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JWZQROtJND or m :pwntfION 

l. Field of the Invention 

95-163-SG 

This invention relates to a conductive paste, and 

particularly to a conductive paste used in forming a 

5 defroster. 

2. Description of the Related Art 
' 

In making a def roster for pre~entinq clouding of a 

rear ~indow of a car, conventionally a conductive paste 

10 made up of a spherical silver powder, a low softeninq point 

qlass frit and an organic vehicle is used. Such a 

defroster is formed on a window qlass 3 and includes a 

plurality of horizontal heating strips 1 and a pair of 

vertical bus bars 2 connecting together the ends of the 

15 heating strips l at both ends thereof. Such a defroster is 

generally formed as follows: First, the plurality of 

horizontal heatinq strips l and the vertical bus bars 2 are 

simultaneously printed on the surface of a window glass 3 

using screens (masks) of the same mesh (mesh coarseness) 

20 ~ormed in·predetermined graphic patterns. Then, the 

heating strips 1 and bus bars 2 are baked in a heat 

treatmen~ carried out during.bending and strengthening of 

the window glass 3. 

However, depending on the shape of the pattern or the 

25 defroster, it sometimes happens that the bus bars 2 are 

narrow and produce heat, and when this happens the amount 

of electricity consumed in tne bus bars 2 increases and as 

a result, the hea~ing strips l cease to produce heat. 
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To avoid the occurrence of this kind of problem, both 

a high mesh, fine screen and a low mesh, coarse screen have 

been used; that is, separate screens of different 

coarsenesses have been prepared, heating strips l of small 

5 thickness have been formed using a hiqh mesh screen and 

dried and then bus bars 2 of large·' thickness and low 

resistance have been formed usinq a low mesh screen. 

However, when baking is carried out after heating 

strips l and bus bars 2 are formed usinq a high mesh screen 

10 and a low mesh screen, cracks (disconnections) 4 arise at 

the boundaries of the heating strips 1 and the bus bars 2 

and con~inuity of the heating strips l with the bus bars 2 

is not secured. This is because the-bakinq shrinkage 

factor of the bus bars 2 of larqe thickness is greater than 

15 that of the heating strips l of small thickness by an 

amount corresponding to the difference in the film 

thicknesses, as shown enlarged in Fiq. 2. 

20 

BQMMBY or TU INVENTION 

It is an object of 'this invention to provide a 

conductive paste with which cracks do not occur, even at 

boundaries between areas of different film thicknesses. 

A conductive paste according to the invention 

comprises spherical silver powder, flake-form (flat) silver 

25 powder, a low softening point glass frit, organic rhodium 

compound and an organic vehicle; the proportion of the 

flake-form. silver powder with respect to the total amount 

of silver powder is in the ranqe about 15 to aowt• and the 

proportion of the rhodium contained in the organic rhodium 

30 with respect to the total am~unt of silver powder is about 

0.0001wt% or less. 
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'BR.Ill DISCBIHIQN or TUB DRA1fINGS 

Fig. 1 is a simplified view illustrating the 

construction of a defroster; and 

95-163-SG. 

Fiq. 2 is an enlarged view of a part of the defroster 

S of Fig. 1. 

10 

DITAILID DISCBIPTION OF TBS PREfERREP BMBOOIMENT 

A preferred embodiment of tae invention will now be 

described. 

A c~nductive paste according to this preferred 

embodiment was made by dispersing in an orqanic ~ehicle a 

silver powder comprising a spherical sil~er powder ~ixed 

with a flake-form silver powder, a BzO:s-Si02-PbO low 

softening point qlass frit and a terpineol solution 

15 (hereinafter referred to as organic rhodium solution) of 

rhodium barium sulfide, which is orqanic rhodium. Other 

low softening point, i.e., less than about soo•c, frits can 

be used, and other organic rhodium materials, i.e., a 

rhodium-containing material which dissol~es in the orqanic 

20 liquid of the paste, can be employed. Likewise, orqanic 

liquids other than terpinol can be used. 

In general, the silver will constitute about 45 to 

B5w%, preferably about 55 to 90w%, of the paste, the frit 

will constitute about l to 25w%, preferably about 2 to 

25 ~8w%, of the paste, and the organic vehicle will constitute 

about 10 to SOwt, preferably about 13 to 40w% of the paste. 

