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and heating the droplets to a temperature higher than the decomposition
temperature of the metal The present Invention relates to a multilayered
salt and also higher than the melting point of the ceramic capacitor to be
used in the electronics field.  metal, A multilayered ceramic capacitor has
heretofore   5  (2) the capacitor according to item (1) wherein, been
produced by forming internal electrodes com-    when the metal salt forms
an oxide at a temper- prising a metallic powder as a conductor on ceramic
ature not higherthan the melting pointof the met- green sheets, laminating
the resultant sheets and fir-  al, the droplets are heated to a temperature
high- ing the laminated sheets. As the conductive powder    erthan the
decomposition temperature of the ox- for the internal electrodes, a noble
metal, such as pal-  10  ide to give a substantially single-crystal
metallic ladium (Pd) or silver (Ag), nickel (Ni), copper (Cu) or  powder as
the conductor, the like is usually used, since it is fired at a tempera-
(3) the capacitor according to item (1) or (2) ture as high as [err] or
above. However, such a       wherein the metal salt is a mixture of at
least two metallic conductive powder has a problem in that it    metal
salts and the conductor is formed from an undergoes volume expansion due to
oxidation during   15  alloy, firing, thereby generating cracks in the
ceramic ma-  (4) the capacitor according to any of items (1) terial. As
described, for example, in Japanese Patent  through (3) wherein the metal
salt is at least one Publication No. 936/1981, Pd powder begins oxida-
member selected from among palladium, silver, tion and expansion at about
500C,which is lower       nickel and copper salts, and than the sintering
temperature of the ordinary ceram-  20  (5) the capacitor according to any
of items (1) ics, reaches a maximum oxidation rate at about        through
(4) wherein the metal salt Is at least one 800[err] and thereafter Is
rapidly reduced to return to   member selected from among palladium,
silver, the original Pd at 850[err]. in particular, fine Pd powder  nickel
and copper nitrates. has a high oxidation activity and oxidizes almost com-
The single figure is a graph showing the relation pletely to cause an
increase in its weight by about  25  between the volume increase rate and
the tempera- 15%. Since the ceramic material is poor In strength  ture for
an example according to the present invention due to insufficient sintering
at a temperature as low  and a comparative example, in which curve A shows
as 600 to 700[err], the oxidation and reduction of the In-  the weight
increase In the example according to the ternal electrodes have readily
caused such structural  present invention and curve B shows the weight in-
defects as cracks and delamination.           30  crease in the comparative
example. The generation of cracks is further accelerated    The metallic
powder to be employed as a conduc- by an increase in the number of the
multilayered cer-  tor in the present invention includes Pd, Ag, Ni and
amic layers, since this increase is accompanied by a  Cu, which have
heretofore been used as the conduc- decrease in the thickness of the
ceramic layer and an  tive components of the internal electrodes for capac-
increase in the number of electrodes.         35  itors. The metallic
powder as mentioned in the pres- Various attempts have been made to prevent
the  ent invention is meant to include single metal powder, generation of
cracks by the regulation of the particle  alloy powder and mixtures
thereof. size of the metallic powder, oxidation treatment or   A process
for producing the substantially single- surface treatment of the powder,
compounding of ad-  crystal powder to be used in the present invention is
ditives, and the like. However, an urgent requirement  4o  described in
Japanese Patent Publication No. In recent years for the size reduction and
capacitance  31522/1988. The metal salt may be of any kind so long
enhancement of capacitors has resulted in decreases  as it can deposit the
objective metal by pyrolysis and in the thickness of the ceramic layer and
the internal  is exemplified by nitrates, sulfates, chlorides, ammo-
electrode layer and in the areas thereof and an in-  nium salts,
phosphates, carboxylates, alcoholates crease in the number of laminated
layers, thus mak-  45  and resinates of each metal in question. One or more
ing it difficult to eliminate the above-mentioned de-  of these metal salts
are dissolved in water, an organic fects, especially the cracks by the
conventional meth-  solvent such as alcohol, acetone or ether or a mixture
ods.                                               of these solvents to
form a solution of the metal salt The present invention provides a
multilayered   orsalts.Asingle metal powder is producedfrom asol- ceramic
capacitor which has a high capacitance and   50  ution of a single metal
salt, and an alloy powder can is free from the generation of cracks in the
ceramic  be produced from a solution of salts of at least two al- material.
