; e3el .~ +D 6 T*(o ~ Nov 2002 1 DI E ATTACH ADHESI VES FOR USE I N

M CROELECTRONI C DEVI CES The priority of provisional application 6QJO¢Il, 282,
filed 02 July 1998, 5 is claimed under 35 USC 119 (e). This invention
relates to conpositions that are suitable for use as adhesives in

m croel ectroni c devices or sem conduct or packages. Adhesive conpositions,
particul arly conductive adhesives, are,used for a variety of purposes in

h o ol ectroni ¢ dovi ces. Tha %rieﬁﬁﬁzﬁi PLses bre the bond J/ll(ll//l/lllllllllllllllllllllllllllll
integrated circuit chips to |ead frames or other substrates, and thg, .
bondi ng of circuit packages or assenblies to printed wire boaz@%ﬂ”me

requirenents for conductive adhesives in electronic packaging /Mﬂw‘”//m y
have good nmechani cal strength, curing properties that do not

conponent or the carrier) and thixotropic properties conpati bl e wiGbdaoa«
exi sting application equi pnent currently used in the industry. Another
i nportant aspect of an adhesive bonding or interconnection technology is
the ability to rework the bond. For single chip packaging involving high
vol une commodity products, a failed chip can be discarded 20 w t hout
significant |oss. However, it becones expensive to discard nmulti-chip
packages with only one failed chip; consequently, the ability to rework the
failed chip would be a manufacturing advantage. Today, one of the primary
DIE ATTACH ADHESIVES
FOR USE IN MICROELECTRONIC DEVICES
The priority of provisional application 60/091,492, filed 02 July 1998,
5 is claimed under 35 USC 119 (e).
This invention relates to compositions that are suitable for use as
adhesives in microelectronic devices or semiconductor packages.
Adhesive compositions, particularly conductive adhesives, are used
for a variety of purpeses in the fabrication and assembly of semiconductor
10  packages and microelectronic devices. The more prominent uses are the
bonding of integrated circuit chips to lead frames or other substrates, and the
bonding of circuit packages or assemblies to printed wire boards.
The requirements for conductive adhesives in electronic packaging
are that they have good mechanical strength, curing properties that do not
15  affect the component or the carrier, and thixotropic properties compatible with
existing application equipment currently used in the industry.
Another important aspect of an adhesive bonding or interconnection
technology is the ability to rework the bond. For singlé chip packaging
involving high volume commaodity products, a failed chip can be discarded
20  without significant loss. However, it becomes expensive to discard multi-chip

packages with only one failed chip; consequently, the ability to rework the

failed chip would be a manufacturing advantage. Today, one of the primary



07 NO V 2002 2 thrusts within the sem conductor industry is to devel op
adhesives that will neet all the requirenments for adhesive strengtp7aNpg 2002
flexibility, but that will also be rewirkable, that is, will be capable of
bei ng renoved wi t hout destroying the substrate. 5 This invention is an
adhesi ve conposition for use in electronic devices that conprises one or
nmore nono- or pol yfunctional mal ei m de, conpounds, or one or nore nono- or
pol yfunctional vinyl conpounds other +han nal ei m de conpounds, or a

conbi nati on of mal ei m de and vinyl conpounds, a curing initiator, and
optional ly, tastsovithimiiesdmitdnaicior industrylid tcRNBIas dhesiles i e desi gned to be
rewor kabl e. I n another enbodinent, this invention is the cured adhesive
that resul t smeetaintereqyiredibnts & atlidsre stergildng fadbirgibuethaompaiss ti on. I n

anot her enbodi ment, this invention is a mcroelectronic assenbly conprising
an el ect r oni be eontkablehat o wiled chgabi «f BbiRg reriogedwithoutdestitysy 15 adhesi ve
conposition prepared froma conposition conprising one or nore nono- or

pol yf unct i onthe sutestreier de conpounds, or one or nore nobno- or

pol yfunctional vi nyl conpounds, or a conbination of nal ei m de and vi nyl
conmpounds, a cur i figjs inwérttiatsan,adbesiveapipasitiah For useie etectrodc e fillers. ' The
mal ei m de and vi nyl conpounds used in the adhesive 20 conpositions of this
i nventi on ardevicgs tet compoagioanads Moregagrioner polyfunctidnelymaieimideapabl e of

pol ymeri zation, with or without crosslinking. As used in this

speci fi cat i ofRMROGNES,PEONRIOr MoraaAeNot or Retfupatianalrinyl complungs afiler hout
crosslinking. Cross-linking, as is understood in the art) is the attachnent
of two pol ynBgn FRiginide eampopndsgers eombination of maleimideandolitul ar group, or a
compound, and in 25 general wll take place upon_heating. As cross-Iinking
density is i FREPROYALSHE CYrig initfatnscangdioptionglly. ane@iteare Bllers dfifebe changed from

t hernopl astic to thernosetting. 0 7 NOV 2002 3 It is possible to prepare
pol yrer st%f  ¢PMRogion cande dspigrgdde be rewstkadlensi ty by the j udi ci ous choi ce and

f - | yf ' | .C: ds. Th [ f
pol y1 unct onal  coMgBAHSSTeeAHEn s AUV La e RRESEIeM ! k. densi ty- 11
th | asti ' .desired _the adhesjve 5 iti b
prepared 1 oG Un B! SimeEbisfh netesFaSmiRisThe crove-1ink density. A
i nor_amount of pgl o bnGh Rk SRIRAER S SeAtE ke oI de sore

cross-linking and's e conposi tion, provi anount of

poL -1 unct | onherGAERRUBHRnicYohbBd-Ebrsg: B ABRAY whigburdpes not di m ni sh

t he desired astrc properties. ese 10 paraneters, the

strengt hyand,&lsa/k E&hﬁ;ﬁéiﬁ% ?n{eg%b&/ 1r6er§|cofﬁﬁg§ﬁi§ﬁ XEﬁ%EﬁB oR€ of Ableored to a

particul ar end-use a I ca n those cases ere It IS necessary to

rework the agaearidl YoiFlibite FdlRRhidSédipoliiis SoricRb 8r 6@ nitHddor t he el ectroni ¢
conponent can be pried off the substrate, and any residue adhesive can be
heat ed unti | phijfusctbhdt Wyl 830 pdunds, or a combination of maleimide and vinyl
compounds, a curing initiator, and optionally one or more fillers.
The maleimide and vinyl compounds used in the adhesive
20  compositions of this invention are curable compounds, meaning that they are
capable of polymerization, with or without crosslinking. As used in this
specification, to cure will mean to polymerize, with or without crosslinking.
Cross-linking, as is understood in the art, is the attachment of two polymer
chains by bridé-es of an element, a molecular group, or a compound, and in
25  general will take place upon heating. As cross-linking density is increased,

the properties of a material can be changed from thermoplastic to

thermosetting.



15 easily renoved. The cross-link density can also be controlled to ﬁ;dv% a
wi de range of glass transition tenperatures in the cured adhesivetld v 2002
wi t hstand subsequent processing and operation tenperatures. In the

i nventive adhesive conpositions) the mal ei m de conpounds 20 and the vinyl
conpounds may be used i ndependently, or in conbination. The mal ei m de or

vi nyl conpounds, or both, will be presgnt in the curabl e package adhesive
conpositions in an amobunt from2 to 98-wei ght percent based on the organic
conponents present (excluding any fillers). The adhesive conpositions wll
further conprise atis p&s3ble t&pRpre PElyAarsiofsl viddlrandaiof tREQANKk dahdigh 1s defined
to be a chem cal species that deconposes to a nol ecul ar fragnment having one
or nore unpaby thd jwiciaisicheice arfdi sgidlit of @RA6- of Polpaflctiohal @biyourBr t - 1 i ved, which
is capable of initiating a chem cal reaction by 0 ~ Nov 2002 4 neans of a
chai n mechanisegredteeprbparton ol goigfahctiomdl torfpcundsiebttedehegrestenthe i N an anount of
0.1 to 10 percent, preferably 0.1 to 3.0 percent, by weight of the organic
conpounds ( exmobsiifikidgnsityy Iffthdrineplastic plopertieea@re daslied athe adhesiig nmechani sm gi ves a
fast cure and provides the conposition with a long shelf life before 5
cure. Préf er capdsitions candiepadparedifiomatanosunatiohall dempeendsiodientt thesuch as but yl
peroctoates and di cunyl peroxide, and azo conpounds, such as

2, 2' azobi s( 2cnees-tinK depsityp Armeingrtamolsat)of aelgHunctional compounds can be

2,2' -azobi s(2-nmet hyl -butanenitrile). Alternatively, the adhesive

conposi t i onsaddeyd te pivvide pome grasslivking andstiengthio thesampdsitiohe f r ee- r adi cal
initiator, and the curing process may then be initiated 10 by UV radiation.
The phot oi ni Pie¥ided thgiamoukof pele-fiaetionaligompoyngp isrimited taniamaynt 0 per cent
preferably 1 to 5.0 Per cent) by weight of the-organic conmpounds (excluding
any filler). thahdaes net ¢iminish thefiseired ReTMapIAsticiPEPeBigS aYdhip feserml i niti ation may
be desiraple. For exanple, the curing Pr,o_cess can be started by UV

i rradi at1bn, PHADelers. esyprath ardriasticiyofindividyal aghgsives canbe Blesbnpl et ed by 15
t he appli cat'}on of Peat to accor,%l ish a free-radical cure. In general,
these conposfd? RATCUR Pd-43eapPlGal9 n a tenperature range of 80-200C, and
curing wll be effet%ted W thin an 1 mnute to 60

| th of ti f | t
Ut s A il | BOPRTRAERES Hotte Riseotieth S Ryolung e A ur i ng prof 1 e f or
desi gned to. TPOTHRR: haBfal Hieg sk e r ENEnEEbORIBR s Ba AR o e o
tieul . . ol . Ci Gl
Part ol ar L HABbER RO GG SRR QEBS Ren IAARLARERASL e 111 o1 s
Ci rcumst@glcegﬁs“g Qaductive fillers may be needed, for exanple to adjust
ch as,

Theol ogy) su alumna, silica, and teflon. 25 As used throughout this
specification, thenaefddl-lifkberéifcah 868 bE cdrftrofedts GREBWidetbRgsf 0 7 N OV

2002
glass transition temperatures in the clzred adhesive to withstand subsequent
processing and operation temperatures.
In the inventive adhesive compositions, the maleimide compounds
20  and the vinyl compounds may be used independently, or in combination. The
maleimide or vinyl compounds, or both, will be present in the curable package
adhesive compositions in an amount from 2 to 98 weight percent based on
the organic components present (excluding any fillers).
The adhesive compositions will further comprise at least one free-
25  radical initiator, which is defined to be a chemical species that decomposes to

a molecular fragment having one or more unpaired electrons, highly reactive

and usually short-lived, which is capable of initiating a chemical reaction by



5 Mal ei m de Conpounds The nal ei m de conpounds suitable for use in t@?NOVZWZ
adhesi ve conpositions of this invention have a structure represented by the
formula: 5 [MX mMn- GL, or by the formula: [MZ ",]~ K For these
specific formul ae, when |lower case "n" is the integer 1, the conmpound w ||
be a nmono-functional conpound; and when | ower case "n" is an integer 2 to
6, the conpound will be a poly-functigpal conpound. [MX ,6~~- Q, or by the
formula: [MZ ~]~ K 10 Fornula [MX=]~ Q represents those compounds in
which: Mis a maleimde noiety having the structure R~ ONOin which R is

Hor C- to GReanb ki chaphéchnibmdenerstaatiby iditataWiltde¥edehtin@houp sel ect ed
fromthe aromatic groups having the structures (lI) through (1V): 15 (1)

(1) (111)  @nfduat df 0/1 t6)10 percéntWrerérabiirlo. 1\to B.0(petenObfonbighitdf 8~ O 7 NOV 2002 6

Dis a linear or branched chain al kyl) al kyl oxy, al kyl ene, al kyl eneoxy,

aryl, or arrgic cdhipylnds téxaRding bigyiles.uthd @ raditd xligenatrbmen al kyl ene
sul fide, aryl sulfide species, which may contain saturated or unsaturated

cyclic or hejvesadystkire aadipatitéstaatemppsitiomwith 4 oagshdiaifctitddra or as part of
t he backbone in 5 the chain, and in which any heteroatom present nay or nay
not be dbrecutey Paefeaediest-adicAinitiatorntisdespensxidel asuen habitylg t he structure: O O
OO0O-R2 - X- gqgtr NHR3- NH GC(OR3- O &G NHR3- NH G~ X-RZ 10 in
whi ch each [Reractedtgsend diatrhyl peroxidey aall kzd compoyhds, suchas 2|24l kyl group having 1
to 18 carbon atons; R is an al kyl or al kyloxy chain having up to 100 atons
i n the chai mzobis(Ranetyhraiopaneaijrig)@nd ,.2razobjd(2-metiytbutarenitrtg). X is O, S, N, or
P, and v is 0 to 50;
Alternatively, the adhesive compasitions may contain a photoinitiator
in lieu of the free-radical initiator, and the curing process may then be initiated
10 by UV radiation. The photoinitiator will be present in an amount of 0.1 to 10
percent, preferably 1 to 5.0 percent, by weight of the organic compounds
(excluding any filler). In some cases, both photoinitiation and thermal
initiation may be desirable. For example, the curing process can be started
by UV irradiation, and in a later processing step, curing can be completed by
15  the application of heat to accomplish a free-radical cure.
In general, these compositions will cure within a temperature range of
80-200°C, and curing will be effected within a length of time of less than
1minute to 60 minutes. As will be understood, the time and temperature
curing profile for each adhesive composition will vary, and different
20  compositions can be designed to provide the curing profile that will be suited
to the particular industrial manufacturing process.
Suitable conductive fillers for the adhesives are silver, copper, gold,
palladium, platinum. in some circumstances, nonconductive fillers may be
needed, for example to adjust rheology, such as, alumina, silica, and teflon.

25 As used throughout this specification, the notation C(O)

refers to a carbonyl group.



or Qis an ester having the structure: OO 15 -R3-COR3_OC R3 in Wni §&V 2002
R is an alkyl or alkyloxy chain having up to 100 atons in the chain, which
chain may contain aryl substituents; or Qis a siloxane having the
structure: -(CR2)a [SIR-0),-SiR2-(CR2) 9 in which the R substituent 20
i ndependently for each position is Hor an alkyl group having 1 to 5 carbon
atons and the R substituent independegtly for each position is H, an al kyl
group having 1 to 5 carbon atons or an-aryl group, and a and g are

i ndependently 1 to 10 and f is 1 to 50; and mis O or 1,and nis 1 to 6. 0
7 Nov 2002 Preferred conpositions are aliphatic bisnmaleimdes in which the
mal ei m de funtionality is linked to the backbone through urethane or urea

| i nkages, such as in the foll qyddigide'cek@blild conmpounds: OO IV O-' O\ / N
OHNO- OOHNS5 and OOOONO-NN+ 10 OO Fornmula [MZ mn- K

represents those qRERRANIKEe bdmptlhdssuthbls forusBih BedafésivaDi ety having the
structure RL ONOin which R is Hor C, to C5 alkyl; 15 Zis a linear or

branched chacomgdsitishs ofthik inbéntign halekeysdtruaititd Y@presdritad bysnd oirslea: al kyl ene,
al kyl eneoxy, al kyl ene am ne, al kylene sulfide, aryl, aryl oxy,
5 [M=X_,],-Q, orby the formula: [M-Z .],— K. For these specific formulae,

when lower case “n” is the integer 1, the compound will be a mono-functional

compound; and when lower case “n" is an integer 2 to 6, the compound will

be a poly-functional compound.

M=X Ja—Q, or by the formula: [M-Z ], K.
10 Formula [M-X .],— Q represents those compounds in which:

M is a maieimide moiety having the structure

R‘\O

O in which R'is H or C, to Cs alkyl;

each X independently is an aromatic group selected from the

aromatic groups having the structures (1) through (IV):

15 () (1) (nn
9 ¢
_@ —Go—c_ —-@NH/ “NH—

(V)

9
-GO—C—NH—

20



or aryl sulfide species, which may contain saturated or unsaturated cyclic
or heterocyclic substituents pendant fromthe chain or as part of §RHeNOV 2002
backbone In 0 7 NOV 2002 s the chain, and in which any heteroatom present
may or may not be directly attached to K; or Z is a urethane having the
structure: 5 O000-R2-X-CNHR3-NHC(OR3-OCNHR3-NH C)X-R2 in which
each R2 independently is an alkyl, aryl, or arylalkyl group having 1 to 18
carbon atons, and R is an al kyl or alkyl oxy chain having up to 100 atons
in the chain, which chain may contain aryl substituents, and v is 0 to 50;

or Z is a siloxang Bavihdd of henchkd Biedities, akQiodp atk(d%._%)k?leneoxy
(SiR42-0],-SiR2-(CR 2)9 in which the R substituent independently for each

position is byRer aflod) A aring ikyNanids tikliehe aRineasikihealA8s s3Nd the R’
substituent independently for each position is H an al kyl dgroup having 1

to 5 carbon alifyEspetieWhidh Ylay G6rsiR satavatd@dr amdtugated §ydidgiependently 1 to 10
and f is 1 to 50; Kis an aromatic group selected fromthe aromatic groups

havi ng the shéte@tydiesubsitlgnts perabtromXiel dnair dilak pam einebhdkbeiean bond may be
shown to represent connection to the aromatic group K, this will be deened

to represknt terpainuamidar witiéh angdieteraata plesstd magsr slepadtivbedednpd defined by n):
(V) ./ 20 (MI) S\ \ P(VI) Pinwiichpis 1to 100; inwhich pis 1lto
100:; attached to X;

or Qs a urethane having the structure:

Q 2 2 ?
—R2-—X—C—NH—R3-NH—C—(O—R3-O—C-NH—R’-NH—C—);,—X—RL

10  in which each R? independently is an alkyl, aryl, or arylalky! group having 1 to
18 carbon atoms; R® is an alkyl or alkyloxy chain having up to 100 atoms in
the chain, which chain may contain ary! substituents; Xis O, S, N, or P; and v
is 0 to 50;

or Q Is an ester having the structure:

I} (l?
—R3—C—0—R3—0—-C— R3—

15
in which R? is an alky! or alkyloxy chain having up to 100 atoms in the chain,
which chain may contain aryl substituents;

or Q is a siloxane having the structure:
—(CR',),~[SiR*-0};~SiR*,~(CR';) ,~ in which the R substituent

20 independently for each position is H or an alkyl group having 1 to 5 carbon
atoms and the R* substituent independently for each position is H, an alkyl
group having 1 to 5 carbon atoms or an aryl group, and e and g are

independently 1 to 10 and fis 1 to 50; and

misOor1,andnis 1to 6.



07 NOV2002 9510 (MIl) \ (IX) R R\ 7 Rin wiich R5 Re, and R are
a linear or branched chain al kyl, alkyloxy, alkyl am ne, alkyl sul fb)g

al kyl ene) al kyl eneoxy) al kyl ene am ne, al kyl ene sul fide, aryl, aryl EINUV(Z[JUZ
aryl sulfide species, which may contain saturated or unsaturated cyclic or
het erocyclic substituents pendant fromthe chain or as part of the backbone
in the chain, and in which any heteroatom present may or nmay not be
directly attached to the aromatic ring? or RB) R6, and R are a sil oxane
having the structure -(CR Z)e [SIR42-Q,-Si R42-(CH3)9 - in which the R

substituent is H mreﬁﬂe@é&wosmérﬁ.@eQ@Mbtrégms%aﬁéanéeé?ﬁrvm% tRd oms and the R4
substituent independently for each position is an alkyl group 15 having 1

to 5 carbon ahaMimidefurBibnaffyld liEPidNhe @H&%o’he'tlﬁou.g?httﬁet%ead?@réca is 0 to 50; (X)
i Hs /|~/-pCH3Q 0 7 NOV 2002 10 | N~I1 / o~~cNI 0

CN-C H o~ 1 .linkeag@s, (s¥tH 3s iR fbllowinlg preféered compounds:

0
o——/( 0 ©
HN
5
and
O 0 o 0
N/\/\/\O)LN NH)LO/\/\/\N |
10 © ©
Formula [M-Z .],— K represents those compounds in which
M is a maleimide moiety having the structure
R! 0
N\ (
|-
o in which R' is H or C, to C, alkyl:
15 Z is a linear or branched chain alkyl, alkyloxy, alkyl amine, alkyl

sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl, aryloxy,
or aryl sulfide species, which may contain saturated or unsaturated cyclic or

heterocyclic substituents pendant from the chain or as part of the backbone in



HOCCOH Il Il OOand mis Oor 1, and nis 1 to 6. Preferred mal ei mde
conpounds, particularly for reworkable 10 conpositions, are N-butyy} QD062
mal ei m de and N-et hyl phenyl mal ei mi de. Vinyl Conpounds The vinyl conpounds
(other than the nal ei mi des herein) suitable for use in the adhesive
conpositions of this invention will have the structure: R\ R2Z R\ |R2
B-Xm~ Q~ B-Z mKn or n For these spegific structures) when | ower case
is the 15 integer 1, the conpound wi l}+~be a nono-functional conpound; and
when |l ower case "n" is an integer 2 to 6, the conpound will be a

pol y-funct i otted cheinnpaumdhicth anytHeeseat@it praeént irag or May Adtde dReciye H or an al kyl
having 1 to 5 carbon atons) or together forma 5 to 9 ne-nbered ring with
t he carbons Btaaredty K;he 07 NO V 2002 11 vinyl group; Bis C S, N O
C(O, 0-C(O, CCO-0O C(O)NH or C(ONRe), inwhich Ris C, to C5 alkyl; m
is 0 or 1; n is 1-06Zissanrefianedavidg trersttutfurer e as descri bed above. Preferably,
Bis O C(O, C(O-0 CCONHor C(ONR8); nore 5 preferably Bis O C(O,
OC(O, C(O-0O0 or C(ONRB). Thaypreferredovinyl conpgpunds for use as

adhesi ves are_ypnylk_eghegs as gl Kenyl sufidds. Exanpled of, suitable vinyl
conpounds are ﬁie %‘(ol ow&ﬁggg %%—é C%Z)éogs&%%) i‘%1-)?@—35SH*ETCI-Q) ~0CH3
and ~O'(GHR2)~-0-, 10 O her Conposition Conponents Dependi ng on the nature
of the substrate to which the adhesive is to be bonded, the adhesive nmay
al so cont ai nirewttcrugdch IRg indgantienthAiscpgKyl, 8y, agarpbikg graup@evihet & n i s a
chem cal species containing a polynerizable

18 carbon atoms, and R® is an alkyl or alkyloxy chain having up to 100 atoms

n

in the chain, which chain may contain aryl substituents, and v is 0 to 50;
or Z is a siloxane having the structure:

10 —(CR';)—{SiR*-0}-SiR*,~(CR';);— in which the R' substituent
independently for each position is H or an alkyl group having 1 to 5 carbon
atoms and the R* substituent independently for each position is H, an alky!
group having 1 to 5 carbon atoms or an ary! group, and e and g are
independently 1 to 10 and fis 1 to 50;

