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BACKGROUND OF THE INVENTION .

With the trend toward the higher-density packaging of electronic circuits,
chip mounting whereby a plurality of miniaturized circuit components (referred to
here as "chip components"), i.e. , chip resistors and chip capacitors, are mounted

20  orito a circuit substrate at the same time has come to be widely used in the past
few years.

Lead-out terminal electrodes for packaging on the circuit substrate are
invariably provided on these chip components.

' The thick-film conductor paste compdsitions that have hitherto been

25  widely used as these terminal electrode materials contain as the prmclpal
ingredients electrically conductive ingredients, binders and organic vehicles.
Finely divided powders of the noble metals palladium (Pd), platinum (Pt) and
silver (Ag), or mixtures or alloys thereof, or the oxides of palladium and silver, or
mixtures thereof, are widely used as the conductive ingredients. Glass binders are

30 used as the binders, and inert organic liquids are used as the organic vehicles. A
paste-hke composition having a suitable consistency and rheology is prepared by
mixing the conductive ingredients, glass binders and inert organic vehicles, then
carrying out dispersion by means of mechanical mixing. '

The attachment of chip components such as these onto the surface of a

35 circuit substrate pattern is generally accomplished by means of soldering, with the
sustained fixing of the chip component terminals to the land area where they are
positioned in the circuit pattern on the copper-clad laminated bosrd for a printed
circuit being carried out with molten solder.

Therefore, this conductive paste composition must not only have bond

40  strength and electrical conductivity after formation of the terminal electrode, it
must also be solderable. The solderability of this terminal electrode refers to the
good solder wettability and solder leach resistance required fot solder treatment of

the terminal electrode during the mounting of chip components onto a circuit
substrate or during repairs.
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The first of the above-described problems is the phenomenon whereby,
when a prior-art conductive paste composition is used as the chip component
15 terminal electrodes and soldering is carried out directly on the electrodes, the
silver serving as the principal conductor ingredient in the terminal electrode
diffuses within the solder (this is known as solder leaching), and the tin serving as
an ingredient of the solder diffuses within the conductor. When the solder
leaching of electrodes arise during the mounting of components, this results ina
20  decrease in reliability due to poor connection. When the solder leaching of
electrodes arises during component repair, there is virtually no solder wetting of
the electrodes, making it impossible to mount the components. The diffusion of
tin into the electrode destroys the adhesion at the interface between the electrode
and the chip body. A method for avoiding this consists of inhibiting the diffusion
25 of silver into the solder by using an alloy of silver and palladium as the electrode
conductor. However, even in cases such as this, solder leaching cannot be
prevented when the solder temperature is high, and depending on the type of
solder. Hence, the conditions of use are limited.
A second problem is that, in the production process for chip resistors and
30 the like, when the chip resistor terminal electrode is formed by firing using a
conductor paste composition, interdiffusion and thermal stress arise between the
resistor and the terminal electrode, which causes a major fluctuation in the
resistance values of the resistor. -
According to oné object of this invention, there are provided conductor
35 paste compositions which, even though they use silver-based conductor
ingredients, have an adequatc conductivity and bonding strength, as well as a
good balance in the overall properties, including solder wettability and resistance
to solder leaching, and can form chip resistor terminal electrodes.
According to another object of the invention, there are provided conductor
40 paste compositions forchip resistor terminal electrodes, which compositions
contain, as the conductive inorganic fillers, metal oxides and/or pyrochlores
¢?nd/or borites that do not diffuse within the solder during soldering and

inorganic glass binder having a good resistance to plating solution and
are composed of a silver-based conductor ingredient.
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The inventors investigated the above-described prior art, as a result of
- which they | earned of the follow ng problens. It is
practically advantageous to use, as the conductive ingredient in the
conductive paste conpositions which serve as the termnal el ectrode
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the silver-based conductive ingredient is leached by solder after terminal electrode
formation, at least one conductive inorganic filler from among the binary metal
oxides and pyrochlores and borides remains within the thick-film conductor that

25 forms the terminal electrode. As a result, sufficient conductivity and adhesive
strength are maintained, in addition to which this makes it possible to prevent .
both a decline in reliability due to connection failure on account of solder
leaching, and the inability to mount chip components because of a deterioration in
the solder wettability.

