1+ 5 . © THI CK FI LM CONDUCTOR PASTE FOR

AUTOMOTI VE GLASS - FIELD OF THE INVENTICN

The present invention in general relates to a thick 10 film conductor
paste, and in particular-to a thick fil conductor conposition that is
used to prevent the foggi ng of the wndows in an autonobile.
BACKGROUND OF THE | NVENTI ON 15 In recent years the autonobile

-manuf acturing industry has been of fering an optional wi ndow accessory
wi th which - frost and/or condensation can be renpoved using an
electrically conductive grid that is permanently installed in the

w ndow. For rapid defrosting, it nust be ggygigle to 20 supply a |large

anount of pgwer, such as 12 vgh&ix_%ﬁﬁggagkﬂﬁggg%ﬁﬁ%#Bﬁggéfomer source to
the circuits. Furthernore, th grid nmust be

thin enough that they will not bREFRMOBEVEIGLASSity out the rear

W ndow. The resistance of the conductive pattern needs to be on 25
the order of 2 to 30 mlliohns per sguare, and this requirenent is
easily net by .a noble metal condu arly silver. Silver "

is the nost widely u&mdpresemndu@bﬁtwnbihagéﬁeraltf’eb‘atewlucca ithHicd the

present ti i t.all of e,subst sed u to n I_n the
30 manuf agteure 0 gcrolnéﬂéf;’%i. %ﬁ%’\?l nah\?vl ﬁg ng\é‘g?%%ttfg "tni %
thick film sil RENBBHAKICOMPOFHHitden hatiniisaysedctio prevemﬁntdlq)mmg of

conposed of i Nehes i MowrA il GheauBhoBidbass frit dispersed in an
organic nedium In a typical application, a paste containing 70 wt %
silver powder, 5w 35 %glass frit, and 25 wt @6organ|c medi umi s screen
printed  through a 180 standBaCKGe ‘ @ w ndow nade

15 In recent years the automobile manufacturing industry
has been offering an optional window accessory with which
frost and/or condensation can be removed using an
electrically conductive grid that is permanently installed
in the window. For rapid defrosting, it must be possible to

20° suppiy a large amount of power, such as 12 volts, from a low
voitage power source to the circuits. Furthermore, the
wires of the conductive grid must be thin enough that they
will not block the visibility .out the rear window.

The resistance of the conductive pattern needs to be on

25 ‘the order of 2 to 30 milliohms per square, and thig

| requirement is easily met by a.noble metal conductor, and
particularly silver. Silver is the most widely used
conductor substance in this application at the present ‘time.
Almost all of the substances used up to now in the
30 manufacture of grids for removing window condensation

contain a thick film silver conductor, which is manufactured
-from a paste composed of fine silver particles and a glass
frit dispersed in an organic medium.- In a typical
applicatipn, a paste containing 70 wt % silver powder, 5 wt
35 % glass frit, and 25 wt % oréanic medium is screen printed
through a 180 standard mesh screen onto a rear window made



2 ., - of flat, unnolded glass. The printed conposition is'dried for

at least two mnutes at approxinmately 150[err]C, and the entire el enent
i's then fired for two to five mnutes in air . at 650[err]C. After this
‘firing, the softened glass is 5 conpressed into a nold and nol ded, then
rapi dly cool ed and anneal ed. During tfie firing cycle, the organic
mediumis = reOyedcbynakaRakal j2asaNd PHEOpYshEed ISRt d'd d Rtied
silver are sintered, with the aSs acting as a binder t he_silver
particles, and @ﬁFSaFo;ﬁﬁsé EUﬁtWHUHG§SCBngEPF9§1T®teB%I%§°°C and thes

sho:c/vn in Fi guEeeia,tmbeeauheﬁnbgbeth&eﬁdﬁmda; gggetwo tol Eine rr'ﬁzﬁa@dsbct@l l§ur 2
sSurrace area (apqQu \'4 C ed a pbus ar
that is used tog%oka%eﬁectrgg tgg?eg%%ggg F ggééég cﬁﬁt*oned over
the rear wiridowcomptresgedt hstauaomobdl and u\owadk ghtazssrmsdly 09 ledtl amahel
i s printed hehwegagthepgkang Eﬁ‘éehi“iﬂ tE‘}cié' V€he S@rémic lhdiym S

bar  portion 3 cannot he seen from qutsi g autonpbile. In this case,
since -t he enaneFeQﬁHe@h?YsFV@BPratloﬁa§P BV€°#YF%E at The Ikag andnthe he
glass in the engidlez0are sentegetihewituhf gahe gflahbeaetin@ras i &sEnddr for

ctrength. Nerhodde RAY VRAvEa58R BRoprld FR.Pnichusrer coRELNRT condraiivee
probl ens i i udieaghprinting twice in order to make part of the silver

thick filmthicker, aadgppimt aagpa renhy the hﬁﬁ%&ﬁil@%&@n r&rédggawth
enanel, but the . drawbag

hese nethg g wer e that ﬁ¥ |ncrea
t he number &EREEFS an? 8 %PG 8S€ BrepndprRgubqlt AR %&éﬁl Y ;30 cm °n9)
silver used. portlonTbalﬂedsanbusnbamtBonhatféssuaedhtckbdmdrnlnnuhnﬂe ve

