WO 2012/ 047690PCT/ US2011/ 053590 SI NGLE COVPONENT, LOW TEMPERATURE CURABLE
POLYMERI C COVPCSI TI ON AND RELATED METHOD FI ELD OF THE | NVENTI ON [ 0001] The
present iwgeniyamonel ates to electrically conductive, heatr/wusansz

pol ymeric conpositions. The conpositions find wide use in association with
formng solar cells and particularly, electrical contacts for use in solar
cells. BACKGROUND OF THE I NVENTI ON [ 0002] Si | ver pastes used for making
photovoltaic cells that are based on crystalline silicon, require high

t enper at ur eSNQLESSOMPANENT, ILTWVITFMPERAT SREITERASLE Pl YRIERIC AJ

el ectrodes are forned @'@)hﬁlbb@ﬂ'dﬂl NSRS METRJPW cont act resi stance.
Wth Si:H based solar cells however, the processing tenperature can not

exceed 250C, in order to avoid degrading the heat sensitive material in
such solar cells. Accordingly, a need exists for inproved conpositions and
met hods for formng silver electrodes at tenperatures | ess than 250C.

[ 0003] Firing operations consune relatively |arge anmounts of energy. And in

I
many instances, firing constﬁ'Eh@&Fg"lﬁiWEyTﬂaM tation in manufacturing

solar cells due to the lengthy time periods typically required. Therefore,
it woli0@0Hl soThe pheseat irvieation celptasviodeectricallyeeandustive yhesd sdcaile ve
conposition that was heat curable at tenperatures |less than 250C in a

r el at ips@jnyersd@drhpbsitenseThe dompdBitdns 2indAviae ARETH dSE0diatis 8&AToShMyARY OF
THE 1 NVENTI ON [ 0004] The difficulties and drawbacks associated with

previ %g%%teﬁggge rmyl,ie%b?ﬁica@c%ﬁ%ddté:ﬁﬂr eeNnhaslay cbps med therefrom and

rel ate e addressed 1 n the present conpositions, contacts and
nmet hods. [0005] I n one aspect, the present invention provides a single
conponent, | ow

BACKGROUND OF THE INVENTION
[0002] Silver pastes used for making photovoltaic cells that are based on crystalline
silicon, require high temperature processes. At firing temperatures greater than 700°C,
Ag electrodes are formed on crystalline Si wafers with low contact resistance. With
Si:H-based solar cells however, the processing temperature can not exceed 250°C, in
order to avoid degrading the heat sensitive material in such solar cells. Accordingly, a
need exists for improved compositions and methods for forming silver electrodes at
temperatures less than 250°C.
[0003] Firing operations consume relatively large amounts of energy. And in many
instances, firing constitutes a primary limitation in manufacturing solar cells due to the
lengthy time periods typically required. Therefore, it would also be beneficial to provide
an electrically conductive composition that was heat curable at temperatures less than

250°C in a relatively short time period.



tenperature curable polyneric conposition conprising fromabout 5%to about
25% of at | east one alicyclic epoxy resin, fromabout 0.05%to about 1% of
a pri mar ywoaveossdop from about 0.5% to about 10% of a blpoThsdoiissssy@nat e,
from about 0% to about 0.5% of a secondary catalyst, from about 0% to about
4% of one or nore |low viscosity diluents, fromabout 0%to about 15% of one
or nore tougheni ng agents, and from about 40%to about 90% of conductive
filler. [0006]1n another aspect, the present invention provides a nethod of

form ng an electrical contggMMARRY2OFOIHE INPENTI®Ne net hod conpri ses
provi ding a single conponent, |ow tenperature curable polyneric conposition

oot PP, éﬁg‘fﬁ“‘@f@ﬁ%‘aﬁg@%ﬁ?%%%fﬁ‘%%? P eI I A o Sbout 0. 5%
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di luents, from about 0% to about 15% of one or nore toughening agents, and
fr om dbdhe prsRNt eompestionpswTtaeis Addeedsi | | er. The nethod al so conpri ses
depositing an effective anount of the conposition on a substrate. And, the
met hod0008} hein coerpspacsthegaresagt inkenttompoyidasensingleacarapprendt ioe of from
about 70C to about 250C for a tine period of fromabout 1 mnute to about
10 m nefperatufs &@%b%bwolg@femtd@m;ﬁisﬁﬁiﬁémbriﬁngﬂ‘mﬁ aboB% to about 25% of

2012/ 047690PCT/ US2011/ 053590 [0007]In still a further aspect, the present
| nvent/ ! EirC fohy aSGnI654v® ARtk ash of apmshry cativst,
conpose%t??%égog\érfﬁir%?gﬁe, riorn’to"?/iari ng, Froom about 5%t 0 aborput 25%’/?) of at

| east .one ali l,) Vi o€Sie N, %t 9 rdemary
cat al yaIT PPUEY ki SBOW R BB bbRT RERYnle SR B (e S oET
0% to about 0.5%of a secondary catalyst,  from about Q% to about. 4%.0f at

| east Q)ﬁ%cqr@ﬁ%%t@@}@ﬁf(})rﬁiqbﬁ’éhé% pr%?dl"zﬁg&& 698 ©5 MG O™ VEROSEY 4fU§TSst one
t ougheni ng agent, and from about 40%to about 90% of conductive filler.

[ 0008]frsm wbblit 8% toeatidut 8% phene Ay e &LgheniRpagetsorNGIRET akeid 49% f@r ent
enbodi nents and its several details are capable of nodifications in various
r especimut 80V vi ¢drmlutctidefilert i ng from the invention. Accordingly, the
description is to be regarded as illustrative and not restrictive. DETAI LED

DESCRI5gEN O dhdinENBSIANVENE S rE ORI JdiRiopr 6 @idks iametHodost formwpgdes a

si ngl e conponent, | ow tenperature curable paste conposition that conprises
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conductivity. [0010] The invention also provides el ec%%&al |y conducsi }/'e

el ect rd@éieashane alieyglisransay desinetipay ahqut 803 %48 adr4h @ BYMGELCRRYShe

preferred enbodi nent pastes. The el ectrodes are preferably silver or
si | verfrdrasedued 664 todesut THé of astieckes! ineayanate.hire apout Bhpieratamut 8sd5Gradat er
than 70C, but |ower than 250C in 10 m nutes or |ess, such as about 2

M nut essecoN@arPdRaNAT GRPEHOUSEGLY A3k 29 DPOAd bT horpii@s eikcobity difiérds, al so
provi des various methods using the noted
from about 0% to about 15% of one or more toughening agents, and from about 40% to
about 90% of conductive filler. The method also comprises depositing an effective
amount of the composition on a substrate. And, the method further comprises heating

the composition to a temperature of from about 70°C to about 250°C for a time period of

from about 1 minute to about 10 minutes, to thereby form the electrical contact.



