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RELATED APPLI CATI ON DATA [0001] This application
“clains priority to Application Serial No. 60/468, 037,

filed My 5, 2003, the entire contents of which are
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properties conpatible with application to
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[0004] The bismaleimides represent one useful class of thermoset compounds that
have been used in the microelectronic packaging industry. Bismaleimides are curable,
meaning that they are capable of polymerization to yield cross-linked resins. In addition,
bismaleimides may be homocured in the presence of free radicals or photoinitiators, or
combined with other free-radical curing monomers (e.g., acrylates, methacrylates,
syrenics, vinyl ethers, vinyl esters, allyl monomers, olefins, and the like). They may also
be cured in the presence of comonomers via, Diels-Alder, -ene, and Michael addition

mechanisms. -



be cured in the presence of conononers via,

Di el s-Al der, -ene, and M chael addition nmechanisns. 1

[ 0005] Conmercially avail abl e bi snal ei m de t hernobset

conpositions are noted for their high nodulus, and
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composition, while not sacrificing thermal stability. The imide functional group is one of

the most thermally stable groups known. Thus, the present invention provides a
maleimide functionalized thermoset composition without thermally labile linkages,

thereby providing superior thermal stability when used as a toughener.

[0008] In one embodiment, there are provided imide-extended bismaleimide

compounds having the structure:

)/T—--Q— - N—-—R ))—-—0—- — N——R—N
0 .0 o o o]

-1



gNA QgNNR Q - NRt OO0 O n-I 2 wherein: Rand Q
are each i ndependently substituted or unsubstituted

al i phatic, aromatic, heteroaromatic, or siloxane:
noieties; and nis 1 to about 10, with the proviso
that_the imde-extended bismaleimde is not 00 O
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[0009] In another embodiment, there are provided monomaleimides having the
structure:
0 0O
N—HQ_N
Ry
0

wherein: R, is substituted or unsubstituted aliphatic or aromatic; and

R; is substituted or unsubstituted aliphatic, aromatic, or siloxane.

[0010] In still another embodiment, there are provided polymaleimides including

polymers including a plurality of pendant repeating units having the structure:



O/ 3 NO wherein: R3 is substituted or unsubstituted
al i phatic, aromatic, heteroaromatic, or siloxane

nmoi eties. [0011] In further enbodinments, there are
provi ded pol yrmal ei m des i ncluding polyners including
a plurality of repeating unlts havi ng the structure: O
O N 14 N O O wherein: B4Ljs a substituted or
unsubstituted linear, branched, or cyclic aliphatic
noi ety having from2 to abg 100 carbon atons, or a
substituted or unsu omatic noiety. 4
[00121 In anot her enbodi '
adhesi ve conpositions in
above descri bed nononal ei i smal ei m de, or

pol ymal ei m de conpounds, gast one curing
initiator. [00&3] I n yef*®another enbodi nent, there are
provi ded di e- at tes including a) 2 weight
percent to about i ght percent (wt % of at |east
one of the aboveg deschi bed nonomal ei m de,

bi smal ei m de, or ) de conpounds, or

conbi nati ons there on total weight of the
conposition, b) O to about 90 wt % of a conductive
filler; d) 0.1 wt %to about 5 wt % of at |east one
curing initiator, based on total

wherein: Rj is substituted or unsubstituted aliphatic, aromatic,

g at | east one of the

heteroaromatic, or siloxane moieties.

- [0011] In further embodiments, there are provided polymaleimides including

polymers including a plurality of repeating units having the structure:

R

0
O T
T4
N

O O

wherein: R4 is a substituted or unsubstituted linear, branched, or cyclic
aliphatic moiety having from 2 to about 100 carbon atorus, or a substituted or

- unsubstituted aromatic moiety.



wei ght of the conposition; e) 0.1 wt%to about 4 W%
of at | east one coupling agent, based on total weight
~of the conposition. [0014] In a further enbodi nent,
there are provided nethods for produci ng an
i m de-ext ended bismal ei m de conmpound. Such net hods can
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polymalegmisiegotripogndsyend etlrastabe amingdnitinicet i es with nal eic
anhydri de under conditions suitable to forma
mal ei m de, thereby producing an in de- extended
: bi smal ei m de nonomer. [0015] In another embodi nent,
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amount of an adhesive conposition conprising an

i mi dR-Qierahouk?0 wstaf a genductive fillows| ynal ei mi de

suf f inGd f,_opne electronic C nent

to a&)gﬁ ugg{t ﬁgé emglg g%ihn‘}lzsJ t% ?étcl? b Ree ¢igne lﬂgi%ﬁ‘& ﬁ%‘gg on total
weighedi the compiigomi tn to bond the el ectronic conponent

to tge fubstrate. 5 [0017] In another enbodi nment,
t her® Ut ¥thrieabewdt Wik rfs lergirong coupliigageat, basedpitetal
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exanpl e, by a. providing an adhesive conposition

conprising an i m de-extended nono-, bis- or

pol ymal ei m de; and b. extruding the adhesive
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imide-extpgegbigmapleimide compound. Such methods can be performed, for example,
by contacting a dianhydride with a diamine under conditions suitable to form an imide
having terrinal amino moieties; and contacting the terminal amino moieties with maleic
anhydride under conditions suitable to form a maleimide, thereby producing an imide-

extended bismaleimide monomer.

[0015] In another embodiment, there are provided assemblies including a first
article permanently adhered to a second article by a cured aliquot of the die-attach paste

according to the invention.

[0016] In yet another embodiment, there are provided kits for bonding an
 electronic component to a substrate comprising a package containing an amount of an
adhesive composition comprising an imide-extended mono-, bis-, or polymaleimide
sufficient to bond at least one electronic component to a substrate; and instructions for

using the adhesive composioitn to bond the electronic component to the substrate.



[0018] Figures 1 and 2 illustrate an exenplary
preparation of an im de-extended conpound of the

i nvention. [0019] Figure 3 shows the generic structure
of exenplary polymal einm des of the invention. Figure
3A shows a pol ymal ei m de structure with succinimde
connecti ng groups pendant fromthe nal ei m de pol yner

or oligoner. gure 3B shows a pol ynal ei m de
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[0018] Figures 1 and 2 illustrate an exemplary preparation of an imide-extended

compound of the invention.

[0019] Figure 3 shows the generic structure of exemplary polymaleimides of the
invention. Figure 3A shows a polymaleimide structure with succinimide connecting
groups pendant from the maleimide polymer or oligomer. Figure 3B shows a
polymaleimide structure where the succinimide connecting groups are part of the

mainchain maleimide polymer or oligomer.

DETAILED DESCRIPTION OF THE INVENTION
10020] ‘The present invention is based on the discovery that a remarkable
improvement in the performance of maleimide thermosets can be achieved through the
incorporation of imide-extended mono-, bis-, or polymaleimide compounds. In one
embodiment, there are provided imide-extended bismaleimide compounds having the

structure:




00 OCH3 _ 0 NC36H72-N /0O N-C36H/2°N 3 CH / 0O
O [0021] As used herein, the term"i m de-extended"

" neans that the conpound contains at |east one:imde:: "
noiety in a non-term nal position of the nolecule.
[0022] As, used herein, "cycloal kyl" refers to cyclic
rPng- confaoni ng groups ocont\iniag in the range of o

efers

be e orinpresubsytdL as _set, flol aboye.

[ 2023] sed her eitn, val ky fer Ahtor
anche in hydroca byl |

h [ a keny refer\s to gtrajyght or branghed chai

hydr ocar Qy? groups havPng | efist one car b&h- carbore

doubl e bond, and having in fé range of about 2 7 up
to 12 carbon atons, and "substituted al kenyl" refers
to aIKle groups further bearing one or nore

subst¥ ts as set forth above. [0025] As used

herein, "al kyné@i refers to straight or branched chain
hydr ocar byR ang §>§aqliavtﬂ€rpgn@ttnﬂly@ab$t1tmed oc anfubstimsdbon

R e T
al kynyl grou E qﬁ ﬁ ring ., one or nore
substi t uerft ’§ ot \%130 [t 2l inpide-gxended

her eipfsmal&itdlec st €rs to aromatic groups having in the
range of 6 up to 14 carbon atons and "substituted
argl" refers to aryl groups further bearing one or
nojfe substitugnts as set fortEI_i;\bove

O
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[0021] As used herein, the term “imide-extended” means that the compound

contains at least one imide moiety in a non-terminal position of the molecule.

{0022] As used herein, "cycloalkyl" refers to cyclic ring-containing groups
containing in the range of about 3 up to 8 carbon atoms, and "substituted cycloalkyl"

refers to cycloalkyl groups further bearing one or more substituents as set forth above.

[06023] - As used herein, “alkyl” refers to straight or branched chain hydrocarbyl
groups. '
[0024] As used herein, "alkenyl" refers to straight or branched chain hydrocarbyl

groups having at least one carbon-carbon double bond, and having in the range of about 2




[0027] As used herein, "alkylaryl" refers to

al kyl -substituted aryl groups and "substituted

al kylaryl-* refers to al kylaryl groups further bearing
one or nore substituents as set forth above. . [0028]

As used her e " refers to aryl-substituted
up to 12 cgriop atg ?fé‘i Hasnm%@é‘ml Fefers &9 plkanydygroupsdiigher bearing
oneorm@ﬁxhaétﬁuém%%@?orﬁymo gr bearing one or nore

substituents as set forth above. [0029] As used
herein, "arylal kenyl" refers to aryl substitut ed

al kenyl ups and ",,su stituted arylal kenyl" refers
(00251 2% et Gexin, & Resirofapr Pegashed Cbeingdeocarby]

groups havlpSiti44eBhS cz&ﬁoﬁ-@ﬁrb&?f éﬂae BHRY Gnd hgﬁﬁg rb(ﬁ?a r%lrf%% Of about 2

herein, "aryl al kynyl rs to ar
up to 12 caﬂp@y)rgtpmg; andp'subptithited dlmml'l’ tadiers do alkyhﬂl gty furth@fRbSng

one or m&rggﬂl%s)ﬁ[t&éf%%syggﬂ)r g’tjﬁ’fs)&% ?Lt gg{)vgea{ Ioggl]onf\solr.lsrergr ’

hereln "aroyl" refers to aryl - carbonyl speci es such
enzoyl and "substituted aroyl" refers to aroyl
[0026] gr ou"b%uﬁﬁir]tﬁﬁ@ﬂ» toeselr iffrfgfsmlémmatlmmlmmasmtmtﬁanmf%t

" herein, " ocyclic"
up to 14 b ARG U « oy MR ary1® ol o 5 Brchon gyt egivsmg o or
moresubmmimﬁnmf@ﬂﬁamenore heteroatons (e.g., N, 0, S, or

the like) as part of the ring structure, and havi ng

in t he range of 3 up to 14 carbon at ons and

"sub t het rs, 1
lo027] =0 058 btk UG Seie oo e ot i a1 se
"subshtutéd)aﬂ(}alaajﬂbvﬁ’ers[@ @B@larﬁsgr dfuﬁﬁérﬂieﬁnng ﬁﬁé/ br mbRf ®bSithéhts
assetfonﬁ E I-car bonyl speci es. [0034] As used herein,

Yyen" refers to fluoride, chloride, brom de or
i odide atoms. [0035] In certain enbodinents, R and Q
are each independently substituted or
[0028] As used herein, "arylalkyl" refers to aryl-substituted alkyl groups and

- "substituted arylalkyl" refers to arylalkyl groups further bearing one or more substituents
as set forth above.

[0029] As used herein, "arylalkenyl" refers to aryl-substituted alkenyl groups and
"substituted arylalkenyl” refers to arylalkenyl groups further bearing one or more

substituents as set forth above.

[0030] As used herein, "arylalkynyl" refers to aryl-substituted alkynyl groups and
"substituted arylalkynyl" refers to arylalkynyl groups further bearing one or more

substituents as set forth above,

[0031] As used herein, "aroyl" refers to aryl-carbonyl species such as benzoyl and
“substituted aroyl" refers to aroyl groups further bearing one or more substituents as set
forth above.




unsubstituted |inear, branched, or cyclic aliphatic
noi eties having from2 to about 100 carbon atons. In
‘ot her enbodi nents, R and Q are each i ndependently: "
substituted or wunsubstituted aromatic or
het eroaromatic noieties having from6 to about 14
carbon atons. [0036] In other enbodinents, R and Q
[0032] are @acked hekeReMERabLEYIBURS:S ¢ S URS Lk ed
~ siloxane noieties haJ%%g ?%%ﬁfg%?%cg@%Uﬁm%gag%k%%%n
groups CoRIgHK1E ane o5 giase hetetnsttimadnigs N, 1O,8h dr Qedile) aapint of the ring

_ _ g ;
s, RGOt 4P W E BB b G,
heterocydic nefiess! to ihe@x@uelic BrousORRhBAbdaBAg onk BEHBA sub[s@t%ﬁt]s as set '

Wien R and Q include substituted aliphatic, aromati
forth abo¥e er oar omatic, or siloxane noieties, such
substituents include al kyl, al kenyl, alkynyl, hydroxy,
oxo, al koxy, nercapto, cycloal kyl, substituted
[0033] cycl Aaluked hertiaf Bicol vefeisto alkybaiibbiflagedied. er ocycl i c,
aryl, substituted aryl, heteroaryl, substituted
het eroaryl, aryl oxy, substituted aryl oxy, hal ogen,

0040 0278 4 30 s g s
atoms. -NR-C(O, -NRC(O-NR -0OC(O-NR, wherein Ris H or

| ower al kyl, acyl, oxyacyl, carboxyl, carbanate,
sul fonyl, sul fonam de, sulfuryl, and the like. 9

5 [00 : . i b al de- ext .
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unsubstitytog ligeaspbragéhed| erqyotic slypitatie sicdetiel havihig faim 2tte pbout 100

carbon até&:ﬂ%’r.g#nvo ] %}rﬁ.‘}ﬁtéoq%gQ 4%%3%8%%%&%@%&@3%%9&@24& e.
unsubstitiktee aiin@iticde heReikdnitic mPefSSHvind réth d 83Bbu @éak \
i nke

excess of that necessary to formthe I mde-

atoms.  dj ani ne i ntermediate. [0038] A wide variety of
di am nes are contenplated for use in the practice of
the invention, such as for exanple,

[0036] 1, 10mditkerichoddiraeies, Rlant2) diecdich dfRPERARY stbsilited or

. di {gm ne; 1,2-diam no-2-nethyl propane;
unsubstitufed, sHpxanepRIpEesdiingritom 2 to abpus A0sBisooptomes. In some
embodiments, R and Q are each independently polysiloxane moieties, such as, for
example, dimethylsiloxane, methylphenylsiloxane, diphenylsiloxane, or combinations

thereof.