30 paste that @%%Pﬁhﬁﬁsaqgeﬁh e?§aﬁeagpﬁ ?EQOHQ fgfnlﬂélrear Wlnql

solderablllt% faneous 8 even
filmof thelsil e pasomobdleadelt kilagks glass paste called enamel is

printed between the glass shéet and the silver so that the
bus bar portion 3 cannot be seen from outside the
automobile. In this case, since the enamel and the silver
paste are fired at the same time, the glass in the enamel:
20 rises to the surface of the silver, where it creates |
problems of poor terminal éoldéring or poor adhesive
.strength. Methods that have been adopted in the past to
deal with these problems including printing twice in order
to make part of the silver thick film thicker, and printing
25 only the terminal bonding portion with enamel, but the
drawbacks to these methods were that they increased the
number of steps in the procesélor increased the amount of
silver used. ' ’
The present invention offers a thick film conductive
30 paste that has high adhesive strength and good terminal
solderability in simultaneous firing with the enamel, even
if the thick film of the silver paste is made thicker.



3, ~ SUMMARY OF | NVENTION The present

invention relates to a thick filmpaste conposition used to apply-a
conductive pattern, which is conposed of (a) non-coagul ating. fine
particles of netallic 5 silver having a surface area/weight ratio of at

|l east 1.1 . n2/g and having a particle 532e of 1.0 [err]mor less, and
(b) fine particles of a glass frjt ha ], a g point of 350
to 620[err]C and contained in an anvt part s or |less per

100 wei ght parts of nﬂ’talprecsam menﬂwmm](a&)esl(to anthikk #idmdpapeesed
in (c) an organi | B BB

DRAW NG Q?E%ur Suesdt rtac% easp pél Ycom%r?ﬁgé'ﬁ l‘J)c,g'ltE ? lt Eh%ﬁﬁcﬁ Es
using a thick f|¢WM&%r(@a§%@Tﬁﬁﬁ3ﬁ1@ﬁé@%ﬁlﬂﬁe%&ﬁc 88 gfnmekadfign
autonobi | e, and hBvdbshdAing f‘aatsuxsra&e%ﬂe@/welgmn@att% %lfeai;r Qéast 1.1

termnals of this aut qnobil e rear w n

rid.
conductive grid,™ %? d haying lﬁéﬁgﬁt&%d’l&ee&fr & #8y H\rngP§S' apg (b)
DETAI LED DESCRI Pﬂ-im par i ¢ \N\GINE QNlass frisk havimgdacsioféemdngl point of -

Silver powder iszgged,agdde o ‘&”%ﬂ?}:k‘iﬁeﬁe?ﬁ' a{'in?ltngﬁnt ofpﬁef m%ﬂt‘—’eﬂé#ﬁl’s

and this silver powder 1Is use ] ormo spherica
spherical powder®huk¢sperer 14¢, veighk é’qrﬁ—s\/\,ﬁ’lfcH‘eittalllé-cnéﬂlc‘,’ééfguf”aﬂf&l% (ad

to achieve ao ahdglbfidre dbispdysad tiaef (d)r iady orfaie meddam.pi gment

vol une - concentration (CPVC) is a neasure of the degree of this

coagul ation. This value is calcul at ed fromthe armunt of 30 oil absorption
as defined in ASTM D281-31, arBRIE R : AHEN DRAWING stic that

i ndi cates the size ofg F/gée %"mv\@%r ﬁﬁ:rtrl idTQgrplbgher
t he val ue, t he sma:fs?& K t e Vol etvveen t he pn er parficles. This
CPVC shoul d be a¥sigSist Bebsk nfite g8 4 PAStHS Hpsitioned on the rear

4 15 window of an automoblle, and the bus bar that is used to
bond the electrode termlnals of this grid.
Key: 1 automobile rear window, 2 conductive grid, 3 bus
bar used to bond electrode terminals.