30 It is possible to use as the electrically conductive powder employed in this
invention at least silver, palladium, and mixtures or alloys thereof, that have a low
electrical connection resistance, a good solder wettability, and can be oxidation
fired. Mixtures of these with other noble metal powders can also be used. These
metals or alloys are used in the form of a finely divided powder. The particle size

35 of the metal powder is not particularly important, so long as it is suitable for the

" coating method, although it is preferable that this fall within a range of about 0.1-
5 microns.
_ With regard to the glass binder used in this invention, the composition of
the glass is not in itself critical. Anything may be used that does not react with
40 the conductor phase described above, and that has a sufficient viscosity and glass

fluidity at the firing temperature to assist in the sintering of the metal particles that
form the conductor phase in the firing step.
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(and preferably 0.5-5 microns), and the average particle size should be 2-3

microns. Finely divided glass smaller than 0.1 micion has a very large surface

arca, and requires a large amount of organic solvent to obtain a suitable fluidity as

a printing paste. On the other hand, when the particles are larger than 10 microns

15 in size, this serves as a hindrance to printing.
- The amount of silver in the composition will usually be 50-87 wt% on a
paste basis, the amount of glass frit in the composition will ordinarily be from 3 to

10 wt% of the composition, and the amount of conductive inorganic filler will
ordinarily be from 0.1-15 wt%, basis paste.

20 In this invention, the above-described conductive powder and glass binder
as well as the other inorganic fillers, can be dispersed in an organic vehicle and
thereby prepared as a dispersion called a “paste" that generally has a semifluid
softness.

The ratio, in the thick-film paste composmons of the present invention, of

25

the organic vehicle to the inorganic solids in the dispersion depends upon the
paste application method and the organic solvent used, and can be varied.
In order to obtain a good coating, the-dispersion generally contains 50-
90% by weight of inorganic solids and 10-50% by weight of vehicle.
Any inert liquid may be used as the vehicle. Water or any of various '
30 organic liquids to which thickening agents and/or stabilizers and/or other common
additives have or have not been added can be used as the vehicle. Examples of
organic liquids which can be used include aliphatic alcohols; the esters of such
alcohols, such as the acetate and propionate esters; terpenes, such as turpentine
and terpineol; as well as solutions of resins such as a lower alcohol
35 polymethacrylate, or solutions of ethyl cellosolve, in a solvent such as turpentine
and the monobutyl ether of ethylene glycol monoacetate. A volatile liquid can be
included in the vehicle so as to promote rapid hardening following application to
the substrate, or the vehicle jtself tay be composed of this.
Preferable vehicles are those in wh1ch ethyl cellosolve and B-terpineol
40 serve as the base.

Modes for carrying out the invention are described below, although the
invention is not restricted by these examples. Unless noted otherwise, the
numbers indicating the ingredient proportions represent parts by weight.

The glass used as the inorganic binder in the examples of the invention

45 and comparative examples presented below was a PbO-Si0,-B,0,-based glass frit.
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Comparative Examples
‘The conductor paste compositions in Comparative Examples 1-3 were
prepared from the following ingredients by the same method as in Application