conpositions. In particular, the invention provides nethods of formng

el ectrical contacts by subjecting the noted conpositions to certain firing
oper at i ongo 2pDAk2dodhe preferred enbodi nent pastes can becwasdoitnsmoni de
range of applications, and are primarily for use in formng thin filmsolar
cells. The pastes are particularly well suited for use in formng

Si: Hbased solar cells. In addition to thin filmsolar cells, the present
invention can al so be used in association with other heat sensitive

subst r[tﬁbgﬁur [rP&@a ﬁﬁm@ldspe&@ﬁéb&@nprr%ﬁﬁé@gr&;ae;mérﬁr@retctmnposi tions

exhi bi or nost of the following properties: a) good dispensability, b)
good e ca Lyl C " i . ter e 250C
o | eSO EHENE AR ot g b boPdhe, SEb TG o 20
adhesion to der .ribhons. Certain conpetitive material @ssess a few
it ndb 205t 285 ot eeR e Ay e Rori g (obt S0Pt b B AT TORBERT cal
contacts, electrodes, or conduct orsoé'&general I Y collectively referred to

her ei Primarycaitalyst Fom abkaut) 8%fedtbast 6% ptablaskad izacyanale, frresebew %

el ectrical contacts forned fromthe conpositions described herein exhibit

r el at ity ebyput 0\5% béatsecoadanyesitalysty froyn aaduidy), (Prbbat 4% of atddast tonedaw
contacts fornmed as descri bed herein exhibit an electrical resistivity of

| ess tndsRy QludmtNFrofAba M0, s abetetdy dfes seddtaneQoOfieromgragent, aadd nost
preferably Tess t han 0.0008 ohm cm [ 0015] General |y, the preferred

enbodifmtabggpmitgi%?tg@qu 3 Ofgcgg%ﬂ;p&ut 5% to about 25% of at |east one

alicylic epoxy resin, from abo Yoto about 1% of a prinmary catal yst,

from 0. 2% t.o, about  10% of ocked i, $0 f out 0%to
about (1‘@8@%}) of 3“@‘28853@%?%@%@9@?@9 %o%%fgf)eu&%ggk gn%gf)fﬁe{f%ﬁf&) of at |east
one low WD 2012/ 047690PCT/ US2011/ 053590 vi scodséﬁt%. di lLuent, from a{asou@ 0%
to ab&mbodiments and ite asyershdeidaghe ARRRP!s GEMOdILGRIIONS IV alAR 48550 2hbout
90% of electrically conductive filler. The one or nore | ow viscosity

di | uentithocihdepartihgrfrass dmp Inyentioy.c Agoerdindhsrtse dgisgdptioreistiebe rgpgetsid 2 her
esters and gl ycol ether ketones, and conbinations thereof. A preferred
exanplilristiatiee bow not sestgctive. di | uent is neopentyl glycol diglycidyl ether.
The |l ow viscosity diluents are not limted to any of these agents. |nstead,
the invention includes the use of any agent or conbination of agents that
reduces the viscosity of the conposition. The one or nore tougheners are
used to increase ODEQ*AQEquR%QEIRII??@N%ﬁTWE N/@@P‘ hEXTf the conposition,
particularly after “curing. n-T1rmting exanples o |Y’ougheners i ncl ude but
are n jjnted to aliphatic polyester.diols, nodified,butadiene polyners,
o £ 109093, i hisat FTBliSn BratiEs § el shmePRealy &5 SHRe R bk

but adi ene acrylonitrile copol yners, adducts of epoxy resins and di mer

aci ds paateicuoResitien thaisonmsiseselegtically) conelustive tierdhalsnBbetiGhens silver
conpositions prior to firing, generally conprise (i) an alicyclic epoxy

r esi nflakés,)arealjmychmeyoxatesiny st catianid Jurineagentnene adilochaskdisoeyangamihais, (i v)
an optional secondary catalyst, (v) one or nore optional gylcidyl ethers,

(vi) enhibenlreaenpenhsholl petiold ofithe ahd el Iey hemperatwriesitd éeraggptovideai ) one
or nore optional aliphatic polyester diols, and (viii) metal flake which is

pref e[ﬁawpﬁ’?{%ﬁﬁ'@%@@)gﬁhﬁﬁ%ﬂ’@ 5&@ble§%ap5§ﬁ&§gt@q¥_concent rations for the

vari ous t conpOGsitions according to the present
i nvent.i are-set_ far I in T | | =1 | ght and
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at temperatures less than 250°C by use of the preferred embodiment pastes. The

electrodes are preferably silver or silver-based electrodes. The paste is heat curable at

temperatures greater than 70°C, but lower than 250°C in 10 minutes or less, such as

about 2 minutes.



WO 2012/ 047690PCT/ US2011/ 053590 Table 1 - Typical and Preferred

Conposi tions Typi cal Weight % Concentration Preferred Wi ght A)
Concent r avpeoi2@anm@onent 5-25 12 - 18 Alicyclic epoxy resirust@bsssod 0.1 -
0.4 Primary catalyst 0.5- 10 1 -3 Bl ocked isocyanate O - 0.5 0 - 0.2
Secondary cat al yst

[0011] The present invention also provides various methods using the noted
compositions. In particular, the invention provides methods of forming electrical
contacts by subjecting the noted compositions to certain firing operations.

[0012] The preferred embodiment pastes can be used in a wide range of
applications, and are primarily for use in forming thin film solar cells. The pastes are
particularly well suited for use in forming Si:H-based solar cells. in addition to thin film
solar cells, the present invention can also be used in association with other heat
sensitive substrate surfaces as well.

[0013] The preferred embodiment compositions exhibit all or most of the following
properties: a) good dispensability, b) good electrical conductivity, c) fast curing at
temperatures less than 250°C in less than 10 minutes, d) long room temperature pot
life, and e) good adhesion to solder ribbons. Certain competitive materials may
possess a few but not most or all these desirable properties.

[0014] As noted, electrical contacts, electrodes, or conductors (generally collectively
referred to herein as "contacts") exhibit good electrical conductivity. Restated, electrical
contacts formed from the compositions described herein exhibit relatively low electrical
resistivity values. Preferably, electrical contacts formed as described herein exhibit an
electrical resistivity of less than 0.01 ohm - cm, more preferably less than 0.001 ohm -
cm, and most preferably less than 0.0008 ohm - cm.

