiO,, 2ro0,,
Nb,O5, MnO,, Fe,0;, Cr,03, CoO and NiO with a purity of more
than 99.8% as raw mﬁterials, there were prepared specimens
for electron-microscppe observation and measurement of
electrical properties of non-reducible dielectric ceramic
composition in the following manner: The raw materials
.Baco3, Srco,, €acO;, Ti0,, 2r0, and Nb,O; were weighed and
mixed to prepare a mixture for a basic composition expressed
by the general formula:
| {(Bayy.yST,Ca,) 0} (Tiy o-pZTNDy) Ogyp2
with values of X, y, o0, p .and m shown in Table 3. Onhe or
more of the remaining raw maierials, MnO,, Fey,0;, Cr,;0,;, 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 mixture of raw materials was
milled by the wet process for 16 hours with a ball mill,
dried by evaporation and calcined in air at 1100 °é for 2
hours. The clinker was crushed and then ground to obtain

calcined powder with a particle size of not more than 1 um.

This Sheet Has Been Reﬂlaced :
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observati on
properties,
.insul ating

capaci tance

shown i n Tabl e 4.

and neasurenent of electrical propert iz &
dielectric constant (e), dielectric | d8&PLAD fﬁf?@ﬁﬁ%ﬁ?
resistance (p), and a tenperature cgefifrecrent—{Tc
were neasured in the same manner as Exarp|§4ﬁﬁ5§©§#9t‘ ire

- 19 =

Separate from the above, there was prepared an.

‘additive (B) in the following manner: The raw materials,

BaCO;, SrCO,, Li,CO0;, sSi0O,, CaCO;, MgO and"B,0; were weighed
and mixed to prepare a glass composition of a Bao-Sro-Li,0-

Sioc, system consisting of, by weight, 10% of BaO, 5% of Sro,

5 % of Li,0, 30% of Si0,, 10% of Ca0, 5% of MgO and 35% of

B,O;. 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 inte an aluminum crucible,
maintained at 1300 °C £for 1 hour, vitrified by rapid
cooling, and then ground to pass a 200 mesh sieve.

The resultant powderéd glass composition was added
to the above calcined powder together with a suitable amount
of pure water and pblyvinyl acetate bkinder. The mixture was
wet-milled with a ball mill for 16 hours, dried'and_then
pressed at 2000 Kg/cm2 to form green ceramic discs with a
diameter 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 electrical properties. The
electrical properﬁies, dielectric constant (e¢), dielectric
loss tangent (tan §), insulating resistance (p), and a
temperature coefficient (TC) of capacitance wvere measured in

the same manner as Example 1. Results are shown in Table 4.
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t he above respective ranges for the follow ng reasons: |If the nolar
fraction of*s%%enLLuﬂl_xL;LgrLgss than 0.05 |i ke as specinmen No. 24, the
dielectric c nstant becomes Tess than 11000, the giel,

| oss tangent
exceeds. 2.0 HasReert Reppasgat ur e coef fi ci ent oflifgay : -
| arge. |If thei! n of Sr, » &Xceeds 0;
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The non-redﬁcible_dielectric ceramic composltion
of the system {(Bal_x-y_ZerCaYMgz)O}m(Til_o-eroNbp)02+p/2 +
additive (A) + additive (B: Ba0O-Sr0-Li,0-5i0,) has Dbeen
limited to those having values of x, y, m, © and p within
the above respective ranges for the follow;ng reasons:

If the nolar fraction of strontium, x, is less
than 0.05 like as specimen No. 24, the dielectric constant
pecomes less than 11000, the dielectric loss tangent exceeds
2.0 %, and the temperature coefficient of capacitance
becomes large. If the molar fraction of Sr, X, exceeds 0.35
like as specimen No. 40, the sintering properties of the
ceramics becomes lowered and the dielectric constant becomes
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 wvalue of not
less than 0.05 but not more than 0.35.

If the molar fraction of calcium, y, is less than
0.005 like as specimen No. 25, the sintering properties
become worse, the dielectric loss tangent bécomes more than
2.0 %, and the insulating resistance becomes lowered. If
the molar fraction of calcium, y, exceeds 0.12, like as
specimen No. 41, the sintering properties become worse and
the dieiectric 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



0.005 like as specinen No.. 25, the sintering pr
di el ectric | oss-tahrgent—becones nore than 2.0 %
1 esi stance becones q,elﬁﬁithe nmol ar fractidn é) C|un1%y exceeds
0.12, like as s the sintering propégrt dBe fwofse and

t he dlelectrlc C P

fraction of caIC|
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hol ar

as specimen No. 26, the dielectric constant becomes less
than 11000 and the temperature coefficient‘of capacitance
becomes large. Oon the other hand, if o exceeds.o.zo, 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 niobinium, 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 considerable .1owerinq of the insulating resistance.
Tﬁus, the molar fraction of niobinium has been limited to a
value of not less than 0.0005 but not more than 0.010.

If the molar ratio of (Bal_x_y_erxCayMg;)o to (Tiy._
o-p2FoNbp)Oz4ps2, i.e., m, is less than 1.002, like as
specimen No. 28, the ceramic composition is reduced to a

semiconductor when fired in a reducing atmosphere. In

contrast  therewith, if m exceeds 1.04, the sintering

properties becomes considerably lowered. Thus, the molar
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 (A),
i.e., MnO;, Fep0;, Cry0;, CoO and NiO is less than 0.02

molas per 100 mnole of the basic composition, 1like as



zirconium o

not | ess than 0.005 but not nore than 0.12. If the ﬁg%%ﬁEEEMfTT@mﬁﬁi'
is 0, like - 25 - as specimen Ng™8E4 @ﬁ é§%§ﬁric
constant becones | ess ' . f' - '
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specimen No. 29, the insulating resistance at a temperature
of more than 85 °C becomes lowered, resulting 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. 44, the
dielectric loss tangent exceeds 2.0 % and the insulating
resistance becomes lowered.

If the added amount of additive (B), i.e., BaoO-
Sr0-Li,0-8i0,, is less thah 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 pasic composition like as specimen No. 45, the
dielectric constant is decreased to less than 11000 and the
crystal grain size becomes more than 3 pm. Thus, the added
amount of additive (B) has been limited to those ranging
from 0.05 to 5.0 parts by weight per 100 parts by weight of
thé basic coﬁposition.
EXAMPLE 3 |

Using powders of BaCO,, SrCO,, CaCO3, MgCO;, TiO,,
2r0,, Nb,0Og, MnO,, Fe,0,, Cr,03, CoO and Ni0O with a purity of
more than 99.8% as raw materials, there were prepared
spaecimens in the following manner: The raw materials BaCOj,
Srco,, Cacoj, Mgco3; TiO,, 2r0, and Nb,Oy ware weighed and
mixed.to prepare a mixture for a basic composition expressed

by the general formula:

This Sheet Has Been Reﬂlaced
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than 11000 and the tenperature coefficient of capacitancegdiggaones Iar%%ﬁ4?1
the other hand, if o exceeds 0.20, |ike as specimen No. 4 #@ St er
properties beconme | owered and the dielectric constant is | dwered to |ess
t han 11000. For these reasons, the nolar fraction-of zirdqoriu

limted to a value of nore than O but not nore than 0.20.} lif the nolar
fraction of niobinium p, is |less
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{(Bay oy z5TxCAMG;) O (Ti)_o-p2ENDL) O2up/2
with values of x, y, 2, ¢, p and m as shown in Table 5. The
resultant mixture was added with one or 'more additives °
(MnO,, Fe,0;, 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 more than 1 um.

