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The present invention raelates to monolithic
ceramic capacitors to be used in electronic instruments,
especially those having inner electrodes made of nickel

5 or nickel alloys.

Monolithic ceramic capacitors are genaerally

produced as follows. First, a sheet of a dielectric
material having coated thereon an alectrode
10 material to be an inner electrode is prepared.

For example, the dielectric material may consist
essentially of BaTiO;. Next, a plurality of such sheets
each coated with the electrode material are laminated and
integrated under heat and pressure, and the resulting
15 laminate is baked _ - at from 1250°C
to 1350°C to obtain a monolithic dielectric cexramic body
having inner electrodes therein. To the both ends of the

dielectric ceramic body . axe fixed outer electrodes
that electrically communicate with the inner

20 alectrodes. Thus is obtained a monolithic ceramic
capacitor. '

Accordingly, the materials for such inner
electrodes must satisfy the following xequirements ;4
(a) Since the dielectric ceramics and the inner
25 electrodes are baked together, the melting point of the
materials for the inner electrodes must be not lower than
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be used in electronic instrunents, especi ally those having inner
el ectrodes made of nickel 5 or nickel alloys. BACKGROUND CF

THE | NVENTI ON Monol it @ =ceram C Capgett-OtSawii-g-
general |y produced as fol |l ows. First, a sheet QfiHiS GHEEEHAS BEEN

mat eri al . havi ng coated thereon an el ectrod¢ 10 RERIACEDi al tp
be an inner el ectrode S prepar ed. Fo exanpr e, —The

dielectric mteri S e f BaTiJerr Xt ,
a plurality of sucfiiL erﬁ?ﬂ?& Lgag B ﬁ% 8&{;; G TRYRP réﬂ'él\g%
are | aminated andbaked. |nt egrat ed under heat and pressure and the

resulting 15 | ami nate i S(Hﬂak&ﬁe materials for the inner eldbtkb@8: must

in |ithic dielectric, ceramc
éggg[e”] ¢ havi ng mﬁ%?ot[a % es%t%gr ef‘ﬁ ni?q%i" tq?g'pﬁﬁfh“ﬁﬁds i fl%fng
di el ectric Cer ani tWespheres Mt not peact witdcidiedestrics.

As electrodes that satisfy these requirements,
noble metals, such as platinum, gold, palladium and silver,
have heretofore been used. However, these electrode
material are eaxpensive, o althouch they have

10 excellent characteristics. Accordingly, the cost of the
electrode material reaches from 30 to 70 ¥ of the total
cost of _ the wmonolithic ceramic capacitor, which
therefore is .the essential factor of increasing the
production costs of conventional monolithic ceramic

15 capacitors.

Noble metals, known are base
metals, such as Ni, Fe, Co, W and Mo, . . have a high
melting point. However, such base metals are easily
oxidized in high-temperature, oxidizing atmospheres _

20 and lose their . ability o funection as
electrodes. Therefore, if such base metals are used as the
inner electrodes in monolithic ceramic capacitors, they
must be baked in neutral or reducing atmospheres along with
dielectric ceramics. However, conventional dielectric

25 ceramic materials were defective in that if they are

. baked in such neutral or reducing atmospheres, they

are greatly reduced into semiconductors. .
In orxrder to overcome these drawbacks, for
example, proposed were a dielectric material comprising a

30 solid solution of barium titanate where the ratio of barium
sites/titanium sites is over the stoichiometric ratio
thereof, such .as that disclosed in Japanese Patent
Publication No. 57-42588; and a dielectric material
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comprising a solid solution of barium titanate and
containing oxides of rare earth metals, such as La, Nd, Sm
and Dy, added thereto, such as that disclosed in Japanese
Patent Application Laid-Open No. 61-101459.

Also proposed were a dielectric material having
a composition of BaTi0;-CaZr0,-MnO-MgO, such as that
disclosed in Japanese Patant Application No. 62-256422; and
a dielectric material having a composition of BaTiO,-
(Mg, Zn, 8r,Ca)0-B,0,-810,, such as that disclosed in Japanese
Patent Publication No. 61-14611.

Using these dielectric materials, dielectric
ceramics were obtained . which are not converted into
semiconductors even when baked in reducing atmospheres. As
a result, it has become possible to produce monolithic
ceramic capacitors comprising inner electrodes of base
metals such as nickel.

With recent _ developnments in
electronics, small-sized electrenic parts have become

- in great demand and small-
sized, large capacity, wmonolithic ceramic capacitors are
therefore required .. Por these reasons,
the recent tendency in the art is rapidly toward uge of
dielectric materials having a higher dialectric constant
and toward thinner dielectric layers. Accordingly, there
is now a great demand for dielectric materials . of
high reliability having a high dielectric constant and
in which the temperature-dependent variation is '
small.

However, the dielectric materials disclosed in
Japanese Patent Publication No. 57-42588 and Japanese
Patent Application Laid-Open No. 61-101459 generally were

‘defective in that the crystals of the dielectric ceramics

obtainable from the materials are generally large, though
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baked. (b) The materials for the inner electrodes nust

not be oxi di zed even in high- terrperature4 oxidizing 5 at nospheres and
must not react with dielectrics. As_el ectrades thate—
satisfy these requirenents, nobl e netal s, suqhnans SHEET! MASNBEEN|d,
pal I adi um and silver, have heretofore been us ngpy_\ﬁmg], t Hese
el ect rode mat eri al are expensive, a--hottgir—tteyhave
10 excel | ent ofhe acdimliestirie. cérumics ngilwnstesosmapf hdve a high

el ectrode mat eri gh; J1arlq% féQE‘i%é 0 ﬁtf@ Yne hfﬁ | thar  CO6! efilin

the nonolithic ceramc capaC| tor, f ore Is the essenti aI
factor of increasigiagtgic layers having a thickness of, for example, 10 um

or less are made of such dielectric ceramics and
5 incorporated into monolithic capacitorg, the number of
crystals in each layer is reduced and
therefore the reliability of the monolithic capacitors is
lowered. In addition, the dielectric wmatarials were
further defective in that the temperature-dependent
10 variation of the dielectric constant of the dielectric
ceramics is great. For these reasons, the conventional
dielectric materials could not meet the requirements
of the market.
On the other hand, the dielectric material
15 disclosed in Japanese Patent Application Laid-Open No. 62-
256422 was defective in that CazrQ; and also CaTiO; that is
formed during the baking step may often form secondary
phases together with Mn and others and therefore the
reliability of the capacitor comprising the material is
20 problematic, although the dielectric constant of the
ceramic body of the material is relatively high, the
crystals constituting the ceramic body are small and the
temperature-dependent variation in the dielectric constant
is small.
25 The dielectric material disclosed in Japanese
' Patent Publication No. 61-14611 was defective in that the
dielectric constant of the ceramic body of the material is
from 2000 to 2800 and therefore the material is not
suitable for small-sized, larxge-capacity monolithic

30 capacitors. In addition, the matexrial was further
defective in that it does not satisfy the X7R-level
characteristic standard stipulated in the EIA

Standard, which indicates that the temperature-dependent
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Nobl e nmetal s, known are base nmetals, such as Ni, Fe, Co, Wand M,

= have a hi gh mel ting point. However, such base metal s are easil
oxi di zed in high-tenperature, oxidizing 5at"rmspheres 20 I-ﬁﬁdSHEEWSW-\S BEEN
ability to function as el ectrodes. Therefore, SHED

nmetals are used as the I nner el ectrodes in nonol ilthic..cer am«e
capacitor's, they must be baked in neutral or reducing at m)spheres
al ong with vetiiateeh ik &ﬂéﬁp&&tandéowzﬁin crfeogi(ﬁgé 'KuiAleedl €EBOET I C

tz)gked fﬁrngch] gt??‘%ra*kgr“w?eg’aﬁ?%{ \r/ésﬂ‘%e és, thely they :ig greatly
Eired\lljvgegklsnt ](C)Ofem conduct or¥n ordexr to solve thEnabmwu:dlrmi@n?ﬂcpmn.bmsﬁ
co?rpr?si ng A 30 rosolelég Eﬂ*: Eigp?oii erlvleﬁrsnm?"giéﬁiéf% \/\hg‘r’g&ﬁ?&"@h‘t i‘o o?
bari um Bi t J2PRAPLAR ‘Eﬂa}"élr‘m[ thrid-Open; Has: r PE-P2066. 05
thereof, such 88067hand AF-08068cd Howeverspihese chipamitions could not
still satisfy the recent severe raquirements for the
reliabllity of capacitors in the market. Therefore, there
is still a great demand for dielectric materials with much
10 more improved reliability. In addition, there is also a
great demand for thinner dielectric layers with much more
improved characteristics for use in monolithic
ceramic capacitors. In this connection, if the
conventional dielectric 1layers are thinned while
1s _ still . havipg the same rated voltage as
that of the original unthinned dielectric
layers, the reliability of such thinned layers is much
lowered - FOX example, theix insulating resistance
at room temperature and at high temperatures is lowered,
20 since the electric field strength to be applied to each of
such thinned layers 1is enlarged. For such thinned
dielectric layexrs, therefore, their rated voltage must be
lowered. Given the situation, accordingly, it has become
necessary to develop thin dielectric layers with higt
25 reliability, which are not required to have a lowered rated
voltage and which have high insulating resistance in strong
electric field conditions. _
In order to produce small-gsized, large-capacit:y
monolithic ceramic capacitors in an automatic surface-
30 mounting system, the outer electrodes formed by
baking an electroconductive metal powder are plated with
solder to form a plate film thereon. To form such a plate
film, for example, electrolytic plating ie generally
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employed. In general, the outer electrodes " formed by

baking an electroconductive metal powder often have fine
pores therein. Therefore, if monolithic ceramic capacitors
are dipped in a plating bath in order tc form a plate film

s over their outer electrodes, the plating liquid penetrates
into the fine pores of the baked electrodes, and it will
reach tha interface between the inner electrode and the
dielectric ceramic layer, thereby lowering the reliability
of the capacitors.

10 SUMMARY OF THE INVENTION

Accordingly, the subject matter of the present
invention is to provide a low-priced, small-sized, large-
capacity, monolithic ceramic capacitor, which has a
dielectric constant of 3000 or more, which has a high

15 insulating rasistance when measured at 2 KV/mm and at
room temperature and 125°C, of 6000 MOuF or more and 2000
MO uF or more, respectively, in terms of its product with
the capacitance (the product " CR), and still has a high
insulating resistance, when measured at 20 KV/mm and at
20 room temperature and 125°C, of 2000 MQuF oxr more and 500
MQuF or mdre, respectively, which has temperature-
dependent capacitance that satisfies the B-level

characteristic standard . stipulated in the JIS Standard
and the X7R-level characteristic standaxrd " stipulated
25 in the EIA Standard, and which has _ . high

reliability irrespective of the presence or absence of the
plating over it.

Specifically, the present invention provides a

monolithic ceramic capacitor composed of = a plurality of

30 dielectric ceramic layers, a plurality of inner electrodes

. formed between the dielectric cerami¢ layers in such

a manner that one end of each inner electrode is exposed
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added thereto, such as that disclosed in Japanese Pat ent
Application Laid-Open No. 61-101459. 5 = Al proposed were a
dielectric material having a conpoOsition of HEET
BaTiJerr]-CazZrgerr]-vnO MO, such as that di scl Jsecf 2 5_ HAS BEEN
Pat ent ApplitTation No. 62-256422; and a dielectrik Ja
conposition of BaTiJerr]- (My, 2Zn, Sr, Ca) OB[err]-SigJerr], such

as that disclosedout dfipanese 10 an dmi aff thebkiedatoridocefdmildldyers,
Using these diel e&a'&f@é ‘%rl'd'é't%oddbe' et rd.fect icaugeaaﬂ}éé enr‘ﬁ‘a%ﬁ ned

.. Wwhich are not conv %‘i uct ors even
reduci ng at nosphe?E%8 nnez el%Ftr"&dtﬁst' "li‘itc sharartesdzadhin thatyr oduce
nmonolithic 15 ‘ceram c c#hecdielectripderandci Dﬂﬁérﬂﬁ&i ﬁéﬂ&n&ée hees

metal s suchgas Niggeedrial comprising barifi Rie ?eFec?Ss%ﬁ paﬁ°§’tﬁ3\9e°£
n

devel opnents in el ectroni cs, smal -sjize roni
becone impurities i cARoUR fadd Xy wedght 20

si zed, |arge-capamt timssypantli alés yrrrdunCokbdes iterbiual 6xide, dysprosium
oxide, holmium oxide, erbium oxide, ytterbium oxide,
manganese oxide, cobalt oxide and nickel oxide, and
10 containing ag a side component, magnesium oxide in an
amount of from about 0.1 to 3.0 mols, in terms of MgoO,
relative to 100 mols of the essential component having the
following compositional formula: '
(1-a-B) {BaO},TiO, + aRe;0; + §(Mn,,,NiCo,)0
18 where Re,0; is one or more selacted £rom Y,0;,
Th,0s, ‘D30, HoO5, EX;03 and ¥b0y; and
@, 8, m, x and y are as follows:
0.0025 = a £ 0.028
0.0025 < § = 0.05
20 B/a < 4
0sxXx<1.0
0 <y«<1l.0
0 =x +y«<1.0
1.000 < m =< 1.03S5,
25 and further containing f£rom gbout 0.2 to 3.0 parts by
weight, relative to 100 parts by weight of said components,
of an oxide of the type of Li0-B,0;-(8i,Ti)0,; and

the inner electrodes " are made of nickel or
a nickel alloy.
310 Preferably, the oxide of the type of Li0-B,0,-

(8i,Ti} 0, falls within a compositional range as surrounded
by six lines formed by connecting six points, | R

representing mol%, of:
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tendency in the art in rapidly toward use of dlelectric materi al s
havi ng a hi gher dielectric constant and toward thinner dielectric

| ayers. Accordingly, there 25 is nowka great demand for dielectriCuu
material s of high reliability having THISJQHEE'IEHAStBEEN
const ant and I n which the tenperature-dependgnt gPRICED i S
small . - However, the dielectric mater 80
Japanese Patent Publication Ne. 257-43;588 and Japanese Pat ent
Application Laid-Open No. gl- é igngﬁgeral ly were defective in that
the crystals of the dielec & obt ai nable fromthe materials

are generally large, thougl (49, 1, S0}
D (45, 50, 5)
5 E (20, 758, 5)

F (o, 80, 20)
in a triangular diagram of {Li,0, B,0,, (8i,Ti,.)0;}, in
which 0.3 s w < 1.0 or more preferably 0.4 g w < 0,9; and
the oxide further contains about 20 parts by weight or

10 less, relative to 100 parts by weight of said components,
of at least one of Al,0; and 2r0,, provided that the 2zro,
content is about 10 parts by weight or less.

Alsc preferably, the outer electrodes each are
made of a sinterad layer of an electroconductive metal

15 powder or of an electroconductive metal powder with glass
£rit added thereto. Further preferably, the outer
electrodes each axe composed of a first, sintered layer of
an electroconductive metal powder or of an
electroconductive wetal powder with glass frit added

20 thereto, and a second, plated layer formed on the first
layer.

As the material for the dielectric ceramic
layers, herein used is a dielectric ceramic composition
comprising barium titanate, and one or more rare earth

25 oxides Bselected from yttrium oxide, terbium oxide,
dysprosium oxide, holmium oxide, erbium oxide and ytterbium
oxide, and also manganese oxide, cobalt oxide and nickel
oxide, at a specifically conditioned compositional ratio,
and containing magnesium oxide and an oxide of the type of

30 Liy0,~B,0;- (81, Ti)0,. Therefore, even in a reducing
atmosphere, the dielectric ceramic composition can be baked
well without worsening its characteristics. As a result,
it is possible to obtain a high-reliability, monolithic

SPEC\180407
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capacitance that satisfies the B-level characteristic
standard " stipulated in the JIS Standard and also the
X7R-level characteristic standard , stipulated in the
EIA Standard, and having high insulating resistance at room
temperature and even at high temperatures in strong
electric field conditiong. In addition, since the crystal
grains constituting the sintered ceramic body are small

) "» _having grain sizes of about 1 xm or smaller,
preferably about 0.75 um or legs. the number of the ceramic

erystal grains " in each dielectric layer can be
inereased. Therefore, even when the dielectric layers in
the monolithic ceramic capacitor are thinned, the
reliability of the capacitor is not lowered.

We, the present inventoxrs, have found that, in
the dielectric ceramic composition which is to form the
dielectric ceramic layers and which comprises barium
titanate, and one or more rare-earth oxides selected £rom
yttrium oxide, terbium oxide, dysprosium oxide, holmium
oxide, erbium oxide and ytterbium oxide, and also manganese
oxide, cobalt oxide and nickel oxide, the content of the
impurities in the barium titanate, such as alkaline earth
metal oxides, e.g., SrO and Ca0; alkali metal oxides, e.g.,
Na,0 and K,0; and other oxides, e.g., Al,0, and Si0,,
especially alkali metal oxides such as Na,0 and K,0, has a
great influence on the electric characteristics of the
capacitors. Specifically, if barium titanate having an
alkali metal oxide impurity content of smaller than about
0.02 ¥ by weight,_preferably Jegs that about 0.15 parts, ie
in the dielectric ceramic composition, the capacitors
cbtained may have a dielectric constant of 3000 or higher.

In addition, we, the present inventors., have alsc
found that the addition of-an oxide consisting essentially
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ceramcs is great. For these reasons, the conventional dielectric

materials could not neet the requirenents of the narket

On the other hand, the dielectric matert®l™ 15  di scl o$ qHIS SHEED MASSBEEN
Pat ent Application Laid-Open No. 62-

CazrJerr] and also CaTiJerr] that is formed dutrAg-the-takr
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therefore the
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constituting theiwpreving obhe nplating| resistance tof the ceramic layers.
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According to the present invention that has the
effects mentioned above, therefore, 1t is possible to
realize a high-reliability, small-sized, high-capacity,
monolithic ceramic capacitor having inner electrodes of
nickel or a nickel alloy, which can be produced in an
automatic surface-mounting system and of which the
temperature-dependent variation in the capacitance is
small.

