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.COVPRI SI NG AN EPOXY- MODI FI ED AROVATI C VI NYL- CONJUGATED DI ENE BLOCK
COPOLYMER ' of the Invention This invention relates t Lronic
circuit degvgéﬁ%gﬁﬁrising an epoxy-nodified aromatic vinyl-ﬂgﬁ?ﬁgg?%a di ene
bl ock copol yner. The copol yner can be included in a resin conposition that
can be used as, for exanple, an adhesive, a protective cov an
encapsul ant. Background of the Invention A ngjor trend in mmmmmﬂwmﬂwwm)cs
industry is to make products smaller, lighter and faster mhileﬂqykp ai ni ng
or inproving their functionality. One of the key technol ogi es that 15 is
enabl i ng t he EERBOIRONIC GBREHIDBYIEE GONMPERISHY GAAR FPOXYeVED YRR

packagi ng and assenhly technolqgﬁygElectronic gackagkﬁg and a§§enbly
constitutes the fHEEMAILE VAL, JUCATEY NERE BLOGH SQRPRYMER
sem corductor chip (1 C chip) to other electronic or electrical conponents.
Besi deS the sem conductor chip, various materials can be incorporated into
an el ectronfFeldartrdaveritiogh as flexible circuitry (nmetal circuitry on 20
polyime or other polynmer filns), nmetal stiffeners, electrically conductive
| ayers, el ectri chhisynvensen elgtesgo pagleetsoniagisrulidigvice comrprisia e ppexdtosdified ar e
used to adhere Phese vanioys éubzﬁnztes]toget er anp to aq%§r§ Eq?ether
mul tiple | ayametiafingl-ronivgarst BedlskcPRYINITY ol E sPRONANEE PANRFIPEdEr Bk 1 oni c
structures RaiddehpgoBigios @metanelistBa ERTkiniple UsMhdASsi VBY phste BRI &0t 08y
mul it chi p nodul es. Covercoats and encapsul ants are needed to protect the 25
circuil®ry fangnchpsudantenvironnents that may be seen in the products'
application. Electrical connection of these packages to printed circuit
boards or other electronic conponents requires that the package undergoes
sol der reflpykotbhrd ofaR I8¥ARRA t he package to tenperatures of 220C for
tens of seconds to mnutes. This process has proved to be quite demandi ng
on adhesi ves andAcuajertrendan she aestreningindnsiguis to halid prodectssnslleasightirdindg
and/or 30 deglam nating f.romthe variqus substrates. " orning” is the
Gener ot e EOMAHRGEA PR ok teabriop BT SRR Bk eRbe of Meay Selfiaops T
package f ol ik eweslildythé aRhitbnTaidroshd Qo QofRhct prodic® i?elféf:tko“hié‘k}éﬁa 16, R4 39189
PCT/ 1i S99121592 refl ow tenperatures pronotes "popcornin;". isture is
sor bed by nﬁﬁ@nblwg@ghmlogngkﬁ@%p@&@na@%sww denstijutessthe natepiatseanidc
adhesives. and n can.sarb.to netal s and ~norganc,.60 nents. .Joint
ndustr o SpassardCluires i e el i Catiib R C GBI Pntesriphicpr
Plastic 5 |¢ée@ealcepbhdntlliHesidus fhasanivbitiictdPeNib CRSious HatRReS cah $36.
J- STD-0~' 0. devel oped by the Electronic Industries Association's Joint
El ect ron Dep¢rpoRingi inwenicingtronia nakagy JEHEC)lexibe eirpatitnnengtalisirguisty on
I nt ergonnect i ng .and ckagqi lectron.c-Crcyits. 1S the .electronics
| ndustly s ey REEBANG P L ARk e aph s JEEar o
exposur e t celdugitdiytifsulatini Saystamilbied: griadextonaidpdsival ardysed @ flhsreathdse] EDEC
level 1 (85C/85% R H for 168 hours 10 foll owed by solder reflow at a peak
t enper at ur evasiPUL SPBIrpigH togethet andAp adherpingeher rsultiple 1ans sy ofgengninaiangpubeisates
Packages t J : i t r e, sol der
q@gorgﬁ%ltélgﬁeg% %g&ﬁ% 1c]st1n9t¥i%sﬁ19\%n£'{r%t%§§ed \gﬁﬁngtdggsﬁngyfspg as gy Bﬁ t

I
resi stance, "and nee pgckage S0 as rotec (
moi sture. fraghitddefoamuliehg] mddul Copassagmdancdpesiantd arsandi@biol fry@biShe

requires protective packagi ng.

2 circuitry from harsh environments that may be seen in the products' application. Electrical
connection of these packages to printed circuit boards or other electronic components
requires that the package undergoes solder reflow, which can expose the package to
temperatures of 220°C for tens of seconds to minutes. This process has proved to be quite
demanding on adhesives and cover coats, causing product failures such as voiding and/or

30 delaminating from the various substrates. “Popcorning” is the generic term coined for

these failures. The presence of moisture in the package followed by rapid heating to solder
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The current state of the art in adhesive devel opnent allows the gpii AVRnHKE
.,of 15 JEDEC | evel 3 (30C160% R H. for 192 hours foll owed by sol der refl ow
at a peakyhempagat ure of 220C) and a very limted nunber opcpdbggises claim
successful performance of JEDEC | evel 2 {85Cl160% R H. for 168 hours

fol |l owed by sol der reflow at a peak terrperature of 220C) Specific

pol yi m des “Ho S EDE ?es o CO U IOI%xs?uere“ s rqulre extrenely

hi gh | am At ntp%r‘?pera 8%’ oP K 6noR| mat ely 3’35%?8) ucrﬁa"} O1€aW  nat i on

t enper at usaﬁtralepbuchlats pBRhMld@fﬂ@]S%ﬁ@ otdinRagkages. Lt c&PHBIA rivBlefrgal s that
wi || deconpose or be altered at these high tenperatures. such as organic
cover coat mormia:l@tmpmsrkts sol der, etc. In cases where all materials present

in the package, at t i at i C wi t hst he, hi I am nati ng
t enper at ur es, f)‘BPS/IPH’I’ %r%e% Ef{/lg%] “I—g%{}é‘r”" @P@ écaﬁ’ioﬁﬁgrt éﬁ%’ér at ures
make sf or ﬁltsﬂrzéa etthi 80 EXABNN Y8 1B 0X6STher 190 ENXTBlcBRdu Rl gy

bl ock copol ~~ners, such as epoxi |ze styrene-but adi ene or epoxi ?ze

st yrene- IEmarremlehllllustrlesmMmz}{mrSlouhtdﬂectm%vﬁt&sExguhmdnurﬁ:ddnﬁl (JERXETIt No.
5,478,885. |In sonme ap ﬁllcatlons t he eEOX|d|zed bl ack copol yners have been

used as r aisbibe Iasyitiyn ehintgconnsring ek PackpmpmElpciionia Coisuiy 15 8?. HResLromeh cal | ~~
the t OtheQi'uﬁ%/OQ%ﬁ}d Fo??esshhg H‘{e s%la%r ?Jg?s Ans@gf é&ﬂ%@&%ﬁ% pQ)%urteQé%umldlty

conposi ti on

epox~-~- rmqihﬂ‘slsa@ldaagmg ﬁlax/drmyd bw@wlygad @bEl@ &yepl @s;iecvgmlmefo? 1BgyguReEN
descri bed in EP658603. The conpositions ~ ~ ~~~ ~ 3 WO 001 39189
PCT/10J S99 fs?lomisd bycsalrdecmﬂbmaﬁ afpeaimempecat@e op A2 fay l(Meq'ht) sedonds) iefiexyostesi n.

preferabl from?20 t arts by en th Slt ont ai ns
| ess than ““Wﬁgs‘eﬁy% Fﬁt fpaéﬁﬁﬁﬁkﬁ%gs%m@m thejllghffé ‘?T%frc]s}‘?&’?fcal
Proper ti eflsBintERRE hed Mﬁ%e esfaa@ E@ & ygaéo%a@mhm fr%lrr?%ﬁ B ﬁqoga%.agélggee .

applications 1's not suggested Crosslinking epoxidi zed styrene -
bl ock copet lgnerlsbitipassaghat lhes- cﬂmmzk)ldmgdeeeps)xgqtgrempmednas pbdfalgireghovm to

produce adhesi ositi for u e.n exa sure-sensitive
adhe5| ve tapes¥ﬁ? aLB'g)”é Sta‘:‘?é)i gen"t’rém S'&%Q‘i‘ieﬁfﬁ’é“ §€‘ levement 8 pat ent
%29. 4 h e i ncl ude
reactl ve %ggg?@?ﬁ%&@}hé{ gpgo{;}g?gg%]rﬁgéuﬁ&ttﬁesogér%%l%(ﬂg?g?ééo%rl% 1to 50 %
by wei ght tepipetdtgretod220°ChAne @vepslihitednukbe ofhdlidspgs claBhetitdbsful n el ectronic

packaging applications is clot sug est ed Cb ositions conprising cured
epoxi di zegeréarnaaereo - JEREfe leykloz (858 %@I‘Vyﬁféﬂ stTU hgurs®llgwedibysplderttlion i ng

t s h b d 98/ 2e31. Th b d
R MR Rt AR
conpri si ngqa?c@ngem}eyéx%aklmak 1mngmﬁkagsamésrbfagpmirﬁakwoag kpam 0. 01
to 25 15 parts by weight, are al so descri Epoxy resins "are not

di sébosed laasnmmnrteraptramrts priJabit gblyimekeaiserat packades than cehtent metrriels et mlg| ng

applicatigns is not ested Adhesi ves useful in electronic packagi ng
Conpr i si nﬁeqorwﬁaore&fo%j?? s hielk (BRPSAER: U6 PERAIS PeaTe0aS! W drave been

descri bedj,f EE@@&@@%&%@S @ha@aw%la‘ic%f §e1m}n thkBaQlag€h: 1@ Bxd gnd the
shelf life o e adhesives, a mcro- caps | e type curing agent 1s 20
requi red ilamihdtenfoan withatandthe }E'hntammataig tzegderatyese pelyimideeomn td enioyed.

copol yners are ano the functi onaI| s nanmed and not exenplified,
wher ei n tH@“FM?fthﬁfgl%i SrORFPRIEER MK ‘B?Wﬂg?‘éﬁbpen?ﬁ’é PAAIERES

funcsi onal i zed _PLRSEMy d a Exifil
wei g t The ad E@?efé}g&g@remge pr occg%seo O%)ﬁfe(r) g%ﬁem gemt azgg]s?%? éﬁg%n I‘Le used
t o el ect r begldxydizdrm@ete-soprene bocbnopilymears ande Weer dugesSbdasinridSeBatent No.

Perfornance of the adhesives. 25 under .conditions of JEDEC Level 1 is not
descri bed ) ARBAe BrI98t APRKERI0BSHBE SRBYIYIZetiHash cepolmasss ORYS PreaIused #oni cs

appl i cati epQ o
ol ecur e, e SRS 0008 BOLKREHY MOEHIRG BB oY olbnbriBe
aronati ¢ aganneorstinadés a/andlsparegnagead tieandta b@nﬁ@ﬂﬁlﬁﬁl tion optionally

conprises an epoxy resin. Polyolefins nentioned are copol yners 30 of
et hy3lene and aCyrafcioapositinas pOTBRISIIGEROXY FesliE:-d epar himed  igshspmatic woykhat
the eD.OXy\(]-ngggeRed Abfe ﬂ%”@é‘ ol)tmé)rrsnng heebelggldgs@?'beg%cgp&%%m Eﬁﬂxxonqggs!nﬁonsd

aromati c

]
]
)



| ~ =1 ~~ ~~ WD 001 39189 PCTI US99I 21592 conj ugat ed di me bl ock copBIfy#ERs 2003
. are not suggested. W'hen present, the anount of added epoxy resin is from
about ~ towahprt1s800 parts by wei ght per 100 parts of the paTyussetise:

copol ymer. The adhesives were used for electronic systens, but their use
under conditions of JEDEC Level 1 is not suggested. 5 Summar~~ of the

I nvention Bop ebliin Fd4h S b 9Y ?QM &r'\v{w@%fgﬁ@p&& rﬁéiﬁ.c b RPIEGy lg-bl?l._ id;B 8@§>‘éh§?
Vi ny - coni ugatgdnRRhocknp AT IS €nh 5 frbhe WeEgofefh@0 {0 100

vi nyl - conj 1itdi © chm pEOInyoTRIainR 1S S parishe wagigef eft 0

wei ght percent of the weight of the epoxy | 0 bearing material exclusive of
cu_raL |t ve],c @smpéﬂ%nu%/l_oaaaOEra:Ci@mﬁlléliP@@ﬁenﬁéﬁ%ré??n%i{_léw Qfﬁ)]@f}é?‘ir:raé?’laﬂﬁ Based on the
wei ght of epoxy-hearing | ri : 0 ective amobunt of an epoxy
curative. G%Sﬁx%‘grp?%‘ga@\%’%r%gﬁae‘%b‘% lsglgf%u%ﬁ?&ﬁeat (i.e., tenperature up to

about 230C) and ddysdliaringlebOidizb Sy @BPO AR bloL R Sbpbl ABRASLLEIOMe dALK GE acent
substrates) exhibit superior 15 solder or heat resistance and noi sture

i nsensi ti viepgxy gmupahasibeer sirown herauceaihesiss coroprmpamistivorseiis. fot elsmpld,i . e. |

does not void or del.anmate .fromtg% 1sub trat eé{s%gf)i.afterd. exposur.e .t
condi t | ons PEISSHEECTTGY GROSH K BPPY HORRHRPT: R PN 65 discRshialS: PofToved
by rapid h@@é.iSDZQ()M%fL%nHQ‘V@@W?OWDﬁ Ble %g%@e;s@ﬁn BO tdrutRe SBGRANEE: reh&tiv@not her

aspect, this invention provides a nethod of using a curable resin 20
conposi t i onliluetanndnding lepo:xgorpns. $i thg amoentsif éps bio SGPol deight e theradl e
resin conpositian o | east one surface. of substrate, said resin

at
conpoi ti pﬁ?PWB?‘Hﬂ‘?-H‘&eicﬁ e MAGE %F‘ewnﬂcppafgeﬂ%flwcab@ﬁdéH?t e
epoxy-nodi fi ed g Qimkifony LEMbHGRADNLHERE Qidﬁzetaﬁgpé&;kﬁe@mbwot Folyq'ﬁ’ér!sonal ly

up to 10 wei ght percent of an epoxy resin, wei ght of conponent s
based on t hecfukisghtltitdyeepdongldineanaarglsdbverbteardeatrihedamd @98LR62Lt Thee anount
of an epoxy curat.ive, %nd i ngor por.ati ng said resin conpositi og as an
adhesi ve, CBUVEPEBARS “a8roceH 3@'&1%? VTt &%PH“&PQE‘YWFW%P‘& PRABPYIYEN be

an el ect r omenet lcbmiptibing @440l S HER IcB-rERIRAS I ARMurkARAnER g Frdn?¥ 8f 19hs51 T
can be in bulk form Upon curing the copolynmer wth one or both of heat and

UV radi at i garts he weighgdirS@sa desotibate Eppesicning arepos i istlose deastobictarg i féseiodr
sol der resistance and gl)i sture insensitivi.t defi ned above. -4 ~ S~

D e BB s Mo RgB BN SBBcRiens s PRFUEEAG ner r osi
conposi tion can AmedPeLHRAT Y BlectMiEReRRA @Rpris@ig liduid epoxy resins and an

added functionalized resin have been described in EP 387066 (see also US 5.843,251). In
order to extend the shelf life of the adhesives, a micro-capsule type curing agent is

20 required in the formulation. Functionalized styrene — diene block copolymers are among
the functionalized resins named and not exemplified. wherein the functional group can be
an epoxy group. The added functionalized resin can be present in the amount of from 20
to 80 % by weight. The adhesives can be processed into adhesive tapes that can be used to
electrically connect circuits on chips and wiring substrates. Performance of the adhesives

25 under conditions of JEDEC Level | is not described.

Amine crosslinkable hot-melt adhesives useful in electronics applications,
comprising a polyolefin having an epoxy group in tts molecule, have been described. for
example. in WO 96/33248. wherein an aromatic amine curative 1s required and the
composition optionally comprises an epoxy resin. Polyolefins mentioned are copolymers

30 of ethylene and a glycidyl (meth)acrylate group-containing monomer. so that the epoxy

groups are pendant from the polymer backbone. Epoxy-modified aromatic vinyl-



can be a protective coyercoat for an electronic circuit device. Hx§niles/(g}

. the use of the adhesive in electronic circuit devices include: adherence of

a layer ofyofdeexighl e circuitn~ to another |ayer of flexibl epctmssd/isy: or to
a nmetal stiffener or to a sem conductor chip: adherence of copper or other
metallic foil to a polyner substrate: and adherence of an el ectronic
conponent 8] ] I Jol I KRGt t e
adnesi ve. o aB? aRnP B-CERMARES oA skl el pr O R TANR Pyl
addi ti on epoe} esibriofondiboti ¥ abant 200 @sts bvrwdibhipeapPd pared dfahe pdiQolefin
"electronic circuit" neans the path of an electric current or electrons and
can i ncl ugerelymnr el emidhedvesvese ssadrioeelegrrriue sxsiams. buigtheir ywse under gondirens or
metallic tr and, el ect r oni onponents such as sem conductor chi ps.
transistof@?ﬁﬁigdégélgfﬁg?F%%ﬁ%?£resistors, i nductors, etc.; "electronic
circyt device" nmeans a device conprising an electronic circuit or 15

el ectroni c conponent, such as ( 1 ) an electronic package such as a ball
grid arraSammB@aA)of thellavintiahed mi croi nterconnect (LI~Tl), multi-chip

nodul e, or a chj cal.e package (CSP), (2 inple flexible .circuitr
V\,helrjei n copper rgr%iﬂlﬁ’*ﬁ%s‘ﬁg“ﬁﬁ’loﬁ “E"g‘?% Ezﬁc?l‘%fféf‘i;cgﬁg‘ﬂpﬁ?&%\?"f’ﬁ”%ﬁ ég‘:‘?é%?/ve, or
(3) an e'%S&bgﬂh&aﬁQﬂRmﬂﬁﬂﬁmﬁyﬁﬂm§§n&ﬁﬁ@&b&ﬂﬂﬁ@R%ﬁﬂcﬁggggEgﬂﬂﬁg%ﬁﬁkt0 a

circuit on a substrate; 20 "epoxy-bearing materia
epox~~- nodopolgoienprosat ircthe rangk of Bhu bt welghi parcqit 0 the pesightrod shenepoixfy
present; ' sol der nesishance" neans resistancggto_ eat at the tenperature

of sHl der bRETHERACHRICISIVE AP BERTY D AP RN IPAR 18 WRISAt BEYENHY ameaPeXY BSifp| us

a curati V®aQld G aloesny oﬁﬁgng%%esrg@gﬁxfemd?fﬁd Sl AL PTRLIO Walnfegﬁf?%/UQat ed

d~ene bl o copol ymer™ | udes copolynmers that are parti

hydr ogenatcechtigei or to or subsequent to epoxy-nodification. The present
invention is a({}/ant ageous becaug}éa)l tg{flg\ copol ymer resin conposition provides
superi or sol der"ROBSUENG HEB ORRAT R SE BFd (- fisERYCEAVE L 12 AROWLEC° P)aRddY i on
30 tenper : 43 . for
convent | ora i e L o e SR e ror e
t he Fopol selder ortesi rsistance and-moistureinkerBitivi®. M@aouBe 1B cRET/reis99/ 21592

conposi tion has .excellent peel strength (50 to_.325 Nevrtons/ to

f ~apt onT" “BBPOFHPYE Sﬁ%h?%ﬁ-eaﬁ%m Vo dﬁfawp%}séroav@ﬁs %@tﬁé@ﬁ%ﬂof

per f or mange, &k, S hoRditBnd bt MERNA 8§%V1%la§iyph%[§]d?{} @R 6 Gt A edwegrrer
test ci rcw? tﬁat has been |ami nated ~~~ith the “copol'yner. e copol yner
resi n conpesipit Gvathiaso ali@dpaireofi2200C ifdrkl|) tet40isetorslor pti on b~~ visual 5

obsen~ation after imersion for 1 1 days at roomtenperature. The copol yner
resin conposit ilbANGhYRspREs this dwieniéen prodides e apftlod of usHigraairglde resijueous

aci di;d: an%%ﬁjogh&%i %e%rﬁag%ﬂg{gﬁ%ﬁje Additional Iy, conventional adhesives

and covercoats I n electronic ges are known to exhi bit npisture-induced

failure under seddéingrnebiaol resindombedigon dinet lpagsanturiaty enbisohsuaapediy mer
resin conposition does not exhibit noisture-induced failure under 10 sol der
ref | ow cofefi® FORROSIE igeluding iy therangs P 0tnd 0Pmeighs geresy of engpexismadifiest of

