- 1- "Dl ELECTRI'C CERAM C COMPCSI TI ON AND LAM NATED CERgWG W alkard® 00/’2?
OF THE INVENTION 1. - Field of the Inventien The present I.nvention relates to
a tenperature conpensating dielectric ceram c conposition, and | am nated
ceram c parts such as a |lam nated ceram c condenser and a |am nated LC
filter, each of which is forned by using such a tenperature conpensating
dielectric ceram c conposition. 2. Description of the Related Art
Conventionally, a tenperature conpensating ceram c condenser has been used
as one of widely used electronic parts-ikh «various electronic devices in
order to effect a desired turning, oscillating and the |ike. Meanwhile, it
has been demanded that a tenperature conpensating ceram c condenser be nade
conpact i n PIZLEGHRI CJiCHRAMICI COMPOSITMON| ANDcLAMINATER| CERANICG tPARTS
dielectric property be stable. On the other hand, as dielectric ceramc
parts capabl e of satisfying the above requirenents, it has been demanded

t hat they should have a large relative dielectric constant and a:smal

dielectric Rpﬂyﬁbpw THES INVENTEON; s | arge) although its size is

required tqQ be_s
q q n&d of the Invention

The present invention relates to a temperaturé
compensating dielectric ceraﬁic composition, and laminated
‘ceramic parts such as a laminated ceramic condenser and a

i laminated LC filter, each of which is formed by using such a
temperature compensating dielectric ceramic composition.
2. Description of the Related Art

Conventionally, a temperature compensating ceramic
condenser has been used as one of widely used glectronié
parts in various electronic devices in order to effect a
desired turning, oscillating and the like. Meanwhile, it
has been demanded that a temperature compensating ceramic
condenser be made compact in size, its dielectric loss
should be made small and its dielectric property be stable.
On the other hand,.as dielectric ceramic parts capable of
satisfying the above requirements, it has been demanded that
they should have a large relative dielectric constant and a
small dielectric loss (namely, its Q value is large)
although its size is required to be small.

As such a desired dielectric ceramic mentioned above,
there has been suggested a series of BaO-TiO, dielectric

ceramic composition [H. M. O'Brayan, J. Am, Ceram. Soc.
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As such a desired dielectric ceramc menti oned above, there has been
suggested a series of BaO Ti 2 dielectri.c ceram c conposition [H M
O Brayan, J. Am Ceram Soc. -2- 57(1974) 450; Japanese Exam ned Patent
Publ i cati on 58- 20905]. Although a | am nated ceram c condenser forned by
using these dielectric ceramc conpositions has been in actual use, 'since a
sintering tenperature involved in the manufacturing of such a product is as
high as 1300 to 1400[err]C, its internal electrode has to be nmade by a
nobl e metal such as palladium (Pd) ané @l ati num (Pt) capable of resisting a
hi gh tenperature. On the other hand, as sone other dielectric ceramc
conpositions which are allowed to be sintered at a relatively | ow
t enper at ur 87qaOi7ag wbekr Japafesé UExanRined qrassss  Pubdparssionséxam ned
Pat ent Publication No. 8- 239262 has suggested a dielectric ceramc
conposi ti o2086bt)ai nAhghB8agh Ta Ranifzted Geraniasdndenssm oomedneyt and a
PoO- Vierr]O[err],-Blerr]O[err]-SiJerr] glass as an additive. For the sane
purpose, using these dielectric ceramic compositions has been in

actual use, since a sintering temperature involved in the

manufacturing of such a product is as high as 1300 to 1400°C,

its internal electrode has to be made by a noble metal such

as palladium (Pd) and platinum (Pt) capable of resisting a

high temperature.

On the other hand, as some other dielectric ceramic

compositions which are allowed to be sintered at a

relativelyllow temperature during their manufaéturing-

processes, Japanese Unexamined Patent Publication No. 8-

239262 has suggested a dielectric ceramic composition

containing BaO-TiO,-Nd,0, as its main component and a PbO-

Vv,0,-B,0,-810, glass as an additive. For the same purpose,

Japanese Unexamined Patent Publication No. 9-71462 has

disclosed another dielectric ceramic composition containing

BaO-Ti0,-Nd,0,-5m,0, as its main component and also containing

an additive which is a Pb0-Zn0-B,0, glass having a softening

point of 500°C or lower.

However, as mentioned in the above, since it is

desired to let the dielectric ceramic compositions disclosed

in Japanese Unexamined Patent Publication No. 8-239262 and

Japanese Unexamined Patent Publication No. 9-71462 to be

sintered at a relatively low temperature during their



Japanese Unexanined Patent Publication No. 9- 71462 has di scl osed anot her
dielectric ceram c conposition containing

BaO- Tierr]-Nd[err]O[err]-Snjerr]Jerr] as its nmain conponent and al so
containing an additive which is a PbO ZnO B203 gl ass having a softening
poi nt of 500[err]C or |ower. However, as nentioned in the above, since it
Is desired to let the dielectric ceramc conpositions disclosed in Japanese
Unexam ned Pat ent Publication No. 8-239262 and Japanese Unexam ned Patent
Publication No. 9-71462 to be sintered-aB a relatively | ow tenperature
during their -3- manufacturing processes, each of the dielectric ceramc
conposition is formed by incorporating a glass which contains a Pb oxide
conponent . mewefabtbtietng miomesdder, Racixiode thenddedettitds aehbghcvol atility
during a sintering treatnment, in a process of manufacturing the glass and

i - a proceseomposinieniig) fdmmerktgmincoRiparatdagcangéasswiwhliche di f f er ent
fromlot to lot or even different in different portions of the sane |ot. As

contains a Pb oxide component.

Nevertheless, since the Pb oxide component has a high
volatility during a sintering treatment, in a process of
manufacturing the glass and in a process of sintering the
ceramic, Pb oxide content will be different from lot to lot
or even different in different portions of the same lot. As
a result, there has been a problem that the properties of

thus obtained ceramic are not stable.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
an improved temperature compensating dielectric ceramic
composition, and laminated ceramic parts such as a laminated
ceramic condenser and a laminated LC filter, each of which
is formed by using such a temperature compensating
dielectric ceramic composition having a high relative
dielectric constant and a high Q value, and allowed to be
sintered at a relatively low temperature during their
manufacturing processes, without causing any undesired
variations in ceramic properties auring a sintering
treatment.

In order to achieve the above object, a dielectric

ceramic composition of the present invention comprises 100



a result, there has been a problemthat the properties of thus obtained
ceram c are not stable. SUMVARY OF THE INVENTION It is an object of the
present invention to provide an inproved tenperature conpensating

di el ectric ceram c conposition, and |am nated ceram c parts such as a

| am nated ceram c condenser and a lam nated LC filter, each of which-is
formed by using such a tenperature conpensating dielectric ceramc
conposition having a high relative dielectric constant and a high Q val ue,
and allowed to be sintered at a rel atiwvelgy dow tenperature.during their
manuf act uri ng processes, w thout causing any undesired variations in
ceram c properties during a sintering treatnent. In order to achieve the

above obj ec ar@sdbg| @elight 6€r aMhsiROFORELALRD AlptdeESUY 4 Pohi1an

conprises 100 -4- parts by weight of a main conponent represented by a

}‘ g; gjl gn)(; Ba&BrOi-Pire o4 zr3e] efwierd il -3 KunereidhdX Ret2s10@ aeasBe9h§ at
rear earth element), having a mole composition ratio (BaoO,
TiO,, Re,0,) of BaO, TiO, and Re,0,, shown in a ternary
composition diagram of Fig. 1, which is indicated by an area
surrounded by point A (39.5. 59.5, 1), point B (1, 59.5,
39.5), point C (1, 85, 14) and point D (14, 85, 1); 25 parts

} by weight or less of a first sub-component whiqh is a B,0;-
§i0, glass (but not containing Pb oxide); a secénd sub-
component which is at least one substance selected from V
oxide and W oxide, the content of V oxide in the form of
ﬁ{g is 10 parts by weight or less and the content of W
oxide in the form of WO, is 20 parts by weight or less.
Further, another dielectric ceramic composition of

the present invention comprises 100 pérts by weight of a
main compbnent represented by a formula x(BaaCaPfSry)O-
yI[(Ti0,), .(2x0,),]1-2Re,0, (wheréin X+y+2=100, a+fty=1, 0 = BH<
0.8, 0 s m < 0.15, but not including a case where B+y= 0 and
m=0; Re is at least one rear earth element), having a mole
composition ratio {(BaaCafSry)O, [(TiO,),..(Zr0,).], Re,0,} of
(BaaCafSry)0, [(TiO,),,(2r0,),] and Re,0,, shown in a ternary
composition diagram of Fig. 2, which is indicated by an area
surrounded by point A (59.5. 59.5, 1), point B (1, 59.5,
39.5), point C (1, 85, 14) and point D (14, 85, 1); 25 parts

by weight or less of a first sub-component which is a B,0,-



rear earth elenent), having a nole conposition ratio (BaOQ, TiJerr],
Re[err]derr]) of BaO, TiJerr] and Re[err]O[err], shown in a ternary
conposition diagramof Fig. 1, which is indicated by an area surrounded by
point A (39.5. 59.5, 1), point B (1, 59.5, 39.5), point C (1, 85, 14) and
point D (14, 85, 1); 25 parts by weight or less of a first sub-conponent
which is a B203- Sio[err] glass (but not containing Pb oxide); a second
sub- conponent which is at | east one substance selected fromV oxide and W
oxi de, the content of V oxide in the fosm-of V205 is 10 parts by wei ght or
| ess and the content of Woxide in the formof W)J[err] is 20 parts by

wei ght or less. Further, another dielectric ceram c conposition of the

present inggoj |gmrasmnmutseﬁ>tl%n&a&h$_n§ypﬁebﬁhaepf a SBkHngosponent
represented by a fornula x(Ba[err]Ca[err]Sry)O

y[ (Ti J er r tpinponeh¥r whieh] 1§ eat | jeadle[@ie |nlwvahceWsenecited from v _
X+y+z=100, [err] +[err]+y=1, O [err] 0.8, O [err] m< 0.15, but not including
a case wheepyiflerajd ¥ aniderOthdecorstait lefadt oxider dar ther fbral efent ),
having a nol e conposition ratio {(Ba[err]Ca[err]Sry)Q

[ (Ti g err]Yi%r ip( Zﬁ@ert?)?ww@:].ghﬂecpnrle}ﬂ{ eand jthef coBdleatr p€afier r ] Sry) o
[(T|C{err])[err](ZrC%err])[err and Re[err]O[err], shown in a ternary
conposi ti ofXdgagiantee forEm of Whi ds 28 Pﬁuf—%abhdﬂmlah eir ekessaw r ounded by

point A (39.5. 59 5, é2$ poi.nt B 1 59.5, 39.5), point C (1, 85, 14) and
point D (14, 85, Mﬂre qmmqgg die ectrlc ceramic composition of the

present invention, apart from the above first and second

__sub-components, further contains a third sub-component that
is Cu oxide added in the form of Cu0 in an amount of 10
parts by weight or less with respect to 100 parts by weight
of the main component.