Separate from the above, there was prepared a
glass composition of a BaO-SrO-Li,0-5i0, system consisting
of, by weight, 10% of BaO, 5% of Sro, 5 % of Li,0, 30% of
8i0,, 10% of Ca0, 5% of MgO and 35% of B,0, in the following
manner. The raw 'maierials, BaCo,, Srco3; Li,CO,4, S1i0,,
CaC0;, MgO and B,0; were weighed, mixed and milled by the
wet process with a ball:mill for 16 hqurs and then dried by
evaporation. The resultant mixture was put into an aluminum
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 amoﬁnt'of.
pure water and polyvinyl acetate binder. The resultant
mixture was wet-milled with a ball mill for 16 hours, dried
and theﬁ pressed at 2000 Kg/cm? to form green discs with a
diameter 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 alectrical properties. The

Sheet Has Been RTlaced
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than 0.0005, |ike as specinmen No. 27, the dielectric constant becones |ess.
than 11000 and the crystal grain size exceeds 3 [err]. On the other hand,
ifT p exceeds 0.01, like as specinmen. No. 43, the ceramc conposition is

reduced to a seniconductor when fired in a reducing at nosphere, resulting

in considerable |lowering of the insulating resistance. Thus, the nolar
fraction of niobiniumhas been limted to a

- 28 =
electrical properties, dielectric constant (€), dielectric .
loss tangent (tan §), insulating resistance (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 invention.
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wei ght of the basic conposition |ike as speci men No. 45_ the dielectric

constant is decreased t0 I'ess tndnfllooo and t Hg o ik _.--Ize becones
more than 3 [err]ThnsEHééﬁbIastBQQilﬁ anount of adddfiPaliBINhastilidién |inited
to those ranging f parts by melcht per 100 part . By wei ght
of the basic corrpoHnmﬁ,"ﬁm | 24 FEB R -
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_  A&s 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 dielectric loss tangent of not
more than 2.0 %, and meets requirements of class F defined
by JIS as a temperature coefficient of capacitance is in the

range of -80 % to +20 % over the temperatures range of -25
sC to +85°C.

The composition of the present invention has a
high insulating resistance as the 1logalithimic value of
volume resistance is not less than 12. Also, it can be
sintered at a relétively low temperature of not more than
1250 °C, and has a small grain size of ndt more than 3 um.

The non-reducible dielectrié ceramic composition

.of the system {(Ba,._,‘__Y.zs.*:,‘Cal',I“Igz)O}m(‘:[‘i:L_,c,_,erc,ZsIbp)0,_41,/.2 +
Additive (A) + Additive (B: BaO-Sro-Li,0-5i0,;), has ‘been
limited ﬁo those having the molar fractions of respective
components within the above respectiye ranges for the
following reasons:

If the molar fraction of strontium, x, is less
than 0.05 like as specimen No. 47, the dielectfic constant -
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, x, exceeds 0.35
like as specimen No. 64, fhe sintering properties of the
ceramics becomes lowered and the dielectric constant becomes

less than 11000. In addition, the temperature coefficient



Usi ng powders of [err] [err] [err] [err]

) —a-purity of
nore than 99.8% as raw nmaterials, there LA 2N iﬁ mens in
the foll owi ng manner: The raw naterials [err], | [errj [err Jand [err]
war e wei ghed and m xed to prepare a m xture for asy ;Hggqﬁyyt N
expressed by the general formula: f 24 l

' z
|

of capacitance beéomes too large to meet the standard of
class F defined in JIS. Thus, the molar <fraction of
strontium has been limited to not less than 0.05 but not
more than 0.385. |

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 1loss tangent
exceeds 2.0% and the insulating resistance becomes lowered.
If the molar fraction of calcium, y, exceeds 0.12, like as
specimén No. 65, the sintering properties become worse and
the dielectric constant bacomes lowered. Thus, the molar.
fraction of calcium has been limitéd toc not less than 0.00S
but not more than 0.12.

If the molar fraction of magnesium, 2z, is less
than 0.0005, 1like as specimen No. 49, the. insulating
resistance at 25 °C and 85 °C becomes lowered. 1If 2z eXxceeds
0.05, like as specimen No. 66, the dielectric constant is

_lowered to less than 11000 and the sintering properties
become lowered. Also, tha grain size becomes more than 3
pm.. 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 zirconiﬁm, o, is 0, like
as specimen No. 54, the dielectric constant becomes less
than 11000 and the'temperature coefficient of capacitance
becomes large. dn the othér hand, if o exceeds 0.20, like
as specimen No. 67, the sintering property is lowered and

tﬁe dielectric constant is decreased to less than 11000.'

Sheet Has Been Re Iaced
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[err] with values of x, y, z, o, p and mas showa.in Table 5 The resultant
m xture was added wth one or nore additives [Cj;;yf B IR : '
the rati os shown THis Sheet Has Beedt; Réplace

For these reasons, the molar fraction of zirconium has been
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limiﬁed to a value of more than 0 but not more than 0.20.

If the molar fraétion of niobinium, p, is less
than 0.0005, 1like as specimen No. 51, the dielectric
constant becomes less than 11000 and the crystal grain size
becomes more than 3 un. On the other hand, if p exceeds
0.02: like as specimen No. 68, the ceramic cémposition is
reduced to a semiconductor when fired in a reducing
atmosphere, resulting in considerable lowering of the
insulating resistance. Thus, the molar fraction of
niobinium has been limited to 0.0005 to 0.02.

If the molarl ratio of (Bal_x_y_erxCayMgz)o to (Ti,_
o_eroNbp)oz,,,Plz, i.e., m, is 1less than the stoichiometric
value, i.e., 1.000, like as specimen No. 52, the ceramic
composition is reduced to a__s.emiconductor when fired in a
reducing atmo.sphere. If m exceeds 1.04, the sintering
'properties becomes considerably lowered. Thus, the molar
ratio of the barium site to the tiﬁanium site has been
limited to a value of not less than 1.000 but not more than |
1.04.

| Further, if the added amount of the additive (A:

MnO,, Fe,03, Cr,05, Co0O, 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 lowared, resulting in lowering of the reliability
at a high temperature. If the added amount of the additive

(A) exceeds 2.0 moles, 1like as specimen No. 70, the



Table 5, mlled by the wet process for 16 hours mnth a ball mll, dried by
evaporation, calcined in air at 1100 [err]C for 2 h@tfs—ciushed..an hen
ground to obtain cal cined powder with a particle si ZREBLA '
[err]. Separate fromthe above, there was prepared @
BaO Sr O Li 20- Si O2 systen1con5|st|ng of , by weight,
% of Li 20, 30% of

- 36 =~
dielectric loss tangent exceeds 2.0 % and
resistance becomes lowered. 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) s less than 0.05 parts by
weight per 100 parts by weight of the basic composition,
liie as specimen No. 54, 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 compoesition

like as specimen No. 71, the dielectric constant |is
decreased to less than -11000 and the crystal grain size
becomes more than 3 gpgnm. 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 BaCO,, SrcCoO,, Caco,, MgCO,, TiO,,
2r0,, Nb,Os5, MnO,, Fe,0;, Cr,03, Co0, NiO, Si0, and 2nO with
the purity of more than 9$9.8% as raw materials, there were
prepared calcined powderé in the following manner: The raw
materials BaCO,, SrC0,, CaCO;, MgCO,, TiO,, Zr0, and Nb,O
were weighed and mixed to prepare a mixture for a basic
composition exprassed by the general formula:

{(Ba)_xy-STxCAMT,) O}y (Thy_o_n22 NB,) Ogypyra
with values of x, y, Z, 0, pand m as shown in Table f.
The additlve (A), MnO,, Fe,0,, Cr,0;, CoO and NioO,

and the additive (B), Si0,, Zn0, were added to the mixture

This Sheet Has Been Rei
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[err], 10% of CaQ, 5% of MHO and 35% of B203 in the foll ow ng manner

The raw materials, [err] [err] MJO and [err] were wei ghed, m xed and
ifilled by the wet process with a ball mill for 16 hours and then dried by
evaporation. The resultant m xture was put into an al um num cruci bl e,

mai ntai ned at 1300 [err]C for 1 hour, vitrified by rapid cooling, and then
ground to pass a 200 nesh sieve.