loying metals. Amixed powder may be produced from The present invention
relates to:               at least two non-alloying metals. A spherical,
single- (1) a multilayered ceramic capacitor having Inter-  crystal
metallic powder having a smooth surface can nal electrodes comprising a
substantially single-  55  be produced by spraying a metal salt solution
with an crystal metallic powder as a conductor, the pow-  atomizer to form
droplets and then heating the drop- 



der having been produced by spraying a solution  lets to a temperature
higher than the decomposition containing at least one metal salt to form
droplets  temperature of the metal salt and also higher than the 2    3
EP 0 593167 B1                  4 melting point of the metal. When the
metal salt forms  of coating weight. On the other hand, the use of fine an
oxide at a temperature not higher than the melting  powder with a particle
size of 1 [err] or smaller, which point of the metal, the droplets are
heated to a tem-  becomes possible by the single-crystal powder ac-
perature higher than the decomposition temperature  cording to the present
invention, can attain favorable of the oxide.
5   conductivityeven with athin layerof 1 mg/[err]orless, Detailed
investigation was made by the present  thus enabling the size reduction of
capacitors by thin- inventors on the oxidation behavior of conductors, es-
ning the electrode layers. pecially Pd powder. The Pd powder which has
here-      Now the present invention will be described with tofore been
used as an internal electrode has mainly  reference to examples. been
produced by chemical reduction. Even when the   10 Pd powder consists of
monodispersed fine spherical  Example 1 particles having a particle size of
about 1[err], it has an internal structure of polycrystalline particles
com-  A 1 mol/I aqueous solution of palladium nitrate posed of about 30-nm
crystallites. In the case of such  was sprayed into fine droplets, which
were intro- polycrystalline particles, oxygen diffuses inside not  15
duced into a furnace heated to [err] and passed only thrqugh the particle
surface but also through  therethrough after a retention time sufficient to
de- grain boundaries at an extremely high diffusion rate.  compose the
palladium-containing droplets and to It is conceivable, therefore, that
when Pd powder is  heat the resultant Pd particles up to a temperature
heated during firing at a temperature rise rate of  higherthan the melting
point thereof. As a resultofob- [err]/min, It is almost completely oxidized
at 800[err]   20  serving the monodispersed Pd particles thus formed and is
expanded to a great extent, thus generating  with an X-ray diffractometer
and a high-resolution cracks. Such an oxidative expansion takes place sim-
SEM (scanning electron microscope), the Pd partic- ilarly in conductive
metals other than Pd, such as Ag,  les proved to befine particles with a
0.5 to 1.0 [err] par- Ni and Cu.
tide size substantially in a state of a single crystal. The powder used
forthe Internal electrode as the   25   The TG (thermo-gravimetry) curve of
the powderwas conductor according to the present invention consists
determined at a temperature rise rate of 10[err]/min by of substantially
single-crystal particles which are dif-  the use of a thermal analyzer. The
result is given as ferent from the previous polycrystalline particles.
curve Ain the figure, which indicates a slight increase Thus, it is
characterized in that it is free from grain  in weight with 4.7% at the
maximum. boundaries and brings about only bulk diffusion of  30  Then, 100
parts by weight of the powder was oxygenthroughthe particle surface,
thereby minimiz-  mixed with 90 parts byweightof a vehicle comprising ing
its expansion due to oxidation. The use of such  ethylcellulose, and the
mixture was made Into a paste single crystal particles as the Internal
electrode can  by means of a three-roll mill. The resultant paste was
reduce the volume expansion of the multilayered ca-  printed onto aceramic
greensheet comprising barium pacitors during firing, for example, about
0.2% at the   35  titanate as the primary ingredient, followed by drying.
maximum for Pd In terms of linear expansion in the di-  60 pieces of the
printed sheets were laminated and rection of the capacitor plane. This
value is one-third  hot-pressed at 60[err] and 100 kg/[err] to provide a or
less of 0.6% which is attained with the conventional  green chip of a
multilayered ceramic capacitor, which capacitor with minimized expansion.
