; e3eB[ RRSVdWZ6ZTB[ Patent ~ 2031. EEM THERMOSET ADHESI VE FI LMS FI ELD OF THE
| NVENTI ON [ 0001] This invention relates to fil madhesives, and particularly
fil madhesives for use In sem conductor packagi ng. BACKGROUND OF THE

| NVENTI ON [ 0D02] A common node of el ectronics packagi ng invol ves affi xi ng
sem conduct or devices onto substrates by neans of an adhesive tape. Epoxy
conpounds and resins currently are anong the nost commonly used naterials
for current film based adhesi ve applications, suchl/]MIm}f h, in which
a sem conductor die i hed to a substrate. In ”{WMBWE@F‘OO& ment, a
filnformng rubmm‘\mmwm‘rs bl ended wi th epoxy resi ngm&?* har deni ng
agent. These co s can then be cured upon applicatfon of heat, which
results in the devel*oppnt of a thernoset network. One drawback to €poxy
adhesives is their ultimate |latency. Typically, these materials nust be
stored at |ow tenperature to avoi d premature advancenent of the adhesive.
Mor eover, the speed of cure for these conpositions Is relatively slow

maki ng the die-attach operation the |least efficient step in the total
assenbly manufacturing process for w rebonded integrated circuit packages.
This creates a need for a filmadhesive that cap;bgubafigglyy cured conpared
to the conventional thernoset filmadhesives, and particularly to filns
cont ai ni ng no epoxy. SUMVARERUDSEAEDHENENAILMEIN [ 0003] This Invention is a
fil madhesive prepared from an adhesive conposition conprising a polyner
system a filmform ng rubber conpound, and curing agents for the polyneric
system In a preferred embogidgk rhEfveRrgEr 1 system contai ns no epoxy
functionality, The polyner system conprises a base polynmer and el ectron
donor and el pot1 on acCaipineentidnreiates 1o fimledlieglvesTére petictty fd donor and el ectron

acceptor functionality can be pendant fromthe base pol yner, or can be

| nt er di sper sBHRNEE Fer £7dn IpURNYBPARRERS™ s | ndependent conpounds. In some
cases, the base polyner GaRkERAGHH 8P TES NVEkTbI f or m ng rubber conpound. The
filmcan be prepared directly as a nonol ayer fromthe adhesive conposition,
or from coatjoeng) t he admemimeremaderebeeirinios padeding ilvaltds affikiskes of a t her nal

resi stant tape substrate. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0004] The
pol ymer syst EFTIFOBFUCISF ERYISFS IRy Stplates by meangipben aPhesVedaPs: BR8Nt ai n a base pol yner
(her ei naf t er .o -DOlMEBK redis cURARErPRHETE mbetBbinéH, G fillergonor and el ectron
acceptor functionality. The system can be segregated I1nto several classes:
(1 ) an unsubsturentfiecbaoaiseihgsive yppidetidné, emdhed disiatdah, smwhichdependent el ectron
donor conpound and an i nhdependent el ectron, acceptor conpound; (2) a base
pol ymer subsESHPERNTE B 2RshIdhT subriatst P‘&rﬁ’ﬂfé'@é’}??@enﬁﬁﬂm‘i onality, blended
Wi th an i ndeRgRAEOEbeLbRer 9 BeonGith pRIRAHEShd adBdertRizbsipal | y an independent
el ectron acceptor conpound; (3) a base polyner substituted wi th pendant

el ect ron dondesé eavresitonaganttyen betussdcdioen applicktion pf hestcidysh reddisin el ectron accept or

conpound and_opt i onal | n i ndependent el ectron donor conpound; (4) a base
pol yner subsPFEEERMTH %lfﬁ?'beé'ﬂﬁawgtwgﬁe@?er%%W%aﬂﬁ%?mﬁ’r?gﬁ%f"%%'fron accept or
functi onal i t¥eir Gimes SRR TRIcI§) el materRRSAUsPRIARE SWDSt i tuted with pendant

el ectron donor functionality and a base pol ynmer substituted with pendant
el ectron acctepreptufednavoid greakivteyedveptementobthé gdhkdiventierdovai, the an | ndependent

el ectron donor oynd, or an independent electron acceptor conpound, or

bot h. [0005) s%?%%g?rﬁgﬂrg“?set%@P%s'ﬂ\cf\?sﬁiﬁ'B'Bt&gﬁg‘l"'ffw}%rd'ef%ﬁ%o of el ectron donor
to el ectron oseripd thé loadt OMERACHtep it MEtoRNIsemblyanBadk@iRg fréddeod rom 0. 01 - 1,0 :
1.0 - 0,D1, 2 [ 0006 A suitable base polyner in the polymer system of the

i nventive fi Whsbaerse biegistep girpik raglnoesd Thip erastesca nerd for zff2desivei nyl nononer s

usi ng standa i zation techni s, The acrylic, nmononers that may be
used to form{h? %%Rh%ﬁé’%éq?eﬁiﬁgq‘pﬁmﬁg? {&cgb%ge,”f'%\alpﬁefrﬁﬁg llmu Yt nono and

di car boxyl i caidafiBuidiis ines REIRR do@pdhdyve carbon atonms and acryl ate ester
nmononers (al kyl esters of acrylic and nethacrylic acid in which.the al kyl

groups contain one to fourSWEARYDRHOTIE INYENHON Exanpl es are net hyl acryate,
met hyl nethagryl ate, n-octyl agcrylate, n-nonyl nmethacrylate, and their

cor r espondi n@o%ﬁl anche&h'isﬁ’ﬁ%/f’é?”éfaé’ﬂ@f‘f‘eﬂﬁp@?@gﬂw AL3dfsEcryl ate. The vinyl
Mononer s t hagorfiRitic BorkiitBHo 5 PonfrRF LS MARRNROLIERLmbSGY, Ure Vi nyl esters,
vinyl ethers, vinyl halides, vinylidene halides, and nitrites of

et hyl eni cal | gurinmegents foathe dolymede systamb bagrefdied apbodimentitie peymstl acet at e,
acrylam de, 1l-ociyl acrylamde, acrylic acid, vinyl ethyl ether, vinyl
chloride, vinylidene chloride, acrylonitrile, malefic anhydride, and
styrene. [00D7] Another suitable base polyner in the polynmer system of the
inventive film adhesive is prepared from conjugated di ene and/ or vinyl
nmononer s usi ng standard pol yneri zation techni ques. The conjugated di ene
nononers that may be used to formthe pol yner base include butadiene-1, 3,

A ~ Y I Y



[0008] Alternatively, the base pol yner can be purchased comercially.
Suitable comrercially avail able polyners include acrylonitrile-butadi ene
rubbers from Zeon Chemi cals and styrene-acrylic copolynmers from Johnson

Pol ymer. [0OD09] In those systens in which the base polynmer is substituted
W th el ectron donor and/or electron acceptor functionality, the degree of
substitution can be varied to suit the specific requirenents for cross-1link
density In the final applications, Suitable substitution |levels range from
6 to 500, preferably from 10 to 200. [0010J The base pol ynmer, whet her
substituted or unsubstltuted will have a nol ecul ar wei ght range of 2,000 to
1,000, 000. The glass transition tenperature (Tg) will vary depending on the
speci fic base polynmer. For exanple, the Tg for butadi ene pol ynmers ranges
from-100C to 25C, and for nodified acrylic polyners, from15C to 50C
[0011 ] Suitable electron donor functionality includes Vinyl ether groups,
vinyl silane groups, and carbon to carbon doubl e bonds external to an
aromatic ring and conjugated with the unsaturation in the aromatic ring.

Sui tabl e el ectron acceptor groups include nal el m des, acryl ates, funarates
and nmal eates. [0012) Exanples of suitable starting materials for reacting
with conplenentary functionalitiy on the base polyner in order to add the
el ectron donor or electron acceptor functionality pendant to the base

pol ynmer i ncPEER:cone na FRaXY Fsherditin dbe RPWRY EYelEMAPTA SRS 8R8%8r oxybut yI  vi nyl

ether, ci nngiPhler HaGRAR dondp 6 ¥k ONRERRETMIARIhARQlectRNOVI Nyl et her,

3- 1 sopropenyl - a, a-di net hyl benzyl isocyanate, |soeugenol, and the

deri vat i ves debr and elseibmaceenton fuhaienatly cao barstdacidrom thg bese Peivfer on accept or
functionalit i Wi | eat di.but vl I iectyl fumarate, dibutyl
fumarate, NPQ(/ Dﬁey' grtg%pfﬁg%ﬁ'/'ﬁ%e% e@?%netcﬁés, ‘“ﬁ&r’}aﬁ%ﬁ%ﬂi’%@%a@r oic acid, and

3- mal ei m dopénoyxaceaftie kaed whlymr@eriudiion k&l @peiniiesribbel ceogouain donor conpounds for
bl ending with the base olyng{ i ncl ude congounds having at |east two vinyl
et her group<™ P “r’?&@f“ﬁbaﬁeé’td'?‘: 52 PRV LPB BRATEVE 548 Boubl e bonds ext er nal
to aromati CoffioRdSatigfle SMBNIVEIeHhRioWbitdboiniRedbhE AbbadsisBR i N the aromatic
ring. Suitable divinyl ether 4 exanpl es i nclude conpounds such as

bi s[ 4- (vi nyte8%§PBEey| ]t er e- pht hal at e,

bi s[ 4( vl nyl oxy) but yl yscarbamat e, bis[4-(vlnyl oxy)
but yl ] 1,6hexanediyI%F@@g%%%%%Fﬁﬁéﬂ??sﬁgkﬁgﬁﬁ butyl stearate, and

bi s[ 4- (vi nylaesd)) but yThe folymertsysteprierabrepetind thpfire agnesivaeyibecstelar bamat e (sol d under

t he trade nane Vectoner from Mrflex, |nc). enpl ar onpounds havi ng at

| east two cg}’?)sgr?"'%e'@gﬁp%’{?r BT & E%ﬁﬂ”gmé taB‘f%e&{'%tdB” a?”grrati c rings and

conj ugat ed ¥tilan bdaeptdd ASAbABIMAThOstérilcdh Besearegifd@intoGevetang | Ncl ude: the adduct
of tricycl odecane-dirnethanol and 3-isopropenyl -a, adi met hyl benzyl

l'socyanat e CHETM() F&0TURTMHieR hase palvmet Ripndediwitigninderepdett o || N ~ | O the adduct
of 2- hydr oxy@tty boneh SMbduhdifid 8iRkePanddMl ciddRhiaRGptblagmmbdaugi ure H 1 ~ N~O-s' S0
IV DW~ 1 the adduct of cyanurate/trifiunetional isocyanate and ci nnanyl
al cohol havPhgsetPRliEmes sibgitittedywith Bendanipleptrar| apqeptqy functignality, blended

with an Indspendent electron donor compound, and optionally an independent

electron acceptor compound; (3) a base polymer substituted with pendant
electron donor functlonaliy, blended with an independent electron aceeptor
campound and optionally an independent electron donor compound; (4) a base
polymer substituted with pendant electron doner and electron acceptor
functionality, or 2 combination of a base polymer substituted with pendant
electron donor functionallly and a base polymer substituted with pendant electron
acceptor functionality, optionally blended with an independent electron doner
compound, or an independent electron acceptor compound, or both.

[0005] Preferably, there will be a 1:1 molar ratio of electron donor to

electron acceptor; however, the molar ratio can range from 0.01-1,0: 1.0 - 0.01.