It is preferable that the proportion of the flake-form 

silver powder with respect to the total amount of silver 

powder is in the range of about 15 to sowtt. The 

30 proportion of the rhodium corftained ~n the organic rhodium 

material with re~pect to the total am.ount or silver powder 
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is preferably about o.0001wt% or less, and more preferably 

in the ranqe o! about O.OOOOlwtt to 0.0001wt%. That is,. 

this conductive paste is one used tor example for makinq a 

defroster of the shape shown in Fiq. l; the proportion of 

5 silver powder is 70wt%, the proportion of the low softening 

point glass frit is 3wt%, the proportion of the organic 

rhodium solution with respect to the whole of the paste is 

as shown in Table 1, which ~ill be further discussed later, 

the remainder is the organic vehicle and the viscosity of 

10 the past~ is adjusted to BO to 100 Pa•S (Pascal seconds). 

The microtrack D!o of the spherical silver powder used 

here is 1 to 2µm; the SEM particle diameter {average of 

lonq and short dimensions of the flake) of the flake-form. 

silver powder is 3 to 30µm and the aspect ratio thereof, 

15 which is the SEM particle diameter divided by the flake 

thickness, is 100 to 500, and the orqanic vehicle is an 

ordinary one comprising a resin component such as ethyl 

cellulose dissolved in a solvent such as diethyleneglycol 

monobutylether acetate. 

20 First, as shown in Table 1, conductive pastes 

accordinq to this preferred embodiment and conductive 

pastes serving as comparison examples were made. 
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Ta,hle 1 

Sample Proportion of Flake-form Silver Powder Occurrence of Cracking 

No. and Proportion of Organic Rhodium 

Solution 

After After Plating 

Baking 

1 Flaka-fonn Sliver Powder 8owt% Na No 

Oraanlc Rhodium Soln. 0.5wt% 

2 Flake-fonn Silver Powder 40wt% No No 
<>manic Rhodium Sain. 1,0wl% 

3 Flake-fonn Sliver Powder 15wt% No No 

Organic Rhodium Soln. 3.owt% 

4 Flake.form Sliver Powder 15wt% No No 

Organic Rhodium Soln. 4.0Wt% 

5 Flake-form Silver Powder 1 Owt% No Vas 

Organic Rhodium Soln. 3.owt% 

8 Flake-form Silver Powder 85wt% No No 

Oraanic Rhodium Sotn. 3.0wt% 

7 Flake-form Silver Powder 85wt% No Yes 

Organic Rhodium Soln. 0.0Wt% 

8 Flake-form Silver Powder 1 owt% Yes Yes 

Organic Rhodium Soln. 0.0Wt% 

9 Flake-form Sliver Powder 0Wt% Yes Yes 

Oraanic Rhodium Soln. o:owt% 

10 Flake-farm Silver Powder Owt'K. Yes Yes 

Oraanio Rhodium Soln. 3.owt% 

Samples 1 to 3 in Table ) are conductive pastes 

according to this prererred embodiment: In sample 1 the 
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proportion or flake-form silver powder with respect to the 

total amount of silver powder is 80wt%, and 0.5wt% of 

orqanic'rhodium solution, i.e. an amount of orqanic rhodium 

solution ~uch that the proportion of rhodium contained with 

5 respect to the total amount of silver powder is 

0.000014wt%, is added. In Sample 2 the proportion of 

flake-form silver powder is 40wt% and l.Owt% of orqanic 

rhodium solution such that the proportion of rhodium is 

o.00002ewt% is added, and in Sample 3 the proportion of 

10 flake-form silver powder is 1Swt% and 3.0wt% of organic 
'· 

rhodium solution sucb that the proportion of rhodium is 

o.ooooe6wtt is added. 

Samples 4 to 10 in Table l are all comparison examples 

of conductive pastes: In Sample 4 the proportion of flake-

15 rorm silver powder with respect to the total amount of 

silver powder is 15wt% and 4.0wt% of organic rhodiwr. 

solution such that the proportion of rhodium contained is 

O.OOOllwt• is added, and in Sample 5 the proportion of 

flake-form silver powder is 10wt% and 3.0wt% of organic 

20 rhodium solution such that the proportion ot rhodium 

contained is o.ooooa6wtt is added. In Sample 6 the 

proportion of flake-form silver powder is 85wt% and 3.0wt% 

or orqanic rhodium. solution is again added, in Sample 7 the 

proportion of flake-form silver powder is BSwtt and no 

25 arganic rhodium solution whatsoever is added, and in Sal!LPle 

9 the proportion of flake-form silver powder is 10wt% and 

no organic rhodium solution whatsoever is added • . 
Sample 9 is a conventional conductive paste wherein 

all the silver powder is spherical and no organic rhodium. 

30 is added whatsoever, and Sample 10 is one wherein all the 

silver powder is spherical and 3.0wtt of organic rhodium 
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solution such that the proportion of rhodium with respect 

to the total amount or silver p·owder is 0. 00008 6wt% is 

added. 

