REPLACEMENT SHEET - 1- _ -3 APR 1996 CONDUCTI VE PASTR TaMgRCROY
OF, THE I NVENTION 1. Field of the Invention This invention relates to a -
conducti ve paste, and particularly to a conductive paste usedin formng a
5 defroster. 2. Description of the Related Art In making a defroster for
preventing cloudi-ng of .a rear window of a car, conventionally-a conductive
paste 10 made up of a spherical silver powder, a |ow softening point

gl ass fri-t—and—amorganic vehicle is used._iSuch a defroster is bsrigs-sm a
wi ndow gl ass a d'Jﬁiugﬁé_a plurality -of horizontal heating strips 1 and
a pair of s‘%‘[ﬂqllmp 2 connecting together the ends of the 15

heating stri nds thereof. Such a defroster is generally

forned as f t he pl uralmﬁmm heating strips 1 and
the vertical bus bars 2 are sinultaneously printed on the surface of a
wi ndow gl ass 3

BACKGROUND OF THE INVENTION
1. Field of the Invention |
This invention relates to a conductive paste, and
particularly to a conductive paste used in forming =
5 defroster.

2. Description of the Related Art
In¥making a defroster for preventing clouding of a
rear window of a car, conventionaliy a conductive paste

10 made up of a spherical silver powder, a low softening point
glass frit and an organic vehicle is used. Such a
defroster is formed on a window glass 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 1 at both ends thereof. Such a defroster is
generally formed as follows: First, the plurality of
horizontal heating strips 1 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 formed in predetermined graphic patterns. Then, the
heating strips 1 and bus bars 2 are baked in a heat
treatment carried out during bending and strengthening of
the window glass 3,

However, depending on the shape of the pattern of 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 tle bus bars 2 increases and as

a result, the heating strips 1 cease to produce heat.
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usi ng. screens (masks) of the.same mesh (nmesh coarseness) 20 formed in

-predeterm ned graphic -patterns. Then, the heating strips 1 and bus bars 2
are baked in a heat-treatnent carried out during bendi ng and strengthening
of the.w ndow gl ass 3. However, depending-on the shape of the pattern of
the 25 ~ defroster, ‘it. sonetimes happens that the bus bars 2 are narrow

and produce heat, and when this happens the ampunt of electricity consuned
in the bus bars 2 increases and as a resuliz-the heating strips $5ce6e85d¢ 0
produce heat. -2- - - 95-163-SG- To avoid the occurrence

of this kind of problem bbth a high nmesh, fjne, scrge d a Low nesh
coarse screen. have bERAYRIL thenge ?Efe’ﬁ"@pglfafzbigclfﬁé‘ﬂ?afg?r&#?@f gﬁ?&
coarsenesses hayenb@e me¥EPEiad, so£eén Nhd e PR nest, Sttalrsed screthi haness

have been forned using a hi%h nesh screen and dri ed q;d:ghen bus bars 2 of
| ar ge t hi cknesbean useri that is, separate screens of different

coarsenesses have been prepared, heating strips 1 of small

5 thickness have been formed using a high mesh screen and
dried and then bus bars 2 of large thickness and low
resistance have been formed using a low mesh screen.

However, when baking is carried out after heating

strips 1 and bus bars 2 are formed using a high mesh screen

10 'and_a'loq mesh screen, cracks (disconnections) 4 arise at
the boundaries of the heating strips 1 and the bus bars 2
and continuity of the heating strips 1 with the bus bars 2
is not secured. This is because the baking shrinkage
factor of the bus bars 2 of large thickness is greater than

15 that of the heating strips 1 of small thickness by an
amount corresponding to the difference in the film
thicknegsas, as shown enlarged in Fig. 2.

SUMMARY OF THE INVENTION
20 It is an object of this invention to provide a
conductive paste with which cracks do not occur, even at
boundaries baetween areas of different film thicknesses.
A conductive paste according to the invention
comprises spherical silver powder, flake~form (flat) siiver
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 range about 15 to 80wt% and the
proportion of the rhodium contained in the organic rhodium
30 with respect to the total amcunt of silver powder is about
0.0001wt® or less. o



resi stance have been forned using a | ow nesh screen. However, when. baking
Is.carried out after heating-strips-l and bus bars 2 are formed using a

hi gh nmesh screen 10 and a l'ow nesh screen, cracks (disconnections) 4 -
ari se at the boundaries of the heating strips 1 -and the bus bars 2 and _
continuity of the heating strips 1 with the bus bars 2 is not secured. Thi's
I s because the baking shrinkage factor -of the bus bars 2 of |arge thickness
is greater than 15° that of the heating s3+ips 1 of smal | thi ck8er63+48G.an
anount corresponding to the difference in the filmthi cknesses, as shown
enlarged in Fig. 2. SUMVARY OF TH AT TG I's an obj ect of
this invention to provide a FEE Cracks do not