20

A. Conductive metal .
Silver powder is used as the conductive metal in the

present invention, and this silver powder is used in the

25 form of a spherical powder. This spherical powder must be
in a state in which it is not coagulated so as to achieve a
high film density after firingi The critical pigment wvolume
concentration (CPVC) is a measure of the degree of this
coagulation. This value is calculated from the amount of

30 oil absorption as defined in ASTM D281-31, and is a
substitute characteristic that indicates the size of the
void between the powder particles. The higher the wvalue,
the smaller is the void between the powder particles. This
CPVC should be at least 56% in the present invention.



Begause of its shape, a flake powder sonetinmes has a CPVC of 56% or

hi gher, but there are problens. with sinterability, so such a powder
cannot be used in the present invention. ,5 From t he standpoi nt
of .the technol ogical effect, the partjcle diameter of the silver does
not itself need to be narroWy limted in the present invention.
However, the particle size_atfects_the si r|n C aracterlstlc of the
silver, with large pab caPgs SfnthPi RBPRGt s 5 Fomghdfes has a

particles. Furt@@Vigood, S6keosi hwgheparbu’clésemeard)@roblem‘s arigihze that is
suited to the ap@lined gpinedy(Usyabiin a %é&%e EELAAI ke IRERRN | Y.

the size of the particles ver present 1 nventi-on must not
exceed one MPEESENLTRPYEPRiPHr n requires that the surface areal wei ght
15 ratio be st | east Froh wher stagdpointiof ptled Gfé’(ﬂﬂ'ld]hﬁlddle effedtyr ithel e

size be 1.0 [err S ver

conposition is u%’ al yl%oﬁlamegsr Bfmgﬁ/gbgggdé%n&%eo c?s alt%"c? éggﬁﬁ?dnéot Ff’?
liquid organic narpedilymlimdted im. thelpxwgﬁnﬂc;nnennmon Howevesi,nthea
thick film past egta'i%tlc'lés s?%@“aﬁfééé@ Phé s Stk erind U HASS Ufatt‘ﬁe' S

fired at 580 to 68Q[err}C g ? anlc medjumils volatilize romth
t hi ck f|In1paste51&HGrP wish larg PaﬁE}?4%$e%lﬁﬁ%¥¥ﬂﬁnQRﬁ§ufyﬂyh dned
phasé sinterimg, smallt parcielgani CFarthermore | hehe aniinsd: ipartdiclieze musts et

fnvention is a gigsy E&%% %h&@ @§ag§£ega POh taﬁﬁlfﬁ%’ﬁe hod. Qé%%@é. C so

t hat the conp05|t|on W sintere
the gl ass substr&pe’eme@rﬂntéagat 5§9n§equ%t3@20[fémseze of ‘the p%ucdng

as the transiti Oﬁf”%tldkreQXh.ﬂethé ﬁQébéhﬂeﬂn'dréhtlon tnitestd RS exderac b cal
conposition of the

t t t
funceron of che BRESER:~ ThLPndBnERch. Zedhbri guly (i FaAReanp A el S
gl ass pastesl®5 rawicabeombbileast antl m€/gan msxsl;a'emre&uh& the

i npl ement ati on o&a%gqc&%egﬁgg bgvgnglﬁﬂl? e?ggélllcate and

5 | ead boro icate glass are exc nterms of both their
S The amount of silver in the compos1t10n is usually 60

to 99 wt% based on solids and excludlng the liquid organic
medium.

20 ' .

B. Inorganic bindex .

Since a thick £ilm paste that has been screen printed
onto a glass substrate is_firéd at 580 to 680°C, the organic
medium is volatilized from the thick film paste, and the
25 silver particles are subjected to liquid phase sintering,

the inorganic binder in the composition of the pxeéent

invention is a glass frit with a softening point of 350 to
620°C so that the composition will be suitably sintered,

wetted, and. bonded to the glass substrate when fired at 580
30 to 620°C.

As long as the transition metal oxide is contained in
the glass, the chemical composition of the glass frit binder
is not important in terms of the function of the present |
invention. Lead borosilicate is widely used in glass pastes

38 for automobiles, and it can also be used in the
implementation of the present invention. Lead silicate and



sof;t eni*ng poi nt range and their gl ass adhesi on. Low borate gl ass, i.e.

gl ass whose B[err]O[err] content does not exceed approxi mately 20 wt % -
is preferable. This lowborate glass 5 often contains small anpunts of
other glass formng agents and inproygers such 60 to 80% PbQO

