TI TLE OF | NVENTI ON THI CK FI.LM CONDUCTI VE PASTE COVMPCSI TION 5
FlI ELD OF | NVENTI ON This invention relates to screen-printable

t hi ck filmconductive paste conpositions, and especially t hi ck
filmconductive paste conpositions that are 10 printed, dried and fired
onto an insulating substrate such as alumna in such a way as to
overlap both ends of a resistor layer making up a chip resistor and
thereby forman el ectrode | ayer, which conpositions reduce the

tendency for the cracking, smelling and the 15 |ike that occur at the area
of overlap between the el ectr ors and at the periphery
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| NVENTI ON 204 Chip resistors are fabricated by printing, drying
and firing a conductive paste containing netals such as Ag or alloys of

Ag and Pd at both ends of an i nsuF3ELRgOF INVENIIONate 10 nade of al unina or
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the resistor |ayer . re specif
%uch as alumlng in such a way as to overlap both ends

of a resistor layer making up a chip resistor and
thereby form an electrode layer, which compositions
reduce the tendency for the cracking, swelling and the

15 1like that occur at the area of overlap between the
electrode and the resistors and at the periphery
thereof, during electrode formation.

BACKGROUND OF INVENTION

20 Chip resistors are fabricated by printing, drying
and firing a conductive paste containing metals such as
Ag or alloys of Ag and Pd at both ends of an insulating
substrate 10 made of alumina or the like, as shown in
Figs. 1 and 2, so as to provide a pair of electrode

25 layers 11; printing, drying and firing a resistance
paste containing ruthenium oxide or the like in a
manner that bridges the interval between this pair of
electrode layers 11 so as to provide a resistor layer
12; then providing a protective layer 14 that covers

30 the resistor layer 12. More specifically, a chip
resistor is made by successively forming a nickel
plating layer and a solder plating layer, for example,
and thus providing a plating layer 16, on the exposed
portion of an electrode layer 11 that is not covered by

35 protective layer 14 and on the electrodes 15 at the
ends of the substrate.
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an inorganic solid in a liquid medium phase. This
medium phase contains primarily organic polymers,

15 solvents and various other additives. The inorganic
solid can be a conductive substance or, where
necessary, a derivative. The organic polymer within
the thick film paste should transmit the precise
printing rheology and provide a dried printed element

20 having good adhesion to the base before firing, along
with imparting to the unfired composition sufficient
strength to keep the unfired composition from cracking
or chipping during handling before firing.

The hope is that, along with obtaining these

25 desirable capabilities, the error in the resistance
value of the chip resistor ultimately fabricated
relative to a given value can be reduced and good
firing properties can be imparted.

However, in prior art conductive paste

30 compositions, there exists the problem in the chip
resistor formation step, swelling arises in the area of
overlap between the resistor layer and the electrode
layer on account of the firing step. Because the
interior of this swelling is hollow, it bursts on

35 account of sudden thermal changes due to solder at the
time of surface mounting onto a glass epoxy substrate,
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resistor layer. This cracking has an adversed
15 influence on the resistance value characteristics of
the chip resistor obtained.

Accordingly, the object of this invention is to
provide conductive paste compositions which eliminate
the cracking and swelling in the area of overlap

20 Dbetween the resistor layer and the electrode layer that
causes changes in the resistance values of the chip
registor during the firing step in the chip resistor
fabrication process, and which are able to produce chip
resistors capable of attaining a given resistance walue

25 following a formation process that pésses through a
firing step.

The object of this invention was achieved by means
of a new thick film conductive paste composition
containing an electrically conductive substance and a

30 polymer binder, the composition is characterized by
containing at least one additive, or a mixture of two
or more, selected from among the group composed of the
metal salts of higher fatty acids, the metal salts of
amidosulfuric acids, and metallic resinates.