In the monolithic ceramic capacitor of the
present invention, the dielectric ceramic layers are made
from a dielectric ceramic composition that can be baked
even in a reducing atmosphere without being reduced into
semiconductors. Therefore, a base metal of nickel or a
nickel alloy can be used as the material for the electrodes
in the capacitor. In addition, since the composition can be
baked at relatively low temperatures of 1300°C or lower,
the production costs of the capacitor can be reduced.

Moraover, the monolithic ceramic capacitor of the
invention that comprises ceramic layers made from such
dielectric ceramic composition has a dielectric constant of
3000 or higher, and the temperature-dependent variation in

~the high dielectric constant of the capacitor is small.

Further, the capacitor has high insulating resistance even
in strong electric field conditions, and its life time is
long even at high temperatures. Therefore, the dielectric
layers constituting the capacitor can be thinned well,

256422 was def ectRRBRLACEDt hat

~ phases together with- M and others and
of LiocBigbi(Bl|Tird, toaheAdeleotrie® G¥raniedcbhSosTe fod al
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In addition, the materital was further defective in that it does
not satisfy the X7R-I evel characteristic standard stipul at ed
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without lowering the rated voltage of the capacitor. 1In
addition, since the crystals constituting the dielectric
layers "® * ° have grain sizes of 1 um or smallery,
the layers can be thinned well, without reducing the number
5 of the crystals thexein, being different from the
ceramic layers constituting conventional monolithic ceramic
capacitors. Therefore, accoxrding to the present invention,
it is possible to obtain such a high-reliability, small-
sized, large-capacity, monolithic ceramic capacitor.
10 Moreover, since the electric characteristics of the
capacitor of the invention are not worsened by plating, the
capacitor can be produced in an automatic suxrface-mounting

system. S
The above-mentioned objects and other objects of
15 the present invention, and also the characteristics and the
advantages thereof will be clarified further more in the
detailed description of the preferred modes of carrying out
the invention and the axamples of the invention, which is
made hereinunder with reference to the drawings attached
20 hereto.

B RAW
Pig. 1 is a cross-sectional view illustrating one
embodiment of the present invention.
Fig. 2 is a plan viaw illustrating one embodiment
25 of the firgt dielectric ceramic layer to be laminated.
Fig. 3 4is a perspective, exploded view
illustrating the lamination of first dielectric ceramic
layers and second dielectxric ceramic layers to construct
the monolithic dielectric ceramic body to be in the
30 capacitor of the invention.
Fig. 4 is a three-cowponent compositional graph
for (Li,0, B0y, (Si,Ti,.)0C;}, which indicates the
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+125[err] C shal | be +/ - 15 % In order to solve the
dbove-nmenti oned probl ens, proposg% were different conpositions, for
exanple, in 5 Japanese Patent Appl1 i"on Lai d- Oper l%%l' ERD-
09067 and 05-09068. However, these conpositions could ro t}lﬂ§ Sﬁﬁ?uﬁ*ﬁ ?F
satisfy the #ecent severe requi rements for the riel iah

capacitors in the market. Therefore, there is still a great demand
for dielectric nog&mposscidddl NbefgelOof R Salidy ONEdl v Rld 38E ! LiYo-
addition, there ii f‘ff great demand for thinner di ef'ect}/ B‘P%lyers
with much nore 8i, ’rfﬁroved characteristics for use in

nmonol it hic ceram c capacitors. In this cornection, if the
conventional di epgehdnsen MIHR A ERRRY P 5 . ] o 15

il havin € sa ra Or the original.
3;!”“ nned di el e\é![rigc r}%g. 1 :I.s a c%‘oss sectional view showing gona

5 embodiment of the present invention. The monolithic
ceramic capacitor 10 illustrated comprises a monolithic’
dielectric ceramic body 12. The monolithic dielectric
ceramic body 12 is formed by integrally laminating a
plurality of first dielectric ceramic layers 14a and two

10 second dielectric ceramic layers 14b. In the monolithic

' dielectric ceramic body 12, the dielectric ceramic lavers
14a and 14b are integrally laminated in such a manner that
the two dielectric ceramic layers 14b are disposed at the

- both sides, while sandwiching therebetween a plurality of

15 the first dielectric ceramic layers 14a. These dielectric
ceramic layers 1l4a and 14b are laminated along with inner
electrodes 16 - o embedded therein

v d i rfa .
On each of the both sides of the monolithic dielactric

20 ceramic body 12, formed are an outer electrode 18, a first
plate film 20a and a second plate film 20b in that order.
The first plate film 20a may be made of nickel or copper,
and the second plate film 20b may be made of solder or tin.
Accordingly, the monolithie ceramic capacitor 10 is shaped

25 in the form of a rectangular parallelepiped chip.

Now, a method for producing the wmonolithic
ceramic capacitor 10 of the invention is described below ir
the order of the steps constituting the method.

First,' the monolithic dielectric ceramic body 12

30 is produced as follows. As in Fig. 2, a raw material
powder comprising barium titanate, and one oxr more rare
earth oxides selected from yttrium oxide, terbium oxide,

SPECMI8040T
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I ayer[s“n%lﬁwa-gbl | 166492 ochmﬂfmﬂ’fw i s mith 245merey P14
. For exanple, their insulating resistance at roomtenperature and at

high tenperatures is | owered, 20 since the electric field strength to be
applied to each of such thinned13l ayers is enlarged EQLwsiiCh

t hi nned dielectric layers, therefore, their ra ?HIS/SHEEQHAWEM

| onered. G ven the situation, accordingly, it has bec¢ REPLACEBCei sa

to develop thin dielectric layers with high 25 rel_a.b.l..l..l-t—-y——vda-r-c-l'r—ar

not required to wer a | t age,and ave hi

i nsul ating resi st%ﬁ%%za?#&ﬁ ?%fc'jl &, théimié'f"e%’fﬁ) ggf‘ 'tFﬁ grter m
In order to pr oddé’éidﬁmﬁpdsmnqm geidepmnhalt oxide migkelhdxides andc
capacitors in an mtemé Ccaﬂﬁia@fng 3@ssan&mfl'fy| SE w:.?,be Lot Oﬁﬁs, is

| r n_el n |V
;e)o%terogrez gl at edf?/ﬂ?#) e byf)}‘ﬂ%‘?y‘t 8"? Fﬂ?a : %et@‘# %’ﬁﬂ%&#ﬁ%?ﬁ sI"'or m
such a pl at dieleqhrikocaecruig|layes btar(gxsemcspeatl ngOnsone euxface
of the green sheet, formed is an internal electrode 16 of
nickel or a nickel alloy. To form the internal electrode
16, employable is any method of screen printing, metal
vapor deposition or plating. A predetermined number of the
10 first dielectric ceramic layers 14a each with the inner
electrode 16 formed theraon are laminated, and then
sandwiched between two dielectric ceramic layers 14b with
no inner electrode 16, as in Fig. 3, and these are
integrated under pressure to give a monolithic laminate.
15 Next, the resulting laminate is baked in a reducing
atmosphere at a predetermined temperature to obtain a
monclithic dielectriec ceramic body 12.
Next, on the both' gsides of the monolithic
dielectric ceramic body 12, formed are two outer electrodes
20 18 that are connected with the inner electrodes 16. The
material of the ocuter electrodes 18 may be the same as that
of the inner elsctrodes 16. Apart from this, silver,
palladium, silver-palladium alloys and others can be used
as the material of the outer electrodes 18, to which can be
25 added glass frit, such as glass of the type of B,0,-5i0,-Ba®
or glass of the type of Li0-8Si0,~-Ba0. In consideration of
the use of the monolithic ceramic capacitor 10 and the site
at which the capacitor 10 is used, suitable materials are
selected for the outer electrodes 18. The cuter electrodes
30 18 can be formed by applying a paste material of metal
powder onto the baked, monclithic dielectric ceramic body
12 followed by baking it. Alternatively, the paste
material can be applied onto the non-baked body 12, which

O="
<
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baking an el ectroconductive nmetal powder often have fine pores

therein. Therefore, if nonolithic ceramc capaC| tors are dipped in a

plating bath in order to forma plate=<id#m~ 5 over their outer
el ectrodes, the plating liquid penetrates

ie thereafter baked .. After thig, the
outer electrodes 18 may be plai:ed with nickel, copper or
the like to form a first plate £ilm 20a thereon. last, the
firat plate f£ilm 20a is coated with a second plate f£film 20b
5 of solder, tin or the like. Thus is produced the chip-
type, monolithic ceramic capacitor 10 of the invention.

EMBODIMENTS OF THE INVENTION
Example 1:
First, raw materials of TiCl, and Ba(NO,); having

10 various degrees of purity were prepared and weighed. These

were treated with oxalic acid to obtain a precipitate of

barium titanyl oxalate (BaTiO(C,0,)'4H,0). This precipitate

was decomposed under heat at 1000°C or higher to obtain

four types of barium titanate (BaTiO,), as shown in Table
1s 4. On the other hand, oxides, carbonates and hydroxides of

the constitutive components wexe weighed to give a

composition of 0,.25Li0-0.10By0- '

0.07Ti0,-0.58850, (by mol), then mixed, ground, and

vaporized to dryness to obtain a powder. This powder was
20 melted under heat at 1300°C in an alumina crucible, and

then rapidly cooled to obtain a oxide powder having a mean

grain size of 1 pm or less.

25 Content of impurities (wt. %)
|
A 0,003 | 0.012 | 0.00 0.010 | 0.005 D...QQﬁ
B | 002 | 0100 | 0,003 | 0.019 | p.oos | o056 |
SPEC\180407
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into the 199%5158¢ es %@tiﬂaﬂﬁ’ﬁ’gﬂ mc?és and itowill reach the

I nterface between the inner el ectrode and the - dielectric ceramc
1ayer, thereby lowering the reliability of the capacitors. 10
SUMVARY OF THE | NVENTI ON =15 -accordi ngly, the subject matter
of the present I nvention is to provide a | owpriced, small-sized,

| ar ge- - capacity, nonolithic ceramc capacitor, which has a

di el ectric constant of 3000 or nor e, whi ch has a high 15 i nsul ating
resi stance o a2 o at “Tqom renpgrarare pnd
125C, of 6000 M iﬂ!ﬂ 012,110,439 | 0.018f 0155 | 0973 | 0.72 |
respectively, inj 3 ba p[‘o 51aM t B.ag nldi® 92R56bk ar|cep gighe

pr oduct CR) , handes asen~BE B mwa ol 2 S e s = =2V B axaine AP VRS FVEL T
measured at 20 KV/m*nand at 20 roomterrperature and 125C, of 2000
Merr]F or nore and 500 - Merr]F or nore, respectively, which has

t enper at ur e- dependesitt, prspared avexe BaCOait whiehiid itesadjtbat the

B-1evel 5 CRATAEI PALES) SRRV in Shé BEAR] tiRahlEe)! anslBipdar d
Th,Qy, Dy,0;, HO,03, EX,0;, Yb,0,, MnO, NiQ, CoO and MgO each
having a purity of 99 % or more. Powders of these raw
materials were mixed with the oxide powder prepared above,
at various compositional ratios as shown in Table 2 to

10 prepare various compositions. Each composition was wet-
milled in a ball mill along with a polyvinyl butyral binder
and an organic solvent such as ethanol to obtain a ceramic
slurry. Thie ceramic slurry was sheeted according to
doctor blading to obtain a rectangular, ceramic green shael

15 having a thickness of 11 pgm. Next, an electroconductive
paste consisting essentially of Ni was printed on this
ceramic green sheet to form thereon an electroconductive
paste layexr, which is formed into an inner electrode.

THIS SHEET HAS BEEN
REPLACED
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and outer el ectrd il el "‘Fg C 4INg }gd i & ﬁh ‘; exposed
inner el ectrodes, «ii 5 g £ ?33"; finct = t he
di el ectric ceram aver 4 ed re Tadel oft al 5 18] pri si ng

‘ : 0

7 )

C
bariumtitanate Ha Lift i
Vi 5 @ d ! Et t erbi um
i U exlbi Jim
%3 hd '

=
20

02| 04 uzqizé

0005 102104 12

()
of about 0.02 % Hymipved
I s nﬁh OéﬂPET HAS

oxi de, dysprosi ur
fount ~of -

Oal] |
: 1 Je NQ
OXide, 1p: } s ,
containing as a g%% ) fent], &
fromaboat 0.1 tjo B. ,
of the essenti al z

—1.0
o

- o 100 m)le

o
qd
§I
%
3

bl dt |

4

00 ] 0.0

0:2)104] 490
1.0

0005 10204 ] 12 |

001 | 0.005
002 | 008

.01

01 | 001 | -
0.005 | 006 |]02]04 | 10
0.01 | 0.005
0.01
0.01

0.003

- 17 -

0.01
0.01
0.01
0.005
0.01
0.01
001
0.01

z = 0.01 :
: 0) QI°1 ; :
e =~ =

=-==-4
Samples with * are ouside ths invantion.
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(1-[err]- [err]){BaO)[err]TiCIerr] + aRe[err]Jerr] +
{err](Mi[err]Ni[err]Co[err])O 15 wher e fRefef+ s—pne
or nore selected fromY[err]((err], - 18 - TfhﬁeﬁH g .
DY[err]Qerr], Ho[err]derr], Er[err]err] and Yb[err|] O er REPL

[er], [err]. m x and y are as foll ows: 0. 0025 Terr] a
[err] 0.0625 0.0025 [err] 0.05 20

1.0
[err] 1.035, 25 hav:aadther tqaactaeﬁf’a#h%bwrm%ohwv 2fprmed othareanpy

wei ght, rel ati vewegelDamDidted I wacBha mdnmed ¢dhaenphecslide of one shéefin

oxide of the tyPesof lohe® d)d2eBlBhhleivd bbed' bxpbgbd] ouf e it was

[err] 4 %rg}&:.eéri.‘lt};( oif é:l%se ceramic green s&egtb%eéu:hy <

t he i nner electr I ckel 30
Preferably5 the e%pamteqlhewziybe dthati [ 0% ] Oappeher g shpr-t with the
(Si,Ti)Jerr] fallactrbbbidictinrd GuidteOndt exposedSott 60UDEEd Thus was
obtained a laminate. This laminate was heated in an N,
atmosphere at 350°C wheraby the binder was burnt cut, and
then baked for 2 hours in a reducing atmosphere comprising
10 gases of H;, N, and H;0 and having an oxygen partial
pressure of from 10" to 10®° MPa, at various temperatures
shown in Table 3, to obtain sintered ceramic bodies.
SPEC\180407
eet Has Been Replaced p—o8 P.19
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2s°c | 128%C

: .CR

Jas°c

Varlation in Car;:lum AC/Csy | (MDA, 20 KVimm | MO, 20 KVimm
Life TI

.. Tmporm.m—onmmhm

85°C | -56°C | 125°C | max | 25°C

‘stiparature-
Variation in

Capachance,
ACIC,q (%]

5
19%)
-25°C
-10.
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A (0" B8 Bis1% - 18%6e ’%""mwm 4t T0 2xesSERRYy o2
50) «l D (45 50, 5 5 E (20, 75, 5)

F (0; 80, 20) ol | in a triangular dlagramof {Li[err]O B[err]derr],
(Si[err]Ti[err])r]} in which 0.3 [err] w< 1.0 _or nore _
preferably 0,4 [err§f w < 0.9; and the oxide furt eleg g_r}-r}%@ggm
20 parts by vveigtgr 10 | ess, relative to 100 parts Ry pUng[pal
conmponents,” bf at |east one of Al[err]Jerr] and Zr

that the Zrgerr] content is about 10 parts by weight or |ess.

Al so preferably, p outer el ectrodes each are made of a sintered
| ayer of an el ectirg@lfonductive nmetal 15 powder or of an

el ectroconductive Pgtal powder with gl ass frit added thereto.
Furt her preferabl the outer el ectrodes each are conposed of a
first, sintered | r of an el ectroconducti ve nmet al powder

or of an fel ectroconductive netal powder with glass frit added

- 20 -
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20 t he?b 1 S 214 Wl I- sd iy LA A AP Ny | rst

| ayer. t he t C ceram c

l-ayers, herein us ed {i s gGﬁEele:E‘ ég i ég ' conpr|5|ng
bariumtitanate, fand_one or molte lrale barihi? ( s EE BEEN
yttrium oxide, Jtefbiu xi dg, i | () hoI %ﬁg%kégﬂg
er bi um oxi de andjyt §ler bi’ g SN i cdll sq #mrglprgle qxide

oxi de and nT ckel § i de, a y “- ed conpositiona
ratio, anq cdntaining nhg ahd |z xl.da} of the type of 30
Liferr]Jer]-Blegqr]@err]- '. oi‘_, Sven in a

ft aBlhnijcrit @bell ti on can be baked
ST, it is

reduci ng 4t misp
wel | wi thout wor 4eniing ¢
possi ble to obtaign § hi

CA IMO»R), 2.0
KVimm Applisd
[ ] ! 12505 (] .
2070 {880
m _' B -
380 -]
2410 1 .240 | 930 -
270

48 | 65
-2.5

63 | 1.8

- 21 -

2.0
1.0

-4.9

1.8
2.1
1.2
14
1.4

| Samples with * are outside the invention.

Dinlectric
Losg, tan
[1¢]
139
2010 | 18 | 44

£
2080
2270

Mm Constant,
e
1300
1380
1360
128
1280
1280
1360
136
1200

410

3510
2180
1990

2530

SPEC\180407

| 223
224
25 128

Sample
No,
8
12
18
| IE]
220
21
222
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that satisfies the B-level characteristic st andard - stipulated
in the JIS Standard and al so the . 23/Rlevel characteristic standard
stipulated in the 5 El A Standard, and havi ng hi gh—std-ai-—ag
resi stance at room tenperature and even at hi hTHlBeSHElTaH’Aﬁ 8EEN||n
strong - electric field conditions. In addition, si nceREREAGED, st al

5 - e S

_The surface of each sintered ceramic body was observed

with a scanning, electronic microscope at a magnification

of 1500 times, to determine the grain sizes of the grains
10 seen in the field of view.