It is conceivable  was subsequently fired in the air over a total firing
that the reduced expansion suppresses the genera-  40  time of 14 hours,
including for 2 hours at a peak tem- tion of cracks and, even when the
ceramic layer Is thin  perature of 1350[err], to provide a multilayered
ceramic or highly laminated, the generation of cracks Is mini-  capacitor.
The resultant capacitor was entirely free mized.
from cracks or delamination. In order to assure favorable conductivity when
the internal electrode layers are thin for the purpose  45   Example 2 of
reducing the capacitor size, it is necessary to use fine metallic powder of
1 [err] or small in particle size.  A green chip of a multilayered ceramic
capacitor However, there has been a limit to the thinness of the  was
produced in the same manneras that of Example thin layer of electrodes in
the conventional method,  1 except that nickel nitrate was employed in
place of since oxidation is accelerated with a decrease in par-  50  the
palladium nitrate. Subsequently, it was main- 



ticle size to Increase the generation of cracks, thus  tained in the air at
4000C for 1 hour and, then, fired in making it impossible to employ fine
powders. In the  an atmosphere of nitrogen gas containing trace hy- present
invention, however, the generation of cracks  drogen gas over a total
firing time of 14 hours, includ- is minimized, even when powder with such a
small   ing 2 hours at a peak temperature of [err], to pro- particle size
is employed. Accordingly, the use of Pd   55  vide a multilayered ceramic
capacitor containing Ni powderwith a particle size of 1 pm or larger In the
con-  internal electrodes. The resultant capacitor was en- ventional method
has limited the electrode layer   tirely free from cracks or delamination.
thickness to at least 1.5 mg/cm2 of electrode in terms 3    5
EP 0 593 167 B1                    6 Comparative Example 1
and the conductor Is one formed from an alloy. Hydrazine as the reducing
agent was added to an  4. A capacitor according to any of Claims 1 through
aqueous palladium salt solution containing palladium  3 wherein the metal
salt is at least one member chloride as the starting material to produce
monodis-   5  selected from among palladium, silver, nickel and persed Pd
particles of 0.5 to 0.6 [err] particle size. As  copper salts. the result
of observation of the particles with an X-ray diffractometer and a
high-resolution SEM, the Pd   5. A capacitor according to any of Claims 1
through particles proved to be polycrystalline particles com-  4 wherein
the metal salt is at least one member prising crystallites of about 30 nm
in size. The TG   10  selected from among palladium, silver, nickel and
curve of the powderwas determined at a temperature    copper nitrates. rise
rate of 10C/min by the use of a thermal analyzer. The result Is given as
curve B in the Figure, which in- dicates an extremely great increase in
weight, with  PatentansprOche 14.6% at the maximum.
15 Then, the powder was made into a multilayered  1. Keramischer
Mehrschichten-Kondensator mit in- ceramic capacitor in the same manner as
that of the   neren Elektroden, die ein im wesentlichen einkri- Examples.
As a result, large cracks were found        stallines Metalpulver als
Leiter umfassen, wobei throughoutthe capacitor, making the capacitor unser-
das Pulver hergestellt wird durch Verspruhen ei- viceable.
20      ner wenigstens ein Metallsalz enthaltenden L5- __
sung unter Bildung von Trfpfchen und Erhitzen Comparative Example 2
der Tropfchen auf eine Temperatur Ober der Zer- setzungstemperatur des
Metallsalzes und such Powder obtained by reducing nickel acetate with
0iber dem Schmeizpunit des Metalls. ethylene glycol was made into a
multilayered ceramic  25 capacitor in the same manner as that of Example 2.