- 37 -

for the basic composition in the ratios shown in Tabie 7.
Using each resultant mixture of raw materials, there was
prepared calcined powder with a particle-size of not moré
than 1 um, in the same manner as Example 1. |

| The calcined powder was treated in the same maﬁner
as Example 1 tq prepare specimens for electron-microscope
oggervation and measurement of electrical properties. The
specimens were subjected tb measurement of electrical
properties, i.e., dielectric constant (¢), dielectric loss
tangent (tan §), insﬁlating resistance (p) and a temperature
coefficient (TC) of capécitance. The measurements were
carried out in the same manner as Example 1. Results are

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

In the systen {(Bél_x_y_erXCaYMgz)O}m(Til_o_
p2TolNbp) Og4p/2 + Additive (A: MnO,, Fey03, Cry0;, CoO, Nio,) +
Additive (B: S§i0,, 12Zn0), the non-reducible dielectric
ceramic composition has been limited 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-bf strontium, x, is less
than 0.05 like as specimen No. 72, the dielectric constant
becomes less than 12000, the dielectric loss tahgent 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 properﬁy
becomes lowered and the dielectric constant becomes 1less
than 12000. In addition, the temperature coefficient of
capacitance becomes too large to meet the standard of class
F defined in JIS. 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 prope¥ties
become worse. In addition, the dielectric loss tangent

exceeds 2.0% and the insulating resistance becomes lowered.
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If the molar fraction of calcium, y, exceeds 0.10, like as °
specimen No. 90, the sintering property becomes worse and
the dielectric constant becomes lowered. ° Thus, the molar
fraction of calciuﬁ 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 0.0005, 1like as specimen No. 74, the insulating
resistance at 25 °C and 85 °C becomes lowered. If z exceeds
0.05, like as specimen_No. 91, the dielectric constant is
lowered to less than 12000 and the sintering property
becomes lowered. Alsé, the grain size becomes more than 3
um. For these reasons, the molar fraction of magnesium has
been 11m1 ted to not less than 0.0005 but not more than 0.0S5.

If the molar fraction of zirconium, o, is 0, like
as specipen No. 75, the dielectric constant becomés 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 sintering property is lowered and
the dielectric constant is decreased to less than 12000.
For these reasons, the mélar fraction of zirconium has been
limited to a value of more than 0 but not more than 0.20.

If the molar fraction of niob.inium, p, is less
than 0.0005, 1like as specimen. No.' 76, +the dielectric
constant becomes less than 12000 and éhe crystal grain size
becomes more tﬁan 3 um. Oon the other hand, if p exceeds
0.02, like as specimen No. 93, the ceramic composition is

reduced to a semiconductor when fired in a reducing
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atmosphere, resulting 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,Ca Mg, )0 to (Ti,.
0-pZXoNPp)Og4p/2, 1.e., m, is less than the stoichiometric
value, i.e., 1.000, like as specimen No. 77, the ceramic

- cdmposition is reduced to a semiconductor when fired in a
reducing atmosphere. If m exceeds 1.b3, ‘the éintering
properties becomes considerably lowered. Thus, the molar
fatio 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:
MnoO,, Fey0,, Cr,0,, 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 becomes lowered, resulting in lowering of the reliability
at a2 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 éomposition.

If the additive (B) is less than 0.05 moles per
100 moles of the basic composition, like as specimen ﬁc. 79,
the sintering property baecomes lowered and the dielectric

loss tangent exceeds 2.0 %. If the added amount of the



1250 [err]c, and has a small grain size of not nore than 3 pm The
non-reduci bl e dielectric ceram c conposition of the system [err] Additive
(A) + Additive (B: [err] has been liiiited to those.having the nol ar
fractions of respective conponents within the above respectlve ranges for
the follow ng reasons:

- 45 -
glass composition exceeds 5.0 moles per 100 moles of the
basic composition like as specimen No. %6, the dielectric
constant is decreased to less than 12000 and the crystal
grain size becomeé 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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WHAT IS CLAIMED IS:

1. A non-reducible dielectric ceramic composition

consisting essentially of a basic composition of a modified

barium

titanate sgystem 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 yST,Cay) Oty (Tiy ompZfoNby) Ogypya

wherein 0.05 £ x <€ 0.30, 0.005 S y € 0.12, 0 < 0 £ 0.20,

0.0005

S p < 0.012,

and 1.002 € m < 1.03, 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) being incorporated into said basic composition in an

amount

composition in

Cr,05,

and/or

of 0.02 to 2.0 moles per 100 moles of said basic

Co0 and Nio,

terms of respective oxides, MnoO,, Fe,0,,

said additive (B) consisting of sio,

ZnO0 and incorporated into said basic composition 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 equimolar amount of magnesium

to have a basic composition expressed by the general

formula:

{(Bal_xfy_£SrKCAYMql)O}m(Til_o_eroNbp)02¢p/2

wherein 0.05 € x < 0.30, 0.005 s y < 0.10, 0.0005 < z <

0.05, 0 < o £ 0.20,

0.0005 < p £ 0.02, 1.000 < m < 1.04.
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3. A hon-reducible dielectric ceramic compositioc
consisting essentially of a basic composition of a modifie
parium titanate system and additives (A) and (B
incorporated therein, said basic composition consistin
essentially of oxides of Ba, Sr, Ca, Ti, Zr and Nb an
having a coﬁposition expressed by the general formula:

{(Bay_y.yS7,Cay) 0}y (Tl o-p2XoNbp) Og4p/2
wherein 0.05 £ x £ b.35, 0.005 € y £ 0.12, 0 < o £ 0.20
0.0005 £ p £ 0.020, and 1.002 < m £ 1.04, said .additive (A
being compbsed of at least one.oxide selected from the grou;
consisting of oxides of Mn, Fe, Cr, Co and Ni, the conten
of said additive (A) being 0.02 to 2.0 moles per 100 mole
of said basic composition in terms of respective oxideﬁ
MnO,, Fe,05, Cr,0;, Co0 and Nio, saiad additive (B) bein:
composed of a glass composition of a Bao-éro-Li o0-Ssio

2
the content of said additive (B) being 0.05 to 5.

system’
parts by weight per 100 parts by weight of said basi:
composition.

4. The non-reducible dielectric cerami.
composition according to claim 3 wherein barium in the basi
composition is partially replaced with the equimolar amoun
of magnesium to have a basic composition expressed by th
géneral formula: '

{(Bay_y_y-25T,Ca Mg, ) Oty (Tiy_o-p2ENDL) Ogup /2
wherein 0.05 € x < 0.35, 0.005 s ¥y < 0.12, 0.0005 < 2

0.05, 0 < o £ 0.20, 0.0005 < p £ 0.02, 1.000 s m < 1.04.
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strontium has been linited to not |ess than 0.05 but nof nore than 0.35. |If

the nolar fraction of calcium vy, is-less than 0.005 |ike as specinen No.
48, the sintering properties becone worse. In addition, the dielectric
| oss tangent exceeds 2.0% and the insulating,tesistance becones | owered. |f
the nolar fraction of cal cium y, exceeds 0. ﬁ. i ke as

NON~REDUCIBLE DIELBCTRIC CERAMIC COMPOSITION

ABSTRACT OF THE DISCLOSURE

o - N . ’ . . . ) X
A non-reducible Qielectric caramic composition

comprises of a basic composition expressed by the general
- formula:

wherein 0.05 < X < 0.33, 0.005 < y 5 0.12, 0 < o s 0.20,

0.0005 <“p"< 0.012, and 1.002 < m £ 1.03, or

{(Bal—x-y—zsrxcayngz)o}ﬁ(Til-ﬁ;szoNbp)°2+§/z
wherein 0.05 § x s 0.35, 0.005 s y < 0.12,

0.0005 5 z <
0.05, 0 < o £ 0.20, 0.0005 £ p € 0.02,

1.000 < m < 1.04.
The composition contains an additive (A) composed of one or
more oxides selected from the group of MnO,, Fe,0;, Cr,0,,
CoO0 and Ni0O in an amount of 0.02 to 2.0 moles per 100 moles
of the anic composition. The compoéition'further contains
an addiﬁi§e (B) consisting of Si0, and/or 2Zn0 in an amount
of 0.1 to 2.6 moles per 160.moles of the basic composition,
or an additive (B) composed of a glass composition’of a Bao-

Sro-Li,0-$i0, system in an amount of 0.05 to 5.0 parts by

weight per 100 parts by weight of the basic composition.
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NON-REDUCIBLE DIELECTRIC CERAMIC COMPOSITION

Descrigtion

The present invention relates to a non-reducible
~dielectric ceramic composition and, wmore particularly, a

non-reducible dielectric ceramic composition wused for

monolithic ceramic capacitors.