A silver paste containing glass frit of the type
of B,0;~Li,0-8i0,-Ba0 was applied onto the both sides of each
sintered ceramic body, and baked again in an N; atmosphere
at 600°C to thereby form outer electrodes electrically

15 connected with the inner electrodes.

The outer dimension of each of these monolithic
capacitors thus obtained was 1.6 mm width x 3.2 mm length
x 1.2 mm thickness, and the thickness of each dielectric
ceramic layer . sandwiched between the inner electrodes

20 was 8 um. The total number of the effective dielectric
ceramic layers was 19, and the area of the facing
electrodes per one ceramic layer was 2.1 mm’.
The electric characteristics of these capacitor
samples procduced herein were measured. Precisely, the
25 capacitance (C) and the dielectric loss (tan §) were
measured, using an automatic bridge-type meter at a
frequency of 1 KHz, at 1 V rms and at 25°C. From the
capacitance thus measured, obtained was the dielectric
constant {g) of each sample through calculation. Next, to
30 measure the insulating resistance (R) of each sample, a
direct current voltage of 16 V was applied to each sample
at 25°C or 125°C for 2 minutes, using an insulating

SPEC\180407
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sizes of about 1 [err]mor smaller, 10 prefrably about 0.75 [err]m or

| ess, the number of the ceramc . % Gy st al graing in_each
dielectric layer can be I ncrease Ther ef ore; EzgnSHMHMEENJ
dielectric layers in t he nmonolithic ceram c chpaci s arent hi nned,

t he reliability of the capacitor is not |ower VU

we, the present inventors, have found that, in the dielectric

ceram ¢ conposit i e ddtianice s megekor m t After having| ethus c measaried | &per s
and whi ch conpr i sgas o jug resistaha&arags Cof 204cR Sanii1e] ‘thel ProoR! bz

oxi des selected from rium ox t.er bi,um, oxi de r os m OXI de.
hol m um 20 oﬁ*!fe,"%i&ﬁ'\?f‘ﬁﬁl (ﬁE;na?lBé ﬁ%%#mwh#&ime“%%‘v §imese
oxi de, cobalt oximtarid: nitaieebrodude t he G wifeceachf sathele was obt:q:meldt i es

in the barigmtit e
SrO and CaQ al ka rret a oxB%Z i%ﬁhh@ﬁg i‘&&f‘stNaéncevj and ﬁ%i[ﬂ §6&§%
ot her oxi des, . e.ﬁj’:e, A 9% 29 éf"c(l“’F‘]' éné"'EFEfeFﬁ‘fr‘ 1tage, of; 360, Vo MRS |

met al oxi des suchagplide] do |sackndampder f6r Ramiautes, amd aie iinsulatdagon
the electric Char:aé:éiearéa%tciecsm?f aEhQS"C and 125°C was measured in the same
manner, from which tha product CR was also obtained.
10 In addition, the temperature-dependent variation in the
capacitance of each sample was determined.

For the temperature-dependent variation in the
capacitance, obtained were the variation in the capacitance
between -25°C and 85°C based on the capacitance at 20°C

15 (AC/Csp) . the var:i.a\:ion in the capacitance between -55°C and
125°C based on the capacitance at 25°C (AC/Cyx), and the
maximum variation, in terms of the absclute value, between
-85°C and 125°C (|AC|max).

To determine the high-temperature load life of

20 each sample, 36 pieces of each sample were subjected to a
high-temperature load test! in which a direct current
voltage of 100 V was applied to each piece at 150°C, while
measuring the insulating resistance of each test piece
whieh varied time-depandently. 1In this test, the period of

25 time within which the insulating resistance value (R) of
each piece being tested xeached 10° Q@ or lower was
measured o and is referred to as the life time of
each test piece. The average of all the tested pieces was
calculated to obtain the average life time of each sample.

30 The results obtained in these tests are shown
above in Table 3.

As is obvious from Table 1, Table 2 and Table 3,
the monolithic capacitor samples falling within the scope

SPEC\180407
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capaci tors?

oxide inpurity content of smal | er than about 0 02 % by wei ght,
Preferably | ess that about 0.15 parts, is 30 [

conposition, the capacitors obtnidfed may have 'Ehﬂ§l SHEET HA&(&EENC
of 3000 or higher. I n addition, he pREREACED nvent

have also «

30

15

20

25

30

SPEC\180407

found that the addition of an oxi de CONSI STy Eessernt

of the present invention all were found to have a high
dielectric constant of not lower than 3,000, and have a
dielectric loss tangent, tan 6, of not larger than 2.5 &,
while satisfying the B-level characteristic standaxd i
stipulated in the JI8 Standard within the temperature range
between -25°C and 85°C and also the X7R-level
characteristic standard ! stipulated in the EIA Standarxd
within the temperature range between -55°C and 125°C witk
respect to the temperature-dependent variation in the
capacitance. .
Moreover, these samples of the invention were
found to have high insulating resistance wvalues, when
measured at 25°C and 125°C in a high electric field at 20
KV/mm, of not smaller than 2,000 QF and not smaller than
500 QF, respectively, in terms of the product @ ' CR.
Further, these were found to have a long mean life time of
not shorter than 500 hours. In addition, these were
sintered at relatively low temperatures of not higher than
1300°C. The crystal grains in the sintered samples were
small «having grain sizes of not larger than 1
pm.

The reasons for defining the compositions for use
in the present invention are mentioned below.

- T The reasons for

defining the composition of (z -o = .

8) {BaO},Ti0, + aRe,0y + B (M1, Ni,Co,)O, in which Re0, is
one or more selected from Y,0,, Tb,0;, Dy,0;, H0,0;, ETX,0, and
Yb,0, are as follows.

£ moun
smallexr than 0.0025, as in Sample No. 1, such is
unfavorable, since the dielectric constant! & is lowex

than 3,000, the temperature-dependent variation in the

This Sheet Has Been Replace
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ceram c conpositi
whil e al so

on | nproves the sinterability of the conposition,

i nproving the platingggesi stance of the ceramic |ayers.

Moreover, we have further found that the addition of Ay A &%
and ZrJerr] to the oxide consisting essentially of Li err% E{)ég 5

(Si, Ti)Jerrf increases the insulating resistance

ceram c | ayers.
has t he ef

realize a high- reib@bg_ﬁggpecé_{w lofi €8¢ interBitsA

ceram c capacitor
al I oy, which can
system and of
capaci tancegi s

10

Accor di ng@;o t he present i nvention that
éspacitance decgreafoy thet hesulaning resistanes oy :283C de

sEPLA o b B perLe. . asd i mead i Fe Bin, el MRy

ahoxt. t he terrperature dependent variafion in the

t

than 0.025, as in Sample No, 17, such is also unfavorable,
since the dielectric constant is not larger than 3,000, the
insulating resistance at 25°C and 125°C is low, the mean
life time is short, and the sintering temperature is high.

If the amount = of
{(Mn,Ni,C0)0, 8, is smaller than 0.0025, ag in Sample No, 2.
such is unfavorable, since the constitutive ceramics were
raduced into semiconductors ... when baked in the reducing

_atmosphere, to thereby lower the insulating resistance.

15

20

If the amount.. . B ... of
(Mn Ni,Co)O is larger t:han 0.05, as_in Sample No. 18, such
is also unfavorable, since the insulating resistance at
125°C is low irrespective of the intensity of the electric
field applied to the sample, the mean life time is short,
and the temperature-dependent variation in the capacitance

"is too large to satisfy the X7R-level characteristic

25

30-

SPFEC\180407

standard of the EIA Standard.

As shown in Sample No. 19 and Sample No. 20, if
the amount of NiQ, x, and the amount of Co0O, y, are 1.0,
the insulating resistance at 2.0 KV/mm and at 125°C is low,
the ingulating resistance at 20 KV/mm and at 25°C and 125°C
does not reach 2000 MQuF and 500 MQuF, respectively, and
the mean life time is shorter than 500 hours.

As ghown in Sample No. 21, if the ratio, f/a, of
the amount 8 of (Mn,Ni,Co}O to the amount « of Re0, is
largexr than 4, such is unfavorable, since the temperature-
dependent variation in the capacitance is large, the
insulating resistance at 2.0 KV/mm and 20 KV/mm and at

This Sheet Has B
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t he present inventi‘on, the dielectric ceramc layers are nade

froma dielectric ceram c conposition t?gt can be baked even_in
reduci ng at nosphere w t hout being reduc Into 20 SETHISOSIERT HAS BEEN
Therefore, a base netal of nickel or ni ckel al oy cqq}ppgcgged as
the material~for the el ectrodes I n the capacitor aae++on—sTTICe
t he conposition can be baked at relatively | ow terrperat ures of

1300[err] C or | ovE25°C does notieremaid@000 M gDty SOt M@ U apeaspexnt ismlyhe

reduced. 25

I nvention that COprI’I ses ceramc ayers

and the medd’ ‘iﬁ%@rtiﬁé‘eiﬁfﬁ(}ﬂ:‘tte@ Ehﬁﬁré‘@b hapaci tor of the

from such di el ectric

cerami c conposition has.a &fciSheMR dnc SampiR Ngp. 3 and 4g0df,Lhe; A¥ and

the tenperature- degagislent var ofit barium :itanaté.hf_m_l gis dnet etarger cahanant

of the capagl tor

(%ml l’“‘-’ﬁo is 'ﬂf‘% he EGRAC ?;laél dé%%% ons

I nsul ating Tesist ance st rong eI ectric
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réditing atadbphete Mo tlowexathe fasulatide rduintathcecblf,
the capacitor, the insulating resistance at high
temperatures in strong electric field conditions is low,
and the mean life time is very short. For these reasons,
the dielectric layers constituting the samples cannot be
thinned. _ . e e

..—-,. £ the molar ratio m ig larger tChan

1.035, ag in Sample No. 22, such is also unfavorable, since
the sinterability of the sample is very poor.

As ghowp in Sample No. 5, if the amount of MgO is
smaller than 0.1 mols, such is unfavorable, since the
ingulating resistance at 20 KV/mm is low, the mean life
time is shorter than 500 hours, and tha temperature-
dependent variation in the capacitance could not -satisfy
the X7R-level characteristic standard of the EIA standard

although satisfying the B-level characteristic
standard of the JIS Standard. As ghown in Sample No. 23,
if the amount of MgO is8 larger than 3.0 mols, such is also
unfavorable, since the sintering temperature is
too high, the dielectric constant could not be over 3,000,
and the mean life time could not be over 500 hours.

If the amount of the
oxide of the type of Li0-B,0,-(Si,Ti)0; is smaller than 0.2
parts by weight, as in _Sample No. €, such is unfavorable,
since the capacitor could be sintered insufficiently. As
shown in Sample No. 24, if the amount of the oxide of the
type of Li0-B,0,-(Si,Ti)0, is larger than 3.0 parts by
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weight, such is also unfavorable, since the dielectric
constant could not be over 3000.

As ghown in Sample No. 25, if the content of
alkali metal oxide impurities in barium titanate is larger
than 0.02 ¥ by weight, such is unfavorable, since such
impurities lower the dielectric constant.

Example 2:

Using barium titanate A in Table 1, prepared was
a raw material powder to give a dielectric composition of
98.0{Ba0},0oTiC; + 0.8Y,0; + 0.2Ex;0; + 1.0 (Mny3Niy,)0 (by mol)
containing 1.0 mol of MgO. To this was addad [any of thel
oxide samples of Li,0-B,04-(Si,Ti)0; having a mean grain size
of 1 um or less, which had been prepared in the same manner
as in Example 1 with heating at from 1200°C to 1500°C and
shown in Table 4. Using these, prepared were monclithic
ceramic capacitors each having outer electrodes of silvex
as electrically connected with inner electrodes, in the
same manner as in Example 1. The outer dimension of the
monolithic ceramic capacitor samples produced herein was
the same ag8 those in Example 1.
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have grain sizes of 1 [err]mor smaller, t he Iayers can be th| nned
wel |, without reducing the nunber 5 of the crystaks T
being different fromthe cerari @8 ayers constit tTHIH%S@EH/ %%\{
nmonolithic ceramc capacitors. Therefore, according t%ERWP&EBr esen
I nvention, . it Is possible to obtain such a high-Teltability, small-
sized, large-capacity, nonolithic ceranic capacitor. 10 Mor eover ,
since the el egpsr sl et o1 apo Or 01 UNcy
i nvention are nd vvorsened by plating, tTRble 4" _ capacitor _can he nrabuced
in an automatic Forracejnount ng system The |
above-ment i oned pbj ects jand ot hef{ obj ects 83 ents " beeoRi&e 6 aé vent} on,
and al so the chafacteri qtics andp=he eTe0
clarified furthg nore ijnahane LRk Of o.f.Adﬂi&h!sfered
nodes of carrying out ofl he I n nplie
i nvention, whichl gample o,amge her ei punder o -_:L__;,___.
attached 2@ €IS 0. Glass s my
: aAdded mt«:&
(wt.%) | LdaQ | BOs " Ala0y
| 201 | 2.0 | o l20 80 /o071
|l 202 | 2,0 | as t 1 |80} 02 | =
203 | 1.0 | 49 | 1 | s0o | 08 | =
204 1 _1.0 45 | S50 | S 9.5 =
10 105 2.0 20 | 75 | 3 0.4 | =
206 | 3.0 o | so | 20 1 0.4 | =
207 | 1.0 35 15 50 0.3 =
08 1.0 35 | S0 | a5 t 0.9 =
409 pL 20 | 40 | 40 | 0.3 =
15 210 A0 A0 | 15 | 75 § 0.7 i =
' 111 2.0 .| 20 | 70 | 20 | 0.4 ]
112 1.0 35 | 15 50 0.7 i3
123 | 1.0 |} 35 |25 | s0 | 03 | 20
| 22¢ | 30 | 35| 25 | s0o {03 | =
20 #aas | a0 | 30| 5 | 85 | 05 | =
X116 2.0 55 [ 20 | 25 | 0.7 =
2217 | 1.0 | 33| 62 | & 2.7 | =
su8 | a0 | 5 |8 110107} o
*1319 1.0 10 § 25 | 75 | 0.1 =
25 2120 1.0 3s | 20 | a5 | 1.0 =
*12l 1.0 33 50 15 0.7 30
SPEC\I0407
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cross-sectional viewillustrating one enbodi nent of the present

i nventi on. Fig.-2is aggan V|eW|IIustrat|ng one

enbodi nent 25 of the first dielectric ceramc lay m nm cu

Fig. 3 is a perspective, exploded view [ &Ug)ﬁgggt

| am nation of first dielectric ceramc Iayers ind S&Q?M EDeI ectfic
cerami c |layers to_constr pody
to be in the 30 | Fig. 4%i s

a three-conponent§
(Siferr]Ti[err])Q

10

18

20
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i nd| cates
... Components of Oxide Glass

[(4)] Samples with * are outside the invention.

.The electric characteristics of these samples were
meagured. The capac¢itance {(C) and the dielectric loss (tan
5) were measured using an sutomatic bridge-type meter at
a frequency of 1 KHz, at 1 V rms and at 25°C. From the
capacitance thus weasured, obtained was the dielectric
constant e} of aach sample through calculation.
Next, to measure the insulating resistance {R) of each
sample in an electric field at 20 KV/mm, a direct current
voltage of 160V was applied to each sample at 25°C ox 125°C
for 2 minutes, u_sing an insulating resistance meter. After
having thus measured the insulating resistance (R) of each
sample, the product of the capacitance (C) and the
insulating resistance (R) or, that is, the product CR
of each sample was obtained. In addition, the temperature-
dependent variation in the capacitance of each sample was
determined.

Sheet Has Been Replaced

i A

. oo emm—-



[ RECEIVED 12/17 15:16 1996 AT 5330654 PAGE 12 (PRINTED PAGE_ 12) )
- 12 - 199671217, m38ihL: | ERAl WKEARREYGe HE Ui de adM t i ve Of242655330654  P.12
Liferr]O-Blerr]Jerr]- ) (Si, Ti) gerr]. PREFERRED MODES OF
CARRYI NG OQUT THE | NVENTI ON Fig. 1 is a cross-sectional
vi ew showi ng one 5 embodi ment of Thi’present inv M{IQMSH-£1Thes BEEN
monol i thic ceram c capacitor 10 illustrated co%ri SeRepLACED! i t hijc

dielectric eeram c body 12. The nonolithic dielectri

For the temperature-dependent variation in the
capacitance, obtained were the variation in the capacitance
between -25°C and 85°C based on the capacitance at 20°C
(AC/Cy) , the variation in the capacitance between -55°C and

5 125°C based on the capacitance at 25°C (AC/Cy), and the
maximum variation, in texms of the absolute value, between
-55°C and 125°C (}AC}max).
After the measurement of these data, the samples
were plated with nickel over their outer electrodes of
10 silver according to a barrel plating method using a nickel
plating bath _ _ ' which comprised nickel
sulfate, nickel chloride and boric acid. Last, the samplies
were further plated with solder over their nickel plate
£ilms according to a barrel plating method using a soldexr
is plating bath, AS bath (alkanolsulfenic aecid bath)

' . Thus were prepared herein monolithic
capacitor samples with plated outer electrodes.

The electric characteristics of these capacitor
samples produced herein were measured. Precisely, the

20 capacitance (C) was measured' using an automatic bridge-
type meter at a frequency of 1 KHz, at 1 V rms and at 25¢C.
Next, to measure the insulating resistance (R) in an
electric field at 20 XV/um, a direct current voltage of 160
V was applied to each sampla at 25°C or 125°C for 2
25 minutes, using -an insulating resistance meter. After
having thus measured the insulating resistance (R) of each
sample, the product of the capacitance (C) and the

insulating resistance (R) or, that is, the product CR
of each sample was obtained.