The total anount of inorganic binder in the composition IS usually l1to
20 wt% and prefesabldyds it 138htd1ROELLRD

conposi tion. ﬁe prresent mver%{!i on, }{)é e ge ?n Wftla h8t he est}}ee

adhesi ve streng‘? Eening pointy xanges anst rt&lteérasaaaﬁ pAbeghaRe| kaw-berate
obtained is 0. 8f14®s, i.&., yRightwhryd %2[cgf centdat] dpes néaoese@esalt parts

of "metallic_silver used er SO tenj
*S the 15 cof t CRPRESTHIES 120 MEF A BrSEeRab e onghiP o hoORSPRERES ot8ad"
di scussed i P ASTIt €3387ains smalQd, amaqyﬁs<pﬁﬂa&hamlglass foriihng negents

conposi tion of the DRESGA ﬁﬁ ) v gt Pl |y formed into a paste that
can be printed in the eslred CIrCUIt pattern, Any suitabl e

inert liquid can be The fcekal rndmfant inorgamdicy hipder: ier Fhepgpmposition
nonaqueous inerisluguallysi to :me,ftﬂf akirl pAefedtabdyvar ket Yoowt®| gefi the

i qui ds can be e o) i cken a
ot ﬂer st and%‘?ldiléd%3 ]ft}'/\g\'f%ax}’s1 Q/ﬂ Ih:gols{&p(ﬁ%lt&:lgglm c% tzl%’dglr% %és{:can géeion'
used incl udeé al Ebﬁot%ng%sxwr@lmh t%@%mﬂﬁ)la@hw gtrgngth onckhat e or

pr-opi onateh a tQIIQQQG?uEé'@fh@é a[hd‘%r@'ﬂhé)relnatmelt Ry %obbtalf‘xearisoa .8% €o
resin, such as pol ynet hacr a.salutio cellulgge in a
sol vent, such ag bi Keig hh %ﬂgts Hatsg”rﬂfjrﬁfautfiﬂ 31"?? d‘p¥‘€ft R?Fg %3l ycol
nonoacet at e. mefadliedsibvenn contaln a volatile liquid, whlch\MII

pronot e hi gh- spegd é&é&'ﬂé’r@iﬁ Sle fn(‘g'ﬁf&‘t%n&%]% BISLRALE. the

A favorabl e organic nedium s conpose et hy Iose i n terpineo
(9 to 1 rat}d) 8A8teRiRd BPint obtamﬁn%tql‘cﬁ] fGbexr edcegakdPnpmekbed with

butylcarbltol discussed in ASTM C338-57. 6 acetate. The
paste is conveniently manufactured with a triple-roll kneader. The,
preferable viscosity of these

C. - Organic medium
The metal composition of the present invention is
20 usually formed into a péste that can be printed in the
desired circuit pattern.
Any ‘suitable inert liquid can be used-as the organic
.medium (carrier), but a nonaqueous inert liquid is
preferable. Any of a variety of organic 1iqpids can be
25 used, with or without a thickener, stabilizer, and/or other
standard additives. Examples of organic liquids that can be
used include alcohols, esters of these alcohols, such as an
acetate or proplonate, a terpene, such as pine oil or
terpineol, a solution of a resin, such as polymethacrylate,
30 a solution of ethyl cellulose in a solvent, such as pine
oil, and a monobutyl ether of ethylene glycol monoacetate.
The medium can contain a volatile liquid, which will promote
'high—speed setting after printing onto the substrate.
A favorable brganic medium is composed of ethyl
35 cellulose in terpineol (9 to 1 ratio) and based on a
combination of a thickener blended with butylcarbitol



conposi t'ions is approximately 30 to 100 PaS, which is measured at 10
rpmand 25[err]C using a #5 spindle with a 5 Brookfield HBT viscosineter.-

The amount of thickener used will depend on the viscosity ultinmately
desired for the .conposition. Specificgly, it wll depend on the
required printing conditions of the system Usually, the organic
medi.um wi | | prot&z@:@%t@akeTﬂ é t9g5

Col-ori ng agent An Q Qs a Qscg?%?/{?génnéﬂg nanl}%u(}cture (})lf

anti - f oggert HHl eg¥ Odet lmesfiﬁ—é i sThacpreferakie t‘f?@CFQﬁJéM afe these

bet ween tge gl aﬁﬁn@i&:.}thﬁnﬁoﬂduﬁb@foﬂ@ﬁ&%% :?-@Q:dmﬁdo Fasf fmﬁ.tdhvestyple of
gl ass used in the nanuy i e w Sp80da |ime glass,
which is manuf atiifet de Sk égf FE%t aﬁ?agé%g'{% ad%g’ SR&P PISeHng Be ground

or pol i shed Brookfdglidy HBEr Véetbgiheter. anthd asnaxde|dfertthickeneni fusedi t y
in its thickness,;iW dadeha Bhoﬁhegb%éoEEE?O&’ltﬁngtpeff‘aciésﬂwrftoxOfth%' nis
di ffused in glass from g bath I es no. Vi si bl e on

