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MALEI M DE AND POLYMALEI M DE COMPOUNDS RELATED

WARRL®331 ON DATA [ 0001] This application cl ai PET/US2004/013204

priority to Application Serial No. 60/468,037, filed
2003, the entire contents of which are
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IMIPESJNIGERMA LIINETAE BND 03 ¥MAL ERVEDD COMIPGUNDS
I NVENTI ON [ 0002] The present invention relates to

t her noset t i ngERARED X E@ﬂ£ﬁ§h¢Pn partmathods of

preparati on and uses t icular, the
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0Si tj ons .cqnt.ai ni.ng i m de- ext ended nono-,
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I NVENTI ON [ 0003] Adhesi ve conpositions, particularly

conducti ve adhesives, are used for a variety of
pur poses in t FEEERF THE IDWVENHIGNsenbl y of

sem~caonduct or cka n nic oel ectr.oni ¢ _devi ces.
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frames or other substrates, and bondi ng of circuit

thermosetiipg xepRayngs and S@RpAsitéanscontpining isddevextendrsbingso-, bis-, and

e gseful for electronic packaging
pdymalelégmi cc‘dn)éé%%ons typically exhibit properties such as good

rrechanl cal strength, curing properties that do not
af fect the conponent or the carrier, and thixotropic

properti esgsomEbOOND BETHR PRV ESELIOMN t O
m croel ectroni c and sem conduct or conponents. [0004]
[0003] The Aslhepine epmperddonsepartisdaty ovnslugdes adhesivas Sireotlised fora
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rmcroelecfrblllila ﬂbﬁces MERNMOE pro@inehh@s ﬂfcﬁld@%@ﬁ@ﬂng oFklectronic
yneri zation to yield cross-linked resins. In
elements S&ala Pt indrgrated it eliips tdsadigmerconaihas subsiertgsnandheonding

of circuit @%ﬁggeﬁ &F a?gen{?ﬁlgf hor ﬂt&ﬂvﬁ'e ) ar@g1 ohﬁh&l&és%‘ﬁgﬂ@ for eﬁectronlc
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packagmg(@pgcatloas tyli@ilwexhibit pragdrtiésdues as g6(}d’ med:hhmcall Stl"BHgth
hers, vinyl esters, allyl mpnoners, olefins, and the
curing prqppw@y thaﬁ-ﬁgg;ohﬁf%cgpgedsomponent or the carrier, and thixotropic

properties compatible with application to microelectronic and semiconductor

components.

[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 nechanisns.
wOD20035099331 PCT/ US2004/ 013204 [ 0005] ConmeeT/Usi004/013204
avai |l abl e bi smal ei m de thernbset conpositions are
noted for their high nodulus, and excellent resistance
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pol ymal ei ni EMMANRY OISTHENSSENTION - ext ended
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. .. maleimde conpounds. [0007] Wen incorporated into a
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I ncrease toughness 1nthe nposi tion, Il e not
compounds aicg theh comtpnsdueriinbxesaipaleid anhyditide foyield imideet:itendat

. ..group ig one of the nost thermally stable groups
n“ﬂm“”d%%ﬂﬂéﬁu“ us, the present invention provides a

mal ei m de functionalized thernoset conposition w thout
thermally labile |inkages, thereby providing superior
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.1 0 ' i.ded J.m de-
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compositiéh,Gvile Mt BacHichgRhédmal stabiliy.dThe 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:

e

R
n-1
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wherein: R and Q are each independently substituted or
wap®ybsesst uted aliphatic, aromatic, heteroar oPEL/US2000013204
sil oxane noieties; and nis 1 to about 10, with the
proviso_that the imde-extended bisnmaleimde is not O
0 W®Whem#:o H C36H72_H (r) OI\ KIIIIl OO O O [0009]
I n anot her enbodi nent, there are provided
m)nomal eiRmndeQ ahzaﬁaplmgldﬁmdelstbf wbstitueed c@u@subﬁmmi N R1
( ];’lﬁta]t RL subg,t gut eg or _unsubstit
2  pHEARE! gpma %&afer%af HtF- RESIang BRIt
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[0010] HI%HCI’? ﬁ&@ﬁ@? H e R @tﬁ@w@ﬁ@ -@dpd ovi ded
poI ¥ af‘élﬂc%%nbtn‘:' uding polyners including a
plurality of pendant repeating units having the
O structure: 3 WO 2004/ 099331 PCT/ US2004/013204 relJW4§

o 0 CH 3 O
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[0009] In another embodiment, there are provided monomaleimides having the

structure:

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:



NO OR3NO wherein: R3 is substituted or
unsubstituted aliphatic, aromatic, heteroaronmatic, or
W@ 0oaxgg3el noi eti es. [00111 In further enbodi NeEPCEHUS2004/013204
there are provided pol ynmal ei mi des including polyners
including a plurality of repeating units having the
structure: 0 NR4 OO whgrein: R4 is a substituted
or unsubstituted linear, brdnched, or cyclic aliphatic
noi ety having from2 to ab 100 carbon atons, or a
substituted or unsu At ed omatic noiety. 4 WO
2004/ 099331 PCT/ US2004/ 043204 /[ 0012] I n anot her
enbodi ment, there are proyi ded/ adhesi ve conpositions
including at | east one of ove descri bed
nmonomal ei m de, bi smal ei pf de, or Mol ymal ei m de
conpounds, andpat Ieaﬁzﬂéne curing initiator. [0013]

In yet another odi jyent, there are provided
uding a) 2 weight percent to
about 98 wei ght (mt 9% of at |east one of the
above descri bed Rgle, bismal eimde, or
pol ymal ei m de conp , or conbi nations thereof,
based on total weight of the conposition, b) 0 to
about 90 wt % of a conductive filler;

wherein: Rj3 is substituted or unsubstituted aliphatic, aromatic,

heteroaromatic, or siloxane moieties.

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

polymers including a plurality of repeating units having the structure:

R

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

unsubstituted aromatic moiety.



d 0.1 wt %to about 5 wt % of at |east one curing
initiator, based on total weight of the conposition;

W@2009/0993%¢ % t 0 about 4 wt% of at | east one coR@I/USIP04/013204
agent, based on total weight of the conposition.

[ 00 In a further enbodi ment, there are provided
10012] #&&@O@SF embaditnenh dhesnare Pre Vidadeadhesite gomBPedNsi mi de

f anpl e,
mcludmg%%%%%&f ?h%“’ggﬁﬁgnﬂﬁaf?. Bn iR el B
polymaleiswidel compmmds irtdadd least anefearing anitidtod.de  havi ng t er ni nal
am no noi eties; and contacting the term nal am no
noi eties with mal ei c. anhydri de under conditions
suitable to forma nal eimde, thereby producing an

[0013] | M dayeLxiRIeBIdEAB Shek 4R ﬁf@ﬂﬁ@@ Ehe z{tgigﬂ' ghstéﬂncludlng

anot hér embodi ment, there are provid ass [1es
i ncladiweeht mr¢estt to ghout 2§ we@étmm(w%a@ﬁ et leakt boe af the
[ C red al i.quot o e-attach
orREERRCEELPhPme B S D O pBhetslEp e Pitctid, o
coammdmens k] mm on tofd fvRi ghit ©f Qfe%‘éhﬁﬁgm%ht s for
bondi ng an el ectronic conponent to a substrat e

conpPilsPrigort Paragéacertvative illeran anount of an
ad hecﬁ ngw? @%%ohi ? Wt 9P0PLh spcgne cﬁningllgx? teoilst Qcﬁ%n %)tal

yrmal ei m
wélgmsifthma)rﬁﬂmmdmm c corrponent to a substrate; and
|nstruct|ons for using the adhesive conposioitn to

bond) VnkeWE de ?P‘Eﬂ’h cW%rPé ghleatt ong counlingagsnt; hassd op teig
wagggggqggg&gm 4 US2004/ 013204 [0017] In anot her
e

i ment re are provided methods for producing a
cur abl e adhesi ve rope. Such a nethod can be perforned,
for exanple, by a. providing an adhesive conposition

[0014] colTthIaSﬂJﬁgexadinbdﬁndenteohtaﬁmﬂ@ﬁrcﬁlﬁ%@metﬁdxﬁs foPproducing an
ymal ei ni de; an . extrudi ng t he adhesi ve
)

imide- extereﬂ?s&swa@ﬁn%?%wné Srelemethiods papesipartrmeds fee pxasyple,
by contactiflf TdMAn P APRRR 2 EarhiiAP Gnder conditions suitable to form an imide

having terminal 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.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0018] Figures 1 and
2 illustrate an exenplary preparation of an
WO piode9sit ended conmpound of the invention. [O0BABRPS2004/013204
Figure 3 shows the generic structure of exenplary
pol ymal ei m des of the invention. Figure 3A shows a
pol ymal ei m de structure with succinim de connecti ng

groups pendant fromthe nal ei m de pol yner or oligoner.
[0017] Fi gdnengBest¢robedimentytieymart pravided rethods fior progheing at he

panal X pros
curable adgiie ot Sl Sl 08 SR8 EpeL foliade® BTN L eo
_DESCR_P-“ ON_.OF. THE | NVENTI ON [ 0020]. T.He Qr eae t ]
a. | BPEHIn® AT ALESiYE SGMBRSIIAR CMREBREH, il ee Kiended Mooy bis-

orig%ﬁ,rnﬁ’é{&%&ﬁ; ah@ the performance of nal eimde thernosets
an be achieved through the incorporation of

| . - -
b. AT AR AR Rsposhich theoRn PRATR, BBt form, thgreby
fotmingenexdhesivedpbi smal ei m de conpounds having the
structure: 6 WD 2004/099331 PCT/ US2004/013204 O QOO
OQN-RQ@ - NR)_ I Q NRN OOOOO n-1
wherein: R and Q are each independently substituted or

unsubst i BrieA DEICIAPRIOR ORTERER AWINGSST 0ar omatii ¢, o
siloxane nmoieties; and nis 1 to about 10, with the

[0018] pr ovFigures hand 2fiBustrriteian eserplaty greporation|of animislerextended 0
compoung 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
{0020] 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:



OCHO 3 NCQC36H/2-NO & 1/ (r) \ N C36H72'N CH3

O O [0021] As used herein, the term"i m de-extended"
wore@as®eshat t he conpound contains at | east onBCT/DBZIE4/013204

noiety in a non-term nal position of the nolecule.

[0022] used herein, "cycgloal kyl" refers to cyclic

rd ng- cont @ ni ng groups o conkai niong in the range of o

bout 3/up\to 8 carbonj//at ons
[0023 use herei n, eferse(%o st rAi o
ranched W hydr ocaf byl ups.

rein, kenyl " refells to J ght or branched chai
hydrocanbyl  groups hawW ng I@ast one car on-car bof
doubl e bond, and having in t"ﬁe range of about 2 7 WO
2004/ 099331 PCT/ US2004/ 013204 wup to 12 carbon atorms,
and "substituted al kenyl" refers to al kenyl groups
f ur t N&erédar i ng one or nore substituents as set forth
above. [0025] As used herein, "alkynyl" refers to
st r ai ght & anorQmarsheadh i:‘mhpq:ndeyﬂiy suwmtibyéd orgmoulpitited i ng

one car.b qn; carbon.triple bond, and having in

the. AR oToRAlET SO 25 UG8 g s
"substituted al ky refers tao al kynyl groups further
bearing &rdel é‘?at?ﬁb’xéo’s‘ﬁ%Ehetﬂﬁ%ﬂﬁ%thégth@éﬁu%"tt?ﬂd&éove

[ 0026] rein, "aryl" refers to aromatic
groupssnﬁze\}ﬁ(geqlsﬂst he range of 6 up to 14 carbon atons

ang "substituted aryl" refers to aryl groups further
befari ng one @ m)re substltu WS as set forth[)above

27] As used h " efer
Bl kyN- @é@b%*—w N—CagHzz ﬁ

O

[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.