In general, monolithic ceramic capacitors
comprises -plural dielectric ceramic layers united into a
mono;ithic body, a plurality of internal electrodes forhed
between adjacent dielectric ceramic lavers, and external
electrodes formed on opposite sides of. said monolithic body
and connected to the alternate internal electrodes.

Such monolithic ceramic capacitor may be produced
by preparing ceramic green sheets, forming a layer of metal
pasta for intarn;al electrodes on one flat surface of éach
ceramic green sheet, stacking and pressing sevaral dgreen
sheets with heat to form a multirayer green caramic body,
firing it to form a monolithic sintered ceramic body with
internal electrodes, forming layers of metal lpaste for
external alectrodes on opposite sides of tha monolithic
sintered ceranmic body, and baking them at a suitabla
tempearature to form external electrodas.

As a dielactric material for monolithic ceramic

capacltors, there hava widely been used high permittivity



0.05, like as speC|nen No. 66, the dielectric cpm
Lt han 11000 . and the sintering properties becone | r v
si ze beconmes nore than 3 [err]. For these r easp
magnesi um has been limted to not |ess than O.
If the nolar fraction of zirconium o, is O, |i}
di el ectric constant becones |ess - 2 - ﬂ

dielectric ceramic compositions of a barium titanate system,
especially, those comprising barium titanatg and a small .
amount of a bismuth compound incorporated therein, such as
bismuth titanate, bismuth stannate, bismutp zirconate, or
the like.

The monolithic ceramic capacitors 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 elactrodes are subjected to
the sintering temperature of the dielectric ceranic
material, a material for internal electrodes is reguired to
have a melting point higher than the sintering temperature
.of the dielectric ceramics, ﬁigh resistance tg oiida;ion
even in an oiidizing atmosphere, and does not react with the
dielectric ceramics. Such requirements are £ully 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 examp;e, tha cost of internal electrodes
occupies about 3'0 to 70 ¥ of the manufacturing cost of

monolithic ceramic capacitors. Other metals with a high



On the other hand, if o exceeds 0.20, |ike as spg
sintering property is |lowered and the dielectric}
| ess than 11000.
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melting point includes base metals such as Ni, Fe, Co, W and
’ [

Mo, but such base metals are oxidized easily 1in the
oxidizing atmosphere at high temperature ‘and 1loosa its

conductivity required for internal electrodes.

Thus, in order to use such a base metal as a'

maﬁerial for internal 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 atmosphefe, the composition

is reduced considerably during firing and the semiconduc-

torization takes place.

To solve such problems, it has been proposed in
JP-B- S57-42588 to use a dielectric ceramic material
comprising a solid solution of a barium titanate system and
having a ratio of a barium site to a titanium site greater
than the stoichiometric value, i.e.,” 21.00. Such a
dielectric ceramic material is scarcely reduced to  a
semiconductor even if fired in a reducing atmosphere, thus
making it ©possible to manufabture monolithic ceramic:
capacitors with internal electrodes of a base metal such as

nickel.

US-A-4 988 468 describes another non-reducible
dielectric ceramics useful as a dielectric material for
monolithic ceramic capacitors consisting essentially of a basic
coggosition of 82.0 to 93.0 mol.-% of Ba TiO;, 6.0 to 14.0
mol.-% of Ca TiO; and 1.0 to 8.0 mol.-% Ca Zr0O,, and MnO,, SiO,
and SrO as additives.




For thegse reasons, the nolar fraction of zircon

0 g e dto a
_value of nore than 0 but not nore than 0.20. |f t{ike {v:\gég%é; of
niobinium p, is less than 0.0005, |ike as specijmgn No. 51, the jditel ectric
constant becones | ess than 11000 and the crystal grai %00T P9porey nore
than 3 [err]. On the other hand, _ im p exceeds 0} O @ ke as spGC|nen No.
68, the ceram c conposition is

on the other hand, the develépﬁent of electronic
technigues have 1led to considerable miniaturization of
electronic devices. For this reason, there is an increasihg
demand for miniaturization of electronic parts including
monolithic ceramic capacitors. It is generally knoﬁh_that
the monolithic 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 high
dielectric constant are large in grain size. Thus, if the
thickness of dielectric ceramic layers is decreased to not
~more than 10 pm, the number of crystal grains present in
each layer is considerably decreased, resulting in lowering
of the reliability of monolithic ceramic capacitors.

JP-A- 61-101459 discloses a non-reducible
dielectric ceramic composition with a small _grain size
comprising a solid solution of barium titanatg and one or
more rare earth elements (e.g., La, Nd, Sm, Dy) incorporated
therein. The smaller the grain size, the greater is the
numbér of crysta} grains present in each dielectric layer.
Thus, such a dielectric ceramic composition makes it
possible to prevent the monolithic ceramic capacitors from
lowering of the reliability.

It is, however, impossible with such a composition
to obtain a high dielectric constant. In addition, this
composition is apt to be reduced during sintering, thus
making it difficult to produce monolithic ceramic capacitors

with good characteristics.



reduced s to a seniconductor when fired in a
resulting in considerable lowering of the in}
Thus, the nolar fraction of niobiniumhas beeh
0.02. If the nolar ratio of [err] to (Til [err],|il
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It 1is therefore a main object of the present
invention to provide a non-reducible dielectric  ceramic

composition which is large in dielectric constant put small

in crystal grain size and which is never semiconductorized
even if fired in a reducing atmosphere.

According to the present invention, there is
provided 2a non-reducible dielectric ceramic composition
consisting essentially of a basic composition of a modified
parium titanate syétem and additives (A) and (B)
ingPrporated 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:
{(Bal_x_YerCay)O}m(Til_o_eroNbp)02+P,2
wherein 0.05 £ x £ 0.30, 0.005 £ y's 0.12, 0 < o £ 0.20,
0.0005 < p S 0.012, and 1.002 €< m £ 1.03, 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) being incorporated into said pasic compositién 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,03, CoO and NiO, said additive (B) consisting of Sio,
and/or Zn0 and incorporated into said basic composition in
an amount of 0.1 to 2.0 moles per 100 moles of sald basic
composition.
In a _further embodiment, the additive (B) is

composed of a glass composition of a BaO-Sro-Li,0-510,



cormposition is reduced to a sem conductor when fired in a reducing
.atnosphere. If m exceeds 1.04, the sintsg roperttes=heCcones
con5|derably | ower ed. Thus, the nmolar ratid LAY | /K]
titaniumsite has been linmted to a val ue of qot] Tess than I-POP but not
nore than 1. 04. Further, if the added amount j}of the gefigdrvel (A
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system instead of §10, and/or 2n0 which serves as a glass
component.
Thus, according to the present invention, there is

also provided a non-reducible dielectric ceramic composition

consisting essentially of a basic composition of a modifiea
barium titanate gystem and additives (n) and  (B)
incorporated therein, said basic composition consisting
essentially of oxides .of Ba, Sr, Ca, Ti, Zr and Nb and
having a composition expressed by the general formula:
{(Bay_y_ST,Cay) Oy (Tdy o p2ZoNB,) Og4p /2

wherein 0.05 < x < 0.35, 0.005 < y £ 0.12, 0 < o g 0.20,
0.0:305 < 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) 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, Mn0;, Fe,03,
Cr,05, CoO and NiO, said additive (B) being composed of a
glass composition of a Ba0-Sro-Li,0-Si0O, system and
incorporated into said basic composition in an amount of
0.05 to 5.0 parts by weight per 100 parts by weight of said |
basic composition.