[0015] Generally, the preferred embodiment compositions comprise from about 5%
to about 25% of at least one alicylic epoxy resin, from about 0.05% to about 1% of a
primary catalyst, from about 0.5% to about 10% of a blocked isocyanate, from about 0%

to about 0.5% of a secondary catalyst, from about 0% to about 4% of at least one low



0-20-1dycidyl ether 0 - 1 0 - 0.5 Neopentyl glycol diglycidyl ether O
- 150 - 6 Aliphatic polyester diol 40 - 90 50 - 80 Conductive filler

[ 0018] Thewel2oyabdoo epoxy resin is preferably a |iquid, peowsyeiankdssg
r.yrinaliphatie epoxy resin having an epoxy equival ent wei ght of from about
100 to about 150, and preferably from about 130 to about 145. An exanple of
a preferred alicyclic epoxy resin is ARALD TE CY179 avail abl e from Hunt sman
Advanced Materials of Wodlands, TX. The alicyclic epoxy resin is typically

used afis@sRQNEBET %h?ab@ut G%QH‘a%BQH%%‘V@fté% |88 Wne2bUyhaifg Rigeherzadl y from
about 12%t0 about 18% [0019] The primary catal yst is preferably an
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and glycol ether ketones, and combinations thereof. A preferred example of a low
viscosity diluent is neopentyl glycol diglycidyl ether. The low viscosity diluents are not
limited to any of these agents. Instead, the invention includes the use of any agent or
combination of agents that reduces the viscosity of the composition. The one or more
tougheners are used to increase or promote the toughness or durability of the
composition, particularly after curing. Non-limiting examples of tougheners include but
are not limited to aliphatic polyester diols, modified butadiene polymers, modified
butadiene-acrylonitrile polymers, modified carboxy terminated butadiene acrylonitrile
copolymers, adducts of epoxy resins and dimer acids, and combinations thereof.
[0016] The preferred embodiment compositions prior to firing, generally comprise (i)
an alicyclic epoxy resin, (ii) a primary catalyst, (i) one or more blocked isocyanates, (iv)
an optional secondary catalyst, (v) one or more optional gylcidyl ethers, (vi) optional
neopentyl glycol diglycidyl ether or similar agent, (vii) one or more optional aliphatic
polyester diols, and (viii) metal flake which is preferably silver flake.
[0017] Typical and preferred concentrations for the various preferred embodiment
compositions according to the present invention are set forth below in Table 1. All
percentages are by weight and are based upon the total weight of the composition prior

to firing.



[ 0020] The preferred enbodi ment conpositions also conprise a bl ocked

i socyanate. Preferably, the blocked i socyanate has an isocyanate equi val ent
wei ght ofwbnomvmabeout 450 to about 500, with about 475 becmgispefsssoed. An
exanple of a preferred bl ocked i socyanate is Bl 7963 avail abl e from Baxenden
Chem cal s, Ltd. of Lancashire, United Kingdom BI7963 is a bl ocked

i socyanate with an isocyanate equival ent wei ght of about 477. Bl ocked

i socyanates with debl ocking tenperatures bel ow 250C are suitable. The WO

2012/ 047690PCT/ US%ll/@@é?o TERek 8Hq oAt amkastigAs cal |y used at a
concentration of from about A)to about 10% and pref erably from about 1%

to about 3% —{662 = r1ed gsiTtions—may atso conprise ong or nore
opt i onal ;g% %ﬁf®5f/&l )ég?f’rre F@hg Pe seconde%ry catalyst is dibutyl tin
dil aurate RPound ~HECERHA L@@Eﬂ%ﬁle—f—pem—se#ekw—&eur ces

such as RherB#S5Cheni e RheilRaul®nbH of Chd NWMC“C(WWylrﬁﬁmr the designation

ADDOCAT 200.05Fhe secondafyl edt4l yst i s oftriroamicai@isican be used at a
concentrat®.en-od from abdut30 to about (.Bléslkaddispeysfratably from about 0 to
about 0. 2% _[@822] The prefepred conposi t|iSEt®naayy édtalysopti onal |y conpri se
gl yci dyl & hey. Thi's compangnt Serves as @y&iay &hecosi ty dilTuent. A

preferre é;u y,](,l uyl et ne 0\ so%val Faptre T TRJIE M@WO%EQYVCWQ@I S, Inc. of
!\/bl’ ristown an‘ ) vhder—t ”LOUUEDU”E;I“U” ER) \Afahg QQ@eg{eﬁ:Ln [rea gl y(,| e yl et her

A AT

IS a C19 4 “I "hl A}yll £ v g ot JU Gy VAl CTiIt VW1 UIIL UI from
about 250 4&—Mout” 325 | FAT 89 ef er ably {1 fi ally,

the concentration of the gl yC| dyl et her corrponent is fromO to about 2%
with a preferred concentration range of 0 to about 1% [0023] The preferred
enbodi[0en8] coffhesilitydicepmay rasisds ppefecaidy hyiqoshpm siscaes payetoalipgatye ol

di gl ycidyl ether. This conponent serves as a |ow viscosity diluent. A

pr ef erdrekyGeSRARRAHG &8 egwyrbqb;k/glefnm i Gf fipet hbbity! (Cheralealt 9 50nded t he
desi gnati on ERYSLS GE-2 he neopentyl glycol diglycidyl ether has an

epoxy di'g%ré{@iklfﬁbtm ‘é(B g 3(5’F1 o S5O 20Uk R EQ89mbRe 8PP HEefdREd aﬁ@;ﬁth@re%ﬁ)%/@@ém from

about t 0" about 40 The concentration of the neopentyl” glycol
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be appreciated that th| s conponent serves as a toughening agent. The dial
conporat, arxd pygiersdly ffomsatbuit A 20hte aloPdi%i on in a concentration of fromoO
to about 15% and preferably fromO to about 6% [0025] The preferred
conpog0019ns Fdiprintaralckhyalgsing preferabheanantimoay dlezaflndride-bgsed catalyst.

Such a catalyst is commercially available from King Industries of Norwalk, CT under the
designation CXC1612. The primary catalyst is typically used in a concentration of from
about 0.05% to about 1.0%, and preferably from about 0.1% to about 0.4%.