15 Dot i | SRy mERREREYHRal BlocP PR BRUTATRIR' 48 i B bR on

encapsul argpoXy reiay e casAght oOpath yomborn&sd Pased opds weight aifepbke bedrigt r oni ¢
circuit device of the present invention conprises in the range of 90 to 100
wei ght  pemesderialp gag g0 SUERUVE ABROBRHENiPOXY FiRUaANMIgat ed di me bl ock

copol yner, meri%&&g?r?ﬁéi‘s%ié%%%‘éo&%&liwﬂ ar?:licﬁ]%si%ycoggrcgwBP&%Qgéu?zgm ir% n the
range of 10 to I ght® per cent
an article, which preferably can be an electronic circuit device.
The resin composition can be a layer or it can be in bulk form.
Upon curing the copolymer with one or both of heat and UV radiation the cured

30 copolymer resin composition exhibits superior solder resistance and moisture insensitivity,

as defined above.



epoxy resin based on the weight of epoxy-bearing material in the ribdi APR 2093
/conposi tion, and an epoxy catalyst or curative in an anpunt in the range of
0.01 to 5408 cuedight percent, based on the total weight of tiwErneporyssbeari ng
material. The epoxy-nodified aromatic vinyl-conjugated di ne bl ock copol yner
preferably 25 has an epoxy equival ent weight in the range of 100 to ?500.
nore preferably : , s :
epoxy-nodi fi ed 3&%g%%?ég@?ﬁ§ﬁﬁggﬁﬁﬁgi?gﬁSﬂgﬁﬁgg%1%@%“3%6%?8&‘Fmgﬁh?%%

pr ef er abl ycarsbeenpepaxivelcaetcoat for aneledireme cbtwclevgepdxyn®ples of ogpuise 9€she(i) a
pol ~~nmer bl ock derived from polynerizatjion of an aromatic_ vinyl npiety and
(ii) a pol §¥nsFivBIBEleCHRtE (AT Viqes mohiiey perenst plonlansr odtflexeAS eIrae’ Wononer
havi ng conj ) e, honds: [ I r d | e bonds
are af | onctB R 0Rr L G BAN Ry M S aR PR SR RATSRRE IO ¢ POnTR,

WO 00539i 824HRechic&)S8 8 phb82othér h&tgllcTeiMtCabolshersilbeiife: ahdedhbesde cfapol ~~ner
preferably is free of pendent epoxy groups. In the epoxy-nodified aromatic

vi m~l - conj elgelradc efmporshbeieh @opetmirendudierechir wraediicait gh @byt e bl ock can
be derived_from pol ynerization.of conpounds, sucl.7 as, 5 for. .exanple.
otyrene. - arPiREkETALarHBine By g AR BT oSl iy SGRERE.

di vi nyl bengigitescoRdi@iveYasicksene, @ ~-n-propyl styrene. 2.4-dimethylstyrene,
3,~ diethylstyrene, | , | -diphenyl-styrene, 2.4.6-trinethyl styrene.

4- cycl ohexyl st yhethes applieatenhv| - ~- n- hexvl styrene, and the like. Al though
one Eé nor e of aroqatic.viﬂyl (of0) oungﬁénay be. used, styrene i§110
frequéently and p‘?’]‘écf EUGFTFUL s B1FA0Y e PRE A GBIV ISR PT & Gy gnd can

vi nyl - conj p@piiedud] frembhieaKeica@pelyi@iciort ey dasthilie WIREES niehllibgahaddRone can
be derived from pol yneri zati on of conpounds havi ng conjugated doubl e bonds

such as, feectexagrpdreporsntsatiteaeseniisopineioe chips. Jrapastvmddiedes. capaBitoiisnet hyl - |
.3-butadienevgpipe Iene.t 3-butyl -1, 3-oct adi ene. 1-phenyl -1, 3- but adi ene,
1,3 1S oct BPERE MY Py | 3- hexadi ene, and the like. Al though one or nore

conpounds havi ng|actkRN HEatdvidouResnLoNd FRY neisis 86 clBb LIRS of SOPT €ne,
pi peryl cne and m xtures thereof are frequently and preferably used. The

bl ockS copotlyeteami¢ compenept, esdres (I hareele¢tomiepaskage sath 35 4 ball gridara (Bl Aner
bl ock A derived fromone or no romati c vinyl conpounds and a r
bl ock B delVGes BTt B Ee L FHP e UL e g P e B Eae SES Rl o
bond. The GRPR! HOBEIZALHHY WRIGRtopRE KA1 Rfadhdi8d &) PFENhE: SbBiY¥dte GORAUND Wit h
respect to the conmpound having a conjugated double bond is generally 5/ 9~
to 70/ 30, @ﬁ‘h@ﬁiéc.&bl(?) an electronic component such as a semiconductor chip connected to a
circuit on a substrate;
20 "epoxy-bearing material" means an epoxy-modified aromatic vinvl-conjugated
diene plus epoxy resin, if present;
“solder resistance” means resistance to heat at the temperature of solder reflow;
"resin composition" means an epoxy-bearing material plus a curative or catalyst:
and

25 “epoxy-modified aromatic vinyl-conjugated diene block copolymer™ includes such

copolymers that are partially hydrogenated prior to or subsequent to epoxy-modification.

The present invention is advantageous because the copolymer resin composition
provides superior solder resistance and moisture insensitivity and uses lamination
30 temperatures (for example. 220°C) much lower than those needed for conventional

polyimide-based materials (for example. 350 °C). Furthermore. the copolymer resin



10/90 to 60/40. The nunber average nol ecul ar wei ght of the bl ock dopohiyiirell3
useful in the present 25 invention is generally from5,000 to 600. 000,

pr ef erabl yol@y2990 to 500,000, and the nol ecul ar wei ght di seet/Agdd/ns(t he
ratio (M,~ /M) of a weight avera~~e nol ecul ar wei ght (Mv) to a nunber
average nol ecul ar weight {M)) is less than | 0. The nol ecul ar structure of
t he bl ock YR 0.t t~4lz Q). i . . 9f: Ik near ,
branched SOTEPad A Saet s Rae el EP oo S A Ao PRl
WO 001 39189rREHPIRE 94rdi (H8AddNe e POB0 Kz df etpreanre di B MBHRKH CopRh MBIt can
be represented by general configurations, for exanple, of gA-B)xA. (B-A), ~
and ( A- B) 4sis ongardinteidigitatk@conpiartesi ayrcait g hi beee laningled ividdhabopadymad x i s
t he nunber_.of A-B ~~roups in the. pol r..of them. the (A-B)XA type

copol yner 1€ QBAPST FeS GomRcs\iog .ha%aléﬁngl‘éot‘mr&}’BE'JT}dﬂ]d§°rPé%E§‘nvisHalt he bl ock
copolsymer JuRyvBgorPate: idkedsicH fof Ul hyysfw%&gﬁﬂﬁg%reﬁh%@%w@ ¥sipPar ti al
hydr ol ; enati on can precede epoxi dation. Preferred epoxidi zed copol yners

i ncl ude epoxipdkizied alsomhyekejematedarst yo esrebikadtjvenss delidclknd/opakylmer (e. e.
Epofri endT*~ A 1020. A,l. O] 0, and A 1005. Daicel Chem cal I|ndustries LTD.
Csaka. 3afanyonments-sAdditippaliyarenyeptioal aissives az\éicfowai»%ahaﬁ%mpackages
styrene-b i ROy e l.... | Nt i on
because of ChPanE S A PR e TRREM oyt a b r R B e Tk BeEh
styrene -dhventionpopylprer fekiatcosmnsiben deedhot exHitiemadhesiinvdiced Gikircoater or
encapsul ant of the invention includes epoxidized styrene-isoprene bl ock
copdlQy ner solsr piloxecondd¥nfs t hat can be bl ended and subsequent!ly reacted
with the epoxynodified aromatic vinyl-conjugated dinme bl ock copol yner
include up to 10 wei ght percent, preferably O to 5 weight percent, nore
pref er abl \BiQeft Desdripeib@dr theabeAvihgy of an aliphatic or aromatic epoxy resin
based on the total weight of the epoxy-bearing materials. Epoxy resins
useful in the ddadsiheas aghetadsheasmtody UScYéxﬁémeefa&urer@émr%féwgg@mpwrbqf 20
the inven hggﬁqﬁqably conpri se conmpounds which contain one or nore 1, 2-,
1.3- and 1,4-cyclic ethers, which also may be known as 1.2-. 1.3- and

1. 4-1@poxi des. The 1.2-cyclic ethers are preferred. Such conpounds can be
saturated or unsaturated aljphatic, alicyclic, aromatic or heterocyclic, or
can conpr iReadeshBeseatntwnof the Pederreddmphidimentshat contain nore than one
epoxy group (i . e’adHQJiVe‘?QQBSSQﬂEQt RLCEy L Eoner 23 Y ARSI GorlGh (HEPOX] des
(i. e., compounds containing at |east one daronetic ring structure, ¢c' ~,~.,
a benzene eldchgnicanduindedcd tithe presere poveytign canpyrisehiat the eangbef 08esl 106 t he
present invention include the polyglycidyl ethers_ of polyhydric phenals,
such as BivggRimsrcent enppe mesifistsargiatic waycopbiepteddiaps SlockisorglyareasyiersiBvol ac
resiyps. Bi - Eresi d i h\viat v , z hovol ac
e A S B L= A e o R U Sl

pht hal i ¢ apbxly chsgl hasedlan the stedght oif sppivtheatinemaetid! iditigd sesindpinpesitien, and an
trinellitic anhydride trigylcidyl ester. and ronmelliti¢c acid

tetra~l yci@#gxy @agﬁéﬂ,oramﬂz Inan QU”LLm‘hFLa@QGQX-%tQJ%}PQQM‘P@‘FF[‘JSQ@%@ngz
m xtures t - Jnezhel poxi des are the pol ~~~~ ~~cid~ 1
et hers of(%§P§ﬁ§ﬁfﬁ%ggﬁgﬁ%ﬁ?@&gggﬂhggﬂﬁhﬁﬁEPONTM series of diglycid ~l

et hers of Bi spHérapoy-riodfiaddiromati EREN-@ABigated dEROMN ok @dpdtymav picladil e

comercially from Shell Chemcals, Inc st referred are

Inc., Houston. TX. Also
arorfet i ¢ PGF p pRRYREs valept MRLED! Indie Fanpe 9 &1 W 18£2580.myere @rf;fﬁrala@el ©rp3PPee.
such as EPO2~! E Iﬁ?@ (Shell Chemcals. Inc.) and DERT"' 33?
(Dom,Chenféﬁf“°§5éﬁkﬁﬂraﬁ§§’ . Representative aliphatic ¢ ~clic
pol yepoxi des ( ~Ti epofy-alddificdanpaandsinglocinfigpicd dicaneloek copslgmeatuwifiet ed
carbocyclic rings and nore than one epoxy graoup. also known as alicyclic
conpounds)PTEfSERON isiaR epPEdized SIS IHRRE REGCH FOPHENEd 0 PaseER) T PoduneredOGHf

alicvclic i I I fr1.0 { r bi .Corp. .
b RGBSR RATIROEL B oRNALVADL 5o LERIND) SBpERp e, Garea

3. 4-3poXxy dysth @BRXEr iR diyd (a3 | cdhsiepeXy@ el cd hexan eorg@iatidxidulethohBRLwKetdinl ) ,

3, 4- epoxy- 6- met hyl cvcl ohexyl net hyl - 3. 4- epoxy- 6nmet hyl cvci ohexane carboxyl ate
( ERL- 4201 the pplyseBbarkbprexdiubhetigh aseay |espaiiiabi e ng ized patcese ERIMARES) |

di pentene di oxi de (ERL-4269). as well as 15 2-(3, 4-epoxycycl ohexyl)-S,
"-spiro-3",4"-epoxycycl ohexane- 1, 3-di oxane, 4-(1.2

epoxyet hyl } -1, 2- epoxycycl ohexane and 2, Z- bi s( 3, 4- epoxycycl ohexyl ) propane.
Preferred
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alicyclic polyepoxides are the ERLTM series. Representative aliphatic
. pol yepoxides (i.e , conpounds containing no carboc~~clic rings and nore
t han one epaxyopisup} include 1.4-bis(2.3-epox~rpropoxy) but BEIRUSL21592
pol ygl yci d~~I ethers of aliphatic polvols such as elvcerol. polypropyl ene
glycol, 1.4 butanediol. and the |like. and the diglycidyl ester of linoleic
di ner aci d. r ol L y i di zed
| i nseed anffgkégggﬁ&%?$g§g§éﬁﬁggrgkgggéﬁﬁag#ﬁg??gg%ﬁ%sggﬁﬁgeﬁégﬁgﬁpoxides
such as epaxowiszed al pha-ol efins avail abl e as Vi kol oxT~" resins, both of
whi ch are available fromElf _ Atochem North Anerica. |nc,, Philadel phia, 25
PA, and epoxi di 2BdaGPar¥edifigd sjpmaicunyrreriscatsdideng dlack sepetymeraihsi | abi e
from Shel | i C , 0 it - i |.4in the
pr esent i nven %gﬁﬂb#gﬁa gyﬁﬂiﬂfﬁ?bgégyéﬁ?&%&ﬁﬂﬁﬁfﬁﬁg¥§§9§@ﬂ§§¥H§S@ Bs Pol y

bdT"' %00 godexBeiple. B0 ré&R-alphomEetsnatdeyviaviabluahd. @-rdnyHiireAd,ochem Nort h
Anerica, Inc 30 A ~~~ide variety of commercial epoxy resins are available
and are | i siwaylbenzgesdrmpdiylsiyicnegs-n-propyhey eRee I HodR e yEsE. Rdams, by Lee

001 30180 Pei RS sbb SRR 3SRy Ao -l 8, e

Technol oy .m&rREONG-edItstv@éhe. Gnd MBVikeed. . Marcel | Decker. Inc., New York (
1988), and Epoxy Rest Terhnoloy . P. F. Bruins. ed.. Interscience

Publ i shers. NewAgrough pneoe@pre glrpporaftictvine! eqrapapnde siay de goesc ptytsad it her ei n
may b usefg hahRL%par t%rn of the materials of the present invention

Sui tabl e cdlAtTVe O TEPRIP-E 95 desirably tolerate nelt or solution
processi ng st epgnAGCHody Rbdifed RemPIBsRIMcohjaYREE Hi@Re Biokhosholirdstant i al |y
curing the epoxy conponent, while retaining the ability to cure the epoxy
conponent &louble|banes intthereacliheies canthe deritad fene polymetisationgd cping@ands haying

exanpl e. the _epoxy .shquld remai n substanti.ally uncured gurin nd after
exposure 1 QoPREEY ARRPEPt G PL BTt SR G g e AR B S
factors t haimefl-usnididleabiysiylcne! 6dyIoN3 bagdiese 1thrnybi shogaenef1,3he film
to be cured. tranggarency of the filmto curing radiation, and the films
end uke. Swkjadienetpethhlebe-hekpdientt pohide likui t abl e curatives may be sel ected
fromany knon n oxy, curatives or catalysts. Curatiyves of the present
nvention can bé' DBt & YEEoRmiftdrBaT sy tibdtd YFtiSbendPali ERY ng
agents. Knouthdphe! 6@t pilebylbdttdnd G x g tgeaghal frédiiefsy ardiredt 58 isedand
cationic organonetallic salts, which are both useful in the invention.

Oni um sal t phot dd%tbaecksrogolygier dathr oresent pukytnsiassantipbhinchides neolymeehlockn
| ncl ude 20 A 8%%%'&%%??% SHhb ot t(lzco\’r'ﬁ)y:l ggmﬁ&gd;?néé% ?‘?z%n]e%qa&aﬁ' deril @glont um

conplex salts are o e general Tor erein Arl and

Ar2 can be fidieos@semere dhipoefidHavaid ahjegatddatblebgidoups having from4 to
25 about 20 carbon atons. and are selected fromthe group consisting of
phenyl . thienyl _Tl}&@pa@]}ympnaﬁd}npﬁ@g@thofélpeoqg@gguc vinyl'compound with respect to

the compound having a conjugated double bond is generally 5/95 to 70/30, preferably
10/90 to 60/40.
The number average molecular weight of the block copolymer useful in the present

25 invention is generally from 5.000 to 600.000, preferably 10.000 to 500,000, and the

molecular weight distribution (the ratio (M,,/Mp) of a weight average molecular weight
(M) to a number average molecular weight (Mp)) is less than 10.

The molecular structure of the block copolymer useful in the present invention may

be any of linear. branched and radial types and any combination thereof.
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Z is selected fromthe croup consisting of oxygen. sulfur, a carbon- car
bond, =0 . ~=O, 0= ~ =0 . and -10 L~ ~ ~~ f~ UD3 CVO ~p139l 89

PCTNS99/ 20ARsh@rein R can be an 1 (hawn~ from 6 to aboupcfOswanban
atons. such as phenyl ) or acs | (having from? to about 20 carbon atons.
such as acetyl, or benzo~~l), and R | -R wherein R1 and R~ are sel ected

fromthe cr OUp"l‘i\’r?@ﬁm Efzgcgstgr{ekp-ﬁgﬁrgb p’co;l?t! ﬁlsr Ja%dt!ecr%r%se%te?i \) nge Lf om 1to

V' ge
about 4 carbon a |ca avi ng from "#50Ut 4 carbon

at ons; m i8nff@ir ik, fbr e@dﬂﬁ’plé(dm& mgme(B he, kad rwJBe) S khd thahgeehierblni & a
metal from Goups IBto VIII or a ietalloid from éoups I11Ato VA of the

Peri odi ¢ ehd@iBtar@hs ddfmellabomning x(iChHemuaier 30AAD§toURCISthy @bhen), Qis a

hal ogen atom and n is an intecer having a value of from1l to 6.