30 The results cbtained in these tasts are shown in
Table 5. ‘
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ceram c bo avalaa=Ya Bl AY
first dielectricfceflam cel ayqrgy414al arjd fwo} 1 cangdl di Ch
l'ayers 14b. In fhe m)g)g hi ci‘g % d I% |§l(§ %t% 19
dielectric ceranjc lfay T nad L refing edrall atg
such a manner th#t $N thdtudd ; -p—Heny ot e
di sposed at-t he I &%th di deg, Al n&iti ehiglp Sith ﬁ g
plurality of 15 | th€5§irst ael |gg i Igy S 3
dielectric ‘ ’qnn ie Lot k==
el ectrodes 16 | : enfbedp t herdi ol of
alternatively exeniné- j’opp%i‘ﬁ r c%; fédycé 2§| % - -‘3)%]
the both sides of tHe |'i tjhi el getific cgr m ¢ bpady 13,
are an outer el eqtrdde ]?ﬂ“ gt prECg~ T 292 _4dndf a |sego
film20b in that jor der. gi ¢ I i%faug %3 n@ﬁ
ni ckel or copper i _&nd th sg il o
or tin, AcorianV. t He notithig cbranmid ch
in the formof afredtangupar |pagdl | elegipipe i
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met hod for produdi ng thi
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5.8
5.2

B4
8.5
8.7 87 I
5.7 8.0
88
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. Tempersture-
Varistion in Capacitance,
1%
26°C
8.1 Bl
g | 84

0.1
0.7

Table 5
0.8

1.2

5.2 | 1.0 8.7 59 |
11
0.3

gs°c | :58°C
58 | -14
24 | -0
82 | :
-1.0

05 | 87| 08

2 | 890
2.3
67 | 41
5.7
:8.2
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of the steps congti tjuti ng'the net hod. First, the nonolithic
dielectric ceramjc gody 12 30 is produced as follows. As in Fig. 2, a
raw materi al gowder conprising bariumtitanate, and one or_nmpre
earth oxi des sel gct fromyttrium oxi de, terbium oxide, THIS SHEET HAS BEEN
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and nmanganese oX g o)1 de, |ni ¢ke -xine i and- an oxi de

consi sting essergi rr Brr &ller ]-Sl Ti)Jerr] is
formed into a sl} Shes t b egar ¢ a first THI§SHEETHAS EtN’-
di el ectric cerang gr ¢en ee] O] oge surfade REPL ﬁ
green sheet, for r naleyeleffct e 16 @4f —m_ckei.& S
ni ckel alloy. To} rngl el-?rct s ! 16, enployable is any
met hod of screen ’ b B ad03|t|on or plating. A
predet er m ned nujbe} I rls di > [@h CIC ceram c | ayers 14a each
with the inner § | " @dle % |mey | :;ai»:u' are | am nated, and then
sandw ched bet wegn | ri r m'E I'hyalr §l114b with no i nner
el ectrode 16, asfi njjFi o q =| nt egrat ed under pressure
to give a nonoli
FERL ﬂ |
3 g
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FEREEEE
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at nosphere at a predeternined tenperature to obtain a nmonol i thic
dielectric ceramc body 12. _.3¢ - Next,. on g.both sides of
the nonolithic dielectric ceramT body 12, fornmefdTHISSSHFET BAS BEEN

el ectrodes 20 18 that are connected with the inner{el ectgppigepd6. The
mat eri al of -the outer el ectrodes 18 nay be the sane as P-ha{————-—-———e#—-—t—he

i nner el éctrodes 16. Apart fromthis, silver, pal | adi um
silver-palladiumalloys and others can be used as the material of
the outer electrodes 18, to which can be 25- added glass frit, such as
glass of the type of Blerr](err]-SiJerr]-BaO or glass of the type
of Liferr]OSiderr]-BaO In consideration of t he use of the

nonol i t hi ¢ cer am_asC d@acbvious0 fane Tablei écand Tablet Swhihe mbaotaphict or
10 5ok on) BABRSHELE! k1, Bompping LRANREA ol 1iyatcti 0
mat eri al of5 net awhich was addad agne¥ifaohihedtyrenof iltihéc %Pe'r 1543 0,
ceran c body in dr heblAvedahyihgkiwighin theAl bespet ofelthe phesenst e
material can be appeledognto the fan: R3KedoiRaYed havd''s“Rhigh dielectric
constant of not lowaer than 3,000, and have a dielectric
loss tangent, tan &, of not larger than 2.5 ¥, while
10 satisfying the B-level characteristic standard
stipulated in the JIS Standard within the temperature range
between '225°C and 8S°C and also the X7R-level
characteristic standaxd stipulated in the EIA Standard
within the temperature range between -55°C and 125°C with
i5 respect to the temperature-dependent vaxiation in the
capacitance. In addition, even though the samples of the
invention were plated, their electric characteristics were
not deteriorated. _
As opposed to the samples of the invention, the
20 other samples, Sample Nos. 115 to 118 which did not fali
within the scope of the invention in that the amount of the
oxide of Li0-B,0s-(81i,Ti)O, added thereto is without the
scope of the compositional range as defined to be
surrounded by $ix points, A, B, C, D, E, F, which are as
25 follows, in a triangular diagram of {Li,0, B,0;, (8i,Ti,.)0;}
shown in Fig. 4, in which 0.30 s w < 1.0, were not good,
since they could not be sintered well, or even sintexed,
theixr insulating resistance was greatly lowered due to
plating thereover., Precisely, in Fig. 4 referring to the
30 defined compositional range, the point A indicates a
composition comprising 0 mol% of Li,0, 20 wmol% of B0y, and
80 mol¥ of (Si,Ti)}0,; the point B indicates a composition

SPEC\180407
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outer el ectrodes 1 may be plated with nickel, copper or
- 35 - THIS SHEET HAS BEEN

p;r\ f\(‘ \

comprising 19 mol¥% of Li0, 1 mol¥ of B,0,, and 80 mol¥ of
(si,Ti)0,; the point C indicates a composition comprising
49 mol¥ of Li0, 1 mol¥ of B;0;, and 50 moly of (Si,Ti)O,;
the point D indicates a composition comprising 45 mol% of

s Li0, 50 mol¥ of B,0,, and 5 mol¥ of (Si,Ti)0;; the peint E
indicates a composition comprising 20 mol¥% of Li0, 75 mol¥
of B,0,, and 5 mol¥ of (S5i,Ti)0;; and the point F indicates
a composition comprising 0 mol%¥ of Li0, 80 mol¥% of B0,
and 20 mol%¥ of (8i,Ti)0,.

10 However, as in Samples Nos. 119 and 120, even
though falling within the defined range as surrounded by
such six points, if the amount w of Si is less
than 0.3, such is unfavorable, since the sample could not
be sintered well; and if the amount w of S8i is

15 1.0, such is alsc unfavorable, since the insulating
resistance of the plated sample at 20 KV/mm was greatly
lowered

Monolithic capacitors having an insulating
resistance of 3000 MQ'uF and 1000 MQuP at 20 XV/mm and at

20 25°C and 125°C, respectively, could be cbtained: when an
oxide of Li0-B20,-(Si,Ti)0; and also Al,0, and 2x0, were
added@ thereto. As ghown in Sample Nos. 121 and 122,
however, if the amount of Al,0, added was over 20 parts by
weigfn: or if the amount of ZxC, added was over 10 parts by

25 weight, such is unfavorable, since the sinterability of the
gamples is greatly lowered.

In the above-mentioned examples, used was a
powder of barium titanate as prepared according to the
oxalic acid method! but this is not

30 limitative. Apart from this, alsc employable are powders
of barium titanate as prepared according to an alkoxide
method or a hydrothermal reaction method. If the latter
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pl.ate film 20a is coated with a second platef|Im20b_ 5 of older,  tin

or the like. Thus is produced the chip typ : Brani ¢
P38 500 v
Ba

capacitor 10 of the invention.

Exanpl e 1: First, raw materials of TiCI[BEP!}A
(NJerr])[err] having 10 various degrees of purity were prepared and

wei ghed. These were treated with oxalic acid to obtain a precipitate
of bari um pbﬁdﬂy& ameahaed. (theTchifactedigtdrs] of e chprecibrs may

pr eci pi tat e 483 1 #NH8ka NGz D! BT e skB0EH

obt ain four ypes ri um ti tanat BaTl err as s wn I n, Tabl e
15 4. On the o?ﬂ@?%%%%ﬁ‘d&g“% aﬁﬁ By dFOYPEEE gf yetrium o

constitutive conpoxides verbiwei gkdde} o dysproaium oxideonjhedntiumn oxide,
0.25Li[err] @ 0. 1051—6{&& %gi&& eexbx&oaa@&erghngggéﬁél O3kl ddbait

nol ), then m xed, orize ness to obta |na
powder . This povvd@?‘ ni ckel oxide and othérs were used in these examples,

which howaver, are not also limitative. Solutions of
alkoxides or organic metal compounds for such oxides can
also be employed, in place of such oxide powders, without
10 interfering with the characteristics of the capacitors
produced, provided that they are formulated to constitute
the dielectric ceramic layers falling with:.n the scope of
the present invention.
While the invention has been described in detail
15 and with reference to specific embediments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without departing
from the spirit and scope therxeof.
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then rapidly codled to obt ain a oxi de powder having a nean grain
size of 1[err l lll " - 37 - Table 1 __Mean
Cont ent of n‘ém Mel Gra| n 25
Si ze Lue[ rmﬂi TH IS Fﬂﬁfﬁtger i
Oxi des . 003 0.012 0.001 0 RE 0. 60
B " 0.020 0. 003 0. 019 0. 008 0. 56

WEAT IS CLAIMED IS:

1. A monolithic ceramic capacitor composed of;
a plurality of sgupervosed dielectric ceramic

layers, _
a plurality of inner electrodes " eagh
5 of which is dispoged between adijacent dielectric
ceramic layers in such a manner that one end of each inner
electrode is exposed " at _an end of the
dielectric ceramic layers, and
cuter electrodes electrically connected with
10 the exposed inner electrodes,

the monolithic ceramic capacitor being
characterized in that(;:
the dielectric ceramic layers

comprises a barium titanate having
1s a content of alkali wmetal oxide

impurities of about 0.02 ¥ by weight or less and [alao
yttrium oxide, terbium oxide, dysprosium oxide, holmium
oxide, erbium oxide, ytterbium oxide, wanganese oxide,
cobalt oxide and nickel oxide, and containing a side

20 component, magnesium oxide in an amount of from 0.1 to 3.0
mols, in terms of MgQ, relative to 100 mols of the
essential component] having the compositional
formula:

(1-a-8) {Ba0},TiO; + oRe,0; + B(Mn._,,,Ni Co,) 0
25 whexe Re,0; is : at
least one member of the agroup comsisting of Y,0,,
“Th,0y, Dys0s, H0O,C;, EX;0y and Yb,0,; and
o, B, m, x and y are as follows:
0.0025 £ o s 0.025
30 0.0025 < 8 < 0.05
B/a = 4
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0.019 0.004 0.578 . |
2 [ THIS 5 '
Imanmm - HEET HAS BEEN
Ols x < 1.0
0 syc<l.0
0 sx+y<1l.0

35 1.000 ¢em < 1.035(,)

from gbout 0.2 to 3.0 parts

40 by weight, relative to 100 parts by weight of said
magnegium oxide of apn optionally Li0-containing B,0s-
(8i,Ti)0, gxide:; and

the inner electrodes - beina

45 nickel or a nickel alloy.

2. The monolithic ceramic capacitor as claimed
" in claim 1, wherein ! _said

B;03- (81,Ti) 0, mdﬂwmi&m_whm falls within
the area surrounded by six lines

5 formed by connecting six points, represented by mol¥%, of:
A (0, 20, 80)
B (18, 1, 80)
C (45, 1, 50)
D (45, 50, 5)
10 E (20, 75, 5)
F (0, 80, 20)
in a triangular phagse diagram of {Li,0, B,0;, (8i,Ti,.)0s},
in which 0.3 = w < 1.02, ,
and Ll s ~ further containe about 20 parts
1s by weight or less, relative to 100 parts by weight of said
Li.Q0, B0, and (8i.Ti,,)10, components, of at least one of

Al,0; and Zx0,, prov_ided that the Zr0C, content is _asbout 10
parts by weight or less.
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Next, prepat®@erigerie Uﬁeﬂ“ﬂ’“ PR ¥ BF W ust thB 5 NR426F5eaMo, Pl
of Ba/Ti .in the bariumtitanate, and Y[err]Jerr], : Tb[err]CIerr]

Dy[err]Q err err], Erferr]Ogrr Yb[er & ) CoO
and Ngﬁﬁ II I ‘i‘ !“m ng a purity of: % 4’/0 or nor P;TmSDSWHFJ E"A‘ngégNese raw
mat er i h t he oxi de powder preparef aboREPL

vari ous corrp05|t|onal rati os as shown in Table 2 to 10 prepare varl ous
conpositicons. Each conposition was wet - mlled in a ball mll along
with a polyvinyl butyral b3pderthe monodfithid car@@icCoapdoiyty ascolasmed

et hanol to obtai n.a eranm c slurry. This ceramc slurry was sheeted
according to 8(15'r blading to obtain a rectangular, ceram c green
sheet 15 havi ng a thi ckness of 11 [err]m  Next, an el ect+-oconduct+ ve
paste consisting essentially of Nl was printed on thi s ce_ram,_c__qreen

sheet to foarmthereon an electrocond ti
formed intd an i nner el ectrode.

4. The monolithic ceramic capacitor as claimed

in claim . 3, vherein 0.008 s oo ¢ 0.02, 0,003 ¢ 8
10
15
20
25 2. The monolithic ceramic capacitor ag claimed
ip claim 6. wherein the outer aelectrodes -
_ comprise a sintered layer of an
electroconductive metal powder optionally contaiping
a glass fritc.
SPEC\180407
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8. The monolithic ceramic capacitoxr ae claimed
in claim 7. wherein the outexr electrodes are gomposed of 2
£irst sintered laver of an electroconductive metal powder
optionally coptaining a glass frit added thereto,

5 and a second, plated laver formed on the first laver.

10
15 12. The mopolithic ceramic capacitor as claimed
in claim 11, wherein the outer electrodes comprise a
sintered layer of an electroconductive metal powder
optionally containing a glass frit.
5
(= r &
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- gsecond plated layer formed on the first layer.
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el ectroconductive paste layer for el there (a,rm nated in such
d manner that the side of one sheet ' §h'-glﬁ.e¢\$ §¢'\g¥ Jjj%:;]h\é%.,paste

exposed out of it was 5 al ternated Wlih ano eet

with the el ectroconducti ve paste not exposed out of it. Thus was
obtai ned a dam nate. This | am g :

at mosphere at 350[err] C whereby
baked for 2 hours in a reducing atrmosphere conpri sing

abstract of the Disclosure

Disclosed is a monolithic ceramic capacitor
comprising dielectric ceramic layers made from a
material which comprises an essential component of (l-a-
B) {Ba0}.'TiO, + aRe0; + B(Mn,,Ni,Co,)0 (0.0025 < @ s 0.025;
0.0025 = § < 0.05; B/e £ 4; 0 s X <1.0; 0 sy <11.0; Os
X +y<1.0; 1.000 <m £ 1.035) and from agbout 0.1 to 3.0
mols, relative to 100 mols of the essential component, of
a gide component MgO, and contains from gbout 0.2 to 3.¢C
parts by weight, relative to 100 parts by weight of said
components, of an oxide of the type of Li0-B;0;- (si,Ti)0;.
The capacitor is low-priced and can be small-sized, while
having large-capacity. It has a dielectric constant of
3000 or more, and has a high insulating resistance of 6000
MQuF or more and 2000 MOuF ox more at 2 KV/om and at room
temperature and 125°C, respectively, and 2000 MOuF or more
and S00 MQuF or more at 20 KV/mm and at room tempexature
and 125°C, respectively. It has temperature-dependent
capacitance that satisfies the B-level characteristic
standard stipulated in the JIS Standard and the X7R-
level characteristic standard ~ stipulated in the EIA
Standard, and has high reliability irrespective of the
presence or absence of plate f£ilm covering it.
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10 gases of Herr], Nerr] and H[err]O and having an oxygen parti al
pressure of from 10[err] to 10[err] MPa,
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997 5 The surface of eagh sintered ceram c body was
observed with a scanning, electronic}m cREPLACKMENT AHREAR! 1 §gatTgn
. | & Description : paged .. to paged 3¢
B. Claim(s) : paged 3710 paged %/
H Drawing(s) : paged /2to paged¥2
B Abstract  : paged %210 paged

The present invention relates to momnolithic
ceramic capacitors to be used in electronic instruments,
especially those having inner electrodes made of nickel

5 or nickel alloys.

BACKGROUND OF THE INVENTION

- Monolithic ceramic capacitors axe generally

produced as follows. First, a sheet of a dielectric

-material « having coated _ thereon an elactrode

10 material to be an inner electrode is prepared.

For example, the dielectric material may consist

essentially of BaTiO,. - Next, a plurality of such sheets

each coated with the electrode material are laminated and

integrated under heat and pressure, and the resulting

15 laminate is baked : _ at from 1250°C
- to 1350°C to obtain a monolithic dielectric cexamic body |

having inner electrodes therein. To the both ends of the

dielectric ceramic body . are fixed outer electrodes
that electrically communicate with the inner LA

20 electrodes. Thus is obtained a monolithic ceramic
capacitor, .

. ";s."