35
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conducti ve pasteendbitdiveedubséange and a polymer binder, one organic

additive, or a mixture of two or more, selected from a
group consisting of the metal salts of higher fatty
acids, the metal salts of amidosulfuric acids, ang

15 metallic resinates, is utilized where an electrode
layer is formed so as to overlap both ends of a
resistor layer provided on an insulating substrate
making up & chip resistor, the occurrence of cracking
and swelling at this area of overlap is resolved and

20 the properties required of thick film conductive paste
compositions are maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top view showing the general structure
25 of a chip resistor. Fig. 2 is a cross-sectional
diagram showing the genmeral structure of a chip
resistor. Fig. 3 is a diagram for explaining the
method of testing the crack formation state that is
resolved by the present invention in cases where the
30 chip resistor shown in Fig. 1 is formed using a thick
film paste composgition.
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In the conductive paste of the present invention,
the conductive substance is a base metal or a noble
metal. Suitable conductive metals include Pd, Ag, Au,

15 Pt, Cu, Ni, and mixtures or alloys thereof. This also
encompasses precursors of substances with electronic

capabilities that are conductive metals.

. ic Medi
20 The main purpose of the organic medium generally
is to act as a medium for dispersing the finely divided
solids of a composition in a form that enables easy
application onto *ceramics or other base materials.
Accordingly, the organic medium must be, first of all,
25 a dispersible liquid that has a suitable degree of
stability. Secondly, the rheological properties of the
organic medium must impart good qualities to the
dispersion.
Most thick film comopositions are applied to the
30 base material by a screen-printing process. For this
reason, these compositions must have a suitable
viscogity that allows them to easily pass through the
screen. In addition, they are treated immediately
after printing and, therefore, must be thixotropic so
35 as to provide a good resolution. The rheological
properties are the most important, but it is preferable
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most i mpor 88t , EYRACILLY SPugAenghpé a resin with a solvent, an

often a solvent solution containing both a resin and a
thixotropic agent. The solvent generally boils within
a range of 130-350°C.

The resin most frequently used for this purpose is

15 ethyl cellulose{(EC). However, resins such as ethyl
hydroxy ethyl cellulose, wood rosin, mixtures of ethyl
cellulose and phenol resin, the polymethacrylates of
lower alcholos, and the monobutyl ether of ethylene
glycol monoacetate have also been used.

20 The weight ratio of these conductive ingredients
and resin ingredients should preferably be such that,
letting the sum of the conductive ingredient and the
resin ingredient «(including the solvent) be 100 wt¥,
the conductive ingredient is 90-50 wt% and the resin

25 ingredient (including the solvent) is 10-50 wt%.

In addition to the conductive ingredient and the
resin ingredient, the conductive paste compositions of
this invention may also contain, per 100 wt% of the
conductive ingredient, one organic additive, or a

30  mixture 6f two or more, selected from the group
consisting of 0.3-7 wts of B503-8i0,-Pb0O glass frit and
inorganic oxides such as CuO and ZnO, 0.05-10 wt% of
the metal salts of higher fatty acids, the metal salts
of amidosulfuric acid, and metallic resinates.

35



6 that the organic nediumbe forned so as to provide the solid and
the base material with suitable wettability, a good drying rate,
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10,209 208 OB 00t (orf 1% iAo 3l Bheh SO (AldMggs, the
{Ru) , cobalt {Co}, rhodium {Rh}, nickel {Ni), aluminum
(al}, tin {(Sn) and platinum (Pt).
In addition to fatty acids such as stearic acid,
the metal salts of amidosulfuric acid {(sulfamic acid)
20 can also be selectively used as organic additives in
the present invention. _
The content of these organic additives, relative
to the entire paste composition, varies within a range
of 0.05-10 wt%. The organic additive content in this

25 invention is preferably 0.1-4 wt¥%.