In addition, the dielectric ceramic composition of
the present invention, apart from the above first and second
sub-components, or apart from the above first and secdnd and -
third sub-components, further cbntains a fourth sﬁb-
component that is Mn oxide added in the form of MnO in an
amount of 20 parts by weight or less with respect to 100
parts by weight of the main component.

Moreover, laminated ceramic parts of the present
invention includes a plurality of dielectric ceramic layers,
internal electrodes formed between the dielectric ceramic
layers, external electrodes electrically connected with said
internal electrodes, characterized in that said dielectric
ceramic layers are formed by a dielectric ceramic

composition recited in any paragraphs in the above, said



by weight or less of a first sub-conmponent which is a B2 err] - -5- S
gl ass (but not containing Pb oxide); a second sub- conponent which is at

| east one substance selected fromV oxide and Woxide, the content of V
oxide in the formof V205 is 10 parts by weight or Iess and the content of
Woxide in the formof WJ[err] is 20 parts by weight or | ess. Mreover, the
dielectric ceram c conposition of the present invention, apart fromthe
above first and second sub-conmponents, further contains a third

sub- conponent . that is Cu oxi de added Lhgthe formof CuO in an anmount of 10
parts by weight or less with respect to 100 parts by weight of the main
conponent. In addition, the dielectric ceramc conposition of the present

i nvention, japarhalr eMbéLoAOOVErd | F M byp REPHE PRI AISS thefirapart
fromthe above first and second and third “sub-conpdnents, further contains

a fourth sghincesmpogentshat is M oxide added in the formof MO in an
anmount of 20 parts by weight or less with respect to 100 -
Nevertheless, the rear earth elements discussed in

the present invention are La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb,

Dy, Ho, Er, Tm, ¥Yb or Lu.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a ternary compositiod diagram (éao} Tio,,
Re,0;) indicating a preferrea range for a main component
contained in the composition of the presént invention.

Fig. 2 is a ternary composition diagram {(BaaCafSry)O,
.[(TiO,)l_m(Zr'O,)m], Re,0,} indicating a preferred range for a
main component contained in the composition of the présent
invention.

Fig. 3 is a cross sectional view schematically
indicating a laminated ceramic condenser made according to
one embodiment of the present invention.

Fig. 4 is a plane view schematically indicating a
dielectric ceramic layer carrying an internal electrode,
which is a part of the laminated ceramic condenser of Fig. 3.

Fig. 5 1is an exploded perspective view schematically
indicating several ceramic layers forming a laminated
structure, which is a part of the laminated ceramic

condenser of Fig. 3.



parts by weight of the main conponent. Moreover, |am nated ceram c parts of
t.she present invention includes a plurality of dielectric ceramc |ayers,

i nternal el ectrodes formed between the dielectric ceramc layers, externa
el ectrodes electrically connected with said internal electrodes,
characterized in that said dielectric ceramc |layers are fornmed by a
dielectric ceram c conposition recited in any paragraphs in the above, said
-6- internal electrodes are formed by Cu or Ag serving as their main
components. Neverthel ess, the rear eartl? el ements di scussed in the present
I nvention are La, Ce, Pr, Nd, Pm Sm Eu, Gd, Tb, Dy, Ho, Er, Tm Yb or Lu.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a ternary conposition diagram
(BaQ, Ti ( eEStRIBeLeNr B[ SHE] PREFERRED | EMBOD INENTS red range for a main

conponent contained in the conposition of the present invention. Fig. 2 is

a ternary conposiit ofiixistagraddsdiadptridnCaliddr b8r mp@e to explain in
detail a basic construction of a laminated ceramic condenser
made according to a first embodiment of the present
invention, with reference to the accompanying drawings. Fig.
3 is a cross sectional view schematically indicating one
example of a laminated ceramic condenser of the présent

‘_invention. Fig. 4 is a plane view schematically indicating

a dielectric ceramic layer having an internal electrode,
which is one portion of the laminated ceramic condenser of
Fig. 3. Fig. 5 is an exploded perspective view
échematically indicating laminated ceramic layers which are
used to form the laminated ceramic condenser of Fig. 3.

The laminated ceramic condenser 1 made according to
the present embodiment, as shown in Fig. 3, is comprised of
a parallelepiped ceramic dielectric body. 3 obtained by
laminating a plurality of dieléctric ceramic layers 2a, 2b
with several internal electrodes 4 formed therebetween. On
either end face of the ceramic laminated body 3 there is
formed an external electrode 5 which is provided in a manner
such that it is electrically connected to some specific
internal electrodes. Further, if-necessary, there are also
formed a first plating layer 6 and a second plating layer 7
on either external electrode 5.

A method of manufacturing the above laminated ceramic



[(Tigerr])[err](Zrderr])[err]], Re[err]O[err]} indicating a preferred
range for a main conponent contained in the conposition of the present
invention. Fig. 3 is a cross sectional view schematically indicating a

| am nat ed ceram ¢ condenser made according to one enbodi nent of the present
invention. Fig. 4 is a plane view schematically indicating a dielectric
ceram c layer carrying an internal electrode, which is a part of the

| am nat ed ceram c condenser of Fig. 3. Fig. 5 is an exploded perspective
view schematically indicating several cegamic |layers formng a | am nated
structure, which is a part of the |am nated ceram c condenser of Fig. 3.
-7- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS At first, a description will

be made to exphéhdet M ARl Ibd RaRdG KNS WiHd $812bwdnbaihnahedosgeani c
condenser made according to a first enbodi ment of the present invention,
with referegﬁethgﬁfrgt@ﬂﬁ@mgﬁﬁn@ﬂutéygmm ngs. Fig.

At first, several sorts of raw material powders
forming the dielectric ceramic layers 2a and 2b are prepared
by weighing the weights thereof. Namely, the raw material
powders are prepared which can be used to form the
dielectric ceramic composition, such raw material powders

i contain a main component which is BaO-TiO,~Re,0, (however, it
also inclﬁdes a case where Ba has been replaced by Ca or Sr
and a case where TiO, has been replaced bj Zr0,), a first
sub-component which is a B,0,-Si0O, glass (however, it does
not cohtain Pb oxide), a second sub—compénent which is at
least one.substance selected from V oxide and W oxide. |
Preferably, it is also desired to prepare raw material
‘powders for forming the dielectric ceramic composition, such
raw material pbwders further contain a third sub-component
that is Cu oxide or a fourth sub-component that is Mn oxide.

Next, an organic binder is added in the above raw
material powders so as to form a slurry which is in turn
formed into a sheet, thereby obtaining a green sheet useful
for forming the dielectric ceramic layers 2a and 2b. After
that, as shown in Fig. 4, an intefnal electrode 4 containing
Cu or Ag as its main component is formed on one surface of
the green sheet which will later be formed into the

dielectric ceramic layer 2b. Nevertheless, as a method for



3 is a cross sectional view schematically indicating one exanple of a

| am nat ed ceram ¢ condenser of the present invention. Fig. 4 is a plane
view schematically indicating a dielectric ceramc |ayer having an interna
el ectrode, which is one portion of the | am nated ceram c condenser of Fig.
3. Fig. 5 is an exploded perspective view schematically indicating

| am nated ceram c | ayers which are used to formthe |am nated ceramc
condenser of Fig. 3. The |am nated ceram c condenser 1 made according to
the present enbodi nent, as shown in Figs 98~ 1is conprised of. a
paral | el epi ped ceramc dielectric body 3 obtained by lamnating a plurality
of dielectric ceramc layers 2a, 2b with several internal electrodes 4

formed t her doemimgnthén iatelranl calletteedef 4 it cas adl €o | AMMdwiedpody 3
there is formed an external electrode 5 which is provided in a manner such

that it is empdoyi saneyotheremethods suok spescféen ipiitialg ehegorodes.
Further, if necessary, there are also forned a first plating |layer 6 and a
second pl at deyosaydon7osnpdatheg. ext ernal el ectrode 5. A method of

manuf acturi ng the above | antnated ceram c

Subsequently, as shown in Fig. 5, a plurality of
green sheets each for forming a dielectric ceramic layer 2b
and each having an internal electrode 4 formed thereon, are
arranged to be laminated in a manner shown in the drawing.

} Then, these green sheets are disposed so as to be pressed
between two other green sheets which will later be formed
into the diélectric layers 2a each of which does not carry
an internal electrode, thereby obtaining a green sheet
laminated body. Afterwards, the green sheet laminated body
is sintered at a predetermined temperature, thus obtaininé a
ceramic laminated body 3 as shown in Fig 3.