In _a. praferred embodiment of the present
invention, a part of barium in the basic composition is
replaced with the egquimoclar amount of magnesium to improve

the insulating resistance at high temperatures.



[ekr], ferr], CoO N O is less than 0.02 nol HRERMEENT mf the basic
.conposition, |ike as specimen No. 53, the insq a at a
tenperature of nore than 85 [err] C becones Io’-d d’éé@ijh@@ﬂg i il | owering
of the reliability at a high tenperature. If the ad t floff the

additive (A) exceeds 2.0 noles, |like as speci
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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, sald basic composition consisting

essentially of oxides of Ba, Sr, Ca, Mg, Ti, 2r and Nb and
having a composition expressed by the general formula:
.{(Bal_x_y_ZerCaYMgz)O}m(Til-o_eroNbp)02+p72

wherein 0.05 < x < 0.30, 0.005 < y < 0.10, 0.0005 < z <

0.05, 0 < o £ 0.20, 0.0005 < P £ 0.02, 1.000 £ 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,, Fe,03, Cr,0;, CoO and Nio, said additive (B) being
composed of SiO, and/or ZnO 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 1is
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, Md, Ti, 2r and Nb and
having a composition expressed by the general formula:

{(Bal_x_y_=erCayMgz)O)m(Til_o_eroNbp)02+p,z
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wherein 0.05 € x < 0.35, 0.005 § y € 0.12, 0.0005 s Zz S
0.05, 0 < o £ 0.20, 0.0005 < p s 0.02, 1.000 s m < 1.04,
sajid additive (A) composed of at least one oxide selected
from the group consisting of oxides of Mn, Fe, Cr, Co and
Ni, said additiva (A) being incorporated into sai& basic
compoesition in an amount of 0.02 to 2.0 moles per 100 moles
of said basic composition in terms of respective oxides,
MnoO,, Fey0,, Cr,05, CoO -and NiO, said- additive (B)
consisting of a glass composition of a BaO-Srd—Lizo—siO2
system and incorporated into said basic composition in an

amount of 0.05 to 5.0 parts by weight pet 100 parts by

weight of said basic composition.

The non-reducible dielectric ceramic compositiSn
of the present invention can be fired in a reducing
atmosphere at a temperature of not more than 1250 °C without
causing reduction and semiconductorization theraof. This
makes it possible to use base metals as a material for
internal electrodes to cut down the manufacturing éost cf
monolithic ceramic capacitors.

The non-reducible dielectric ceramic composition
of the present invention has a small grain size of not more
than 3 pm though it possesses a high dielectric constant 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 reliability as the dielectric
ceramic layers can be made into thin layers without causing

decrease in the number of crystal grains present therein.



Ifithe additive (B) is less than 0.05 parts by wefRFR[ACHNEN égﬁﬁ?ﬁ;by
_wei ght of the basic conposition, like as specimen} No——54 e RUgring
"property becones |owered and the dielectric |oss ﬁ i ceeds,Z 0 % If
the added amount of the glass conposition exceedsf 3

100 parts by weight of the basic conp05|t|on li ke specinen hb
dielectric constant is s !

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

EXAMPLE 1

Using powders of BaCO,, SrCO,;, CaCO;, TiO,, Zroz;
Nb,Og, MnO,, Fezos, Cr,03, CoO, NiO, Si0, and 2Zn0 with a
purity of more than 99.8% as raw materials, there were

~ prepared specimens for observation and measurement of
electrical properties of _non-reducible dielectric ceramic
composition in the £following manner: The raw mnmaterials
BaCO;, SrCO;, CacCo,, Ti0,, 2r0, and Nb,0g were weighed and
~mixed to prepare a mixture for a basic composition expressed

by the general formula:

{(BayymyST,C2,) 0 (Th) o o ZENDL) Ogap/a
with values of x, v, o, p and m shown in Table 1.

Among the remaining raw materials, MnO,, Fe,0,;,
Cr,0;, Co0, NiOo, 510, and 2ZnO, 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
composition. The resultant mikture of the raw materials was
wet-milled for 16 hours with a ball mill, dried - by
evaporation and.then calcined in air at 1100 °C for 2 hours.
The clinker was crushed and ground to obtain calcined powder
with a particle size of not more than 1 um.

The . calcined powder was added with suitable
amounts of pufe water and an organic binder of polyvinyl
acetate, wet-milled for 16 hours with a ball mill, dried and

then pressed at 2000 Kg/cm? to form ceramic green discs with
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a diameter of 10 mm and a thickness of 0.5mgﬁf
The green discs were placed in an electric,
furnace, heated to 500 °C in air to removs the organic
pinder by combustion, and then fired in a reducing
atmosphere for 2 hours at a temperature shown in Table 2 to
obtain sintered ceramic discs. The reducing atmosphere usead
was composed of a mixed gas of Nz, H2 and O, with a partial
pressure of oxygen ranging from 3 x 1072 to 3 x 107*% atm.

The resultant sintered ceramic discs were observed
by a sganning~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 i1t at 800 °C for 30 minutes in a nitrogen
"atmosphere to prepare a specimen for' measurements of
electrical properties.

For each specimen, measurements were made on
dielectric constant (¢), dielectric loss téngent (tan &),
insulating resistance. (p), and a temperature coefficient
{(TC) of capacitance.

The dielectric constant and dielectric loss were
measured at 25 °C,. 1 Khz and 1 Vrms. The temperature
coefficient of capacitance (C) was determined over the
temperature range of ~25°C +to "85°C relative to the
capacitance at 20°C. Results are shown in Table 2.

In the tables, specimen with an asterisk are those

having a composition out of the scope of the present

invention.
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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 hiqh 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 coaefficient of capacitance is in the
rangeé of -80 % to +30 % over the'temperatures range of =25
oCc to +85°C.

The compositibn of the present invention has a
high insulating resistance as the logalithimic wvalue of

volume resistance iz not 1less than 12. Also, it can be

.sintered at a relatively low temperature of not more than

1300 °C, and has a small grain size of not more than 3 pm.

The non-reducible dielectric ceramic composition
of the system {(Ba;_,.,.,5r,CaMg,)0},(Ti; o-pZrNBL)02.5/2
has been limited ﬁo those having values of X, Y. m, o and p
within the above respective ranges for the following
reasons:

If the molar fraction of strontium, x, is less
than 0.05 like a; specimen No. 1, géod 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 molar fraction of Sr, x, exceedé-b.ao like as
specimen No. 17, the sintering properties of the caramics
bacomes lowered and the dielectric constant becomes leass

than 12000. In addition, the temperature coefficient of
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capacitance becomes too large to meet the standard of cl;ss
F defined in JIS. For these reasons, the molar fraction of
strontium has been limited to a value of not  less than 0.05S
put not more than 0.30.

| If the molar fraction of calcium, y, is less than
0.005 1like as specimen No. 2, the sintering properties
beéome worse, the dielectric loss tangent becomes more than
é.o %, and- the insulating resistance becomes lowered. If
the molar fraction of calcium, y, exceeds 0.12, 1like as

specimen No. 18, the sintering properties beccme 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
as specimen No. 3, the dielectric constant beFomes less than
12000 and the temperature coefficient of capacitance becomes
large. On the other hand, if o exceeds 0.20, like as
specimen No. 19, the sintering properties become lowered and
the dielectric constant is lowered to less than 12000. For
these reasons, the molar fraction of zirconium has been
limited to 2 value of more than 0 but not more than 0.20.