0 ~N-N~ O-N~O "N ~0 | i the adduct of 1, 3-propanediol and mTM having the
structure I /1 i N ~0~0~ lo O tha adduct of 1, 4-butanediol and mTM ~
having the structure Ol / N~O-O-.H 0 and the adduct of cinnanyl al cohol
and 1, 6-dl f socyanat ohexane having the structure B 00 O NCH2 N 0O H®6
N i These conpounds can be prepared by standard synthetic nmethods known to
those skilled in the art w thout undue experinentation. [0014] |ndependent
el ectron acceptor compounds for blending with the baso pol ynmer include
resins having at |east two intranol eoul ar nal ei m de, aerylate, fumarate or

mal eat e group, anpl eg of \bismal el n des incl : \ ;

N, N et hyl ene- Posﬁl-]z-xnal ei rr?‘ag@ab%,bﬁfe- °§' 7 gﬁ %Fbclﬂ’g"-e}r@?%fnrﬂf glg,lnventlve

N, N - phenyl eng=.hi LM & I iEtde,
NNl pn et Rebi R et S T R o S e

et her - bi s- nal gdiyrd@RatioNtddhnidued. TH REOMHonsTHEr hBEmdyibe L ED Breiahe

N~N -4, 4" -di cycl ohexyl nethane-bis-maleirnide, N, N -xylylene-bismaleimde,
N, N' - Bi phenyl basgpbiyinexiatiedshi, sunseiuriteti menoand ditdreoxylicleeids h&MpTfresSui t abl e film
form ng resins or conpounds include acrylic polyners (sold under the trade
name TEl SAN RESVecérbamaidingasiecSiatemstekmopemers tellykesierssaaigerylic and
acrylonitrile-butadi ene el astoners (sold under the trade name NI POL from
Zeon Cheni cal ®pthaaniiccasidimyiaich the akyl graursercateinione tgifpyrteppcasbadaiame)i n t he

adhesi ve co ition fromwhich the filmw]|l b repared. jin an anount
rangi ng frogp%%%“P‘Ss 7’6&35“3%@%615"3@'@%?'8a%t)%"gﬂgcﬁﬁ%g'ﬁpdngq‘ t he adhesive
formul ation, (heEybeYaldtdRtrbtotiia RicRdlanfRdLag am Lhmayd use
application, and O%tl ma evefs can "be 3eterm ned w t hout  undue

experi nent at i gérylefe. tThevigdbnderd g maynisuked 1o form [iHedked pdimdr aluée cur i ng
agents for the polyner systemare thermnal initiators and photoinitiators,
present in anviayrestats, dfyl 8thdrs Mnyidaldeeqvinylidehehaliddsyarg. ntries efo 5. 0% by wei ght
of the polymer system Preferred thermal initiators include peroxides, such

as butyl perofhyaniealy et iYgecaseans x FYrETPIes F Uy tReeiRoBuraRYe such as

2,2' -azobi s(2;nmet hyl - pr.opaneni t.rile) a . L

2,2'-azobi s( zﬂﬁf'ﬁ(}?%wbﬁﬁﬂ"gnéﬂﬁ'ﬁf'i"é’j“?" e}{‘yg"?{%%’-evﬂyfe"&"’édeer y'@g'd%’}e photol nltiators
I's one sol d upgggaet %ﬁylgrﬁﬁg'e;ﬁ%iga,{hgcgﬁalgngs@béng ba Specialty Chenicals. In
sone formul ations, both thermal 1nhitiation and photoinitiation my be

desirabl e; fofooexanpl e, AnbteercuitableGagy miya®s indiar folyber $s@ntattheby i rradi ati on,
and in a later processing step curing can be conpleted by the application
of heat to acbtuenive §m adhesielieprarareddtpmeconjugategbdieneaand/ot Wes@orameFosi ti ons wi | |

cure within a tenperature range of 70C to 25QC curin 1] be effected
at a tenper at 4789 '@%{ﬁpﬁwﬁ;ag%t@cr@fqu%nﬁgggrg%ggggn? H‘P%%'g%%?ts. The time
and tenperatu L il L M ith the
specific el ec!'ﬁ:é XEHH%%%? H{g@frﬂ)e UH@E%%SQ'[B ﬁlg&{)%g% B%:g'ﬁb%\ﬁtr:lﬂelér{?%d%nyhe

formul ation, B isbrend)pibeieiedng cojugatedhek=aeney. aht Viyl eforbers Rt er m ned by a

practitioner skilled in the art w thout undue experinmentation.
may be used to form the base polymer include styrene, a-methylstyrene,
divinylbenzene, vinyl chloride, vinyl acetate, vinylidene chloride, methyl
methacrylate, ethyl acrylate, vinylpyridine, acrylonitrile, methacrylonitrile,
methacrylic acid, itaconic acid and acrylic acid.
[0008] Alternatively, the base polymer can be purchased commercially.
Suitable commercially available polymers include acrylonitrile-butadiene rubbers

from Zeon Chemicals and styrene-acrylic copolymers from Johnson Folymer.

{oD0og] In those systems in which the base polymer is substituted with



[0017] In sone cases) it may be an advantage to add an epoxy conpound or

resin to the adhesive conposition. Suitable epoxy conpounds or resins

i ncl ude bifunctional and pol yfinctional epoxy resins such as bi sphenol

Atype epoxy, cresol novol ak epoxy, or phenol novol ak epoxy. Anot her

sui tabl e epoxy resin is a multifunctional epoxy resin from Dai ni ppon Ink

and Chem cals, Inc. (sold under the product nunber HP-7200). Wen added to

the formulation, the epoxy will be present in an anount up to 80% by

wei ght. (0018] If an epoxy conmpound is added, the fornulation wlll need to

contain a cugy j f ' curing agents
_%Iédﬁ%%no‘?%ﬂ@r@e@gor?%@%ﬂ ;ﬂ{cﬂc}ngﬂy.%%gcféérea éluhgt@%tﬁn g ag

i ncl ude am nes, polyam des, ac I des, sul trifluoroboron,
and bi sphenatanAk vBiigarb etthe §pecid fbqlifeRi2RR M croSs- itk ehdhy B Re frRMPounds havi ng
at |east two phenol i ¢ hydroxyl groups in one nolecule. A curing

accel er at or appjicatibrs0 Buetable egbstitotiondavlis Mgk erom\6ite boo, prefeedblyifidven @gent . Sui t abl e
curing accel erators include i mdazol es, such as 2-nethylim dazol e,

2- et hyl - 4- neleRPP.i i dazol e, 4-net hyl - 2phenyl i m dazol e, and

1-cyanoet hyl - 2- phenyl i mi dazoliumtrinellitate. The curing agents and

accel erat or SIOQT(E used [ kesaRefurer whstehebsitiiadher wethsHuiad WEikAYs ed In the

a1 ancs), ayshoee R Ande o Bl Eor HRE G 4 B BORRD B o desired
for nodi fi caﬂ‘gﬂnmoéwﬁ&mhm Bmgéﬁécﬁﬁrﬁggﬁﬂm@?tﬁfé)éhﬁ\e?*?ggé%“? amount s needed

are within the expertise of those s In the art Filler

particl es thaftadkreaenReishengeBabanimeat o Bk Ghi fdf Podifeidigs i vity, or thernal
conductivity may al so be added. Suitable conductive fillers are carbon

bl ack, graphpdyenergdboh, 1588 to\66?C. copper, platinum palladium nickel,

alum num silicon carbide, boron nitride, dianond, and alum na, Suitable
nonconduct i vI8%11l| | er s 8¥iblggleeiras| degordanctienelity ibalkdesainylrethengroursi | ast oni t e,

cal ci um car bgnat, titania, sand, glass, fused silica, funed silica, barium
sul fate, andV'sz'%B%WgF%sda’éqW%SPec “fﬁ’éql%k,"’”gﬁﬁ’ﬁerﬁ% 9 &3 AP#Gor oet hyl ene,
trifluoroet i i j L gk Uord | i dene

chl ori de, anh'y g\%ﬁﬁﬁjgﬁégr\@ﬁ@% %%{%Efboggggﬁ'ta%ﬁ I{mé'r glu\%%’ele\@bcg |4| n anounts of

0. 1%t o 90% acRestbifrélph Yhclub® Malifided, RAMGtesDimaridaizhd ffalckiae f or mul ati on.
POLYMER SYNTHETI C EXAMPLES [ 0021] EXAMPLE 1. This exanpl e discloses a

but adl ene/ aclPy1d- ni t r i Bxanipesef piklyastertiopneteiials ogrepetinglaitit acryl ate (el ectron

acceptor) fiunctionalit%/. 9 [0022] o GIJ L ~JI1 J M)~ CN\

TBPAACI M BKI ®PtPlemepfay fngtionalitygn the besespolyinet inprder topdd themiectramd q = 59, based
on GPC and I e skil | In the art will recognize that these
val ues may \% ?ﬁé}%!%ﬁéqs@&%%rf?%l'?"ﬁﬁgﬁ%.\%%?wﬁE%ﬁ‘?é’f’&@?@?g 'gPhe material).
[0023] Car bosydiah Qehd? HinesbnBRE hrsybudilikg kiher, BRIMIRLIchS048 9) (N pol 1072
from Zeon Chem cal s) was go%amxyiw&yr"mt hryIBRAZ perﬁoqqanb}ig (MBK, 25D nL) in
a 500mi. f oueycloReXapsidifetiakol agprbyHYRthan 3 BopropeRgaditisrathysénzyr er, condenser
and drying tube. dycidyl nethacrylate (9.78 g) and tetrabutyl phosphonl um
acet at e sol usPYRNZLD JsBBUgENol( EFBRHRAIEvativasalf thetaforétididned werm priuhdo f

t et rapukyl ph honi um aci d acetate in methanol from Morton International,

0s
Inc.) were afaﬁéﬁ"t?f}aP‘f‘F@“H“RT"'ﬁP%iWV\ﬁ”?W' gelepte; digptyl mRBagi dactt e was heated to

110C and hel t for. approximately twelve hours. The final
product has fgm\%liaé%g@wv@rg?rg%g@-gé "ﬁﬁggj.x)éh%@p%%%’f”@ﬁtG'Téﬁﬁé@&?ﬁﬂ?"é and accordi ng
to titrationadieamd §-fafimilidifopiddfiaggal carboxylic acid of the nodified N pol
rubber, the carboxyl conversion is 1D about 90% According to GPC

anal ysi s, tHe018i ght awmesmge=nrekaenkidior een@bhdsanbidnbing wigndper aver age

mol ecul ar wei ght of the nodified N pol polyner are 430,500 g/nol and 60, 90D
g/ mol , r espekasepelymer inaeiR £pmpoualFhaming at Igdst bvosstalgtieegniss broses a

but adi enel acrylonitrile base polyner wth pendant styrenjic (el ectron donor)
functi onal i t@ln@@ lggﬁt 6 caroen to carbon double bonds external to arematic rings and

conjugated with the unsaturation in the aromatic ring. Suitable divinyl ether



i+~ t. . ~i. ap~dg\li ~~CN\ O TDPAACIMBKI1lo C where x = 56,
y =16, n = 40l, p = 877, and q = 76 based on GPC and NMR anal ysis (one
skilled in the art will recognize that these values may vary slightly due
to the polyneric character of the material). [0026] Carboxyl ated

but adi enel acrylonitrile polymer (3B,0 g) (N pol 1072 from Zeon Chem cal s)
was sol vated in 4-nethyl-2-pentanone (MBK, 255 nlL) in 11 a 500n.

