
EP 0 291 064 B1 Description The present invention relates to a conductive
paste composition for manufacturing a thick conductive film such as a thick
film circuit and/or a ceramic capacitor. 5      Conventionally, as an
internal electrode paste for electronic parts such as a ceramic capacitor,
a metal paste containing a conductive metal powder is most frequently used.
The paste can be prepared by kneading the conductive metal powder, an
appropriate binder, and a solvent. The paste is applied to a substrate such
as a ceramic green sheet by screen printing, and is laminated and pressed.
Thereafter the resultant structure is fired at a high temperature of [err]
to [err], thereby preparing an inlemal 10  electrode film. Normally, as a
conductive material for the conductive paste, particles of noble metals
such as gold. palladium, platium, and the like are used. In the
conventional electrode, however, a high conductivity cannol be obtained,
and the thickness of the electrode must be increased to maintain a
necessary conductivity for this reason, it is difficult to realize compact,
low - cost electronic parts. 15     GB - A - 2 152 060 describes a
conductive paste composition consisting of an admixture of: a) conductive
(precious) metal particles having an average particle size of not more than
0.5 [err]; b) particles uniformly coated ("resulting from plating the
surface") with a conductive metal and having an average particle size of at
least 1 [err]; and c) an organic medium, the admixture of a) and b) being
dispersed in c). 20     It is therefore an object of the present invention
to provide a conductive paste composition which uses a small amount of a
conductive material and has a high conductivity. According to the present
invention, there is provided a conductive paste composition consisling of
an admixture of: a) conductive metal particles having an average particle
size of 0.3 to 1.0 [err] b) particles uniformly coated with a conductive
metal and having an average particle size of less than 1 [err] and c) an 25
organic medium in which the admixture of particles (a) and (b) is
dispersed, whereby the conductive metal coated particles (b) are smaller
than the conductive metal particles (a). The present inventors made
extensive studies to solve the problem of the conductivity of the
conductive paste composition described above. As a result, the inventor
found that "conductive-metal coated particles" are mixed with conductive
metal particles so as to solve the conventional problem. Note that the 30
conductive-metal coated particles are particles where particles of metal
oxides etc. are used as cores and the core particles are uniformly coated
with a conductive metal. In particular, palladium particles having an
average particle size of 0.3 to 1.0 [err] are mixed with palladium -coated
[err] particles having an average particle size of less than 1 [err], so
that a conductive film having a better conductivity than a composition
containing only palladium particles can be obtained. As a result of the
improved conductivity, a ceramic 35 capacitor internal electrode having
good dielectric loss tangent and E.S.R. characteristics can be formed. A.
Conductive Metal Particle Metals for conductive metal particles used in the
present invention include precious metals such as 40  palladium, silver,
platinum, and the like and their alloys such as Pd/Ag, as well as a
conductive metal such as copper. When copper is used, a firing treatment
(to be described later) is preferably performed in a reducing atmosphere.
Among the above - mentioned conductive metals, precious metals are
preferable,and palladium is most preferable. The average particle size of
the conductive metal particles preferably falls within the range of 0.3
[err] to 45  about 1.0 [err]. If the particle size of the conductive metal
particles is larger than 1.0 [err], film continunity is degraded and hence
the resistance is increased. On the other hand, if the particle size is
smaller than 0.3 [err], particles (particularly, Pd particles) are
agglomerated and are easily converted to particle agglomerales of 1 [err]
or more. After such agglomerations of particles are dispersed as a paste,
they can no longer have a particle size of 1 [err] or less. Therefore, the
filling properties of particles are unpreferably impaired and 50 the
fluidity of the paste is degraded. The paste having such particle
agglomerates has poor hiding power. and an electrode film after firing may
be discontinued. Conductive particles used in the present invention
preferably have good sphericity and uniformity. 