surface of the @"é‘g’?sumnHOV\éP@Flff'ﬁélanfh%lW%fdQRW%r‘é'ht Feudrert
cheni cal | ntpariattimgneondibibhe gfashet Spstanie aWNIAN ashdoridamic

col oration of as,..Si CQRP. .ace _of_the
gl ass becones ngie?ﬁn?%‘al ir%b%é%gt verB E‘Sussg‘pd‘:9 é& t‘E?ag'ﬁccfj%nd:fhc g)\?eSte'
subst ance, &0 natural, dark brown color will be produced at the gl ass-
conduct or interfmce, Wol oring agent bei ng added, after the

conductor has been print.ed on _the

H ll t h
side of the glass prit dFPPEAR ﬁﬁ”#ﬁ’émn ip; ‘hh‘f’ rf“?rh‘éte?cl% gc?gasaé"‘ r’?é‘ctﬁg'd.
Wth this manuf aﬁz:tggam¢qxetaknodptpmcbslbess thepcohdr tdte the iooredtfatas over

ass

the air side of { %@eag Otﬁlé%g duct éé&%fﬁl | %{
For exanpl e, th| s res ts | | ess l'0ss o “yrel'd Trom nechani ca amage
to the gl assSsuraffective tyme ofcgdapsr ugedt ke tharaniachere @i rol | ed

better. - automobile windows is soda lime7glass, whDYRVES maiffadtifred
conductor is printed on tqe "alr B e"does not Eeegltosbe grodn lga_3|de '
exposed to the & nﬂgﬁﬁﬁ%
- polished, 1s nearly perfectly flat, and has excellent
uniformity in its thickness. With the float glass method, a
20 small amount of tin is diffused in glass from a bath. This
" leaves no visible image on the surface of the glass.
However, the diffusion of tin creates different chemical
interactions with the glass that are accompanied by the
coloration of metals such as silver and copper, and the
25 surface of the glass becomes harder.

When silver is used as the conductive substance, a
natural, dark brown color will be produced at the glass-
conductor interface, without any coloring agent being added, -
after the conductor has been printed on the "tin side" of

- 30 the glass, i.e., the side of the glass printed following the
tin in the float glass method.

With this manufacturing method, it is best to print the
conductor over the air side of the glass in order to avoid
difficulty in operation. For example, this results in less

35 loss of yield from mechanical damage to the glass surface,
and the color of the enamel can be controlled better.



is.only-alittle coloration. Because of this, the usual practice in the
autonobi |l e glass industry is to print a 5 border of enanel on the glass,
and then print the silver paste on the tin side of the float glass. As
a result, the i ngredi ents of the thi filmpaste intended for this use
i ncl ude various coloring agents, and these produce suitable col oring
and allow printing on the air side of the glass. 10 Exanpl es of the
coloring agents used in the conposition of the present invention

i nclude gl ass (such as gl ass that- contai ns nmanganese), netal resinates,
boron, and bori Hewevergowhennkhe qordectey ovg myiff@d orekiehi'aidi sidednot

gffeplg,s on gh,e Ql@@@%tgf?é.Pftﬁé‘g%%dé il aid \{'gxeo_%%h@éphérf_, there
pecifically, adm xi r i um or jn the desire .proportion
produces an advéﬁtﬁ&ggué gFFEg% Fﬂf%Fﬁﬁiﬁﬁnrcﬁe?ﬁuse °QIF?¥sesigFaH€Ha§alue
after the firingratttice ¢andhet automobipasgkass gty [isoter prdatok t he
fired paste ¢ hu , . cQl.ogy L ti |?QQP| : It abl

sel ected andﬁusgﬁ¥§%¥ Pﬁ Fﬁémgésg%e%hgﬁ%gﬁgg%dﬁgi 0 n&ﬂ%?ﬁﬁﬁ%Fh%96¥gﬁér :
bal ance  ° bet R@&&et RB® EBPofins sidetafickhe htrab|giasshy Maradesiilsti the