{0036] When R and Q include substituted aliphatic, aromatic, heteroaromatic, or
siloxane moieties, such substituents include alkyl, alkenyl, alkynyl, hydroxy, oxo, alkoxy,
mercapto, cycloalkyl, substituted cycloalkyl, heterocyclic, substituted heterocyclic, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, aryloxy, substituted aryloxy, halogen,
haloalkyl, cyano, nitro, nitrone, amino, amido, --C(O)H, -C(0)-, -C(O)-~, -S-, -S(O), -
OC(0)-0-, -NR-C(0), -NR-C(0)-NR, -OC(0)-NR, wherein R is H or lower alkyl, acyl,

oxyacyl, carboxyl, carbamate, sulfonyl, sulfonamide, sulfuryl, and the like.




1, 3-di am nopr opane; |, 4-di am nobut ane;

1, 5-di am nopept ane; 1 7-di am nohept ane; 1, 8-

di ami nonent hane; 1, 8-di am nooct ane; 1, 9-di ami nononane;
3, 3" -di am no- N net hyl di propyl am ne;

di am nomal eonitrile; 1, 3-di am nopentane; 9, 10-

di am nophenant hrene; 4, 4' di am nooct af | uor obi phenyl ;

3,5-d'a nob oic acid; 3,
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readily &egar@l:l gﬂaﬁg’gﬁs’ﬂﬁ? gﬁg&ﬁ gyntgeség SI:TE % IHOt %} ]l%g nees e

condensztlgn af '-adianbxctridwawd) a dilndddétinginé fwmﬁ%%h%@ Werminated
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m not ol u
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bi sani nonet hyl cycl ohexane;

2-chl - dj ayri nobenzene; di ani i no- 2,
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ARSI 2261 R oa e A Shrshigtobishes 218 diaminotoluenes
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di ani nophenoxy) (ﬁheny ) pr opaiie
aminoagthsoqingne; bt anih;@qhﬁmne;nles/ﬂ:émnbhéiﬁ]ﬁalene 1,2-

dlmnoaﬁ%&}fb%;b%go?fgzggxn%ne@%mr 6,§>}B§qgﬁgﬁg,apthylbenzene 1,3-
b1sa1mnompﬁ1yla§rbmm§32%hlor(§i'l Wi@ﬂ%‘bgﬁh@n b b4- iamino 2.5 M

i.am no- - di met hoxyhbi

dmhlomb%?@&n f’l“rqi%mmo -25-dimethpibeztnest, 4’dephﬁwjz,)zf_l uor ene;
b;smﬂuoz%rﬁe‘ﬁllﬂE’iPH yhitil@ nony%gggy@%g g an{)hr anilic acid);

nTi nophenox
dlmethylpheaylhmsth&aeammgﬁwx,ﬁg/d?étﬁ?lﬁﬂﬁlylﬁm&hane, bls(4-arn1no- 3-ethyl
dlarmnoﬂliorgg%l M noE@ URS) b%&gm@aphthalenc 2,3-diaminophenol; -5-

pheno

methy]phémy%m%tl@an‘é?&%@lm 3~1]neﬂ‘|ylphenyl)methane, bis(4-amino-3-
ethylphenyl)methane; 4,4’ -diaminophenylsulfone; 3,3’-diaminophenylsulfone; 2,2-bis(4,-
(4aminophenoxy)phenyl)sulfone; 2,2-bis(4-(3-aminophenoxy)phenyl)sulfone; 4,4’-
oxydianiline; 4,4’-diaminodiphenyl sulfide; 3,4’-oxydianiline; 2,2-bis(4-(4-
aminophenoxy)phenyl)propane; 1,3-bis(4-aminophenoxy)benzene; 4,4’-bis(4-
aminophenoxy)biphenyl; 4,4’-diamino-3,3’-dihydroxybiphenyt; 4.4’ -diamino-3,3’-
dimethylbiphenyl; 4,4’—diamjno-3,3’-dimethoxybiphenyl; Bisaniline M; Bisaniline P;
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phenyl enedi am ne; 3,3',5,5" -tetranehyl benzi di ne;
4, 4" -di am nobenzani |l i de; 2, 2-bi s(4-
am nophenyl ) hexaf | uor opr opane; pol yoxyal kyl enedi am nes
(e.g. Huntsman's Jeffam ne D 230, D400, D- 2000, and
9.9-bis(4lanf Ry I9REES: © o-oli X bi s hyl amj ne). m
.15( xyl_g(i%g]r?e%l A Iﬁlzé %@ﬁ@%@g?aﬁgﬁlgkﬁé rbglest(ar&ramhc z)czd),
1,3 "bls(4mvwmmm-ﬁ-ﬂhhﬁyﬂﬁmaﬁaeK,Slﬂii(ﬁ-tahﬂﬁkﬁiheﬂ@%)propane; 1,4-
bis(4-amj§' §1§e‘2' a noet_hgﬁ‘y&g@&an_e;
¢ ,“8{‘35;’1“8}’%( TR PR RenpEY b1isns . 2.3.5.Bruemedyhiet-
phenylenédisimirke 3,3’ iske. .secopd i of the. r t.i gn
_ T Vol vos 1 ho Ctgiﬁ%@ﬁl?&?%%ﬁh@% A?’Eedlrﬁéﬂ?rralbﬁﬁ?@ﬁld@fn?%gbls(&
aminophanybheragigoroprdpane:gidl ginyaboteasdiamines . gi Muabhxes T6ahiae
- R mal e M de nmpieties. This second step can be
D-230, Dg(?:ﬁd oIB rr%p@s ﬁgtil sémogf gﬁ'é‘;tf)e i’ﬁfﬁyﬁlﬁ’gﬁxﬂﬁébls(mﬂby\lﬁﬂmﬁ)t mose
xylylenedidmisisj p-kylyleRediB; bis(LBRiMRS et @cﬁﬂeﬁ)@&@{@n .12
. .preparation of mal eimdes entail or na no ?’hlé
bis(2-amipegthoxy)ethane; A(4)i3(0)r HslemimomathyDthieyqio(Steat. 9% dédane iint e
like mal ei ¢ anhydri de, followed by dehydrative closure of
] the maleamic acid with acetic anhydride. A ngjor
conplication is that some or all of the closure is
not to the maleimade, but to the isonal ei mde.
[0039] Essereisaédnd st i I | om nant. or even
_ excl us Ve k isn{effti)f‘ct ﬁ% f@é‘gﬁ%@“ﬁﬁgg tebtggz Sn?‘ﬂlgatboéls?fr ‘Eﬁ femaming
amine resighpsewvith delight exhess off exateid wnariride pr fiahe faRvElcShoRLESS
‘ | | ei pude 't the malejnide is effectively the
his sccord el ST AP ReR cotptanng Ehmiane welbrostn t hpatskil
in the art. dfhennest straiphtforaad pRphRkieh BImaRMd]del Qﬂﬁi#m%tigﬁgf the
aleami | qwer the yield. OF course, a variety of other
maleamic aﬁﬁﬁf&a@ﬁwﬂégﬁhwg@aﬁeﬂmmsteu_ale{c@mh@qﬁdrao folbaxiye,
dehvdrativdi L cl.ases .mal.eam c aci ds,
e e B by e b B8 A RrER Eorhuiition

that some DOA] of the closwdis hot 16 thx flalésiie] but th HRTHARABMS ..
ver, .in the presence of suitable isonerizing

. we :
Bssentiallf B 00Gtalefide 13 ShdomR PR CoR Bem PRSI vl eid OGO, whbress
the desiredngld i 0! The function of. the
e L e S
the maleimidgis eé@t;l?velpthetdimy Bﬁbeﬁﬂj mﬁﬁlﬂly ilﬁ-;ftﬁé oad o‘f'f'aﬁpﬁa*ﬂi%_an}ixlles,
.agency of hi.ch presumably cl oses preferentially
may roqui35{itl Hpiiant e elang: e ki PEsgsBgeRTSOS et
approached €4t alaask diplbip&.i soi mde to yield the

[0040] For example, dicyclohexylcarbodiimide (DCC) closes maleamic acids
much more readily than does acetic anhydride. With DCC, the product is exclusively
isomaleimide. However, in the presence of suitable isomerizing agents, such as 1-
hydroxybenzotriazole (HOB®), the product is solely the maleimide. The function of the
HOBt could be to allow the closure to proceed via the HOB ester of the maleamic acid
(formed via the agency of DCC) which presumably closes preferentially to the
maleimide. Likely, isomerizing agents such as HOBt add to the isoimide to yield the

amic acid ester. If this exhibits any tendency whatsoever to close to the imide, much less

11




amc acid ester. If this exhibits any tendency

~ what soever to close to the imde, nuch less 11 a
strong-bias for doing so, a route for interconverting
isoimde and imde is thereby established and the

= strong tRTORRO DO Crole Yo lenp Ve smetie wncbimida tshepbt o

estabhsheumnﬂm@a BEESBAGRIOF oM f
oi i do ‘Z.?‘r miProlt e Kiflae Would didihftery REvail TRt e

initial Clo%‘ﬁ% of P&t%ff)rlé 1% the D& @attsQwuelnd‘s gy {sotmidecrd ﬁny ist)ﬂmde

ot |mde by the action
is producé‘cfﬂp’ ﬁé@c‘g g Isvgxfcee ot(g?fe AckP alﬂl‘,eosﬁgllah% wgl be subsrgrandy neorsgesisst
via conveguinmadfithe isairhide tortichaeid 9 the hi @t d)ﬂ'tﬁe hhve etst alcoﬁol as an
acids is se

odehydrati on of nal eam c
130“13“21‘@/@3“?3 ﬂéﬂiem%lve snediycs] fop aifeating tbmy‘cri@iedngdnaann sf phleamic
h referen Thi s
acids is se‘i‘%rﬁﬂg%g Fét@r&%@oj@kef% ﬁgz ﬁ'éet ogg;pt%%te @ﬁé Bfssful |y

utilizes amné’sar

incorporated ddrefroby mfitranee. tTids meihad utifipésihiae SAMBR @nteat have
sed_for the cycl odehydrati on of mal eam c aci ds.

successful%ﬁﬁs%gg% replacethe pol %|&P§)tlﬁ selveeis shat hayebeeniused fasdlbe i on
cyclodehyﬁi'a‘ii%ﬁ oRRh1danRe BGHs YRS of e@é éﬁ!? FSVidé esc{éép%n@gé ?&ﬁ(étlon

th polar, aprotic solven Sal

times and amyigﬁtt y;glds oflathanto mqults: obapmﬂ mﬂﬁp(ﬂw apriid solvbss eT1Rke
i bili co-distil] with the water

slts have (R0 BRABES habinatel vine e Ash thesBlors, aave no possibility to
co-distill Vﬁlﬂi tHeerdiB Rocdiiied by B¢ FodeRPdBol ?e'at:ﬁ?l? %u}tﬁe ,Ds1uch :

desirabl e solublllty Characteristics € in
salts can be jiiloredstol haxe depirableciotubglity chetacteristicshiit., sdﬂab]lelib ke at

reftuing AIRMBETTER, W rolit ofhuappesiyrg Fetoemobtbeye

removal frouthegeaktién pRMGEIOSINYRAE hiedibt HEAEIVeAAuAR th [ herefore,
be efficiently recycled agai n"and ag [0041] A

cyclodehy(gafign yesrtien gndy thespfiayed ﬁamb%eféic@ndmmcmiﬂdagem dndragaisie i n
the practice of the invention, such as, for exanple,
pol ybut adi ene-graft-nmal ei c anhydri de; poI yet hyl ene-
graft-mal ei c anhydride; polyethylene-alt-maleic

[0041] an hyxo\rlldde'anpxglof aahyiriles aleydnteieplabe fdruse el BRSERMRE of

the mven“g’&l %‘F‘é ?@’?f' rian et ’é’ga%agiﬂgiﬁsa?gf)ég;allg? Bylisige] palyethylene-
S i S o e

octadecenel PQI,YBTCB’LYlﬁ'@p’rﬂfﬁf&mﬁmc ellh)ahﬂebpoly{stwenh—mhmlhio‘, atltiydride);
pyromellitic dianhydride; maleic anhydride, succinic anhydride; 1,2,3,4-

cyclobutanetetracarboxylic dianhydride; 1,4,5 ,8-naphthalenetetracarboxylic dianhydride;
3,4,9,10-perylenentetracarboxylic dianhydride; bicyclo(2.2.2)oct-7-ene-2,3,5,6-
tetracarboxylic dianhydride; diethylenetriaminepentaacetic dianhydrde;
ethylenediaminetetraacetic dianhydride; 3,3’,4,4’-benzophenone tetracarboxylic
dianhydride; 3,3°,4,4’-biphenyl tetracarboxylic dianhydride; 4,4’-oxydiphthalix
anhydride; 3,3’ ,4,4’-diphenylsulfone tetracarboxylic dianhydride; 2,2’-bis(3,4-
dicarboxyphenyl)hexafluoropropane dianhydride; 4,4’-bisphenol A diphthalic anhydride;
5-(2,5-dioxytetrahydro)-3-methyl-3-cyclohexene-1 ,2-dicarboxylic anhydride; ethylene
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3,4,9,10-peryl enent et racar boxyl i c di anhydri de;
blcyclo(2 2.2)oct-7-ene-2,3,5,6- tetracarboxylic

di anhydri de; diethyl enetri an nepentaacetic

di anhydri de; ethylenedianinetetraacetic di anhydri de;

sveot it RSO0 B REBATR ey e *°
anhydndég moctemdyl@&ﬂchﬁ& hetydABEDHKEHalE anhydride; 1,2,3 6+t traht\qdrgphtgahc

| Sul fone tetraca oxyli
anhydnd% 324 5 @rtg@ah tgamhy@ntenwx)mafanm anmmmjaagmmc

4 e ht hal hydri de;
anhydnd% (%9@%3%& sg%./l qngﬂé}bfepp ’%%Fr%ef'm}flg% h%@%‘ene 1,2-dic
hexahydraplxhxtyd armyaﬁﬁydhbtﬂﬁ heedhiliophthafie aﬂ@ﬁﬂ?ﬂa tetradecenylsuccmxc

bi s(trinellitic anhydride); hydroquinone di phthali
a"hydnd%rrﬂ‘?gd]i“? Wes. allyl nadic anhydride;

2-octen-1-yl succi ni c anhydride; phthalic anhydride;

1, 2,3,6-tetrahydrophthalic anhydride;