occgr even at boundx.aiqd.esa gt \aeﬁmmpmﬁfea)fn@wf ﬁelestrétinﬁ; tﬂhleclkneslses A
conductive paste accordihg tao the |nvent|on conpri ses spherical silver
powder, flake-f GPREEFPSEIOR;AE, @ dgfros ?ﬁnmﬁaq a | ow softening point glass
frit, organic rhodi upigompais@anaadlapged gaAlvWwC ofeli phet dheche ﬂpdfrbsberof
the flake- forn15|lveé PP mder with respect to the total amount

A preferred embodiment of the invention will now be
described.

10 A.cqnductive paste according to this preferreq.f
embodiment was made by dispersing in an organic vehicle a
silver powder comprising a spherical gilver powder mixed
with a flake-form silver powder, a B:03-5i0:~PbO low
softening point glass frit and a terpineol solution

15 (hereinafter referred to as organic rhodium solution) of
rhodium barium sulfide, which is organic rhodium. Other
low softening point, i.a., less than about 500°C, frits can
be used, and other organic rhodium materials, i.e., a
rhodium~containing material which dissolves in the organic

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

| liquids other than terpinol can be used.

In general, the silver will constitute about 45 to
85w%, preferably about 55 to 80w%, of the paste, the frit
will constitute about 1 to 25w, preferably about 2 to

25 8w, of the paste, énd the organic vehicle will constitute
about 10 to 50w%, 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 80wt%. The

30 proportion of the rhodium cormtained in the organic rhodium
material with respect to the total amount of silver powder



of silver powder is in the range about 15 to 80am % and the proportion of
the rhodiium contai ned in the organi c rhodi um 30 wWth respect to the
total anmount of silver- powder is about 0.0O0OLwt % or less. - -3-

95- 163-SG BRI EF DESCRI-PTION OF THE DRAWNGS Fig. 1 is a sinplified view
il lustrating.the construction of a defroster; and Fig. 2 is an enlarged
view of - a part of the defroster 5 of Fig. 1. A preferred enbodi nent of
the invention will now be described. 10 A conductive pasgg-163-sG

. : . -4~ : . . :
according to this preferred enbodi mrent was nade by dispersing in an organic
vehicle a silver powder conprising a spherical _silver powder mxed with a

flake-form si|véf PERkRTaDLY PEPRE 0 P eRFngepdi Mngymere preferaply
terpineol sol utignthe range of about 0,00001wt$ to 0.000lwt%. That is,

this conductive paste is one used for example for making a
defroster of the shape shown in Fig. 1; 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 will be further discussed later,
the remainder is the organic vehicle and the viscosity of

10 the paste is adjusted to 80 to 100 Pa+*S (Pascal secends).

The microtrack Dsc of the spherical silver powder used
here is 1 to 2pm; the SEM particle diameter (average of i
long and short diﬁensions of the flake) of the flake-form
silver powder is 3 to 30pm and the aspect ratio thereof,

15 which is the SEM particle diameter divided by the flake
thickness, is 100 to 500, and the organic vehicle is an
ordinary one comprising a resin component such as ethyl
cellulose dissolved in a solvent such as diethyleneglycol
monoﬁutylether acetate.

20 First, as shown in Table 1, conductive pastes
according to this preferred émbodiment and conductive
pastes serving as comparison examples were made.



15 (hereinafter referred to-as organic rhodi umsolution) of rhodi um

bari um sul fi de, which is organic rhodium Qher |ow softening point, i.e.,
| ess than about -500[err], frits can be used, and other organic rhodium
materials, i.e., a rhodiumcontaining material which dissolves in-the
organi c 20 l'iquid of the paste, can be .enployed. Likew se, organic-

| i qui ds ot her than terpinol can be used. In general, the silver will
constitute about 45 to 85w preferably ahogt 55 to 80w of thegpaggg-gd he
frit will constitute about 1 to 25w preferably about 2 to 25 1. 8wg of
the paste, and the organic vehicle will constitute about 10 to 50nM%
preferably about 13 to 40wl of the pastelm-e—i-]s preferable that the
proportion of the flake-formsilver povvder W th respect to the total anount
of silver powdergs S SO =T ti on