Next, a 225 aesh polyester screen as a hiqh mesh 

5 screen with a qraphic pattern of heating strips formed 

therein and a low mesh screen, for example a 110 mesh 

polyeste~ screen, with a graphic pattern for bus bars 

formed therein were prepared. Conductive paste Samples 1 
·to 10 were severally printed on the surface of a window 

10 glass 3 using the 225 mesh polyester screen and then dried 
' to form multiple heating strips 1, and usinq the 110 mesh 

polyester screen the same conducti~e paste was printed and 

dried to form bus bars 2 connected to the heatinq strips 1. 

Then, while strengthening of the window qlass 3 was 

15 carried out at a temperature of 680°C, the heating strips 1 

and the bus bars 2 were simultaneously baked on the surface 

ot the window glass 3 to produce a defroster. Defrosters 

made by bakinq the conductive pastes 1 to 10 were examine~ 

for whether or not crackinq had occurred at the boundarie~ 

20 of the heating strips 1 and the bus bars 2, and the 

examination results shown in the "After Baking" column of 

Table 1 were obtained. Also, each window qlass 3 with a 
defroster baked thereon was sequentially immersed and 
electroplated in copper sulfate solution and then in nickel 

25 sulfate solution so that a plating film comprising a copper 

base layer and a nickel upper layer was thereby formed on 

the heating strips 1 and the bus bars 2; the samples were 

examined for the presence or absence of crackinq and the 
examination results shown in the •Arter Plating• column of 

30 Table 1 were obtained. ' 

Accordinq to these examination results, whereas 
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absolutely no cracking occurred either after baking or 

after plating in the manuf~cture o_f defrosters usinq the 

conductive pastes of Samples 1 to 3, which were within the 

scope of the invention, and the comparison examples 4 and 

5 6, with Sample 5 cracking was observed after plating and 

with Samples 1 to 10 cracking was found to have occurred 

both after baking and after platinq. 

The reason why the occurrence of cracking after 

plating is a problem here is that in cases such as when the 

10 !:)UL !ca ..... t:: cL.&.csaa u! Un= W!i.J.'11:low 'ifla..s.s J i.s la.r~-e aftd. the kea~ia§ 

strips 1 are long and when the defroster also performs an 

antenna function, it is necessary to further reduce the 

resistance of the heating strips 1 and the bus bars 2 made 

of conductive paste and consequently it is usual to carry 

15 out copper plating thereof. The nickel plating is carried 

out to prevent oxidation of and improve the wear resistance 

of the copper plating tilm.. That is, in practice it is a 

necessary condition in the manufacture of a defroster that 

cracking does not oecur after platinq. 

20 It is also required of a conductive p~ste for 

manufacturing a defroster that the resistance after bakinq 

be less than 3.00, because of the necessity of preventinq 

heatinq of the bus bars 2, and that the tensile strength 

after baking be over lSON (Newtons), because of the 

25 necessity of ensuring reliability durinq fitting of the 

window to a car. In this connection, first, using a 225 

mesh polyester screen provided with a graphic pattern of 

length (L) 500mm and width (W) 0.5mm, i.e. having a length 

to width ratio (L/W) of 1000, the conductive pastes shown 
30 in Table 1 were printed and dt'ied and then baked at a 

temperature or &eo•c, the resistances between the ends of 
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the lines formed by baking were measured, and the 

measurement results are shown in Table 2. The resistances 

f iqu.res in Table 2 have been converted to correspond to a 

line tilm thickness of lOµm. 
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Ta,ble 2 

Sample Proportion of Flake-form Silver Resist- Tensile 

No. Powder and Proportion· of Organic ance (Q) Strength 

Rhodium Solution (Lm= (N) 

1000) 

1 Flake-form Silver Powder 80wt% 2.7 190 

Oraanic Rhodium Soln. 0.5wt% 

2 Flake-form Sliver Powder 40wt% 2.5 210 

Oraanic Rhodium Sein. 1.0wt% 

3 Flake-form Silver Powder 15wt% 2.9 180 

Organic Rhodium Soln. 3.owt% 

4 Flak•fonn Sliver Powder 15wt% 3.5 130 

Organic Rhodium Soln. 4.0wt% 

5 Flake-form Silver Powder 10Wt% 2.8 220 

Organic Rhodium Sain. 3.owt% 

6 Flake-form Sliver Powder 85wt% 4.2 100 

Organic Rhodium Soln. 3.owt% 

7 Flake-form Silver Powder 85wt% 3.3 160 

· Oraanic Rhodium Soln. O.Owt% 

8 Flake-form Silver Powclar 1 Owt% 2.4 220 

Organic Rhodium Soln. 0.0Wt% 

9 Flake-fonn Silver Powder Owt% 2.2 200 

Oraanic Rhodium Soln. O.Owt% 

10 Flake.form Silver Powder Owt% 2.6 160 

Organic Rhodium Soln. 3.0wt% 

Also, a metal te:cminal L-shaped as seen from the side .. 
havinq a solder portion 5mm square as seen in plan view was 
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soldered to the baked bus bar 2 and by pulling this metal 
terminal in a direction orthogonal to the surface of the 
window glass 3 the tensile strength of the bus bar 2 was 
measured. The measurement results shown in Table 2 were 