[0020] The preferred embodiment compositions also comprise a blocked isocyanate.
Preferably, the blocked isocyanate has an isocyanate equivalent weight of from about
450 to about 500, with about 475 being preferred. An example of a preferred blocked
isocyanate is BI7963 available from Baxenden Chemicals, Ltd. of Lancashire, United
Kingdom. BI7963 is a blocked isocyanate with an isocyanate equivalent weight of about

477. Blocked isocyanates with deblocking temperatures below 250°C are suitable. The



conductive filler materials or "conductive filler" as sonetines referred to
herein. The filler material is preferably in particle form Preferably, the
el ectri cavbyoranadiset i ve material (s) are netals in their pelrasentakssbor m and
nost preferably nmetals such as silver. The concentration of the

el ectrically conductive material (s) is typically from about 40%to about
90% and preferably from about 50%to about 80% An exanple of a
comercially available silver flake is Silver Flake 80 fromFerro

Cor porgééiesy @Bo%t@ |ﬂy@!déﬂl¥@|s@d i coleenghesi bf Béinl abote 0%t weoparti cl es
may exist in a wde array of shapes and sizes. Cenerally however, a flake

form 'ﬁ)"}ar%fl(?weﬁgrat{ ]%H\ &%qy tt(?EbS g rically conductive partl cl es may

be provid ormo mul tr asses of sizes or types of nmaterials.

For e ef erred aspect onbi nat.i on di ff nt gr ades
of si ﬁ@g%fl akﬁeﬂgfr 4 RONAPOLY @?y %%RB?%OE%PF@V%?IO\P«QP | ake 80 and
Ferro Silver Flake 9AI. [0026]In certain appl.icatiaons eferred to
use co@cendpareatelyets. s%@refageg|S|69@Bdwaaéaiyitd§6@utvdém'@|Ué%te %r
electrically conductive filler material, when based upon conposite

parti odosaspowuhmomc:rhmdmxalyva\(wabbrfgm@fevmi epleessoigbiasdrtheind-haraie exanpl e,
electrically conductive conposite particles can be selected fromthe group

consi Rhelga0GrabHWE ICHpabedObioagsidpatid tesigaatien ADSOCAAt2 . chpper
particles, silver coated nickel WO 2012/047690PCT/ US2011/053590 parti cl es,

silver, 6%8%5@ téi?%‘ﬁ l%%p@i%hé! &hE8an BEGH £ eaiRcafrafbh bEfrd@r dbdtlt®o gol d

coat ecf gl ass “part combi nations of these. Wien using conposite

parti Clbg%{( gréo{ %éjpﬂrgeggéﬁqrc}rﬂ a%%h b%‘?ﬁww?b} e particles including silver

as thé e or nore o é¥ial s V\nthlnthelnterlor of

the p es of such materia interior t
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Materlals in addition to or instead of silver can be used for the outer

| ayer oompprent Batvesds @ iaw viegosity diusié! A RisfearechaniCierisNARIS ayRdabIRdFaBr . 1t
wi |l be appreciated that the conposite partlcles conprise two or nore

mat er iGNV G Spetiaityl §hérmeatat ec.idlMdiisipose dNbunddréhe xesignation ERYRE SEESI cl e,
and hence constituting the outer material, needs to be electrically

condugy hMSerrd @ eBicidBNBtHT iSTBIC, BICE) gﬁ}'bﬁjypéth%\dﬁbvmg@ﬂémd@ grivalehtes
di sposed withinthé interior of the part| cI e can be general ly electrically
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[0027] I n addltl onto the use of an alic )/cl i c epoxy resin, epoxy resins that
can bergleriggeransentration g & tnddlni%am may al so be suitable. A wide
array of catalysts for cationic epoxy polynerization are thus al so used.

Cat al 8023} or The pegfarrat esnkodimept comabsitipos mayaalby catignat canyeiise or

i socyanates can be used. [0028] Toughners, rheol ogy nodifiers, adhesion

pr ondtrRlopentligfyaol ¢iglysidst ethear Fhizptdrapahertiservanadea lus ed;coelty Hitueststrem
[ 0029] The present invention also provides nethods of formng electrical

conta AIGHCAEMYCAE LhdSithbeisidgiativae in
Sor's 2 preferbacedmSSidnt (o ARMERE GUE SRdARERBICAE LIS gener al Iy

conpri g rat ric
conpodi §f5°§s&"%és§?*?§*§§%ﬁ HEBRBRSEb b REl P I §§%c%5&r%iﬁ%‘£ﬂa@?% P an
effectl unt of, t osi tion on,a substrat h hods t hen
corrpr|°§ ng%t@ Magﬁt f8 p{%e@rhlyé%g}%tgw 1%\%i i\ ggng.i] of from
about 70 to about 250C for a time period of from ab mnute to about 10
m nut eeneentratianepitheaieeprenty! elycatdislveidytethes i W@mﬂ\a@p@ 0 tppbewdt 1 %ignd
conpositions, the heating is perfornmed for a tine period of from about 4

m nut esefecatdd from 6 toabatie8.5%.0030] The present invention al so provides

el ectrical contacts forned fromthe preferred enbodi ment conpositions
descri bed herein. As noted, the conpositions are fired as described herein.



EXAMPLES [ 0031] Various preferred enbodi nent pastes were prepared and
subsequently cured and subjected to electrical resistivity neasurenent
adhesi on worenguhsovest s. [0032] Tabl e 2 set forth bel ow lpcsis261@/083580
preferred enbodi nent conpositions according to the present invention.

2 -

Preferred Conpositions (in Weight

Exampl e 3 Exanple 4 ARALDI TE CY179 17.5 16.5 14 14 CXCl612

[0024] The preferred compositions may also optionally comprise an aliphatic
polyester diol which is available from King Industries under the designation CDR-3315.
It will be appreciated that this component serves as a toughening agent. The diol
component is typically used in the composition in a concentration of from 0 to about
15%, and preferably from 0 to about 6%.

[0025] The preferred compositions additionally comprise one or more electrically
conductive filler materials or “conductive filler” as sometimes referred to herein. The

filler material is preferably in particle form. Preferably, the electrically conductive

material(s) are metals in their elemental form and most preferably metals such as silver.

The concentration of the electrically conductive material(s) is typically from about 40%
to about 90%, and preferably from about 50% to about 80%. An example of a
commercially available silver flake is Silver Flake 80 from Ferro Corporation of South
Plainfield, NJ. The electrically conductive particles may exist in a wide array of shapes
and sizes. Generally however, a flake form is preferred. Furthermore, the electrically
conductive particles may be provided in the form of multiple classes of sizes or types of
materials. For example, in a preferred aspect, a combination of two different grades of
silver flake may be used, such as for example Ferro Silver Flake 80 and Ferro Silver
Flake 9Al.