of the rhodi um doSamplec Gmpnrhtbreotﬁlglwmrmr&wdr Powder rﬁ)eﬁumaofsmtg
the total amounty gl sityugh Hp8YEHiSN of Organic Rhodium
i Solution -
| | | After | After Plating |
| Baking ]
1 | Fiake-form Silver Powder 80wt% Na No |
Organic Rhodium Soln. _0.5wi%
2 Flake-form Silver Powder 40wt% No No ;
Organic Rhodium Soin. 1.0wt%
3 |Fiake-form Sliver Powder 15wt% No No |
Organic Rhodium Soin. 3.0wt%
4 Flake-form Silver Powder 15wt% No No
Organic Rhodium Soln. 4.0m%
5 Flake-form Silver Powder 10wt% No Yes
Organic Rhodium Soln. _3.0wt% .
6 Flake-form Silver Powder 85wt% No No
Organic Rhodium Soin. 3.0wt%
7 Flake-form Silver Powder 85wt% “No Yes
Organic Rhodium Soin. 0.0wt%
8 |Flake-form Silver Powder 10wt% Yes Yes
Organic Rhodium Soin. 0.0wt%
9 Flake-form Silver Powder Owt% Yes Yes
Orgenic Rhodium Soin. _0.0wt%
10 | Flake-form Silver Powdar Owt% Yes Yeos
| Organic Rhodium Soin.  3.0wt%

Samples 1 to 3 in Table ] are conductive pastes
according to this preferred embodiment: In Sample 1 the



-4- ) ' 95-163-SG i s preferably about 0.OO0OLw % or |ess,
and nore preferably in the range of about 0.0000 wt%to 0.000 W % That is,
this conductive paste is one used for exanple for nmking a defroster of the
shape shown in Fig. 1; the proportion of 5 silver powder is 70m % the
proportion of the |ow softening point glass frit is 3wm% the proportion of
t he organi ¢ rhodium solution with respect to the whole of the paste is as
shown in Table 1, which will be further disgussed |later, the remp§rres-sc
the organic vehicle and .the viscosity of 10 the paste is adjusted to 80

L L P et St seelon 5% M ko FSERk Sebab o CabBrEPEH5EL o
long and short ghRDNsdnbimtobrt Be1vénlgwaalr LBesbweke-dmd m.Swktesfponder is
G e gt SRl Shk oo e, $Bomtbi haehEe THARR © ©
vehicle is an osgifeion iRKCRHAEI Shd prvpoRtioncofprinaiiuns cohtasned with
cel |l ose dissolved in a SQlveltaUshhdt Jeebiibensglagsal ygnobutyl ether
0,000014wt%, is added. In Sample 2 the proportion of
flake-form silver powder is 40wt? and 1.0wt% of organic
rhodium solution such that the proportion of rhodium is
0.000028wt% is added, and in Sample 3 the proportion of
10 flake-form silver powder is 15wt% and 3.0wt% of organic
| rhodium solution such that the proportion of rhodium is
0.000086wt% is added.
Samples 4 to 10 in Table 1 are all comparison examples
of conductive pastes: In Sample 4 the proportion of flake-
15 form silver powder with respect to the total amcunt of
silver powder is 15wt% and 4.0wt% of organic rhodium
solution such that the proportion of rhodium contained is
0.0001lwt$ is added, and in Sample 5 the proportion of
flake-form silver powder is 10wt% end 3.0wt% of organic
20 rhodium solution such that the proportion of rhodium
contained is 0.000086wt% is added. In Sample 6 the
proportion of flake-form silver powder is 85wtd and 3.0wt3
‘of organic rhodium solution is again added, in Sample 7 the
proportion of flake-form silver powder is B5wt¥ and no
25 organic rhodium solution whatsoever is added, and in Sample
8 the proportion of flake-form ailver 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 3.0wt%'of organic rhodium



20 ' First, as shown in Table 1, conductlve pastes according to this
preferred enbodrnent and conductive pastes serving as conpari son exanpl es

wer e made. -b5- - 95-1 63-SG Table 1 Sanpl e Proportion
of Flake-form Silver Pomder Occurrence of Cracki ng No. and Proportion
of Organi ¢ Rhodi um Sol ution After After Plating 1 FIake-foraniLver
Powder 80wt % No : No Organi ¢ Rhodi um Sol n. 0.5wm % - 2

Fl ake-form Si|l ver Powder 40wt % - No -7- No Organi ¢ Rhodi um &+163-5¢
1.0 % 3 Fl ake-form Si | ver Powder 15wt % No ~ No Organi ¢ Rhodi um