Next, on either end face of the ceramic laminated
body 3 is formed an external electrode 5 which is provided
in a manner such that it is electrically connected to the
internal eiectrodes 4.. Here, as a material for forming the
external electrodes 5, it is allowed to use the same
material as that for forming the internal electrodes 4. For
instance, it is allowed to use a silver-palladium alloy.
Fufther, it is also possible to eﬁploy a mixture containing
the powder of such an alloy serving as a main component and

glass frits serving as additives which may be B,0,-$i0,-Ba0

glass, Li,0-Si0,-Ba0 glass or the like. 1In addition, a



- 8- condenser 1 will be described in the followng in the order of their
production process. At first, several sorts of raw material powders form ng
the dielectric ceramic layers 2a and 2b are prepared by weighing the

wei ghts thereof. Nanely, the raw material powders are prepared which can be
used to formthe dielectric ceramc conposition, such raw material powders
contain a nmain conponent which is BaOTiJerr]-Re[err]O[err] (however, it

al so includes a case where Ba has been replaced by Ca or Sr and a case
where TiJerr] has been replaced by ZrOlore]), a first sub-conponent which
Is a B203-SiJerr] glass (however, it does not contain Pb oxide), a second
sub-conponent which is at |east one substance selected fromV oxide and W

oxi de. Prefrt@linl iflord $oamingdener esdteonpl epdectrodestes andylalppviey s for
formng the dielectric ceram c conposition, such raw material powders

further corgedievtaed progexlly- bymrakdng thad ascGunvxwilkererard fhow tah
sub- conponent that is My oxide. Next, an organic binder is added'in the
above raw r@mdmadiedy ostemd.cs coadensetrolsm tosbarugedhi (BES:'siém tarn forned
into a sheet, thereby obtaining a green sheet useful
external electrode 5 may also be formed by coatlng the
sintered ceramic laminated body 3 with a metal powder paste,
followed by baking treatment. However, in view of a
specific material for forming such an electrode, it is also
} possible that the above metal powder paste may be applied to
the green sheet laminated body before the sintering
" treatment, thus making it possible to form the electrodes 5
at exactly the same time while forming the ceramic laminated
bedy 3. |
Then, the surface of each external electrode 5 is
coated with nickel or copper by means of plating treatment,
so as-to form a first plating layer 6. Finally, a second
plating layer 7 which is solder or tin is formed on the
first plating layer 6, thereby producing a laminated ceramic
condenser 1 as a completed product. Nevertheless, if
allowéd in view of an actual use of a laminated ceramic
condenser and in view of an actual place for it to be used,
it is also possible to dispense with a process for forming
an électrically conductive layer Ey means of plating
treatment on the surface of each of the external electrodes

5.

In this way, the ceramic composition of the present



for formng the dielectric ceramc |ayers 2a and 2b. After that, as shown
i'n Fig. 4, an internal electrode 4 containing Cu or Ag as its nain
conponent is fornmed on one surface of the green sheet which will |ater be
formed into the dielectric ceramc |ayer 2b. Nevertheless, as a nethod for
-9- formng the internal electrode 4, it is also allowed to enpl oy sone

ot her net hods such as screen printing, vapor deposition or plating.

Subsequent |y,

as shown in Fig. 5, a plurality of green sheets each for

formng a dielectric ceramc |ayer 2b-ang -each having an internal electrode
4 formed thereon, are arranged to be lamnated in a manner shown in the

drawi ng. Then,

t hese green sheets are disposed so as to be pressed between

two ot her gheencsbaeterwihghawi bl dielestbic ert@didntfort e 1dnghaekdi
| ayers 2a each of which does not carry an internal el ectrode, thereby

obt ai ni ng eegaméo sbadenkan] nasedlbowyd A they waimtserddhatgaeen sheet
| am nated body is sintered at a predeterm ned tenperature, thus obtaining a
temperature lower than the melting point of Cu or Agqg.

Further, with the ceramic thus obtained, its relative

dielectric constant is 40, its Q value is 1000 or more under

a condition of 1 MHz, and its electrical resistivity is 10°

at a temperature of 125°C. Moreover, as a sub-component, it

is also possible to add a predetermined amount of Cu oxide

or Mn oxide in the ceramic composition, thereby further

increasing the Q value.

EXAMPLES

The present invention will be described in more

detail below in accordance with several examples.

(Example 1)

A dielectric ceramic composition of the present

invention and a ceramic condenser formed by using the

dielectric ceramic composition were prepared in the

following process.

At first, starting raw materials were prepared which

included barium carbonate (BaC0,), calcium carbonate (CacCo,),

strontium carbonate (SrcCo0,), titan oxide (TiO,), zirconium

oxide (Z2r0,), rear earth oxide (Re,0,), vanadium oxide (V,0;),

tungsten oxide (WO,), copper oxide (CuO) and mangan



cerami c |l am nated body 3 as shown in Fig 3. Next, on either end face of the
ceramc |lamnated body 3 is forned an external electrode 5 which is
provided in a manner such that it is electrically connected to the internal
el ectrodes 4. Here, as a material for formng the external electrodes 5, it
is allowed to use the sane material as that for forming the internal’

el ectrodes 4. For instance, it is allowed to use a silver-palladium all oy.
Further, it is also possible to enploy a m xture containing the powder of
such an alloy serving as a nmain conpored and glass frits -serving as

addi tives which may be B[err]O[err]-SiJerr]-BaO gl ass,
Liferr]OSigerr]-BaO glass or the like. In addition, a - 10 - material

for form ngdtsoreatderpaicghectrodes 5 may al so be sel ected properly by
taking into account where and how a | am nated ceram c condenser is to be

used. Besides, anaAdxeer bhhtel eher pdedérsayf atlse ddwverststthyngcaaw ng t he
sintered ceramc |lamnated body 3 with a netal powder paste, followed by
baki ng treatatenialdowens takenibywweficghing the weights thereof so as
to obtain various compositions shown in Tables 1 to 4 (but
not including a glass écmponent serving as the first sub-
component). Then, these raw material powders and an ethanol
were moved into a ball-mill and were mixed together in a wet
_ manner for 16 hours, followed by a pre-sintering treatment
at a temperature of 1040°C, thereby obtaining a pre-sintered
powder material. However, contents of V,0; and quwhiéh
together serve as the second sus-compbnent, a content of CuOQ
éerving as the third sub-component, a content of MnO serving
as the fourth sub-component, are all represented in "parts.
by weight“ per 100 parts by weight of a main component which
is xBa0O-yTiO,-zRe,0, or {x(BaaCaPSry)0-y[(TiO,);.(2r0,),]-
zRe,0,} (however, also including a case wherein B+y= 0 or
m=0). Further, in Tables 1 to 4, sample numbers with marks
* are those in the ranges out of the scope of the present
invention, while those not having marks * are in the ranges
of the scope of the present invention.
Further, as the first sub-component, a kind of B,0,-
Si0, glass powder was prepared which has a softening point
of 550°C and may be further represented by 41.4B,0,-29.5Li, 0~

'25.2310,—3.9Mn0 (however, these numerical factors are all in

the form of weight %).



specific material for form ng such an electrode, it is also possible that
the above netal powder paste nay be applred to the green sheet |am nated
body before the sintering treatnent, thus naking it possible to formthe
el ectrodes 5 at exactly the sane tine while formng the ceram c | am nated
body 3. Then, the surface of each external electrode 5 is coated w th

ni ckel or copper by neans of plating treatnent, so as to forma first
plating layer 6. Finally, a second plating layer 7 which is solder or tin
is formed on the first plating | ayer 6,18hereby producing.a | am nated
ceram c condenser 1 as a conpleted product. Nevertheless, if allowed in
view of an actual use of a |l am nated ceram c condenser and in view of an

actual place for The tabduee ugleths ipowderd shdoanel Abevkopdespenisersiith a
process for formng an electrically conductive |ayer by means of plating
treat nent powtleesswekactakénehy hwelghing exherwsightisedtheades 5n In this way,
the ceram c conposition of the present
accordance with the percentages shown in Tables 1 to 4.
Then, a polyvinyl butyral solution was added and the powders
were mixed together so as to obtain a slurry. Subsequently,
the thus obtained slurry was formed into a sheet with the
use of the doctor blade method, thereby obtaining a green
"sheet having a thickness of 50 um. On the other hand, the
content of the glass is represented in “"parts by weight" per'
100 parts by weight of the main component which is xBaO-
yTi0,~-zRe,0, or {x(BaaCapSry)O-y[ (Ti0,),..(2r0,),1-2Re,0;}
{however, also including a case wherein B+y= 0 or m=0).
Next, a plurality of such green sheets were laminated
togethef and pressed tightly, and further punched, theréby
obtaining a plurality of éircular pieces each having a
diameter of 14 mm and a thickness of 0.5 mm. Subsequently,
ﬁhus obtained pieces were subjected fo a heating treatment
at a temperature of 350°C so as to remove the binder, and |
further sintered at the temperatures shown in Tables 5 to 8
in a reductive atmosphere consisting of H,-N,-H,0 gas,
thereby obtaining disc-like ceramic pieces. Afterwards,
both surfaces of each of thus obtéined disé—like ceramic
pieces were coated with an In-Ga electrode material so as to
form ceramic condensers.

Then, the electric properties of the ceramic



-11- invention serving as a dielectric materi.al for a |am nated ceramic
condenser, is allowed to be sintered at a tenperature | ower than the
melting point of Cu or Ag. Further, with the cerami c thus obtained, its
relative dielectric constant is 40, its Q value is 1000 or nore under a
condition of 1 MHz, and its electrical resistivity is 10[err] at a
tenperature of 125[err]C. Moreover, as a sub-conponent, it is also possible
to add a predeterm ned anount of Cu oxide or M oxide in the ceramc
conposition, thereby further increasi rRglthe Q val ue. EXAVMPLES The present
invention will be described in nore detail below in accordance with several
exanpl es. (Exanple 1) A dielectric ceram c conposition of the present
i nvent i on @ehdenseraniwereo masseed!. or trddbyail| nghé hel bt esidtc ceram ¢
conposition were prepared in the follow ng process. At first, starting raw
mat eri al s WaBRQirtapansd Qvviegle meebutted badenna ceohdivaten (B QAOMHEZ |and
cal ci um carbonat e (CaCC&Frr]), strontium carbonate (SrCJerr]), titan oxide
(Tigerr], 1zi¥@ni ufurther, the ceramic condenser samples were

measured so as to obtain their diameters (D) and thickness

(T), thereby obtaining a relative dielectric constant (er)

in accordance with their electrostatic capacity. 1In

addition, a specific resistance was measured at a

temperature of 125°C under a condition where an applied

voltage of 250 V has been maintained for 1 minute. The

results of the above measurements are as shown in Tables 5

.to 8. However, in Tables 5 to 8, sample numbers with marks

* are those in the ranges out of the scope of the present

invention, while those not having marks * are in the ranges

of the scope of the present invention.