[0026] In certain applications, it is preferred to use coated particles such as silver
coated copper particles. The electrically conductive filler material, when based upon
composite particles, can include a wide range of material combinations. For example,
electrically conductive composite particles can be selected from the group consisting of

silver coated glass particles, silver coated copper particles, silver coated nickel

s and

Tabl e

")/ 0) Conponents Exanple 1 Exanple 2
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particles, silver coated graphite particles, nickel coated graphite particles, gold coated
glass particles, and combinations of these. When using composite particles, it is
preferred to utilize composite particles including silver as the outer layer and one or
more other materials within the interior of the particle. Examples of such materials for
the interior include but are not limited to glass, graphite, copper, nickel, and
combinations thereof. Materials in addition to or instead of silver can be used for the
outer layer such as but not limited to nickel, gold, and combinations thereof. It will be
appreciated that the composite particles comprise two or more materials and only the
material disposed on the exterior of the particle, and hence constituting the outer
material, needs to be electrically conductive. Thus, one or more materials of such
composite particles disposed within the interior of the particle, can be generally
electrically non-conductive such as glass. It will be understood that in no way is the
invention limited to any of the noted combinations of materials for composite particles.
Instead, the present invention includes nearly any combination of materials for the
electrically conductive filler material.

[0027] In addition to the use of an alicyclic epoxy resin, epoxy resins that can be
polymerized via cationic mechanism may also be suitable. A wide array of catalysts for
cationic epoxy polymerization are thus also used. Catalysts for isocyanates are
optional, but nearly any catalyst for isocyanates can be used.

[0028] Toughners, rheology modifiers, adhesion promoters, surfactants etc. are
optional but can be used in the system.

[0029] The present invention also provides methods of forming electrical contacts.

The electrical contacts are particularly well suited for use in solar cells. The methods
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generally comprise providing a single component, low temperature curable polymeric
composition as described herein. The methods also comprise depositing an effective
amount of the composition on a substrate. And, the methods then comprise heating the
composition to a temperature within a range of from about 70° to about 250°C for a time
period of from about 1 minute to about 10 minutes to thereby form one or more
electrical contacts. For certain compositions, the heating is performed for a time period
of from about 4 minutes to about 6 minutes.

[0030] The present invention also provides electrical contacts formed from the

preferred embodiment compositions described herein. As noted, the compositions are

fired as described herein.

EXAMPLES
[0031] Various preferred embodiment pastes were prepared and subsequently cured
and subjected to electrical resistivity measurements and adhesion strength tests.
[0032] Table 2 set forth below lists several preferred embodiment compositions

according to the present invention.

Table 2 — Preferred Compositions (in Weight %)

Components Example 1 | Example 2 | Example 3 | Example 4
ARALDITE CY179 17.5 16.5 14 14
CXC1612 0.25 0.24 0.2 0.2
Bi7963 3 3 1 1
ADDOCAT 201 0.18 0.18 0 0.06
ERYSIS GES8 0 1 1 0

ERYSIS GE-20 0 0 0 0.5
CDR-3315 0 0 5 5.31

Silver flake 80 79.07 79.08 78.8 50

Silver flake 9Al 0 0 0 28.93
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Silver flake 9A 0 0 0 28.93 WD 2012/ 047690PCT/ US2011/ 053590 [ 0033]
ARALDI TE CY179 is from Huntsman Advanced Materials of Salt Lake GCty, UT
and i s anwel2rymbdése | ow viscosity |iquid epoxy resin w trhrapexy/ossue val ent
wei ght of from about 131 to about 143. [0034] CXC1612 is from Ki ng

I ndustries of Norwalk, CT and it is an antinony hexafl uori de based

catal yst. [0035]BI 7963 is from Baxenden Chem cals Ltd. of Lancashire, UK
and is a blocked isocyanate with an isocyanate equi val ent wei ght of 477.

[ 0036] ADDOCAT 201 is from Rhein Chem e Rhei nau GrbH of Chardon, OH and it
Is dibutyl tin dilaurate. [0037]ERYSIS GE8 is from CVC Specialty Chemi cals

I nc. qho¥BPT eAENh TRCY TH s £AFRAASahSAdkAcEd MakYSishf St hate Bityh an
wei gh(t: 0 %r 51951\

epoxy Ul bal SAL e, gne, of T1bm avolr 2610 about 300, [ OBSBIERYSIS o-20
i gl y T hyrads eIl N Ry bR R e SRR Sbol Sl AL B o aou
137 from about 131 to about 143.

[0034] CXC1612is from King Industries of Norwalk, CT and it is an antimony

hexafluoride based catalyst.

[0035] BI7963 is from Baxenden Chemicals Ltd. of Lancashire, UK and is a blocked

isocyanate with an isocyanate equivalent weight of 477.

[0036] ADDOCAT 201 is from Rhein Chemie Rheinau GmbH of Chardon, OH and it

is dibutyl tin dilaurate.

[0037] [ERYSIS GES8 is from CVC Specialty Chemicals Inc. of Moorestown, NJ. This

component is C12-C44 glycidyl ether with an epoxy equivalent weight of from about 275

to about 300.

[0038] ERYSIS GE-20 is from CVC Specialty Chemicals Inc. This component is

neopentyl glycol diglycidyl ether with an epoxy equivalent weight of from about 125 to

about 137.

[0039] CDR-3315 is from King Industries and it is an aliphatic polyester diol.

[0040] Silver flake 80 is from Ferro of South Plainfield, NJ.

[0041]  Silver flake 9Al is from Ferro of South Plainfield, NJ.

[0042] The various compositions were prepared as follows. CXC1612 was first

mixed in with ARALDITE CY179 until the solution turned clear. The remainder of the

non-silver components were added one by one and mixed in between each addition.

Silver flake was added to the resin mixture, followed by mixing and optional milling.

11



[ 0039] CDR-3315 is fromKing Industries and it is an aliphatic polyester
diol. [0040] Silver flake 80 is fromFerro of South Plainfield, NJ.
[0041] Si Iwerofmke@o9Al is from Ferro of South Plainfiel ¢cTNS201106838¢ The
vari ous conpositions were prepared as follows. CXCl612 was first mxed in
wi th ARALDI TE CY179 until the solution turned clear. The remainder of the
non-si |l ver conponents were added one by one and m xed i n between each
addition. Silver flake was added to the resin mxture, followed by m xing
and ogbpasp! Bhkidid BrepARUFPZNBLARS PRSIt 20444 0E3DOWRE QaBlobneT 5
preparation for volune resistivity nmeasurenent was perfornmed as follows. A
vol u L STl W ; | ot t
ol 1 onglBy AL e SEShBRL B! Eotterf e e PRl e R DA OB R Y e
resistivity values taken_of. sanpl i g Examples_ 1-4, .Tabl Bl ectrical
reat sl At BOES naitas 3 TinBEGH b BB TR ae i i s e Sl
4 Resistivity (Oc 0. 00049

samples in Examples 1-4.