Preferably. th&fretmltse ghd)eopmsrcopelvmer istgeperal yimmpleapddi um  chroni um
magnesi um manganese, iron, cobalt, or nickel and the netall oids pr ef erably
are Boron, al uriseiHjatehRanAprmaRngin the §l§%§i‘é°&@i&”‘6h@§b%?%§”‘f i fefler abl y,

(1 e 05y LI LS L SFL A Lo o o
SbQ 6-, SbFS- 2 préfbfr&st éhox{dgdd4opolhimers'inclidd€poxidiZddrfonhydsbenafed-styrémd t he

tike. Preferably, the anions are BF4-, B(C6F5)4-, PF6-. SbF6-, AsF6-,
SbF50H , &H@dgpecblck cwlémprr(éraer’fa?@frgﬁndf“hé l&ﬁpoﬁéOH} éneédﬂw)mawel SbF6- .

AsF6- lah{argl?d ?%Fi?trres Lg‘ﬁdgsa O.Fa%an amr Hrtréjlﬁ h}a?s mhcg g@#eagortl on of

t he catal TR T ator s 0 pres fgrrbed

in Uog S E@t@etbumrere%&r% orthewanb@ur@mmrytm%ras@nganeﬁ@hlbrécmsassl fied as
fluorinated (including highly fluorinated and perfluorinated) tris alkyl-

or aryl sukfkanged %ﬂﬁi‘&é@abalmzl correspondr ng bis alkyl- or ar yI sul fonyl
i mdes, as represe nt ed ecfE reinafter

referred to as FHP&%@‘ ezgrcrpa}r:rl}dlze a‘erengn?‘glﬁé COPIDB xﬁ{\%’%/be U< Pn evi ty, (R

f SO?) 3C GehdsiveXvelNodd of Encapdb@ingbNthe askenfor 1dcﬁ1de§‘§k§ﬁ‘ﬂﬂ£'&ﬂ§t§/r¥ne5%b§ﬁétn@d from
the group consisting of highly fluorinated or perfluorinated all. or

f | uori nat ébC&ﬁ@POIV@di cals. The neth~des and i m des may al so be cycl ic. when
2 oo et o 8 ST Lk A OURRATLE ARSI SR B cont 7
f rom 1-' ?ehodai oRoRb@EBinyMednfughted' dFere BIRRR0BEIOART include up to 10 weight
percent, preferably 0 to 5 weight percent, more preferably 0 to 3 weight percent, of an
aliphatic or aromatic epoxy resin based on the total weight of the epoxy-bearing materials.
Epoxy resins useful in the adhesive. encapsulant or covercoat resin compositions of
20 the invention preferably comprise compounds which contain one or more 1.2-, 1.3- and
1,4-cyclic ethers, which also may be known as 1.2-. 1.3- and 1.4-epoxides. The 1.2-cyclic
ethers are preferred. Such compounds can be saturated or unsaturated aliphatic, alicyclic,
aromatic or heterocyclic, or can comprise combinations thereof. Compounds that contain
more than one epoxy group (i.e., polyepoxides) are preferred.
25 Aromatic polyepoxides (i.e.. compounds containing at least one aromatic ring
structure, ¢ g., a benzene ring, and more than one epoxy group) that can be used in the
present invention include the polyglycidyl ethers of polyhydric phenols. such as Bisphenol
A-type resins and their derivatives. epoxy cresol-novolac resins. Bisphenol-F resins and
their derivatives. and epoxy phenol-novolac resins: and glycidyl esters of aromatic
30 carboxylic acids. e.g., phthalic acid diglycidyl ester. isophthalic acid diglycidyl ester,

trimellitic anhydride trigylcidyl ester. and pyromellitic acid tetraglycidyl ester, and

-8-



preferred. The Rfal kyl chains may be straight. branched. or cycl “(ﬁ 2003
. preferably are straight. |-leteroatons or radicals such as dival ent oxygen,
trmal ent niMomgerssor he~aval ent sulfur may interrupt the skeCBUY2d5P3i n, as
is well recognized in the art. Wien Rfis or 5 contains a cyclic structure.
such structure preferably has ~ or 6 ring nmenbers, 1 or 2 of which can be

het er oat o Ties byl PRLiAR arfinbiid SoipdrRRidet 80 8E Ot BYLAD GrQS oPt her

car boncarbon unsaturation: c~. ~l.. is a saturat ed ali phatic,
cycl oal i phaiorl\dwdnc b]eﬁ;netsosa;pdnlasdler%mlﬂw seriBg ofhrg@hhquéﬂhamrdfr&ﬁperdholhs meant

that the d of f h ff de th
o o it n G Tes EPob Bl ey T0p o e vETbe casr i dicst Sl e RemBe 10
particul arly, oﬁelgb'm fArgwrreré%sqr rgaﬁhn@h&vgppq ldek haxe) flrrﬁre\erm hal f the

total nunber "0 rogen atons on 't ace wth uorine atons.

Al t hough hydrdﬂgmbﬁtcﬁmmdmch eBPONOIR LI BHCAN N463 (Shel (hesfiend. &t tdmat al |
hydr o~~en atons be replaced with fluorine to forma perfluoroal kyl group,

and that arfyEREhad 0wy ﬁb%lf%@'e@o a%‘#ﬁ“%ewand the at |east hal f replaced

with fluorine b I b n re
preferred 15 t thfep%% rﬁgtgs *‘W‘Q““ g\t oPglt’%) dr ogelngg%rﬁp(%ndsﬁiq&a\m%gr oup be
repl aced Widnb of leed sdngrated tchibbey¥mE @inps chﬁrﬁub&dhﬁrh@rﬁe dox! easib. 4156 Reovaf af our
hydr ogen atons be repl aced wi th fluorine and nost preferred that all

hydr ogen atadﬁﬁcllﬁéoﬂ@pw&iﬁédsqmltlh LE mmenh@vt:@wrmwvée r;béuErRLJdrSﬁn@a chligy digl

group,, The fl u rlnateda g f F y ntarnfrom
2 0oP g SR OB e REleIRS LBl B M ek, Ao oS R A Bl
| east one. @adh@ieat aloxbley ERL- 47@@% 4- E&xvﬁvdﬁ@e&%&(ﬂﬂ'l@t@%@ﬁv&@&ﬂaﬁé yl
radical is substituted with a fluorine atomor a hi'ghly fl uorinated or

perfluori n@@@d\ﬂpwﬁﬁﬁa@—délﬁ Aaepaiet(-methvidyslpbexyamgthyl- GRS poEkanpl es of

ani ons usef ul n ractl ce, of e | nvent| on include: (C~FSSO~)~N
(( CAFoS02) By Eﬁgrfr? Eoale @@53%% X6BL) ~N-, 25 (CAF9S0~)~C .
(CF~S0~) (%ﬁlﬁ@yc)«@hem{l%ﬁ@aﬁ b4 FORD-4PRD). d[zrzfe%ﬁe hm&@%ﬁﬁﬁ@ﬂ%@j (as (\\gﬁ as
)2NC~F~SO~C (SO-CF~)2,” (3, ~-hi S(CF~) C~H, ) SO2ZN ~t~ ~~ Q03 5
VvA4' O D0/ 391289 4:erm\§axpl¢k@@1\)1§| IF-quse- 4&}@0%30%@@9@%3 @@Fareozfcl(zs&cr: )2
C6F~SO-N SQ-CF3 a ¢ rred anions se described by
Formila | VREPETIR £ pehis Tapt RS Rl T o A BT RD R oa e o PR e

The Arl anql,eyd{m%%ﬁ@xlgeg@uﬁgm}qeﬂ@g| onal |y corrprl se one or nore fused
benzo rings (e ~,~ , naphthyl, benzothienyl, dibenzothienyl, benzofuram-l.

di benzof ur anvl . Fepresyntaines apbatic wvf@pérﬁise(trfwompgwd@éomatmg R@iEaHocyctic
Sesit oS, DYyAE Phal AL IRRS G DR DB R TR o
i odonpum C%I}‘g@érc@&hﬂa&r%&f@hﬂ&x&@l’pbh@ds SOl @s Ilubdryr bélyptobyvieagigasl, 18- No.
4,256,828 . The aromatic_ iodoni um conplex salts useful in the invention are
phot osensi thujasediol. and the like. and the diglycidyl ester of linoleic dimer acid. Also useful are
epoxidized vegetable oils such as epoxidized linseed and soybean oils available as and
Vikoflex™ resins. monoepoxides such as epoxidized alpha-olefins available as Vikolox™
resins, both of which are available from EIf Atochem North America. Inc.. Philadelphia,
25 PA. and epoxidized Kraton™ liquid polymers. such as L-207™ available from Shell
Chemical Co.. Houston. TX.
Additional polyepoxides useful in the present invention include liquid. epoxidized
conjugated dienes. such as Poly bd™ 600 and Poly bd 605. commercially available from
Elf Atochem North America, Inc

30 A wide variety of commercial epoxy resins are available and are listed or described

1, ¢ g . the Handbook of Epoxy Resins, by Lee and Neville. McGraw-Hill Book Co.. New



15 only in the ultraviol et region of the spectrum However, they &dnAbB 2003
-sensitized to the near ultraviolet and the visible range of the spectrum by
sensi ti zey® do@hi1gsnov~~n phot ol vzabl e organi ¢ hal ogen conmparaissy9/21592
Il'lustrative sensitizers include aromatic am nes and col ored aromatic

pol ycvclic hydrocarbons, as described in U S. Patent No. 4.e0,053. Aromatic

| f oni eatal ysts. sui et . f f
sul ot agpl iy 381 GO Y51 A0 Bl Sl FHB BVEIY AT, e of
be the samgareéll Dickiteer BBL Nefr vyikdegksh hatl Abxl Rast TaNoE - IME. BriigdRg..i S

aromatic. These groups can be selected fromthe group consisting of

aromat i ¢ dEwscicase RelishersfNomYork.d ¥idoutinpof daeboy rgsiosrdescabed themithaayt ut ed
and unsubstvtut ed phenyl. thienyl.. and furanyl.) and alkyl radicals having
rom 1 toastil SoTearHin debnahennly teiPel bl ises ~sor FOC\ G SO
F~C~S0 - C, F~SOgiith 5@ clFadles arlehialysts(desitabty et intel (WP 0439 bR« &5l 4529121592
"al kyl" includes substituted alk~ 1 radicals {e.~.. substituents such as
hal oeen. langrding to dekorsent @mehtamyijhouPsubkentallyeuriRd theRpoan doRporemne each
aromatic: and Z, . mar?d %(are all as defined above with rergg?rci t.o_the

i odoni um AERSITERINRG {he abjliy [Rxcurgiie GPORCAMPORFNTA &N T thej ipfledpe

opt i onal | ¥r Ray@y ANk, ForMRAEolk UBEd A UA0RA rhAIBSKEmATT: undiARNbMMe

benzot hi enyP. g’f@ nzotoﬁi eny]i). u@engof’\urami{. gi lf)esnznol?u\r ghy i &el!t}%ﬁ.g)zl.ndThe
aromat i ¢ gftewppormy tatieaehpersubspretent mch melt paesisingdtepbyOrherefacorsithiite
non-bhasic . groups if they are essentially non-reactive wth epoxi de and
hydridxyl # Fofaiplyst sslectiony inghude the jhisknassplde SiHN (@ bagirpd.dransparency of

tri phenyl i u G, |t i : ST .

(phonyl {1t A REI T AR AN SBTHCTRA RatRF, Suisssq s lipietons WEbls, 1 o
sul f oni unmcl@tised sy 86 selesar frb@dini Rndh n SoxPatanitedNg.cakl3B6. 828, Exanpl e 37.
Tri phenyl sul f oni um hexaf | uoroanti rnonate (Ph3SSbF6) is a nost preferred
catal yst. Usef (Huraiies Ohthgiresant igventian gk by phpderambysts. tharmsl gamlygissor Pat ent
No. , ?56, tji ¢ .sul foniumconplex salts useful in the invention are
phot osens?}t?e?[\?gf%%@ Al"%m?'he ultraviolet region of the spectrum However,

t heyi5can be senqiownzgithidoatalyse inclade i gentrabyped: ehiuandlts hed vitkinkd e range of
the spectrum by a select group of sensitizers such as described in U S.

Pat ent No§t2anobigtagsmsajtsgviiciy s hofpusehihin tgpyepheit-oact i vat abl e or thermal |y

activatable or I ~ a] [avent i i;ncl ude
t hose descri begﬁﬁ%&@bhgﬁﬁ%gﬂ %\Ioﬁ?s% C§@“&)§5&%%Ma§b%ﬁﬂ% H“I‘f,?“&{ iaClual
iodonium and sulfonium complex salts. Useful aromatic iodonium complex salts are of

the general formula:

Ar' ©
\ C]
2% X
2
AL
20
wherein
Ar) and ArZ can be the same or different and are aromatic groups having from 4 to
about 20 carbon atoms. and are selected from the group consisting of phenyl. thienyl.
furanyl. and pyrazolyl groups;
25 Z is selected from the group consisting of oxygen. sulfur, a carbon-carbon bond,

?ZO . ?—_—'O . 0=8=0.and R—N



and a252,694. Such salts of organonetal lic cations have the gendt 8l APR 2003
. formula: 20 [(L1)(L~)M+e (X )g wherein Mrepresents a netal atom sel ected
from el eme@icsoe@higgeri odi c groups 1VB. VB. VIB, VIIB and VI IHcT/pssebessabl y
C, Mo, W M, Re. Fe, and Co; L1 represents none, one, or two |ligands
contributing ~-electrons that can be the sane or different |igand sel ected
fromthe gr COHNSI St S, igut & i cyelic and
cyclic unsé?&%% §H§?§%é%ﬂ6@%ﬁ%@ﬁ%ﬁéﬂggggﬁgﬁgﬁﬁﬁg3@%%%%%%ggp§%§?Lnacﬂ
unsubst i t ut(eshig@fbmEY @l dbeuel(dmbdrcat@nel shet 8raeeycbi Ber2bPahiic conpounds.
each capable of contributing two to twelve ~-electrons to the val ence shel
of the metal atom M Preferably, L1 is sglected fromthe group consi snng of
substituted and unsubstituted rI3-aIIng{}+§;cyclopentadienyl, r)y7
cvcl oheptatri enyl compounds. and rl 6-aronatit conpounds sel ected fromthe
group 30 consisting of rl6-benzene and substituted rl 6-benzene conpounds
(¢~ ~, xvhanpes) Rgruﬂxd_maélare selbctedEfromrtie broup tonkis@n¥\6X RrS@4h8AkNGE4H99/ 21592
conmpounds havi ng to 4 fused rings. each capable of contributing 3 to 8
n- el eGt r ondhatdgtfiven Vad etae 4 hdloh aefmsVind atkéng pradikeR thavin@Meno? tdlaliownt 3 | i gands
contributing an even nunber of aelectrons that can be the sane or different
| i gand sel &&t%88 24 t he group consi sting of carbon nonoxi de, nitrosoni um
tri phenyl phOSpqﬁﬂﬁmnSBEPQﬁ?V| stibine and derivatives of 5 phosphorous.

y, Wth

arseni c and anti nony, he proviso that the total electronic charge
contributed to M byaylHavamgt formula@®Ql,tveheldin B i0gmete SiotiiBloup9sB td VE] 6har ge of
a to the conplex; and a is an integer having a value of 1 or ?. the

resi dual chegtgeiofrohh@raupsiil £xo Vangithe BeridlicabharndfeneElehavisi@hemical ue of 1
or 2, the nunber of conpplex anions X required to neutralize the charge a on
the d8npl exARsEESEHErsRN).L 5 iy Q58 1B IFNAN A Hyi KSR abye offsorgdde Pi bed

10 above. i, RYE L : in ent - v jns (e.g..
conpounds gﬁ%%égpfgg$£§%$fﬁa§§hg¥2&g§gﬁw%ﬁi%ﬁﬁgﬁﬁ%Eg%gggﬁﬂﬁgéméﬁﬁgntering
i nto a chemoghngseaedn, oobdither @ukdl hjhd damdaldidsafreferably drbiborpnedeminunnvent i on.

Preferably, such curing agents are thernplly stable at tenperatures at
whi ch i xi RUBPDY-HE- e%%%%%%ow %@gS-pPrrg%é%anﬁ\egﬁiqgam%lf RelpFaAT oclivarHy:

ol (4 o Eékﬁﬂsﬁvﬁ%Efﬁéﬁél,e%ﬁﬁe‘i‘?%ﬁﬁl‘r%ﬁw‘%%y %”?S@Fféﬁ%%ﬁé'&ﬁ@sﬁ? Sies,
i i . . 4,684,678. i
o BRe- (AR AOPReTRTy b e ATl Tk e G HF 6 Aeite RS0 yndpnbke

e.g.. dinethyl am nopropyl am ne: im dazoles, such as nethylimdiazole. and
pyridi ne; Xoefgiratyeisaanonamifoli 4inP&edttsdd . Past Sbﬁﬂ'aﬁﬁ@é'@bﬁlﬁlﬁ ad 88Cks such
as N-net hyl - 4- pi col i ni um hexaf| uor ophosphate; sul foninum salts; boron
trifluori dMoemptiesbly. Sechicas aBBEEGFE) 4arfdl BFASENCPFsCHd SvdP&EZi nes. such as
adi pohydrazme; and guani di nes, such as tetranethyl guani di ne and

di cyandi ami de ( A\ddiarpahanipiciseld enthsanipnierenienaed iy @yalystcandpsliaggs of the
cont ai ni ng Ly, ah D& 80 POXML-LE:a81 08 GRS, QF. £ORPUNdS, Sontalning one
25 or norefcarboxylic acid anhydri e]Lroups, and €ombi nat i ons of these

| att e conpensdsy Watdifiacadhoriated sinsluging aghiy drinelegd and pafidesgdtdeadsi n U
S. Patent No. 5,229,464. Additional thermal epoxy catalysts that can be
useful in teHelprrasdmlfanyl athides apdeorrseongdingdhizallylr oaamstiforilimsies rsum

oottt ur akichlon 180 0d 1 b ! Ao ALTIN U ARG RASRAONL UM BAL! 5

Useful a i um an on~um salts afr'e appli cati on
WO 981 08906&imrdd™ anmons:Iredpectielf, forthevity WO 001 39189 PCT/ US99/ 21597
(RfSO2)3C (RfSO2)N™

25 () (1D

wherein each Ry i1s independently selected from the group consisting of highly

fluorinated or perfluorinated alkyl or fluorinated aryl radicals. The methides and imides

may also be cyclic. when a combination of any two Ry groups are linked to form a bridge.