3,4,5, 6-tetrahydropht hal i c anhydride; 1,8-naphthalic
[0042] anhyds sddprilimtterExmmpiastipetin, daiddedesdayhasgaisi

nhydr.i exadecen Isu00|n|c anhydri de;
compoungly ?@%ﬂﬁ%‘ﬁr%{ FPRm & ﬂ%@ﬁdﬁ@{?@n (76 FRyRRANY enremily apilable
d r |
maleimi l@flﬁl’éxﬂﬁ?tg% Lrluzl%b%gss @‘ggsf @f%rrtﬁ%jp&' ﬁHeE alc%)%tﬂf gﬁﬂe@ﬁm c%H‘E)oEItﬁSns or
~ added to gyqilgbleggsinharoritonghasiing agent. c'ﬁmua]eﬂmdaenfaﬂhl 1rNeﬁtioﬂi) wall be

pesc ] 2L SR Forh e f AR 30 2SS A e
(Wt%) bassdorbtbe Ui RRRnERs PHREH (LE-16ARPASY FilieRs or  added

to available resins as a toughening ‘agent. The
mal ei m des of the invention will be present in the
cur abl e adhesi ve conpositions in an amount from2 to

h ' .
100431 23 81 iR B8 Hment el ARG POR0 m Pl Beef pving e,

formula: anot her enbodi nent, there are provided nonomal ei m des
having the formula: OO NR2-N OO

Q
R? ‘\(

O

s ]

wherein: R, is substituted or unsubstituted aliphatic or aromatic; and

R, is substituted or unsubstituted aliphatic, aromatic, or siloxane

[0044] In some embodiments, R; and R; are each independently substituted or

unsubstituted linear, branched, or cyclic aliphatic moieties having from 2 to about 100
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wherein: Rl is substituted or unsubstituted aliphatic
or aromatic; and R2 is substituted or unsubstituted
al i phatic, aromatic, or siloxane [0044] In sone
enbodi nents, Rl and R2 are each independently
Siy . I L i near ranched, or
- carbon atGHRS] S FEpRamERS I b st OF Fshp 6 aBbiac e
heteroarom@tic mdiety havingsron 6 todHoar 140hben RS, R i S a
substituted or unsubstituted aromatic or
het eroaromatic noiety having from6 to about 14 carbon
atons. [0045] In certain_other enbodinments, R2 is a
[00451  gypdpicettaiapthar embodisasnis, Re éxh sibstitwes ompiseltsyintied situgane
: t < SLI tons. l.n.sone odi ment s,
moity haylyTriin Ao RO S0kl ol i 'S el ot o
polysiloxatiemadibtyl, sidhosafee examplEydi MBSk Ay Athylphenylsiloxane
dioh IS%ﬁlﬂphegglswoxane, or conbinations thereof. f0046] \When
pheny'sgpxang Orrepmbipations Hiefqolit ed, t he substituents present
are those as set forth above. [0047] In another
enbodi nrent of the invention, there are provided
pol ymal ei mi des i ncluding polyners having a plurality
[0046]) of pP¥hemRi anckReareisnkstituted, shdrsutistitnentspeesehy are those as set
forth abovdl UZn, N R~ O O/ NO wherein: R3 is substituted or
uhsubstituted aliphatic, aromatic, heteroaronmatic, or
sil oxane noieties. 14

[0047] In another embodiment of the invention, there are provided
polymaleimides including polymers having a plurality of pendént repeating units having
the structure:

wherein: Rj is substituted or unsubstituted aliphatic, aromatic,

heteroaromatic, or siloxane moieties.

14




[0048] As used herein, the term "pendant"” neans that
the structure set forth above is attached to a
~polymer main chain through at | east one coval ent bond.
[0049] In sonme enbodinents, R3 is a substituted or

0048 unsubstituted |inear, branched, or cyclic aliphatic
[0043] 1y ot 4 YredingErin.rtheriepm pendgnt;mmepns thas Hisstrugtionsst farth

s 0 S0 IS 6 o,

having from 6 to about 14 carbon atons. |n other
enbodi nents, R3 is a substituted or unsubstituted

oo 3O 01T SR Shou, S0.51 U500
branched 2 BPEIR; aliphBRd Mblcty haA O Rom™b %bﬁhﬁ)@yéaﬁidn%% In other

. di phenyl si'l oxane, ‘or conbi nations thereof.
embodinags Ra iy sebstituted eutnsubstititert romeatic onbetsmbrdnmtichnaibiyve.

vavig APER) 84 UL ST STSRSEERL A DLE B LYY

unsubstituegk sitoxage wividty hadvy Aol D oS sHiBon Sofds, W; chn HiG be @
O wherein: R4 Is a substituted or unsubstituted

polysiloxangestich ap fahevieple, simelsilexana) methpiphenylsilasage, havi ng
aphen 8003 oBhHobPREAL HAEIE TGl LB s e

as set fodlhublsdviet ut ed or unsubstituted |inear, branched, or
cyclic aliphatic noiety having from2 to about 100
carbon atons. In other 15 enbodi nents, R4 is a
substituted or unsubstituted aromatic or

[0050] het enQaFQMRL kmbBRInRnY, thé}%}gggﬂgﬁ@’)&%b%le?@ﬁia&poﬁ%em

carbon atons. In other e

including gy pirality o€ tepeating isistheving theesinshirexane noi ety havi ng

from?2 to about 50 silicon atons. R4 can al so be a

X

O
0 T
T4
N

0 @]

wherein: Ry is a substituted or unsubstituted linear, branched, or cyclic

aliphatic moiety having from 2 to about 100 carbon atoms, or an aromatic moiety.

[0051] In some embodiments, Ry is a substituted or unsubstituted linear,

branched, or cyclic aliphatic moiety having from 2 to about 100 carbon atoms. In other
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pol ysi | oxane, such as, for exanple, dinethylsiloxane,

nmet hyl phenyl si | oxane, di phenyl si | oxane, or

conbi nations thereof. When R4 is substituted, the

substituents are as set forth above. [0052] Exanpl es

of such polynal ei m des are shown in Figure 3. The
embodirganis; s 4t Subﬁatwryn@ubs@tutgbmmnmt hetproachaniticanioiety

having F{F3) BE0Rd: 4 EGbBA GBI LhIe LHACLI 0L AT OUS, ane,
unsubsumoddy sil @fahe mofedy Yaving %ﬁ?ﬁ E&’Ah%ﬁf—‘ﬁ(} sﬂ%d’zﬂbﬁﬁ@y RS B%b R0 e a

the like) grafted wth succinic anhydride resi
polysiloxsge, gk a8, %an@lqiﬂtr@@tthﬁw@mmhymhamhmm

B L R T

as set forolt emvet o prepare the pol ynal ei m des of the invention,
a large excess of diamne is typically used in order
to suppress undesirable cross-1linking reactions.
[ 0053] The i m de-extended nono-, his, and

[0052] Pol ymeh@pRs 8esuchipo J'}Ealbﬁﬁﬁ&tdrgﬁhdmym fﬁgurg% Gk‘he 1© prgeursor

i ndependent|y in adhesive conpositions;
polymer &:erﬂiigne‘@rwltﬂhpmdaet or raglinelsiiv mccunmmhydadaﬂﬂacneﬁa} rsoupk N
rre nt e bi snal

are knowd 1§ oL A g S Sl e PO RO R Br e sty lons,
polypropgftﬂe 2608 M) QeATRASHAN SibcinidantFBRHD flsidRED %@W%ﬁ;}k he

i smal ei rni de nononer of the 1 nvention ma
grafted %M?Clﬂlclﬁ@hmreﬁdmnek@natmgrmkm@m cogolyrhes ofi irated

s b bk LR 5 ok St
of the inRhESR|QhiEe dRcE9 BPAAENARY ﬂEaIiﬁﬁé& 1rp&ﬁe ghﬁgress

initiator. [0055] In sorre enbodi nent s,
undesirablerrrges-linkiag deactiphs mal ei ni de conpound | s present in
the conposition from2 weight percent to about 98
[0053] wei glthe pmdcenten(lmt méio-, bissadl pniymﬂhﬁﬂudwmﬂhé identitemay
ot her enbodi nment re.is at | east

be used i RERRIER G acHivE P, 6F B B GPmpieed et other
adhesive ¢OMPOSids afd rés[r@mlﬂ BndbbbAniRO We % %ﬁmﬁﬁh@ﬁﬁﬂoﬁﬁr oPthe

total weight of the conposition. cononomners
inventionj may belesedfas th@omqhbenom mphamersof the adhesive composition. In

another embodiment, the bismaleimide monomer of the invention may be with other

thermoset monomers to make a fully formulated adhesive.

[0054] In one embodiment, there is provided an adhesive composition including

an imide-extended bismaleimide compound and at least one curing initiator,

[0055] In some embodiments, the imjide-extended bismaleimide compound is
present in the composition from 2 weight percent to about 98 weight percent (wt %)
based on total weight of the composition. In other embodiments, there is at least one co-

monomer typically is present in the composition from 10 wt% to about 90 wt% based on
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nmet hacryl ates, mal ei m des, vinyl ethers, vinyl esters,

styreni ¢ conpounds, allyl functional conpounds, and

the like; [0056] The at |east one curing initiator is

typically present in the conposition fromO.1 w %to

: wt %, bas n total ht of the conposition,
total weihEEe Yoottt SRt idh ers daludenfaricxampic, serine
meﬂlacr}ﬂﬁeﬁlrﬁnleihhﬁest O ethé@evih Lol to

i1 Vi {ﬁq%fe% sf@ﬂérﬁé g%lga("mél qu?

@ chemi cal speci es
functional ¢pmpepnds; andibedike( e. g., |ight, heat, or the li ke),
deconposes into two parts which are uncharged, but

whi ch each possess at | east one unpaired el ectron.

[0056] Pr ef @he alchdtone caghLmitidy itk use
he practice_ of g:t he@grles)? ventfﬁﬁ@?@ﬂp&‘?w

from 0.1 &S%mat Mt&h aed empoibweightof thhavmpasitien, fanH iié Spically
a free-radidl ifid ? #?cf?r%gé 9;.? ge%%ag at i nﬁxgllrag)tr U; %é Itcp ggiyihiw

range o
chemical |sp¢ctm:sawhmch lq:tfmteﬁmsﬁuiﬁ &ﬁbu‘f@éleﬂt%ﬁeﬂgﬁ} (E e 11@59?1&&3?81‘ QL ﬂ(gbe

decompo serlg i nventiQn include er oxi d
P %éﬂ%%? @ pagfp U’@FFS’O%}'P upehasgads but vzhlbhmaﬂnqmssqssabbeaﬂ@ne
unpaired REkOR Pittorr ARFRSREOA Biiallhs Lo Bl inDerts the practice of

bi s(tert-butyl perox
the presernumnapn ammmpqmmmcmnwnyd;su{?@ ZRA\R a 1l h ticluhod

d d
of about @/f?r o§ Eqré{ﬂ? H’é‘gﬁfif)@gﬁ@ﬂ%?@iwﬂq %)up to 180°C Exemplary
free radical, i8itia®% 9 BbRERF H@d%lﬂ@ tlﬂ'?{?@ﬁaé%eegf a[t}ﬁ rleﬁeéft FI?\I?@UOT g{g:grgije

azobi s(cycl oh xanecar boni

peroxidestha. tdefmmyifpﬁmzdwdlbeaioyl peﬁobtﬁlepz-buﬁhﬁﬁb bé6kiad et%rt—butyl
for invention adhesi*ve

t F
perbe"zo'“ﬁ%’g&ég%ﬁ?” g’i?‘%ﬁ‘é‘? 25 rhl%ﬂqlitngu%%mwhﬂtﬁ-@wﬁhylhmn@ur| ng
bls(teﬁ-bmyﬁmﬁﬁnﬁfﬁoﬂiﬁ)bbﬁiehb aﬁrﬁdcexmbugf h&&%b@%a&?d% azg cog1p0unds

emhqdi ment, the photoinitiat rese
(e.g., 2,2 -émﬂﬁtm@hy@romneonmlw 2R tazobis(- ﬁfen@gﬁdmmmm doatiad-

b onpounds in the conposition
azo 1s(cyé£l@h£{%hdp%%%‘}n§§i§/§ Eél?e)I %n a one enbodi ment, the
photoi nitiator conprises, Olvvt%t030vvt% based on

0057 the total weight of the organic conpounds in the
(00571 ¢4 ity rfreermdical initiatert’ ofse ingludasgbotwtmiriatons. For

exampl 1%? A | k di a] koxyacet ophenones,
ple, CE Lo oo V€ R koo Stoar rBis R PhpiRetioties the comng
process cmdmhﬁt&a&ﬂhyﬁevwa’dlm Ihldnéléﬁ%ﬂﬁnéi@ RO PA&Binitiator is
onbi nati.ons_ of benzophenones and
_present at g concentratlon of 0.1 wt% to 5 wt% based on the total weight of the organic
compounds in the composition (excluding any filler). In a one embodiment, the
photoinitiator comprises 0.1 wt% to 3.0 wt%, based on the total weight of the organic
compounds in the composition. Photoinitiators include benzoin derivatives, benzilketals,
o, 0-dialkoxyacetophenones, o-hydroxyalkyiphenones, o-aminoalkylphenones,
acylphosphine oxides, titanocene compounds, combinations of benzophenones and

amines or Michler’s ketone, and the like.
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am nes or Mchler's ketone, and the like. 17 [0058] In

anot her enbodi nent of the invention, there are

provi ded die-attach pastes including 2 weight percent

to about 98 wei ght percent (wt % of at |east one

i mde- extended nono-, bis-, or polynmalei mde conmpound
[0058]  desclmi ametheh embbdiment ofsbediveniion tiere tiegirevitled Brsaticion

pastes inchff 2 i ehtpeent GoRE TR vesbs HhineRb s ob et otf it
extended idR0 Y b PorGRitgrhSlkintde dmp&ind REGibed TREMA U ¥bRbiSitions

mal ei m des,” vinyl ethers, vinyl esters, styrenic
thereof, bassdeounts weight oﬁthwbmpgsmn,mpabnalmmmﬁm abancPQ Wt of
based ht of sition
at teast o pou R ftied i gRGRSENE csising of Bepa R napacsyIas,

maleimidéd) @1yl 8theks, Y9t esdrs,| Bastic @BRpSIdsNshd :ﬂly‘l Eﬁﬁkﬁﬁnalbas ed
on total weight of the conposition; and 0.1 wt%to

compounds, apd the lmep/gxasgd oattotple\&@ghtd}féhq;gupmsﬁg)n, fde ﬁb(mtl@@g@t&’ oh
a conductfv%tfﬂgarv@'l %tfff; % alSJﬁ? 5%%’3}? étt lggsg 8@ g??%\étwhgaﬁ{] §ased on

ment here 18§

total weighbofihe somgosmaz) ahd\eel @t% tp abER Atwigs) oFlaelsasiVhe\woiigliig
(Wt 9% based on total wei ght of the

agent, basggﬁgé tF‘}(WE‘ﬁhf@ﬂhFﬁﬁ)laéﬂséW@nded bi snal ei mi-de havi ng t he
structure: Oo 0000 NR>a- NRQ - -RN 00O
OOn-1 wherein: Rand Q are each independently