B. Conductive - Metal Coated Particle 55 The conductive -metal coated
particles used in the present invention are particles where particles of
metal oxides etc. are used as cores, and the core particles are uniformly
coated with a conductive metal. 2    EP 0 291 064 B1 [err] particles are
preferable as cores. In stead, particles of [err] ceramic prepared such
that [err] and oxides are mixed, fired and then milled, [err], and
high-melting point glass, and the like can be used. Conductive metals for
coating include precious metals such as palladium, silver, platinum, and
the like 5  and their alloys such as Pd/Ag, as well as conductive metals
such as copper. A coating metal is preferably of the same type of metal as
that of the conductive metal particles. The average particle size of the
conductive-metal coated particles is below 1 [err]. Basically, the
conductive-metal coated particles are smaller than the conductive metal
particles. If the conductive - metal coated particles are too larger than
the conductive metal particles, sintering between adjacent conductive 10
metal particles is suppressed so as to increase the resistance of a
conductive film. The conductive metal coated particles ideally have the
particle size enough to be caught in gaps between adjacent conductive metal
particles in the packing state. As the preferable conductive-metal coated
particles used in the conductive paste composition of the present
invention, TiO2 particles having an average particle size of 1 [err] or
less and preferably, about 0.02 15  [err] are used as cores, and palladium
is coated thereon to provide particles having an average particle size of
less than 1 [err] and preferably, about 0.02 [err]. The conductive-metal
coated particles used in the present invention can be prepared by a method
described in U.S. Patent No. 4,450,188, Japanese Patent Disclosure (Kokai)
Nos. 56-150101, 57 41301 58-37166, and 58-68918. The average particle size
used in the present invention indicates "volume - 20  accumulated 50%
particle size [err]" and can be measured by a "microtrack particle size
analyzer (NIKKISO CO., LTD)." or the like. In the conductive paste
composition of the present invention, the total content of oxides i; sel to
fall within the range of 1 to 11% by weight with respect to the total
content of the conductive metal particles and conductive - metal coated
particles, and preferably within the range of 4 to 8% by weight. 25 C.
Organic Medium The main purpose of the organic medium is to serve as a
vehicle for dispersion of the particles of finely-divided solids of the
composition in such form that it can readily be applied to a ceramic of
other 30 substrate. Thus, the organic medium must first of all be one in
which the solids are dispersible with an adequate degree of stability.
Secondly, the rheological properties of the organic medium must be such
that they lend good application properties to the dispersion. Most thick
film compositions are applied to a substrate by means of screen printing.
Therefore they must have appropriate viscosity so that they can be passed
through the screen readily. In addition, they 35  should be thixotropic in
order that they set up rapidly after being screened, thereby giving good
resolution. While the rheological properties are of primary importance, the
organic medium is preferably formulated also to give appropriate
wettability of the solids and the substrate, good drying rate, dried film
strength sufficient to withstand rough handling and good firing properties.
Satisfactory appearance of the filed. composition is also important. 40
In view of all these criteria, a wide variety of inert liquids can be used
as organic medium. The organic medium for most thick film compositions is
typically a solution of resin in a solvent and frequently a solvent
solution containing both resin and thixotropic agent. The solvent usually
boils within the range of 130 



[err]. By far, the most frequently used resin for this purpose is ethyl
cellulose. However, resins such as 45  ethylhydroxyethyl cellulose, wood
rosin, mixtures of ethyl cellulose and phenolic resins, polymethacrylates
of lower alcohols, and monobutyl ether of ethylene glycol monoacetate can
also be used. The most widely used solvents for thick film applications are
terpenes such as alpha -- in deta terpineol or mixtures thereof with other
solvents such as kerosene, dibutylphtalate, butyl canbilol butyl carbitol
acetate, hexylene glycol, and high boiling alcohols and alcohol esters.
Various combinations so  these and other solvents are formulated to obtain
the desired viscosity and volatility requirements for each application.