0 _ .
gﬁggi u% g\(’)\'lt rf) 48 %&gfokne sfucixmcf?al:vghe I;or\g%%rrt}ngt /% rhodiNucr)n with re.'s\lgecct):( gani ¢

to the total amOUnt of lilver powder is 0.0000Bé6wt}% is
added.
Next, a 225 mesh polyester screen as a high mesh
5 screen with a qraphlc'pattern of heating strips formed
therein and a low mesh screen, for example a 110 mesh
polyester screen, with a graphic pattern for bus bars
formed therein were prepared. Conductive paste Saﬁples 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 ﬁultiple heating strips 1, and using the 110 mesh
polyester'screen the same conductive paste was printed and
dried to form bus bars 2 connected to the heating strips 1.
Then, while strengthening of the window glass 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
of the window glass 3 to produce a defroster. Defrosters
made by baking the conductive pastes 1 to 10 were examinec
for whether or not cracking had occurred at the boundaries
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 glass 3 with a
defroster baked therecon 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 cracking and the
examination results shown in the "After Plating column of '
30 Table 1 were obtained. ’
According to these examination results, whereas



5 Fl ake-form Si | ver Powder 10wt % No Yes (Or-gani ¢ Rhodi um

Sol.n. 3.0m % 6

Rhodi um Sol n.
Organic Rhodi u
Yes Organic Rh
Yes Yes
Powder Om %
in Table 1 are
Sample 1 the
silver powder
and 0. 5wt % of

10

15

20

25

30

Fl ake-form Si | ver Powder 85wt % No " No Organic
3.0m % 7 FI ake-form-Si | ver Powder 85w % - No Yes
m Soln. O OMm % 8 Fl-ake-form Si |l ver Powder 10wt % Yes

odiumSoln. OOM%9 Flake-form Silver Powder Oa %
Organi ¢ Rhodi um Sol n. O Owmt % - 10  Flake-form Sil

ver -

Yes Yes Organic Rho-cb-um Sol n. 3. Oamt % Sanpbhgs143436 3

conductive past es accordrng to this preferred enbodi ment :

JPBROPRERA 70, STPRELRSFCURESnELEREE TAREE BARASY PE" 0w
after plating in the manufacture of defrosters using the
conductive pastes of Samples 1 to 3, which were within the
scope of the invention, and the compafison examplas 4 and
6, with Sample 5 cfacking was observed after plating and
with Samples 7 to 10 cracking was found to have occurred
both after baking and after plating.

The reason why the occurrence of cracking after
plating is a problem here is that in cases such as when the
surfave arca uf the windew glass 3 is large and the henting
strips 1 are long and when the defroster also performs an
antenna function, it is necessary to further reduce the
resistance of the heéting strips 1 and the bus bars 2 made
of conductive paste and consequently it is usual to carry
out copper plating thereof. The nickel plating 1s carried
out to prevent oxidation of and improve the wear resistance
of the copper plating film. That is, in practice it is a
necessary condition in the manufacture of a defroster that
cracking does not ocecur after plating.

It is also required of a conductive paste for
manufacturing a defroster that the resistance after baking
be less than 3.0Q, because of the necessity of preventing
heating of the bus bars 2, and that the tensile strength
after baking be over 150N {Newtons), because of the
necessity of ensuring reliability during fitting of the
window to a car. In this conmnnection, first, using a 22F
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
in Table 1 were printed and dtied and then baked at a
temperatura of 680°C, the resistances between the ends of

In
orm
%



organi ¢ rhodium solution, i.e. an anount of organic rhodi um solution such
that the proportion of rhodiumcontained with 5 respect to the total -
amount of silver powder is 0.000014w % is added. In Sanple 2 the
proportion of flake-formsilver powder is 40wt % and 1.0Oam % of organic
rhodi um sol uti on such that the proportion of rhodiumis.0.000028W % is
added, and in Sanple 3 the proportion of 10 fl ake-form silver powder is
15wt % and 3. Oam % of organi ¢ rhodi um sol uti@l such that the propoﬁim_%fg
rhodiumis 0.00006w % is added. Sanples 4 to 10 in Table 1 are

conpari son exar‘;pl es of conductive pastes: In Sanple 4 the gr oportion of

f1 ake- diinger fpsmed byikakingsyese @%ﬁ%‘#@d{rota&ﬂ hBunt of silver
powder |s | SWt %l it % i 90N C

proportion of r{gﬁodl um cont%?%%ﬁggiy&%gﬁmﬁy&?%%cﬁdﬁgnge%ﬂgg%!%gl\se 5 the
proportion of ffkReraslm IrbYer2 falrebees sonrertant tp cRrwrePoRd gdihix 20
rhodi um sol uti ofirfdiGh 1 &hikRRe S QPONlOLMD of rhodium contained is