[0059] subdhidneteabodimennshitgts previidd ded-éztrd&at;iastc c@ﬁ@ﬁ&i&xgﬁ,
het eroaronptic, or siloxane, noieti : and i S

abo ) 21%e1gh) Rercanf o fﬂvpaw%wetahaperpﬁg (wm"/@ehaésd @h@éﬂ
wa bR BHE Sffosifor) 8 imide-extended bismaleimide having the structure:

0 O O
- Q_qé ._Q{((_Hé
0 o

wherein:

R and Q are each independently substituted or unsubstituted

aliphatic, aromatic, heteroaromatic, or siloxane moieties; and

nis 1 to about 10, with the proviso that the imide-extended

bismaleimide is not

13



Is 00 OCH3 _ 0 AN CasH72-N1 / CH3 / O/ N-CasH72-N
O00O0O b) Oto about 90 wt% of a filler; d) 0.1 wt %
to about 5 wt % of at |east one curing initiator,
based on total weight of the conposition; e) 0.1 wm%
to about 4 wt% of at |east one coupling agent, based
%h total wejght of the conposition. [0060] Fillers 0
dont enpl at e® for use i e Qilaeti ce of the esent

[ - 2 . i Ay or
i r s cN—CagH72N
%gy of th esWl ting

conductive fillers which can be enpl oyed in the

practice of the present invention include silver,

ni ckg) 0 1€ ARARVO vAbEA IwEr; pal | adi um gol d, graphite,

net al -coated graphite (e.g., nickel-coated graphite,

copp8l 0.4 owit Bdo gbaiphi wiche of atleati ont ckag indiiator, hescdicdndotal

s of suitable thermally conductive fillers

V)\:ﬁ@gﬁ%%gﬁgglgogﬁﬁ?’oyed in the practice of the present

| nves) 0.0/t &) Abdat 4apNbf £ leadd SHB dHUPliNg h%élﬂl,_ebaséi' it R4

car bi de, boron nitride, dianmond dust, alum na, and
weight of the compRpEonds which act primarily to nodify

rheol ogy include silica, funed silica, alum na,
titania, and the |ike. [0061] As used herein, the term

- [0060] " coupiliengcaganplated gbeiss it Me@heitics of (eRedcasinBiion Ah®e
capabl e _of bonding to a mneral surface and which al so

electricaliypsrndnatiyromperthermstly copdistive. vadfog filersombich getauimaniy &o

modify t¥3nblofP BElIE eENATMARIM Bxhle3Pe St clectrcatly, o
conductiv filldre which @inttecmpatidn te fragice whsia present mvehiiehinchude

; s applied. . . . .
silver, nickel, % per,; gummum, palladium, gold, graphite, metal-coated graphite (e.g.,

nickel-coated graphite, copper-coated graphite, and the like), and the like. Examples of

suitable thermally conductive fillers which can be empioyed in the practice of the present
. invention include graphite, aluminum nitride, silicon carbide, boron nitride, diamond

dust, alumina, and the like. Compounds which act primarily to modify rheology include

silica, fumed silica, alumina, titania, and the like.

[0061] - As used herein, the term "coupling agent" refers to chemical species that
are capable of bonding to a mineral surface and which also contain polymerizably
reactive functional group(s) so as to enable interaction with the adhesive composition.

- Coupling agents thus facilitate linkage of the die-attach paste to the substrate to which it
is applied.

[0062] Exemplary coupling agents contemplated for use in the practice of the

present invention include silicate esters, metal acrylate salts (e.g., aluminum

methacrylate), titanates (e.g., titanium methacryloxyethylacetoacetate iriisopropoxide), or
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[0062] Exenplary coupling agents contenplated for use
in the practice of the present invention include
silicate esters, netal acrylate salts (e.g., alum num
nmet hacryl ate), titanates (e.g., titanium

compoun [ E bR POV KB 361 e R HEnGh GuEp péag;phwe,
mercaptafiiRb@hédiste] ddirnd ]dl.((t h o sogﬁ%maﬁﬂﬁents rﬁ%&gbﬁg agents

acet oacet at e, I'n son®g e
contain bethyago- p@ymgsmtﬂe funotiom(eg. bunyl moiety; palylarembicah| e

et 8 S P <SS PG it i
portion oSthEl lcﬁ@ﬁlﬁl ff is fch‘ﬁﬁbtlé Sond&Bindi W i'tl‘??feﬁil B9 4dkided Bfeg%rﬁ Bn

of the coupling agent 1s capabDl con ensi ng
the minerglesugfacholisubgirate swhileetbe go-polymerizeblgifmention is ca;fahre&)f@bu

th f t
polymeriZH SISy oy oot YA e Seelia pasikc I ertain
embodimentspoupting Sigeits coOmempiasd fdt fsedh &l%ﬁa@tﬁ,%tcﬁ” thcl, ﬁlVEﬁHﬂair@

enpodi nents coupling agents contenpl at ed use 1 n
oligomericisgicaie£oupling egentsruch ﬁ&/mirﬁfmﬁhweﬂnyéﬂllog@mwu c silicate
coupli ng agents such as pol y(nmet hoxyvi nyl sil oxane).
[0063] In sonme enbodi nents, both photoinitiation and
[0063] t herlmabmerintHodiheis, Bath mtmﬁlﬁané@&h@theﬁﬁm i8@TBN Bray be
) ring of a photoinitiator-containi ng dhesi ve can be
desirable.g ArXEEPISy CUTNE P Bléﬂtﬁwﬁtatpr~can@1nlng h@t\i@rcap bestagtsd hy
ihcation
o mdﬁﬁ&p papGHLL Rk SRSling OB, SHER o8 e SRR s5iThe APhlicgion
of heat to mb@m;ﬂjsh iarfrée-mticnsomay Bohdi¢had ﬂlerinal it ibests hﬁhytthﬁ'eforc ‘
be added Otﬁgswe conmposi tion. [0064] In general, these
¢ adce BLIeSIvEOMROFiioBur e within a tenperature range of
80- 220C, and curing wll be effected within a length
of time of less than 1 minute to 60 mnutes. As wll
be understood by those skilled in the art, the tine
[0064] andIn gmalaﬂmse Commalwsmlﬂfcuteewﬁhm aampenadiresange of 80-

220°C, anf STRGE ) R ettt W ek O i e BT L ins o
minutes. Rewilbd @flletRodd By DREd SIS BN thO S ShE tidle anﬁ‘i&i’lgﬁﬁttu% I ng

process. [0065] 1n certain enbodi nents, the esive
curing prqutprgggp@h yihesivagompntitipmwill vary, and different compositions can be

designed to provide the curing profile that will be suited to the particular industrial

manufacturing process.

[0065} In certain embodiments, the adhesive compositions may contain
compounds that lend additional flexibility and toughness to the resultant cured adhesive.
Such compounds may be any thermoset or thermoplastic material having a Tg of 50° C or
* less, and typicaily will be a polymeric material characterized by free rotation about the
chemical bonds, the presence of ether groups, and the absence of ring structures. Suitable
such modifiers include polyacrylates, poly(butadiene), polyTHF (polymerized
tetrahydrofuran, also known as poly(1,4-butanediol)), CTBN (carboxy-terminated
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conpounds that |lend additional flexibility and
toughness to the resultant cured adhesive. Such
" conmpounds nay be any thernobset or thernoplastic™
mat eri al haV|ng a Tg of 50 C or [less, and typically
terial characterlzed by free

outadient g PR TR RS e PoliRerioiate Sitmta e PSR
compourfils h@dy 1ia léﬂ%mo@ﬂﬁuoﬁ ﬁleagrﬁgtsﬁ)l{%?cegﬁ b% %acr s %tdx'd']aﬁude and

Sui table such

other mopefupctionahdinghedmppoty THFE ( pol yneri zed
tetrahydr of uran, al so known as pol y(1, 4-butanediol)),
CTBN (car boxy-ter m nat ed 20 but adi ene-acrylonitrile)
rubber, and pol ypropyl ene glycol. Wen present,

10066] t ougiibings f&mqu@ﬂﬁcm@map%éorbe%d@d%& alifibsive about
15 percent b ight of the nmaleimde and other

compositignsang die e |pasﬂ¢w}qscr¢bﬁmmm fo §088be mmfubslletfrlffe pbr

compos A 5T ST ok B e

include Imdeﬁdbﬁeh@ls g6t a3l 2,6-@btdrt-bih B4 dethApHROE 2L 4- ﬂﬁﬁert—butyl 4-
ning the imde-extended nmal el m des. Exanpl es of

cont |
methoxypieash terhi] bysireduingre; irbakis(metbylene(@ifedioks- Wexi-as

hydrors bR Rt 22 TR AORRG it ol a2 5

mmethyItZau,ﬁaids@( ﬁeﬂhml‘temﬁﬂ&l hydlioxysnbylibsnyéned -Other useful hydrogen-

X roci nanate ) benzene;

~ donating gt Wﬁﬁ%ﬁ@rﬁl@ﬁ% P%\(%LV%?E p-phenylengdiemiamnd diphenylanging It is

also welltkhb%ﬁ Y arfende lﬂ' a'i_’iﬁ ghu&ﬁﬁﬁnt? H]tag ety Eéf&sﬁ%%)(@e nz
er se o § don tlnﬁ

yl') benzene. rogen-
combinedwith oindacy, and metal dmcdeatiombirmﬂ& adferpeffietony inditdcbranm ne
know in the art

d di.ph |
package. iR usble Honapdsaclut papanpie Adget BaLL -
benzoquifivite Q%h%ﬁylcﬁmbﬁnzcﬁﬁ%hé‘eﬂpmhbg?lﬂé}ﬁé‘ AMEs.5-& ofgai al

deactivators to nake a ve I cléent Inhi
benzoquipensk dirampiosanfphesa d@ﬁctsnatdrabichldthh’ehe@ 5-diz teuslmltyl -4-

hydroxyhgBRERROI R qreieb e B A SRR Bhenyl-N-
(4—toluen€su5fody191ph§ﬂeﬂylén€dia1’ﬁﬁ1€Z BaLbHA rﬂmm@é ﬂi?b@ﬁ%ds%cm TEMPO

activators includeN, N -bis(3, ert-b | - 4-
(2:2,6 54?1‘})@?‘6&%&811?@#?&1@%%@)% ﬁ@dj@@kﬁﬁ@lsm&pwe as inbibitors at low

concentm?fz?ﬁ bfﬁ%%f})('%dslg ﬁﬁyﬁaﬁﬁb%ﬁgm )ﬂefﬁekgsg&a%%?ﬁﬂ%plc%w I;‘%%}P the

range of 10ickio@AD0 ppmpelatlds toahe IWe@lt oEdeDbase resin. Other additives, such

as adhesion promoters, in types and amounts known in the art, may also be added.

[0067] These compositions will perform within the commercially acceptable
range for die attach adhesives. Commerically acceptable values for die shear for the
adhesives on a 80 x 80 mil” silicon die are in the range of greater than or equal to 1 kg at
room temperature, and greater than or equal to 0.5 kg at 240° C. Acceptable values for
warpage for a 500 x 500 mil® die are in the range of less than or equal to 70 Nm at room

temperature.
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(2,2,6,6-tetranet hyl -1-pi peridnyl oxy, free radical)
are also effective as inhibitors at |ow
concentrations. The total anount of antioxidant plus
synergists typically falls in the range of 100 to
2000 ppmrel ative to the weight of total base resin.
[0068] her‘gg‘éﬁlﬂtﬁge@‘éséé” tg%’dwde;’é&ghﬁ’é’%u hisprapfpelyimaleimide ypes
oudh Ry %?o%'%ﬁ? ¥hthb i i ' i
comp 0067] T esle conpos?’tr%sgﬁs}ﬂ{\’;\%%oﬂgé? ? %ra‘i%l%%fl ﬁ?g&?ﬂ% as stable
and flex rropplhdtic ragicsqs abloem teapgatirer THise tl@drhﬁplﬁstélc imide-

. adhesj ves. Commeri cal | eptabl e val ues for die
linked mgeiingdes g b Eomppndes vad Tolers calistsamhiiies, and Feuhingi o
ts tfrké B ARIREIOARREddn e . i kg at
asen roomt en‘png ature, angd&g%gat %@ﬁ%‘%t&?gﬁeﬁ%&f’ﬂ%‘#%. 5 kg
composigipnYisthadmoplrstin ralselingivilbscduo duringshiging bostomgb0Phese
haract 50t(12) :ﬁll efdi as[gre i.n the range of |ess than or equal to

CHArECSTE N o 8P PEEHpRIcAT &R, SNmen @@ ptomes aritheybousi v,
refrigeratifg. THESrbpdrk@tal iR itath E&hﬁn?%e@ﬁleé’ 5th€ EfelBon into

. conpounds and conpositions of The present iInvention
various shagesyndpézss doreatse of wsermnil applicativaltd electeomic ¢dmeporehts and/or

h { erials at ro erature. These
substratds P e et JFb i Bl s e o BgaTea iheive fope
that ma Liadlideotiytth afsubstRisfor %hﬁhF eleBirohib Bbibbnts thafth,
' coupling ~agents to make a fulTy fornul ated adhesi ve

Accordiggtoitbisanctipd ap imids-linkedinalegimideenrpound wp edliesiverrsmipssition
: ic, W L, dyr i hi ppi
s exiudk DS FRALARRIS IORERL DR bl 55 ol e PR Bk 2
a packagjrey ¢untaipac Kagilegh 6hidnesine refediisienscddan WhiRtakntly be

: efrigeration. These properties also facilitate
selected by g f?fglf Hiss ARRISC2HPn Ohenit pkagle: i Bivsi mehort rope pHumay be
10sS) f i catiqn .t
packaged PRSI AD U BEa A RSB lct 855 BRBILLEAL 0
sale. In anpewbodifentyd this wenthdd thd ope adivistveds 4 circiflat Biuage, 28

dhesi t hat . i directly tg
rectangufi S EeroRtife Bt Hi-C0HT O © 18 HYBRORE IR Crgmeiero The
most prefg&ArsHhpdfol thelBhS adRENRGs wﬁ_&te!tm Brekiag %gtrggééﬁ:nn%%&ape

) conpound or adhesive conposition Is extru
(in cross se@wns php&our Uptibed ickavgt bsstaffishh dhediresitior alsogeniearpldtéen

st RS8BT S S BEebS

spheres, and the like. For example, the adhesive may be formed into single-use dots of

suitable volume to bond a single electronic component to a substrate. Individual dots
may be packaged on a disposable paper or film support and peeled off for use. The dot of
adhesive may also be applied in advance to a suitable electronic device substrate (e.g. a