15 Example 1.
TABLE2
Comparative Examples
1 2 3
“Ag powder 6 [ 715 | 68
| Pd powder 2 0.5 2
Giass — 5 3 5
Resin (ethyl gellulose) 2 2 2
Organic solvent (terpineol) 23 23 23
20 In the conductor paste compoéitions. of these examples and the

comparative examples, the electrical conductivity due to solder leaching at the
time of soldering was evaluated (presence/absence of electrical connection failure)
by the following method.
Next, the conductor paste compositions in the application examples and
25  the comparative examples were printed in the pattern 2 shown-in Fig. | using a
- 96% alumina substrate, this being done in the measurement circuit shown in Fig.
| for évaluating the relationship between solder leaching and electrical
conductivity after printing, drying and firing of the conductor paste composition,

-
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metals or alloys are used in the formof a finely divided powder.
- particle size 35 of the nmetal powder

long as it is suitable for the coating nethod, although it is
preferable that this fall within a range of about O.1- : 5 m crons.
Wth regard to the glass binder used in this invention, the conposition of
the glass is not initself critical. Anything may be used that does not
react with 40 the conductor phase desc®ibed above, and that has a

sufficient viscosity and gl ass fluidity at the firing tenperature to

assist in the sintering of the nmetal particles that formthe
conduct or phase J the firi
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10 measuring resistance. Measurement was carried out, as shown in Fig. 1, using a

resistance measuring device (e.g., an Advantest R6871 digital multimeter) that

was electrically connected to the thick-film conductor pattern 2 formed on the
substrate. The results are given in Table 3 below. From Table 3, it is apparent
that conductor paste compositions according to this invention which use a silver-
based conductor ingredient, and which are moreover pastes that contain a
conductive inorganic filler, suppress electrical connection failure due to solder
leaching. Moreover, it was also confirmed that all the other basic performance
properties required of conductor paste compositions such as this (e.g., electrical

conductivity, adhesion, etc.) are all at least of a degree that poses no practical
20 ~ problems.

15

TABLE3
Solder Dipping Time

S seconds (Q) 10 seconds (X2) 15.seconds () 20 seconds (QQ)
Application Example 1 12 12 12 12

Application Example 2 1.1 1.1 1.1 1.0
Application Exemple 3 1.0 1.0 1.0 1.0
Application Example 4 1.0 1.0 1.0 1.0
_Application Example'S 1.0 1.0 1.0 L0
Application Example 6 1.0 1.0 1.0 .10
Application Example 7 1.0 1.1 1.0 1.0 .
Application Example 8 1.0 1.0 1.0 "~ 1.0
Application Example 9 638 7.0 : 7.4 16
Application Exampie 10 15 1.5 1.6 1.7
Application Example 11 1.5 ' 1.8 18 19
Application Example 12 1.8 20 2.1 2.3
Comparative Example 1 0.5 ‘Not measurable Not measureble Not measurable
Comparative Example 2 0.5 Not measurable Not measurable Not measurable
Comparative Example 3 0.5 . { Not measurable Not measurable Not measurable

25 The primary advantageous effects achieved by this invention may be

briefly summarized as follows.

By additionally including as inorganic fillers the bmary oxides and/or
pyrochlores and/or borides of metals selected from the group consisting of tin,
iridium, rhodium, ruthenium and rhenium in an electrically conductive paste
composition for chip resistor terminal electrodes containing a metal powder as the
conductive ingredient, an inert binder and a vehicle, it was possible to maintain an

30



There are no particular critical values for the particle size of the gl ass

*10 bi nder. However, the glass particles should be within a range of
0.1-10 m crons (and preferably 0.5-5 mcrons), and the average
particle size should be 2-3 mcrons. Finely divided glass snaller
than 0.1 mcron has a very large surface area, and requires a | arge
anount of organic solvent to obtain a subtable fluidity as a
printing paste. On the other hand, when the particles are larger than 10

m crons 15 in size, this serves as a hindrance to printing.