fl our-necked flask equi pped with a nmechanical stirrer, condenser and drying
tube. Isoeugenol glycidyl ether (11.43 g) and tetrabutyl-phosphoni um
acetate solution (D.62 g) (TBPAAC, catalyst, 70% by wetight of

t et rabut yl phosphoni um aci d acetate in nethanol from Morton International,
Inc.) were added into the m xture with stirring. The m xture was heated to
.110C and hel dxmplQSHMude@mmemtdmtshfa@bb[&mdmy@x'y hretyllidre- phivalateckisi4-hour s.
According to titration resul of the residual carboxylic acid of the

nodi fied N p&'”yf"ﬁﬁB‘&"] (4ﬂP§1VbbF'tBBW|e”@HFRﬁ§?a§ia¥?nb‘F[§ (‘ﬁ‘%‘éi) bgtyld.6The product
fi t d to GPC
anad yai st neebedaeshabdte. A BelPly S hrs A B VREOMAEE. aver age

mol ecul ar me | and 89, 100
g/mol, res pe rtglgb% Ed' %8@?’3@&%@%@% @é&@%@?dﬁé sgjf;')c}g'égoa

but adi ene/ acwmcmurﬂerxl Ihé). Eﬂ&ﬁpl&&kyﬁﬁfunw ﬁabln%ﬂge%(‘&uo%&ﬂ%@ﬂ'cﬁrbér?' ectron donor)
nmaummnty, [0D28] mn + i 0 CN O T6PAACI MLBKI 105 C 12
where x 49;iogbls:boﬁ;:|s externd Igromatie fgdandangugsted Vi tieaseaturation@GPC and NVR

anal ysi s (one skilled in the art will recognize that these val ues may vary
slightly due“ﬁﬁ“@ﬂ@m66®Wﬁ@¢QC character of the material).. [0D29]

Car boxyl at ed but | oni, t 53. 8 Ni pol 1072 f Z
o R e et bt BB S e e L 3"

f our - necked mggp tirrer, condenser and drying
tube. 4 yci d&|mﬂ9€§ |s'g% %‘Sgn Tlﬂi)a qni%%@ rEnzyl) carbamate (14.8g) and
t et r abut yl phosphoni um@cet ate sol ution (0. 54 g) (TBnAAC, catalyst) were
added into the mxture Wth stirring. The m xture was heated fio 105C and
hel d at that tenperat for approxinmately fifteen hours. The final product
has a viscosity of 20 3 53 tenperaturg and according to
titration results, the carfoxyl n |s apo 8% According to GPC
po r are 666, 00o gl nol and

anal ysis, the melght aver age nol ecul ar wei nunber average
nol ecul ar weight of the . . nodified N pol é

75,600 g/ mol, respectively. [0030] EXAMPLE 4.  This Exanple discloses a
but adi ene/ acryl omd ddslid® of 2-hydroxyethyl disulfide and m-TMi having the structure

0
) .S J
T \/\S \/\O I}I

H
|
N
i
the adduct of cyanurateftrifunctional isocyanate and cinnamyl alcohol

having the structure



base pol yner with pendant cinnanyl (electron donor) funcrlonali~, [0031]
sock PmM9 HO~cN~~m~ ~n ~~~~9Cl ~ CNoff i Et3N 13 [ 0032 A

sol ution of carboxyl ated but adi ene/acrylonitrile polynmer (one nolar

equi val ent based on the carboxylic acid) in toluene is reacted with excess
thionyl chloride at 50C for approximtely fourteen hours. Tha excess

thl onyl chloride and the solvent are renoved under reduced pressure to
afford the butadiene/acrylonitrlle polymer with pendant acid chloride.

[ 0033a - One nol ar equival ent of clnnanyl al cohol and one nol ar equi val ent

of triethylam ne are mxed in dry toluene at oG to which is added the
but adi ene/ acryl rile polynmer with pendant acid chlori di ssolved in dry
t ol uene (one nol i val ent based on the acidHchIohgdgia The m xture is
al lowed tv react overnight-N_The product is purifd by precipitation in

met hanol three tinmes. [ 4] E|b. I exanpl e di scl oses a but adi ene!
acrylonitrile base polyner with pezﬂiﬁl ci nnanyl (el ectron donor)
functionality, [0035] 14 \' ' NHp J~ 1 V' '~ ESN [003s] One nol ar
equi val ent of cinnanyl am ne and one(nol ar equivalent of triethylamne are
m xed in dry toluene at 0C, to which/Is added the butadl Enel acrytonitrile
pol ymer with pendant acid chlor)de di\ssolved in dry toluene (one nol ar

equi val ent based on the acid chlorid¢). The mxture is allowed to react
overnight. The product is purifiied Dy precipitation in methanol three
times. [0D37] EXAMPLE 6. This exanpT™ discl oses a butadiene/ acrylonitrile
base polynmer with pendant styrenic &€ ®ctron donor) functionality, (003s~ w
Cl CN~ ~ OCH- oW 15

the adduct of 1,3-propanediol and m-TMI having the structure

& H\Iro\/\/o\n/H?(%
0 0 :

the adduct of 1,4-butanediol and m-TMI having the structure

0
Ex“fvv\o*nxg
o]

and the adduct of cinnamyl alcohol and 1,6-dlisacyanatohexane having

the structure



ESN r (ooas] One nol ar equival ent ofi isoeugenol and one nol ar equival ent
of triethylamne are mxed in dry toluene at OC, to which is added the

but adi enel acrylonitrile polynmer with pendant acid chloride dissolved in dry
tol uene (one nol ar equi val ent based on the acid chloride). The m ~cture is
all owed to react overnight. The product is purified by precfpltation in

nmet hanol three tinmes. [00A. 0] EXAMPLE 7. This exanpl e discloses a
but adi ene) acrylonitrile base polynmer with pendant styrenic (ol ectron
donor) functionality, 16 [aca~J | Vim(. J 1 - ~Ipl, Jg+~wi G ~ cN
NMVz Et 3N ~o00a2~ One nol ar equi val ent of 4-vinyl benzyl am ne and one nol ar
equi val ent of triethylam ne argy m xed In dry toluene at 0C, to which is
added the butadi ene/ acryl oni t g I Y pendant acid chloride

di ssolved in dry toluene (oge noliar eé valen pbased on the acid chloride).
The mi xture is allowed to_geact 5bernight. The product is purified by
precipitation in nethanol fthree tines. [0043J PLE 8. This exanpl e

di scl oses a but adi enel a lonitrile base pol yneghw th pendant vinyl ether
(el ectron donor) functi c@ ty, 17 [0044] + H c~ N taaN [Does] One
nmol ar equi val ent of 4-hydegxybutyl vinyl ether &g-one nol ar equi val ent of
triethylamne are mxed in dry toluene at 0C, to whi'ch is added the

but adi ene/ ac bt i i i di ssolved in dry
t ol uene (one&ﬁ%%Q?Hﬁgﬂﬁﬁgﬁi%%E@E@% 3% @ﬁ@gﬁﬁﬁﬁiﬂ @%#%h%%ﬁoThe m xture is
al | owed to remsé sknedniing Bk witldv@uru@ BetimbfztRHr | fied by preclpitatlon in
nmet hanol three tinmes. [0046] EXAMPLE 9. Thls exanpl e discl oses a butadi enel
aclylonitril ¢@dlse pol ymeEpendebtelgoiorcaneptoricaypountidier biérelng @ity the donor)

funct ~onal | t){), 18 ) _
ase polymer include resins having at least two intramolecular maleimide,

acrylate, fumarate or maleate groups. Examples of bismaleimides include; N.N'-
ethylene-bis-maleimide, N,N'-butylene-bis-maleimide, N, N'-phenylene-bis-
maleimide, N,N'-hexamethylene-bis-maleimide, N,N'-4,4'-dIphenyl methane-bis-
maleimide, N,N'-4,4"-diphenyl ether-bis-malsimlde, N,N'-4.4'-diphehyl sulfone-bis-
maleimide, N,N'-4,4"-dicyclohexyl methane-bis-maleimide, N,N'-xylylene-bis-
maleimide, N,N'-diphenyl cyclohexane-bis-maleimide and the like.

[0015) Suitable film forming resins or éompounds include zcrylic
palymers (sold under the trade name TEISAN RESIN from Nagase ChemteX
Corparstion) and zcrylonitrile-butadiene elastomers (sold under the trade name
NIPOL from Zeon Chemicals). These materials, in general, will be present in the
adhesive composition from which the film will be prepared, in an amount ranging
from 10% 1o 70%, preferably 15% to 50%, by weight of the adhesive formulation,
Other levels may be suitable depending on the end use application, and optimal
levels can be determined without undue experimentation on the part of the
formulator.

[0016] Suitable curing agents for the polymer system are thermal



1* ~O-NHZ w~p ~'" g, G CCNEt;,N[O0O7] One nol ar equivai ent of

2-am noet hyl vinyl ether and one nol ar equivalent ofi triethylamne are
m xed in dry toluene at 0C, to which is added the butadi enelacrylonltrlle
pol ymer with pendant acid chloride dissolved in dry toluene (one nol ar
equi val ent based on the acid chloride). The m xture is allowed to react
overnight. The product is purified by precipitation in nethanol three
times: [0048 ]| EXAMPLE 10. This exenpl a discloses a hydroxyl at ed
styrene/ but adi ene base pol yner with pendant styrenic (el ectron donor)

et \onal e RRE et TrdsefTy th A M 8 oG BBl pretercly | MV "V O

o~N ~ M[005 e nolar equi vdlen hydroxyl"fiunction) of

hydroxyl at ed g4 %W@B.@“/J?b&f@Qé)ﬂﬂﬂh@@él%@%ysk@n. obréRécflerirdl ifitidtark Ol Uene~at 90C
under, _, nitrogen, followed by the addition of one nolar equival ent of

3- i sopr openyl incluceiparedidey, soenas/butyl seasiaateataed ¢indrll perbxidee tifieazow t h D. 07% of
dibutyltln dllaurate (catal yst) based on the total anobunt of reectanfis)
The resul ti ngeampakdndsesych ap @at-zzabis @meini-piorEneniiplehendAmearapistdur hours under
nitrogen. After renpva t he sol vent under reduced pressure, the product

s obtai ned | e GG SgUEh:h PEeTORSGREPATSEOBHET ES0RRPEENGE MeThi o cxanpl o

O sehores o YRy ) KRS RPLIH PEh 8, el R0 ot

H CH~. . ..~ ~gi&haf Hiafiondhb Thb(ORatbA Maf B dshatle; for example, the curing
process can be started by Irradiation, and in a later processing step curing can be
completed by the application of heat to accomplish the thermal cure. In general,
these compositions will cure within & temperature range of 70°C fo 25(5"0l and
curing will be effected at a temperature within the range of ten seconds 1o three
hours. The time and temperature curing profile of each formulation will vary with
the specific electron denor compound and the other components of the
formulation, but the parameters of a curing profile can be determined by a
practitioner skilled in the art without undue experimentation.
[0017] In some cases, it may be an advaniage to add an epoxy
compound or resin to the adhesive composition. Suitable epoxy compeounds or
resins include bifunctional and polyfinctional epoxy resins such as bispheno! A-
type epoxy, cresol novolak epoxy, or phenol novolak epoxy. Another suitable
epoxy resin is a8 multifunctional epoxy resin from Damippon Ink and Chemicals,
Inc. (sold under the product number HP-7200). When added to the formulation,
the epoxy will be present in an amount up to 80% by weight.
[0018] If an epoxy compound is added, the formulation will need to
contain a curing or hardening agent for the epoxy. Sultable curing agents include
amines, polyamides, acid anhydrides, polysuifides, triflucroboron, and bisphenol