2. Kondensator nach Anspruch 1, worn dann, wenn As a result, cracks were
found throughout the capao-  des Metallsalz ein Oxid bei einer Temperatur
itor.                                                 nicht Ober dem
Schmelzpunkt des Metalls bildet, The present invention exhibits such an
effectthat  die Tr8pfchen auf eine Temperatur Ober der Zer- a capacitor can
be provided with a multilayered struc-  3o  setzungstemperatur des Oxids
erhltzt werden ture by the use of a specific conductive powder, while  und
sich so ein im wesentlichen einkristallines suppressing the volume
expansion due to oxidation     Metalipulver als Loiter ergibt. and
preventing the generation of cracks in the ceram- ic material.
3. Kondensator nach Anspruch 1 oder 2, worin das 35      Metallsalz eine
Mischung aus wenigstens zwei Metalisalzen ist und der Leiter ein Leiter
ist, der Claims                                                aus einer
Leglerung gebildet ist. 1. A multilayered ceramic capacitor having internal
4. Kondensator nach einem der Anspruche 1 bis 3, electrodes comprising a
substantially single-  40  worin das Metallsalzwenigstens eine Verbindung
crystal metallic powder as a conductor, said pow-  let, die gewahit ist
unter Salzen des Palladiums, der having been produced by spraying a
solution   Silbers, Nickels und Kupfers. containing at least one metal salt
to form droplets and heating said droplets to a temperature higher  5.
Kondensator nach einem der Anspruche I bis 4, than the decomposition
temperature of said met-  45  worin das Metallsalz wenigstens eines Verbin-
al salt and also higher than the melting point of  dung ist, die gewahit
ist unter Nitraten des Palls- 



said metal.                                       diums, Siibers, Nickels
und Kupfers. 2. A capacitor according to Claim 1 wherein, when the metal
salt forms an oxide ata temperature not  5o   Revendicatlons higher than
the melting point of said metal, the droplets are heated toa temperature
higher than  1. Condensateur ceramique multicouches ayant the decomposition
temperature of said oxide to    des electrodes internes constituees par une
pou- give a substantially single-crystal metallic pow-  dre metallique
substantiellement monocristalline der as the conductor.
55      en tant que conductbur, ladite poudre ayant 6t6 produite en
pulv6risant une solution contenant au 3. A capacitor according to Claim 1
or 2 wherein the  molns un sel m6tallique pour former des goutte- metal
salt Is a mixture of at least two metal salts  lettes et en chauffant
lesdites gouttelettes A une 4    5                   EP 0 593 167 B1
6 Comparative Example 1                                  and the conductor
is one formed from an alloy. Hydrazine as the reducing agent was added to
an  4. A capacitor according to any of Claims 1 through aqueous palladium
salt solution containing palladium   3 wherein the metal salt is at least
one member chloride as the starting material to produce monodis-   5
selected from among palladium, silver, nickel and persed Pd particles of
0.5 to 0.6 [err] particle size. As  copper salts. the result of observation
of the particles with an X-ray diffractometer and a high-resolution SEM,
the Pd    5. A capacitor according to any of Claims I through particles
proved to be polycrystalline particles com-  4 wherein the metal salt is at
least one member prising crystallites of about 30 nm in size. The TG   10
selected from among palladium, silver, nickel and curve of the powderwas
determined at a temperature     copper nitrates. rise rate of [err]/min by
the use of a thermal analyzer. The result is given as curve B in the
Figure, which in- dicates an extremely great increase in weight, with
Patentansprdche 14.6% at the maximum.                          15 Then, the
powder was made into a multilayered   1. Keramischer
Mehrschichten-Kondensator mit in- ceramic capacitor in the same manner as
that of the    neren Elektroden, die ein im wesentlichen einkri- Examples.
As a result, large cracks were found         stallines Metalipulver als
Leiter umfassen, wobei throughout the capacitor, making the capacitorunser-
das Pulver hergestellt wird durch Versprflhen ei- viceable.