Table 3 — Electrical Resistivity of Examples 1 through 4

Example 1 Example 2 | Example 3 | Example 4
Resistivity (Q-cm) 0.00049 0.00021 0.00026 0.00019

[0044] Sample preparation for testing adhesion to solder ribbons was performed as
follows. Effective amounts of the paste composition were deposited on indium tin oxide
(ITO) coated substrates. Next, solder ribbons were positioned in the paste. Two
ribbon compositions were used in these investigations. One ribbon was formed from
96.5% Sn and 3.5% Ag, and the other ribbon was formed from 62% Sn, 36% Pb, and
2% Ag. Next, the assemblies were cured at 180°C for 5 minutes. Adhesion was
measured by peeling the ribbon from the cured paste at 45°.

[0045] The results of adhesion tests are set forth below in Table 4.

Table 4 — Adhesion Results

Example 1 | Example 2 | Example 3 Example 4
Adhesion to 96.5Sn/3.5A¢g
ribbon (N) 2.2 2.6 1.8 2.2
Failure mode Cohesive | Cohesive | Cohesive Conhesive
Adhesion to 62Sn/36Pb/2Ag
ribbon (N) 2.2 2.1 1.9 2.1
Failure mode Cohesive | Cohesive | Cohesive Cohesive

12



0.00021 0.00026 0.00019 [0044] Sanple preparation for testing adhesion to
sol der ribbons was perforned as follows. Effective anobunts of the paste
conposi t iwo 2eev@76deposited on indiumtin oxide (1 TO coacedssubssssas es.
Next, sol der ribbons were positioned in the paste. Two ri bbon conpositions
were used in these investigations. One ribbon was fornmed from 96. 5% Sn and
3.5% Ag, and the other ribbon was fornmed from 62% Sn, 36% Pb, and 2% Ag.
Next, the assenblies were cured at 180C for 5 m nutes. Adhesion was

neasurgday PERINyEhéNeeidfROAN! hé aBubhSedMi & dppasine fra fibure dMMibhildre
results of adhesion tests are set forth below in Table 4. Table 4 -

éghggln @i%gé{éé@%ﬁ&(?%gltgcén%égynglg 2 Exanpl e 3 Exanple 4 Adhesion to

[0047] All patents, published applications, and articles noted herein are hereby
incorporated by reference in their entirety.

[0048] It will be understood that any one or more feature or component of one
embodiment described herein can be combined with one or more other features or
components of another embodiment. Thus, the present invention includes any and all
combinations of components or features of the embodiments described herein.

[0049] As described hereinabove, the present invention solves many problems
associated with previously known compositions, methods, and associated devices.
However, it will be appreciated that various changes in the details, materials and
arrangements of components and operations, which have been herein described and
illustrated in order to explain the nature of the invention, may be made by those skilled
in the art without departing from the principle and scope of the invention, as expressed

in the appended claims.
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2.2 Failure rmde Cohesi ve Cohesi ve Cohesi ve Cohesive Adhesion to
62Sn/ 36Pb/ 2Ag ribbon (N) 2.2 2.1 1.9 2.1 Failure node Cohesive Cohesive
Cohesi ve Woherimes90 PCT/US2011/053590

WHAT IS CLAIMED IS:

1. A single component, low temperature curable polymeric composition
comprising:

from about 5% to about 25% of at least one alicyclic epoxy resin;

from about 0.05% to about 1% of a primary catalyst;

from about 0.5% to about 10% of a blocked isocyanate;

from about 0% to about 0.5% of a secondary catalyst;

from about 0% to about 4% of at least one low viscosity diluent;

from about 0% to about 15% of a toughening agent; and

from about 40% to about 90% of conductive filler.

2. The single component, low temperature curable composition of claim 1

wherein the conductive filler is silver flake.

3. The single component, low temperature curable polymeric composition of
claim 2 wherein the low viscosity diluent comprises glycidyl ether and neopenty! glycol
diglycidyl ether, and the toughening agent comprises an aliphatic polyester diol, the
composition comprising:

from about 12% to about 18% of at least one alicyclic epoxy resin;

from about 0.01% to about 0.4% of a primary catalyst;

from about 1% to about 3% of a blocked isocyanate;

from about 0% to about 0.2% of a secondary catalyst;

14



WO 2012/ 047690PCT/ US2011/ 053590 [ 0046] Many ot her benefits will no doubt
becone apparent from future application and devel opnent of this technol ogy.
[ 0047] Al Iwpavenuseopubl i shed applications, and articl espootisdothessbn are
hereby incorporated by reference in their entirety. [0048]1t wll be
understood that any one or nore feature or conponent of one enbodi nent
descri bed herein can be conbined with one or nore other features or
conponent s of another enbodi ment. Thus, the present invention includes any

and al | conRymabbain®.ab sHRuPevest siysityfaaeyr es of the enbodi nents descri bed
herein. [0049] As descri bed herei na%ove, the present invention solves many

Do o e TR RGO bIRLEY ST el BONY QOEBRRLIGAPReER! hods,  and

associ at ed devi Ces. r, 1t w eci a hat various changes in

have been HOPRRROULLEP GBA LR PR ISR GPON SR CRAER o oxpl Bi nt he mat ure

of the invention, nao be made b&/ those skilled in the art w thout departing
from the pifioneRpPet 24 ta@bpEt 897 Hfesilvaiiafia-on, as expressed in the appended
claims. WO 2012/ 047690PCT/ US2011/ 053590 WHAT IS CLAIMED I S: 1. A

si ngl e conmponent, | ow tenperature curable polyneric conposition conprising:
fromabout 5% to about 25% of at |east one alicyclic epoxy resin; from

about 0.05% to ghewindidcomporent, Mawleeptedtyss curbbenahoetic @obdpasiiombafut  10%
of a bl ocked isocyanate; from about 0% to about 0.5% of a secondary

cat al y$fim 4 mﬁgm t 0%to about 4% of at |east one |ow viscosity diluent;
froma (%]t 8/0 o about 15% of a tougheni ng agent; and

about 17.5% of at least one alicyclic epoxy resin;
about 0.25% of a primary catalyst;

about 3% of a blocked isocyanate;

about 0.18% of a secondary catalyst; and

about 79% silver flake.