0. 000086Wt % i s added. In Sanple 6 the proportion of flake-formsilver
powder is 85w % and 3. Oa %



of organic rhodi um solution is again added, in Sanple 7 the proportion of
fl ake-form silver powder is 85wt % and no 25 organi ¢ rhodi um sol ution
what soever is added, and in Sanple 8 the proportion of flake-formsilver
powder is | Om % and no organic r hod| um sol uti on what soever is added. Sarrpl e
9 is a conventional conductive paste wherein all the silver powder is

spherical and no organi c rhodium 30 | s ‘added what soever, and Sanple 10
is one wherein all the silver powder is sphe~ical and 3. ont % of 06g063-€sG
r hodi um -7- 95-163- SG sol uti-on such ‘that the

proportion of rhodiumw th respect to th anount of silver powder is
0. 000086Wwt % i s added. Next, a 225 nesh er screen as a high nesh 5
screen with a graphic pattern of heating strips forned therein and a | ow
mesh screen, for
pattern for bus

Proportion of Flake-form Silver
Powder and Proportion of Organic | ance (Q)
Rhodium Solution (Lw=

Flake-form Silver Powder 80wt% 2.7
Organic Rhodium Soln. _0.5wt%
Flake-form Silver Powder 40wt%
Organic Rhodium Soin. 1.0wt%
Flake-form Silver Powder 15wt%
Organic Rhodium Soin. 3.0wt%
Flake-form Silver Powder 15wt%
Organic Rhodium Soln. 4.0wt%
Fiake-form Silver Powder 10wt%
Organic Rhodium Soin. 3.0wmt%
Flake-form Siiver Powder 85wt%
Organic Rhodium Soin.  3.0wi%
Flake-form Silver Powder 85wt%
| Organic Rhodium Soin. 0.0wt%
Flake-form Silver Powder 10wt%
Organic Rhodium Soln. 0.0wt%
Flake-form Silver Powder Owt%
Organic Rhodium Soin. 0.0wt%
Flake-form Silver Powder Owt%

Orga'nic Rhodium Soln. 3.0wt%

Also, a metal terminal L-shaped as seen from the side
having a solder portion Smm square as seen in plan view was



formed therein were prepared. Conductive paste Sanples 1 to-10 were
severally printed on the surface of a wi ndow 10 glass 3 using the 225 -
- mesh pol yester screen and then-dried to formmnultiple heating strips 1, ‘and
using-the 110 nesh pol yester screen the sane conductive paste was printed
and-dried to formbus bars 2 connected to the heating strips 1. Then, while
strengtheni ng of the wi ndow glass 3 was 15 carried out at a tenperature
of 680[err], the heating strips 1 and the-hys bars 2 were S|nultg9epggdgc
baked on the surface of - the wi ndow glass 3 to produce a defroster

et hor Cor o aRLaReih Vh, 88 BRHFL iy o % hnctd b SR RS ot g
strips 1 and theebmbndlarin & daedetien Qsmdgahhmntéeﬂwtmzﬁawofntme
rter Baking COME Sankd fr LERE PR LI ETR HRIBM gL 3
in copper sulfaheasored) OrThanflehbehandnt)irdistll td5showrs Ui atamao}zuwew SO
B P LSOl |0 R OBt DS FhRUFE 1 Kbl PREL e
wer e whereas Samples 1 to 3 which were conductive pastes within

the scope of the invention all had resistances of less than

3.0Q and tensile strengths of over 150N and fulfilled the

requiremehts, both the resistances and the tensile

10 strengths of the conductive pastes of the comparison

examples 4 and 6 did not satisfy the requirements.

That is, although Samples 4 and 6 satisfied the
previously investigated recquirement 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 cracking 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, In this preferred embodiment, the bus bars 2
were formed after first forming the heating strips 1, but
the same results can be cobtained by forming the heating
strips 1 after forming the bus bars 2., Also, although 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 in&ention is used, the occurrence of cracking at

30 boundaries betwean areas of different film thicknesses both
after baking and after plating can be effectively prevented



exam ned for the presence or absence of cracking and the exam nation
results shown in the "After Plating” colum of 30 Tabl e 1 were obtai ned.
According to.these exam nation results, whereas. - 8- '
95-163- SG absol utely no cracking -occurred either after baking or after
plating in the manufacture of defrosters using the conductive pastes of
Samples 1 to 3, which were within-the scope of the invention, and the
conpari son exanples 4 and 5 = 6, w'th Samibe 5 cracking was obsggygg 3§(%]er
plating and with Sanples 7 to 10 cracking was found to have occurre % th.
after baking and after plating. The reason why the occurrence of cracking
after plating i vhalproesishansecand temsile sdxengthuare Miptainedewibhin
surface area of ,t E DElowy - o ge and the heating strips 1 are