[0023] = 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



"substituted al kylaryl™ refers to al kylaryl groups
further bearing one or nore substituents as set forth
wW@banvm993p0028] As used herein, "arylal kyl" refP€BUS®04/013204

aryl -substituted al kyl groups and "substituted
arylal kyl" refers to arylalkyl groups further bearing

up to 12 CBWPQH&FOI% agd g ﬂ%@ﬁ“ﬁeﬁi@ﬂh@ﬂ agfessdp afkenyhgrabps/urthpogeadhg

I | kenyl " refers to

oneornmﬁ?m#ﬁﬁ eﬁﬁi?uﬁg‘ﬂﬁ%%%%yl groups and "substituted

arylalkenyl refers to arylal kenyl groups further

bearjng gne or nmpre substituents as set forth above.
[0025] [ 003t Usad hgeealy "REkyBYIn retery tq pigighiaybranchedghain Bydrocarbyl
I t g S
soup L AP A SRR (MR o
up to 12 cblé)amamgns; aed bsubnmmed aﬁ(yhxsl“lreﬁeembsallq&ys gioupofirtheabaving

0031]. aroyl" refers to aryl -carbonyl
oneornm%bggpégwgﬁéﬁsgghgéﬁ§g§r and "substituted aroyl"

refers to aroyl groups further bearing one or nore
substituents as set forth above. 8 WO 2004/ 099331
[0026] PCT/A;smdmﬁwmz'anyl" Te6a8®) ammm;g@upshaiing in the range of 6
ete 0 .
Y S g P b e Tt i o Bpfugherpging one or

up to 14 c?ﬁbﬁ)a

more subsii@leRfORtePorfheabdve. N. 0, S, or the like) as part of
the ring structure, and having in the range of 3 up

to 14 carbon atons and "substituted heterocyclic"

refers het. er,0 | i rth b ar'n one ,or
(0 Bl O B i S S R e AR L
subsututaemﬁylrmyl" 2Tvls to BIRHRIFY ghdups flyler G Wile tRESHE 88bstituents

0034] As used herein, "halogen" refers to fluoride,

as set forthgbeyq: de, broni de or i odi de at oms. [0035] In certain
enbodi nrents, R and Q are each i ndependently
substituted or wunsubstituted |inear, branched, or

[0028] cyclAcusediheld i "aryhaikdt refershauatybgubstiote alkgl goopd ankdo0

"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.



carbon atons. In other enbodi nents, R and Q are each
i ndependently substituted or wunsubstituted aromatic
w@eooheBssnar onati ¢ noi eties having from6 to aPbOUUSIE4/013204
carbon atons. [0036] In other enbodinments, R and Q
are each independently substituted or unsubstituted
sil oxane noi eties having from2 to about 50 silicon
ato n a . e
0] e R it (DS (R S SOy
groups coetxa]mp;g ene di mhgetesodtma(@ NE(f)hS/,I cﬂhbeﬂhk@lals @¥ARE the ring

Eaen | si oxane r cog‘g tions thereof. [00361
structure, ng b"lmrgél é’p§‘& 9’9 8P 4ngh axgtgsgtutg} omatic,

t I
heterocyché r%fe?safoq[@érbé?ych@ groups FERRA %gz{f&iﬁr{e%? arllil(iryny s’tltlhen‘g as set

substituents nclude al kyl, ydr oxy,

forth abovgxo, al koxy, mercapt o, cycloalkyl substituted
cycl oal kyl, heterocyclic, substi t ut ed het er ocycl i c,
aryl, substituted aryl, heteroaryl, substituted

[0033] het exmealhereﬁf yh@rwefe&yhﬁélk}m&aﬁ%n@r é’ﬂe@i&‘é hal ogen,
hal oal kyl , cyano nitro, nitrone, "am no, am no,

~-QQH ‘99 .40 S, S(02 - Q-0
onsa1 | N M B B A ST Bl

atoms. sSulfonyl, sul fonam de, sulfuryl, and the like. 9 WO
2004/ 099331 PCT/ US2004/ 013204 [0037] Referring to
Figure 1, im de-extended bismal ei m de conpounds are

[0035] " ea‘ﬂl Ic¥rt§ih§§rﬁ) 8 dYs & 4o ‘H‘{;%eee%chf' dagl al}edl_egt(ri:}t’ 8‘?1%21%{“%5&8'

I nvolves con
unsubstmxﬂebcb]liﬂeﬁdrbrdﬁ:hw td? cacli aliphatiti aolefies hovih®fromato about 100

carbon sty JB TR TIHBITRSRLE, ReAnt ) G cobh ooty St oHBtRAGar y
unsubsututt&l arbRfafit bPRetkBaflfndtic MGt iHalin g?rdrﬂﬁefii a5 éqtl%arﬂogomﬂ

A wi de variety of diam nes are contenp use in
atoms. the practice of the invention, such as for exanple,
1, 10- di am nodecane; 1,12-dian1nododecane; di mer
di am ne; 1, 2-di am no- 2- net hyl pr opane;

[0036] 1 2-16l iopHEr BB BINRIHE Rna%d J aré-edt R HBPRIICRA ibstituted or
3- di am nopr opane; 4- di am nobut ane;

unsubstltlmedé sdoxane mmpetmsamemgirom ditaabhquo he pthane atoins3-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(O)-, -C(O)-, -S-, -S(0), -
OC(0)-0O-, -NR-C(0), -NR-C(0)-NR, -OC(O)-NR, wherein R is H or lower alkyl, acyl,

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



di am nonent hane; 1, 8-di am nobctane; 1, 9-di am nononane;
3, 3" -di am no-N- net hyl di propyl am ne;
wale@aiopssnl eonitril e; 1, 3-di am nopent ane; 9, 10PCT/US2004/013204
di am nophenant hrene; 4, 4' -di am nooct af | uor obi phenyl ;
3, 5-di am nobenzoic acid; 3,7-
di am no- 2- net hoxyf |l uorene; 4, 4'-di am nobenzophenone;
3, 4- di am nobenzophenone; 3, 4-di am not ol uene;
[0037] 2, 6- Rb&mﬁng)tmﬁigumqluiiminln&xteﬂdﬁl-M'smaiennidelcu&lp@ﬁnds are
i.am not ol uepe; i am ht hal ene;
ity e s ShSSle e AR el 0 e
condensa@ibﬂ'@if R ARh AR IR A Kimdr cﬁ’axﬁ!ﬂn@% RRAMIURAL M Rated
, 5-di am nonapht hal ene; 1, 2- di am noant hr oqui none;
polylrmdg 4dhe dmnemlmddwleq px’_e$®t fni adwnstmsigm ykizonakthet nebeSary to

fomthegu?%%?%g E}l‘ ﬁ% g'él ene 1, 4-di am no- 2, 5-

dichlorobenzne 1, 4-di am no- 2, 5-di net hyl benzene; 4, 4’
-di am no-2, 2" - blstrlfluoronethylblphenyl
[0038] pi s( éan@ ~varigty| of dinshiaenary eeriernplatesi fot usednithoopagtice of the

1nvent10nbkﬁ% ﬁg%f’%%%l%ﬁd;@ﬁ% poﬁlgcan[a) rﬁs% ﬁié%nododecane dimer

diamine; {25 {ibmano-dandh@bfiyphne; dl | Bdian@idcyeloRe@inedi, Mﬂﬁl‘ﬂ@ﬁx@@hﬂé
aci d; 2, 3-di am nonapht hal ene; 2, 3-di am nophenol ; -5-
1,3- dxanq@pmgap%elmfy Japripolane; 1,5- -diaminopentane; 1,7-diaminoheptane; 1,3-

diamninorferibics DR MASLAN LUl RRORARES 20 Hlip B>
methyldlﬁnoﬁyladnmndnmmlnemyﬂesmlnﬁlenEB di’axﬂnbpe(téhe 9,10-
e

am nophengxy) phenyl ) sul f one,; . .
dlamop%e%a%brg A %%ﬁgﬁ&ﬁﬁféﬁwyi?wﬂawa J-3iarpingbenzoip acid; 3,7-
diamino- Q&MQh@:Wﬂdo%e 444d1a¢d1§68eﬂ£61')h9ﬁ§{é¥ B 454h fbf®enzophenone;

4" - oXydi ani [ i ne;
3,4- dlamgm)tqima@x@mph@ﬁyﬂh)qqumn,& 6- dlammotoluene 2,3-diaminotoluene;

1 8-dian§@%@tﬁé4_ a?;)42 pﬁ@@%‘l}ﬁ%n%e%%lgﬁn%uﬁhén%i- it
dlammoaﬁt}&oqlﬂh@m NG-Gainddhihysuiond! Dh&IMthinonaphthalene; 1,2-
4, 4" -di am no- 3, 3' - di net hyl bi phenyl ;

dlarmnoammoqlan@rm Rd-gimenediaming: dydy bisgnisayiethythesaend; ilde M

blsarmnog,& Skg’g&cz%l%xgne % hYXPoZIOL? f!{aggl?ogo%%ze%gé th%égrﬁg{ ? 204

am nop enyl) uorene; f one;

dlchlorolfmtzﬁagllemﬂlabhﬁc( ajjt(ﬂifrﬁmyllbeﬂzé:mt 4%’ -diamino-2,2’-
- bi s(4- am nophenox di et hyl pr opane;

blstnﬂuoioxgetgygaegbegylll RiskABiES:dy ) rgﬁlaqﬁlgl)etilaae, bis(4-amino-3,5-

0
dlmethylghé{y@n% gfnlgﬁgg ﬁé%}lg%‘)@gﬁ%hg n%h;enyl)methane, bis(4-amino-3-ethyl
d1ammof2uo$¢r& ﬁ}anmnmlmmednhylb}dﬂé dighmoypdphtieder 2 3ediaminophenol; -5-

methylphEn G RRe sAABE GGy phe Dimsthane; 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’-dihydroxybiphenyl; 4,4’-diamino-3,3’-
dimethylbiphenyl; 4,4’-diamino-3,3’-dimethoxybiphenyl; Bisaniline M; Bisaniline P;
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am nophenyl ) hexaf | uor opr opane; pol yoxyal kyl enedi am nes
(e.g. Huntsman's Jeffam ne D 230, D400, D-2000, and

w2ebdoM3pr oduct s); 1, 3-cycl ohexanebi s( et hyl anP@EVS2003/013204
xyl yl enedi am ne; p-xylyl enedi am ne;

bi s(4-am no- 3- et hyl cycl ohexyl ) met hane; 1, 2-
9,9-bis(4—m1§12)ghqtga)ﬂgg§eﬁ§,x 9)%?(}1%«?1 éulfoney rrzethylene bis(anthranilic acid);

N e e

bis(4-aminapheihoxgbutdre; domﬂ'en@amimphmfoxyh?tamelﬁami Bg%tregﬁetgﬁl 1,4-
d ' sl ight exces mal ei ¢ an ride to

phenylendt iR ng 3 radGiaRe e R GS: 54 HiamB koSS Rt e
e

sminophcARRRIM SS64o 5bY DS AERRIGHES UL b KIOM { ki

D-230, Dﬁ]:ﬂOeEaiiQﬁ)OL anl laf40ﬁalpecpdnct$ESI bnyca\ohesaﬂ&ins(meﬂqﬂnmm& Ime

actl on
woienea B0 A BB e SRALASRo St RS E uRTha
bis(2-amideehoxe) B C3(a¥, 8@)%5‘(5111@1‘6%&@1)@%3&6?&5 4. OZAdeEilrFér and the

conplication is that sone of of the closuré is
like. not to the mal eimde, but to the i sonmal ei m de.
Essentially the isomaleinmde is the dom nant or even
exclusive kinetic product, whereas the desired
n1de i,s t t her npd roduct . Cbnver5|on of

h c
100391 e THERNE BIPGE oo e A b OB B eteyroies
amine residl@Wyvith & BligHt dxcRabF haldi@kdnydlifle H"t%rrﬁ@ﬁ@mv\;enﬁ.kl'emgﬁé%
amnes, nmay require forcing conditions can
This secondovigst canthe agremplisherl eowplaysrg teehniqudsetell lofovar taghose of skill

e e R RAERED GO0 AL B A 0PSO Bl

maleamic aeid mmaﬁldneﬁdhdz pritnhararpine svithagileie aanydtillel, BRlowWadHy

roduct .is exclusively isomaleimde.
dehydratl%fwe‘ro £t ﬁﬂta#'@rrgff aid et weticuiydEie AdEHer p@nplgcauon is
y2 t he
s eS80} e RS e MERBIIRRI A R R
Essentlally-ltﬂatls(nmléldudhfexstthe dbhmant dresveh em]imvd hnﬂi@p@ddctywaex’ehw
) of the nal eam c_ aci via the
the desired 3 fffelgﬁ s Bedermoddrpicastishl opletO etk M 9
the malenﬁi@etlshﬁfecﬂ%l? e 6w s g‘a%ld}’l?arhaﬂ 1n2th9 gas%%?@héhaﬂg%pmﬁ‘e%,
add to"the I soi I el"d am ¢ acl
may requlezsﬁoemng ¢dndithons vehith fant lswanghetymide@cﬁ ygowka tasaeieyr oftadher

approache% 'cg]g 8 Be tertﬁ%l 0Iyrend de, nuch less 11

[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 (HOBt), the product is solely the maleimide. The function of the
HOBt could be to allow the closure to proceed via the HOBt 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



WD 2004/ 099331 PCT/ US2004/ 013204 a strong bias for
doing so, a route for interconverting isoimde and
WO pi0d@99331 t her eby establ i shed and the ther nodyP@riig2004/013204
product, imde, should ultimately prevail. Thus if the
initial closure of ester forned in the DCC reaction
a strong bigs Ergloingsp, p sBitefay enter@pnverrti@gwi,soir@de pidiianide és t,bmbm ed

establishe Y A BLATALE pRlaub AL FoulIFuRblliPbloPih inhd it

cor ect

initial closumﬂﬁsd:e farenetl e tHeH O€ r&&éubﬁl 91e¥d2st ang Hsdi’ﬁudeh 6r AGhY Wimide
ester al cohol as an_  isoner] zi ng agent . An alternative

is produceﬁ@ef Kirgcdosusg plabe Reid tha situaion sulibgsnbsequently "carreiad
via conver&oh 8 teSisGffiad Brth?lr}\}\xﬂe U% ﬁ*le cﬁ'&)g i tﬂébacué? gsggi* a]rgo%bl Esban

entire contents I NnCorpor a
isomerizingefente Ao elterbhiiee methbd cﬂonﬁffelctnzgﬂleamlbeelsy@kdtﬁ)ntdfalﬁalé’aaxﬂc

acids is seLGFARLLS AT P & Opad RO BEEPTB CORRES oL Y StiEhy dr at | or
mcorporat&i h&RIneR Peferdfek A5 his AN YS B es 3 ﬁ@ kifa$ c&[ Qi des

npetltlve reacti on t1I mes an UCt yle
successfulkyeusad m/@pta@e ﬂmﬂlztrsambumoiwmﬂmhhmlbaen umdrfot ihe
t he, advan a e of. haV|n no

exclodehy GRHF O Faleatiiecioka "t hes G G oG He: FORBTIEITgPles

times and p@ddd: 104 reMictv 16 REuNPSIRKinBd QakUGRr Paprbtiesolvents. These
ycl odehydration reaction. Furthernore, such salt

salts have e@radwtﬂ%ﬁ ofdresingtne aoeprgessie aish ﬁlesflfblt@bhiwetq@ poss1b1hty to

co-distill Wi %ﬁ?ﬁ%ag%r Cp% chd {)# thebcl}/cf'o%eﬂjz(irg%c?nereg?qlornoE liteg‘ﬁllggeg ggﬂ} e)

salts can bt ledlorgibtoriabe téviiablegahpilithy eh@uéeteristiceM.é. heluea it then
product. Such salts are not destroyed during the

refluxing @qu@a@ FRLeR: Bud APl 31GRORARMPYTAFR Rt @erreih Hhefieeasy
removal erH thé !r@a'aﬁ# xroﬂﬁ \gﬁil s%ﬁ?bl% Ry Qe ?E? dl(ljru%%{r?xél] A. wi de

variety o nhy are contenpfa use in the
cyclodehypratiot reaetiod and, Iti&are:fmﬂe nin bneffisiently asycledngaixanilagain.