Acéordingly. the wmaterials for such inner
electrodes must satisfy the following xequirements <
{a) Since the dielectric ceramics and the inner
25 electrodes are baked together, the melting point of the
materials for the inner electrodes must be not lower than
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of - 1500 tinmes, to determ ne the grain sizes of the grains 10 seen in

_the field of view A silver paste containing glass frit of
“the type of Blerr]Jerr]-Li[err]OSiJerr]-BaO was applied onto the
bot h sides of each sintered ceram c body, and baked again in an
N err] atnosphere at 600[err]C to thereby formouter el ectrodes
electrically 15 connected with the inner electrodes. .
The outer dinension of each of these nonolithic capacitors thus
obtained was 1.6 mwidth x 3.2 nm |l ength x 1.2 mmthi ckness, and
the thickness of each dielectri.c -~ 2ceram c | ayer sandw ched
bet ween the inner el ectrodes 20 was 8 [err]m The total nunber. of the
effective dielectric ceram c |layers was 19, and the area of the
faci ng el ectrodes per one ceramic layer was 2.1 mjerr].
The electric characteristics of these capacit sanpl es produced
herein were meastied-emPHRARNS, A ‘I'S"H'eéES&’e géﬁjpﬁﬁ':irtj?‘fnc‘if@’(‘%)csalﬁf‘{m?
dielectric |oss bakesh 6) were measured, using an automatic
bridge-type neter at a (p) f$REUGRSEIAAslfor ke Rinet ¥1b8ErE88s Huet>C:
From t he
not be oxidized even in high-temperature, oxidizing
5 atmospheres and must not react with dielectrics.

As electrodes that satisfy these requirements,
noble metals, such as platinum, gold, palladium and silverx,
have heretofore been used. However, these elesctrode
material are expensive, ) althouah they have

10 excellent characteristics. Accordingly, the cost of the
electrode material reaches from 30 to 70 ¥ of the total
cost of _ fthe wmonolithic ceramic capacitoxr, which
therefore i1s the essential factor of increasing the
production costs of conventional monolithic ceramic

15 capacitors.

Noble metals, known are base
metals, such as Ni, Fe, Co, W and Mo, . . have a high
melting point. However, such base metals are easily
oxidized in high-temperature, oxidizing atmospheres

20 and lose their - . ability to functiop as
electrodes. Therefore, if such base metals are used as the
inner electrodes in monolithic ceramic capacitors, they
must be baked in neutral or reducing atmospheres along with
dielectric ceramics. However, conventional dielectric

25 ceramic materials were defective in that if they are

. baked in such neutral or reducing atmospheres, they

are greatly reduced into semiconductors., .
In oxrder to overcome these drawbacks, for
example, proposed were a dielectric material comprising a

30 solid solution of barium titanate where the ratio of barium
siteg/titanium sites is over the stoichiometric ratio
thexreof, such .as that disclosed in Japanese Patent
Publication No. 57-42588; and a dielectric material
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capaci tance thus neasured, obtained was the dielectric const ant

([err]) of each sanple through cal cul ation. Next, to 30 nmeasure the
i nsul ating resistance (R) of each sanple, a direct current voltage of
16 V was applied to each sanple at 25[err]C or 125[err]C for 2

m nut es, using an insulating

comprising a solid solution of barium titanate and
containing oxides of rare earth metals, such as La, Nd, sm
and Dy, added thereto, such as that disclosed in Japanese
Patent Application Laid-Open No. 61-10145$.

5 'Also proposed were a dielectric material having
a composition of BaTiO;-CaZr0,-MnO-MgO, such as that
disclosed in Japanese Patent Application No. 62-256422; and
a2 dielectric material having a composition of BaTioO;-
(Mg, Zn, Sr,Ca) 0-B,0,-810,, such as that disclosed in Japanese

10 Patent Publication No. €i-148511.
Using these dielectric materials, dielectric
ceramics were obtained .. which are not converted inte

semiconductors even when baked in reducing atmospheres. As
a result, it has become possible to produce monolithic

15 ceramic capacitors compra.s:.ng inner electrodes of base
metals such as nickel.

| With recent _ developments in

electronicg, small-sized electronic parts have become

- - in great demand and small-

20 sized, large-capacity, monolithic ceramic capacitors are

therefore regquired .. Por these reasons,

the recent tendency in the art is rapidly toward uge of
dielectric materials having a higher dielectric constant
and toward thinner dielectric layers. Accordingly, there
25 is now a great demand for dielectric materials . of
high reliability having a high dielectric constant and
in which the temperature-dependent variation is '
small. -
Howevear, the dielectric materials disclosed in
30 Japanese Patent Publication No. 657-42588 and Japanese
Patent Application Laid-Open No. 61-101459 generally were
"defective in that the crystals of the dielectric ceramics
obtainable from the materials are generally large, though
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- 23 - resi stance neter. After having thus neasured the
jnsulating resistance (R) of each sanple, the product of t he
capacitance (C) and the insulating resistance (R) or, that is, the
pr oduct CR of each sanple was obtained. 5 To measure the

i nsul ating resistance (R) in the electric field of 20 KV mm a
direct current voltage of 160 V was applied to each sanple for 2

m nutes, and the insulating resistance (R) at 25[err]C and 125[err]C
was neasured in the sane manner, ,from whi ch the product CR was
al so obtained. 10 I n addition, the ?errperat ur e-dependent variation in.

t he capaci tance of each sanple was determ ned. For
t he tenperature-dependent variation in the capaci tance, obtai ned
were the variation in the capacitance bet ween -25[err] C and 85C -
based on the captb¢t abieleatrig] cceyramics themselves may have a high

dielectric constant, with the result that if cthin
dielectric layers having a thickness of, for example, 10 um
or less are made of such dielectric ceramies and
5 incorporated into monolithic capacitors, the number of
crystals _in | each layer is reduced and
therefore the reliability of the monolithic capacitors is
lowered. In addition, the dielectric materials were
further defective in that the temperature-dependent
10 variation of the dielectric constant of the dielectric
ceramics is great. For these reasons, the conventional
dielectric materials could not meet the requirements )

of the market. .
On the other hand, the dielectric material
15 disclosed in Japanese Patent Application Laid-Open No. 62-
256422 was defective in that CaZrO, and also CaTiQ; that is
formed during the baking step may often form secondary
phases together with- Mn and others and therefore the
reliability of the capacitor comprising the material is
20 problematic, although the dielectric constant of the
ceramic body of the material is relatively high, the
crystals constituting the ceramic body are small  ‘and the
temperature-dependent variation in the dielectric constant

is small.

25 The dielectric material disclosed in Japdnese
Patent Publication No. 61-14611 was defective in that the
- dielectric constant of the ceramic body of the material is
from 2000 to 2800 and therefore the material is not
suitable for small-sized, large-capacity monolithic

30 capacitors. In addition, the material was further
defective in that it does not satisfy the X7R-level
characteristic standard stipulated in the EIA

Standard, which indicates that the temperature-dependent
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15° ([err]d derr]), the variation in the capacitance between -55C and
125[err] C based on the capacitance at 25[err]C ([err]C Cerr]), and the
maxi mum variation, in terms of the absolute val ue, between -55[err]C
and 125C ([err]err] max). To determ ne the

hi gh-tenperature load life of 20 each sanple, 36 pieces of each sanple
were subjected to a hi gh-tenperature | oad test I n which a direct
current vol tage of 100 V was applied to each piece at 150[err]C,

whi |l e -measuring the insulating resistance of each test piece

whi ch variod tine-dependently. In this &esat, the period of 25 tinme
within which the insulating resistance value (R) of each pi ece being
tested reached 10[err] or |ower was nmeasured and is
referred to as the life time of each test piece. The average of aII

(e tested 1 SSQantliion 1n ciSh GG AL ML SRR S5, O,
above in Table :;nd +125°C shall be 4% i2$ &bvious from Table 1, Table 2 and
Tabl e 3, the nonol ih hbLAd&RRRS idclives &RR| 8Bolralhérittl svdd iprobiemagope
proposed' were different compositions, for example, in
S Japanese Patent Application Laid-Open Nos. 05-09066, 05-
09067 and 05-09068. However, these compositions could not
still satisfy the recent severe raguirements £for the
reliability of capacitors in the market. Therefore, there
is still a great demand for dielectric materials with much
10 more improved reliability. 1In addition, there is also a
great demand for thinner dielectric layers with much more
improved characteristics - for use in monolithic
ceramic capacitors. In this comnection, if the
conventional dielectric layers are thinned while
15 _ still . havipg the same rated voltage as
that of the original. ' unthinned dielectric
layers, the reliability of such thinned layers is much
lowered ~—For example, their insulating resistance
at room temperature and at h:.gh temperatures is lowered,
20 since the electric field strength to be applied to each of
such thinned layers is enlarged.  For such thinned
dielectric layvers, therefore, their rated voltage must be
lowered. Given the situation, accordingly, it has become
necessary to develop thin dielectric layers with highk
25 reliability, which are not required to have a lowered rated
voltage and which have high insulating resistance in strong
electric field conditions.
In order to produce small-sized, 1arge-capacit:y
monolithic ceramic capacitors in an automatic surface-
30 mounting system, the outer electrodes formed by
baking an electroconductive metal powder are plated with
solder to form a plate £ilm thereon. To foxm such a plate
£ilm, for ex#mple, electrolytic plating is generally

This is the replacement sheet

! oo .
Date: 12 HAS 007



24 -

10

15

20

25

30

of the present invention all were found to have a high

employed. In general, the outer electxrodes " formed by
baking an electroconductive metal powder often have fine
pores therein. Therefore, if monolithic ceramic capacitors
are dipped in a plating bath in order to form a plate f£film
over theix outer electrodes, the plating liquid penetrates
into the fine'pores of the baked elactrodes, and it will
reach the interface between the innexr electrode and the
dielectric ceramic layer, thereby lowering the reliability
of the capacitors.

SUMMARY OF THE INVENTION

Accordingly, the subject matter of the present
invention is to provide a low-priced, small-sized, large-
capacity, monolithic ceramic capacitoxr, which has a
dielectric constant of 3000 or more, which has a high
insulating resistance when measured at 2 KV/mm and at
room temperature and 125°C, of 6000 MruF or moxre and 2000
MOuF or more, respectively, in terms of its product with
the capacitance (the product ~~ CR), and still has a high
insulating resistance, when measured at 20 KV/mm and at
room temperature and 125°C, of 2000 MQuF or more and 500
MQ'uF or moi:e, respectively, which has temperature-
dependent capacitance that satisfies the B-level

characteristic standard . stipulated in the JIS Standard
and the X7R-level characteristic standard © stipulated
in the EIA Standard, and which has . . ‘high

reliability irrespective of the presence or absence of the
plating over it.

SPécifically, the present invention provides a
monelithie caramic capacitor composed of = a plurality of
dielectric ceramic layers, a plurality of inner electrodes

. formed between the dielectric ceramic layers in such
a manner that one end of each inner electrode is exposed
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dielectric constant of not |ower than 3,000, and have a dielectric
l oss tangent, tan 6, of not larger than 2.5 % whi |l e satisfying the
B-1evel characteristic standard 5 stipulated in the JIS Standard

wi thin the tenperature range bet ween -25[err]C and 85[err]C and
also the X7R-1evel characteristic standard stipulated in the
El A St andard within the tenperature range between -55[err]C and
125[err]C with respect to the tenperature-dependent variation in the
| O capaci t ance. Mor eover, these sanples of the

I nvention were found to have hlgh |nsulat|ng resi stance val ues, when
nmeasured at 25C and 125[err]Cin a hlgh eTectric field at 20 IOﬂlnn
of not smaller than 2,000 [err] F and not snaller than 15 500 [err]F,
respectively, in terns of the product CR. Further, these were
found to have a long nean life time of not shorter than 500 hours.

naddition, theseeere - gl ol of the dieliavebyc! QUARIPYAULS Of
ggrrpl Ieg \i/rere 38 and outé]ﬁsQQL%E%&s € .cr%;}s?@; d&:&ﬁb&ipéﬁge@pa Id?iqlhr'd'@r
than 1 exposed inner electrodes, which is characterized in that'
' the dielectric ceramic layers each are made of a
5 material comprising barium titanate having a conﬁent of
impurities " of about 0.02 ¥ by weight
or less, and also yttrium oxide, terbium oxide, dysprosium
oxide, holmium oxide, erbium oxide, ytterbium oxide,
manganese oxide, cobalt oxide and nickel oxide, and
10 containing gs a side component, magnesium oxide in an
amount of from aboyf 0.1 to 3.0 mols, in terms of MgoO,
relative to 100 mols of the essential component having the
following compositional formula:
(1-a-B) {BaO},TiO, + aRe0, + §(Mn,,,Ni,Co,)0
15 where Re,0; is one or more selected from Y,0;,
Tb,0s, ‘Dy;0y, Ho05, Ex;0; and ¥b,0,; and
@, 8, m, xand y are as follows:
0.0025 =« @ £ 0.025
0.0025 = § = 0.05
20 : B/a < 4 )
0 £ x<c1l.0
0 s y<1.0
0 s'x +y«<1.0
1.000 < m = 1.035,
25 and further containing £from gzbout 0.2 to 3.0 parts by
weight, relative to 100 parts by weight of said components,
of an oxide of the type of Li0-B,0;-(Si,Ti)0,;; and

. the inner electrodes "7 are made of nickel or
a nickel alloy.
30 Preferably, the oxide of the type of Li,0-B,0,-

(8i,Ti) 0, falls within a compositional range as surrounded
by six lines formed by connecting six points, | _ e————

xepresenting mol¥, of:
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[err]m . The reasons for defining the conpositions for use
in the present invention are nentioned bel ow.

The reasons for 25 defi ni ng t he conposition of (1

[err] [err]) {BaG[err]TidJerr] + [err]Re[err](err] +
[err](Mi[err]Ni[err]Co[err])O in which Re[err](err] is one or nore
selected fromY[err](err], Tb[err]Jerr], Dy[err]derr], Ho[err]derr],
Er[err](Jerr] and Yb[err]Jerr] are as follows. 30 _

I f the amount of Re[err](err] is smal | er than 0.0025. as in Sanple
No. 1. such is unf avor abl e, sir_lc? the dielectric constant  [err]

Is | owner than 3,000, the tenperature-dependent variation in the

(0, 20, 80)

(15, 1, 80)

(49, 1, 50)

(45, 50, 8)

(20, 78, 5)

F (0, 80, 20)

in a triangular diagram of {Li,0, B,0,, (Si,Ti,.)0;}, in
which 0.3 s w < 1.0 or more preferably 0.4 s w < 0,9; and
the oxide further contains about 20 parts by weight or

10 less, relative to 100 parts by weight of said components,
of at least one of Al,0, and 2r0,, provided that the 2zro,
content is gbout 10 parts by weight or less.

Also preferably, the outer electrodes each are

made of a sintered layer of an electroconductive metal

15 powder or of an electroconductive metal powder with glass
frit added thereto.  Further preferably, the outer
electrodes each axe composed of a first, sintered layer of
an electroconductive metal bowder or of an
electroconductive metal powder with glass frit added

20 thereto, and a ‘second, plated layer formed on the first

oW o0 wy

layer. .
As the material for the dielectric ceramic
layers, herein used is a dielectric ceramic composition
comprising barium titanate, and one or more rare earth
25 oxides selected from yttrium oxide, terbium oxide,
dysprosium oxide, holmium oxide, erbium oxide and ytterbium
oxide, and alsc manganese oxide, cobalt oxide and nickel
oxide, at a specifically conditioned compositional ratio,
and containing magnesium oxide and an oxide of the type of
30 Liy0,-B,0;- (84, Ti)0,. Therefore, even in a reducing
atmosphere, the dielectric ceramic composition can be baked
well without worsening its characteristics. As a result,
it is possible to obtain a high-reliability, monolithic
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- 25 - capacitance is great, the insulating resistance at 125Cis

low irrespective of the intensity of the electric field applied to
the sanple, and the nean life tine is very short. 5
If the anpbunt of Re[err](Jerr], [err]. is larger than 0. 025 as in

Sanpl e No. 17, such is al so unfavorable,

ceramic capacitor  having a temperature-dependent
capacitance that satisfies the B-level characteristic
standard ® stipulated in the JIS Standard and also the
X7R-level characteristic standard , stipulated in the
5  EIA Standard, and having high insulating resistance at room
temperature and even at high temperatures in strong
electric field conditions. In addition, since the crystal
grains constituting the sintered ceramic body are small
) ", _having grain sizes of about 1 gm or smaller,
10 preferably about 0.75 gm ox less, the number of the ceramic

erystal grains ° in each dielectric layer can be
increased. Therefore, even when the dielectric layers in
the monolithic ceramic cdpacitor are thinned, the
reliability of the capacitor is not lowered.

is5 ' We, the present inventors, have found that, in
the dielectric ceramic composition which is to form the
dielectric ceramic layers and which comprises barium
titanate, and one or more rare-earth oxides selected from
vttrium oxide, terbium oxide, dysprosium oxide, holmium

20 oxide, erbium oxide and ytterbium oxide, and also manganese
oxide, cobalt oxide and nickel oxide, the content of the
impurities in the barium titanate, such as alkaline earth
metal oxides, e.g., Sr0 and Ca0; alkali metal oxides, e.g.,
Na,0 ' and K;0; and other oxides,. e.g., Al,0, and §iQ,,

25 especially alkali metal oxides such as Na,0 and K;0, has a
great influence on the electric characteristics of the
capacitors. Specifically, if barium titanate having an
alkali metal oxide impurity content of smaller than about

0.02 % by weight, preferably legs that about 0.15 parts, is
30 in the dielectric ceramic composition, the capacitors

obtained may have a dielectric constant of 3000 or higher.
In addition, we, the present inventors, have alsc
found that the addition of-an oxide consisting essentially
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since the dielectric constant is not larger than 3,000, the
insulating resistance at 25[err]C and 125[err]Cis |low, the nmean
life tinme is short, and the sintering tenperature is high. 10

| f the anount of (M, N,Co)Q [err] is smaller than 0.0025,
as in Sanple No. 2. such is unfavorable, since the constitutive
ceram cs were reduced into sem conductors.. when baked in the
reduci ng at nosphere, to thereby | ower the insulating resistance. 15
the amount .... [err] ., of (M1, Ni,Co)Ois larger than 0.05, as

I n Sanple No. 18. such Is al so anavorable, since the insulating
resi stance at 125[err]Cis |l ow 'Préspective of the intensity of the
electric field applied to the sanple, the nmean life tinme is short,
20 and the tenperature-dependent variation in the capacitance .is
too large to satisfy the X7R-1evel characteristic standard of the

El A Standard.  of Li,0-B,0,- (81,7405 honehe nafligdtriNoce#dnid & jeiba. 20,
e nsul o Mool U afng bl e PR Bhe Lol Sphal atio
improving the plating resistance of the ceramic layers.
Moreover, we have further found that the addition of Al,0;
5 and 2rO, to the oxide consisting essentially of Li,0-B,04-
(s1,Ti}0, increases the insﬁiat:ing resistance of the
ceramic layers.
According to the present invention that has the
effects mentioned above, therefore, it is possible to
10 realize a high-reliability, small-sized, high-capacity,
monolithic ceramic capaciter having inner electrodes o=
nickel or a nickel alloy, which can be produced in an
automatic surface-mounting system and of which the
temperature-dependent variation in the capacitance is
15 = small. e '

In the monolithic ceramic capacitor of the
present invention, the dielectric ceramic layers are made
from a dielectric ceramic composition that can be baked
even in a reducing atmosphere without being reduced into

20 semiconductors. Therefore, a base metal of nickel or a
nickel alloy can be used as the material for the electrodes
in the capacitor. In addition, since the composition can be
baked at relatively low temperatures of 1300°C or lower,
the production ¢osts of the capacitor can be reduced.