5. The single component, low temperature curable polymeric composition of
claim 3 comprising:

about 16.5% of at least one alicyclic epoxy resin;

about 0.24% a primary catalyst;

about 3% of a blocked isocyanate;

about 0.18% of a secondary catalyst;

about 1% of glycidyl ether; and

about 79% silver flake.
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from about 40%to about 90% of conductive filler. 2. The single
conponent, |ow tenperature curable conposition of claiml1l wherein the
conduct i weofanid@reons silver fl ake. 3. The si ngl epcongsenans3sod ow
tenperature curable polyneric conposition of claim2 wherein the | ow
viscosity diluent conprises glycidyl ether and neopentyl glycol diglycidyl
et her, and the toughening agent conprises an aliphatic polyester diol, the
conposition conprising: fromabout 12%to about 18% of at | east one

alicyclic epoxy Thesdifglefdoppaeattio.t8dfserstupdouiab® gétyeleria qompasition of

catal yst; from about 1% to about 3% of a bl ocked isocyanate; from about 0%
to aboui 03 2%Blispgsecondary catal yst; WO 2012/ 047690PCT/ US2011/ 053590
from abolrl]}t ggj;n?olsagbut 1 %of glycidyl ether; fromabout 0%to about 0.5%

of neopenty] | _di.glyeci dyl er. 0 bout 0% to about 6% of

al i phatic %‘SPgﬁi‘?‘Z"rOfgﬁtg?%/&é’% q‘ﬁ%ﬁlca%%(%{y '?8 ot o about 80% of silver flake.
4. The single conponent, |ow tenperature curable polynmeric conposition of
clai m 3 comPPHEPmge aBBRYLRIAYSlof at | east one alicyclic epoxy resin:

about 0.25% of a primary catalyst; about 3% of a bl ocked isocyanate; about
0.18% of aabevbhUaefia bleckeyisocyamteabout 79% sil ver fl ake.

about 1% of glycidyl ether,;
about 5% of an aliphatic polyester diol; and

about 79% silver flake.

7. The single component, low temperature curable polymeric composition of
claim 3 comprising:

about 14% of at least one alicyclic epoxy resin;

about 0.2% of a primary catalyst;

about 1% of a blocked isocyanate;

about 0.06% of a secondary catalyst;

about 0.5% of neopentyl glycol diglycidyl ether;

about 5.3% of an aliphatic polyester diol; and

about 79% silver flake.
8. The single component, low temperature curable polymeric composition of

claim 2 wherein the alicyclic epoxy resin is a cycloaliphatic epoxy resin having an epoxy

equivalent weight of from about 100 to about 150.
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5. The single conponent, |ow tenperature curable polyneric conposition of
claim3 conprising: about 16.5% of at |east one alicyclic epoxy resin;
about 0. 24e@p2a12nuievary catal yst; about 3% of a bl ocked i poTuspat@s3sabout
0.18% of a secondary catal yst; about 1 % of glycidyl ether; and about 79%
silver flake. WD 2012/047690PCT/ US2011/ 053590 6. The single
conponent, |ow tenperature curable polyneric conposition of claim3

conpri sing: about 14%of at |east one alicyclic epoxy resin; about 0.2% a

primary catal ystTheadiogie cb¥hsdnent lbacketearstany enaibts palymericinufosifigreoiy |
et her; about 5% of an aliphatic polyester diol; and about 79% silver fl ake.

claim 2 wherein the primary catalyst is an antimony hexafluoride-based catalyst.

10.  The single component, low temperature curable polymeric composition of
claim 2 wherein the blocked isocyanate has an isocyanate equivalent weight of from

about 450 to about 500.

11.  The single component, low temperature curable polymeric composition of

claim 2 wherein the secondary catalyst is dibutyl tin dilaurate.

12.  The single component, low temperature curable polymeric composition of
claim 3 wherein the glycidyl ether is a C4, to Cy4 clycidyl ether having an epoxy

equivalent weight of from about 250 to about 325.

13.  The single component, low temperature curable polymeric composition of
claim 3 wherein the neopentyl glycol diglycidyl ether has an epoxy equivalent weight of

from about 100 to about 150.

14.  The single component, low temperature curable polymeric composition of
claim 2 wherein the at least one low viscosity diluent is selected from the group
consisting of glycidyl ethers, glycol ether, glycol ether esters, glycol ether ketones, and

combinations thereof.
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7. The single conponent, |ow tenperature curable polyneric conposition of

claim3 conprising: about 14% of at |east one alicyclic epoxy resin; about
0. 2% of awprbmauysseat al yst; about 1% of a bl ocked i socyaoatso@bessbo 0. 06%
of a secondary catal yst; about 0.5% of neopentyl glycol diglycidyl ether;

about 5.3% of an aliphatic polyester diol; and about 79%silver fl ake.

8. The single conponent, |ow tenperature curable polyneric conposition of

claim?2 wherein the alicyclic epoxy resin is a cycloaliphatic epoxy resin

havi ng an esoxy TerudiMGeeidim st lorftefripematabs gtirabld pbigradioudorimdsition/ 6
2012/ 047690PCT/ US2011/ 053590 9The si ngl e conponent, |ow tenperature curable

pol ynPcrélﬁ'h éh%h@fb@heﬁﬁc% "?é;?é%'cféot ﬁ@m%b@é&p E@Hébﬁ'ﬁé of 8lighatic

ant i nony uor| de-base he si ng e conponent, | ow

753‘353@« rl%ﬁmogﬁwyaﬂﬁ%@%eé" et %Ceeq‘?%%@f@?@}e%- F”'%Et%%@fﬁéout

50 singl e conponent, |low.te [at ure ﬁ oI%mrl C
conpo§ﬂ(t>¢13¢|d @ﬁrt&xwt%n?na}%ir@ﬁﬁd&eﬁé ackdsRe $o ng‘%@ta ?5‘?
di | aur at e. 12. The single conponent, |ow tenperature curable

pol ymeesios eodpbisiet moidspand cambirgatisherteeieof.he gl ycidyl ether is a 012 to 014
clycidyl ether having an epoxy equival ent wei ght of from about 250 to about
325. 13. The single conponent, |ow tenperature curable polyneric

conposition of claim3 wherein the neopentyl glycol diglycidyl ether has an

epoxy equi vigl entrhaedighik midriimt aBAuEmbePatlfe Blelle BSmeric compdkttionTdie.

singl e conponent, | ow terrperat ure curable polyneric corrp05| tion of claim?2

wher ei %@h?@te 308, oBRG #%’f\ﬂbF Coqe\ée%&megﬁ ESndRHiFE c8 gofsﬁ@‘p%hﬁzl&roup

consi $1 yC|dy ers lyco sters l'ycol
et her ketones and conbi nati ons thereof.

17.  The single component, low temperature curable polymeric composition of
claim 16 wherein the electrically conductive composite particles include an outer layer of

silver.

18.  The single component, low temperature curable polymeric composition of
claim 16 wherein the composite particles are selected from the group consisting of silver
coated glass particles, silver coated copper particles, silver coated nickel particles,
silver coated graphite particles, nickel coated graphite particles, gold coated glass

particles and combinations thereof.