. . . he Medi
The solvents that are widely used in thick film
applications are terpenes, such as a- or B-terpineol,
30 or mixtures thereof, and other solvents accompanying
these, examples of which include kerosine, dibutyl
phthalate, butyl carbitol, dibutyl carbitol, carbitol
acetate, butyl carbitol acetate, hexylene glycol and
high boiling alcohols and alcohol esters. These and



»

7 Organic Additives The organic additives used in the _
conductive paste conpositions of this invention are organi c substances
such as stearic acid, oleic acid, palmtic acid, . 5 am dosul furic acid or
resinates,” and-salts with i norgani ¢ substances that chem cally bond
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sol vent s acconﬁ%ﬁ@qqﬂ}ng to the method by which the dispersion is
applied and the type of organic medium used.
Generally, in order to achieve a good coverage, the
15 dispersion is made to contain complementary amounts of
the solid (60-390 wt%) and the organic solvent (40-10
wt%¥) . A dispersion such as this generally has a semi-
fluid consiétency, and is normally called a "paste".
The paste can be produced with good results using
20 a three-roll kneader. The amount of organic solvent
(vehicle) used is determined primarily by the ultimate
desired viscosity of the formultion and the printing

+

thickness.

25 Test Procedure
Ag shown in Fig. 3, the method for observing the

swelling and cracking A {joint line of
resistor/electrode overlap portion) and the cracking B
{periphery of resiétor/electrode overlap portion) of

30 the electrode/resistor overlap portion of the chip
resistor consists of printing and drying the conductive
paste onto the alumina substrate so as to control the
fired film thickness to 10 um, printing/drying the
resistance paste so that it overlaps onto the conductor
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The mixing ratios of the conductive ingredients,
binders and organic additives in these examples are
indicated in weight percent (wt%).

Examples 1-14

The conductive paste compositions according to the
present invention in Examples 1-12, and the conductive
paste compositions in Examples 13 and 14 serving as
comparative examples were produced in the same way from
the ingredients shown in Table 1. [The method used]
was that described in Example 1.

+

Example 1

The composition contains 74 wt% of silver powder,
0.5 wt% of palladium powder, 0.57 wt% of glass frit,
0.3 wt% of aluminum stearate, and 25.2 wt% of an
organic medium. Along with inorganic solids, this
composition contains an organic vehicle in a
solid/vehicle weight ratio of 75.5/24.5.

The vehicle consists of 10 parts ethyl cellulose
and 30 parts [B-terpineol.

This composition was printed onto an alumina
substrate by means of a screen-stencil technique to a
fired thickness of about 10um, and a resistor paste was
printed so as to bridge th: cnuductive paste

e

er.
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25 Test Procedure : As shown in Fig. 3, the nethod for observing

t-he swelling and cracking A (joint |ine of resi stor/el ectrode

overlap portion) and the cracking B (periphery of resistor/electrode

overlap portion) of 30 the electrode/resistor overlap portion of the chip

resistor consists of printing and dryingthe conductive paste onto the
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result of firing were resolved.
From the results of Examples 1-6, it is apparent
that the problem of cracking is improved by increasing
the aluminum stearate to 0.3-10 wt%, according to the
15 amount of such addition.
From the results in Examples 3 and 7-11, the
degree of improvement in the problems of swelling and
cracking differs depending on the type of metal that
chemically bonds with the stearic acid serving as the
20 higher fatty acid, and it is apparent that, compared
with the use of metals salts with aluminum and cobalt,
the improvement in the problem of swelling is
relatively poor when metal salts with copper or zinc
are used. However, compared with prior art
25 compositions (Comparative Example 13) in which the
organic additives according to this invention are not
used, there is adequate improvement in the problems of
swelling and cracking.
From the results of Examples 2, 13 and 14, even
30 when alumina powder having a particle size distribution
of 1-4 um is contained as the inorganic additive,
improvements in the problems of swelling and cracking,
such as those achieved in cases where conductive paste
compositions containing the organic additives according
35 to this invention are used, are impossible.



paste conpositions in Exanples 13 and 14 serving as 20 conparative exanpl es
were produced in the sane way from the ingredients shown in Table 1.