| ong and when tﬁegg%#ostery %:“??Sg? ‘Es)rérf‘g{ggﬁ' antenna function, it is :
necessary to further reduce the _ :



resi stance of the heating strips 1 and the bus bars 2 nmade of conductive
paste and consequently it is usual to carry .15 out copper plating

t hereof. The n|6R*T*‘Tarrng~rs~eaep|ed out to prevent oxidation of and

i nprove the wear J copper plating film That is, in

practice it is a’ mﬂ mn in the manuf acture of a defroster 't hat
cracki ng does not dtcur after pl It is also required of a
conductive paste for nanufacturing a defraqher that the resistangg- q%gege
baking be less than 3.0[err], because of the necessity of preventing

heati ng of the bus bars 2, and.that the tensile strength after baking be
over 150N ( Newt ihe 25 necessity. of ensuring reliability

during fitting of the wi nd@%&:ﬁuetseé %Jxé\té hicip28RE! sPHerfddlSlsilverng a
225 mesh pol yester screen provr ded with a graphic Rattern of, length (L)

500nm and wi dt hPewfes, shiake-form, s31vgr PodRRsSY PolRNdBRITeRing POARE of

1000, the condughihs8 PASE Lok 3Hodiwh Mmat@dHiR1lan8r &n Rbida¢E and dri ed

and then baked at a tenperature of  680[err], the resistances between the
ends of . wvehicle, wherein: |

the proportion of the flake-form silver powder with
respect to the total amount of silver powder is in the
range about 15.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 0.0001wk.

3. The conductive paste of claim 1 wherein the
microtrack Ds of the spherical silver powder used is about
1 to 2um.

4. The conductive paste of claim 1 wherein the SEM
particle diameter (average of long and short dimensions of
the flake) of the flake-form silver powder is 3 to 30pm.

. 5. The conductive paste of claim 1 wherein the ratio
of the SEM pa. ticle diameter divided by the thickness of
the flake-form silver powder is 100 to 500.

6. The conductive paste of cléim 1 wherein the
viscosity of the paste is 80“to 100 pascal seconds.

\
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-9- i 95- 163- SG the.lines formed by baking were
measured, and the measurenment results are shown in Table 2. The resistances
figures in Table 2 have been converted to correspond to a line film

t hi ckness of 1Jerr]m 5 -10- o 95-163-SG Table 2
Sanpl e Proportion of Flake-form Silver “Resist- Tensile No.

Powder and Proportion of Oganic ance ([err]) Strength Rhodi um Sol ution
(L/ W (N 1000) 1 “Fl ake-form_Sijver Powder 80wt % 2.9&_1g3-5490
Organi ¢ Rhodi um Sol n. 0. 5wt % 2 - Fl ake-form Si | ver Powder 40wt % %.5

210 '

7. The conductive paste of claim 6 wherein the
proportion of the rhodium with respect to the total amount
of silver powder is about 0.00001 to 0.0001lws.

8. The conductive paste of claim 7 wherein the
. microtrack Ds of the spherical silver powder used is about
1 to 2um. |

9. The conductive paste of claim 8 wherein the SEM
particle_diameter (average of long and short dimensions of
the flake) of the flake-form silver powdar is 3 to 30pm.

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 having a layer of the paste of
claim 1 on a surface thereof. |

12. A glass substrate having a layer of the paste of

claim 2 on a surface thereof.

13. A glass substrate having a layer of the paste of
claim 6 on a surface thereof.

14. A glass substrate having a layer of the paste of
claim 10 on a surface thereof,

15. A glass substrate having the paste of claim 1 on a
surface thereof in a predetermined pattern.

L




Organi ¢ Rhodi um Sol n.

18Q
130
220

100

160
220
200
180

fromthe side having

Or gani
O gani
O: gani

O gani

Or gani
O gani
Or gani
O gani

c

O0O0O0O0O0O0O0

(@]

Rhodi
Rhodi
Rhodi
Rhodi
Rhodi
Rhodi
Rhodi
Rhodi

1.0wt % 3

um Soln. .3.Om % 4
um Soln. 4.Om % 5
um Soln. 3.0M % 6
um Soln. 3.0m % 7
um Soln. 0.OM % 8
um Soln. 0.0Om % 9
um Sol n. 0. Ovvt % 10
um Sol n. oM % Al so

Fl ake-form Si | ver

FI ake-form Si'l ver
Fl ake-form Si | ver
FIl ake-form Si | ver
FIl ake-form Si | ver
Fl ake-form Sil ver
Fl alggsf orm Si | ver

Fl ake-form Si | ver:

Powder

Powder
Powder
Powder
Powder
Powder
Powder
Powder

15wt % 2.9
15w % 3.
2

5
10Ww% 2.8
85wt % 4.
85wt % 3.3

2

1Om% 2.4

@5—%063 362
owt %
as seen

tal t |
1%- s@ﬂe?liﬁﬁ ﬁ“BﬁESgﬁ?ms‘hﬂaé?]é%raén Zéﬂ Vﬁ%ﬁaﬁ‘e\/i ew was

pattern comprises a plurality of generally parallel strips.