Preferred curatives useful in the invention include LIV photocat @I SEPR szgg:p
.- as sulfonium and i odoniumsalts, Resin conpositions containuig suc
photocatal ysts can be rapidly partially cured by L1V radi )
part ~al | ~WokR 9corrp05| tions show i nproved di nensi onal alg%ﬂps?mlggﬁ
subsequent thermal |am nation steps ~here heat and pressure are 5 appl i ed
to lam nate the adhesive to a substrate and further cure the adhesive.
Catal ysts usef ulhg Ry alkd chirpemey epntaiarrase | pHecehn dtpmanvidnbudcaibentkweny ange
of 0.01 to 5 weight percent, based on total ht of epoxy bearing
mat eri al , IHF@F‘@FJaEW%(ﬂalehémA%ﬂ&rﬁfa P@é@fﬁhecgﬁﬂchﬁi@taﬂépéqf@rﬁbbl%ieo 0l to
3 wei ght percen Solid or | ts may be djssol ved or di spersed
in the chosé"é‘l‘beképgﬁ?r?aé%]%or rF-"I% ”r‘@dlﬂePer“a ﬂ'tmfrﬁée“l‘U Kearalsy
shoul d not f; f i essary
uﬁ’ﬁlrgﬂt« 1?118{{@2%4&6@&] @thxH' Er'PQ%N g%ﬂe%oveg Lo ;}fené i9%¢

for this proce epoxy resin yst m xture may
then be Puimpeind NLi8Birait udex sIf‘Lthur@pF@?&%leﬂQ@%?%r}gmg%&Hb Aitgrngtively.

t he catal yst cou be added directly into the thernoplasti c/repoxy m xture
duri ng mel whisheadbabeteromombe Thaskybfadsel Rientalpriceed sihytpnid dreticatcathbpat can
be dissolved with the epoxy-bearing material in an appropriate I S solvent,
or the cataklysturcamratienpr edit ssodanadeil laliphreicemkyalipba;ncmrant&racblelm adoed to

t he sol vent.  Usef sol vents include pethy ket one,  tolu et hyl
acet at e, b y*wg%leZ{uafleatecgdamew%é%?ﬁsreelfhf fﬁ@&%ﬁlwn e SPHDETHGSED s of
the present |y i \QﬁppﬂoF&JLlHéjﬁmll%Pm190§eoof‘éppe¥ﬂhc§91a%rch§mb3§/13ﬁ@' ght of

pol yphenyl'ene ether resins per part's by wei ght of e

epoxye nodlﬁaredllaﬂ\omﬁghd:} f\'huqnyllated(aﬁqydlgamedwd|h'membkcothkn balpdieyomt numberoefi n the

t ot al of the epo ITDdIf ed ar ic vin j ugat ed di ene bl ock
copol yror BHSPEEEATN SE0 01CH! 100 Ther ghe Bt OREUBR Myee ks mey
conposi ti 0Ryl856n Eh'@%héiHﬂﬁFs'pY&erréH"ﬁasz leQi'F&%'a%&ﬁs ?é EETaE%cP%H?rﬂlugﬁn@to

plurality of structural units having tHe fornula

i ndependenfoly almkfdxgmmlk)pmrdmpr%dahat%@mﬂdanmglhydﬁrgealaioyﬂs béyoed theedtkydst
contai nin up to 7 ar bo ., hal oal m noal kyl ,

hydr ocar bgWiFVpBB?d il Heréne a{FrHa?f}éx\ylt Pfﬁa on el tnet S BXF D BiF (&t Sins
separgle L JaLa0an @ @etopld on lT(T b@ Feptace Qi 9

T UBos1 2 L82°aE DR M hoerD o T AT Rl o e QAN

def i ned abnereqareiEwadrpnlae& lrmfst thwetcﬁlﬁtblﬁ mdrorgamatohmfnerrelalha&eyllw@rﬁummeaarﬂ met hyl .

ethyl, n- i,.sobu -neth
- hexvl f?ifE‘FWb Al o Toan Homg be acerd P RE M s 11Ok POt
cor responddlm é; groups. Exanples of secondar}~ |ower alkyl groups are

i sopropy 1, 5°'se -butyI and 3-pentyl. Preferably, any al kyl radicals are
strai ~~ht chai nT}neafﬂlkmmatetianl tﬂdmdﬁhéd:onwbbs l ofid 5rnnayecawtalr(frqmlfstoaa°k1ym0 or
phen , and espeC|aI ving 1 to

Ryl Sen BH HOoBECHEY e SOy TS Ry P e Lbi T & b e ul

addi ti ~~esmonnhh@ar95@%§§ 0PEachRey I RAREEM sUbBN @I vk 2 ﬁuw&b&h@mfb@m lymers
are those contarning, for 10 exanple. 2.6-dinethyl - 4- phenvl ene et her

units. Smﬂtainiretedwp@themmdrwmd@dmdr@@lénﬁmdmbbymerzs €lont ai ni ng such units
in conbination with, for exanple. 3.6-trimethvl -1, 4phenyl ene ether units.
Many suitabl e rBEraiemHescdpaiopsiyesy] laéhwmﬂca§f Hsripsnimsengiondpdudiscl osed i n

1477 ap. SR S UTS 4P D rapesfodbp e sh SR 291
pol ~7§ 2. 6- @ By Rive v &%) K, P50, ?@ﬁgé@B & f¥EgNENe trade

[(CF3)aNC7F4S0219N " (CF3)»NCaF4802C (SO2CF3), (3.5-bis(CF3)CgH3)SOoN~
SO,CFj,



name Bl endexT"" HPP820 from General Electric Co., Pitsfield, MA [ 4 APR 2003
. Optionally, resin conpositions of the present |nvent|on may conprise a
tackifier table tackifier may be enployed in the pregemdqols ntion.
The tacklfvﬁg%ggﬁbbe present as 0.1 - | 50 parts by v~-~eight OP&?ZE%?fier
per 100 parts of the resin conposition. 20 Useful tackifiers can include
rosin esters, aliphatic and aromatic hydrocarbon resins and m xtures
t hereof, and terpene reiles bbeful rosin estergiﬁhn i nclude the
FbrcoflexT Her col ynT" Foral "' famil ife OSIéﬁéﬁ? hydr ogenat ed
rosin tackifiers, COnﬂEﬂBIa|| ‘avai l abl e from cal Specialties
Co., W/ mngton, DE. Usef\ul i phatic and ardhﬁ&L hydrocarbon resins can
i ncl ude the Wt ackT"' gﬂa_vﬁggtack PlusT"" famIi %s of 25 aliphatic and
m xed al i phatic/aromatic resins, commercially avail able from Good~~ear Tire
and Rubber Co7, &henical D-. Akron OH /Mhe\EscorezT"~ fanily of
al i phatic. @ ot Ne—@rR:lS@hNéd)oﬁ]thatl clcar (rnatgi—Qj,lFmrLS(s@{mxgty cially
avai |l abl e frbuLEXxon Chemi cal Co., Houstop, AX; and the PiccotacT~" and
Regal rezT"'' famlies of allphatlc and aromatic resins. conmmercially
avai | abl e f@gigSEr&UISERCFYgef ul terpene resi nCOglg&kDhEr SOo&lF3i ncl ude the 30
ZonarezT~' famly of terpenes, commercially available from Arizona Chem cal
Dig .. |ntendahé¢ bkeal MPeguaefe@od aniPavvaerthoSk descrifd. bydimdmulad \PhareiolRgtieZ~1 and
PiccofynTM fam | i es of 17 US$ ~ti f~ ~I~D~ 14' O 001 39189 PCT/ US99121592
t er penes. d@ﬁ%@ﬁ@ﬂ&ﬂh?dmm}@Vmaﬂr%0$b@h$9@$cules Pr ef er abU. tackifiers
useful.in the i lagélon i hcl ude EscorezT hatlc/aro

3 e S B R T e Sl S S, oo f s

hydr ocar bon t ack

conai £1 ons. TR PREY Qo B RPE, S lnter SR/t R BRI o L2

per f or mancesc. )in’dh@z&lmbﬁc pieRpsimanslsa be hddstituedt madﬁredl By &100¢Ym bR Slon-basic
formul ati ons. The polyol may be included in a wei ratio. relative to the
epoxy resi rgrows 16értem/@éerﬁseenildvlggoryrqa%tIVWIQDePOEs@a@ﬁg axdrgryvidueiosalifjes s

i nclude ethyl en leyic and
2, 3- but ane di ol eu%f% a%m%tg:rfga%mﬁtgl%?%féé%%lgggaggges {Q%d’ m%reé’ygdnané ‘cﬁaoﬁ%.t
neopenayl M0l y550828 .1. 4- bi shydr oxynet hyl cycl ohexane (1. 4-cycl ohexane

di et hanol ), 2-nethyl-1,3 propane diol. dibronobutene diol, glycerol,

tri met hyl ol propaht€ arqnﬂztl%wﬁ@%aﬁ@tompéﬂx salfs pegfubist G I0VENBOMAISFRRLOSERBNVE 1, 6-
and 2, 5- he , e di

209 25 negRe byl 3 0ggEPe llyn, hitoe a0y bl B0 2RSEAN Rl

2, 2- bi s(4- hydﬁ@xycmﬂimbexyﬂénmgepﬁmesthSmGﬂshyﬂmﬁmy&hEmyiapnﬁbhalma

bIS (4- hydroxyphenyl) 15 sul hone 1 (4-bis-(hydroxynethyl)-benzene,

1, 4-di hydrcﬁssa%h%@a@ w@ﬂpzwmiss &lastﬁya? SOy HRERYIC ?udﬁ@&ﬁ%g amines and colored

1, 4- bL Qr}ﬁg{fﬁéﬂ%%%}% arBERB&NEas dks il S DXIPRENALKY 2 Syekant oi ns,

tris ydroxy yl "1 50cyanur at es an& :

tri s- hydr oxyal kyhranratiazolfordemeo8iplexdinld naslysts siitmbteHpt adeet hianieyention are of
pentaerythrktol ﬁ%]ﬂlt0| rnannitol, sorbitol, diethylene glycol,

triethyl end 69?5% o aet hyl ene egcoI dlpropylene gl ycol, higher

pol ypropyl ene gl ycols, 20 hi gher pol thyle ¢ gl ycol s, higher polybutylene
gl ycols, 4.4'-di hydroxy di pheny pr ﬁgqg, di hydr oxymet hyl hydroqui none, and
conbi nati ons thereof. Hi gher mol ular geepght pol ¥ol s include the

pol yet hyl ene and pol ypropyl ene hbe/pbly ris in“the nol ecul ar wei ght range
of from about 200 to about 20,0D0, 8wuch as tjhe CarbowaxT ~ series of

pol yet hyl ene oxi de) conpounds (avail able from Uni on Carbide 25 Corp.,
Danbury', CT), caprolactone polyols in the nolecular wei ght range of from
about 200 twhesbiout 5000, such as the ToneT"' serles of polyols (avail able

wer ghtor ange of £ S50t 5o 6 e fre: Pyl B8 Pl ripeRERari: 0o
and 2000 series, ol BOLYoL 5 Laumil ahl.l SO RIERNL G, VUL ALY P

hydr oxy- t erndn: eria suc

series of mw;g ﬁoxﬁal\/lalab&bh@ chipmatdnis Atgo@\b'iﬁmutﬂmﬂdaﬂeumhhﬁed B@n,v
pol ycar bonat e
thienyl. and furanyl) and alky! radicals having from | to about 20 carbon atoms. The term

-
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diol's, such as the Kl ~1TM series. includi nD KM 10-1667V and KM 16-81ABBTRI03

. (available -1 s (~~ ~ ~~"l~ ~~~J~ WD 001 39189 PCT/tJS99/2, 159? from
St ahl USA,, (Ongﬁgdy MA), pow ethane diols. such as K-flexPcrmsspiesi al s.

i ncl udi ng I? fﬂl ex UD- 320- 100TM (avai |l abl e from Ki ng I ndustries. Norwal k.

CT). aromatic pol vether polyols. such as SynfacT~ naterlals i ncl udi ng

Synfac 80?4Th' . (available from i cal .80, and

random copc?l-ﬁyrlreﬁ‘é:lug?s ﬁJg’ISWJ{egtar”é}%ﬂﬁ%ifseQe’ 5Su ftH%Bt?fJ inlag) 'gthég %\l}ICh as

t he Pol yTI-gi'kFM % eSPr £aB0! X9l B, GAYRL a?ebéa%hfmfcﬂﬁat@% Cor por ati on. Mount

Adive, err yesrer ?yols I ncl ude e DesnophenT"' famly,

avai | abI e f romgan\,(gﬁd XEArKerI bs défﬁ)‘xed%bl@\r@&ﬁﬁ "r&ﬂrcﬁfhﬁﬁ“d&oﬁ&ﬂﬂ%mﬁ)lé\ ancryl ™

587, comercially available fromS. C. Johnson ~. Raci ne, W.

Anot her group dﬁRgrEhengdspmhymwscmnnbud@m>hy@mnﬂ%@hkykmm@dnbwsﬁhahol 10

derivatives. Preferred polyols in this group have the follow ng general

fornmuba: (HdOze nREs (. O&)a-phthvbﬁ?%tmgded1bﬁrﬂ61hil@yéilxehm‘fmanst davegdtfuanyl.

branched or cygclic a ene t hyl ene, 15 butyl ene,

decy! ene) G SuIhCBAGRSY oot dsh D16 b 15 Fothed. Brons o anaiF ROFOREE gr oup

consi sti ngyBhpdif Ry bt &ERANY AbAREC( Fe th CB&naybﬁdﬂ%%m functionalities.

1. 2-di phenyl et hyl ene, phenethyl ene); R7 and R8 independently nmay be an

al kyl group, arﬁhd(yll-s@smmmd sayi:i;uohIakyrliphgmdsnpiformﬂxma]eydﬂt@lrmmmocmateamd@FyI

group of fyr 0c atons. (preferably and

trif Tuor or@b wﬁ@hlawnﬁﬁw%ﬂvgvgwamt6*%&9%11@1%@{6@%&@2  iliatien an R

togetfer cafs 204&0MNd iRYy. &P ?leKW&n@Eb& 1 .@%Jﬁgfeeﬁe TrHRYh B8 or Jhary' ene or

aral kvl ene group containing from?2 to about 660 car bo atom; and none or

from1lto }&ixeﬂnoralﬂqthmcIsrmm(%gﬂSbF@is:amokxqorafesﬁdbsatatyutt ddkebu] sulfsnibsitsattsihred

aryl ene group, preferably having from6 io about 12 carbon atoms, nost

pr ef er abl ydgscnpbedmydre delly - Lpﬁeﬁgipléﬁéo Or25@i &8t hyI napht haI ene. Speci fic

preferred hydrolg%)al I%I a ed bis enxolﬁ egl udef\l "9 q S, ﬁt |

hydr oxyet hoxyph@fWi?) |SH<§?‘BH%‘ Safts B SRy BN NSERHP bai“‘s Qfgpsigye only

f 1 uor enoneh thulgatiofer fegicir sprde gwﬁmom@mey hidyaa e sérsitBzed to the near

hydr oxyet hyl at ed bi sphenol of but anone)

% 2- ﬁ634| (tﬂtrhgnghgagybtﬂihwthmb phieapeioinoby opelae goup o sensitisedy sichas hy| at ed
IS eno II%Ey r opane,
2, 2-pbi s- 4-%:‘1)5é I’\?Fgr‘”&;f%%ﬁ enf/&%’é ?%%e%% I?flane 3P oP

2, 2- bi s- 4- (2- hydlriexiaieayphemit brtae@mwcalcﬁmmlalaegmm@tranmmpamdsaus
1.1-bis-4-(2 30 hydroxyet hob-rdphenyl cycl ohexane. -19 U~ ~i~f~ ~~(I ~ WO

001 39189 P@ﬂwsg@ﬁmmnomrw eplensy geserived inaldlSe Paisnt Newe 5i05% 8. Hd BHLRLI on of
epo~ resing u:ﬁ ;éc?él %ucpgal![ &ang ?cl c%ggxt'll t&teg%edéﬁ E lfci)(% let hers

obt ai ned b‘i‘/ t1on o OptT onal y su 7 ene oX%i des. such as
et hyhgne oxide. propyl ene oxide. gFu W@)fkdp and styrene oxi de. onto the
above-nentioned polyols. 5 Option conponent s%f the present invention are

stabi | 'i zer ghdBatM kRt a%etaﬁatamet‘ee@a HOSDEBRREL QN pexﬂ?ﬂ1@§§o‘u9ﬂVl§ kirB,
formation and color formation. Stabilizers are typically added

formul at i ouEs, of (18 bed ny.giéfebly Or, Mser, Ve, RERepahd Che balpyaess na;galonét heat
degradati on and oxi dation duri ng preparation. use and high tenperature

storage of ortthe lipandsowintritorisz TAdehtons Hal castetshe baree er difforent ligandiselegted may
21(2?“){]2 in %2 el’%fgggﬁ(ér%sglﬁa oﬁftf @Ji?%paéxﬁlufnla sgh(%% EFC?’tC 1C anaa%/ cr:]ﬁ;[]sat\}crgtl;:d

25 compounds and groups and substituted and unsubstituted carbocyclic aromatic and

heterocyclic aromatic compounds. each capable of contributing two to twelve n-electrons
to the valence shell of the metal atom M. Preferably. L1 is selected from the group
consisting of substituted and unsubstituted n3-a11y1. ns-cyclopemadienyl. n’-
cvcloheptatrienyl compounds. and n6-aromatic compounds selected from the group

30 consisting of n6-benzene and substituted n0-benzene compounds (¢.g , xvlenes) and

-14-



However. these additional stabilizers should be conpatible with the Briifar 303
stabilizers noted above. In addition. the resin conposition rnav conprise
fromO up grts by wei ght of an aromatic vinyl-conju »iE, bl ock
copol yrner pe#%%ﬁﬁ parts by wei ght of epoxy 15 nodified aro%ggﬁggg A2
vinyl - conj ugat ed di ne bl ock copol yner. Styrene-butadi ene and
styrene-i soprene bIock cop olyners mhereln t he di ene bl ock may be
hydr ogenat é@mpapadsiiading % ©d fntsdgaies. @eh capablepinppiribpsipg éue 8 4dflestenns & tan
al so be added to the conpositions of the invention to alter the phyS|caI
char act er i staicose é‘?e“t(}fé\’lgfpﬁPr%T%F‘i’rﬁl or l|tgc) higfeds epmnbptingengrenapubamis-ar e
20 thi xot roerl)é FroR9GAL §ansr}é§ne &itne cg%?ﬁ r?.ﬁt ng%ﬂd Qlect eRhSind gro%nh%gscl 59 for

P B ki Fae qclers such

tones such as terric oxi anirumd

as mca. Sidata mawixedel ﬁﬁro‘d@hurﬁsth@]‘kr{yﬁ h@s@hﬁieumpﬁlaﬁ\b@ﬂﬁh@and@&ﬂ%ﬁbé&rﬂi

sul fate and cal ciumsulfate; electrically and/or thermally conductive
fillerS, irbosplionpsnersetic patantisions, wigh fstirowiso shadthesetal elecsrmenicharge
rnlcrospheres chopped fibers_and whi skers. including glass and carbon;
clays such cR8trbaiRddaM by |aa@§ pesulie MR N Hesi i ppaEve harger frectp eg epaRdeN:al s
such as un ALLSchl BRal, NRAGD, 80Kk BOPYEY SR HERS-ChRRLIBNIE AT | BORARIC |

fibers such as I'ass ers

y( p- phenyl Ealﬂenﬁeeéxﬂﬁbinhaﬂ \aldeds)! . orQamlannfuebef ﬁ)m@l@‘darﬁ@tﬁmré‘qtﬁreb% Seut/ABAUNL S
up to about 200 parts of adjuvant per 100 parts of resin conposition can be
used. Epoxyherdltired @en Hieoaapies ciioniX Bonjaleenaeniiking complek aviopoisydessribedn be
pr epa @d 30bE¥ at least partial epo~idation of unsaturated bonds in the
polyner bl 3Ck derived from - 20 U U ASR 2003 WD 00/ 39t 89 PCTNS99/2 t 592
pol ymeri zati on afer@icO8RUNthchdated turthgdage i) dg%foed réloilol o bemdo@dss tigat known
~n the art and described, for exanple, in EP 068603A2. T e materials of the
present i nvaise @wing 4nd Beosynkperad dhepoX islgthyrengiringdioi apliemicap reseleass i n~—~.
Ei t her can | t i tch nelt processing can
be acconpl Itéﬂg\gltﬁ) cagaogd;sgfrul ?q}léjémg{ﬁag{v%ﬁﬁgé px%fer?o 1 ]?SI éhdc% r?&?lilté afe nyl

conj ugat ed tmrmuplsdal@a@mqiemees att»ymue;ahidn@omelel ®npoaéi takes glagy. eheat ed

m xer, such as a Brabender m xer (C. W Brabender Instrunments. Inc., South
Hackehback. hU)fédﬁbbﬁ@ﬁﬂwl@ﬁmgéggﬁs”Wbéﬁ@bphﬁngQabﬂ@ﬂ@sﬂ“¢@Véﬁdsnnn ~ for
about m nut plasti C tur resin
and cur at i ngé nd%rytanntu %)r% diatd qnd 3185% s&:?fg g‘cf t%}\lﬂ)g@ﬁ% Lﬁ?tg?r S orene

resul tant mdiahies sish @strhogeeﬂsdrﬁbe@nsurs mmlw @.0%84678and &, 2- alsctur at l on and
tenperature bel ow that which would substantially cure the epoxy conponent.
and r emovedFiReRRePHIPTAPRSH 2liPTREC Mdaroratie ERlianemings €dat ed. nol ded. fornmed.
shaped or I I obj ect
s then BRTER TRl B EgR AR Bl RE ueRB  e  E ARE Dohent . (n
parti gl ar ,quateetarparmhioniuhbsdthetticutarfyl gymidirdudesaits a@dh at Nemetiyt-épisskistuncan be
pressed in a heated flat- plate press. such as a Carver Iaboratory press (F.