of the fired pasugredientsEof thampheckesiimopastte 2mtended AckMiiniss aalee

anti-foggi ng C|E%%hh was,_nmanuf act ng tQ; net hod

f red us| f,ol | ow r
The sake of “evarasiugt” VaTeRus e 5F ng agPiLRD S S YR Wil canl
a sol vent - based coloNngemndngligpeprinting ouethe ivesidmmi Yhesgdass.
screen prinjgd over gbhifheg! 8FStRE c81BRLAG! Syttt §0HEY Wit eckidiition
typically 156 or 195, nmesh pol yester, 2. lggf printed enanel
pattern is drie®f &Pe1presitednventign inglude|glass Up ag gfags that
J/icnierr], deperdntgiog matghypeedl, metalepesthates, boron, and boride
8 3. | pa IS [ PL J e '
enanel or over tc'r?é“%ﬁun%;sl'de%%%sfa h_ggglo?ﬂs]‘?(jébg#&? h%%ﬁ%%@ di’f%%xgiegg: SHETS e
using an ordi nargp ddree@ropepsiiesl of tbs fbrpd congesyree ppaste.
The silver h§ figei@AlcdiNg,SiadwlikiagdrhB8ignase! B,03 in the desired
proportion produces an advantageous effect in the control of
" the resistance value after the firing of the conductive .
paste. Since the properties of the fired paste thus vary,
the coloring additives should be suitably selected and used
20 in the desired amount so as to maintain the proper balance
between the color, resistance, and soldering characteristics

of the fired paste.

E. Sample manufacture
25 A small-scale anti-fogging circuit was manufactured
using the following method For the sake of evaluation in the
practical examples. ’
1.  Either a solvent-based or UV-setting type of’
decorative enamel paste is screen printed 6ver a flat glass
30 substrate using an ordinary screen, typically 156 or 195
mesh polyester. '
' 2.. The printed enamel pattern is dried. for 15 minutes
- at 150°C or UV set at 1.2 J/cm2, depending on the type of
enamel.



are sinmultaneously fired, in a belt furnace in which the peak gl ass

surface tenperature reaches 580 to 680[err]C. F. Test nethods 10

Resi st ance: The resistance of the silver paste was measured using a
Hewl ett Packard 3478A Multineter. For the resi stance of the sheet, the
resi stance per square was cal cul at ed lﬁ/ nmovi ng the resi stance accord| ng
to the nunber . of squares in the printed pattern. This nunber was 100 15
M1 0.5 mm = 200 squarks. A Silver RagLsi df. sErespperinfeqd Quar sdeiamidises a
fired silver emsale o cvedl ade tubSkidecow theaaihi skaesst ofhé fuat The

adhesi on of the t I u

tensile tester r?glcflesq‘i) sqﬁbt&%a% e:ﬁsan?'%gn%%ﬁghggy aéﬁggﬁb "aﬁ%ﬁﬁ‘a s‘ﬁk%gmr%es}l
greater than zopgj.yester Col or: . The color of glass colored by a .
silver pastes was greas uiRd sﬁq%zbmv'fweh oa§eﬁnatsﬂnv@fldam € UL er

(X-Rite Mdel 918 col o g cal cul ate
Lhe O EL carbe i 8 amaRueiss £ i45te oF a PRLL Buenaee invATes do
l'ight sent throygak dilaszgamurfbve itempéeature reagheswasosed &0%he 6500 K

spectrum of sunlight. A positive change in L or b indicates a change
froma bright - color to a_dark color. A change in color in which L or b
i's 1 or greder kaEthaeldada ed by the unai ded hunan eye. 30

9 ' 10 Resmtance ~ TE%AE:‘BlsEStance oExehe! 851ved Daste was A

series of 12 silver- co ainin nuf act-ur

conposi ti onal vd'?ef%sdﬁ? led‘fn m&“ﬁ-&é’ﬁt PakR ﬁvag?ﬁ%n 1R Veé'ddﬁ

t he conpositi onsredigstengs eferthe sheetyetheoreanéstanoapperdsquate ovas nary
(standard) thi ngahé\mated BAS bR HRP L HeOreb18e 8RR RUEBPSng THESEhe number

conbi nati ons an
of squares in the printed pattern. This number was 100

15 mm/0.5 mm = 200 squares. .

' Adhe51on A copper c11p was soldered to a fired silver
paste on a glass substrate with a thickness of 3 mm.  The
adhesion of the clip to the silver was measured using a PS
50 kg model tensile tester made by Imada Seisakusho. The

20 adhesion value should be greater than 20 kg.

Color: The color of glass colored by a silver paste
was measured both by visual observation and by colorimeter
(X—ﬁite Model 918)-. The colorimeter was designed so as to
calculate the CIEL *a*b* from light reflected 45° with a

25 beam of incident light sent through a 10° gap. The incident

* light was set to the 6500 K spectrum of sunlight. A
positive change in L or b indicates a change from a bright
color to a dark color. A change in color in which L or b is:
1 or greater can be detected by the unaided human eye.