- lead frame, or ball grid array). Typically, the dots are in the range of 0.5 mm to 10 mm
in diameter. A multiple number of dots may also be applied across the bond area of a
substrate to accommodate larger devices. The dots may have the form of hemispherical

or “Hershey’s Kiss — like” shapes .
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sel ected by the desired use, application or unit of
sale. Thus, a short rope of may be packaged for a

" single-use application while a longer length can be .. ..

di spensed for bulk sale. In one enbodinment of this

met hqd, the rope adhesive is a circular, square, or
[00691 | ocy @f%ﬁFn%lﬁg?f@opégsPd%Wé%mgﬂh@ﬂ& fos bpeding an glestienic wo

compn e 5t TS ol oL s BAE o

dots. Acestdingdedhis meithel, sheequihesi¢e maaafasmrse didpendedairedtl§ Ohto the
bstrat l.obbed cl os\élztt .or stbarqai sh., The invention al so
substratedn Ap afiolat Rdticientip bgpd,die deigprbalectapigrompanshia diaresample,
a rope cafbllcdfialRd Wit @k gﬁﬁb@vatéiﬁﬂhh@ﬁesrifeg ﬁ%}ﬁit A% Be utsff&ﬁ e
and the l'ike. For exanple, the adhesi Vi nmay Be ‘Tor hed
end, ther¢hyt deliverig e comteolitdtasnaint ofadhesiot e the prsvisetppittafdedred

.._singl e.el ectronic co nent, t .Subst.rate.. |ndjvidual
bonding. dnggonaH,gy&nB éu%%agggé ated o glggtmdghbqu&f thsy aihp.mﬁ: by
melting. YRS amocht REalR@ivefthatf il Bésr@qui;@aefo{dé’%ing%l a@ﬁ@ﬁﬁin‘é@n

may al so be applied in advance'to a suit
be predetermaiged atihe tighoofgeanifitntunc aindividiag aliquotd efttie adkmsive can be

l.Qrid.arr . Typicall the dots are in the range
premeasid, i Poh P Nbicab R RonckersdS e Siloine b Buiiae UG,
for exampietas inyidaildotd OfRhe 8¢hedBeqS fodificheA AL AP 88b@fated the
substrate to accommodate | arger devices. The dots may

electroniqgerapqneat 4hen esmtasisd with thei dispensesiadhpiive il ths althesive-

i ker 9l T esent _ipvention al so .

cured to b BRORGRR saiBPrtale e Sl o R iR Co0Eh B
that use of @xeess ufiisisiveticavdia FatheBdoritesind@olBayiaek Pilssesuch
es, ribbons and dots. According to this nethod,

.. .as IO ( ‘ LY
positioniqgef adeeigs gad FiiaLs taranted adhesperroatmingtic ofjthopibstrate
and surrotlﬁ&_ng SHPE bfedl qhb_%&&oﬁ%?ﬁ@ﬁatﬁfégfl tfdsE g&hefs?ve? %ﬁ%rst J}ﬁer
: desired el ectronic cohponent. For exanple, a rope can
significari@advanages fectommérciah epplidhsonsatoenpand] tohke daditiveal paste

. _quantity can be_ cut fromthe_ end, thereby deliverin
adhesivespsed fon dip AlebharTBie P2 BHAIR AFESiDRE Nevs dORE ot the 405Cnt

fri od sidesk! 4 j ' a n be
e G0 SRR AR BLORRY s oIS BURIL Ay
formulatedgtheinmplasti edheshe raixbure thay tomdine suffieienbiathibitdrs chebe kept
: required for single application can _be

for severgl A3 e Rt Belp TR BT ABPECARBSS Qf RSFfoTmRIge:
The thernddplasienan®é of ihgs AMBESE Y HeoRSrevents any settling of the filler

from the resin matrix during such storage.

[0070] Conveniently, the adhesive compositions of the invention can be packaged
into kits for consumption by the end-user. Included in each kit is a package containing a
sufficient amount of a curable imide-linked maleimide adhesive composition to bond at
least one electronic component to 2 substrate and instructions for using said adhesive to
bond an electronic component to a substrate. The adhesive supplied in the kit may be, for

example, in bulk, rope or dot form, depending of the intended end-use. The instructions
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preneasur ed, di spensed, and subsequently transferred
to the substrate at the tinme of use, for exanple as
i ndi vi dual dots. Once the adhesive is positioned onto
the substrate, the electronic conponent is then

contacted with the di spensed adhesive and the adhesive
are contegnpiated tooinplyde dirpesions Eutnrepsicdionadendements thajavill be bonded

(e eleGitRt bt Fonel R\l REbIG LB HE i RIb S atieBiver 1 BrlEf o
quaniitie$ & viatibad &fpliRatests Sfid dOAGitbhORigiBePlo AL Bl ddBede] The kit

el i m nates unwant ed adhesive contam nation of the
format willibe parsicwarly pepfalfior Bvalvdmidg adbesivesof she mpention with

charactef (1B FPLASLLELDAL R0k i BESE. aUDeRinnE @blARsqbher
st gniticant advantages for comrer clal™ appli cations
applicaticioamberihgtod atihesivermstiufaconal (epasiopes asthdisis)wan besiestribed
.., die attach. The materials described here don't require
and illusgrgigd. 40C refrigerated storage conditions
' traditionally used for the paste adhesives. A fully
fornmul ated t hernopl asti ¢ adhesi ve m xture that
contains sufficient inhibitors can be kept for
[0071] seveddlditionat ¢sbaliments pfite ivedntion inpbudet adhpdvabondsd
wi t haut any .l oss. ,of. performance., The ther | astic
structuren sGNNI T SR AL RS AL o USRSy
Nonlimithiy ddatdples O tWRihbiivé BéndelisRIRthE if@8ddelbBEdniXcothipdrRts
such storage. [0070] Conveniently, the adhesive
bonded te aspbstiatd, and cinfuit ¢nenpiongets bondeddapriptedosiek heards. i nt o
' kits for consunption by the end-user. Included in each
kit is a package containing a sufficient amount of a
curabl e imde-linked mal ei m de adhesi ve conposition to
[0072] bondImyet dnoet erpb&ligkecsfitheinventdon drea tretproidsed bstmblies
and instructigns for using said, adhesjve to bond.an

of compefiegisiadbred tREsHss AERloing the sbpsr desprabedriihesiyp eappesitions
and/or die 4RRM ﬁgglsn ’Iﬂ?@, 585l dxalfRYe, BEserbBEs e £a firdt P&,
rope or dot

orm depénding of the 1ntended end-use.
- permanefithgadhesdd toct secms! ard@e bye avomt digpbhoftlie aboveaddsadbed

wesivegreHiBh By RS DAL s FRERh ot
inventior® é@ﬁ]%ésﬁcﬁﬁ JinARR! hEablyadbvites | ASICRENAcEs VRicropta8asée dflash
guantities for various applications, and conditions
memory devjoés; entl the liker e t he adhesive. The kit format will be
particularly useful for maleimde adhesives of the
i nvention with

[0073} Also contemplated are assemblies comprising a microelectronic device

permanently adhered to a substrate by a cured aliquot of the above-described die attach
paste. Microelectronic devices contemplated for use with invention die attach pastes
~ include copper lead frames, Alloy 42 lead frames, silicon dice, gallium arsenide dice,

germanium dice, and the like.
[0074] In accordance with still another embodiment of the present invention,

there are provided methods for adhesively attaching two component parts to produce the

above-described assemblies. Thus, for example, a first article can be adhesively attached
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characteristics that may not be well known in the art.
For exanple, techniques for application and curing of
adhesi ve manufactures (e.g., ropes and dots) can be
described and illustrated. [0071] Additiona
enbodi ments of the invention include adhesive bonded
to a seconq piliclsy cEwloving amsthed iedliding:e i ni de-1i nked nal ei ni de
adhesi ve conpositions. Nonlimting exanples of the
adhesi ve bonded structures include electronic
(a) applyinprthe abstesdesbabetedintsvacaiiiton 6 theng: ity t
conponents bonded to printed wire boards. [6072] In
yet anot her enbodi ment of the invention, there are
; ' [ . dher ed t oaethe .
(o bringlig e AR AT RERRY B 1e Bl SRR ERLE L ROURDGH b AR fporen
the first aaticlé end diesseavridarticlpast eparafbidumly b theexisnl€composition
. ,.assenbjies conprising a first article permanently
mnﬂmdl%gﬁe 9@a§m%econd article by a cured aliquot of the
above-descri bed adhesive conposition are provided.
Articles contenplated for assenbly enpl oyi ng
(c) subjeqtingdghe assamblyntocwnditionssiiableud eursthe aghediri corposifcGh.C
devi ces, mcroprocessors, flash nenory devices, and
the like. [0073] Also contenplated are assenblies
0075] CONPRimdily, @ rill ' | - |
I e A A 7 A AU
substrate syapleying sonetbedicatnprising:ach  paste. M croel ectronic
devi ces contenplated for use with invention die attach
pastes include copper lead franes, Alloy 42 | ead
(a) applyingah®sbovei desaibeddic fiach Phitt WNhRraB ACal/6Qhe
) ermani ym di ce, and the |ike. [0074] In accordance
microeleqiiquic d4%i¢9, anot her embodi ment of the present
invention, there are provided nethods for adhesively
attaching two conponent parts to produce the
(b) bringiap theesubstatciabé theakspoatiftodstimdts esntat o fevra ap bembly i r st
i.,cle ca e .adhesi vel y %Htﬁ@hed 24 to a second
aFrieel 9

. art . Y.
wherein t¢ salbrate Al e deee ate gt IS dhgie atash equppssting
applied iff 19, 3PHRiA@SLr | bed adhesive conposition to the first

article, ’

(c) subjecting the assembly to conditions suitable to cure the die attach composition.

{0076} Conditions suitable to cure invention die attach pastes include subjecting
the above-described assembly to a temperature of less than about 200°C. for about 0.5 up
to 2 minutes. This rapid, short duration heating can be accomplished in a variety of ways,
e.g:, with an in-line heated rail, a belt furnace, or the like. Optionally, the material can be
oven cured at 150-220°C.

[0077} In still another embodiment of the invention, there is provided a method

for producing an imide-extended bismaleimide monomer. Such a method can be

performed, for example, by contacting a dianhydride with a diamine under conditions
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(b) bringing the first and second article into
intimte contact to forman assenbly wherein the
first article and the second article are separated
only by the adhesive conposition applied in (a), and
thereafter, (c) subjecting the assenbly to conditions
suitable tosiorman imidohavinaterhioalagiios nmtmmmmmmng tHeQermdihal

v o L ot A B U < s SaA

thereby pro@uing sh Mglide(cXlendBPbiyinABirhide rafi@yRydescri bed die
attach paste to the substrate and/or the

m croel ectroni c device, (b) bringing the substrate and
the device intointimte contact to forman assenbly
[0078]  wherkisnndimstood st nsing thermbmpvendeandeetivds sfthapasen

e die attach co S|tJon appl i ed
invention, 4y hosple 15 pispSie i i PRTR Ry e nsB Bl ity L cbfty by
the Judlcmiﬂm:ﬁbicb@ﬂﬁ aﬁ@hﬁt&ﬂ'ﬂﬁ)mbo beg o pblyeuittienaldodpdunds. The
Hpg%osn tion. (0076) Condi t| ons suitable to cure
greater PropaFkeR p%wlmcmqab@qmmﬂwamm the gresigsjteaerossglink he

density. [{aﬁ%}&?o@g%g I5f$ p‘&%@ég tﬁe%d}%e {(% D%rPﬁPﬁig% ‘r%ﬂ s than

prepared fe@ni(ok ardéur ttoxﬁaifx athigmer p@aénus@ ST moae-fasdivnnl dosiRandstod
vari ety of wth an in-line heated rail, a

limit the cppsplink deRsita, o A g arrmqrra@lqvnk@f palpyrstignahcompeandsgasbegdded
7
o provide e oss RS Mo g I G el i Bleimomprt,
poly- funcrmm@tdmplomfds lis frnoedioi angmmunlt thad despxioe Aiiaidishitheddseedn de
thod can be perfor , for exanple,
thennoplaw PORTLiEE L%]th’a thes sgRAEIEES e ftﬁ%f}aﬁfgﬁqﬁ%wﬂﬁ 96

mdlwdual%ﬁgéﬁés%ﬁ beaikild BhY ﬁrﬁ&lir%mlﬁg a ﬂﬁﬁoﬂav' ng

term nal am no noieties,; cont a ng the term nal
am no noieties with nmal ei c anhydrl de under conditions
suitable to forma naleimde, thereby producing an

0079} e SRR S e MR e bl Bers e

polymer ch4i@$Bf bridges of an element, a molecular group, or a compound. In general,

crosslinking of the compounds of the invention takes place upon heating. As cross-
linking density is increased, the properties of a material can be changed from

thermoplastic to thermosetting.

[0080] The'following examples are intended only to illustrate the present

invention and should in no way be construed as limiting the subject invention.’

EXAMPLES

The Synthesis of Imide-Extended Mono-, Bis-, and Polymaleimides
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invention, it is possible to prepare adhesives having
a wi de range of cross-link density by the judicious
choi ce and anount of nono-, bis- or polyfunctional
conmpounds. The greater proportion of polyfunctiona
conmpounds reacted, the greater the cross-1link
density. |f thernoplBSAMPLE bperties are desired, the
adhesi ve conpositions can be prepared from (or at

[0081] |easi Sts@m@mna bOitSAeTasIPEfusSIRdatIeh £ TASPARddNIE bhrRa
ounds to limt the cross-link density. A mnor

charged waﬁbnsﬁo mifof preltignet Gintsthiydaaine,orpliiomolea wab eddedde the flask,
followed'%g%é glg W, 10&0333%&6(]8% (ggféfd rg?xy ngt n fgﬁg?t opjé:ﬁé;fd to

form a sa@LO rm@uﬁﬁtmre Swak llbedhotsBir &6 a@pﬁhtﬁhat&fjram BBRtsllowed by
m nish the desired thernoplastic properties. Wthin

the addlt‘loﬁé’ff &7 gdPeltanelel of Yersaming Spd{¢imen diagiiag (GagnisyCasporation).

ot RGN ST 5 B0,

Dean—Stalnle trap apd cmfdenaertv&ré fteachéd wahendk, afd theonaturéwas heated to
yner hal ns by bridges of an el enent, a nol ecul ar

reflux fog? Ea $ iy form ApBentemiiaied difaidg The él%e@wcamaﬁ@tmf Waler
rom isSSEMIAS KOS LD O AL BSOS e
down to nionatennbmtmmland an.8xx0ci3angepof malkic dnhgdridgpivasidded towthe

flask, follGied RRGiEe O3 of By RORS Pelb e MghE agd The RUSAES 87 and

brought t® I?f@ftl%.ll;kéjfdr Bn 'ﬁ@dx‘ﬁ@ﬂalqg Ho8fSbh bH%ﬁl B2 ekpBrdd Aot 8f HHfk €Ah
i nvention. EXAMPLES The Synthesis of |m de-Extended

‘additional/hpo m! oBrajueneayas addwwaheﬂmlmf@r ithedbeen/podied dgwn B1joom
roun bot t ask, equj.op Tef.l on
remperatfi il i A b BB ki BARURP Hhe MiufloR wiF bpBhepd, and
the salt wErs iri@bdy Waiiafditiond t@uéde 3% 100 16)). Was eRgsaswef dotbined and
flask, followed bl\]/ the slow addition of 35 g (0.36

then agaiggileyed o saiily evesuehiiaonias da proyidsrusicient dimefor peditipnal
salt and a%?d o se Eg}‘ei ?ﬁ%%éﬁ]t]%%&raglf‘ tg%@qp}u V\éﬁ%&i/asg $fitted funnel tightly

pr ox m nut es
packed Wlth 30 g of silica gel The solvent was removed under vacuum to produce 60 g

(84% yield) of a dark waxy resin.