15 K is an aromatic group selected from the aromatic groups having the
structures (V1) through (XIiI) (although only one bond may be shown to
represent connection to the aromatic group K, this will be deemed to

represent any number of additional bonds as described and defined by n):

V) (Vi)
20 : : ﬁ } P in which pis 1 to 100;
(Vi)

Sy e

in which p is 1 to 100;



15 functional group for reaction with the nmal ei m de and ot her vinyl
compound, and a functional group capable of condensing with metal {7 NOV 2002
hydr oxi des present on the surface of the substrate. Such coupling agents
and the preferred anounts for use in conpositions for particul ar substrates
are known in the art. Suitable coupling agents are silanes, silicate
esters, netal acrylates or 20 nethacryjates, titanates, and conpounds
containing a chelating |igand, such as-phosphi ne, nercaptan, and

acet oacetate. When present, coupling agents typically will be in anmounts up
to 10 percent by weight, and preferably in amounts of 0.1-3.0 percent by
wei ght, of the mal eim de and ot her nonofunctional vinyl conpound. 07NO
V 2002 12 | n(Mlddi tion, the adhesive conpositions may contain conmpounds that
| end additional flexibility and toughness to the resultant cured adhesive.
Such conpound : Ny thernoset or thernoplastic material having a Tg
of 50C or le ally will be a polyneric material characterized by
free 5 rotati ' N#Ne .chenmi cal bonds, the presence of ether groups, and
t he absence of ring structures. Suitable such nodifiers include

pol yacryl ates, pol y(butadi ene), polyTHF ( pol ymeri zed tetrahydrofuran),
CTBN (carboxyterm nated butadi ene-acrylonitrile) rubber, and pol ypropyl ene
gl ycol . \Mhen(gy esent) tougheni ng conpounds may be in an anmount up to about
15 percent 10 by wei ght of the nal ei m de and ot her nmonofunctional vinyl
compound. |f siloxgne noieties are not part of the maleimde or vinyl
conpound struc €, siloxanes can be added to the package formulations to

i npart el ast Réoperties. Suitable siloxanes are the

met hacryl oxypr & rm nat ed pol ydi met hyl sil oxanes, and the

ami nopr opyl -t er m nat ed im@highoRYy &F, med R/areid liogarree Sranehedichait bisy!f r om Uni t ed

Chem cal Technol ogi es and others. Qther additives, such as adhesion

pronot ers) i Akyiggyeaky aatingnalivhsulfidernaienenalkirneaxys alkyleng amingg be added. 20
Performance Properties These conpositions will performw thin the

commer ci al | yalkdenssulige.carvangexys efrand sufide spaeips. #4188 S1ay €antaionmer ci al | y
acceptabl e values for die shear for the adhesives on a 80 X 80 ml2 silicon
die are in tFRURieH e usRuRtehevslic arhgieragyclis suratituepts pendgntfiom B8 m t enper at ur e,
and greater than or equal to 0.5 kg at 25 240C,. and for warpage for a 500 X
500 ni | s'%i eShaineoras PeR &f ha Agekbete in g§§h?‘ﬁa??dd'? W@Eft‘J%ﬂV RelereRPBm at room

t enperat ure. 0.7 No v 2002 13 Th oeffjcient of th expansi on (CTE)
is the changB’eP?Ptm%hg’%ﬂ°t§8f’"€ﬁ§'¥?gﬁaﬂyéh? ﬁmf"@}‘fbr&ga?ﬁ{se for a given

terial. Dff t terial il i Jif I i A f
The Cre i s vaIR p afsite FyPo st R R S eSTR Ctar ant oyl | ng
t he, , el , | i te. | '
23& %2if§$$ %amaﬂ%f@?%rgg%%%?s AT trpof hifit 85,8808, RZt tghf 2o
ppm C g@ﬁﬁ%ﬂb tﬁ}?g# ti%ufep@ﬁcfeegergﬁgyﬁﬁéa%h pEQﬁon(%g'n Ligvi grogg

ppPn/ C, theretore, a ve 1S best betwee at of the
substrat g anﬁa\fmgewow]faﬂ)oﬂ atedrBh .a%yﬁgrﬁﬁﬁ?!aﬁ&k?& ©A0tR&r i8R sgat i on of heat,
it will nove 10 through a transition regi on between a hard, glassy state to
a soft, rubbgpy state. This region is known as the glass transition region
or Tg. If a graph of expansion of the polymer versus tenperature is
plotted, the glass trapsition region is the intersection between the | ower
t enper at ur e/ gl assy reglbn coefficient of thermal expansion and the higher

t enper at ur e/ r uppReTy 'igli coefficient of thermal expansion. Above this

region, the rat increases significantly. Consequently, it is
preferred that Phe 85 gnsition of the polynmer be higher than nornal
operating tenperatures %xper enced during the application, and if
reworkability is needed, that the glass transition be |lower than any rework
tenperature. 20 Anot her enbodi nent of this invention includes the
mal ei m des having the formulae [MX ~]~- Qand [MZ ",]"- K as descri bed
herein in which Q and Z can be an ester having the structure OOOOR3 OC
R3COR3-OCR3 COR3 P or the structure




071~0V2002 14 0000-RBCGCOR3B OCR3-~-COR3 OCR3-~in which p i
1 to 100, each R can independently be an al kyl or al kyl oxy chain r[)a'i/NB!f;'lWZ
to 5 10 15 100 atons in the chain, which chain may contain aryl
substituents, or a siloxane having the structure -(CR 2)e
[SIR Z-0],-Si R42-(CR z) o in which the R substituent independently for
each position is H or an al kyl group hﬁ)vi ng 1 to 5 carbon atons, the R4
substituent independently for each pes+tion is an alkyl group having 1 to 5
carbon atons or an aryl group, a and g are independently 1 to 10 and f is 1
to 50. Anot héX)embodi ment of this invention includes the vinyl conpounds
having the structures R° ,R2 R\ .R2 B-xn Q~ B-Z mK n and n as descri bed
herein in which Bis C S%N%’ O CO, CO)NH or C(ONR8), in which Re is

0

u

C~- to G5 al kyl .o Anot he S_e_ iment of this invention includes the vinyl
conpounds havi r}ﬁ_ghe ru s RR . R2R R ,RZB-XmQ~B-ZmKn and n as
descri bed herei h and Z can be an ester having the 20 structure O

'n
O0OO0-R-OCR3 C RYCOR3 '~ 0 7 NOV 2002
N—C—

and (XII)

Q 0
I 1
HO—%:! : ;%—OH
5 (0] (0] :
andmisOor1,andnis 1to6.

Preferred maleimide compounds, particularly for reworkable

compositions, are N-butylphenyl maleimide and N-ethylphenyl maleimide.

10 Vinyl QOmpounds
The vinyl compounds (other than the maleimides herein) suitable for
use in the adhesive compositions of this invention will have the structure:
Rl R? Rl R?
\=<B—)§,, Q \=<B—Z ,,]»K
. n or n .
For these specific structures, when lower case “n” is the
15  integer 1, the compound will be a mono-functional compound; and when lower
case “n" is an integer 2 to 6, the compound will be a poly-functional
compound.
In these structures, R' and R? are H or an alkyl having 1 to 5 carbon

atoms, or together form a 5 to 9 membered ring with the carbons forming the



15 or the structure OO0 O-R3-COR3-OCR3~-COR3 OCR3-) p irfWHOLR0D
iIs 1 to 100, each R can independently be an al kyl or al kyloxy chain having
up to 5 100 atoms in the chain, which chain nmay contain aryl substituents,

or a siloxane having the structure -(CR 2)a (SiR42-,-SiRz-(CR z)9 in

whi ch the R substituent independently for each position is H or an alkyl

group having 1 to 5 carbon atons, the 1I1? substituent independently for each
position is an al kyl group 10 having-1-to 5 carbon atonms or an aryl group,

a and g are independently 1 to 10, and f is 1 to 50. Another enbodi nent of
thi s inventi einylignalpyBésC i@, OUCE)] @-Cao)esdve, Tamrosd COM(RAsindescr i bed
herein containing an anionic or cationic curing initiator. The types and
usef ul anmpunwhicbfR®$sUC Ho Cralkyl;ab @rosorar isvies; land X, @rihwnd Krrd de art. EXAMPLES
Various nal ei m de and vinyl conpounds were prepared and fornulated into
adhesi ve congdesiribeda®ve.The conpositions were investigated 20 for viscosity
and thixotropic index for the uncured conposition, and for curing profile,
gl ass transition tReefprablsitBiis®, C(@R ()P, HOINH ot CENNEP); engo@nsi on, t her nal
mechani cal analysis, and in sone cases reworkability for the cured

conposi tidn. prefeyalily R0 202 Cr6(MMIEHAE ol C(®MNEPAr at | on of

But adi ene-Acrylonitrile Bisnaleimde HZ NH C- N
The preferred vinyl compounds for use as adhesives are vinyl ethers

or alkenyl sufides. Examples of suitable vinyl compounds are the following:

o) o)
CHy(CHy)y” NSV O/[k(CHz)u/u\ 057 (CHCHs

and O CHw—0_/ .

10
Other Composition Components

Depending on the nature of the substrate to which the adhesive is to
be bonded, the adhesive may also contain a coupling agent. A coﬁpling
agent as used herein is a chemical species containing a polymerizable

15  functional group for reaction with the maleimide and other vinyl compound,
and a functional group capable of condensing with metal hydroxides present
on the surface of the substrate. Such coupling agents and the preferred
amounts for use in compositions for particular substrates are known in the art.
Suitable coupling agents are silanes, silicate esters, metal acrylates or

20  methacrylates, titanates, and compounds containing a chelating ligand, such
as phosphine, mercaptan, and acetoacetate. When present, coupling agents
typically will be in amounts up to 10 percent by weight, and preferably in
amounts of 0.1-3.0 percent by weight, of the maleimide and other

monofunctional vinyl compound.



CH3 ~ OCH3 mn HNHZ 1. mal efic anhydri de, acetone 2. Ac20, NaQAc, Et3N O
NNHCNOCH3I O\ OCH~\ HN N5 O Anino-tern nated 07 NOV 2002
but adi ene-acrylonitrile (sold as Hycar resin 1300 X42 ATBN by BF Goodri ch,
in which the mand n depicted in the structure are integers to provide a
nunber average nol ecul ar wei ght of 3600) (45d g, 500 10 mml based on am ne
equi val ent wei ght AEW = 450g) was diss@lved in CHCI3 (1000 ni) in a 3 L
four-necked fl ask equi pped with addit+en-funnel, mechanical stirrer,
internal tenperature probe and nitrogen inlet/outlet. The stirred solution

was placed under i dddiige,haadhesiodtdtbositiorindyCBnBRicBmpdias a@di ti on funnel
was charged with malefic anhydride (98.1 g, 1 nol) in CHCI3 15 (50 nL) and

thi s sol uti ofendaddituididéxibitty ahe tougraets ©heréiitadurddidhéssse. LML ai ni ng t he
internal reaction tenperature below 10C. This m xture was stirred for 30

m nutes on i c@Mpaunesmay beoamydhedrmose bnthéroplastt herReRaind=erg@id stirred for an
addi tional 4hours. To the resulting slurry was added acetic anhydride

(AczO) (653. 20°,orGesadnyl Yypicallyewihye apdlyreer(ciihdlddal {Hafacteriged ). fid Mol ) and 20
sodi um acetate (NaOAc) (62.3 g, 0.76 nol). The reaction was heated to mld
0 7 you (®02rofatios apat thexhéroical Hotmisuihe preabhcawe dthéryreups) aridehd 0am t enper at ur e,
and subsequently extracted with H20 (1 I _), said. NaHC3 (1 I) and H20 (2x1
L). Sol vent aREeNeepfing strychuresaGuilatiesugh alodifiedséncivee polpacdgatér mi nat ed
but adi ene acrylonitrile. EXAVMPLE 2 Preparation of Tris(naleimnde) Derived
From Tri s( epBXYBrtagisne)irotyEHE A nelemerizedtetaiydrofi@a), CYBMfcartRd O H O O OH OH _
Ol ~~-N, 0HOO-~\ Oi V Tris(epoxypropyl)isocyanurate (99.0 g, 0.33 nol)
i s di ssol vedteMingtpgbutadiene-acrylonitrile) rubber, and polypropyléne glycol. When
present, toughening compounds may be in an amount up to about 15 percent
10 by weight of the maleimide and other monofunctional vinyl compound.
If siloxane moieties are not part of the maleimide or viny! compound
structure, siloxanes can be added to the package formulations to impart
elastomeric properties. Suitable siloxanes are the methacryloxypropyl-
terminated polydimethy! siloxanes, and the aminopropyl-terminated
15 polydimethylsiloxanes, available from United Chemical Technologies and
others.
Other additives, such as adhesion promoters, in types and amounts

known in the art, may also be added.

20 Performance Properties
These compositions will perform within the commercially acceptable
range for die attach adhesives. Commercially 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
25  240°C, and for warpage for a 500 X 500 mil? die are in the range of less than

or equal to 70 um at room temperature.



(500m) in a 2 L three-necked flask equi pped with nmechanical stirrer,
internal tenperature probe and nitrogen inlet/outlet. To this sol Ut §AV 2082
added hyroxyphenyl mal eimide (189.2 g, 1 nol) and benryl di methylam ne (1.4
g, 15 0.05 wt. % . The solution is heated to 80C for 7 hours. The reaction
then is allowed to cool to roomtenperature, is filtered, and the filtrant
washed with 5 0 7 NO V 2002 18 HC q (500n.) and distilled HZO (1 L).
The resulting solid, triazinetris(nal-efm de), is vacuumdried at room
tenperature. EXAMPLE 3 5 Preparation of Ml eimdoethylpalmtate O HO- N~ O
H3C(H2C) 14 C O HB{g ddéfipient-othitkrmdDekianBibh (/TE) th@thatige p274.9 g, 1 mol) is

di ssolved in EtzO (500 nL) in a 10 15 20 2 L three-necked fl ask equi pped

wi t h mechani diménsidni per enit chiandedin remhpetadurp éor atgivee matepiae Diffedehtt i on f unnel and
nitrogen inlet/outlet. NaHCO3 (84.0 g, 1 nol) in distilled H20 (500 nL) is
added wi t h vingteniasiwill paver diffengnt eates dfle@papoiont If e CTkob eely diffe@nt foce bat h under
nitrogen. The addition funnel is charged with hydroxyethyl mal ei m de (141 g,
1 nol) in Eteldngnatachgd tagethar thermabdygliigoan saldedhe aitaciee elepearts on over a
period of 30 mnutes, maintaining an internal T<10C during the addition.
The reacti ortoibgnd ciack.au déleminateoirhatlypigd sainicandustooassemely, thét€MEal | owed to war m
to roomtenperature and stirred for 4 hours. The reaction is transferred to
a separ at or yoftherghia is irible tange pfLoir Stpe/ 6 foaatgenit sipayit baard lselbtralet h di stil | ed
HzO (500 nmL), 5% HO agq (500 nmL) and distilled H20 (2x500 niL). The organics
are isol at edhe GFE&B@&@W“W”&%W@OW the ETE 9f tha@drasive éshest enpved i n
vacuo to yield the aliphatic mal ei mde. 0 7 NO~ 2U0 19 EXAMPLE 4

Pr epar at i on Retwasndhgtobihpsekstreieand dig- f r om 5- | socyanat o- 1- (i socyanat onet hyl )

1, 3, 3-trinethyl \%Cl ohexane NCO NCO o o
en a polymer is subjected to the application of heat, it will move

10  through a transition region between a hard, glassy state to a soft, rubbery
state. This region is known as the glass transition region or Tg. If a graph of
expansion of the polymer versus temperature is plotied, the glass transition
region is the intersection between the lower temperature/glassy region
coefficient of thermal expansion and the higher temperature/rubbery region

15  coefficient of thermal expansion. Above this region, the rate of expansion
increases significantly. Consequently, it is preferred that the glass transition
of the polymer be higher than normal ’operating temperatures experienced
during the application, and if reworkability is needed, that the glass transition
be lower than any rework temperature.

20 Another embodiment of this invention includes the maleimides having
the formulae [M-X ,],— Q and [M-Z .],~ K as described herein in which Q
and Z can be an ester having the structure

o)
I i l 1}
~—Ry-0~C—Ry-C~0—Ry—-0—C—Ry—C—O—Ry:

or the structure



cat. Shn~~ OO HO- N'"NJOHN\OOI O\ H-~N5

5-1socyanat o- 1- (i socyanatonethyl)-1, 3, 3-trinethylcycl ohexane 10 g@ Noyod5
g, 0.5 nol) is solvated in THF (500 nL) in a 1 L three-necked flas

equi pped with nechanical stirrer, addition funnel and nitrogen
inlet/outlet. The reaction is placed under nitrogen) and dibutyltin
dilaurate (cat. Sn") (6.31 g, 10 mmol ) ,and hydroxyethyl maleimde (141 g, 1
nol) are added with stirring, and the—+esulting m xture heated for four
hours at 70C. The addition funnel is charged w th hydroxyethyl mal ei m de
(141 g, 1 nol) dossol ved ioh THi® (100 nmL).poThis solution is added to the

i socyanate sol 0 e 0 tes resultl ng m xture heated for
an additional h’o{?rg% {) gzén'('#& é%c'[k? ﬁ ep!? @l lowed to cool to room

t enperature and solvent renoved in vacuo. The remaining oil is dissolved in
CH2Cl 2 ( 1 L) andinwagheds wd 10010% HClaqg (1 L) and distilled H20 (2x1 L).
The isolated organics are dried over MJSO,, filtered and the sol vent
renoved i n vacuo ¢ash\R’ ebrdintépendanitieberamalky! or alkyloxi¥akai? 68ang2( tEXAMPLE 5
Preparation of Dimer Divinyl Ether Derived FromPripol 2033 O,. " ~OM65
"Di mer Di vi @D aktntssin the(chaid, \ehidi ¢haininsayrmentain 8yl s(tistituents, or

10- phenant hroline) Pd(OQAc)z (0.21 g, 0.54 mmol) was dissolved in a mxture
of butyl Svinyl ethslioxgr@ heg8ing theSlrugtunerelCRY ).~ ISR i-&le SRISERML),-and " di ner
diol" (sold as Pripol 2033 by Unichema, 15.4 g) 27.2 mmol) 10 in 2 L

t hr ee- neckedn Whl&Bmee%itﬁvbﬁiwnt/mqwe@d%ﬁﬁscﬂqam@aoslmnl$ Her analdr nitrogen. This
solution was heated to light reflux for 6 h. The solution was allowed to
cool to roorfreupisxingtie & camen stamsdoriBheubgtituent indepesdensy frer¢at ed car bon (20
g) and stirred for 1 hour. The resulting slurry was filtered, and excess
butyl vinyl Rogtie} 'séﬁ@'kﬁ%?wv‘ﬂéﬁéo§%%ﬁ°mﬁ°mﬂ OFQYPYE RI4E t he di vi ny!
ether as a 15 yel |l ow oj The product exhibited acceptable'H NMR, FT-1R and
"C NMR spect?%l"%‘??&ﬂ%'t@r@é??B‘gf'sT§Pp§%al vi scosity -100 cPs. 07NOV

2002 2 1
Another embodiment of this invention includes the vinyl compounds

having the structures

R! R? R1 R2
L, s
n and n
as described herein in which B is C, S, N, O, C(O), C(O)NH or C(O)N(R?), in
which R® is C, to C; alkyl. '
15 Another embodiment of this invention includes the vinyl compounds
having the structures
R1 R2 R! R2
l:.\=<B_)g“ Q \=<B—Zm K
n and n
as described herein in which Q and Z can be an ester having the

structure

0O O

Il ] I Il



EXAMPLE 6 Preparation of Diner Diacrylate Derived From Dinmer Diol (Pripol
2033) 5 0CI HOOH "C 36 Et 3N, acetone | OO I "C 36 A diner diol) (8o 2002
as Pripol 2033 by Unichema) 284.4 g) 500 mml) 10 15 20 is dissolved in dry
acetone (500 nL) in a 1 L three-necked flask equi pped with nmechani cal
stirrer, addition funnel and internal tenperature probe under nitrogen.
Triethylamne (101.2 g, 1 nol) is addei to this solution and the solution
cooled to 4C on an ice bath. Acryloyl—&hloride (90.5 g, 1 nol) solvated in
dry acetone (100 m.) is charged into the addition funnel and added to the
stirred reacdrittenstsiofutd i on over the course of 60 m nutes, maintaining an
internal tenperature <10C. This solution is stirred on ice for an

addi tional 2 hougs) then @ lowmed to warmgo roomtenperature and stirred
for 4 hours._Byl ¥ solyent i s, rdmoyed, vi rotary evaporator, and the
remai ni ng resi ?Jg gl%ﬂapeg i%{r?'('gr{%l_%i‘(_l '[?.—RT #s solution is washed with 5%
HCl,q (800 nL)) and H20 (2x800nlL). The isolated organics are dried over
MySO, anhyd. and iiwHidarpasls ia1od, t he sol vent renoved in vacuo to yield the
diacrylate as an oil. EXAVMPLE 7 Preparation of N ethyl phenyl WMafeimde 25
4-Ethyl aniline (&shR2ghn Waspetiatipby adlalky ob&lkyldxy ehaimRdWrdrupus et hyl et her
and slowy added to a stirred solution of 9.81 g of nmalefic anhydride in

0 7 N o 6 200® =2émnslia@hendhainf wisichgrainaonsy aahfainl anglitstituedts,| | ed in an ice bath.
After conpletion of the addition, the reaction mxture was stirred for 30
m nutes. The |i ghor asilbokame/haviggthelkstsuaveee filtered and dried. Acetic
anhydride (200 m) was used to dissolve the maleam c acid and 20 g of

sodi um acet at e. ThECR'QRdBIRGACIASIRYHERE)winswHichabed' substitvendi | bath at 160C.
After 3 hours of reflux, the solution was cooled to room tenperature,

pl aced in a indepepdgaiyfor pachipositiqds Eror an @lkgioreupdeving Hisroeashap for 1 hour. The
product was suction-filtered and recr}/st allized in hexane. The collected
crystal | i ne #emertheR* syhstitepnt indepepdestirior gagh ReSERILIERBAKY 9FHer ni ght . FTI R and

NVR anal ysi s showed the characteristics of ethyl 10 mal ei m de. EXAMPLE 8
Pr epar at {0on RAVING; 1P RICRDAY RISMS F Begryigroup.-e agy gedndeppndedtlyd400 cat. H Vazo 52
2 eq. HS~/ 1( CHZ) ~oCH3_15
0,and fis 1 to 50.
Another embodiment of this invention includes the curable
adhesive composition as described herein containing an anionic or cationic
curing initiator. The types and useful amounts of such initiators are well

15 known in the art.

EXAMPLES
Various maleimide and vinyl compounds were prepared and
formulated into adhesive compositions. The compositions were investigated
20 for viscosity and thixotropic index for the uncured composition, and for curing
profile, glass transition temperature, coefficient of thermal expansion, thermal
mechanical analysis, and in some cases reworkability for the cured

composition.