25 Moreover, the monolithic ceramic capacitor of the
invention that comprises ceramic layers made from such
dielectric ceramic composition has a dielectric constant of
3000 or higher, and the temperature-dependent variation in
“the high dielectric constant of the capacitor is small.

30 Further, the caﬁacitor has high insulating resistance even
in stxong electric field conditions, and its life time is
long even at high temperatures. Therefore, the dielectric’
layers constituting the capacitor can be thinned well,
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the insulating resi stanée at 20 KV mm and at 25C and 125[err]C does

not reach 2000 Merr]F and 500 Merr]F, respectively, and t he nean
life tinme is shorter than 500 hours. As shown in Sanpl e
No. 21, if the ratio, [err], of 30 the amount [err] of (M, Ni,Co)Oto
the amount [err] of Re[err](err] is | arger than 4, such is
unfavorabl e, since the tenperature- dependent variation in the
capacitance is large, the i nsul ating resistance at 2.0 KV mm and 20

KV/ mm and at
- 11 -

without lowering the rated voltage of the capacitor. In
addition, since the crystals constituting the dielectric

layers % * ° have grain sizes of 1 um or smaller,
the layers can be thinned well, without reducing the number
5 of the crystals therein, being different from the

ceramic layers constituting conventional monolithic ceramic
capacitors. Therefore, according to the present invention,
it is possible to obtain such a high-reliability, small-
sized, large-capacity, wonolithic ceramic capacitor.
10 Moreover, since the electric characteristics of the
capacitor of the invention are not worsened by plating, the
capacitor can be produced in an automatic surface-mounting
system.
The above-mentioned ocbjects and other objects of
15 the present invention, and also the characteristics and the
advantages thereof ‘will be clarified further more in the
detailed description of the preferi-ed modes of carrying out
the invention and the examples of the invention, which is
made hereinunder with reference to the drawings attached
20 hereto. )

ESC RAW.
Pig. 1 is a cross-sectional view illustrating one
embodiment of the present invention.
Fig. 2 is a plan view illustrating one embodiment
25 of the firgt dielectric ceramic layer to be laminated.
Fig. 3 is a perspective, exploded view
illustrating the lamination of first dielectric ceramic
layers and second dielectric ceramic layers to construct
the monolithic dielectric ceramic body to be in the
30 capacitor of the invention.
Fig. 4 is a three-component compositional graph
for (Li,0, B0y, (8i,Ti,.)0,}, which indicates the
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- 26 - 125C does not reach 2000 Merr]F and 500 Merr]F,

_respectively, and the nean life tine is shorter than 500 hours.

As shown in Sanple Nos. 3 and 4, if the nolar ratio of barium
titanate, m is not larger than 5 1. 000, such is unfavorable, since
the ceramcs were converted into sem conductors when

baked in the reduci ng atnosphere to | ower the insulating resistance
of _ the capacitor, the insulating resistance at high
tenperatures in strong electric field conditions is [ow, 10 and the
nmean life tinme is very short. For thesgzreasons, the dielectric

| ayers constituting the sanples cannot be t hi nned.

compositional range of the oxide additive of 1i,0-B,0;-

{si,Ti)0,.
w COF CARR NG OUT THE INVENLION
Fig. 1 is a crosg-sectional view showing one
5 embodiment of the present invention. The monolithic

ceramic capacitor 10 illustrated comprises a monolithic/.

dielectric ceramic body 12. The monolithic dielectric
ceramic body 12 is formed by integrally laminating a
plurality of first dielectric ceramic layers 14a and two
10 second dielectric ceramic layers 14b. In. the monolithic
dielectric ceramic body 12, the dielectric ceramic layers
l4a and 14b are integrally laminated in such a manner that
the two dielectric ceramic layers 14b are disposed at the
both sides, while sandwiching therebetween a plurality of
15 the first dielectric ceramic layers 14a. These dielectric
ceramic layers 142 and 14b are laminated along with inner
electrodes 16- LU i embedded  therein
v a urfa .
On each of the both sides of the mconolithic dielectric
20 ceramic body 12, formed are an outer slectrode 18, a f£irst
plate film 20a and a2 second plate film 20b in that orxder.
The first plate film 20a may be made of nickel or copper,
and the second plate film 20b may be made of solder oxr tin.
Accoxdingly, the monolithic ceramic capacitor 10 is shaped

25 in the form of a rectangular parallelepiped chip.

Now, a method £for producing the monolithic
ceramic capacitor 10 of the invention is described below in
the order of the steps constituting the method.

Firsc; the monolithic dielectric ceramic body 12

30 is produced as follows. As in Fig, 2, a raw material
powder comprising barium titanate, and one or more rare
sarth oxides selected from yttrium oxide, terbium oxide,

This is the replacement sheet
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If the molar ratio mis larger than 1.03. 5. as in Sanple No. 22,

such is al so unfavorable, since 15 the sinterability of the sanple is
very poor. As shown in Sanple No. 5, if the anount of MO
S smaller than 0.1 nols, such is unfavorable, since the

I nsul ating resistance at 20 KV mMmis low, the nean life time is
shorter than 500 hours, and the tenperature- 20 dependent variation in
the capacitance could not satisfy the X7R-1eve]j characteristic
standard of the ElIA standard Al t hogh satisfying the
[err]-level characteristic stanq%rd of the JIS Standard. As shown
I n Sanpl e No. 23, I f the amount “6f MO is Ilarger than 3.0 nols,
such is also 25 unfavorabl e, since the sintering tenperature

S too high, the dielectric constant could not be over 3,000,

and the nmean life tine could not be over 500 hours.
| f the anpbunt ofdydprosium oxme.dexoainitth:um 8@kbium oxide and ytterbium

el Sri 1Ol o] i, Sha Wardaiidge 624847 doblat 8l fe * i) oRfdd ° a4

weight, as in | S un avor.a

capacitor coul d % %’F“'ﬁ%r%@ﬂm gaspntialdy of Li0-B,0,-(Si,Ti)o, is

formed into a slurry, and then sheeted to prepare a first,

5 dielectric ceramic layer 14a {green sheet). On one surface

of the green sheet, formed is an internal electrode 16 of

nickel or a nickel alloy. To form the internal electrode

16, employable is any method of screen printing, metal

vapor deposition or plating. A predetermined numbexr of the

10 first dielectric ceramic layers 1l4a each with the inner

electrode 16 formed thereon are laminated, and then

sandwiched between two dielectric ceramic layers 14b with

no inner electrode 16, as in Fig. 3, and these are

integrated under pressure to give a monolithic laminate.

15 Next, the resulting laminate is baked in a reducing

atmosphere at a predet:erm:.ned temperature to obtain a
monolithic dielectric ceramic ‘body "12.

Next,. on the both-: sides of the monolithic

dielectric ceramic body 12, formed are two outer electrodes

20 18 that are connected with the inner electrodes 16. The

material of the outer electrodes 18 may be the same as that

of the inner electrodes 16. Apart from this, silver,

palladium, silver-palladium alloys and others can be used

as the material of the outer electrodes 18, to which can be

25 added glass frit, such as glass of the type of B,0,-8i0,-Ba®

or glass of the type of Li,0-5i0,~Ba0. In consideration of

the use of the monolithic ceramic capacitor 10 and the site

at which the capacitor 10 is used, suitable materials are

selected for the outer electrodes 18. The ocuter electrodes

30 18 can be formed by applying a paste material of metal

powder onto the baked, monolithic dielectric ceramic body

12 followed by baking it. Alternatively, the paste

material can be applied onto the non-baked body 12, which
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shown in Sample No. 24, if the anount of the oxide of the type of

Liferr]OBlerr](err]-(Si,Ti)Jerr] is larger than 3.0 parts by
- 27 -

- 14 -

is thereafter baked .. After thig, the
outer electrodes 18 may be plai‘.ed with nickel, copper or
the like to form a first plate £ilm 20a thereon. Last, the
first plate film 20a ig coated with a second plate f£film 20b
5 - of solder, tin or the like. Thus ia produced the chip-
type, monolithic ceramic capacitor 10 of the invention.

EMRODIMENTS OF THE INVENTION
Example 1:
First, raw materials of TiCl, and Ba(NG,); having
10 various degrees of purity were prepared and weighed. These
wexre treated with oxalic acid to obtain a precipitate of
barium titanyl oxalate (BaTiO(C,0,)*4H,0). This precipitate
was decomposed under heat at 1000°C or higher to obtain
four types of barium titanate (BaTiO,)., as shown in Table
15 4. On the other hand, oxides, carbonates and hydroxides of
the constitutive céﬁtpénents  were weighed to give a

composition of 0.25Li0-0.10B,04- -

7Ti0,;=0. (by mol), then mixed, ground, and
vaporized to dryness to obtain a powder. This powder was
20 melted under heat at 1300°C in an alumina crucible, and

then rapidly cooled to cbtain a oxide powder having a mean
grain slze of 1-um or less.

Mean
a5 - Content of impurities (wt.9%) G(ain
Type of | Alkali - - Size
BaTiO, | Metal | SO | Ca0 | sio, | aLo, | ml
Oxides .

Ir A 0.003 | 0.012 | 0.001 | 0,010 | 0.005 0,80

" B 0.020 | 0.100 { 0,003 | 0.019 | D.008 0.56
raplacement sheet
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weight, such is also unfavorable, since the dielectric const ant
coul d not be over 3000. ~As shown in Sanple No. 25, if

t he content of al kali metal oxide inmpurities in bariumtitanate is

| arger 5 than 0.02 % by wei ght, such is unfavorable, since such
Impurities lower the dielectric constant. Exampl e 2

Using bariumtitanate A in Table 1, prepared was a raw materi al
powder to give a dielectric conposition of 10 98.0{BaCG [err]Tiderr] +
0. 8Y[err]P[err] + 0. 2Er[err](err]- + 1.0 (Mi[err]Ni[err])O (by nol)
containing 1.0 nol of MO To this was ded [any of the] oxi de
sanples of Li[err]O-B[err](err]- (Si, Ti) Jerr] having a nean grain size
of 1 [err]mor |less, which had been prepared in the sane manner as
in Exanple 1 with heating at from 1200[err]C to 1500[err] C and 15 shown
in Table 4. Using these repared were _ponoljthic . ceramc

capaci tors each favisg qQu I¢c r S ob_Qjévero_]ﬁ mlﬁctiﬁal y

connected with i =

D | 0062 | 0014 | 0.001 | 0.019 | 0.004 | 0.58

Next, prepared were BaCO,, which is to adjust the
5 molar ratioc, m, of Ba/Ti in the barium titanate, and Y,0,,
Th,0;, Dy;0y, HO,0;, Ex;05, Yb0;, MnO, NiO, CoO and MgO each
having a purity of 99 ¥ or more. Powders of these raw
materials were mixed with the oxide powder prepared above,
. at various compositional ratios as shown in Table 2 to
10 prepare various compositions. Each composition was wet-
milled in a ball mill along with a polyvinyl butyral binder
and an organic solvent such as ethanol to obtain a ceramic
slurry. This ceramic slurry was sheeted according to
doctor blading to obtain a rectangular, ceramic green sheet
15 having a thickness of .11 pgm. Next, an electroconductive
paste consisting essentiéllyrbfini:ﬁés printed on this
ceramic green sheet to form thereon an electroconductive

paste layer, which is formed into an inner electrode.
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same manner as in Exanple 1. The outer dinension of the nonol i thic
ceram c capacitor sanples produced herein was 20 the sanme as those in

" Exanpl e 1. - 28-

16

Amount
f Oxidi
* Qlass
3 Added
{wt.pts.)
0.50

0,50
0.50
10 | 0.00
a5 | 02
0.8
08
10

Mao
1.00
100 | 050
1.00 | 050
1.00
Q
1.0
1.5
15 | 10

m
1.01
0 1101
9,990
1,00
o1
L01
1.005
1.010

10 | 1015
101

0.8
09100 1
005 9603 2 ]1.005] 1.0 {-20

06| a5
08 | 415

02]o08| 1
Joz2los| 1
05|03l em
00|09 53 | 1owe| 20
02

X
001 192108 -
90026 1 02 ] 02| 1

000 | -
001 |02
001 |02
1
0,01
0.012
00078
010
0.008

nQ

0.0025
010
0.0125
0.009
0,008
0.025

Yb,0, | Jotal o
s 0.000
. - 0.0125
C oz 0126
0,012
0.0125
0.01Q
0.005 | 0.

Tabla 2

En0,
0.0025
0.0026

REEIBEIEEIREERE
ISEENEIERLEEE
g g gg]

<l Q] AU Q| Q) ) Q) <l <] ] Y

Yype
of
BaTiO,

AN A 9l e ~| o 9oy

Sample
No.
1
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-20-

[err]

17
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[err] [(4)] Sanples with * are outside the invention.

- 18 -

A plurality of these ceramic green sgsheets each
having the electroconductive paste layer formed thexeon
were laminated in such a manner that the side of one sheet
with the electroconductive paste exposed out of it was

S alternated with that of anocther sheet with the
elactroconductive paste not exposed out of it. Thus was
obtained a laminate. This laminate was heated in an N,
atmosphere at 350°C wheraby the binder was burnt out, and
then baked for 2 hours in a reducing atmosphere comprising

10 gases of H,, N, and K,0 and having an oxygen partial
pressure of from 102 to 10® MPa, at various temperatures
shown in Table 3, to obtain sintered ceramic bodies.
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5 The electric characteristics of these  sanples were

nmeasured. The capacitance (C) and the dielectric loss (tan [err])
wer e nmeasured using an automatic bridge-type nmeter at a frequency
of 1 KHz, at 1 Vrns and at 25[err]C. Fromthe capaci tance t hus
nmeasur ed, obtained was the dielectric I» const ant (c) of each
sanpl e through cal cul ati on. Next, to neasure the insulating

resi stance (R) of each sanple in an electric field at 20 KV/mm a
di rect current vol tage of 160V was applied to each, sanple at 25[err]C
or 125[err]C for 2 mnutes, using an insulating resistance neter.
After 15 havi ng thus neasured the insulating resistance (R) of each
sanpl e, the product of the capacitance (C) and the i nsul ating

resistance (R) or, that is, the product CR
EEEEE

“EEEEEEE
'EEEEEE
| |42

0,81

Graln
Size
(ol

1 Mean
e Time
(hed
5

J21
_ 383
235

CR
590
160
570
850

126°C
150

Appited

250_‘:

2570
2960
2650

CR

4340

-125°C

Appled

7420
8450
$120
6370 | 312
8200
a030
7100
$420 | 2620

max
5.0
1.3

L4

69 | 89
4.5 R
1.3

22 | 12

1%
126°C

... Tmpnm:m-mp!mhm R . .
Varlation In Capacitsace, AC/Cye | {MARFL 2.0 KVimm | (MO, 20 KVimm
28°C

9.1
-2.3
4 | 84
:]—;'I_a. . 1:
2.4
-7.4

. Table 3

-86°C

| 68
:Lz' -
1.3 -
85
B8

09 | 66 | 14

ésggi gl :1!21
15585
2R 4 EREERE

Disleotric
Loss, ten
&%)
2.4
1.9
1.8
2.4
1.9
1.8
1.9
1.8
1.7
2.2
18

Dielectrle
Constent
e
2730
3360
3310
4030
3390
3120
3410
3410
3010
3380
3250

1300
1260
1280

Sample Tomesrmg
I*a
1280
1280
1280
1280
: 1280
1350
1300
1280
1300
1280
1280

b
i . i

No
*1

?'l“-"l | o A = sEEE LT
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of each sanple was obtained. In addition, the tenperature- dependent
variation in the capacitance of each sanple was 20 det er m ned.
- 30 -

20

590

3020

2170

8850

6.3

6.3

1.9

3170
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For the tenperature-dependent variation in the capaci tance, obtai ned
were the variation in the capacitance bet ween -25[err] C and 85C
based on the capacitance at 20[err]C ([er]d err]) , the variation
in the capacitance between -55[err]C and 5 125[err] C based on the
capacitance at 25[err]C ([err]C (err])pg and the maxi mum vari ati on
in terns of the absol ute val ue, between -55[err] C and 125[err]C
([err]C err] max). After the neasurenent of these data,
sanpl es were plated with nickel over their outer electrodes of 10
silver according to a barrel plating nethod using a nickel pl ati ng
bat h . whi ch conpri sed ni ckel sul fate, nickel
chl oride and boric acid. Last, the sanples were further plated with

sol der over their TS 0 a barrel plating
- wiladineii( al kanol sul foni ¢
éjag ;Igge red herein

met hod using a sol
| ectrodes.

t he

acid bath)
nmonol i t hic

e
d
q

03
671

53

110
158
298
439

100
140
280
5§70
890

CR
25°C
2080
890
3450 | 80
230

1010
2870
040 0
3800

2890 | 3560 | 830

SEEEEEEEEEE
%Q%ﬂ%%ﬁa EE
EEEEEEREEE
B AFEEEEEEE EEE
HEEREEEEFEEE
EEEEEEREEE
FEEEEEEREEE

=] .
EEEEREERNEEE
= ol © off of O ofl Ol ©
- 493988 988
.a! .~ o o} i ™ N} =l &
:
TEEEEEEEEEEE
FEO I S
E il e=j] e=j] o

2 ol ~| @ off = = o |
AR EEEEEEEBHE

| Samples with * are oulside the invention.
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The electric characteristics of these capacitor sanpl es produced
herein were neasured. Precisely, the 20 capaci tance (C) was neasured
usi ng an automatic’ bridge- type neter at a frequency of 1 KHz, at 1
V rns and at 25C. Next, to measure the insulating resistance (R) in
an electric field at 20 KV/mm &2alirect current vol tage of 160

V was applied to each sanple at 25[err]C or 125[err]C for '2 25 m nut es,
using an insulating resistance neter. Af ter havi ng t hus neasured
the insulating resistance (R) of each sanpl e, the product of the
capaci tance (C) and the I nsul ating resistance (R) or, that is, the,
pr oduct CR- of each sanpl e was obtained. 30 The
results obtained in these tents are shown in Tabl e 5.