EXAMPLE 2

[0082] Similar to the method outlined in the previous example, a salt was formed
by mixing 38 g (0.38 mole) of tricthylamine with 38 g (0.39 mole) of anhydrous
‘methanesulphonic acid in 250 mi of toluene. Versamine 552, 59 g (0.11 mole) was added
to the flask, followed by the slow addition of 16.1 g (0.05 mole) of 3,3’ ,4,4’-
benzophenone tetracarboxylic dianhydride. About two of hours of reflux were required’
for the azeotropic removal of the water to form the amine-terminated diimide. The
mixture was cooled down to room temperature, followed by the addition of 12.5 g (0.13

mole) of maleic anhydride and 5 g of methanesulphonic acid. The mixture was refluxed
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the addition of 57 g (0.11 nole) of Versam ne 552

(di mer diam ne, Cognis Corporation). Pyronellitic

di anhydride (10.9 g, 0.05 nole) was slowy added to
the stirred m xture. A Dean-Stark trap and condenser

were attached to the flask, and the m xture was heat ed

again for; 12 hquéﬁr toferm dhe bismslgimideo Thopraduet was \M@rk@fénmamrémg to
a r

the procele Helripell1f thO BRYBLL SRpilbe Bl pbr B g oy e b3

 yield) wasealledtedafierthe cemplrs @00l &L thhwnvetn@ room tenperature

and 12.8 g (0.13 nole) of nmaleic anhydri de was added

to the flask, followed by the of 5 g of anhydrous

nethanesulphonic aci HEXAMmer mBxture was brought to

refl or an ti qnal h to qbtain_ the
[0083] expegﬁ.@ﬁf St TR BL0 240110 A AaRSREhy it A1 &
(0.11 moledlot ﬁﬁ%a‘ﬁ@ﬁﬂ?ﬂﬂﬂéja&@ if B &l esbrrbt ey gfagﬁﬁ}%%ﬁegf g 00 (. 06
m

cool ed down O room nper ature, xt ur
mole) wasaddedlol theveuxuice, s’eﬂctWeai by‘lthe slowd zuidntmn ofd$. Dg (03 mxble)anﬁd

t he S.ri sed d|t|o uene (2 x 100
1,133 et BB PR e iy Rl oA 1 Anine”
terminatedl diwEE w8 f&dhdd Fted R B2 &pid ﬂ'isﬁ!lzﬁﬁ:fn JfehPH ek Afhich

sufficient tine for additional salt and acid to

required gpypexiaacly Trhwus of teflusn Themitture waseboldir dnygh fellowed by the

susso L FFEL 4 8 D0EL o MBS e

acid. Th@ hﬁﬂu@wﬁﬂreﬁuxécﬁﬁ%mlmhﬁ)to ebllert B iéqiieodyani@it B water in
EXAVPLE 2 [0082 Simlar to the nethod outlined in the

the Deaﬂpﬁ%tﬁﬁﬁ’s Theavenkap of thapiodypisvassondertedys guthinedgnlee g
i BB LR AU G0 Y B 5% SRSl

rous hanesul
coloredrmnaﬂmthereﬁﬁdvalﬁﬁtlr@saneﬁtl rml e) was added to the
flask, followed by the slow addition of 16.1 g (0.05
nole) of 3,3 ,4,4" - benzophenone tetracarboxylic
di anhydri de. About t rs of reflux were
required" for the m%ﬁ)g renoval of the water to
[0084] f or mAtdakt veasiprepdred by nakiag 40 IgI(OﬂOQHOIEMet}ME&ﬁME Wlﬂﬂﬁ) g
to roomtenperature, followed

(0.42 molg) dp%'ﬁawse lewswgl ip3.09 anl ofplusrics {ThigWas Eoll&msi&mt%
sequentla{rl‘ggﬁhﬁglg 8P é’e BRb NS PPORAGinR S5 -and S grfb)f)% Yh&ieY'62 8-

decadiene-1,10-disuccinic anhydride. The mixture was refluxed for 12 hours with

azeotropic removal of the water to produce the amine-terminated diimide. The mixture
was then cooled down to room temperature and 12.8 g (0.13 mol) of maleic anhydride
and 5 g. of methanesulphonic acid were then added to the flask. The mixture was again
_heated to reflux overnight with azeotropic removal of the water. Work-up of the product

. gave 65 g (82% yield) of an amber-colored resin.

EXAMPLE 5
[0085] A salt was formed by mixing 35 g. (0.35 mole) of triethylamine with 36 g.
(0.37 mole) of methanesulphonic acid in 250 ml of toluene (inside a 500 ml flask).
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again for 12 hours to formthe bismal ei mde. The
product was wor ked-up according to the procedure
described in the previous exanple. A dark anber
colored resin (65 g, 82% vyield) was collected after
_the conplete renoval of the solvent. EXAMPLE 3 [0083]
Verasming 5§2) 90 8163 1 frabde)byasridstédtg thoflgsk( fllb®ediiyahe slhw addition of

| ef-h i wth 11 .1 I f
L g
required fobthe c%ihéﬂbté Qz&QfropBrkRbvalRs HROMRE: foFoth ehdAnitk E@m1in ted

foll owed by the slow addition of 13.5 g (0.03 no ea) of

diimide. The mixtgre way thoe togled '8s i opmdempenature acd i B gx9!18 anole) of
. ri di sil oxane.. The ami,ne- termna di i m de
maleic anfNGH AN Y BF £EARGpHRe BB Ere e AL B g avas

refluxed againefor 1M06R to F@eht adlidenked bi¥RlafliMide. M product §fab ux.
xture was cool ed down, followed by the addition

. worked ugggwgfi‘igg totheprosedage dssoriher én theamenions ekemplond dark 3(3133rg
colored ey, (AP IO B rol el e S b SrbRRe! B it

in the Dean-Stark trap. The work-up of the product

was conducted as oufthj ng;%othe previ ous exanpl es.
The final material ) Yoyi el d) was obtained as a

dar k-anber colored resin after the renoval of the

| sol v, : d by

s 59 el B ARG AR B
0.52 mOIMfﬂ;lh{illi‘ngE?ahmmc&&Ianiml(ﬁﬁlg gmqlﬁﬁnet(?isgi?é%n(egﬁ%ri

was . fo i the sequential addition o .
flask). Bl%{*&ﬂ%ﬁ%@&ﬁ&ﬂ@% £3.0d¢rganes 39 & (0-65 mm)éyésaddzf? grthe
. r e -

s, ) 0881y Ay RUEE IOOSTRIT ) S BB T AR,
A couple ofdtonrs oforeflnm suecereqhizechiur the- dzeottbpiateamowil ofithtevatditte form

. mxture. was. then cool ed do room t enper at ure and
the amine-forluhiq glifaag ik 5RCieEvas ocles faw derooam e etuy
followed q?ahe ad@sish BhoRisq030ikbivesfandBR AnARERR 41d § per f 1 ask.

he m xture was again ‘heated to Teflux overnight with
methanesuplasic apdl.c The mivtare wis tefloxedagain fondbihours toffortnnthe imide-
linked bis&éfé?rﬁ%te. T%g\f)?ocpusct \%aé \%%19 el Iu%'a%);orgfn galg tﬁengr%aé(fu% gésequlbed
in the previous example. The solvent was removed to obtain 80 g (94% yield) of a

glassy, light yellow, solid.

EXAMPLE 7
[0087} A salt was formed by mixing 35 g (0.35 mole) of triethylamine with 36 g
(0.3'8 mole) of anhydrous methanesulphonic acid in 400 ml of toluene (inside a 1000 ml
ﬂasic). Forty-two grams (0.10 mole) of 2,2’-Bis[4-(4-aminophenoxy)phenyl]propane was
added to the flask, followed by the slow addition of 11 g (0.05 mole) of pyromellitic
dianhydride. About two hours of reflux were required for the azeotropic removal of the
water to form the desired amine-terminated diimide. The mixture was cooled down to
room temperature, followed by the addition of 8 g (0.08mole) of maleic anhydride and 8

g of methanesulphonic acid. The mixture was refluxed again for 6 hours to form the
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EXAMPLE 5 [0085] A salt was forned by m xing 35 g.
(0.35 nole) of triethylamine with 36 g. (0.37 nole)
of net hanesul phonic acid in 250 M of toluene (inside
a 500 m flask). 28 Verasm ne 552, 90 g (0.17 nvole)
was .added to the flask, followed by the slow addition

bismalgymide 4 The wok-yp ofrile #yodyet Goppisiediof remeval of Hteysgbiegiumder
vacuurﬁ‘%ﬂbwfe&vﬁ Has grtﬁ’e Riabhla ll?{?&hﬁ@rr fﬁnnélq’fi ?t%r ; oJBmDQ% the salt

conpl ete azeotrdpic renmova
and aCJdmA]ﬁnale'msewaﬂembetome iwas deed (B hemovednustofwRswhise nTﬁ@p‘ﬁodﬁbt
roomtenperature and 13 g (0.13 nole) of
was it incs g PTG 1 oM rePHERies SPpRBImAIel3 0BT, A
uxed agai n for
fine yem 8% épg?r%% {lﬁg) Fyr%lé(é%ﬁenke%r‘éﬁg ial ei ni de. The
- product was worked up according to the procedure

described in the prev Ie A dark anber
colored resin (100 gb%;@éléﬁé I°d) was col |l ected after
[0088]t he coxpdieivas FarRY @b n@kink N8 gggl 355‘1&5}3% E?%Nﬁiﬁaxﬁln[e%&ﬁjﬁ g

A salt was forned m XI ng
(0.38 n%ql'?)élfr?yhﬁqlﬁorq%mﬁmanesg@hgnm(agxdmdmﬁme)ﬂ @ﬁtohmngl ﬁnmdsa 1000 m}
round- léﬂééoﬁ'[?ﬂ?ﬁéj @S?%he c}I?& dxanhydrf'&%%ﬁng, A 56 lg) r}e\;va(sI tﬂen ac%eg to

the flash] fo(lewicd ®Fabdyddition 651 £[(8.03 nbola) (ﬁ’]‘%}%ﬂ%e 53@ srhe iBxthie

m)le% was added to the flask, followed by the slow
was stigfgdi pt joem temparatyge @, @Slomlf@l}omedm mesqdﬂzémofm g (0.06 mole)

or 2.2 A tilGpes BB P Ripei Wl B ook el ot e

water Wasrcondidied avern@pioRimatelg2edodisi toifsien thER stk irdirR-tW@Sinated
imide. ﬁgl ed down to roomtenperature, followed by the

imixgie gras shengopled zlzwwv Eon ferapgrainee, folopeadi hydhe addition
I
of 10 ggg glbﬂloﬁg(i @%ghﬁiﬁ}{}fg %d?fhrgaﬁaﬁggﬁfpﬂpﬁic%@l e ik Gifle
was refbm@dagmrfodéS hmlrre tqofomiuhet imyde-entendedibismakzimigedTgproduct

was wotRE B SCEENG 56 BUPL e JErirBE (e Copys Smplo Al
removall bRER%olvVeh réib 2/@RYWeldF of 4 Fel1dw NYAME, dassy solid was obtained.

EXAMPLE 9
{0089] A 500 ml round bottom flask equipped with a teflon coated stir bar was
charged with 24 g (0.40 mole) of ethylenediamine along with 100 ml of toluene. This
was followed by the slow addition of 100 g of polybutadiene grafted with 8% by weight
maleic anhydride (RI130MAS, Sartomer). The azeotropic removal of the water and
_-excess ethylenediamine was conducted over a twelve hour reflux period. The removal of
the excess ethylene diamine was aided by the addition of steam into the reaction vessel.
The salt (25 g) of triethylamine-methanesulphonic acid was then added to the solution,
along with an additional 3 g of methanesulphonic acid and 12 g (0.12 mole) of maleic

anhydride. The azeotropic removal of the water was conducted over 12 hours to form the
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[0087] A salt was fornmed by mxing 35 g (0.35 nole) of
triethylamne with 36 g (0.38 nole) of anhydrous_
met hanesul phonic acid in 400 nil of toluene (inside a
1000 m flask). Forty-two grans (0.10 nole) of
Bi.s[ 4- (4- am nophenoxy) phenyl | propane was added
Polyma]{e’csmfiﬁe 'The yek-up of fhegserusy, Waheonsiugied agenrding o 8fe pravigus
{ i.anhydri.de. About two
cxamples o 8BtalPAGK) g B P LB oloked fiscdts BAIENE. <ot 1 opi
renoval of the water to formthe desired
am ne-termnated diimde. The m xture was cool ed down
to roomtenperature, followed by the addition of 8 g
(0. 08nol ) of mal ei cEXAIMEILEd® and 8 g of
nethanesulphonic acid. The m xture was refluxed again
for 6 hours to formthe 29 bisnmal eimde. The work-up

[0090] of ¢ hEclpeRsddeP mebyvas added tarr onelitsy spundrbottom &ask\tquped

v GRS SEHT,. SR RSOy
followechhy the sfow nddition bAS&g (. 5hnRkstod AghyRESuspeHahRulphBRY cid.

st of the water. The product was laid out in a
The mixEie Hag PURC Eetir 3t Toom femparabye appivaimatglyt Oaminutes, followed

86%
by the o ARG OPL 0047 HAGof Serialy YO (AMEDRMBRE. £88n850)"n
Corporation)t Teethe ﬁmxnmﬂwbs/addex Kb g (8D8gn¢le) SEBPADE) (494 -bisphenol-A

- dianhydiide, S B0 A Do oI AU ORRenseL wereaREhed théhalask,
~ and the %Q@&e'ﬂrag He@féﬁq F%Hu O'Rf{ek' l)m éﬂgg\%g(ﬂ @tﬂé ?)ﬁ:@é%ﬁ' de

: f vvas en a
amount tﬂforfatgweras bglletcted catdiponding o6 thkGooguplétd cOdvanzibmjo the amine
ro

rsan ne.552. The m t r stirred at
terminat BRI TP THigpue fanalpvec i GOOLARMB o Dol A08e 22
(0.23 m(ﬁé1 @0@96}&@3 %)ush&f alezc an)hgﬁnde s added to thte ﬂz&sﬁ followed

Bi s[ 4- (4-am nop enox eny propane
by the addlta@kof m@@mrlﬂcg of anhiydroas methanbelphwaiieicidaThe mivctunet etk
m_t he desired

R T R L WA NN TR T
the expeé’l@&'@:ﬂ(oﬁ f&ﬂﬂ&t%:ﬁﬁﬁﬁéﬁ%tag{ gtag}%ﬁ y%r)lﬁﬁg gﬁ#gﬁgﬂg@ggb%cﬁﬂ of
temperatyest am@aﬂ(}ﬁ}mhtofdohlcn@wasﬁrklemw therftaskyths St‘lﬁ‘fl‘iglmmibtqgmﬂ at
this poin}r%rgd I% 61318(@ € was afl Qa to separa ed el“h%)ﬁtpggrd(e (ﬂugrlless utlon actlon
was carefully decanted into a 2 liter Erlenmeyer flask. The salt was washed with toluene
(2 x 500 ml) the rinses were also decanted and combined. The amber solution was
allowed to settle overnight to allow sufficient time for more salt and acid to separate from
the combined toluene solution. The solution was then filtered through a glass-fritted

" funnel tightly packed with 65 g of silica gel. Following filtration the silica gel was
washed with an extra 100 m] of toluene. The toluene was removed under reduced

pressure to provide 120 g (~85% yield) of a dark amber colored resin.