O O H3C(H2C) ~0 S~O~-C~O~-S"(CHz) ~oCH3 Di ner acid (sold under the trage,rrgﬁ\kmz
Enmpol 1024 by Unichema) 20 (574.6 g, 1 nol) and propargyl alcohol (112.1 g,
2 mol) are solvated in toluene (1 L) ina 3 L three-necked fl ask equi pped
wi th nmechanical stirring and a 0 7 NOV 2002 23 Dean-Stark distillation
apparatus. Concentrated H2S04 (6 nL) is added and the solution refluxed for
6 hours until 36 nmL of H20 is azeotro%cally distilled. The solution is
allowed to cool to roomtenperature)-+s-washed with H20 (2X1 L), dried over
MyS04 anhyd. and the solvent renoved in vacuo to yield 5 the propargyl
ester internediate as an oil. Thegagsten. i nternediate (650.7 g, 1 nol) is
solvated in THF (200 nL) in a 1 L three-necked flask equi pped with refl ux
condenser) nechani caPrepbratidnedf Batadieheyheryoaitrild Bisfpgeimiidér € pr obe under

ni trogen. Lauryl mercaptan (404.8 g, 2 nol) and

2,2' -azobi s(2, 4-di net hyl pentanenitrile) (sold under the trademark 10 Vazo
52 by DuPont) (11 g) are added and the resulting m xture heated to 70C on

an oil bath %WNQHfor 7 hours. Hagpeaction is allowed to cool to
roomtenperature and SWW% yield the al kenyl sulfide
as an oil. 15 EXAMPLE e atyo 1 do roic acid OOOH N O
6- mal ei mi docapoi c acid 20 The acid fnct i 'E)naﬂ.,N\na/I%i/rri}gNl_p- mal ei m docaproi c
acid, was synthesized usi ng known net hodol ogy. ™~ Ant'ho pr8i c acid (100 g,
7.6x10"" nols) was dissolved iin glacial, a%etlc acid (50 nmL) in a 500 nL
four-necked flask equi pped with necPRTSANYEIde, 2R an i nter nal
tenperature probe and an addity on % ifeR1 Na9fAe Biddi ti on funnel was char ged
with a solution of nmalefic 07 NOV 2002 24

@}
CH @)
o 3 O)\M/M/YO CH3 \
HN\/\)\/ N
0

Amino-terminated butadiene-acrylonitrile (sold as Hycar resin 1300
X42 ATBN by BF Goodrich, in which the m and n depicted in the structure are
integers to provide a number average molecular weight of 3600) (450 g, 500
10  mmol based on amine equivalent weight AEW = 450g) was dissolved in
CHCI, (1000 mL) in a 3 L four-necked flask equipped with addition funnel,
mechanical stirrer, internal temperature probe and nitrogen inlet/outiet. The
stirred solution was placed under nitrogen and cooled on an ice bath. The
addition funnel was charged with maleic anhydride (98.1 g, 1 mol) in CHCl,
18 (50 ‘mL) and this solution was added to the reaction over 30 minutes,
maintaining the internal reaction temperature below 10°C. This mixture was
stirred for 30 minutes on ice, then allowed to warm to room temperature and
stirred for an additional 4hours. To the resulting slurry was added acetic
anhydride (Ac,0) (653.4 g, 6 mol), triethylamine (Et;N) (64.8 g, 0.64 mol) and

20  sodium acetate (NaOAc) (62.3 g, 0.76 mol). The reaction was heated to mild



anhydride (74.8 g, 7.6x10'" nols) dissolved in acetonitrile (75 nL)H%{$b§7m2
sol ution was added to the am nocaproic acid at roomtenperature dro

over 1 hour, maintaining an internal reaction tenperature |ess than 35C

The reaction was stirred for three hours after the addition was conplete.
The 5 reaction slurry was filtered, and the isolated filtrate was dried in
a vacuumoven (P-25 T) overnight at 789 to yield 166 g of off white solid
(95% . The product am c acid exhibited FT-1R and'H NMR spectral
characteristics consistent with literature data. The am c acid descri bed

above (166 Geflukferslifdurs, ARWEY toV@B t8 Adoride er%@ré.%n@s@d%%ﬂein@%‘ of toluene (200
m.), benzene (200 nL) and triethylamne (211 nL) 1.51 nol) ina 1L

t hr ee- neckexirhasdwnijonpey sid. Nareohani)eal Hsd ¥?Ixﬁ iLNgseiiht Radean- Stack trap

under nitrogen. This solution was heated to reflux far 4 h and the water
produced colrbeiedn Vatub feyidRe M8 maleihille termiPatePbsthdibhest-petittle. (400 L) was
added to the reaction flask to dissolve the triethylamonium 15 salt of the
product which |largely separated fromthe bul k solution during the reaction.
Thi s aqueous | ayer was isol ated, egaameigEped to pH1 with 50% HC, r and
extracted with ethyl acetate (600 nL). This organic |ayer was washed with
distilled water (400 nlL). Freparatioh at Brd(maigimider | ayer was dried over
MySO4f ol | owed by sol veDerived Fooralris(epowyrepyl)socygnebtd an of f white solid (76.2
20 g, 509 . The product 6-nmal ei m docaproic acid was spectrographically
identical to literatgr@ material by FT-1R and 'H NMR 0 7 NOv 2002 25
EXAMPLE B. Preparatjen of "Dinmer Diester Bismaleimde® OOO0 OONOO
"Dinmer Diester Bis Ie'bm' de" (and cyclic isoners) 5 Pripol 2033 ("diner

di ol ") Uni gens, . .~ 1.69x10'" nols), 6mal eim docaproic acid (75.0 g,
3.55x10"" no d S04-6¢0.50 nmL) -8.5x10"" nmols) were slurried in

tol uene (300" i Ny a LNfour -necked fl ask equi pped with nechani cal
stirrer, a Dean-Stapk trap and an internal tenperature probe under

ni trogen. The reaction ted to Light reflux for 10 two hours and the
wat er evol ved collected in't Dean- Sfjark trap. The trap was drained and
-50 mL of toluene s off of the reaction to renove trace
noi sture and drive the™ssterifNca¥ion uilibriumto conpletion. The
reaction was allowed to c to room@genperature, additional toluene (100
m.) was added (on the | aboratery scale it is preferable to add di et hyl
ether in 15 place of toluene at is point), and the solution was washed
with saturated NaHCGB8ag. (300 ni) and distilled wateQ (300 nlL). The organic

| ayer was isolated and drPEd over anhyd a he sol vent renoved
' =‘.@‘ rial can be further
the resin through a short plug of

?"ml eim de resin &hibited acceptabl e

| - 2500 cPs. 0 7 NOvV 2002 26
%F@\r Bigmaleimje" OO0\ NOON

be

Tris(epoxypropyl)isocyanurate (99.0 g, 0.33 mol) is dissolved in THF

purified by @utl 3
silica or al Wn This liquid
FT-IR,"H NVMR/ afld "C NVR data. T

\ OOO

10

(500mL) in a 2 L three-necked flask equipped with mechanical stirrer, internal
temperature probe and nitrogen inlet/outlet. To this solution is added
hyroxyphenylmaleimide (189.2 g, 1 mol) and benzyldimethylamine (1.4 g,

15 0.05 wt. %). The solution is heated to 80°C for 7 hours. The reaction then is

allowed to cool to room temperature, is filtered, and the filtrant washed with 5



"Decane Di ol Diester Bisnmaleimde" 5 The general procedure descri bﬁgd’@
Exanpl e B. was applied substituting decane diol (29.5 g, 1.69x10""’ Z\UQ;r
Pripol 2033. This process yielded a solid, noderately sol uble bismalei mde
(54.9 g, 58% . The product exhibited satisfactory FT-IR and'H NVR data. 10
EXAMPLE D Preparation of "Aycerol Triester Tris(maleimde)” ON-, \WOON
O~0OO0OOOONOThe protocol outli ned18i n exanple B. was utilized
substituting glycerol (10.4 g, 1.13x16* nol) for Pripol 2033. The product
was a viscous liquid 15 which exhibited acceptable FT-1R and H NVR dat a.

0 7 NOV 2002 BiCI,[360vhl) RnEdisflee pRO &t L)0Mhetesulbhgédiy,ni t r obenzyl car bamate) of
IPDI" NO2 o NOHO~ NX i 5 "Bis(mnitrobenryl carbamate) of [PDI"

| sophor one diiazietismmndivide), IsRREyunLEH2d@t BomAepekdture. N0l s), m ni trobenryl

al cohol (137.8 g, 9.0x10'"' nols) and dibutyl tin dilaurate (2.8 g, 4.5x10'3
nots) were solvated in dry toluene (1500 mL) in a 2L three-necked 10 fl ask
equi pped with nechanical stirrer) reflux condensor and internal tenperature
probe under nitrogen) The resul t ExgMBOEBti on was heated to 90C for 4 h. No
| socyanat e band was observed in the IR of the solids portion of the sanple.
The sol ubi on was al | owedPreparatmolof MeleimidnetHypairdtatat ur e and washed with
distilled H20 (100 nL). The organic |ayer was isol ated and

0
A
o) 0
A
o)
> HCHC) o\ AN
0

H,C(H,C),,” Cl
Paimitoy! chloride (274.9 g, 1 mol) is dissolved in Et,0 (500 mL) in a

2 L three-necked flask equipped with mechanical stirrer, internal temperature

10  probe, addition funnel and nitrogen inlet/outlet. NaHCO, (84.0 g, 1 mol) in
distilled H,O (500 mL) is added with vigorous stirring and the solution cooled
on an ice bath under nitrogen. The addition funnel is charged with
hydroxyethylmaleimide (141 g, 1 mol) in Et,O (100 mL) and this solution
added to the reaction over a period of 30 minutes, maintaining an internal

15 T<10°C during the addition. The reaction is stirred for another 30 minutes on
ice, then allowed to warm to room temperature and stirred for 4 hours. The
reaction is transferred to a separatory funnel and the isolated organic layer
washed with distilled H,0 (500 mL), 5% HCl,, (500 mL) and distilled H,O
(2x500 mL). The organics are isolated, dried over MgSO, anhyd., filtered and

20  solvent removed in vacuo to yield the aliphatic maleimide.



15 solvent renoved in vacuo to yield a yellow Iiquid which exhibited
acceptable FT-IR and H NVMR characteristics. 07 NO V 2002 ZSOEM\VF?Q@ F.
Preparation of "Bi s(mam nobenzyl carbamate) of IPDI" NH2 ON OH O ~ NHZ
"Bi s(m am nobenzyl carbamate) of IPDI" 5 The dinitro conmpound from Exanpl e
E. (8.28 g, 1.57x10'2 nots) was dissolved in ethanol (100 nL) in a 500 nL
t hr ee- necked round bottom fl ask equi PRy d with magnetic stirring under
nitrogen. Cycl ohexene (28.6 nlL, 2.82x% nots) was added) followed by 5%
Pd/C (4.14 g). The resulting 10 slurry was refluxed lightly for 6.5 h. '
The FT-IR of a filtered aliquot gkambLs4sol ution exhibited no vitro
stretching bands at 1529 cmi' and 1352 cmi'. The bul k solution was all owed
to cool to room tenper aPteparationthf Bishiarintigh D&Vey @ was renoved in vacuo to
yield a yell ow semni solid §sobyagato9Q0bcyahatomedyihi bi t ed acceptabl e FT-1R and
H NVR spectral characteri stilch3-tdrbethyiddiohéxate 0;~0 ON ~ O\ OH O~ N\\O
0 7 NOV 2002 29 Preparation of "Bis(mnmalei mdobenzyl carbanmate) of |PD"
"Bi s(m nmal ei m dobeny® carbamate) of IPDI" The diam ne from Exanple F (6.6
g, 1.41x1'2 nots) was solvated in 5 acetone (60 nL) in a 250 nL four-necked
fl ask equi pped w magnetic stirre@_and addition funnel under nitrogen and
cooled to 4C c anhydride (2.7 2.82x10"z nots) dissloved in

acked ower c e of 30 minutes. The resulting
for h, ¥Ygnd subsequently was allowed to
warmto roomtenperature and stirxed overnight. 10 FT-1R anal ysis indicated
no mal efi ¢ anhydri de renai necbtasn'] ed by the aBsence of the anhydride
stretching band at -1810 cm'.

5-Isocyanato-1-(isocyanatomethyl)-1, 3, 3-trimethylcyclohexane
111.156 g, 0.5 mol) is solvated in THF (500 ImL) in a 1 L three-necked flask
equipped with mechanical stirrer, addi;ion funnel and nitrogen inlet/outlet.
The reaction is placed under nitrogen, and dibutyitin dilaurate (cat. Sn") (6.31
10 g, 10 mmol) and hydroxyethylmaleimide (141 g, 1 mol) are added with
stirring, and the resuiting mixture heated for four hours at 70°C. The addition
funnel is charged with hydroxyethylmaleimide (141 g, 1 mol) dissolved in
THF (100 mL). This solution is added to the isocyanate solution over 30
minutes, and the resulting mixture heated for an additional 4 hours at 70°C.
15  The reaction is allowed to cool to room temperature and solvent removed in
vacuo. The remaining oil is dissolved in CH,Cl, ( 1 L) and washed with 10%
HCl,, (1 L) and distilled H,0 (2x1 L). The isolated organics are dried over

MgSO,, filtered and the solvent removed in vacuo to yield the maleimide.



To the above am c acid solution was added acetic anhydride (8.5 ni,
9.0x10' 2 nols), triethylamine (1.26 nL, 9.0x10'' nots) and sodi um akeNay 002
(0.88 g, 1.1 x10'2 nols). The resulting solution was refluxed lightly for 4
h 15 under nitrogen. The reaction was allowed to cool to roomtenperature
and bul k solvent was renoved in vacuo. The resulting viscous |iquid was
resol vated i n nmethyl ene chloride (200.§L) and extracted with distilled

wat er (3x200 nlL). The organics were ﬁﬁ n dried over MgSO, anhyd., filtered
and sol vent renoved in vacuo to yield a light brow solid (6.75 g, 76%.
This 20 material exhibited acceptable FT-IR and'H NVR spectral features.

0 7 NO V 2002 30 EXAMPLE H. Preparation of "Bis(mnitrobenzyl carbamate)
of DDl 1410" ON-O ~ NIz Hi v HeMa@PreBIOZ O "Bi s(m nitrobenzyl carbanate)
of DDl 1410" (and cyclic isomers) 5 DDI 1410 (Henkel) "D ner Diisocyanate"
99.77 g, 1.65x10'"' nols base&hraion dDider Bwild@ther m ni t r obenzyl al cohol (50.8
g, 3.32x10'"' nots) and di but Pkrivied Febirm Pigo2@33( 0.5 L, 8.3x10 nols) were
solvated in toluene (150 nL) in a 1 L four-necked flask equi pped with
mechani cal stirrer, reflux condensor and internal tenperature probe under
nitrogen. The reaction was heated to 10 85C for 2.5 h. FT-IR analysis of an
aliquot of the reagtiqn indicated conplete consumption of isocyanate
functionality as judge and at 2272 cm'. Sol vent was
removed fromthe reaction in vacup to yield a yellow oil which solidified
upon standing at roomtenpera 2.4 9, 102% (trace toluene)). This
solid exhibited sati ory” FT-1R an ctpal 15 features. EXAMPLE
. ONNO~ NH2 HH N-O NH2 O N 7 NOV 2002 31 Preparation of

"Bi s(m api nobenzyl carbamate) of DD 1410" "Bi s(m am nobenzyl carbanmate) of
DDI 1410g1 (and cyclic i Wﬁrré')('"yf'ﬁg'eﬁ'i(%{?ﬁ%@“%?%&&ﬂt of Exanple H (39.6 g,
4.32x10' 2 nots) and

Bis(1, 10-phenanthroline)Pd(OAc), (0.21 g, 0.54 mmol) was

dissolved in a mixture of butyl vinyl ether (8.18 g, 81.7 mmols), heptane (100

mL) and "dimer diol" (sold as Pripol 2033 by Unichema, 15.4 g, 27.2 mmol)
10  in 2L three-necked flask equipped with a mechanical stirrer under nitrogen.

This solution was heated to light reflux for 6 h. The solution was allowed to

cool to room temperature and subsequently poured onto activated carbon (20

g) and stirred for 1 hour. The resulting slurry was filtered, and excess buty!

viny! ether and heptane were removed in vacuo to yield the divinyl ether as a
15  yellow oil. The product exhibited acceptable 'H NMR, FT-IR and *C NMR

spectral characteristics. Typical viscosity ~100 cPs.



5 stannous chloride dihydrate (97.55 g, 4.32x10'' nols) were sl urrf 2d0¥2002
ethyl acetate (300 nL) in a 1 L three-necked flask equi pped wth nechani cal
stirrer and a reflux condensor under nitrogen. The reaction was heated to
light reflux and stirred vigorously for 3 h. The solution was allowed to
cool to roomtenperature and brought to pH 7-8 with a solution of saturated
sodi um 10 bi carbonate. The m xture Wa%pushed through a 25 mcron filter to
yield a m xture which separated into &a-cloudy aqgueous | ayer and a
noderately clear organic |ayer. The aqueous |ayer was isol ated and washed
with ethyl acetate (100 nlL). The gxagipE® | ayers were conbi ned, washed with
distilled water (300 nL) and dried over anhydrous MyS0O4. The slurry was
filtered and 15 sol vent r ermpyRehtibh 6MDinBEDREABIeat € in vacuo to yield yellow,
sticky solid (33.8 g, 92%YerivederddDimet DidP(Rparaasson of

"Bi s(m mal ei m dobenzyl carbamate) of DDl 1410" OO\ ~N_HO~/ OHOO
~NI OO ® 0 7 NOV 2002 32 "Bi s(m nal ei m dobenzyl carbamate) of DDl 1410"
(and cyclic isomers) Ml efic anhydride (15.4 g, 1.57X10'2 nols) was

di ssolved in acetone (300 nL) in a@® L four-necked flask equi pped with
mechani cal stirrer, internal 5 tenfjerature probe and addition funnel under
nitrogen. This solution was coo -4C on an ige bath. A sqJution of the
di am ne prepgped igyExanple | (63.4 ¢, 7.48x10'2 I'sg in cea ne (70 ni)
was charged to ‘t¢1§6 addi t on—funnel—-and—addedsto t ket ydri de

sol ution over a period of 30 nEny esetome nt ai ni ng anyi nt erffalll t enperature of
<10C. The resulting solution was 10 stirred for 1 h”and subsequently
allowed to warmto roomtenperature and stir for 2 h. To this solution of
am c acid was addadinaglol @old B8 PAGdI 8633(b34nichBa, 284421650 mi®l S) |
triethylamne (6.25 nL) 4.48x10'2 nols) and nmanganese acetate tetrahydrate
(0.37 g, 1.56xik8olvediPbSy)acetdid G0G Ml)ihia0rL WWae-neciidddsk equibbed Wight refl ux for
6.5 h, then allowed to cool to roomtenperature. Bul k solvent was renoved

i n vacuol0 anuetHaeicalestimér; addion Aunkelland) Intethahesnpdiatis®probelunder di et hyl et her (500
m.). This solution was washed with dist H20 (500 nL). The isol ated organic
| ayer was t hwitnogens Wdethylarhihe €1a1.Q1gat1aabl N MRS tatis sphifkdh ardtheand again with
dist. H20 (500 nmL). The organics were isolated, dried over 20 anhyd. MyS04,
and sol vent $alution geblédtowiemart ice hatel Acrploy ickiorted9®6 angeodi | . This, nateri al
exhibited FT-1R 'H NMR and' 3C NMR spectral features consistent with the
expect ed bi ssaiVatadin dey agetorrid 00 mL.) is clrargedinty teomiditigBfumelRd E AA. Low Stress
Die Attach Adhesive Formul ati on and Di e Shear Strengths on Vari ous

Leadf rames 52d8editq the stirrgd|reasiiorisaliutian pyaE fhesrgHies P{AO misktasil at i on havi ng a

viscosity of 9011 cPs (5 rpm cone and pl at e? ~and thixotropic index of 5.36
was prod c e dMaintaining an internal temperature <10°C. This solution is stirred on ice for :

an additional 2 hours, then allowed to warm to room temperature and stirred
for 4 hours. Bulk solvent is removed via a rotary evaporator, and the
remaining residue solvated in CH,Cl, (1 L). This solution is washed with 5%
HCI,, (800 mL), and H,0 (2x800mL). The isolated organics are dried over
20  MgSO, anhyd. and filtered, and the solvent removed in vacuo to yield the

diacrylate as an oil.