pol ybut adi ene-graft-nmal ei c anhydri de; pol yet hyl ene-

graft-mal ei ¢ anhydri de; polyethylene-alt-maleic

anhydri de; polymal eic anhydride-alt-1- octadecene;

[0041] POl VWOwaRWEBS-& raﬁﬁ drifRb ﬁfeccoﬁfé?tgﬂﬁtb&j for use in the practice of
pol y(styrene-co- na ei ¢ anhydri yronmel litic

the inventiginasve} @s,ufdreexanmlwp@ly@nmylmnp@aftmﬁém nmhydatdhymmbylene-

et ey o UL AL I SR BARAA B5PuRAD A -a 1

octadecen@;,p%l@rd@flwgfhﬂﬁﬁal&eTahﬁﬁtﬁ{dépgmbl(s@rém@éﬂlﬁﬁ[duﬁﬁlhydnde),

bi cycl o 2.2)oct-7-ene-2, 3 - tetracarboxylic

pyromellityg %}ﬁﬁlwinﬂuemaléxcewnhwr&?ewqcm Adlperdaakb2Bid
cyclobutalgét&%% kﬁ?c 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 dianhydride;
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

12



et hyl enedi am net etraaceti c di anhydri de;
3,3 ,4,4" -benzophenone tetracarboxylic dianhydride;
WQ2®4/0993481 - bi phenyl tetracarboxylic di anhydri deCT/US2004/013204
4 4 -oxydi pht hal i x anhydri de;
4, 4' - di phenyl sul fone tetracarboxylic dianhydri de;
glycol blSQﬂElellmcsz(r@ydmd@s wlrp@uypsshinhthdisenhy dade pHplpedic

s PR P DA
anhydride@B Jags s td:tfah?ﬂh%ﬂﬂiaﬂ@ anlgidHye; a@ni@ltm%ﬂﬂﬂx@@ ghitaric
PCT/USZOO 01320

| ycol ?Hétrlnﬁ||ltlc anhydri de);
anhydride dedesquy encenie ppmdnas- hexadersatyweiniqanhyirideidi ¢
R T T
mﬁwdn&ﬁaﬂdﬁmﬁ&ketrahydrophthal|c anhydri de; 1,8-naphthalic
anhydride; glutaric anhydride; dodecenyl succinic

anhydri de; hexadecenyl succi ni ¢ anhydri de;
hexahydr opht hal i ¢ anhydri de; nethyl hexahydrophthalic

[0042] an hy&lg ééi‘ %@rtﬁ ﬂtﬁé@%%?%k f4e, thitle-RRAYEN hdRimaRd the
i set forth in the Exanples herein,

compoundsmed@ueﬂ@ehld@d rth simpicthéure @odrpmJndgtler drmi oty avriileblat
are to r, than gcur.re

maleimid§ NIRRT Fn e ity bR A30E IR Bl RS Biositigps or

added to 4W@jlatle I‘éﬁlﬁ#hsall t@m@dnmga@bﬂs ITHe rEA8BA8dstdf IRSin@enticrOfEichbe
to available resins as a toughening agent. The

present infhe entaplecshhesive ¢RIPASIORAS itdn WRPYN firom 2 fe2% Feighh perpent

ey v AR RE AT P S P TR 7 2

conponents present (excluding any fillers). [0043] In
anot her enbodi nent, there are provi ded nononal ei m des
havi el n

gthe fornmula; OO N - r
00431 "2 Ulithriofen oG CIRE R e L PR g S GHE .

formula; @nd

N—RQ_N ‘

it

@) 0

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

13



R2 is substituted or unsubstituted aliphatic,

aromatic, or siloxane [0044] In sone enbodi nents, R1
w@ee4BM3ar e each i ndependently substituted or PCT/US2004/013204

unsubstituted |inear, branched, or cyclic aliphatic

noi eties haying from 2 to about 100 13 WO 2004/ 099331
carbon atopr fR,eHise ambedsnts, RiSHHbBIRE OF PRsuGeHEledReBaiteInt s,
icl MoitySi 3t d ' aromatic or
heteroamnﬁw%ltce@%lg%nat |gcﬁdf’r%?sg? 35%653?%83{‘0 ptoaﬁrgsdt o about 14 carbon
atons. [0045] In certain other enbodinents, R2 is a
substituted or unsubstituted siloxane noiety having
[0045] frobn Sertain athetiemb&disichts RNis atsabBitutkd of G beIRisITBMnS
i.s a_ polysiloxane noiety, such as, for_exanple,

R2 )
moiety ha‘ﬁflﬁl‘g‘pﬁy¥ gq plsiug A siligen W{ﬂéhghwnzﬁ ¢ipheiments, Rois a
polysnoxa% H%gegy,l Sich WA exaffpld Ggig%tﬂflﬁiﬁ%ﬁ ,txﬁaﬁglg&%rgﬁﬁf&%%e, Vhen

R2 are substitut e substit pr esent
diphenylsiboxent, wosembmasiens théwpf.h above. [0047] I n anot her
enbodi nent of the invention, there are provided
pol ymal ei m des i ncludi ng polyners having a plurality
of pendant repeating units having the structure: ON

[0046] O ®ika R 43d RNRE ubititdeed, ke subfghédtypRIeRare those as set
unsubstituted aliphatic, aromatic, eteroaromatic, or

forth abovej | oxane noieties. 14 WO 2004/ 099331 PCT/ US2004/ 013204

[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.
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[0048] As used herein, the term "pendant"” neans that
the structure set forth above is attached to a pol yner
worzion/ogd3ai n t hrough at | east one coval ent bondpPCT/PS49H13204
In sone enbodi nents, R3 is a substituted or
unsubstituted linear, branched, or cyclic aliphatic
[0048] npj ety uped/hegin thersrm {rsndars umearchatdhdstrucaure set forth
above is éﬁé&ﬁ d Eo?{'ﬁ@gfaxg?&taﬁf (ih%ﬁl thlsough ?Hgg’stt bhy E&\galé)r{t bomii.
unsubsti aromati ¢ or Reteroaromati C nolety
having from 6 to about 14 carbon atons. |n other
enbodi nents, R3 is a substituted or unsubstituted

sil oxane noi ety having from2 to about 50 silicon
100491 3¢ ot sopes Eafpdimensiits 2 sHeAFurd ofumubstpisd agdr o
branchedgmii@ aliph AR TBNES a2 Tom T8 Mdup hen¥A®bh Q%ﬁgﬁ 1n other

_ di phenyl si | oxane, “or conbinations thereof. R3 1s
embodimentssRi 15 @t salistitited os ubsbstitutedagoraatis ordetegearofmatic moaitpve.

. 0050] ,1n further enbodi ment,, there . are provide
naving g A P B SRe o Pt IR Pa b1 Gk 4 et or
unsubstitieQ esilok Mtk MBictyPhiayg REMING abbilitFOlsili®n oy, R cdn alffbe £

wherein: R4 is a substituted or unsubstituted |inear,

polysiloxgpe uetees, farexaypl, dimethylgingens mashydpienylsilongnet rom 2 to

. r i i : 051]

gy 84k, 1P, SAERE OO, PRy B8R ol Sivhich 2R

as set forthnghebst i tuted | inear, Dbranched, or cyclic aliphatic
noi ety having from2 to about 100 carbon atons. In

ot her 15 WD 2004/ 099331 PCT/ US2004/ 013204
enbodi nents, R4 is a substituted or unsubstituted

[0050] &f OMR} & Eurfier BRLEAIRRNL Mk %{ﬁ‘?&ﬁ&% nﬁ%ﬁﬁﬁiﬂd@ fpﬁgrﬁé?s

about 14 carbon atons. In other e I ments, IS a
includingsaiplatality bErepeatingumsta heving thestirusfur@gxane noi ety havi ng
from?2 to about 50 silicon atons. R4 can al so be a

SR

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, R4 is a substituted or unsubstituted linear,

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



pol ysi | oxane, such as, for exanple, dinethylsiloxane,
nmet hyl phenyl si | oxane, di phenyl sil oxane, or
w@eomiopsBi ons t hereof. When R4 is substitut ed, PEHES2004/013204
substituents are as set forth above. [0052] Exanples
. of such pol ymal ei m des are shown in Figure 3. The
embodimpnts Ry i§ §substisrtoder unsybstigiiied eramaticr hptepeatomatic moiety
. [ j gl hydrid ctj .gr o are
having fi{fR (124800 PRSH £l KL EEH MR P A PR e
unsubstitied yilbedriensoibly. lgvinged i @tth M b@N S0 siljeoh WRIRD YR L7, al@dté a
.. the like) _ grafted with succinic anhydride residues,
polysiloxang, sely a50f0E FEample ofimsthyiilorancy BsthyiRheanlsiloxange
: es] du : j K 0 [ [
dipheny RS B o b R I I A RSP R TS p RS fe
as set forthrabeve.t 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-, bis, and
[0052] pol msﬁdlﬁaw@ Ssack bolyhildiMYRE bie¥hoi@Yn Ffiré!3 € he precursor
i ndependent |y in adhesi ve conpositions, or may be
polymers g gh geraers wiithhpeadartror nzgiirbeinsuiceipigpohydrideafudcticnei goups n

: ' he ,bi | el f th
oo R 0 PN R R Bt
polypropylege, adl eifdi 1ike) geifie@svith Didcinlcdunhpdredd@sidees) peliybBMtient he

bi smal ei m de. ppnoner of the invention may be with
grafted withsgecinic RahybileresidirsnalFesnatio on kandany eapplymess aimaleisd
. SLV n nbagdi_nen t here i s .proyide
sonydriaGGRT e o Vot o B R HSPRD o mieBRTo Bufls
of the inveh&dfR la@irgt dLce3® oPdimehedB €y pidallly@8éd indt@erablstifigtess
. initiator. [0055] In some enbodi nents, the
undesirahle;prgas-BRiEBg Ragtionss nal ei ni de conmpound is present in
the conposition from2 weight percent to about 98
[0053] wei ghhe \meide-entended mogo-, bissand potymdeiatidgsedfghe inyentidremay
.C osi ti on, .l n. ot her epbodi ment there.isat.| east
be used ifigBRE kY I adhehivB s pafGR; b BRLBe rppirq pduiner
adhesive ¢OMPOSdS lafi rdsiRMIA On¥e b dinRbY te HEnNEHhiBasRM0RRYr SOHYO
2004/ 099331 PCT/ US2004/ 013204 total weight of the

inventioncaaypbe iteidn thesipdththe nessomenemeif] thejadhesive cempngitien. In
another efan%rowrr?etn?,sthe 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 imide-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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met hacryl ates, nal ei mdes, vinyl ethers, vinyl esters,
styreni ¢ conpounds, allyl functional conpounds, and

wo b@4lopdser [ 0056] The at | east one curing initPEr/082008013204
typically present in the conmposition fromO.1 w %to

gg # 96based on total weight of the conposition,
total welgghg ﬁh§ CPV’;BP@&P‘Py Such qopegomssiinelids, fon example, apEylatesed
e I e sto
methacrylg%%ﬁlﬁleﬁ%?lg%w thfefs §in ﬁgﬁj&-? sla)rgrhé )% O§éunecfst glﬁﬁ
functionamdrnpmlndntanémlwlgge (e g., light, heat, or the like),
deconposes into two parts which are unchar ged, but
whi ch each possess at | east one unpaired el ectron.
[0056] Pr efﬁwa@cﬂearsf&fe auaqgm 1aﬂoplsttg@r38[ e mta%ﬁlgo&a&n use
in the practice of Rvention
from 0.1 wb%pto whdst Smt %rbasgi:mﬂ:m@ewe(lght @f thehmwepoaitioal éndl is typicatly
t ran out 0 hour, at.. t er ai;,ur s in the
a tree-radicf g AT pShned Hin, e 64 e icaFBR G HHiERaoRa ca
chemical bp¥clds 3HEIS u@@ﬁ‘kﬁf&éh@ttg guffﬁQfenH&%rgW(et g eh@ft 51§etat Q)? ttféfhﬁetﬂe
pr esent i nvention include peroxides (€
decomposge iR itve paids Which @ya urpéamddmt mqmaah pnse@eat dﬁastjme
per oxij d

unpaired élggt{‘%l ;i%r%%e%‘rteg gxue? erdéc 6n1t1')1to§ C'gn{ﬁn—w& %%(H‘ &%Hbthe ptactlce of
the preseﬂfﬁ liBVen€ibh aRRWoptipoRRdsOXlYiE a8 dﬁgidsé gﬁﬁ 1ZR0€ a halfdifé BY the Bato¥!
r

hydr oper oxi de), azo conp
of about 1 lpurqaz'abggng(egalwg@ Hythe ,gmgp@ﬁ abput pT&)lp to 180°C. Exemplary

free radlcgl 1ﬁgla@%§’ p&f(&ﬁ% gg’%‘g%% IS légf;i]‘ :ﬂﬁ Ir%{,[t&c?%} ??ﬁ%t fnvEntlon[ 166%19?