Carver, | ncexafnoraphosphatg: iy fondgyp s {0 haroperi fluesidscoanlexgs sugh 358 ﬁcEaﬁDm i shed
tr ~ t
Gownet r camBOrt3-HeRcals b i i 4 b Rabe O eB R seEes 1 1 m

CZilOeanzh\?\nef dgtlragh?t '4?1?%1)1&11 agnd;dlgﬁandﬁmqée (’cy%rf]éugmﬁi die codl%l%ﬁ]yqpnoub ?%g%gg {)?l |

mai nt ai ned @mpaufidlcoh@MeE aldsremby caiRkIMsSiAd bfouptans (f%@hﬂdcdrhﬁﬁm@@hastl c
is added to the input end of the extruder and processed using a tenperature

profi P& t hatr mae agbeogic ?ﬁtdemﬂld@“QE@O‘QMe?Wﬁ)ﬂ“&@W@n&ﬁﬁmﬁm '@Hewqrmpqwa@s
substantlall curﬁéthe q99£¥m&%m@%n%n%%§}ﬁeéﬂkbng ﬁ &Qh%cgggg 65he durauon

of residence ?a? Paceri Al er d pr ocessi n~ d

epoxy resins 25 gndisiH alekMBSpoRY cdodyasthadcm Betns%hmmm%m@xhtaﬁwrmoho t he
i nput end of the extruder or at
include simple pyridinium, quinolinium, indolinium. alkyl. aryl and alkylaryl ammonium,

and phosphonium salts. Useful ammonium and phosphonium salts are described in PCT

30 application WO 98/08906.



other points along the extruder prior to the mx~ne zones. Liquid [bfokRR 2003
- resins and curatives which may be di ssolved or dispersed in the epoxy

resins may be injected via gear or syt inge punp through t Leam
s my be bl . ! Jlem;r'gggmgg

port into ruder prior to the m xm- el enents. Take- Spéed is
adj usted as appropriate for the output (sheet. fiber, etc.). 30 typically
fromabout 0.~ mMmn to about 2?00 nm m n. 0 ~ ~~~ roo~ V4 O 001 39189

PCT/ L~S99/ 2159 reigrieh surabuess safué irethe fysiepiagn @Glrﬂdﬁ{sj\ mhorcrr@wé\ﬁmu@bﬁ@onent s)

i s desirabl g i.medi aft xtrusron [ stic

ol yror - cooenREp ety st i P RELiers forbri Rk APl Bh e

place direglily ﬁhr&lﬁ%ﬂé%\%‘\/frhﬁﬁn&f Ble FareASLLRY cWﬂﬁn@LmoW‘s@le' ﬁnﬂr@ve@es' red

t hat epoxy cure takeé placé after the thernoplastic polynmer cools 5 and

sol i di fi eslimtisorin¢atabgwumcabjequan thamablaat gd oh ueps phere hestant ipeeskak @raup
en.it is irable that n curi t.ake place after

roll. Finally. S
extré%ionaEH%ﬁi¥®5¥Wﬁﬁ3@E@%E@E*é?ésgﬁ§éﬁﬁngﬁH%Fﬁéw€§§é“%ﬁ%V% phot ocuring of
the epoxy Conp%'h%} ) u%esfu qﬁ%lﬁerr?rpcj:rﬁrohmge glte% tin giﬁrﬁ(gun(? hyﬁ ’01'0 0810
before the thernopfastic polyner cools and solidifies. |rr |at|on 10 of
t he heat ed weiphtushatent.dasediaketa) ket df ¢peey byaraly rhderiali efaerabiy €01 to 4

I rradiati on_can be acconplished by any nunber of connercrally avai |l abl e UV
sources, RSN PETEAE apd rrw&trréefrfc@llrb@& sw Wigtzhe peregsyt. Sold op dinpie catsts sy e

wen 111 o gmey Y o A RSLATR. R Moy Bk bl PR MR e

pol yimer cmeﬁt&]gan@u&nhdrcﬂ;hfsumxent tveculrd thtep@@ufeﬁﬁs)\locs@n el hafegsaedfdrum prior
to 1 ~ the take- u? roll. Flnalgé where it is desirable that no i medi ate
epoxy cur iPFRfceEIce | BF BpaxYdesinfasalefipersabone )/ aatadyst prisdicanaohenby Pempeding absent
and,Precauh LansaImt DR aanshg: BEEVEILR AU Liyd B WAl fe Scope
drawn eit eo thih@xheblbyticpoly amttaiel duriag net QERE e SIn fileaiisd Bsolient Our e, as
above, 20 may take place before, during or after such drawi ng. Solution
processi n@IeEFSIBe th%%«'ﬁﬁlwt|C§rhb%rdﬁyolm%wgfgﬂterreoepbsarmaﬁtﬁtqrraéw Hy SWEQNTELS | nyI
Coni 498t oL S0 Q5K SPARIWTREG SRRy T4y A SHAM MR B e SO v
opti onal | solvent. Héalf@rsolvEhe 1mmnahy15etmmﬂoﬁe selnsieaethy ledcktated betgbhacere,i n t he
solvent. giving a clear or slightly hazy or 25 opal escent solution or

m xture. TRCXIPIR%EBA can be conveyed to a coater where the solution can be

coat ed ont 0. 3 SHASAESh el tbRikune Ha Rtk R BSBE TR ForD ELEES oM ©

circuit device ernatne e sol uti on can be coate a carrier or

rel ease | is0eyarts bhevetgatof p@ypm:tnlsrmde ecdr fesiab (RRE)loi @ moably ngighpf thent i ne,
ki ss _coati ng, curtaln coating, gravure coa |ng as well as.other coating

met HOds  kSBNRY-TIRAtiIRS BpatioTHBY koRiveated disae Pck capPlymere aheTelT he ek hen be
drred to rep@] (AL=le ot 4 n I p or
thereafter g%éﬁghéﬁhodg ascuﬁg@??% E%ﬁ%% oﬁgﬁﬁ% bkﬁkkpﬁﬁ @8{@%2259
resins. cbmpfises90 o~ %@Bﬂﬂﬂ@e%hﬁﬁlﬁ@to%ﬁrﬂﬁwo’a’ﬂJBQ;Zhé/h&ateveaTheI mis used
as an adhesjve or coating, the ter.ial uncur ed sta y be applied
as a sheetPO@hERMEeRS ¢ijelp C%‘le%%eraaﬁ Bragp of S&ru?téel Kpftsshaying thg, rr&ﬁ lication of
heat, pressure. UV light. or conbinations thereof in an~~ order.
Alternatively. uncured filnms mé¥~ be Qpplied to a substrate, then partially
cured using WV radiation or heat\ followed by application of a second
substrate to the partially-cured/ adhesive. after ~hich the construction is
fully cured using UV radi ati om—\heat Qfor pressure. |n addition, uncured
films may al so be partially cureguging UV radiation or heat prior to
application to a substrate, thery appkied to a substrate and further cure
usi ng heat and/ or pressure Adhgsive @i 1nms can be of a thiclUiess in the
range of 0.00e fm.to mm 10 When heat curinc is used, the nethod of
heat gener}%ﬁcf“&l r%%menri@é‘t/ hlogeR PricsRBhseRedInus WendkYidee c kLN R NG f
fuels and L8 75aMsr 080, @(ee*r?l.(Flﬁltoéfkﬁfilam‘ﬁ@%rkg'y il r&rﬂc}& gihe latter can

i nclUde réSist'ance hea ~n Pnducti on heat i ng,
el ectric aabhyploasitBhoiealdraig,al fast (doeheoh ratcﬁnsrgepzsrm@ghe(haméeudhagmgeerr owave
heating). This invention is useful in the production of high performnce
adhesi ves and 15 coatings, especially where inproved heat resistance and
noi sture insensitivity is required. For exanple, this invention is useful
inlaminating filns for electronic appl-i€ati ons. The present invention is
useful as any of an adhesive. as an encapsul ant, as a protective covercoat,
or conbi nati ons thereof. Substrates for the copol ymer resin conposition can
be those known in the art 20 including polyimdes, netal stiffeners,
senlconductor chrps printed circuit boards, glass, ceram cs, and netal

Y




25 -subj ect to solder reflow even in the presence of high humditylf Kﬁﬁﬁbﬂmﬁ
and advantages of this invention are further illustrated by the foll ow ng
exanpl es, hut the particular materials and anmounts t hereof ggghkggngp,these
exanpl es. OMP18Ls other condriions and details, should not be construed
to unduly limt this invention. 30 EXAMPLES ~ ~ ~~ft ~OU~ WO 00l 39189
PCT/ C1S991 21592 Several styrene-butadi ene (SB) bl ock copol yners were

el t - bl endedtonist bnepakyQ? ie sideperaiedily hidroydnsul( anidafindteatioh el0E eanplenonat e
(Ar3SSbF6) in a Brabender m xer. The Ar3SSbF6 ~~~as Predissplved in the

| i qui d epoxyuifabdy primary Ipwergdiod granpe pe Mehypghyl r-eeapyl- naaitddigebuty b pamyl.

Ar 3SSbF6 . vas di ssol ' et hy] ~6t [ e, and added to the Brabender
The met hyi " SRROVT Reru oLl ka2 R T e S TRITE hPutaBe T

Convent i onakerr@pexdidk aeslyl @oshsnEkempRE oBEcbh@EKI0GePakYINEESp¥RE BoBMph Hat ed.
A summary of the SB- based thernopl astics is presented in f%ble | . bel ow.
Tabl e 5. SBs®-bwkl abd opentwdr PRferablyt arysithyd daslicaleen stragiSichaiemaBent thah ene

Hydr ogenat edEpoxy Equiv. W. Anhydride Equiv. W.Epofriend A

102040No500 bEpehad éﬂastmi@&mdn@{@wkﬂwﬂv&lp@ﬁcﬁllﬂmmmdm&@bmawmsai ¢t D 11
OL31No- - Krat on FGL901X30Yes- 586bKraton FG 1924Xl 3Yes-9806 10 Epofriend

mat eri al s af¥boBaEMse RICEHH A7 iePP\whi ch a certain amount of the

unsat ur ati on of j 7 i di mt et al.s
are sold by Daic??agﬁgh@ggl iﬁgﬂgﬁﬁﬁgggr@fﬁﬂeﬁﬁgééﬂké%§58%33@%@“@6&353& are
SEBS ( hydr oggnadsad thupasineime el kSuidble dbmabsyhbstardrave cnbyedng der gr af t ed
to them Kraton D 11 O1 is a styrene-butadi ene bock copol yner. These

Kr at orl Onat e £¥ample afe-damethy! phy4-gheriviene s thch B aluitad erpensyy mes ippudeoandm mm
thick) were [t - fr o] i: .ol N _phLESS, having ..
electzicallﬁgﬁgg %5%éﬁgﬁgﬁéggigBgagfgﬁgﬁPhg?@”&éﬁé%%ﬁgv%ﬁfyggﬁﬁﬁg¥k ﬁé wer e
used to nmakehdBknd@gher Inipe Vagaibiels rantdpecoBalymefst ahwAl kalorh JpdAhers P! es
and LML sanples for heat and npoisture sensitivity evaluation. Thicker filns

(1.2~2.00 HifFloRiCR) BN AIGHUR: Bxsstred 5 Pemiphd-Brerdst PoH2Bynani ¢
Mechani cal - Anabysh s 4PMY-ana%k47.3417 © ~1~ ~00~

15 A preferred PPE, poly(2.6-dimethylphenylene oxide). is available under the trade
name Blendex™ HPP820 from General Electric Co., Pitsfield, MA.

Optionally, resin compositions of the present invention may comprise a tackifier.
Any suitable tackifier may be employed in the present invention. The tackifier can be
present as 0.1 — 150 parts by weight of tackifier per 100 parts of the resin composition.

20 Useful tackifiers can include rosin esters. al_iphatic and aromatic hydrocarbon resins and
mixtures thereof, and terpene resins. Useful rosin esters can include the Hercoflex™.
Hercolyn™, and Foral™ families of rosin and hydrogenated rosin tackifiers, commercially
available from Hercules Chemical Specialties Co.. Wilmington, DE. Useful aliphatic and
aromatic hydrocarbon resins can include the Wingtack™ and Wingtack Plus™ families of

25 aliphatic and mixed aliphatic/aromatic resins. commercially available from Goodyear Tire
and Rubber Co., Chemical Div.. Akron. OH: the Escorez™ family of aliphatic. aromatic
and mixed aliphatic/aromatic resins. commercially available from Exxon Chemical Co.,
Houston. TX: and the Piccotac™ and Regalrez™ families of aliphatic and aromatic resins.
commercially available from Hercules. Useful terpene resin tackfiers can include the

30 Zonarez™ family of terpenes. commercially available from Arizona Chemical Div..

International Paper Co.. Panama City. I'L. and the Piccolyte™ and Piccofyn™ families of

-17-



WD 0a/ 39189 Peel Strenbth to Kapton E !' CT/US99I: 1592 Peel speci nethd weRell(3
. prepared by placing the adhesive filmonto 0.05 nmthick Kapton E pol vimde

filmsubsgr irradiating the adhesive filmat 2.2 m for 3
&a%&gvgvl H:)ﬁ?ésat 15952

m n. usi nc a 350BL bul b, placing another Kapton E su ateon top
and 5 lamnating at 210 - 220C and 690 kPa for 50 m n. The resultant

| am nate was cut into 0.64 nmw de strips and evaluated for 180 T-peel at
r oom t enpefPRENFSeCABMAL A 2} fAblegrom ﬁ?ﬁ%‘?’f’eﬁ)ﬂe ferabdy- taphifigrppsefulpaihe R de,

l L) The Rﬁgclrnu%hrl?cq%er@sc&reg% )\%8 al SI%{% &%BI]C }D’dl‘%%{il’r %qugxé{‘és Peel str engt hs

for blends o e various ock nmers ( Shel |

Chemi cal ) cont ahatdigior. z%ies%oﬁhfpsﬁhﬁﬁnﬂgaﬁd c@ﬁuptrf@@aw\@mtmé pépens 828 are
10 presented in Table Il1. Blends containing the epoxidized or mal eated SB

bl ock copairgireably ﬂq@sdrmuvgﬁeqpoiabgnousx vdeg chreng draditidne. Tonmadyelipoefatabir

funct d SB th di zed, SB,
The. it or MAPSGES G RECHAGRAST arRPie RSFIOBMREF Qo R Ot P Po b Brogies
af forded tihe @m%ﬁ%maﬁﬁloﬁﬂrﬁ@g&p& maAe 199@He§fﬁ§ﬂglraht wa% x%?akﬁlvwﬁﬁ at 5

wt. Epon 828 15 Table I'l. 180 deg. T-peel Strengths of SB/ Epon 828
Bl ends wi tepogy resinde Pr38ShiFB1/00.9Ka4060. E. Newt ons/ deci net er Ther mopl asti c

SBW . % E on 828. based W . 02. 55. 010203035Epof
102068. 3182222 253 @2@1%11 t@"oéﬁéna'ﬁ‘é? E&Péjlemé%%?gzgnég 33@08@6&1%#18 A
100566. 55.13Kr @Mo%ﬂi%ﬁ%e ARg. 1852ﬁcr§§1?e Aok &t xaPéLg}{M: l/.S-%cénﬁgl I'cl)llre&glﬁeﬁds of

10201 7. OKrat on' FG 1901 X135Kratoh FG 1924X~201 Peel 'strengt
Epof 10 end gid@R0 4abishydesty a2yl cgim}naxnncfldr%cydﬁc)heaam dintetivego D), Y-mielthy%6143-3SSbF6

based on t he wei ght . of L 42 e al so rm ned. and the results
present ed H“PP&PSHP‘)& gi ?ro"@géleﬁ%é‘lm gscﬁ‘fogs‘”ﬁ)@f‘ ‘QPWEPF’% PO tReEET Bt Badned with
180 Hag. FmetsRLspropnd dr T A2 IR0 %%%égﬁ‘éﬂ{e”i%@é oo I8 g oy

Ar 3SSbF6 Biceddsne dioKahR enarkd. 2, N4 drimEthet-hbHeasiid d)oSBydohd\ahe}lEﬂhoHZ~7 Bisbased

on Tot al 5 Eofrlend A1020 68.3 221 24.i -~ 8.8 In the
bl ends m%@yg@ér/% 0%@—931 H’é’Péﬁ‘ee bisr@dwRIYPheRY PBeBans, PISaKﬁmdrqwa%l)

concent  al aofd. 1SR YnERL Atk -BISRFO. dHARoR, BeRshantRRrGent of (e

anount of epoxy resin concentration ed on the
total anouytiroafptEBylipeegane, 1,4-bis-(w-hydroxyethoxy)-benzene, 1,3-bis-hydroxyalky!

hydantoins, tris-hydroxyalkyl isocyanurates and tris-hydroxyalkyl-triazolidane-3.5-diones,
trimethylolethane, pentaerythritol, quinitol, mannitol, sorbitol, diethvlene glycol,
triethylene glycol. tetraethylene glycol, dipropylene glycol. higher polypropylene glycols,

20 higher polyethylene glycols, higher polybutylene glycols, 4.4"-dihydroxy diphenylpropane,
dihydroxymethyl hydroquinone, and combinations thereof.