EXAMPLE 7
Preparation of N-ethylphenyl Maleimide
25 4-Ethyl aniline (12.12g) was dissolved in 50 ml of anhydrous ethyl

ether and slowly added to a stirred solution of 9.81 g of maleic anhydride in



by conbining the follow ng at roomtenperature using a nechani cal g(g 00
Li qui d bi smal ei m de of Exanple B:2.644 g10 Di ner divinyl ether of 0 @{M
5:2.644 gRi con 131MA20 (Ricon Resins, Inc.):0.661 gSilquest A-174 (Wtco
Corp.):0.040 gUSP-90MD (Wtco Corp.):0.099 XD0026 (NSCC trade secret):
0.119 15 SF-96 silver flake 23.794 The resulting paste was di spensed onto
various netal |eadfranes as detailed | ow, and 120 x120 m| silicon die
were placed onto the adhesive bead to=produce an approximately 1 m|

bondl i ne. Sanmples were "snap 20 cured" at 200C for 60 seconds, and die

shear st rengiob$nl 8t adh9&Bus SRPEthar dhiiied A i dth. WaleP cdAtdh 8fthe These sanpl es
were then subjected to el evated tenperature and humdity (85C/ 85% RH) for

48 hours. DiRdiEHe e gidienaixife Was Stirled €t 30 GiiufesTBAS UG Jeidly r 0OM t enper at ure
and 240C. Results are tabulated in Table 1. 0O 7 NOV 2002 34 Table 1. D e
Shear St r enginjstald WSrSitedéd dvial driedn Aledit BiHydfidd 1200 M) vadusatd Adhesi ve No

Moi st ure ExposureAfter Moisture Exposure(48 h/85C/ 85 RH) Cure Profil e60

S/ 200C60 s/ ZHM3eNe Heele2A M GO aTeedidh dE4t. The reaction mixture

| eadf rane4. 88+1 - 1. 46+ - 0. 356. 54+! - 0. 821. 84+ - 0. 76 DSS ( kg) 0. 25Ag- Cu

| eadf r amg5. Zéas/hedted htdn-dl.b4B%t FE0PC: Art&Slhdalstdf réllux, 2h3Smlution was

(kg) 0. 34Pd- Cu5. 52+I - 1. 99+I - 0. 4411. 9+/-1. 33. 53+/-0. 66DSS (kg)0.39 5 Typi cal
noi st ur e uptcakied tonoom henseraliere) mared &f 4 € bemlérun @e water and 8fréd 85% RH was 0. 18
wei ght percent. Weight |oss during cure was 0. 16+l -0.05 wei ght percent. 10
EXAMPLE BB. Vi¢aBlsydgtii hogr. ofhe peddectwadshitiopdfitdredhand recrgstaltizedah Adhesi ve
SSmlarly to Exanple AA, 120x120 m| die were attached to | eadfranes of
vari ous conpwsane. dine coltectet! iysigllingmatgial avas deedoad AR @SN @VERHUT ven i n Exanpl e
AA. The bonded die were then cured using "snap cure" (60 15 s/200C) and
"fast oven careeoverogti FTIRRndNMR ajalysiEsrewyd thepharactaristiosioigthdur ed devi ces
were subjected to simulated HAST testing conditions (130C, 85% RH) for 130
hours. TRe dBa¢igide. exhi bited good adhesion as measured by die shear
strength (DSS) at both room.tenperature and el evated tenperature as shown
in Table 2. 20 Table 2. Die Shear Strengths after sinulated HAST Testing
Cure Profile60 s1200C1l5 m nutes/ 175CTest 25C240C25C240CTenper at ur eCu

| eadf ramel5. 3+/ - 1. 81. 12+1 - 0. 351758MPBE81 254/ -0. 39DSS (k ) Ag- Cu

| eadf ranel6. 3+/-1. 92. S1+| - 0. 55]1.4. 8+é.-(1 82. 61;# - 1. 6DSS

(kg) Pd- Cul5. 7+1 1. 73. 04+ - 0" "8&3gticn f Biglaikemgulidel 9opss (kg)

S~ 5
G oA cat. H , i /\ " Cau O/\

HO

Vazo 52
15

0 0]
HSC(HZC)“)/\ S/\/\ o)J\ C%L o/\/\ S/\ (CH2)1°CH3

Dimer acid (sold under the trademark Empol 1024 by Unichema)
20  (574.6 g, 1 mol) and propargyl alcohol (112.1 g, 2 mol) are solvated in toluene

(1 L) in a 3 L three-necked flask equipped with mechanical stirring and a



0 7 NOV 2002 35 Exanple CC. Warpage of Large Di e Bonded with Ml ei m deN nyl
Ether Die Attach Adhesive 5 The die attach conposition described iy Kgaddle
AA. was used to bond 500x500 mi| die to Pd-Cu | eadframes. The assenbl ed

pi ces were "snap cured" and neasured for die warpage at several
tenperatures and tines. Typical results are given in Table 3. The
performance exhibited by this 10 adhesj,ve qualifies it as a "l ow stress”
material. Table 3. Warpage of Ml ei m-@&N nyl Ether Die Attach Adhesive on
500x500 m| Die Thermal Histo 1 m n/200C +1 m nl1240C +4 h/ 175C Warpage (um

10. 4+/ - 1. 3 Blal:Stard didtidtbnla ;L ths Scdm LSS ml1§ LR Ahgal ysi s of
Mal ei m deNi nyl Etar;er' IID| enAtp ar(a:hsAdhesel ve The corrgoj;il t?%ll ? Exanpl e AA. was

used to progRidtidn mﬂhxefdlf&mousslu?«gna%nﬁtr@fwgwaﬂafmp.cwd.éﬂnéém were "snap
cured" (60 s, 200C) on a hot 20 plate or oven cured h1175C) and

characteri zerdelawuﬁamﬁmowem%%m BRBbasire is(dd¥hed wﬁ’«eﬁld ts are summarized
in Table 4. Table 4. Thernmal Analysis of Ml eimdeN nyl Ether Die Attach

Films Cure Rexfii),| 6fQ o5érd@EeL ahAykil BiaTth sdifant eafoVedinl dsud(i&yibigat - 65C
(psi) 421, 300513, 900Modul us (E ) at 100C (psi) -5, 864~ 23 980 0 7 NO V

2002 _365 Thiee gropaegyl adter ittsimdaiatecst aiailul | bel ow Ta typical of a |ow stress
adhesive. The materials' noduli at tenperatures above Tg are sufficient to

wi t hst and typi calThid esedp itetinaglate aB0I 7t g, Mol)é §dNaitdd ih THF @oe.ml Ot her
enbodi ments of the invention are those described in the follow ng nunbered
par agr aphs: irda 1iAthces-adeke fradk equipped eanefiex tandaensoqmedsanidanstidendi ng an
el ectroni c conponent to a substrate conprising a nmal ei mde conpound and a
10 curing i randindgroal tepadeeatire grobe ander hisrogemo Ujeurybmercaritam@048 ga2 f r ee- r adi cal
initiator, a photoinitiator) and a conbination of those, the mal eimde
conpound haviahand 2e"-pzabis(R.adimethyipentarenitdie) (soldindeh thentfadergarkr 1 and n is 1 to
6, and
10  Vazo 52 by DuPont) (11 g) are added and the resulting mixture heated to
70°C on an oil bath with stirring for 7 hours. The reaction is allowed to cool to
room temperature and solvent removed in vacuo to yield the alkenyl sulfide as

an oil.

15 EXAMPLE A.

Preparation of 6-maleimidocaproic acid

0

6-maleimidocapoic acid

20 The acid functional maleimide, 6-maleimidocaproic acid, was
synthesized using known methodology.! Aminocaproic acid (100 g, 7.6x10™
mols) was dissolved in glacial acetic acid (50 mL} in a 500 mL four-necked
flask equipped with mechanical stirring, an internal temperature probe and an

addition funnel. The addition funnel was charged with a solution of maleic



{a) Mis a nmaleimde noiety having the structure: ONOin which R is Hor
an al kyl group having 1 to 5 carbon 15 atons; {b) X is an aromatu:] @I
selected fromthe group of aromatic groups having the structuresd (ﬁw )
, /| OO~C OCNHS ~ NH 20 and o~ Nov 2002 37 (I1V) OOCNH and (c)
is a linear or branched chain alkyl, alkyloxy, alkyl amne, alkyl 5

sul fide, alkylene, alkyleneoxy, al kyI spe am ne, al kyl ene sul fide, aryl,
aryl oxy, or aryl sulfide species, whith nay contain saturated or
unsaturated cyclic or heterocyclic substituents pendant fromthe chain or

as part of theydebe(m.8 ANGxi0T dlé)Etsavee ihatbmtiRNYPMERETHs My or may not be
directly attached to X. 2. The curabl e adhesive conposition according to

par agr aph 1 sdiQtionwastddaéd @ thesarfinbdap@itraciarat bioteperati@dBpwbky! . al kyl oxy,
al kyl ene, or al kyl eneoxy species, which may contain saturated or

unsat ur at ed oegrcll hour, eairtathieg acyiRbriaCreactids tanbpepstire e mkargsd. roya t he chain or
as part of the chain. 3. The curabl e adhesi ve conposition according to

par agr aph 2 rédstiomwashstierbd Qr thseeehdursnedtar the additicnedsednmpled. mhal Kyl speci es,
whi ch may contain saturated or unsaturated cyclic or heterocyclic
subst i t ugnt segsterdslurty Wasditeretieand ittee isolated filtsatp aab dodd ih heacluad n.
oven (P~25 T) overnight at 70°C to yield 166 g of off white solid (35%). The
product amic acid exhibited FT-IR and 'H NMR sb'ectral characteristics
consistent with literature data.
The amic acid described above (166 g, 7.2x10! mols) was solvated
10  in a solution of toluene (200 mL), benzene (200 mL) and triethylamine (211
| mL, 1.51 mol) in a 1 L three-necked flask equipped with mechanical stirring
and a Dean-Stark trap under nitrogen. This solution was heated to reflux for 4
h and the water produced collected in the Dean-Stark trap. Distilled water
{400 mL) was added to the reaction flask to dissolve the triethylammonium
15  salt of the product which largely separated from the buik solution during the
reaction. This aqueous layer was isolated, acidified to pH~1 with 50% HCI,
and extracted with ethyl acetate (600 ;nL). This organic layer was washed
with distilled water (400 mL). The isolated organic layer was dried over
MgSO,, followed by solvent removal in vacuo to yield an off white solid (76.2

20 g, 50%). The product 6-maleimidocaproic acid was spectrographically

identical to literature material by FT-IR and 'H NMR.



4. The curabl e adhesi ve conposition according to paragraph 1 20 in which Q

is a urethan

e having the structure: OOOO

07 NOV 2002

-R2-X-~~NHR3-NH G (OR3-OCGNHR-NHG~ X-R- in which each RZ

i ndependent |
atonms; R 1is
2002 38 the

y is an alkyl, aryl, or arylalkyl group having 1 t

o0 18 carbon

an al kyl or al kyl oxy chain having up to 100 atons in 0 7 NOV

chai n, which chain may co%al n aryl substituents;

Xis O S, N,

or P, and v is 0 to 50. 5. The curabke—adhesi ve conposition accor di ng to

par agraph 1

5in which Qis an ester having the structure: Op

-R3-~-O-Rs_p_~ R3 in which R igxampetyl or al kyloxy chain having up to
100 atons in the chain, which chain nmay contain aryl substituents. 10 6.

The curabl e adhesi ve cmmtbh@m'owwéitéag.sm|ma@-graph 1 inwhich Qis an
ester having the structure: OOOO0O-~O0OCR3 CGCO~~-CR3-CO
pis 1to 100, and 15 each R can independently be an al kgl or

chain having up to 100 atoms in the chain) which chai

substituents;
structure (

atons, the R 20 subs
group having 1

Wg@e
y 1to 10, and f is 1 to 50. 7. Thdl curab iBLiges

i ndependent |
conposi tion
structure:

10

15

20

R can independen
CR12)a [ !
y for each positjion is Hor an alRyl grouE havi ng

carbon atons or

according to paragraph 1 25 in which Qis a ter

"Dimer Diester Bismaleimide" (and cyclic isomers)

Pripol 2033 ("dimer diol", Unigema, 92.4 g, 1.69x10" mols), 6-
maleimidocaproic acid (75.0 g, 3.55x10"! mols) and H,SO, (0.50 mL,
~8.5x10" mols) were siurried in toluene (300 mL) in a 1 L four-necked flask
equipped with mechanical stirrer, a Dean-Stark trap and an internal
temperature probe under nitrogen. The reaction was heated to light reflux for
two hours and the water evolved collected in the Dean-Stark trap. The trap
was drained and ~50 mL of toluene solvent was distilled off of the reaction to
remove trace moisture and drive the esterification equilibrium to combletion.
The reaction was allowed to cool to room temperature, additional toluene (100
mL) was added (on the laboratory scale it is preferable to add diethyl ether in
place of toluene at this point), and the solution was washed with saturated
NaHCO,aq. (300 mL) and distilled water (300 mL). The organic layer was
isolated and dried over anhydrous MgSQ,, and the solvent removed in vacuo
to yield an orange oil (107.2 g, 68%). The material can be further purified by
eluting a toluene solution of the resin through a short plug of silica or alumina.
This liquid bismaleimide resin exhibited acceptable FT-IR, 'H NMR, and *C

NMR data. Typical n~2500 cPs.

R3 P in which
al kyl oxy

contain aryl

aﬂavi ng the
n which R substituent

1 to 5 carbon

dently for each position is an alkyl

ve
havi ng t he



07 NOYV200239 O0O0O0O-Ra COR3B OCRa-(-CORa~OCRa~in which pis
1 to 100, and each R can independently be an al kyl or alkyl oxy chdi’hNOV 2002
having up to 5 100 atons in the chain, which chain may contain aryl
substituents; or each R can independently be a sil oxane having the
structure 10 (CR 2)e [SIRz-OQ ~-SiR4z-(CR Z) 9 in which the R substituent

i ndependently for each position is H qr, an al kyl group having 1 to 5 carbon
atons, the R4 substituent independently for each position is an al kyl group
having 1 to 5 carbon atons or an aryl group, a and g are independently 1 to
10, and f is 1 to 50. 8. A curable adhesive conposition conprising a

mal ei m de 15 conpound and a curing initiator selected fromthe group
consisting of a free radical inigxmaeug ca photoinitiator, and a conbi nation
of those, the mal ei m de conpound having the formula [MZ ~]~ K in which m
is 0Oor 1 and n is 1-Gepardiidn 6EDeddnie Didh DivaleeBRIMERIMER ety havi ng the
structure OO in which R is Hor an alkyl having 1 to 5 carbon atons; 20
(b) Kis an aromatic group selected from group of aromat i © ups havi ng

the structur@s: 07NOV2002510 40 (V) (v/u\//\o/\/
N/\/\/\[r p e PV e
\ o
o

"Decane Diol Diester Bismaleimide"
5 The general procedure described in Example B. was applied
substituting decane diol (29.5 g, 1.69x10"' mols) for Pripol 2033. This process
yielded a solid, moderately soluble bismaleimide (54.9 g, 58%). The product

exhibited satisfactory FT-IR and 'H NMR data.

10 EXAMPLE D

Preparation of "Glycerol Triester Tris(maleimide)”

0
N -
2

@]
o\
N
o © o
O
4 (]
@] N\
(o}
@)

The protocol outlined in example B. was utilized substituting glycerol
(10.4 g, 1.13x10"' mol) for Pripol 2033. The product was a viscous liquid

15  which exhibited acceptable FT-IR and 'H NMR data.



\'\ P (VL) SV N P (VL) 1 VN (IX) inwhich pis 1to 100; in which p
is 1to 100; RS R6 Rin which R5, Re, and R are a |inear or brancﬁz&@%m
chain al kyl, al kyl oxy, al kyl am ne, al kyl sulfide, al kyl ene, al kyle )

al kyl ene am ne, al kylene sulfide, aryl, aryloxy, or aryl sulfide species,
whi ch may contain saturated or unsaturated cyclic or heterocyclic
substituents pendant 0 7 NO V 2002 §11 fromthe chain or as part of the
backbone in the chain, and in which aay het er at om present may or may not be
directly attached to the aromatic ring; or R5, R6, and R are a sil oxane
having the structure -(CR 2)e [SIR2-Q ~-SIR42-(CH-)9- in which the R
substituent is Hor an 5 alkyl group having 1 to 5 carbon atons and the R4
substituent independently for eaganmsEtion is an alkyl group having 1 to 5
carbon atons or an aryl group, and ais 1to 10 and f is 1 to 50; (X) i Hs
-OCH3 O 10 (X1) Preparation of "Bis(m-nitrobenzyl carbamate) of IPDI"

NO,

Doty
OTgN\qﬁJLO/UNOZ’

5 "Bis{(m-nitrobenzyl carbamate) of IPDI"

Isophorone diisocyanate ("IPDI", 100.0 g, 4.5x10°" mols), m-

nitrobenzyl alcohol (137.8 g, 9.0x10"" mols) and dibuty! tin dilaurate (2.8 g,
4.5x10" mols) were solvated in dry toluene (1500 mL) in a 2L three-necked

10  flask equipped with mechanical stirrer, reflux condensor and internal
temperature probe under nitrogen. The resulting solution was heated to 90°C
for 4 h. No isocyanate band was observed in the IR of the solids portion of
the sample. The solution was allowed to cool to room temperature and
washed with distilled H,O (100 mL). The organic layer was isolated and

15  solvent removed in vacuo to yield a yellow liquid which exhibited acceptable

FT-IR and 'H NMR characteristics.



HHNC~0~1-CNr ONG1 ~H(XIf) OOIIl Il CHOCGCOH OO0 15 and (c)
Zis a linear or branched chain al kyl, alkyl oxy, alkyl am ne) alkW?NOVZMZ
sul fide, alkylene, alkyleneoxy, alkylene am ne, al kyl ene sul fide,

7 NO V 2002 42 aryloxy, or aryl sulfide species, which my contaln
saturated or unsaturated cyclic or heterocyclic substituents pendant from
the chain or as part of the chain, andgi n which any heteratom present may
or may not be directly attached to K- 8 The curabl e adhesi ve conposition
according to paragraph 8 in which Zis a linear or branched chain al kyl,

al kyl oxy, al kyl ene, or al kyl eneogyampecFes, which may contain saturated or
unsaturated cyclic or heterocyclic substituents pendant fromthe chain or
as part of the chai RrepdtichQf "Bik(en-aninetahgy! astbafaty)fof GPOSI ti on according to
paragraph 8 in which Zis a linear or branched chain al kyl species, which
may contain saturated or unsaturated cyclic or heterocyclic substituents
pendant fromthe chain or as part of the chain. 15 11. The curabl e adhesi ve
conposition according to paragraph 8 in which Z is a urethane having the
structure: OOOO-%ﬁmWHmNHGMH&&GNH%WH@~XW20m

whi ch each R2 |ndepen-e tly is an aIkyI aryI or arylal kyl group having 1
to 18 carbon atons; ga!is an aIkyI or ony chain having up to 100 atons

in the chain, whi ch n r@y ont i ar substituents; Xis O S, N, or
P, and v NH2

"Bis(m-aminobenzyl carbamate) of IPDI"

The dinitro compound from Example E. (8.28 g, 1.57x102 mols) was
dissoived in ethanol (100 mL) in a 500 mL three-necked round bottom flask
equipped with magnetic stirring under nitrogen. Cyclohexene (28.6 mL,
2.82x10"" mols) was added, followed by 5% Pd/C (4.14 g). The resulting

10  slurry was refluxed lightly for 6.5 h. " The FT-IR of a filtered aliquot of this
solution exhibited no nitro stretching bands at 1529 cm™ and 1352 cm™. The
bulk solution was allowed to cool to room temperature and filtered. Solvent
was removed in vacuo to yield a yellow semisolid (6.6 g, 90%) which
exhibited acceptable FT-IR and 'H NMR spectral characteristics.

15

EXAMPLE G.
OJNIO

rtening



is Oto 50. 25 12. The curabl e adhesive conposition according to paé@@{ﬂﬁp
8 in which Zis an ester having the structure: o~ No v 2002 487
-R3-~-0ORa-O ~- Rs in which R is an alkyl or alkyloxy chain having up to
100 atons in the chain, which chain may contain aryl substituents. 5 13.
The curabl e adhesi ve conposition according to paragraph 8 in which Z is an
ester having the structure: OOIIl I 59 ORBOCRECOR3--OCRZICOR3P
in which pis 1to 100, and 10 each R*"can i ndependently be an al kyl or

al kyl oxy chain having up to 100 atons in the chain, which chain may contain

aryl substituents; Pepatstof RBis@amalkiritRpaiddesidanaks oppirl 0xane having the
structure (CR12)e [SIR42-Qt-SIR Z-(CR Z) 9 in which the R substituent

i ndependent |y for each "Beghiria@miticbehkydéartdimaid)ky IPogr oup having 1 to 5 carbon
atonms, the R 15 substituent independently for each position is an al kyl
group having 1 to 5 carbon atons or an aryl group, a and g are
i ndependently 1 to 10, and f is 1 to 50. 14. The curabl e adhesive
conposi ti on accor dhedianmefamsExample F36.8@, 1 A1x#tinads) &ak Solvdledist er having t he
structure: OOOO-RBRCOR3-OCR3-~-COR3 OCR3in which pis 1to 100,
and 5 acetone (60 mL) in a 250 mL four-necked flask equipped with magnetic stirrer
and addition funnel under nitrogen and cooled to 4°C. Maleic anhydride (2.76
g, 2.82x10 mols) dissloved in acetone (20 mL) was added over the course of
30 minutes. The resulting solution was stirred at 4°C for for 1 h, and
subsequently was allowed to warm to room temperature and stirred overnight.
10  FT-IR analysis indicated no maleic anhydride remained as judged by the
absence of the anhydride stretching band at ~1810 cm"',
To the above amic acid solution was added acetic anhydride (8.5 mL,
9.0x102 mols), triethylamine (1.26 mL, 9.0x10- mols) and sodium acetate
(0.88 g, 1.1x102 mols). The resulting solution was refluxed lightly for 4 h
15  under nitrogen. The reaction was allowed to cool to room temperature and
bulk solvent was removed in vacuo. The resulting viscous liquid was
resolvated in methylene chioride (200 mL) and extracted with distilled water
(3x200 mL). The organics were then dried over MgSO, anhyd., filtered and

solvent removed in vacuo to yield a light brown solid (6.75 g, 76%). This

20  material exhibited acceptable FT-IR and 'H NMR spectral features.



0 ~ you zoo2 5 10 15 20 44 each R can independently be an al kyl or

al kyl oxy chain having up to 100 atons in the chain, which chain may EoMNORIZEL
aryl substituents; or each R can independently be a sil oxane having the
structure (CR 2)e (SRZ-Q~SiRZ-(CR 2) o in which the R substituent

i ndependently for each position is Hor an alkyl group having 1 to 5 carbon
atons, the R4 substituent independently for each position is an al kyl group
having 1 to 5 carbon atons or an aryt-“group, a and g are independently 1 to
10, and f is 1 to 50. 15. The curabl e adhesive conposition according to any
one of paragraphs 8 to 14 in whi ghatPLsHS \ \ P in which pis 1 to 100. 16.
The curabl e adhesi ve conposition according to any one of paragraphs 8 to 14
in which Kis Rs Rereparétidd ofnBisi-sifobRhzyl Earbanale)f DBl e41@" | i near or branched
chain al kyl, al kyl oxy, alkyl am ne, alkyl sulfide, alkylene, alkyleneoxy,

al kyl ene am ne, al kylene sulfide, aryl, aryloxy, or aryl sulfide species,
whi ch may contain saturated or unsaturated cychic or heterocyclic
substituents pendant fromthe chain or as partjjof the chg.n, and in which
any heteroatomp I rNCtIYY a ed?to the aromatic
ring. 0 7 NOv 2002 45 17. cur abl e adhefive co ition according to
any one of paragraphs 8 to 44 in which Kis i Hs /

H
N__O
T

"Bis(m-nitrobenzyl carbamate) of DDI 1410" (and cyclic isomers)

5 DD! 1410 (Henkel, "Dimer Diisocyanate®, 99.77 g, 1.65x10™ mols
based on 13.96 % NCOQ), m-nitrobenzyl alcohol (50.8 g, 3.32x10"! mols) and
dibutyltin dilaurate (0.5 mL, 8.3x10™ mols) were solvated in toluene (150 mL)
in a 1 L four-necked flask equipped with mechanical stirrer, reflux condensor
and internal temperature probe under nitrogen. The reaction was heated to

10  85°C for 2.5 h. FT-IR analysis of an aliquot of the reaction indicated complete
comsumption of isocyanate functionality as judged by the lack of a band at
2272 cm'. Solvent was removed from the reaction in vacuo to yield a yellow
oil which solidified upon standing at room temperature (152.4 g, 102% (trace
toluene)). This solid exhibited satisfactory FT-IR and 'H NMR spectral

15  features.