The anount of silver in the conposition will usually be 50-87 wt% on a
paste basis, t fiechqalsanngetion eyea wheg theicandustive ingfrdiant hasrbegn jaachsddynari |y be

from3 to solder. ] Moggoypr, fonduetor pasteesmpositionsiweretabtaingdoin whickfthe onduct i ve
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and gl ass biSndédrajance. as well as the other inorganic fillers, can be
di spersed in an organic vehicle and : t hereby prepared as a

di spersion called a "paste" that generally has a sem fluid

sof t ness. . The ratio, in the thick-film paste conpositions
of the present invention, of 25 the organic vehicle to the inorganic
solids in the. dispersion depends upon the paste application

met hod and t he organi c sol vent used, and can be vari ed.

In order to obtain a good coating, the dispersion generally contains 50-

"~ 90% by wei ght of inorganic solids and 10-50% by wei ght of vehicle.

Any inert liquid nmay be used as the vehicle. Water or any of various 30
organic liquids to which thickening agents and/or stabilizers and/or other

common addi tives have or have not been added can be used as the
vehi cl e. Exanpl es of organi ¢ |iquids which can be used include
al i phatic al cohols; the esters of such al cohol s, such as the

acetate and propionate esters; terpenes, such as turpentine and

terpineol; as well as solutions of resins such as a | ower al cohol 35
pol ynet hacryl ate, or solutions of ethyl cellosolve, in a solvent such as

turpenti ne and the nonobutyl ether of ethylene glyco
nonoacetate. A volatile liquid can be included in the vehicle
so as to pronote rapid hardening follow ng application to t he

substrate, or the vehicle itself may be conposed of this.
Preferabl e vehicles are those in which ethyl cellosolve and [err]-terpineol



40 serve as the base. Modes for carrying out the
‘invention are described bel ow, although the “invention is not
restricted by these exanples. Unless noted otherw se, the

nunbers indicating the ingredient proportions represent parts by weight.
The gl ass used as the inorganic binder in the exanples of the invention

45 and conparative exanpl es presenHad bel ow was a
PbO-Sigerr]-Blerr]Jerr]-based glass fritt. _
5 : EXAMPLES Exanpl es 1-12

A conductor paste conposition was prepared by working together silver

powder (finely ground to a particle sizg n reater than 1 [err]m,
pal | adi um powder, 5 gl ass powder, etM—gellul ose and terpineol into

the formof a paste, nmxing this with a mxer, then mll-processing.
The proport PonsWhat is pleimeddsyi dual i ngredi ents were as fol | ows.

TABLE | 10 o Exanpl es of the
| nventi on | ngriedi enA conductor paste cothpositfon foB chip4esistor ternfiinal elecrodes 8

9 10 11  cotnprising findly dieidtdparticles of (a) 50-8768t% aiktaliSsilvef Gts afly 068 68
68 56 56  fixtureSthereof, (b) 3-10 wt% inorganic binder consisting of a glass frit
10 essentially consisting of PbO, SiO, and optionally B,O, without Bi,0,, and (c)
0.1-15 wt% at-least one selected from a group consisting of tin oxides, iridium
oxides, thodium oxides, ruthenium oxides, rhenium oxides, iridium-based,
rhodium-based and ruthenium-based pyrochlores and borides, basis paste, all of (&),
(b) and (c) being dispersed in (d) an organic medium.

* c L N S *



Pd powder 0.5 0.5 0. 5050505 0.5 05 0.5 0.50.5

. 0.5 Cl ass powder 10 8 6 10 8 6.7 8.3 8 10
10 10 10 Inorganic Filler: Rut heni um oxi de
1.5 1.5 0.75 Bi smut h pyrochl ore 3.5 3.5 3.5
2.18 2.82 1.75 Ni ckel boride (N 3B)
10 Lant hanum bori de (aB6)
10 Tin oxide (SnhQ2) 9
2.0 4.0 Resi n: Et hyl cel |l ul ose 2 2 2 2 2 2
2 2 2 2. 2.0 2.0 Organi c Sol vent: Ter pi neol
16 18 20 18 20 20.62 18.38 19 21.5 21.5 20.5 20.5
Conpar ati ve Exanpl es ABSTRACTCOMTHE RNV I@Nconpositions in