Higher molecular weight polyols include the polyethylene and polypropylene oxide
polymers in the molecular weight range of from about 200 to about 20,000, such as the
Carbowax™ series of poly(ethylene oxide) compounds (available from Union Carbide

25 Corp., Danbury, CT). caprolactone polyols in the molecular weight range of from about
200 to about 5000, such as the Tone™ series of polyols (available from Union Carbide).
poly(tetramethylene ether) glycols in the molecular weight range of from about 200 to
about 4000, such as the Terethane™ 1000 and 2000 series of polyols (available from
DuPont Co., Wilmington, DE), hydroxy-ternunated polybutadiene materials, such as the

30 Poly bd™ series of polyols (available from EIf Atochem. Philadelphia. PA). polycarbonate
diols, such as the KM series. including KM-10-1667™ and KM-10-1733™ (available

-18-



5 copol yner plus epoxy resin actually decreased as the |evel of quxp('v[negpﬂgl
decreased. For exanple, the blend with O wt.% epoxy resin contained no Ark
SSbF6 and the hlend with 2.5 rvi.% epoxy resin contained h L,9f the
bl end wi t h™ g“@”\?\’t”% epoxy resin. Several blends were nade ?ﬁ;r(ﬁgg%n al ned
0.1 w.% Ar3SSbF6 based on the total weight of SB bl ock copol yner and epoxy
resin {Epon 828}. Their peel strengths to Kapton E are 10 presented in

Tabl e |V. TatnStaUSpgPeaberly. FlAdenovustthansgtiols. sorh spKNempt maga gl Rimsheling hat

Eonf\vahﬁﬂeﬂ%i‘ﬁ@sﬂfﬂ%%@w(% 85 s Rl atora Ry Cob BBt oy
AL020200299382, g1 #rvin A OLATLEIAAAB.TR, o e N0 oA 1G0TRAI IR ALY at on D

01~77 eneral , blends containing 100 to 95 art. % of
epoxi di zed @Bnbtc'dc%acl@@bﬂrglr%}) anidaddonocdpoltmerdmé polyftetrapsitinylpreovi ded t he

welghts of st BRRCAOTNS Bt Ry e b3 B o SEAoTa PR SR e S Bat o1
peel strengifserafhe 5]@01}?1@ elive N gN gPel?érretdq:olﬁ%Qltep Eo 150)@@&%(@‘1&% Hg bphehd

conmparison, the peel strengths of Pyralux LF and Kapt on I‘CI ally
avai | abl e dhredy.iayagatdelfremiRegsr. Etlam DhPArptr@fertreﬁ hﬁa—ph@mlﬁalweﬁc&xcbcbtmsm
approximately 70.0 N dm ~~U3 WD 001 39189 PCT/ US9912159Z A
95 Wt . % Epc?Pm“%@r’iHaA‘iﬁ)‘?O‘a?]eémﬁkS% I':‘B'H}foéﬁssw he-2RagIna W 35ShF6 (based on
Epon 828} fil m vwas hVoidubadalrSetdals] squ“uBéé f 12ty n and then
used to nmake T- peet 5 uF)es p?etfrrrreélﬁjtgtéa ! lﬁ%ﬁgé&[@,a&gndg@egﬁ%nth | at er.
The pEel stdegngives. med{&ptp@tyoli m/ﬁmgrbgﬂh%ve thé lfolbowiapdeiz2dl fodhelita:
respectively. This data indicates that the SB 5 bl ock copol yner / epoxy
filmcan be W irradiated at the tine of its manufacture rather than just
prior to its use in a |am nation._ Shear duf was carried out on
1.25-2.0 mmthick adhesive fil mg%?ﬁgf@\_lxgﬁgzﬁodAQE i rradi ated and
UV-irradiated at 2.1 milliwatt/cn2 for 10 min. just prior to DVA. The
sanpl es were heated fromroomtenperature to 210C at 2C¢ mn and then held

ool ed rapi s bhoie FusTUrARR ARG &idhBic Ak Bhe loh iR, pISKET T
and then he)at)étdmet Gec2RAE) @buPhnisting fil tgdr@ej’adjo,n attditﬁs for hrﬂTBrakayw:ne

UV-irradi ated provi ded hi gher shear solugjer refl ow
t enper at ur EPNSISHE d{dgl4 ﬁi‘ﬁ?ﬂ!‘ alemMpde 8¢ B‘?ﬁ?&‘%{”ﬁr é7p4 B‘Ee“blF”'g@”WPh?@EBHFW)end

A1020 / 5 . % n . 828 with 0.1 wt.% Ar3SSbF ased on the total v~~eight
of Epofrie 5%81”516 Sﬁ]tg’igﬂy%ﬁ agﬁ%g{%pﬁr@ﬁ(ﬁgw{g Figaikyl &rRume!any sﬁear
modul us of gk at &1 blpTer &S 1hb gh&k 30 bamoh Qa)tmso(fpré?agbwme@qllaéﬁq idd .

In the Figure, trace” A'represents data froma filmthat was UV-irTadi at ed,

and trace Biflepbesept)andabiee dirfarm & id aom t haétemaomOtn@R7 bivd REragtidkedn | N
the case of the UV-irradi ated sanple, G decreased with increasing
t enpettat ur €owRtipg amadeny, ﬁJéCI‘@ﬂli'sYé%”et Fiisas a1 ki deneer kBN IR cCaiaidingr t ed t o

d
et ease L2 861 8PoHod 06 ERR S0P RS | B WBSNI USRSl o e0sE
hol d conpared t @\ tdnsbevidubstitated bhensubseiited erybsie afrowye piefersity @aviag fiom @so dG

in Table V. After the 30 mn. hold, the sanple 25 tenperature was dropped
Lo 25C,  an@bewdn RHISEEPM BSOS TR 1-RkTE8, -RhesYIPRat dasyisi panbehadgnet he

first heating a ut to 250C.
Tabl e V sunmmari ;%setaﬁLgD % @@6’@& §E‘ﬁégwg?§gg‘%€d ?Q%Ffes%gzo The
nonmengd at umgdxfer/ethdswypﬁmyp)@slbiehon& Jhotiloayahihed foinh‘ﬁid oﬂ\ﬂuor%ofﬁB) 2.2-bis-4-

t her nopl astic | . % Epo Xi/ resin (wt. Ar3SSbF6) u~t.%s were based
on the toté&f hwogmth@eryp >heﬁ%@|ea§wrexw@ﬁ@ﬁsi/brsaaéqnﬁl O%bbmanone) 2.2-bis-

4-(2-hydroxyethyoxphenyl)hexafluoropropane (i.e., hydroxyethylated bisphenol F), 1.2-
bis-4-(2-hydroxyethyoxphenyl)propane, 2,2-bis-4-(2-hydroxyethoxyphenyl)norbornane,
2,2-bis-4-(2-hydroxyethoxyphenyl)-5.6-cyclopentanonorbornane. and 1.1-bis-4-(2-

30 hydroxyethoxyphenyl)cyclohexane.
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|l ~ Pai ~; Q003 WO 00/39189 3?CT/ US99/ 21592 Tabl e V.DVA Results mgLAPR 2009
+ W-Irradiated SB Therno lastic / E ox ~ Bl endsFORMILATI ONOnset G set G-
after 210%5;9‘9 é’einenp. Cure~~0C(C) 10' PalO~ PalO~ PalO~ RaPbsdsiaten D | |
01 ! ~ Epon ﬁ 780.9 10 13828 (DI )0.9695 Kraton FG 1924X / s2 | U 36
.30-0 06I 37E on 828 (0.1 )100 E ofr~end A 1005 (0. I )2101.141. 140 00l
3095 Epofriendéﬁlloo / 521g, ‘ 01. | 8 01l 5E on .828 89 1 IOO E
ofriend A1010 (1§ B y3SUE: ee@b”%“?d’é ‘}6"9@? %C‘@ﬁé]rf EPRNJCHNS ER! 0 Bies) 52

ag.g)laso.oigéwéﬂo é'%gs ?gﬁv&Q\\%@ thRredtR) 1'0‘?81‘?‘9 &%Qf‘éam%“ézf’zélgéo 922, 32E

on 828 (Osulbstl)tdx@@aﬁvm‘né'foeidds Auim&ktlﬁ\ﬂérﬂelfﬁdldé)ﬂopvﬂeﬁ@oﬂ.ﬂl& Ry e dxidd mend A
1020 (O | )I371 .973 S 11 543 6797.5 Epofriend A 1020 / 2.51461 . | 61
790. 631 . SPEENSPNEIB opE. BSRaTeIEpned BAlOlA | 020 : 2.5 285.397.942. 558 16E

on 828 (0. I ) 8 90
Epof r%tend Al 32‘6%?8%"{’;% @%%8’&?%‘7@‘9@%@& %g‘%gﬁgze%(s 56911‘%16‘%2%?(5% f A 1020
/201 023. h@étﬁe%&@aﬁ&b .0xHa0bn. &R & obn4) @barldneidrfemehtidn 1 0@0ilzeR are typically
ERL1432.725.933.3 16.2 1a221 (0 1 )90 Epofr~end A 1 020 | 10l 59,682 | 61
| .92 | 4Eﬁdedm@zfmrro@lagynsmfrthq:r@wwntm@ r & Proggt ﬂieaglvmer%gmsbmmk

copol yner

(hrat on Dlde&rﬁ_dl_at z}ndI ?\d%z{tlog%ﬁuﬂ%megﬁmf ?%Zueec % nl np%ﬁaﬂ golfnCt gﬁgeal i zed SB

Epof ri end .4H @ahoﬁ@oma@m% ¥tabil fzbfs&nbWal £ @fear Iﬂags!ﬂaane feskpb RS dURLEUT €.
dG . Conpositions containing Epofriend A 1010, which is nore highly

f uncltdi onalchmpdsitishowette! sganrgsmfbye\gmm @Ry anc peans eanidmil shéelet moidlbes upon

cure, and hose contal Epofrien 020. the nost. functtonalized

o a1 TG G 2ORER SRR P oot T e s SRR e ey RRURES i s
isin accgbddwﬁ%h&the fact that the nore highly functionalized materi al
provi ded the greater degree of crosslinking. Increasing the 10
concentration df agpioangagrasm @%Oan@ngmaeatomprlsﬁépéakedtqmasth@aNqmtlt@lfes to
a point; however, the eel tren th began to d ~~i

001 30180 el i8S el S o &P aEr EFTIOD B B et diont and
nDi stsur e $ieasfidd Motarwasy® Vé}{ H%D&.dd]@h{e biotlt eviolymdd 8ELEHIRSadBdIdnglr t O those
of Joint industry Standard i sture/ Refl ow Sensitivity C assification
for Pl ast |Styr®ehﬁmagnabl@dk Ghpodyuners,Sulrdreis shaviiang blpeyvingebe hydoegeoblet, 4re 996.

1- STD-020. for D% vel 1 %erfornance Typi cal resin conpositions to be
evaluatedpggﬁﬁ?qggdléﬁh 8P BE4Pst yr enebut adi ene bl ock copol ymer. optional |y
an epoxy resin,vahsAiudsiEcan A8 B added td theadfipbéiQbhs STAIASEHI0ANS alter
conprising Epofriend A 1020 and 0.25 or 11.1 wt. %

9. 9' - bi s( Shawitrsical czlfmaqhmshemcyf the Iﬁndrre«ﬁerlqldwedamonsvsefﬂaadnuvaMSI)are an
aronptic ami ne curativ e ectl el nded ra ender
el i HEOTe ST e el SRRE Rl o M BLE BOPPERE hin g BHBOE 260
C. Also, axhicendbeoh bRGk whd Hafrpaf @.loemia ﬂlaeaﬁbh a3 Ghivd sm@h.wpnamywamast@msje
(PPO HPP 820 (Ceneral Electric Plastics. Pittsfield. MA). and 10 -t EPON
828, base@abnmn ﬁ@rbpmtm mmeghltn sydlpcent calcium pulfag: slsceisphornediarshexmellyr epar ed
in toluene t % sol rh Q I further
cont ai ned ‘6" V??ﬁp ﬁhu@gﬁ%ﬂl&%ﬁ%%% dﬂlgzhHéF%PcomggH?8‘%ﬁFﬁg
conponent shbhede™ers Jﬁmwm@ksﬁ iifdludvags olesd drel @esing dlagduoch psalbemirhtyl giass

te~epht hal ate) release finer. then air-dried for 24 hours. followed by
furtder dbpadspnidrbubhlesyisimforeingmaigiials sugh awo@lrewcmabwvwnﬂ HPBWOYSN m was

(2 ayer #1685 bpmety he ntBiE SR bl RSP ol bR bR

T-peel sanptiess pcﬂb@ ﬁxen@%ﬁ@l@'&edhﬂmﬂehz@id@)&&ﬁb&@ﬁbérs tame @i} Bbdry) WhiothtspBAF
was the curative n that case. only thermal curing) at 231 C for 30

rnt nut es. tovabowis@l peits ef adjmanurer 0aatael eaingesPasieen canteatsedind noi st ur e

sensitivity evaluatio re c nduc ed b t ured cons tructl ns at
125C for 24 ho P&*"HH%‘?{F‘\A@OWQ&VHH i o egblo‘gﬁoﬁ/’oc’ﬁ‘ae & Bepgued)’” agoq
R Had or 168 haur SariVepbiiBaddn oA indhiame@f bon@imvak phieiet bloex H‘é#WeG'ﬁdfn chanber,

t he 25 constructlons wer e passed through a Mdel G--12 Infrared (IR refl ow
oven (Automated Production Systens, |nc., Huntingdon Valley, PA) that

heat ed the constructions fron1roon1tenperature to 145C in approximtely 70
seconds, held the constructions at 145C for approximately 90 seconds, then
heat ed the constructions to a peak tenpgrature of 220C. Heating fron1I4SC
to 183C took 20 to 25 seconds. The consrpuctlons wer e exposed to 30

t enperatures above | 83C for approximtely 160 seconds, including 10 to 40
seconds at a peak tenperature of 220C. The constructions were ~~~suallv
observed as they passed -29 (L ~~i i; ~l~U



WO 001 39189 PCT/ US99/ ? 1592 through the refl ow oven. Anv bli sterzﬂ Mgﬁm
that were observed constituted a failure. After the construction g

out of_thewt:g%b?]vggoven. they were obsen~ed under an opti calpchhhosaepe for
any voids. blrsters. or other defects. if the constructian was defect-free,
it was sent through the reflow oven again. A construction was deened to

"pass” if no, 5 defects were observed after t |es throu:h the 1R reflow
oven. Two- PRUTRTZEIIEY O Fepdy neidie « Sl Teasr Ll ol es el ol hen
was perf or il OR4CRRILLHOL]IRTP d¥8Y6Mmgt wo |ayers of tlex circuitry

| am nat ed together by neans of a 0.037 mmthick filmof the adhesive of the
i nvention usi ng TAre3s8bffs ofithatpresent iTkretidl esn ke prauarddrbwiae haoppetinlou®©

circuitry on a 0.025 nmthick Kapton substrate. The construction ~as
formed in SRISEalitheroan prelvadalsiralufigy BFOCG s IS n contact with the
coppers-trace si I.e¢ I I L C AR L F ao W : wth the
ol yi i de (1. o LarmErae AR Ghpt s lE Rl H A RE e oA PGl
circuitry. pdiefi€Pnshiaictvion comagiddatied. Wodkmopoynidr.aypicdRe s ptBet@ben.ns @sent ed
in Table VI. 1S Table V1 Heat and Misture Sensitivity Results for 2 Layers
of Flex G meahieaieq RORRJISHCH aoRRESRIte-mEpoiG Ve ndrapardesinsrgpeis.dpg. foith

) PASS95 Epofrjend ,A1010/ 5 E 828, ( ) e ~ iend A | 020/5 Epon
b28(0. 1 ) PRECE TR AT PER TS tusar or RN S ELHUr S 6ol datton

was per f or mduen iBGRrmoKestR0s feNed 41det hiXisre ©OBRRS eckivindac drayerfopfhe Kapt on E
film (0.0~ mmthick) lamnated ~ith the SB thernoplastic / Epoxy Bl end

{0. 0310 mm tehpokistadied with cantredbtitineckbg resplzaneaiaigpestyrest tofeheme compisee

construction was approximately 4. 3 cm ~ 4. square, The lam nation
rocedur e FOTBWR Buar et ja ape o LunAlh SRR Sopenl b AR B Plxe op
that the | aginRahdRNaidl RESUEEHWAShelmAOr. KRg mExGepin @6n POt &tked. hitgddenper at ure
profile of the TB&GA -30 ~~ ~ ~~~iz ~oo~ WO 001 39189 PCT/ US99/ 21592

const ruct i dersnegls shiamegt oparssisd inthedagjrediimel ¢qiiguration. oliashaped eltjedtinzay then t hat
shoun for the. 2uba¥ehall 6. &l LY. SODSLEHONI ONSy BESHLL.AUG RLERENt o

in Table VI°f! an ure Sensitivity

TBGAFRGRMUL AldeOdF RESUL dds00d Eh@fmbit@ilad cA0 B0 ptebsed in PRS0t 14k hrehdudd 820
(0. 25 OTBAF) PASS100 Epofriend A 1020 ( 11.1 OIBAF)FAIL97.5 Kraton D1101
/2.5 E on 8L8uy@ lasyman oesssFrearenlml. Warsh.ANE E on 8?8 (0.1)FAIL97.5 E

ofriend A1 O [. 2.5 E .on : | 197 Of 1 -1 A1020_( .?2.5 Epon
828 (0.05) PASS9 .Oéméus?sr'Pee'ﬁam?\%%%83'71*3%5@0%%%%‘%%5%9{!6{1 li‘et £§§9‘J’5‘?{“r‘3'ton DI
101 / 5 E gireB2&t(uded effiphddrdith<s aswomstielm P24 xinbel Emeis 87 & 4fprdpndil LOS E
ofriend A O/ 5 Epon 828 (0.1)FAIL95 E ofrtend A 1020 / 5 Epon 828 (0.1

) PASS95 E efinuepdiige (aodie. sheqt disnfibgolie. prqfde die) passnlr mkefipiosaestingrolh20 /
10 E 82 : I i . -4 |
10 80, PR TR B Rt SIS R R A ey,
(0. 6) FAI L6%ermp@htutebdthdim&20ic/mahs. ES@ii 18&Bhopisiiy isAtded 160hdapohr ¢reind 11461020/ 30
HPP 820/ 10 Epon 828 (0.075)PASS * Ar3SSbF6_curative unless otherw se noted
extruder and processed using a temperature profile that i1s appropriate for the thermoplastic
and which will not substantially cure the epoxy component(s). taking into account the
duration of residence of the material in the extruder during processing. Solid epoxy resins
25 and curatives may be added with the thermoplastic to the input end of the extruder or at
other points along the extruder prior to the mixing zones. Liquid epoxy resins and
curatives which may be dissolved or dispersed in the epoxy resins may be injected via
gear or sytinge pump through the downstream port into the extruder prior to the mixing

elements. Take-up line speed is adjusted as appropriate for the output (sheet. fiber. etc.).