A, bispheno! F and bisphenol S, which are compounds having at least two



[ 0053 One nol ar equfvai ent of butadi enel styrene pol ynmer based on the
1,2vnyi bands is solvated in dry toluene under nitrogen and 0.3 ma(ar
equi val ent of Z-nercaptaethanol is added into the m xture, followed by
heating to ' 75C. A solution of azodil sobutyronlkrile (Al~Ny In toluene is
then added to the m xture. The mxfure is stirred at 75C for 7 hours. The
product is purified by precipitation in nethanol three tinmes. ~005~~ One
nol ar equi val ent (based an hydroxyl function) of nydraxyl ated
styrenel but adi ene pol yner' prepared as above is solvated in dry tol uenaa at
80C under ni ~n., fialiowed toy the addition of one nolar equival ent of
3-i sopr openy%eg',g@lc-kwrr%\? Ay ZVA m%’lg%J&eyéhcgp@ aﬁﬁaﬁ*ﬁﬂ MEYY] l??e‘iﬁe\%i th 0.071 0 of
di butyitin djl I ; : of reactants. The
y i iR on Wi 2! clibo)aglft® B2 il 0D RTRYAL

resulting mXxture 1s heate r-an a wentyfiaur hours under
nitrogen. 2limidaz&fké QUcH RFMethyitidezdié) @-HRl-AaBhyiidesie I AR Pressure, the

product is obtained in alnost quantitative yield, (0055] MPLE 12. This
exanpl e di scplenginidazhigdandXydyartoethyls2-pheeyisidaztia tremeditdta Sthepofingnor  havi ng
pendant mnal ei m de (el ectron acceptor) functionality, [oo5s] O .l,n ( Jn L ~

x Ly -1- f 29engend apcelaratgpialqrsed instsngasd ammes kngwi BOBEE skited Imol ar
equi val ent (pased on hydroxyl function) of hydroxyl ated styrenel butadi ene
pol ymer prep P& as in Exanple 11 is solvated in dry toluene at 90C under

. ar 4 b e . . ;
G- of i doclBi g ¢ aci Bk ol ui ea A FPE LB ¢ acia i
then Introduggd ‘Lié}h&tg‘ B&d Fﬁ&&?&d&?ﬂ%diﬁgﬂ?mw;j%té&&@d dshebRatgd to reflux and water

generated during e reaction’is renoved by azeotrope. The reaction is run
over ni ght. Thedifcztienertfinal prapertied, | SRdh bigteRaiendahd Shdud e ricBddidrdianol three

times. [0058] EXAMPLE 13. This exanpl e discloses a pol ybutadl ene base 22
pol ymer wi t hwithimihg sxpestisp obthose skidédio te@nt. donor) functionality, [00~9~ 0 0 O
mr.iPL_ ~f80§0]i v HWezr plar\ti}:les',a\t%gtt e%ﬂaGnce the mechanical, electrical

conductivity, or thermal conductivity may also be added. Sultable conductive

fillers are carbon black, graphite, gold, silver, copper, platinum, palladium, nickel,

aluminum, silicon carbids, boron nitride, diamond, and alumina, Suitable

nonconductive fillers are particles of vermiculite, mica, wollastonite, calcium

carbonate, titania, sand, glass, fused silica, fumed silica, barlum sulfate, and

helogenated ethylene polymers, such as tetrafluoroethylene, triflucrosthylene,

vinylidene fluoride, vinyl fluoride, vinylidene chloride, and vinyl chloride. When

present, fillers will be in amounts of 0,1% to 80%, preferably fram 5% to 80%, by

weight of the formulatlon.

POLYMER SYNTHETIC EXAMPLES
[0021] EXAMPLE 1. This example discloses a butadlene/acrylo-nitrile

base polymer containing pendant acrylate (electron acceptor) functionality.



i m|[0060] One nolar equival ent (based on anhydride function) of

pol ybut adi ene adducted with mal efic anhydride (trade nane: Ricon 131 MA20,
produced by Sartomer Conpany) is solvated in acetone, followed by the
dropwi se addition of one nolar Equival ent of cinnanyl am ne. The reaction
m xture is stirred for 6 hours. After acetone is renoved py reduced
pressure, the polyner is solvated in toluene and the product'is purified by
precipitation in nmethanol three tines. [0061 J EXAMPLE 14. This exanpl e

di scl oses a styrenelacrylic base polyner with pendant acrylate (el ectron
acceptor) fg@gkgonality. [0062) 23 Ol ~+Ro i ~ OMEt~N where m=11
based on GP an& NVR anal ysis (one skilled in the art wlll recogni ze that
this value may v | irght] y rdue to tiher pol yneric character of the

material), [0063 sk eg ped wi th a nechani cal
infet) mgs charged with 45.02

stirrer, condenser,
g of a styreneacryl e pol r (Joncryl 58 \jron1Johnson ol ynmer) In

nmet hyl one chloridéﬁkloo mL_), Afterjthe pol'yner was sol vated under nitrogen
at roomtenperature, the solution s cooled to OC and 6.83 g of
triethylamne was added to the mxtlre. To this resulting m xture was added
dropwi se 6.11 g of acryl oyl chloridé¢ BFrEvBY1a’tre was all owed to react for
an additional 6 hours. After washing Wth aqueous sol utions several tines
until the aqueous phase Is neutral,ythe resulting organic |ayer was dried
over My2S04 and silica gel. Afiter the solvents were renoved under reduced
pressure, a white soflidwa i ng RLtr= 157 This exanpl e

di scl oses a siyrenet? sty+eni c (el ectron
donor) functionality, NCO ( 0 OW Tm
Gat 9l yat r

where x= 50,y =5, n =310, p =678, and g = §9, based on GPC and NMR
analysis (one skilled In the art will recognize that these values may vary slightly
due to the polymeric character of the material).

[0023] Carboxylated butadiene/acrylonitrile polymer (50.6 g) (NIpol 1072
from Zeon Chemicals) was solvated in 4-methyl-2-pentenone (MIBK, 250 mL) in
a 500mL four-necked flask equipped with a mechanical stirrer, condenser and
drying tube, Glycldyl methacrylate (9.78 g) and tetrabutylphosphonium acetate
solution (0.58 g) (TBPAAC, catalyst, 70% by weight of tetrabutylphosphonium
acid acetate in methanol from Morton International, Inc.) were added fo the
mixture with stirring. The mixture was heated to 110°C and held at that
temperature for approximately twelve hours. The final product has a viscosity of
4870 mPa.s at ambient temperature and according to tiration results of the

residual carboxylic acld of the modified Nipol rubber, the carboxyl conversion is

10



~~0- ~01i ? Nwl Dwhere m= 11 based on GPC and NMR anal ysis (one
skilled in the art will recognize that this value may vary slightly due to
t he polyneric character ofi the material), [ODGE In a 1 L four-necked
flask equi pped with a nechanical stirrer, condenser, addition funnel and a
N2 inlet, was charged with 126.7 g of a styrene acrylic polynmer (Joncryl
587 from Johnson Polyner) in nethyl ethyl ketone (6z0 nL). After the

pol ymer was sol vated at the refluxing tenperature of the solvent under
nitrogen, 4D.58 g of 3-isopropenyl-a,, a-d)nethyl benzyl isocyanate (mTM)

(eataryst) . isarecle htprinh RPEECAbenilachs dabathrdee ncttin el ' Dent v f our
hour s under tﬁh%ﬁrﬂ%%verﬁgérﬁ&?{] 7 ﬁg}l‘t ofthe %ﬁifi&%lg@gﬁwée‘r%&f432%(&'ced pressure)

a white solid was obtalnhe st quantitat ccording to GPC
anal ysi s, themapindltb ooy g eechBdiemul ar wei ght and the nunber average

nol ' ecul af wei ght of the nodiftied styrene-acrylic polyner are 15,600 gl nol
and 8,400 glo24] respeEXAMPLE2. ATlinedmpg disolofdSG taledieysacsyloritie gl ass
transition tenperature of the nodified z5 styrene-acrylic polyner is
appr oxi mat el §esa@dymarviEernEnstyraniEplepiarIdesr] JodPnaliEXAMPLE 18. An adhesi ve
filmwas pr &pésr ed firoma polynmer system conprising an unsubstituted
acryliclrub “RPase pol ymer, an independent el ectron acceptor resin) an

i ndependent el ectron donor resin, and an epoxy resin, which conponents and

3 )
poxy, a filler and
Cl assSour cePar t sor
a ChenteX Car , Electron
ell al ty IChéffcal sCor

acceptorMatrimd 5282A3Bi

orationEl ectron ddffor Adduct of tri cycl odetane-2.5 ture
| di met hanol | m TM EpoxyHP- 7200HS. 5Dai ni ppon | nk andChem cals I nc. [0069] The
el ectron donor had the following striycture; i WN-o DO, _ ND Structure 1

[0070] The filmfornul ati on was prepared by m xi ng the conponents in nethyl
ethyl ketone wth stirring, followed|byspuasubimeegassi ng. The varni sh 26

HsCO

where x = 86,y = 16, n = 401, p = B77, and q = 76 based on GPC and NMR
analysis (one skilled in the art will recognize that these values may vary slightly
due to the polymeric character of the material).

[0028] Carboxylated butadiene/acrylonitrile polymer (38.0 g) (Nipol 1072

from Zeon Chemicals) was solvated in 4-methyl-2-pentanone (MIBK, 255 mL) in

1



obt ai ned was coated to a thickness ofi2 ml onto a 5 m| thick
silicone-treated rel ease-liner and then dried by heating at 1DOC for 10
mnutes to forma partially cured adhesive filmwth a thickness of Imi.
[0D71] EXAMPLE 17, An adhesive filmwas prepared froma polyner system
conprising a poly(butadi ene) base pol yner substituted with pendant el ectron
acceptor functionality, an |Independent el ectron acceptor resin, an

i ndependent el ectron donor resin, and an epoxy resin, which conponents and
parts by weight used are identified in Table 2. The filmfornulation al so

contained a g@derﬁ@%ouk-ﬂé&e@ﬁéak eqhHed GRCH fhebithich RGr@PRxYens@flg adhesi on
pronoters. [0D72] Table 2Conponent Chem cal C assSourcePartsor Functionb

wt , But adi ene dlying eutieolissergeRol gyl efheorm EX gant eetrhb@gphssbhdritined Wi t h
pendantelectron acceptorfunctionaliEl ectron acceptorMatrimd

5292A1Bi snul etatite editizn (Gp2g) (ABPAATIcatalys al0§Cyrwedgid ol onEl ect r on donor Adduct
of tricyclodecane-2.5Structure |dirnethanol/m TM EpoxyHP- 7200H3. 5Dai ni ppon
| nk andCheni éeéflaéutylm?spmmc'm@etaﬁw W?ﬂ"?'lﬂ'fﬁWMPFWﬁtewaﬂPﬂak Bpared by m xing
t he conponents thyl eth one with stirrin follo med by vacuum
degassi ng. TW&’WFE‘?@F‘P t%’ﬂ“%f‘%@‘ﬂ'ﬁ\/ﬁg'”%oﬂleéﬂ“%"‘ﬁsﬂ‘ﬁ‘%ﬁ%ﬂéég C#d2 nil onto a 5
ml thick si Q reated rel ease khe . heating at 100C
for 10 mi nut é%‘g gtﬁ?ﬂeW%{gt & aﬁPerE{?&g"d’ns%[hq?glsvg‘c?m d’\ﬁ?ﬁ'o% t hi ckness of
Im 1. [0074]  SHNg AARES ¥EInE Mo r a pol yner
system conpri si ng gﬁy%ﬂgg%éﬁb g? |E @gsg‘gﬁ%ﬁﬁggﬁggﬁgﬁgfﬁ?8g1mﬁth pendant
27 el ectrosoflersrn i sbdt 5700 A hepbdudval PSHEBE AR BdIpiglicRtd MeMarEcept or rosin,

an i ndependent el ectron donor resin, and an acrylonitril e/ butadi ene rubber
whi ch - three times. According to GPC analysls the weight average molecular weight

and the number average molecular weight of the modified Nipol polymer are

554,400 g/mol and 89,100 g/mol, respectively.

[0027] EXAMPLE 3.  This example discloses a butadiene/acrylonitrile

base polymer with pendent styrenic (electron doner) functionality,

[0028]
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conponents and parts by weight used are identified in Table 3. The film
formul ation al so contained a radical initiator and adhesi on pronoters.