perox1des'l(b . tcEtEUihy'lprﬁmdeadllbelaioyl pd:rbkﬂta OZ-butah@Q: pencAite]esit-butyl
photoinitiators,_ For i nventi on adhesi ve

perbenZO% 6%11&@%@6&0%1@ %érhl%(teﬁt-@ltﬂﬁmwércamﬁhy hepangur i ng
bls(tert-blﬂkg%eg'éﬁ% Q&Iﬂo@ﬁ o%g%nﬁlqte]??tutf{ h?é’l@b@lrrogfsag akg tC&S{Sounds
(e.g.,2 Z'WOIDJQ@Pmaﬂhybpropﬁne@ltﬂllaM%tazo&s(lﬂt ﬁrfethaﬁmothrxamtml@, andtlal'-
e. a conmpounds in the conposition
azoms(c}'%@hg’faﬁa?%ﬁmgﬁﬂ%’i Hé]ilﬁ lik§-n" 3 one embodi ment, the
photoinitiator conprises. 0.1 wt%to 3.0 vvt% based on
the total weight of the organic conpounds in the
[0057] con‘p"ﬂ@‘i teio ﬁfre@t&dical hiitliatatt”olﬂssw inclodesdhotmemitiefons. For
1 g vattJ vea benzi 1:% ¢
example, fo1nYetionyy Q%V&ectogm?é Rethat conain A akgiainiliriondhe Auing

process cé1 Bdini@atdkyy) BieRanass. Aé MhuRbédenephdRsnitiator is
titanocene compounds, combinations of benzophenones.

present atzghepncertraties of 0. Iy Ih s wi Zadsseshen theriekal weight @fethe 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-hydroxyalkylphenones, a-aminoalkylphenones,
acylphosphine oxides, titanocene compounds, combinations of benzophenones and

amines or Michler’s ketone, and the like.
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17 WO 2004/ 099331 PCT/ US2004/ 013204 [0058] In anot her
enbodi nent of the invention, there are provided

waelr@4mre3ach pastes including 2 weight percent POI/ERI®O4/013204
98 wei ght percent (wt % of at |east one imde-

ended nono-, bis-, or polynmalei mde conpound
[0058] des cIrluaB@@leh@mb@@me@wofémwﬁatqnoﬂ@re arp predded diergtiarhon

pastes inc 1@5@{ %iﬁ{ﬂb&%{ent tg?b(ﬁgas i O%Héggrgex?m t ?(lflsa)é eag‘tt xﬁ’rﬂe-

extended iﬂ@ﬁog bwdmrqmmﬁhﬂémﬁ@e efmyRuny ldastdﬂbed H&Tehf;\@f ydnﬁblﬂsmons

des Iné eth ers, Vi né esters, styre
thereof, b@&ﬁﬁ&&ﬁ@éwe@ao the gpmpeaiaqn; gRGAPnally o Fh Biteds ab@ﬁ&Otvﬁe"(o of

[ I
ot o ko Ry P S i o SAL e
maleimides) @iyl Bthets, Y@l esadrs,|sgastic oorepainds,nagdi atiiyt ﬁmt:tmmal bas ed

n t gl i ght ofthe co 05|t|on t
compoundiy i i oo asp o fora v T eormagiomng t dwhpO et
a conductf f11RE20.1WRIBR aifut 5RR %@mqédsE bl%‘cur[r%qﬁﬁﬂatdrnbé%@& on

enbodi ment, there is provided di e-attach paste
total weighbafthe somgositia); 2dWel wHb tpehaieAtwtfio ofibbigast 98¢ velding

rcent. (w9 sed on.total weight of the
agent, basggr‘?ﬂg%‘ial f"SWPt/%\%tRF PHRS s nded bi smal ei mi de having the
structure: 0 00O OO0 N - RQ-N—RQ-N—thOOO

O0 O n-1 wherein: R and Q are each independently
[0059]  subsliniangteatbodimentshirs s provislad digratipehprgs campmmg c,

het er.oar o i e o
abo uq)%geln'af Qeigéetng fo Sbro(t)lg ?g\g%{gﬁg er%.%n% %fv}n@g%ase tatl

welicB&H the bbelfosditson) ah 1&&6%&6%%1@&9&3&1@ having the structure:
PCT/ US2004/ 013204

0O 0 Q O)\' O Q
N—R >\_‘_Q— Cé[q_ﬂ —_ Q- N——R~—N
[e] (0]

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
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Op OCH3 O N-C36H/72._ Na OCH3 CN'"C3sH/2N b) O to
about 90 wt%of a filler; d) 0.1 wt %to about 5 wt %
w@pooat943enst one curing initi ator, based on t oPEl/US2004/013204
wei ght of the conposition; e) 0.1 wt%to about 4 w %

f at |east one coupling agent, based on total weight
f the corrp63|t| on. [0060] Eillers contenpl aéed for

se |n t he actjce of .& i nventio can be
al_|l 211

/o?6 [EN] ;
eol ogy of #L he resulting conposition. anpl.es of
abl e elg%trically conductive fillers whi¥
enpl oyed in the practice of the present invention

include silver, nickel, copper, alumnum palladium

gol db) Qtceatioiut 80 widtedlafilest ed graphite (e. g.

ni ckel - coat raphi t opper-coated gra hlte and

[ he PO ES A RS T of RIBRE pectisfe Siiphlfagea 81 fowa
Wg%gganhgymggggggﬁlve fillers which can be enployed in

ractice of the present invention include

gr ap@u Q. & wt@ terabauird wi%rdfdéleassidne conpling dgede basedronriotal
W 3ﬂﬁ dlann d dust, alumna, and the I|ike.

€§hé% 8§OEHP% et prlnarlly to nodi fy rheol ogy

include silica, fumed silica, alumna, titania, and

the |jike. [0061] As used herein, the term "coupling
[0060] agenFillepscqontasmplated Fesiise &1 the peasties of uhatpresantenm@nlcen bé¢

eleCtI‘lcapr%qldH&l %H%/thﬁe%ﬁ)%l y §5‘x{c$1§fr}]\2 ?Hg o 8%91%% l}ﬁk a_) act g)rltmsan?yoto

modify tltbrrhbcblegy of meaegulltﬁfg duintpsitibe. Edm?uey 6f QOPRSIduERly
Ilng gents thus facilitate |nka e of the
conductiy fé oA VAR caaé)ﬁérrtpéoneﬁén Yipsactiae ef is Apreehinventiqngnelude

silver, mc?(%?, lcgglgeri :ngl%ﬁxé] L P Eﬁﬁﬁ%{lﬁ’lr ?18 O%Bbﬁl{ég 8RR ated gﬁ-{pl?lgg (?ié.,e d

ctice fesent 1| nv
nickel-coited lgnaphits] ¢dppet-eoaest grmshitemetdahe alkey had thedillet Examplps of

. | . . . .
suitable tﬁ‘erlrjng]llg lZI:g]nductlve fillers which can be employed 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 triisopropoxide), or
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met hacrylate), titanates (e.g., titanium

nmet hacryl oxyet hyl acet oacetate trii sopropoxide), or 19
wWOD0200385099331 PCT/ US2004/ 013204 conpounds tPEL/US2004/013204

contain a copolynerizable group and a chel ating |igand

4 % hosp h|ne rcapt an, acetoacetate, and the
compounds; thghconyain 3 6900 GO eeipap andrachelpiipiiliggnd feg Bhosphine,
ol i nyl
mercspa AR I N TBL ARSI Uyl Bihenll
contain bdth kep; podi)sntmﬂableafanal(ﬁu (eigc ainy] aniaty, a‘cbbfl@t‘elrﬁxﬁety'l'he
ilicate teﬁ ortign of _the cous ng agent_is

methacryle%%w@ a1 W ikehas wellas £ pilivaie g5teh{HpcHRR-dEhe pileale ptteron
portion of R b AL ARt At s present on
the rmnerz;j@hgfmofzsuhgram twhilehbe ot-helymeszatie fxmmomp;cmpmls of)éo-
) %lon i e-attach aste(acl ertgl odi nents |
po Ymeﬂze:%% %fﬁ?%ct%ﬁf) iRYshlige die-pitac epaﬁﬁa fefigin
embodiméhits é(ﬁl@hh@\i é &fht&ﬁ ate@bARET {He p?édtﬂc@ ar ﬁleqm"é?ﬂtl'oﬂ Qre
agents suc pol y( met hoxyvi nyl si |l oxane). [0

oligomerig é)xhléaté ﬁb@ﬂimmgﬁsts shdt #s gotinstheixy viaylsdoxaned t her mal
initiation may be desirable. For exanple, curing of a
photoi ni tiator-containing adhesive can be started by

[0063] UV ilnkeéfe @inbedimedi¥] bbih photoddiBhtidl ARIGASIRY ifitifkon B4 bdd
can be conpl et ed by the application of heat to

desirable. aﬁqumpk;hcwrf& e phoipipidiptosgprtaingeg mugsxvan@n bhetaried by

uv 1rrad15tm IT'fJos asla[@%f)b%%% 1‘?% aéé é:Hgfr:f df 1&8?‘8 hete z?p&)Xlgatlon

of heat to Wtddmphsh a filctradinalecui € NPeth ATV ad thaﬁgﬂ inftialifds may Gerefored
curing will be effected within a Iength of tine of

be added fodhe adhiegive LORPAYIEiRNt 0 60 minutes. As will be
under st ood by those skilled in the art, the tinme and
tenperature curing profile for each adhesive
conposition will vary, and different conpositions can

[0064] be Id gsnégﬁ]e thesocqmpasititens Wil corerwitign priempéreturheangwof 80-

o swt to.t he ticul i.ndust.ri al nuf act u
220°C, and Eyfi B0 bo Biskat® Rl £ pfh o e i cham FBiuie i, o
minutes. ASWHPSE ﬁxhdé?ﬁoé‘ﬂab(y 9@5@ Qlifled 1@1QH&3Q’€ RS tifndahd k&Rbrature

additional flexibility and toughness to the resultant

curing prafile & eacthadtievioe com@hn@mwpibuardsanﬁayffb@namnpmemsm be
designed & prgvﬁer: HRR éu?f?ltglprofnia Eﬁart will bQ %lt\llﬁerAQO ?heTgargcular 1ngus?r1al

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 typically 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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| ess, and typically will be a polyneric materi al
characterized by free rotati on about the chem cal
whowd®993she presence of ether groups, and the BOBFESNE4/013204
of ring structures. Suitable such nodifiers include
pol yacryl at es, poly(butadlene ponTHF (pol yneri zed
butadieneaarylanijiale bbb anfép%lapmmkme ploMWlen, mesgm, sveliewhy ) |

BT R ———

other momofangiiohylprinyydoepeugd.ycol . When present, toughening
conpounds may be in an anount up to about 15 percent
by wei ght of the mal ei mi de and ot her nonofuncti ona
vi nyl conpound. [0066] Inhibitors for free-radial cure

d
[0066] MY Ehﬁﬂto%efo?ﬁ‘ésga%gsc%ﬁg;gﬁngé by deeﬂqmé&hbmﬁea”

di e-attach paste erein to extend t
compositivae ind distagth¢h pastes defcribed hpesi toi caresid ot sifudi shel f tifeof

compositiofh FHISIG 105 HERBAS A HUBA SR BRorA SRR e (e inhibiors
include hidErediphbRi14 suRutay ; Gldxnﬁhtﬁﬁltﬁhﬁﬁﬁ{hyl;ﬁwﬁold bt @Ltkrtlyiiptls- 4-

met hoxyphenol ; tert-butyl hydroquinone;
methoxyn}@m:lamrtswumlth}gdlrmuet(@e&eﬁakls@netth)ﬂmq@ S4di-tert-butyl-4-

hydroxy Ryt ) Bense B T BT RS F G terhugdrmyoresghl 2pd 4,565
mmethyltzl4 GBS 572dideh- bturtylscl( ﬁydr&yvéhz;twehzémt Othd Ry B¥HBESE

y )benzene O her ‘useful %grogen- donati ng
donating apfigxadanthainelyds derivadiscdeln-p nwlﬂ@sdlenm}f— qméhghe@m@aumnltﬂé

also well ?ﬁg\tv% %reag%tégtrﬂ@%r%bt dénﬁatm | %tflzclaxm@zlntts ll{\ ngWe Bﬂuetrg gtlc%ly

combined itk ggin®hés; ahd setaC am@tmadrswb ke @i vl&qnaﬁmeandthtoal
deactlvators to make a very efficient inhibitor
package. Jhxapples of suitahle gingresdpflidhbenzeqHingite 3- e BRyéd. 4

sncons SRS oo AR 190
benzoquifloie: dxahipbas@f Inefal deectiratpus imolhede NEX abtpﬂ?)eﬁ;dﬁfermlmtyall-ll-
hydroxyqyég}%%%g r%xlé%g%%%aaﬁz? )ﬁgl%ﬂ%igél}r%rl&e)bmdy N—phenyl -N’-
4- toluen@éu%ﬁﬁ‘? Heﬂ?l@ﬁ&ﬁ%ﬁ%' @ﬁaroxﬂ'i‘ﬁjdl&l RBEPYhAY such as TEMPO

uenesu - p- phenyl enedi am ne. Ni troxyl
(2,2,6,6- tp@mn@thyl bprppndmdgx;g dele radicalEnRQ@Iso effective as inhibitors at low

concenteipy PuSie TobRTR PAhar RGN LB wljeshy FA 6
range of COINGLANV0 phia8Ritivd Retht Sleddht dFRIIThasd resinl IKECAIALti VRS, bsich

synergists typically falls in the
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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range of 100 to 2000 ppmrelative to the wei ght of

total base resin. OQther additives, such as adhesion
wEe@anesss, in types and anounts known in the BCT/PSI004013204

al so be added. [0067] These conpositions will perform

within the conmercially acceptable range for die
[0068] At t ae"kﬂVa@I‘Hé%qu&]é'sthe@@llfﬁ?ellmk@éImlana,dmapmahP@ymalleumsief or

t
compoufls i P58 S APDSE R AP Rs B edl
and ﬂex1BIe théra@pldsdopekarialy £ ro@h engsceat Rl Tthlaémth@fm@ﬂmﬂc itnfded- S
at 240 C. Acceptable values for warpage for a 500

linked mﬁlega@ewargbem@p&péd@dnwm Ellersnepsalpts, linkibiterRaandmoupking|

e O T O SATRECAOLE. 555 10 2RO piRS"

composmlclinsde theknkgsidstipno settlipigSvill o2be qu@ing lmip@ln@ cﬂ‘%ttﬁ@%&) OKHRES
onpOS|t|ons of the present invention can