30



the fired characteristics of these pastes were shown in 10 Tables | and 2.
Exanples 1 and 8 are exanpl es, of the present invention, and the other
exanpl es are conparative .exanpl es used to conpare the present invention
Wi th patent-- pendi ng thick film pasteg conpositions containing no
metallic silver powder or glass frit. The data in these exanples 15
conpri se the follow ng. Exanples 1 through 7 -involve the use of
silver powder types in which the type of silver powder, the surface
area/ wei ght ratio, the particle dianeter, and the CPVC were different.
20 In Exanples 8 through 12 were qugmguhgpr ‘powder s of :
conpositions of thick film pastes whose surface areal/ wei ght rati o was
1.1 n2/g, whose particle dianmeter was O0.6[err]mup to 1.0 pm and the
spherical CPVC Emampb&s BarRthe glass frit content was varied. Except

for Exanples 8 throu gﬁégl?%53€p%éﬂgqg;%fnﬁégggyéqagaQ%l§§oﬁl%ﬁrSagggsdwég

an anount of elrr
characteristﬁcsman“fé?t¥¥@dfl¢kﬁ GRIERGS Mekonada Mard@bility of the present

10 invention was observed, and the composltiEﬁ@LEf the present
giFQe} poghgr 21nven€10n were compared:w*ﬁﬁyoréinangﬁﬁtangagg@ gﬁﬁgﬁs ;5”

90% 80% pastes80%d for the same purpose. These combinations and
the fired characteristics of these pastes were shown in

10 Tables 1 and 2. Examples 1 and 8 are examples'of the
present invention, and the other examples are comparative
examples used to compare the present invention with patent-
pending thick film paste compositions containing no metallic
silver powder or glass frit. The data in these examples

15 comprise the following. '

ExampleS'l through 7 involve the use of silver powder
types in which the type of silver powder, the surface
area/weight ratio, the particle diameter; and the CPVC were
different. ' _ '

20 In Examples 8 through 12 were used silver powders of
compositions of thick film pastes whose surface area/weight
ratio was 1.1 m2/g, whose particle diameter was 0.6um up to
1.0 pm, and the spherical CPVC was 56%, and the glass frit
content was varied. Except for Examples 8 through 10,

25 pigments of rhodium and B303 were added in an amount of
0.25% of the total, and their effect on the characterlstlcs
of the final paste was examined.



A ass powder - | 0. 80% 0. 80% 0. 80% 0. 80%

0. 80% 0. 80% 0. 80% Organi ¢ bi nder 18. 95%

18. 95% 18.95% 18.95% 18.95% 18.95% 18.95% 18. 95% Pi gnent

0. 25% 0. 25% 0.25% - 0.25% 100. 25% 0. 25% 0.25% Silver

powder nanme A B C D

E - F G Silver powder shape : spher es

spheres flakes  spheres spheres fl akes flakes Specific surface

area(rr[err]/g) 1.1 2.4 0.8 0.3 1.3

0.9 0.3 Average particle diameter (nicron) ' 0.6 0.7

1 8 2.2 3.5 5 CPVC(%N - _

56 48 58 41 28 45 33 Peak

firing tenp. ([err]C THE 1 660 660 660

660 660 660 Peak flrlng tinme gmng ' 3

3 3 -3 E- 1 E- 3 3¢EEfdandl® Sof fé&ni*ngt-& 7

point (C)  Composition 630 - 630 630 630 630°

630 630sukdesbaadd Vity on enamel g 80% sov  L1lggy gor 13 g

11- 19 4622 16 22 grmhrﬂ squ. at 10 t[er rim Al m

t hi ckness (i &rong™* 0-80%  -80%  ogiox 0.8 B8O 0.80v5 o.50%

5 © 5 Organic bindgr Adhesive stréngth UnssenanEGIS* (Rgysy  1e.95% . 1985y 1s.9s¢

8 10 rigment 7 5 o.25¢ 0 0.25%  0.259 0.2dxP. Eol2sx Pr@chii caj ,q,

Exanpl e, C. _Eum%%?:a.r.a%t' ve Exanpl e] . o o . . .
Silver powder shape spherea' spheres flakes spheres spheres flakes Elakes_
Specific surface area (mzlg) ’ 1.1 ‘2.1 0.8 0.3 1.3 " 0.9 0.3
Average particle diameter (micron) 0.6 0.7 1 8 2,2 . 3.5 s
‘cpvC (%} " s 48 58 41 28 45 33
Peak firing temp. (°C) 660 660 660 660 660 660 660
Peak firing time (min.) 3 3 3 3 3 3 3
Enamel “softening point (°C) 630 630 630 630 . 630 630 €30
Resistivity on enamel 11 13 11 19 22 16 22
(mohm/squ. at 10 pm)
Film thickness {micron) 5 3 5 5 5 5 S
Adhesive strength on enamel (kg) 25 8 10 7 s 6 s

[(P.E.: Practical Example, C.E.: ComparatiVe Example]