[ 0075] Tabl e 3Conponent Chem cal C assSourcepartsor Functionb

wt, Sytrenel acrylic base pol yner Pol yner from Exanpl ezsubstituted with
pendant 15el ectron donor functlor5alitEl ectron acceptorMatrimd

5292A5BI snal ei m deCi ba Speci altyChem cals Cor orationEl ectron donor Adduct

of 1. 75Structure Itrlcycl odecane-di net hanol I m TM Acryl onitril e/ but adi eneZeon
Chem cal s4r ubber (D076] The filmfornulation was pr epar ed by m xing the

Gegnssing. THBRExAeclt 8t 2F e “Tad'hdapan obest S RBaf N of 271 Monto a 5
m | thick S'Eﬁﬁﬂﬁq?ﬁé&ﬁ\&@ﬂtﬁﬂrﬁ@f%c%% fpaffifkelAR0: flEy B digpepeat 1 ng at 100C

for 10 mnutes 1 orma partra sive a thickness of

Im . [0077] d@%&ﬂ’ép%ly%%nc&ﬁhrﬁ@ﬁ?eﬁwﬁatfehélm was prepared froma polymer
system conprising a styrenelacrylic baso polymer substituted with pendant

el ectron donfoo2dlunct i oGathiokystedtutzalichglaayibriirile pelfrhert(5a8 griRipblase2 pol yner
substituted with pendant electron door functionalit an i ndependent
el ect ron aocEpn@eon ekimicaly wap H@@MH@I&N’@WH’%@“?&BWQ}K&%&K 3¢@®Exin  whi ch

For il ot | on 211sPEFRAEH TEH Sraat VAR MERr AU, SnMaraY ARG dhos  on |
Functi onb we gy PRAAOTp A ARER AR AT A Emere GRS T DL LbSt 1 ut

wth pondant Lgebagitcahianaisbunshiangt) MW% it} st aglegne basePol ymer

from Exanpl e 24pol ymer substituted w thpéndant €l ectron

donor f unct i omal thé F@eE WINsIAGRE PhOmMALY a8 Hiafkd 1251 HiankrlnihgeC ba
Speci al tyChem cal s Cor orationEl ectron donor Adduct of 1.8Structure

I tri cycl odec smepsthturatcn aprodimzidipfifleed 67i0§. Tﬁeelnéliprcrduéttham%mbbltyrmf was prepared
by m xi ng the conponents in methg:I et hyl ketone with stirring, followed by
vacuum degas$P4gnrarhet amiient AreB éﬁarméac%%ngd@&tfaéan keghlty théri ckness of 2 mil

at 100C for FHMH SAORSTE Shef Ak seP TSP AP R e 11 mwi th o
thi ckness of aJdiide molecular weight and the number average molecular weight of the

modified Nipol polymer are 666,000 g/mol and 75,600 g/mol, respectively.

(0030] EXAMPLE 4. This example discloses a butadiene/ acrylonitrile

base polymer with pendant cinnamyl (electron donor) functionality,-

[0031]

SOCly
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(0060] EXAMPLE 20. An adhesive filmwas prepared froma polyner system
conprising a acrylonitrilel butadi ene base pol yner substituted w th pendant
el ectron donor functionality, an independent el ectron acceptor resin, an

| ndependent el ectron donor resin, and an epoxy, which conponents and parts
by wei ght used are identified in Table 5. The filmfornulation also
contained a radical initiator, hardeners for the epoxy, flllor, and
adhesi on pronoters. 29 [ 00B1] Tabl e 5Conponent Chem cal

Cl assSour cePartsor Functionb wt, Acrylonitrilel butadl ene basePol ymer from
Exanpl e 22. 5pol ymer substituted w thpendant el ectron

| ei m ded ba
Speci al t yChem cal s rf o 1 pn .5Structure

Itricycl odecane-dl met hangl "nt T™M |pbon I nk andChemi cal s
Inc. [0082] The filmfo ati ogywas prepared by m X ng the conponents In
nmet hyl ethyl ketone with stirring, followed by vacuum degassi ng. The
varni sh obtained was cgated to a thickness of 2 nltl onto a 5 m| thick
silicone-treated relegs8e-liner and then dried by heating at 100C for 1D
mnutes to forma ially cured adhesive filmwth a thickness of 1ml.

[ 0083] EXAMPLE 21. adhesive filmwas prepared froma pol yner system
conprising a acrylonitrilel butadl ene base pol ynmer substituted with pendant
el ectron donor functionality, an independent el ectron acceptor resin, an

i ndependent el ectron donor resin, and an epoxy, which conponents and parts
by wei ght uspgkre udentsbmpofhabsaﬂaaeeb@amérmacmohmlgwymwa%on al so

contained a radical initiator, hardeners for the epoxy, filler, and
adhesi on pr onplzeequivalt based on the carboxylic acid) in toluene is reacted with excess

thionyl chloride at 50°C for approximaltely fourteen hours, The excess thionyl
chioride and the solvent are removed under reduced pressure to afford the
butadiene/acrylonitrile polymer with pendant acid chloride.

[0033] - One molar equivalent of clnnamyl alcohol and one molar
equivalent of triethylaminhe are mixed in dry toluene at 0°C, to which is added the
butadiene/acrylonitrile polymer with pendant acid chioride dissolved in dry toluene
(one molar equivalent based on the acid chioride), The mixture is allowed to
react overnight. The product is purified by precipitation in methanol three times.
[0034] EXAMPLE 8. This example discloses a butadiene/ acrylonitrile

base polymer with pendant cinnamyl (electron donar) functionality,

[0035]
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(oos4] Tabl e 6Conponent Chem cal C assSourcePartsor Functionb

wt. Acrylonitril el butadi ene basepol yner from Exanpl e 32. 5pol yner substituted
wi t hpendant el ectron donorfunctionaliEl ectron acceptorMatrimd
5292P, 3Bi snal ei m deC ba Speci altyChem cals Cor orationEl ectron donor Adduct
of 2. 5Structure Itrlcycl odecane-di net hanol | m TM EpoxyMP~7200H3, 51 Jai ni ppon

I nk andChem cals Inc. (0085] The filmformulation was prepared by m xi ng

t he conponents in nmethyl ethyl ketone with stirring, followed by vacuum
degassi ng. The varni sh obtained was coated to a thickness of 2 ml| onto a 5
ml| thick siliconertreated,rel ease-lLner and then dried by heating at 100C
for 10 mnutes to T a Si v ( wi.th a thickness of
1mll, [0086] EXAMPLE |22. hesi ve f it| S *pr red froma pol yner
system conpri sing ap/&crylegni tril el but adi
pendant el ectron acceptor functionalify, a styrene/acrylic base pol yner
substituted with pendant el ectron don¢r functionality, an independent

el ectron acceptor resin an i ndependeni®®& ectron donor resin, which
conponents and parts by weight used afe ldentified in Table 7, The film
fornmul ation al so contained a radical fnitiator. 3? ~00s~~ Tabl e
7Conmponent Chem cal d assS unctionb rylonitril el butadi ene
basePol yner from Exanpl e endant el ectron
donorfunctional ityStyrenel rdrom

Exanpl e3substituted w th pepganht 15anectron donor fufetionalitEl ectron
acceptorMatrimd 5292A5si s ei m deCi ba Speci al tyChem cal s Car

orationEl ectron donor Adductjjof 1. 8Structure Itricycl odecane-di nmet hanol | m-TM
[0088]. The film fornul aj&={on was prepared by m xing the conponents in

met hyl ethyl ketone Wth irring, followed by vacuum degassi ng. The
varni sh obtai ned was coated to a thickness of 2 ml| onto a 5 m| thick
silicone-treated rel ease-liner and then dried by heating at 100C for 10
mnutes to forma partially cured adhesive filmwth a thickness of 1ml.
COMPAJ~ATI VEPRISHES 1VE  PNE McEXefbElEnt doisoamiEaminprtd o8 mofhi s exanpl e

di scl oses anet?u?vg e%l c\alf%rigt}%y‘amme are mixed in dry toluene at 0°C, to which is added the

butadlene/acrylonitrile polymer with pendant acid chlorlde dissolved in dry toluens
(one molar equivalent based on the acid chloride). The mixture is allowed to
react overnight. The product is purified by precipitation in methanol three times.
[0037] EXAMPLE 6. Thls example discloses a butadiene/ acrylonitrile
base polymer with pendant styrenic (electron donor) functionality,

[0038]

QCHs
CH
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prepared with a polyneric system containing an acryJonltril el butadi ene base
pol ymer, and epoxy resin, and no el ectron donor nor el ectron acceptor
functionality. The fornul ation al so contai ned a phenol novol ak resin and
curing agents. The formul ati on conmponents and parts by wei ght are discl osed
in Table 8. 32 [ OD90] Tabl e 8Conponent Chem cal C assSourcePartsor
Functionb wt. Acrylonitril el butadi eneNl pol110722, 7r ubber Zeon

Chem cal sEpoxyHP- 720DH3. 5Dai ni ppon |1 nk andChem cal s | nc. Phenol Novol ak

resi nHRJ11661Schenect adyl nternati onal Inc. [0091] The filmfornmulation was
prepared by m xi ng the conponents in nmethyl ethyl ketone with stirring,
fol l owed by vacuum degassi ng. The varni sh obtai ned was coated to a

t hi ckness of 2 nfl onto a 5 ml thigk silicone-treated rel ease-liner and
then dried by heating at 100C for 10¢ Ftihutes to forma partially cured
adhesive filmwth a thickness of 1|m|. PERFORMANCE EXAMPLES (0092]
EXAMPLE 24. A sanple of each film pgoduced in Exanples 1622 and Conparative
Exanpl e 23 was used to bond a 100 by 100 square ml silicon die to a P
flex substrate at 120C in 5 seconds and cured at 180C for one m nute. The
di e shear strength of these bare packages was neasured at 1 BOC on a Dage
Series 4000 Bondtester. [0093] The results are disclosed In Table 9 and

denonstrate that the ifnveitifjve fi]l ns adhgesi ve strength. 33
q
o)
HsCO
N\
[0039] One molar equivalent of isoeugenol and one molar equivalent of

tristhylamine are mixed in dry toluene at 0°C, to which is added the
butadiene/acrylonitrile polymer with pendant acid chloride dissolved in dry toluene
(one molar equivalent based on the acid chloride). The mixture is allo;/ved to
react overnight. The product is purified by preciplitation in methanol three times.
[0040] EXAMPLE 7. This example discloses a butadiene/ acrylonitrile

base polymer with pendant styrenic (electron donor) functionality,
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[0094] Table 9 pl E SWEAR STRENCTM I n K Force 180CCura conditionl8DC 1

m nDi e shear strength neasure tem eraturel80CExam | e 161. B6Exam | e

470, 9DExam | e 982. 22Exam | e 191. 93Exam | e 202. 78Exam | e 212. 80Exam | e

223, 00Conpar ati ve Exanple 230,26 34 WHAT IS CLAIMED: 1. A fil m adhesive
prepared frommaterials conprising (f) a polynmer containing no electron
donor or acceptor functionality having a nol ecular weight in the range of
2,00D to 1,00Q D00, (ii) an independent el ectron donor conpound and (iii)
an i ndependent el ectron acceptor conpound. 2, The fil m adhesive accordi ng
toclaim1l i@ ich the polymer (1) Is prepared fromacrylic, vinyl, or
conj ugated die nmonornars. 3. The film adhesive according to claim2 in
whi ch t he pol yner a styrgne-acrylic copol yner,
or a acrylonitrl| fil mpdhesive according to
[ ohor +Cco nd is selected from
the group consistin Oof vi nyl ethers, "viny| sflanesszand conpounds
containing a carbow to carbon doubl e bond tached tQ an aromatic ring and
conjugated with the unsaturation in the ring. 5 The M2 m adhesive
according to claim4 in which the viny £ hers are selected fromthe group
consi sting of bis(4-(vfnyloxy)butyl]terephthal ate, bis(4(vinyloxy)butyl]
(4-nmet hyl -1, 3- phenyl ene) bi scar bamat e, bi s(4-(vinyloxy) butyl]