EXAMPLE |.
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-O~ CHs O5 18. A curabl e adhesive conposition conprising a vinyl Sq@gc& d
and a curing initiator selected fromthe group consisting of a freBd MY
initiator, a photoinitiator, and a conbination of those, the vinyl conpound
having the formula R\ ,R2 B-X, T, Qn 10 in which mis 0 or 1 and n is 1-6;
and (a) R and RZ are H or an al kyl group having 1 to 5 carbon atons, or

together forma 5 to 9 nenbered ring th the carbons form ng the vinyl
group; (b) Bis Q) S, N O CO, C(Q\)Q{IHor C(ONRB)) in which R8 is an 15
al kyl group having 1 to 5 carbon atons; (c) X is an aromatic group sel ected

fromthe group of padparsbd & "Bi5@HARINRAEY GabBRai] ststivaes: (1) (11) (111) OO
al | OC-/ NiiiC-NH \ \ 20 and 0 7 NOV 2002 46 (I1V) O O G NH and (d)

Qis a linear orgibmRaaNEsEneBhrBarRatkydf DDORh KM Qard cydikhebmeryyl ne, al kyl

sul fide, alkylene, al kyl eneoxy, al kyl ene am ne, al kylene sulfide, aryl, 5
aryloxy, or aryl sulfide species, which may contain saturated or
unsaturated cyclic or heterocyclic substituents pendant fromthe chain or
as part of the chedendiansingproductbriExampiey (3866, aBRkMOPIHREGEAd MY OF may not be
directly attached to X. 10 19. The curabl e adhesi ve conposition according
t o par agbaplstanBousichidnide bihgdrats ($7.95 g @aex 1@ nivigneheshuradmpinrthgl kyl , al kyl oxy)
al kyl ene, or al kyl eneoxy species, which nmay contain saturated or
unsat ur at ed acgtate (80@mL) in a 1L three-necked flask equipped with mechanical stirrer

and a reflux condensor under nitrogen. The reaction was heated to light

reflux and stirred vigorously for 3 h. The solution was allowed to cool to room

temperature and brought to pH 7-8 with a solution of saturated sodium

10  Dbicarbonate. The mixture was pushed through a 25 micron filter to yield a

mixture which separated into a cloudy aqueous layer and a moderately clear

organic layer. The aqueous layer was isolated and washed with ethyl acetate

(100 mL). The organic layers were combined, washed with distilled water

(300 mL) and dried over anhydrous MgSQO,. The slurry was filtered and

15 solvent removed from the filtrate in vacuo to yield yellow, sticky solid (33.8 g,

92%).

EXAMPLE J.

Preparation of "Bis(m-maleimidobenzyl carbamate) of DDI 1410"

o}
Booccestl o
H
N

o)
O
o



het erocyclic substituents pendant fromthe chain or as part of the ﬁﬂaﬂq
15 20. The curabl e adhesi ve conposition according to paragraph 19 p '@%
Qis a linear or branched chain al kyl species, which nay contain saturated
or unsaturated cyclic or heterocyclic substituents pendant fromthe chain
or as part of the chain. 20 ' 21. The curabl e adhesive conposition
according to paragraph 18 in which Q bzsa uret hane having the structure: O
OOO-R-X-~~NHR3-NHCG(OR3-OCNHR3-NHC ~-X-Rz in which each R2

i ndependently is an alkyl, aryl, or arylalkyl group having 1 to 18 carbon

atoms, R2 is a"’Bls’\l}nKﬁéleuﬁhl’do%H&)’ﬂc@?&)ﬁmﬁ@bmmauh@Qar\!fbyt:ﬁ?: iddergt oms in 0 7 NOV
2002 47 the chain, which chain nmay contain aryl substituents; Xis O S, N,

or P, and v is Oto 50. 22. The curabl e adhesive conposition according to
paragraph 18 5 in which Qis an ester having the structure: OO

-R3-C- O Rs_O C Rdaleit antwaiigd(1R3 g| 5.52x108Inard) was digsdivddaxycetdhai N having up to
100 atons in the chain, which chain nmay contain aryl substituents. 10 23.

The curabl e (agthek)ive 2d.da¢ngﬁbkedolaslammpdd wih mecrmakagm@hmﬂe&wdl n which Qis an
ester having the structure: OOOOaaaa-~0OCR3

C O ~- - ~50_(GerRBer@iu@ fR®eRandrdditindbnme! irgied nitrogehO Ohis aoldtichh waiach R can
i ndependent |y be an al kyl or alkyl oxy chain having up to 100 atoms in the
chai n, whi cleoglkditar4i@pn enice dith. Arsplutioudfsie diareiné srepared @cEXamigle can
|ndependently be a siloxane having the structure
| (63.4 g, 7.48x10'? mols) in acetone (70 mL) was charged to the addition
funnel and added to the maleic anhydride solution over a period of 30 minutes
maintaining an internal temperature of <10°C. The resulting solution was
10  stirred for 1 h and subsequently allowed to warm to room temperature and stir
for 2 h.
To this solution of amic acid was added acetic anhydride (24.7 mL,
2.62x10"! mols), triethylamine (6.25 mL, 4.48x102 mols) and manganese
acetate tetrahydraté (0.37 g, 1.50x10* mols). This solution was heated to
15  light reflux for 6.5 h, then allowed to cool to room temperature. Bulk solvent
was removed in vacuo, and the resulting dark liquid was dissolved in diethyl
ether (500 mL). This solution was was".hed with dist. H,O (500 mL). The
isolated organic layer was then washed with saturated NaHCQ; aq. (500 mL)
and again with dist. H,O (500 mL). The organics were isolated, dried over
20  anhyd. MgSQ,, and solvent removed in vacuo to yield a viscous orange oil.
This material exhibited FT-IR, 'H NMR and *C NMR spectral features

-

consistent with the expected bismaleimide product.



(CRz)e [SSRZ-Q ~-SiR42-(CR 2) o In which the R substituent i ndeperﬁjfﬂh{,@gz
for each position is H or an alkyl group having 1 to 5 carbon atons,

20 substituent independently for each position is an alkyl group having 1
to 5 carbon atons or an aryl group) a and g are independently 1 to 10, and
f is 1to 50. 24. The curabl e adhesi ve conposition according to paragraph
18 25 in which Ais an ester having tt}&hstructure: 0 7 NOv 2002 48 OO O
O-R3-COR3-OCR3~-COR3 OCGR3 in"which pis 1 to 100, and each R can
i ndependently be an al kyl or al kyl oxy chain having up to 5 100 atons in the
chain, which chain may contain arygxampst pauents; or each R can

i ndependently be a sil oxane having the structure (CR12)a

[ Si RAZ- O f - Si RAZ- ( CRL&W SiedsDiaRttazh Aldhésivig Fofrliatioh taH@ Ble SHadependent |y for
each position is Hor an atenbthgb®uiridlavédtrarheé © 5 carbon atons, the R
substituent independently for each position is an alkyl group having 1 to 5
10 carbon atons or an aryl group, a and g are independently 1 to 10, and f
is 1to 50. 25. Aasiveatiike dieditach adteshatpadidtion Ravrggiidcdsiypfa vi nyl conpound
and a curing initiator selected fromthe group consisting of a free-radical
15 i ni ti at or901&cph(@troinnédnieahd platei ot thixctoopizi imdkiod. 36 fvas resgcedt he vi nyl
conpound having the formula R\ ,RZ ~B-ZmK n in which mis O or 1 and nis
1-6; and (a)byRomamghgRi: fakasvitd at rocamteabérpturegusinga meahanigal nited: 5 car bon at ons,
or

Liquid bismaleimide of Exampie B: 2.644 g
10 Dimer divinyl ether of Example 5: 2644 g
Ricon 131MA20 (Ricon Resins, Inc.): 0.661g
Silquest A-174 (Witco Corp.): 0.040g
USP-90MD (Witco Corp.): 0.099
XD0026 (NSCC trade secret): 0.119
15 SF-96 silver flake 23.794

The resulting paste was dispensed onto various metal leadframes as
detailed below, and 120 x120 mil silicr;n die were placed onto the adhesive
bead to produce an approximately 1 mil bondline. Samples were "snap

20  cured" at 200°C for 60 seconds, and die shear strengths at room temperature
and 240°C were measured. These samples were then subjected to elevated
temperature and humidity (85°C/85% RH) for 48 hours. Die shear strengths
were then again measured at room temperature and 240°C. Results are

tabulated in Table 1.



20 together forma 5 to 9 nenbered ring with the carbons form ng the vinyl
group; (b) Bis C, S, N O C(O, C(ONHor C(ONRe), in which Ri[]s7ﬂﬁV¥U[]2
al kyl group having 1 to 5 carbon atons; 0 7 ~Ov 2002 49 (c) Kis an
aromatic group selected fromthe group of aromatic groups having the
structures: (V) 5 N) pinwhichpis 1to 100; NI) / / s\ \ 10 pin
which pis 1 to 100; (MIIl) / \ \ 153QIX) R5 Rs RIn which R5, Re, and R
are a linear or branched chain al kyl;—al kyl oxy, al kyl am ne, al kyl sulfide,
al kyl ene, al kyl eneoxy, al kyl ene am ne, al kyl ene sul fide) aryl, aryloxy, or
aryl sulfide species, whgbe 1Teye Shéhr 6trbkths2@E8) §0 cont ain saturated or
unsaturated cyclic or hedl@mnRenelyl Eh&unsAttddiedhssigendant from the chain or
as part of the backbone in the chain, and in which any

No Moisture Exposure | After Moisture Exposure
(48 h/85°C/85 RH)
Cure Profile 60 s/200°C 60 /200°C
Test 25°%C 240°C 25°C 240°C
Temperature
Cu leadframe 4.88+/- 1.46+/-0.35 | 6.54+/-0.82 | 1.84+/-0.76
DSS (kg) 0.25
Ag-Cu leadframe 5.29+/- 2.17+/-0.43 | 9.50+/-1.88 | 1.56+/-0.72
DSS (kg) 0.34
Pd-Cu 5.52+/- | 1.99+/-0.44 | 11.9+/-1.3 | 3.53+/-0.66
DSS (kg) 0.39
5 Typical moisture uptake for these devices after saturation at

85°C/85% RH was 0.18 weight percent. Weight loss during cure was
0.16+/-0.05 weight percent.

EXAMPLE BB.
10 HAST Testing of Maleimide/Vinyl Ether Die Attach Adhesive
Similarly to Example AA, 120x120 mil die were attached to

leadframes of various compositions utilizing the adhesive composition given
in Example AA. The bonded die were then cured using "snap cure" (60

15  s/200°C) and "fast oven cure" conditions (15 min./175°C). The resulting cured
devices were subjected to simulated HAST testing conditions (130°C, 85%
RH) for 130 hours. The devices exhibited good adhesion as measured by die

shear strength (DSS) at both room temperature and elevated temperature as

shown in Table 2.

20 Table 2. Die Shear Strengths after simulated HAST Testing
Cure Profile 60 s/200°C 15 minutes/175°C
Test 25°C 240°C 25°C 240°C
Temperature
Cu leadframe 15.3+/-1.8 | 1.12+/-0.35 | 17.2+/-0.8 | 1.25+/-0.39
DSS (kg)
Ag-Cu leadframe | 16.3+/-1.9 | 2.81+/-0.556 | 14.8+/-1.8 2.6+/-1.6
DSS (kg)
Pd-Cu 15.7+/1.7 | 3.04+/-0.46 | 14.4+4/-0.7 | 2.96+/-0.90
DSS (kg)




het erat om present may or may not be directly attached to the aromatic ring;
or R5, R6, and R are a siloxane having the structure 5 -(CR 2)e []7NOV2[l[]%
[SSR2- ~-SIiR 2-(CH3)9- in which the R substituent is H or an al kyl group
having 1 to 5 carbon atons and the R4 substituent independently for each
position is an al kyl group having 1 to 5 carbon atons or an aryl group, and
ais ltol0and f is 1 to 50; (X 1 -OCH3 010 ; (XI) HOHN ~1I| u ~o~
~-CGN/ O~-NCHoO~~. 15 and (XIl) 8 0Oaa CHOCCOH OO and 0 7 Nov
2Q02 51 (d) Zis a linear or branched chain al kyl, alkyl oxy, alkyl am ne,
al kyl sul fide, alkylene, alkyleneoxy, alkylene am ne, al kylene sulfide,
aryl, aryloxy, or aryl sulfide species, which may contain saturated or
unsaturated cyclic or heterocyclic substituents pendant fromthe chain or
as part of the 5 chain, and in which any heteratom present nmay or nay not
be directly attached t &x3mpi@6C. Waepage lofibdrge DRIBBHYE conpositi on accordi ng
t o paragraph 25 i n whivath MaldimiderVinyirgtesr Do Afrcarahesivechai n al kyl , al kyl oxy,
al kyl ene,5 or 10 al kyl eneoxy speci es, which may contain saturated or
unsaturated cyclic or heterocyclic substituents pendant fromthe chain or
as part of the chahedie2fachTbmpasitioabéseribethie Exareple drkpwad dsedio accordi ng to
par agraph 25

bond 500x500 mil die to Pd-Cu leadframes. The assembled pices were "snap

cured" and measured for die warpage at several temperatures and times.
Typical results are given in Table 3. The performance exhibited by this
10  adhesive qualifies it as a "low stress" material.

Table 3. Warpage of Maleimide/Vinyl Ether Die Attach Adhesive
on 500x500 mil Die

Thermal History 1 min/200°C +1 min/240°C +4 h/175°C
Warpage (um) 10.4+/-1.3 11.9+/-1.4 14.1+/-1.6
15 EXAMPLE DD. Thermal Analysis of Maleimide/Vinyl Ether Die Attach
Adhesive

’

The composition of Example AA. was used to produce ~1 mil films

using a drawdown bar. The films were "snap cured" (60 s, 200°C) on a hot

20 plate or oven cured (4 h/175°C) and characterized by dynamic mechanical
analysis (DMA). Results are summarized in Table 4.

Table 4. Thermal Analysis of
Maleimide/Vinyl Ether Die Attach Films

Cure Profile 60 s/200°C 4 h/175°C
T, (C) 1 35
Modulus (€) at —65°C (psi) | 421,300 513,900
Modulus (E') at 100°C (ps) 5,864 23,980




in which Zis a linear or branched chain al kyl species, which may contain
15 saturated or unsaturated cyclic or heterocyclic substituents peﬁ'rpﬂm 2002
fromthe chain or as part of the chain. 28. The curabl e adhesive
conposition according to paragraph 25 in which Z is a urethane having the
structure: OOOO-R2 -X-CGC NHR3- NHCGC(OR3-OGCNHR3-NHGCG~X-RZ 20
in which each R2 independently is an aé yl, aryl, or arylal kyl group having
1 to 18 carbon atons; R is an al kyl "or al kyl oxy chain having up to 100
atons in the chain, which chain may contain aryl substituents; Xis O S,

N, or P, and v 25 is O to 50. 0 ~ Nov 2002 52 29. The curabl e adhesive
conposition according to paragraph 25 in which Zis an ester having the
structure: O 0 - R3hemgiergs exhibiteRmotivii bRiowc tyrical of adew afrespl or al kyl oxy chain
having up to 100 atons in the chain, 5 which chain may contain aryl

subst i t uent sadhegive Thie materia' modidieb imperatwepaisive ITpite sefeenditng t o par agr aph
25 in which Z is an ester having the structurez. OOOO-R3 0 CR3 COR3
--~~".C R3 Cwithstandpypigal wirpbgdingcopditiens witheut fajore. and each R3~ can

i ndependently be an al kyl or al kyl oxy chain having up to 100 atons in the
chain, which chain may contain aryl substituents; or each R3 can

i ndependently be a sil oxane having the structure -. 15 (CR 2)e

/ g : bk

[SiR 2-Q, - Si R2- ( &erpmbodimeniiofdhe ipyratien are fhose dessebrd I K®ependent |y for each
position is Por, an Ik%/ a(};roug having 1 to 5 carbon atons, the R4
substit uent %%B%H‘H@?ﬁ WfePd&ich position is an alkyl group having 1 to 5
car bon atoms or an aryl, G SPuandsidnbodich drLSRERAGAL LY 1 (0 10) and f i

electronic component to a substrate comprising a maleimide compound and a

10  curing initiator selected from the group consisting of a free-radical initiator, a
photoinitiator, and a combination of those, the maleimide compound having

the formula [M-X .],— Q in whichmis 0 or fand nis 1 to 6, and

(a) M is a maleimide moiety having the structure:

1 0]

R\

in which R is H or an alkyl group having 1 to 5§ carbon
15  atoms;
(b) Xis an aromatic group selected from the group of aromatic
groups having the structures:

) ) (1)

0
O i
] Co
0—C—u0 NH~ “NH—

20 and



20 31. The curabl e adhesive conposition according to paragraph 25 hr.} N’Wlﬁlﬂ
Zis an ester having the structure: OOOO
-R3-COR3-OCGR3-EGCOR3-OOCR3~ 0 7 NOV 2002 53 5 inwhichpis 1to
100, and each R can independently be an al kyl or al kyl oxy chain having up
to 100 atons in the chain, which chain may contain aryl substituents; or
each R can independently be a sil oxang, havi ng the structure (CR 2)a
(STR42-0 ~-SIR 2-(CR 2) ~ in which the=R substituent independently for
each position is H or an alkyl group having 1 to 5 carbon atons, the R
substituent {Mdependently for each position is an alkyl group having 1 to 5
carbon atons or an aryl group, a and g are independently 1 to 10) and f is

1 to 10 50. 15 32. @he curabl e adhesi ve conposition according to any one
of paragraph 318ingyphich Kis S\ \ p when pis 1 to 100. 33. The
cur abl e adhesi onposi tion according to any one of paragraphs 25 to 31 in

which Kis RS RS Rin which R5, Re, and R are a |linear or branched chain
al kyl , al kyl %éy, al kyl am ne, al kyl sulfide, alkylene, alkyleneoxy,
al kyl ene am vie, al kyl ene sulfide, aryl, aryloxy) or aryl sulfide species,

whi ch may cont ai ngiaéur ted or unsaturated c%/cl ic or heterocyclic
substituents pendfhtY BRAJRFITIPEPRACHEA cBRin aky! Rlkwoxyralkyhamipaaleyt ~ and i n whi ch

?in % g-het e ?t %WHQ{PEI‘%%% aquYenggxy@Xylem%tam?r?e, (ajlik)slg}r(lzet slu ﬂdgta;[rﬁ,c ahryef‘lgxyt, 0 the aromtic
or aryl sulfide species, which may contain saturated or unsaturated cyclic or
heterocyclic substituents pendant from the chain or as part of the chain, and
in which any heteratom present may or may not be directly attached to X.
2. The curable adhesive composition according to paragraph 1
10 in which Q is a linear or branched chain alkyl, alkyloxy, alkylene, or

alkyleneoxy species, which may contain saturated or unsaturated cyclic or

heterocyclic substituents pendant from the chain or as part of the chain.

3. The curable adhesive composition according to paragraph 2
15 inwhich Q is a linear or branched chain alkyl species, which may contain
saturated or unsaturated cyclic or heterocyclic substituents pendant from the

chain or as part of the chain.

4, The curable adhesive composition according to paragraph 1

20  in which Q s a urethane having the structure:

o) 0 o)
] Il I Il
—Rz—X—C—NH—R3-NH—C—(O—R’—O—C—NH-—R3-NH-C-)T/—X—R7—

in which each R? independently is an alkyl, aryl, or arylalkyl group having 1 to

18 carbon atoms; R* is an alkyl or alkyloxy chain having up to 100 atoms in



54 34. The curabl e adhesive conposition according to any one of pa@zgmﬁgmﬁ
25 to 31 in which Kisi H3 -p CH3 0 5 35. A curable adhesive conpositi
conprising a mal ei m de conpound as described in any one of paragraphs 1 to
17 and a vinyl conmpound as described in any one of paragraphs 18 to 34, and
a curing initiator. 10 36. A curable adhesive conposition conprising a
mal ei m de conpound as described in anygone of paragraphs 1 to 17, or a

vi nyl conpound as described in any one-of paragraphs 18 to 34, or a

conbi nation of a mal ei m de conpound as described in any one of paragraphs 1
to 17 and 1Bhexchaimwhict crgronaycaatairdergsubdie@nisnX &9, Sk oof; gneivagr aphs 18 to
34, and an anionic or cationic curing initiator. 37. An electronic assenbly
conprising a»0& ¥etroni c conponent bonded to a substrate with a cured
adhesi ve conposition prepared froma 20 conposition according to any one of
t he precedi ng paragraphs. p7t~pv 2002 55 What is clainmed is: 1. A

cur abl e adhesive conposition for use in bonding an el ectronic conponent to
a substrate conprdsi ngThe ayeabie agheriveccompositing agperding & ranadragh 1 ni ti at or

sel ected fromthe group consisting of a free-radical initiator, a

phot oi ni Bi atdrhichRds an eLeriryieg hestiégturehose) the nal ei ni de conpound havi ng
the formula [MX ", ]~ Qin which mis Oor 1 and nis 1to 6, and (a) Mis
a mal ei m de noietﬁ havi ng theQstructure: R~ ONOin which R is Hor an

al kyl group kupﬂ4m@_loLa§§_QﬁrbnnR;Q atons; (b) X is an aromatic group
selected fromthe group of aromatic groups having the structures:

in which R® is an alky! or alkyloxy chain having up to 100 atoms in the chain,

which chain may contain aryl substituents.

10 6. The curable adhesive composition according to paragraph 1 in

which Q is an ester having the structure:

o) o)
I Il il Il
~—Ryg-0—C—Ry-C—O—Ry—-0—C—Ry—C—O—Ry):

in which
pis 1to 100, and
15 each R® can independently be; an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or
each R?® can independently be a siloxane having the structure —
(CR';),~[SiR*,~0}-SiR*,~(CR";) ,~ in which the R' substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
20  substituent independently for each position is an alky! group having 1 to 5
carbon atoms or an aryl group, e and g are independently 1 to 10,andfis 1 to

50.

7. The curable adhesive composition according to paragraph 1

25 inwhich Qs an ester having the structure:



(r)y (rery (rrry ooal/ I 0-~CG / NFi~C-NH\ \ \ 15 and (IV) O O C NH and
(c) Qis a linear or branched chain al kyl, al kyl oxy, alkyl am ne,ﬂﬁﬁﬂlﬁﬂﬂa§I
sul fide, alkylene, alkyl eneoxy, al kylene am ne, al kyl ene sul fide, aryl,
aryl oxy, or aryl sulfide species, which nmay contain saturated or
unsaturated cyclic or heterocyclic substituents pendant fromthe chain or
as part of the 0 7 NO V 2002 56 39— T chain, and in which any
het er at om present may or may not be deEctIy attached to X; or (d) Qis an
ester having the structure: OO0 -R3-CORs-O~ Rs 5in which R is an

al kyl or al kyl oxp chain havingap to 100 @gtons in the chain, which chain

may contain ar |_&s! Lhudnts. lorn(e) Qik r et hane having the structure:
O0O0O- F€2-X-§C(f1 IEI:H@R%%N—I- C (%L(-%-OO g"N& R§ ﬁﬁ#ﬁé}-x- R2 V in which each R2

i ndependently is an al kyl, aryl, or arylalkyl group having 1 to 10 18
carbon at onsNWRichi s an al kyl or al kyl oxy chain having up to 100 atons in
the chain, which chain nmay contain aryl substituents; Xis O S, N, or P;
and v is Oto 50.prEftod0@.endn ester having the structure: OOOOR3 OCR3
COR3-~p CRBCOR3PI15in which pis 1 to 100, and each R3 can

i ndependent |y be €a¢h&’ kg ingepeadanyly begn alkdpmalkyioxy nigainipavirg up to

S 100 atoms in the chain, which chain may contain aryl substituents: or
each R® can independently be a siloxane having the structure —
(CR',)~[SiR*,~0);~SiR*,~(CR";) 4~ in which the R' substituent independently
for each position is H or an alky! group having 1 to 5 carbon atoms, the R*
substituent independently for each position is an alkyl group having 1 to 5
10 carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.