19. A method of forming an electrical contact for a solar cell, the method
comprising:
providing a single component, low temperature curable polymeric composition

comprising from about 5% to about 25% of at least one alicyclic epoxy resin, from about
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WO 2012/ 047690PCT/ US2011/ 053590 15. The single component, | ow
tenperature curable polyneric conposition of claim2 wherein the toughening
agent i s wehehmdsohr om t he group consisting of aliphati ecpalsg@siosssodi ol s,
nodi fi ed butadi ene pol yners, nodified butadi ene-acrylonitrile polyners,

nodi fi ed carboxy term nated butadi ene acrylonitrile copolyners, adducts of
epoxy resins and di mer acids, and conbi nati ons thereof. 16. The

si ngl e conmponent, | ow tenperature curable polymeric conposition of claiml

wher eiosetocettdit abi ¥ea iy catfydidRsmedirait0.5%|tb aboon do% dfvebloekpodsi t e
particles. 17. The single conponent, |ow tenperature curable

pol ynﬁé%@aﬁ%i@?ﬁirﬁ 'aBBuP(P% balg.18, a%%lrf%' ézacfohgaﬁ) f‘é%él%? Aoy aﬁeag@%ttbve

conposi partl cles Inc e an outer layer o The single
conpo ratu rabl e t.i,Qn 0 m 16

wher EIaﬁ)O[uFIé @gg?et O'}?ah'\f @?%%S‘%(rdéﬁ%ﬁg? o[né%bﬁ ﬁ{r@nﬁ’sﬂﬁeéb%ruéaé /géﬁésl sting of
silver coated glass particles, sil|lver coa cles silver

coat edonghgaing saept. @ngdrora apoit 4GPyt §§Eﬁ ngw e ni ckel coat ed
graphite particles, gold coated glass particles and corrbl natl ons t hereof.
19. A net hatepositingran effeciiveeineeuntiaf dhe compastionsn asybstetecand, the net hod
conpri si ng: provi ding a single conponent, |ow tenperature curable
pol yneri c deapiagithé composiioh3o rgehpamaiaibo of frofh dlmowYOGC ta5oot 260°CT &ast one
alicyclic epoxy resin, fromabout WD 2012/047690PCT/ US2011/ 053590 0.05% to

about lfmafpeRioRrdf Y a@é&fﬂ ¥§ihutel th @Porba0imiBuRY, tothheny: fokRthefeléctltgicked
i socyanate, from about 0% to about 0.5% of a secondary catal yst, from about

0%to %g%}gt 4% of at |east one |ow viscosity diluent, fromabout 0%to
about o Of a tougheni ng agent, and from about 40%to about 90% of
conductive filler; depositing an effective anmount of the conposition on a
substrate; and heating the conposition to a tenperature of from
about 70C to about 250C for a tine period of fromabout 1 m ute to about
10 ni nut es 20 o tﬁ’@r@ﬁ?‘qdd?frﬁl@‘ﬁw%bl\é@ﬂ’?'ﬂéa@ cepavctive filler is silvesflakerne net hod
of claim 19 wherein the conductive filler is silver flake. 21. An

el ectrical contact produced by the nethod of claim19. 22. An electrical
contact conprising the conposition of claim1, prior to firing. 23.

An el ectri gl | y pppsidogiceveorttast mrotuted bpthd hihed obetp@si1Bi on conpri si ng,
prior to firing:

22.  An electrical contact comprising the composition of claim 1, prior to firing.

23.  An electrically conductive contact formed from a composition comprising,
prior to firing:

from about 5% to about 25% of at least one alicyclic epoxy resin;

from about 0.05% to about 1% of a primary catalyst;

from about 0.5% to about 10% of a blocked isocyanate;

from about 0% to about 0.5% of a secondary catalyst;

from about 0% to about 4% of at least one low viscosity diluent;

from about 0% to about 15% of a toughening agent; and
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from about 5% to about 25% of at |east one alicyclic epoxy resin; from
about 0.05%to about 1% of a primary catal yst; fromabout 0.5%to about 10%
of a bl ookedoimnacganate; from about 0% to about 0.5% of paTage®EN@s3590

catal yst; from about 0% to about 4% of at |east one | ow viscosity diluent;
fromabout 0% to about 15% of a toughening agent; and WO

2012/ 047690PCT/ US2011/ 053590 from about 40%to about 90% of conductive
filler. 24. The el ectrode of claim 23 wherein the conductive filler

is silver fi@kebout 40% toXboutBeYebeediddgvefilel ai m 23 wherein the contact
is formed froma conposition wherein the |ow viscosity diluent conprises

gl ycidyl ether and neopentyl glycol diglycidyl ether, and the toughening
agent conprises an aliphatic polyester diol, the composition conprising,

prior to fiJjng:..fromabout_ 12% bout 189% of . at. t. jeyclic
epoxy resi ré‘ff r Jrﬁ%%@ﬁ?o : SfLCl%rf’f?%a@%?ﬁe”b&fo/%og\‘du?%% ﬁ@r'?gg\g‘?ﬁl%lf%t : from
about 1% to about 3% of a bl ocked isocyanate; from about 0% to about 0.2%
of a secondary catal yst; from about 0% to about 1% of glycidyl ether; from
about 0% to about 0.5% of neopentyl glycol diglycidyl ether; from about 0%
to about 6%%f drheatleptiadé of plaing @Stwinergirothe catdagtrisRrawsliro®®s t o about 80%
of silver fl ake. 26. The contact of claim 23 wherein the contact
exhi bidosnpusittirewheidiathe o9 wistosityyiloent esmptibesigQcidiyl ethier ancineopentyl  27.
The contact of claim 23 wherein the contact exhibits an electrical
resi sigivddi Yighcid B Enhdhand & BudheMing 8¥ent comprises an aliphatic polyester diol,
the composition comprising, prior to firing:

from about 12% to about 18% of at least one alicyclic epoxy resin;

from about 0.01% to about 0.4% of a primary catalyst;

from about 1% to about 3% of a blocked isocyanate;

from about 0% to about 0.2% of a secondary catalyst;

from about 0% to about 1% of glycidyl ether;

from about 0% to about 0.5% of neopentyl glycol diglycidyl ether;

from about 0% to about 6% of an aliphatic polyester diol; and

from about 50% to about 80% of silver flake.

26. The contact of claim 23 wherein the contact exhibits an electrical resistivity

of less than 0.01 ohm - cm.

27. The contact of claim 23 wherein the contact exhibits an electrical resistivity

of less than 0.001 ohm - cm.

20