As méy be clearly understood from Table 1 and Table 5,

each of the ceramics of sample numbers 1 to 13, 19, 20, 23

to 25, 27 to 29, contains a main component which is xBaO-

yTi0,-zRe,0,, a first sub-component which is a B,0,-Si0, glass

(however, not including Pb oxide) and a second sub-component

which is at least one substance selected from V oxide and W

oxide. Thus, it is possible to obtain a relative dielectric

constant of 40 or more, Q value of 1000 or more, an

electrical resistivity of 10° Qm or more, and it may be

sintered at a temperature of 1060°C which is lower than the

melting point (1083°C) of Cu.



oxide (ZrJerr]), rear earth oxide (Re[err](err]), vanadi um oxi de
(VMerr]O[err]), tungsten oxide (WJerr]), copper oxide (CuO and mangan

- 12 - carbonate (MnCJ err]). After that, the powders of the above starting
raw materials were taken by weighing the weights thereof so as to obtain
vari ous conpositions shown in Tables 1 to 4 (but not including a glass
conponent serving as the first sub- conponent). Then, these raw nateri al
powders and an et hanol were noved into a ball-mll and were m xed toget her
in a wet manner for 16 hours, followed Qy a pre-sintering treatnment at a
tenperature of 1040[err]C, thereby obtaining a pre-sintered powder

mat eri al. However, contents of V[err]O[err] and W)[err] which together

serve as the secom*drsml@rqoaﬁomapt beacteat et ude SIS fdil Bbitd1e t hird
sub- conponent, a content of MO serving as the fourth sub-conponent, are

all represeamddrabile piy teadly ofeitiie ‘cepamit8Oofashmply Wahbbis 081 arared ),
conponent which is xBaOyTiJerr]-zRe[err](err] or
{x(Ba[ err] C§ erd9 Sr52 @o/ 54T Téerto] BBer 60, Z6a[,c68] ) Féy ri:bnta%eard\ﬁxerr] }
(however, also including a case wherein [err]+y= 0 or
component represented by {x(BaaCaBSry)O-y[(TiO,),.(Zr0,),]~
zZRe,0;} (however, also including a case where f+y= 0 or m=0,
but not including a case where ﬁ+y=-0 and m=0), a first sub-
component which is a B,0,-Si0, glass (however, not including
‘_Pb oxide) and a second sub-component which is at least one
substance selected from V oxide and W oxide. Thus, it is
possible to obtain a relative dielectric constant of 40 or
more, Q value of 1000 or more, an electrical resistivity of
iO’ m or more at a temperature of 125°C, and it may be
sintered at a temperature of 1060°C which is lower than the
melting point (1083°C) of Cu.
In addition, as in sample numbers 66, 67 of Table 3
and Table 7, and as in sample numbers 83 to 87 and 93 to §7
of Table 4 and Table 8, if a ceramic contains a main
component, a first sub-component and a second sub-component,
further contains a third sﬁb-component which is Cu oxide and
a fourth sub-component which is Mn oxide, it is allowed to
lower a temperature for sintering treatment and to increase
the'Q value. Further, since the éompositions do not contain
a Pb oxide component which is easy to evaporate, it is

possible to inhibit an undesired variation in the properties

of the ceramic, which variation is otherwise likely to occur



m=0). Further, in Tables 1 to 4, sanple nunbers with marks * are those in
t he ranges out of the scope of the present invention, while those not
having marks * are in the ranges of the scope of the present invention.
Further, as the first sub-component, a kind of B[err]20[err]- Siof[err]
gl ass powder was prepared which has a softening point of 550[err]C ahd may
be further represented by 41.4B203-29.5Li[err] O 25.2Si0[err]-3.9MO
(however, these nunerical factors are all in the formof weight %. - 13
- The above gl ass powders and the abovelgre-sintered powders were taken by
wei ghi ng the wei ghts thereof in accordance with the percentages shown in
Tables 1 to 4. Then, a polyvinyl butyral solution was added and the powders
were m xed dwgjchdrhe ¢ i ardngbttaieatmesitur ry.  Subsequently, the thus
obtained slurry was formed into a sheet with the use of the doctor bl ade
met hod, thereby obeXeni A§ axpianatiprcvibhvbhegivemitekfeme gleas®rseas] m On
t he ot her hand, the content of the %Iass Is represented in "parts by
wei ght " peft° why the compositions of the present invention shall be
limited in the above manner.
As shown in sample numbers 14 to 17 of Table 1 and
Table 5, when a main component (xBaO-yTiO,-zRe,0,) is out of
an area surrounded by point A (39.5. 59.5, 1), point B (1,
.59.5, 39.5), point C (1, 85, 14) and point D (14, 85, 1) on
Fig. 1 which is a ternary composition diagram, further, as
shown in sample numbers 43 to 46 of Table 2 and Table 6,
when a main component {x(BaataﬁSry)O-y[(TiothJZroth—
zRe,0,} (however, 0 < f+y< 0.8, 0 = m < 0.15, but not
including a case where f+y= 0 and m=0) where BaO and TiO,
have been replaced by Ca or Sr and ZrO,, is out of an area
surrounded by point A (39.5, 59.5, 1), point B (1, 59.5,
39.5), point C (1, 85, 14) and point D (14, 85, 1) on Fig. 2
which is a ternary composition diagram, the relative
dielectric constants of these samples will be less than 40,
their Q values will be less than 1000. For this reason, it
is preferred that a main component should have a content
which is within an area surrounded by points A, B, C, D on
both Fig. 1 or Fig. 2.
As in sample numbers 60 and 61 of Table 2 and Table 6,
if BaO is partially replaced by Ca or Sr, it is allowed to

obtain an effect that their relative dielectric constants



100 parts by weight of the main conponent which is xBaO

yTi O2-zRe[err]O[err] or
{x(Ba[err]Ca[err]Sry)Oy[(Tierr])[err](Zrderr])[err]]- zRe[err]C{err]}
(however, also including a case wherein [err]+y= 0 or m=0). Next, a
plurality of such green sheets were | am nated together and pressed tightly,
and further punched, thereby obtaining a plurality of circul ar pieces each
having a dianeter of 14 nmmand a thickness of 0.5 mm Subsequently, thus
obt ai ned pieces were subjected to a heat7irg treatnment at a tenperature of
350[err]C so as to renove the binder, and further sintered at the
tenperatures shown in Tables 5 to 8 in a reductive atnobsphere consisting of
H err]- N enay -bé eindXeawed. t o etle dihiminagiddi 3e- inke samplhecnpmieses.
Afterwards, both surfaces of each of thus obtained disc-like ceram c pieces
wer e coat e6i2 wi 1H antdtelarep baotemelet mntomnitalofs Gaasxtidef andh 8eraxide,
condensers. Then, the electric properties of the ceramc - 14 -
condenser siver e h’.éaﬁ;twe@ moxedéhanl 0.8heackintensbility caldcibg and Q were

measured under a condition of 1 MHz and
undesirably decreased and it is impossible to perform a

sintering treatment at a temperature of 1060°C which is
lower than the softening point of Cu. For this reason, it
is preferred that B+y is less than 0.8.

| Further, as in sample numbers 63 and 64, if TiQ, is
partially replaced by Zr0,, an electrical resistivity at a
temperature of 125°C will become large. On the other hand,
as in a samplé number 65, if a replacement amount m of Zr0,
is 0.15 or more, the sinterability will be undesirably
décreased and it is impossible to perform a sintering
treatment at a temperature of 1060°C which is lower than the
softening point of Cu. For this reason, it is preferred
that the replacement amount m of Zr0, should bé less than
0.15.

Moreover, as in a sample number 18 of Table 1 and

Table 5, and as in a sample number 47 of Table 2 and Table 6,
if a sample does not contain the first sub-component which
is B,0,-Si0, glass, it is impossible to perform a sintering
treatment at a temperature of 1066°C which is lower than the
softening point of Cu. On the other hand, as in a sample
number 21 of Table 5 and as in a sample number 50 of Table 2

and Table 6, if the constant of the B,0,-5i0, glass exceeds



1 Vrms. Further, the ceram c condenser sanples were neasured so as to
obtain their dianeters (D) and thickness (T), thereby obtaining a relative
dielectric constant ([err]) in accordance with their electrostatic
capacity. In addition, a specific resistance was neasured at a tenperature
of 125[err] C under a condition where an applied voltage of 250 V has been
mai ntained for 1 mnute. The results of the above nmeasurenents are as shown
in Tables 5 to 8. However, in Tables 5 to 8, sanple nunbers with marks *
are those in the ranges out of the scopd8f the present invention, while
those not having marks * are in the ranges of the scope of the present
invention. As may be clearly understood from Table 1 and Table 5, each of
t he ceran1c%50Pa§EﬁpP% YRt s the @ ¥alueowild be3less26han7106029and
contains a main conppnent which is xBaO yTiJerr]-zRe[err]O[err], a first
sub- conpone®® ShECHEiSah ks iofidar ptspOtemPErgltass PROWBY & widdt be

I ncl udi ng oxid second sub- conponent ¢h is at Ieast ‘one
subst ance sgb%%{egg?Qqﬂ?Vg@kl gogh&gWPofﬁaéonThbg 1stPrefppsed Bat o obtain

ol ect i car PHE SERERE, O I ¢iEp e BrPrrPBRORERE. hﬁ%h?fxsﬁﬁfp?ngiefﬁ{&eé‘”at
a tenperat s, of éﬁgﬁiéﬁﬂé(a§Mﬁéﬁls'%ylggggh%hor ofs.
In addition, as in a sample number 22 of Table 1 and