[ The met hod used] was t hat described in Exanple 1. Exanple 1 25
The conposition contains 74 w % of silver powder, 0.5 Wt % of pal |l adi um
powder, 0.57 wt% of glass frit, 0. 31kt % of al umi num stearate, and 25. 2
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t hi ckness of abo errlm and Pe stor paste printed so as to
bri dge the cond® Maste 10
conposition electrode | ayers positioned at both ends. The el ectrode

| ayer and resistor |layer on the substrate t hus obtained was dried at
an el evated tenperature, such as 120-150[err]C, for about 10 m nutes,
then fired in 5 air at a peak tenperature of about 850[err]C using a belt
furnace. As a result of firing, it is apparent from Tabl e 1 that when
chip resistors were forned in which just the protective |ayer was

chi pped using a conductive paste conposition according to this 10
invention, the problens of swelling and cracking as a



result of firi ng were resolved. Fromthe results of Exanples 1-6,

Lt I's apparent that the problemof cracking is inproved by increasing
the alum num stearate to 0.3-10 w% according to the 15 anount of such
addi ti on. Fromthe results in Exanples 3 and 7-11, the degree
of inprovenent in the problens of swelliigg and cracking differs
dependi ng on the type qgf t.al that- chem cal 1y _bonds wit he stearic
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conposi tions (Conparatijvej EXanpl & 1B) |i nj whi ch tihe prigan) c ladditi ves
according to this inventhpn jare rot used, | t herp s adequat I mpr ovenent
in the problens of swel I}i np -and{ ciacki ng. sFroomgt 3¢ results of
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achi eved in cases wher¢ Bpriqutfidje°palte conposi tfi ans, céint:ai ni ng the
organi c additives accofding[35] YO NS JNYeEmTgm grg useqd; @arg i npossi bl e.
Moreover, it is apparegtframlhg sesultp of Exanp| ey p| 1,E),.‘,EZ and 13 t hat
the conductive paste conppsijtPprg akcgrding to-ghis iingerg]i §n .are able to
provi de good bondi ng prfopgrtiie adhesto—ttor-tfhe
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substrate. 12 Jerr] : 13
According to this invention, the organic additives t hat have been added
rel ease outside of the |layer the gases that evolve due to chem cal
reactions in the 5 resistor paste and conductor paste firing step and
have hitherto been the cause of swadlding, thereby acting to

suppress swel ling. Moreover, by causing the shrinkage of the

conpositions to Cha£9§o£§§%§”éé’t.ﬂgﬂi%v% tig?iggggﬁﬁ%#ﬁﬁ%{@Q@ﬁtQLes

450-650[err]C, this s a to relieve : e resistor |ayer
due to el ectroliBatapaye beenmddacagelermer enyshdkioly tihe geysrbkaet o

suppr ess CHABKE NEhatE VST RETdURN@LALhBAL L PN et fhOvier lcaR bet ween
the reS|stog lggggsggg éﬁﬁ%éﬂéﬁé'éﬁ%%u%%%%rpasce firing step and have
hitherto been the cause of swelling, thereby acting to
suppress swelling. Moreover, by causing the shrinkage
of the compositions to change linearly within a
temperature range of 450-650°C, this is able to relieve
10 stress upon the resistor layer due to electrode layer
shrinkage, thereby making it possible to suppress
cracking at the peripheral portion of the overlap

between the resistor layer and the electrode layer.
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15 ~ 14

CLAI M5 1. Athick filmconductive paste conposition 5

containing an electrically conductive substance and a

whi ch composition is characterized by cont ai ni ng at

pol ymer bi nder,
| east one organic

additive, or a mxture of two or ngnge, selected from anong the group

conposed of the nmetal salts of higher fatty acids,
of am dosul furic acids, and netallic resinates.

the netal 10 salts
2 A

conposition according to claim1, whereby said organic additive is the

nmetal salt of a higher fatty aci d.cllfImMs 3.

A conposition

according to claim]l or 2, .. reby the content of said .qr.ganic additive
96}‘ g thlckv¥¥im Sé f%n

is 0.05-10

nductive paste composi

5 containing an electrically conductive substance and a

polymer binder, which composition is characterized by

containing at least one organic additive, or a mixture

of two or more, selected from among the group composed

of the metal salts of higher fatty acids, the metal

10 salts of amidosulfuric acids, and metallic resinates.

2. A composition according to claim 1, whereby
said organic additive is the metal salt of a higher
fatty acid.

15

3. A composition according to claim 1 or 2,
whereby the content of said organic additive is 0.05-10
wt%. ’ '
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