_The suxrface of each sintered ceramic body was observed

with a scanning, elactronic microscope at a magnification

of 1500 times, to determine the grain sizes of the grains
10 seen in the field of view.

A silver paste containing glass fxrit of the type
of 'Baoj-Lizo-sio,-Bao was applied onto the both sides of each
sintered ceramic body, and baked again in an N, atmosphere
at 600°C to thereby form ocuter electrodes electrically

15 connected with the inner electrodes.

The outer dimension of each of these monolithic
capacitors thus obtained was 1.6 mm width x 3.2 mm length
x 1.2 wmm thickness, and the thickness of each dielectric
ceramic layer . sandwiched between the inner electrodes

20 was 8 ugm. The total number of the effective dielectric
ceramic layers was 19, and the area of the facing
electrodes per one ceramic layer was 2.1 mr? .
The electric characteristics of these capacitor
samples produced herein were measured. Precisely, the
25 capacitance (C) and the dielectric loss (tan §) were
measured, using an automatic bridge-type meter at a
frequency of 1 .KHz, at 1 V rms and at 25°C. From the
capacitance “thus measured, obtained was the dielectric
constant {&) of each sample through calculation. Next, to
30 measure the insulating resistance (R} of each sample, a
diract current voltage of 16 V was applied to each sample
at 25°C or 125°C for 2 minutes, using an insulating

This is the replacement éﬁeet
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31 [err] . 32

- 23 -

resistance meter. After having thus measured the

insulating resistance (R) of each sample, the product of

the capacitance (C) and the insulating resistance (R) orx,

- that is, the product * CR of each sample was cbtained.

5 To measure the insulating resistance (R) in the electric

field of 20 KV/mm, a direct current voltage of 160 V was

applied to each sample for 2 minutes, and the insulating

vesistance (R) at 25°C and 125°C was measured in the same

manner, from which the product " CR was also obtained.

10 In addition, the temperature-dependent variation in the
capacitance of each sample was determined.

For the temperature-dependent variation in the
capacitance, obtained were the variation in the capacitance
between -25°C and 85°C based on the .capacitance at 20°C

15 (AC/Cy) » the-varlation in the capacitance between -55°C and
125°C based on ‘the capacitance at 25°C (AC/Cy), and the
maximum variation, in terms of the absolute value, between
-55°C and 125°C (|AC|max).

To determine the high-temperature load life of

20 each sample, 36 pieces of each sample were subjected to a
high-temperature load test! in which a direct current
voltage of 100 V was applied to each piece at 150°C, while
measuring the insulating resistance of each test piece
which varied time-depandently. In this tiest, the period of

25 time within which the insulating resistance value (R) of
each piece being tested xeached 10¢ Q@ or lower was
measured o and is referred to as the life time of

each test piece. The average of all the tested pieces was
calculated to obtain the average life time of each sample.
30 The results obtained in these tests are shown

above in Table 3.
As ies obvious from Table 1, Table 2 and Table 3,

the monolithic capacitor samples falling within the scope

Tn%is?heredecemen?shem
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[err] 33 [err]

- 24 -

of the present invention all were found to have a high
dielectric constant of not lower than 3,000, and have a
' dielectric loss tangent, tan 8, of not larger than 2.5 ¥%,
while satisfying the B-level characteristic standard )
5 stipulated in the JIS Standard within the temperature range
between -25°C and 85°C and also the X7R-level
characteristic standard ! stipulated in the EIA Standard
within the temperature range between -55°C and 125°C with
respect to the temperature-dependent variation in the
10 capacitance. .
Moreover, these samples of the invention were
found to have high insulating resistance wvalues, when
measured at 25°C and 125°C in a high electric field at 20
Kv/mm, of not smaller thap 2,000 Q@F and not smaller than
15 500 QF, respective"iiif,"':inr'téfms- of the product ~ | CR.
Further, these were found to have a long mean life time of
not shorter than 500 hours. In addition, these were
sintered at relatively low temperatures of not higher than
1300°C. The crystal grains in the sintered samples were
20 small +having grain sizes of not largex than 1
pm.
The reasons for defining the compositions for use
in the present invention are mentioned below.
- T The reasons for
25 defining the . composition of (2 o =
B) {Ba0},TiO, + aRe,Oy + B (Mn;,NiCo)O, in which Re,0, is
one or more selected from Y,0;, Tb,0,, Dy.0;, Ho,0;, Er,0, and
¥b,0, are as follows.

30 If the amount of Re,0,, o, is

smallexr than 0.0025, as in Sample No. 1; such is
unfavorable, since the dielectric constant ! & is lower

than 3,000, the temperature-dependent variation in the

This is the replacement sheet
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- 34 - As is obvious from T Table 4 and Table 5, the

monol i t hi c capacitor sanples conprising dielectric ceramc |ayers,
to 5 whi ch was added an oxide of the type of Li[err]O
Blerr]Jerr]-(Si,Ti)(er] in an anount falling within the scope of
t he present - I nvention, were all found to have a high dielectric

constant of not | ower than 3,000, and have a dielectric

- 25 -

capacitance ig great, the insulating resistance at 125°C is
low irrespective of the intensity of the electric field
applied to the sample, and the mean life time is very

S e -~

short.

5 If _the amount of Re O, o, is larger
than 0.025, as in Sample No, 317, such is also unfavorable,

gsince the dielectric constant is not larger than 3,000, the
insulating resistance at 25°C and 125°C is low, the mean
life time is short, and the sintering temperature is high.
10 If the amount _ __ of
(Mn,Ni,Co)0._ 8, is smaller than 0.0025, ag ipn Sample No, 2,
such is unfavorable, since the constitutive ceramics were
reduced into semiconductors ... when baked in the reducing
_atmosphere, to thereby lower the insulating resistance.
15 _ ' " . Xf the amount... f ... oF
(Mn,Ni,Co)0 is larger than 0.05, as_in Sample No. 18, such
is also unfavorable, since the insulating resistance at
125°C is low irrespective of the intensity of the electric
field applied to the sample, the mean life time is short,
20 and the temperature-dependent variation in the capacitance
"is too large to satisfy the X7R-level characteristic
standard of the EIA Standard.

As shown in Sample No. 13 and Sample No. 20, if
the amount of NiO, X, and the amount of Co0, y, are 1.0,
25 the insulating resistance at 2.0 KV/mm and at 125°C is low,
the insulating resistance at 20 KV/mm and at 25°C and 125°C
does not reach 2000 MQuF and 500 MQuF, respectively, and

the mean life time is shorter than 500 hours.
As ghown in Sample No. 21, if the ratio, B/a, of
30- the amount 8 of (Mn,Ni,Co)O to the amount « of Re,0; is
larger than 4, such is unfavorable, since the temperature-
dependent variation in the capacitance is large., the
insulating resistance at 2.0 KV/mm and 20 XV/mm and at

| Thmistherepbcementsheet

Date: 1 3 MAR 1997



| oss tangent, tan [err], of not larger than 2.5 % while 10 sati sfying
the B-level characteristic standard stipulated in the JIS
Standard within the tenperature range bet ween -25[err]C and
85[err]C and also the X7R-|evel characteristic standard
stipulated in the EIA Standard wi thin the tenperature range between
-55[err]C and 125[err]C wth 15 respect to the tenperature-dependent
variation in the capacitance. In addition, even though the sanples
of the invention were plated, their electric characteristics were
not deteri orat ed. As opposed to the sanples of the

i nvention, the 20 ot her sanples, Sapple Nos. 115 to 118 which did not
fall wi thin the scope of the invention in that the anmount of the
oxide of Li[err]OBlerr]Jerr]- (Si Ti) Jerr] added thereto is w thout the
scope of the conpositional range as defined to be surrounded by six
points, A B, C .D, E, F, which are as 25 follows, in a triangular

di agram of {Li[ex25 defesr npt]esadh 2080 M&xF Tarid S0P) MR, | Fespectivedhown in
Fig. 4, in whichyfl 3Gd Heahn ‘YifethmaV‘ﬁF SH¥tetOMan 500 hodibfice they could

not be sintered well, or even nt er ed
! AV g_hvggn E! Sample Nos. 3 and 4, if the molar

ratioc: * of barium titanate, m., is not larger than
5 1.000, such 3is unfavorable, since the ceramics were
converted into semiconductors when baked in the

reducing atmosphexre to lower the insulating resistance of
the capacitor, the insulating resistance at high
temperatures in strong electric field conditions is low,

10 and the mean life time is very short. For these reasons,
the dielectric layers constituting the samples cannot be
thinned.

mo - X S ol
1.03%5, as in Sample No. 22, such is also unfavorable, since
15 the sinterability of the.sample 'is very poor.

As shown ‘in Sample No. 5, if the amount of MgO is
smaller than 0.1 mols, such is unfavorable, since the -
insulating resistance at 20 KV/mm is low, the mean life
time is shorter than 500 hours, and the temperature-

20 dependent variation in the capacitance could not satisfy
the X7R-level characteristic standard of the EIA standard
although satisfying the B-level characteristic
standard of the JIS Standard. As gshown in Sample No. 23,
if the amount of MgO is larger than 3.0 mols, such is also
25 unfavorable, since the sintering temperature ¥ - 3
too high, the dielectric constant could not be over 3,000,

and the mean life time could not be over 500 hours.
If the amount of the
oxide of the type of Li,0-B,0,~-(Si,Ti)0; is smaller than 0.2
30 parts by weight:,' a,g_in_&ampl;ﬂg__j__ such is unfavorable,
since the capacitor could be sintered insufficiently. As
shown in Sample No. 24, if the amount of the oxide of the
type of Li0-B,0,-{8i,Ti)0, is larger than 3.0 parts by
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their insulating resistance was greatly | owered due to pl ati ng

t'hereover. Precisely, in Fig. 4 referring to the 30 defi ned
conpositional range, the point A indicates a conposition conprising
O nol % of Li[err]O 20 nol% of Blerr](err], and 80 nol % of

(Si,Ti)dJerr]; the point B indicates a conposition

- 27 -

weight, such is alsoc unfavorable, since 'the dielectric
constant could not be over 3000.

As ,ahmm'in Sample No. 25, if the content of
alkall metal oxide impurities in barium titanate is larger

5 than 0.02 % by weight, such ig unfavorable, since such
impurities lower the dielectric constant.
Example 2:

Using barium titanate A in Table 1, prepared was
a raw material powder to give a dielectric composition of
10 98.0{Ba0};0yTiO; + 0.8Y;0; + 0.2Ex,0, + 1.0 (Mn;Niy,)O (by mol)
containing 1.0 mol of MgO. To this was added [any of the]
"~ oxide samples of LiO0-B;0y-{Si,Ti)0; having a mean grain size
of 1 pm or less, which had been prepared in the same manner
as in Example 1 with heating ‘at from 1200°C to 1500°C and
15 shown in Table 4. TUsing these, prepared were monclithic
ceramic capacitors each having cuter electrodes of silver
as electrically connected with inner electrodes, in the
same manner as in Example 1. The outer dimension of the
monolithic ceramic capacitor samples produced herein was
20 the same as those in Example 1.
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- 35 - conprising 19 nol % of Li[err]O 1 nol%of Blerr](err],

and 80 nol % of (Si,Ti)Jerr]; the point Cindicates a conposition
conpri si ng 49 mol % of Li[err]O, 1 nol% of Blerr](err], and 50 nol %
of (Si,Ti)err]; the point D indicates a conposition conprising 45
mol % of 5 Liferr]O 50 nol%of Blerr]Jerr], and 5 mol % of (Si,Ti)
Jerr] the point E I ndi cates a conposition conprising 20 nolt of
Liferr]O 75 nol % of Blerr]dJerr], and 5 nol% of (Si,Ti)Jerr] and
the point F indicates a conposition conprising 0 nol % of Li[err] O
80 mol % of B[err](Jerr], and 20 mol % of (Si,Ti)Qerr]. 10 :
However, as in Sanples Nos. 119 and _1298 even though falling within
t he defined range as surrounded by such six points, if the anount w
of Si is |ess than 0.3, such is unfavorable, since the
sanpl e coul d not be sintered well; and if the anmount w of Si
s 15 1.0, such 1is also unfavorable, since tth i nsul ati ng ’
Table 4°
Components' of Oxide Glass
Amount Essential Components ~Additive
of Amol¥) WM Bte.)
: Sample | Oxide _
5 No. | Glase {S1.Ti1u)0
we.%) | Li0 | B | Ao | -2z
101 2.0 L 20 | 80 [ 0.7 = -
202 | a0 |28} 2 {s }o2 | - | - |
103 1.0 | 49 i S0 | 0.8 | = = ]
104 1.0 45 20 S 8.5 = =
10 i 105 1.0 20 | 75 S D-4 = =
206 | 1.0 | o-l s 20 |04 | - =
107 1.0 35 | As 50 0.5 = =
108 1.0 25 20 15 0.3 = =
{200 | 2.0 | 20 | a0 | 40 | 03 ! - | =
1s g 110 1.0 10 15 75 9.7 = =
' | lil 1.0 .| 30 | 70 | 20 [ 0.4 3 2 |
ald 10 | 35 | 15 | 30 1 0.7 P 2 |
113 1.0 1 35 | 15 | 50 | 0.7 20 = |
114 | 1.0 25 | 15 | S50 1 0.7 2 10
20 s11S 1.0 10 2 g5 | 0.5 = =
=116 | 1.0 S5 | 20 | 25 | 0.7 = =
2117 2.0 =22 | 62 | & 2.7 = =
=118 | 2.0 2 | 8 | 10 | 0.7 = =
*119 i.0 [ 10 ) 35 | 75 | 0.1 | = = |
25 %120 1.0 as sg | 15 | 1.0 = =
2221 | 1.0 | 3s | so | a5 [ 07 | a0 = 1
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resi stance of the plated sanple at 20 KV/ nm was greatly | ower ed

Monol i t hi c capacitors having an insul ating resi stance of 3000
Merr]F and 1000 Merr]F at 20 KV mm and at 20 25[err] C and 125[err]C,
respectively, could be obtained when an oxi de of
Liferr]OBlerr]derr]-(Si,Ti)Jerr] and also Al[err]Jerr] and ZrJerr]
wer e added t hereto. As shown in Sanple Nos. 121 and 122,

however, if the amount of Al[err]Jerr] added was over 20 parts by
weight or if the amount of Zr(Jerr] added was over 10 parts by 25

wei ght, such is unfavorable, since the sinterability of the sanpl es

Is greatly | owered. : - |29 t-he above-nenti oned exanpl es, used
was a powder of barlun1t|tanate as prepared according to the

oxal ic acid net hod but this is not 30

limtative. Apart fron1th|s al so enployable are pomders of barium
titanate as prepgittea =% P el

hydr ot her mal real

Added
(wt.¥) | DdaQ | BoOy

l x122 2.0 28 20 i5 2.7
[{(4)] Samples with * are outside the invention.

5 .The electric characteristics of these samples were

measured. The capacitance (C) and the dielectric loss (tan

) were measured using an automatic bridge-type meter at

a frequency of 1 KHz, at 1 V rms and at 28°C. From the

capacitance thus measured, obtained was the dielectric

10 constant fe) of each sample through calculation.

Next, to measure the insulating resistance (R} of each

sample in an electric field at 20 KV/mm, a direct current

voltage of 160V was applied to each sample at 25°C oxr 125°C

for 2 minutes, u?ing an insulating resistance meter. After

15 . having thus measured the insulating resistance (R) of each

sample, the product of the capacitance (C) and the

insulating resistance (R) or, that is, the product CR

of each sample was obtained. In addition, the temperature-

_ dependent variation in the capacitance of each sample was
20 datermined.
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- 36 -
may

10

is

20

25

30

powders are used, the characteristics of the capacitors

For the temperature-dependent variation in the
capacitance, obtained were the variation in the capacitance
between -25°C and 85°C based on the capacitance at 20°C
(AC/Cy) , the variation in the capacitance between -55°C and
125°C based on the capacitance at 25°C (AC/Cyx), and the
maximum variation, in terms of the absolute value, between
-55°C and 125°C (}AC|max).