1, 6hexanedi yl bi scarbamate, 4- (V|nyloxy butyl stearate, and bis[4-(vinyl oxy)
butyl] (nethylenedl -4, 1- phhnylenA)b . | | m adhesi ve
according to claim4 in } ) g_al-earbon to carbon
doubl e bond attached to anlar{dmati c |rli,ngl and 35 pconjugaied with the
unsaturation in the ring ar% @Iect:g fromthe group c@nsisting of: N~o ~I
01~5( H

p

[0042] One molar equivalent of 4-vinyl benzyl amine and one molar
equivalent of triethylamine are mixed in dry toluene at 0°C, to which is added the
butadiene/acrylonitrile polymer with pendant acid chioride dissolved in dry toluene
(one molar equivalent based on the acid chloride). The mixture is allowed to
react overnight. The product is purified by precipitation in methanal three times.
[0043] EXAMPLE 8,  This example discloses a butadiene/ acrylonitrile

base polymer with pendant vinyl ether (electron donor) functionality,
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H-" oHiIi i~~~f a~0 ~NN-~ OO-N~-OHNO-Or 36 Il / N\O~O N\ | v O
001l / NO-O-Hand 0 OO~ NO H2 N~o H~6 I-1 I~ /1 7. The film adhesive
according to claim~ in which the I ndependent el ectron acceptor conpound is
selected fromthe group consisting of fumarates, naleates, acryiates, and
mal ei m des. 8. The fil m adhesive according to claim7 in which the

| ndependent el ectron acceptor conpound is a bisnaleimde selected fromthe
group consisting of N,N ethyl ene-bis-nal eim de,

N, N - butyl ene-bi s-mal ei m de, N, N -phenyl ena-bis 37

[0044]

ElaN

)

[0045] One molar equivalent of 4-hydroxybuty! viny! ether and one molar

equivalent of triethylamine are mixed in dry toluene at 0°C, to which is added the
butadiene/acrylonitrile polymer with pendant acid chloride dissolved in dry toluene
(one molar equivalent based on the acid chloride). The mixture is allowed to
react overnight. The product is purified by preclpitation in methanol three times.
[0046] EXAMPLE 8. This example discloses a butadiene/ acrylenitrile

base polymer with pendant vinyl ether (electron donor) functionality,
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mal ei m de, N, N -hexanet hyl ene-bi s-mal el m de) N, N 4, 4'-dj phenyl

nmet hane- bi smal ei mde, N, N -4, 4'-di phényl ether-bis-nmaleimdo,

N, N 4, 4' -dl phenyl sul fone-bisnmal eimde, N, N -4,4"-dicycl ohexyl

met hane- bl s-mal ei m de, N, N -xylyl ene-bi smal ei m de, and N, N - Bi phenyl

cycl ohexane-bls-maleimde. 9. A film adhesive prepared from (i) a polyner
substituted with pendant el ectron acceptor functionality having a nol ecul ar
wei ght in the range of 2,000 to 1,000,000, (ii) an independent electron
donor conpound, and optionally (iii) an independent el ectron acceptor
conpound. 10. The,fikmadhesive accoyding to claim9 in which the polyner
(i) is prepared f j } jugat ed di ene nononers and has
pendant el ectron A LY. o Fhe Fbmadftesi ve according to
claim10 in which t pol &mer (i) is an rylic, styrene~acrylic copol yner,
or a acrylonitrllefbutadiene copol ymer.and has pendant el ectron acceptor
functionality. 12. The fil m adhesive pccording to claim9 in which tho

i ndependent el ectron donor conpound i kesel ected fromthe group consisting
of vinyl ethers, vinyl silanes, and cpnpounds containing a carbon to carbon
doubl e bond attached to an aromatic ryng and conjugated with the
unsaturation in the ring. 13._ The fi,l m adhesive agcording to claim12 in
which the vinyl ethers are i sting of

ytyl]

n

(4- et hyl -1, 3- phenyl ene) bl sc obarratc , bis[4-(vinylo
hexanedi yl bi scar banmat e, 4- (M nyl oxy) butyl sfiearate, "and bl s[ 4- (vi nyl oxy)
butyl] (rmethyl enedi-4, 1- phenyl ene) bi scarbamate. 14, The fil m adhesive
according to claim12 in whigh the conpounds containing a carbon to carbon
doubl e bond attached to an a&onatic ring and conjugated with the
unsaturation in the ring are selected fromthe group consisting of: i W o~
01 N~~~S's~0 No HI i

[0047] One molar equivalent of 2-amincethyl vinyl ether and one molar

equivalent of triethylamine are mixed in dry toluene at 0°C, to which is added the

butadiene/acrylonltrile polymer with pendant acld chloride dissolved in dry toluene

(one molar equivalent based on the acid chioride). The mixture is allowed to

react overnight. The product is purified by precipitation in methanol three times:

[0048 ] EXAMPLE 10. This example discloses a hydroxylated

styrene/butadiene base polymer with pendant styrenic (electron donor)

functionality,

[0048]

NCO

/H Tin catalyst
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39 |l / NO-ONOO QI I ~NOO-H/ Oand OO0 ONCW N'OHHI 40

15. The film adhesive according to claim9 in which the i ndependent

el ectron acceptor compound is selected fromthe group consisting of
fumarates, mal eates, acrylates, and nmal eim des. 16. The fil m adhesive
according to claim15 in which the iil dependent el ectron acceptor conpound
is a bismalsimde selected fromthe group consisting of

N, N - et hyl ene-bl s-mal el m de, N, N -butyl enebi s-nal ei m de,

N, N' - phenyl ene- bi snal ei nmi de, N, N - hexar net hyl ene- bi s- mal ei nl de,

N, N -4, 4" -di phenyl met hane-Dbl smal ei m_de,
et her-bi s-mal ei mi de, | N, Nj - 4f 4' - Bijphe i | e} m de,

N, N -4, A. ' -di cycl obet e et o, ene- bi smal ei m de,
and N, N - Bi phenyl d Ap adhesi ve prepared
from (i) a polyner havihg pendant el ectron donor fundgionality having a
nol ecul ar weight in the range
el ectron accopt or c:fﬁound angioptionally (iii) an independent eiect~on

donor conpound; 1 B.{The fil m athesive according to claim 17 in which the
polymer (i) is pregared fromacrylic, vinyl, or conjugated di ene nononers
and has pendant el gctro nor functionality. 19. The f Irn adhesive
according to cIaPﬁB' i the polyner (i) is an acrylic, a
styrene-acrylic copbl a acrylonitrile-butadi ene copol yner and has

pendant el ectron donor functionality.

[0050] One molar equivalent (based on hydroxyl function) of
hydroxylated styrene/butadiene polymer is solvated in dry toluene-at $0°C under _
nitrogen, followed by the addition of one molar equivalent of 3-jsopropenyl-a,a-
dimethylbenzyl isocyanate (m-TMI) together with 0.07% of dibutyltin dllaurate
(catalyst) besed on the total amount of reactants, The resulting mixture is heated
for an additlonal twenty-four hours under nitrogen. After removal of the solvent
under reduced pressure, the product is obtained in almast quantitative yield.
[0051] EXAMPLE 11. This example discloses a hydroxylated
styrene/butadiene base polymer having pendant styrenic (electron donor)

functionality,
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41 20. The fiil m adhesive according to claim 17 in which the independent
el ectron acceptor conpound is selecked fromthe group consisting of
fumarates, mal eates, acrylates, and mal eim des. 21. The fiil m adhesive
according to claim 20 in which the i ndependent el ectron acceptor conpound
is a bisnmaleimde selected fromthe group consisting of
N,N'-ethylene-bis-naW@Bmide, N, N - but yl ene- bl s- nal ei m de,

N, N - phenyl ene- bi smal ei mi de, N, N - hexanet hyl ene- bi s- mal el m de,

N, N -4, 4" - Bi phenyl et hane-bi smal ei m de, N, N -4,4'-Bi phenyl

et her-bis-maleirnide, N N -4, 4k Bi ghenyl sulfione-bisrnal eimde,

N, N -4, 4" -dl cycl ohexyl met haner Qis{ nmes=e , N' - xyl yl ene- bi srmal ei m de,
and N, N - Bi phenyl cycl ohexane-hji(s- mal ei mide. . The,fil madhesive
according to claim17 in whichil e independept’rel ecl; octor conpound is
selected fromthe group consisting of vinyl hers, vinyl silanes, and
conpounds contai ning a_carbon to carbon double bond attached to an aronmatic
ring and conj ugat ed w unsaturation in the ring. 23. The film
adhesi ve according to N iC he vinyl ethegs are selected from
t he group consisting of tyl ] kerepht hal at e,

bi s[ 4( vl nyf oxy) but yl ] nmet hyl -1, 3- Ee)biscarb te,

bi s[ 4- (vi nyl oxy) butyl) 1, 6hexanediyl amat e, _4- (VI xyPfoxy) but yl
stearate, and bis[4-(vinyloxy) butyl]
(et hyl enedi - A., 1- phenyl ene) bi scar bamat e.
to claim22 in which the ¢o
bond attached to an aronma
the ring are selected fromjth
" 0p O WWI ~ NO-S s~

The fil it @eesi ve according

. .9

ounds contalnlnﬁ a carbon to carbon double
Ang_an onjugated with the unsaturatlon in

J| consisfiing ofi: i w | N-o
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ONO Hr NO-ON~1 v O NNO-O-H IO end OO0 0- NCW N _OHaHI I
r 25. A flm adhesive prepared from (i) a pol ymer havi ng pendant el ectron
donor and el ectron acceptor functionality and having a nol ecul ar weight in
t he range of 2,000 to 1,000,000, or a conbination of a polyner having
pendant el ectron donor functionality and having a nol ecul ar weight in the
range of 2,000 to 1,000,00D, and a pol ynmer havi ng pendant el ectron acceptor
functionality and having a nol ecul arwel ght in the range of 2,000 to
1, 000, 000; optionally (ii) an independent electron donor conpound; and
optlonally ( ) an in ﬁ@ endent el ectron acce t or , conpound. 44 26. The
fiilm adheS| FERYRIRT Beré|uaqe\&fe§5=%dﬁf%ﬁmf%ﬁ & Meduss §Halredin) i s prepared
fromacrylic njugated di ene nmononers and has pendant el ectron
donor funct.%W8$F¥v“§ﬁ&36% dant el ectron acceptor functionality and the
polymers in conbln a el ectron donor

. ; @B@ﬂ erf‘uﬁav TH?E%H@R& JE%I\S%é“s%[Hjoanf’é?é

functionalit d a po ymne i ng pendant e acceptor functionality
pol ymers (i) stpeRe/RARRAE Qesd SolMePRAAg ipEndavi Maldimide (el&cfby) s@asesl di ene nononer s
wi th, respectively, pendant electron donor functionality and pondant
electron acd@pﬂmnNMMnctlonallty 27. The film adhesive according to claim
26 in which the polynmer (i) is an acrylic, a styrene-acrylic copolyner, or
a acryl oni t riPPlbut adi ene copol yner and has pendant el ectron donor
functionality and.pepdant electron, a cep or functionality, and the polyners
in the conbins - tron donor functionality
and a pol ynor polymers (i)
is an acrylic, a|styrene- acryllc copol ryloniteil e-butadi ene
copol ymer with, spectivel y, pendant eljectron dortfor functionality and
pendant el ectro gcceptor functionality. \_\8 Tha fil m adhesive according to
claim 25 in which tho i ndependent el éctronedonor conpound is selected from
the group consisting of vinyl ethers) vinyl silanes, and conpounds

contai ning a carbon to carbon doubl e|Be1d™4tfthed to an aromatic ring and
conjugated wth the unsaturation in ghe ring. 29. The fiilm adhesive
according to claim28 in which the vinyl ethers are selected fromthe group
consi sting of bis[4-(vinyloxy)butyl]terephthalate, bls[4 (vinyloxy)butyl]
(4-met hyl -1, 3- phenylfeng) 4- (vi nyl oxy) butyl) 1,6 45

[0057] One molar equivalent (based on hydroxyl function) of
hydroxylated styrene/butadiene polymer prepared as in Example 11 is solvated in
dry toluene at 80°C under nitrogen, followed by the addition of one molar
equivalent of 6-maleimidocaproic acid in toluene, Catalytic amount of sulfuric
acid is then Introduced into the mixture, The mixture is heated to reflux and water
generated during the reaction is removed by azeotrope. The reaction is run
overnight. The product is purifled by precipitation in methanol three times.