Charactela%ﬁ Gireeforeclsuprarif askaging, SeipmeAtaN siorpgst without
refri geraﬁﬁx? 5 %}e g%ﬂeﬁle’mﬁs rfhcq 1&%{1‘835%%{‘93?:?“@ g;ofi‘téllé{a:] flgeélﬂb%sigto

stici1m
various shepgsend dads ertehlsefoqulse ] appdicatigstb leckmohickiohpogenta Bgt/or
o make.a fully forml ateddgdhesive

in
substrateHitis, G agp Tat Tamrabon i pmetlde BRI AdhR VG Tope
that maybeep (ﬁ?éc'tl 0 Auisghfel fbf‘goﬂ’&ﬂét el@é‘t[“o‘ﬁ?1 &Héﬁd?xgné hh&Biong

or stora hese characteristics ore al so
Accord1qgetp rﬁhus n@mdagm ng,deéimﬁ(mhmtemrdft csmppaxyiaomcﬂlhmue composition

s cxradf S A S SR Py ERE AR S Bl b B

a packagﬁfgad@)ﬂ&niﬁ‘d Th IRStH Gadfes Rpe difeRd cAPBddveateh@P bl O
el ectroni c conponents and/or substrates. Thus,  one

selected By H@cﬁeswd WS eafphigetian @mmtsafaalneﬂhu@l afshertfropadfhmasiibe

packaged TR LARBoi bR TN, LErPER ISR SR BE Ehpebtff out

sale. In mnwbdmgemtmftm metiRidn 0@ ropdadhebided d dikeuthr@juaidybele
ound or ﬁ%he3|ve co osition _is _extruded in a

rectangufag gga@ri%@ss tagshory %@tqﬁ Sbet typdo Ag mulingeers ipdiapgier: Abe
most preﬁ‘?req C?ﬁﬁ’fenl%? the! r%é’adh@s@@%ﬂér@ theORREALNS ExtlrJJéa ih 8 hlpe

hesi ve rope di spensed can conveni ent
(in cross se¢tmi) efla Equrﬂdrté)edl ebiveeor staéish.afjhkimaniion alcso cumteinphaies

e PG R B b PGP RgRgE b e
spheres, Shéhenked Fﬁpéxa?dﬂléﬁ 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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sale. In one enbodi nent of this nethod, the rope
adhesive is a circular, square, or rectangul ar shape

W@ an0%83t he short axis) of about two to 15 m PECT/DE1004/613204
in diameter. The nost preferred shape for the rope

adhegjve is where the material is extruded in the
[00691 ¢ hapi‘ile present ineatienglse Biovidss methad fon bangig 4 edeasionisy
cornponeﬁtt @ dubfratd Eﬁn%a %H'a@ﬁbsﬁ}g?garﬁ?ﬂlﬁgpglﬁheﬁ ropel algbt%tnla %ha
apes may fact ure extrusion or ing,
dots. ACtsmdimgae this biedmd, thd(atlbemvesph&lfmureas‘ldispdmeed dikectlyFodito the

exanpl e, the adhesjv y formed into single-use
substrate a1 e ntsHHCE. 0 BRiIc Hie o %%reB&%&tran@.CH@pen@teEw grfmple,
a rope caft 99@9{'&3&&1 W?th@hééiﬁﬁ{rﬁt@taﬁd tﬂe‘l@kl\‘é@&%&x ﬁ{) an be'BY fiBfh the

packaged on a di sposabl e paper or support ‘an
end, therghyeletivendig a €antrallse anivhet dfetihafive tadirepievise poipt af dasirbd

o SR SERE AEEL L ST o
melting. WEH@h & driourt BEadlREive @@ Wil bk RRuied 48 Lin %ie fppiBatifn 3291

in dianmeter. A nmultiple nunber of s nay al so be
be predetarplp}m%at the Hewof mraufishue. dndisidsal aiquets @§ttheaftdéeme can be

pomess 56 SRERAREyd 8RR, 853 D% R oY BAKE hRcLoL™
for exampl2 a%cﬂﬁﬂédl@%&?v TnR@d 44h26104 153 r{Med HAOGRI subigate, the
present invention also provides nethods for bondlng an

electromfewéemrﬁm i8 thenioptastedtwitlpthg dispprsed adkesiig ang therdhssive
0 )
e o GRS METBLLARAIOSHE RO BRE mbhBRRRgeA Yo i
that use dfmncésaadihﬂsﬁlehs awbidque MRediedhdsre hisymethddfdcliRates pilesise at e
anount uff|C|ent to b@gﬁ the desired el ectronic

positionipgofARERPe aebeliraipats Pavanied afhesiyaomamaionct BiF WELe

and surrohﬁ&'mé WR5tk hRthe TRBtheMBp QR ffRtte DRk Ed’hegf%@s 86eiS l&he? rom
end, thereby dellvering a control anount

SIgmﬁcaxadlldeglt&/&eStf@r qonengreiat ipmicp@dnstcoofparkdgp ﬂmjtrad»mdail pgste

sesiveBiep B Y S AR 9L e e B e A RO

refngerat@fi s@%@%%oﬁ&iﬁbﬂ@@rad’ih&ﬂaﬂ?%sE@ Fﬂi'tl'i@ﬁasfeod'dh@sﬁésngi €ully
application can be prédeterm ned at the time of

formulatedetherfraapilastie adhesdievinidtat that contains sefficieheinhities cea tedept
nsed, . and. t?lubse

forsevergtmpRpEMTE A BpncrodERPern S T 1 Berfarmanes

The therrB¥AAF cenadfie bNthivadhegibve BQtHRrmoRGRe NG AFREEHNES the filler
positioned onto the substrate, the
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 a 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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el ectroni c conponent is then contacted with the
di spensed adhesi ve and the adhesive cured to bond the
We@bk@enywsi c conponent to the substrate. This nmeCTos2004/013204
reduces waste, in that use of excess adhesive is
ernore, this nethaod facilitates precise

avoi ded., Furt ] .
arc contefAt AR I TEARES 1o @SR R AL BBeR sk DIDS bonded
(e.g., eleQHRESENR HRAE @%skﬁ&s%gﬁi@ﬁi&%ﬁ%é Qéh%sivé,rkqlggeste
surroundi ng work area. thernoplastic nattre o
quantitie$ foevarienthapplivaonsf dndreenditibay reqsirghiof ducathe adhestve, aRXit
f Co rcial .applications conpared to the
format wilf b parfigplatly Beefyldor makiRidgadicriea of e i AtRPYEN. The
characterf@cE fHallnhy hEE6S WEE Und\eh & MO At FoRGUIiRe B M AR  for
) .refrlgeyayed storage conditions traditionally used for
applicatigthendoeising of dikssivieasanufactures (e.g.fropesdralt dots) iche berdpdcaibtd ¢
t%qhgsi ve m xture that contains sufficient inhibitors
Can be kept for several nonths at or just bel ow room
tenperature without any | oss of performance. The
t hernopl astic nature of this adhesive furthernore

prevents any settling of the filler fromthe resin
[0071] gty Mdk!@nﬁﬁﬁgﬂb&%rﬁe@% ok thg anveptio picludsadbesi vnanded t he

structurelé‘g(%}gﬁﬁﬁgscﬁ i?ﬂiﬁé—ﬂﬂﬁecprnﬁlte&?’id% ﬁ&ﬁéﬁ g%g&)%giti fis packaged

or consunpti o e end-user ncl uded in
Nonlimitagodxakiptesiof tiee qihedi egorcied sadtireg ircludetd ddtonndongroaeiitt
of curabl e im.de-linked ma|eimde adhesjve
bonded t%aﬁﬁa}bﬁﬁafq’ BFFF?IBC%‘E’@%PG“‘F Qﬁ%‘{edéﬁénéiead‘fligeoli’ﬁaéd%onponent
to a substrate and instructions for using said
adhesive to bond an el ectronic conponent to a
substrate. The adhesive supplied in the kit may be,
[0072] for Imexetippier ¢mbastimpnt of dpeingentiny theoy are pdéfp@a%asagnbifes

[ - . Lnstryuct i.ons .23. WD -
of compdygts ABhGE8 Tt el Buipko e e S LB Rt Srommpepisons
and/or dik Aaheidgasisr Thid, GiSexhdplep i8pabHE comnpsighefigt anent s

that wl| be bonded ge.g., el ectronj c conmponents and
permanegfly,adheraddey sgppnd; astcls By agrradpdiqgetidhe eboverdesertedd
. it f AT ' ' itians
adhesive dgBRblikLf frc R6yHBY, RHEIRRBHIERI AT Ry RHLEPRELIIRRT |
inventiopesrhpasitioms lincludeahethorfyate vivas, A SICH vidhiasicugsocbsdri €lash
i_nvention w ,&(h characteristics that may not be well
memory Jeyees: ?‘Pf{]tthﬁé‘ &rt. For exanple, techniques for
application and curing of adhesive manufactures (e.g.,
ropes and dots) can be descri bed
[0073] Also contemplated are assemblies comprising a microelectronic device

and illus

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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and illustrated. [0071] Additional enbodi nents of the
i nvention include adhesive bonded structures
w@omuadesng curable i mde-linked nmal ei mi de adhPGT/U82004/013204
conpositions. Nonlimting exanples of the adhesive
bonded structures include el ectronic conponents
to a secorghitiels, emplyingremethodinchMingei rcui t conponents bonded
to printed wire boards. [0072] In yet another
enbodi ment of the invention, there are provided
(a) applyi&i%?cﬁéTﬁﬁdv@Sdes&fbeﬁgﬂﬁé%B&rHoﬁm@@ihéﬁ et angidigéleenpl oyi ng
t he above-descri bed adhesive conpositions and/or die
attach pastes. Thus, for exanple, assenblies
. i S| ' . arli ermanent] v adhered. to a .
(b) bnnglglg Eige{] falssg?%l %céﬁ%%ﬁlg@ é%ﬂroélét%giztg &8 ttactgt]@ f?‘%/% an assemgly wherein
the first adixdy endlgdgGetdidchrticld heskyaaed BAESbyt the Adiase eotposiEidn
. ..Articles contenplated for assenbly enpl oyi ng
applied in {)eand; therealéifposi ti ons i ncl ude menory devices, ASIC
devi ces, mcroprocessors, flash nenory devices, and
the like. [0073] Also contenplated are assenblies
(c) subjeatimgphé sssambly toicondibeciuitabie to dereitieeadhpsiveamm@podition.
adhered to a substrate by a cured aliquot of the
above-described die attach paste. Mcroel ectronic
[0075] devi SESiARNE ABloRleCordiOHeHEE M EJ‘adh@éi@sflg 'aeaufép%o grtac h
pastes 1nclude copper |ead ?ranes, Alloy 42 lea
substrate f eraploping sithétbochcatmpsinggal | i um ar seni de di ce,
germani um di ce, and the like. [0074] In accordance
with still another enbodi nent of the present
(a) applyin@B& hb&/R, deséitRMli@ittich hayk dethe FEbIQALSarldddr tRelhesi vel y
i attaching two conponent parts to produce the
microeleg{fpiiedeiéessr i bed assenblies. Thus, for exanple, a first
article can be adhesively attached 24 WO 2004/ 099331
PCT/ US2004/ 013204 to a second article, enploying a
(b) bringimgtthoshibstrate wdd rg: def ) iapphtynmg coiacteb dvien aie asseinbBad
. tgdhesive congosition to the first article, (b) ..
wherein e SWstREp anddhe fdevdee aip gensgrtethenly byithe dicjatiach ¢oippasiion
s m an assenbly wherein the first article
mnﬂwdlgggigﬁ%ﬂgg%%%g article are separated only by the
adhesi ve conposition

(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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applied in (a), and thereafter, (c) subjecting the
assenbly to conditions suitable to cure the adhesive
w@eovpoi3si on. [0075] Simlarly, a mcroel ectrPei/vsS2004/013204
devi ce can be adhesively attached to a substrate,
enpl oyi ng a nethod conprising: (a) applying the
suitable to dbmv en ttesle hiabied tetivdnd tmichmpées ahd coltectingthé temngnal

nm.cr.o. .devi ce b). brin in .t he

. and/ or. t he . | ectroni
amino moigfifuP i fitei BPIHE 1 BUSeE GOTHET Sirbia @ torpia Bl or m
thereby préducRESaie-eXRRIRI HsthNeinBedabhaker, and the device are
separated only by the die attach conposition applied

in (a), and thereafter, (c) subjecting the assenbly to
conditions suitable to cure the die attach
[0078] confidsbhdarstood fHA0TGRg Gordinpbomts andinteabbdds df checpresent

o, L RISD, 8 B0 L 8 T 2o bLECL P,

the judicioa® eldic SCamb@t ofRRHS-, BisD okipolyfudciortl BohpSundtNiThe
rapi d, short duration heating can be acconplished in a
a

greater propgrtiast of poflyfuagtional epmpoungy renctedh thirgiepise theeaesedinkai | |

density. 5k G s P25 B OP b n e =

prepared fR@tdiek leapRmiaienhigdtr pdicentdpe@il} mofo-fiidtebRalicdmipoeivdsded
o a nmethod for producing an i m de-extended bi snmal ei m de
limit the crassrdipls densiye 1) BiRasmeyncefrpobefunstpral capgroundscap kg afdas

o eS8y AHIR A BN AL 5 R o
poly-functédtial edrhpounds isdliritaitol aiageuhathiatdpds @bndindhish diendesired
npi eties; and contacting the term nal am no, nojeties

thermoplagjq propgfist- o™ HivRfRASP darafistet totieingiioy dasfithnre to
individual%_eﬁ@ei\laesrzab gb MifdGed to%%fté&%%ag%ﬁi@?ﬂéé hfilicBfod. M de- ext ended