EXAMPLE 11
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was wor ked up according to the procedure described in
the previous exanple. After renoval of the solvent,
60 g (82% yield) of a yellow, friable, glassy solid
was obt ai ned. EXAMPLE 9 [00891 A 500 ml round bottom

flask.equi pped with a teflon coated stir bar was

00911 1, ° ey RS aNleefind oS ey smesiitpe Bwéa?taﬁﬁ%thﬁl ong

precedlngﬂekﬁnﬂﬂ%@ The 841 8%@&5%@1{ add¥dSo stir@lih %2‘7@3 @? EPW

dition of pol ybut adi ene grafte YR
dicumyl mﬁogh:te mmtcm dhe natyldmmsz@mmmen fmdu@ aﬁ'no aluhirgum
azeat 1o enoval of e wat er

studs to GFRS: HRER A Ao e ksl e ehead datBraEotRgrmils. The

copper srugﬁ hhld( did@dnksidfls ofl EDOHEATVANL 5®hils! fen ?f‘ﬁl@%te&tfﬂé'én%lﬁes were
m ne was aided by the addition of steaminto t

COﬂStmcﬁeéée’t ¢35 Oﬁéﬁé‘@ralyzetiﬁ@l%mnﬂm(e%’l’gg parts were cured for thirty

it B AT P PR 7 g B
and the aﬁﬂédﬁﬁlﬁﬁdﬂlgﬂmﬁ det@figbdaiith g]azs&aét@an]ﬁl t@ﬁ diRteQEr, REEhiol

.anhydri de. The azeotropic Trenoval e water was
composigghifat {iléQi rtm@angmdm@g test oxtugasmThi eommolpmxymu masrthlbe

t.he oduc condu d acc rm

bismloigfe Ay Wl il PGS o arrotitg St S s vt
2% dicungl sereddy. scous |iquid resin. EXAVPLE 10 [0090]

Tol uene (350 mM) was added to a one liter round bottom

flask equipped wth a Teflon coated stir bar.

Triethylamne, 50 g (-0.50 nole) was added to the

flask followed by the slow addition of 50 g (0.52

nol e) of anhydrous net hanesul phoni c acid. The mxture

was al | owed t t om ature approxi mately
10 ni nut es, T%@Fﬁo?é‘lfq tﬁ?ﬂ‘F Bﬁis of 90 g (0.17
mol e) of Versapine 552 (StdﬁulﬁVﬁﬁbgﬁ)un@@ﬂﬂbe?
Co&,oor ation). MFethe mxture-wa d 41 g 0 08
&' of BPADA (4, 4’ Esp@pleeifol - A di anhydr Kiatrote
Plragtrcs). A DQean-StarKggrap and CYnaenseT v?
attached to the flask and the mxture was heated to
ref Bux. After [approxi maﬁély two hofirs the expécted
anognt—of—wat-er—was—coH_gected—corr¢sponding ‘i? the
conpl ete conversion to the ami ne
4 75 12
] 47 19
6 71 9
7 52 22
8 70 ‘ 18
9 63
10 77 6
Average 63 15
Fna 10 6
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term nated diimde. The m xture was allowed to cool

down to bel ow 40C, and 22 g (0.23 nole, -20% excess)

of crushed nal ei ¢ anhydri de was added to the ftask,
followed by the addition of an extra 10 g of

agar n ol ow [ HEEGBo GO SRR TeshRewhat el y 15 hour s

of refluxjwere required E@dgehl £rpegt ed
anount of lwater in the npan?gjt a?%h?gﬂggﬁd/-\f ter cooling

8%n to rpomExemplsér atl ur Examplesd r 4 208xampled t o] uenGontrol

S added|to ty fiask; thegstirrmng vva@ga‘t‘uppe' at 0
this point and tthe m Xture s al llowed t'60 separpte.

TBe upper | (tol une soliutionggfractliion was carefully 15

darant ad nMto—a.2 litadr Erl anoovari fl acle Tho--shhlt was
T | ™= I | 1T T A~} LELEA > LA T C LA A 4

n
U LU T T O Z— I 1T Y 1TC

shed wi {h toltrene 2 x5 m) it he riiﬁées wef e al $6

dacanted and caoggpi ned.| The gjiber Sol uti gpzwas |l T OWEd

to settlelovernight tg allow suffilcient tinme f nor e
salt and acid t sepajate f8&m tHe conBfthed to] uene 21
sgtotTom 7 The FutTon-was—then—fitteregzthrough—=
gllass-fritted unnel Jti ght?%/ packled w 32665 g pf 16

siflica gel. Folibpwi ngifiltrgtion tihe silipga gel|was 28
it h-an-extra-100. M of tolluene. The .tol
wls renoved und® rediced PFessurle to prROvi de [L20 g 24

(985% yi el djof dart arrbe§1 cotored-—TE '5[31. EXAVPLE 15
31 [0091] | Tensile adhgsion testing was done _on sone 0O

tHe produgts fradm the| preceHdi ng gxanpl é86 The pnly 25

Acr%rr“onent adde"'4to the testgfes: A—was—2% gy we gt of21
i | peroxi i nitijator. G"he caqtalyzég resin| mx

Was then psed txg affi X al unggum s|t uds tm coppef 6.9
slugs—Th ] laneter |

of 290 m|s. The copper slugs had di mensions of 1000
[0092] X “400rpe sHROsif Ledunrs' ggfo{w%ee%gmgfeétsh@ﬁﬁm&m@ssl WA £ were

constructed for eac e cat zed resin mXxtures.
clearly stperiqrao tle comirel sirafositionhiWhile norwishisgs td e ound\byn  at

.20QC,. Th afts were then | oned .t o coo roqQm
theory, if s YR G the TOPOHEm SRS e 5 GHigE FEoaL ot s RCAle
cross-lintkdeRSitPanPRas i RA chie! shH‘ﬂE%e' o tﬁf?ﬁlg%tion%oﬂgi%ftﬁb versus the

co a e the test

nposition was also run along si m Xt ur es.
BMI derfved sotaly from tiediwsediamgss. t he

[0093] While this invention has been described with respect to these specific

examples, it should be clear that other modifications and variations would be possible

without departing from the spirit of this invention.

33



bi smal ei m de derived fromthe diner diamne (i.e.
Ver sam ne 552) also catalyzed with 2% di cunyl
" peroxide. Table 1. Tensile Adhesion Test Results Stud
Pul | Value (pounds force) Part Exanple 10 Control 1
3. 25416 35715 4 75 12 547 19 6 719 7

WHAng D#5:18 9 63 8 10 77 6 Average 63 15 Fn-i 10

6 32 TABLE 2. Tensile Adhesion Test Results Stud Pull

Val ue (pounds force) Part Exanplel Exanple 2 Exanple 5
i £p imidstextendzd bpmadgmal hagigghéStndofrel5 3 91 68 103 23

4 96 77 113 7

wherein:

R and Q are each independently substituied or unsubstituted

- aliphatic, aromalic, heteroaromatic, or siloxane moieties; and

nis 1 to about 10, with the proviso that the imide-extended

.bismaleimide is not
0 0
: O CHs O
o+ )T )0
\ N-CagH7o— 3;;©‘ CHg mN“CSGHTZ'N /
(@] © © O

2. The bismaleimide of claim 1, wherein R and Q are each independently substituted
or unsubstituted linear, branched, or cyclic aliphatic moieties having from 2 to about 100

carbon atoms.

3. The bismaleimide of claim 1, wherein R and Q are each independently substituted
or unsubstituted aromatic or heteroaromatic moieties having from 6 to about 14 carbon

atoms.
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598 88 143 21 6 97 79 156 16 7 102 81 127 28 8 60
93 126 24 9 101 81 113 25 10 61 71 126 25 Average 84
80 125 21 Fn-1 18 9.9 19 6.9 [0092] The adhesion

results for all of the exanples shown in Tables I and

2 were clearly superior to the control test
4. Thgbiwaaleimide of\ghaimel. versin RranddQ ars dach inslependeptly stlstityted

Lebe ' - ks -hec| OVeIe sgen here is a
or unsubifented, ARy FickePhaiE TR R BPRCD iR 8RS, ¢

and/ or reduced cure shrinkage of the invention

conposition versus the BM derived solely fromthe

i mer di,anjine, .[0093] Wile this invention has been
5. Tg‘sge@magfé’aﬂ Qr]fwlﬁﬂkls"p@@\er% therrdlesanggaeietyi i 2 pokeilprans. | t
shoul d be clear that other nodifications and
vari ations woul d be possible wthout departing from
the spirit of this invention. 33 WHAT IS CLAIMED | S:
6. The bamaieiinitis-ofelaimds whsismitieqiolysiloxdredomprisberepeating units
selected %%r uc%%%ﬁ?&si]&ﬁ%ﬁgm%th%lpqlenylﬁl&ane, &\ilﬁlf\én lsiloxaNneI?oPI ©00

combinations thereof.

7. The bismaleimide of claim 1, wherein substituted aliphatic, aromatic,
heteroaromatic, or siloxane moieties comprise substituents selected from alkyl, alkenyl,
alkynyl, hydroxy, oxo, alkoxy, mercapto, cycloalkyl, substituted cycloalkyl, heterocyclic,
substituted heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, aryloxy,
substituted aryloxy, halogen, haloalkyl, cyano, nitro, nitrone, amino, amido, --C(O)H,

~C(0)-, -C(0)-, -3-, -S(0)2, -OC(0)-0O-, -NR-C(0), -NR-C(0)-NR, -OC(0)-NR, wherein

R is H or lower alkyl, acyl, oxyacyl, carboxyl, carbamate, sulfonyl, sulfonamide, or

sulfuryl.
8. A monomaleimide having the formula:
0 0
N"“""“““Rg'—""‘N
Ry
0O O

wherein: R; is substituted or unsubstituted aliphatic or aromatic; and
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R and Q are each independently substituted or
unsubstituted aliphatic, aromatic, heteroaronmatic, or
siloxane noieties; and nis 1 to about 10, with the
provi so that the imde-extended bisnmaleimde is not O
0 OCH3 O _N-C36H72-N OCH O NC38H/72-N3 OOOO
2. The bi snieéd sbstifutst of uasupstifutedradipbatic, RrcmmaticQopsilpxane
each i ndependently substituted or unsubstituted
i near, branched, or cyclic aliphatic noieties having
from2 to about 100 carbon atons. 3. The bisnal ei m de
9, @he elatdimide ofwimed, Wheretin R, GhPRSarRath indepRRRAGY blbétituted
sybstituted or unsubstituted aromatic or
or unsubspfuied linegpirarchag s cyelic sliphatinympictias Bavieg oo tolabout 100
ﬁﬁpon atons. 34 4. The bisnaleimde of claim1l
carbon 4 erein R and Q are each independently substituted or
unsubstituted sil oxane noieties having from2 to about
50 silicon atons. 5. The bismal eim de of claim4,
erein the_si|oxane npiety is a polysiloxane. 6. The
10, ety G Sawn b FFE% Ridp @ sebstingterd opwnsygstitated seomatic or
rom
heterourGRHRE RSy PEREREORES KMont LECIES) Bnk
di phenyl si | oxane, or conbi nations thereof. 7. The
bi smal ei m de of claim 1, wherein substituted
X

| fi ic. tic. i
. ThdlPinibe e IRRED Gheriiaiene wabrel petsnPues ylosane
* moiety RIERTOm 2 t8hbnms0.silfodatns. 0x0, al koxy, nercapto,
cycl oal kyl, substituted cycl oal kyl, heterocyclic,

12. The maleimide of claim 11, wherein the siloxane moiety is a polysiloxane.

13.  The maleimide of claim 12, wherein the polysitoxane comprises repeating units
selected from dimethylsiloxane, methylphenylsiloxane, diphenylsiloxane, or

. combinations thereof,

14. The maleimide of claim 8, wherein substituted aliphatic, aromatic,
heteroaromatic, or siloxane moieties comprise substituents selected from atkyl, alkenyl,
alkynyl, hydroxy, oxo, alkoxy, mercapto, cycloatkyl, substituted cycloalkyl, heterocyclic,
substituted heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, aryloxy,
substituted aryloxy, halogen, haloalkyl, cyano, nitro, nitrone, amino, amido, --C(O)H,

-C(0)-, -C(O)-, -§-, -S(0O),, -OC(0)-0-, -NR-C(0), -NR-C(O)-NR, -OC(0)-NR, wherein
R is H or lower alkyl, acyl, oxyacyl, carboxyl, carbamate, sulfonyl, sulfonamide, or

sulfuryl,
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substituted heterocyclic, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, aryl oxy,
substituted aryl oxy, hal ogen, hal oal kyl, cyano, nitro,
nitrone, amno, amdo, --C(OH, -C(O-, -C(O-, -S,
-S(02, -0Y(0-Q, -NRJO, -NRQO-NR -0(0O-NR
15. yiaplgimide icamprigipg pelygter apmptising 8 plurality\nd pemdant repeating
. 3 arbamate, sul fonyl, sulfonanide, or
ummha‘@ﬁ@%?%‘?m . A nmononal ei m de having the formula: OO
NNR2-N R O O wherein: Rl is substituted or
unsubstituted aliphatic or tic; and 35 R2 is
"substituted or unsubstitutedjaliphatic, aromatic, or
sil oxane 9. The mal e{ m de claim8, wherein Ri and
R2 are each i ndepende substhtuted or
unsubstituted |inear, brafched,/or cyclic aliphatic
noi eties having from2 to { 100 carbon atons. 10.
The mal ei m de of cl aimS%/where Ri is a substituted

or unsubstituted aromati g or het®roaromatic noiety
. having from6
mal ei m de of cla
unsubstituted sil

about 24% carbon atons. 11. The
IMﬁerein R2 is a substituted or

noi ety having from 2 to about
50 silicon atoms. e mal ei mde of claim11,
wherein the sil ox ' o S a polysiloxane. 13. The
mal ei m de of claimX2 wherein the polysiloxane
conprises repeating units selected from
di et hyl si | oxane, nethyl phenyl si | oxane,
di phenyl si | oxane, or conbinations thereof. 14. The
mal ewgtbﬁm: Of; 8ls@bdtitfted WhEHRbRIELARLiphatceSotlatighat i c,
aromati c,

heteroaromatic, or siloxane mojeties,

'16.  The polymer of claim 15, wherein Rj is a substituted or unsubstituted linear,

branched, or cyclic aliphatic moiety having from 2 to about 100 carbon atoms.