Table 5 and as in a sample number 51 of Table 2 and Table 6,

) if a sample does not contain the second sub-component which
is V oxide or W oxide, it is impossible to perform a
sintering treatment at a temperature of 1060°C which is
lower than the softening point of Cu. On the other hand, as
in a sample number 26 of Table 1 and Table 5, and as in a
sample number 55 of Table 2 and Table 6, in a case where the
content of V;& is more than 10 parts by weight and in a
case where the content of WO, is more than 20 parts by
weiéht as in a sample number 30 of Table 1 and Table 5 énd
as in a sample number 59 of Table 2 and Table 6, Q value in
each case is less than 1000, and an electrical resistivity
at a temperature of 125°C will be lower than 10° Qm. For
this reason, it is preferred that the content of the second
sub-component which is at least one substance selected from
V oxide and W oxide should be as follows, i.e., the content
of V oxide in the form of V,0, should be 10 parts by weight
or less and the content of W oxide in the form of WO, should

be 20 parté by weight or less.



melting point (1083[err]C) of Cu. Further, as may be clearly understood
frfom Table 2 and Table 6, each of the ceram cs of sanple nunbers 31 to 42,
48, 49, 52 to 54, 56 to 58, 60, 61, 63, 64, contains a main.conmponent
represented by {x(Ba[err]Caferr]Sry)Oy[(TiOerr]2)[err](Zro[err])[err]-
zRe[err]Jerr]} (however, also including a case where [err]+y= 0 or frO0,

but not including a case where [err]+y= 0 and m=0), a first sub- conponent -
which is a B[err]20[err]-Sierr]2 glass (however, not including Pb oxide)
and a second sub-conponent which is at- I18ast one substance selected fromV
oxi de and Woxide. Thus, it is possible to obtain a relative dielectric
constant of 40 or nore, Q value of 1000 or nore, an electrical resistivity
of 10[err] [err] mFarthere adh a tespewhéveethé d@nfent |6 @l id mome be
sintered at a tenperature of 1060[err]C which is |ower than the nelting

poi nt (1083fhan |10 pErtGu.by weddditt iasn,inaa isampdephumhenbéBsofcTalbleod Tabl e
3 and Table 7, and as in sanple nunbers 83 to 87 and 93 to 97 of ‘Table 4
and Tabl e @nd fTabkerhmnd @ential ks sampdien neshesn8Bt OfaTablet 4 samd conponent

and a second sub-conponent,
Table 8, value in each case is less than 1000, and an

electrical resistivity at a temperature of 125°C will be
lower than 10° Qm. For this reason, it is preferred that
the content of the third sub-componéht which is Cu oxide

) should be 10 parts by weight or less if it is in the form of
Cuo. '

Méreover, in a case where MnO is more than 20 parts

by weight as in a sample number 88 of Table 4 and Table 8, Q
ﬁalue is lesé than 1000, and an electrical resistivity at a
temperature of 125°C will be lower than 10° Qm. For this
reason, it is preferred that the content of the fourth sub-
component which is Mn oxide spouid be 20 parts by weight or

less if it is in the form of MnoO.

(Example 2)

A laminated ceramic condenser made according to an
embodiment of the present invention will be described in the
following.

Namely, starting raw materials were prepared which
had included barium carbonate (BaC0,), calcium carbonate
(CaCO,;), strontium carbonate (SrCoO,), titan oxide (Tio,),

zirconium oxide (2Zr0,), rear earth oxide (Re,0,), vanadium



further contains a third sub-conponent which is Cu oxide and a fourth

stib- conponent which is Wh oxide, it is allowed to | ower a tenperature for
sintering treatnment and to increase the Q value. Further, since the
conpositions do not contain a Pb oxide conponent which is easy to
evaporate, it is possible to inhibit an undesired variation in the
properties of the ceramc, which variation is otherwise likely to occur

- 16 - during the sintering treatnment. Here, an explanation will be given
to sonme reasons as to why the conpositi @ogs-of the present .invention shal
be limted in the above manner. As shown in sanple nunbers 14 to 17 of
Table 1 and Table 5, when a main conponent (xBaOyTierr]-zRe[err]Jerr])

35.5) poi e e (1 o L1 e e D e e R e s a
ternary comgsjdn ararxbagitam(Mnoo;her, as shown in sanple numbers 43 to 46
of Table 2 and Table 6, when a nai n conponent ‘
{x(Ba[ err] aCa[ err REteyOthptTi €her povflers|¢Zriieraddver rsitfarting raw
materials were taken by weighing the weights thereof so as
to obtain some compositions as in sample numbers 101 and 103
of Table 9 (but not including a first sub-component which is
a B,0,-Si0, glass component). Then, these raw material
powders and an ethanol were moved into a ball-mill and were
mixed together in a wet manner for 16 hours, followed by a
pre-sintering treatment at a temperature of 1040°C, thereby
obtaining a pre-sintered powder material. However, contents
éf V,0; and WO, which together serve as the second sub-
component, a content of CuO serving as the third sub-
component, a content of MnoO serving as the fourth sub-
component, are all represented in parts by weight per 100
parts by weight of a main component which is {x(BaaCaBSry)O-
y[(TiO,), .(Zx0,),1-2Re,0,} (also including a case wherein B+y=
0 or m=0). Further, in Table 9, sample numbers with marks *
are those in the ranges out of the scope of the present
invention, while those not having marks * are in the ranges
of the scope of the present invention.
| Further, as the first sub—éomponent, a kind of B,0,-
$i0, glass powder was prepared, i;e., a glass powder was

prepared which has a softening point of 600°C and may be

represented by 60Ba0-15B,0,-5L1i,0-20Si0, (however, these



zRe[err]Jerr]} (however, O [err][err] [err]+y< 0.8, O [err] m< 0.15, but
not including a case where [err]+y= 0 and n=0) where BaO and TiJerr] have
been replaced by Ca or Sr and Zr(Jerr], is out of an area surrounded by
point A (39.5, 59.5, 1), point B (1, 59.5, 39.5), point C (1, 85, 14) and
point D (14, 85, 1) on Fig. 2 which is a ternary conposition diagrant the
relative dielectric constants of these sanples will be |less than 40, their -
Qvalues will be less than 1000. For this reason, it is preferred that a
mai n conponent shoul d have a content whi2gh4ds within an area surrounded by
points A, B, C, Don both Fig. 1 or Fig. 2. As in sanple nunbers 60 and 61
of Table 2 and Table 6, if BaOis partially replaced by Ca or Sr, it is

al | oned to ebhericad eidenis tHad dleiin releatfiorm dEeba@@tlgn'tC%qonst ants -

17 - may be increased. On the other hand, as in a sanple nunber 62, if a
total replacenent Treyntl 06f p@xtexbgewehghtr obxthe, aboee , pré-§ fittdrigd i S nore
than 0.8, a sinterability will be undesirably decreased and it is
i npossi bl e pewgers oamd al0 parts by weight of the above glass powder

were mixed together with a polyvinyl butyral solution which

was added therein, so as to obtain a slurry. Subsequently,

the thus obtained slurry was formed into a sheet with the

use of the doctor blade method, thereby obtaining a green

sheet.

Next, an electrically conductive paste containing Cu
as its main component was printed on the green sheet, so as
to form an electrically conductive paste léyer forming the
internal electrodes. After that, a plurality of such green
sheets each having formed thereon an electrically conductiﬁe
paste layer were laminated together in a manner such that
the electrically conductive paste layers are alternatively
exposed on each end face of thus formed laminated body.
Further, the each end face of the laminated body, on which
the electrically conductive paste layers are exposed thereon,
was coated with an electrically conductive paste containing
Cu as its main component, thereby obtaining a further
treated laminated body. In addition, the thus obtained
laminated body was heated at a teﬁperature of 350°C in an
atmosphere of N, gas, so as tc receive a predetermined

heating treatment, thereby removing the formerly added

binder. Finally, the thus treated laminated body was put in



sintering treatnment at a tenperature of 1060[err]C which is |ower than the
s®dftening point of Cu. For this reason, it is preferred that [err]+y is

| ess than 0.8. Further, as in sanple nunbers 63 and 64, if TiJerr] is
partially replaced by ZrJerr], an electrical resistivity at a tenperature
of 125[err]C will becone large. On the other hand, as in a sanple numnber

65, if a replacenent anount mof ZrQ2 is 0.15 or nore, the sinterability
wi |l be undesirably decreased and it is inpossible to performa sintering
treatnent at a tenperature of 1060[ert]gawhich is |ower than the softening
point of Cu. For this reason, it is preferred that the replacenent anmount m
of Zr2 should be less than 0.15. Mreover, as in a sanple nunber 18 of

Table 1 and TRhetiverddmdsphera eofivietingbet H,-min,baklag dnandepebl e 6,
if a sanple does not contain the first sub-component which is

Blerr] Of errdt 9 Femperagnaesofi 1000°¢ Mfmssi Houdsy, ey fagr oaesifeter ang
treatnent at a tenperature of 1060[err]C which is |ower than the softening
poi nt of Cpredetcrmintedesihaedingstireatmentpl thevelyeroaiofinkpld e 5 and as
in a sanple nunber 50 of Table 2 and Table 6, if the constant of the
B[ err] O er desSirgidelianiglated errasmis condenser.

The thus obtained laminated ceramic condenser has a
width of 1.6 mm, a length of 3.2 mm and a thickness of 1.2
mm. Xach of the dielectric ceramic layers interposed
between the internal electrodes has a thickness of 6 um,
with the total number of effective dielectric ceramic layers
being 150 layers in all.

Moreover, as comparative examples, some other
iaminated ceéramic condensers were prepared using the
dielectric materials which are the compositions shown in
sample numbers 102, 104 of Table 9.

Namely, starting raw materials were prepared which
included barium carbonate (BaCO,), calcium carbonate (CaCo,}),
strontium carbonate (SrCO;), titan oxide (TiO,), zirconium
oxide (Zr0,), rear earth oxide (Re,0,), vanadium oxide (V,0;),
tungsten oxide (WO,;), copper oxide (CuO), mangan carbonate
(MnCO,), boron oxide (B,0,) and sili&on oxide (Sio,).

