
1      Electrically Conductive Paste and Electronic Element
BACKGROUND OF THE INVENTION Field of the Invention      The present
invention relates to an electrically conductive paste used for electronic
elements having external electrodes, such as laminated capacitors, and to
an electronic element having electrodes which are formed from the
electrically conductive paste. In particular, the present invention relates
to an electrically conductive paste predominantly containing Cu and to an
electronic element having electrodes which are formed from the conductive
paste. Background Art      Conventionally, internal electrodes have been
constituted of base metal materials such as Ni or Cu in order to reduce
production costs of laminated ceramic capacitors and other elements.
Production of such electronic elements has involved formation of external
electrodes-by application and firing of an electrically conductive paste
mainly comprising inexpensive copper powder. Briefly, outer electrodes are
formed by application of an electrically conductive paste comprising Cu
powder, zinc borosilicate glass frit, an organic binder resin, and a
solvent to an outer surface of a ceramic body in which an internal
electrode is formed, and firing.      However, an electrically conductive
paste applied to an outer surface of a ceramic body in which an internal
electrode made of a base metal is formed must be fired in a
low-oxygen-concentration atmosphere due to susceptibility to oxidation of a
base metal such as Ni or Cu. When conventional electrically conductive
pastes predominantly containing Cu are fired in a low-oxygen-concentration
atmosphere, dense external electrodes might not be formed therefrom, due to
poor sinterability. Briefly, conventional  



2  electrically conductive pastes employing zinc borosilicate glass frit
must be fired in a strictly controlled atmosphere and might not form dense
external electrodes even when the atmosphere is strictly controlled.
SUMMARY OF THE INVENTION      Accordingly, an object of the present
invention is to provide an electrically conductive paste which ensures
formation of a dense electrode film without strict control of a firing
atmosphere even when fired in a low-oxygen- concentration atmosphere and to
provide an electronic element having electrodes which are formed from the
conductive paste.      The electrically conductive paste in connection with
the first aspect of the present invention is fired to constitute a dense
electrode film, and functions as an electrode film, based on electric
conductivity of the contained Cu powder. The conductive paste employs glass
frit formed of Zn- and Cu-containing borosilicate glass and in that when in
a melt state has a contact angle with respect to Cu of 90 or less as
measured in a nitrogen atmosphere.      The above described paste shows
excellent contacting property with an internal electrode and easily
provides a dense electrode film by firing. Thus, dense external electrodes
having excellent properties such as moisture resistance can be formed when
the paste is used to form external electrodes of a ceramic electronic
element.      In addition, the wettability of the glass frit with respect
to Cu is enhanced, to thereby realize coating of Cu powder with the melted
glass component and speedy sintering. Therefore, even when the conductive
paste is fired in a low- oxygen-concentration, e.g., an atmosphere having
an oxygen concentration of -1000 ppm, the Cu powder can be fired while
oxidation thereof is prevented. In other words, formation of a dense
electrode film can be ensured without strict control 



of the low-oxygen-concentration atmosphere.
3      In this case, Zn and Cu contained in the borosilicate glass are
generally present in the form of oxides among a variety of forms.
Preferably, Zn and Cu are contained in the following amounts: Zn is
contained in an amount of 2-40 mol%, and Cu is contained in an amount of
between 0.2 mol% and an amount that allows vitrification, in terms of ZnO
and CuO, respectively. When the Zn content in terms of ZnO is less than 2
mol% and glass frit is used as an external electrode of a ceramic
electronic element, reaction between the glass and the ceramic is inactive
to cause possible reduction in bonding force of the electrodes to the
ceramic. When the content is in excess of 40 mol%, vitrification would not
occur.          When the Cu content in terms of CuO is less than 0.2 mol%,
the wettability of the Cu powder with respect to the glass frit
deteriorates to possibly result in failure to form a dense electrode film.
No particular limitation is imposed on the upper limit of the Cu content.
As described above, Cu may be incorporated in the glass frit in any amount
so long as the Zn- and Cu-containing glass frit can vitrify.      When Zn
and Cu are contained in the glass frit in the above-described specific
amounts in terms of ZnO and CuO, Zn enhances the bonding property of the
paste with ceramics to thereby provide external electrodes having an
enhanced sealing property when the paste is used to form external
electrodes of a ceramic electronic element, while the Cu component enhances
the wettability of the glass frit with respect to Cu powder to thereby form
a dense electrode film.      The electrically conductive paste
predominantly containing Cu powder according to the present invention
employs the above-described specific glass frit. No particular limitation
is imposed on the other constitutional 