Among the thixotropic agents which are commonly used are hydrogenated
castor oil and derivatives thereof and ethyl cellulose. It is, of course,
not always necessary to incorporate a thixotropic agent  since the
solvent/resin properties coupled with the shear thinning inherent in any
suspension may alone by suitable in 55 this regard. The ratio of organic
medium to solids in the paste dispersions can vary considerably and depends
upon the manner in which the dispersion is to be applied and the kind of
organic medium used. Normally  to achieve good coverage the dispersions
will contain complementary by weight 60 - 90% solids and40 10% 3    EP 0
291 064 B1 organic medium. The pastes are conveniently prepared on a three
- roll mill. The viscosity of the pastes is typically within the following
ranges (table 1) when measured at room temperature on Brookfield
viscomelers at lw. moderate and high shear rates: 5 Table 1 10
Shear  Rate  (Sec-1)                    Viscosity  (Pa.  S) 0.2
100-5000          - 300-2000 Preferred 600-1500   Most  Preferred 40-400
100-250   Preferred 140-200       Most Preferred 384
7-40 10-25   Preferred 20
12-18        Most  Preferred The amount and type of organic medium
(vehicle) utilized is determined mainly by the final desired 25
formulation viscosity and print thickness. D. Formulation of Composition
and its Application The conductive paste composition of the present
invention can be prepared in such a manner that 30  conductive metal
particles, conductive -metal coated particles, and an organic medium are
mixed and dispersed by a three-roll mill. This paste can be applied to an
alumina substrate by screen printing and can be fired at a temperature of
[err] thereby obtaining an electrode film. E. Test Procedures 35 The test
for the conductivity of the conductive paste composition is conducted as
follows. Materials are mixed and dispersed by a three-roll mill to obtain a
paste composition. Then paste composition is screen - printed on an alumina
substrate (96% alumina, 25 mm x 25 mm, thickness - 0.635 mm, available from
KYOCERA COPR). As a screen, a stainless steel screen having a wire diameter
of 28 



40  microns and a 325 mesh is used. A printed pattern is a zigzag
rectangular pattern, so that an electrode having a width of 0.5 mm, a
length of 100 mm and after firing, a thickness of about 3 [err], is formed.
Thereafter, the printed alumina substrate is fired. A firing temperature is
increased from room temperature to [err] within 2 hours, a temperature of
[err] is maintained for 1 hour, and thereafter the temperature is decreased
to room temperature within 2 hours. 45     The resistance, the thickness,
the width, and the length of the resultant electrode are measured and a
specific resistance is calculated from there measured values. This
invention can be more fully understood from the following detailed
description when laken in conjunction with the accompanying drawings, in
which: Fig. 1 shows the relationship between the weight percent of TiO2
with respect to the total weight of pd so  and [err] and its specific
resistances in electrode films of samples in examples of the present
invention. Examples 48 to 100 parts by weight of palladium particles, 0 to
52 parts by weight of palladium - coated [err] 55 particles, 9 parts by
weight of ethyl cellulose, and 73 parts by weight of terpineol were used to
prepare pastes, of samples No. 1 to No. 7 shown in Table 2 and the pastes
were respectively printed on alumina substrates in accordance with the
method described above. The printed substrates were fired at a temperature
of 1,350 C to obtain samples Nos. 1 to 7. 4    EP 0 291 064 B1 For a
comparative example, a paste was prepared from 94 parts by weight of
palladium   particles. 6 parts by weight of TiO2 powder, 9 parts by weight
of ethyl cellulose, and 73 parts by weight of terpineol, was printed on the
substrate, and was fired, under the same conditions as samples Nos. 1 to 7.