After that, the powders of the above starting raw
materials were taken by weighing ﬁhé weights thereof so as
to obtain some compositions as in sample numbers 102 and 104

of Table 9 (but not including B,0, and S$iO,). Then, these

raw material powders and an ethanol were moved into a ball-



- 18 - 25 parts by weight, the Qvalue will be Iess than 1000, and an

e ectrical resistivity at a tenperature of 125[err]C will be I ower than
10[err][err]m For this reason, it is preferred that the content of the
first sub-conponent which is Blerr]B[err],-SiJerr] glass should be 25
parts by weight or less. In addition, as in a sanple nunber 22 of Table 1
and Table 5 and as in a sanple nunber 51 of Table 2 and Table 6, if a
sanpl e does not contain the second sub-conponent which is V oxide or W
oxide, it is inpossible to performa simptering treatnent at a tenperature
of 1060[err]C which is | ower than the softening point of Cu. On the other
hand, as in a sanple nunber 26 of Table 1 and Table 5, and as in a sanple

nunber 55 pfil7akha weg@dmigbliet6getRed £ASE WEIMarider CcHIOwed by a
Verr]O[err] is nore than 10 paris by weight and in a case where the

content of p¥83siateriagt basatilendris Hytempghdtwrse ioX d ol ethensley 30 of
Table 1 .and Table 5 and as in a sanple nunber 59 of Table 2 and Table 6,
[err] val uebtaieany eapretsihtesed hpowdddnatedialh. elFmtaveral coasieatsvity
at a tenperature of 125[err]C will be lower than 10[err] [err]m For
of V,0; and WO, which together serve as the second sub-
component, a content of Cu0 serving as the third sub-
component, a content of MnO serving as the fourth sub-
component, are all represented in parts by weight per 100
parts by weight of a main componeﬁt which is {x(BaaCaBSry)O-
y[(Ti0,),..(2r0,),1-2Re,0,} (however, also including a case
wherein f+y= 0 or m=0). |
Then, 100 parts by weight of the above pre-sintered
bowders, 5 parts by weight of boron oxide (B,0,) and 5 parts
by weight of silicon oxide (Si0,) were mixed together with.a
polyvinyl butyral solution which was added therein, so as to
obtain a slurry. Subsequently, the thus obtained slurry was
formed into a sheet with the use of the doctor blade method,
thereby obtaining a green sheet. After that, laminated
ceramic condensers were produced in the same manner as in
the above sample numbers 101 and 103.
Next, a moisture proof load test was conducted on the
laminated ceramic condensers of sample numbers 101 to 104 in
Table 9 which had been obtain in ﬁhe above process. In
detail, the condensers were put in an atmosphere having a

pressure of 2 atmospheres, a relative humidity of 100%, a

temperature of 121°C. Then, a DC voltage of 16 V was



this reason, it is preferred that the content of the second sub-conponent
which is at | east one substance selected fromV oxide and Woxi de shoul d be

as follows, i.e., the content of V oxide in the formof V[err]Jerr] should
be 10 parts by weight or less and the content of Woxide in the form of
W[ err] should be 20 parts by weight or |ess. - 19 - Further, in a case

where the content of CuOis nore than 10 parts by weight as in a sanple
nunber 68 of Table 3 and Table 7 and as in a sanple nunber 98 of Table 4
and Table 8, Q value in each case is +e24 +han 1000, and an el ectri cal
resistivity at a tenperature of 125[err]C will be | ower than 10[err]
[err]m For this reason, it is preferred that the content of the third
sub-conpon@wthMMOhsﬂy G@ppdilede tshbhéedcbadéfis@res tfohy25kilghtrsar |ess if it
is in the formof CuO Mreover, in a case where MO is nore than 20 parts
by wei ght @@ﬁlmgat§aﬁptesmunw@en88noin§uba91wgammbﬂ&ﬂﬂmcé%Oﬂgthﬁ ue is less
t han 1000, and an el ectrical reSIStIVItf at a

condensers became 1x10° ower, it was determined that

there was a failure (defect). The test results are shown in

Table 10. However, in Table 10, sample numbers with marks *

are those in the ranges out of the scope of the present

invention, while those not having marks * are in the ranges

of the scope of the present invention.

As may be clearly understood from sample numbers 101

and 103 of Table 9 and Table 10, the laminated ceramic

condensers of the present invention containing B component

and Si component as glass components, did not produce any

defects which will otherwise be caused during the above

moisture proof load test, thereby proving that they have an

excellent property of moisture proof. 1In contrast, as in

the sample numbers 102 and 104, it was found that the

condensers not in the scope of the present invention,

containing boron oxide (B,0,) serving as B component and

silicon oxide (Si0,) serving as Si component but not

containing a glass component, had produced some defects

during the above moisture proof load test and hence does not

have an excellent property of moisture proof. This fact

proves that the presence of a B,0,-Si0, glass can provide an

effect of improving the moisture proof property.

As described above, in the above-discussed



tenperature of 125[err]C will be lower than 10[err] [err]m For this
reason, it is preferred that the content of the fourth sub- conponent which
is Mh oxide should be 20 parts by weight or less if it is i-n the form of
MhO. (Exanple 2) A lam nated ceram ¢ condenser made according to an
enbodi ment of the present invention will be described in the follow'ng.
Nanmely, starting raw nmaterials were prepared which had included barium
carbonate (BaCJerr]), calciumcarbonate (CaCJerr]), strontium carbonate
(Srcderr]), titan oxide (Tierr]), zidkoniumoxide (ZrJerr]), rear earth
oxide (Re[err]O[err]), vanadium - 20 - oxide (Merr](err]), tungsten
oxide (W[err]), copper oxide (CuO and mangan carbonate (MhCJerr]). After
that, the puobhdéisentsi heanboweaxtborate (BaCOyht ecakt sumecarivakave by
wei ghing the weights thereof so as to obtain some conpositions as in sanple
nunber s 101Cafd; )1,03 tyfortlyme cg rpbuateot SrA6) uditifFan faxigte (TiOgbaponent
which is : '

zirconium oxide (Zr0,), rear earth oxide (Re,0;), vanadium

oxide (V,0s), tungsten oxide (WO,), copper oxide (CuO) and

mangan carbonate (MnCO,) were mixed together only once in

only one operation and then subjected to a pre-sintering

treatment. However, it is also possible that barium

carbonate (BaCO,), calcium carbonate (CaCO0,), strontium

carbonate (SrCO;), titan oxide (TiO,), zirconium oxide (Zr0,),

and rear earth oxide (Re,0,) may be at first mixed together

and then followed by a pre-sintering treatment, thereby

obtaining a pre-sintered material. Then, vanadium oxide

(V,0;), tungsten oxide (WO,), copper oxide (Cu0) and ma'ngan

carbonate (MnCO,) were added in the pre-sintered material,

thereby obtaining the similar effects.

Further, as starting materials, what has been

described in the above includes barium carbonate (BacCo,),

calcium carbonate (CaCO,), strontium carbonate (SrcCO,),

titan oxide (TiO,), zirconium oxide (%2r0,), rear earth oxide

(Re,0,), vanadium oxide (V,0;), tungsten oxide (WO;), copper

oxide (CuO) and mangan carbonate (MnCO,), but the present

invention should not be limited to these compounds. In fact,

it is also possible to use other compounds including BaTioO;,

BaZro0,, CaTioO,, Ca2r0,, SrTiO,, SrzZr0,, Re,Ti,0, (however, Re

is used to represent rear earth element), alternatively it



a B203-Sigerr]2 glass conponent). Then, these raw materi al powders and an
efhanol were noved into a ball-m |l and were m xed together in a wet manner
for 16 hours, followed by a pre-sintering treatnment at a tenperature of
1040[err] C, thereby obtaining a pre-sintered powder material. However,
contents of V[err]O[err] and W)[err] which together serve as the second
sub- conponent, a content of CuO serving as the third sub- conponent, a
content of MO serving as the fourth sub- conmponent, are all represented in
parts by weight per 100 parts by wei gkt 2@f -a main conponent which is
{x(Ba[err]aCa[err]Sry)O y[(Tiderr])[err](ZrJerr])[err]]-zRe[err]Jerr]}
(al so including a case wherein [err]+y= 0 or m=0). Further, in Table 9,
sanpl e nunbler AMiawedrerkuitildrze theacbonattes aangealavé, of Kferseqns, of the
present invention, while those not having marks * are in the ranges of the
scope of t N @Eldwpnide nvedgt.i,orthefebyhebtadaihesimitar subeHalponent, a ki nd
of B203- Si &2 gl ass powder was prepared, i.e., a glass powder was prepared
whi ch has PLREEHSFy point of 600[err]C and may be represented by

6CBaC>1SB[err]0[errL-5Li[err]O-ZOSiC{err] (however, these
Moreover, as a glass component, what has been

described in the above is a B,0,-Li,0-S$i0,-MnO glass powder,
but a glass component -should not necessarily be limited to
such a specific material. 1In fact, it is also possible to

_use a glass containing B component and Si component together
serving as its main component, provided that it is a glass
not containing Pb oxide of th-siozéeries.

In addition, if the above condenser is used to form a
iaminated LC filter or fhe like, it is also possible to
obtain some excellent effects as those obtained in the above
embodiments.

‘As may be clearly understood from the above
description, with the use of the dielectric ceramic
composition made according to the present invention, it is
allowed to conduct a sintering treatment at a temperature of
1060°C or lower, obtain a relative dielectric constant of 40
or more and a Q value of 1000 or more, further obtain a high
electrical resistivity. Moreover, since there is no
volatilization of a component whiéh is Pb oxide, it is sure
to produce dielectric ceramic compositions haviﬁg relatively
uniform properties.