20      ner wenigstens emn Metallsalz enthaltenden L8- sung unter Bildung
von Trdpfchen und Erhitzen Comparative Example 2
der Trdpfchen auf eine Temperatur Ober der Zer- setzungstemperatur des
Metallsalzes und auch Powder obtained by reducing nickel acetate with
Ober dem Schmelzpunkt des Metalls. ethylene glycol was made into a
multilayered ceramic  25 capacitor in the same manner as that of Example 2.
2. Kondensator nach Anspruch 1, worin dann, wenn As a result, cracks were
found throughout the capac-   das Metallsalz ein Oxid bei einer Temperatur
itor.                                                  nicht Ober dem
Schmelzpunkt des Metalls bildet, The present invention exhibits such an
effect that  die Tr6pfchen auf eine Temperatur Ober der Zer- a capacitor
can be provided with a multilayered struc-  30  setzungstemperatur des
Oxids erhitzt werden ture bythe use ofa specific conductive powder, while
und sich so ein im wesentlichen einkristallines suppressing the volume
expansion due to oxidation      Metallpulver als Leiter ergibt. and
preventing the generation of cracks in the ceram- ic material.
3. Kondensator nach Anspruch 1 oder 2, worin das 35      Metallsalz eine
Mischung aus wenigstens zwei Metallsalzen ist und der Leiter ein Leiter
ist, der Claims                                                 aus einer
Legierung gebildet ist. 1. A multilayered ceramic capacitor having internal
4. Kondensator nach einem der Anspruche 1 bis 3, electrodes comprising a
substantially single-  40   worindas Metallsalzwenigstens eineVerbindung
crystal metallic powder as a conductor, said pow-   Ist, die gewhilt ist
unter Salzen des Palladiums, der having been produced by spraying a
solution     Silbers, Nickels und Kupfers. containing at least one metal
salt to form droplets 



and heating said droplets to a temperature higher  5. Kondensator nach
einem der AnsprUche I bis 4, than the decomposition temperature of said
met-  45  worin das Metallsalz wenigstens eines Verbin- al salt and also
higher than the melting point of   dung ist, die gewihit ist unter Nitraten
des Palla- said metal.                                         diums,
Silbers, Nickels und Kupfers. 2. A capacitor according to Claim 1 wherein,
when the metal saltforms an oxide ata temperature not  5o   Revendlcations
higher than the melting point of said metal, the droplets are heated to a
temperature higher than  1. Condensateur ciramique multicouches ayant the
decomposition temperature of said oxide to      des electrodes internes
constituees par une pou- give a substantially single-crystal metallic pow-
dre mhtallique substantiellement monocristalline der as the conductor.
55       en tant que conducteur, ladite poudre ayant 60 produite en
pulvhrisant une solution contenant au 3. A capacitor according to Claim 1or
2 wherein the   moins un sel metallique pour former des goutte- metal salt
is a mixture of at least two metal salts  lettes et en chauffant lesdites
gouttelettes A une 4    7                  EP 0 593 167 B1
8 temperature superleure A la tbmperature de d6- composition dudit sel
m6tallique et, egalement, superieure A la tbmperature de fusion dudit m6-
tal. 5 2. Condensateur solon la revendication 1, pour le- quel, quand le
sel m6tallique forms un oxyde A une temperature qui n'est pas superieure A
la temperature de fusion dudit metal, lee gouttelet- te sont chauffees A
une tomperature superieure  1o A la temperature de decomposition dudit
oxyde pour donner une poudre m6tallique substantielle- ment monocristalline
on tant que conductsur. 3. Condensatburselon la revendication I ou 2, dans
15 loquel le sel metallique est un m6lange d'au moins doux sels metalliques
et le conducteur est un conductbur fonrm A partir d'un alliage. 4.
Condensatbur solon une quelconque des reven-  20 dications I a 3, dans
lequel Is sel metallique est au molns un membre choisi parmi les sels de
pal- ladium, d'argent, de nickel et de cuivre. 5. Condeneateur solon une
quelconque des reven-  25 dications I a 4, dans lequel le sel m6tallique
est au moins un membre choisi parmi les nitrates de palladium, d'argent, de
nickel et de cuivre. 30 35 40 45 50 55    