8. A curable adhesive composition comprising a maleimide
compound and a curing initiator selected from the group consisting of a free-
15 radical initiator, a photoinitiator, and a combination of those, the maleimide

P

compound having the formula [M-Z ,],- K in whichmis O or 1 and n is 1-8,

and
(a) Mis a maleimide moiety having the structure
1 O
AN
|-
o in which R' is H or an alkyl having 1 to 5 carbon atoms;
20 (b) K is an aromatic group selected from group of aromatic groups

having the structures:



100 atons in the chain, which chain may contain aryl substituents;dfﬁNﬁ??M
R can independently be a siloxane having the structure -(CR 2Z2)a 2 /
[ SiR42-0],-SiR4z-(CR Z2) o in which the R substituent independently for
each position is Hor an alkyl group having 1 to 5 carbon atons, the R4
substituent independently for each position is an alkyl group having 1 to 5
carbon atons or an aryl group, a and goare i ndependently 1 to 10, and f is
1 to 50; or 0 7 NOV 2002 57 (g) Qis~an ester having the structure: O OO
O-RBGCOR3 OCGR3-~-C0-RBOCR3in which pis 1to 100, and 5 each R
can i ndepend¥htly be an al kyl or alkyloxy chain having up to 100 atons in
the chain, which chain nay contain aryl substituents; or each R can

i ndependently &~a sil oxane having the structure 10
(CR 2)a-[ Si R -SiR4Z-(CR z) a in which the R substituent independently
for each positt™oaA is H or an al kyl group having 1 to 5 carbon atons, the R4

substituent independently for each position is an alkyl group having 1 to 5
carbon atons or an aryl group, a and g are independently 1 to 10, and f is
1 to 50. 2. A curable adhesive conposition conprising a naleimde 15
conpound andyg curing initiator selected fromthe group consisting of a
freeradical initiator, a photoinitiator, and a conbination of those, the
aving the formula [MZ ",]~ Kin which mis 0 or 1 and

mal ei m de compound
nis 1-6, and M mal ei m de noi ety having the structure 20 R~ O NO
in which R 1 Os | having 1 to 5 carbon atons; (b) Kis an
aromati c group C

struct ur 8s:

rom group of aromatic groups having the
in which p is 1 to 100;

04

10 (Vi)

(IX)

in which p is 1 to 100;

RS
a s
R7

15  chain alkyl, alkyloxy, alkyl amine, alkyl sulfide, alkylene, alkyleneoxy, alkylene

in which R%, R®, and R’ are a linear or branched

amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may

contain saturated or unsaturated cyclic or heterocyclic substituents pendant



O7NOV2ss10t~}r I (M} r OP(VII} / Sp (MIIl} r \r (Ix}g'r;rNO\Mgh@h p
is 1 tot 44; inwhich pis 1to 144; RS r R T Rin which R5, Re, an

are a linear or branched i 5 chain al kyl) al kyl oxy, al kyl am ne, alkyl

sul fide, alkyl ene, aikyl eneoxy, alkylene am ne, aikylene sulfide) aryl)

aryl oxy, or aryl suifde species, which may contain saturated or unsaturated
cyclic or heterocyclic substituents p%qdant 0 7 NOV 2002 59 fromthe
chain or as part of the backbone in the chain, and in which any heteratom
present may or may not be directly attached to the aromatic ring; or R5,

Re, and R afren theshhioxeamepdntaf the dpatibensinthecthaingand in which any

heteratom present may or may not be directly attached to the aromatic ring;
or R%, R% and R’ are a siloxane having the structure
—(CR',),~{SiR*,-0}-SiR*,~(CH,), — in which the R substituent is H or an
5  alkyl group having 1 to 5 carbon atoms and the R* substituent independently
for each position is an alkyl group having 1 to 5 carbon atoms or an aryl

group,and e is 1 to 10 and fis 1 to 50;

(X)
ik
C
I
10
(X1)
R
% H N——C—>0'1
—~—C—
o)
I
N-—C—)
H 01,
(XIt)
o) o
. il I
T
Ho~C C—OH
15 ¢ © :

and
(c) Zis a linear or branched chain alkyl, alkyloxy, alkyl amine,

alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,



-(CR 2),-(SIRZ-0),-Si R4z-(CH3)a- in which the R substituent is H of74§V300
al kyl group having 1 to 5 carbon atons and the R4 substituent independently
for each position is an alkyl group having 1 to 5 carbon atons or an aryl
group, and ais 1to 10 and f is 1to50; (X i HB1 -O~CHs O10 (XI ) H
HNC 'o. ~-GNONCI H/o, ~. (XIl) OOnaCHOCCOHan1l1l5 00
and (c) Zis a linear or branched chai2 al kyl, al kyl oxy, al kyl am ne) al kyl
sul fide, alkylene, alkyl eneoxy, al kyl.é e am ne, al kylene sulfide, aryl, 0
7 NOV 2002 60 aryloxy, or aryl sulfide species, which may contain saturated
or unsat ur atasyoxyy el arg suifidespeces epch imay somisit saturiedr pesatlaated f r om t he chai n
or as part of the chain, and in which any heteratom present nmay or nay not
be direct!y Qflicashetgrocyclisubstitughty pendantifromdine ehstnear abaenit ofghe he structure: O O
-R3-CG-0O-Rs-O ~- Rs in which R3 is an alkyl or alkyloxy chain having up to
100 at ons i reheleanddavhich ami eteratpripresartynayenmal notheydiredtiybst i t uents; or (e) Z
Is a urethane having the structure: OO OO
- Rz- X- G- NH- FReshigdde KO- R3- O- G- NH R3- NH- G-X- R2- 10
5
9. The curable adhesive composition according to paragraph 8
in which Z is a linear or branched chain alkyl, alkyloxy, alkylene, or
alkyleneoxy species, which may contain saturated or unsaturated cyclic or
heterocyclic substituents pendant from the chain or as part of the chain.
10
10. The curable adhesive composition according to paragraph 8
in which Z is a linear or branched chain alky! species, which may contain
saturated or unsaturated cyclic or heterocyclic substituents pendant from the
chain or as part of the chain.
15
11. The curable adhesive composition according to paragraph 8

in which Z is a urethane having the structure:

2 2 2 2
—Rz—-X—O—NH—-R3-NH-C—(O—R3—O—C—NH-RS-NH—C-)V—X—RZ—

20  in which each R? independently is an alkyl, aryl, or arylalkyl group having 1 to
18 carbon atoms; R? is an alkyl or alkyloxy chain having up to 100 atoms in
the chain, which chain may contain ary! substituents; Xis O, S, N, or P; and v

is 0 to 50.

25 12. The curable adhesive composition according to paragraph 8

in which Z is an ester having the structure:



in which each RZ i ndependently is an al kyl, aryl, or aryl al kyl @)zm gngng
1 to 18 carbon atons; R3 is an al kyl or al kyI oxy chai n having up P

atons in the chain, which chain may contain aryl substituents; Xis O S,

N, or P, and v is O to 50; or. 15 (f) Z is an ester having the structure: O
O0O0-~~CR3 CO'R3~-CR3"CGOR3 Pin which pis 1to 100, and each R

can independently be an alkyl or alkyl,gxy chain having up to 20 100 atoms
in the chain, which chain may cont ai FFaerI substituents; or each R can

i ndependently be a siloxane having the structure -(CR 2Z)a
[SIRZ-QJ,-SIiRZ-(GR Z) 9 in wich the R substituent independently for each
position is J:I_Q?r_zé'j]_@j _qjo@g_ﬁaw ng 1 to 5 carbon atons, the R4

substi t uent 07 NO V 2002 61 |ndependently for each positi on is an al kyl

Pndependent 1 “1ef 5 G i BhER oyl B ofieh 4Bmsd B “aoer “havi ng the
structure: SH%Q%‘Q"”%% gtg}n I%b%tnt@ ~COR3-OCR3~5inwhichpis1lto

100, and ea can rndepende £ an al kyl or al kyl oxy chain having up
to 100 atons in the chain, which chaln may contain aryl substituents; or
each R3 can independently be a sil oxane having the structure 10 (CR 2)a

LS P2 08, - S Rz {7 e burdbl B e bolBikiin aB4iPind bigshidoRasPencent v T or

each position is a ky group havi ng on atonms, the R4

substi tuent w,pg,ezog@q%%wavfnerthee@,ggugom tion is an alkyl group having 1 to 5
carbon atonms or an aryl group, a and g are independently 1 to 10, and f is

1to 50. 15 3. A Cldj’ab|6 adhesi ve c5:orrp06| tion conprising a vinyl conpound
—Ry- o—c—R3 C—O—Ra—(—O—C—R3 c—o—R3+

in which
pis 1to 100, and
10 each R? can independently be an alky! or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or
each R? can independently be a siloxane having the structure —
(CR',)s~[SiR*-0];-SiR*~(CR';) ;~ in which the R substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
15  substituent independently for each po'sition is an alkyl group having 1to 5
carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.

14. The curable adhesive composition according to paragraph 8
20  in which Z is an ester having the structure:
o) o) o) o)
I i It It
—Ry-C—0—R,-0—C— Ra-(-C—O—Ra—O-—C-R:,—)F
in which

pis 1to 100, and



and a curing initiator selected fromthe group consisting of a free-radi iﬂﬂj
initiator, a photoinitiator, and a conbinati on of those, the vinyl &bNp

havi ng the formila . R R2 \~/ B~ Q20 nin which mis Oor 1 and nis
1-6; and (a) R and R~ are H or an al kyl group having 1 to 5 carbon atons,
or together forma 5 to 9 nenbered ring with the carbons formng the vinyl
group; 0 '1 NOV 20D2 62 (b) Bis 2? N, O O, CCONHor C(ONR8),
in which Re is an al kyl group having- £ 0 5 carbon atons; (c) X is an
aromatic group selected fromthe group of aromatic groups having the
structures: 5 (I)GE(ChIR)’ cén inigpe@dantly beter alyy! @ alioxiehaiChavididup\to\ and (IV) O
OCNH and 10 (d) Qis a linear or branched chain al kyl, al kyl oxy, alkyl
ami ne, al kyl109@tdmsde thezdhRipl wirieh chainkaysaelain\aryl sutistituents; cani ne, al kyl ene

sul fide) aryl, aryl ox or aryl sulfide species, which may contain
saturated or unsafash&t een @Meh@ﬁn@!‘bméﬁlwminctwgctumeuents pendant from
the chain or as part of the chain, and in which any heteratom present may

or may not BERMSR k';plrr§'9aﬁ%ﬁed'"t"(5"‘7k the By supsljtuent indepgndentiyer havi ng t he

structure: QO -R3-~-0O n which R3 is an al kyl or alkyl oxy
chai n ha@i nd°igzed 80?%’(9 '%'f‘é’ﬁ%” F‘FIV' S'I‘i’ép B?Yéﬂgn" toRrREaen kedisnthedy) contain aryl
substituents; or gg is a urethane having the structure:

substltuent mde endently for each position is an alkyl'group having 1 to 5

carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.

10 185. The curable adhesive compaosition according to any one of

paragraphs 8 to 14 in which K is
S
} p

16. The curable adhesive composition according to any one of

in which p is 1 to 100.

15  paragraphs 8 to 14 in which Kis

RS
O
R7

chain alkyl, alkyloxy, alkyl amine, alky! sulfide, alkylene, alkyleneoxy, alkylene

in which RS, R, and R” are a linear or branched

amii'le, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may
contain saturated or unsaturated cyclic or heterocyclic substituents pendant
20 from the chain or as part of the chain, and in which any heteroatom present

may or may not be directly attached to the aromatic ring.



OOOO0O-R-X-GNHR3-NHC (OR3-OCNH R3-NH G ~- X-Rzin which each [ﬁ )
i ndependently is an alkyl) aryl, or arylalkyl group having 1 to 7 DW
2002 63 18 carbon atonms; R is an al kyl or al kyl oxy chai n havi ng up to 100
atons in the chain, which chain may contain aryl substituents; Xis O S,

N, or P, and v is O to 50; or (g) Qis an ester having the structure: OO O
O-RBROGCRB CGCO~~-O0OCRs-COR3 PS5 .n which pis 1to 100, and each R
can i ndependently be an al kyl or al ky+éxy chain having up to 100 atons in

t he chain, which chain may contain aryl substituents; or 10 each R can

i ndependent |y be a7si | dRaAabiagdegive RemRasitige egaoeding tornggne of

[ Si R42-0],-Si R42-(CR Z) o in which the R substituent independently for
each positi oﬁarﬁ%"al‘*‘s&méﬁ iV Ki§r oup having 1 to 5 carbon atons, the R4
substituent independently for each position is an al kyl group having l1tob5
carbon atons or an ar?Hs group, a and g are independently 1 to 10, and f is
1 to 50; or 15 ( ester having the structure: OO OO
-R3-CGOR3-0-CG K '9- -R3~ in which pis 1 to 100, and each R can

i ndependent |y bg ap aﬂky al kyl oxy chain having up to 20 100 atons in
the chain, wht6h ¢hai fH may com-al n aryl substituents; or each R can
independently be a sil oxane having the structure
(CR=),-[SIRz-J,-SiR4z-(CR 2) o in which the R substituent independently
for each position is Hor an alkyl group having 1 to 5 carbon atons, the R

;u ?S }\bt\/u S‘%B 5 I nde pqg_d € r]tAl eﬁrafbperadﬁgsﬁv% c%%%géi!io?\ncok\%rigﬁg & LIKM lcor%o%HQ having 1 to 5

and a curing initiator selected from the group consisting of a free-radical

initiator, a photoinitiator, and a combination of those, the vinyl compound

ok

10 inwhichmisOor1andnis 1-6; and

having the formula

(a) R'and R? are H or an alkyl group having 1 to 5§ carbon atoms, or
together form a 5 to 9 membered ring with the carbons forming the vinyl
group;

(b) Bis C, S, N, O, C(0), C(O)NH or C(O)N(R?), in which R®is an

15  alkyl group having 1 to 5 carbon atoms;
(c) Xis an aromatic group selected from the group of aromatic

groups having the structures:

()] (1 ()

O Ot b

20 and



64 carbon atonms or an aryl group, a and g are independently 1 to 10, and f
is 1 to 50. 4. A curabl e adhesive conposition conprising a vinyl cd}ﬁ)ﬂ[]MﬂﬂB
and a curing initiator selected fromthe group consisting of a free-radical

initiator,

a photoinitiator, and a comnbi nation of those, the vinyl

conpound

having the formula R\ ,R2 BBZ mKn in which mis O or 1 and nis 1-6; and
10 (a) R and RZ are H or an al kyl gr gup having 1 to 5 carbon atons, or
together forma 5 to 9 nenbered ring-wth the carbons form ng the vinyl
(b) BisC S N O CO, C(ONHor CCONR, in which R8 is an

group;
al kyl

group (Mving 1 to 5 carbon atons;
sel ected fromthe group of aromatic groups having the structures:

15 (c) Kis an aromatic group

N) 20

(M) J~pinwhichpi® 1to 100, 0 7 NOV 2002 65. (vil) / / s\ \ P
in whi '@_Jc"tcNHLgo; IV BN 1~ (1X)

(VI11)

10

1

5

20

N

(&}

; and
(d) Q is a linear or branched chain alkyl, alkyloxy, alky! amine,
alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,
aryloxy, or aryl sulfide species, which may contain saturated or unsaturated
cyclic or heterocyclic substituents pendant from the chain or as part of the
chain, and in which any heteratom present may or may not be directly

attached to X.

19. The curable adhesive composition according to paragraph 18
in which Q is a linear or branched chain alkyl, alkyloxy, alkylene, or
alkyleneoxy species, which may contain saturated or unsaturated cyclic or

heterocyclic substituents pendant from the chain or as part of the chain.

20. The curable adhesive composition according to paragraph 19
in which Q is a linear or branched chain alkyl species, which may contain
saturated or unsaturated cyclic or heterocyclic substituents pendant from the

chain or as part of the chain.

21, The curable adhesive composition according to paragraph 18

in which Q is a urethane having the structure:

2 ? 2 ?
—R2 -——X—C—NH—R:’-NH-C—(O—R’—O—C—NH-R"-NH-C-)—\;—X—RZ—

in which each R? independently is an alkyl, aryl, or arylalkyl group having 1 to

18 carbon atoms, R? is an alkyl or alkyloxy chain having up to 100 atoms in



10 RS Rs Rin which R5, Re, and R are a linear or branched chain al kyl,
al kyl oxy, alkyl am ne, alkyl sulfide, alkylene, alkyleneoxy, alkyljengyy 2002
am ne, al kylene sulfide, aryl, aryloxy, or aryl sulfide species, which my
contain saturated or unsaturated cyclic or heterocyclic substituents
pendant fromthe chain or as part of the backbone in the chain) and in
whi ch any heteratom present may or may-,not be directly attached to the
aromatic ring; or R5, Re, and R are-a.siloxane having the structure 15
-(CR=),-[SIRZ-0,-SIRZ-(CH3)g- in which the R substituent is H or an
al kyl group thaechiairg which ohdin may doteiredrgssbsinegntsh sk, & tibst?;tauemt i ndependent | y
for each position is an al kyl group having 1 to 5 carbon atons or an aryl
group, and dsP& 30.to 10 and f is 1 to 50; 0 7 NOV 200't 66 (X) i H3 -Ov
CH3 O(XI) OHn HNC, -CN/ O5Ho0, ~. CNand (XIl) OOaa/ CHOC
COHOOand 10 (d) Zis a linear or branched chain al kyl, al kyl oxy, alkyl
am ne, al kyl sulfide, alkylene, alkyleneoxy, alkylene am ne, alkyl ene
sul fide, aryl, ar3a oxyTheguragleyddhesivefdompositinaciceerdingys nareanapn 18ont ai n
saturated or unsaturated cyclic or heterocyclic substituents pendant from
the chai @ orin ¥8ich Qs apesteriaviegip Srucfel i n whi ch any het erat om present may
or may not be dir%ctly 15 attached to X, or.

o

i i
—R3—C—0—R3—0-C— R3—
in which R? is an alkyl or alkyloxy chain having up to 100 atoms in the chain,

which chain may contain aryl substituents.

10 23. The curable adhesive composition according to paragraph 18 in

which Q is an ester having the structure:

o) 0
] Il i 1]
—Ry-0—C—Ry-C~0—Ry—0—C—Ry—C—O0—Ry:

in which
pis 1to 100, and
15 each R® can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or
each R? can independently be a siloxane having the structure —
(CR'),~[SiR*,~O]~SiR*,~(CR";) 4~ in which the R' substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
20  substituent independently for each position is an alkyl group having 1 to 5
carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.

24, The curable adhesive compaosition according to paragraph 18

25 in which Q is an ester having the structure:



(e) Zis an ester having the structure: OO-R3-CGCOR3-OC. R3 00 7 NS@\00?
2002 67 in which R is an alkyl or alkyloxy chain having up to 100 atons in
the chain) which chain may contain aryl substituents; or (f) Zis a

ur et hane having the structure: OO OO
-R2-X-CGNHR3-NH G (OR3-OCNHR3-NH ~G-X-Rz 5 in which each R~

i ndependently is an alkyl, aryl, or apylalkyl group having 1 to 18 carbon
atons; R is an alkyl or alkyloxy chain having up to 100 atons in the
chain, which chain may contain aryl substituents; Xis O S) N or P, and v
is 0 to 50; or (Q) Zis afd esté& having the structure: OO OO-R3 0-CR3

C O R3~-C RS;QROCRQ)Ehlg_'t'En.R/\m&CJb_p.RJ Sl ¢orl00, and each R can
i ndependent |y bt an alakyl or “al kyl oxy chacllgn ﬂ%‘\/i ng up to 100 atons in the
chain, which chain may contain aryl substituents; or 15 each R3 can
i ndependent |igWhisha si | oxane having the structure -(CR 2)e
[SIR 2-Q,-SiRz-(CR 2) o in which the R substituent independently for each
position is H or &is1dPR9YA aed oup having 1 to 5 carbon atons, the R4
substi t uent independegtly_ for each position is an alkyl group having 1 to 5
carbon atons or afRCARyFayPeapgndentinbrianplisd er dlkylpaperiehavingupta o 10, and f is
1 to 50; or 20 (h) Zis an ester having the structure: OO OO
- R3- C- O R3- Y- ategns.n theghain, whigh.qrainimay\gATteiR apy! subsituendsiepo, and 0 7 N O V
2002
each R® can independently be a siloxane having the structure —
(CR';)~[SiR*;~0};~SiR*,~(CR";) ;~ in which the R' substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
substituent independently for each position is an alkyl group having 1to 5
10  carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.

25, A curable adhesive composition comprising a viny! compound
and a curing initiator selected from the group consisting of a free-radical
15 initiator, a photoinitiator, and a combination of thase, the vinyl compound

having the formula

Rl R2

B—Z K
n

inwhichmisQor 1andnis 1-6; and
(a) R'and R? are H or an alkyl group having 1 to 5 carbon atoms, or
20  together form a 5 to 9 membered ring with the carbons forming the vinyl
group;
(b) Bis C, S, N, O, C(Q), C(O)NH or C(O)N(R?), in which R® is an

alkyl group having 1 to 5 carbon atoms;



68 each R can independently be an al kyl or al kyl oxy chain having ﬁid@ﬁﬁﬁlﬂo
atons in the chain, which chain may contain aryl substituents; or

can i ndependently be a siloxane having the structure (CR z)e

[SIRA2-Q ~-SIR4z-(CR Z) o in which the R substituent independently 5 for
each position is H or an alkyl group having 1 to 5 carbon atons, the R4
substituent independently for each pos‘f'gti on is an al kyl group having 1 to 5
carbon atons or an aryl group, a and-g are independently 1 to 10, and f is
1 to 50. 10 5. A curabl e adhesive conposition conprising a naleimde
conmpound as descri (s i$ an aloeatin droun seecteddroan the pplp obarpoaticd as descri bed in
claim3 or 4, and a curing initiator. 6. A curable adhesive conposition
conpri si ng a giedrsinavidethestreayrpsund as described claim 1 or 2, or a vinyl
conpound as described in claim3 or 4, or a conbination of a mal ei mde
compound as d&¥cribed in claim1 or 2 and a vinyl conmpound as described in
claim3 or 4, and an anionic or cationic curing initiator. 20 7. An

el ectroni c ass conprising an el ectroni c conponent bonded to a
substrate wt red adhesive conposition prepared froma conposition
according to an ne of the preceding clainmns.