Therefore, if such dielectric ceranmic compositions



&

- 21 - nunerical factors are all in the formof weight % . Then, 100 parts
by wei ght of the above pre-sintered powders and 10 parts by wei ght of the
above gl ass powder were m xed together with a polyvinyl butyral solution
whi ch was added therein, so as to obtain a slurry. Subsequently, the thus
obtained slurry was forned into a sheet with the use of the doctor bl ade
nmet hod, thereby obtaining a green sheet. Next, an electrically conductive
paste containing Cu as its nmain conponent was printed on the green sheet,
so as to forman electrically conduct#va?paste |ayer form.ng the internal
el ectrodes. After that, a plurality of such green sheets each having forned
thereon an electrically conductive paste |ayer were | am nated together in a
manner suclrehasetihtoelferir dielbygtrbodoetanwic fbsyerd ayepsodueealat er nati vel y
exposed on each end face of thus forned | am nated body. Further, the each
end face ofiamiipatedi srersuiibodondensehi and tdhclahimated 410 fidaedueow thepast e
| ayers are_exposed thereon, was coated with an electrically conductive
past e cont dil#fengituigsaitevwadi hocuhpdbhentSone GReAP HISELHOS§ a furt her
treated | am nated_body. In addition, the thus obtajned .

materials such as Cu and Ag, thereby making it possible to

manufacture the laminated ceramic parts with a reduced cost.



| am nat ed body was heated at a tenperature of 350[err]C in an atnosphere of
Nl err] gas, so as to receive a predeterm ned heating treatnent, thereby
renoving the fornmerly added binder. Finally, the thus treated | am nated
body was put in - 22 - a reductive atnosphere consisting of
Herr]-Nerr]-Herr]0 gas and kept at a tenperature of 1000[err]C for 2
hours, so as to effect a predeterm ned ggntering treatnent, thereby
obtalnlng a desired | am nated ceram c condenser. The thus obtained

| am nated ceram c condenser has a wdth of 1.6 nm a length of 3.2 nmand a
thickness of 1.2 nm Each of the dielectric ceramc |ayers interposed
between the internal electrodes has a thickness of 6 [err]m wth the total
nunber of effective dielectric ceramc |ayers being 150 layers in all.
Moreover, as conparative exanples, sone other |anm nated ceram c condensers
wer e prepared using the dielectric materials which are the conp05|t|ons
shown in sanple nunbers 102, 104 of Table 9.
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Nanely, starting raw materials were prepared which included barium
carbonate (BaCJerr]), calciumcarbonate (CaCJerr]), strontium carbonate
(SrCcJerr]), titan oxide (Tierr]), zirconiumoxide (Zr(Jerr]), rear earth
oxide (Re[err]derr]), vanadiumoxide (V[err]derr]), tungsten oxide
(Mo[err]), copper oxide (CuO, mangan garhbonate (MiCJerr]), boron oxide
(B203) and silicon oxide (Siderr]). After that, the powders of the above
starting raw materials were taken by weighing the weights thereof so as to

obtain sone_coppositions as in sanple nunher 2 and 104.0f Ta ut
not includind Blerf]PD[lerd]{and{S Q(lenr] ). en,| these| 1 teridl | goyders
and an et hapgdl | were hoved j ntpla] baj I} - 28 - 1nmi 1§ and g ixed
together in et manner , fdl owed by lalpré-isint erji mg| qreatment dt | 3
t emper at ur e| df | 1040[ rr]¢, tihenepy ohtlalni ng & |pfe- sijngereéd pgwgr
mat eri al . Hpwéyer, |cphntents o Vukﬂqk_mq@.dmhwﬂ 'QWBWGJQH
serve as t htg[Eecond IR R ITPITIER =25 PEPIHP TP “Tekﬁﬁp 81918 1P|r d
sub- conponggit| a qoptient] pf Q ser Viing [as$ it he fourtihisub-i ¢gnpdnent | jare
. : \
all represefrgied in|pprftp |by |wei ghﬁ per| 100
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parts by weight of a main conponent which is {x(Ba[err]Ca[err]Sry)O
Y[(Tiderr])[err](Zrderr])[err]]-zRe[err]err]} (however, also including
a case wherein [err]+y= 0 or me0). Then, 100 parts by wei ght of the above
pre-sintered powders, 5 parts by weight of boron oxide (B[err]O[err]) and 5
parts by weight of silicon oxide (Siderr]) were m xed together with a

pol yvi nyl butyral solution which was added therein, so as to obtain a
slurry. Subsequently, the thus obtained slurry was forned into a sheet with
the use of the doctor bl thereby obtaining a green sheet. After
that, | am nated ceramc 'q produced in the same manner as in

t he above sanpl e nunbers lext, a noisture proof |oad test was

N
conducted on the | am nat hdensers of sanpl e nunbers 101 to 104
in Table 9 which had bee he above process. In detail, the
condensers were put in a havi ng a pressure of 2 atnospheres, a
relative humdity of 1009 4 enper-atpie of 121[err]C. Then, a DC voltage
of 16 V was - 24 - =
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continuously applied to the condensers for 250 hours. During this test,
when an insul ating resi stance of the condensers becane 1x10[err] [err] or

|l ower, it was determned that there was a failure (defect). The test
results are shown in Table 10. However, in Table 10, sanple nunbers wth
marks * are those in the ranges out af sthe scope of the present invention,
whi |l e those not having marks * are in the ranges of the scope of the
present invention. As may be clearly understood from sanpl e nunbers 101 and

103 of Tabl e (9 ang TanreT1I0; eTiTamanet T SETS he
present invengigdn| con a'niné B |cprpprient] and %i cjo nment as gliasy
conponents, df& npt produce janhy defeqt 5 (whijch wi |l |oft her g sje be cqused
during the ath%%nDisfure priopfl | dad |§ &3t ther¢ provi mgl that they have
o @ [ 1. ) OV =X owniol: .
an excel | ent pRrAARErty [of Apilsiurpe-|plaeie|Sl+1~CortT eyt = + | ¢ e sanpl e
nunbers 102 gnd [1p4, ift{ wap [f pynp [t hat | tihe fcondenseris [not | n [t he| gcope of
the present ilgvi&gntion,| canfaipilng bprloh |oxilde |(B203)| serving @@ B|conmponent
and silicon qL‘gig:g (Sigenr]) seryilng jag |SI |conponent QJu nof |cont ai ni ng a
e H .
gl ass conponestgizhad produced Jone Hehegns (durli rE_g_t hie (@laovie | noilsiir e proof
| oad test anc ce dq apt-have ol lexgslTlient VL sTiite proof.
Thi s fact -
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proves that the presence of a Blerr]20[err]-SigJerr] glass can provide an
effect of inproving the noisture proof property. As described above, in the
above- di scussed - 25 - enbodi nents, barium carbonate (BaCJ err]),

cal cium carbonate (CaCJerr]), strontiumcarbonate (SrCJerr])1 titan oxide
(Tiderr]), zirconiumoxide (Zr(Jerrl)zarear earth oxide (Re[err](err]),
vanadi um oxide (V[err]O[err]), tungsten oxide (WJ[err]) copper oxide (CuO
and mangan carbonate (MCO3) were mi xed together only once in only one
operation and then subjected to a pre-sintering treatnment. However, it is
al so possi biresitgwat barium carbonate (BaCJerr]), cal cium carbonate
(CaCOerr]), strontiumcarbonate (SrCJerr]), titan oxide (TidJerr]),

zi rconi um oxBawle( Zi Shenngjtomperatnd 1 Redativedielechicox | Qe ( Re[ er 1 p@leewrieca] ) nay| be at
first nmixed|Noaket hefChnd t hen fo] fw¥eE by a pte-sinteri r?;&isﬁéat ment ,
t her eby obt &ai ni ng pre-sintered material. Then, vanadi yAfbo%i de
(Merr]O[erg]), tuhasten oxide W& 1) copy | an
carbonate (MG er190were added4’n the pre-siiht®red matdrii*dl0 t her epy
obtaining the siml a0effects. 46 1600 3.1X107

3 1050 47 1800 3.6X10°

4 990 45 28060 24X 10"

5 990 52 2600 20X10°

6 1000 55 2500 9.6 X 10°

7 1000 58 : 2500 8.6 X107

3 1020 61 2300 54X10°

9 980 43 2600 9.8 X107

10 980 51 2700 86X10°

i1 950 53 2400 74X 10°

12 990 55 2300 5.7X107

13 1600 57 2100 41X10°

*14 1040 117 . 200 48 X 10

*15 1040 33 1800 [8X10°

*16 1040 34 800 6.4 X 10°

*17 1040 64 300 1.9X10°

*18 1060 Un-sintered ' :

19 1040 50 2300 54X 107

20 1000 47 1500 12X10°

*21 960 46 400 74X 107

*22 1060 Un-sintered

23 1040 47 2000 93X10°

24 1030 46 1800 19.1X107

25 1010 45 1500 7.7X10°

26 1010 44 300 97X10°

27 1040 48 1900 g84X10°

28 1030 47 1700 TIX10°

29 990 46 1500 6.1X107

*30 950 45 400 24X 10°



Further as starting materials, what has been described in the above

i ncl udes bari um car bonat e (BaCCB) cal cium carbonate (CaCJerr]), ‘strontium
carbonate (SrCJerr]), titan oxide (Tigerr])airconiumoxide (Zrgerr]),
rear earth oxide (Re[err]O[err]), vanadiumoxide (V[err]O[err]), tungsten
oxi de (Wo[err), copper oxide (CuO and ggngan carbonate (MCOB), but the
present invention should not be limted to these conpounds. In fact, it is
al so possible to use other conpounds including BaTiJerr], Bazro[err],
CaTigerr], CzrJerr], SrTiG, SrZrJerr], Re[err]Ti[err]O[err] (however,
Re is used tﬁ?‘ resent rear earth elenent), alternatively it - 26 - is
allowed to utiTrze a carbonate an oxal ate, a hydroxi de, an al koxi de, etc.,

an A ANl ~Acoc

t her eby obt ai 1 : MpEeover—a 5SS
conponent , mtgﬁas Htérﬁ ﬁmgcrr be Eg‘g‘“’gP dehg ovLeﬁr s a gi::_%:icé’l
Blerr]O[err]|-Li [err] err] gl ass powder, but a [gl ass conp ﬁg:é “%houl d|not
necessarily |be limjted to such a|speeific matgriMdz. In fRgly) it is also
possi bl e t o [gye—a gi@gss CONMtai T g5 B COMPOTETTt | ' .  her

32 1050 62 1700 27X10°

33 990 47 3200 12X 10"

34 990 49 3000 94X10°

35 1000 53 2900 84X10°

36 1000 35 2900 69X10°

37 1020 57 2700 5.1X10°

38 930 48 3000 9.9X10°

39 930 49 3100 8TX10°

40 990 53 2800 66X10°

41 990 55 2700 52X 10°

42 1000 59 2500 3.7X10°

*43 1050 - 123 100 5.4X10

*44 1050 36 2000 3.8X10°

*45 1050 39 800 86X 10°

*46 1050 74 500 26X 10°

*47 1060 Un-sintered )