I smal ei m de nononer. ] I S under st ood that
usi ng the conmpounds and net hods of the present

invention, it is possible to prepare adhesives having

a wi.ge range of cr -Lin NSt j.udi ¢l qus
R e e
polymer cBAAPBY BEdges BTQn 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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greater proportion of polyfunctional conpounds
reacted, the greater the cross-link density. If
w0 bh@nneysBasti ¢ properties are desired, the adheGT/us2004/013204
conpositions can be prepared from (or at |east
contain a higher percentage of) nono-functiona
conpounds to |imt BX¥®eMPLBds-1ink density. A m nor
anmount of poly-functional conpounds can be added to

[0081] Pr oVAGBOIAINBuRd BSiEorh FIRK dagippBd weth£1idh doateldRBr bar was
conposition, provided the anmount of poly-functiona

charged v mdief foduenp riTriedylaminm 3880036 molal wabedled oo the flask,

followed tgk éﬂsergl(?\b ah@ﬁ og oF 135 23(6)38:1}1 (ﬁ%? ﬁﬂ%&d&o% g&g%%syﬁa?x%m acﬁ to

ar ams ers,
form a saltndhe mimte adhalsowezisto GANfob apliraxllnmtag 10@niduRafbllGWedH

..end-use licatiqon. [Q079] "Cross-Iinki ng as use
the additifgap 2 (Paf srlekef Yaemine SEHHEr Grminge Coghibioeporation).

Pyromell R d4HRN dG AL 108 n%yo K] anQ%«aQElo@gsf S RAE the & lrﬁﬁﬁﬁ%@r

group, ~or a conpound. |h gener crosslinking o
Dean-Stadomgmamdmondénsehweierataoliddao thealkask, zpi(hhe migore Wesldarg. to

I|nk|n densi t i.nc ea the properties
reflux for s By ot SERe SERHRIGLEPIRG e PReieHbr MaRAD of yaicr
from this tHRIABARI HaQBeed PARRIed Hyahik GO WHAG e £RARh&AIr&Has cooled

intended only to illustrate the present 1nvention and
down to rghmubmperﬁtuﬁ@ andhy2.Bg (@dasmqi@)eﬂ readeit ianhydrivy wasedderbioeht

|nv n MPLES The ..Syn si s of. de- Extended
flask follphed By b PR Efr%sff PSR SR Sho T
brought t&ﬁﬂu&%ﬂﬁlﬂé&ﬁﬁ&% 12 M&t&n[tﬂ@gﬂﬂecﬁdﬁ%um of WatBd An
bottom {1 ask equi pg%(olj wth a Teflon coated stir bar

addltlonahb‘lﬂ m phiodicae wias Rddesigo de sk ageris had begn eqolsd dawmie roas
temperatlﬂfz (Ba3he Rl %‘%ﬁg?ﬂg%ﬁgggﬁg?e?ﬁ% %(olutu%rp gla? H‘@c‘%@f an'&e

oW a d| tion rous
the salt wmenhstﬂe&ﬂi pdditidreal aﬂlhcdlet(@ x 100 mi). aTBﬁéitracﬂ'meIﬁlcﬁmbhﬁd\Aﬂ&
tir for P oximately 10 m nutes, followed
tige c%

then aganw IO‘Y?fgtoéﬁH QVSFPI%? E"Cprf‘ildﬁﬁp@clw tpefeiditiongl 2
salt and aEi‘él' tH‘%é aﬁ’ﬁt@ mIﬁ@ solgf?&mvﬁs e 00 Uﬁ'E{l glafspgl\}(t gllldﬂetl hghtly

di an ydr| e (10 g, 0.05 nole)
packed with&0g ofrsilemt gei. xTh:r mlvem 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 triethylamine with 38 g (0.39 mole) of anhydrous
methanesulphonic acid in 250 ml 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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Dean-Stark trap and condenser were attached to the
flask, and the m xture was heated to reflux for 2
whowwnm993sl f orm an ami ne-term nated diim de. ThBCT/US2004/013204
theoretical quantity of water fromthis condensation
had been collected by this tine. The reaction m xture
again for Wd doewsdd dokm thevisisrhadeiniden Therppeduat wae werkkdiidh &cgrdify 3

i ¢ anhydri de added to the ,
the Proce?lgfﬁﬁi)smeg?n ﬁmprs‘flo @(agwlewﬁi%&&@eﬁ@?lﬁmﬁ’efgw 2%%&4 g%
yield) wa@@bl@ecteﬁﬁte‘?‘tﬁg R SemBVPHOME sbQefeef | ux for an

addi tional 12 ho rs to obtain the expected anmount of

water. An additional 100 m of toluene was added to

the flask after it hadij@em rool ed down to room
enperature, and the m xture was then allowed to

[0083] set tAéaltW?é negslelbtyi oingald) glékcdhmels) ofimigthyldreing avith Wag
(0.11 mofe&< {)118 Whéslﬂlp%%gx ct 'c?cf‘ne C?Oggxlal o?trtlcﬁluér% X %%301%1'% §V\%’g}T %(0.06

s were co en agal

mole) wa$ eﬂdddeto elvemidiRy fdlldwed 8¢ ithd Yow aaditide of U8 5igCi0m3t mble)ef
r addi ti onal salt and acid to separate. The

1,1,3,3- teérgmqth.\/bﬁ 3«7\%@(nrOirlPqr@ylétfartmmugwhadrgﬂeaél§llmn@t Eéefamfa
ternnnateh'c@i%hé’ Wa?gﬁ’ﬁ'%g a‘ff‘ef me %Qeogrogfc (ﬁét 13.@1811 gg he \’J—Jg% 4 A) \ﬁent

renove er vacuum-t uce el d)
required aqurmﬂmtdky \lv&myr ofastlox. 'EB%WLIECEVE{S%BEB dSwm fcﬂllm\ted b§l oiee

addition Goieth. Rbfrola of migless g RreS HORBIaS oF Of e BeRg adon
acid. Thé"hﬁﬂul%&vzg; r@ﬂu)'(ge% 3P 8 ho@k 1SENINEF @Y Sequitell B%%ﬁ%ﬂ@bﬁ&' 1?1

acid in 250 mMl of toluene. Versam ne 552,
the Deanf&séltr&)trawaéf had’vmﬂ -uptad thengroduch sias cemlucmd@d obshrtetlen Sheow

s BN A A TS Pl e v

colored ré&s hferQhe FeRhidvaX of@E Qolvegtui 1 ed’ f or t he az eotr opi c
renmoval of the water to formthe am ne-terni nated

diimde. The mxture was cooled down to room

t enper at ur e, follom%ﬁg&g&%ﬁ addition of 12.5 g (0.13

nmol e) of maleic anh 5 g of nethanesul phonic
[0084] aci da shii&yd¥i 6%&3[%&1 wemidigd h@'é%@M@ ol tﬁ@@§fa%§§3z§{h 40 g

PCT/ US2004/ 204 "again 12 hours to formthe
(0.42 mols) smethenasilpboniTheidin gad ol Oﬁ/aéuemr Kdés-wps atlowedbrighe o

sequentlag 35@8" ocgsbf ggp g?s e %€§ ?]rls%r%%lre] gSBrgg /:)1!7) l{'ﬁO%% ?nnzﬁcla)eof Z,AX-
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 S00 ml flask).
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yield) was collected after the conplete renoval of the
sol vent. EXAMPLE 3 [0083] A salt was nmade by m xing 10
w@2{09/0983nol e) of triethylamine with 11 g (0.RAT/I8100)/013204
of net hanesul phonic acid in 200 mM of tol uene.
~ Verasm ne 552, 32 g (gO. 06 nole) was added to the
Verasmingp 21308 (O bl melea avappddeddo gledlgskdfolleved by theidow addigion 08

24 ¢ (01 RUG) o oynmelic igpigiider, PR MRS R PEH S5 BERYPG
required fanthy domgetelhsdotroyiaReémoval 6f @B wWier tb Esr hetagtndlickiimded
was fornmed after the azeotropic distillation of the

diimide. g xtusgryasithen eepled davraipppoRiterapanipraansoli g 61.13 woladef

) . m [ . | t addition

matic NI RSl ST, L o

refluxed aghinifet Ihesy kgpfoeni e intidetinkddisismbkimide. Whs prefubtwad
hours to collect the required anount of water

f 1 .
worked up %(*)Frwfﬂﬁ%g rseéﬁ Pepcgiwredesgsibed HEthRBFRIQNS srmplee /b FAdpaber
colored re%‘%il?@@%@?eé@?w%%%%&gg af%e% (glé;?oe E%%&H%g%f@ﬁ@%)%t.

i nal r'i a was obtai ned as a
dark-anber colored resin after the renoval of the

solvent. EXAMPLE 4 EQO84pr fssalt was prepared by
m xing 40 g (0.40 m)%% trllé\gthyl amne with 40 g (0.42

nol e) net hanesul phonic acid in 200 mM of toluene. This

[00s6] Was A edit uerbrii¥d %Sl%xﬁxg%gegfl’@isgﬁ r?glgglgf ﬂrnigfhé/)@ing?Z ﬁxgtg(s% gl

nol ) of Versam ne” 552
(0.52 mole)erf auihpdreus mehadéesiphonici acidain A mild ef toleae finzida renediter

refl for. 1 it h ' l, of th
flas). BiY b OiEei ey dal e 2 dhdsie 35 L BOUD T dacedipehe®
flask, foll6wed by ehe sI6% alidifbn 6091 £¢0.09Wd1d) 04,4 0BRphSISRA dihiHyRiHand

12.8 g (0.13 nol) of maleic anhydrlde and 5 of

A couple phavanelifl orare feauirer fos the azretrORie trsaowabof e Walterdh form
the anﬁnegglg'%i 8&1 ldglgna\@sﬂ?qgr%l&rt]u? I&%thg e& 80\%&(%(?0@89 ge p:elzlﬁag&]rte, W th

ropic rerova he " wat er .

followed Iy the wdditiog af 226X 0P 2(Be18h ofiredld: aahydiideanide g 60! or ed
resin. EXAMPLE 5 [0085] A salt _ was forned by m xing 35
methanesyiphenic agidpdihg ymigturg wpekehiikechagain {ordf hogrsgo fompthg jmide-

linked bis?ﬁkeg%%g. g‘l@é&&@&r}ﬁ%g{ag g@pi_eﬁ BUcHordilhegZB MdProllaut @bdERFed
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 § 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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28 WD 2004/ 099331 PCT/ US2004/ 013204 Verasm ne 552, 90

g (0.17 nole) was added to the flask, followed by the
w@bkewogsdai ti on of 24 g. (0.11 nole) of pyromnel PCT/US2004/013204

di anhydri de. About two of hours of reflux were

required for the conplete azeotropic renoval of the
bismaleyaider The werkrbn ¢fdbepiodect censiterholergmayil ofi thie solTéns under

vacuu :f)&(ﬁé{%%l @g%ﬁ%}q%] thg £ llc? 8‘ glgy]lg%eg f%ﬁeg]\gltg %%T ! Sérg?vae ﬂe salt
and acid® A $tiks® Mahi :eetasd dame td f&m&dﬂ@d of tHaGydidrX tThe Hro@fet

refluxed again for 12 hours to formthe imde-linked
was laihputnin| aeshailaw pahed griekigctovrasvernkahi etanpporivetstxi i MCt ot

fine yel\7 pBYAEEO e SPEREHUPEE i hBBBE BT o1 e Pums

coI | ected after the conplete renoval of the sol vent.
EXAMPLE 6 [0086] A salt was fornmed by mxing 50 g
(0.50 nole) of triethyXKaMHERith 50 g (0.52 mole) of

[0088] ?n hy drioys, W& faﬁ%@é ) H?;lag% % 3¢b95iHb14P Hkth9fankifl WEASS ¢

side a one liter
(0.38 n&l@((ﬁmnhxﬂreumbt)hanesu})pbbmp 5cid.abd 206 dext amieene:{ﬁlsgie a 007l

round-tgg%ﬁ ﬂ%‘éﬁé gd tl-(AG'c;i h 4d§?@g2&bép§%ﬂ@ gxfas ﬁ‘len adged to

the flasit! RMBWAA bYQhe adNiGQLE 1& £10.09 H’fo?e)fo Ve?galrﬂiﬁe $&2.€The mixture
required for the azeotropic renpval of the water to

was stifred at ropmdgemperasue &rminhatie dolthwad tu/ethe Tidition ef 24 g (W86 mole)