Conpar ati ve Exanpl es 1-3 wal@NDUCTIVEFASEE COMPOSITIONS BOROW ng
i ngredi ents gy the same rretﬁpmb RESISTORTERMIN AD ELECTRODES € 1.
TABLE 2 Conpar ati ve Exanpl es

é 8 2 3 I}‘d} r8v1 e a cond\i%gor%yg %mposn on which i elecqgcal 71.5
conductive'p célcompositi that uses silver-based conductor ingrediedts, yst i(sEt hyl

G ass powder
cel I ul ose ) able to fgxma istor terminal electrode f@clgrgl er bi neol
23 23 ) 10 zondudtyyity and adhesi esive;strengih, and dny whichal SP@PE’ES'ﬁﬁdg?[‘ iB%s of :
these exanpl es affiderpesttability and soldep lepeh fesistanse msistin 2 gaed balages: i cal
conductivity due to sblcondudterasie sgmgesitiorefor chip resistor tepmioal elegtrgdes ng was
eval uat ed (presewbertbseag eleotricallecundirctivie paste compositior foir kchipasistor terminaby
the fol | owi ng netlactcbdes that includes a metal powder as the electrically conductive ingredient,
15  inorganic binders, conductive inorganic filler and a vehicle:
said metal powder serving as the electrically conductive ingredient includes silver
powder, palladium powder, a silver-palladium alloy powder, or a powder
mixture of at least two of these,

said inorganic binders include a glass binder, and the conductive inorganic
20 filler includes binary okides and/or pyro\.hlores )

and/or borides of metals selected from the group consmtmg of
tin, iridium, rhodium, ruthenium and rhenium.

FIGURE 1



Next, the conductor paste conpositions in the application exanples and- 25
‘the conparative exanples were printed in the pattern 2 shown in Fig. 1
using a 96% al um na substrate, this being done in the nmeasurenent
circuit shown in Fig. 1 for evaluating the relationship between

sol der | eaching and el ectri cal conductivity after printing, drying
and firing of the conductor paste conposition,

6 following which it was dried for 10 mnutes at 150[err]C so as to
give a thick film of 20-24 mcrons,yjthen fired in an oxidizing
atnosphere within an ordinary el ectrical bel
for a holding tinme of 10 mi nutes, such that the t F‘é $i t}i me
becanme about 30 mi nutes. 5 The resistante valREPLAGED t he
t hi ck-fil m-dexple S wbok f or nred on t he substrate
conduct or pastMmﬁﬁaQﬁbgmﬁas 0 the appl i cation exanpl es and

conpar at i ve 2X@8hdRstot d in |,s way were dipped for 5, 10,
15 and 20 sqcogg% g%%%a&gg (-i ¥ = 63.37) nmuintai ned
at about fer{.ff %‘Eﬁ B“(r%ﬁ"ﬂgn@ m )1Iy used four-terninal

met hod for 10 measuring resistance. Measurenment was carried out, as shown

in Fig. 1, using a resi stance neasuring device (e.g., an Advant est
R6871 digital multimneter) t hat

O.Smn 2 Condudorpasteeomposmon
— ( printing and firing pattern

N\

N

)
/ 9 ; /) ~ 1 Alumina substrate
170707
26 '/ AV
mn “E%R% /
AN
4 kA B
k "szmmngm“