5 obtained. From these measured results it can be seen that 
whereas Samples l to 3 which were conducti~e pastes within 
the scope of the invention all had resistances of less than 
3.0C and tensile strengths of over 150N and·rultilled the 
requirements, both the resistances and the tensile 

10 strengths of the conductive pastes of the comparison . 
examples 4 and 6 did not satisfy the requireme~ts. 

That is, although Samples 4 and 6 satisfied the 
previously investigated requirement that no cracking occur, 
they did not fulfill the resistance and tensile strength 

15 requirements. Furthermore, although the conductive pastes 
of Samples 5, 8, 9 and 10 each met the resistance and 
tensile strength requirements, because crackinq occurred in 
these samples they did not satisfy all the requirements, 
and the conductive paste of Sample 7 did not meet the 

20 requirements of resistance and tensile strength or of 
cracking. ln this preferred embodiment, the bus bars 2 
were formed after first forminq the heating strips 1, but 
the same results can be obtained by forming the heatinq 

strips l after forll\inq the bus bars 2. Also, althouqh in 
25 this preferred embodiment the conductive pastes are for 

manufacturing defrosters, their application is of course 

not limited to this. 

As described above, when a conductive paste according 
to this invention is used, the occurrence of crackinq at 

30 boundaries between areas of different film thicknesses both 
after baking and after plating can be effectively prevented 
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while resistapce and tensile strength are maintained within 

a practically su:fficie.nt range. 
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Wha.t is claimed is: 

l. A conductive paste comprising spherical silver 

powder, flake-form. silver powders, a low softening point 

glass frit, orqanic rhodium material and an organic 

vehicle, wherein: 

the proportion of the tlake-fom. silver powder with 

respect to the total amount of silver powder is in the 

ranqe about is.to 80Wt%; and 

the proportion of the rhodium. contained in the organic 

rhodium material with respect to the total amount of silver 
' 

powder is below about 0.0001wt%. 

2. The conductive paste of claim 1 wh.rein the 

proportion of the rhodium with respect to the total amount 

of silver powder is about 0.00001 to O.OOOlwl. 

3. The conductive paste of claim 1 wherein the 

microtrack Dao of the spherical silver powder used is about 

1 to 2µm. 

4, The conductive paste of claim 1 wherein the SEK 

particle diameter (average of long and short dimensions of 

the flake) of the flake-form silver powder is 3 to 30µm.. 

s. The conductive paste of claim 1 wherein the rat~o 

of the SEM pa. ticle diameter divided by the thickness of 

the flake-form. silver powder is 100 to 500. 

6. The conductive paste or claim 1 wherein the 

viscosity of the paste is 80'to 100 pascal seconds. 

. This Sheet Has Been . ' 
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7. The conductive paste of ·claim 6 wherein the 

proportion of the rhodiun with respect to the total amount 
of silver powder is about 0.00001 to o.0001w%. 

8. The conductive paste of claim 7 wherein the 

microtrack D~ of the spherical silver powder used is about 
1 to 2pm. 

9. The conductive paste of claim 8 wherein the SEM 
particle diameter (average of long and short dimensions of 

1. 

the flake) of the flake-form silver powder is. 3 to 30µm. 

10. The conductive paste of claim 9 wherein the ratio 
of the SEM.particle diameter divided by the thickness of 

the flake-form silver powder is 100 to 500. 

11. A glass substrate havinq a layer of the paste of 
claim 1 on a surface thereof. 

12. A glass s_ubstrate having a layer of the paste of 
claim 2 on a surface thereof. 

13. A qlass substrate havinq a layer ot the paste of 
claim 6 on a surface thereof. 

14. A qlass substrate havinq a layer of the paste of 
claim 10 on a surface thereof. 

15. A glass substrate havinq the paste ot claim 1 on a 
surface thereof in a predetez:mined pattern. 

l \11111\ llllll 111\1111\I \\ Ill\ . 
· * C L M S * 
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16. The glass substrate of claim 15 in which the 

pattern comprises a plurality of generally parallel strips. 

17. The qlass substrate of claim 16 in which the 

plurality of strips are interconnected by at least one 

additional strip of said paste. 

11111111111111 11111 11111111111 
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