30 typically from about 0.5 m/min to about 200 m/min.



5 The data of 'Table VI1 shov~ that blends conprising 100 - 95 wt (j% APR 2003
- Epofriend A10?0 and O - 5 wt. % epoxy resin provided constructions havi ng
superior heat and noisture insensitivity simlar to that r [ ), pass
JEDEC | evef© §0/3_918§‘| | formulations noted in Table VII that fgﬁf)éé%g‘@
observed to fail in the first cycle through the IR reflow oven. Al

formul ati ons that passed the first cych] al so passed the second cycle. 10 A

TBGA const r uct i [§Ahyases Whegh tegRalqual P 1hheBe o ERRIERBg 4951826 /5 Epon
828 (0.1 ). un o tic ' ' e.
oxcept i nTHRA T ERREP PR H R AR Bl BPhoEESaL PR 1
refl ow ovemirth@hebiid AEE ek th@aR4QAL1akEi e idireal mrnke diewaifide Bgateatiing profile
than that required for JEDEC | evel 1 performance. The constructi on passed
thi s eval uabdebnWhes itjipdestrg thao APy cuifelakeplace &tz thedn amaskig pobmeE caplone

(substrate for,.ftlex circuitr erformance of adhesiye formulatjons of the
| pverd | on ASORHEE fiLPGhiGiEba s RERRE TGy Mo ESREE wp BTGB e
PCT/ US99121 Rk 3t 6 &k Te@indMAkEPla6ORmeex GLdi6 bicA hehVASddeRasid ed. The
size of the TBGA construction and netal stiffener were the sane as used

previ ousl yabséatTBGA construction with an adhesive filmof 97.5 Epofriend A |
020 / ?.5 ERL 42? 1 (0.05 nderwent. an identical eval uati to that

descr i bed for URGICHHSPPTEATBREITTE SADY P08 FOPPRRRE o BPUTF 4MBERRIchr0 o)
except t h'a?te?E’ﬂﬁIs'fd#}F‘.&.Pﬁe{%‘;ﬁﬁh&bﬁﬁrﬁ’&péés{flﬁ%g%etr hEolk Bnd &1l oMeOVRN AdlBbal  Of

three tines. The construction passe i s evaluation. Another TBGA
const@ uct iadnhavhdakedaexfudB2 camakhploke diddedy iavibe did onifade. IFadatopofanitend A 1020 /

2.5 Epon 828 (0. underwent an identical eval i on, except the peak
t enper at aecgpridhed BYARY RYREST O C%%v&lkvwaﬁ?ﬁ%@squﬁ% REF 6f PERPOVER vas
i ncreased ¢ Q; 240 sfems P S @}qm%ﬁ]'&)k‘@\hﬂ’%lé’"ﬁ*@ﬂl%lﬁqwrﬁrLﬁ’H}grSvEQ?nsl. RodiQinief | ow

oven three tines. The construction passed this evaluation. The adhesive
filmin thV®)batylennie&®delNas el Whdl iensdiedirédthat GoxpouBenist wadef aftemtir- scr ew
ext ruder er st orf f rp., arlotte, NO) .rather an a Brabender . m xer.
Nbr e TBGA(IE‘HHQP a5t¢ p M@ewog] aé\?a%Ohéﬁ'éa%%“" iS&WCﬁ@F?B&rwﬁeﬂée USERIELP ve
formy atigps QL. bh&ILT PGS 1WA ARFNY Bt A9 iRmOdRi Bk NE G dGRE pRcE film
on \m ch 15 gloFé]E)pﬁlat eld c'oppeF circuitry was hergosi terepgl.) lI'he r%:ﬁ?al Bs%i ffener
was ni ckelafigl ettadiapprerradiBud davideh belabsand a2DpremawioB mamnbs qalaneo widvbnta 13
nm x 13 mm square hol e punched through the center. Filns of 95 Epofriend A
| 020 / 5%}5 RPE2E- (0.1 ) were Uv-radiated at 2 mWcnR for 3 minutes and
then |am nat ed Ibgt»wgﬁﬁ tﬁefg%%éel M IVEM|dn'tHa B leARUE ImS bbih i @fonf 25neaP

m nutes at 2150C and 690 KPa. The | am nated packages were baked for 24
hours 20 ndigimaynbeatraw@ bichandiaktzdin opbasedy ianitamedGC/BH%sRHiovEnref ayrabbe8.

hour After renoval fromthe oven, t ackages sat at roomtenperature
f or gq | edB89Y ¢ ePrkaﬁ%]?"efgreaﬂ‘éf‘wrlaglﬁb%‘rcpgﬁgﬂ"& hours. Two nethods were used

to check moi st WRuRHNbidsYihf ¥an §elactoplishRl B eniditd thdpdx9MNESEPRrofisan: The
hot plate was heated to 2200C. The package was pl ace‘cfJ stiffener side down
25 for 1 mimidtcenjmpatedvdsnt bivek cenadyperhermxg desito a2 0oEHVT nea sdnpite Thas

obsen~ed through a magni fying camera for del am nation or cracking. Any
sanpl es. t HEPCeHT Bt Hereinaiavieibyrred dalb 4Bpe pad et Eb&IEcIds in a
M Cr 0SCOP&ohhoRONE LA fiBbah @IS difteRed BVMY QWbIVERNTOGHY A8 or kfigtily thad opot
t he package "passed”". It is to"be noted that the hot plate nethod had a

nor €25 everapalcacgmt satigornt tramixMEDEChTedutidvetah dd canveyed toda cadérobharethsi red a 30

tenperature. r of 60C/ second maxi num.and 2200C for 10-40 secqgnds. . Thus,
o solut%man Le coated onto a substrate that 1s todbe fsed in the assembly of an eleetronic

heat i ng
circuit device Alternatively, the solution can be coated onto a carrier or release liner. The
coating method can include knife coating. nip coating. kiss coating, curtain coating,
gravure coating. as well as other coating methods known in the art. The coated substrate
30 or carrier can then be dried to remove solvent Epoxy curing can take place in the drying

step or thereafter. using methods as described previously for melt processed resins.



32 0 8 A-f~ ~QJ~ WD 001 39189 PCTI US99121592 with a hot plate whd 4PRoZM3
. severe test than that required by the .| EDEC standard. For sanples of the

pr esent |nvent| 5 out 5 packages passed this hot plate The
convecti on% gﬁg&gs a Unitherm SVR 400 (Vitronics Corp.. QH}L%E%IST
t her nocoupl e pl aced on the package indicated that heat was increased at a

rate of 5 about 30C/ second. reaching a maxi mum of 2200C and staying at 220
oC and above forVhgeatilmes %Séééﬁél%athﬁ‘ée%?ﬁﬁ‘Pé% e PR EI13E By apgcpigd gtate

m croscope 0 e 0 I esent

i nventi OIEI) r‘ilaqout"{%}f!1 aaﬁggslttgﬁpﬁﬁg ?R\ﬁ% eddnﬁ\%g{:eltél %ﬁﬁg\%ﬁsghcg[lo ’Iehégg UL, M
Construct i @assshiv Uvqnﬁlt roucdmmnanoalh $lm¢md1eﬁmaﬂaememerﬁmferromsctMcBﬁlms may
sensitivity eval uati ons. The LM construction consisted of 5 layers of flex
ci rcui try (D@@ppléﬁd tprﬂé@é%ratﬁnﬂll(ap@@lﬁ“ECtﬂfﬁd psine Hiyaradyesion or h?ﬁl nfatlewed byet her
with 4. 1ayers.of ers.of, flex q]wtn and

adhesiVe ﬁgplé(ialll(gﬁl F? f/ec%d %@étﬁﬁ? gﬂ/tiF pg?'aﬁfé‘f{e%gh% Freah eéd i Genine 3.2 cm

X 3.7 cm 13,3AHANE [sqUllPOFed hitg VET8dihASH heMtaniBr Bredsufe SInHddHionUPRfired
| ami nation. nine coupons 3.2 cmx 3.2 cm which contained 5 | ayers of flex

and 4 Iayerf'émafrnaadilfﬁeshe\pemawsecle“ecﬂosmgw\/ tadratinabi bers pdondi applocesioner @ t he same
as those describe for ttae T- ee gg as above. The tenperature rofl | e
of the LML SERWRLe fepiaphEdde sy a&‘}a?é‘ Wheh FYG RneEa) AL IR Evetlsia

sinlar toghat.phe éﬂ?th%‘[dlé)(ﬁfthélrﬁ?&e%ﬁvb@mifn)’nFoo@§5 higgtion descri bed above
The 20 LM construction was deened to "pass"” If no defects were observed

afterlt wo cycl esWhérrlmagturinhés bsRdrteé hnethod wé heat Resarhticn oot festriered] Catrimon ar e

shown in Table VI.II bel ow Tabl | at and NI |stur Sensj ti V|t
Resul ts forqthgdsc e&?ﬂ@%ﬁé@ﬁ&f‘f@ﬁg da‘Fe ROy eRsion e%f!@?%&y @2%1@(8@ 1)0

out of 9 C%@Qﬂ%rEﬁﬁ%@@dg&‘é’lsfah%a%g-ggguém51#&‘?@1 ﬁe%%n(r)our"dult?orpﬁgaug 9
coupons PASS Tenperature Humdity Bias (THB) Evaluatioi 25 Kapton Efilm (0

UO5 cm t hi eleetriv araéplisam) hedtiad, and diel &t kmnEgtnntlrmﬂmgvmng)w?alvehemmgg\.w tn~ that

i nterdigi t.ed ci t t by..t f 95 Epof d Al
R b i e O e e SR
adhesjye f 'cbﬁng%hz%p%m@%%@e fnkdrb @4 HeBereSPALR RBIMESHrd mentsmﬁy N ghlipded

copper traces e copper traces ~ere approximately 70 m croneters ~~~ide
with 80 mi Coomxsnaple, stplamnthmtmeefultlhémmh@lg@ms for tlcammmasahpatamvedThn 85C !
8~% R H and a ~ volt bias vaas pl? ced,on. the test CI(aCUIt The | eakage
current wad TEN; PEFEAN IHEHUET Y ST 87 ALEN R RETIHGRISEEE FOP BIAEH VF n

per f or mnceoych¥dht SHeBmbBtiokith&dét S v~~ere eval uated. and both | ogged over
1000 hours without any deterioration in their performance and exhi bited

very |ow | eakag@ubsjrai@rfm thy/geriodirserresin £oropasitomscaarkhd talse &nawn andieoft this
invenfjon w | e . 0 10_t hose skill.ed in the a
depar"tdl nc 1’?%‘!"91?%8& %ggspgﬁ??fm?ene{s ot t ?'Ildgaimh%helﬁ% |p“m'ed it cclu”!ao%rﬁ u’ﬁ)zﬁ;s be
under st ood ctAsdicd. hhcsme@y@fgférgmylcs%w;foﬁlo be unduly limted to the
illustrative enbodi nents set forth herein.
The electronic circuit device comprising the resin composition of the invention is
useful in ball grid arrays (BGA), laminated microinterconnects (LMI), chip scaie
packaging (CSP), chip on board. chip on glass. and flexible circuits where the devices are
25 subject to solder reflow even in the presence of high humidity.
Objects and advantages of this invention are further illustrated by the following

examples, but the particular materials and amounts thereof recited in these examples. as

well as other conditions and details. should not be construed to unduly limit this invention.

30 EXAMPLES



-34 ~Ve claim 1. An electronic circuit device conprising a reﬁinAPR 2003
conposition including 90 to 100 5 wei ght percent of a curable 8 '
epoxy- nmodj fi romatic vinyl-conjugated diene, block copo o and
up to 10q%8”@ﬁ?%5ercent of an epoxy resin, and an epoxy curyﬂﬁg%yﬁgﬁe

wei ght percent of the copol ynmer and epoxy resin being based on the meight
of the epoxy bearing material exclusive of curatives Mh o~re:

~0,~, ".r,~ =S e‘éerrags,{yféne,b@agﬁepegﬁﬁ_) block copg}\n*@rs,\\erg mgt- bLen(Bad(yeLﬂ] gzp\; o~y
~ . nv.r ~g QL00
P R A e T B P
sai d epox%r£§§6% SO LSEF v indh dé H&;ﬂ ef}o\ereﬁB EFB{SHS& Slﬂ%yné) éou BSin

electronic éirc devi ce accor whérei n ‘sai resin

conpri ses 5\%9 2B QAL &rﬁ@@‘%’ wa}ﬁlséolvérch% RUEARN 'l\&ogé ér?ouﬁ&de &Yi,ee according

to claimz2 wherein sal cyclic epoxy 1s selecte romthe group

consisst | n@rﬁenﬁﬁcﬁﬁg%ﬁ@?eﬂ&%t&% evap ?raﬁ:d offdurm the mixing process.

3, 4- epoxycyc exyl met hyl 3, 4- epoxycyc exane c oxii 8

3, 4- epoxy%ﬂmnimylhlcypdn&lem larme triaydaicdl, SB bmokye}ﬁ)lym&rhydecqe\lammmdan%

car boxyl at e, bIS(3 po met hyl cycl ohexyl et hyl ) adi pate, 20 di pentene
di oxi de, Summan. ¢f g’yt@i %/fhgﬁVP‘?P [gsticp 1s: Pr%%ﬁP%S imTable "beébbxycycl ohexane-1 , 3
di oxane, 4-(1,2-epoxyethy|) 1, 2- epoxycycl ohexane, and 2, 2-bis{3,4
epoxycycl ohexyl ) propane. 5:' The electronic circuit device according to
claim 3 whereijn said aromati c epoxy 2Fabigisel ected fromthe group

consi sting of polyglycidyl ethqyogjcgﬂthqubﬁmﬂggenols and theif
derivatives, e€po L-10 Q)X Si XY 5i ns; and
[ R % @ﬁ;cﬁﬁﬁ 1d x#ur E%#ﬂhfﬁ L. 6. The

gl yci dyl esteris of aromatic ¢ box
el ectronic cirlcuit device aC(%%HFH tgyg e%#e || ai sai d 30

epoxy- nodi f i ed—aronmtic— v'nvl-enn-“PaLed—dLene bl ock-copolyner 1 sisel ected
fromthe -3 5 |Emfrens A]020-0f Oy~ ¢Pou consiat i ng | of 5QBOX| di zed
st yr ene- but adi bto potryn nd—epgxidized att+y—hydrpgenat ed
styrene-butadl3%?ﬁ5?6%§”§§pol ﬁps 7. Tﬁg el ectlr h@gf ircuitf dev|ce
according to ampo@hiedd RG0S 1[- Gowherein ggl d Sicupgdg ve 1s a tripryl

sul foniumsalt._8 The electronic cilrcuit device accordijng to any|of clains
1 - 8 wherein [daianepbddi- nodifi 8d arjomat iNovi nyli- conj ugat ed di ene| bl ock
copol yner has Hral-ept—we-ght——theranrge—of IC? +0—3+p00. 10 9.
The el ectronic 1 i c¢g ad@ordlng t'FSany of claims| | 86 wherein said
90 to 100 wei giE gﬁqqgﬂh4g{ @ Cyraplfe ep -nodiftied aronat?ﬁé
vi nyl - conj ugatie I ene bl ock|copol yner _includes|a pol yphenyl ene ether resin
in an anount of up to 80 parts of said polyphenylenc et her per 100 parts of

sald curabl e epoxy nodi fied aromatic vi Y
10 riend materials are SB block copolymers in which a certain amount of the

unsaturation of the butadiene block has been epoxidized. These materials are sold by

Daicel Chemical Industries, Ltd. Kraton FG1901X and FG1924X are SEBS

(hydrogenated butadiene block) materials that have anhydride grafted to them. Kraton

D1101 is a styrene-butadiene bock copolymer. These Kraton materials are sold by Shell
15 Chemical Company.

Films (0.037 mm thick) were melt-pressed from the biends in a platen press having
electrically-heated platens (F. Carver. Inc.. Wabash. IN). The films were used to make 180
deg. T-peel samples, Tape Ball Grid Array (TBGA) samples and LM samples for heat and
moisture sensitivity evaluation. Thicker films (1.25-2.00 mm thick) were also pressed

20 from the blends for Dynamic Mechanical Analysis (DMA).

4.



15 conj ugat ed di ene bl ock copol ymer. 10. The electronic circuit dédi 4BR 2003
according to any of clains 1 - 9 wherein the resin conposition conprising
epoxy- nmodi &’; e(%/:%&gnatl c vinyl-conjugated dinme bl ock copol yngfr,a6@,98ki onal
epoxy resi 9 ed by one or bath of Wradiation and heat and wherein
said 20 device exhibits stability towards conditions of 85C and 85%
relative h t 68 hoyrs followed by a tenperature of 220C fvr 10 to
40 secondsu]mfp‘,l; 'yﬁf’ﬁ‘etl” ;H)SP%{JSI ng an el ectroni ¢ adhesive, covercoat, or

encapsul antPe@P%ﬁEfn?érﬂgvetr@Freﬁﬁr%?%y%fac1n25hd3£c91‘ékl% Rt 3n®UW. 6P thRRIKhpion E
conposi tion including 90 0 wei ght percent of an epoxy-nodified

aromati ¢ Vvifyinc@nfingairdadi eveirblinake aRRAhSIRY filnPAL DRl YiRM2eREXY resin,
and an epoxy ‘curative, the weight percent of the copol ymer and epoxy resin
bei ng basedninrustrize S\gdwgha 350Bk puboyplbeag amghere{ aprorak sebsohesinvep.afid cur at i ve,
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2.5 w1.% epoxy resin contained half that of the blend with 5.0 wt.% epoxy resin. Several

blends were made that contained 0.1 wt.% Ar3SSbFg based on the total weight of SB

block copolymer and epoxy resin (Epon 8§28). Their peel strengths to Kapton E are
10 presented in Table I'V.

Table IV.