Figure 1

I

heet Has Been Re‘laced
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was el ectrically connected to the thick-filmconductor pattern 2 forned on
't he substrate. The results are-given in Table 3 bel ow From Table 3,
it is apparent t hat conductor paste conpositipEhs awur u. T nhi s
i nventi-on which use a silver- 15 based conduct or ||ﬁ§ gﬁ%ﬁv\h ch
are noreover pastes that contain a conductiveg i norgam c Tl L1 gr
suppress electrical connection failure due to solder | @1 JUE2OYT nc.
Moreover, it was also confirmed that all the other pakic perfornance
properties required of conductor paste conpositions|s . d. .,

el ectrical ~conductivity, adhesion, etc.) are gll at |east of aJdegree
t hat poses no practical 20 pr obl ens.
TABLE 3 Hence, it is possible to use a broad range of oxide glasSed doditaihigi Ng
Ti me conventional 9lass-f°ﬂ9nse®én@§e wpdifyits dngredientser Elamplds of
seconds([err])l:%éﬁng?iﬁp‘za Y e"“d sl F?scﬁ‘k‘%ﬁ:ﬁl}_l%ém silivage and

1. 5 .

$i07-B703 based fnts. o iy s f g& Slfé
aboilt 150vsoooc and resikténce to plathR@isoMition. EZHD ﬁs

coprige Bi as glass pomponents conmp@ingcglq ghas@mhgiwsdl of .o
resisY?""e #phtmg sqlugion. Appl i cation Exanple 5 1. 0
1. 0 There are no particulag critical valugpior thecparieie Eizanfihe ghiss . 0
10 bindeg. However, the glass particles should\pp Withirt 2 cangExi0ht16 nficiond
(and preferably 0.5-5 microng), 8nd the averagippiriiclatsizeshdidbplg 8 1.0
micréns. Finely divided glas8 smaller thar®@.p ImiGeni 18 aféaRige s@fdteS
aréa, land requires a large dmbunt of organtdBivefifiol Mxﬂ%ﬁﬂb@&t&ttﬁas

a prifting paste. On the othef hand, whcnﬁﬂﬁ%drﬁél&é £ lﬂﬁéﬂﬁiﬂeﬁﬂm&mﬁ\s
15 m]sx& thlsservesasahxﬂdrgnccto printi i cation Exanplel2 1.8

NERENPEEREEREERERE
OCOUIOOROOOORN

o masurat ;gw LR e LR
Conpar ati ve Exa?&ﬁﬁ QS _15 °r?é‘é§‘ﬂ}?a W@HE&W&'“?T’@%& AheE “illot
neasur abl e

W‘y ageous effects ch| eved by
this i nveA®ion rraxvel?elmhls mven Tﬁ'l Fé dyctiye,PeWsE and glass binder,

1 as the other i morgamc lllers can be dlspersed in an organic vehicle and
thereby prepared as a dispersion called a "paste" that generally has a semifluid
softness.

The ratio, in the thick-film paste compositions of the present mventlon of
25 the organic vehicle to the inorganic solids in the dispersion depends upon the
paste application method and the organic solvent used, and can be varied.
In order to obtain a good coating, the-dispersion generally contains 50-
90% by weight of inorganic solids and 10-50% by weight of vehicle.
Any inert liquid may be used as the vehicle. Water or any of various
30 organic liquids to which thickening agents and/or stabilizers and/or other common
additives have or have not been added can be used as the vehicle. Examples of
organic liquids which can be used include aliphatic alcohols; the esters of such
alcohols, such as the acetate and propionate esters; terpenes, such as turpentine
and terpineol; as well as solutions of resins such as a lower alcohol
35 polymethacrylate, or solutions of ethyl cellosolve, in a solvent such as turpentine
and the monobutyl ether of ethylene glycol monoacetate. A volatile liquid can be
included in the vehicle so as to promote rapid hardening following application to
the substrate, or the vehicle jtself thay be composed of this.
Preferable vehicles are those in which ethyl cellosolve and p-terpineol
40 serve as the base.

Modes for carrying out the invention are described below, although the
invention is not restricted by these examples. Unless noted otherwise, the
numbers indicating the ingredient proportions represent parts by weight.”

The glass used as the inorganic binder in the examples of the invention

45 and comparative examples presented below was a PbO-8i0,-B,0,-based glass frit.