17. The glass substrate of claim 16 in which the
plurality of strips are iz_:tercbnnected by at least one

additional strip of said paste.

A
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-11- - 95-163- SG sol dered to the baked bus bar 2 and by
pulling this nmetal terminal in a direction orthogonal to the surface of the
wi ndow gl ass .3-the tensjle, styength of the bus bar 2 was neasur ed994/i&/25 18:
nmeasurenment results shg\/\ﬁ‘{ijréraﬁl &t8.wrd 5 obtained. 'Fromthese

nmeasured results a&fg@n-pg_gggg_that whereas Sanples 1 to 3 which were
conductive pastes’W thin the scopé of—the TAvent mon —ari20mad T est st anc &s8%f — -
| ess than 3.0[err gnlsl tq@%@ strengt hs_of over 150N and fulfilled the
requirements, both the resis Lces and®e tensile 10 strengths of the
conductive pastes of thegpppari son exanples 4 and 6 did not satisfy the
requi renments. That is, although Sanples 4 and 6 satisfied the previously

i nvesti gated requixement ﬁhat rf cracking occur, they did not fulfill the
1

resi stance and tensile stiréfgt 5 requi renents. Furthgrnore, although
t he conductive pastes of Sarfples 5, 8, 9 and 10 each net yhe resistance and
tensile strength requirenents, because cracking occurr n '

- L/

a-F [(E2]

A A=Y Flg 2.

.——————’_—"———-__—#_—_———:

This Sheet Has Been ReiliTed -|

VAR




t hese sanples they did not satisfy all the requirements, and the conductive
paste of Sanple 7 did not neet the 20 requi rements of resistance and
tensile strength or of cracking. In this preferred enbodi nent, the bus bars
2 were" formed after first formng the heating strips 1, but the sane
results can be obtained by formng the heating strips 1 after fornming the

bus bars 2. Al so, although in 25 this preferred enbodi nent the :
conductive pastes are for nanufacturlng defigasters, their applicablLpgzigg of
course not limted to this. As -described above, when a conductive paste
according to this invention is used, the occurrence of cracking at 30
boundari es between areas of di fAEReRRE QR IkN p ot h after baking
and after plating can bSndidi8%%e p8k¥e PIR WA crackd Zdo not occur even

95-163-SG whil e resistance and tensile strength are maintained within a
practical |y sufftcbeutdaziffe between areas of different film thicknesses

comprises spherical and flake-form silver powders, a low
softening point glass frit, organic rhodium material and an
organic vehicle; the proportion of the flake-form silver
powder with respect to the total amount of silver powder is
in the range 15 to 80wt% and the proportion of the rhodium
contained in the organic rhodium material with respect to
the tota% amount of silver powder is 0.000lwt% or less.

This Sheet Has Been Replac

T




'REPLACENENT SHEET 14 APR 1998 Vhat is claimed is: 1. A rnndubtlve paste

cohpr|5|ng spherical silver . pomder Tl ake-form silver ngPEA@FNE%HDSHEET

softening point glass frit, organic rhodi um mat eri‘al afp
vehicl e, wherein: the proportlon of the flake-formsilye
respect to the total- anbunt of silver powder is in thejr
80wt % and the proportion of ‘the rhodi umgontained in.{hé

‘materi-al with respect to the total amounft of silver polder is bel ow abou

10

15

20

25

ng?o“%%&%’ :

0. 000wt % 2. The conductive paste of claim1 whereit _

the rhodiumwith respect to the total anDunt of S|Iver pomder i's ‘about

0. 00001 .to O. CIIXMW@ 3. The condu Nﬁ llaim 1 wherein the
'1“t-i £ Inv n

- This . 1nvent10n relates to a conductlve paste, and '

ipartlcularly to a conductlve paste used 1n formlng a

defroster

_:“-.:D‘.: ;:..'7 | ." B -

In maklng a defroster for preventlng cloudlng of a
rear w1ndow of a car, conventlonally a conductlve paste

made up of a spherlcal sllver powder, a low softenlng p01nt

,Zglass frlt and an organlc vehicle is used. | Such a
| -defroster is formed on a w1ndow glass 3 and includes a
'pplurallty of horlzontal heatlng strlps 1 .and a pair of