, | d d t t t th

of 2,2 AP St ABES BIRERES tisfe fapC] ACLR Rt eVl of te

water v@as%ndﬁﬁiéché%@ %ybd%hﬁﬁutél¥ olhdursﬂa Eoril e %gre@eﬁma@ftérﬁﬁ@ﬂed
a ain for 16 hours to formthe i mde- |inked

imide. gihempikaireinge themseolsd dawato eesn mmuﬁ?pf(&]@bﬂ@ﬂ &y ilge adglition

of 10 gggﬁggﬁﬁcﬁmg}éélgg%g\ﬁfcg |d2&da gfb#rﬁggﬁ{eﬁiﬁgg{;}ﬁc %ﬁ i Fm;ml?e

to o tai n
was refib@gd g ainl fog b8 hyatk tofyrmsiod Inﬁide-EME)ﬂmhl@ﬁﬁlﬂ]a Phegabduct

Was WIS G (e ARSI LR R TONS DHRLR TR TD MG
removjﬁ_%'f ?n;:' s{(‘)\llv\%gg 60 rﬁs@?g )gll%)lldﬁogf grélﬂ)%v gﬁ%tﬁe ?ngy Thiid {vh@Stthined.
[ 4- (4- am nophenoxy) phenyl ] propane was
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 (R1130MAS, 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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added to the flask, followed by the slow addition of
11 g (0.05 nole) of pyronellitic dianhydride. About

wo aw4loen3ss of reflux were required for the azePCT/Op1004/013204
renmoval of the water to formthe desired

m.ne- termnated diimde. The m xture was cool ed down
Polymal?lan & obig Verkown af the erodpel) wassondesfed arsording toi the pevi@sg

i : f
exanp leg%ﬁgnesﬂbﬁéfn%@@g?aaaﬁéﬁgﬁégg gﬁ‘ﬂd\?e/asélgr gfl uxed again

for 6 hours to formthe 29 WO 2004/ 099331

PCT/ US2004/ 013204 bi srmal ei m de. The work-up of the
product consisted of renoval of the sol vent under
vacuum foll owed by EW&KNPE the solid on a Buchner
funnel with water to renove the salt and acid. A
final _rinse with acetone was used to renove nost of

[0090] { he weslwsne (Fpembrwepdded (asoneditar wund battem dlagk povippssn

it a O SCARE e B BUFLTSRE 00 RO SHLBYEL R
followedﬁ}t e stbvy addition B)GKI\E(.(ESBI’anE@ SBimlﬁrd&ﬁisthHzﬁle@lﬂpH@ﬂc Bid.
(0.35 nole) of triethylamne with

The mt"@e @’89 ﬁﬁwﬁd torstig ﬁwamda@p?fétqﬁ%maxw@w d0 a@n\ate& fellogor
t | ask
by the e o e B af FaneAs ™ grh e anaR: COME i
Corporag@ige ot tbe ntiki@re wasddded 81 l2¢008 nimle) ¢TeB RAIDAL (4 ein-bifphdfiol A
e) . of Ver emxture S stirred
dianhydride, 055 BF fé%%eéal?%ﬁns thr tfaaﬁmﬁ&a? Copg| Vesategipd in e flask,
and the Iﬁ%\h&'\;@d@[h@fitea% £11uQ: Q@tef*@ﬂ)ﬁbxm%fteli/ two hours the extpected

(4- am nophenoxy) phenyl ] propane to
amount ¢f wafkr WAy eddtectsgicorrespendiag tothetchmplatatenvergion wohe awined

iYL L OB S R B
(0.23 mdi@WOt(%)e)EdéQsmotf @f@ﬁ&ﬁhh‘l@% anilgélxll(fé"ﬁgs el g}?tél@g?‘sl&,itﬁﬂow&f

10nol ) of mal eic anhydride and
by the additiorapieansystaoitl gofanhgdroThmetharesmlphoniveasid. eTHlaJm'edumg’w'sn

. f 18 to f th de- ded bi J
again sioply Higig Gofeliuga Arpibac b Tt o T er oo Buseet
the expes@a %fﬂobﬁ@'oﬂ wattmhﬁ thE puarps&rmf@mmer ﬁothﬁg doWR®Y&m of

the solvent, 60 g (82%yield) a yellow, friable,
tempera@rggrggxtgnm(ljmb\gfgtobxbngwn@@lddeEX(AMELfElsE the stirring was stopped at

this point and the mixture was allowed to separate. The upper (toluene solution) fraction
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 ml 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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[0089] A 500 m round bottom flask equi pped with a

teflon coated stir bar was charged with 24 g (0. 40
wodep9wsBl et hyl enedi am ne along with 100 m of PE€DUNINE013204

This was followed by the slow addition of 100 g of

pol yhut adi rafted with 8% by weig mal ei c
(00911 3nhy Fhle 6?19381 318 v dogeran fomerﬁéthazv@@féqc@pfr@mrt@mvm
precedmé’éxahﬂigt e ﬁ%m&ﬁ%@%ﬁlﬁgﬁﬁ&%kﬁlﬁﬁésg@y%ﬁ%ﬂi weight of
dicumyl peewudainmzitor t e exatpsd resihyliewes theanksettowdfix aludﬁdmhy

he dition of steam.i the reaction vessel
studs to cpiper s P GRIRIBRYE A AEONRLaRbIaMSHENT LOGEl. T
copper slﬁé&%dﬁﬂﬂ%ﬁim&% dthe081148b x50 mifd, ORG, d’i"tﬁ e"{’élt Qs@g{nbglé’é"@!sre

? met hanesul phoni ¢ aci d and 12
constructgghiosicech efithy datelyeed Ehie mixdwes. SPieparts rwwat:urod fQﬂ’tblrt)yat er

d 2 h t 30 WO
it 58 L Ao s o
and the adiREKeWReRfth WA d@(eﬂﬂiﬁ‘é& ul¥ag a&epsiah ¢d téHéHQ 'Eégte? gl é?)nﬁjaf"

previous ~“exanples to obtain 100 g of an anber col ored
compositipngeas s fug alangrséstsi the teEdgWRLEs. 1Thd O8O nito Iuwelrwas(tﬁéo

st 85 Bnde G5! VERREE) 3 Ehffea i
2% dlcunﬁmpefda;ydeam ne, 50 g (-0.50 nole) was added to the
flask followed by the slow addition of 50 g (0.52
nol e) of anhydrous nethanesul phonic acid. The m xture
was allowed to stir at room tenperature approximtely
10 m nutes, followed by the addition of 90 g (0.17
nol e) of Versam ne 552 (dimer di arri ne, Cognis

Cor por ati on m, xt ur. e ed 41 0. 08
ol 2) of BP%/&%S’e?ﬁ%{"Sﬂ%ld‘ébWé% tcfnhydrlgd((a GE

Pl astics). A Dean-Stark $tﬁamuﬁr\chm@@@aﬁ@ﬁbr re
attached to the flask,— and the mxture was heated to
rePflix. After approxEﬁ*”H{l@ﬂlotwo holirs the €Ewpigel ed
anoynt of wat gr was col ggcted corrgspondi ”gdiﬁ»o the
conplete conversion to the am ne erm nated dii mde.
TheZm xture wgs al | oned540 cool d0/vn to bel oi% 40C, and
22 (623—gte—20%excess)y—of—trushed—+aleie
anhydri de was |added to Eﬁe flask, followed t he
addytion of an extra 107g of anhyd ous 12
'_____ppgt_h_a.n_es_u.l_p.hg_m_g_am d.—The m xt urelwas

5 47 19

6 71 9

7 52 22

8 70 ' 18

9 63

10 77 6
Average 63 15

Fr1 10 6
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again slowy heated to reflux. Approximtely 18 hours
of reflux were required to collect the expected

wa@ewui93sf water in the Dean-Stark trap. AfterPCDUB1004013204

down to room tenperature an extra 200 m of toluene

was added to t flask; the stirring was stopped at
this point T%E(e%e ﬁ?%?t‘ﬁdé‘e%%rrﬁfftlw to separate.

The upper| (toluene sol UtSt@(F uﬂi Wﬁ{el P ndg@grcg)ar etully
e

decanted [into a 2 it nneye al t__was

Rathed wifth E)calmpéﬂe (2 E(xaﬁl)ﬂ)eM) th@xxamptﬁe% wer e &lomtrol

decantedjand LZ?UIIIUU. The—grber—sol utly -was alluvbgg*
to settlg overnight tlp al | dW sufficient $|rre faor nor

salt and lacid 59 separate fggpom the conpjsned t ol ueneis
solution The solutiop was then filtered through-a

gt ass-friftted %tunnel| ti ght®y packed wild¥ 65 glof 23

§jTica ger. FobgOoW ng| TTTTrgrion (he si{ja gelj was
washed wijth an extra 100 i of toluene, The tolluene

was rermved un&ér reduced 8|6ressme to Povi de 120 g21

£ QL 0/ H l_\/
(g o070y

a—cdat afo cototretd—+e EXANMPLEE
WO 2004/ 099%%1 PCT USZO?Q/ 01320 Bisill Tensil e 1o

aghesion testi @ was done @ sone of thgz';products from

the pr eceadi ng pxarmleq The onl y_¢onponent Laddded_to

tfhe test Iresin6las 2% by wéght of di ch?rﬁ,/l per|oxi de24

rtrator—The (hd[dly edTEST T I X Was e usgd—to 75
a fix_ alum num studs| to copper slugs. e _alum num

Ao0st s had a coﬂuact head di7anmet er | of 29026nls Th_e 25

nor e ha anc..af 10M0 -y 400

ml o
uua T ul ||U |O| UTTI \VA| WAV AW 7\ I\ J-\J\a T 1 9.
A“Féﬁﬁiéof these tgét assenbl i €9 were conspfhct dlfor 21

pach of tlhe caygl yzediresimgn xtufes. The partq weregg

cured. _for thirf\]/ m.nutes _in_an.oven at _200C. The

parts were then allowed to cool to roomtenperature

and t t e '
00921 315 8 AT G ENPLEPLBRuiBELMFA B0 o2 e
clearly supmoaltcs thercontrall testgompdsitidih e Wihéls tnonwishitigers .be Hoand byt 1 ol

X was the bisnaleinde derived fromthe, di mer
theory, ijis ﬁ‘@d(thatéhe NRIFQ UGG Se53 erea‘lss“dI‘E?SE Lepuy abthgredpced oy

cross-lin%glgﬁwsang%r%ﬂu‘égd cu@RhBnihge bE AR ihGerMPR @8 PPsifi6S Versus the

BMI derived solely from the dimer diamine.
[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.
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Stud Pull Value (pounds force) Part Exanple 10
Control 166 23 2 54 16 3 57 15 4 75 12 5 47 19
WG2002/09337 52 22 8 70 18 9 63 8 10 77 6 Aver@nESHB84/013204
15 Fn_a 10 6 32 WD 2004/099331 PCT/ US2004/ 013204
ABLE 2. Tensile Adhesion Test Results Stud Pull Val ue

WHAT{%G& %e) Part Exanpl el Exanple 2 Exanple 5

Control 1 73 97 95 30 2 59 69 145 15 3 91 68 103 23

4 96 77 113 7 5 98 88 143 21 6 97 79 156 16 7 102
1. /81 imi@z-ex@nded bismaleimide having the structure:

0 o 0
N—~R —Q—E\é ——Q— éN——H—N%
0 o) 0

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
O
0 CH3 O
\ N-CgagH7o— m m ‘©i\<1<N—036H72'N
O © © 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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8 60 93 126 24 9 101 81 113 25 10 61 71 126 25

Average 84 80 125 21 F"_1 18 9.9 19 6.9 [0092] The
wa@elvesosl resul ts for all of the exanpl es shownCT/mS2004/013204

Tables 1 and 2 were clearly superior to the control

test conposition. Wi le not wishing to be bound by

4. Thebismpleimide of ckam loyigreimBand Khare epetoindepemdentisosnbisiitueed
| ; : { d -link densit
S M

conposition versus the BM derived solely fromthe
di mer diamne. [0093] Wile this invention has been
escribed with respect to these specific exanples, it
5 Tgﬁgli‘ ?%@1491 A glaimpa Vhgtekphe fHe a0p rRiFyis a aakysiloxane.
vari ations woul d be possible wthout departing from
the spirit of this invention. 33 WO 2004/099331
PCT/ US2004/ 013204 WHAT IS CLAIMED IS: 1. An
6. Therbmatetnistedd ¢ladbinsiysiherem the pobysiloxpne ltemprisesoepeating Gnils

0 .~ R - N R s NR-HO0O0.00p n-1

selected {fpy Ry oS, e PR e RN PG 11 ut e
combina@nsUpsebst i tuted aliphatic, aromatic, heteroaromatic,

or siloxane noieties; and nis 1 to about 10, with the

proviso that the i m de-extended bisnaleimde is not
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(O)-, -S-, -S(0O),, -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

sulfuryl.

8. A monomaleimide having the formula:

wherein: R; is substituted or unsubstituted aliphatic or aromatic; and
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9.

00 OCH3 O NC36H72-N/ (r) CH3 C/ NC36H/2’N OO
Op 2. The bismaleimde of claim1, wherein R and Q
wW@e@402081 | ndependent |y substituted or unsubspCT/USEO4/013204
| inear, branched, or cyclic aliphatic noieties having
from2 to about 100 carbon atons. 3. The bisnal ei m de
of cl ai m 1, Rnisspbstiutpd anensabsiiteted aiphatigdapmatiemrisiloxane
substituted or unsubstituted aromatic or
het eroaromatic noieties having from6 to about 14
carbon atons. 34 WO 2004/ 099331 PCT/ US2004/ 013204 4.
Thembletmfile@if klatia Spfhedeiti Ry dnd Ryhee eidh iRdeRgd&dtBr fibsdaRd
i ndependent |y substituted or unsubstituted sil oxane

or unsubsifuisd; lean hianshed: Ob RYPicagphasisunoisBesiavingoiiomorgbog, 100

cmﬁonéﬁm%vbisnaleinide of claim4, wherein the sil oxane

10.

noiety is a polysiloxane. 6. The bisnaleimde of claim
5, wherein the polysiloxane conprises repeating units
sel ected from di nmet hyl si | oxane, nethyl phenyl si | oxane,

EaR S DA, e SR b it Mt o

heteroarinhid'@biefy hAiRIBbHCS to é@smerm&wm%tbﬁs. or siloxane

11.

noi eti es ‘conprise substituents selected from al kyl,
al kenyl, al kynyl, hydroxy, oxo, al koxy, nercapto,
cycl oal kyl, substituted cycl oal kyl, heterocyclic,

i i . .subst i . |,
e RN LA T,

moiety Hsgtitdni2ed absutlsoxilicohatodgen, hal oal kyl, cyano, nitro,

12.