After the measurement of these data, the samples
ware plated with nickel over their outer electrodes of
silver according to a barrel plating method using a nickel
plating bath _ _ . which comprised nickel
sulfate, nickel chloride and boric acid. Last, the samplies
were further plated with solder over their nickel plate
filme according to a barrel plating method using a solder
plating bath, AS bath falkanolsulfonic acid bath)

) . Thus were prepared herein monolithic
capacitor samples with plated outer electrodes.

The elactric characteristics of these capacitor
samples produced herein. were measured. Precisely, the
capacitance (C) was measured! using an automatic bridge-
type meter at a frequency of 1 KHz, at 1 V rms and at 25¢C.
Next, to measurs the insulating resistance (R) in an
electric field at 20 XV/wm, a direct current voltage of 160
V was applied to each sample at 25°C or 125°C for 2
minutes, using -an insulating resistance meter. After
having thus measured the insulating resistance (R) of each
sample, the product of the capacitance (C) and the
insulating resistance (R} or, that is, the product CR
of each sample was obtained.

The results obtained in these tasts are shown in
Table 5. )
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often be inproved nore than those of the sanples:- as
Powders of yttrium

these exanpl es herein
hol m um oxi de,

dysprosi um oxi de,
manganese oxi de,
t hese exanpl es,

of
al so be enpl oyed,

cobal t

whi ch,

5

oxi de,
however,

er bi um oxi de,

oxi de,

denpnstrated in

a1e not also limtative.

with the characteristics of the capacitors

they are fornul ated to constltute

wi t-hout
produced, provided that
the dielectric ceramc |ayers

10

t er bi um oxi de,
yt t er bi um oxi de,
ni ckel oxide and others were used in

Sol uti ons

al koxi des or organic netal conpounds for such oxides can
in place of such oxide powders,

interfering

falling within t pram— .
Wil e the inventf o gjen%@ ' i ng "h:r nce
to specific enbgdi Stger pofy Iﬂ e% b I8N tw% % | ed
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- 37 - WHAT |'S CLAI MED | S: 1. A nonolithic

ceram c capacitor conposed of; a plurality of superposed
dielectric ceramc | ayers, a plurality of inner
el ectrodes each

32

1360

| 15

Thig is the replacement sheet
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5  of whichis di sposed between adjaceni dielectric

ceram c |layers in such a nmanner that one end of each inner el ectrode
i s exposed _ at an end of the dielectric ceramc

| ayers, and outer el ectrodes el ectrically connected

with 10 the exposed inner electrodess t he monol i thic
ceramc capaci tor bei ng characterized in that [; .

the dielectric ceramc |ayers conprises a
bariumtitanate having 15 a content of al kali met-al

oxi de I mpurities of about 0.02 % by weight or-less *© and [al so
yttrium oxi de, terbium oxide, dysprosium oxide, holmum oxi de,
srbi um oxi de, ytterbium oxi de, manganese oxi de, cobalt oxi de and

ni ckel oxide, and.copiainling
amount of fromd 1[fo
mol s of the | |
formul a: '

pnt, nmagnesi um oxi de in-an

1360
1300
1300
1260
1360
1360

Samples with * are outslde the invention.

*118
*11
11
118
*120
=121
*12
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[err] 25 where Re[err]Jerr] is | east one
nmenber of the group consisting of Y[err](err],
Tb[err]Jerr], Dy[err](err], HJerr](err], Er[err]derr] and
Yb[err]Jerr]; and a, [err], m x and y are as foll ows;
0.0025 [err] a [err] 0.025 30 0.0025 s [err] 0. 05
[err] 4 _ .

- 34 -

_As is obvious from Table 4 and Table S5, the monclithic
capacitor samples comprising dielectric ceramic layers, to
5 which was added an oxide of the type of Li0- B)0,-(8i,Ti)Q,
in an amount falling within the scope of the present
invention, "7 were gll found to have a high dielectric
constant of not lower than 3,000, and have a dielectric
loss tangent, tan §, of not larger than 2.5 ¥, while

10 satisfying the B-level characteristic standard
stipulated in the JIS Standard within the temperature range
betwaen ‘=25°C and B85°C and also the X7R-level
characteristic standaxd stipulated in the EIA Standard
within the temperature range between -55°C and 125°C with
15 respect to the temperature-dependent variation in the
capacitance. In addition, even though the samples of the
invention were plated, their electric characteristics were

not deteriorated. )

As opposed to the samples of the invention, the
20 other samples, Sample Nos. 115 to 118 which did not falli
" within the scope of the invention in that the amount of the
oxide of Li0-B,0y~(84,Ti)O, added thereto is without the
scope of the compositional range as defined to be
_ surrounded by six points, A, B, C, D, E, F, which are as
25 follows, in a triangular diagram of {Li;0, B0y, (8i,Ti,,)0:}
shown in Fig. 4, in which 0.30 = w < 1.0, were not good,
since they could not be sintered well, or even sintexed,
their insulating resistance was greatly lowered due to
plating thereover. Precisely, in Fig. 4 referring to the
30 defined compositional xrange, the point A indicates a
' composition comprising 0 mol¥ of Li,0, 20 moly of 8,0, and
80 mol¥ of (Si,Ti)0,; the point B indicates a composition

This is the replacement sheet
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- . O [err] x <1.0 ' O [err] vy

- 38
<10 O [err] x +y < 1.0 35 1.000 < ms
1.035 [,]: magnesi um oxi de in an anount of from about
0. 1to 3. Onmols internms of MJOrelative to 100 nols of said
titanate and fromabout 0.2 to
3.0 parts 40 by weight, relative to 100 parts by weight of said
titanate and magnesi um oxi de of an optionally Li[err] O containing
Blerr]Jerr] - (Si,Ti)err] oxide; and t he i nner
el ectrodes * being 45 ni ckel or a nickel alloy.

_35_

comprising 19 mol¥ of Li0, 1 mol¥ of B,0,, and 80 mol¥ of
(8i,Ti)0;; the point C indicates a composition comprising

49 mol¥ of Li,0, 1 mol¥y of BO;, and 50 mol¥ of (Si,Ti)0,;

the point D indicates a compeosition comprising 45 molt% of

5 Li,0, 50 wmol¥% of B,0,, and 5 mol¥ of (Si,Ti)0;; the peint E
indicates a composition comprising 20 mol¥ of Li0, 75 mol¥

of B,0;, and 5 molt of (Si,Ti)C;; and the point F indicates

a composition comprising 0 molt of Li 0, 80 mol¥ of B,0,,

and 20 mol¥ of (8i,Ti)0,.

10 However, as in Samples Nos. 119 and 120, even
though falling within the defined range as surrounded by
such six points, if the amount w of Si is less
than 0.3, such is unfavorable, since the sample could not
be sintered well; and if the amount w of 8i . is

15 1.0, such is also unfavorable, since the insulating
rasgsistance of the plated sample at 20 XV/mm was greatly
lowered _

Monolithic 'capacitors having an insulating
resistance of 3000 MQuF and 1000 MQuF at 20 XV/mm and at

20 25°C and 125°C, respectively, could be cbtained: when an
oxide of Li0-B20,-(Si,Ti)0O; and also Al,0, and 2r0, were
added thereto. As sghown in Sample Nos. 121 and 122,
however, if the amount of Al,0, added waz over 20 parts by
weigfxt or if the amount of Zr0; added was over 10 parts by

25 weight, such is unfavorable, since the ginterability of the
gsamples is greatly lowered.

| In the above-mentioned examples, used was  a
powder of barium titanate as prepared according to the

_ oxalic acid method! but this is not

30 limitative. Apart from this, also employable are powders
of barium titanate as prepared according to an alkoxide
method or a hydrothermal reaction method. If the latter

Thmistherep%cementsheet
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2. The monolithic ceram c capacitor as clainmed’ in claiml, wherein

sai d Blerr]Jerr]- (SiTi)Jerr] oxide has a conposition which falls
Wi t hin the area surrounded by six |ines
5 formed by connecting six points, represented by nol % of:

A (0,20, 80) B (19, 1, 80) C (49, 1,
50) D (45, 50, 5) 10 E (20, 75, 5)

F (0, 80, 20) in a triangular phase diagramof {Li[err]Q :
Blerr]Oerr], (Si[err]Ti[err])Jerr]), in which 0.3 [err] w < 1.02,
and further contains about 20 parts 15 by wei ght
or less, relative to 100 parts by weight of said Liferr]derr]

Blerr]Jerr]. and (Si[err]Ti[err])derr] conponents, of at |east one of
Al[err]Jerr] and ZrJerr], provided 1hygg the ZrQ2 content is about- 10

parts by weight or |ess.

powdere are used, the characteristics of the capacitors may
. often be improved more than those of the samples as
demonstrated in these examples herein. Powders of yttrium
oxide, terbium oxide, dysprosium oxide, holmium oxide,
5 erbium oxide, ytterbium oxide, manganese oxide, cobalt
oxide, nickel oxide and others were used in thesa examplas,
which, however, are not also limitative. Solutions of
alkoxides or organic metal compounds for such oxides can
also be employed, in place of such oxide powders, without
10 interfering with the characteristics of the capacitors
produced, provided that they are formulated to constitute
the dielectric ceramic layers falling within the scope of '
the present invention. o
While the invention hag been described in detail
15 and with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without departing
from the spirit and scope thereof.

This is the replacement sheet

Date: 13 MAR 1997 |



-39 - 3. The nonolithic ceram c capacitor as
cl ai med in claim

- 37 -

WEAT IS CLAIMED IS:

1. A monolithic ceramic capacitor composed of;
a plurality of superpoged dielectric ceramic

~ layers,

a plurality of inner electrodes " each
5 of which is dispoged between adiacent dielectric
ceramic layers in such a manner that one end of each inner
electrode is exposed 7 at _an end of the

dielectric caramic layers, and
ocuter electrodes electrically connected with

10 the exposed inner electrodes,

the monolithic ceramic capacitor  being
characterized in that(;:
the dielectric ceramic layers

ggm;_e_s_a_banum titanate having
18 a content of o alkah metal oxide

impurities of about 0.02 % by weight or less and [also
yttrium oxide, terbium oxide, dysprosium oxide, holmium
oxide, erbium oxide, ytterbium oxide, manganese oxide,
cobalt oxide and nickel oxide, and containing a side

20 component, magnesium oxide in an amount of from 0.1 to 3.0
mols, in terms of MgO, xelative to 100 mols of the
essential component] having the compositional
formula:

(1-a-B) {aao},,'rio, + aRezo, + B(anNa..Co Yo

25 where Re0; is at
wmmmw Y204,
Tb,0y, Dy:0;, HO0;, EX;05 and Yb,0;; and
o, B, m, x and y are as follows:
0.0025 = o s 0.025

30 0.0025 < 8 s 0.05
B/a = 4
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5

of less than about 1 [err]m 4.
ceram c capacitor as clained
0.02. 0.003 [err]
< 0.0. 0.1 [err] v <0.9. and 1.005 10
oxide is in an anpunt of. from
relative to 100 nol s of

to 2 parts by

[err] a [err]

titanate

Blerr]Jerr]-

-

2. wherein said ceramc has a grain si ze

The nonolithic

in claim 3. wherein 0.008

[err]0.024. B/a [err] 2. 0.1 [err] x
< mf[err] 1.015: said manesi um

about 0.5 to 2 nols in terns of MgO

said titanate, and there is fromabout 0.8
wei ght, relatiwe3Bo~ 100 parts by weight of said

and magnesi um oxi de of the optionally Li[err] O containing

15 (Si.Ti) Jerr] oxide. 5. The
monol i thic ceram c capacitor as clainmed
0£xc<1.0
0 syc<l.0

35

40

45

10

15

0sx+y<1l.0
1.000 <m = 1,035(,).
macmesium oxide in an amount of from about 0.1 to
3.0 mols in texrms of MgO relative to 100 wmols of said
titanate and
from about 0.2 to 3.0 parts
by weight, relative to 100 parts by weight of said

- . - .Litanate anc
magnesium oxide of apn optionally Li,0-containing B,0;-
(8i,Ti)O0, oxide; and

the inner electrodes beina

nickel or a nickel alloy.

2. The monolithic ceramic capacitor as claimed
in claim 1, wherein ! C e e el .said
B,0;- (81, Ti)0; oxide has a compogition which falls within

_ . the area surrounded by six lineas
formed by connecting six points, represented by mol%, of:

a (o0, 20, 80) -

B (19, 1, 80)

C (45, 1, 50}

D (45, 50, 5)

E (20, 75, 5)

F (o, 80, 20) ' .
in a triangular phase diagram of {Li,0, B,0;, (Si,Ti.,)O:}.
in which 0.3 s w < 1,02, ' ,

and furthexr contains about 20 parts
by weight or less, relative to 100 parte by weight of said
Li.0, B0, and (8i,Ti,. )0 components, of at least one of

Al,0; and 2x0,, prov_ided that the 2r0, content is _about 10
parts by weight or less.
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in claim4. wherein the content of alkali netal oxide I nmpurities is

anout 0.015 % by weight or |ess, said ceramc has a grain size of
| ess than about 1 [err]m and 0.3 [err] w < 20 1.0.

6. The nonolithic ceram c capacitor as clained in claim5 having
two separate outer el ectodes on the out si de surface of the
capacitor. each of which is electrically connected to an innter

el ectrode. 25 7. Ihgsnpnolithic ceram c capacitor as
cl ai med "in claim 6, wherein th&outer electrodes

conprise a sintered |ayer of an el ectroconductive nmetal powder
otianally containing a glass frit.

3. The monolithic ceramic capacitor as claimaed

in claim

size of leas than abouyt 1 um,

4. The monolithic ceramic capacitor as claimed
in claim .. rei .008

10

15 (8i,.Ti)Qy oxide.

5. "-t' i rami o ad
im whe.
m % W or saji
i 3 ha W <
20 1.0,
€. Ihe meonolithic ceramic capacitor as claimed
m ara ctodes he
4a aci ch which
ed to ner elect
25 7. h lithice mic capaci

dn_claim 6. wherein the outer electrodes

_ comprise a sintered layexr of an
electroconductive metal powder optionally containing
a glass frit.
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- 40 - 8. The nmonolithic ceranﬂc capacitor as cl ai ned
in claim7. wherein the outer electrodes are conposed of a first
sintered | ayer of an el ectroconductive netal powder

- 40 -

8. The monolithic ceramic capacitor ge clajimed

in claim 7. wherein the outer electrodes are composed of 2
- £irst siptered laver of an electroconductive metal powder
optionally coptaining a glass frit added thereto,

5 ‘and a second, a n e

10

15 12. The mopolithic ceramic capacitor as claimed

in claim 11, wherein the outer electrodes comprise a
sintered layer of an electroconductive metal powder
optionally containing a glass frit.

2, W in t ou ec e c le)
exed £ electroconductive meta
a glass t adde
S5 fo 1) e xs

1i. TIhe monolithic ¢eramic capacgitor as claimed
in claim 1 having f : : lectod ‘]
4 ' h W
r electrode
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optionally containing a glass frit added thereto, 5 and a second;
plated layer forned on the first |ayer. 9. The nnnollthlc
ceram c capacitor as clained in claim2, wherein Re[err](Jerr] is
Y[err](Qerr] Dy[err](err] or Er[err]derr] 10. The
nonol ithic ceram c capacitor as clained in claim2, wherein
Re[err](err] is a conbination of two nenbers of 10 sai d group.

11, The nonolithic ceram c capacitor as cl ai nmed in claim2 having
two separate outer electodes on the outside surface of the
capacitor. each of which is electrically connected to an inner
el ectrode. 15 12. The nonolithic ceram c-capacitor as
cl ai mred inclaim 11, wherein the outer el ectrodes conprise a
sintered | ayer of an electroconductlve met al powder optionally
containing a glass frit. - 41 - :

5 sgcond plated layer formed on the first layer.
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13. The monolithic ceranic capaC|tor as clalned in claim212. wherein

the outer electrodes are conposed ofi ;. a. firsrt sintered layer of an
el ectroconductive nmetal powder optlonally containing a glass- frit
added thereto, and a S second plated later forned on the first |ayer.
14, The nonolithic ceram c capacitor agscl ai ned in claim2l having
two separate outer el ectodes on the outside surface of the
capaci tor each of which is el ectrically connected to an inner
el ectr ode.
MONOLITHIC CERAMIC CAPACITOR
Abstract of the Disclosuxe

Disclosed is a monolithic ceramic capacitor
comprising dielectric ceramic layers made from a
ﬁaterial which comprises an essential component of (l-a-
B) {BaO}.Ti0, + aRe0; + B(Mn,,NiCo)O (0.0025 = @ s 0.025;
0.0025 <« 8 = 0.05; A/a £ 4; 0 s x<1.0; 0 £y <1.0; 0=
X +y < 1.0; 1.000 <m = 1.035) and from about 0.1 to 3.0
mols, relative to 100 mols of the essential component, of
a side component Mg0O, and contains from gbout 0.2 to 3.C
parts by weight, relative to 100 parts by weight of said
components, of an oxide of the type of Li0-B;0;-(Si,Ti)G;.
The capacitor is low-priced and can be small-sized, while
having large-capacity. It has a dielectric constant of
3000 or more, and has;a3highjinsuléting resistance of 6000
MQOQuF or more and ZOOOHMQuF or more at 2 KV/mm and at room
temperature and 125°C, respectively, and 2000 MOuF or more
. and 500 MOQuF or more at 20 KV/mm and at room temperature
and 125°C, respectively. It has temperature-dependent
capacitance that satisfies the B-level characteristic
standard etipulated in the JIS Standard and the X7R-
level characteristic standard stipulated in the EIA
Standard, and has high reliability irrespective of the
presence or absence of plate film covering it.
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15. The nonolithic ceram c capacitor as clainmed-in clainms 14. wherein the
outer el ectrodes conprise a si nt'ar ed{-ayer
powder optionally containing a glass frit,
ceram c capacitor as clained
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in claim15, wherein the outer are conposed of a first sinterend | ayer of
an el ectroconductive netal powder optionally containing a glass frit added
thereto, and a second plated |ayer formed on the first |ayer.
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