components. Therefore, Cu powder is incorporated in an appropriate amount
so long as Cu can function as an electrode
4 film after firing.  With regard to an organic binder resin constituting
the conductive paste, there may be used conventionally employed organic
binder resins such as acrylic resins and cellulose resins. The organic
binder resins may be incorporated in any appropriate amount so long as the
Cu powder and the glass frit can be retained in the unsintered conductive
paste (i.e., conductive paste before subjected to sintering).
Furthermore, in order to facilitate application of the conductive paste, an
appropriate solvent may be added in accordance with the organic binder
employed. No particular limitation is imposed on the solvent, and an
appropriate solvent may be used in accordance with the organic binders. The
proportion of the solvent may be determined within the range that allows
application of the paste.      The electronic element according to the
second aspect of the present invention comprises a ceramic body having an
internal electrode, and an external electrode provided on an outer surface
of the ceramic body so as to electrically contact to the internal
electrode, wherein the external electrode is formed by application and
firing of the above- described electrically conductive paste according to
the present invention. In this case, no particular limitation is imposed on
the ceramic body in which an internal electrode is formed, and examples of
the ceramic bodies include those used in appropriate laminated ceramic
electronic elements such as laminated ceramic capacitors, laminated ceramic
varistors, and laminated ceramic piezoelectric resonator elements. A
plurality of internal electrodes laminated via a ceramic layer are not
necessarily required; for example, the present invention is applicable to
an electronic element employing a ceramic body in which only one sheet of
internal electrode is formed. 



No particular limitation is imposed on the ceramic material constituting
the ceramic body, and a variety of                                        5
ceramic materials may be used in accordance with use.      In the meantime,
the material constituting the internal electrodes is not particularly
limited, and in view of low cost, a base metal such as Ni or Cu is
preferably used. When an internal electrode comprising such a base metal is
formed in the ceramic body, an electrically conductive paste must be
applied and fired in a low-oxygen-concentration atmosphere in order to
prevent oxidation of the base metal. As described above, the conductive
paste of the present invention forms a dense electrode film even when fired
under a low-oxygen- concentration condition. Therefore, the conductive
paste according to the present invention is appropriately applied to an
electronic element having an internal electrode formed of a base metal such
as Ni or Cu.      When an internal electrode material is a metal which
easily forms alloys with Cu, such as Ni, Cu, Pd, Au, Fe, W, or alloys
thereof, bonding strength between an external electrode, and an internal
electrode increases due to alloying of the internal electrode material with
Cu in the external electrodes or with Cu in the glass frit.      Thus, an
internal electrode formed of Ni or Cu is most preferable in that (1) such
an internal electrode is inexpensive; (2) an external electrode formed of a
dense sintered film can be formed thereon by use of the conductive paste
according to the present invention, although the external electrode must be
fired in a low-oxygen- concentration atmosphere; and (3) such an internal
electrode has an excellent bonding property to external electrodes formed
by use of the conductive paste according to the present invention.
According to the above described ceramic electronic elements, the Zn
component enables formation of external electrode films strongly bonded to
an electronic element body 



made of a ceramic element, and the Cu component in the glass frit enhances
the wettability of the glass frit with respect
6  to Cu powder to thereby form dense external electrodes. Therefore, the
ceramic electronic elements have high reliability.      Other features and
advantages of the present invention will become apparent from the following
description of the invention which refers to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS      Fig. 1 is a cross-sectional
schematic view for depicting a laminated capacitor serving as an electronic
element to which the present invention is applied.      Fig. 2 is a graph
showing temperature and oxygen concentration profiles during the firing
step of the conductive paste conducted in the relevant Example.      Fig. 3
is a side view for depicting a method for measuring a contact angle of
glass with respect to a Cu plate.             DESCRIPTION OF THE PREFERRED
EMBODIMENTS      Cu powder (70 wt.%), borosilicate glass in which ZnO or
ZnO and CuO are incorporated in proportions shown in Table 1 (5 wt.%), and
an organic vehicle (acrylic resin) (25 wt.%) were mixed and kneaded, to
thereby prepare electrically conductive pastes of Sample Nos. 1 through 10
shown in Table 1.    [Table 1]    Sample ZnO (mol%)   CuO (mol%)  Remarks
No .    1      20           0    2      20           0.2    3      20
0.5 



4      20           1    5      20           10    6      20           20
7      1            1    8      2            1    9      40           1
10     50           1            Not vitrified     Each of the
above-described conductive pastes was
7  applied to side faces 2a, 2b of a ceramic body 2 serving as an
electronic element of a laminated ceramic capacitor 1 which is
schematically illustrated in Fig. 1, so that the thickness of the coating
layer after firing became  approximately 50 [err]m. The paste was burned to
thereby form external electrodes 3, 4 of the laminated ceramic capacitor 1.
In Fig. 1, 5a through 5d refer to internal electrodes, which in this case
are formed of Ni.      Firing to form the external electrodes was performed
in a tunnel furnace having a first portion serving as a resin- firing
portion and a second portion serving as a sintering portion and under the
following conditions: all steps were completed in 30 minutes, and a maximum
temperature of 850[err]C was maintained for two minutes. The oxygen
concentration in the tunnel furnace was 10 ppm in the resin-firing section
and 100 ppm in the sintering section.      The temperature profile and the
oxygen concentration profile during the firing step in the tunnel furnace
are shown in Fig. 2.      Each of the laminated ceramic capacitors on which
the external electrodes 3, 4 were formed in the above-described manner,
were evaluated for (1) electrostatic capacity, (2) a bonding property with
the internal electrodes, (3) density of the external electrodes, and (4)
change in insulation 