If the molar fraction of niobinium, p, is less
than 0.0005, 1ike as specimen No. 4, the dielectric constant
becomes less than 12000 and the crvstal grain size exceeds 3
Km. On the other hand, if p exceeds 0.012, like as specimen
No. 20, the ceramic composition is reduced to .a semi-

Conductor when fired in a reducing atmosphere, resulting in
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considerable lowering of the insulating resistance. Thus,
the molar fraction of niobinium 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,Ca/Mg,)0 to (Ti,_
oderoNbp)oz+p/2, i:e., m, is 1less than 1.002, 1like as
specimen 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 beconmes conéiderably lowered. Thus, the molar
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,04, Coo 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
becomes lowered, reﬁulting 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 the insulating resistance becomes
lowered. |

If the added amount of additive (B) is less than
0.1 mole per 100 moles of the basic composition 1like as
specimen No. 7, the sintering property becomes lowared and

the dielectric loss tangent exceeds 2.0 %. If the added



Ini the system [err] [err] + Additive (A M2, [err], CoO NO) +
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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 decreased 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 per 100 moles of the basic
composition.
EXAMPLE 2
Using powders of BaCO,, SrC0,, CacC0;, TiO,, 2ro,,
Nb,Os, MnO,, Fe,0;, Cr,0;, CoO and Nio with a purity of more
~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
 BaCO;, SrCO;, Caco,, Tio,, Zr0, and Nb,O5; were weighed and
mixed to prepare a mixture for a basic composition expressed
'by the general formula: |
1(Bay _yySTxCay) 0} (Tiy_gpZXoNB,) Og4p/2
with values of X, y, o, p.and m shown in Table 3. One or
more of the remaining raw maferials, MnO,, Fe,05, Cr,0,, 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 mixture of raw materials 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
hoursf The clinker was crushed and then ground to oStain

Calcined powdar with a particle size of not more than 1 um.



If the nblar fraction of strontium x, is less t hanfging :;gi;
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| oss tangent exceeds 2.0 % and the tenperature §cpeff| ci en
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Separate from the above, there was prepared an.
additive (B) in the following manner: The raw materials,
BaCO;, SrCO,, Li,C0,, sio,, CaCO,, MgO and-B,0; were weighed
and ﬁ;xed to prepare a glass composition of a Ba0-SroO-Li,0-
Si0, system consisting of, by weight, 10% of Ba0, 5% of SroO,
5 % of LisO0, 30% of Si0,, 10% of Ca0, 5% of MgO and 35% of
B5O3. 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 aluminum crucible,
maintained at 1300 °C for 1 hour, vitrified by rapid
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 acetate binder. The mixture was
wet-milled with a ball mill for 16 hours, dried and then
p;eésed at 2000 Kg/cm? to form green ceramic discs with a
didameter of 10 mm and a thickness of 0.5 mm.

The green discs were treated in the same manner as
Example 1 to Dprepare specimens for electron-midroscope
observation and measurement of electrical properties. The
electrical properties, dielectric constant (¢), dielectric
loss tangent (tan §),  insulating resistance (p), and a
temperature coefficient (fC) of capacitance were measured in

the same manner as Example 1. Results are shown in Table 4.
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becones 4 owered. Al so, the grain size becones For
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H

as speai men No. 92, the sintering property ifﬁ?:Tf“

_constant is decreased to |ess than 12000. Fo M?';f}e mol ar

and the crystal grain size ‘

I

fraction of zirconiumhas been limted to a yak qn;j0 but not
nore than 0.20. If the molar fraction of niobipi ups@gTE than 0. 0005,
li ke as specinen No. 76, the dielectric consjajt becones gﬂ han 12000

The non-reducible dielectric ceramic composition
of the system {(Ba)_yoy-2STxCayMG,) O} (Tiy g p28aNBL) 0gypsn +
;dditive (A) + additive (B: BaO-SrO0-Li,0-5i0,) has been
limited to those having valﬁes of X, ¥y, m, © and p within
the above respective ranges for the following reasons:

If the mnolar fraction of strontium, %, is less
tharr 0.05 like as specimen No. 24, the dielectric constant
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, X, exceeds 0.35
_like as spgcimen No. 40, the sintering properties of the
ceramics becomes lowered and the dielectric constant becomes
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 wvalue of not
less than 0.05 but not more than 0.35.

If the molar fraction of calcium, y, is less than
0.005 like as specimen No. 25, the sintering properties
become worse, the dielectric loss tangent bécomes more than
2.0 %, and the insulating resistance becomes lowered. If
the molar fraction of calcium, y, exceeds 0.12, like as
specimen No. 41, the sintering properties 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



TRPLACEMENT SHEET
beconmes«nore than 3 [err]. On the ot her hand, i.ﬁFﬂnﬂﬁ ?ébgidﬁﬂiV“ | ke as
specimen No. 93, the ceram c conposition is reducefl o a seniconduftpr when
fired in a reducing 44 15 OCT 1597
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as specimen No. 26, 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. 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 heen
limited ﬁo a value of more than 0 but not more than 0.20.

If the molar fraction of niobinium, 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_o.c}l, like as
specimen No. 43, the ceramic composition is reduced to a
.semiconductor when fired in a reducing atmosphere, resulting
in considerable lowering of the insulating resistance.
Thus, the molar fraction of nicbinjum has been limited to a
valué of n.ot less than 0.0005 but not more than 0.010.

If the molar ratio of (Baj_,_,.,SryCayMg,)0 to (Ti;.
O_PZroNbp)62+p/2, i.e., m, is less than 1.002, like as
specimen No. 28, the ceramic composition is reduced to a
semiconductor when fired in a reducing atmosphere. In
contrast therewith, if m exceeds 1.04, the sintering
properties becomes considerably lowered. Thus, the molar
ratio of the barium site to titanium site has been limited
to a vélue of not less than 1.002 but not more than 1.04.

Further, if the added amount of additive (A),
i.e., MnO,;, Fey03, Cry,0;, Co0 and Nio is less than 0.02

molas per 100 mole of the basic composition, 1like as



atnosphere, resulting in considerable |owerif

ting
resi st ance. Thus, the nmnolar fraction of : imted
to 0.0005 to 0.02. If the nolar ratio of [err] tfp je., m is
| ess than the stoichionmetric value, i.e., 1.000,} _hb. 77,

specimen No. 29, the insulating resistance at a temperature
of more than 85 °C becomes lowered, resulting 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 mclé
of the basic composition like 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., BaoO-
Sro-Li,0-8i0,, 'is less -than 0.05 parts by weight per 100
parts by weight of the basic compasition, 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, the
dielectric constant is decreased to less than 11000 and the
crystal grain size becomes more than 3 um. Thus, the added
amount of additive (B) has been limited to those ranging
from 0.05 to 5.0 parts by weight per 100 parts by weight of
the basic composition.

EXAMPLE 3

Using powders of BacC0O,;, SrcC0Q,, CaCO;, MgCO;, Tio,,
2ro,, Nb,Og, MnO,, Fe,0;, Cr,0;, Co0 and NiO with a purity of
more than 99.8% as raw materials, there were prepared
specimens in the following manner: The raw materials BacOj;,
Srco,, CaCO;, MgCO;, Tio,, 2r0, and Nb,05 were waighed and
mixed to prépare a mixture for a basic composition expressed

by the general formula:



reduci ng atnosphere. If m exceeds 1.03, the.sihters
.beconmes consi derably | owered. Thus, the nol ar; -

the titaniumsite has been linmted to a value q
not nore than 1.03. Further, if the added anoun
[err] Coo, NIO is less than 0.02 nol es per
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{(Bal_x_y_=erCaYMgz)O}m(Til,;o_p roNb)0324p/2
with values of %, y, z, o, p and m as shown in Table 5. The
resultant mixture was added with one or 'more additives
(Mno,, Fe,05, Cry0;, Co0 and NioO) 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 more than 1 um.

Separate from the above, there was prepared a
glass composition of a Ba0O-S$r0-Li,0-5i0, systen consisting
of, by weight, 10% of BaO, 5% of Sr0, 5 % of Li,0, 30% of
8i0,, 10% of Ca0, 5% of Mgo and 35% of B,0; in the following
'manner. The raw .materials, BaCO5, SrcCo;, Li,co5, 8Si0,,
CaCO;, MgO and B,0, were weighed, mixed and milled by the
wet process with a bali mill for 16 hqurs and then dried by
evaporation. The resultant mixture was-put into an aluminum
crucible, maint;ined 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 thea pressed at 2000 Kg/cm2 to form green discs with a
diameter of 10 mm and a thickness of 0.5 mn.