[0058] EXAMPLE 13. This example discloses a polybutadiene hase



hexanedi yl bi scar bamat e,
butyl] (nethyl enedi-~, 1- phenyl ene) bi scar banat e,

4- (vfnyl oxy) butyl stearate, and bi s~~4-(vinyl oxy)
30. The fil m adhesive

according to claim2B in which the conpounds containing a carbon to carbon
doubl e bond attached fio an aromatic ring and conjugated with the

unsaturation In the ring are selected fromthe group consisting of: i WN-o0
0 O-NO11l oll I ~ NO-SS~o~Nw. o HIi 46 'i o~ NOOH'i O NNNN ~O
0"\ / N~0~0.~N~'" Ool\ o

polymer with pendant styrenic (electron donor) functionality,

[0058)

Acetone

10080] One molar equivalent (based on anhydrlde function) of
pelybutadiens adducted with maleic anhydride (frade name: Ricon 131MA20,
produced by Sartomer Company) is solvated in acstone, followed by the dropwise
addition of one molar equivalent of cinnamyl amine. The reaction mixture is
stirred for 6 hours. After acetone is remaved by reduced pressure, the polymer is
solveted in toluens and the product’is purified by precipitation in methanol thres
times.

[0061] EXAMPLE 14. This example discloses a styrene/acrylic base
palymer with pendant acrylate (electron acceptor) functionality.

[0062]
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I N~O- O-H/ pand OOO-NCH2 N. 'O H~6 H\ 4~ 31. The fil m adhesive
according to claim25 in which the independent electron acceptor conmpound
is selected fromthe group consisting of fumarates, nal eates, acryl ates,
and mal ei m des, 32. The fil m adhesive according to claim 31 in which the

I ndependent el ectron acceptor conmpound is a bismafeimde selected fromthe
group consisting of N, N -ethyl ene-bis-nmal ei m do,

N, N - but yl ene-bi s-rnal ei m de, N, N -phenyl ene-bi snal ei m de,

N, N - hexanet hyl ene-bi s-mal ei mide, N, N -4,4'-di phenyl nethane-bisnaleim de,

N, N -4, 4" -Bi phenyl [ N, N' 4, 4' - Bi phenyl
sul f one- bl snal ei m de 4 L& met hane- biys- mal ei m de,
N, N - xyl yI ene-bl s i ‘ ' enyI AEycl ohexdne- bi s- mal el m de, 48
A AN 2.A CAF LA LCAA JACBS. Ay LA TA Ay, AAAy AA . AH . Ay
ACAY. AL Ay A LA AL > \
OH
EtaN m
— 0 0

. \

where m = 11 based on GPC and NMR analysis (one skilled in the art will
recognize that this value may vary slightly due to the polymeric character of the
material),

[0063] In a 500mL. four-necked flask equipped with a mechanical stirrer,
condenser, 2dditlon funnel and a Nz inlet, was charged with 45,02 g of a styrene-
acrylic pelymer (Joneryl 587 from Johnson Polymer) in methylene chloride (100
mlL), After the polymer was solvated under nitrogen at room temperaturs, the
solution was cooled to 0°C and 6.83 g of triethylamine was added 1o the mixture.
To this resulting mixture was added dropwise 6.11 g of acryloyl chloride, The
mixture was allowed to react for an additional 6 hours. After washing with
aqueous solutions several times until the aqueous phase Is neutra), the resulting
organic layer was dried over Mg.SOy and silica gel. After the solvents were
removed under reduced pressure, a white solid was obtained,

[0064] EXAMPLE 18, This example discloses a styrene/acrylic base

polymer with pendant styrenic (electron donor) functionality,
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105510968’ () rsseasa@ﬂé&a(\a thén &ﬂe@%&eéﬂhg 5#10&"@ for 10 mmutes to form a parhany
cured adhesive flim with a thickness of 1mil.

{00711 EXAMPLE 17. An adhesive film was prepared from a polymer
system comprising a poly(butadieng) base polymer substituted with pendant
electron acceptor functionallty, an Independent electron acceptor resin, an
independent electron donor resin, and an epoxy resin, which components and

parts by weight used are identified in Table 2. The film formulation also contained

a radical initiator, hardeners for the epoxy, and adhesion premoters,

[0072]
Table 2
Component Chemical Class | Source Parts
or Function by wt.
Butadiene base polymer Polymer from Exampie 1. | 2
substituted with pendant
electron acceptor
functionality
Electron acceptor Matrimid 5292A 1
Bismaleimide Ciba Specialty Chemicals
Corporation
Electron donor Adduct of tricycledecane- | 2.5
Structure | dimethanol/m-TMI
Epoxy HP-7200H 3.5
Dainlppon Ink and
Chemicals, Inc.
[0073] The film formulation was prepared by mixing the compenents in

methyl ethyl ketone with stirring, followed by vacuum degassing. The varnish
obtalned was coated to a thickness of 2 mil onto & § mil thick silicone-treated
release-liner and then dried by heating at 100°C for 10 minutes to form a partially
cured adhesive film with a thickness of 1mil. '
[0074] EXAMPLE 18. An adheslve film was prepared from a polymer

system comprising a styrene/acrylic base polymer substituted with pendant
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B" B#B3BYB} aVi@éh donor functionality, an independent electron acceptor resin, an

independent electron donor resin, and an acrylonitrile/butadiens rubber, which
components and parts by weight used are identified in Table 3. The film

farmulation also contained a radical initiator and adhesion promoters.

[0075) '
Table 3
Component Chemical Class | Source Parts
ar Function by wt,
Sytrene/acrylic base polymer | Polymer from Example | 2
sybstituted with pendant 15
electron donor functionality
Electron acceptor Matrimid 5282A 5
Bismaleimide Ciba Specialty
Chemicals Corporation
Electron donor Adduct of 1.75
Structure | tricyclodecane-
dimethanol/m-TM!
Acrylonitrile/butadiene Zeon Chemicals 4
rubber
[0076] The film formulation was prepared by mixing the components In

methyl ethyl ketone with stirring, followed by vacuum degassing. The varnish
obtained was coated to a thickness of 2 mil onto a 5 mil thick silicone-treated
release-liner and then dried by heating at 100°C for 10 minutes to form a partially
cured adhesive film with a thickness of 1mil.

[0077] EXAMPLE 19. An adheslve film was prepared from a polymer
system comprising a styrene/ecrylic base polymer substituted with pendant
electron donor functionality, an acrylonitrile/butadiene base polymer substituted
with pendant electron donor functionallty, an independent electron acceptor resin,
an independent electron donor resin, which components and parts by weight
used are identified in Table 4. The film formulation also contained a radical

initiator, filler, and adhesion promoters.
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Table 4
Component Chemical Class | Source Parts
or Function by wi.
Sytrene/acrylic base polymer | Ppolymer from Example | 2
substitutsd with pendant 15

electron donor functionality
Acrylonitrile/butadiene base | Polymer from Example 2 | 4
polymer substituted with
pendant electron donor
functionality

Electron acceptor Matrimid 5282A 5
Bismaleimide Ciba Specialty

Chemicals Corporation )
Electron donor Adduct of 1.B
Structure | tricyclodecane-

dimethanel/m-~TMI

[0079] The film formulation was prepared by mixing the components in
methyl ethyl ketone with stirring, fallowed by vacuum degassing. The varnish
obtained was coated {o a thickness of 2 mil onto a § mil thick silicone-treated
relsase-liner and then dried by heating at 100°C for 10 minutes to form & partially
cured sdhesive film with a thickness of 1mil.

[0080] EXAMPLE 20. An adhesive film was prepared from a polymer
system comprising a acrylonitrile/butadiene base polymer substituted with
pendant electron donor functionality, an independent electron acceptor resin, an
Independent electron donor resin, and an epoxy, which components and parts by
weight used are Identified in Table 5. The film formulation also contained 2

radical initiator, hardeners for the epoxy, filler, and adhesicn promoters.
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[0081]
, Table &
Component Chemical Class | Source Parts
or Function by wt,
Acrylonitrile/butadiene base | Polymer from Example 2 | 2.5
polymer substituted with
pendant electron donor
functionality
Electron acceptor Matrimid 56282A 3
Bismaleimide Ciba Specialty
Chemicals Corporation
Electron donor Adduct of 2.5
Structure | tricyclodecane-
dimethanol/m-TM
Epoxy HP-7200H 3.5
Dainippon Ink and
Chemicals, Inc.

[0082] The film formulation was prepared by mixing the components In
methy! ethyl ketone with stirring, followed by vacuum degassing. The varnish
obtained was coalted to a thickness of 2 mil onto a 5 mil thick silicone-treated
release-liner and then dried by heating at 100°C for 10 minutes to form a partially
cured adhesive film with a thickness of 1mil.

[0083) EXAMPLE 21. An adhesive film was prepared from a palymer
system comprising a acrylonitrile/butadiene base polymer substituted with
pendant slectren donor functionality, an independent electron acceptor resin, an
independent electron donor resin, and an epoxy, which companents and parts by
weight used are identified in Table 6. The film formulation also contained 2

radical initietor, hardeners for the epoxy, filler, and adhesion promoters.
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[0084]
Table 8
Component Chemical Class | Source Parts
or Function by wt.
Acrylonitrile/butadiene base | Polymer from Example 3 | 2.5
polymer substituted with
pendant electron donor
functionality
Electron acceptor Matrimid 5292A 3
Bismaleimide Ciba Specialty
Chemicals Corporatlon
Electron donor Adduct of 2.5
Structure | tricyclodecane-
dimethanol/im-TMI
Epaxy HP-7200H 3.5
Dainippen Ink and
Chemicals, Inc.
[0085) The film formulation was prepared by mixing the companents in

methy! ethyl ketone with stirring, followed by vacuum degassing. The varplsh
obtained was coated to a thickness of 2 mil onto a & mil thick silicone-treated
release-liner and then dried by heating at 100°C for 10 minutes to form a partially
cured adheslive fllm with a thickness of 1ml),

[0086] EXAMPLE 22. An adhesive film was prepared from a polymer
system comprising an acrylonitrilefoutadiene base polymer substituted with
pendant electron acceptor functionality, a styrene/acrylic base polymer
substituted with pendant electron donor functionality, an independent electron
acceptor resin, an independent electron donor resin, which components and parts
by welght used are identifled in Table 7. The film formulation also contained a

radical initiator.
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Component Chemlcal Class | Source Parls
or Function by wi,
Actylonitrile/butediene base | Polymer from Example 1 | 2.5
polymer substituted with
pendant electron donor
functionality
Styrene/acrylic base polymer | Polymer from Example 3
substituted with pendant 15
electron donor functionhality
Flectron acceptor Matrimid 5292A 5
Bismaleimide Ciba Speclalty
Chemicals Corparation
Electron donar Adduct of 1.8
Structure | tricyclodecane-
dimethanol/m-TM|
[0088]. The film formulation was prepared by mixing the components in

methyl ethyl ketone with stirring, followed by vacuum degassing. The varnish
obtained was coated to a thickness of 2 mil onto a 5 mil thick silicone-treated
release-liner and then dried by heating at 100°C for 10 minutes to form a partially

cured adhesive film with a thickness of 1mil.