resistance under moist conditions. In this case, (2) bonding property with
internal electrodes, (3) density of external electrodes, and (4) change in
insulation resistance under moist conditions were evaluated by the
following methods.      (2) Bonding property with internal electrodes: Each
of the laminated ceramic capacitors was cut in a direction normal to
external electrode faces and the cross-section was observed under a
microscope. When Ni and Cu are mutually diffused to form a continuous
state, the bonding property is evaluated as "good," and indicated by O in
Table 2 shown                                       8 below, whereas when a
discrete state is observed, the property is evaluated as "inappropriate"
and indicated by X in Table 2 shown below.      (3) Density of the external
electrodes: As in the case of (2) a bonding property with internal
electrodes, each of the laminated ceramic capacitors was cut in a direction
normal to external electrode faces and the cross-section was observed under
a microscope. When the porosity is 10% or less, the density of the external
electrodes is evaluated as "good" and indicated by 0 in Table 2 shown
below, whereas when the porosity is 10% or more, the property is evaluated
as "inappropriate" and indicated by X in Table 2 shown below.      (4)
Change in insulation resistance under moist conditions: The laminated
ceramic capacitors were allowed to  stand for 100 hours at 125[err]C, 2
atm, and a relative humidity of 100%. Then, the insulation resistance was
measured by application of a voltage of 2V to determine whether insulation
resistance decreased to 10[err]   or less from the value before leaving
under the moist conditions. For each sample, 30 laminated ceramic
capacitors were evaluated, and the number of the capacitors having an
insulation resistance of 10[err]   or less is shown in Table 2 shown below.
The wettability of glass frit used in the conductive pastes of the Sample
Nos. 1 through 9 to Cu was evaluated in 



the following manner. Briefly, glass frit used in the conductive pastes of
the Sample Nos. 1 through 10 (60 wt.%), the above-described organic vehicle
(40 wt.%), and a solvent were kneaded to prepare pastes, which were applied
to the surface of a Cu plate through printing in a thickness of 20  [err]m
and fired under the same conditions as those for firing the above-described
external electrodes, to there by obtain samples. The contact angle between
the glass and the Cu plate was measured for these samples. Briefly, as
shown in Fig. 3, the above-described glass paste was applied to a Cu
9  plate 11 through printing and was fired, to thereby solidify the paste,
and the contact angle A of the solidified glass 12 with respect to the Cu
plate 11 was measured in a nitrogen atmosphere.  The results are shown in
Table 2 shown below.      [Table 2] Sample Contact  Electrostatic Bonding
property with Density of Change in No.   angle A  capacity   respect to
internal  external  insulation        ([err])    ([err]F)        electrodes
electrodes resistance 1     110    0.85         X                 X
4/30 2     90     1.05         0                 0         0/30 3     55
1.05         0                 0         0/30 4     28      1.03        0
0         0/30 5     35      1.04        0                 0         0/30 6
30      1.06        0                 0         0/30 7     55      0.78
x                 0         0/30 8     25      1.02        0
0         0/30 9     27      1.05        0                 0         0/30
As is clear from Table 2, Sample No. 1 has a contact  angle as large as
110[err], due to the absence of CuO.  The 



sample shows a poor contacting property with respect to internal electrodes
and poor density of the external electrodes, and also a considerably high
ratio of deterioration of the insulation resistance under moist conditions,
possibly due to the large contact angle. In contrast, Sample Nos. 2 through
6, 8 and 9 have contact angles with respect to the Cu plate of 90[err] or
less. The samples show a good bonding property with the internal electrodes
and density of the external electrode films, and no deterioration of the
insulation resistance under moist conditions.      Sample No. 7 shows a
poor contacting property with respect to the internal electrodes, possibly
due to the ZnO content being as low as 1 mol%; however, it shows excellent
density of the external electrode films and no deterioration of the
insulation resistance under moist conditions.      While the invention has
been particularly shown and described with reference to preferred
embodiments thereof, it                                       10     will
be understood by those skilled in the art that the forgoing and other
changes in form and details may be made therein without departing from the
spirit of the invention.           



What is claimed is:   1.  An electrically conductive paste, comprising Cu
powder,      glass frit and an organic binder resin, wherein the glass
frit comprises a Zn- and Cu-containing borosilicate glass      having a
contact angle in the melt state with respect to      Cu of 90[err] or less
measured in a nitrogen atmosphere.   2.   The electrically conductive paste
according to claim 1,      wherein the amount of Zn in the glass frit
calculated as      ZnO is about 2-40 mol %, and the amount of Cu in the
glass frit calculated as CuO allows vitrification and is      at least
about 0.2 mol %.   3.  The electrically conductive paste according to claim
2,      wherein the Zn in the glass frit is ZnO and the Cu in the
glass frit is CuO.   4.   The electrically conductive paste according to
claim 2,      wherein the contact angle in the melt state with respect
to Cu is about 55[err] or less.   5.   The electrically conductive paste
according to claim 1,      wherein the glass frit consists essentially of
borosilicate containing zinc and copper.    