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

observation and measuramaent of alactrical properties. The



100' nol es of the basic conposition, |ike as specinmen No. 78, the insulating
resistance at a tenperature of nore than 85 [err] C becones | owered,
resulting in lowering of the reliability at a high tenperature. If the

added amount of the additive (A) exceeds 2.0 noles, |ike as speci nen No.
95, the dielectric | oss tangent exceeds 2.0 % and the insulating resistance
becones | ower ed. Thus, the added anount of

- 28 -

electrical properties, dielectric constant (¢), dielectric
loss tangent (tan ¢§), insulating resistance (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 invention.

15 QCT 157
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1. A nomereducible dielectric ceramic conposition consisting essentially of
a basic conposition of a nodified barium titanate system and
addi tives (A and (B) incorporated therein, said basic conposition

consisting essentially of oxides of Ba, Sr, Ca, Ti, Zr and Nb and having a
conposition expressed by the general formula: [err]
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wherein 0.05 S x < 0.30, 0.005 <y < 0.12, 0 <0 < 0.20, 0.0005 < p 5
0.012, and 1.002 < m< 1.03, said additive (Ap=berat , d-~at at | east
one oxi de selected fromthe group consisting cRE@kAﬁﬂ@ﬁ%ﬁ? i EE Cr, Co
and Ni, said additive (A) being incorporated i|ntfo sard basic ¢ofposition in

an amount of 0.02 to 2.0 noles per 100 nol es df isak @@memonp sition in
ternms. of respective oxides, [err], [ergg ; NB -

As can be seen from the r¢ able &,
the non-reducible dielectric ceramic composition of the
present invention possesses a high dielectric constant of
not less than 11000 and a low dielectric loss tangent of not
more than 2.0 %, and meets requirements of class F defined

by JIS as a temperature coefficient of capacitance is in the

-
H

randge of -80 % to +20 % over the temperatures range of -25
°C to +85°cC.

The composition of the present invention has a
high insulating resistance as the 1logalithimic value of
VOlumé resistance is not 1less 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 dielectrie ceramic composition
of the system {(Baj_, ,.,57,CaMg,)0}n(Tiy 0-pZLNPp)00.p/0 +
Additive (A) + Additive (B: Ba0O-Sr0-Li,0-Si0,), has 'been
limited to those having the molar fractions of respective
compenents within the above respective ranges for the
following reasons:

If the molar fraction éf 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 cépacitance
becomes large. If the molar fraction of Sr, x, exceeds 0.35
like as specimen No. 64, tha sintering properties of the
ceramics becomes lowared and the dielectric constant becomes

less than 11000. In addition, the temperature coefficient -



[err] CoO and Nio, said additive (B) consisting RF?L£€5‘7* : and
incorporated into said basic conposition in an a Ht=orf= nol es
per 100 nol es of said basic conposition. 2. A nofh- qﬂ§1 ric
ceram c conposition according to claim1 wherein|bpari a I C
conposition is partially replaced with the equi npl apoun agnesi um
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of capacitance becomes too large to meet the standafd of
class F defined in JIS. Thus, the molar fraction of
strontium has been limited to not less than 0.05 but not
more than 0.35.

If the molar fraction of calcium, y, is less than
0.005 like as specimen No. 48, the sintering properties
become7 worse. In addition, the dielectric loss tangent
exceeds 2.0% and the insulating resistance becomes lowered.
If the molar fraction of calecium, y, exceeds 0.12, like as
specimen No. 65, the sintering properties become worse and
the dielectric constant becomes lowered. Thus, the molar
fraction of calcium has been limitéd toc not less than 0.005
.but not more than 0.12.

If the molar fraction of magnesium, 2z, is less
than 0.0005, 1like as specimen No. 49, thé insulating
resistance at 25 °C and 85 °C becomes lowered. If 2 eXceeds
'0.05, like as specimen No. 66, the dielectric constant is
lowered to 1less than 11000 and the sintering properties

. becone lowered. Also, the grain size becomes more than 3
pm.. For these reasons, the molar fraction of magnesium has
been limited to not less than 0.0005 bﬁt not more than 0.05.

If the molar fraction of zirconium, o, is 0, like
as specimen No. 54, the dielectric constant becomes less
than 11000 and the tenmperature 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 to less than 11000.



iR 3 AN At N ik 1 ” |
. | . ~ REPLACEMENT SHEET) |
toihave~a basic conposition expressed by the gdngrar—tornuta=fefr] wherein
0.05 < x <0.30, 0.005 <y <0.10, 0.0005 <z % C.O%-A: <1ﬁ9< ). PO, 0. 0005
<p <002 1.000 <m< 1.04. © QLT 1997

- 19 -
For these reasons, the molar fraction of zirconium ﬁas been
limited to a value of more than 0 but not more than 0.20.

If the molar frac;tion of niobinium, p, is less
than 0.0005, 1like as specimen No. 51, the dielectric
constant becomes less than 11000 and the crystal grain size
becomes more than 3 um. On the ‘other hand, if p exceeds
0.02, like as specimen No. 68, the ceramic composition is
reduced tao a semicondﬁctor when fired in a reducing
atmosphere, respltinq' in considerable lowering of the
insulating resistance. Thus, <the molar fraction of
niobinium has been limited to 0.0005 to 0.02.

If the molarlratio of (Bal_x_y_erxCaYMgz)o to (Ti,.
o-p2folNbPp)Ooupsa, i.e., m, is less than the stoichiocmetric
value, i.e., 1.000, like as specimen No. 52, the ceramic
composition is reduced to a semicon&uctor when fired in a
reducing atmosphere. If m exceeds 1.04, 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
1.04.

Further, if the added amount of the additive (A:
Mno,, Fe,0,, Cr,05, CoO, 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 added amount of tha additive

(A) exceeds 2.0 moles, 1like as speciman No. 70, the



3. A nontreducible dielectric ceranic conposition §
a basic conposition of a nodifie barium titanat e}

f {?5? i;r ally of

addi tives (A and (B incorporated therein, s&i: basic'conposition

consistin essentially of oxides of Ba, Sr, Ca, Ti,!
conposi tion expressed by the general fornula:
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dielectric 1loss tangent exceeds 2.0 %rand the insulating
resistance becomes lowered. Thus, the added amount of
additive (A) has been limited to 0.02 to 2.0 moles per 100
meles 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,
like as specimen No. 54, 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 specimen No. 71, the dielectric constant 1is
decreased to less than 11000 and the crystai grain size
.becomes more than 3 pm. 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 BaCO,, SrcCO,, CaCQ;, MgCO;, TiO,,
2r0,, Nb,Og, MnO,, Fe,0;, Cr,0,, Co0, NiO, SiO, and 2Zn0 with
the purity of more than 99.8% as raw materials, there were
prepared calcined powders in the following manner: The raw
materials Eaco3, Srco,, caC0;, MgCO;, TiO,, ZrO; and Nb,04
were weighed and mixed to prepare a mixture for a basic
composition expressed by the general formula:

{(Bay yoy_zST,CaMg,) 0}y (TL) o n2ENb,) Ogip/2
with values of x, y; 2, o, p'and m as shown in Table 7,
Tha addit';ive (A), MnO,, Fe,0,, Cr,0;, CoO and NiO,

and the additive (B), S10,, 2n0, were added to the mixture



[err] * [err] wherein 0.05 < x <0.35, 0.005 <y <0.12, 0 <<<0.20
.0.0005 < p <0.010, and 1.002 < m< 1.04, said additive (A) being conposed
of at |east one oxide selected fromthe group consisting of oxides of M,
Fe, C, Co and Ni, the content of said additive (A being 0.02 to 2.0 nol es
per 100 nol es of said basic conposition in terns of respective oxides,
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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 powder with a particle-size of not more
than 1 gm, in 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 subjedted to measurement of electrical
properties, i.e., dielectric constant (€), dielectric loss
tangent (tan §), insulating resistance (p) and a temperature
coefficient (TC) of capacitance. The mnmeasurements were
carried out in the same manner as Example 1. Results are

shown in Table 8.
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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 systen { (B2} ymy-,ST,Ca Mg ) O}y (T oo
eroﬁbp)02+p/2 + Additive (A: MnO,, Fe,0;3, Cr,0;, CoO, NiO,) +
Additive (B: Si0,, 2Zn0), the non-reducible dielectric
ceramic composition has been limited to those having molar
fractions of respective components and added amounts of the
additives (A) and (B) within the above respective ranges for
the fgllowing reasons:
| If the molar fraction 'of strontium, x, is less
than 0.05 like as specimen No. 72, the dielectric constant
becomes less than-lﬁpoo, the dielectric loss tahgent exceeds
2.0 %, and the temperature coefficient of capacitance
becomes large. If the molar.fraction of strontium exceeds
0.30, like as specimen No. 89, the sintering property
becomes lowered and the dielectric constant becomes less
than 12000. In addition, the temperature coefficient’ of
capacitance becomes too large to meet the standard of class
F defined in JIS. 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 loss tangent

exceads 2.0% and the insulating resistance becomes lowered.