43 1050 50 2400 79X 10°

49 1010 46 1800 43X10°

*50 970 46 500 8.1X107

*51 1060 Un-sintered

52 1040 43 2100 9.7X 10°

53 1030 47 1900 983X 10°

54 1020 46 1300 198X 10°

*35 1020 44 400 20X 10°

56 1040 _ 48 1800 87X10°

57 1030 49 2100 92X 10°

58 1000 47 1600 88X10°

*59 1000 - 43 600 3.1X10°

60 1040 48 2300 86X 10°

61 1060 53 1800 S4X10°

*62 1060 Un-sintered

63 1030 43 1800 6.7X10°

64 1050 48 1800 88X 10°

*65 1060 Un-sintered




3

serving as its main conmponent, provided that it is a glass not containing
Pb oxide of B[lerr]Qerr]series. In addition, if the above condenser is used
to forma lamnated LC filter or the like, it is also possible to obtain
sonme excellent effects as those obtained in the above enbodi nents. As may
be clearly understood fromthe above deggription, with the use of the
dielectric ceram c conposition nade according to the present invention, it
is allowed to conduct a sintering treatnment at a tenperature of 1060[err]C
or lower, obtain a relative dielectric constant of 40 or nore and a Q val ue
of 1000 or nore, further obtain a high electrical resistivity. Mreover,
since there is no volatilization of a conponent which is Pb oxide, it is
sure to proddBeEdi el ectric ceram c conpositions having relatively uniform

properties. Therefore if such dielectric ceramc conpositions - 27 -
are used to @Fﬁﬁ di (?JES,‘EE’E%‘F’EP"@%‘F% Tﬁﬂa"l"%@'é‘f’“g“‘t o | oduce a | P Electical
umber C onstant Resistivity
125°C
IMHz 1MH2 (Q m)
66 1020 51 2300 6.6 X107
67 1000 53 1800 27X107
*68 970 50 600 21X10°
69 1040 62 2300 35X10°7




| am nated ceram c condenser and a lamnated LC filter or the like, it is
allowed to utilize sone cheap el ectrode materials such as Cu and Ag, .
thereby naking it possible to manufacture the |lam nated ceramc parts with

a reduced cost. - 28 - [err] - 29 - [err] [err] [err]
- 3 5 -
TABLE 8
Sample Sintering temperature | Relative Dielectric Q p Electrical
Number { (°C) Constant Resistivity
125°C
tMHz IMHz (Qm)

70 1030 42 1500 3.9X10°
71 1030 44 1400 48X10°
72 1030 42 1500 55X 10°
73 1030 60 2000 76X 107"
74 1030 63 1500 96X 10°
75 1030 61 1400 26X10°
76 1030 49 2000 5.7X10°
77 1030 47 3000 12X 10"
78 1030 63 2200 77X10°
79 1030 ~ 70 2200 54X10°
80 1050 60 1200 25X10°
g1 1050 61 1300 2.8X10°
82 1050 62 1300 2.6 X10°
33 1030 ~ 63 2500 69X 10°
84 990 64 2600 7T1X10°
85 980 64 2700 74X 107
36 ' 950 65 2800 239X10°
87 930 64 2800 88X10°

*§3 930 61 400 74X 10°
89 1030 49 2000 6.1X10°
90 950 46 2000 $1X10°
91 930 i 45 2500 76X10°
92 900 43 2500 65X 10°
93 1040 65 2400 73X 10°
94 1030 | - 64 2800 94X10°
95 1020 63 2700 31X 107"
96 1000 64 2800 54X 10"
97 980 65 2900 1.8X 107

*03 _ 970 61 500 1.6 X 10°




TABLE 6

[err]
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-. 35 - TABLE 8 [err] [err] - 37 - [err] TABLE 10 - 38 - WHAT IS
CLAIMED |I'S: 1. A dielectric ceram c conposition conprising: 100 parts by
wei ght of a mai n conponent represented

- 37 -
TABLE 10
Sample Number Sintering Temperature Moisture Proof Load Test
(°C) Defects/Test Times (piece)
101 1000 0772
*102 1000 3/72
103 1000 0/72
*104 1000 472




by a formula xBaO- yTi(Jerr]-zRe[err]Jerr] (wherein x+yFz=ro0=andRe'S at
| east one rear earth elenent), having a nole conposition,tatio. (Bag e
TiJerr], Re[err]O[err]) of BaO TiO[err] and Re[err]O[ 51“;l ? @!ﬁ“ﬂ
ternary conposition diagramof Fig. 1, which is indicatiék *
surrounded by point A (39.5. 59.5, 1), pgint B (1, 59.5, 39.5), point C (1,
85, 14) and point D (14, 85, 1); 25 parts by weight or less of a first
sub-conponent which is a Blerr]3-SiJerr] glass (but not containing Pb
oxi de); a second sub-conponent which is at | east one subst.ance sel ected
fromV oxide and Woxide, the content of V oxide in the form of
V[err]O[err] is 10 parts by weight or | ess and the content of Woxide in
the form ofwi¥oberslcisxMdfpppgts by weight or less. 2. A dielectric ceramc
conposition conprising: 100 parts by weight of a nmain conponent represented
by a-fornmula x(Ba[err]aCa[err]Sry)o-y|[
(TidO[err])[err](Zro[err]),]-zRe[err]derr] (wherein x+y+z=100, -
[err]+[err]ky=1a di¢kecifir rdenamit Gonpodieibh Bomp@isdngkut not including
a case where [err]+y= 0 and m=0; Re is at | east one rear earth el enent),
havi ng a nol e conpdd) tpagresr dyi wefigBa| ofr ACAREn r¢@nydient represented
[(Tio[err])[err]éZrC{err])[err]], Re[err]O[err]} of (Ba[err]Ca[err]Sry)Q
by a’ formula xBaO-yTiO,-zRe,0, {whereln x+y+z=100 and Re is

at least one rear earth element), having a mole composition

ratio (BaO, TiO,, Re,0,) of BaO, TiO, and Re,0,, shown in a
'.ternary composition diagram of Fig. 1; which is indicafed by

an area surrounded by point A (39.5. 59.5, 1), point B (1,
 59.5, 39.5); point c'(1, 85, 14) and point D (14, 85, 1);

25 parts by &eight or less of a first sub-component
ﬁhich is' a B,0,-8i0, glass (but not containing Pb oxide);

a second sub-componenﬁ which is at least one
substance selected from V oxide and W oxide, the content of
v qxide in the form_of V,0; is 10 parts by weight or less
and the content of W oxide in the form of WO, is 20 parts bﬁ

weight or less.

2. A diélectric ceramic composition comprising:

100 parts by weight of a main component represented
by a formula x(BaaCaBSry)O-y[{Ti0,),.(2r0,).]-zRe,0, (wherein
X+y+2z=100, o+p+y=1, 0 s B+y< 0.8, 0 = m < 0.15, but not
including a case where B+y= 0 and m=0; Re is at least one
rear earth element), having a mole composition ratio

{(BaaCaﬁSryio, [(Ti0;),..(2r0,).1, Re,0,} of (BaaCaPBSry)o,



- - e
e

[(Tiderr])[err](Zrderr])[err]] and Re[err]Qerr], showiTn a ternary.....
conposition diagramof Fig. 2, which is indicated by an a u\l“mw L\w
point A (39.5. 59.5, 1), point B (1, 59.5, 39.5), point Cﬂﬂﬁ“ﬁ ;
point D (14, 85, 1): 25 parts by weight or less of a first *sub-cbnpbnent
which is a Blerr]O[err]-SiJerr] glass {§ut not containing Pb oxide); a
second sub-conponent which is at | east one substance selected fromV oxide
and Woxide, the content of V oxide in the formof V[err]O[err] is 10 parts
by weight or less and the content of Woxide in the formof WJ[err] is 20
parts by weight or less. 3. The dielectric ceram c conposition according to
claim1l or 2, wherein said conposition further.contains. a third sub-
conponent therid,g,(uzos])]¢ anderejo),t SRodmrin of taKddry asongrenidion 10
parts by weight or less with respect to 100 parts by weight of the main
conponent . diadham eI B i, cdriamh dscdnyddeatednbygcenr dreg soraoynded of
clains 1 to 3, wherein said conposition further contains a fourth

sub- conponeby poERtikx (P i & &dddd /i poimé Bol i, oFINRO BA. &N, apolmt &f 20

parts -by weight or less with respect to 100 parts by weight of the nain
conponent. (I, 85, 14) and point D (14, 85, 1);

25 parts by weight or less of a first sub-component
which is -a B,0;,-Si0, glass (but not containing Pb o>l:ide) ;

a seccond sub-component which is at least one
substance selected from V oxide and W oxide, the content of
V oxide in the form of V,0, is 10 parts by weight or less
and the content of W-oxide in the form of WO, is' 20 parts by.

weight or less.

3. The dielectric ceramic composition according to claim 1
or 2, wherein said composition further contains a third sub-
component that is Cu oxide added in the form of CuO in an
amount of 10 parts by weight or less with respect to 100

parts by weight of the main component.

4. The dielectric ceramic composition according to any one
of claims 1 to 3, wherein said composition further contains
a fourth sub-component that is Mn oxide added in the form of
MnO in an amount of 20 parts by wéight or less with respect

to 100 parts by weight of the main component.

5. Laminated ceramic parts including a plurality of



5. Lam nated ceramc parts including a plurality of + 40 - dielectric.
ceranmic layers, internal electrodes formed between the dlﬂ“ﬂﬁmul It l rﬂﬁ

| ayers, external electrodes electrically connected with s

el ectrodes, characterized in that said dielectric ceramc Iaye are formed
by a dielectric ceram c conposition rgc%%eg in any one of clains 1 to 4,
said internal electrodes are forned by or Ag serving as their main

conponent s.

dielectric ceramic layers, internal electrodes formed
between the dielectric ceramic layers, external electrqdes.
electrically connected with said internal electrodes,
characterized in that said dielectric ceramic layers are
formed by a dielectric ceramic composition recited in ény
one of claims 1 to 4, -said internal electroaes are formed by

Cu or Ag serving as their main components.