AL, r. AA@ ALu. AY. A" . ALy. As{. AL@ ALN, . As. As; . A&a. A, . A@ A&R A% A. A. Ay. A. A

% Aa. A(,, sAY?. A; S. A& A. A&Se. A&u2. AL. A9. A% AY . A. A9(. ALa@ A. A. AY

A . A951 % A A ARE . A9; . A. Aa@ A3?. Al . A&3. A. Au, . AL. A. A&% A. Y. A. AL. A9 . A9;

. A9{ L. A93r. AQivl. A& A (3. A AQUY?. AL $GBy

]1,1/01~2{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRaU] c8a] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ga] ca] cq] ca] ca] caU] ca] ca] ca] c(a! 2~Z26) P+sA. =?| w nmhc”Y] ] ca] ca]
calca]calc

aJcal] ca]ca]c @ @ a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cajcalcal ?St | RS LIVIWAK!IT"M """ #h##HEXSA$SSS
% %984 &e&&8&} xsni d_Z] 1 1% a] ca] ca] cajrodiehe isdte 29Qa] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca! &&&&&&&H " Y (TCCC:HN))
) ** Vv **2+h+k+{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] Ca]((\:lﬁ cal] ca] ca] ca] ca] ca] c&al] c&a] c&al] c&a! k+n+, , 1 --------- ) +-
0.7.9.>.D.H.§

0S000?1C1H1IR1 11 1{vql gb] X] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca cal cghca] cal caljca]calcalcalcalcall 101qlv11111111111111(2
+2r 2223;

3u3x3344Y4444a£©E ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]mal] ca] ca] cajra] ca] ca] cajroaicad ealtc adaza! 6667d9[ : j : m ?@AAC=EFGVGYGCG
GGGGAHsHI 11 JUJgJJJJ} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! JJOK3K=Kf Ks Kv KKKKLUL
X LL MNIMVVIVB NNNNINE Ov OO ,

PP P*P5Pi P} xs(villty_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! i PPPPP&Qr QQRLSYySTTUU
UVWUUUUBVEVQVM V] 320N Y X[ X} xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
caj] ca] ca] ca] cs @ a] g{a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! [ X* XXXXXYY!
11" " {vqgl gb] W] ta] ca] ca] ca] ca] ca] cal] ca] ca] c. a] ca] ca] ca] ca] ca]
]

Y6Y8
ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca! " dagaaaaaaabQbbb: cc"

111111111111

ca] ca] ca] ca] 1:!3

dGdJdpddd
eSeUe?eue;gee {vql gb] XV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]c
a] ca] ca] ca] ca‘??a] calcalca]calca]lcalcalc(alcaV]lcalcale2i5i i hiii'j6]9jikklll

r G rsssvTxVxy Al-re&) 4e} +zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca]calc
a] ca] ca] ca] cay 7
R in which RS, R®, and R’ are a linear or branched

chain alkyl, alkyloxy, alkyl amine, alkyl sulfide, alkylene, alkyleneoxy, alkylene

amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may



a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca! +wK! 98\ 3| #&1g{ | wr ghafoyl E2al
ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca! {Ov-0;

[]1 _ehk: SV$-\}xsni d_zZU] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV]ca] ca] ca] ca]ca] caU
] ca] caU] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] cal

JWnpX[ S+4| wgl f a\ W ] ca] ca] caV] ca] caV] ¢@] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
V] ca] ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] c%?ca] caljca! C

, - &3\ ?s}xsnid_Z]]c]ca]ca] ca]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] c¥ieit selilreted erlneatl@ted cuglie 4 keigreeycly substduentsipesded A Y] 1] ¢

a] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ftqgr] hachail exasarag@kthe backbone in the chain, and in which any

Gv{val gb] X]]] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]egrelaneagsen o ¢ &)%) Apie] dract@treeB iR R QIMAtiRfRI ¥ ] | ] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca%g,]a%sca] ca] ca] cal cggca] ca] ca] ca] ca] ca] ca] ca]cal] c

a] ca] ca] ca] ca! k: *9<) Pzupkf A FabIpasievere Apvng aprie¥a) ca) ca] cal caU ca]
. ! . ' 1o -5;
BB pt DB x| T O ] Ko G RTURT S o] AT EA 4] AP UAPEL) B2 B3] ca] ca] ca] cal cal c
|27

SVEAG KPROWS AOPALR VA EHPPT PGP o0 BT cHT LB S EReIeEl caul ca) call cal c
T e B LeR bSSicH SRURALRIE hEY & STbuaalrtlor al gl o2l cal e

AGK~ mh &a
cal cal cal ool P AL 4P AR R DR T Lo 270 ) 07 hADI Vb 6] wr mhoav] 1] ca
]ca]l ca]ca]c a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca]ca]ca]ca]ca]c
a] ca] ca] ca] (a:(g(?ca] ca] ca! 1" 9FI +z$GPcO| gkzupkfa\ W ]]ca] ca] ca] ca] ca] ca] ca] ca] ca
% ca] cal] ca] cal] ca] caUéﬁaa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

‘ Z@L a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]caJca]c

dl c calcalca]calcalca]ca!")/08>"0: & El\a

aksatc alNs@afca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]ca]ca]ca]c
a] ca] cal]q%a] ca?Taj ca] ca! <khBaa™a{vqgl gb\W]]caU] ca] ca]ca]ca] ca

] ca] ca] ca] ca] ca] ca] c&al] c&a] c&alU] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca]ca] ca! d! N| 5t } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] c*aU] ca] cal] ca! OnxKN,;

VQ wr ngb] X] cidra) ca) ca] c”al cal ca) ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

aJca] ca] ca]cal calca]ca]lcalcalcaUcalca![ q}-UnMJ " ?Ks{ G-yt ni d_ZU] ca] ca] ca]

ca] calU] ca] ca] ca] ca] ca] ca] ajﬂcaU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

3xK6: y' 9" 9dqt } xgsn

] ca] ca] ca] ca] cya] cal, E@ELt ) FPSVZ\ ~ci o] w mhc”Y] ca] ca] ca] ca] c"a] ca] ca] ca] ca
] ca] ca] ca] cal] aca];ta] calCapga)] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
alou|L? X —%—

a]¢al] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ]caljcalcal 7;} Bl@\0 }

. x| w mhc”Y] ca] ca] ca] ca|da] calsa] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
cal calca]calcalca]ca]calca]ca]calcalca!.t/{]*i CYCxsnid _Z]ca]]ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]lca]ca]ca]ca]ca]c
a] ca] ca] cal *z>+Ug>%5at | w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] cahca] gﬁ]&i\ ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca!t=D9FLR\ "e} O !
preedttt | wemc {(J cal] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a]J ca] ca] ca] ca] calca] c8a]cq] cal]calcalcalcaljcajcal"""""""#

#ORH#H TS| $$$$$55% /W&d&&&g& &

"I wr | ga\ W ] caltarsafcarteaita] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca]cal ¢
a] ca] ca] ca] ca] ca] cal a] cDa] ca] ca] ca!

'3 X" (:)e)))))pALET g+, L, r,,,C---2. 1. |wnmhc”l ga\ W] ca] ] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] fa] callca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]calcalca $G HYylO0%& ()- 10%& {)-yl0%& ()-@10%& ()- @

10%ee& ()-Z10%&' ()- & 109 ()-6y ]iK-)z10%&' ()-& 10%& ()-Fo/dOo%& ()- f#

109%& ()-s!l10&e@ ()-10%& ()-109& ()-,!i K-L6g1l0%& ()-410%& ()-210%& ()-010%& (
)-. &109%& ()- ,f1l09%& ()-*10%& ()-/01{|}~}si KL6g1l0%& ()-' @O%& ()-101010I:10%
& ()-0 $109%& ()- $109%& ()-8109& () -

~ >s5i KL6g10% f9S10% - & ()- @9S10%&' ()- @ \9S10%#& ()- @9@O0%& () -

9@O0%& ()- 10%[& ()-7 p WURKL6 1022

1022! k9S109%22& ()-@!'f9S10% -& ()-@!9S10%&' () - @ ! k9S10%R22& () - @ ! a9S10% ( &
"()-@2~uV7KL 109&' ()- 109%& ()-,f1l09% ()-9109& ()-,t109% ()-&L0%& () -
1022Z2dE7KL " f109%& ()- 10%& ()-310%&' ()-L10%& ()-109& ()-110%& ()-6dE7KL
&109%&' ()- 9$10%&' ()-F"109%& ()-f 109%& ()-10%& ()-&10%&' ()-) P+sdE7KL

A S~ NN A NN A NN o~ A NN L A NN IZO A NN ~ AN




S109%& () - FsSL0%& () -! Z10999& () - Y(109%& ()- 10ffff 10ffff 10ffff t 59 w0y um
1" 1-12z[9uSl! S #F+109&' ()- s@ 10%& ()-! MLOY& ()-s! MLOY%K& ()-s F
S10%-& ()-F'I 'F S10%& ()-F-!GLIVIYIZI[I\lil}rg\=!'SI'10%& ()- 10 10
10s&9109%&' ()-! 410%NV& () -sy2Z109%& ()-!. F+10%& () -
i 1k!I"M""dEg\ =! SI 3109%&' ()-MLOY&' ()- 9109%&' ()- @109%&' ()-L10%& ()-s10%& () -
"t #h##$SXSAEQ\ =! S! 9109& () - @ OY%& () - Lz}0%& ()- 10%& ()-y
10%& () - 10% () - X$d$$$$ % %aBg\ =! S! ,

109%& ()-*109%& ()-)109%& ()-!" %0%& ( 21@%/#10%' ()-1"109& ()- 19886 &e&EEEEIE: /
10 10y8MLO%&' () - 61HDYR @)&mlm%gpr(oyang rReipplkybalbgey( 3lky! a0ing: () -
8&8&&&H ' ' xY7/ 10! w&109&
10%& () -, 109Ky ?“‘%@W’\e a'N@m%f glkylenpmming, plkylgnp sulfide; arpin7/

| /R’ -] - 0 0, o/R' -1 0 ! /R, - v

(1? \)Na@ég //&18§m!8)1y%§?/ S{J%{%p%é%?) 10 e r(n) sgg%a?e@ ér u%gLatSr)ate?JO & ()-@ (T

+109%&' () - 10‘V ' 910% 0! wl0%&' 109 () -! 1090\
&@l 0%&.( % ) 2 ng f eg;bci%‘g/é(a!is}l u?&tg {a}&d?a?a f@g t%@%’_%q 3 as(p?art of the 0 0)-
5  chain, and in which any heteratom present may or may not be directly

attached to X.

26. The curable adhesive composition according to paragraph 25
in which Z is a linear or branched chain alkyl, alkyloxy, alkylene, or
10  alkyleneoxy species, which may contain saturated or unsaturated cyclic or

heterocyclic substituents pendant from the chain or as part of the chain.

27. The curable adhesive composition according to paragraph 25
in which Z is a linear or branched chain alkyl species, which may contain
15  saturated or unsaturated cyclic or heterocyclic substituents pendant from the

chain or as part of the chain.

28. The curable adhesive composition according to paragraph 25

in which Z is a urethane having the structure:

2 2 2 2
—R —X—C—NH-R-NH-C—(0-R*—0-C—NH-R*-NH-C- )} X—R*—

20
in which each R? independently is an alky!, aryl, or arylalky! group having 1 to
18 carbon atoms; R® is an alkyl or alkyloxy chain having up to 100 atoms in
the chain, which chain may contain ary! substituents; Xis O, S, N, or P; and v

25 is0to 50.



109& () - 109%& () - 109%& () - &LOY%& () - &10%& () -

10! w9' 10%: () - FULO%! () - LO%&: () - YOaO%& () - 10%& ()-Z

109%& ()-: - -

..... }[ <~_@ 10! S—FlO%&'()-le 10% ,*, & ()- !L-10%& ()-

1098 () - ?+h+k+n+, , :

"5 %% 0m

| pL- 10%08&’ ()- +109& ()-)109%& ()----....).+ ~ = 10111 GL0% | & () - &LO%& () -

10 10 102109 ()-910%&' ()-!y@ - 10%& () +.-.0.7.9.>.D.a@_= 10!!

. L10%&' () - nBF10%& ()-!~ 10%R2L2L& ()- 0%&: ()- L
109 ()-3t10%&' ()-D. H..00?1C1" A~ = 101" , 10%&' ()-L* @O%&' () -
(s10%&' ()-&10%&' ()-!L10%H& ()-m K L1098&' ()- mC1HIR1\ 1] 171 1l 101{\: 10!!
10%&' ()- ' 109Kk ()<2% 10Thecuraple adhgsige ¢dmppssition accOmRig(ty paragraph 25
10%W&' ()-yolqlv11111}[<{\: 10!!L&IO%& ()-! 10%& ()-3'\ 109XX& ()-3!0
109&' () - 3(310%syh(c)129mo/e§tqr)hammf(rchxg{\ 10! 10%&' ()- 109Kk ()-!LS4

10

15

20

0 7
—R*—C—0—R¥—-0—C— R3—

in which R® is an alkyl or alkyloxy chain having up to 100 atoms in the chain,

which chain may contain aryl substituents.

30. The curable adhesive composition according to paragraph 25 in
which Z is an ester having the structure:

? ? o} (@]
~—Ryg-O—C—Ry-C—O—Ry—-Om C—Ry—C—O—Ry)=

)

in which

pis 1to 100, and

each R® can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or

each R® can independently be a siloxane having the structure —
(CR',)e-[SIR*;-0),-SIR*,(~(CR";) ~ in'which the R' substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
substituent independently for each position is an alky! group having 1 to 5
carbon atoms or an aryl group, e and g are independently 1 to 10,and fis 1 to

50.

31. The curable adhesive composition according to paragraph 25

in which Z is an ester having the structure:

0 0 0 o
It il Il l
— Ry-C—0—Ry-O—C—Ry+C—O0—Ry;—0—C—Ry 5



109%Mn& ()-! VPS4 109%& ()-!S4 10%& ()-!S4 109& ()- (2+2r2223"3dg{\: 07 NOV200]
10! Lf, 109%&' () - 9* 10%& () - F(109%&' () - Yf &MLO%& () - 3" 109%&' () - sf &L0%& ()-"3;
3u3x3344aB{\:
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10! 11 X997 10922 -1 99210%&' ()-!! SU99210% - & ()-!! X99z10%R" 2" &' ()-110% & ()
-&10% & () - c>>?67d XJ<= 10!! 10E"E"

10E"E"! k& 10%" E" Ris) or'P&-2d0@ @ & () & 109&' ()-1\99z10%66& ()-!!\99210%66&
' () -! @333, CCDOM+=! X&l f 10%E5E5& - 89109PP& ()-' I N &910% 5;

5& ()-'! N&910% 5; 5@h(|3 can Qg_gpmgpréuy b&g@@m-o( Ikyloxy chain having up to

10E" E" D=ENFGGQGDGEGz XJ<=! X& f10 10]] 10]]!pF %40%]& ()-s!4

040% ! & () - s! FbAteIEE Kaeshain. whighghst {ﬂ)ﬂ gl SHopg '&5(0; EGFGVGYGGGGEGUVT7=! X&

| sS10%H& () - SE10%HE (- S 1Q%H&: 910 10948, 0%’
10] ] GGX0 Ll | dE7= F%ﬁ%%’i@ﬁ%"?é’?"?’g %@& Q‘a(g%glﬂm“%‘gﬂe—@m 0

L&/Il(())ﬁ-l& Q%WA@ 1&0‘ ! (C'lz z)IgJHJ %alE;e R! gﬁ ls gn%lndepenggntly 10%H& () -194.0%
Lo 8 Fo1RUEE s ﬁa’a’é BISPES Kkt 3roup Rl b B o atoris e () - S210%8& () - 1 -

F+10%4 () - SRR HSS MGG Ff ShRiSh S )an NG ik 11080 & () - 97 10% & () -

carbon atoms or an aryi group, e and g are independently 1 to 10, and fis 1 to

10  50.

32. The curable adhesive composition according to any one of

paragraphs 25 to 31 in which K is
S
{ } p :

33. The curable adhesive composition according to any one of

when p is 1 to 100.

15

paragraphs 25 to 31 in which K is

RS
i
. R7

chain alkyl, alkyloxy, alkyl amine, alkyl sulfide, alkylene, alkyleneoxy, alkylene

in which RS, R%, and R’ are a linear or branched

20  amine, alkylene sulfide, aryl, aryloxy, or ary! sulfide species, which may
contain saturated or unsaturated cyclic or heterocyclic substituents pendant
from the chain or as part of the chain, and in which any heteroatom present

may or may not be directly attached to the aromatic ring.



10HLOHLOHB10%4&' () - f KKLULXLLMIEEFX& y10% & ()-fZ10% & ()- f10% & ()-

10% & ()-f10% & ()-f&10% & ()- MNMVVMBNNAEEFX&! LS 109% & () - Y" T10% & (§ 7440V 2002

S109% & ()-10% & ()- &10% & () -y10% & () - NNNN#OvOOdEeFX&l 1' 109 & () - &/ f109% &

()-y-10% & ()-f+109% & ()-,*410% & ()-9@- 10% & ()- O

PPPPP' P*P5P_@X& L10%4& ()-! 109%4H& ()- & 1094 ()- 10" 10"

10" 5109 & ()-310% & ()- 5Pi Pt PPPPP_=_@Kgl | sy10%H& ()-  sy10% ()-

10948 ()-!F 0109%f Ff & () - FL0%& ()-F3-

@LO%H& () - P&Qr QQRLSYSAE._ @&l ! 1y10%4&’ ()-f S) 109%4& ()-s' 10%4& () - f 9409’ () - f

# 10948 ()-S! 10%4& ()-ySTTTTTUU U @X&l ! ss109%6& ()-! 310965& ()-' 1096& () -

10H 10H 10H 10948 ()-f 2MLO%H& ()- UWJUUUBVEVAE @X& ! . 1096&’ () - @LOYGE& () -

Y1096&' ()-S3 34. The curable adhesive composition according to any one of

f1096& () - S@LOYE () - SL10%E | EVO\/Q\/"\/ VWWIX6_@X&! xFs10%) e} & () - pFs10%&
' () - | YFs1096RPEAERARNT 25 Lor! 10 wiNg

yZ109%FF& ()-!yz10%& ()- \/\/\NV\Y/\WXJXKXdE: / 105

105SF: 91096&' () - S8f 106&’ ()- S 61096&’ () - S4° 1096& () - S2° 10968 () - @s10%& ()

- KXLX XA XXXXXUVT. | .

10" s10% & () - & ; 10% & ()-! S9&L0% \ & () - Y10% & ()-' ml0% & () -
105XYY6Y8YYYaBik 18" 0% (Y- @O% & ()-#10% & ()-y 10% & ()-!1 y 10% ()-9
10% & () - YYYRQ] 38 () -1 %M0%& ()- 10\ 10\

10\ @10% & ()-210% & ()-Y(10% & ()-11f11111}[ 9bC

10! Xy 109¢X&' () -1 109%& () --! 10%v& ()-!p, 10%p& () -, 10944 () - 9F10%& ()-1111]
11}77?bC

35. A curable adhesive composition comprising a maleimide
compound as described in any one of paragraphs 1 to 17 and a vinyl
compound as described in any one of paragraphs 18 to 34, and a curing
initiator.

10

36. A curable adhesive composition comprising a maleimide
compound as described in any one of paragraphs 1 to 17, or a vinyl
compound as described in any one of paragraphs 18 to 34, or a combination
of a maleimide compound as described in any one of paragraphs 1 to 17 and

15  a vinyl compound as described in any one of parégraphs 18 to 34, and an

anionic or cationic curing initiator.

37. An electronic assembly comprising an electronic component
bonded to a substrate with a cured adhesive composition prepared from a

20  composition according to any one of the preceding paragraphs.



10! X510%4&' () -, 10%1&' () -S $F10%K ()-sl "s10%& ()-!F 10%H& ()-! o
10%T& () -] aaaaaaaa~_@ 10! X3 10%&' ()- @10%4& () -! F10%H& () -s' W&C&)MB\H -
10H 10H 10HS@&10%& () - aabQbbb: caB~_@ 10! X" 10%K ()-S

10%4& () - S&10%' () - S&L0%H&' () -s10%H& () -!'n S10%n& ()--:cc"dpdddddddYNC
10! X 10H 10H

10HS. " 10%H&' () -, 10%44& () - S9* 10%&' () - %f &MLO%H&' () - Ss$y10%—l& ()-dee
eSeUeZedBYNC 10I Xt 109 ()-,s109%& ¢ ﬁ—me 1096& () - Z109%& ()-1Z109%& ()-&
nM0%b& () - Zef eueeeee} *?YNC

10! X&10% &' (Yvhbt8d oed@d (s - | M LOUKKE' () - f 100/(5&' ()-! 10% & ()-

10%&' ()-eee”i hiiidEYNC 10! X8Y10%%&' () -~

1096&' ()-4Z10%&' () - Nmmﬁje(a)dhesi\fbm&bs(lt)on%ﬂ.@%&owmg % & 'j6j9)i kkbC
10! XsY109%6&' () - SL&lO%&' ()-FZ109%& () - &l0%& ()- 105 105

105y: g109%6 &' €lpctionicicomBenkntito mGutiraié comprising a maleimide compound and a

5  curing initiator selected from the group consisting of a free-radical initiator, a
photoinitiator, and a combination of those, the maleimide compound having
the formuta [M-X J,— Q in whichmis 0 or 1and nis 1 to 6, and

(a) M is a maleimide moiety having the structure:

R\_(

in which R' is H or an alkyl group having 1 to 5 carbon
10  atoms;
(b) X is an aromatic group selected from the group of aromatic

groups having the structures:

) (n (n

o O O

156 and

(V)

?
—@O—C—NH—

and
(c) Q is a linear or branched chain alkyl, alkyloxy, alkyl amine,
20  alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,
aryloxy, or aryl sulfide species, which may contain saturated or unsaturated

cyclic or heterocyclic substituents pendant from the chain or as part of the
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) - cndnenr nunoopj KC 10 105,

10 & ()- ,100 & ()-@B10N & ()-!YmMOWn\& ()-& 10% & ()- 105
105pf pppHgqqdEKC 10 105Ss10% &' () - S&1Q% & () -

100 & ()-@L10%N & ()- @0% & ()-S10% & €gqq% . r Or G *<KC 10
10! 6&010%J\ I\ & () -! 8&* MLO%L& ()-! & MLO%\ & ()-9@& 100 & ()-s$ 10% & ()-S

10% & () - G raassasd i @hkd ahP hétadbRP@estn( haMrOfdyadt ke difydhP% 0&' () -

10\ S59109% & () -310% & () - t UvWTXVx4ywl3b@
11 K109%&' () - ! dtemd th X plO%w& () - ! f 10%008& ()-!S&10% ' & ()-M a&L0YBB&' () - Miyy

yyyyyyyrPl L10%& ()-!alLl0%a& ()-!310%H& () - &S10%& () -

10 10
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10\ 10\

101 t 109& () - yyz?z{d}} z} @USBPasté HhOBghe)struotired 096KHXHE () -1\ & 10% N\ Y& ()-!}F

1098 () --! HF 10%HHHH&' () --!aF 10%aTaT& ()--z}~& 4rP1 @O0% & ()-!

10%6" & ()-L' m].O%'&Hj()- 0

10

15

20

I
—R*—C—0—R3¥-0-C— R3—
in which R? is an alkyl or alkyloxy chain having up to 100 atoms in the chain,

which chain may contain aryl substituents; or

(e) Q is a urethane having the structure:

2 2 2 2
—Rz—X—C—NH—R3-NH—C—(O—R3—O—C—NH—R:‘-NH—C-)—\;—X—RZ—

in which each R? independently is an alkyl, aryl, or arylalkyl group having 1 to
18 carbon atoms; R? is an alkyl or alkyloxy chain having up to 100 atoms in
the chain, which chain may contain aryl substituents; X is O, §, N, or P; and v
is 0 to 50.