It

REPLACEMENT SHERT

15 OCT 1997

- 43 -

If the molar fraction of calcium, y, exceeds 0.10, like as
specimen No. 90, the sintering property becomes worse and
the dielectric constant becomes lowered. ' Thus, 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, 2z, is less
than 0.0005, 1like as specimen- No. 74, the insulating
resistance at 25 °C and 85 °C becomes lowered. If z exceeds
0.05, like as specimen No. 91, the dielectric constant is
lowered to less than 12000 and the sintering property

becomes lowered. Also, the grain size becomes more than 3

pnm. For these reasons, the molar fraction of magnesium has

been limited to not less than 0.0005 but not more than 0.0S.

If the molar fraétion of zirconium, o, is 0, like
as specimen No. 75, the dielectric constant becomés 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 sintering properﬁy is lowered and
the dielectric constant is decreased to less than 12000.
For these reasons, the mélar fraction of zirconium has been
limited to a value of more than 0 but not more than 0.20.

If the molar ffaction of niobinium, p, is less
than 0.0005, 1like as specimen No.' 76, the dielectric
constant becomes less than 12000 and the crystal grain size
becomes more tt';an 3 pnm. On the other hand, if p exceeds
0.02, like as specimaen No. 93, the ceramic composition is

reduced to a semiconductor when fired in a reducing
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atmosphere, resulting 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 ratioc of (Ba,_,.,.,Sr,Ca,Mg,)0 to (Ti,.
o_eroNbp)OZ*plz, i.e., m, is 1less than the stoichiometric
value, i.e., 1.000, like as specimen No. 77, the ceranic
" cdmposition is reduced to a semiconductor when fired in a
reducing atmosphere. 3 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,, Fe,0., Cr,0,, 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 becomes lowered, resulting in lowering of the reliability
at a high tamperatﬁre. If the added émount of the additive
(A) exXceeds 2.0 moles, 1like as specimen No. 95, the
dielectric loss tangent exceeds 2.0 % and the insulating
resistance becomes 1lowered. Thus, the added amount of
additive (A) has been limited to 0.02 to 2.0 moles per 100
moles of the basic éomposition.

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

loss tangent exceeds 2.0 %. If the added amount of the
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glass composition exceeds 5.0 moles per 100 moles of the
balsic composition 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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Claims

1. 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
essentiglly of oxides of Ba, Sr, Ca, Ti, 2r and Nb and
having a composition expressed by the general formula:

{(Bay_y.yST,Ca,) 0}, (Ti 1-0-pZTolbp) Oz4p /2

wherein 0.05 £ x £ 0.30, 0.005 £ y < 0.12, 0 < o £ 0.20,
0.0005 < p £ 0.012, and 1.002 £ m < 1.03, said additive (A)
being composed of at least one oxide selected from the group
éonsisting 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
composifioh in. terms. of respective oxides, MnoO,, Fe203,.
Cr,0;, Co0 and Ni0, said additive (B) consisting of §io,
and)or Zn0 and incorporated into said basic composition 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 compasition
is partially replaced with the equimolar amount of magnesium
to have a Dbasic composition expressed by the geheral
formula:

_ { (Bay yey-2STCa MG, ) OF (Tl o-p2XoND,) Ogupy2
wherein 0.05 $ x € 0.30, 0.005 s ¥y £ 0.10, 0.0005 S 2z ¢

0.05, 0 < 0o £ 0.20, 0.0005 < p £ 0.02, 1.000 £ m < 1.04.
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3. A non-reducible dielectric ceramic compositio

- 47 =~

consisting essentially of a basic composition of a modifie
barium titanate systein and additives  (A) and (B
incorporated therein, said basic composition consistin
essentially of oxides of Ba, Ssr, Ca, Ti; Zr and Nb an
having a composition expressed by the general formula:
{(Ba 1-x-ySTCa,) 0}, (Til_o_,pzrol-tbp )O24p/2

wherein 0.05 < x < 0.35, 0.005 £y £ 0.12, 0 < o < 0.20
0.0005 < p g 0.0;.0, and 1.002 £ m < 1.04, said additive (3)
being composed of at léast one oxide selected from the gfoup
consisting of oxides of Mn, Fe, Cr, Co and Ni, the content
of saiad addltlve (A) being 0.02 to 2.0 moles per 100 moles
.of said basic composition in terms of respective oxldes,
MnO;, Fep03, Cry,0;, CoO and Nio, said additive (B) being
composed of a glass composition of a Bao-SrO-LJ. o- Sl%
system’ the content of said additive (B) being 0.05 to 5.0

parts by weight per 100 parts by weight of said basic

composition.

4. 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, Ti, Zr and Nb wherein barium in the basic
;omposition is partially replaced with the equimolar amount of
magnesium to have a basic composition expressed by the qenera]%

-

formula:

{ (Ba;x_y-sSTCa,Mg, ) O}u (Tis0-pZTND,) Oz
wherein 0.05 = x = 0.35, 0.005 =y = 0.12, 0.0005 = z = 0_.05,
0 so=0.20, 0.0005 = p = 0.02, 1.000 = 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, the content ofﬁ
said additive (A) being 0.02 to 2.0 moles per 100 moles of said




T

basic composition in terms of respective oxides, MnO,, Fe,0;,
Cr,0,, Co0 and NiO, said additive (B) being composed of a glass
compos:.tlon of a BaO-Sr0-Li,0-Si0, system, the content of saJ.d
additive (B) being 0.05 to 5.0 parts by weight per 100 parts by
weight of said basic composition. o
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NON-REDUCIBLE DIELECTRIC CERAMIC COMPOSITION

ABSTRACT OF THE DISCLOSURE
A non-reducible

dielectric ceramic composition

comprises of 2 basic compesitian expressed by the general
formula:

Ba,_....,S3r Ca, )0
{ (B2 x-ySTy y) }m(Til—o-pzroNbp)oz...p/z

wherein 0.05 £ X S 0.33, 0.005 S y < 0.12, 0 < o < Q.20

0.0005 <“b-< 0.012, and 1.002 < m £ 1.03, or

( (Bal—x-y-zsrxcayMgz) Otm (Ti'l-o'-pzroNbp) °2+g/2

wherein 0.05 € x S 0.35, 0.005 § y € 0.12, 0.0005 s z

.05, 0 < o § 0.20, 0.0005 S p § 0.02, 1.000 < m < 1.04.
The composition contains an additive (A) composed of one or
more oxides selected from the group of MnO,, Fe,05, Cr,04,,
Co0 and NioO in an ameunt of 0.02 to 2.0 moles per 100 moles
of the basic composition. The composition further contains
an additive (B) consisting of sio, and/or ZnO in an amount
of 0.1 to 2:0 moles per 100.mcles of the basic compocsition,
or an additive (B) composed of a glass composition of a BaO-

Sro-Li,0-Si0, system in an amount of 0.05 to 5.0 parts Dby

weight per 100 parts by weight of the basic composition.
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