TABLE 2 : - P.E 8 CE 9

C.E 10 CE 11 . CE 12 - Conposition Si | ver powder
80% 80% 80% ' 80% 80% ' d ass
powder 1. 00% 1 0% 2.00% 0%
0% Organi ¢ bi nder : 18. 95% 18. 55%
18. 95% 18. 95% 18. 95% Pi gment
0% 0% 0% 0. 025% 0. 05% Si |l ver powder nane
A A A A A Si |l ver powder shape
spheres spheres spheres spheres Iagﬁﬁé%es Specific surface
area (nferr]/ 9) 1.1 pe. s cBlsl cE o120 cd:di cE 22
1.1 . Average particle dianmeter (mcron)
0.6 6‘°‘“P°’“*°“ 0.6 0.6 0.6 - CPVC (%
56 56 silver pBeder 56 s@6 gov Peabs firimg tenpsos
([err] O . . 660 660 660 660
660 Peak f(flﬁsnpé’ T e (mn.) 1-00% o 2300 *3 o
3 3 Organic bijder Enanel sof4. 84| nge Igﬂ nt lx.fser r] @).95% 18.95%
630 630 pigment 630 630 o4 ,,(530 o% Resissti V.§x ON
enarmel 10 8 ) 10 10
(mohm squ. at 1B PPYERY "eme Fi |l mthi ckn®ss (t’h cron)? A A
5 5 Silver powller shape 5 sphéres spheres AdbBedey € shéRHNJL h:haﬂs _
enanel (kg) 0 15 ,
0 O hghes T MR B s (kg) T BT T pgt g
31 5 Average particle @iameter {micron) 0.6 Becabi$e t het-8ut ontht-f ve gI°aSs )
thick film condsed ooy paste. of the lesentsgnvent%on is ggtruct weed as
above, when an 5 electrlcally conductlve grld |s forned on_ the mnndOM/of
an i Peak firing temp. (°C)
Peak firing time (min.) 3 ’ - 3 3 ' 3 3
Enamel softening point:. {°c} " 630 630 630 . 630 630
Resistivity on enamel ' 10 8 10 10 10

(inohm/squ. at 10 pm)

Film thickness (micron) ' s S 5 s 5
Adhesive strength on enamel (kg) 26 20 11 15 10
Adhesive strength on glass (kg) - 23 9 31 5 ’ 0

' Because the automotive glass thick film conductor paste

of the present invention is stiructured as above, when an

5 electrically conductive grid is formed on the window of an
automobile using this paste, even if the paste film is not
thick, a thick film. conductor paste with good adhesive
strength and terminal solderablllty can be obtained in
simultaneocus firing with the enamel printed between the

10 glass sheet and the silver.



autonobil e using this paste, even if the paste filmis not

ick a
thick filmconductor paste wth good adhesive st'rengtlll"ygcﬂ[m ' JIMI"
sol derability can be obtained in si.mul taneous firing wt 4 I

printed between the 10 glass sheet and EE& silver.
| M5

12 What is clainmed is: 5
Caim1l1l. A thick filmpaste conposition used to apply a conductive
pattern, conprising (a) spherical, non-coagulating fine particles
of nmetalli'c silver having a surface area/weight ratio of at | east
1.1 n2/g and having a particle size of 1.0 [err]mor less, 10 and

(b) fine particles of a glass frit having a softening point of 350 to
620[err] C and contained in an anount of 2.1 wei ght parts or |ess per
100 wei ght parts of netallic silver, 1e1AIMS wherein (a) and (b) are
di spersed in (c) _an organic medi um ~ Caim2. The thick film
paste conpositi dHhaF I8 glaimed isgerein the silver has a critical pignment

vol une cgncent r at¢Xdindfy at A easilcloGHInPaste cofpdbitBon USEd L Cdppiym

paste conposition of claim1l further cqnprising a coloring agent
sel ect ed fron1trﬁaEﬁQéhéllye(ﬁﬁﬁﬁ%ﬁﬂﬂﬂfQWBﬁ&gngsinate, boron and bori de

conpounds. (a) spherical, non-coagulating fine particles of
' metallic silver having a surface area/weight ratio of at
least 1.1 m2/g and having a particle size of 1.0 pum or less,
10 and | .. ' .

(b) fine particles of a glass frit having a softening
poiné of 350 to 620°C and contained in an amount of 2.1
weight_parts or less per 100 weight parts of metallic
silver, :

15 wherein (a) and (b) are dispersed in (c) an organic
‘medium. _ :

Claim 2. The thick film paste composition of claim 1
wherein the silver has a critical pigment volume
concentration of at least 56%. .

20 Claim 3. The thick film paste composifion of claim 1
further comprising a coloring agent selected from the group
consistihg metal resinate, boron and boride compounds.