The specific resistances of the electrode films of these samples were
measured. 5      The palladium particles used have [err] =0.88 [err] and
palladium-coated TiO2 particles were availalble from Kawasumi Gijitsu
Kenkyusho as trade name "Pd26 -Ti22 (Pd: 26% by volume,  [err] The results
are shown in Table 2. Fig. 1 shows the relationship between the percent by
weight of [err] with respect to the total weight of Pd and TiO2 and their
specific resistances in the electrode  films in samples Nos. 1 to 7. 10
Table 2 Sample                        Pd-coated ance eight)        (Parts
by weight 100                    0                 16.5           0 20
2                95                   5                  14.5           2.5
3                91                   9                  13.6           4.5
4                84                  16                  14.0           8.0
25             5                77                  23
17.0         11.5 6                58                  42
25.2         21.0 7                48                  52
250.0          26.0 30 94                     6* *(TiO2  Particle)
20.1           6.0 35 As can be seen from Fig. 1, the specific resistance
of the electrode film exhibits the minimum   valuee with respect to the
amount of TiO2 of the palladium-coated TiO2 particles. The electrode film
mountaining 



about 1 to 11% by weight of TiO2 can have a higher conductivity than that
of electrode film of the [err] palladium. 40     As described above, when
the conductive paste composition according to the present invention is
used. an inexpensive conductive film having good characteristics can be
obtained. Claims 45  1. A conductive paste composition consisting of an
admixture of: a) conductive metal particles having an average particle size
of 0.3 to 1.0 [err]: b) particles uniformly coated with a conductive metal
and having an average particlesize of less than than 1 [err] and c) an
organic medium, the admixture of particles (a) and (b) being dispersed in
the organic, medium. 50     whereby the conductive metal coated particles
(b) are smaller than the conductive metal particless (a) 2. A conductive
paste composition according to claim 1, characterized in that the particles
b,) are[err] particles uniformly coated with the conductive metal. 55 3. A
conductive paste composition according to claim l, characterized in that
the conductive metals of the particles a) and b) are of the same. 5    EP 0
291 064 B1 For a comparative example, a paste was prepared from 94 parts by
weight of palladium particles 6 parts by weight of TiO2 powder, 9 parts by
weight of ethyl cellulose, and 73 parts by weight of terpineol was printed
on the substrate, and was fired, under the same conditions as samples Nos.
1 to 7. The specific resistances of the electrode films of these samples
were measured. 5      The palladium particles used have [err] = 0.88 [err]
and palladium -coated TiO2 particles were available from Kawasumi Gijitsu
Kenkyusho as trade name "Pd26-Ti22 (Pd: 26% by volume, TiO2: 2 X [err] The
results are shown in Table 2. Fig. 1 shows the relationship between the
percent by woight of [err] with respect to the total weight of Pd and TiO2
and their specific resistances in the electrode films in samples Nos. 1 to
7. 10 Table 2 Sample            Pd par-            Pd-coated
Specific 15                        tic  es             [err]  Par-
Resist    Ratio  of ( partsby         ticles                ance
[err] Weight     (Parts  by            [err] weight) 1              100
0                 16.5            0 20            2                95
5                 14.5           2.5 3               91                   9
13.6           4.5 4               84                  16
14.0            8.0 25            5                77                  23
17.0          11. 5 6               58                  42
25.2          21.0 7               48                  52
250.0          26.0 Comparative 30 94                    6* *(TiO2
Particle)    20.1                  6.o 35 As can be seen from Fig. 1, the
specific resistance of the electrode film exhibits the minimum   value with
respect to the amount of TiO2 of the palladium -coated TiO2 particles. The
electrode film containing 



about 1 to 11% by weight of TiO2 can have a higher conductivity than that
of electrode film of the 100% palladium. 40     As described above, when
the conductive paste composition according to the present invention is
used. an inexpensive conductive film having good characteristics can be
obtained. Claims 45  1. A conductive paste composition consisting of an
admixture of: a) conductive metal particles having an average particle size
of 0.3 to 1.0 [err] b) particles uniformly coated with a conductive metal
and having an average particle size of less than than 1 [err]; and c) an
organic medium, the admixture of particles (a) and (b) being dispersed in
the organic medium. 50     whereby the conductive metal coated particles
(b) are smaller than the conductive metal particles (a). 2. A conductive
paste composition according to claim 1, characterized in that the particles
b) are[err] particles uniformly coated with the conductive metal. 55  3. A
conductive paste composition according to claim 1, characterized in that
the conductive metals of the particles a) and b) are of the same. 5
I 111111111111111111111111111    EP 0 291 064 B1 4. A conductive paste
composition according to claim 1, characterized in that the conductive
metal is a precious metal. 5. A conductive paste composition according to
claim  1, characterized in that the precious metal is 5      palladium. 6.
A conductive paste composition according to claim 1, characterized in that
a total content of [err] in the composition falls within a range of 1 to
11% by weight with respect to a total content of the particles a) and b).