17.  The polymer of claim 15, wherein Rj is a substituted or unsubstituted aromatic or

heteroaromatic moiety having from 6 to about 14 carbon atoms.

18.  The polymer of claim 15, wherein Rj is a substituted or unsubstituted siloxane

moiety having from 2 to about 50 silicon atoms.

19.  The polymer of claim 18, wherein the siloxane moiety is a polysiloxane.
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het eroaromatic, or siloxane noieties conprise
substituents selected from al kyl, al kenyl, al kynyl,
hydr oxy, oxo, al koxy, nercapto, cycl oal kyl,
substituted cycl oal kyl, heterocyclic, substituted

het erocyclic,, awl ,, Substituted aryl, heteroaryl,
20.  ‘theeelymgr eirlpigr 1. odhopain therpplysiloxanesgmprise nepentimgyinigsy |

: DL L0,... Rt rone, anm no,
il e A e A b
combinationé @er&df, -NR-C(O), -NR-C(O-NR, -0C(O-NR, wherein
Ris Hor lower alkyl, acyl, oxyacyl, carboxyl,
carbamate, sulfonyl, sulfonam de, or sulfuryl. 36 15.
A pol ynal ei m de conpri sing polynmer conprising a
2L PR o i et R b ARG b BRaromatic
or siloxene mpistiemstanprise dulbstityentt selected fom tlikyl, alkeayk akgnylyhydroxy,

il i et 16. . Th | f .claiim,15,
o, S BSTR B SSRGS B
heterocﬁili@ﬁ&?l% QubsPitutsd &tlyﬂ,%e%éa‘?gl,aﬁdﬂétiﬁ?écﬁ{exerﬁﬁ’ﬂ, B8y 15k Bubstinfted

about " 100 carbon”atons. 17. The polymer " of claim 15,
aryloxy.itedogsnnhaioalkyl, eyapapsitros nitrene, aminm sutda, i-tCEBH, ar onat i ¢
or heteroaromatic noiety having from6 to about 14

-C(0)-, eGManSat-B@),, -CE(OHE, H9RYCE), -DIR-CY(@)-INK, SOCOPINR, wiidgein
. [ iﬂ)’? Sﬂ?bit itputed or unsubstituted sil oxane noiety
R is H o Iower ¢yl qieyh opgacyh satbogpl. sampammate, siionyl, sulfonamide, or
sulfurylPol ymer of claim 18, wherein the siloxane noiety is a
" pol ysi |l oxane. 37

22. A polymaleimide polymer comprising a plurality of repeating units having the

structure:

wherein: R4 is a substituted or unsubstituted linear, branched, or cyclic

aliphatic moiety having from 2 to about 100 carbon atoms, or Ry is an aromatic moiety.
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20. The polymer of claim 19, wherein the polysil oxane
conprises repeating units selected from
di met hyl si | oxane, nethyl phenyl si | oxane,
di phenyl si | oxane, or conbinations thereof. 21. The
| ai m 15, wherein substituted aliphatic,

I f
23. ﬁ%ﬁ#’@?(’%‘g@& SArIEERIR Bs 1s aryubstituied ns ainpudisttuitedsaromatic or
' ot | kyl, al kenyl,
heteroaroR{ABE 'n?ﬁe?;hgﬁd% f%{ﬁﬂk%o 5 &% g%bgérg% yl, al keny

al kynyl, ro 0X0, a pto, cycl oal kyl,

substituted cycl oal kyl, heterocyclic, substituted

heterocyclic, aryl, substituted aryl, heteroaryl,

ubstituted heteroaryl, aryloxy, substituted aryloxy,

24. 'ﬁl}ﬁ %cag):l\far ?ﬁ(fl%lg} %Awﬂneé;%ﬁ@’xs Fubpguted;or ugsrbstigd, siloxane
moiety BiVitifrom X Ho@bblt 56-ifRonatofd. O -, -S-, -S(O 2, _

-0C(O-0, -NR-C(O, -NRCO-NR, -0C(O-NR, wherein

Ris Hor |ower alkyl, acyl, oxyacyl, carboxyl,

car bamate, sul fonyl, sulfonannide, or sulfuryl. 22. A

i g . i Si [ [t f
R R e T S
R14 N OOwerein: R4 is a substituted or

unsubstituted |inear, branched, or cyclic aliphatic
having from 2 to about 100 carbon atons, or R4

noi et ! ] . .
26 The plYmFIGRRAISIE 0 ivdiesein thegolysiloxane compyisesrepeating anits
e . Ly . od
oo R B RSO S RSO 0
- combinailopsithetebfcar bon at ons. 24. The pol yner of claim 22,
wherein R4 is a substituted or unsubstituted sil oxane

27.  'The polymer of claim 22, wherein substituted aliphatic, aromatic, heteroaromatic,
or siloxane moieties comprise substituents selected from alkyl, alkenyl, alkynyl, hydroxy,
oxo, alkoxy, mercapto, cycloalkyl, substituted cycloalkyl, heterocyclic, substituted

- heterocyclic, aryl, substituted ary], heteroaryl, substituted heteroaryl, aryloxy, substituted
aryloxy, halogen, haloalkyl, cyano, nitro, nitrone, amino, amido, --C(O)H,

-C(0)-, -C(0)~, -S-, -S(0)z, -OC(0)-0-, -NR-C(0}, -NR-C(0)-NR, -OC(0)-NR, wherein
R is H or lower alkyl, acyl, oxyacyl, carboxyl, carbamate, sulfonyl, sulfonamide, or

~ suifuryl.

28.  An adhesive composition comprising at least one imide-extended bismaleimide of

~-claim 1, and at least one curing initiator.

20. The adhesive composition of claim 28, wherein the at least one curing initiator

comprises 0.1 wt % to about 5 wt % based on total weight of the composition.
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noi ety having from2 to about 50 silicon atons. 25.

The pol yner of claim 24, wherein the siloxane noiety

is a polysiloxane. 26. The pol yner of claim 25,

wherei n the pol ysil oxane conprises repeating units

sel ected from di met hyl sil oxane, methyl phenyl sil oxane,
30.  Apjefhesiva compasiiinn cogprisiag wbleastiang n@lctermmded bismaletméde of

claim 1, ég(l’%%g@{e I?IBH&JPQI % n%%l@l%{ §' g’ag{)(?r%ipté) é;ilzﬁgxglti at least

one polymemgfralsim 22ylasd iat lsestioge smzﬁg:hﬂﬁtcfrr om al kyl al kenyl,
al kynyl , hydroxy, oxo, alkoxy, nercapto, cycloal kyl,
substi t ut ed cycl oal kyl, heterocyclic, substituted
heterocyclic, aryl, substi t ut ed aryl, heteroaryl,

3. Tagaihesivecenphstion obelgin 3G rvghemy fhesal bestst onet wngamjahkmxy,

comprlsepall(grzgte'?1 %F%jjoﬁ WY%(%;S:g on @( th'erlézﬁt g? Ithtefcg%%l 1on
oC(O-0, -NR-CO, -NR-C(O) NR -0OC(O -NR, wherein
R is Hor |lower alkyl, acyl, oxyacyl, carboxyl,

32.  TEAORATBhGhesHid cfo@x{ﬁblsrtloﬁ oF EHHﬁ‘QB d\?her@irn the l:‘tlu‘ﬁlﬁrge tlat(?r8 An

adhesi ve conposition conpri si ng at | east

comprises grilgeralica deigdtopos aph@bimitiitorof ¢l ai m 1, and at | east
one curing initiator. 29. The adhesive conposition of
claim 28, wherein the at |east one curing initiator
conprises 0.1 wt %to about 5 wt % based on total

33. Awetaglﬁ adbbsite eoRPORNS ddniiitisintOat 36hst Ot AbESkiéRded
nposition conprising at | east one i m de-extended

| bismaleirigle Rielaiml gt IgAst opq mppemaleigide ehelpine R eatdensborg polymeof
| claim 15, gﬁ leeﬁ%:yng?gll’yng% (Jf %ﬁ% Zggﬁltf)ﬂéé%?&?eoéur@gq}l@ag& wﬁérein%ﬂc’?t

clarm one cutl

adhesive ¢compositicoris fi’tibleiteoad haaparatuconposi ti on of cl a| m 30,
wherein the at |east one curing initiator conprises

O 1w %to about 5 wt % based on total weight of the
osition. 32. The curabl e adhesive conposition of
4. A 611 nBlﬁ azlseswewapwﬂfwmmsr@ atheast eecimidesxfpndases a

bismaleinfil€6f AH (i,ait 143 b BhoRAleihiBE 8F Qhfth ﬁ, 4485t one polymer of

claim 15, at least one polymer of claim 22; and at least one curing initiator, wherein the

adhesive composition is stable at high temperature.

35. A die-attach paste comprising:
a) 2 weight peréent to about 98 weight percent (wt %) of the imide-
extended bismaleimide of claim 1, based on total weight of the composition.
b) 0 to about 90 wt% of a conductive filler;
d) 0.1 wt % to about 5 wt % of at least one curing initiator, based on total
- weight of the composition;
e) 0.1 wi% to about 4 wt%, of at least one coupling agent, based on total

weight of the composition.
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33. A curabl e adhesive conposition conprising at | east
one i m de-extended bisnmaleimde of claim1, at |east
one nmonomal ei m de of claim8, at |east one pol yner of
claim 15, at |east one polyner of claim22; and at
|. east one curing initiator, wherein the adhesive

36. The digraitach Pags of laim &3, wheseiathe eswypling agent it aisibicat8 dsterha

‘metal aci¥aRL€ j.ye conposition conprising at |east one
metal & @in% de- é)??gn@lg@gye'bi smal ei mde of claiml, at |east one

nononal ei m de of claim@8, at |east one pol ynmer of
Jaim 15, at | east one pol ynmer of claim22; and at
37. ‘The fig 3tiach Riste f A 33 Wheatin ic camencsive fllee s leetaalle
conducti®@nposition is stable at high tenperature. 35. A
di e-attach paste conprising: a) 2 weight percent to
about 98 wei ght percent (wt % of the imde: extended
ismaleimde,.qf. claiml, based on total weight of the
38. The dig:aftach pasgof 361}“ ﬁt‘@%& the 2 deagh oReFUImE ABWEIEES %
peroxidef il ler; d) 0.1 w %to about 5 wt %of at |east one
curing initiator, based on total weight of the
conposition; e) 0.1 wt%to about 4 wt% of at |east

Qne, ¢ | ing agent. .based total, .weight of the,
3. AdihadHnsgche %@%ﬁ%’*taﬁl%%%@ﬁﬂﬁﬁgfr%ﬂsm&Foompﬁws@g:
wher @irladtih® LAsitlydnde A48 didfine vhbbd ‘%@’Hﬁif’ﬁ’i "sgftabl@to fogﬂ

metal acrylate salt, or a titanate. le-atta
apiidigle haing fexminad 8mindhopietins;ehé conductive filler is

el ec I nductive. 38. The di e-attach ,paste of
o o1 Sditingitne GORTMPSiNS moiies Wi el baRaR A50E, )
canditjves g¥itdlte to3@rmA atinadef or produci ng an
I m de- ext ended bi smal ei m de nononer conpri si ng:
thereby prosiucing anguide-entarregd disnepdeimidemanemeni ne under
conditions suitable to form

40.  Animide-extended bismaleimide monomer prepared according to the method of

claim 39.

41.  Anassembly comprising a first article permanently adhered to a second article by

a cured aliquot of the die-attach paste of claim 35.

42.  AKkit for bonding an electronic component to a substrate comprising a package
containing an amount of an adhesive composition comprising an imide-extended mono-,
bis-, or polymaleimide sufficient to bond at least one electronic component to a substrate;

and

instructions for using the adhesive composition to bond the electronic component to

the substrate.

43. A method for producing a curable adhesive rope manufacture comprising:
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an imde having termnal am no noieties; and

contacting the-termnal amno noieties with maleic

anhydride under conditions suitable to forma

mal ei m de, thereby producing an i m de-extended

bi smal ei m de nononer. 40. An im_de-extended _ .

%i Breaidingne adhasiieremppriipaceupates frlinigetestanded mopeo fis-
i:m:39. 41. An assenbly conprising a first

(g P}cigagggﬁfﬁéntly adhered to a second article by a

ured aliguot,of. the die-attac aste of claipm35. 42
ko BsGiintie Sroiisifviyfieh BEfpGatinebeg fein. terdhd
fsﬂﬂﬁgmg@gh@@ﬂpﬁbgjng a package containing an anount
of an adhesive conposition conprising an
i m de- extended nono-, his-, or polynmal eimde
sufficient to bond at |east one el ectroni c conponent
to a substrate; and instructions for using the
adhesi ve conposition to bond the el ectroni c conponent
to the substrate. 43. A nethod for producing a
cur abl e adhesi ve rope manufacture conprising: 41 c.
provi di ng an adhesi ve conposition conprising an
i m de- extended nono-, his- or polymal eimde; and d.
extrudi ng the adhesi ve conposition through a circular
shaped form thereby form ng an adhesive rope. 42
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