COMPARATIVE ADHESIVE FILM EXAMPLE
{0089) EXAMPLE 23. This example discloses an adhesive film
prepared with a polymeric system containing an acrylonlitile/butadiene base
polymer, and epoxy resin, and no electron donor nor electron acceptor
functionality. The formulation also contained a phenol navolak resin and curing

agents. The formulation components and parts by weight are disclosed in Table

8.
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International Inc.

Acrylonitrile/butadiens Nipol 1072 2.7

rubber Zeon Chemicals

Epoxy HP-7200H 3.5
Deinippon Ink and
Chemicals, Inc.

Phenol Novolek resin HRJ-1166 1
Schenectady
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The film formulation was prepared by mixing the components in

methyl ethyl Ketone with stirring, followed by vacuum degassing. The varnish

obtalined was coated to a thickness of 2 mll onto a 5 mil thick silicone-treated

release—linera.nd then dried by heating at 100°C for 10 minutes to form a partlally

cured adheslve film with a thickness of 1mil.

[0092]

PERFORMANCE EXAMPLES

EXAMPLE 24. A sample of each fllm produced in Examples 18-

22 and Comparative Example 23 was used to bond a 100 by 100 square mil

silicon die to a P| flex substrate at 120°C in 5 seconds and cured at 180°C for one

minute. The die shear strength of these bare packages was measured at 180°C

on a Dage Series 4000 Bondtester.

[0083)

inventive films have superior adhesive strength.

The results are disclosed In Table 9 and demonstrate that the

33



On10%& ()- ' nrrrs*s,s-sFseG+20n10%& ()- ' nOnlO0% ()- OnlO%& () -
Onl0%&' ()- ' n)Onl0%&' ()- FsGsHsls[s\s]s”snR420n'" nONl10%&' ()- OnlO%& () -
On10%& ()- ' nONlO0%& ()- OnlO0%& ()- "sjskslsnmssssil)Onlo% ()- OnlO%& () -
On10%& ()- ' n)Onl0%&' ()- Onl0% ()- (On10%& () -

[0094]
Table 9
DIE SHEAR STRENGTH In Kg Force @ 180°C
Cure condition 180°C/1 min
Die shear strength measure 180°C
termperature
Example 16 1.86
Example 17 0.90
Example 18 2.22
Example 19 1.83
Example 20 2.78
Example 21 2.80
Example 22 3,00
Comparative Example 23 0.26
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WHAT IS CLAIMED:

1. A film adhesive prepared from materials comprising (i) a polymer
containing no electran donor or acceptar functionality having @ molscular weight
in the range of 2,000 to 1,000,000, (i) an independent electron donor compound

and (iii) an independent electron acceptor compound.

2, The fim adhesive according to claim 1 in which the polymer (1) Is

prepared from acrylic, vinyl, or conjugated diene monomers.

3 The film adheslve according to claim 2 in which the polymer (i) is an
acrylic polymer, a styrene-acrylic copolymer, or a acrylonitrile-butadiene

copolymer.

4, The film adhesive according to claim 1 in which the Independent electron
donor compound Is selected from the group consisting of vinyl ethers, vinyl
silanes, and compounds containing a carbon to carbon deuble bond attached to

an aromatic ring and conjugated with the unsaturation in the ring.

5, The film adhesive according to claim 4 in which the vinyl ethers are
selected from the group consisting of bis[4-(vinyloxy)butyl)terephthalate, bis[4-
(vinyloxy)butyl] (4-methyl-1,3-phenylene)biscarbamate, bis[4-(vinylexy) butyl] 1,6-
hexanediylbiscarbamate, 4-(vinyloxy)butyl stearate, and bis[4-(vinyloxy) butyl]

(methylenedl-4,1-phenylene)hiscarbamate.

8. The film adhesive according to clzim 4 in which the compounds

containing a carbon to carbon double bond attached to an aromatic ring and
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7. The film adhesive according to claim 1 in which the [ndependent eiectron

acceptor compound is selected from the group consisting of fumarates, maleates,

acrylates, and maleimides.
8. The film adhesive according to claim 7 in which the Independent electron

acceptor compound is a bismaleimide selected from the group consisting of N,N'-

ethylene-bis-maleimide, N,N'-butylene-bis-maleimide, N,N'-phenylene-bis-
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maleimide, N,N'-hexamethylene-bis-malelmlide, N,N'-4,4'-diphenyl methane-bis-
maleimide, N,N'-4,4'-dipheny! ether-bis-maleimide, N,N'-4,4'-dipheny| sulfone-bis-
maleimide, N,N'-4, 4'-dicyclohexy! methane-bls-maleimide, N,N'-xylylene-bis-

maleimide, and N,N'-diphenyl cyclohexane-bls-maleimide.

9, A film adhesive prepared from (i) a polymer substituted with pendant
electron acceptor functionality having a molecular weight in the range of 2,000 to
1,000,000, (ii) an independent electron donor compound, and aptionally (jii) an

independent electron acceptor compound.

10. The film adhesive according to claim 9 in which the polymer (i) is
prepared from acrylic, vinyl, or conjugated diene monomers and has pendant

slectron acceptor functionality.

1. The film adheslve according to claim 10 in which the polymer (i) is an
acrylic, styrene-acrylic copolymer, or a acrylonitrile-butadiene copolymer.and has

pendant electron acceptor functionaliy.

12. The fiim adhesive according to claim 9 in which the independent electron
donor compound is selected from the group consisting of vinyl ethers, vinyl
silanes, and compounds containing a carbop to carbon double bond attached to

an aromatic ring and conjugated with the unsaturation in the ring.
13, The film adhesive according to claim 12 in which the viny! ethers are

selected from the group consisting of bis[4-(vinyloxy)butyliterephthalate, bis[4-
(vinyloxy)butyl] (4-methyl-1,3-phenylene)biscarbamate, bis[4-(vinyloxy) butyi] 1,6~
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14, The film adhesive according to claim 12 in which the compaunds

containing a carbon to carbon double bond attached to an aromatic ring and

conjugated with the unsaturation in the ring are selected from the group
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slectron acceptor compound is a bismaleimide selected from the group consisting
of N,N'-ethylene-bls-maleimide, N,N-butylene-bis-maleimide, N,N'-phenylene-bis-
maleimide, N,N'-hexamethylene-bis-maleimide, N,N'-4,4'-diphenyl methane-bls-
maleimide, N,N'-4 4'-dipheny! ether-bis-maleimide, N,N'-4,4'-dipheny! sulfone-bis-
maleimide, N,N'-4,4'-dicyclohexyl methane-bis-maleimide, N,N'-xylylene-bis-

maleimide, and N,N'-diphenyl cyclohexane-bis-maleimide.

17. A film adhesive prepared from (i) a polymer having pendant electron
donor functionality having a molecular weight in the range of 2,000 to 1,000,000,
(ii) an independent electron acceptor compound and optionally (iil) an

independent electron donor compound;

18. The film adhesive according to claim 17 ih which the polymer (i) is
prepared from acrylic, vinyl, or conjugated diene monomers and has pendant

electron donor functionallty.
18, The film adhesive accerding to claim 18 In which the polymer (i) is an

acrylic, a styrene-acrylic copolymer, or a acrylenitrile-butadiene copolymer and

has pendant electron donor functionality.
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20, The film adhesive according to clalm 17 in which the independent
electron acceptor compound is selected from the group consisting of fumarates,

maleates, acrylates, and maleimides.

21, The film adhesive according to claim 20 in which the independent
electron acceptor compound is a bismaleimide selected from the group consisting
of N,N'-ethylene-bis-maleimide, N,N'-butylene-bls-maleimide, N,N'-phenylene-bis-
maleimide, N,N'-hexamethylene-bis-malelmide, N,N'-4,4'-dipheny! methane-bis-
maleimide, N,N'-4,4'-dIphenyl ether-bis-maleimide, N,N'-4,4'-dipheny! sulfone-bis-
maleimide, N,N'-4,4"-dlcyclohexyl methane-bis-maleimide, N,N'-xylylene-bis-

maleimide, and N,N'-diphenyl cyclohexane-bls-maleimide.

22, The film adhesive according to claim 17 in which the independent
electron donor campound is selected fram the group consisting of vinyl ethers,
vinyl silanes, and compounds containing a carbon to carbon double bond

attached to an aromatic ring a2nd conjugated with the unsaturation in the ring.

23. The film adhesive according to claim 22 in which the vinyl ethers are
selected from the group consisting of bis[4-(vinyloxy)butylterephthalate, bis[4-
(Vinyloxy)butyl] (4-methyl-1,3-phenylene)biscarbamate, bis[4-(vinyloxy) butyl] 1,6-
hexanediylbiscarbamate, 4-(vinyloxy)buty! stearate, and bis[4-(vinyloxy) butyl]

(methylenedi-4, 1-phenylene)biscarbamate.
24, The film adhesive according to claim 22 in which the compounds

containing a carbon to carbon double bond attached to an aromatic ring and

conjugated with the unsaturation in the ring are selected from the group
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25, A film adhesive prepared from (i) a polymer having pendant electron
donor and electron acceptor functionality and having a molecular weight in the
range of 2,000 to 1,000,000, or a2 combination of & polymer having pendant
electron donor functionality and having a molecular weight in the range of 2,000
to 1,000,000, and a polymer having pendant electren acceptor functionality and
having a melecular welght in the range of 2,000 to 1,000,000; optionally (i) an
independent electron donor compound; and optionally (iii) an independent

electron acceptor compound,
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prepared from acrylic, vinyl, or conjugated diene menomers and has pendant
electron donor functionality and pendant electron acceptor functionality and the
polymers in the combinatlon of a polymer having pendant electron doner
functionality and a polymer having pendant electron acceptor functionality
polymers (i) are prepared from acrylie, vinyl, or conjugated diene monomers with,
respectively, pendant electron donor functionality and pendant electron acceptor

functionality.

27.  The film adhesive accarding to claim 26 in which the polymer (i) is an
acrylic, a styrene-acrylic copolymer, or a acrylonitrile-butadiene copolymer and
hes pendant electron denor functionality and pendant electron acceptor .
functionality, and the polymers in the combination of & polymer having pendant
electron donor functionality and a polymer having pendant electron acceptor
functionzlity polymers (i) is aln acrylic, 2 styrene-acrylic copolymer, or a
acrylonitrile-butadiene copolymer with, respectively, pendant electron donor

functionality and pendant electron acceptor functionality..

28 The film adhesive according to claim 25 in which the independent
electron denor compound is selected from the group consisting of vinyl ethers,
vinyl silanes, and compounds containing a carbon to carbon double bond

attached to an aromatic ring and conjugated with the unsaturation in the ring.
29, The film adhesive according to claim 28 in which the vinyl ethers are

selected from the group consisting of bis[4-(vinyloxy)butyllterephthalate, bis[4-

(vinyloxy)butyl] (4-methyl-1,3-phenylene)blscarbamate, bis[4-(vinyloxy) butyl] 1,6-
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31, The film adhesive according to claim 25 in which the independent
electron acceptor compound is selected from the group consisting of fumarates,

maleates, actylates, and maleimides,

32, The film adhesive according to claim 31 in which the independent
electron acceptor compound is a bismaleimide selected from the group consisting
of N,N'-ethylene-bis-malsimide, N,N'-butylene-bis-maleimide, N,N'-phenylene-bis-
maleimide, N,N'-hexamethylene-bis-malelmide, N,N'-4.4'-diphenyl methane-bis-
maleimide, N,N'-4,4'-diphenyl ether-bis-maleimide, N,N'-4,4'-diphenyl sulfone-bls-
maleimide, N,N'-4,4'-dicyclohexyl methane-bis-maleimide, N,N'-xylylene-bis-

maleimide, and N,N-diphenyl cyclohexane-bis-maleimide.
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