180 deg. T-peel Strengths of SB / Epon 828 Blends that contained
0.1 wt.% Ar3ySSbFg (based on total wt. of SB + Epon 828) on

Kapton E. N/dm

Thermoplastic SB W1t.% Epon 828 based on Total Wt.
0 2.5 5.0
Epofriend A1020 208 299 222
Epofriend A1010 215 144 45.5
Epofriend A1005 54.3 64.8 66.5
Kraton D1101 77.0

In general, blends containing 100 to 95 wt. % of the epoxidized SB block
copolymer and 0 to 5 wt. % epoxy resin provided the highest peel strengths. SB block
15 copolymers with epoxy equivalent weights of 500 and 1000 (Epofriend A1020 and A1010)
afforded the greater peel strengths. These peel strengths to Kapton E were excellent. For
comparison, the peel strengths of Pyralux LF and Kapton KJ (commercially available

elections adhesives from DuPont) to Kapton E were both approximately 70.0 N/dm.
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109%Z&' () -  samples were heated from room temperature to 210°C at 2°C/min and then held at 210°C
for 30 min to simulate thermal cure. After this hold, they were cooled rapidly back to
25°C at 20°C/min, allowed to equilibrate for 5 min, and then heated to 250°C at 2°C/min.
In general, the films that were UV-irradiated provided higher shear modulus, G', at 220°C

15 (solder reflow temperature). The shear modulus vs. temperature plot of 95 wt.% Epofriend

A1020/ 5 wt.% Epon 828 with 0.1 wt.% Ar3SSbFg based on the total weight of Epofriend

A1020 + Epon 828 is shown in FIG 1. The Figure shows the shear modulus of irradiated
films was higher than that of non-irradiated films. In the Figure, trace A represents data
from a film that was UV-irradiated, and trace B represents data from a film that was not

20 UV-irradiated. In the case of the UV-irradiated sample, G' decreased with increasing
temperature until 139°C, the onset temperature, at which point G' started to increase due to
reaction of the epoxy groups. G' continued to increase throughout the 30 min. hold at
210°C. The difference in G' after the 30 min. hold compared to its value at the onset
temperature is referred to as dG' in Table V. After the 30 min. hold, the sample

25 temperature was dropped to 25°C, and then raised to 250°C. The increase in G' that
developed on the first heating and hold was maintained in the second heating out to 250°C.
Table V summarizes the DMA data for the UV-irradiated blends. The nomenclature for
the compositions follows the format: wt. % SB thermoplastic / wt. % Epoxy resin (wt. %

Ar3SSbFg). All wt.%'s were based on the total weight of SB thermoplastic + epoxy resin.

30
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Epon 828 (0.05)

97.5 Epofriecnd A1010/ 2.5 149 2.18 235 0.17 243

Epon 828 (0.1)

95 Epofriend A1010/5.0 156 1.84 2.06 0.22 2.22

Epon 828 (0.1)

100 Epofriend A1020 (0) 210 | 07 1.17 010 t25

100 Epofriend A1020 (0 1) 137 1.97 351 1 54 367

97.5 Epofriend A1020/2.5 146 1.16 179 0.63 1.92

Epon 828 (0.05)

97.5 Epofriend A1020/2.5 128 5.39 7.94 2.55 § 16

Epon 828 (0.1)

95 Epofriend A1020/ 5 139 1.41 2.83 1.42 3.06

Epon 828 (0 1)

90 Epofriend A1020/ 10 123 3.77 7.94 417 7.86

Epon 828 (0.2)

80 Epofriend A1020/20 102 3.04 7.08 4.04 6.30

Epon 828 (0 4)

95 Epofriend A1020/5 ERL 143 2.72 5.93 3.21 6.21

4221 (0 1)

90 Epofriend A1020 /10 119 9.68 216 11.9 21 4

ERL 4221 (0.2)

For compositions of 100 - 95 wt.% SB block copolymer and 0 - 5 wt.% Epon 828,

those containing non-functionalized SB (Kraton D1101) or lightly functionalized SB
(Kraton FG1924X and Epofriend A1005) showed very little increase in shear modulus

5 upon cure. dG'. Compositions containing Epofriend A1010. which is more highly

functionalized. showed a slightly greater increase in shear modulus upon cure, and those

containing Epofriend A1020. the most functionalized material. exhibited a much more

pronounced increase in shear modulus This is in accord with the fact that the more highly

functionalized material provided the greater degree of crosslinking. Increasing the

10 concentration of Epon 828 to 10% and greater increased the shear modulus to a point;

however, the peel strength began to decline.
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10Z! | S109%&’ (n)a jeng -cwo]ymer optionally an epoxy resin. and Ar;SSbl curative, In addition.

compositions comprising Epofriend A1020 and 0.25 or 11.1 wt.% 9.9°-bis(3-methyl-4-
aminophenyl)fluorene (OTBAF. 3M. St. Paul. MN). an aromatic diamine curative,

10 respectively, were blended in a Brabender mixer. Films of 0.037mm thickness were melt-
pressed from the blend at 180 °C. Also. a blend of 60 wt % Epofriend A1020, 30 wt %
polyphenylene oxide (PPO) HPP 820 (General Electric Plastics. Pittsfield. MA). and 10 w1
% EPON 828. based on the total weight percent of all three components was prepared in
toluene to form a 14 wt % solids. turbid solution. The solution further contained 0.075 w1

15 % Ar;SSbF, based on the total weight of the components thereof. The solution was knife
coated onto poly(ethylene terephthalate) release liner. then air-dried for 24 hours. followed
by further drying in an oven for 2 hours at 150°C. A 0.017 mm thick film was produced.

The lamination procedure followed for all the constructions (2-layer flex circuitry.
TBGA. and LMI) was similar to that used for the T-peel samples. above. except in the case

20 of the sample in which OTBAF was the curative. In that case. only thermal curing, at
231°C for 30 minutes. was used (i.e., no UV-irradiation was used).

Heat and moisture sensitivity evaluations were conducted by drying the cured
constructions at 125°C for 24 hours, and then placing them in a humidity chamber at 85°C
/ 85% R.H. for 168 hours. Within 15 minutes of removal from the humidity chamber. the

25 constructions were passed through a Model GF-12 Infrared (IR) reflow oven (Automated
Production Systems. Inc., Huntingdon Valley, PA) that heated the constructions from room
temperature to 145°C in approximately 70 seconds. held the constructions at 145°C for
approximately 90 seconds. then heated the constructions to a peak temperature of 220°C.
Heating from 145°C to 183°C took 20 to 25 seconds. The constructions were exposed to

30 temperatures above 183°C for approximately 160 seconds. including 10 to 40 seconds at a

peak temperature of 220°C. The constructions were visually observed as they passed

29,
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adhesive of the invention using Ar3SSbFg curative. The flex circuitry was copper

10 circuitry on a 0.025 mm thick Kapton E substrate. The construction was formed in such a
way that the adhesive layer was in contact with the copper-trace side of one piece of flex
circuitry and in contact with the polyimide (i.e.. non-copper trace) side of the other piece

of flex circuitry. The construction measured 5.0 cm x 5.0 cm. Results are presented in

Table VI
15
Table VI
Heat and Moisture Sensitivity Results for 2 Layers of Flex Circuitry
FORMULATION RESULT
95 Epofriend A1005/5 Epon 828 (0.1) PASS
95 Epofriend A1010/5 Epon 828 (0.1) PASS
95 Epofriend A1020/5 Epon 828(0.1) PASS
TBGA Constructions
Heat and moisture sensitivity evaluation was performed on TBGA-like
20 constructions composed of a layer of Kapton E film (0.05 mum thick) laminated with the

SB thermoplastic / Epoxy Blend (0.037 mm thick film) to a metal (nickel-plated copper)
stiffener. The construction was approximately 4.3 cm x 4.3 ¢m square. The lamination
procedure followed was similar to that used for the T-peel samples. except that the

lamination pressure was 1749 KPa. Except as noted. the temperature profile of the TBGA
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2-laver flex circuitry constructions. Results are presented in Table VII:

Table VII
Heat and Moisture Sensitivity Results for TBGA
FORMULATION* RESULT
100 Epofriend A1020 (0.1} PASS
100 Epofriend A1020 (0.25 OTBAF) PASS
100 Epofriend A1020 (11.1 OTBAF) FAIL
97.5 Kraton D1101 /2.5 Epon 828 (0.05) FAIL
97.5 Kraton D1101 /2.5 Epon 828 (0.1) FAIL
97.5 Epofriend A1010/2.5 Epon 828 (0.1) FAIL
97.5 Epofriend A1020/2.5 Epon 828 (0.05) PASS
97.5 Epofriend A1020/2.5 Epon 828 (0.1) PASS
95 Kraton D1101 /5 Epon 828 (0.1) FAIL
95 Kraton FG1924X /5 Epon 8§28 (0.1) FAIL
95 Epofriend A1010/5 Epon 828 (0.1) FAIL
95 Epofriend A1020/ 5 Epon 828 (0.1) PASS
95 Epofriend A1020 /5 Epon 1001F (0.1) PASS
90 Epofriend A1020/ 10 Epon 8§28 (0.2) FAIL
83.3 Epofriend A1020/16.7 ERL-4221 (0.33) FAIL
80 Epofriend A1020 /20 Epon 828 (0.4) FAIL
70 Epofriend A1020 /30 Epon 828 (0.6) FAIL
65 Epofriend A1020 /35 Epon 828 (0.7) FAIL
60 Epofriend A1020/30 HPP 820/10 Epon 828 (0.075) PASS

* Ar3SSbFg curative unless otherwise noted

5 The data of Table VII show that blends comprising 100 - 95 wt % Epofriend
A1020 and 0 - 5 wt.% epoxy resin provided constructions having superior heat and
moisture insensitivity similar to that required to pass JEDEC level 1. All formulations
noted in Table VII that failed were observed to fail in the first cycle through the IR reflow
oven. All formulations that passed the first cycle also passed the second cycle.

10 A TBGA construction with an adhesive film of 95 Epofriend A1020/ 5 Epon 828
(0.1) underwent an 1dentical evaluation to that described above. except the peak
temperature of the construction on passage through the IR reflow oven was increased to
240°C. This is a more demanding heating profile than that required for JEDEC level 1
performance. The construction passed this evaluation.

15 In addition to the results obained on Kapton E alone (substrate for flex circuitry),

performance of adhesive formulations of the invention was observed on 0.025 mm thick

31-
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#: 10908 ()times! ﬂO%a&h(t)ucﬁ@ mwmh(s)evahhammr(o)herITHCO,@@&h(t)ucnon with a 0.062
4109 () ngr%q}%\gl}l adhéLs?xPe 5%98&907%%p0fnend A1020/2.5 Epon 828 (0.1) underwent an
identical evaluation, except the peak temperature of the construction on cycling through
the IR reflow oven was increased to 240 °C. This construction was cycled through the IR
10 reflow oven three times. The construction passed this evaluation. The adhesive film in
this latter case was melt-blended in a 25 mm Berstorff twin-screw extruder (Berstorff
Corp.. Charlotte, NC) rather than a Brabender mixer.
More TBGA constructions were evaluated in which performance of adhesive
formulations of the invention was observed on 0.025 mm thick Kapton E film on which
15 gold-plated copper circuitry was deposited. The metal stiffener was nickel-plated copper,

0.5 mm thick and 29 mm x 29 mm square with a 13 mm x 13 mm square hole punched

through the center. Films of 95 Epofriend A1020/ S Epon 828 (0.1) were UV-radiated at
2 mW/cmZ2 for 3 minutes and then laminated between the flex circuitry and metal stiffener

for 50 minutes at 2150C and 690 KPa. The laminated packages were baked for 24 hours
20 mimmum at 125°C and then placed in an 85°C/85% RH oven for 168 hours.

After removal from the oven, the packages sat at room temperature for at least 15
minutes and no longer than 4 hours. Two methods were used to check moisture
sensitivity: (1) hot plate and (2) convection oven:

The hot plate was heated to 2200C. The package was placed stiffener side down
25 for 1 minute and was immediately heated to 220°C. The sample was observed through a
magnifying camera for delamination or cracking. Any samples that did not delaminate or
crack were later double-checked in a microscope to confirm that less than 10% voiding
occurred. If it had not, the package “passed”. It isto be noted that the hot plate method

had a more severe ramp rate than JEDEC Test Method A112-A. which required a

30 temperature ramp of 60C/second maximum and 220°C for 10-40 seconds. Thus. heating
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about 40 seconds. The samples were observed in a microscope to conﬁrm less than 10%
voiding. For samples of the present invention. 4 out 4 packages passed this convection

oven protocol,

10 L.M] Constructions
LMI constructions also underwent heat and moisture sensitivity evaluations. The

LMI construction consisted of 5 layers of flex circuitry (copper traces on Kapton E film)
that were laminated together with 4 layers of adhesive; alternating layers of flex circuitry
and adhesive The circuitry on each layer of flex was arranged into nine 3.2 cm x 3.2 ¢m

15 square regions that were laid outin a 3 x 3 grid. Upon lamination. nine coupons 3.2 cm x
3.2 cm, which contained 5 layers of flex and 4 layers of adhesive. were formed.
Laminations conditions were the same as those described for the T-peel samples, above.
The temperature profile of the LMI constructions as they passed through the IR reflow
oven was similar to that of the 2-layer flex circuitry construction described above. The

20 LMI construction was deemed to “pass” if no defects were observed after two cycles

through the IR reflow oven. Results of the evaluation are shown in Table VIII below:

Table VIII

Heat and Moisture Sensitivity Results for LMI

FORMULATION RESULT
95 Kraton D1101 /5 Epon 828 (0.1) 0 out of 9 coupons PASS
95 Epofriend A1020 /5 Epon 828 (0.1) 7 out of 9 coupons PASS

Temperature Humidity Bias (THB) Evaluation
25 Kapton E film (0 005 cm thick) was laminated to a Kapton E film having flex

circuitry that was an interdigitated copper test circuit by the use of 95 Epofriend A1020/ 5
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4. The electronic circuit device according to claim 2 wherein said alicyclic epoxy

is selected from the group consisting of cyclohekcne dioxide, 3,4-epoxycyclohexylmethyl-
3,4-epoxjrcyclc;hcxane carboxylate, 3,4-epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-
methylcyclohexane carboxylate, bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate,

20 dipentene dioxide, 2-(3,4-epoxycyclohexyl)-5,1"-spiro-3", 4';-epoxycyclohexane-1 W3-
dioxane‘, 4-(1,2-epoxyethyl)-1,2-epoxycyclohexane, and 2,2-bis(3,4-
epoxycyclohexyl)propane.

5." The electronic circuit device according to claim 3 wherein said aromatic epoxy
25 is selected from the group consisting of polygl.}_rcidyl ethers of polyhydric plienols and their
derivatives, epoxy cresol-novolac resins, epoxy phenol-novolac resins; and glycidyl esters

of aromatic carboxylic acids, and mixtures thereof.

6. The electronic circuit device according to any of claims 1 - 5 wherein said

30 epoxy-modiﬁeﬁ aromatic vinyl-conjugated diene block copolymer is selected from the



Y 10% (& ()- &10% (& ()- F$& 10% (& ()-n p u v wx | obUA4; 08 APR 2003
9" 1098B( M& () - F10r (10r (10r( y:10% (& ()- 7$10% (& ()- F1! 10% (& ()-
f/°$10% (& () KU [:bUs:  1109%B(M& ()- Y 109B(M& ()- SLO%B(M ()- ,
109VB( M8 () - " 109B( M8 ()- 109B(M& ()-!@"""#d#|[: bUs; ~F MLOYVB( V& () -
109vB( V&' () - f109%B(M& ()- y 109B(M& ()- 9& 109%VB( V& () -

- #1090B( M () - d##$t $$! 9% [ : bU4; ! 0%\/B(|v&()- y109A/B( V& () -
Y&S109VB( M ()- | | 109VB( M () - | ! 10%VB( MK

109%vB( V8! (groumx&}&ﬂ&&of epdxigized smqmmqblocmms@mr(d)mMM( VB () -

FS&" 10%vB S 109 'b' t X84;
+10%/B(M(§P Y#l%%@(‘ﬁﬁ %‘?’feég k%gﬁﬁ% P/)g%%f"mﬁ}fﬂ%m(w& ()-, +10%B(M& ()-b' ¢’
""" | (yX74; FF 7" 109%( & (

Fy510%<( & () -, +109%VB( V& () - +10%\/B(|v& ()-, +109B( V& () -! (((((((**VvU4;
Cs$10%6(s& ()- BSTROEaRINO circiit dbdi0eq@iotding Fyeiy OIEIBITE 1 + B OREIMKEAAK(

F8! 10UK( & () - * &++, e, vU4; FY 109%8q(&&% ()- Fl 109%&q(&& ()-10(10(10(F

F, <mLBo & qurative is@ ouqre} swioninm sg#09s &' ()-e,,-@../|[: vU4: F FF

@L0%q( && ()-F FYL0%q(&& ()- F3' 10%&#&& ()- F 3' 10%(& ()-°

23' 10%9& ()-" 2?3' 109" Z& ()-"/)/,/1)001| [:vU4; F Fl @nlO%q(&& ()-F FL
% #109%&s" && () -g Frjd éch{ﬁ?erff@ﬁcﬁ)t deyiEd atchpdié fcS &g( claﬁﬁé@‘l/@q&&@e&)smd

Fl 109&q( && () - & 1195553 W, F F3 610 F Fl s310%q( &&' () -

Fl 1! 10%&q ( &% fimodifiéd &E&&G@/&my%n@gatedl-‘dienﬂ bll@ﬁ@mp@l&n(e) has an epoxy equivalent

FI *109%&q( &' () - 23333 3/ 333vU4; @ 109B(& ()- Fl GLOYB(& () -
FOS&lO%B(&WE‘)%g‘H &b woexel Boedp F>10%&q(&& () F38y#109&q( && () -
3434%45” v, F FYF1098(& ()-F F1098(& ()-F F "1098(& ()- FY &109(& ()-
F 1098(& ()- FF 1098(& ()-5U56Q6v6627|[:vU4; F Fs$3"109B(& ()-F Fl "
1098( & () - 3F Fl 9.10n8£85tfonic Eid@iedice pecording 10@(o€ 'clajms FY 8 wherein said 50 to
1098( & z778\ 8u889|[ v, F F2 109 F FYL #109 .. F

|: 10c(y(8(((&) (300 weaght L ofgcuratﬁy W@(*&g‘? f‘% 0 /ﬁgxgatga diene block

I e 8 BN TR

Ff >10988& {91ypidn %ﬁ%&cﬂ per 160 BAAGEE sa)d-curdBle RAGAMRdified ardpittalinylHeadi ng
13] ¢ "Heading 2 Headi ng 33]c" "Headi ng 43]c" "Headi ng 53]c" "Headi ng

63] c'15" Headingga?3] diene' WeckdtopglysBT.c" " Headi ng 93] ¢c"A "Default Paragraph
Font b%J. #7{ ?LI R- Z<bj mg{ t 4<Kh

w9 0' 77<>@DFI—L] LNPRTVXZ\ A bdf hj | nprtvxz| ~YP' s1J; 1 U=] rf p5xCm 9VLj ny(/ 3: &
YV} A" $&( (V, . VOQ 4Ry M8atonic circuit device according to any of claims 1 - 9 wherein the Tesin

$=7@ BdE) Ji LNQqTUsWZ[ \ J] ~1a6cdnmehkmnnpr { sfttvxz~ms4c=b& | d>KpOVt z1. "j4: Kl !;
TZi K| composition comprising epoxy-modified aromatic vinyl-conjugated diene block copolymer

and optional epoxy resin is cured by one or both of UV radiation and heat and wherein said
20 device exhibits stability towards conditions of 85°C and 85% relative humidity for 168
hours followed by a temperature of 220°C for 10 to 40 seconds.

11. A method of using an electronic adhesive, covercoat, or encapsulant
comprising the steps of:

25 providing a curable resin composition including 90 to 100 weight percent of an
epoxy-modified aromatic vinyl-conjugated diene block copolymer, optionally an epoxy
resin, and an epoxy curative, the weight percent of the copolymer and epoxy resin being
based on the weight of epoxy-bearing material exclusive of curative, and

incorporating said resin composition as an adhesive, covercoat, or encapsulant into

30 an article,
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subjecting said curable resin composition to one or both of thermal and UV radiating

curing.
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