1) Q is an ester having the structure:

o)
i} ] ] 1l
—Ry-0~C—Ry-C—~0-Ry—-0—C—R;—C—0—Ry5

in which

pis 1to 100, and

each R3 can independently be an alky! or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or
eac;1 R? can independently be a siloxane having the structure —(CR',),~
[SiR*~QO},-SiR*~(CR';) ,~ in which the R' substituent independently for each
position is H or an alkyl group having 1 to 5 carbon atoms, the R* substituent
independently for each position is an alkyl group having 1 to 5 carbon atoms

or an aryl group, e and g are independently 1 to 10, and f is 1 to 50; or



10~H~H 10~H~H 10~H~H ~* 010%-H~H& () -

@s10% & ()-10% & ()-s109% & ()-!0&10% " & ()-! q&LO%& ()-1 3
z10% & ()-+wdBrP1 @ YS&3 10%& ()- |"-10% & ()- 10% & ()-&
109 & ()-fF10% & ()-f10% & () - KaX9rP1 y, 8109% & ()-fL610% & ()-! YS&3

109& () -!

| ~ 010%-H-H&' () - 4en}+}~2rP1
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1 YS&3 10%j & ()-!YS&3 10%"j"& ()-!HYS&3 10%}"} & ()-bC 3

1096& () - @O0Y%B& ()-109B& ()- ' | 10%&;8- 10" 10" 10"& :10% & ()- 9B\ 3" AbC f

210968& () -f 109%8& () - S109%& () - Z10%5&

S&SML0% & ()- 105 105

105y-' 109%6& () - & (G096 & i§ 3n et LROIBRE CYuch@D9BE&' () - #&1go{ ~\ =nbC

“@0% & ()-10

10

15

20

1 T 1

—Ry-C—0—R;-0—C~Ry+C~0—R;—0—-C— Ry
in which

pis 1to 100, and

each R® can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or

each R?® can independently be a siloxane having the structure —
(CR',).~[SiR*,~0},-SiR*,~(CR';) ;~ in which the R' substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
substituent independently for each position is an alkyl group having 1 to 5
carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.

2. A curable adhesive composition comprising a maleimide
compound and a curing initiator selected from the group consisting of a free-
radical initiator, a photoinitiator, and a 'combination of those, the maleimide
compound having the formula [M-Z .],— K in which mis 0 or 1 and n is 1-6,
and

(a) M is a maleimide moiety having the structure

in which R' is H or an alkyl having 1 to 5 carbon atoms;
(b) K is an aromatic group selected from group of aromatic groups

having the structures:

- 1] 4010% 5i 5& ()- 10% & () - 3| #xnbC



"non ! _OVdEan .
(Xl _!Ynﬂ_O%’lln &() 0/"&'()--0,
' ), Z10% & ()'Lloo/.%&&(ﬁf &10% & () - @10% 910g@7 NOV 2
|10%,&. -yl10% & () -y 1Y 4z10% & ()- hk} [ 9PB4 10; L AYrg\ =
IXYZ| @E/ 10% & ()'&f'.lo)/? &10% & () -! .1(;28?&10%" E'& ()-910
& .(.3&'_()- I N910% Oo/( 1/%0( 100&&10%0&" () -! T
101" 10% ()- 10 v)

58 |

Vi)

TG

in which Pis 1t 100;

in which Pis1to 100;

10 (v

(IX)

in which RS, Rs



'N9109%6" 6" & () - 99\ =
10! 97&S10%& 8- ! +%:|[&S%0%z&' ()-1t&S10% (& ()-,f10%& ()-L10%& ()-! 1QI%EN0V) 2002
aBg\= 10!97&10%& ()-L$z10%&' ()-#z109%& ()-310%& ()-!'L109& () -
109%&' ()-JWop| }~"PB4 10(( 10(( 10((!'t .
510% (& ()-!t510% (& ()-,0GL0%& ()-L.z10%& ()-*19%& ()_.G}[<PB4 .
10( &10%&' ()-s!\ &10% H H& () -s! N&109 & ()-sl "glo%i& ()-!109%H& () -
10948 ()- 3}[9PB4  10!'10. 109 H H& ()=1x6. 10%x& () -
+10%—l& ()-*10%4& ()-! X109%XHXH& () - 'SlO%SHSH& ()- Sr4
10948 () - 106}%9@%!3 chafg%q&p? of thepackhanedn the chain, and in which any
10cc!” 10%:c% Q 10%HQHE ()-S wXx6rS4 'k, &109%&KHKH&' ()-t  109%& ()-!N
10%\thh&' () pt ai?j’ﬁ/pqqpmﬂ@y o1 Ry ot be directly attached to the aromafic ring;

or R%, R%, and R are a siloxane having the structure
—(CR',)4~{SiR*,-0},~SiR*,~(CH;), - in which the R' substituent is H or an
S alkyl group having 1 to 5 carbon atoms and the R* substituent independently
for each position is an alkyl group having 1 to 5 carbon atoms or an aryl
group, and eis 1to 10 and fis 1 to 50;
X)

T
C
|

10
(X1
H Y
% H N-—C—>°'1
—C~—N
ﬁ?
N—C—
e,
(Xin)
_‘} n l
HO— :
15 ;
and

(c) Zis a linear or branched chain alkyl, alkyloxy, alkyl amine,

alkyt sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, ary!,



109DHDH&' ()-!N  109%N& ()-CuV4 !9
S 109%8585& ()-" 1096& ()-109%6& ()-' mO09%%& ()- 10kk 10kk 10kk!k, &10%Kk&0Y 80 C
BJKpdL24 1096& ()- 109B& () -

1096& ()-f-109B& ()-f&LOYBE () - &LOYBE () - pxyx 2?4 10% 1096& ()- 109B& () -
1096& ()- 109B& ()- 109B& ()-,~]<4 1 &Y"10%&& ()- Sy 3109&& ()- 109B& () -
10968 ()- 1096& ()-,789: | [ NA4 10&1081¢- yllO%&&' ()-- y/ 109&& ()-

+10%8&p& ()- y* 109&& ()- y, & 109&& (Y- GlaENA4
10&110%9&' () - 10%?/&'() 109848 () - LlO%P/&'() 09%&& ()- ' 1 109&& ()-}aENA4
10&11099& () 2/e¥aRr arylL sitfiop@pecies) whichmay qortamteé owtsmmted

10109%9&' ()-&109%8& ()-1099& ()-) ?1099& ()-1098& () - yY9NA4
10109%94& () - 109Rorheterenyglig suhstivenis pegdan) fomtm&hf'w or 35 rrriqf fead
101098&' ()-1098& ()-1099& ()-) ?1098& ( % 10989& () - 1234A1 U-">NA4
chain, and in which any eteratom present may or may not be directly
attached to K; or

5 (d) Z is an ester having the structure:

? Q
|
—R3*—C—0—R3—0—~C— R3—

in which R? is an alkyl or alkyloxy chain having up to 100 atoms in the chain,
which chain may contain aryl substituents; or

(e) Z is a urethane having the structure:

2 2 2 0
—R2—X—O—NH—R’-NH-C—(O—R3—O—C—NH—R3-NH—C-);—X—RZ—

10 in which each R? independently is an alkyl, aryl, or arylalky! group having 1 to
18 carbon atoms; R® is an alky! or alkyloxy chain having up to 100 atoms in
the chain, which chain may contain aryl substituents; X is O, S, N, or P; and v
is 0 to 50; or.

15 1) Z is an ester having the structure:

Il i I I
~—Ry-0—C—Ry-C~0—Ry—-0—C—Ry—C~0—Ry5

in which
pis 1to 100, and
each R? can independently be an alkyl or alkyloxy chain having up to
20 100 atoms in the chain, which chain may contain aryl substituents; or
each R® can independently be a siloxane having the structure —(CR';),—
[SiR*,~O};-SiR*,~(CR',) ;— in which the R' substituent independently for each

position is H or an alky! group having 1 to 5 carbon atoms, the R* substituent



101098&' () - 10984& () - 1098&' ()-) ?1098&' () - 1098& () - Uamw| } yY=NA4 NOV 2002
101098&' () - 1099& ()-1098&' ()-) ?21098& () - 1099& () -} ~~">NA4 07
101098&' () - 1099& ()-1098& ()-)?1098& ()-109%& ()-yY=NA4

101098&' () - 1099& ()-1098& ()-)?21098& ()-109%& () - ~">NA4

101098&' () - 10994& ()-1098& ()-)?109%&' ()-109%& ()- yY=NA4

1010904& () - L0994 () - 10984& () -) ?10984& () - 1098& () - bANA4 10 1098@& ()- *°

, 1098&' ()-1098& ()-)?210994& ()-1098& {)-3|[:NA4 10 ' 1098& ()- f% 1098&' () -
SH1098&' ()- @109& ()- 1099& ()-( ,109%& ()-\?L|[;NA4 10 2+109%& () -
11099&' () - finHegdede@dy fgr-eatOpabBibfV®’ ah Jatkylf droldlaVBd1 ¢9 5 arbon atoms

S@ @L0%& ()-LWKi j kp] =NA4 10

2+1098&' () - ) Or&vdrfoiip( d arkid 8%8aRlepdndBrtly OUBED,(and f BH1OBBMr ( ) - pu{ UINA4
102+1098&' ()-) ?2*2+1098&' () - 2+1098&' ()-2+1099& ()-2+109%4& () - f FNA4
102+1092+1090&' () {9)?* Y3 @rE@er Having HEGIR@UE) - 2+1098&' () - 2+109%8&' () - UINA4
102+10989&' ()-) ?*2+1098&' () - 2+1098& () - 2+1099&' () - 2+1099& () - f FNA4
102+1092+109%8& ()?:I;) 7+ 0R+1008& (9 - +2+10%AE ) - 2+10%A& () - 2+10%4& () - (UINA4
102+1098&' () )L 21 QWU A )& 261 ' (- 2410984 \() - 2+1098&' () - () *+, - 3f FNA4
102+100/o?+100/8/&%f) -)lg’(g/gﬁ%/e/«% ( ﬁzﬁb@&g{ﬁ% F1099& ()-2+10%& ()-3=I1T aj U
9NA4

102+10%8/48 () invehich+1098/&' () - 2+1098&' () - 2+1098& () - 2+10994&’ () - j kl mopgr f K>1
10%4.09R+109%&' ()-) 2* %R +109%&' () - +2+1099&' () - 2+109%9& () - 2+109%&' () -rsdoN-1

t 10998 () - y@OUWRIR! O)00taGUKOR' ()-%  109KUR ()- FLOYKYR () -

&MLOYKYE' () -10%l( X% [:-1 YOWI0YKYE ()- Ly#Z10%O& ()- 0109%B&' ()-

010%#&' () - X9109KSREH }-can iwirpapdentlydig ap [|ky’ar alkyloxyaheiRGRYINg UP 19 1094K9&' () -
C109KYR () - 9- 109KY%R ()- *f109KY& ()- ,) @LOYKIR (t% | eE- 1

3Z109K%& () - 180 2joRs/in tbs c@zg_yb)&h/@pa(ﬂ) mayrcantain aryl substituents; or

( X3Z10YKYR' () - 3Z109KY& () - hL, 13Z109KY%&. () - 3Z1QYKYR! é% T

( X3Z109KYE () - 37163VR & InSoRBYRHy be p_silqxapshaving the SUEMRT () - 98@M09E& () -

10K% 0Ko4OKO YR, (Lr ' 09KY&: ()-8 :" =371 91 L10%p& ()-3 L10%
8 ()5 B Lonehar oot R R by FoWREh P SRR BT Ry brbn a7 o, -
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*

substituent independently for each position is an alky! group having 1 to 5

carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.
15
3. A curable adhesive c;)mposition comprising a vinyl compound
and a curing initiator selected from the group consisting of a free-radical
initiator, a photoinitiator, and a combination of those, the vinyl compound
having the formula
Rl R2
s
20 n

in whichmis O or 1 and nis 1-6; and
(a) R'and R? are H or an alkyl group having 1 to 5 carbon atoms, or
together form a 5 to 9 membered ring with the carbons forming the vinyl

group;



10968& ()- 9*Z1098& ()- 9L(109%& ()-! L10% ()-3 L10%& ()-3 0.7 NOV 2002
L109EHE& ()-3}| [ NA410$10$10$ 9L61096& ()- 0 1098& ()- 0 10% & ()-

1 Y1109 & ()-5 110%m$h& ()-'|[: NA410 9y109&$&&' ()- 9GLOYES&S () -

L 10%! & () -t 9F10%RS$&& () - 9109RS$&& ()- 9' mLOYRS$&E ()-aF| [: NA41O0

99, 1098$&& ()- 9f LIOYRSEE ()- 9Y109RS$&E ()- 9y109RS$&E ()- 9yl0%RS$EE () -

91098$&& ()- a9X|[: NA4L0 Oy* 109R$&&' ()- Oy(109R$&&' ()- 9&& 109R$&E () -
of $1098$&& () - 9y! GLOYES&&' ()- 9y @LOYR$&& () - XO [ NA410&$&10&$E&108$&
OyL9z109&$&&' () - Of YZMLOYES&S () - 9y2 109&$&& ()- 9° 0 10%&$&& () -

9S. 10%&$&&' () - Ov|p) BisQ.®, §10/&ERLONH o @ (P in(Whichg®® is aDYR$&E' () -
of : 10%8$8& ()- 1098& ()- 9'110%8$&8 ()-vKu|[: NA410 9 10%R$&&L () -

9S- 10%8$&8& ( RKYI@raup(raging i3 carp| @RS &E' () - 9f F1098$&& () - 9y

1098$&&' ()--F| [ NAA10 110%-Nt~& ()- 9f - &10%&$&&' () - 9s+10%&$&& ()-

98 109&" &% ()- 9SE¥EBY@rqatic gwoaueimkpm the_greupBanamatioy1 09990&' () -
9&MO0YOIO& () - 108$&108$&108$& 9, ; S10%RS$&S () - 9S99109%8$&&' ()- 9ff5
109%&$&&' () - BEPHPS aYnadhasstruslymsums: () -9 9551090908 ()- 9@L0IRIRE () -
9S10%09%98& ()- of 109099& ()- 9910%9%9& ()-gUX| [:vU4 9 9f $10999%R& () -9
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in which R? is an alky! or alkyloxy chain having up to 100 atoms in the chain,
which chain may contain aryl substituents; or

20 (f) Q is a urethane having the structure:

0 o) 0 o}
1] 1] 1] 1]
—Rz-—X—C——NH—R3-NH—C—-—(O-R”—O—C—NH—R’-NH—C—)V—X—RZ—

in which each R? independently is an alkyl, aryl, or arylalkyl group having 1 to



 1098& () - 9S&10%& ()- 91098& ()- Al[: A410&8$&9 9yL' S10%& () - NOV 2002
of YOr1098&' ()- 9! 1098 ()- syl0%W & ()- q syl0uK K& ()- 07
OyFS10%$& () - AGK~zm S210 9&MLO0%& ()-3&10$10$10%- 9y. MLOYBE& () - -

S)310%& ()-m u S)310%00% ()-m!] S)310%7& ()-n? gs_|[: S210 9

S@L0%& ()- 90Y 109& ()- Y 10% & ()- 9 T10%& ()- 9T109& () -

OF1098& ()-_gr)O0|[: S210 9 9X9) M OYB&.L) - 93(T10%& ()- 9Y"Sl0%$a& () -
99Y"S109& ()- f 109m$n& ()- 9f 10% &-CF=*12|[:-210% 99810%& () -

g0310% $. & ()- R310% & ()- 9/t109& ()- 9/t109%& () -

9) MLOYXHX&' ( )8 EBUADMSN AR 1s0b dikyl dr @y Ix&Ha)-tavib O Ut 100 BtdfsHA 090908 () - 9
109999& ()- 9L' m0Y®IO& ()-10$10$WV8| [: A210$ 9SY109090& ()- 9SF1090& () -
9S10909%0& () theSbain OUBHERAIN may 3SR uer®STiOAOYR of Prar@i|y : A210$

of (109990&' ()- 9&10%0M& ()- 9f " 109090& ()- 9f ! 109090& ()- 9f 1090W& () -
9, 109990& () isPtpEoAR10$ 9f 99&109090&' ()- 9Y4 10999W& ()-z 9f S21090M&' () -
9L0109090& ()- 9f, 10909& ()- 9f*109090& ()-6789FI vU410 9f sS109R$&&' () -

of &10%R$&&' () - ) 16MB& @ is an 9BeWAYRS ' s{rycturesd 094 0% @ ~ 1098&' () - +z|[:vU410 9
9 109%8$&& ()-9 9f LLOYR$S&S () ) 9f YIOYR$&E () -9 9109%8$&& ()-- 9s10%R$&L () -
9SMLOYR$&E' () - $GPc| :vumo 9&' AOYES&E () -9 9S&I0YR$&L' () -

Oy &$10YR$&S. @_Rg@_ 1§‘V<R& g.)_ & %&$8&' ()-0| g|[:vU410 9

9y 3 10%&$&& ()~9 91 1 %&$&& (_('(3 fy? 109%&3$ - 9 9y- 109R$&& () -
9S+10%&$&&' () - 9y)' 10%&$&&' () - gkvU41l0 109%& (

9s' 3109090& NwHd&$&108$&108$89 9@ f 10YR$&SE. () of 99s1098$&&' () - 9yf5
109R$&8&' ()- 3x|[:vU410 9SY10909& ()-9 95109090& ()- 9S109090& ()-9
9S10909%0& ()- 9f 109Dv@E&00)andIML0%®! $9& ()-fK6:y|[:vU410 9S " 10909& ()-9
of L 109090& ()- 9Y109090& ()-9 9fy10909& ()- 9f s10909& () -

9f 109990&’ () -y' 79=p¢h Rigan tndegendargiyhopralkyl-opaliyl xy@hai@neying YptoGLO% & () - 9

of ' 109990&' ()- 9%409990& ()- 9f$ 109@90& ()- 9abcd| [ NA4101099910999109999
9f 8 109990& G9Qat9msmb@°m wcfgcmmmmwi)subsmwg%& ()-

9f 0109999 & () d t| ' NA41010 9 S109%$& ()-9 9&109x$& 8 F 10%$& ()-9
910%$& 19 - pigdenendentiy pe ginxans havlnp Hgstriigtte o R1@%<$&' ()- 9

10%4L& ()- M, 10%& 9, 9s10% PR 0% $&' %
IF109%x$&' () - {‘3"?@@]1'%4 d%&@agm*v&é% (§”th|‘ uerd ngege def@(‘)’ e1“*9/ 10%<$& ()-9
9, &10%3$& () - M. A) F10%6& 9' 10%$ bA410x$ 9_9 10%5 - 9S
1096& ()- 9SREN a or i’bé}@éﬁ'(’)'p hay(ng. %&éé%’ on ?t°mf0‘§2$50§1%’51§}1 {29A410X$ ok é&f 3
independently for each position is an alkyl group having 1 to § carbon atoms
or an aryl group, e and g are independently 1 to 10, and fis 1 to 50; or

15 (h) Q is an ester having the structure:

O O O 0O

-—Rs-é':—o—Ra-o—é':— Rs-égz—o—Ra— o0—C— Ry)s
in which

pis 1to0 100, and

each R® can independently be an alkyl or alkyloxy chain having up to

20 100 atoms in the chain, which chain may contain aryl substituents; or

each R® can independently be a siloxane having the structure —
(CR';),—{SiR*,-0},-SiR‘,~(CR";) .~ in which the R' substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*

substituent independently for each position is an alkyl group having 1 to 5
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together form a 5 to 9 membered ring with the carbons forming the vinyl

group;
(b) Bis C, S, N, O, C(0), C(ONH or C(O)N(R?®), in which R®is an
alkyl group having 1 to 5§ carbon atoms;
15 (c) Kis an aromatic group selected from the group of aromatic

groups having the structures:

V)

xS

20 (VD)

TG

in which p is 1 to 100;
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in which R%, R®, and R" are a linear or branched
chain alkyl, alkyloxy, alkyl amine, alkyl suifide, alkylene, alkyleneoxy, alkylene

10  amine, alkylene sulfide, aryl, aryloxy, or aryl sulfide species, which may
contain saturated or unsaturated cyclic or heterocyclic substituents pendant
from the chain or as part of the backb'one in the chain, and in which any
heteratom present rﬁay or may not be directly attached to the aromatic ring; or

RS, R%, and R are a siloxane having the structure

16 —(CR';)—[SiR*;~0);-SiR*,~(CH,); - in which the R' substituent is H or an
alky! group having 1 to 5 carbon atoms and the R* substituent independently
for each position is an alkyl group having 1 to § carbon atoms or an aryl

group, and eis 1to 10 and fis 1 to 50;
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and (XII)
l || ‘
HO-— I : ;C—OH
and
10 (d) Z is a linear or branched chain alkyl, alkyloxy, aikyl amine,

alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, alkylene sulfide, aryl,
aryloxy, or aryl sulfide species, which may contain saturated or unsaturated
cyc;Iic or heterocyclic substituents pendant from the chain or as part of the
chain, and in which any heteratom present may or may not be directly

15  attached to X; or.

(e) Z is an ester having the structure:

9 2
—R3—C—0—R3—-0-C— R3—
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in which

pis 1to 100, and

each R? can independently be an alky! or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or

15  each R® can independently be a siloxane having the structure —(CR',)—

[SiR*,~Q];~SiR*,~(CR";) ;— in which the R* substituent independently for each
position is H or an alkyl group having 1 to 5 carbon atoms, the R* substituent
independently for each position is an alkyl group having 1 to 5 carbon atoms
or an aryl group, e and g are independently 1 to 10, and fis 1 to 50; or

20 (h) Z is an ester having the structure:

o) o)
1] ] ] []
—Ry-C~0~Ry-0—C—Ry+C—0—R;—0—C—Ry}s

in which

pis 1to 100, and
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each R? can independently be an alkyl or alkyloxy chain having up to
100 atoms in the chain, which chain may contain aryl substituents; or

each R?® can independently be a siloxane having the structure —
(CR',)~[SiR*,~0];-SiR*,~(CR';) ;~ in which the R* substituent independently
for each position is H or an alkyl group having 1 to 5 carbon atoms, the R*
substituent independently for each pasition is an alkyl group having 1 to 5
carbon atoms or an aryl group, e and g are independently 1 to 10, and fis 1 to

50.

5. A curable adhesive composition comprising a maleimide
compound as described in claim 1 or 2 and a vinyl compound as described in

claim 3 or 4, and a curing initiator.

6. A curable adhesive composition comprising a maleimide
compound as described claim 1 or 2, or a vinyl compound as described in
claim 3 or 4, or a combination of a maleimide compound as described in claim
1 or 2 and a vinyl compound as descr}bed in claim 3 or 4, and an anionic or

cationic curing initiator.

7. An electronic assembly comprising an electronic component
bonded to a substrate with a cured adhesive composition prepared from a

composition according to any one of the preceding claims.