13.

nitrone, amno, amdo, --C(OH -C(O-, -C(O-, -S,
'S(O)Z, -G:(O)'O', _NR-C(O)! _NR-C(O)-NR! -G:(O)'NR,
wherein R is Hor |ower alkyl, acyl, oxyacyl,

'lﬁslﬁlrdfi’ﬁéﬁ‘l}ide SRGRATRE, Svhetdth MY WioxarUhbRBARa 3R iysAbxane.

uryl .

The maleimide of claim 12, wherein the polysiloxane 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 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)-, -S-, -S(0)2, -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

sulfuryl.

36



8. A nononual ei m de having the formula: 0 0 / N-R2--N
O O wherein: R is substituted or unsubstituted
W@bdoplgt38t or aromatic; and 35 WO 2004/ 099331PCT/US2004/013204
PCT/ US2004/ 013204 R2 is substituted or unsubstituted
allphatlc aromatic, or siloxane 9. The nal ei m de of
15.  Agokymalgimidseqraprising P(&M@GWWII@&Mwm@%m@m rgpeating
unsubstituted |inear, branched, or
mnmlmyﬁggﬁ%ghg%?ghatlc noi eties having fron12 to about 100
carbon atons. 10. The naleim de of claim8, wherein R
is a substituted or unsubsthttat ed aromatic or
het eroaromatic noiety having from6 to about 14 carbon
atons. 11. The nalelggde of~
substituted or unsubst i

roxane noi ety havi ng
. 12. The mal ei m de of

pol ysi | oxane. 13. The nal
t he pol ysil oxane conprisg¢s repeat®ng units sel ected
from di net hyl sP\oxane, t hyl phenyl si | oxane,
di phenyl si | oxane) onbi nations thereof. 14. The
mal ei m de of clai erein substituted aliphatic,
aromatic, heter ' or siloxane noieties
conprise substit ped from al kyl, al kenyl,
al kynyl , hydroxy, ox¥, al koxy, nercapto, cycloal kyl,
substituted cycl oal kyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, aryloxy, substituted aryl oxy,
hal ogkéreinh algabkwtltutmeubﬁtﬁwtsd alipHaktioe@omatit,no,
ani do, --C(Q 02- -(O-, -5, -5(02,
hefespprepuagic or Sﬂ%@(ﬂ@)ﬂow i8R- C(O) - NR, - OC(O) - NR, wher ei n
Ris Hor lower alkyl, acyl, oxyacyl, carboxyl,
car bamat e, sul fonyl, sulfonanide, or sulfuryl.

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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36 WD 2004/ 099331 PCT/ US2004/ 013204 15. A
pol ymal ei m de conprising polynmer conprising a
w@bamape3sy of pendant repeating units having PEEUS2004/013204
structure: 0 (r) Ra NO / O wherein: R3is
ubsiituted or unsubstiiuted,aliphatick aromatic, .
20. Pahyaagr shslag 190 wherejnghe pelysiln*ans eqmprisss rapeating Igiteer

o | | Bi18aU0gLE
seiected fonfoiBlcy o e U e BB R BRI IO les o1 e

combinationsethyrebfivi ng from 2 to about 100 carbon atons. 17.
The pol yner of claim15, wherein R3 is a substituted
or unsubstituted aronmatic or heteroaromatic noiety
having from 6 to about 14 carbon atons. 18. The

21.  TReIpsRABAerQf chii 1y Jvﬁerei‘fﬂ%ﬁﬁ:itﬁ‘teﬁ@lig&tﬁ, %Hﬁtil:}ﬁgt&gat‘agl&%ic,

_unsubstituted sifoxane noiety having from?2 to ab
or siloxage mii¢ties samatisgrsubsti@entyhdeged Sromraliofl, dkenyh agynyMisdeixy,

t he_sil oxane [ i ol ysi,l oxane. 7 .
oxo, atk B toBiS s s 3 sl Rl TR RReensif B i
heterocy€li@iafy1 1Qibstdueddeirl, h&eroRBll YabétRN@0 Be@fIBY1 8§ToxyeARRE b
units sel ected fromdinethyl sil oxane,
aryloxy, halogen, pialaglydi qyena rmétro. diitimsnyminiol axitee;-C60)H,
conbi nations thereof. 21. The polyner of claim 15,
-C(0)-, A&+, SU0B41,i-OG( @Y Ca) INIE(O) -NR-G@)NB, -OC(0)-NR, wherein

. het er oar pnat.i c or siloxane noieti 0 i se,
R s H ogigne AkyEACY. Shyaseh eaoprerasearye, sulfRmely mliogpigirey pr
sulfuryl.hydroxy, oxo, al koxy, nercapto, cycloalkyl,
substituted cycl oal kyl, heterocyclic, substituted

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

structure:

X

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

aliphatic moiety having from 2 to about 100 carbon atoms, or R4 is an aromatic moiety.
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heterocyclic, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, aryloxy, substituted aryl oxy,

whadoagess3l hal oal kyl , cyano nitro, nitrone, anP@DUS2004/013204
am do, --C(OH, C(O) cqO-, -S, -5(0 2,

OC(O -NR, wherein
THe RO PG g 22, Mawem %dclgl(" Szﬂaﬁwlge? Pr upsbgigipd aromatic or
heterom@xﬁﬁﬁ@ﬁ%¥e@y h§\Hh %)ﬂé toSBbhOAR Gl atfifps. SUl Turyl. 22. A
pol ymal ei'm ol ymer conprising a pFurallty of
repeatlng unlts having the structure: OO N | R4
O O wherein: R4 is a substituted or unsubstituted

r br.anc , O C lic | jphatic |et havi ng
24, 1'91? o gt 202, 066 ok & sueied pr fostaitany nats o
moiety ARG Hom 238 aWkAt30QA{BR B3k, PCT/ US2004/ 013204  23. The
pol ynmer of claim 22, wherein R4 is a substituted or
unsubstituted aromatic or heteroaromatic noiety
having from 6 to about 14 carbon atonms. 24. The
I - Al 4 d or
2s. TR plfbort AR ShureiRE S ke S PSS cpou
50 silicon atons. 25. The polyner of claim 24, mherein
the sil oxane moiety is a polysiloxane. 26. The pol yner

ai m ) ein the pol ysil oxane conprises
26. !}tmfﬁg? &iﬂllemf@%r hpEtt tga P?laéliqwa@?mnngrae@aﬁgg units
selected %&J‘bfh@ﬂ?ﬁﬁlo@dah@ )iﬁéiﬁylpﬁjén@ﬁﬂgﬂﬁ' &lgﬁ@tﬂ@m o‘iﬁ?e or
nbi nati‘ons t her eof he pol yner o aim 22,

comblnaWh&\?élﬁWOiiubst ituted ali phat| c, aromatic,
het er oaromat i c,

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 aryl, heteroaryl, substituted heteroaryl, aryloxy, substituted

aryloxy, halogen, haloalkyl, cyano, nitro, nitrone, amino, amido, --C(O)H,

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

sulfuryl.

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

claim 1, and at least one curing initiator.

29. 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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or siloxane noieties conprise substituents sel ected
fromal kyl, al kenyl, al kynyl, hydroxy, oxo, alkoxy,
woreoogapzsl cycl oal kyl, substituted cycl oal kyl , PCT/US2004/013204
het erocyclic, substituted heterocyclic, aryl,
substituted aryl, heteroaryl, substituted heteroaryl
30.  Anpdhesivg, commesttion gpmarisiag ¢ loasy ont nidgententied biamalgimide of

claim 1, at @gme%é&o%algweg@fed@r%a?%aﬁrgn%ﬁbw%g ﬁ@é&j}@lﬂﬁt

one polymdép@f QJaiiR2; Whe hifledst oft ¢1&ink igitialopwer al kyl, acyl,
oxyacyl, carboxyl, carbamate, sulfonyl, sulfonan1de
or squuryI 28. An adhesi ve conposition conpri sing
at | east one imde-extended bismaleimde of claiml,
31 Thensihgsive eampositien efiplaimg3(, miheicin the at k@st cHeeuridp ésiister
f- claim 2 rein t at | east one
comprise£ BTN oirh Aol s 5t Beheiin HeF b Rlah o i BimadBion s we o
based on total weight of the conposition. 39 WO
2004/ 099331 PCT/ US2004/ 013204 30. An adhesive
32.  TIROORAsE aamwe%a{gomla@ ofaélainmtwmanltﬁe @lﬁ:@&hﬁﬁﬂﬁd
bi smal ei mde of claimi1, at |east one non el m de
comprisepd fre¢-gadiedd initintor ea@pll®m1tmmwmr of claim 15, at |east
one polynmer of claim22; and at | east one curing
initiator. 31. The adhesive conposition of claim 30,
wherein the at | east one curing initiator conprises
33, A@uﬂabwacﬁteme abapdsiondonipridamed 1t srtialideveigidedof t he
nposition. 32. The curabl e adhesjve conp03|t|on of
blsmalelr@ﬂapﬁ? amm 1y#deast Ang menuupleingds of ¢lri Srat leasheie nakwner of

claim 15, f RGst' g ggﬁjmérrb'f tia@h2b: zg{d A 18805 c,nu'ritng%lﬂléto 3herétn the
b1 at

cura esi ve conposition conpri si east one
adhesive i:cpmmsateoumrﬂd:ﬁdﬂe fireomltenpdraieredf cl ai m 1, at | east one

nmononmal ei m de of claim8, at |east one pol yner of

claim 15, at |east one polyner of claim22; and at

| east ope curing initiator, wherein the adhesive
34 Acumbbsadhesive P%mpqmétxqrbwénpatsmgoaé reaserRsdmidupendsd. A

h
i SEL RIS SRS LRI 1 106y b Al
claim 15, rmlwstairxel pulydeeraff ctlirai2@) &d atedseorst cuving Imuhwnar/h@éln the

adhesive composition is stable at high temperature.

35. A die-attach paste comprising:
a) 2 weight percent 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 wt% to about 4 wt%, of at least one coupling agent, based on total

weight of the composition.
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claim15, at |east one polyner of claim22; and at
| east one curing initiator, wherein the adhesive
W@ o09pn%93si on is stable at high tenperature. 35PCHUS2004/013204
di e-attach paste conprising: a) 2 weight percent to
out 98 wei ght percent (wt % of the im de- extended
36. The ‘E)‘P?ﬁ‘&FléPﬁﬁt%I@fg Grime Paivwherein tesedpling agsnbis awdliaghe estdr, a he

metal acrﬂgﬁ)%?g’ B%j?ﬂf?nig\?mto to about 90 wt % of a conductive

%to about 5 wt % of at |east one
curing initiator based on total weight of the
rr?osnlon e) O 1 wtw%to about 4 wt% of at | east
37. The ‘g‘ﬁé‘ taefLpsief dejandd. WS thsrondiative filler igtelecticallie
Conducmgeonpo& tion. 40 WD 2004/099331 PCT/ U82004/ 013204 36.
The die-attach paste of claim 35, wherein the coupling
agent is a silicate ester, a nmetal acrylate salt, or a

Jdtanate. 37. The die-att aste of clai.m 35,
38. The qjfalahPAHROLIRTLET MBI (e oS W gering aunppris
peroxide.conductive. 38. The die-attach paste of claim 35,

wherein the at |east one curing initiator is a
peroxi de. 39. A nethod for producing an im de-extended

nononer.,co tactin a ..
3. AdhEfiR BB SoTRded bl SPbiRtmnsising:
to f@drmlctﬁhlg a dihiydRay Wil atdedifiing %hdé}rﬂoﬂ@m%ﬁk Qlltaﬁl% to@8h
ContaCtlngthetermnal amno m)letles V\/lt I’rHeIC

arpipge hpvag tigenal apdrdneictns asdi t able to form a
mal e&c}‘ﬂtg&‘f tﬁee{e?rg%apgr%dﬁ %%tleasniwllgrénmg% %({g'lggldlgc under

ermome

cdndatmimuimbjetdmm@lmﬁalpmﬁp@r ed according to the nethod

of  claim39.
thereby producing an imide-extended bismaleimide monomer.

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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41. An assenbly conprising a first article permanently
adhered to a second article by a cured aliquot of the
wale@4mre3ach paste of claim35. 42. A kit for bpo™Uszpoamnm3204

el ectroni c conponent to a substrate conprising a
package containing an anmount of an adhesive .
cc pBIing Badhesipe FETPRYILOR GomPESIE,ANdRREICHEHld mongr chis-

Ogﬁ%lgﬁlayém(@. gjlcple sufficient to bond at | east one

roni c ¢onponent to a substrate; and instructions

for .using.the adhesive.co S| ti.0 r
Pl A SRR A TS e SRS i chsrsty
féreling k@ adiedsivg rapecur abl e adhesi ve rope nmanufacture

conprising: 41 WD 2004/ 099331 PCT/ US2004/ 013204 c.

provi di ng an adhesi ve conposition conprising an

i m de- extended nono-, bis or polynal eimde; and d.

extrudi ng the adhesi ve conposition through a circular

shaped form thereby form ng an adhesive rope. 42

42