10 7. A conductive paste composition according to claim 1, characterized in
that a total content of [err] in the composition falls within a range 'of 4
to 8% by weight with respect to a total content of the particles a) and b).
15 Patentansprtiche 1. Leitfahige Pasten - Zusammensetzung, bestehend aus
einem Gemisch aus (a) leitfahigen Metall -Teilchen mit einer mittleren
TeilchengroBe von 0,3 bis 1,0 um, (b) gleichmal3ig mit einem leitfahigen
Metall beschichteten Teilchen mit einer mittleren IliO:li !U 20
grofe von weniger als 1 Um; und (c) einem organischen Medium, wobei das
Gemisch aus den Teilchen (a) und (b) in dem organischeni Medium dispergiert
isl, woboi fliu mit dem leiffdhigen Metall beschichteten Teilchen (b)
kleiner sind als die leitfahigen Metall - I ,,ilhn (a)- 25 2. Leiffahige
Pasten-Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daB die
Toilhini (Ih) TiO2 -Teilchen sind, die mit dem leitffhigen Metall
gleichmal3ig beschichlet sind. 3. Leifffihige Pasten - Zusammensetzung nach
Anspruch 1, dadurch gekennzeichnet, daB die TOiu-i .^ii (a) 30     und (b)
aus demselben leitffhigen Metall sind. 4. Leitffhige Pasten -
Zusammensetzung nach Anspruch 1, dadurch gekennzeichlnet, da3 das
lnitiiliihu Metall ein Edelmetall ist. 35  5. Leiffihige Pasten -
Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dal3 das
Edifliniuiall Palladium ist. 6. Leiffahige Pasten - Zusammensetzung nach
Anspruch 1, dadurch gekennzeichnet, daf3 der G OS:iNis - 



Gehalt des TiO2 in der Zusammensetzung in den Bereich von 1 bis 11 Gew.-%,
bezogeui a(l ldoI 40      Gesamt - Gehalt der Teilchen (a) und (b), fallt.
7. Leiffahige Pasten-Zusammensetzung nach Anspruch 1, dadurch
gekennzeichnet, daB der (.:iusaliiil Gehalt des TiO2 in der Zusammensetzung
in den Bereich von 4 bis 8 Gew.-%, bezogou .il d(!l Gesamt - Gehalt der
Teilchen (a) und (b), fallt. 46 Revendlcatlons 1. Une composition de pate
conductrice constituee d'un m6lange: (a) de particules de metal conducteur
dont les particules ont une dimension moyenne do (O.3 1, I 50 om; (b) des
particules uniform6ment revetues d'un m6lange conducteur et pr6sentant une
diwiis!n ;inii moyenne de particules inf6rieure a 1 am; et (c) un milieu
organique dans lequel est disperse l melange des particules (a) et (b), les
partiuil:!; (b) rev8tues de metal conducteur etant plus petites que les
particules (a) de metal conducteiil. 55 2. Une composition de pate
conductrice selon la revendication 1, caracterisee en ce que les particilos
(I.) sont des particules de TiO2 uniform6ment revgtues de m6tal conducteur.
6l                            1 11111 11111 1111111 111    EP 0 291 064 B1
3. Une composition de pate conductrice selon la revendication 1,
caract6risee en ce quO los 1i61;wux conducteurs des particules (a) et (b)
sont identiques. 4. Une composition de pAte conductrice selon la
revendication 1, caracteris6e en ce qlun3 le mril 5      conducteur est un
m6tal pr6cieux. 5. Une composition de pate conductrice selon la
revendication I, caracterisee en ce ql.uo1ir: Imlal precieux est le
palladium. 1o  6.  Une composition de pate conductrice selon la
revendicalion 1, caract6ris6e en ce que la lonuomn ,Ialia:: en TiO2 dans la
composition est comprise entre 1 et 11% par rapport au poids total des
pailitlills (;n) et (b). 7. Une composition de pAte conductrice selon la
revendication 1, caract6ris6e en ce que la tuiAlui t1ul0l 15      de TiO2
dans la composition est compris entre 4 et 8% par rapport au poids total
des partik:0iis (a) ol (b). 20 25 30 35 40 45 60 55    