_ vertlcal ‘bus bars 2 connectlng together ‘the ends of the

heatlng strlps 1 at both ends thereof. Such a defroster is

'generally formed_as follows. Flrst,\the plurallty of

horizontal heatinghstrips 1 and the vertical bus bars 2 are

_simultaneOUSly printed on'the-surfaCe of a window glass 3_'

us1ng screens (masks) of the same mesh (mesh coarseness)

formed 1n predetermlned graphlc patterns Then, the

- heatlng strlps 1 and bus bars 2 are baked in a heat

treatment carried out durlng bendlng and strengthenlng of
.the window glass 3 '

However,_dependlng on the shape of the pattern of the

'_defroster, it sometlmes happens that the bus bars 2 are
dnarrow and- produce heat, and when this happens the amount
of electr1c1ty consumed 1n the bus bars -2 increases and as

-a result, the heatlng_strlps 1 cease to produce heat.



n16rbfrack Dso of the spherical silver powder used is abqu

t N 2l o

ThE& conductive paste of claim1 wherein the SEM particle
of .1 ong and short di nensions of the flake) of the flake-f{o
is 3to 30[err]. 5. The conductive paste of claim 1 wher¢g
the SEM particle diameter divided by the thickness of the

mmcamév
! il ak§ 4‘% m s

Whier ein-t-he

'G
ot 2

/-

powder is 100 to 500. 6. The conductive Easte of claimi1l

viscosity of the paste is 80 to 100 pa : -1
95-163-SG 7. The conductive pasE®RAQ 0| PRE TR

rhodi umwi'th respect to the tota anDunt 0

silver povvder

of the spher]ealo fld el ePUEIeHF otk 45 251 fréFerdd LI

m v O 0T

the

: I s about :0. 00001
to O 000 Wb 8. Theauiitlive a3k cibfwhich mragherd? MeheOGFEF otYeRk Dso |

thicknesses

comprlses spherlcal and flake- form silver powders, a low

softening p01nt glass frit, organic rhodium material and an

organic vehicle;-the'proportion of the flake-form silver

.powder with respect to the total amount of silver powder is

in the range 15 to 80wt% and the proportion of'thé rhodium

' contained.in the_organic rhodium material with respect.to

. the total'amount of silver powder is 0.0001wt® or less.

No figure suggested




9. Thé& conducti ve paste of claim8 wherein the SEM particle di amet er

(average of .
si |l ver. powder

the ratio of the  SEMparticle dlaneter di yi ded by the th

is 3 to 30[err].

long and short dinmensions of the flake) of t

.10. The conductive paste:

(@]

flake-formsilver powder is 100 to 500. IT. A glass subsfr

layer of ‘the paste of claim1l-on a surface thereof.
having a l'ayer of the paste of. claim?2 on a surface ther

12.

substrate having a | ayer of the paste of claim6 on a s

kness of the

bt & SARR AP

gl ass - substratle |
.. 13. A glass

A gl ass substrate having a |ayer of the paste of claim 10 on a surface
15. A’ glass_substr te having the paste of cIa|n11 on a surface
- 15_

t her eof .

thereof in a predeteﬁﬂlggd attern

- 95-163- SG




16. The gl ass .substrate of claim 15 in which the patfern conprises a

plurality of generally parallel strips. 17. The glasqugmyﬁgmﬂﬂérgﬁﬂﬁﬂhin116
in which the plurality of strips are interconnected pyat—teast—ome
additional strip of said paste. 14 APR 1998
_13_
What i laimed is:

1. A conductive paste compfising spherical silver
powder, flake-form silver powders, a low softening point
glass frit, organic rhodium material and an organic
vehicle, wherein:

the proportion of the flake-form silver powder with
respect to the total amount of silver powder is in the
range about 15 .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 wherein the
proportion of the rhodium with respect to the totadl amount
of silver powder is about 0.00001 to 0.0001w%.

3. The conduétive paste of claim 1 wherein the
microtrack Dss of the spherical silver powder used is about
1 to 2um. -

4. The conductive paste of claim 1 wherein the SEM
particle diameter (average of long and short dimensions of
the flake) of the flake-form silver powder is 3 to 30um.

5. The conductive paste of claim 1 wherein the ratio
of the SEM particle diameter divided by the thickness of
the flake-form silver powder is 100 to 500.

6. The conductive paste of claim 1 wherein the
viscosity of the_paste is 80 to 100 pascal seconds.
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