_ By additionally including as inorganid fillers the binary oxides and/or

pyrochl ores and/ or

tin,

borides of metals selected fromthe.group consi sti ng of

iridium rhodium rutheniumand rheni umji g
conductlve paste - 30 Emcﬁw%@reﬂgggd s
contai ning a netal

conposition for chip resistor
powder as the

conducti ve n riplent an i
bi nder and a vehicle, it was possible to maintain an L 1997
7 el ectrical connection even wheh the conductiv ngr edi ent has en
| eached by sol der. Moreover, sitions wWe t di ned
in which the

congygt ste co
e| ectrical conducti%%ll as t

wer e adequate—%ﬁﬁl—&ﬁ{——?‘l

sol der | each resi stafraductog paste ?qm%?sg@advas pregasgd:byc

5

10

15

20

25

gsjve strength

i ncludi ng solder wettability and
working together silver
powder (finely ground to a particle size no greater than 1 pm), palladium powder,

glass powder, ethyl  cellulose and terpineol into the form of a paste, mixing this

with a mixer, then mill-processing. The proportions of the individual ingredients
were as follows. |

he properties,

JABLE
Examples of the Inveation

Ingredient 1 2] 3] 4 5 6 7 8 9 10 11 12

| Ag powder 68 ] 68) 681 68} 681 68 68 68 | s6 | s6 65 63
Pd powder 0.5) 05] 0.5] 05| 0.5] 05 0.5 05 |05 05|05 | os
Glass powder 10] 8 6|10 81 67 8.3 8 10 10 10 10
Inorganic Filler:
Ruthenium oxide 1.5] LS 0.75
Bismuth pyrochlore 35| 35| 35 2,18 | 282 | 175
Nickel boride (Ni3B) 1 10
Lanthanum boride (LaBg) 10 .
Tin oxide {Sn0?2) 20 |4.0
Resin: : .
Ethyl  cellulose 2|1 212§ 2] 2] 2 2 2 2 2.12.0]2.0
Organic Solvent:
Terpineol 16 | 18] 20| 18| 20 | 20.62| 1838} 19 | 21.5] 21.5|20.5|20.5

Comparative Examples
The conductor paste compositions in Comparative Examples 1-3 were

prepared from the following ingredients by the same method as in Application |
Example 1.

TABLE2

Comparative Examples
1 _2 3
| Ag powder 68 718 68
| Pd powder 2 0.5 2
| Glass . 5 3 5
Resin ( Ehyl _ cellulose ) 2 2 2
| Organic solvent (terpineol) | 23 23 23

In the conductor paste compositions of these examples and the
comparative examples, the electrical conductivity due to solder leaching at the
time of soldering was evaluated (presence/abscnce of electrical connection failure)
by the following method.

Next, the conductor paste compositions in the application examples and
the comparative examples were printed in the pattcm 2 shown inFig. 1 using a
96% alumina substrate, this being done in the measummgnt Exrcu t shown in th
1 for evaluating the relationship between s(;lder lcabhlrit and electrical |
conductivity after printing, drying and firing of the conductor paste composition,




8 - : CLAMB 5 What is clained

is: . _ _ 1. A conductor. paste conpositi.on for chip resistor
term nal el ectrodes - conprising finely divided particles of (a) 50-87
w%netallic silver, its alloy or m xtures thereof; (b) 3-10 W%

i nor gani ¢ . bi nder consisting of a glass f{ft 10 essentially consisting of
PbO Si 2 and optionally Blerr](err]. without Bi[err](Jerr], and (c)
0. 1-15 wt% at | east . one selected froma group consisting of tin oxides,

i ridium oxi des, rhodi um oxi des, rutheni um oxi-des, rhenium oxides,
iridium based, rhodi um based and rut heni um based pyrochl ores and .
bori des, basis paste, all of (a), (b) and- (c) being dispersed in (d)
an organi ¢’ medi um - S '
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